LITHOSPHERE DATA COLLECTION PROTOCOLS

1. Before beginning your field activities, you must be familiar with the concepts and information in the following course materials.

· Downloads:

· Lithosphere Data Collection Protocols (this document)

· Obtaining a Soil Horizon
· Field Work Protocols

· Sampling Techniques

· the Unit 7 Margin Notes sections & Power Point presentations
2. The fieldwork for the lithosphere unit consists of 5 activities – all of which you will complete at your assigned spot in the lake area. Each group must complete all 5 activities.

3. Class time allows 15 minutes per activity. If you’ve prepped and know what you’re doing, arrive at the site when the class starts, begin work immediately and trade equipment with the next group in a timely manner, you should have no trouble completing all 5 activities.

4. At the end of each 15-minute period each group must pass on the equipment to the next group whether or not it has completed the activity. If there is time left over at the end of class, I’ll be happy to allow you to go back and finish. (That really shouldn’t be necessary.)

5. For each activity, work should be equally distributed among group members. There should never be a time when part of the group is working and part of the group is standing around watching.

6. Each group is responsible for ensuring that each set of equipment it uses is complete and undamaged before passing it to the next group.
7. Unfortunately, there are times when a student doesn’t want to participate, is obviously not prepared and so hinders group efficiency, or is more interested in socializing than in completing the field work. If that is true of a member in your group, I strongly suggest you ask that member to let the group work without him/her for the remainder of the class so the rest of the group isn’t penalized for not completing its work.

8. Please keep in mind that the data in your field manual is the result of work completed by those people who participated in the activities and is the intellectual property of those people collectively. No one individual has the right, for any reason, to share data with individuals who did not participate in the fieldwork during which those data were collected.
ACTIVITY #1
PHYSICAL CHARACTERISTICS I: MOISTURE, STRUCTURE, CONSISTENCE, COLOR
EQUIPMENT & SUPPLIES

· sample from soil horizon
· magnifying glasses
· spray bottle of water
· Determination of Soil Moisture Content table

· Soil Structure Chart
· Soil Consistence Chart
· Munsell Color Chart

· clean towel
· plastic gloves
· small trash bag
CONSIDERATIONS

· The determination of a soil’s moisture range, structure and consistence are by necessity subject to the opinion of the observer. When beginning your determination, remind yourself to be as objective as possible in your assessment.
· One way to minimize subjectivity is for each member of the group to make his/her own determinations independent of the others. When complete, group members should compare their findings and reach consensus on which determinations they believe to be most accurate.
· Soil structure is the shape that the soil takes based on its physical and chemical properties. Each individual unit of soil structure is called a ped.
· The Munsell code below each color in the color chart is a universal notation that describes the soil color, for example 7.5R7/2.
· The first set of numbers and letters represents the hue, the position of a color on the color wheel (Y=Yellow, R=Red, G=Green, B=Blue, YR=Yellow Red, RY=Red Yellow).
· The number before the slash is the value, the lightness of a color. The scale of value ranges from 0 for pure black to 10 for pure white.
· The number after the slash is the chroma, the intensity of a color. Colors of low chroma values are sometimes called weak, while those of high chroma are said to be highly saturated, strong or vivid. The scale starts at zero, for neutral colors, but there is no arbitrary end to the scale.
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· WE ARE NOT LOOKING AT SOIL COLOR THIS SEMESTER SINCE WE DO NOT HAVE ACCESS TO A MUNSELL COLOR CHART.
· When your group has completed all of its activities for the day you will need to return all of the soil you have used to its original location. In the meantime, keep any soil you’ve handled separate from the soil you’ve not yet used.
METHODOLOGY

1. MOISTURE STATUS
a. Pick up a portion of soil from the soil horizon and manipulate it by hand.
b. Use the Determination of Soil Moisture Content table to determine whether the soil moisture is first, second, third or fourth range.
c. Record the range.
2. SOIL STRUCTURE
a. Take a portion of the soil horizon in your hand.
b. Look closely at the soil and examine its structure compared to the Soil Structure Chart label descriptions. If necessary, use a magnifying glass.
c. Determine which structure label’s description best applies to your sample.
d. Record the structure label.
3. SOIL CONSISTENCE
a. Take a ped from the soil horizon. If the soil is very dry, moisten the face of the profile using the spray bottle first and then remove a ped to determine consistence.
b. Holding the ped between your thumb and forefinger, gently squeeze it until it pops or falls apart.
c. Compare the ped’s reaction to the label descriptions in the Soil Consistence Chart and choose the consistence label that most closely describes the reaction.
d. Record the consistence label.
4. SOIL COLOR
a. Take a ped of soil from the horizon and note whether it is moist or dry. If it is dry, moisten it slightly with water from the spray bottle.
b. Break the ped.
c. Stand with the sun over your shoulder so that sunlight shines on the Munsell Color Chart and the soil sample you are examining.
d. Choose the color code that best matches the color of your ped.
e. A soil sample may have more than one color. Record a maximum of two colors if necessary and indicate (1) the dominant color and (2) the secondary color.
f. Record the color code.
5. If this is the last activity for which your group needs samples from the soil horizon, use the sheet to return all of the soil – used and unused – to its original location. Shake off sheet and return it with your equipment.
ACTIVITY #2
PHYSICAL CHARACTERISTICS II: SOIL INFILTRATION, ROOTS & ROCKS, FREE CARBONATES
EQUIPMENT & SUPPLIES

· infiltration tube

· ruler
· gallon bottle of water

· mallet

· wood block

· stop watch
· sample from soil horizon
· spray bottle of vinegar
· clean towel
· plastic gloves
· small trash bag

CONSIDERATIONS

· It is important to maintain the same 'head' of pressure when pouring water into the infiltration tube.
· A rock is defined as being larger than ¼ inch in size.
· Free carbonates are compounds that coat soil particles. They form under certain conditions such as in dry climates where the pH is above 7. They are also found in some soil profiles that have parent materials made of carbonates (such as limestone).
· When your group has completed all of its activities for the day you will need to return all of the soil you have used to its original location. In the meantime, keep any soil you’ve handled separate from the soil you’ve not yet used.
METHODOLOGY

1. SOIL INFILTRATION RATE
a. Press the infiltration tube down into the soil until it is buried by at least 4”. You may need to use the mallet and wood block to hammer it into the soil.
b. Note the hash marks inside the tube or place the ruler inside the tube with the bottom on the ground.
c. Pour enough water into the tube to reach the 4” mark. It is important to pour the water at a gentle, steady pressure.
d. When the water reaches the 4" mark, start the stop watch. Stop the stop watch when the water level has dropped to 3”.
e. Record the number of seconds the water took to fall that one inch.
2. PRESENCE OF ROOTS & ROCKS
a. Observe and record if there is none, few or many roots in the soil horizon.
b. Observe and record if there is none, few or many rocks in the soil horizon. (See above for what constitutes a rock.)
3. TEST FOR FREE CARBONATES
a. Spray vinegar on a portion of the soil not previously handled and watch closely for any reaction.
b. If free carbonates are present, they will effervesce or bubble when the vinegar reacts with them.
c. If you observe no reaction, the soil has no free carbonates. Record the presence of free carbonates as none.
d. If you observe a small reaction (a slight amount of bubbling), the soil is coated with some carbonates. Record the presence of free carbonates as slight.
e. If you observe a strong reaction (bubbling that is very noticeable), the soil has many carbonate coatings present. Record the presence of free carbonates as strong.
4. If this is the last activity for which your group needs samples from the soil horizon, use the sheet to return all of the soil – used and unused – to its original location. Shake off sheet and return it with your equipment.
ACTIVITY #3
SOIL TEXTURE
EQUIPMENT & SUPPLIES

· sample from soil horizon
· spray bottle of water

· Soil Texture Triangle
· clean towel
· plastic gloves
· small trash bag

CONSIDERATIONS

· The way a soil feels is called the soil texture. Soil texture depends on the amount of each size of particle in the soil. The labels sand, silt and clay describe the size of individual particles in the soil.
· Sand are the largest particles and they feel gritty.
· Silt are medium sized, and they feel soft, silky or floury.
· Clay are the smallest sized particles. They feel sticky and are hard to squeeze.
· When your group has completed all of its activities for the day you will need to return all of the soil you have used to its original location. In the meantime, keep any soil you’ve handled separate from the soil you’ve not yet used.
METHODOLOGY

1. Closely follow the instructions in the Soil Texture Triangle to determine the soil texture of your sample.
2. When you reach a point at which the triangle says, "Soil Texture is complete," record the type of soil.
3. If this is the last activity for which your group needs samples from the soil horizon, use the sheet to return all of the soil – used and unused – to its original location. Shake off sheet and return it with your equipment.
ACTIVITY #4
SOIL CHEMISTRY
EQUIPMENT & SUPPLIES

· sample from soil horizon
· plastic bowl and spoons for mixing soil sample
· rebar
· plastic bag containing soil thermometer and tissues
· stop watches
· trowel
· ruler
· gallon of distilled water
· plastic bag containing soil pH meter, small pad for shining probe and tissues
· plastic bag containing soil test kit chemical bottles, color charts and droppers
· 2 small plastic containers with lids and markings on the side for mixing soil and water
· clean towel
· plastic gloves
· small trash bag

CONSIDERATIONS

· Complete soil temperature measurements within 1 hour of local solar noon and within a period of 20 minutes.
· You can also take soil temperature readings at a 4” depth to note any inconsistencies between the two depths.
· pH is a measure of acidity ranging from 0  (acid) to 14 (alkaline). Most soil is between pH 5 and 8.

· Inexpensive test kits are often inaccurate. Accurate test kits are always expensive. One important factor in accuracy with any kit is following directions exactly.
· You must keep the probe on a pH meter clean, not just visually clean. These meters work off a chemical and electrical reaction and if the probe has any oxidation it varies or even blocks the electron flow, distorting the reading.
· Wipe pH meter probes in between tests and maintain consistent probe depth when testing.
· Don’t leave pH meter probes in soil any longer than necessary because the metal electrodes may pit, damaging the meter mechanism.
· pH meter probes must always be wiped clean and completely dried before storing.
· Keep pH meter probes away from metal objects.
· Use soil pH meters only in soil, never in water.
· When you have completed all activities for the day you will need to return all of the soil you have used to its original location. In the meantime, keep any soil you’ve handled separate from the soil you’ve not yet used. Always start each activity with unhandled soil.
· THE TIME AVAILABLE FOR THIS ACTIVITY IS NOT SUFFICIENT FOR THE CHEMICAL REACTIONS REQUIRE. AT SEVERAL POINTS BELOW I HAVE MADE SUGGESTIONS THAT WILL ALLOW YOU TO COMPLETE THIS ACTIVITY WITHOUT HOLDING UP THE GROUPS BEHIND YOU.
METHODOLOGY

1. The sample of soil you use for chemical testing (steps 6 & 7) should be from at least 3” (and preferably 4”) below ground so be certain to choose your sample soil from the bottom of your soil horizon. Avoid touching the sample with your hands … wear plastic gloves.

2. Place the sample in the plastic bowl and break it up with a trowel, spoon or gloved hand. Remove any small stones, organic material or hard particles. Then crumble the remaining soil as finely as possible and mix it well. Set it aside to allow it to dry if necessary.
3. SOIL TEMPERATURE
a. Choose a spot within 1’ of the location from which your soil horizon came. Expose the soil surface by brushing away grass and litter until you see the soil.

b. If the soil is hard to penetrate, do NOT try to force the thermometer’s probe into the ground. Instead, use the rebar to make a pilot hole that is 2”-3” deep.

c. Remove the cap from the thermometer’s probe and gently push in the thermometer until the tip is 2” below the soil surface.

d. Wait at least 2 minutes and then read the thermometer every minute until the readings stabilize … until consecutive readings are within 0.5-1.0° F of each other.

e. Remove, clean and recap the soil thermometer. Put soil thermometer and unused tissues in plastic bag. Put used tissues in trash bag.
f. Record your findings.
4. SOIL pH METER (be careful to follow directions exactly)
a. Remove any stones and organic debris such as leaves and twigs that you did not remove before using the soil thermometer. (These can affect and even block the reading.)

b. Wearing plastic gloves, use the trowel to remove the top 2” of surface soil.
c. With trowel and gloved hands, break up and crumble the soil underneath to a depth of 5”. 
d. Thoroughly wet the prepared soil with distilled water to a mud consistency.
e. Using the small pad and wiping away from the tip, lightly shine 4”-5” of the probe to remove any oxides that may have formed on the surface of the metal. Avoid any contact with the bullet-shaped tip.
f. Wiping away from the tip towards the probe handle, use a tissue to wipe the probe clean.
g. Push the probe vertically into the muddy soil to a depth of 4”-5”. If the probe does not slip into the ground fairly easily select a new position. Never force the probe.
h. Once in position, twist the probe clockwise and counter-clockwise between your fingers several times to ensure that the muddy soil is well-distributed over the surface of the probe.
i. Wait 60 seconds to acclimatize the probe.
j. Note the reading.
k. If the reading is pH 7 or higher:

i. Remove the probe from the soil and use a tissue to wipe any soil particles from the surface of the probe.

ii. Using the small pad, re-shine the probe as before.

iii. Insert the probe back into the muddy soil at a different point, avoiding the first hole.

iv. Twist the probe two or three times as before.

v. Wait 30 seconds.
vi. Take the final reading and record your findings.
l. If the reading is below pH 7:

i. Remove the probe from the soil and use a tissue to wipe any soil particles from the surface of the probe. Do NOT re-shine the probe.

ii. Insert the probe back into the muddy soil at a different point, avoiding the first hole.

iii. Twist the probe two or three times as before.

iv. Wait 60 seconds.

v. Take the final reading and record your findings.
m. Use a tissue to clean the probe, avoiding the tip. Put the probe, small pad and unused tissues back in the plastic bag.

n. Put all used tissues, plastic gloves and etc in your trash bag.
5. From the plastic bag marked Soil Test Kit Chemicals, remove one dropper, one color chart and the four test bottles you will need for steps 6 & 7 – one with a green cap and green capsule, one with a red cap and red capsule, one with a blue cap and blue capsule and one with a brown cap and brown capsule.
IF YOU MAKE A MISTAKE WITH ONE OF THE TEST BOTTLES, DO NOT USE A SECOND ONE. THERE IS ONLY ONE BOTTLE OF EACH COLOR FOR EACH GROUP.
6. pH TEST
a. Remove green cap and green capsule from the test bottle.
b. Fill bottle to the first line with soil from the sample you prepared earlier.
c. Carefully open green capsule and pour the powder inside into the bottle. Put used capsule in your trash bag.
d. Add distilled water to the bottle until bottle’s contents reach the fourth line. Use a dropper if necessary.
e. Cap the bottle and shake well.
f. Allow the soil to settle and the color to develop for about 1 minute.
g. Compare your sample solution color with the color chart in a location in which your sample solution is well-illuminated by indirect light.
h. After recording your results, make certain your test bottle is tightly capped and then place it in your trash bag.
7. NITROGEN, PHOSPHORUS, POTASH
a. In a small plastic container with a lid and markings on the side, mix 1 part soil from your prepared sample and 5 parts distilled water. (The markings on the side will help with this.)
b. Thoroughly shake soil and water for at least 1 minute.
c. Allow the mixture to stand undisturbed until it settles.
IT USUALLY TAKES AT LEAST 10 MINUTES FOR YOUR MIXTURE TO SETTLE. IF IT IS TIME FOR YOU TO PASS THE EQUIPMENT FOR THIS ACTIVITY TO THE NEXT GROUP, THAT’S NOT A PROBLEM.

· PUT YOUR MIXTURE IN A SAFE PLACE.

· KEEP THE THREE REMAINING TEST BOTTLES, A COLOR CHART, A STOP WATCH AND A DROPPER.
· GO AHEAD AND START YOUR NEXT ACTIVITY.
· AS SOON AS YOUR MIXTURE HAS SETTLED, COMPLETE STEPS di – div BELOW FOR ALL THREE REMAINING TEST BOTTLES.

· QUICKLY RINSE THE SMALL PLASTIC CONTAINER, LID AND DROPPER. PASS THEM TO THE NEXT GROUP SO IT CAN COMPLETE ITS ACTIVITY.
d. The following instructions apply to each of the remaining three test bottles.
i. Remove the bottle cap and the capsule. (Cap & capsule colors should match.)
ii. Fill the bottle to the fourth line with liquid from your soil sample. Do not disturb the sediment. (Use a dropper if necessary.)
iii. Carefully open capsule and pour powder into bottle. Put used capsule in your trash bag.
iv. Cap the bottle and shake well.
IF YOU HAVE ALREADY BEGUN YOUR NEXT ACTIVITY:

· SET THE THREE TEST BOTTLES ASIDE TO DEVELOP WHILE YOU WORK ON YOUR CURRENT ACTIVITY. 
· DON’T FORGET TO RINSE AND PASS ON THE CONTAINER, LID AND DROPPER.
v. Allow the color to develop for 10 minutes.
· DON’T FORGET TO CHECK YOUR TEST BOTTLES AND PASS ON THE STOP WATCH.
vi. Compare your sample solution color with the color chart in a location in which your sample solution is well-illuminated by indirect light.
vii. After recording your results, make certain your test bottle is tightly capped and then place it in your trash bag.
8. If this is the last activity for which your group needs samples from the soil horizon, use the sheet to return all of the soil – used and unused – to its original location. Shake off sheet and return it with your equipment.
ACTIVITY #5

EARTHWORM CENSUS

EQUIPMENT & SUPPLIES

· ruler

· trowel
· shovel

· white sheet

· half gallon of mustard solution

· stop watch

· gallon of rinse water
· clean towel
· plastic gloves

· small trash bag

CONSIDERATIONS

· Earthworm burrowing improves infiltration and their casts improve aggregation. Earthworms also break down larger bits of residue for use by other soil organisms.

· Earthworms are most active during the spring and fall, the best times to observe their activity.
· When examining the soil for earthworms, avoid places where their populations might be affected, near mulch or compost piles and etc.
· The number of earthworms is usually patchy within a field and varies with season. It’s best to count earthworms several times during a season and use the average to gauge changes from year to year.
METHODOLOGY

1. SHALLOW BURROWING WORMS
a. Measure a plot 12” by 12” and dig down 12”. (Try to minimize the number of cuts to avoid damage to the earthworms.)

b. Place everything extracted on a spread white sheet. It’s important that you not stop digging until you have dug out the complete plot so don’t sort as you dig unless one person continues to dig while another sorts and counts.
c. Sort the soil, separating and counting the number of earthworms. Leave all soil and worms on the sheet.
d. Record the number of shallow burrowing worms you found.
2. DEEP BURROWING WORMS
a. Make sure the bottom of the plot is fairly level.

b. Slowly pour the entire ½ gallon of mustard solution in the plot.

c. Give the solution time to soak in and then watch carefully for worms to surface. Deep burrowing worms should appear within 5 minutes. If none appear after 6 minutes, record your finding as a zero and go to #3 below.
d. Remove each worm from the plot individually by hand, counting as you go.

e. Rinse each worm with plain water and place on sheet with soil. (Don’t pour rinse water over the plot or over the sheet.)
f. Record the number of deep burrowing worms you found.
3. Once finished, carefully pour soil, worms and any other material back into plot and gently pat into place. Shake off sheet and pass it on with the rest of the equipment for this activity.
SOIL ANALYSIS DATA

	Flag ___
Describe location vis-à-vis the lake:



	Moisture Status

(range)
	

	Structure

(label)
	

	Consistence

(label)
	

	Color

(code)
	

	Texture

(label)
	

	Presence of Roots & Rocks
(none, few, many)
	

	Presence of Free Carbonates

(none, slight, strong)
	

	pH - chemical

(range)
	

	pH - meter

(range)
	

	Nitrogen

(high, medium, low, very low)
	

	Phosphorus

(high, medium, low, very low)
	

	Potash

(high, medium, low, very low)
	

	Infiltration Rate

(seconds)
	

	Soil Temperature

(°F)
	

	Earthworm Census
	shallow
	

	
	deep
	

	
	total
	












































































































































