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Questions

1. If a potato core is allowed to dehydrate by sittin,

g in the open air, would the water potential of
the potato cells decrease or increase? Why?

2. Ifaplant cell has a lower water potential than its surrounding environment and if pressure is
equal to zero, is the cell hypertonic (in terms of solute concentration) or hypotonic to its
environment? Will the cell gain water or lose water? Explain your response.

Figure 1.5

Initial Values Beaker Contents

(0.4% sucrose solution) y, = (-)4

Dialysis Bag
(with 0.1% sucrose solution)

Y=O1y,=0

3. In Figure 1.5 the beaker is o

pen to the atmosphere. What is the pressure potential ()
of the system?

4. In Figure 1.5 where is the greatest water potential? (Circle one.)

beaker dialysis bag

5. Water will diffuse (circle one) the bag. Why?

into out of

14
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8. Refer to the procedure for calculating water potential from experimental data (page 13).

a. Calculate solute potential (W) of the sucrose solution in which the mass of the zucchin
cores does not change. Show’ Yyour work here:

b. Calculate the water potential (")

) of the solutes within the zucchini cores. Show your
work here:

9. What effect does adding solute have on the sol;

10. Consider what would happen to a red blood cell (RBC) placed in distilled water:

a. Which would have the higher concentration of water molecules? (Circle one.)

Distilled O  RBC
b. Which would have the higher water potential? (Circle one.)
Distilled HO0 RBC

¢. What would happen to the red blood cell? Why?
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EXERCISE 1C: Water Potential

In this part of the exercise you will use potato cores placed in different molar concentrations of
sucrose in order to determine the water potential of potato cells. First, however, we will explore
what is meant by the term “water potential.”

Botanists use the term water potential when predicting the movement of water into or out of
plant cells. Water potential is abbreviated by the Greek letter psi () and it has two components:
a physical pressure component (pressure potential wp) and the effects of solutes (solute
potential ).

N = L8 + L
Water - Pressure 4 Solute
potential » potential potential

Water will always move from an area of higher water potential (higher free energy:
more water molecules) to an area of lower water potential (lower free energy; fewer water
molecules). Water potential, then, measures the tendency of water to leave one place in favor
of another place. You can picture the water diffusing “down” a water potential gradient.

Water potential is affected by two physical factors. One factor is the addition of solute which
lowers the water potential. The other factor is pressure potential (physical pressure). An increase
in pressure raises the water potential. By convention, the water potential of pure water at
atmospheric pressure is defined as being zero (y = 0). For instance, it can be calculated that a
0.1-M solution of sucrose at atmospheric pressure (y, = 0) has a water potential of -2.3 bars
due to the solute (y = — 2.3)."

Movement of H,O into and out of a cell is influenced by the solute potential (relative
concentration of solute) on either side of the cell membrane. If water moves out of the cell,
the cell will shrink. If water moves into an animal cell, it will swell and may even burst. In
plant cells, the presence of a cell wall prevents cells from bursting as water enters the cells, but
pressure eventually builds up inside the cell and affects the net movement of water. As water
enters a dialysis bag or a cell with a cell wall, pressure will develop inside the bag or cell as water
pushes against the bag or cell wall. The pressure would cause, for example, the water to rise in an
osmometer tube or increase the pressure on a cell wall. It is important to realize that water
potential and solute concentration are inversely related. The addition of solutes lowers the water
potential of the system. In summary, solute potential is the effect that solutes have on a solution’s
overall water potential.

Movement of H,O into and out of a cell is also influenced by the pressure potential (physical
pressure) on either side of the cell membrane. Water movement is directly proportional to the
pressure on a system. For example, pressing on the plunger of a water-filled syringe causes the
water to exit via any opening. In plant cells this physical pressure can be exerted by the cell
pressing against the partially elastic cell wall. Pressure potential is usually positive in living cells;
in dead xylem elements it is often negative.

+ A bar is a metric measure of pressure, measured with a barometer, that is about the same as 1 atmosphere. Another
measure of pressure is the megapascal (MPa). [1 MPa = 10 bars.]
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If you were to add solute to the water outside the potato cells, the water potential of the
solution surrounding the cells would decrease. It is possible to add just enough solute to the
water so that the water potential outside the cell is the same. as the water potential inside the
cell. In this case, there will be no net movement of- water. This does not mean, however, that the
solute concentrations inside and outside the cell are equal, because water potential inside the
cell results from the combination of both pressure potential and solute potential (Figure 1.3).

Figure 1.3

Solute in Water
Y=y, +y,
-12=0+(-12)
Potato Cell

V=Y, +y,
~12=3+(-15)

If enough solute is added to the water outside the cells, water will leave the cells, moving
from an area of higher water potential to an area of lower water potential. The loss of water
from the cells will cause the cells to lose turgor. A continued loss of water will eventually cause
the cell membrane to shrink away from the cell wall (plasmolysis).

ka
Procedure
Work in groups. You will be assigned one or more of the beaker contents listed in Table 1.4.
For each of these, do the following:

1. Pour 100 mL of the assigned solution into a labeled 250-mL beaker. Slice a potato into discs
that are approximately 3 cm thick (see Figure 1.4).

Figure 1.4

LS

2. Use a cork borer (approximately 5 mm in inner diameter) to cut four potato cylinders. Do
not include any skin on the cylinders. You need four potato cylinders for each beaker.

3. Keep your potato cylinders in a covered beaker until it is your turn to use the balance.

4. Determine the mass of the four cylinders together and record the mass in Table 1.4. Put the
four cylinders into the beaker of sucrose solution.

5. Cover the beaker with plastic wrap to prevent evaporation.
6. Let it stand overnight.

7. Remove the cores from the beakers, blot them gently on a Ppaper towel, and determine their
total mass.

8. Record the final mass in Table 1.4 and record class data in Table 1.5. Calculate the
percentage change as you did in Exercise 1B. Do this for both your individual results and the
10 class average.

9. Graph both your individual data and the class average for the percentage change in mass in

Table 1.4.




image4.png
g dnoip pdnoly  gdnoiy  zdnon 7 dnosg

59109 038}0d JO Sse|y u] a5uey Jusdiad

ejeQq Sse|Q)—s}Insay 2109 0jelod :G'T d|qel

esonNs W 0T

esoons W 8°0 (o

@solns W 90 (P

esoions W ¥'0 (o

esoions W Z'0 (4

03EM POIINSIA W 00 (¢

‘ssel uj oBuey)
Jusaleg ofesony sseid

Sse uj aBuey)
woviag

‘Soualenq ssew ssew ioneeg

ssew feuld remul uj spep0)

ejeq |enplAlpuj—ai109 ojejod T 9lqeL





image5.png
12

R ——
AT T
LA D __ 1 |

Gra

ph 1.2: Percent Change in Mass of Potato Cores at Different

Molarities of Sucrose

% Increase
in Mass of
Potato Cores

% Decrease
in Mass of
Potato Cores

10.

4 TEEEERT 1813 R T

S EEEE

i T T
e el e

| T 1
1

T &

, H 1

£

L1 1 LE EZE

Sucrose Molarity within Beaker

Determine the molar concentration of the potato core. This would be the sucrose molarity
in which the mass of the potato core does not change. To find this, follow your teacher's
directions to draw the straight line on Graph 1.2 that best fits your data. The Ppoint at which
this line crosses the x-axis represents the molar concentration of sucrose with a water
potential that is equal to the potato tissue water Ppotential. At this concentration there is
1o net gain or loss of water from the tissue. Indicate this concentration of sucrose in the
space provided below.

Molar concentration of sucrose = M
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