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FOREWORD

Mr. Jack Wise, teacher of vocational agriculture at George
Rogers Clark High School, brings to this publication eight years
of experience acquired in teaching young farmers in Bracken and
Clark Counties. He holds the B.S. and M.S. degrees from the
University of Kentucky and is active in numerous civic and edu-
cational activities.

This adult-farmer course is a result of the following se-
quence of actions:

1) The State Advisory Committee, made up of agricul-
ture teachers, State staff, and teacher educators from
throughout Kentucky, was organized to determine needs and
program direction for adult work in agriculture for the
State. A major outcome of the first meeting in September,
1971, was a recommendation that more instructional mater-
ials that are specifically designed for teaching adults in
agriculture be developed and distributed to teachers.

2) Subsequently, a proposal to involve experienced
teachers of adults in material development was written by
Dr. Maynard Iverson of the University of Kentucky and sub-
mitted for State funding. In January, 1972, a two-year
special grant was made through the Supporting Services
Division, Bureau of Vocational Education, State Department
of Education.

3) Twelve teachers were selected to produce units in
the diverse areas of need during the course of the project.

This publication, along with other materials developed
specifically for instruction of adults employed in agriculture
in Kentucky, should improve the teaching of adult classes in
agriculture and stimulate the initiation of additional classes.

Robert L. Kelley, Director
Agribusiness Education
Bureau of Vocational
Education

State Department of Education
Frankfort, Kentucky
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Professor and Chairman
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SUGGESTIONS FOR USING THE COURSE

This unit was developed as a guide for use by teachers in
planning and conducting young farmer and/or adult farmer
classes. Because of the diversity in age, expertise and ex-
perience levels of class members and instructors, the unit was
designed to cover the basic areas of land uFe. Therefore,
teachers should adapt those portions of the unit that are
suited to their particular situation. Eight lessons have been
included, but the unit may be expanded to more topics pr uti-
lized in diversified courses for shorter periods of instruc-
tion. It may be helpful to involve class members at the or-
ganizational meeting in the selection of lessons and activi-
ties. Planning forms to assist in this process are found in
the appendix. We highly recommend that the major teacher re-
ference, Profitable Soil Management, be secured by anyone
planning to utilize this unit.

The format used was designed to assist teachers in uti-
lizing problem-solving and the discussion method. A teaching
procedure that has been used successfully is as follows:
Step 1: The teacher lists the topic (problem and analysis) on
the chalkboard. Step 2: He then sets the stage for discussion
with introductory facts, ideas, or comments, using items from
the section on "developing the situation." Step 3: The teach-
er calls on the class to give their experiences, ideas, and
knowledge concerning the subject. The discussion is supple-
mented with handouts, transparencies, models, or other inputs
gathered by the teacher beforehand to help solve the problem
under consideration. Resource people or films may also be
used here as sources of information. (Transparency and hand-
out masters are found at the end of each lesson in the unit.)
Step 4: When the facts have been brought out and a good dis-
cussion has taken place, the teacher leads the group to appro-
priate conclusions. These summary statements are written on
the chalkboard and, in some cases, are typed up and distributed
as handouts at the next meeting. Some instructors will utilize
devices such as panels, exhibits and tours to reinforce the
conclusions reached. Several suggestions for supplementary en-
richment activities are listed in each lesson of this unit.

Teachers may want to utilize the wealth of resources found
in each community to supplement their teaching -- local Soil
Conservation Service personnel, State Forestry Service repre-
sentatives, and others will undoubtedly be pleased to serve as
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resource people, furnish samples, give demonstrations, conduct
tours, arrange for films and assist with other activities
appropriate to the success of the course.

Each teacher using the unit is asked to complete and re-
turn the evaluation questionnaire found in the appendix. These
ratings and suggestions will be used to improve this unit as
well as others developed in the future.

Our best wishes for a successful adult program.

Jack Wise Maynard J. Iverson
Development Consultant Project Director
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OBJECTIVES

Major objective:

To develop the effective ability of land holders to plan
for and implekentwt-se land use.

Lesson objectives:

To develop the effective ability of land holders to:

1. Understand the importance of land use.

2. Understand the physical and chemical features of soil.

3. Utilize soil testing as a tool of land use.

4. Balance fertilization of our soils.

5. Select crop and/or livestock programs based on wise land
use.

6. Understand soil and water conservation.

7. Manage our soil and water for rural use.

8. Manage our soil and water for urban use.

9
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INTRODUCTORY MATERIAL

Land use--what is it? Anyone who has even a backyard has
to think about land use. Where should the grill go, the picnic
table, the clothesline, the lawn, the shrubbery, the trees?
These are problems in land use that are common to most of us.

The American pioneers who helped to establish towns, or
took up farms in the wilderness, had to settle larger problems
in land use. They probably asked these three questions before
deciding what to do with the new lands: (1) Haw can we do it?
(2) Will it pay? (3) Will we enjoy the result? Scientists
speak of these aspects of land use as technical, economic, and
social. In 1938, Henry A. Wallace wrote these words in the
'Zearbook of Agriculture, Soils and Men:

The earth is the mother of us all--plants, ani-
mals, and men. The phosphorus and calcium of
the earth build our skeletons and nervous systems.
Everything else our bodies need, except air and
sun, comes from the earth.

Nature treats the earth kindly. Man treats her
harshly. He overplows the cropland, overgrazes
the pastureland, and overcuts the timberland.
He destroys millions of acres completely. The
flood problem, insofar as it is man-made, is
chiefly the result of overplowing, overgrazing,
and overcutting of timber. This terrible de-
structive process is excusable in a young civi-
lization, but it is not excusable in the United
States now.

We know what can be done and we are beginning
to do it. As individuals, we are beginning to
do the necessary things. As a nation, we are
bcginning to do them. The public is waking up
and just in time. In another 30 years it might
have been too late.

Thirty-five years later we are still_ faced with many of
these problems as well as with air pollution. Man is a part
of a closed life-system and dependent on it for his survival.

xii 14



The realization of this fact has forced us to ask these ques-
tions: Where and how do we want economic and urban growth?
How can we adjust our priorities to insure that we fulfill our
food and personal consumer needs without intensifying environ-
mental problems we did not anticipate and do not want?

It will not be easy to change our habits, some of which
have gone unquestioned for generations. It is up to each one
of us to develop a new pattern of land and environmental man-
agement. We must become the first generation to work with
nature instead of against her.

If we act wisely and with speed, we can elevate the
quality of life as well as expand the quantity of goods. We
can set an example by turning from exploitation to preserva-
tion, from growth at any cost to growth for a purpose.

15
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Lesson 1

THE IMPORTANCE OF LAND USE

Objective -- To develop the effective ability of land holders
to understand the importance of land use.

. .

Problem and Analysis -- What is the importance of land use in
today's world?

-Meaning of land use
- Our heritage of land
Current land use
Future land use

Content

I. Meaning of Land Use

A. A brief look at the world around Lis reveals a
wide panorama of land problems. Two-thirds of
the world's people still live in the shadow of
want and hunger. This situation calls for de-
velopment of new agricultural lands and for the
most productive use of many areas already in
cultivation.
1. Some of these problems center around the

individual operator's choice of enterprises,
his managerial decisions, and his willing-
ness to bring new areas into use.

2. Land problems are also important in the ur-
ban areas, particularly when one interprets
these problems to include the structures
built upon land as well as the bare land
itself. Some of our most important urban
land problems concern the succession of
land use that takes place with urban growth;
the operations of real estate markets; the
provision of housing, recreational, rapid-
transit, parking, and other facilities; the
redevelopment of blighted areas; and plan-
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2

ning for the future growth of our cities.
These problems include the expense of pro-
viding schools, water and sewerage systems,
paved streets, and other public services;
the prevention of undesired developments
and the need for integrating certain local
problems with those of the overall metro-
politan community.

3. Land use may be described as the relation-
ship between man and land. Stated in more
detail, it may be defined as the area that
deals with man's ability to use the surface
resources of the earth and with the physical
and biological, economic, and institutional
factors that affect, condition, and control
his use of these resources.

II. Our Heritage of Land

A Land is many things to many people--to the farm-
er, a livelihood; to the townspeople, space or
place to live and build their homes; to the child,
a playground. Land is a vital part of our envi-
ronment. Land has served us well in the past.
It was virtually the only resource available to
our ancestors at the end of the Revolutionary
War. Proceeds from the sale of land were used
to provide funds to launch our fledgling nation.
The setting aside of public lands has been parti-
cularly helpful in educating the young, for ex-
ample, the land grant college system. In a lar-
ger but immeasurable sense, land may have been
responsible for much of our political and eco-
nomic freedom.

B. Land can make the contribution to our welfare in
the future that it has made in the past only if
we have full knowledge of its potential capacity
and use the land as it should be used.

III. Current Land Use Data From 1967 Provides Us With the
Following Information:

A There are 2.5 billion acres of land in the 50
states.

B. One-third is public land.
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C. Of the remaining two-thirds, about three percent
is urban and three percent is owned by state,
county, or local governments; an additional two
percent is reserved for American Indians. The
remaining 59 percent--some 1.3 billion acres--is
privately owned rural land.

D. Private rural land is almost equally divided
among three major uses: cropland, pasture and
range, and forest land. Commercial forest ac-
counts for about 400 million acres of the total
460 million acres of forest land.

E. Three - fifths of America's private land is not
being cared for to the degree that conservation-
ists feel is necessary to protect the soil for
sustained use.

F. Sixty-four percent of the nation's cropland
needs additional conservation treatment.

G. Sixty-seven percent of the pasture and rangeland
and 62 percent of forest land has received inade-
quate treatment.

H. To illustrate the function of land-use policy:
40 years ago New York had a land policy (1) clas-
sifying land, (2) developing the best land as
highly as possible, and (3) transferring the
poorest land to public ownership and reforesting
it.

IV. Future Land ,Use: Factors Relating to Future Land Use

A. Land use will be more affected by certain basic
socioeconomic factors than it will by anything
inherent in the land itself.

B. Economic growth will relate to the make-up of
the output of goods and services and to the de-
gree or the way in which environmental costs arc
assessed against that output.

C. The total amount of leisure time will continue
to rise, expecially among the young and the old.

D. Planning for land use is certain to increase in

18



4

amount, intensity, and skill over the next few
decades.

E. Land-use controls may be based on land-use'plans,
or they may be imposed by bodies who use other
kinds of information.

F. Zoning is more a negative than a positive con-
trol. It is less effective in rural areas in
guiding or restricting land use change.

G. Local government will continue to make land-use
plans and to control local use.

H. Environmental controls over land use will grow
stiffer and more exacting in the future.

I. Major changes will be made in production pro-
cesses and in consumption habits.

Suggestions for Teaching the Lesson

I. Developing the Situation

A. Things to be brought out by the teacher:
1. If we have concern for the quality of liv-

ing for all people and for future genera-
tions, sound land use at all levels is a
matter that needs attention.

2. Land use can make a contribution in the
future as it has in the past.

3. Public and private land use in connection
with urban-rural land use.

4. A good, sound land-use program needs to be
well planned.

5. Extensive planning must be done on the
local level.

B. Things to be brought out by the class members:
1. Their ideas of land-use importance on na-

tional, state, and local levels.
2. Experiences and observations of planning in

their own city and country areas.
3. Discussion as to decreasing use capacity of

land.
4. Types of land-use classification in our

country. (See chart.)

1 19



5

5. Pros and cons of federal land-use controls.

II. Conclusions

A. Land use is very important to all people regard-
less of their place in the world.

B. Land use is just as important on a half acre of
land as it is on 2,000 acres of land.

C. It is necessary that sound land-use plans be
carried out in our community.

D. The local level should be the source of long-
term land-use plans.

III. Enrichment Activities

A. Use individuals from the Forest Service, SCS, or
the County Planning Commission to discuss the
importance of land use.

B. Have a class member tell others of his good land-
use methods.

C. Use films available for loan from the Division
of Conservation, Frankfort, Ky.

D. Show slides that you made of changes that we
need to make.

IV. Suggested Teaching Materials

A. References for Lesson 1
1. Land Resources Economics, chapters 1 & 2.
2. Land, Yearbook of Agriculture, 1958, pp.

1-62.
3. National Land Use Policy, pp. 1-37.
4. 1972 Handbook of Agricultural Charts.

B. Resource personnel
1. Local SCS personnel
2. Local planning or zoning members
3. State Forestry Service
4. W.W. Thorn--Winchester, Ky., Chairman,

Clark SWCD (or local chairman, SWCD).
5. For other specific personnel, see the VoAg

Directory of Resource People in Kentucky.20



C Audio-visuals
1. Masters*

- 1 Types of Land Use Classification
- 2 Profile of Land Use
-3 Major Uses of Land in the U. S., 1954
- 4 Land Use in the 50 States, 1969
- 5 Major Uses of All Land vs. Total Land

Area by Regions
- 6 Major Land Use by Continents
- 7 Changes in Land Use in the U. S.
-8 Land Ownership in the 50 States, 1969
- 9 Proportion of Land area in Federal

Ownership, 1956
-10 Major Uses of All Land as Compared With

Total Land Area, 1954
- 11 Principal Vegetative Cover Types on

Federal Land
-12 Land Use WorSheet

NOTE: Local and county land use data should be secured by the
teachers and made into masters; the SCS, Census or other
sources can be used.

2. Films available from Division of Conserva-
tion, Frankfort, Ky.
a. "Altered Environments: An Inquiry into

American Highways," 10 min. color.
b. "Ecology of Cultivated Areas."
c. "For Years to Come," 22 min. B&W.
d. "Man's Effect on the Environment, 14

min. color.
e. "Man's Uses and Changes of the Land,"

11 min. color.

NOTE: Masters are keyed to the unit and lessons, and are num-
bered consecutively. Master 102-1-1A represents "adult
unit 102, lesson 1, item 1, part A."

21
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TYPES OF LAND-USE CLASSIFICATION*

1. Pasture and grazing land

2. Forest land

3. Cropland

4. Mineral land and barren waste

5. Transportation

6. Recreational land

7. Residential land

8. Service areas

9. Commercial and industrial sites

NOTE: Land use capacity is the ability of any given unit of -

land resource to produce a net return above production
costs.

*In order of size in the United States

102-1-1
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MAJOR I. AND USES IA' CONTINENTS AND SELECTED NATIONS

Area
Total
urea t

of acres)

Arable
cropland

:Ileac/nips
and Forest

pasture land

(percentages)

Unused but Built upon,
potentially wasteland,
prod rwtice and other

World total 33,4'77.1 9.7 17.3 28.5 3.2 41.3
.ontinents
Europe* 1,11S'.1 30.5 19.9 25.8 2.0 21.8
Nprtit America 5.989.7 10.6 15.8 31.1 3.9 38.6
Sr Hall America 4,.--;()3.4 3.8 17.3 40.3 3.9 34.7

6,780.4 12.7 15.8 18.2 4.2 49.1
Africa 8.1 20.6 25.1 4.3 41.9
Oceania 2,112.7 2.5 44.0 7.6 0.8 45.1

5,5U2.9 10.1 5.6 41.3 0.5 42.5
Selected nations

Australia 1,903.6 2.3 47.0 2.7 - 48.0
Braid 2,101.3 2.1 10.4 46.5 3.4 37.5
Canada 2,461 2 3.9 2.2 33.8 7.3 52.8
(Thina 2,405.8 9.4 19.9 8.6 - 62.1
I' gypt 247.1 2.4 -- - 0.7 96.9
1:rance 136..4 38.6 22.3 20.7 10.1 8.3
India 510.7 40.0 11.5 12.1 36.4l 74.3 51.5 17.0 18.7 5.0 7.8
Japan 91.t.) 13.8 3.7 61.2 21.3
Mexico 486.7 7.6 49.2 22.9 4.6 15.7
Sweden 110.9 8.4 2.1 51.2 3.6 34.7

nitcd kingdom 60.1 30.0 50.0 6.3 - 13.7
1 nitd States 1,934.2 24.7 32.6 32,1 0.8 9.8

land-use data for the U.S.S.R. arc not included in the totals fur Europe or Asia but are re

I ht c liddh 111(111E1(7 nil]] area within boundaries, not total surface area.
nobook of roi,d and Agri( ultural Statistics- Production, 1953 (Rome: Food and Agri

Jill to 01 f Iiii,,iniration of the United Nations, 19541, Vol. 7, fait 1. The data reported by countries
o,oke the 1.inst r,llitt.II tepotti where these are not available, the latest reliable unofficial

I lie dust icputt,d lor China and the Soviet Union arc for 1947; the data for all of the
tato o.n.00.. ale hasil upon ()finial reports made in 1930, 1951, or 1952.

1 02-1 -6
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TOTAL,
408 MILLION

ACRES

DESERT SHRUB
AND GRASSLAND
212 million acres

FOREST AND
WOODLAND
173 million acres

BARREN
20 million acres

SWAMP AND MARSH
3 million acres 01%

Principal vegetative cover tvPes on Federal land.

Source: The 1958 Yearbook of Aq., p. 50. 102-1-11
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LAND USE WORKSHEET

CO. KENTUCKY

TOTAL LAND AREA 25, 510, 881

1958 URBAN LAND 732,182

1967 " " 834, 858

SMALL WATER AREA 121,156

3 a. or more
TOTAL AGRICULTURAL LAND

1958 23, 837, 748

1967 23,507,491

CROPLAND 1958 6, 814,059

1967 6,586,739
PASTURELAND 1958 4,584,524

1967 5,164, 880

FORESTLAND 1958 10, 875, 859

1967 10, 988,166

OTHER AGRICULTURAL LAND
1958 1,563,311

1959 767,106

AMOUNT OF LAND IN' COUNTY

IN CLASS OF LAND

CLASS A.

II

III

IV
VI
VII

102-1-12



Lesson 2

THE PHYSICAL AND CIflMICAL PROPERTIES OF THE SOIL

Objective -- To develop the effective ability of land holders
to understand the physical and chemical features
of the soil.

Problem and Analysis -- Haw do physical and chemical proper-
ties of soil influence crop production?

-Principles of plant nutrition
-Physical properties of soil
-Chemical properties of soil

Content
Introduction- -

The life processes of plants have startling similarities
to those of human beings and animals. Plants and animals
share birth, youth, adult life, reproduction, and death.

Though all major crops share the processes of growth,
these processes are controlled or affected by the heredity
and environment of specific crops.

For a soil to be in good physical condition for plant
growth, the air, water, and solid particles must be in the
right proportions at all times. The physical properties of a
soil largely determine the ways in which it can be used. The
important physical and chemical properties of the soil greatly
affect the vital plant processes.

I. Principles of Plant Nutrition

A. Processes that take place in plants
1. Photosynthesis. Water and carbon dioxide

are utilized in the presence of light and
chlorophyll in green plants to form sugar
and oxygen (basic food production process).

2. Transpiration. The loss of water in the
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form of vapor. More than 99 percent of
the water absorbed by most plants is given
off in this way through tiny openings in
the leaf, called stomata.

3. Respiration. The process by which the plant
releases the energy stored by photosynthesis.
The by-products of respiration are usually
carbon dioxide and water.

4. Digestion. The process by which plants con-
vert food reserves stored after photosyn-
thesis into forms that permit respiration to
take place.

5. Assimilation. The process by which plants
convert food into protoplasm and cell walls.

6. At the present time, 16 elements are known
to be necessary for a plant to grow nor-
mally. They are: Carbon, hydrogen, oxygen,
nitrogen, phosphorus, potassium, calcium,
magnesium, sulfur, manganese, boron, copper,
zinc, iron, molybdenum, and chlorine.

II. Physical Properties of Soil

A. Makeup of soil
1. Mineral matter
2. Organic matter
3. Soil air
4. Soil water

B. Texture of soil (affects workability, moisture
storage, and nutrient reactions)
1. Clay, silt, and sand,
2. Sandy soil
3. Loamy soil
4. Clayey soil

C. Soil structure influenced by (relates to ease
with which soil can be tilled and penetrated
by plant roots.)
1. Organic matter content
2. Texture (relative amounts of sand, silt,

clay)
3. Bulk density (compactness)

a. Cultivation vs. no cultivation
b. Use of machinery

D. Soil profile (what a soil looks like)

Ks,

25
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1. A horizon--usually dark in color because
of organic matter, lighter in texture than
B or C

2. B horizon--usually law organic matter,
higher clay content

3. C horizon--underlies B horizon. Essential-
ly no organic matter in upland soils, and
structure usually undersirable.

III. Chemical Properties of Soil

A. Elements necessary for plant growth (See masters
7-9 at the end of the lesson.)

B. Elements necessary in large quantities--C-H-O-N-
P-K-Ca-Mg-S (See Masters 8 and 9.)

C. Sources from which plants get necessary elements

D. The need for added nitrogen, phosphorus, potas-
sium, and calcium in most Kentucky soils

NOTE: The teacher should refer to HS-l&3, for a more complete
treatment of physical and chemical properties soil.

Suggestions for Teaching the Lesson

I. Development the Situation

A. Things to be brought out by the teacher:
1. The life processes of plants are similar to

those of humans.
2. Explain plant processes by using transpar-

ency masters.
3. The importance of good physical and chemi-

cal properties for the highest crop and
livestock yield.

4. A sound plan for maintaining or improving
the physical and chemical properties of the
soil.

B. Things to be brought out by the class members:
1. Their ideas of the general grouping of the

soil textural class names.
2. Classification of 'samples taken from at

least one field on their farms.
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3. The farming practices they feel will help
the physical properties of their soils.

4. The amount of time it takes for various
fields on their farm to be ready to be cul-
tivated after 1" of rain.

5. Elements usually added to their row crops
and in what amounts.

II. Conclusions

A. Good soil structure promotes more extensive root
spread through the soil by plants, thus giving a
larger source of nutrients and water.

B. A sound cropping rotation will tend to build
structure.

C. All 16 elements in the soil are needed for high
crop and livebLock production.

III. Enrichment Activities

A. Observe under a microscope the cell structure in
slices of plant tissue, such as in a potato.

B. Observe the stomata of leaves with magnifying
instruments.

C. Demonstrate how much starch is stored in a pota-
to. Use the iodine test, which will give a deep
purple color.

D. Collect samples of soil from members and compare
their tilth.

E. Observe soils that have been under grassland
farming and compare them to similar soils that
have been used for continuous raw cropping.

F. Collect samples of soil from home farms and
classify them as to soil texture.

IV. Suggested Teaching Matekials

A. References for Lesson 2'
1. Profitable Soil Management, Chapters 6 and 8.
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2. Soil, 1957 Yearbook of Agriculture.
3. Soils Handbook, Misc. 383, U.K.
4. "The Case for Plant Tissue Analysis," Ralph

E. Castenson, Fertilizer Solutions Magazine,
Reprint, July-August, 1970 issue.

5. Using Commercial Fertilizers, Chapters 1
and 2.

B. Resource personnel
1. Local SCS personnel (if soil scientists)
2. Soils specialist, U.K.
3. For specific personnel see the VoAq Direc-

tory of Resource People in Kentucky

C. Audio-visuals
1. Masters

-1 Photosynthesis
-2 Transpiration
- 3 Test of Soil Properties
-4 General Groupings of Soil Textural

Classes
- 5 Structural Units of Soil
-6 Texture Triangle
-7 Specific Surface vs. Size of Soil

Particles
- 8 Essential Elements for Plants
- 9 Plants Dine
- 10 Functions of Some Elements in Plant

Growth

2. Films (USDA) available from Division of Con-
servation, Frankfort) Kentucky
a. "Topsoil," 10 min. B&W
b. "Yours is the Land," 21 min. Color
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SOURCE OF ENERGY

)?1-7k_.
WATER AND LIGHT ENERGY
MINERALS +CO2Crei 2 CHLOROPHYLL

CARBOHYDRATES
STORED IN FRUIT

CARBOHYDRATE +02

Y144
wog

CO2 FROM
THE AIR

2

WATER AND WASTE
PRODUCTS

STOMATES ON UNDERSIDE OF LEAF

WATER AND MINERALS ARE
TAKEN FROM SOIL BY ROOT HAIRS

PHOTOSYNTHESIS

102-2-1
Source: Exercises in Biological Principles for Agricultural

Crops, VEP Proshrctioar p. 14.
39
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TRANSPIRATION

PLASTIC BAG

CONDENSATION

102-2-2

Source: Exercises in Biological Principles for AgridLultural
Crops, p. 24.
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WHAT IS SOIL? General Grouping of Soil Textural Classes
(USDA Classification)

First Grouping Second Grouping
Basic Soil Textural
Class Names

(I) Sandy soil (1) Coarse-textured soil

(2) Moderately coarse-
textured soil

(I I) Loamy soil (3) Medium-textured soil

(4) Moderately fine-
textured soil

(I I I) Clayey soil (5) Fine-textured soil

Sand

Loamy sand

Sandy loam
Fine sandy loam

Very fine sandy loam
Loam

Silt Loam
Silt

Clay loam
Sandy clay loam
Silty clay loam

Sandy clay
Silty day
Clay

The above classification permits classifying soils first into three
general groups as (I) sandy soil, (I I) loamy soil, and (I I I) clayey
soil. The second grouping of five general classes is (1) coarse-
textured soil, (2) moderately coarse-textured soil, (3) medium-
textured soil, (4) moderately fine-textured soil, and (5) fine-
textured soil. The basic soil textural classes fall in the further
general groupings shown above.

SOURCE: Teaching Soil and Water Conservation 102-2-4

27



Prismatic

Blocky Nutlike

28

Platy-.

of,e
.6$

cup

Granular Crumb

Structural Units of Soil. While soil texture involves
the _size of individual soil particles, soil structure involves the
various ways in which these particles may be arranged in groups
(aggregates). You can distinguish different soil structures by ob-
serving the cracks or "lines of cleavage" of a soil.

Soils are said to be structureless when the particles of coarse
soil fail to cling together, when fine soil breaks into large clods,
or when the soil is massive, a single compacted substance.

Soils with good structure provide for a favorable movement
of soil, air, and water; they have more easily available plant
nutrients, and are easier to till.

Source: Teaching Soil and fa-ter
Conservation

43

102-2-5



29

TEXTURE TRIANGLE

100 *---.-----PERCENT SAND

The texture triangle shows the percentage of
sand, silt, and clay in each of the textural classes.

SOURCE: Teaching Soil and Water Conservation 102-2-6
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SPECIFIC SURFACE
vs.

SIZE OF PARTICLE

PARTICLE SIP:.

Clays Sands

Specific surface is important in determining the
reactiz.ity of soils. The amount of surface varies in-
versely with the size of the soil particles.

SOURCE: Teaching Soil and Water Conservation 102-2-7
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.43Z ANTS ..f'/A/6". A T

C HOPKNS Ca Fe Mg

N - Nitrogen
P - Phosphorus
K - Potassium

Ca-Calcium
e Mg-Magnesium

S- Sulphur

8- Boron
Cu-Copper
Cl- Chlorine
Fe-Iron
Mn- Manganese
Mo-Molybdenum
Zn-Zinc

inlliii,..

102-2-9
7.il4nernwese, /0V5,.-.41.477 . LAB.,
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ROLE OF NUTRIENTS IN PLANT GROWTH

*N/ TROGEA/

/Aeoev
carries
oxy3en

r
chlorofiii II

kelps plant
use other
nutrient s

*ZINC
necessar y

-for normal growth
end cell struavre

-Sed Prqduction
ClrallateS water
A.CAL.C/UNI

Keeps leaves
f row) twisting
heirs root, tips
functior

iv "MANGANESE
necessaryioraaLto-e

wards against
CtiLoa.oSIS
F *WIG DISEASE

,E3'0AZ cyy

Some of the functions pointed out may not necessarily be the most
important function of that particular element.

SOURCE: Crops and Soils Magazine

4 get

102-2-10



Lesson 3

SOIL TESTING AS A TOOL OF LAND USE

Objective -- To develop the effective ability of land holders
to utilize soil testing as a tool of land use.

Problem and Analysis -- How can we use soil testing as a tool
of land use?

- Taking and handling good soil samples
-Plant-tissue tests
- pH levels of soils
-Soil reaction and liming
- Time and placement of lime

Content
Introduction

Soil testing is a must for the farmer and grower of today,
if he is to use lime and fertilizer materials correctly. The
last official survey to determine the number of soils tested in
the United States was made in 1966. The estimate was just under
4 million soil samples tested, which is probably considerably
less than the number being tested today.

Recent summaries of soil-test results indicate that at
least three-fourths of the fields used for crop production in
Kentucky are too acid for maximum production of most crops,
particularly the valuable legumes. Proper use of good liming
materials can counteract this excess acidity and result in
greater yields, when used with proper amounts of fertilizer.

I. Taking and Handling Soil Samples

A. Procedure
1. Take samples with an auger, soil-sampling

tube, or spade.
2. Each sample should be a random sampling of

a given field.
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3. Each sampling should be 8 to 10 inches in
depth.

4. All samplings should bell4placed in a clean
container.

5. It is best to take samples in the summer or
early fall.

6. Air-dry samples before sending them to the
soil testing laboratory.

II. Plant-Tissue Tests

A. Growing plants can be chemically tested to deter-
mine the amounts of nutrients they contain.
1. Green-tissue tests are made in the field

from growing plants.
2. Plant analysis is made in laboratories.
3. Plant-tissue tests must be made after the

crop is established.
4. On many crops, the information from tissue

tests is secured too late in the season to
be beneficial in correcting the problem for
that crop.

5. Green-tissue testing field kits can be pur-
chased.

B. The plant tissue test is a means to double check
on soil tests.

III. pH Levels of Soils

A. Soils are either acid, neutral, or alkaline in
chemical reaction.

B. Crops vary in the amount of soil acidity and
alkalinity that they favor or tolerate.
1. Most crops favor a slightly acid soil.
2. Soil acidity that crops favor is also favor-

able to the activities of soil microorgan-
isms.

3. Excess soil acidity can be corrected by add-
ing liming materials to the soil.

C. The acidity or alkalinity of the soil solution is
determined by the relative number of the hydrogen
ions and hydroxyl ions.

D. Soil reaction is expressed in pH values. The "p"
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refers to "pressure" and the "H" to "Hydrogen
ions". "pH" refers to the pressure or concen-
tration of hydrogen ions.

E. The range in pH is from 0 to 14. A pH of 7 is
neutral. Any pH below 7 is acid, and any pH
above 7 is alkaline.

IV. Soil Reaction and Liming

A. Benefits from liming:
1. Reduction of soil acidity
2. Two major plant nutrients supplied by lim-

ing materials are calcium and magnesium
3. Means of controlling some crop diseases
4. Influences the solubility of many compounds

in the soil
5. The activity of the microorganisms and conse-

quently the phosphorus and nitrogen fertility
generally increase when an acid soil is limed.

B. The main aim of liming is to mix lime uniformly
with the surface layer of soil.
1. The quality of a liming material is deter-

mined by purity and fineness.
2. Soil-test results and a knowledge of past

treatment and cropping history provide the
best information available for determing the
lime needs for a particular crop.

V. Time and Placement of Lime

A. Lime can be applied any time of the year without
loss from leaching. Allow six months for maximum
effect.

B. Lime can be topdressed on hay and pasture fields
after any harvest during the year or before
growth starts in the spring.

C. Lime can be applied on row crop land immediately
after harvest or on sod land in the fall or win-
ter for any crop to be planted in the spring.

D. Lime should be applied before tillage and worked
into the soil.
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E. Lime should be applied before disking for reno-
vation.

F. Lime should be plowed down or disked in ahead of
planting row crops.

Suggestions for Teaching the Lesson

I. Developing the Situation

A. Things to be brought out by the teacher:
1. The need for soil testing in our country
2. Soil testing is a tool of land use as valu-

able as the tractor that pulls the field
implement

3. There are soil tests and tissue tests
4. Uses to be made from soil or tissue testing
5. Certain steps are necessary in getting a

good soil or tissue test'
6. The pH level may vary from field to field

on the same farm

B. Things to be brought out by the class members:
1. Recall fields on the home farm that formerly

produced good clover or alfalfa crops and
now produce largely grass crops

2. Recall fields that have good stand of sage
grass or cedar trees

3. Number of men who are liming and their ex-
periences with liming

4. Why might they ignore a soil-test report?
5. Different crop yields by fields on indi-

vidual farms

II. Conclusions

A. The results of a soil test will be no better
than the individual who takes the soil sample.
It is very essential to use the proper procedure
in taking and handling a soil sample.

B. A plant-tissue test can only be made after the
crop is established and will probably be too
late to help the crop during that growing season.

C. Crops vary in the amount of soil acidity and al-
kalinity that they favor or tolerate.
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D. Soil-test results and past knowledge of the
field in question provide the best information
available for determining the lime needed for a
particular crop.

E. The best time to apply lime on row crop land is
immediately after harvest; on sod land, fall or
winter tests are best for any crop to be planted
in the spring. Lime can be topdressed on hay
and pasture fields after any harvest during the
year or before growth starts in the spring.
Lime should be worked into the soil if at all
possible. Allow six months for lime to take
effect.

III. Enrichment Activities

A. Test soils from home farms for acidity. Secure
and use a reliable testing kit.

B. Take a field trip to practice taking soil sam-
ples and plant tissue tests.

C. Use the soil testing kit to test soil samples
from:
1. fence rows
2. dead furrows
3. continuous cultivated fields
4. old pasture fields

D. Demonstrate tissue on house plants or
field crops grown in pots or boxes.

IV. Suggested Teaching Materials.

A. References for Lesson 3
1. Controlling Soil Acidity, Ky. Circular 584.
2. Crops and Soils Magazine, April-May 1973,

June-July 1973.
3. Farm Soils, pp. 208-237.
4. Soil Sampling, How to and What for, Ky.

leaflet AGR-16.
5. Lime and Fertilizer Recommendations, Ky.

circular AGR-1.
6. Profitable Soil Management, Chapters 9-12.

S3 I".
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7. Soil,' the 1957 Yearbook of Agriculture, pp.
172-193.

8. When to Apply Lime and Fertilizer, AGR-5.

B. Resource personnel
1. Soil Conservation Service
2. Forestry Service
3. ASC
4. County Extension Service
5. Commercial Fertilizer People
6. Any good young or adult farmer
7. For specific personnel, see the VoAq Direc-

tory of Resource People in Kentucky.

C. Audio-visuals
1. Masters

- 1 Soil Tests vs. Plant Nutrients Used
- 2A,B Random Sampling of Fields
- 3A,B pH Scale
- 4 Degree of Acidity That Crops Favor
- 5 Humid vs. Sub-humid Region of U. S.
- 6 Mesh Size of Limestone
- 7 Solve Soil Test Problems
-8 Our Yearly Log
-9 Main Tools to Use With Crops

-10 Don't Ignore Soil-Test Reports
-11 Think Liming
-12 Profit With Liming

2. Films
a. "The Soil is Good," from the Division

of Conservation, Frankfort, Ky., 40
min. Color. Cover the importance of
soil.

b. "Raindrops and Soil Erosion," 30 min.
Color.

S1111111
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SOIL TESTS VS. PLANT NUTRIENTS USED
(1966)

The number of soils tested, line, closely paralleled the amount of plant nutrients, bars,
consumed between 1955 and 1966.

PLANT NUTRIENTS USED
vs

SOILS TESTED

1.1

3.f

5

Source : USDA

'51 '60 '63 '66
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MESH SIZE OF LIMESTONE

Percent Availabiliti in 1 to 3 Years
100
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solve proble ms you didn't even
know you had

with soil tests.....

SOURCE: Sperry Rand, New Holland of Sperry Rand Corp,; VoAg Visuals
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What should be included
in a yearly log?

1.

2.

3.

4.

5.

6.

7.

Fields Tested

Test Report

Recommendations

Fertilizer-Lime Applications

Crops Grown

Yields - Price

Evaluation

49

SOURCE: Sperry Rand, New Holland Division of Sperry Rand Corp.,
VoAg Visuals

102-3-8
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What are the 2 main tools

that may be used if crops

do not respond to fertiliza-

tion?

1. Tissue Testing

Plant Analysis

SOURCE: Sperry Rand, New Holland Division of Sperry Rand Corp.,
VoAg Visuals

102-3-9
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Why should a farmer be very
careful when he ignores a

soil test report?

1. It takes large amounts of fertilizer/lime for
high crop yields.

2, High priced livestock and milk
justify lime/fertilizer on pasture,
too.

Source: VoAq Visuals, Sperry Rand. 102-3-10

C
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How

Much
Fertilizer?

SOURCE: Sperry Rand, New Holland Division of Sperry Rand Corp.,
VoAg Visuals
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SHARPEN YOUR PROFIT PENCIL WITH

PROPER LIMING

Source: Sperry Rand, New Holland Division of Sperry Rand
Corp., Vo -Aq Visuals

102-3-12
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Lesson 4

BALANCED FERTILIZATION OF SOILS

Objective -- To develop the ability of farmers to
provide balanced fertilization of our soils.

Problem and Analysis -- How much fertilization is enough?

- Primary and secondary plant nutrients
- Fertilizer terms
-Dry-mix fertilizers
- Liquid fertilizers
-Principles involved in use of fertilizers
- Fertility-moisture relationships
-Amount of fertilizer to apply

Content
Introduction--

The old statement, "lime and fertilizer work hand in hand

to produce maximum crop yields," is more meaningful now than

in the past and will become even more meaningful in the future.

Each year, American farmers write checks for $2.4 billion
dollars to cover the production expenses for fertilizers used

to produce food and fiber. Veterinarians witness many dis-
orders resulting from lack of adequate nutrients in livestock
feeds, such as iron deficiencies and grass tetany. Balanced
fertilization should improve animal Health in these areas.

Twenty years ago more than one fifth of the farm produc-
tion in this country was credited to the use of fertilizer.
Withou't the use of fertilizer, it would take at least fifty
million additional acres to produce our present quantities of

farm products. The cost of cultivating such an acreage alone
would be more than three times the annual expenditure for fer-

tilizer. This gives some idea of the importance of fertilizer
to America's agricultural production.

54
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I. Primary and Secondary Plant Nutrients

A. Primary elements are needed by the plant in
large quantities from the soil
1. Nitrogen--N
2. Phosphorus--P, or in fertilizers designated

as phosphate, P205
3. Potassium--K, or in fertilizers designated

as Potash, K20

B. Secondary elements--large quantities
1. Calcium--Ca
2. Magnesium--Mg
3. Sulfur--S

II. Fertilizer Terms

A. Fertilizer grade--the guaranteed analysis, in
percentages, of the three primary nutrients in
the order of N- P205 -K20. Example: 5-10-15

B. Fertilizer. ratio- -the ratio of two or more nu-
trients to another. Example: 5-10-15 grade has
a 1-2-3 ratio.

C. Fertilizer formula--the quantity and grade of
materials used in making a fertilizer mixture.

D. Acid-forming--a term applied to fertilizer ma-
terials that leave an acid residue in the soil.
The amount of pure limestone required to neu-
tralize the residue left by a fertilizer material
is referred to as its "equivalent acidity."

E. Equivalent acidity per ton of some materials is
as follows:
1. Anhydrous ammonia

2960 lbs. calcium carbonate
2. Ammonium sulfate

2200 lbs. calcium carbonate
3. Ammonium sulfate

1200 lbs. calcium carbonate
4. Urea

1500 lbs. calcium carbonate

F. Alkaline-forming--a term applied to fertilizer
materials that leave an alkaline or basic residue
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in the soil. The equivalent basicity per ton of
some materials are:
1. Nitrate of potash

460 lbs. calcium carbonate
2. Nitrate of soda

583 lbs. calcium carbonate

G. Available--capable of being assimilated by grow-
ing plants. Available nitrogen is defined as that
nitrogen that is water - soluble plus what can be
made soluble or converted into free ammonia.

H. Complete fertilizers--contains all three primary
nutrients--N, P205, and K20.

I. Straight fertilizers--contain only one nutrient.

III. Dry-Mix Fertilizers

A. Dry-mixed fertilizers are made by combining se-
lected plant food materials to obtain certain
ratios and quantities of plant. nutrients.

B. When dry, mechanically-mixed fertilizers of de-
finite analysis are manufactured, some "make-
weight" material is usually added. It may be a
physical conditioner and/or filler or both.

IV. Liquid Fertilizers

A. The agronomic advantages or disadvantages are
based primarily on the desirability of more or
less soluble forms of plant foods for use under
specific crop or soil conditions.

B. Advantages of liquid fertilizers
1. More uniform broadcast applications
2. Solubility for "transplant-starter" solu-

tions
3. Nutrients are in soluble form; homogeneous

to soil moisture
4. More adaptable to foliage-spray application
5. Advantageous in dry seasons

C. Disadvantages of liquid fertilizers
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1. Limited plant food content, in some cases
2. Difficult to achieve "localized-placement"

with respect to seed
3. Application to growing plants must be made

in dilute solution to avoid foliage burning

V. Principles Involved in the Use of Fertilizers

A. Many factors affect the amount of plant food a
crop takes up.
1. The kind of crop
2. The variety of crop
3. The yield
4. The soil type and condition
5. The amount of rainfall
6. The temperature
7. The present fertility level
B. The pH level of the soil
9. The amount of lime and fertilizer applied

VI. Fertility-Moisture Relationships

Well fertilized crops use water more efficiently
than poorly fertilized crops.

VII. Amount of Fertilizer to Apply

A. Plant nutrients differ in the way they may be
applied most effectively as fertilizers because
of the differences in their chemical properties,
the amounts plants need, the chemical and bio-
logical activity in the soil, and their solu-
bility (which varies according to formula and
physical condition).

B. The amount of fertilizer to be applied depends
largely on the kind of crop which is grown and
the present fertility level of the soil.

C. At a certain point it would not pay to add more
fertilizer because additional crop yields would
not pay the cost of the added fertilizer.

D. When capital is limited, fertilize those crops
which will give the greatest economic return
for investment in fertilizer.

vv '31
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Suggestions for Teaching the Lesson

1. Developing the Situation

A. Things to be brought out by the teacher:
1. The value of understanding the primary and

secondary elements used by plants for pro-
per growth.

2. Fertilizer terms that will be used in con-
nection with plants and soil in this lesson.

3. Use of fertilizers (N-P205-K20) has increased
greatly in the United States in the past 20
years, but we are not keeping up with actual
needs.

4. Advantages of dry-mix and liquid fertilizers.
5. Disadvantages of dry-mix and liquid fertil-

izers.
6. There are many factors that affect the amount

of plant nutrients any given crop will use.
7. Use of muriate of potash on tobacco will

cause "white stem" and "high case" tobacco,
because of excess chlorine.

B. Things to be brought out by the class members:
1. Some experiences they have had with the use

of complete or incomplete fertilizers.
2. Leaching ,of nitrogen on crop land during

very wet years.
3. Samples of dry and liquid fertilizers.
4. Examples of people they knew about in the

early days who took up the soil-building
allowances in phosphate under the govern-
ment program (A.C.P.).

II. Conclusions

A. Balanced fertilization is the beginning of good
nutrition. It increases the plant yield of
energy and protein.

B. Balanced fertilization increases yield and
quality of crops. (See masters at the end of
the lesson.)
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C. A deficiency of only one nutrient can severely
reduce yields. A deficient nutrient is like a
broken link in a chain. It sets the soil's
capacity to produce a crop.

D. The amount of fertilizer we need to apply depends
on kind of crop and variety, yield, soil type
and condition, climate, weed-control methods,
available capital, and the present fertility
level.

E. Management of our fertilizer programs today and
tomorrow will be for men with a pencil in their
hand. This will mean a better balanced fertili-
zation program of our soils for crops and live-
stock.

III. Enrichment Activities

A. Visit a fertilizer dealer where a variety of fer-
tilizers can be observed.

B. Have samples of a variety of fertilizers in the
class room.

C. Visit a manufacturing or mixing plant.

D. Use a fertilizer industry representative to visit
with the class.

E. Have each class member make a work sheet includ-
ing crop-yield goal, nutrient need, and cost of
fertilizer being used to reach that goal.

F. Arrange for demonstrations of different methods
of fertilizer applications.

G. Set up a small test area on the farm of one of
your class members for a summer tour for the
class.

IV. Suggested Teaching Materials

A. References for Lesson 4
1. Better Crops with Plant Food, Spring, 1972.
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2. "How Fertilizer Movesand Reacts in the Soil,"
J. Harold Parker, Crops and Soils Magazine,
November, 1973.

3. Lime and Fertilizer Recommendation Guide,
Ky. Circular 619.

4. Profitable Soil Management, Chapter 13.
5. The New Guide to Soil Fertility and Livestock

Profits, Royster Company, PO Drawer 1940.
6. Using Commercial Fertilizers, Chapters 8, 9, 19.

7. Fertilizer Use Facts for Kentucky, Ky. Cir. 624.
8. When to Apply Lime and Fertilizer, Ky. Leaflet,

AGR. 5.

B. Resource personnel
1. State Extension Service
2. Soil Conservation Service
3. Fertilizer dealer or representative
4. Any good young or adult farmer
5. Custom operator
6. For specific personnel, see the VoAq Directory

of Resource People in Kentucky.

C. Audio-visuals
1. Masters

-1 Soil Acidity Affects The Availability
of Most Nutrient Elements

-2 Plant Food Utilization Breakdown by
Crops

- 3 Average Nutrient Analysis
- 4 United States Seasonal Consumption
-5 Burden Still in Spring
- 6A-C What Happens to Ammonium Nitrate
- 7 Movement of Phosphate in Soil
- 8 The Weakest Link
-9 Nutrients in Fertilizers
- 10 Fertilizer Terms
- 11 Ammonia - Starting Point of Most "N"

Fertilizers
- 12 How Much Fertilizer is Enough?
- 13 Conditions for Split Application of

Nitrogen
-14 Factors Influencing Fertilizer Rates
-15 Proper Fertilization
-16A.The Principle of Dimishing Returns

BConversion Factors
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PLANT FOOD UTILIZATION BREAKDOWN
BY SPECIFIC CROPS

CROP

Corn
YIELD

180 bu grain
8000 lb stover

N

170

70

Pounds per Acre
1)%05 Kao Mg

70 48 16

30 192 34

S

14

16

Wheat 80 bu 144 44 27 12 5

6000 lb straw 42 10 135 12 15

Oats 100 bu 80 25 20 5

Straw 35 15 125 15

Barley 100 bu 110 40 35 8 10

Straw 40 15 115 9 10

Grain Sorghum 8000 lb grain 120 60 30 14 22

8000 lb stover 130 30 170 30 16

Tobacco (flue-cured) 3000 lb leaf 85 15 155 15 12

3600 lb stalks, tops, suckers 41 II 102 9 7

Tobacco (burley) 4000 lb leaf 145 14 150 18 24

3600 lb stalks, tops, suckers 95 16 114 9 21

Soybeans 60 bu 252 49 87 17 12

7000 lb stalks, leaves, pods 84 16 58 10 13

Apples 600 boxes (42 lb) 20 8 50 2

blossom, fruit, new wood 80 38 130 22

Peaches 600 bu 35 10 65

tree annually 60 30 55

Grapes 12 T fruit 66 23 120

vines 36 12 36

Tomatoes 40 T fruit 144 67 288 10 28

4400 lb vines 88 20 175 26 26

Potatoes 500 cwt 150 80 264 12 a
vines 102 34 90 20 12

Snap Beans 4 T 70 21 77 8

Plants 68 12 86 9

Cucumbers 10 T 40 14 66 4

vines 50 14 108 21

Lespedeza 3 T 150 50 150 25 20

Bluegrass (turf) 3 T 200 55 180 20 25

Tall Fescue 3.5 T 135 65 185 13

Legumes can get most of their nitrogen from the air.
--Figure unavailable.

SOURCE: American Potash Institute 102-4-2
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AVERAGE NUTRIENT ANALYSIS OF TOTAL FERTILIZER
CONSUMPTION IN SELECTED YEARS
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1950 1955 960 965 1968 1969 1970

YEAR

Source: American Potash Institute

1975

102-4-3

63



SEASONAL FERTILIZER CONSUMPTION IN THE U.S.
1961/62 through 1970/71

SPRING Jan thru June
FALL July thru Dec
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O
In 30
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472.8%
E

I 20
0
o_

0

72.4%
72.1% r- 71.6%

71.5 ow

69.9 %
70.1% 70.3% 693%

69.5%
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10 -"''''''''fj707' EMN., 277.1L6, 30.7% ,..v30.5%

A z
61/62 62/63 63/64 64/65 65/66 66/67 67/68 68/69 69/70 70/71

FERTILIZER YEAR

U.S. SEASONAL CONSUMPTION

Source: American Potash Institute

102-4-4
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20

APPARENT SHIPMENTS OF FERTILIZER MATERIALS
monthly % of annual total 1970/71
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102-4-5
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PAGE 4-49,0F THIS DOCUMINT WAS REMOVED
PRIOR TO ITS BEING SUBMITTED TO THE ERIC
DOCUMENT REPRODUCTION SERVICE BECAUSE IT
WOULD NOT REPRODUCE IN MICROFICHE.



FERTILIZERS -- PRODUCTS OF MODERN CHEMISTRY



Nutrients
In Fertilizers

71

PRIMARY MICRONUTRIENTS

N
P

K

Nitrogen

Phosphorus
In Fertilizer
PhosphateP205

Potassium
In Fertilizer
PotashK20

SECONDARY

Ca

Mg

S

Calcium

Magnesium

Sulfur

83

B

Cu

Fe

Mn

Mo

Zn
CI

Boron

Copper

Iron

Manganese

Molybdenum

Zinc

Chlorine

102-4-9
Source: FERTILIZERS -- PRODUCTS OF MODERN CHEMISTRY



FERTILIZER
TERMS
FERTILIZER GRADE

72

The guaranteed analysis, in percentages, of
N-13205-K20.

Examples: 10-10-10 and 5-10-15

FERTILIZER RATIO

Ratio of two or more nutrients to another

Examples: 10-10-10 grade has a 1-1-1 ratio.
5-10-15 grade has a 1-2-3 ratio.

FERTILIZER MATERIAL

A fertilizer containing one or more plant nutrients
just as produced.

Examples: Nitrogen ammonium nitrate
Phosphate superphosphate
Potashmuriate of potash
Secondarygypsum or land

plaster
Micronutrient borax

Source: FERTILIZERS -- PRODUCTS OF MODERN CHEMISTRY
102-4-10



Ammonia is the
Starting Point for Most
Nitrogen Fertilizer

POTASSIUM CHLORIDE

NITRIC
ACID

AMMONIA

AMMONIA

SODIUM
CARBONATE

PHOSPHATE

ROCK

SULPHURIC ACID

PHOSPHORIC ACID

CARBON DIOXIDE

N2 + 3H2 '1> 2NH3
(Nitrogen) (Hydrogen) (Ammonia)

73

POTASSIUM
NITRATE

AMMONIUM
NITRATE

SODIUM
NITRATE

NITRIC
PHOSPHATE

AMMONIUM
SULPHATE

AMMONIUM
PHOSPHATES

UREA

Source: FERTILIZERS -- PRODUCTS OF MODERN CHEMISTRY

85 NO 102-4-11.



How much

fertilizer
is enough?

102-4-12

Source: VoAq Visuals, New Holland Co.
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What conditions may

encourage a split

application of nitrogen .11.

1. Rates over 200 pounds per acre

2. Yield goals over 150 bushels per acre

3. Early planted corn

4. Stands of 20, 000 plants per acre

5. Excellent Weed Control

6. Good Moisture Reserve

7. Type of Soil

75

102-4-13

Source: VoAg Visuals, New Holland Co.



Factors influencing
fertilizer rates

76

Crop Variety Yield Goal 2 Planting Date

Soil Type &
Condition

Harvesting
Method

Amount of
Rainfall

Weed Control
Methods

Present fertility Man in
level 8 Management

102-4-14

Source: VoAq Visuals, New Holland Co.

89
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Sharpen your profit pencil

with

proper fertilization

102-4-15

Source: VoAq Visuals, New Holland Co.
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Lesson 5

SELECTION OF PRODUCTIVE PROGRAMS BASED ON WISE LAND USE

Objective -- To develop the ability to select produc-
tive programs based on wise land use.

Problem and Analysis -- How can we select productive programs
based on wise land use?

-Physical forces present on the farm
- Points to consider in choosing a cropping system
-Management decisions in the cropping system
- Adding livestock to a farming unit
- Factors in choosing livestock
-Livestock risk ratings
- Making a farm plan

Content
Introduction

The nation's biggest conveyor belt is the one that spans

from the farmer to the consumer. Each year he handles about
1,500 pounds of food per person and his total goods and ser-
vices are valued at $130 billion. In a single year farmers
and ranchers furnish the food assembly line with about 11 mil-
lion sheep and lambs, 39 million beef cattle and calves, 94
million hogs, 120 million turkeys, 3 billion broilers, 72 bil-
lion eggs, 115 billion pounds of milk and many other products.
The total value at the farm level is about $50 billion. This

much farm output requires about 1.3 billion acres of land.

The farmer of 1850 fed only 4 people besides himself. The
farmer of 1960 fed 26 people, but the farmer of 1970 feeds 46
people. Even more significant is the rate of increase in out-
put per farm worker since 1950--almost double that of nonfarm
workers.

We know we have made progress in improving the quality of
life for every member of our society, but has the efficiency of

our farming operation reached its peak or may we improve it by

T),

80 101110
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better selecting crop and livestock programs based on wise land

use?

I. Physical Forces Present on the Farm

A. Use of soil survey report
1. Soil associations - major and minor soils
2. Slope, depth, stoniness, or natural drainage
3. Soil series
4. Location of good-sized areas suitable for

certain kind of farming or other land use
5. Past cropping and livestock program

B. General aspects of land: topsoil, available water,
lay of land, row crops, pasture crops, and avail-
able labor.

II. Points to Consider in Choosing a Cropping System

A. Nature and suitability of soils for crop production

B. Maximum acreage of the most profitable crop

C. The necessary livestock fetid

D. Sequence of crops

E. Seasonal distribution in use of labor and equipment.

III. Management Decisions in the Cropping System

A. Selecting the high-income crops

B. Choosing a crop rotation suitable for the land
and livestock (use not abuse)

C. Planning the field layout

D. Managing pastures, raw crops and hay crops

E. Planning the fertilizer program

IV. Adding Livestock to a Farming Unit

A. Livestock can provide a more even distribution
of labor and income
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B. They can reduce the risk of the farming unit and
make more complete use of resources.

C. Livestock usually help maintain and increase soil
fertility.

D. Livestock turn low value forage into high value
meat.

V. Factors in Choosing Livestock

A. The skill of the operator and ability to bear
risk.

B. The labor supply and capital available

C. The size of farm, kind and quality of the soil
resources

D. The feed supply and market availability

VI. Livestock Risk Ratings

A. High risk projects
1. Finishing heavy feeder steers
2. Finishing feeder lambs
3. Finishing plain steers
4. Producing turkeys

B. Moderately high risk projects
1. Finishing medium weight feeder steers or

heifer
2. Wintering, grazing, and finishing calves
3. Wintering stock calves
4. Finishing feeder pigs

C. Moderately low risk projects
1. Wintering and grazing stock calves
2. Laying flocks

D Low risk projects
1. Producing feeder pigs
2. Producing stock calves
3. Producing creep-fed calves
4. Sow and litter
5. Dairy

IWO
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VII. Making a Farm Plan

A. Develop a plan for the most profitable use of
your land.

B. Use your land-capability map as a guide to de-
cide on crops, rotations, field lay -outs and
carrying capacity of livestock.

C. Know your land and decide what it can do.

Suggestions for Teaching the Lesson

I. Developing the Situation

A. Things to be brought out by the teacher:
1. The selection of the correct key crops to

grow on a particular farm is of utmost im-

portance. This will tend to bring in focus
the complementary and supplementary crops.

2. Should we decide on our crops and then add
livestock to the farming operation?

3. One of the difficult jobs in selecting crops
and/or livestock programs is organization of
them to bring about even demand for labor.
The same principle is important in utilizing
machinery and other factors of production.

4. A farm plan can be the most profitable under-
taking during the entire year.

5. There will always be likes and dislikes for
certain types of livestock and crop produc-
tion by some farmers.

B. Things to be brought out by the class members:
1. Crops and livestock they now have on their

farms.
2. Changes they have made in their farming op-

eration within the last eight years.
3. Listing of high-, medium-, and low-risk

livestock enterprises within the community.
4. The number of animals on their farms. The

carrying capacity of animals per acre.
5. Difficulties they have with their present

crop and/or livestock programs.

II. Conclusions
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A. Phyqical factors of the land will greatly affect
our cropping and livestock systems. The most im-
portant will be the slope of land, soil type,
depth; drainage, and past cropping system.

B. The choice of a crop should be based upon the
suitability of the land for specific crops, the ex-
pected yield, price, costs, risk involved, and
the effect of the crop on the land.

C. Farmers should have maximum acreage of the most
profitable crops, the necessary livestock feed,
and a seasonal distribution in use of labor and
equipment.

D. Livestock can provide a more even distribution
of labor and income, reduce the risk of farming,
and help maintain the soil fertility.

E. The higher our management ability the higher risk
rating we will want to take in our livestock en-
terprise if this will fit our crop pattern.

F. Decisions and program plans should be put down
in writing to enable the farmer to reach farming
goals easier.

III. Enrichment Activities

A. Use a sample farm in the community as a class ,

project. Select the crop and/or livestock system
for this farm.

B. Invite a commercial farm manager to discuss crop
and/or livestock systems and their effect on farm
income, capital requirements, labor supply, and
farm profits.

C. Determine the crop rotations practiced in the
community.

D. Have a class member tell of his experiences with
no-till farming.

IV. Suggested Teaching Materials
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A. References for Lesson 5
1. Farm Management Principles, Budgets, Plans,

Chapters 5 and 6.
2. Farm Management Teaching Unit, Chapter 3.
3. Profitable Soil Management, Chapter 21.
4. Soil and Water Conservation Plays Dividends.
5. The Farm Mangement Handbook, Chapter 8 and 9.

B. Resource Personnel
1. Local County Extension agent
2. Successful farmers in your class
3. Farm managers in the area
4. Staff member of a State college or univer-

sity
5. For specific personnel, see the VoAg Direc-

tory of Resource People in Kentucky

C. Audio-visuals
1. Masters

- 1 Who's Supporting Who?
- 2 Management Decisions in the Cropping

System
-3 Preliminary Steps in Selecting a Crop-

ping System
-4 What Factors Influence Choice of Crop?
- 5 Choosing Livestock Enterprises that Fit

Your Farm
-6 Factors in Choosing Livestock
- 7 Why Add Livestock to a Farming Unit?
-8 Planning Land Use
- 9 Match Production Potential

-10 Match Energy Production
- 11 Capability for Energy Production
- 12 Manage the System
-13 Value of a Forage Program
- 14 Increase Forage Production

2. Films (Division of Conservation, Frankfort,
Kentucky)
a. "Know Your Land," USDA, 10 min. Color,

Shows land classification.
b. "Living Earth Series," 4 parts, 10 min.

each, Color
1) "Birth of the Soil"
2) "The Vital Earth"
3) "Arteries of Life"
4) "Seeds of Destruction"
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WHO'S

Supporting

WHO?

WES RITCHIE in
FARM PROFIT Magazine

1940
He fed 11

Note how the farmer's pro-
duction loud has increased
he's added 20 since 1960.

1850
He fed 4

1960
He fed 26

1900
He fed 7

1970
He fed 46

Source: Better Crops with Plant Food, 102-5-1
Potash Institute of North America
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MANAGEMENT DECISIONS IN THE CROPPING SYSTEM

I. Selecting the high-income crops.

2. Choosing a crop rotation
suitable for the land and
livestock.

3. Planning the field layout.

4. Managing pastures.

5. Planning the fertilizer program.

Crop rotation is still sometimes advisable although not as

widely practiced as it was ten or twenty years ago.

flap 102-5-2

439
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PRELIMINARY STEPS IN SELECTING A CROPPING SYSTEM

I. Determine areas that are steep and rocky
and should be used for forest land.

2. Delineate those areas which should be used
for permanent pasture.

3. Determine the number of rotations for the
tillable land.
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WHAT FACTORS INFLUENCE CHOICE OF CROP ?

Motive, and Suitability of Soils

I. The expected yields.

2. The price.

3. The landlord's share and costs.

4. The risk involved.

5. The effect of the crop on the land.
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CHOOSING LIVESTOCK ENTERPRISES THAT FIT YOUR FARM

DAIRY SHEEP BEEF COW BEEF FEEDER PIG HOG

Unit Milk Cow Ewe Cow Cow Sow Sow

Production 12,500#M. 90# Lamb 450# Calf
120% Lamb Crop 90% Calf Crop
8# Wool

950# Beef 14 Pigs 14 Market
40# Hogs

Feedl
Corn 50 bu.

Hay 720011

Pasture 1.7 Acre

4 bu. 4 bu.
800# 4500#
.26 Acre 1.7 Acre

44 bu.

6500#
1.7 Acre

40 bu. 205 bu.

.67 Acre .67 Acre

% Land2 in
Corn 15%

Hay`` 33%

Pasiure 52%

9% 2%

29% 28%
62% 70%

14%

31%

55%

37% 75%

63% 25%

Hours Labor 80 4 13 23 15 32

Capital $1750 $150 $790 $1226 $750 $1500

Gross $575 $25 $110 $195 $227 $500

Net $172.50 $7.50 $33 $48.75 $56.75 $125

Units to =
$6000 Net 35 800 182 123 106 48

1Pasture is alfalfa and grass, untreated permanent pasture would require 3 times
as many acres, fertilized and limed pasture permanent 11/2 times as many acres.

2Yields used were corn 100 bu., hay 3.3 tons, pasture .75 animal units.

Source: "Profit-Maximizing Principles," Ohio Ag Education Curriculum Materials
Service 102-5-5



FACTORS IN CHOOSING LIVESTOCK

I. The skill of the operator.

2. The labor supply.

3. The capital available.

4. The feed supply.

5. The size of the farm.

6. The kind and quality of the soil resources.

7. The operator and manager's ability to bear risk.

8. The buildings available on the farm.

9. The special marketing advantages.

102-5-6

91
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WHY ADD LIVESTOCK TO A FARMING UNIT?

I. To provide a more even distribution of income.

2. To reduce the risk.

3. To make more complete use of resources.

4. To help maintain soil fertility.
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Lesson 6

SOIL AND WATER CONSERVATION

Objective -- To develop the effective ability of farmers to
understand soil and water conservation.

Problem and Analysis -- What are our soil and water conserva-
tion problems?

- Soil erosion
- Causes and effects of man-made erosion
- Importance of soil and water conservation
- Types of erosion

Content
Introduction

Conserving land resources is very important to the future
of a nation and its population. It has often been said that
the real goal of soil and water conservation is increasing the
supply of food.

Widespread waste of our nation's precious soil and water
-resources today raises the question of whether or not we can
continue to feed and clothe our mushrooming population at to-
day's high standards and at a reasonable cost.

In years to come, we are sure to need every acre of pro-
ductive land and every gallon of economically available water
if we are to feed and clothe our population at today's high
standards. Our number of people is expected to reach the 273 -
million mark by 1980, and the number of mouths we must feed
may be even doubled by the end of the century. Today, we are
faced with the problem of conserving our soil and water re-
sources so that we can feed and clothe our children and our
grandchildren 25 or 50 years from now.

Planning and acting together toady for sound land use and
better water management will do more than improve yields and
boost farm income. The soil and water conserved today will be
invaluable, if not vital, to the welfare of our nation tomorrow.
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Soil and water conservation truly is a "must" if we are to
keep this a land of plenty.

I. Soil Erosion (the movement of soil particles from one
place to another under the influence of water or wind)

A. Geological erosion is the effect of working
forces such as volcanoes, earthquakes, slow ris-
ing and sinking of vast land masses, and other
great movements, by which rock is broken up into
soil. It is produced by natural forces working
on the surface of the earth. Factors include
frost, gravity, soil, air and water, plant roots,
wind, raindrops, streams, waves, and glaciers.
(Geological erosion never stops, but it works so
slowly in terms of human time that we speak of
it as stabilized.)

B. Man-made erosion. When man cuts down the trees,
plows up the soil, grazes the plains on stabilized
lands, the protective cover is destroyed and man-
made erosion becomes uncontrolled; our water re-
sources are also menaced by dropping water tables,
polluted streams silting reservoirs, and increas-
ing water demand in combination with decreasing
supplies. Water shortages are already hampering
American growth.

C The National Environmental Policy Act, signed
into law on January 1, 1970, established a
national policy to "maintain conditions under
which man and nature can exist in productive
harmony, and fulfill the social, economic, and
other requirements of present and future genera-
tions of Americans. The main functions of EPA
are: air pollution control, clean water, solid
waste management, radiation, pesticides, and
noise. These are all man-made ills on which we
must all work together for our environmental
protection. (See masters 8 and 9.)

II. Causes and Effects of Man-Made Erosion

A. Causes of man-made erosion
1. Plowing soil too steep for cultivated crops
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2. Plowing soil in areas with too little rain-
fall to support continuous crop production

3. Breaking up large blocks of land susceptible
to erosion

4. Failing to maintain crop residues on the
surface while the soil is not protected by
growing crops

5. Exposing soil on slopes
6. Removing natural vegetation from forest lands
7. Reducing and weakening plant growth by over-

grazing

B. Effects of man-made erosion
1. Loss of the best part of the soil
2. Reduction of crop yields
3. Need for greater use of plants and commer-

cial fertilizers
4. Production of less-nutritious crops
5. Formation of gullies
6. Covering of rich bottomlands by soils from

poorer high lands
7. Destruction of roadbanks and removal of

bridges
8. Erosion by stream banks of valuable bottom-

lands
9. Silting of ditches, streams, dams, lakes

and reservoirs
10. Reduction of community income
11. Increase in flood hazards
12. Waste of water that could be used for other

purposes

III. Importance of Soil and Water Conservation

A. Of the earth's total surface area approximately
one third is land and approximately two thirds
is water.

B. In the United States, we have almost 2.3 billion
acres. Only 1.2 billion acres are capable of
producing crops or used for pasture. The.rest
of our land is used for forests, highways, homes,
wastelands, parks, etc.

C. We have slightly over two tillable acres per per-
son in the United States.

D. Wind and water erosion cause a loss of soil pro-
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ductivity. It has been estimated that nature
spends from one hundred to four hundred years
in developing one inch of usable topsoil. Just
a few minutes of serious wind or water erosion
can destroy many years of nature's slow work in
establishing a soil.

E. Loss due to water erosion each year. Nearly 4
billion tons of sediment are delivered to our
waterways each year, the equivalent of 4 million
acres of topsoil. We can assume that at least
75% of this mass is derived from agricultural
and forested lands and that it will have an aver-
age analysis of 0.10 percent nitrogen, 0.15 per-
cent P205, and 1.50 percent K20. This means that
more than 50 million tons of primary nutrients
are lost from our agricultural and forested lands
each year through sediment delivery.

F. The combination of water picked up by the atmos-
phere in the form of vapor and sent back to earth
is a continuous cycle called water cycle. (See

masters 2 and 3.) When all aspects of the water
cycle are considered we can see that our total
water supply is constant, merely existing in dif-
ferent forms.

IV. Types of Erosion

A. Splash erosion. Single drops of rain fall (See
master 4.) with great force, thus breaking up
soil aggregates and resulting in movement of the
small particles.

B. Sheet erosion. Soil is removed in fairly uni-
form amount over a large surface. (See master 5.)

C. Rill and gully erosion. A concentrated force of
water moving large amounts of soil down the slope.
(See masters 5 and 6.)

D. Wind erosion is serious on light or sandy soils,
but usually can be prevented by using a good cover
crop or establishing field windbreaks. (See mas-
ter 7.)

Suggestions for Teaching the Lesson
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I. Developing the Situation

A. Things to be brought out by the teacher:
1. Soil is a thin layer of material which

covers most of the earth's land surface.
It is composed of minerals, organic matter,
water, air, and living organisms and sup-
ports plant life. (See master 1.)

2. The soil serves as a basis for our nation's
strength and prosperity.

3. An otherwise productive soil that does not
receive adequate moisture will be seriously
limited in its ability to produce. For ex-
ample, from 20-22 inches of rain are re-
quired during the growing season to produce
a crop of corn.

4. Peorle responsible for correcting or protec-
ting our environment. (See masters 8 and
9.)

B. Things to be brought out by the class members:
1. Types of erosion on their farms
2. Causes of erosion
3. Effects of erosion
4. Some good and poor practices of farming in

the community that affect soil productivity

II. Conclusions

A. Our greatest soil-and water-conservation problems
are caused by people in the neglectful use of our
land. The movement of-soil particles from one
place to another under the influence of water or
wind is a national menace.

B. There isn't anything that we can do about geo-
logical erosion.

C. These steps would be helpful in controlling man-
made erosion.
1. Stop plowing soil too steep for cultivated

crops.
2. Stop plowing soil in areas with too little

rainfall to support continuous crop produc-
tion.

3. Stop breaking up large blocks of land sus-
ceptible to erosion.
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4. Stop exposing soil on slopes.
5. Stop removing natural vegetation from for-

est lands.
6. Stop overgrazing.
7. Emphasize that it is everyone's job to con-

trol man-made erosion in our environment.
(See master 10.)

III. Enrichment Activities

A. Use the Soil Conservation Service to tell about
general productivity of soils and soil tilth of
the community.

B. Take a field trip to places of severe erosion.
Show good examples of splash boards. Point out
sheet, rill, gully and wind erosion.

C. Study the effect of soil erosion and depletion
on local crop yields.

D. Use a good young or adult farmer to tell of ex-
periences on his farm of soil and water conser-
vation problems.

E. Use State Extension Soil specialists.

F. Show slides of recent rain or wind storms in the
community.

IV. Suggested Teaching Materials

A. References for Lesson 6
1. Conservation and the Water Cycle, Agricul-

ture Information Bulletin No. 326.
2. Land - Yearbook of Agriculture 1958, pp.

316-332.
3. Profitable Soil Management, Chapter 17.
4. Soil and Water Conservation, AGDEX 963,

Ohio State University.
5. Teaching Soil and Water Conservation, USDA,

PA341.
6. Water - Yearbook of Agriculture 1955, pp.

121-159.
7 Key Soil and Water Conservation Needs In-

ventors, SCS, 1970.
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B. Resource personnel
1. Local SCS personnel
2. State Extension specialists
3. Good young or adult farmers of the community
4. State Forestry Service personnel
5. For specific personnel, see the VoAq Direc-

tory of Resource People in Kentucky

C. Audio-visuals
1. Masters

-1 Make-up of Soil
- 2 Evaporation and Transpiration for the

.Water Cycle
- 3 Precipitation from the Water Cycle
- 4 Splash Erosion
-5 Sheet, Rill, and Gully Erosion
-6 Gully Erosion
- 7 The Effects of Wind Erosion
- 8 Pulling Together for Environmental

Proteclion
- 9A,B Matching

-10 Everyone's Job
-11 Factors in Soil Use

2. Films (available on loan from the Division
of Conservation, Frankfort, Ky.)
a. "Clean Water," 24 min. Color
b. "Conserving Our Soils," 11 min. Color
c. "The People Together," 45 min. Color
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MAKE-UP OF SOIL

SOURCE: Soil and Water Conservation, Ohio Curriculum Materials
Service.
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PULLING TOGETHER FOR

ENVIRONMENTAL PROTECTION

SOURCE: Sperry Rand, New Holland Division, VoAq

102-6-8
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Matching

1. Soil erosion

2. Hard pesticide

3. scs
4. Irrigation

5. Soil Survey

6. Modified tillage

7. Waste Disposal

8. Fertilizer

9. Environmental Protection
Agency (EPA)

10. Terrace

115

A. Governmental agency

B. Stairsteps to stop erosion

C. Conservation plan

D. Pollutes rivers via soil erosion

E. Air, water and soil defender

F. Agriculture's biggest pollution
problem

G. Expanding in southwest

H. Lingers in the soil

I. Farmers lead the cities

L Trash is left on surface

SOURCE: Sperry Rand, New Holland Division, VoAq Visuals,

102-6-9A
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F 1.

D&H 2.

A 3.

4.

5.

L 7.

D&H 8.

A&E 9,

B

KEY
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SOURCE: Sperry Rand, New Holland Division, VoAq Visuals,

102-6-9B



Everyone's job

E ENGINEER
N NUCLEAR PHYSICISTS

VETERINARIANS
I IRRIGATORS
R RESEARCHERS
O ORGANISTS
N NATIONAL FOREST RANGER
M MECHANICS
E EQUIPMENT SALESMAN
N NURSES
T TEACHERS

L LAWYERS

P POULTRYMAN
R RANCHERS
O OIL MEN
T TRUCK DRIVER
E ELEVATOR MANAGERS
C CATTLEMEN
T TAXI DRIVERS
I INDUSTRIALIST

O ORCHARDIST
N NAVY

SOURCE: Sperry Rand, New Holland Division, yoAg Visuals.
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Lesson 7

SOIL AND WATER FOR RURAL USE

Objective -- To develop the effective ability of farmers to
manage our soil and water for rural use.

Problem and Analysis -- How should we manage our soil and
water for rural use?

- Management of grasslands
-Management of strip cropping
- Management of crop rotation
- Management of cultivated fields
- Management of forest lands
-Management of water

Content
Introduction

Terrestrial agriculture represents the process of har-
vesting solar energy in forms which c:n be used to support

human and animal existence. In effect, agricultural producers
derive their livelihood by harvesting solar energy and selling

it in the form of a crop or livestock product to humans who do

not produce their own food needs. The major way in which solar

energy can be harvested is by growth of green plants.

Soils are a fixed resource, and very little can be done
about their natural properties which affect crop growth. The

systematic allocation of type of crop to available land re-

sources on the basis of highest value crops being grown on best
land, on down to lowest value- crops being grown on poorest land

is basic to developing a farming system for maximizing returns.

Generally speaking, the cash value of cultivated crops is enough

greater than forage crops that cultivation of all land capable

of being cultivated represents land-use patterns which will

maximize returns from crops. Maximum returns from the portion
of rotation land not in cultivation usually comes from hay

crops. Pasture crops represent best use of agricultural land

which is unsuited for any cultivation.

119
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Crops, landscape positions, and common land use hazards
are very important in managing our soil and water for rural
use.

I. Management of Grasslands

A. Grass is a very effective means of conserving
soil and water.

B. Pasture and hay constitute the most important
sources of cattle feed in Kentucky.

C. The area devoted to these crops is approximately
9.3 million acres, more than 4 times that used
for producing corn, soybeans, small grains, grain
sorghum, and tobacco.

D. Most grasslands in the state are producing far
below their potential.

E. Master 1 shows diagrammatically some of the fac-
tors and interactions of factors involved in
grassland farming.

F. To obtain the best results from grassland farm-
ing:
1. Choose grasses and other pasture crops that

provide a thorough cover of the ground and
a fairly large leaf area to hold water and
break the impact of raindrops.

2. Provide conditions favorable to development
of the pasture crop.

3. Put lands used for a crop rotation into
pasture often enough to maintain an adequate
supply of organic matter.

II. Management of Strip Cropping

A. Strip cropping is a variation of grassland farm
ing. Strips of sod or other close-growing crops
are alternated with strips of cultivated crops.

B. Strip cropping is a management device with crop
rotation and contour farming. This system de-
pends on the ability of the strips to reduce the

Oft
129
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velocity of wind and of water runoff, and to
filter out the soil from cultivated areas.

C. Types of strip cropping are contour, field,
wind, and buffer strip cropping.

D. Factors that determine width of strips include:
1. Degree and length of slope
2. Permeability of soil
3. The soil's susceptibility to erosion
4. The amount and intensity of wind and rain-

fa ll

5. Kinds and arrangement of crops in the rota-
tion

6. The size of farm equipment

III. Management of Crop Rotation

A. Crop rotation is the growing of a selected num-
ber of different kinds of crops in regular order
on any particular field.

B. Major testing has been on the Morrow Demonstra-
tion plots at the University of Illinois.
1. The plots were established in 1876 to demon-

strate the long-term effects of different
cropping systems with and without soil
treatments.

2. The Morrow plots are all planted to corn
every 6 years, permitting comparison of
yields.

3. All Class I land, the plots planted to con-
tinuous corn decreascd in yield to 23 bushels
per acre by 1920. Rotation plus treatment
with manure, lime, and phosphate yielded 100

bushels per acre.

C. A well-chosen rotation keeps the soil in good
physical condition.
1. This allows rapid entry of water from rain.
2. Runoff and soil erosion are both decreased.
3. Other valves of crop rotation include:

a. Helping to maintain the supply of or-
ganic matter and nitrogen in the soil.

b. Providing a practical means of utiliz-
ing farm manure and fertilizer.

c. Keeping the soil occupied with crops

120
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d. Improving crop quality

IV. Management of Cultivated Fields

A. Values of cultivation
1. Increases water entry.
2. Improves _soil water movement.
3. Increases water storage.

B. Problems of cultivation are primarily those of
soil erosion; see Lesson 6 for kinds of erosion.

V. Management of Forest Lands

A. Successful culture of forest land is dependent
on an ample supply of moisture.

B. Thinning is one aspect of selective harvesting.

C. Contour planting is necessary in order to pre-
vent erosion and runoff.

VI. Management of Water

A. Ponds and lakes hold or impound water which
otherwise would be lost as runoff.

B. Water will benefit rural areas by entering the
soil and raising the water table.

C. Silted ponds which dry up provide the farmer
with rich, deep fields

D. Ponds and lakes hold water for irrigation pur-
poses.

Suggestions for Teaching the Lesson

I. Developing the Situation

A. Things to be brought out by the teacher:
1. Total land area in your county and state;

total cropland, pastureland, forest land,
soil classes in the county, etc. (See

the example for Clark County.)
2. Water and soil runoff from 2-acre cornland

water sheds. (See masters 3 and 4.)
3. Bring out land classes of importance in the

131
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county.
4. How does crop cover affect soil loss?
5. Haw does mulch prevent soil loss?
6. What does contouring do?
7. The way we manage soil and water and their

products, plants and animals, is important
in determining our present and future wel-
fare.

B. Things to be brought out by the class members:
1. Examples of grassland farming, strip crop-

ping,'crop rotations, cultivated fields,
and forest lands.

2. Means of controlling and collecting water
runoff in the community.

3. The crop rotation practices in the community.
4. Maximum amount of loss in the soil after

hard, heavy rains in late April or early May.

II. Conclusions

A. Conservation and wise use_of soil and moisture
on cropland, grassland, and woodlands are keys
to keeping our land productive, our people
healthy, and our nation strong and beautiful.

B. Losses of water and soil are at their highest
during periods of cultivation.

C. Conservation measures such as stabilization of
grassland adjacent to cultivated areas help give
cultivated lands protection.

D. Crop rotation serves to maintain crop yields,
conserve soil and water, improve tilth, maintain
organic matter, and keep the soil occupied.

E. Farm ponds and lakes hold water which will bene-
fit our farms by irrigating crops, raising the
water table, and reducing erosion from water
runoff.

III. Enrichment Activities

A. Field trip cn grasslands, crop rotation, strip
cropping, forestland, and holding ability of
ponds and lakes.
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B. Demonstration boxes with cover crop, soil mulch,
and contouring to measure loss of soil and water.

C. Demonstrate how rain puddles, compacts, and seals
the soil surface.

D. Demonstrate haw rain drops cause sand particles
to move downhill on sloping land.

IV. SuggestedcTeaching Materials

A. References for Lesson 7
1. Conserving Soil and Water, Chapter 5,

"Improving Land Use."
2. Proceedings, 3rd Kentucky Grasslands Con-

ference, 1972.
3. Profitable Soil Management, Chapters 18 and

19.
4. Soil, 1957 USDA Yearbook, pp. 290-306.
5. Teaching Soil and Water Conservation, USDA,

PA 341.
6. Water, 1955 USDA Yearbook, pp. 1, 6, 42,

47, 49.
7. Water Intake by Soil, USDA, Misc. 925.

B. Resource personnel
1. County Extension agent
2. SCS personnel or senior Board member of

SCS
3. State Forestry Department personnel
4. Young or adult farmer member
5. For specific personnel, see the VoAq Direc-

tory of Resource People in Kentucky.

C. Audio-visuals
1. Masters

-1 What's a Man to Do?
- 2 Water Runoff
-3 Soil Loss
- 4 Land Use Pattern

2. Films (Division of Conservation, Frankfott,
Kentucky)
a. "Conserving Our Forests Today," 11 min.,

Color.
b. "Let the Little Lake Live," 22 min

Color.
c. "Planning to Prosper," 20 miff., Color.

133
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d. "Soil Conservation," 20 min., Color.
e. "Valley of Still Waters," 22 min.,

Color.



FACTORS WHICH THE GRASSLAND
FARMER FACES IN MAKING DECISIONS

ECONOMIC
ENVIRONMENT I
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GOVERNMENTAL
PROGRAMS
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Worksheet

RURAL LAND USE PATTERN

1. Total acres A.

2. Non-agricultural uses
Home site A
Roads A.
Water area A.
Other A.

Total A

3. Remainder for agricultural use

Class I A.
112 A.

'' 1 1 I A.
IV A.

A.
" VI A.
" VII A.

129

Farm

Legal description
of land

A.

Present use Change needed

102-7-4



Lesson 8

SOIL AND WATER FOR URBAN USE

Objective -- To develop the effective ability of urban dwellers
to manage our soil and water for urban use.

Problem and Analysis -- How should we manage soil and water for
urban use?

Soil and water problems of urban areas
-Practices for residential tracts
-Practices for construction sites
-Practices for streets and parks
- Protecting water sheds
- Need for land-use plans

Content
Introduction

History may well record that the beginning of the decade
of the seventies marked the turning point in man's use and
abuse of the precious planet of which he is both ward and
guardian.

Public policy decisions affecting the environment are not
all made in Washington. All over America, change is taking
place - change that challenges the pessimistic yiPw that man
is helpless to control the technological forces he has set in
motion; change growing out of a new ecological perspective,
translating a new environmental ethic into environmental action.

People all over the country are insisting that we abandon
the psychology of the blind bulldozer, that we refrain from
paving over the whole world, that we stop polluting the air and
the water and the earth. They are taking their cases to the
courts. Their voices are being heard in corporate board rooms
and by government officials and legislators at every level.

People are becoming more aware of the construction pro-
blems that we have faced in our suburban areas. Many localla`

130 39
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governments and development firms have learned important les-
sons in working with nature.

Each year approximately 420,000 acres of cropland are
developed for urban uses. New priorities and problems con-
front us; new issues and goals emerge. There is more to be
done by each of us; more to be done together. Can we plan
land use for whole regions as well as for ranches and farms?

4

Can we strive for an end to pollution as we've fought
against gullies and floods?

Can we build up the ranks of soil stewards as our cities
and suburbs expand?

Can we acknowledge that rights of ownership must be tem-
pered by the common good and insist that resources serve
people? Can we do a better job in managing our soil and water
for urban use?

I. Soil and Water Problems of Urban Areas

A. Increased runoff
1. When native cover is stripped away and

replaced by roofs and paving, runoff water
behaves in new and sometimes violent ways.

2. Runoff from built-up areas may be 2 to 10
times as great as from the same land in
farm or forest.

3. Runoff water must be disposed of with the
least damage to property owners.

B. Soil erosion occurs wherever water hits bare
ground
1. New homes have much bare ground around them.
2. There may be critical areas--shade spots,

steep slopes, or drainageways--where grass
refuses to grow.

3. The principle of preventing erosion is to
have the grounds as completely covered as
possible with growing vegetation.

C. Floods and sedimentation
1. Increased frequency of flooding occurs as

building progresses.
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2. During construction periods, runoff water
carries heavy loads of soil washed from
exposed building sites.

3. Sediment is deposited in lawns, basements,
culverts, stream beds, and reservoirs.

II. Practices for Residential Tracts

A. Control abnormal runoff of water
1. Keep water spread out and moving slowly

enough that it does not scour the soil.
2. Divert water from areas it could damage.
3. Make water flow on erosion-resistant sur-

faces, like dense sod or concrete.

B. Other methods that may be used are grading,
diversions, grass waterways, drainage, tiles,
ponds, terraces, and strip cropping.

III. Practices for Construction Sites

A. Large housing developments and major construc-
tion jobs may keep the disturbed area bare and
vulnerable from 1 to 3 years. To reduce pro-
blems:
1. Keep the site covered.
2. Control velocity of runoff.
3. Dams and basins can be built to trap sedi-

ment on construction areas.

B. Some practices used are hydroseeding, storm
drainage, debris basins, jute netting, straw
mulch, and baffles.

IV. Practices for Streets and Parks

A. Good planning of the layout of areas for devel-
opment can minimize runoff and erosion by tak-
ing into account the "lay of the land."

B. Unpaved road ditches and gutters need to be
shaped and sodded to serve as grass waterways.

C. Wise choice of sites and good planning can avoid
many of the erosion and flooding problems.

D. Small natural areas for study and enjoyment by
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the community may be preserved and also help
control erosion.

E. Stabilizing streambanks is very important in
handling increasing runoff.

V. Protecting Watersheds

A. Watershed is all the area from which water
drains to a particular point of interest.

B. Larger watershed problems usually can be dealt
with only by cooperative action of the land-
holders in the watershed area.

C. The more difficult situations may require major
structural works, such as floodwater-retarding
dams, diversions, drainage ditches, sediment
basins, or extensive planting or mulching of
of eroding areas.

VI. Need for Land Use Plans

A. A positive program for better land use calls
for the joint use of measures to prevent unde-
sired land-use practices and measures to direct
nonagricultural uses to those areas which have
the high'est social utility for these areas.

B. This type of program will not first happen; it
must be planned. This process calls for more
emphasis on metropolitan and regional planning.

C. This program requires broad recognition of the
social responsibility our various local units
of government have for giving guidance and di-
rections to the use we make of our land.

Suggestions for Teaching the Lesson

I. Developing the Situation

A. Things to be brought out by the teacher:
1. The process of reshaping land for urban

use alters soil in many ways, often with
drastic effects on drainage, runoff, and
streamflow.



134

2. There is a big push on for non-farm use of
land. (See master 1.)

3. Two thirds of the American population live
in metropolitan areas. Three fourths of
the American population live in incorporated
settlements of 2,500 or more. (See master
4, urban sprawl.)

4. Many building construction and zoning prac-
tices have contributed to the deterioration
of the environment. In the process of
building and construction, the land is often
stripped before construction begins. This
causes severe erosion as well as the de-
struction of tree and plant cover.

5. Some construction has taken place on water-
sheds and other areas where water was once
able to soak into the soil, thus contribu-
ting to heavier runoff, floods, and even-
tual shortages of water.

6. Each year 420,000 acres of cropland are
developed for urban uses. (See master 2.)
Plans must be made in more detail in order
to manage our soil and water in our urban
areas. (See masters 5 and 6.)

B. Things to be brought out by the class members:
1. Problems they have with runoff water at

home.
2. Determine who they think is responsible for

the care of any tract of land, whether owned,
leased, or rented.

3. Some problems of urban areas (malls, sub-
division, schools, etc.) as they relate to
soil and water.

4. Views on land-use planning.
5. Solutions that have worked for them in con-

trolling soil and water problems around
their homestead.

II. Conclusions

A. There are several land-use tools that may be used
to help solve soil and water problems of urban
areas. (See master 7.)

B. A good hard scientific look at the soil before
you buy or build may save you a great deal of
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grief.

C. Impoundments and other means used from the, time
ground is broken until the project is completed
and the surface again stabilized, can prevent
increased runoff, soil erosion, floods, and sedi-
mentation.

D. Each builder, developer, or contractor, must make
water pollution control from surface runoff a
regular part of every project as a normal cost of
the total operation, just like labor, materials,
etc.

E. We must have a clearly outlined and simply stated
land use plan that a community or local govern-
ment intends to follow. (See master 8.)

III. Enrichment Activities

A. Discussion of a sound land-use plan by a planning
and zoning member, SCS, county extension worker,
builder, school official, businessman, and a
couple of members of the class.

B. Field trip around the community pointing out good
and poor points on soil and water management,
such as erosion and flooding around new homes,
schools, filling stations, motels, etc.

C. Make maps of class members' homes showing natural
surface water courses.

D. Observe the natural watershed areas of the com-
munity.

E. Examine commercial and government publications on
land drainage.

IV. Suggested Teaching Materials

A. References for Lesson 8
1. Conservation Goes to Town, Reprint from Soil

Conservation SCS-USDA.
2. Controlling Erosion on Construction Sites,

USDA-347.
3. Know the Soil You Build On, USDA-SCS,
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Bulletin 320.
4. Land - 1958 Yearbook of Agriculture,

pp. 474-479.
5. Land Use, Washington State University, AgEd

Environmental Education Series 73-3D.
6. National Land Use Policy Conference SCSA,

November 1972, Des Moines, Iowa.
7. Profitable Soil Management, Chapter 15.
8. Soil and Water Conservation in Suburbia,

Reprint from Soil Conservation, USDA, SCS.
9. Soil Conservation at Home, USDA,SCS, Bulle-

tin 244.

B. Resource personnel
1. Builders, planning and zoning member, SCS,

county Extension personnel, school official,
businessman and State Forestry Service

2. For specific personnel, see VoAg Directory
of Resource People in Kentucky.

C. Audio-visuals
1. Masters

-1 The Big Push
-2 Annual Conversion of Rural Land in the

U.S. to Nonagricultural Uses
- 3 Rural Land Shifted Annually to Other

Uses, 1959-69
- 4 Urban Sprawl
-5 1990
- 6 Types of Problems Caused by Urban

Sprawl
- 7 Land Use Tools Available
-8 One Chance to Plan

2 Films (available for loan from Division of
Conservation, Frankfort, Kentucky)
a. "Citizen Makes a Decision," 20 min.,

Color.
b. "Environment," 29 min., Color.
c. "Mud," 20 min.,Color.
d. "Urban Sprawl as Planned Growth,"

22 min., Color.

111111,
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'44. NON-FARM USE
OF LAND

4..\-0`c
41.;10

411 ) 5

e°4
P46

PO"

soI

THE BIG PUSH

Source: Soil ConserVation Service 102-8-1



A
N
N
U
A
L
 
C
O
N
V
E
R
S
I
O
N
 
O
F
 
R
U
R
A
L
 
L
A
N
D

I
N
 
T
H
E
 
U
N
I
T
E
D
 
S
T
A
T
E
S

T
O
 
N
O
N
A
G
R
I
C
U
L
T
U
R
A
L
 
U
S
E
S

1
,
0
0
0
,
0
0
0

A
cr

es
 c

on
ve

rt
ed

-'1
W

L
75

0,
00

0

50
0,

00
0

25
0,

00
0

W
ild

er
ne

ss
ar

ea
s

P
ar

ks
42

0,
00

0

"O
P

42
0,

00
0

U
rb

an
de

ve
lo

pm
en

t

1
6
0
,
0
0
0

A
irp

or
ts

an
d

hi
gh

w
ay

s

In
te

ns
iv

e 
co

nv
er

si
on

R
es

er
vo

irs
an

d 
flo

od
co

nt
ro

l

c>

R
ec

re
at

io
n

ar
ea

s

W
ild

lif
e

re
fu

ge
s

E
xt

en
si

ve
co

nv
er

si
on

S
o
u
r
c
e
:

E
n
v
i
r
o
n
m
e
n
t
a
l
 
Q
u
a
l
i
t
y
)

T
h
e
 
F
i
r
s
t
,
 
A
n
n
u
a
l
 
R
e
p
o
r
t
 
o
f

t
h
e
 
C
o
u
n
c
i
l
 
o
n
 
E
n
v
i
r
o
n
m
e
n
t
a
l
 
Q
u
a
l
i
t
y
,
 
1
9
7
0
.

T
ot

al
an

nu
al

co
nv

er
si

on
2,

00
0,

00
0

ac
re

s

1
0
2
-
8
-
2



R
U

R
A

L 
LA

N
D

 S
H

IF
T

E
D

 A
N

N
U

A
LL

Y

T
O

 O
T

H
E

R
 U

S
E

S
,

A
C

R
E

S
, 1

95
9-

69

U
R

B
A

N
D

E
V

E
LO

P
M

E
N

T

73
0,

00
0

4
1

X
s

1
1
.

:
. .

0.
 %

A
V

::: : :
A

IR
P

O
R

T
S

H
IG

H
W

A
Y

S
13

0 
00

0
60

14
.0

R
E

S
E

R
V

O
IR

S

F
LO

O
D

C
O

N
T

R
O

L

30
0,

00
0

71
11

14
11

41
1

11
1e

N
ii

:4.
U

.S
. D

E
P

A
R

T
M

E
N

T
 O

F
 A

G
R

IC
U

LT
U

R
E

s

11
.

0.
11

.0
.1

1.
:.

.0
7 

0.
0'

07

R
E

C
R

E
A

T
IO

N

W
IL

D
E

R
N

E
S

S

A
R

E
A

S
,

P
A

R
K

S
,

W
IL

D
LI

F
E

R
E

F
U

G
E

S
*

1,
00

0,
00

0 T
ot

al
A

nn
ua

l
S

hi
ft

2,
20

0,
00

0
A

cr
es

*
E
X
C
L
U
D
E
S
 
O
N
E
 
U
N
U
S
U
A
L
L
Y

L
A
R
G
E
 
A
R
E
A
 
I
N
 
A
L
A
S
K
A
.

N
E

G
. E

R
S

 8
43

2-
72

 (
81

E
 C

O
N

O
M

IC
 R

E
S

E
A

R
C

H
 S

E
R

V
IC

E

1
0
0

S
o
u
r
c
e
:

1
9
7
2
 
H
a
n
d
b
o
o
k
 
o
f
 
A
g
r
i
c
u
l
t
u
r
a
l
 
C
h
a
r
t
s
,
 
p
.
 
2
3
,
U
S
D
A
*

1
0
2
-
8
-
3



URBAN SPRAWL

Dela

I mut

===1
C==I
C=1
1:==:1 caraa

"Th"ret-c--.-JI

0
C3

etTI.E.2211,.

Source: VoAq Visuals, New Holland Division of Sperry Rand Corp.

1,. Jo 7
102-8-4



1990
70 Million more people in the U.S.

Some farmers - Bonanza

I. Price Advance or even sky-
rocketing land values.

Other farmers - Disaster

I. Rising Property Taxes

2. Break up of prime units

141

Source: VoAq Visuals by New Holland Division of Sperry Rand Corp.

102-8-5



What types
of problems
are caused

by urban
sprawl?

V

--.1,1{_

I. Junkyards and other undesirable businesses near homes

2. Low taxation for demanded services

3. Lower water table

4. Neglected soil erosion control

5. Nuisance ordinances

6. Pollution of streams and wells

7/
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What
land use tools are

available?

14.3
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I. Soil Surveys

2. County Zoning

3. Preferential assessments
to farmland

Careful site planning and
development

NI%rolv

Source: VoAq Visuals, New Holland Division of Sperry Rand Corp.

102-8-7
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TO PLAN OUR LAND
USE PROGRAM

Source: VoAq Visuals, New Holland Division of Sperry Rand Corp.
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MY TEACHING PLAN FOR THIS COURSE

Why I am teaching this course (major learnings or outcomes expected)

ARRANGEMENTS FOR THE COURSE

Session No. Date Topic Clock Hours

This page is for your convenience in planning and rearranging the content of this

course to meet local needs and interests. Plan the course as it will be taught in

the local school, showing the dates, class session number, topics, and the time in

hours allocated to each topic.



TOPIC PLANNING FOR THIS COURSE

Name of Course

Name of Topic

Number of Class Meetings Allotted for this Topic

147

Teaching Objectives: (Learnings or outcomes for those enrolled)

Major Phases of the Topic: (Problems, jobs, areas, skills, key points,

understandings, etc.)

Learning Activities: (Field trips, completing summary forms, panel discussions,

demonstrations, etc.)

Teaching Materials Needed: (From resource material list or file)



RESOURCE MATERIALS FOR TEACHING

Unit

148

Lesson

7c..:reInce Books

Date
Used

VI

File
Location

Other References: Bulletins, Magazines, Etc.

Audio-Visuals: Slides, Filmstrips, Motion Pictures

Magnetic, Flannel, and Bulletin Boards

Charts, Maps, Posters

Transparencies

Specimens, Models, Mounts

Human and Community Resources

vis
A 11:".141

-1,



Please complete and return to:
Maynard J. Iverson
# 7 Dickey Hall
University of Kentucky
Lexington, Kentucky 40506

ADULT INSTRUCTIONAL UNIT EVALUATION

-- A Questionnaire for Kentucky VaAg Teachers of Adults

PART I -- GENERAL INFORMATION

How many years of teaching experience do you have?

How many years have you taught adults in agriculture?

How long has it been since you have taken your last college clasgwork in agriculture
in education ; (undergraduate, graduate, or non-credit course)?

What is the highest degree you hold?

How many teachers are in your department?

What age level students do you teach? ( one)
a) high school and adult b) adult only

How many other units from the University of Kentucky have you used in your teaching
during the past few years?

NAME OF UNIT EVALUATED:

PART II -- UNIT INFORMATION

TYPE OF CLIENTELE TAUGHT: Adult Farmer Young Farmer
Other Adults (please specify)

Average number attending class

Was the interest level high? moderate? low?

How many lessons did you use? How many class periods?

Indicate any lesson you added or deleted

Directions: Place a check mark (1/) in the appropriate left hand column to rate the
following components of the unit based on your own observations. A ranking of 5 repre-
sents an excellent rating decreasing to a rank of 1 for poor. For the open-ended
questions please write on the back if additional space is needed.

Unit Design
5 4 3 2 1

IIIIIIGeneral arrangement of parts
Ili 1

t, Appropriateness of format for teaching adults
iiiiilLength of the unit
Lit 1 1 1

Usefulness of suggestions for using the unit
litiliNumber of lessons
IttillOrder of lessons

Specific comments:

PLEASE CONTINUE ON NEXT PAGE



Objectives in the Unit

5 4 3 2 1

1 1 1 1 Clearly stated

ti t t
Reasonable to reach in the allotted time

t i t
Relevant to needs of the adult learner
Specific comments:

Technical Content

5 4 3 2 1

it t 1
Usefulness of introductory material

111_1 Sufficiently detailed for direct use in class

1111 Related to objectives

ti t i
Divided into appropriate problem areas

1111 Up-to-date

LI 1 Accuracy

1111 Reasonably complete
Specific comments:

Suggestions for Teaching the Lessons

5 4 3 2 1

1111 Appropriate information for the teacher to bring out

1111 Appropriate items to be secured from class members

t t
Suitable conclusions

i t t
Suitability of enrichment activities
Specific comments:

Resources and Teaching Aids in the Unit

5 4 3 2 1

1111 Up-to-date

1 1 1 t
Accessibility to the teacher

the unitRelevance to

tiii Adaptability to the teaching plan
Specific comments:

With what parts of the unit do you feel you need additional help?

_None of them
Objectives
Content
Course organization and planning
References
_Resources and teaching materials

_Teaching

methods
Other (Specify)

PART III -- GENERAL REACTION

Please indicate any other strengths and weaknesses that you have observed in the

unit and any suggestions for improvement, revision, and/or implementation (use the

back of this sheet if needed).


