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This manual centers on th«~ wonderful world of soils. It leads boys e and girls on into the science of plants, soils and other adventures. 





4-H PLANT AND SOIL SCIENCE PROGRAM 

Unit I gave your 4-H members an overview of Plants and Soils Science. It covered in one 
members' manual and a leaders' guide the five main areas of Plants and Soils Science - lA, 
Plant Reproduction; IB, Soils; IC, Plant Growth Factors; 10, Plant Characteristics, and IE, 
Growing and Using Plants. 

Unit II takes your members further into the Wonderful World of Plants and Soils. It ts 
divided into five separate members' manuals, with companion leaders' guide. 

In Unit II individual members' manuals and leaders' guides correspond to the five main 
areas covered in Unit I. Each manual offers your members more information, numerous exer
cises and learning experiences in the subject matter area in which they are most interested. 
Your members may wish to explore more than one of these areas before proceeding to Unit Ill. 

In Unit Ill, 4-H members study conventional crops - grown in pots, plots or fields. 
Supported by one members' manual and a leaders' guide, the unit deals with crops such as 
beans, grains, forage and turf and root crops. 

Unit IV will follow and will be concerned with local testing of new developments and 
research. Unit IV consists of one members' manual and one leaders' guide. 
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EXPLORING THE WORLD OF PLANTS AND SOILS 

Unit liB- Soils 

Leaders' Guide 

Publications That Help 
Publications that should help you lead this project 

are this leaders' guide and the members' manual Unit 
liB- Soils. It also would be of value to study the 
members' manual Unit 1-Exploring the World of 
Plants and Soils. Your county agent can suggest 
others. 

Project Goals 
Goals of Unit liB-Soils are: 

To help boys and girls to get a "feel" of the many 
sciences that are related to soils. 

To help them see the sand, silt, clay and organic 
matter that make up soil and the individuality of 
different soils. 

To give 4-H'ers an opportunity to see "Soils" as 
an important dynamic force in their future and the 
nation's. 

To permit youths to explore the many interesting 
phases of soils science as possible careers. 

Select Exercises That Interest the Group 

Let the group select parts of the manual that have 
the greatest appeal. Ask for volunteers to conduct 
chosen exercises. Then have these members demon
strate their experiences at later meetings and tell what 
they learned. Encourage members to carry out exer
cises that interest them most, even if the exercises 
have been demonstrated to the group. 

Allow Individual, Team or Group Work 
Permit members to carry out the exercises individu

ally, in teams or groups. But always encourage them 
to explain their experiences to the club and other 
groups. 

Keep Interest High 
Proceed through the project material at a rate in 

line with the group's interest. Move to more advanced 
activities before interest lags. 

Take Advantage of the Seasons 
Exercises using growing plants to show fertilizer 

response can best be done in summer. Those involv
ing soil tilth, drainage and soil sampling are best suited 
to spring. 

Use Junior Leaders 
Use junior leaders wherever possible. Many older 

4-H members are qualified to teach much ofthe mater
ial offered. Many also have good rapport with younger 
members and younger members tend to admire them 
and look to them for guidance. Thus both are bene
fited. 

Call on Professionals for Help 

Call on persons competent in subject matter to 
assist you and your members. They can explain tech
nical project material, conduct tours, lead discussions. 
These professionals may include nurserymen, seeds
men, foresters, farmers, teachers and merchants 
handling such products as lime, fertilizer, fumigants 
and growth regulators. 

Encourage the boys and girls to keep notes in the 
margins of their manuals to be summarized later. The 
most meaningful record is the member's account of 
what he learned by doing the exercise. The boys and 
girls should keep all records together and submit 
reports according to your 4-H state requirements. 

Some Things to Do as a Group 

I. Stroll through yards, a park, field and forest. 
Point out differences in plant growth associated 
with soil type, slope, fertilization and erosion. 

2. Look at the banks of road cuts, excavations, 
streams and other places where soil depth is 
exposed. Note any differences found. 

3. List things in the room that come from or were 
grown in the soil-paper, pencils, doors, floors, 
furniture and other wood products; metal pro
ducts processed from soil minerals; glass from 
silica (sand); gypsum wall board, and carpets, 
clothes and drapes from plant fibers. 

4. Visit rock quarries, fertilizer manufacturers or 
dealers to see how fertilizers and agricultural 
limestone are handled. Visit farms and green
houses to see how the type of soil relates to its 
use. 
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Grow Plants on Different Soils 
Soils vary in their ability to grow plants. Desired 

soil qualities include anchorage for the roots, storage 
capacity for water and for nutrients and a porous 
condition so the roots can get air. 

Against this background try explaining differences 
in plant growth from the view of the plant's require
ments. If moisture is ample in all cases, any inferior 
growth must be due to something else- deficiency of 
nutrients or air. Under equal watering, plants on sandy 
soils would suffer first because sand stores so little 
water. Dark soils, rich in organic matter, store much 
more. 

Additional Activities: 
On a hot dry day find a field with "patches" of 

wilted plants. Compare the soil in these spots with 
nearby soil where there is no wilting. 

Plants Respond to Fertilizer 
Soils contain varying amounts of plant nutrients. 

High-yielding soils generally contain either more or a 
better balance of nutrients than the so-called "poor" 
soils. 

Materials used to supply needed nutrients- ferti
lizers- may contain one or more of the major nutri
ents- Nitrogen (N), Phosphorus (P2 or P20s) or 
Potassium (K or K20). Their proportions are shown 
in this same order, and in percentages, such as: 

Capacity of Soil to Hold 
Water 

The ability of a soil to hold water depends on the 
proportions of sand, silt and clay; the arrangement of 
these particles into clusters or granules (structure); 
the content of organic matter, and the closeness of the 
particles (compaction). 

Rate of water movement: Movement of water 
through a soil layer is expressed as inches per hour 
(permeability). Permeability classes are designated for 
practical uses. These classes are estimated through 
studies of structure texture, porosity, cracking, or
ganic matter and compaction. These are the factors 
that determine movement of water through soil. 

How Much Water Can Plants 
Take from the Soil? 

5-10-10, 10-20-20. I 
The secondary elements-Calcium (Ca or CaO), : 

Magnesium (Mg or Mg0) and Sulfur (S)-if shown, HYGROSCOPIC I 
WATER will also appear as percentages. '-----..-y ' I 

The nutrients required in very small amounts are UNAVAILABLE I 
I called "trace" elements or "micronutrients." WATER 1 

Fertilizers are salts. When used in large quantities, 1 
the salt concentration in the soil solution may be PERMANENT 71 

WILTING POINT I raised above that of the cell sap. Under this condition 
the plant wilts, may show burning about the edges of 
the leaf and may die. This sort of response will be 
more pronounced when soil moisture is low since the 
soil solution will be more concentrated. 

See Exercise I I B-2 for effects of salts on plants. 

Growing plants in water solutions (hydroponics) 
is the best way to observe deficiency symptoms in 
plants since all of the elements can be controlled. 
See Exercise I I B-6. 
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The water in soil can be classified: 

I. Hygroscopic, that which is unavailable to plants; 

2. Capillary water, available to plants; 

3. Free water, that which can be removed from the 
soil by gravity. 

The free water moves from the soil in the containers 
through the drain holes, while the plants use the 
capillary water. Once the plants wilt and cannot re
cover (irreversible wilting) the water level in the soil 
has reached the permanent wilting point. The percent
age of water at wilting point varies with soils. It is 
held tenaciously in very thin films around the soil 
particles. Clay and organic soils, having the largest 
total particle surface, will retain the most hygroscopic 
water. 

Points to consider include the amount of available 
water in a soil and the ability of the particular plant 
to conserve it. 

See How Raindrops Wash 

In those places where the soil was deposited again 
as alluvial or bottomland and wind-laid soils, we often 
find the richest land. There are two lessons here : 

(I) erosion robs us of the best elements of soil; 
(2) there is no predicting exactly when or where it 

will be laid down again. 

Erosion is caused in large measure by dis1turbance 
of the natural landscape. Raindrops falling on unpro
tected soil loosen the particles which are thel!l carried 
away by running water. Erosion occurs in three 
forms- sheet, rill and gully. 

Sheet erosion is a more or less uniform removal of soil 
as in sheets, by water or wind. No obvious channels 
develop. It is perhaps the least noticeable form in the 
early stages. 

Rill erosion results from development of small chan
nels. It ranks in importance between sheet and gully 
erosion. The numerous channels usually are brushed 
over by normal field operations. 

Gully erosion is the most conspicuous form of water 
erosion. It can be spectacular but is destructive and 
cancerous to the land. Gullies grow with the concen
tration of runoff. 

Soil Erosion is Important 
Erosion is a selective process by which the finer 

and more fertile soil elements are lost first. The sur
face soil is generally the richest part of the soil. Eroded 
soils are not only less productive, they are more diffi
cult to work. 

Generally, erosion is more serious on land with 
shallow surface soils and unfavorable subsoils. Much 
of the sloping cultivated land in the United States 
has been affected by sheet erosion. Gully erosion has 
taken its toll, particularly on steep areas frequently 
cultivated and lacking vegetative cover. 

Additional Activities: 
Visit a bare field after a rain. Note how small rocks 

were left suspended. Also look for places where 
running water has deposited the soil removed from 
upslope. 

Differences Between Topsoil and Subsoil 

Exercises II B ~ 6, II B- 7 and II B- 8 show the 
major differences between topsoil and subsoil. 

Ability of Topsoil and 
Subsoil To Hold Water 

Refer to discussion for Exercise II B- 4 on classes 
of soil water. Clay and organic matter have the largest 
area of soil particle surface. Therefore, a clay subsoil 
can hold more water than a sandy topsoil. The larger 
content of organic matter in the urface soil enables 
it to hold more water than the subsoil. And yet this 
extra water may not make any more available to 
plants as explained in Exercise II B- 4. 
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The Amount of Clay in 
Topsoil and Subsoil 

There are differences in topsoil and in subsoil in 
terms of clay content depending on their formation 
and origin. 

Ability of Topsoil and 
Plants 

Normally topsoil contains more organic matter and 
nutrients than subsoil. Therefore topsoil is better 
adapted to plant growth. However, some very sandy 
topsoils may not grow plants as well as the clay sub
soils. See Exercise I I B- 1 and I I B- 2 for a discussion 
of factors that promote plant growth. 

Soil Structure 
Soil structure refers to the arrangement of individu

al sand, silt and clay particles into clusters, called 
"aggregates." These aggregates are separate from 
adjoining ones and they vary in (I) shape and arrange
ment, (2) size and (3) character and durability. 

How Organic Matter 
Affects Soils 

Cultivating a soil affects it somewhat like opening 
the draft on a furnace. More heat is given off but more 
fuel (nutrients and organic matter) must be added to 
keep the fire alive. 

Loss of organic matter causes clay soils to become 
tighter and more cloddy. They soak up rain Jess readily 
and thus more water runs off. And this leads to in
creased erosion. Sandy soils become Jess firm with 
the loss of organic matter; they are removed more 
easily by wind or water. 

It is important to get as much organic material 
into the soil as practical each year. Upon decomposing 
it aids in preserving good physical conditions of the 
soil and supplies some nutrients. These are the values 
of returning crop residues and manure to the soil. 

Physical Condition of Soil 
(Tilth) 

Exercises IIB-7, IIB-9 and IIB-10 should be 
reviewed in preparation for this exercise. The physical 
condition (tilth) of a soil is determined by the organic 
matter supply, past management and by the proportion 
of sand, silt and clay. 

Using an Acidity (pH) 
Indicator 

In this exercise we take plant pigments (anthocy
amin) (an-tho-cy-a-min) of grape juice, beet juice, 
red cabbage, etc. and change the color by adding 
baking soda (base or alkaline gives blue) or vinegar 
(acid gives pink or red tones). 

These pigments then give us a means of determin
ing the acidity or basicity of common materials such 
as soda, vinegar, citrus juice, lime, fertilizer, lye, etc. 
A pigment that changes color with acidity or alka
linity (pH) is called a "colorimetric indicator." In
dicators are available for a wide portion of the pH 
scale. This is known as "colorimetric (pH) deter
mination." 

Acidity or alkalinity is indicated by pH values 
ranging from 0 through 14. Soils usually fall within 
a range of 3 through 9 as illustrated below. 

Encourage the members to follow with Exercise 
II B- 13, collecting soil samples from field, lawns or 
gardens for soil tests. The samples can be sent to a 
soil testing laboratory for more precise tests for 
acidity. Complete soil tests also give the level of lime 
and fertilizer nutrients in the soil. 

The pH of a soil influences plant growth in anum
ber of ways. A pH of 6.0 or above (for mineral soils) 
is favorable for most crops because: ( 1) It favors soil 
bacteria and nitrogen fixation; (2) it increases avail
ability of most plant nutrients, and (3) it lessens the 
toxic effect of aluminum in the soil. Lime can be 
applied to raise the pH if it is below the favorable 
range for the plants to be grown. Soil samples should 
be tested to determine the lime requirement of each 
yard, field or garden. Lime, if needed, should be spread 
evenly and mixed with the soil throughout the plow 
layer. 

Acidity and Alkalinity Range as Found in Soil 

~t~----INCREASING ACIDITY RANGE INCREASING ALKALINITY RANGE~ 
....... 

I \ 

EXTREME 
I VERY 

STRONG STRONG' MED. SLIGHT I NEUTRAL I I MODER-I 
MILD ATE STRONG 

3 14 5 6 JJ Ia 9 
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Collect a Soil Sample for a 
Chemical Test 

Soil testing is so important as a guide for lime and 
fertilizer applications that most states have soil test
ing laboratories. There are also many commercial 
laboratories. 

The soil sample must be carefully taken to repre
sent the area. The test, being complicated, must be 
made and interpreted by trained personnel. The report 
usually provides lime and fertilizer recommendations 
for the specific crop or crops to be grown. Always 
send your samples to a local laboratory to insure that 
the test is calibrated to your crop and growing condi
tions. 

Collect and Label Rocks and 
Soils 

Encourage the boys and girls to identify and to label 
rocks in their collection as they go along. For aid 
call on local authorities or those whose hobby is rock 
collecting. Most "rock hounds" are pleased to show 
their collections and to help others who are getting 
started. A good book on geology of the area would be 
helpful. 

Make a Soil Map of Your 
Area 

Collecting soils from an area and placing them on a 
map is helpful to call attention to the wide variation in 
soils of most areas. 

Make a Miniature Soil 
Profile 

Encourage members of the group to prepare soil 
profiles from different areas. This experience will per
mit them to see some of the wide variations to be 
found in soils. 

Determine Soil Texture 
Soils technicians engaged in soil surveying, conser

vation and land-use planning work become skilled 
in determining the texture of a soil by its "feel." The 
novice can do fairly well by following the steps out
lined in the exercise. 

The textural triangle gives a general order of the 
soil texture as determined by the proportions of sand, 
silt and clay. These three fractions are separated out 
in Exercises IIB-2 and IIB-7. 

oo/o 
~~~~~--,-~--~~~~~~~'~~~ 

40 30 20 10 

PERCENT SAND 

, The naming of soils with varying contents of sand, 
silt and clay is outlined in the illustration. Note that 
soils near the lower left are IOO% sand or "sandy"; 
lower right, silt or "silty"; on top are clays changing 
to sandy clay on the left and to silty clay on the right. 

Separating Sand, Silt and Clay of Soils 
Additional Activity: 

Obtain dry, sieved silt loam or a fine textured soil 
and some sand as used for plastering. Mix in various 
proportions by volume: for example, I: l of sand and 
soil, 2: I, 3: I, 4: l, 5: I and 6: l. Then moisten, mix and 
hold in a plastic bag overnight. Feeling these is reveal
ing. But one can also make a ball, dry it and get an 
idea of the crushing strength. This exercise gives a 
sense of texture and the effects of sand and clay. In 
areas where fine textured soil is low in organic matter, 
a little peat could be added- one-fourth as much as 
soil, by volume. 

5 



.. It is the policy of the Agricultural Extension Service of the University of 
Minnesota that all persons shall have equal opportunity and access to its programs 
and facilities witnout regard to race, creed, color, sex, or national origin." 

Issued in furtherance of cooperative extension work in agriculture and home economics, acts of 
May 8 and June 30, 1914, in cooperation with the U.S. Department of Agriculture. Roland H. 
Abraham, Director of Agricultural Extension Service, University of Minnesota, St. Paul, 
Minnesota 55108. llfHO IN US A 
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