
BIOL 442 Plant Physiology 

Labs 5 and 6 (Two Week Period):  Translocation of Water 

Report Due: 08 October 2021 

 For these two labs, we will continue investigating plant water relations.  We have previously 

studied cell and tissue water relations.  This week, however, we will investigate the manner in 

which water is delivered to the cells and tissues in the leaf by transport through stems or petioles. 

 Water moves axially through the xylem from the roots to the leaves.  The nature of the 

xylem, consequently, will affect the ability of the plant to transport water to its leaves.  In this 

pair of labs, we will examine the xylem of plants and models of the flow through the xylem.  We 

will investigate the role that conducting cell diameter plays in the ability of the xylem to conduct 

water. 

 In this exercise, we will ignore much of what we have learned about osmotic potential 

because xylem does not have cell membranes; therefore, there cannot be an osmotic gradient 

established between these cells.  However, there are pressure differences because the water in the 

xylem is under tension.  Remember that water flows from high to low water potentials.  Based 

upon the observation that water moves up the stem in the xylem, which does the upper part of the 

xylem have higher or lower water pressures?  (In other words, where are the lowest or most 

negative pressures or water potentials?) 

Part I:  Model of water rise in capillary tubes 

Objectives: 

Discover the relationship between adhesion (attraction of water to a charged/polar 

surface) and cohesion (attraction of water to itself) 

 Investigate the predicted and actual height of a column of water in a glass capillary 

Materials (or other sizes depending on availability): 

.6 mm inner diameter capillary tube 

.98 mm inner diameter capillary tube 

1.24 mm inner diameter capillary tube 

The text gives an example of calculating the height that water can rise to in a tube.  The formula 

shown that we used in class was simplified because it does not consider how well the water 

adheres to the glass.  If the glass is not very clean, perhaps containing a thin oil film, the water 

will not strongly adhere to the glass and will not be pulled up as high as the formula in the text 

suggests.  The meniscus at the top of the water column forms an angle () with the glass that 

depends on the relative strengths of cohesion (water-water) and adhesion (water-glass): 
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A more complete expression for the height (h) in meters attained by a water column is given by: 
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where  = 0.0728 N/m,  = 998 kg/m3, g = 9.80 m/s2 and r is the capillary radius in meters.  

Notice that all of the length.  Don’t forget to convert your measured values into meters.   

 
(Figure from Nobel PS. 1991. Physicochemical and Environmental Plant Physiology.  Academic Press) 

 

After including the given constants, Equation (2), for height in meters, simplifies to: 
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 Select three glass capillaries with diameters shown above.  Hold the tube vertical and touch 

the base onto the surface of distilled water in a small beaker.  Measure the height reached by the 

column.  It may climb fairly slowly in the narrower capillary tube (can you guess why?), so 

allow time for it to reach the final height.  You can actually push the capillary up and down a bit 

in height to speed the process of reaching a final height where the base of the tube is just 

touching the water surface.  You should be measuring the height from the water surface to the 

meniscus in the capillary (not from the submerged base of the capillary). 

 Compare the measured height with that predicted by the simplified equation (assuming 

cos  = 1, remember cos(0) = 1).   

 

If the measured height is significantly less than predicted, you can estimate the contact angle .  

This can be done by solving Equation (3) for the angle  (note that the “arccos” function can 

also be written as “cos-1”): 
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  If it is much greater than zero (as when the measured height is much less than predicted), try 

cleaning the tube with ethanol.  Did the measured height become closer to that predicted? 

 Some ideas for figures from this data: 

 plot height as a function of capillary diameter, include a line for predicted and 

a line for measured height 

 plot  as a function of capillary diameter.  Do the different sized capillaries 

have different meniscus angles?  Why? 

Part II:  Hydraulic Conductance of Plant Stems 

Objectives: 

Calculate hydraulic conductance from measurements of water flow rate and pressure 

differences in xylem 

Investigate the relationship between hydraulic conductance and xylem cell diameter 

Materials: 

Acer platanoides leaf petiole 

Tygon tubing: 

1/4 inch inner diameter 

1/8 inch inner diameter 

1/16 inch inner diameter 

safranin stain 

razor blade 

microscope slides and cover slips 

 Obtain a leaf of sycamore (Acer platanoides).  Excise (under water) a petiole segment of 

about 20 mm in length.  Why do you think it is important to cut this leaf under water? 

 Seal the segment in the appropriate section of tubing.  Attach a measuring pipette on one end.  

Now apply a known pressure to the other end of the segment and measure the rate of water flow 

through the stem segment by timing the movement of the meniscus in the pipette.  (See figure 1 

for an illustration of the apparatus.)  Calculate the conductance per unit length (kh): 
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where kh is the hydraulic conductance per unit length for this stem dP/dx is the pressure gradient, 

Jx is the water flow rate (m3/s, remember that 1 ml equals 1 cm3 equals 1E-6 m3), l is the stem 



length and P is the pressure difference across the stem.  The pressure gradient is just the 

pressure difference from one end of the stem to the other divided by the length of the stem. 

 Before disconnecting the apparatus, inject a small amount of safranin stain into the tubing 

upstream of the stem segment and allow the stain to pass through the stem segment.  Now 

remove the stem and carefully cut a thin cross-section through the middle.  Observe the section 

under the microscope and note which cells have been stained. 

 

Obtain an image or set of images using the microscope at the front of the lab.  We will use 

these images for measuring the diameters of cells that were stained and use this data to predict 

what the measured conductance should have been if the conducting cells were simple pipes (like 

glass capillaries): 
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where  = 1.0 E-9 MPa s at 20 °C and d is the cell diameter in meters.  Note the number notation, 

here.  Computers often display a number like 1 x 10-9 as 1.0 E-9, with E standing for the 

exponent. 

We will also collect an image of a micrometer scale that will allow us to convert cell 

measurements to actual units of micrometers. 

 Table 1 illustrates how one might determine the theoretical hydraulic conductance for a stem 

with a range of different sized vessels.  Appendix 1 demonstrates how a predicted and measured 

hydraulic conductance may be compared.  The measured value, in [m4 MPa-1 s-1], is divided by 

the predicted hydraulic conductance to determine the ratio of measured to predicted conductance.  

A value of 1 indicates that the predicted and measured values are the same. 

 Compare your predicted and measured conductivities.  Do these vessels seem to behave as 

simple open pipes? 

 If not, why not? 

 Of the two variables that you measured, cell diameter and flow rate (Jx), which is likely to be 

a greater source of error in making the comparison between measured and predicted 

conductance? 



Table 1.  Example calculation for stem hydraulic conductance per unit length based upon 

solutions of Equation (5) for a number of cells having diameters shown.  The percent of total is 

calculated from the total predicted hydraulic conductance and the portion of that due to each size 

class. 
    

      

Measured 
units 

Diameter (µm) kh for that 

diameter 

# of cells/size kh (m4 MPa-1 s-1) % of total 

      

8 10 2.449E-13 2 4.898E-13 0.1 

16 20 3.919e-12 2 7.838E-12 1.6 

24 30 1.984e-11 2 3.968E-11 8.3 

32 40 6.270e-11 2 1.254E-10 26.1 

40 50 1.531e-10 2 3.062E-10 63.8 

   Total: 4.7961E-10  

      

      

 Here, the conversion from the scale in the image is:  1.25 µm = 1 
unit.  Your conversion factor will probably be different!! 

 

 

 

Diagram of the hydraulic conductance apparatus. 

APPENDIX 1 

Assume there are 10 vessels of 50-µm diameter. 

When Equation (5) is used to calculate the predicted hydraulic conductivity,  
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Suppose that when the hydraulic conductivity was measured, however, 
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When the measured hydraulic conductivity is divided by the predicted, the ratio is .65.  As stated 

above, a ratio of 1 would indicate that the measured hydraulic conductivity was also 1.53E-9 m4 

MPa-1 s-1 meaning that the vessels would be acting as ideal pipes.  In this case, we have cells 

acting as 65% of ideal pipes.  Why would the xylem have a lower conducting ability that ideal 

pipes?  Think of the images of xylem vessels that were shown in lecture, where the vessel cells 

had those perforation plates at the ends of each cell. 


