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BIO426 Plant Physiology ---Exam 1, February 10, 2006

PLEASE READ THESE DIRECTIONS

The test has short answer and numerical questions. If a calculation or equation is involved, show all of your work and circle your answer.  Equations that you might need are listed on the last page. Point values are given in parentheses. There are 100 total points.  Tests will be collected at 10:00 am. 

1. Which of the following is not a property or function of biochemical enzymes? (3)

a) exhibit substrate specificity

b) increase reaction rates

c) change the G of the reaction THIS IS THE CORRECT ANSWER
d) have complex 3-dimensional structure

2. If the G for moving an uncharged solute against a 10:1 concentration gradient is 3kJ mol-1, what is the G when the concentration gradient is 100:1? Which equation from the list is relevant? (6)

G = 2.3RT log (C2/C1). When C2/C1 = 10, then log C2/C1 = 1. When C2/C1 = 100, then log C2/C1 = 2. So the overall G would double from 3kJ/mol to 6 kJ/mol. 
3. Explain how an ion could move across a membrane from an area of lower concentration to higher concentration without the need for energy input. Which equation from the list applies to this situation? (6) This could happen if the ion was electrically attracted to cross the membrane and if the strength of the electrical influence was greater than the counteracting influence of an uphill concentration gradient.  This would be the case if the zF Em part of the equation below is negative and has a greater absolute value than the 2.3 RT log C2/C1 part.

G = zF Em + 2.3 RT log C2/C1
4. An enzyme-catalyzed reaction has a rate of 4.0 at a substrate concentration of 100 and a maximum reaction rate of 6.0.  What is the value of Km for the reaction? (4) How would a competitive inhibitor affect the Km and Vmax values (increase, decrease, or no change)? (5)

V = 
(Vmax x [S])  Use this equation to solve for Km..

(Km + [S])
4 = (6 x 100) 
         (Km+ 100)

4Km + 400 = 600

4Km = 200

Km = 50

A competitive inhibitor increases the Km but does not change Vmax. 
5. In which condition would a leaf experience a greater potential transpiration rate: 200C and 50% relative humidity or 400C and 80% relative humidity? Assume the leaf’s temperature is that of the air. Show your calculations. (8)

Recall that relative humidity is the actual water vapor concentration of the air divided by the saturation water vapor concentration at that temperature. 

So, using the chart at the end of the test,  50% RH = X/0.96, and so that actual water vapor concentration is 0.48 moles/m3.  80% = X/2.842, so the actual water vapor concentration is 2.27 moles/m3. Because the leaf’s temperature is the same as that of the air, the water vapor concentration inside the leaf can be assumed to be that of saturated air at the given temperatures, or 0.96 moles/m3 at 20 degrees and 2.842 moles/m3 at 40 degrees.

The potential transpiration rate is determined by the leaf-air water vapor concentration gradient, or driving force. 

At 20 degrees and 50% RH this is 0.96 – 0.48 = 0.48 moles/m3.

At 40 degrees and 80% RH this is 2.842 – 2.27 = 0.57 moles/m3.

So, the potential transpiration rate would be higher at 40 deg and 80% RH.
6.  Explain how could you estimate a soil’s water potential by measuring a plant’s water potential.  State any assumptions you might need for this approach to be valid. (5)

You would need to measure the plant’s water potential at predawn, when the plant can be assumed to be in water potential equilibrium with the soil. 

7. Consider a clay soil and a sandy soil that are both saturated with water.  In which of these soils would a plant likely have a lower root w?  Explain and include the equation from the list that is relevant to this question.  (6)

The plant would likely have a lower root w in the clay soil because its very small pore space would create a more negative pressure component of total water potential, according to the equation P = -2T/r. The “r” term refers to the characteristic radius of the meniscus of water in the pore spaces. Because that is smaller for clay than sand, the water potential would be lower (more negative) in clay, and the plant would have to have a lower water potential in clay than sand also. 

8. What leaf process is most sensitive (responds first) to a reduction in water potential? Explain why this response is so sensitive. (4)

Leaf expansion is most sensitive to a reduction in water potential because it depends on turgor, which decreases quickly when water potential drops.

9. Consider two adjacent leaf cells that are in water potential equilibrium. Cell #1 has a P = -2.0 MPa and a s = 0.0 MPa.  Cell #2 has a P = 0.8 MPa.  What is the value of s for Cell#2 and the total water potential of each of the two cells?  What two types of leaf cells might Cell #1 and Cell#2 be? (6)  
Remember that w = P + s
If the cells are in water potential equilibrium then they have the same total water potential, w. For Cell #1 this is -2.0 MPa, so it must be -2.0 for Cell #2 also. If that’s the case, then Cell #2 must have a Ys equal to  -2.0 minus its YP of 0.8MP, or -2.8MPa. 
10. Draw a graph that shows how the pattern of variation in leaf water potential (w) over the course of a day, from dawn until dusk and back to dawn again. Explain when and why w reaches its daily minimum and maximum values. Your values of w should be realistic, that is, within the range that we have discussed for real plants. (8)

The key thing is to understand that w is highest (least negative) at predawn, when the plant has had all night to re-equilibrate with the soil water potential. w reaches a minimum (most negative) during the middle of the day when transpiration is highest. 

11. Consider two plant stems that are the same length and diameter but stem A has tracheary elements that are twice the diameter of those of stem B. All other conditions being equal, which stem would have the greater volume flow rate and how much greater would it be?  (6) Key point is to know from Poisuelle’s equation that the volume flow rate of a tube (or set of tubes) varies as the 4th power of the radius. If the radius is doubled, then the volume flow rate will be 24 or 16 times as great. 




Stem A



Stem B




12. Explain the process of osmotic adjustment that enables a cell to maintain turgor as the external water potential decreases.  Use a numerical example in your explanation. (8)

Osmotic adjustment to a decrease in external water potential involves an increase in the concentration of solutes in the cells so that the solute potential, and thus total water potential decreases. This gives the cell a greater ability to take up water from its surroundings and maintain turgor. 
13. In what way do the negative pressures in the tracheary elements of plants place them at risk of failure? Explain what happens to make them become dysfunctional for conducting water. (8)

The tracheary elements are subject to embolism formation, which renders them non-functional for water transport. This happens because the negative pressure, if sufficiently high, can cause air to be drawn in across the pits in the cell walls. Once an air bubble enters a tracheary element, it expands and fills the element, which can no longer conduct water. 

14. Briefly explain the cohesion-tension model of water movement through the xylem. What are the essential elements of this model? Where is the force for this movement generated? What physical properties of water are involved? (9)

15. Consider the remarkably poor drawing of a tree below.  Give realistic values for the water potential of the soil, roots, trunk, and upper leaves when the tree is transpiring. (8)  Water potential values along the soil – plant continuum are in the range of 0 to -10 MPa. They get increasingly negative in the direction of water movement. So the least negative values should be in the soil, then more negative in the roots, then the trunk, then the most negative in the leaves. This might produce a range of say, -1MPa to -3MPa across the entire range. 




16. Explain why the xylem tension at the top of a tall tree growing in saturated soil must be negative even when the tree is not transpiring. (4)

This is because some tension must exist there to support the weight of the column of water below it. This influence is seen in the gravitational component of water potential, a positive term that must be opposed by an equal tension (which is negative).

Equations and formulae that you might need.

G = 2.3 RT log C2/C1




G = zF Em + 2.3 RT log C2/C1

E = -2.3RT log C2/C1





   zF         

F = 9.65 x 104 J V-1 mol-1, or 9.65 x 104 coulomb mol-1
R = 8.314 J mol-1 K-1, 0.008314 liters MPa mol-1 K-1 

V = 
(Vmax x [S])
(Km + [S])

S = -RTCs




P = -2T/r




E = mc2
Volume flow rate =  r4P

  8x

Temperature (0C)

Saturation water content of air (mol m-3)


10






0.522

20






0.961

30






1.687

40






2.842
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