Name_____________________________


Plant Physiology - Exam 3

April 17, 2006 – 100 points total.

 Please write neatly – it could help your grade.

1. Imagine that you could inject leaf cells with something to regulate the partitioning of triose-phosphates between starch and sucrose.  What might you inject, where would you inject it, and what would be the effect? (6)

The key here is to understand that cytosolic Pi levels regulate the rate of triose-P export from the chloroplast. Higher cytosolic Pi means causes higher triose-P export. So, if you injected Pi into the cytosol, you would expect more triose-P export, more sucrose synthesis, and less starch synthesis. 

2. In the figure below, fill in realistic values for the given components of water potential in the phloem and xylem at the two ends of the flow paths illustrated. Your values should makes sense in terms of the mechanism of water movement within and between the xylem and phloem. Which process – xylem or phloem transport – is dependent on metabolic energy? Explain. (10). See text for example.








3. Explain how and why leaf-level water use efficiency should be affected by rising CO2 levels in C3 and C4 plants. Include in your explanation how WUE differs between C3 and C4 plants currently and how that difference would change in a future, higher-CO2 world.  (6)

Water use efficiency (WUE) is higher in C4 than C3 because the CO2 concentrating mechanism of C4 allows higher photosynthesis and lower stomatal conductance and transpiration. As CO2 rises, the photosynthesis of C4 plants will not be stimulated because it’s already saturated at current CO2 levels, while the photosynthesis of C3 plants will increase. High CO2 also causes a reduction in stomatal conductance, so this will reduce transpiration. The combination of higher photosynthesis and lower transpiration will increase WUE more in C3 than C4 as CO2 rises. 
4. Use the graph below to illustrate the difference in the light response curves of sun and shade leaves.  Be sure to illustrate and explain the differences in the a) dark respiration rates, b) light compensation points, c) light saturation point, and d) maximum photosynthetic rate.  Label the axes with the correct units. (14)

Sun leaves have higher mass/area ratios than shade leaves. Dark respiration rates are higher in sun leaves than shade leaves because there is more photosynthetic “machinery” per unit area in sun than shade leaves, and this requires more respiration to maintain. The light compensation point is higher in sun than shade because of the higher dark respiration rate, which means more light is required before photosynthesis exceeds respiration. The light saturation point is higher in sun than shade because sun leaves have more Rubisco per leaf area, allowing higher rates of photosynthesis. The maximum photosynthetic rate is also higher in sun than shade because of the higher amount of photosynthetic pigments and enzymes per unit leaf area. 







5. Write an equation for the energy balance of a leaf including the major means of heat gain and loss. (6)

At constant temperature: 

Heat gain = Heat loss

Radiation input + convection/conduction + condensation = radiation output + convection/conduction + evaporation
6. Describe the major similarities between mitochondrial oxidative phosphorylation and photophosphorylation in the chloroplast? (6) 

Both use electron transport to generate a proton motive force, which in turn is used to drive a H+-ATP synthase. Both use a double membrane system to allow the formation of a p.m.f. 

7. How would the ATP yield of respiration be affected by inactivating the alternative oxidase? Explain. (4)

The alternative oxidase siphons off electrons before the cytochrome oxidase and therby prevents some of the H+ pumping that would otherwise occur. Thus there is a smaller p.m.f. formed when the alternativ oxidase and consequently less ATP production. Inactivating the alternative oxidase should increase ATP production. 

8. Explain the major findings of the study by Hungate et al. (2004) that examined the interaction of elevated CO2 and nitrogen fixation. (8)

That study examine the response of primary productivity and nitrogen fixation to elevated CO2 in a Florida scrub oak ecosystem. Productivity and N fixation were initially stimulated by elevated CO2, but both declined over a period of years. The reduction in N fixation was correlated with a reduction in the concentration of iron and molybdenum in plant tissues.Because both iron and Mo are required for N fixation, it was concluded that these elements became more limiting over time and this resulted in the growth and N fixation reductions. 

9. What is the difference between a constitutive and an inducible defense? Give one example of an inducible defensive compound. (5)

Consitutive defenses are made at roughly the same level regardless of herbivory. Inducible defenses typically increase in response to herbivory. An example is nicotine, the synthesis of which increase in tobacco plants following episodes of herbivory. 

10. Name three secondary compounds that you have injested or otherwise used (legally) in the past week, one from each of the three classes of secondary compounds.  Explain each compound’s supposed function in plant defense. (9)

Alkaloid – caffeine, acts as a feeding deterrent.

Peppermint – terpene, feeding deterrent

Tannins – protein binding, reduces digestibility

11. What secondary compound was likely a key requirement for the evolution of vascular plants on land? (3)

Lignin, which reinforces the cell walls, was likely required for the development of vascular plants because it makes tracheary elements strong enough to support tall plants and withstand the tensions that develop during transpiration. 
12. Imagine that a rainforest plant has the genetic capacity to produce all kinds of secondary compounds. Speculate as to how the amount and kind of defensive chemicals that it makes might differ from when the plant is a seedling in the understory of the forest to when it is a mature overstory tree.  (7)

I accepted all reasonable answers. The point was to appreciate that a young understory plant would have less energy, but more need, to produce defensive compounds. In contrast, a mature overstory plant would have more energy (light) but perhaps less need to defend itself. 

13. Give brief (one to a few words) descriptions of the following:

a) secondary compound that binds proteins (2) tannins
b) a phenolic compound that produces blue, purple, and red colors (2)

anthocyanins

c) a highly toxic gas produced when tissues of certain plants are damaged (2)

hydrogen cyanide

d) the two inorganic forms of nitrogen commonly taken up by roots (2)

ammonium, NH4+,, and nitrate, NO3-

e) a micronutrient involved in nitrate reduction and nitrogen fixation (2)

molybdenum, Mo

f) a key regulatory enzyme in the shikimic acid pathway (2)

phenylalanine ammonia lyase PAL

g) a group of secondary compounds that are particularly effective against vertebrate herbivores (2)

alkaloids

h) process whereby the whole plant’s resistance to herbivores increases as a result of herbivory on a part of the plant (2)

systemic acquired resistance
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