Forestry and Natural Resources

Unit 2:  Soils

Unit 2:  Soils

Lesson 2:  Physical Properties of Soils
Duration:  1 to 3 hours

Students will be able to:

1. Explain the concept of soil texture.

2. Determine soil texture by a variety of methods.

3. Explain the concept of soil structure and give examples of various types.

Suggested Activities:

2.2A
Determining Soil Texture by Feel

2.2B
Mechanical Analysis of Soils

2.2C
Types of Soil Moisture

2.2D
Water Moisture Available to Plants

2.2E
Measuring Acidity and Alkalinity

2.2F
Saline and Alkaline Soils

Teaching Outline

I.
Properties of soils.

A.
Physical properties of soils. 

1.
Texture: The mineral particles in soil vary in size and are arranged into two major categories coarse fraction and fine-earth fraction (TM p 13).   

a.
Coarse fraction consists of particles greater than 2 mm

b.
Fine-earth fraction consists of:

i.
Sand  2.0 - 0.05 mm

ii.
Silt  0.05 - 0.002 mm

iii.  Clay  less than 0.002 mm

c.
Textural classes are defined as a percentage of sand, silt and clay and can be deciphered using the Textural Triangle.

i.
Sandy soils - 70% sand or more.  Little nutrients, but very permeable.

ii.
Silty soils - 80% silt or more.  Moderate in nutrients and permeability.

iii.
Clay soils - 40% clay or more.  Increased nutrients, permeability is low.

vi.  Loam soils - intermediate mixture of sand, silt, and clay.  This soil is most desirable for growing crops.

2.
Structure: Soil particles are cemented together into clumps by some natural cementing agent (TM p 14).  These clumps are called aggregates and have different shapes.

a.
These shapes are crumb, granular, platy, angular blocky, sub-angular blocky, prismatic, columnar.

b.
These structures can affect aeration, water movement, heat transformation and root growth.

c.
Crumb and granular soil is most ideal for agriculture because the structures allow for maximum pore space which increases the amount of water the soil can store, air exchange with the above ground environment and makes it easy for the roots to grow.

d.  Blocky and platy soil has fewer pore spaces for air and water.

3.
Aeration and Moisture Content:  The pore spaces in the soil allow for air exchange with the environment above ground and allow for water storage.

a.
The texture and structure of the soil determines the amount of pore space available in the soil.  

b.
Water is stored as a film that covers the surface area of the mineral and organic matter in the soil.

c.
If the particles in the soil are large such as sand, the pore spaces will be larger and air will exchange readily with the environment.  However, large particles have smaller surface areas so less water will be stored in the soil.  Organic matter can improve a sandy soil by serving as a cementing agent and increasing the amount of pore space, which increases the ability of the soil to retain water.

d.
If the particles in the soil are small such as clay, the pore spaces will be smaller and the surface area of the particles will be larger attracting more water.  These soils will retain water well, but less room is available for air and therefore slower gas exchange will occur.  Ideal soils have equal amounts of both large and small pores.

e.
The amount of water in the soil is important to plant and microorganism health and is described in the following vocabulary.

i.
Saturation:  Pore spaces are completely filled with water to the exclusion of air.

ii.
Field capacity  he amount of water remaining in the soil 2 to 3 days after it has been saturated and drainage has stopped.  The soil has both air and water in it at this time.

iii.  Permanent wilting point:  Plants have removed all the water they can and are at the wilting stage.  At this point there is more air in the soils pores than water.

4.
Soil pH:  The pH of the soil determines how it will react chemically.  Soils can be acidic, neutral, or basic (TM p 15).  pH is the log of the proportion of hydroxide ions contained in a solution.  

a.
Acidic:  Excess of hydrogen ions (H).

b.
Alkalinity:  Excess of hydroxide ions (OH).

c.
Neutral:  Relatively equal in hydrogen and hydroxide ions.

d.
Soils vary in pH from 4.5 pH to 9 pH depending on the region.  Humid region are usually more acidic while arid regions tend to be more basic.

e.  Most crops grow best in soils that are slightly acidic with a pH of 6.8.  Organic matter can help to buffer changes in pH soil.

5.
Soil Fertility:  The ability of the soil with respect to its ability to supply nutrients in the amounts needed for maximum plant growth.

a.
Nutrients come from nitrogen fixation, decomposition of plant and animal wastes and remains (organic matter), weathering of plant materials and fertilizers.

b.
Nutrients are lost through, root absorption, leaching due to the downward movement of water, soil erosion and volatilization.

c. Organic matter not only provides nutrients but helps the soil to retain these nutrients and provides habitat for the microorganisms in the soil that decompose plant and animal wastes and remains

Soil Textural Classes
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Laboratory Exercise 2A

Determining Soil Texture by Feel

Duration:  1 Hour
Objectives:

1. What is soil texture?

2. Can you determine soil texture by feel?

Materials:

Known samples for comparison Soft drink bottles of water, with rubber stoppers with holes Paper towels Various soil samples, preferably from student home area

Each soil textural class has particular characteristics that depend upon the relative amount of the different separates it contains. With experience you can gain the skill to make a fair estimate of a soil textural class based largely on its "feel', to the fingers under dry, moist, and wet conditions. Properties of the separates are more accurately determined when the soil is moist than when dry. The size range and general feel of the separates when MOIST are listed below:

Very Coarse Sand 
2.0
to
1.0
mm.

Coarse Sand
1.0
to
0.5
mm.
Very gritty

Medium Sand
0.5
to
0.25
mm.

Fine Sand
0.25
to
0.10
mm.
Gritty

Very Fine Sand
0.10
to
0.05
mm.
Slightly gritty

Silt
0.05
to
0.002
mm. 
Smooth, velvety, buttery

Clay
smaller than

0.002 
mm.
Sticky and plastic

Set-Up:

1.
Examine the DRY soil for clods and the ease of breaking them by pressing between the fingers. Soils high in sand are seldom cloddy. Soils high in silt may be c toddy, but usually break suddenly to a soft powder showing a fingerprint. Soils high in clay are usually cloddy and dry granules are often hard to break even with extreme pressure.

2.
Take about a half ‑tablespoonful of soil. Moisten it gradually with small amounts of water, kneading it vigorously until all dry lumps are wetted. (If too much water is used, increase the volume of soil.) When all of the soil is moist (at a stiff consistency if much clay is present), test the ease of forming a ball, then try to squeeze the soil into a ribbon by working it between the thumb and forefinger. Soils high in sand feel gritty and ribbon poorly except if also high in clay. Soils high in silt feel smooth velvety, or buttery and usually show a fingerprint clearly. They may form a short ribbon, its length varying with the clay content. Soils high in clay can often be pressed out into very thin ribbons two or more inches long. (Dark soils high in organic matter feel more silty than analysis shows them to be since humus feels more like silt than clay).

3.
Increase the moisture to saturation, note the amount of staining of the fingers, and try to judge the amount of grittiness of sand in relation to the smoothness of silt and stickiness of clay. You may want to wash out (carefully) the clay and silt to determine the amount of sand present. Remember, a few grains of very coarse sand equal many fine grains. Sand gives a grinding sound when held close to the ear and very fine sand is distinguished from silt in this manner.

Grittiness denotes a sandy soil (detected both by feel and sound). Clay or loam is indicated if the moist soil ball stains your fingers. Clay is sticky. Silt is smooth and velvety. Clay soil will "ribbon". Silt loam will form a firm ball.

Soil Textural Class Characteristics

The following descriptions may not occur with any particular soil because of differences in clay type, organic matter content, exchangeable cation ratios, or amount of soluble salts present.

SAND OR LOAMY SAND: Dry‑Loose, single grained; gritty; no or very weak clods. Moist‑Gritty; forms easily crumbled ball; does not ribbon. Wet‑Lacks stickiness, but may show faint clay stainings (loamy sand especially). Individual grains can be both seen and felt under all moisture conditions.

SANDY LOAM: Dry‑Clods break easily. Moist ‑Moderately gritty to gritty; forms ball that stands careful handling; ribbons very poorly. Wet‑Definitely stains fingers; may have faint smoothness or stickiness, but grittiness dominates. Individual grains can be seen and felt under nearly all conditions.

LOAM: This is the most difficult texture to place since characteristics of sand. silt, and clay are all present but none predominates. Suggests other textures. Dry‑Clods slightly difficult to break; somewhat gritty. Moist‑forms firm ball; ribbons poorly; may show poor fingerprint. Wet‑Gritty, smooth, and sticky all at same time. Stains fingers.

SILT OR SILT LOAM: Dry‑Clods moderately difficult to break and rupture suddenly to a floury powder that clings to fingers; shows fingerprint. MoistHas smooth, slick, velvety, or buttery feel; forms firm ball; may ribbon slightly before breaking; shows good fingerprint. Wet‑Smooth with some stickiness from clay; stains fingers. Grittiness of sand is well masked by other separates. (most likely SILT LOAM‑ there are few SILT soils).

SANDY CLAY LOAM: Dry‑Clods break with some difficulty. Moist‑Forms firm ball that dries moderately hard; forms 1/2" ribbons that hardly sustain own weight; may show poor to good fingerprint. Wet‑Grittiness of sand and stickiness of clay about equal, masking smoothness of silt; stains fingers.

CLAY LOAM: Dry‑Clods break with difficulty. Moist‑Forms firm ball that dries moderately hard; ribbons fairly well, but ribbons barely support own weight; shows fair to good fingerprint. Wet‑Moderately sticky with stickiness dominating over grittiness and smoothness; stains fingers.

SILTY CLAY LOAM: Resembles SILT LOAM but with more stickiness of clay. Dry‑Clods break with difficulty. Moist‑Shows a good fingerprint; forms a firm ball drying moderately hard; ribbons 1/2" that can be fairly thin. WetStains fingers; has stick‑smooth feel with little grittiness of sand.

SANDY CLAY: Dry‑Often cloddy, clods broken only with extreme pressure. Moist‑Forms very firm ball, drying quite hard; shows fingerprint; squeezes to thin, long, somewhat gritty ribbon. Wet‑Stains fingers; clouds water; usually quite sticky and plastic, but has some grittiness present.

SILTY CLAY: Dry‑See SANDY CLAY. Moist‑Forms very firm ball becoming quite hard on drying; shows fingerprint; squeezes out to a thin, long, smooth ribbon. Wet‑Stains fingers, clouds water; stickiness dominates over smoothness, grittiness is virtually absent.

CLAY: Dry‑Cloddy, clods often cannot be broken even with extreme pressure. Moist‑Forms firm, easily molded ball drying very hard; squeezes out to a very thinribbon2to3 inches long.Wet‑Stains fingers, clouds water; usually very sticky with stickiness masking both smoothness and grittiness; wets slowly.

Determination of Soil Textural Class

A.  Known Samples

	No.
Soil Textural Class
Primary and secondary characteristics

	1



	2



	3



	4



	5



	6



	7



	8




B.  Unknown Samples

	No.
Soil Textural Class
Primary and secondary characteristics

	1



	2



	3



	4



	5



	6



	7



	8




Questions:

1.
What is the value of being able to approximate textural class by feel?

2.
How would you check the accuracy of your estimate of texture by feel?

3.
How are the terms "single grained" and "massive" similar?

4.
In what ways do these two terms differ?

5.
What are usual diff erences in texture between A and B horizons in soils? Why?

6.
What is meant by the terms:

a.
Soil separate?

b.
Soil textural class?

c.
Soil aggregate?

7.
What information concerning a soil does the textural class convey, beyond that of percentages of the separates contained?

8.
List the soil properties that are related to soil color.

SOIL TEXTURAL CLASSIFICATION
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HOW TO USE THE TEXTURAL CLASSIFICATION TRIANGLE  Locate the percent sand along the bottom of the triangle. Follow from this point UP AND TO THE LEFT, parallel with the right side of the triangle. The percent sand is constant anywhere along this line. Locate the percent clay along the left side of the tri​angle and follow from this point HORIZONTALLY ACROSS to the right. The textural class for the soil is shown in the area where the sand and clay percentages cross. Check the accuracy of this point by locating the percent silt along the right side of the tri​angle and follow DOWN AND TO THE LEFT. The percent silt should meet the intersection of the sand and clay percentages.

REPRESENTATIVE COMPOSITION OF A MINERAL SOIL BY VOLUME

[image: image5.png]




50% Pore Space
50% Solid Material

25% Air Space
45% Mineral Matter


25% Water
5%Organic Matter

Laboratory Exercise 2B

Mechanical Analysis of Soils

Duration:  2 to 4 Hours

Objective:

1. Students will be able to describe the mineral or inorganic parts of soil?

Purpose:

The solid portion of ordinary agricultural soils consists of organic matter and of minerals. The mineral portion is classified into groups having definite size limits. Each subdivision on size is called a soil separate and five of these separates are generally recognized, namely: fine gravel, coarse sand, fine sand, silt, and clay.

The proportionate amounts of the various separates that constitute any given soil govern the texture of that soil and determine to a large extent the physical and chemical characteristics of the soil. A coarse textured soil means that the large particles predominate, while in a fine textured soil the silt and clay separates are dominant.

In order that the mineral particles or separates may be studied successfully they must be separated into convenient groups. The separation of particles of soil into groups, each group comprising particles whose sizes fall within certain definite limits, is called a mechanical analysis.

Fruit Jar Method of Sedimentation

Purpose:

In this method simple sedimentation is employed with a minimum of laboratory equipment.

Materials:

1. Various soil samples

2. Two 250 ml. beakers.

3. Two 400 ml. Beakers

4. Calgon solution 

5. ml. Erlenmeyer flask

6. Distilled (deionized) water

Directions:

1.
Place approximately one‑half cup of soil in a quart jar. Add five tablespoons of the 8% Calgon and three and one half cups of water. Cap and shake for five minutes. Place the jar on the desk and let stand for 24 hours.

2.
At the end of 24 hours, measure the depth of settled soil. This represents the total depth of soil. Shake thoroughly for five minutes. Place the jar on the desk and let stand for 40 seconds. Now measure the depth of settled soil with a ruler. This is the sand layer.

3.  At the end of 30 minutes measure the depth of settled soil and subtract the depth of sand from this depth to get the depth of the silt layer.

4.
The remaining unsettled part represents the clay fraction.

5.
Record your results for each of the soil samples.

The measurements may be converted into percentage figures according to the following examples:




A
B


Total depth of soil
23 mm
35 mm


Depth of Sand Layer
9 mm
13 mm

Depth of Silt Layer
10 mm
10 mm


% Sand equals 9mm x lOO% = 39%
12 mm x 100% = 34.3%




23 mm
35 mm


% Silt equals 10 mm x 100% = 43.5%
10 mm x 100% = 28.6%



23 mm
35 mm


0/0 Clay equals 100% ‑ (39% plus 43.5) = 17.5%



100%= (34.3% plus 28.6%) = 37.1%

6.
Refer to the soil triangle and determine the textural class of each soil.

Beaker Method of Sedimentation

Purpose:

In this method simple sedimentation is employed which is based on the principle that coarse particles settle in water faster than fine or small particles. The method will give only an approximate separation, but will suffice to illustrate the procedure involved.

Set-up:

Mark a set of beakers as follows:


No.
Capacity
Label at

1
250 ml.
175 ml.


2
250 ml.
175 ml.


3
400 ml.
350 ml.


4
400 ml.
350 ml.

Directions:

1.  Place a 30 gram sample of the appropriate soil in a 500 ml. Erlenmeyer flask, add 20 ml. of 8% Calgon solution and 100 ml. of water. To break up the granules, shake the flask for 20 minutes.

2.  a. 
Wash the contents of the flask into beaker No. I and add water to the mark, stir up thoroughly and let stand for 40 seconds. Pour the supernatant liquid into beaker No. 2.

b.  Fill up both beakers No. 1 and No. 2 to the mark. Stir both beakers and let stand again for 40 seconds. Pour the supernatant liquid from both of these into beaker No. 3.

c.  Return the sediment from beaker No. 2 into No. 1. Label No. 1 sand and set aside.


d.. 
Fill beaker No. 3 up to the mark, stir, and let it stand for 30 minutes. Decant the liquid from beaker No. 3 into No. 4.

e.  Fill up both beakers No. 3 and No. 4 to the mark. Stir both beakers and let stand again for 30 minutes. Pour the supernatant liquid from beakers No. 3 and No. 4 into the sink.


f. 
Return the sediment from beakers No. 3 and 4 into No. 2. Label No. 2 silt and set aside.

3. 
Set beakers 1 and 2 in the oven to evaporate the liquid portion. When evaporation is complete, obtain the dry weights of the residues in these beakers and calculate the percentages of sand and silt in the original sample. The total weight of sand plus silt subtracted from the weight of the sample used will give the weight of clay present. From this figure percentage of clay can be readily calculated. Record data and calculations in the table provided below.

Results:

Weight of beaker No. I plus sand


Weight of beaker


Weight of sand


Percent sand


Weight of Beaker No. 2 plus silt


Weight of beaker


Weight of silt


Per cent silt


Per cent Clay, 100 ‑ (% sand plus % silt) 


Soil Texture Class


Questions:

1.

Why is Calgon added to the soil in a mechanical analysis?

2.

Why do coarse particles settle faster than fine particles?

3.

What sources of error in each method would render it only qualitative?

4.

What material stays in suspension almost indefinitely?

5.
Cite one case in which nature is making a mechanical analysis on a large scale.

6.

Which size soil particles are carried farthest in running water?

7.

How much clay must a soil contain before one refers to it as:

a.
 clay

b.
 sandy clay

c.
 sandy clay loam

d.  clay loam

8.

How much silt must a soil contain before one refers to it as:

a.
 loam

b.
 silt loam

c.
 silt

9.

If a soil is 30% sand, 25% clay and 45% silt, what is its textural classification?

10.
If a soil is 50% sand, 30% clay and 20% silt, what is its textural classification?

Laboratory Exercise 2C

Types of Soil Moisture
Duration:  2 to 3 Hours
Objectives:

1. Students will understand that moisture is found in the soil?

2. Students will understand that there are different types of soil moisture?

Background:

Rainfall and the water holding capacity of soils have been economically important to man from the beginning. Soil moisture has always been of vital importance to plant life. Almost every phase of soil research involves moisture determinations for each soil that is analyzed in order that the results of the analysis may be applied to the soil as it exists in the field, in the greenhouse, or in the laboratory.

In nature we find three conditions or forms of soil moisture: (1) hygroscopic, (2) capillary, and (3) gravitational. Hygroscopic moisture is that thin film of moisture in the soil which surrounds the soil particles, and which is absorbed from the air and condensed on the surface of the particles when there is no other source of supply at hand. If the film becomes thicker because of another supply, as rainfall or underground water, the additional water is termed capillary moisture. Hygroscopic water is always stationary, while capillary water is able to move about. With the advent of more moisture the film becomes so thick that the absorbing force is not sufficient to hold all of the water and any excess flows downward through the pore spaces due to the force of gravity. This excessive form of water is the gravitational water.

Laboratory Exercise 2D

Water Moisture Available to Plants

Duration:  Time: 6 to 7 weeks
Objectives:

1. Students will be able to determine whether all the capillary water available to plants?

2. Students will be able to explain how much capillary water is actually available to plants?

Description:

The water in the soil is of utmost importance to the proper growth of plants. Proper water management requires the knowledge of the different classes of soil water and the methods available to measure these various classes. The three most common and useful moisture levels that can be conveniently measured in the soil are: (1) Saturation Percentage (2) Field Capacity (3) Wilting Percentage. Usually these are expressed as percent of the oven dry soil, or the amount of water in grams held by 100 grams of oven dry soil. For application to irrigation practices, it is necessary to convert moisture on the weight basis to the volume basis since farmers and others do not buy water by the gram, pound or ton but by the acre‑inch or acre‑foot.

The following formulas apply to this exercise:

% Moisture = Loss in weight x 100.


Oven dry weight

The percent moisture on the wright basis is abbreviated as PW.

% Moisture = PW x Bulk Density.

The percent moisture on the volume basis is abbreviated as PV.

Inches of water - PV x depth in inches.


Acres-inches of water = Inches of water x no. of acres.

Saturation Percentage =
Wt. of water added 
x 100 
Usually twice


Wt. of over dry soil used

field capacity.

Approximate Field Capacity = Sat. %

2

Approximate Wilting Percentage = Sat. %

4

Available water = Field capacity - Wilting percentage

Part 1:  Field Capacity (FC)
Field capacity may be determined in the field by sampling a soil several days after it has been irrigated or has received rainfall sufficient to wet it to the depth sampled.  You may also use the data from the exercise on Soil Moisture.

Sample a soil that has been irrigated several days previous to sampling.  Determine the amount of moisture according to the above calculations.  Record the following data:

1. Weight of moist soil + can


gm.

2. Weight of oven dry soil + can


gm.

3. Weight of moisture lost


gm.

4. Weight of can no. ______


gm.

5. Net weight of oven-dry soil


gm.

6. Percent moisture (PW) 


gm.

7. Bulk density of soil


gm. / cc

8. Percent moisture (PV) 


gm.

9. Available moisture (FC-WP) 


gm.

NOTE:  Assume WP is 50% of FC for No. 9 above.

Part 2:  Saturation Percentage

When all the pore spaces of a soil are filled with water and no surplus remains, the moisture condition of this soil is called saturation.  In general, there is close agreement between soil texture and saturation percent.  Saturation percentage may be determined by saturating a soil and then determining its PW as previously explained, or it may be conveniently determined by taking a weighed amount of oven dry soil and adding a known weight of water to it.

Procedure:

1. Use information from exercise on soil moisture.

2. Weigh an empty old soil can. Add exactly 100 gm of oven dry soil and then, while stirring with a spatula, add tap water until the soil is saturated. Reweigh and calculate percent water. The soil is saturated when it is a soft paste, but will not flow out of the can when tipped. When a V groove is made and then the can jarred several times, the groove closes without excess water, the surface is usually shiny and the paste falls easily off the spatula.

After saturation percent is determined, discard paste in bucket and wash can. Allow it to dry upside down or dry it with a paper towel.

Repeat using a sandy soil, a loamy soil and a clayey soil as directed by the instructor. Record the following:


SAND

LOAM

CLAY

Weight of Sat. soil+ can, gm






Weight of oven dry soil +can, gm






Weight of water used, gm






Saturation Percentage, %






Approximate FC, 0/0






Approximate WP, %






Problem:

If a certain soil has an average FC of 21%, a WP of 10% and a BD of 1.5, how much water is required to bring the soil up to FC for a depth of 3 feet if it is found that the Pw of the soil is 12% at time of sampling? Show work.

Part 3: Determination of Permanent Wilting Percentage

The soil moisture content at which plants wilt is, for most plants, independent of the plant species but is instead a characteristic constant for each individual soil. This constant has been referred to as the Permanent Wilting Percentage (P.W.P.) and is defined as follows: The moisture content of the soil (expressed as a percentage of dry weight) at the time when leaves of the plant growing in that soil undergo a permanently wilted condition. The term permanent means that the condition is such that the plant cannot recover its turgor when left overnight in an approximately saturated atmosphere (i.e. at 100% relative humidity).

Materials:

1. Soil samples ‑ air‑dry 

2. Small coffee cans (punched) or clay flower pots 

3. Sunflower seeds 

4. Tray for sub‑irrigation

Directions:

1. 
A sieved, representative, air‑dry sample of the soil is taken for the determination. A can is weighed, then filled with the soil to a point one centimeter below the rim of the can.

2.
Three or four sunflower seeds are planted by pushing the blunt ends of the seeds into the soil, leaving the sharp ends just at the surface of the soil.

3.
The can is placed in the tray provided. The soils of the entire class will be irrigated regularly by the instructor using sub‑irrigation methods.

4. 
After the seedlings have germinated, all but the best seedling in each can are removed. After 6 or 7 weeks of growth, irrigation is stopped and the plants allowed to wilt.

5. 
The first signs of wilting appear in the lower leaves, and the drooping of the next set of leaves follows soon after. The top two to four inches of the plant then begin to droop. When the larger leaves are hanging limply next to the stem (straight down) and the top is bent over in an inverted U, the permanent wilting point has been reached.

6.
The stem is cut off at the surface of the soil and the plant is weighed.

7.
The container, plus the soil and roots, is weighed.

8.
The can is placed in an oven, dried at 110 degrees C. for several days and then reweighed.

Because of the abundance of roots in the soil, the water which they contain makes a small but significant contribution to the water lost on drying. This weight is estimated as follows: Assume that the roots weigh one‑half as much as the tops and that the roots are approximately 80 percent water. The weight of water (w) in the roots may therefore be estimated by multiplying the weight of the stem and leaves by 0.4. This value, when inserted in the equation for permanent wilting percentage (P.W.P.), reduces the computed moisture content by an amount ranging from 0. 1 to 0. 5 percent of the dry weight of the soil.

Questions

I
Soils of what texture generally will have the highest permanent wilting point? Why?

2.
What pressure must the plant exert to extract moisture from a soil when it is at the permanent wilting point?

3.
Should irrigation be started when plants reach the permanent wilting point or before this point is reached? Explain your answer.

4.
Why is the oven‑dry weight used in measuring soil moisture instead of original field weight or air‑dry weight?

5.
What effects may transpiration have on plant growth?

Irrigation Methods

Use of Sprinklers

Materials:

1. A number of straight side cans such as coffee cans 

2. Rulers 

3. Sprinklers to be used in sprinkler irrigation 

4. Shovel 

5. Soil probe 

6. Burlap sack

Directions:

1.  Using either stationary permanent sprinkler system or movable sprinkler system, select area to be sprinkled.

2.  Place a series of cans, at equal distance, across area to be sprinkled.

3.  Turn on sprinklers and allow to run 1/2 hour, and then measure amount of water in the cans with a rule. Repeat after allowing the sprinklers to run 1*hour.

4. 
Test soil with shovel or soil probe to see how deep the water has penetrated. If the soil is dry below a certain point, the probe will be hard to push into soil.

Use of Soakers

Directions:

1.  Tie a burlap sack onto the end of the garden hose, placing covered end on ground.

2.  Turn water on and let it seep slowly. (This method may be used for spot watering such as around rose bushes, melons, tomatoes, etc., where it is best not to water the plant itself).

3.  After 1/2 to I hour move burlap sack to a new area.

4.
With soil probe, check to see how deep the water has penetrated. (This experiment can also be done with canvas or plastic soaker hoses.)

Use of Furrows

Directions:

1.  Either before planting or before plants are very large, make beds for plants, with wide flat furrows between. This methodis used for many row crops.

2.  Do not have rows too long or there will be too much water at the inlet to the furrow and too little at the opposite end.

3.  Allow water to run long enough to reach the end of the furrow opposite the inlet.

4.
Check depth of penetration with a soil probe at each end and in the middle of the furrow. Also check depth of penetration in the plant bed.

Flood Irrigation

Directions:

1.  Be sure area to be irrigated is level or nearly level. If there is a slope it should be to the end opposite the end where the water enters.

2.  Throw up borders of soil around the area to be irrigated. The borders should be high enough, large enough, and strong enough to hold the water in the area or check to be irrigated.

3.  Turn water into area and allow to run until the entire area is covered.

4.  After turning water off, check depth of penetration with a shovel or soil probe. This method is used in irrigating solidly planted crops such as alfalfa, barley and oats. Some lawns are also set up to irrigate this way.

5. 
When watering with this method, one has to be sure water does not stand on a part of the area for a very long period of time. Remember, plant roots need air as well as water.

Basins

Directions:

1.  Similar to flood irrigation on a more localized scale.

2.
Used around trees or large shrubs.

Questions:

1.
Name as many plants as you can having a high moisture requirement.

2.
Name plants which seemingly grow with little or no water.

3.
On your own lawn, garden or field use a soil probe to see how deep the water has penetrated.

4.
Which plants are shallow rooted requiring more frequent watering?

5.
Which plants are deep rooted requiring infrequent watering?

6.
Which do you think will need watering more often, sandy or clay soils? Why?

7.
Which soils would be more apt to have runoff in a heavy rain? Why?

Laboratory Exercise 2E

Measuring and Alkalinity

Duration:   1 Hour

When plants do not perform well, one of the first things many people ask is, "What is the pH of the soil?" or I 'Is the soil acid or alkalineT I The reason for these questions is that pH or degree of acidity or alkalinity is often a symptom of some disorder that is related to plant growth. The measurement of pH is like a doctor's measurement of temperature as it indicates what might be wrong or out of balance.

Soil Reaction and Plant Nutrient Availability


More Acid
Neutral
More Alkaline
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The acidity or alkalinity of every water or water and soil solution is determined by its content of hydrogen ions or hydroxyl ions. Water molecules break up into two parts, hydrogen ions and hydroxyl ions. When the hydrogen ions exceed the hydroxyl ions the solution is said to be acid. If the hydroxyl ions exceed the hydrogen ions the solution is said to be basic or alkaline. Solutions with equal numbers of hydrogen and hydroxyl ions are said to be neutral. Because actual amounts of hydrogen and hydroxyl ions are very small and difficult to handle, they are converted by mathematical formula to simple whole numbers. The pH scale reads from 0‑14 with 7 being the Neutral point. Under 7 is acid and over 7 is alkaline or basic. Since the pH scale is one based on logarithms, a pH of 6 is 10 times as acid as a pH of 7, a pH of 5 is 100 times as acid, etc.
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The pH of soils vary greatly throughout the United States and generally the higher the rainfall the lower the pH and the lower the rainfall the higher the pH.

The effect of pH is predominantly one of affecting the availability of necessary nutrients, and therefore extremely important in plant growth.

In general, most plants do best in a slightly acid soil as more nutrients are available. Others such as alfalfa and many of the clovers and cotton do well on soils that may run as high as a pH of 8.0.

This lab experiment shows some simple methods of testing for pH.

Materials:
1..
Soil samples to be tested, preferably air‑dry samples

2.
Hellige ‑ Truog soil Reaction Test kit. This kit may be obtained for about $5.00 from:

3.
Test tubes

4.
Dilute Hydrochloric acid

5.
Litmus paper
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