Soil samples for the electrical conductivity (EC) test are taken from the 0- to 3-inch depth. Bulked
soil samples from across the field can be collected, and two subsamples can be taken for analysis
(See Chapter 1, Sampling Guidelines). Electrical conductivity, pH, and soil nitrate are all
measured from the same soil subsample.

Materials needed to measure electrical conductivity (EC):

o 1/8-cup (30 mL) measuring scoop Did You Know?

o 120-mL plastic containers with Jid Excess salts in soil can be a

o EC pocket meter (blue with blaclk cap) detriment to plant health. Salts

o squirt bottle can also hamper water move-

o calibration solution (0.01 M KCID) ment into the soil and increase

o distilled water the occurrence of surface com-
paction.

@ Extract Subsample

The soil sample should be thoroughly mixed before taking a subsample. Measure a 1/8-cup
level scoop subsample of soil and place it in the plastic container. If soil nitrates will be
measured on this subsample (Chapter 7), weigh the subsample for a more accurate estimate
of soil nitrates. Enter the subsample weight on the Soil Data worksheet.

Add Water to Subsamiple and Mix

o Calibration Tip: Make sure the EC
o Add 1/8-cup (30 mL) of distilled water to meter is calibrated before

the container with the subsample. The { making a measurement.
resulting soil/water mixture equates to a L See Appendix C for cali-
1:1 soil to water ratio on a volume basis. bration instructions.

o Put the lid on the container and shake
vigorously about 25 times.

(3) Measure and Record EC (See Calibration Tip)

e Open the container and insert the EC pocket meter into the soil-water mixture. Take the
reading while the soil particles are still suspended in solution. To keep the soil particles
from settling, stir gently with the EC pocket meter. Do not immerse the meter above
the immersion level (See Appendix C, Figure 1c). Allow the reading to stabilize (stays
the same for about 10 seconds).

e Enter the EC reading on the Soil Data worksheet in decisiemens per meter (dS/m). The
DiST WP 4 meter gives readings directly in dS/m. For the Microsensor 4 meter, divide
the reading by 10, and for the Microsensor 3 meter, divide the reading by 100 to get
readings in dS/m.

e Save the soil-water mixture for the pH measurement (Chapter 6).

Turn the meter off. Thoroughly rinse meter with distilled water and replace cap.




Use the same soil-water mixture prepared in the EC test to conduct the pH Test. If you are start-
ing with a fresh soil sample, read the introduction and follow Steps 1-3 in the EC Test Chapter
on preparing the sample.

Materials needed to measure pkl: o B
Did You Know?

Soil acidification can also be an

0 1/8-cup (30 mL) measuring scoop o ) .

. slastic specimen: botile indication of excessive N fertilizer
1A5UIC SPRECLINCL L . . .

° calibration buffer solutions applications and N leaching loss.

° squirt bottle

° pH pocket meter (red with black cap)

° distilled water

Considerations: If the soil sample is saturated or very wet, a 1:1 ratio, on a volume basis, of soil
to water will not be obtained in the soil-water mixture (See Step 2, Chapter 5). Let the soil dry
before proceeding with Step 1 in Chapter 5. Also, a small amount of salts diffuse out of the pocket
pH meter; therefore, EC measurements should always be taken first when measuring boeth EC

and pH on the same sample.
@ Measure and Record pH

o Make sure to periodically calibrate your pH meter (See Appendix C for instructions). If
the meter has not been used in a while, place the meter in tap water for about 5 minutes
before calibrating or taking a reading.

o Wait about 10 to 15 minutes after the EC measurement before measuring the pH. This
gives the soil particles time to settle. Insert the pH pocket meter into the topmost
portion of the solution and turn the meter on. Wait until the reading stabilizes (0-30
seconds), and record the digital reading on the Soil Data worksheet.

Rinse Pocket Meter
o  Thoroughly rinse the electrode with distilled water.

o  Store the electrode with a few drops of the pH 7 buffer solution and replace the cap.
(See Appendix C on storage of pH meter)

Maintenance Tips: Check the batteries
and calibrate the EC and
pH meters periodically.
Be sure to clean the
meters thoroughly to keep
them working properly.




Soil Nitrate Test (NO

)

3

Use the same sample prepared for the EC and pH tests to measure soil nitrates. [ you are starting
with a fresh sofl sample, read the intreductien and follow Steps 1-3 in the EC Test Chapter on
preparing the sample.

Materials needed to measure soil nitrate:

Did You Know?
o filter paper Soil nitrates are good measures of
« 120-mL plastic container with Iid plant-available nitrogen, but they
o eye drepper can be readily lost from the soil by
o mnitrate/nifrite test strips leaching and volatilization.

o stopwatch or timer
o distilled water

Fold Filter

Fold the filter paper in half (into a semicircle).
Fold it again, but not quite into a quarter-circle.
Leave the edges a little uneven as in Figire 7.1

(A black line is drawn for demonstration purposes.)

Insert Filter Paper into Subsample

Open the filter paper into the shape of a cone and push Figure 7.1
it (pointed part first) quickly into the jar with the
soil/water mixture until it touches the bottom of the
jar (Figure 7.2). Wait until about an eye dropper-
full of the solution has seeped through to the inside
of the filter paper. (Note: [nserting the filter
paper quickly prevents it from wetting up and
tearing as it is inserted.)

[For Steps 3 & 4, it would be helpful to first
familiarize yourself with the directions on the
side of the bottle of nitrate strips.]

Figure 7.2

Place Drops on Nitrate Strips

Using the eye dropper and one nitrate/nitrite test strip, place 1 or 2 drops of the filtered
solution on each of the strip's two pads. Note the time.

NOTE: One pad measures the amount of nitrite, and the other measures the amount of
nitrite and nitrate combined. Nitrite rarely occurs in measurable amounts in soils, so nitrite
readings from the test strips are not recorded.



.4) Measure and Record Nitrate |

o Align the nitrate/nitrite test strip with the bottom of the bottle with your thumb corre-
sponding to the diagram on the bottle.

o After 60 seconds, compare the first pad (fur-
thest from your thumb) along the nitrate scale
as shown in Figure 7.3. Estimate the nitrate
amount according to the degree of color change.
Enter the value from the nitrate scale on the Soil
Data worksheet in ppm. This value is an esti-
mate of nitrate-N concentration in the extract.

NQOTE: The nitrate test strips have a shelf-life.
Checl the expiration date on the bottle.

Figure 7.3

CALCULATIONS:

Estimated (Ib NO,-N/acre) =

(ppm extract NO,-N) x (depth of soil sampled in cm) x bulk density x 0.89
10

Exact (Ib NO,-N/acre) =
(ppm NO,-N) x (volume water used) x (depth of soil sampled, cm) x bulk density x 0.89
(dry weight of soil) x 10

Volume water used = 30.0 mL + [dry weight of soil x soil water content (g/g)]

Note: The maximum nitrate-N reading on the nitrate/nitrite test strip container is 50 ppm. If the
sample reading falls into the 50 ppm category, the sample can be diluted to get a better estimate of
the actual amount over 50 ppm. To dilute the sample, fill the eye dropper with filtered solution and
place five drops in a plastic container. Add five drops of distilled water; mix gently by swirling the
container. Take a reading with a new test strip as stated in Step 4. Multiply the estimated nitrate-N
in ppm by 2 before using the calculations. If the nitrate reading falls into the category of 50 ppm
again, repeat the dilution steps, and multiply the estimated nitrate-N in ppm by 4.

Did You Know?
Water samples may be taken from drinking water, well water, tile drainage, drainage
ditches, and ponds. Dip a nitrate/nitrite test strip into the water and estimate the nitrate or
nitrite concentration from the color chart on the test strip bottle. This test can give you an
idea of how much N fertilizer is lost from the soil. (See Chapter 12).




BASIC SOIL NUTRIENT TESTING

Tests pH level of soil, as well as macro-nutrients: nitrogen, phosphorus, and potassium. These
nutrients help plants grow strong and healthy. If you are planning on creating an outdoor
garden or fertilizing your lawn, it is a good idea to test the soil status for current nutrient levels.
If nutrients are lacking, you can replace them before you plant. It is much easier to start a
garden or lawn with healthy soil than to fix it after you plant.

INSTRUCTIONS

PH TEST

1. Gather a sample of your gardening soil and place it into the test chamber up to the fill
line

2. Unscrew the "pH" bottle that contains pH testing capsules. Split a capsule in half and
empty the powdery contents into the test chamber

3. Use the water dropper to add distilled water to the test chamber up to the "water fill"
line

4. Place the cap on the test chamber and shake it vigorously
5. Let the test chamber sit still for one minute to allow the color to develop

6. Hold the test chamber against the color comparison chart and find the matching pH by
color

NITROGEN, PHOSPHORUS OR POTASH TESTS

1. Place one cup of a soil sample into a clean and dry container.

2. Add five cups of distilled water to the soil. Place the cover on the container and shake it
vigorously for one minute. Let the container sit for 24 hours and do not disturb it.

3. Use a water dropper to suck up some of the dirty water that has risen to the top of the
container. Empty the dropper into a clean, empty test chamber up to the fill line.

4. Split a nitrogen, phosphorus, or potash capsule and empty the contents into the test
chamber. Place the cap on the test chamber and shake it vigorously.

5. Let the test chamber sit still and allow the color to develop for 10 minutes. Hold the test
chamber against the color comparison chart and find the matching pH by color. Repeat
the steps to test the soil for other elements.

LINK TO SOIL TESTERS:
www.acehardwareoutlet.com/SearchResults.aspx?SimpleSearchValue=rapitest



Conducting Soil Tests

Unit: Physical Science Systems
Problem Area: Agricultural Production Systems

Lesson: Conducting Soil Tests

Student Lea rning Objectives. Instruction in this lesson should result in stu-

dents achieving the following objectives:

1 Define fertile soil.

2 identify the essential nutrients for plant growth.

~  Distinguish between micronutrients and macronutrients.
4 Exglain how nutrients are exchanged in the soil.

5 Collect soil for testing.

6 Conduct a soii test.
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List of Resources. The following resources may be useful in teaching this lesson:

Buriak, Philip and Edward W. Osborne. Physical Science Applications in Agriculture.
Danville, IL: Interstate Publishers, Inc., 1996.

Hlinois State Board of Education. Illinois Agricultural Education Core Curricu-
lum—Animal, Plant, and Soil Science Cluster—Unit C. Plant and Soil Sci-
ence—Problem Area 4. Environmental Factors Affecting Plant Growth—Les-
son 5. Determining Plant Nutrients and Fertility.

Hlinois State Board of Education. Illinois Agricultural Education Core Curricu-
lum—Animal, Plant, and Soil Science Cluster—Unit C. Plant and Soil Sci-
ence—Problem Area 8. Soil Fertility and Moisture Management—Lesson 4.
Identifying Nutrient Deficiencies in Crops.

Hlinois State Board of Education. Illinois Agricultural Education Core Curricu-
lum—Horticulture Cluster—Unit A. Horticultural Science—Problem Area 4.
Growing Media, Nutrients, and Fertilizers—Lesson 1. Understanding Proper-
ties of Growing Media.

Ilinois State Board of Education. Illinois Biological Science Applications in Agri-
culture Curriculum—Unit A. Plant Science—Problem Arca 4. Managing
Inputs for Plant Growth—Lesson 3. Plant Tissue Testing.

Knuti, Leo L., David L. Williams, and J. C. Hide. Profitable Soil Management.
Englewood Cliffs, NJ: Prentice-Hall, Inc., 1984.

Lee, Jasper S., Ronald J. Biondo, Jim Hutter, Lyle Westrom, and Amanda R. Pat-
rick. Plants and Animals: Biology and Production. Upper Saddle River, NJ: Pearson
Prentice Hall Interstate, 2004.

Plaster, Edward J. Soil Science and Management. Albany, NY: Delmar Publishers,
Inc., 1992.

List of Equipment, Tools, Supplies, and Facilities

v Writing surface

+ Overhead projector

v Transparencies from attached masters

v Copies of student lab sheets

v Technical Supplement from attached masters

Terms. The following terms are presented in this lesson (shown in bold italics):

A 4

- Absorption

Adsorbed

Cation exchange capacity
Cations

Diffusion

Y Y YY
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Fertile soil
Fertility

lons
Macronutrients
Micronutrients
Nutrients
Organic matter
Respiration

Soil fertility
Stomata

¥

h J

Y VYYYYYY

Interest Approach. Use an interest approach that will prepare the students for the
lesson. Teachers often develop approaches for their unique class and student situations. A possi-
ble approach is included here. Ask the students about testing. Why do they take tests? Answers
should be to find out what knowledge that they contain. What do they know about soil and plant
growth? How can you find out what nutrients the soil contains?

| Ask the class if they have ever grown any vegetable crops at their home. How much |
fertilizer do they apply to get optimum growth of our vegetable plants? [s there a
| way to determine this? How?

Show the class pictures of various vegetables and/or plants that did not receive any
fertilizer and some that did. What is the difference in some of these vegetables?

Collect different soil samples that have differences and similarities in color and tex-
ture. Ask the students which soil sample will produce the best crops. How can you
tell which one is best?

SUMMARY OF CONTENT AND
TEACHING STRATEGIES

ObjECtiVE i 9 Define fertile soil.

Anticipated Problem: What is a fertile soil?

[. There are many classifications of soil. These classifications can be based on texture, struc-
ture, or color. One way to classify soil is by its productivity. A person cannot identify a fertile
soil without a soil test. A fertile soil is one that provides the necessary nutrients for healthy
plant growth.

A. Fertility is a measure of the plant-available nutrients in the soil. These nutrients make
up a small percentage of the total nutrients in the soil.

Lesson: Conducting Soil Tests
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B. Soil fertility is the estimate of a soil’s nutrient supplying ability.
C. Nutrients are present in the soil in four forms:

1. Soil minerals

2. Organic matter

3. Adsorbed nutrients
4. Dissolved ions

D. Not all nutrients in the soil are actually available for uptake by the root system.

lT Use a variety of techniques to help the students understand the concept of a fertile a
soil. Use the last interest approach to begin discussion about classifying soil. Then ||

| direct the discussion towards which soil is better. What is the purpose of the soif? i

} Chapter 8 in Physical Science Applications in Agriculture is a recommended reading |

| material. Create a worksheet to highlight important concepts from this chapter. Use

| TM-A to showr the 4 forms of nutrients in the soil. |

= e e —————— P S ——

[[=0740 |dentify the essential nutrients for plant growth.
Anticipated Problem: Which elements must be present for plants to grow?

II. Justlike people, plants require certain elements and minerals in order to grow. Neutriests are
substances that are essential for growth and production. There are 16 nutrients that are
required by growing plants.

A. Some of these nutrients are supplied to the plant from the air while others are found in
the soil.

1. Three nutrients are obtained from the air and water vapor by way of stomata.
Stomata are tiny pores on the underside of plant leaves that aid the plant in nutrient
uptake and cooling processes. Carbon, hydrogen, and oxygen are these nutrients
supplied by air and water.

Thirteen nutrients are generally supplied by the soil in which the plant is growing,
Nitrogen, phosphorus, potassiumn, calcium, sulfur, magnesium, boron, copper,
chlorine, iron, manganese, molybdenum, and zinc are generally supplied by the soil.
Plants absorb these nutrients using roots to pull in nutrients that have been dis-
solved in water.

o

B. Mnemonics (pronounced ni-mon-iks) is the art of improving the memory using a for-
mula. A mnemonic formula has been developed to aid in recalling all sixteen elements:

C. B. HOPKIiNS CaFe Mighty good Closed Monday Mornings See You Zen.
Carbon (C), Boron (B), Hydrogen (H), Oxygen (O), Phosphorus (P), Potassium (K),
Nitrogen (N), Sulfur (S), Calcium (Ca), Iron (Fe), Magnesium (Mg), Chlorine (Cl),
Manganese (mn), Molybdenum (Mo), Copper (Cu), Zinc (Zn).

Lesson: Conducting Soil Tests
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Use a variety of techniques to help students memorize the 16 nutrients required for
plant growth. Chapter 8 in Physical Science Applications in Agriculture is a recom-
mended reading material. Profitable Soil Management can be used by the teacher as
a reference for nutrients. Use TM-B to show the mnemonic that will help students
memorize the 16 nutrients needed for plant growth.

Anticipated Problem: How are plant nutrients classified?

II. Plant nutrients are classified into three categories.

A. Macronutrients are elements that are needed in large quantities by plants. Nitrogen,
phosphorus, and potassium are the three primary macronutrients. These nutrients are
usually the main components of fertilizers.

B. Secondary macronutrients are elements supplied by most soils and are usually not
added to the soil in fertilizer. Calcium, magnesium, and sulfur are secondary
macronutrients.

C. Micronutrients are needed by plants in small quantities. These nutrients are sometimes
called trace elements. The remaining 7 nutrients are classified as micronutrients.

Use a variety of techniques to help the students classify the 13 nutrients supplied by |
the soil. Chapter 8 in Physical Science Applications in Agriculture is a recommended
reading material. Profitable Soil Management can be used by the teacher as a refer-
ence for nutrients. Use TM-C to show the classifications of nutrients.

Obj

Anticipated Problem: How are nutrients exchanged in the soil?

Explain how nutrients are exchanged in the soil.

IV. Soils are negatively charged based on the amount and type of clay in the soil and the amount
of organic matter. Organic matter is matter that comes from plant and animal remains. The
amount of the negative charge in the soil is called the Cation Exchange Capacity. Nutrients
are ions. Ions are electrically charged atoms of group of atoms. Cations arc positively
charged atoms. Opposite charged ions are attracted to each other while like ions repel one
another. Soil then exchanges positively charged nutrients with negatively charged ions.

A. The ions exchanged with the soil particles can be adserbed, the adhesion of molecules to
the surface of solids, with the root surfaces.

B. Ions transferred by the plant to the soil are produced by respivatios. Respiration is the
physical and chemical processes by organisms that supply oxygen and relieve them of
carbon dioxide.

Lesson: Conducting Soil Tests
Page 5 % www.MYcaert.com

Copyright © by CAERT, Inc. | Reproduction by subscription only. | LO80018



C. Nutrients also enter the plant roots by absorption and diffizsion. Absorption is the intake
of matter by some substance. Diffusion is the process where nutrients intermingle from

I
It

a region of higher to one of lower concentration.
Use a variety of techniques to help the students understand how nutrients are
attached to soil particles and then freed from the particles to be available to the
roots. A set of magnets would demonstrate how like charged particles repel each
other while opposites are attracted. Chapter 8 in Physical Science Applications in
Agriculture is a recommended reading material. Soil Scienice and Management can

be used by the teacher as a reference for cation exchange capacity.

nticipated Problem: How do I collect soil to be tested?
V. You have a large portion of land that contains a lot of soil. Not all of that soil can be sent to
the lab to be tested. Your task must be to get the best representative of the soil so the test will

reflect the whole soil’s fertility.
A. There are four reasons to take soil samples.

1.

2.

To make more efficient use of resources.
To maintain high fertility levels in your resources.

3. Toavoid applying wrong nutrients to your resources.

4. Your fertilizer program is matched to your yield.

B. Soil should be tested every 4 to 6 years. The sampling should take place before any till-

age or soil treatments are completed.

C. Onlyasmall amount of soil is tested, so you want a good sample to be tested. A compos-
D. To sample your soil you will need materials to complete the task. Materials you will

ite sample will accomplish this sample.

need are:
1. small sacks to place soil samples in
2. abucket to mix the samples
3. aprobe, auger, or spade to dig the sample
4. abox to carry the samples
Use a variety of techniques to help the students understand how to collect soil sam-
ples. Chapter 8 in Physical Science Applications in Agriculture is a recommended
reading material. Profitable Soil Management can be used by the teacher as a refer-

ence. TM-D is a listing of materials used to collect the soil samples.

Lesson: Conducting Soil Tests
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i _@_!!je_cﬁ\_fe . Conduct a soil test.

Anticipated Problem: How do I conduct a soil test?

VI. Soil is commonly tested for the 3 macronutrients and the pH level. Some soil test kits and
soil laboratories test for several micronutrients.

A. Soil is tested for its pH level. A lot of soil fertility is based on the level of the pH level.
B. Macronutrients tested for are nitrogen, phosphorus, and potassium.

C. Micronutrients commonly tested for include magnesium, calcium, sulfur, aluminum,
iron, and manganese.

Purchase a soil test kit. LaMotte Company has several good test kits. Have the stu-
dents use the samples collected from LS-A, test the soil, and send one sample to a
testing laboratory. This will allow for comparison.

Review/Summa I'Y. Use the student learning objectives to summarize and review this
lesson. Students should be able to indicate which concepts are presented with each objective. Use
student responses to indicate which concepts need further instruction. The sample test may also
serve as a review vehicle.

Application. Use the transparency masters, lab sheets, and technical supplement
included with this lesson plan to apply the information.

Evaluation. This should focus on the level at which the student understands the basic
concepts presented based on the objectives. Evaluation should include the students’ expressed
understanding during class discussion, performance of lab activities, and the sample test.

Answers to Sample Test:

Part One: Matching

1. f
2. g
3. n
4. k
5 o0
6. 1
7.1
8. ¢
9. h
10.

Lesson: Conducting Soil Tests
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Part Two: Fill-in-the-Blank
1. 16

2. air, soil

3. 4,6

4. tillage

5. small

6. macronutrients, pH

7. soil test

Part Three: Multiple Choice

S R e
o0 oA oA e o

Part Four: Short Answer
To make efficient use of resources, to maintain high fertility levels in your fields, to avoid
applying wrong nutrients to your fields, and your fertilizer program is matched to your
yield.
2. A small sack to place the soil samples in, a bucket to mix the samples, a probe, auger or
spade to dig the sample and a box to carry the samples.
Soil minerals, organic matter, adsorbed nutrients, and dissolved ions.
Nitrogen, phosphorus, and potassium
Carbon, hydrogen and oxygen.
Nitrogen, phosphorus, potassium and the pH level of the soil.

S
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Name

CONDUCTING SOIL TESTS

—_—
P Part One: Matching
Instructions: Match the word with the correct definition.
a. Absorption f. Fertile soil k. Nutrients
b. Adsorbed g. Fertility [. Organic matter
c. Cation exchange capacity h. lons m. Respiration
d. Cations i. Macronutrients n. Soil fertility
e. Diffusion j.  Micronutrients 0. Stomata
1. A soil that provides the necessary nutrients for healthy plant growth.
2. A measure of the plant-available nutrients in the soil.
3. The estimate of a soil’s nutrient supplying ability.
4. Substances that is essential for plant growth and production.
5. Tiny pores on the underside of plant leaves that aid the plant in nutrient uptake.
6. Elements that are needed in large quantities by the plant.
7. Material that comes from plant and animal residues.
8. The amount of negative charge in the soil.
9. Electrically charged atoms of a group of atoms.
_____10. Elements that are needed by plants in small quantities.
______11. Positively charged atoms.
12. The adhesion of molecule to the surface of the soil particles.
13. The physical and chemical processes by organisms that supply oxygen and relieve them of carbon
dioxide.
_____14. The process where nutrients intermingle from a region of higher to one of lower concentration.
15, Theintake of matter by some substance.

LLesson: Conducting Soil Tests
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P Part Two: Fill-sin-the-Blank

| Instructions: Complete the following statements.
I{ 1. There are __ nutrients that are required by growing plants.

‘ 2. These nutrients are obtained by the or

|
[ 3. Soilshould be tested every __ to ___ years.

, 4, Collect soil samples before any work is completed.
' 5. Onlya amount of soil is tested, so you want a good sample to be tested. {
6. Soilis tested for the three and the level of the soil. :

7. The best way to determine the fertility of the soil sample is conduct a

| > Part Three: Multiple Choice
Instructions: Write the letter of the correct answer, ;

1. Nutrients move through the soil by the movement of soil water is called

a. mass flow
b. adhesion

| c. adsorption
d. hydrolysis

| 2. Which of the following statements is true?

a. Some nutrient ions are positively charged.
1 b. Nutrient ions are never negatively charged. .
‘ ¢. Nutrient ions are always elemental compounds. |
‘ d. Nutrients are never absorbed into the plant in the ionic form. |
|
A

3. particle that has a negative or minus charge is called a(an)
a. cation
b. acid {
c. ion
d. anion
4. The force of attraction between two substances is called
a. adsorption
b. adhesion
c. micelte
d. mass flow
\ 5. Adding to the soil will improve the cation exchange capacity and will also provide nutrients.
‘ a. macronutrients
| b. micronutrients
l c. water
l d. organic matter J
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6. Which of the following elements is not cne of the three main elements needed by plants for good

growth and devefopment?

on oo

carbon
iron
oxygen
hydrogen

7. Most plant nutrients are obtained from the

a.
b.
C
d

air
water
soif
rocks

8. What is the best way for farmers to decide how much fertilizer they need to apply?

Q@ n T

Use the same as last year.

Use the average amount used for the last ten years.
Conduct a soil test.

Put on a little more than last year just to make sure.

| P Part Four: Short Answer

instructions: Answer the following guestions.

1. What are the 4 reasons to collect soil samples?

2. To collect composite soil samples, what tools are needed?

3. What are the four forms of nutrients that are in the soil?

4. What are the three primary macronutrients?

5. What are the nutrients supplied by the air?

L 6. What are the four common tests conducted on a soil sample?

— = -— _— == — —_— —_—— —_—
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FORMS OF NUTRIENTS IN THE SOIL

Nutrients are present in the soil in four forms:

¢ soil minerals
¢ organic matter
¢ adsorbed nutrients

¢ dissolved ions

Lessen: Conducting Soil Tests
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MNEMONIC

C. B. HOPKiNS CaFE
Mighty good
Closed Monday Morning

See You Zen
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MACRONUTRIENTS AND
MICRONUTRIENTS

Macronutrients

¢ Atmospheric macronutrients

= carbon (C), hydrogen (H), oxygen (O)
¢ Primary macronutrients

= nitrogen (N), phosphorus (P), potassium (K)
¢ Secondary macronutrients

m calcium (Ca), magnesium (Mg), sulfur (S).
Micronutrients

¢ boron (B), copper (Cu), chlorine (Cl), iron (Fe),
manganese (Mn), molybdenum (Mo), zinc
(Zn).

M I . T
\\\\\\\\\ -/////,/// gy e
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MATERIALS NEEDED TO COMPLETE
A SOIL SAMPLE

1. small sacks to place soil samples in
2. a bucket to mix the samples
3. a probe, auger, or spade to dig the sample

4. a box to carry the samples

Lesson: Conducting Soil Tests
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LS-A: Teacher Information

CONDUCTING SOIL TESTS

Agricultural Applications and Practices

Soil fertility is the ability of a soil to supply nutrients for plant growth. The soil acts as a
storehouse of plant nutrients. Nutrients are stored in many forms with some nutrients
.j available to plants, while others are not. The concept of soil fertility includes the quantity
of nutrients a soil contains, the ability to protect nutrients from leaching, the availability of
the nutrients for plant use, and how easily roots can absorb the nutrients for plant growth.
When discussing soil fertility, we must first have an understanding of plant nutrients.
Plant nutrients are essential elements needed for plant growth. Some plants contain ele-
ments not needed for plant growth.

Scientists have identified 16 elements that are essential for plant growth. Of the 16, three
(carbon, oxygen, and hydrogen) represent about 95% of a plant’s nutrient needs. These
r three elements come from the air and water. The remaining 13 elements are obtained
from the soil. The three primary macronutrients are usually not available in large enough
amounts for plants to grow effectively and are added to the soil by fertilization. The
amount of fertilizer to apply is usually indicated by a soil test. Calcium, magnesium, and
sulfur, however, are considered secondary macronutrients because they are supplied by
most soils and are usually not added to the soil in fertilizers.

The remaining seven nutrients are called micronutrients or trace elements because they
are required in smaller amounts. Iron, for example, plays a vital role in the formation of
chlorophyll. Without chlorophyll, photosynthesis is slowed, which results in a decline in
plant growth. It is crucial that plant/crop growers make effective use of fertilizer. Soil test-
ing is the best tool for growers to decide how much fertilizer is needed. Soil testing is vital
so that the grower can avoid under and over-fertilizing,

Science Connections—Questions for Investigation
1. What are nutrient ions?

What are sources of elements in the soil?

How can we determine nutrient availability?

Rl

If a plant is deficient in nitrogen, phosphorus, or potassium what will it look like?

(93]

Why should we conduct soil tests?

6. What mineral elements do we test for?
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Purpose of Laboratory and Student Performance Objectives

The purpose of the exercise is for the students to properly collect a composite soil sample.

Materials and/or Equipment

Sacks to place the samples
¢ Abucket to mix the samples

¢ A probe, auger, or spade to dig the samples

&

A box to carry the samples

e

A field to conduct the samples.

Procedures

Give each student or group of students a copy of the worksheet to complete the activity.

Helpful Hints

If possible, use the school’s test plot or a field of one of the students. Have the students
Jook at the field and discuss where the samples should be taken. Divide the class into
groups and have the students collect the samples for the tests. Be sure to complete this lab-
oratory early enough before any fall tillage is completed or the ground freezes. Break up
the soil into smaller pieces prior to letting it dry out.

Anticipated Findings

Students should take enough soil for a sample to be sent off to a laboratory and enough for
the class to complete the soil tests. Allow the soil to air dry before any tests are completed.
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LS-A: Student Worksheet .
ame

1.

CONDUCTING SOIL TESTS

Procedures

The first step in testing soil is obtaining a soil sample. The sampling procedure may be
summarized as follows:

Gather many topsoil sub samples from random spots in the field. Avoid collecting
samples from odd areas such as fencerows, dead furrows, fertilizer spills, and other
spots with unusual conditions. Large areas need 15 sub samples, smaller areas need
fewer.

Scrape away surface litter at each testing spot and remove a sample of the soil.
Augers, soil sampling tubes, and spades can be used to collect the sample. Each soil
sample should include soil from the entire testing depth. Drop each soil sample in a
clean plastic bucket as it is collected.

Mix all sub samples from one sampling area, and remove about one cup of soil. This
composite sample represents the average soil in the field. Label the composite sam-
ple and let it dry in the air. Do not oven-dry the sample. This could change the test-
ing results by causing normally unavailable nutrients to be measured (by killing
mMICroorganisms).

Fill a mailing container with the dried composite sample. Mark the container
according to the instructions provided by the testing center. Complete the sampling
sheet which should include the intended crop, production goals, cropping history,
and other necessary information.

Mail the samples to the laboratory. The sample containers and information sheets
can be obtained from the soil laboratory or extension agent.

Data Summary and Analysis

After filling the mailing containers with the soil samples, keep some of samples to per-
form your own tests. Be sure to label the samples for comparisons from your results to the
soil labs.
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CONDUCTING SOIL TESTS

Purpose of Laboratory and Student Performance Objectives

The purpose of this experiment is to estimate the availability of soil nutrients in various
soil samples. A commercially available wet chemistry soil test kit should be used to con-
duct the test.

Materials and/or Equipment

4 soil test kit

¢ soil samples from LS-A

Procedures

Give each student or group of students a copy of the worksheet to complete the activity.

Helpful Hints

LaMotte has several nice wet chemistry soil test kits that can be used by high school stu-
dents. Use a mortar and pistil to break the soil down into fine particles. Check supplies
before to make sure the students can complete all of the tests. A good test is to have two
groups complete the tests on the same samples for comparisons.

Anticipated Findings

Hopefully both tests completed by the students groups are similar. Upon recetving the
test results back from the laboratory, discuss any differences among the samples.
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LS-B: Student Worksheet
Name

CONDUCTING SOIL TESTS

Procedures
1. Perform asoil test by carefully following directions from the instructions in the soil
test kit.
2. Record all results on a data sheet.
3. Compare the same samples from this experiment to the soil testing laboratory.
4. Lead adiscussion on why N, P, and K fertilizers are applied to soil and how soil tests

interpret what nutrients are contained in the soil.

Data Summary and Analysis

Sample #

Nitrogen level P level K level pH level

My results

Laboratory results
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1.

Ffechnical Supplement

CONDUCTING SOIL TESTS

What are we attempting to measure with a soil test?

Standard soil tests attempt to measure plant available nutrients or what the soil can
supply to growing plants. Plant nutrients such as calcium, magnesium and potas-
sium are supplied to plants in a large measure of exchangeable forms. The exchange-
able form of most nutrients represents only a very small fraction of the total amount
of that nutrient in soils. Soil tests attempt to measure the plant available ions by
extracting soils with a solution such as 1N ammonium acetate and by relating the
extractable soil nutrient values to yield response in research trials. Fertilizer recom-
mendations are adjusted for the specific soil extraction procedure that is adapted.
Soil tests are usually taken in the surface six to seven inches of soil even though plant
roots go much deeper. Fertilizer recommendations based on soil tests taken from
surface soils may be adjusted depending on the potential nutrient supplying capacity
of the subsoil.

What is the cation exchange phenomenon in soils?

The soil is for the most part negatively charged and therefore acts as a large cation
exchanger. The negative sites on soils are the result of the chemical structure of clay
particles in soils. During the formation of most clays, substitution of ions resulted in
an imbalance of ionic charge or a net negative charge. This is a permanent charge
and not changed as a result of fertilization or other management practices. This per-
manent charge is often enhanced by other negative sites on soils and soil organic
matter caused by dissociation of hydroxyl or OH groups particularly charged ions
such as Ca2+, Mg2+, and K+. Since exchangeable ions are in equilibrium with
ions in soil solution these ions are held against readily leaching and are readily avail-
able in soil solution for plant uptake.
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3. How are plant available forms of N, P, and K held in soils?

A. Nitrogen

Nitrogen exists in soils mainly as a cation NH4+ (ammonium), or as an
anion NO3-. However in most soils nitrogen is readily converted to the
anion form NO3-. Since the soil acts as a large cation exchanger and nitro-
gen exists as an anion, it is not held by soils but would be repelled. Nitrogen
in the form of nitrate 1s therefore easily leached from soils and may be trans-
ported to ground water. Farmers sometimes apply nitrification inhibitor
which helps to keep nitrogen in the ammonium form longer. In the ammo-
nium form it has a positive charge and will be attracted to soils making it
much less likely to leach through soils.

B. Phosphorus

Plant available phosphorus is largely H2PO4-, an anion. This means it will
be repelled by soils rather than attracted. Phosphorus is not readily leached
from soils however because 1t rapidly reacts with soil to form insoluble phos-
phate. In acid soils phosphorus reacts with iron and aluminum ions to form
insoluble phosphates and in alkaline soils phosphate reacts with calcium to
form calcium triphosphate with very low solubility. Thus phosphorus is
bound tightly to soils through iron and calcium binding.

C. Potassium

The exchangeable form of potassium is a cation and it is therefore held by
soils which are negatively charged. This attraction of unlike charges gently
retards the movement of potassium through soils although some potassium
is still leached.

4. Why do we not routinely test soils for available nitrogen?

Soils are not routinely tested for available nitrogen as they are for exchangeable
phosphorus and potassium. Because nitrogen is readily leached from soil, soil tests
taken in the fall of the year would seldom have appreciable amounts of plant avail-
able nitrogen in them. That is not because we lack good methods of determining
nitrogen in the laboratory but rather because the nitrogen that will be available to the
plant next spring and from the biological release of nitrogen which will also occur
during the fall and the next growing season. The release on nitrogen from bound
organic forms in the soil to plant available forms is highly dependent on climatic fac-
tors such as soil temperature, rainfall, amounts and timing of rainfall. Since weather
cannot be predicted long term with any appreciable degree of accuracy, there is little
benefit of a soil nitrogen test for predictive purposes. However, with the increased
interest in efficient nitrogen usage and concern about excess nitrogen applications
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