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SOIL SCIENCE 322

Physical Principles of Soil and Water Management


6-Weeks Exam

February 26, 2009

1.  (7 points).  In some areas where soil loss by erosion is extreme, the Natural Resources Conservation Service (NRCS) or other agencies have started building detention ponds to store runoff water.  These ponds are designed to retain the water long enough to allow most of the suspended sediments time to settle out.  Assuming that clay and sand size particles do not readily erode, how may days would it take for silt size particles to settle to 3 meter (300 cm) if these have a diameter of 0.003 mm?  Assume the water is at 20oC and the viscosity of water is 1.0x10-3 Newton-sec/m2 (0.010 dyne-sec/cm2) and the density of water is 1,000 kg/m3 (1.0 g/cm3).

    (3 points).  What is the specific surface area per unit mass of these silt particles (recall the diameter is 0.003 mm)?
2.  (10 points total).  In class we have discussed how soil structure and soil texture both influence water movement in soil, and how we management it.

A.  How are structure and texture alike with respect to water? Give an example.

B.  In what ways are they different? Give an example.
3.  (10 points).  You have extracted a 10-cm radius soil core from an agricultural field with a clay loam texture, located west of Madison. The core was taken from the Ap horizon which is 15 cm thick and you’ve weighed the sample in the lab. The mass of the wet soil sample was 7,205 g, the mass of the sample when dried was 6,483 g, and the plastic cylinder without the sample was 250 g. To manage the field, the landowner needs to know the following:

A. Bulk density of the horizon

B. Volumetric water content of the horizon

C. Depth of water held in the horizon

D. Depth of water needed (via irrigation) to bring the horizon to saturation

    (5 points).  Compared to our classroom mascot, Sparta sand, will this soil require more or less frequent irrigation?  Explain your answer with regard to the water retention curve (a drawing/graph is acceptable).

4.  (10 point).  List three methods that you could use to measure water content (on a gravimetric or volumetric basis) in the soil.  What advantages does knowing the volumetric water content have over knowing the gravimetric water content?
5.  (15 points).  Explain the differences between gravitational, piezometric and matric pressure.  List a device (one for each pressure/potential) that can be used to measure these.

6.  (5 points).  Explain the physical principles that describe the process that causes water to rise in a soil capillary.

7.  (10 points).  Besides flocculation, what other process does soil structural development require? How are these processes influenced by soil texture?
8.  
(30 points).  Indicate if the following statements are true (T) or false (F).

T---F  a).
A clay-size soil particle has a larger specific surface area than sand size particles.

T---F  b).
Cohesive forces result from the attractive forces existing between molecules of the same substance.

T---F  c).
Surface tension is the force per unit length required to pull the surface of a liquid, such as water, apart.

T---F  d).
A water molecule has an electro-positive charge on the oxygen end that causes it to have positive charges like cations in the soil, and this is why it is attracted to soil particles.

T---F  e).
Soil air is composed of 79% oxygen (O2) and carbon dioxide (CO2) but mostly CO2 and 21% N2 (nitrogen).

T---F  f).
 SEQ CHAPTER \h \r 1Kinetic energy is an important component of the energy of water moving in soils.

T---F  g).
A sandy soil with a bulk density of 1.8 kg m-3 will have sufficient porosity for growing tomatoes that are the envy of vendors at the Farmer’s Market.
T---F  h).
Macroaggregates are typically more stable than microaggregates.
T---F  i).
 SEQ CHAPTER \h \r 1Soil water content can be measured indirectly with a piezometer.
T---F  j).
Soil structural development requires soil organic matter.
T---F  k).
 SEQ CHAPTER \h \r 1In the groundwater flow model demonstrated in class water was flowing to the river/lake because of a negative pressure potential at the water level.

T---F  1).
Matric potential can be derived from a measure of the relative humidity and use of the following equations, provided the solute concentration of the soil is known ψo = cRT and ψo+m = (RT/Vw) ln p/po.

T---F  m).
Water flow in saturated soil is always downward from the soil surface.
T---F  n).
Soil structure is easily quantified, such as by aggregate stability.

T---F  o).
 SEQ CHAPTER \h \r 1Because of hysteresis in soil, at a given soil matric potential there can be two water content values associated with this one matric potential value.



