Soil Respiration Lab

Materials 

● 4 large tomato sauce cans to invert over the soil. 

● 2 spatulas or blunt knives

● marking pen

● 50 ml graduated cylinder

● 3 plastic jars with 20 ml freshly made 1M KOH  

• 100 ml 1M HCl

● 1% solution of glucose

   1 ml phenolphthalein

● One 125 ml Erlenmeyer flask or beaker

● One Burette and stand

Introduce the concept of soil respiration and theories behind the method.

What is soil respiration?  Who is respiring?

Why study it?  Especially with respect to the wetland.

What is the rate of respiration in soil?  Does respiration increase with more energy supply as sugar.  

Explain basic method.

Twenty-four hours before lab measurements field experiments will be set up at selected sites in the wetlands.  These will consist of the following:  small plastic jar with freshly made 20 m1M KOH.  One set-up will be a control and 50 ml of distilled water will be used to flood the ground surface; then the KOH jar will be opened up and placed under an inverted metal sauce can.  The can will be secured in such a way that air can not get into the area beneath the surface of the can.  The remaining experimental set-ups will use 50 ml of 1% glucose instead of distilled water.  The set-ups will remain in the wetlands for 24 hours.  After this time cans will be removed and KOH jars will be quickly sealed and we will return to lab to do titration analyses with HCl.  
THEORY

Theories of cellular respiration and photosynthesis

Soil contains lots of organisms -- algae, bacteria, fungi, nematode worms, annelid worms, and arthropods of many kinds.  

Most of these organisms will be performing cellular respiration.  According to theory of cellular respiration, what is the summary equation for that set of processes?

_____________________________________________________________________
and what is the function of cellular respiration?

Some species lower in the soil farther from the high oxygen gas concentrations of the air may perform fermentation of some sort.  None of the fermentation processes use O2 and many, but not all produce CO2 as a waste product in order to gain ATP.

Theories of chemical reactions in the methods

We will used known chemical reactions, to estimate how much CO2 is produced over a period of time and therefore, estimate the net rate of respiration of soil organisms.  We will placed a sealed container over a patch of soil.  Inside the container will be a jar of KOH .  According to chemical theory, KOH reacts with CO2 to produce a precipitate, potassium carbonate:

 2KOH + CO2 ( K2CO3 + H2O

There is little CO2 in the air normally (0.03%), so most of the CO2 in that equation should come from organisms in the soil, unless there are few organisms in the soil.

As time goes on more and more of the KOH in the jar gets converted to K2CO3.

To test this hypothesis we will do a controlled experiment.  A controlled experiment is a manipulation of nature in which we create somewhat artificial situations that allow us to control variables and compare treatments that differ by only one variable.

We will estimate the amount of CO2 that reacted with the KOH to get our estimate of the rate of respiration. 

We do that with acid/base theory and titration.  KOH is a base.  We will add to it an acid (HCl) of equal strength (equal concentration) until the acid exactly neutralizes the base -- that's titration.  The theory KOH + HCl ( KCl + H2O predicts that if no KOH has combined with CO2, it should take exactly 20ml of 1M HCl to neutralize 20ml of 1M KOH.  But if the KOH has been exposed to CO2, some of the KOH will be removed as K2CO3 + H2O, so it will take ______________________________________ (less or more) HCl to neutralize the KOH.

Thus, the titration determines the amount of K in the solution that __________________________ (has or has not) combined with CO2.

Which of the KOH jars should at this point have the greatest amount of K+ remaining in solution? _____________________________________________________________________

And the jar exposed to the fastest rate of respiration should need ___________________________ (the most or the least) HCl to neutralize the KOH 

Thus, we can calculate the amount of CO2 produced by soil respiration by subtracting:

moles CO2 reacted = moles HCl used for unopened jars (no respiration control) – moles HCl used for opened jars.

To calculate the mg of CO2 reacted we use the formula:

mg CO2 reacted = 22 (HClno resp. ontrol – HClother  treatment ) mg

That equation is derived from chemical theory as follows:

moles of KOH reacted = (Liters HClcon – Liters HClexp) x 1 moles HCl  [the amount of HCl in our acid solution]
moles of CO2 reacted = 0.5 moles of KOH reacted, because half as much CO2  is needed relative to KOH in the reaction: 2KOH + CO2 (K2CO3 + H2O

So

moles of CO2 reacted = (L HClcontrol – L HClexp) x 0.5 moles CO2  reacted with KOH.

O.5 moles of CO2 = 22g CO2 per Liter

Why?  1 mole = 12g for Carbon + 2 X 16 g for Oxygen = 44g/Liter and 0.5 mole = 22g/ liter

So, g CO2 reacted = 22g/L (L HClcontrol – L HClexperimental )

We will use milliliters (ml) so we divide both sides of the equation by 1000

Dividing both sides by 1000, we get

mg CO2 reacted = 22mg/ml (ml HClcontrol – ml HClexperimental )

METHODS

Preparing Reagents:

1% glucose solutions


0.5g glucose dissolved in 50 mls distilled water

1M KOH


1.12g KOH dissolved in 20 mls distilled water.  Container must be capped immediately after mixing the KOH and water.

Removing KOH from respiration chambers.

With the metric ruler measure the diameter (cm) of the respiration chamber.

Record that measure on your container label.

Leave the chambers to respire about 24 hours.  

Go to the lab room.

Add 2 drops of phenolphthalein to one of the two KOH solutions.  

Initial volume of 1M HCl in burette _____________

Final volume of 1M HCL in burette: ______________________

Titrate with 1 M HCl, adding a drop at a time, until the color just changes to clear.  Gently swirl the jar to mix after each drop.

Record the amount of HCl used.

Calculate the mg of CO2 that reacted with the KOH, according to the theory discussed above:

mg CO2 reacted = 22 (ml HClno resp. ontrol – ml HClother  treatment )

Next, convert the CO2 used to a rate of respiration by dividing by how many hours we allow respiration to occur (to the nearest 0.1 hr., since we were probably no more accurate than ( 3 minutes).  Rate of respiration in our chamber = ________ mg CO2 / hr.

Finally, convert the rate in our tin-can chambers to a rate per standard unit of area, square meters.  Here’s how:

First, record your container diameter in cm.______________________________ 

Convert each to meters (1 cm = 0.01 m). ____________________________________

Then calculate the area of our patch of soil ___________________________ m2. (r2)

Divide the hourly rate by the m2 studied to get rate per hour per m2:

Rate of soil respiration = _________________ mg CO2/hr/m2.

