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Abstract
[bookmark: _GoBack]Soils possess a unique set of chemical and physical properties that are important in identifying and understanding interactions between the lithosphere, atmosphere, hydrosphere and biosphere. They also play a vital role in determining anthropogenic uses. The properties of texture and porosity will be investigated using hands-on and minds-on activities. In this activity, soil textures of different soil types will be classified. The soil texture ratios of soil samples will be determined and the porosity of each sample will be determined. Students will then compare the porosity to soil texture

	Classroom Background Information

	Subject
	Science

	Grade Level
	7

	Class Period Length
	43 minutes

	# Students/ Class
	17-28 students

	Unit Topic
	Water Cycle




	Lesson 1: Physical Properties of Soil

	Essential Question

	How does soil permeability vary with soil composition?

	Lesson Rationale

	Soils vary in their composition of different size particles. This characteristic determines the water holding capacity of the soil.

	Ohio Content Standards

	Model Curriculum Grade 7
	Earth and Space Science (ESS)

	Topic
	Cycles and Patterns of Earth and Moon

	Content Statement
	The hydrologic cycle illustrates the changing states of water as it moves through the lithosphere, biosphere, hydrosphere, and atmosphere.

	Ohio Department of Education.  Ohio Revised Science Standards and Model Curriculum Grades K through Eight, Columbus, Ohio. Available at:
http://www.ode.state.oh.us/GD/Templates/Pages/ODE/ODEPrimary.aspx?page=2&TopicID=1705&TopicRelationID=1705




	Student Learning Objectives

	Each student will be able to:
· Classify soil texture by particle size
· Determine the soil texture ratio of an unidentified soil
· Measure the porosity of a soil sample
· Compare the porosity to the soil texture of a soil sample

	Key Terminology

	· porosity/pores
· permeability
· texture
· soil texture triangle
· soil types (clay, sand, silt)

	Planned Assessments

	· Formative Assessments: introductory reading quiz; lab questions
· Summative Assessment: end of lesson quiz

	Resources

	Per Lab Group (2-3 students):
· soil texture triangle
· known soil samples (clay, silt, sand)
· 100 ml graduated cylinder
· tap water
· hand lens
· unknown soil sample –brought from home
· mason jar w/lid
· powdered dishwashing detergent
· calculator
· colander
· cookie sheet
· measuring cup (1-cup)
· 250 ml beaker
· paper towels
· metric ruler
Per Student:
· introductory reading “Topic 6: Properties of Soils” http://www.soil-net.com/primary/ks2/topic6/topic6_factsheet.pdf & “Fact Sheet: Soil Types” http://www.soil-net.com/sm3objects/activities/Factsheet_SoilTypes1.pdf
National Soil Research Institute (NSRI); Cranfield University, 2013. http://www.soil-net.com.
· formative assessment: “Formative Assessment #1”
· lab worksheet “Physical Properties of Soil”
· summative assessment “ Physical Properties of Soils”

	

	Lesson Agenda

	Day 1
1. Background Reading : “Topic 6: Properties of Soils”, “Fact Sheet: Soil Types”        (see attached)
· Assign Reading and Cornell Note talking
· Give written Formative Assessment #1 over content (see attached)
· Think-Pair-Share: Have students respond individually, then share answers with partners, then discuss as whole group
2. “Physical Properties of Soil” lab activity (see attached)
· Randomly assign lab groups of 2-3 students
· Students will complete Part A
Day 2
1. “Physical Properties of Soil” lab activity
· Students will complete Part B, through Procedure Step 6
Day 3
1. “Physical Properties of Soil” lab activity
· Students will complete Part B
Days 4 and 5
1. “Physical Properties of Soil” lab activity
· Students will complete Part C
Day 6
1. Summative Assessment and Closure 
· Students will complete a written summative assessment (see attached)
· Closure activity: Discussion of different landscapes within Oak Openings Region and the role of soil texture and porosity on the low water table in oak savannahs & the high water table in the wet prairies.


	Enrichment 

	Design an alternative way of determining the porosity of a soil sample.

	Reflection
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Handouts

· Pages 6-7	Topic 6: Properties of Soil
· Page 8		Fact Sheet: Soil Types
· Page 9		Formative Assessment #1
· Page 10	Formative Assessment #1 –Answer Key
· Pages 11-16	Lab Activity: Physical Properties of Soil
· Pages 17-18	Summative Assessment: Physical Properties of Soil
· Pages 19-20	Summative Assessment: Physical Properties of Soil – Answer Key
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http://www.soil-net.com/sm3objects/activities/Factsheet_SoilTypes1.pdf
Formative Assessment #1 Properties of Soil 
Name/Period: __________________________________
Directions: Use your Cornell notes that you created for the reading described below to answer the following questions.

Topic 6: Properties of Soil 
http://www.soil-net.com/primary/ks2/topic6/topic6_factsheet.pdf

1) 	List 4 properties of soils
	


2) 	True or False… Soil properties are a main factor in determining which 	crops 	can be grown in particular regions.
	


3)	Complete the following table:

	Soil Type
	Feels…
	Ease of cultivation …
	Water holding capacity

	Sandy
	

	
	

	Clayey
	

	
	



4)	What term is used to describe the intermediate category of texture 	between sandy and clayey?
	

5)	Fill in the blank: Soils rarely occur as separate particles, but rather are 		loosely combined into ____________.

6)	List two factors that the type of soil structure is dependent upon:
			

7)	What are the soil structures that hold water called?   




8)	True or False… Sandy soils can hold more water than clayey soils. 
Lab Activity: Physical Properties of Soil	Name/Period: ___________________

A. Classification of Soil Textures 

Background Information
Soil texture is the way a soil feels and is a measure of the relative proportions of the different particle sizes, sand, silt, and clay. Sand is the greatest particle size (0.2 – 2.0 mm) and feels gritty to the touch. Silt is medium sized (0.002 – 0.2 mm) and feels soft and smooth. Clay is the smallest particle size (<0.002 mm) and feels sticky. 

Materials
· hand lens
· paper towel
· known pure soil samples (clay, silt, sand)

Procedure
1. 	Place each soil sample on a separate sheet of paper towel. Using your 	fingertips and the hand lens, examine the three known soil samples and 	describe the particles in the spaces provided

	sand: 	____________________________________________________________
	silt:  ______________________________________________________________
	clay: _____________________________________________________________

2.	In Data Table #1, assign a number to each soil texture based on its particle 	size. The material with the smallest particles will be number 1. The material 	with the largest particles will be number 3.

3.	Which of the three materials appears to have the largest pores, or spaces 	between particles? The smallest? In Data Table #1, assign a number to 	each soil texture based on the pore size between the particles. Assign the	number 1 to the material with the smallest pores. For the material with 	medium-size pores, assign the number 2. Assign number 3 to the material 	with the largest pores.





	Data Table #1: Particle and Pore Size

	Soil Material
	Particle Size
	Pore Size

	Sand
	

	

	Clay
	

	

	Silt
	

	




B. Identifying Soil Type

Background Information
Most soils are actually a mixture of the three particle types. The relative proportions of sand, silt, and clay determine the ability of the soil to retain water and nutrients.

Materials
· unknown soil sample
· paper towel
· cookie tray
· colander
· measuring cup
· 100 ml graduated cylinder
· powdered dishwashing detergent
· mason jar w/ lid
· metric ruler
· calculator
· soil texture triangle

Procedure
1. 	The unknown soil sample brought from home (by a group member) is 	spread out on a cookie tray for 1-2 days. ***DONE AHEAD of TIME***
2.	Sift the soil sample through the colander to remove stones and large plant 	material.
3.	Place one cup of the unknown soil sample into the glass mason jar.
4.	Using the graduated cylinder, measure out 5 mL of powdered 	dishwashing detergent and add to the mason jar.
5.	Fill the jar to 	the top with tap water, screw on the jar lid and vigorously 	shake for 3 minutes, thoroughly mixing the detergent, soil, and water. 
6.	Let the mixture settle for a 24-hour period. Three distinctive layers will settle. 	After about a minute, the coarse sand particles will settle into a layer on 	the bottom of the jar. Sand is the densest of the three particle types. The 
	next densest particle, silt, will settle out after about an hour. Silt is typically 	darker in color than sand. Fine textured clay will settle out of solution after 	approximately a day, forming the top layer. Clays are typically light in 	color. 
-----------------------------------------------------STOP --------------------------------------------------------

7.	In the space provided below, draw and label the 3 layers with the soil 	type.
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8. 	Calculate the percentages of sand, silt, and clay in the sample. To 	accomplish this first measure the total depth (in cm) of the soil layers. This 	measurement represents 100 percent of the soil sample. To figure out the 	percentages of each layer measure the depth of that layer and divide by 	the amount of the total sample. Record your calculations in Data Table 	#2.

	Example:   	if …sand layer depth = 2cm
			if …total depth (all 3 layers) = 4cm
			then …sand layer depth / total depth = 2/4 = 50%
	







	Data Table #2: Percentages of Soil Components

	Material
	Sand
	Silt
	Clay

	Depth (cm)
	

	
	

	Total Soil Depth (cm)
	

	
	

	Percentage (%)
	

	
	


		
[image: ]9.	Identify the type of soil in the sample using the soil texture triangle pictured 	on the below. Each side of the triangle corresponds to one of 	three 	materials, clay, sand, and silt based on their percentages. The triangle is 	read by following the clay % line parallel to the triangle base, 	the sand 	line parallel to the right side of the triangle, and the silt line parallel to the 	left side of the triangle.


















	


Your soil type is ________________________________________________.

10.	Using the key that accompanies the texture triangle, describe your texture 	type: __________________________________________________________________
		__________________________________________________________________
C. Measuring Porosity

Background Information
Permeability and porosity are two terms that describe the moisture content of soils. Specifically, these variables affect the water availability in soils. Permeability is the ability of water to flow through soil. Porosity describes the availability of pores to hold and transport water. Typically, the finer the texture a soil has, the lower its porosity.

Materials
· 250 ml beaker
· unknown soil sample
· known soil samples (sand, clay, silt)
· 100 ml graduated cylinder
· tap water
· calculator



Procedure
1. 	Fill a 250 ml beaker up to the 200 ml mark with your soil sample. Gently 	tamp the soil down.
2.	Fill the graduated cylinder with 100 ml of tap water.
3.	Slowly pour the water onto the surface of the soil until the soil is fully 	saturated and begins to pool on the surface.
4.	Measure and record in Data Table #3 the amount of water remaining in 	the graduated cylinder. Determine the amount of water that was added 	to the soil sample by subtracting the volume of water in the graduated 	cylinder from 100 (initial volume).
5.	Calculate the porosity of your soil sample as a percentage and record. 	Use the formula:

		% Porosity =  volume water added / 200 ml soil  x 100

6.	Repeat steps 1-5 for each of the pure soil samples (sand, silt, and clay)








	Data Table #3: Porosity of Soils

	Soil Type
	Original H2O Amount in Graduate (ml)
	H2O Volume Remain in
Graduate (ml)
	H2O Volume Added to Soil (ml)
	Porosity (%)

	Unknown
	100
	

	
	

	Sand
	100
	

	
	

	Silt
	100
	

	
	

	Clay
	100
	

	
	

































Summative Assessment: Physical Properties of Soil
Name/Period: _________________________________
[image: ]
	(#1) The jar at left is a soil sample that has had its
		 component parts separated into three layers.
		 Match the layer with the soil material by placing 			 the letter in the blank.

			 _____ 1			A) clay
1

                         _____ 2			   B) sand

                         _____ 3			   C) silt2


		      (#2) The following depth measurements were 			   		   determined for each layer. Calculate the3

                       		   total depth of the sample and the percentage 						that each layer occupies of the total sample.

	Data Table #1: Percentages of Soil Components

	Material
	Sand
	Silt
	Clay

	Depth (cm)
	3

	4
	1

	Total Soil Depth (cm)
	

	
	

	Percentage (%)
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(#3) Use your calculations from Question 
       #2 above and the soil texture 
       triangle at right to determine which 
       soil type your sample is.

Soil Type = ___________________________









The following table shows some characteristics of four soil samples. Use it to answer question #4

	Sample
	Color
	H2O Holding Capacity
	% Porosity

	1
	Black
	Average
	50

	2
	Yellow-brown
	Low
	70

	3
	Red-brown
	Average
	60

	4
	Red
	Average to low
	65



(#4) _____	Soils that contain a lot of sand do not hold water very well. Which 			sample probably contains the most sand?
					a) 1	b) 2	c) 3	d) 4

(#5) 	100 ml of a soil sample has water added to it until it is saturated. The 
        	container that the water was poured from originally had 100 ml of water in     	it. After pouring, 60 ml of water remains in the container. Determine the 	porosity of the soil?



Match the soil particle with its description.

(#6) _____	largest particle sizea) clay
b) sand
c) silt

(#7) _____	smallest pore size
(#8) _____	medium pore and particle size
(#9) _____	feels gritty
(#10)_____	feels sticky
(#11) _____	feels smooth
        
(#12) True or False. As particle size increases, pore size typically increases.

(#13) True or False. As porosity increases the ability for soil to hold water 	increases
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=%Top«: 6: Properties of Soil

Introduction soils have many different properties, including texture,
siructure or architeeture, waterholding capacity and pH (whether the soils arc
acid or alkaline). Thesc properties combine to make soils useful for a wide range
of purposcs. Soil propertes govern what type of plants grow in a soil or what
particular crops grow i region. Here ar some of the main soil propertics that
arc important.

Texture when you take some moist soil in your
hand and rub it between your fingers, you will fecl the
texture of the soil. In paricular, you will be able o de-
tect whether thesol fecls ough or oars, in which case
itis probably  sandy soil, or whether it fecls smooth
which s the fecl of a clayey soil. The amounts of sand,
silt, clay 2nd organic mater in a particular soil play
large partin the way thet it behaves, how it can be man-
aged and what it can be used to grow. Sandy soils are
casy to culivate but end to hold lile water and may be
droughty, whereas clay soils are mre difficult o culi-
vate, hold a lot of water and can become waterlogged,
especially in winter.

SRR
‘With the agreement of your parents, why not take some of your garden soil, make sure
itis moist and then rub it betwween your ingers. You can then experience the feel o lex-
ture o the soil and perhaps tell your parents whether it is sandy, clayey, or, something
inbetween, loamy. ), ¥
s g

S0il STrUCtUre just as houses and buildings have a structure or architecture, so also does the soil. The
particles of sand and clay that make up the soil rrely oceur as scparate partcles but are more or less loosely
combined into ageregates. The type of structure in soil depends to a large extent on the texture and the amount
of orgenic mater in the soil and the way the land is managed. The agercgates that make up the structure may be
as small as a fow millimetres, such s granules and crumbs, o as large as several centimeres, such colums and
prisms. The granular or crumb structure i the one favoured by farmers and gardeners s it makes a better bed for
e secds they plant.

(1) Topic 6: Properties of Soil ‘
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ST, Unfortunately nature docs not always pro-
§ ? MT Vids sl Wi the best irctue fr grow-
g hingsand s arcud i wertd ave

1o make do wilh th soils that they have o1

‘v\\gﬂ«d their farm o modify their properics to Sut
DY the crops to be grown.

Waterholding Capacity At sois have the
abilty to hold water in their porcs and on the surfuces
of mineral grains and structural aggregate. This ability
varics from soil to soil and relates closely o the texture
of the soil. Sandy soils, while casy to cultivae, often
suffer from the fact that they canot hold onto much
water and have a poor waterholding capacity. They arc
often known s thirsty soil. Clay sols by contrast have
lots of small pores in which they can store water. This

‘means that they always have some water for the plants
that grow in them and thus have a good waterholding
capacity.

ic £g

4

&

‘Think of the sponge in your bath and how that can hold water. Well the soil is a bit
like a sponge. When it rains the soil will absorb 2 lot of the rainwater, like a sponge.
does bathwae

Acidity and Alkalinity e cm i s usd 0
indicte e e of sty o sl of 3 s T s
ottty 0 undetand g becane A help oo decide
it v s pan o e for il sl Th e
o P il el s snslly bewcn 3 4 8 thogh
o wold s s e 5.5t 7. Below pH 7t
s e trmed sd and bove g1 7 ke, Te 1 of
he st 5 ot i e tpe of vcgeation
il ro 1 i s ey of et ol
e thre Fo exarpe some types of catiworm per
acid conditions (low pH) while others prefer more alkaline
conditions (higher pH).

(2) Topic 6: Properties of Soil "
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Factsheet: Soil Types

http:/iwww.soil-net.com

What are the main types of soil?

Sandy
Soils

Warms up quickly in Spring
Are light and easy to work
Are free-draining

Can dry out in dry weather
Tend to be low in nutrients

Can be worked at almost any
time

Need liming little and often

Loamy
Soils

Contain a mix of sand, silt,
and clay particles

Warm up fairly early in Spring
Are easy to work
Usually need draining

Should not be worked when
wet

Tend to be rich in nutrients

‘Also see the

Silty

Soils
Deposited by rivers and lakes
Warm up quicker than clay
but slower that silt soils in

Spring

Keep water longer than
sandy soils

Difficult to drain, but less
likely to waterlog that clay

Tend to be fertile

Calcareous
Soils
‘Come from chalk and

limestone rocks

Contain calcium carbonate
and flints.

Tend to be alkaline
Usually free-draining
May be low in some nutrients

Do not usually need liming

Clay
Soils

Warm up slowly in Spring

Heavy soils needing well-
timed cultivation

Lie wet and prone to
waterlogging

Tend to be rich in nutrients

Should not be worked when
wet

Need regular liming

Peaty
Soils

Dark in colour, s0 warm up
quickly in Spring

Hold on to water well and can
be easy to work

Come from the build up of
dead rotted plants, so contain
lots of organic matter

Tend to be acid

Usually high in Nitrogen

Qnil-nat rom
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