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Physical and Biological Analysis of Soils I – 15 points

W.W. Cudmore

Physical and Biological Analysis of Soils I

INTRODUCTION

Soils are complex systems of organic and inorganic components.  Their composition greatly influences plant and animal communities, as well as the potential human uses for a given site.   For the next two weeks we will be examining various physical and biological characteristics of soils. 

OBJECTIVES

1. 
To analyze soils chemically for important physical properties (texture, pH, etc.) and levels of important soil nutrients (nitrogen, phosphorus and potassium)

2.  
To analyze soils biologically for soil organisms 

3.  
To be able to determine appropriate uses for a plot of land based on soil characteristics

4.  
To become familiar with the type of information that can be gathered from a soil survey

BACKGROUND

Five Polk County locations representing a wide array of local soil types were identified as sampling locations.  Each group will be assigned one of these locations and will conduct a series of observations and tests on soil samples collected at that site.  The sites are identified as follows:

Site #1 - Mill Creek Park - 6.9 mi. NW of Dallas.  A park-like, grassy area along Mill Creek with some scattered Douglas fir trees.  Soil designation - 12A
Site #2 - Willamette Industries Tree Farm - 7.0 mi. NW of Dallas.  A steep area managed for timber production by Willamette Industries.  This area was clearcut in 1990 and was replanted with Douglas-fir seedlings.  The trees are now about 30 feet tall and mixed in with Big-leaf maple, sword fern and blackberry vines.  Soil designation - 41E
Site #3 - Baskett Slough Wildlife Refuge - 3.5 mi. NE of Dallas.  Relatively flat field on the refuge that is planted in grass seed.  Canada geese feed in the field in the winter, farmers harvest grass seed in late summer.  Soil designation - 65B
Site #4 - Miller's Pasture - 2.9 mi. N of Dallas.  Gently sloping, wet pasture land with a small seasonal creek.  Some wetland vegetation (rushes) near seasonal creek.  Cows graze on pasture throughout the year.  Soil designation - 27C
Site #5 - Cudmore Forest - 2.6 mi. N of Dallas.  Steep forested area with mixed Douglas fir and Garry oak.  Dominant trees are 50-70 years old.  Soil designation - 74E
SAMPLING DESIGN

At each site, the following samples were taken:

1. 
Soil core samples - A 12" soil core sampler was used to collect samples for chemical analysis (pH, organic content and macronutrients).  Three representative locations at each site were sampled.  These samples were combined and stored in small, 1-gallon zip-lock plastic bags labeled with the sample site.  These samples have been dried in a drying oven at 55(C for 4 days.

2. 
Litter samples - The litter layer in a 1 m2 area was raked at each site and placed in large plastic bags.  These samples will be placed in a Berlese apparatus that extracts soil invertebrates.

PROCEDURES
Perform each of the procedures described below on soil or litter samples collected at your site.  Each group will have a LaMotte Soil Macronutrients Kit which will be used to measure pH and soil macronutrients.  As you complete each procedure, keep careful records of your results.

1.  
Soil Invertebrates in Leaf Litter
Soil invertebrates play critical roles in the long-term stability and fertility of soils.  Their activities aerate the soil, accelerate decomposition of organic materials, distribute important nutrients and disperse fungal spores and bacteria throughout the upper layers of soil.  They also are the most abundant primary and secondary consumers in soil ecosystems.

Soil invertebrates from leaf litter samples that have been collected at all locations will be extracted using a Berlese apparatus.  The apparatus relies on the negative reaction that most soil organisms have to light, heat and desiccation.  Since I have recorded data on the habitat for each collection and approximately equal amounts of leaf litter (one meter square plots were raked) were used for each sample, this provides us with an opportunity to quantitatively evaluate soil invertebrate communities from different habitats. 

In today's lab we will examine litter samples manually and set up the Berlese apparatus with litter samples from each location.  These samples will collect invertebrates for one week.  In our next lab we will analyze the samples by identifying and counting invertebrates from each.

A. 
Fill a funnel from the Berlese apparatus with a representative subsample from your litter sample

B. 
Fill the flask below the funnel about one-third full with ethanol

C.  
Using masking tape, label the flask and funnel with your site number

D.
Adjust position of light to approximately 2 inches above sample

E. 
Then, place what remains of your litter sample on a large tray, carefully collect any 
invertebrates in the sample that can be seen with the naked eye (earthworms, 
beetles, etc.) and place them in a vial containing a 50% ethanol solution
2.  
Organic Content
CAUTION!!   WEAR GOGGLES DURING THIS PROCEDURE!

Organic material in soil is derived from decaying plant and animal material and is acted upon by bacteria and fungi in the process of decomposition.  It provides a food resource and habitat to the myriad of living organisms in soil such as fungi, bacteria, protozoans and soil arthropods.  As decomposition proceeds, essential plant nutrients such as nitrogen, phosphate and sulfur are released into the soil.  Organic matter also contributes to the ability of soil to retain moisture and nutrients, soil tilth, aeration and reduces soil erosion.  Since both agricultural and forestry operations remove large amounts plant material from the site of operation, unless efforts are made to supplement organic materials, percent organic matter typically declines over time (along with the benefits provided by organic material).  Some, but not all of these benefits may be replaced with agricultural chemicals such as fertilizers and lime.  Erosion may also contribute to the loss of organic matter.

Productive agricultural soils should have at least 3-5% organic matter, depending on the crop being grown and local conditions.  Higher percentages are generally seen as beneficial.  Surveys of agricultural lands particularly in sandy soils indicate levels of approximately 1%.  Organic matter can be restored by applying animal manures or composted materials, returning crop residues to the soil and cover cropping.

Organic materials burn at high temperatures and decompose to CO2 and H2O gas.  In general, the inorganic component of the soil does not decompose at high temperatures.  Therefore, the loss in weight of an oven-dried soil sample after burning can be used as a method for estimating organic content. 

A.  
Weigh a glazed porcelain crucible (without the cover) to the nearest 0.01 gram.

B. 
Fill the crucible approximately two thirds full with an oven-dried sample of  soil.

C.  
Reweigh the sample plus crucible to the nearest milligram.  

D.
Subtract the weight of the crucible.  This is the "dry sample weight".

E.  
Place the uncovered crucible over a flame (Bunsen burner) and cook for 15 minutes.  Stir occasionally while cooking with a probe but be careful not to remove any soil in the process.

E.  
Using tongs and asbestos gloves, remove the crucible from the flame, cover and allow to cool on an asbestos pad (not directly on the lab table top).

F.  
When cool enough to weigh (about 5 minutes), remove cover and reweigh sample to the nearest 0.01 gram.  Again, subtract the weight of the crucible.  This is the "cooked sample weight".

G.
Calculate the " % organic matter" in the soil sample using the formula:

(dry sample weight - cooked sample weight) (100)
% organic matter  = 


dry sample weight

H.
Record the "% organic matter" for your sample on the data sheet

3.  
pH 
pH is a measure of soil acidity expressed chemically as the concentration of hydrogen ions (H+).  The pH scale runs from 0 to 14.  A value of 7 indicates neutrality - a solution that is neither acidic nor alkaline.  Values below 7 are progressively more and more acidic (a solution with a pH of 4 is more acidic than a solution with a pH of 5).  Values above 7 are progressively  more and more alkaline (basic).  

Plants grown as agricultural crops or as components of the native vegetation often have specific soil pH requirements.  Consequently, soil pH has some influence on the most appropriate crop for an area as well as the native vegetation there.  Crops such as blueberries and strawberries, for example, prefer more acidic soils while most vegetable crops require somewhat more alkaline soils.  In our area,  soils closely associated with Douglas-fir forests are often acidic.  The accumulation of tannic acid as a result of decomposition of conifer needles and branches results in acidic soils in coniferous forests.  

In agricultural soils that are too acidic, calcium and magnesium are easily leached from the soil hindering plant growth.  Soil pH is often adjusted in agricultural areas to more appropriate levels for vegetable crops.  Soil pH can be elevated by adding agricultural lime (ground limestone) or wood ash; soil pH can be decreased by adding acid phosphate, sulfur, manures, compost (particularly compost that contains conifer needles) or bark chips.  The tables below give preferred pH ranges for some representative vegetables, fruits/nuts, grasses/grains and native trees.

	Vegetables
	Preferred pH
	Fruits/Nuts
	Preferred pH

	Broccoli
	6.0-7.0
	Grapes
	6.0-8.0

	Corn
	6.0-7.0
	Peach
	6.0-8.0

	Cucumber
	6.0-8.0
	Cherry
	6.0-8.0

	Onion
	6.0-7.0
	Walnut
	6.0-8.0

	Peas
	6.0-8.0
	Hazelnut
	6.0-7.0

	Pepper
	6.0-6.5
	Apple
	5.5-6.5

	Soybean
	6.0-7.0
	Blueberry
	5.0-6.0

	Tomato
	6.0-7.0
	Raspberry
	5.0-6.0

	Beans
	6.0-7.5
	Strawberries
	5.0-6.0

	Potato
	4.8-6.5
	Pear
	6.0-8.0

	Squash
	6.0-8.0
	Plum
	6.0-8.0


	Grain/Grass Crops
	Preferred pH
	Native Trees
	Preferred pH

	Fescue
	5.0-6.0
	Alder
	5.5-6.5

	Barley
	6.0-7.0
	Ash
	6.0-8.0

	Orchard grass
	6.0-8.0
	Dogwood
	6.0-8.0

	Oats
	6.0-7.0
	Douglas-fir

	6.0-7.0

	Rye
	6.0-7.0
	True firs (Abies spp.)
	5.0-6.0

	Wheat
	6.0-7.0
	Western hemlock
	5.0-6.0

	Timothy
	6.0-7.0
	Maple
	6.0-8.0

	
	
	Poplar
	6.0-8.0

	
	
	Western redcedar
	6.0-7.0

	
	
	Pacific yew
	5.5-7.0


We will use Soil pH Test Kits to measure the pH of soil solutions made from each sample.  Use soil from your soil core samples for this procedure.   Follow the instructions that come with the Test Kit.  Record your measurement on the data sheet.

Interpretation of soil pH levels:

pH 4.0

strongly acidic

pH 5.0

moderate to strong acidity

pH 6.0

slight to moderate acidity

pH 7.0

neutral (neither acidic nor alkaline)

pH 8.0

slight to moderate alkalinity

pH 9.0

moderate to strong alkalinity

4.  
Macronutrient levels 
CAUTION!!  
USE GOGGLES WHEN HANDLING CHEMICALS DURING THIS PROCEDURE.

PLEASE NOTE:
For each of the following procedures, soil samples should be air or oven-dried, thoroughly mixed and then screened through a soil sieve about the same mesh as a window screen.

Nitrogen (N), Phosphorus (P) and Potassium (K) are the primary macronutrients in soils used by plants.  A measure of these three components can give a good approximate measure of soil fertility.  Efforts to improve soil fertility or determine the most appropriate crop for a given plot of land must begin with a measure of N, P and K.  Not surprisingly, most commercial fertilizers contain varying amounts of these three macronutrients.  These percentages are reflected in the 3 numbers seen on bags of commercial fertilizer.  A label of "16-16-16" for example indicates 16% by weight for each - N, P and K.

NOTE:  You will find a review of the nutrient cycling (Botkin and Keller pp. 95-98) to be very beneficial for this portion of the lab.

Nitrogen
Nitrogen may exist in several forms in soil:

1.  Nitrates -  various nitrate compounds (NO3).  Usually the most abundant and persistent form in agricultural soils.  Nitrogen in this form can be used readily by plants.

2.  Ammonia - NH3 and NH4+ . Nitrogen fixation converts nitrogen gas (N2) into ammonia.  In the humus layers of forest soils (O and A) the rate of this conversion may be quite high resulting in high levels of ammonia.  Ammonia is then converted to nitrites and nitrates by nitrifying bacteria in the soil.  In most agricultural soils, ammonia levels  are typically low since nitrogen fixation is not usually occurring at a high rate.  This varies, of course, from one crop to another.

3.  Nitrites - NO2  - Nitrites are formed as intermediates in the conversion of ammonia to nitrates.  In well-drained and well-aerated soils they are found in only small amounts.  Under these conditions the conversion is so rapid that nitrites do not ordinarily accumulate.  Excess nitrites are toxic to most plants, therefore, high levels indicate a soil condition that is not favorable for plant growth.  

We will measure only nitrate-nitrogen levels in this exercise.  Using the instructions in the soil analysis kit, measure levels of nitrate nitrogen in your soil sample.

 Phosphorus (P) 

Phosphorus is required for seed formation, root development and plant maturity.  It is especially important in the formation of color, fragrance and size of  flowers.  Phosphate complexes are generally found in crop residues and manure, which decompose into forms that are useable by plants.  Soil phosphate levels can also be increased by applying commercial fertilizers containing phosphate.

Using the instructions in the soil analysis kit, measure levels of phosphorus (P) in your soil sample.

Potassium (K) 

Potassium strengthens stems and stalks and increases winter hardiness.  It is also required for the production and movement of plant sugars and starches.  It is sometimes referred to as "potash".  Wood ashes, dried fish scraps, seaweeds and commercial fertilizers may be applied to boost potassium levels in soil.

Using the instructions in the soil analysis kit, measure levels of potassium (K) in your soil sample.

Record all of your values for soil macronutrients on the data sheet.

The table below lists the amounts of macronutrients that should be available in soil to maximize yield of selected crops. 

	
	Nutrients Required for Optimal Yield (in pounds/acre)

	Crop
	Nitrogen
	Phosphorus
	Potassium

	Apples
	30
	4
	29

	Barley
	50
	9
	33

	Corn
	240
	44
	199

	Grapes
	25
	4
	29

	Oats
	50
	9
	37

	Peaches
	85
	11
	83

	Potatoes
	125
	15
	141

	Sweet clover
	185
	20
	137

	Timothy
	40
	7
	37

	Wheat
	158
	43
	120

	Tomatoes
	100
	15
	166


PLEASE CLEAN AND DRY ALL SOIL KIT COMPONENTS AND PACK NEATLY BACK IN THE CASE.  WIPE DOWN YOUR LAB TABLE.
NEXT WEEK WE WILL ANALYZE THE RESULTS FROM TODAY'S LAB.  KEEP CAREFUL RECORDS AND BE PREPARED TO SHARE YOUR DATA WITH OTHER LAB GROUPS.
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Soils Lab I - Data Sheet

	
	Site #1

Mill Creek Park
	Site #2

Willamette

Tree Farm
	Site #3

Wildlife

Refuge
	Site #4

Miller's

Pasture
	Site #5

Cudmore

Forest

	% Organic Matter
	
	
	
	
	

	pH
	
	
	
	
	

	Nitrate Nitrogen  (lbs/acre)
	
	
	
	
	

	Phosphorus (lbs/acre)
	
	
	
	
	

	Potassium

(lbs/acre)
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LAB PRODUCT - Soils Lab #1 

DUE TUESDAY 18 JANUARY 2011 - 15 POINTS (ONE PER GROUP)
Each group should submit their answers to the following questions.  Answer in the space provided.
I.  Organic Content

1.  Is the organic content in your sample relatively high or relatively low compared to other sites?

2.  What is the relationship between “organic content” and “soil fertility”?

3.  What do you think accounts for the differences in organic content among samples from the 5 
different sites?  Use information from other groups for comparison.

II.  pH
1.  What is your interpretation of the pH measurement of your soil sample?

2.  Is it significantly different from other groups?

3.  What factors influence soil pH?  Which of these do you think account for the differences 
among samples from the various sites?

4.  For what crops would the soil at your site need to be adjusted to maximize growth?

III.  Macronutrient Levels
1.  What is your interpretation of values for Nitrate, Phosphorus and Potassium obtained for your 
site?  Address each macronutrient separately.

2.  Are any of the values for your site significantly different from those of other groups?  If so,  
explain why. 
 Discuss each macronutrient separately.

3.  Considering what you know about your site and nutrient cycling, what do you think are the most 
likely sources (inputs) for each of these macronutrients?  What do you think are the most 
likely outputs.  Address each macronutrient separately.





Inputs




Outputs

N 


P


K 

IV.  Applications

1.  Suppose you would like to grow corn on your site.  What adjustments (if any) would need to be made for each soil characteristics you have measured?


Organic content - 


pH - 


N - 


P -


K -

2.  How would you make these adjustments?


Organic content - 


pH - 


N - 


P -


K -

3.  What adjustments would you make if you decided to grow an apple orchard instead?


Organic content - 


pH - 


N - 


P -


K -
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