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mulched cores, the combined initial effects were additive. 

Figures 15 and 16 also indicated that at low rates of 

evaporation (no air movement, no radiation) the initial rate 

of evaporation was maintained over a given interval of time. 

The duration of the time interval of the constant rate of 

evaporation decreased as the initial evaporation rate in­

creased until, for the highest rate of evaporation shown 

(air movement plus radiation), no initial constant rate of 

evaporation could be seen. It is probable, however, that 

for a short time interval, not evident at the time scale 

used, an initial constant rate of evaporation did exist for 

the highest initial rate of evaporation. 

The initial constant rate of evaporation mentioned 

above implies that the rate of evaporation will be constant 

over a certain range in soil moisture. Such a phenomenon 

is in agreement with the observations of Kolasew (1941) and 

Lemon (1956). 

Soil Moisture Distribution with Depth 

Figures 17-26 showed that the moisture distribution with 

depth below the soil-mulch interface of the mulched cores 

was essentially constant. A constant moisture distribution 

with depth had not been anticipated and an adequate expla­

nation cannot be offered for its appearance. 

One would have anticipated (on the basis of capillary 
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flow under potential gradients and on the basis of a 

temperature decrease (3-12* F., data not shown) with depth 

below the soil interface of the radiated cores) a moisture 

increase with depth. However, such an increase in moisture 

is not apparent. Further study on moisture distributions 

with depth, in drying soil cores, is needed before any real 

answer can be presented to explain the occurance of a con­

stant moisture distribution with depth. 

It may be that the gradient of capillary potential is 

so small across the soil cores in comparison to the gradient 

across the mulches that only small changes in the potential 

at the interface are needed to cause capillary flow at a 

rate sufficient to meet the evaporation rates recorded 

(Tables 1 and 2). Small capillary potential gradients 

across the soil core would mean only small moisture varia­

tions that could be masked by packing variations in the 

soil cores. 

The data for the unmulched cores of this study indicate 

that, as evaporation proceeds, a surface zone of dry soil 

develops that acts as a mulch. Once the dry zone has 

developed, the water below this dry zone behaves similar to 

the water in the soil cores under the applied mulches. 

That is, below the surface layer of dry unmulched soil one 

finds a zone of moisture increase with decreasing depth as 

found in the applied mulches themselves (see Figures 19-26) 
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followed by a lower zone of constant moisture content. It 

appears that the dryness of an applied mulch is an important 

factor in the operation of a mulch. But the type of mulch, 

as has been seen, is also a factor, 

Diffusivity and Capillary Conductivity 

It was seen in Figures 27 and 28 that the diffusivity 

and capillary conductivity data for the soil cores showed a 

marked deviation, at the higher moisture contents, from 

that expected on the basis of assumptions used in deriving 

and working with the unsaturated flow equation. The as­

sumptions have been that capillary conductivity k and the 

capillary potential # are single-valued functions of the 

moisture content. These assumptions, in turn, had seemed 

to imply (though there seems to be no proof) that the dif­

fusivity D is also a single-valued function of the moisture 

content. The diffusivity, it is remembered, is defined as 

the capillary conductivity k times the change in the capil­

lary potential with moisture content ̂  . 
00 

Gardner (1956), in testing his solution of the dif­

fusion equation for the pressure plate apparatus, noted 

deviations, as we have, from theoretically predicted results 

at the wet end (low pressure) of the moisture range. He 

reasoned that the deviations were due to the difficulty 

encountered in meeting the assumed boundary conditions at 
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low pressure values. Consequently, Gardner discarded all 

data collected at pressures less than about 150 millibars. 

Miller and Elrick (1958) extended Gardner's work to 

correct for deviations obtained at low pressures by account­

ing for membrane impedance. They reasoned that the resis­

tance to flow offered by the pressure plate or membrane at 

the low pressure levels overshadowed the impedance to flow 

offered by the soil. Kunze (1961) has, in turn, extended 

the work of Miller and Elrick by increasing the sensitivity 

for plots of the initial outflow data over a particular 

increment of pressure. It is with Kunze's improved apparatus 

that we find the theoretically unexpected parabolic (double-

valued) diffusivity and capillary conductivity functions. 

If it is true that diffusivity and capillary conduc­

tivity are double-valued functions of the moisture content, 

as indicated by the data of Figures 27 and 28, then it must 

be that the current theory of unsaturated soil moisture 

flow is not valid and needs modification, Hallaire and 

Henin (1958) have stated that their experimental work on 

soil water movement in soil cores did not agree with present 

theory. 

Electrical Conductivity 

Figure 32 of the Results indicates that the calibration 

curves were not the same for cylinders of different wall 

thicknesses. This variation results from the deeper 
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penetration of the four-electrode probe into the soil with 

the thinner-walled (l/8-inch) cylinder. Since the soil was 

packed in the same manner in the cylinders of different wall 

thicknesses, one should not obtain the variation shown. The 

variation is an indication of the error involved in assuming 

b = 0 in equation 6. 

The electrical conductivity data were disappointing. 

The initial work done indicated that the four-electrode 

method should work, at least in the moisture ranges above 

about 10 percent (the FWP) for this soil. That it did not 

prove successful for a long-term experiment is quite apparent 

from the data listed in Appendix B, Tables 17 and Id. 

There are two possible explanations for failure of the 

probe to work over a long time. The first explanation is 

offered by Taylor (1950) when he shows that small changes 

in the electrode spacing of a probe will cause large errors. 

There were 112 probes used in this experiment and each was 

as carefully constructed as possible. However, the plastic 

bases were not as rigid as one would like and it is possible 

that the process of installing the probes caused errors in 

spacing over and above construction errors. The second, 

and probably the pertinent explanation is that the electronic 

equipment was faulty. Re-examination of the data for the 

probe in a homogeneous, liquid, conducting medium (tap water) -

showed large and unexplainable variations except as 
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attributable to erratic electronic equipment. The equipment 

had been overhauled, but was 11 years old. Future plans 

call for reconstruction of the meter with new component parts 

and with a built-in standard resistor calibration system to 

check the equipment for smoothness of behavior at any time. 

In all events, the four-electrode probe system, or any 

system designed to measure the moisture distribution, will 

have to be highly senstive over the full range of soil mois­

ture content. The necessity for great sensitivity is seen 

by the lack of moisture variation with depth found in the 

present study (see Figure 19 as an example). 

The data shown in Figures 29, 30 and 31 indicate that 

the resolution for the four-electrode probe was about plus 

or minus one-inch deptn in the soil. The moisture distri­

bution data With depth was not all lost since the cores 

were sectioned and the moisture distribution gravimetrically 

determined at the end of each run. 
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SUMMARY AND CONCLUSIONS 

An experiment was established using laboratory (lab) 

and (undisturbed) field cores of an Ida silt loam to study 

the effect of several factors on evaporation from, and 

moisture distribution in, soil cores. The factors were soil 

surface conditions, air movement and radiation. An evapo­

ration chamber was constructed in two sections so that two 

conditions of radiation could be imposed. In each side of 

the chamber eight soil cores, 15 inches long and 3 inches in 

diameter, were placed on a display table which could be 

rotated and were moisture treated. One-half of the cores 

on each side were laboratory cores and one-half were field 

cores. In one section of the chamber radiation was 

supplied — in one case at 200 foot-candles, and in 3 cases 

at 450 foot-candles. In the other section no radiation was 

supplied. 

The moisture treatment which was given to the samples 

consisted of a saturating from below followed by a draining 

to the atmosphere. Saturating and draining in this manner 

represents a field condition where drainage occurs from an 

initially saturated 15-inch surface layer of soil sitting on 

a gravel stratum. 

After the soil cores had been saturated and drained, a 

dust mulch two inches thick was added to one of each type 

of core (lab cores and field cores) on both sides of the 
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chamber. The same procedure was followed with a gravel and 

a corn-cob mulch. Some capillary movement of water into 

the mulches was allowed by the procedure, but the mulches 

were not wet to the surface. One core of each type was 

left bare as a no-mulch or check treatment. Once the 

mulches had been added, the cores were weighed, placed back 

on the rotating tables and the tables started. Radiation 

(200 or 450 foot-candles) was supplied on one side of the 

chamber. Air movement effects were no air movement or air 

movement of 7.5 feet per second supplied by a 16-inch fan 

as desired. A total of four runs were completed, two with 

no air movement and two with air movement. 

Evaporation data were collected by periodic weighing 

of the soil cores. The data thus collected were used to 

plot cumulative evaporation curves and rate of evaporation 

curves. The soil moisture distribution with depth was 

determined gravimetrically at the end of each run. In ad­

dition, measurements were made with a four-electrode probe 

to determine moisture content. 

While the evaporation runs were being conducted, 

capillary conductivity and diffusivity data were collected 

on separate soil samples by the pressure outflow method. 

The data on rate and amount of evaporation obtained 

in this study show that a two-inch gravel mulch on the soil 

reduced water loss by evaporation more than did a corn-cob 
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mulch of the same depth. The corn-cob mulch, in turn, re­

duced the water loss by evaporation more than did a dust 

mulch. The above can be seen in Figure 9, which shows that 

at the end of 642 hours, 27, 49 and 55 grams of water had 

been lost from the gravel-mulch core and the corn-cob-mulch 

core and the dust-mulch core respectively. Under conditions 

of radiation, similar cores had lost 43, 73 and #3 grams of 

water respectively. During the same run, the check cores 

lost 461.8 and 533*8 grams of water, 5 to 10 times the amount 

lost by the mulched cores. 

Over a longer period, 1533 hours, (Figure 13) it was 

found that non-radiated lab cores with a gravel, a corn-cob 

and a dust mulch lost 98, 166 and 187 grams of water respec­

tively. Under conditions of radiation, similar cores in 

the same run lost 138, 196 and 202 grams of water respec­

tively. Despite a greater initial rate of evaporation from 

an unmulched, radiated core, as compared to the initial 

rate of evaporation from an unmulched, non-radiated core, 

the unmulched, radiated core lost no more total water over 

a long time (1533 hours for example) than did the unmulched, 

non-radiated core. 

The rate of evaporation from the mulched cores was seen 

to be affected by both radiation and air movement (Table 1). 

As an example, the rate of evaporation for the gravel-

mulched cores increased by 0.0192 grams per hour due to 
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radiation alone and 0.0232 grains per hour due to air movement 

alone. The combined effect of radiation and air movement 

was 0.0425 grams per hour, which was nearly additive. 

For the unmulched cores, it was found that the effect 

of air movement and radiation was to double the initial rate 

of evaporation (Figures 15 and 16). The radiated soil core 

with air movement proved to have the greatest initial rate 

of evaporation; however, with time, the rate of evaporation 

from the radiated cores decreased to a value equal to or 

slightly less than the value for a non-radiated core. 

The data for the final moisture distribution in the 

mulched cores showed a constant moisture content with depth 

below the soil-mulch interface. The constant moisture dis­

tribution with depth was seen to remain intact and move by 

horizontal displacement with time (see Figure 19, 642 hours 

and Figure 17, 1750 hours). The unmulched soil also dis­

played a constant moisture content, with depth, below a 

surface dry zone and a transition zone (zone of moisture 

gradient). 

The diffusivity and capillary conductivity data (Figures 

27 and 28) were found to be double-valued functions of the 

soil moisture content in the wet range of soil moisture. 

The data from Figures 27 and 28 are contrary to present theory 

and indicate that future work should be directed to develop­

ing a new unsaturated flow equation based on a double-valued 
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function of diffusivity and capillary conductivity. 

The electrical conductivity data indicated that the 

four-electrode probe shows some promise for future develop­

ment, although the data obtained with it were not reliable 

here. The unreliable results obtained were probably due to 

faulty electronic equipment. 



139 

BIBLIOGRAPHY 

Bollmeyer, K. 1958. Bestimmung der bodenfuchte aus der 
messung der wôrmeleitfShigheit. Z. Pfleranltha DUng. 
80, 245-253. 

Borst, H. L. and Mederski, H. J. 1957* Surface mulches 
and mulch tillage for corn production. Ohio Agr. 
Expt. Sta. Res. Bui. 796. 

Buck, R. C. 1956. Advanced calculus. New York, McGraw-
Hill Book Company, Inc. 

Buckingham, E. 1907. Studies on the movement of soil 
moisture. U. S. Dept. Agr. Bur. of Soils Bui. 38. 

Churchhill, R. V. 1941. Fourier series and boundary value 
problems. New York, McGraw-Hill Book Company, Inc. 

Crank, J. 1956. The mathematics of diffusion. Oxford, 
England, Clarendon Press. 

Duin, R. H. A. van and Vries, D. A. De. 1954» A recording 
apparatus for measuring thermal conductivity, and some 
results obtained with it in soil. Neth. Jour. Agr. 
Sci. 2: 168-175. 

Duley, F. L. and Russel, J. C. 1948. Stubble-mulch 
farming to hold soil and water. U. S. D. A. Farmer 
Bui. 1997. 

Gardner, W. R. 1956. Calculation of capillary conduc­
tivity from pressure outflow data. Soil Sci. Soc. 
Amer. Proc. 20:317*320. 

__________ 1959. Solutions of the flow equation for the 
drying of soil and other porous media. Soil Sci. Soc. 
Amer. Proc. 23: 183-187. 

and Mayhugh, M. S. 195#. Solutions and tests of 
the diffusion equation for the movement of water in 
soil. Soil Sci. Soc. Amer. Proc. 22: 197-201. 

Hallaire, M. and Henin, S. 19§8. Sur la non validité de 
l'équation de conductivité pour experimer le mouvement 
de l'eau non satuante dans le sol. Compte Rendus 
Acad. Sci. Paris. 246: 1720-1722. 



140 

Hanks, H. J. 1958. Water vapor transfer in dry soil. Soil 
Sci. Soc. Amer. Proc. 22: 372-374. 

and Woodruff, N. P. 1958. Influence of wind on 
water vapor transfer through soil, gravel and straw 
mulches. Soil Sci. 86: 160-164. 

Held, E. M. F. van der and Drunen, F. G. van. 1949. A 
method of measuring the thermal conductivity of liquids. 
Physica. 15: 865-881. 

Hendrix, T. M. and Colman, E. A. 1951. Calibration of 
fiber-glass soil-moisture units. Soil Sci. 71: 419-
427. 

Hide, J. C. 1954» Observations on factors influencing the 
evaporation of soil moisture. Soil Sci. Soc. Amer. 
Proc. 18: 234-239. 

Kirkham, D. and Feng, C. L. 1949. Some tests of the dif­
fusion theory, and laws of capillary flow, in soils. 
Soil Sci. 67: 29-40. 

_______ and Taylor, G. S. 1950. Some tests of a four-
electrode probe for soil moisture measurement. Soil 
Sci. Soc. Amer. Proc. 14: 42-46. 

Klute, A. 1952. A numerical method for solving the flow 
equation for water in unsaturated materials. Soil 
Sci. 73: 105-116. 

Kolasew. F. E. 1941. Ways of suppressing evaporation of 
soil moisture. Sborn. Bab. Agron. Fiz. 3: 67. 
(Original not available for examination; review in 
Lemon, E. R. 1956. The potentialities for decreasing 
soil moisture loss. Soil Sci. Soc. Amer. Proc. 20: 
120-125.) 

Krall, J. L., Power, J. F. and Massee, T. W. 1958. Summer 
fallowing methods related to erosion and wheat pro­
duction. Mont. Agr. Expt. Sta. Bui. 540. 

Kunze, R. J. 1961. An improved technique for calculating 
capillary conductivity and diffusivity from pressure 
outflow data. (Typewritten manuscript) Ames, Iowa, 
Department of Agronomy, Iowa State University of 
Science and Technology. 

Lemon, B. R. 1956. The potentialities for decreasing soil 
moisture loss. Soil Sci. Soc. Amer. Proc. 20: 120-125. 



141 

Miller, E. E. and Elrick, D. E. 1958. Dynamic determination 
of capillary conductivity extended for non-negligible 
membrane impedance. Soil Sci. Soc. Amer. Proc. 22: 
483-486. 

Penman, H. L. 1941. Laboratory experiments on evaporation 
from fallow soil. Jour. Agr. Sci. 31: 454-465. 

Perrier, E. R. and March. A. W. 1958. Performance character­
istics of various electrical resistance units and 
gypsum materials. Soil Sci. 86: 140-147. 

Peters, D. B. I960. Relative magnitude of evaporation and 
transpiration. Agron. Jour. 52: 536-538. 

Philip. J. R. 1957. Evaporation, and moisture and heat 
fields in the soil. Jour, of Met. 14: 354-366. 

__________ 195#* The theory of infiltration: 7* Soil Sci. 
WÎ 333-337. 

I960. General method of exact solution of the con­
centration dependent diffusion equation. Aust. Jour. 
Phy. 13: 1-12. 

Phillips, R. E., Jensen, C. R. and Kirkham, D. I960. Use 
of radiation equipment for plow-layer density and 
moisture. Soil Sci, 89: 2-7* 

Remson, I. and Fox, G. S. 1955* Displacement of calibration 
curves for electrical soil-moisture units. Trans. 
Amer. Geophys. Un. 36: 821-826. 

Richards, L. A. 1947* Pressure membrane apparatus, con­
struction and use. Agr. Eng. 28: 451-454* 

Taylor, G. S. 1950. A portable four-electrode probe for 
measuring soil moisture. Unpublished Ph.D. Thesis. 
Ames, Iowa. Library, Iowa State University of Science 
and Technology. 

Veihmeyer, F. J. and Hendrickson, A. H. 1955* Rates of 
evaporation from wet and dry soils and their signifi­
cance. Soil Sci. 80: 61-67. 

Vries, D. A. De. 1952. A non-stationary method for deter­
mining thermal conductivity of soil in situ. Soil 
Sci. 73: 83-89. 



142 

__________ 1953 • Some results of field determinations of the 
moisture content of soil from thermal conductivity 
measurements. Neth. Jour. Agr. Sci. 1: 115-121. 

Weaver, H. and Jamison, V. C. i95i. Limitations in the 
use of electrical resistance soil moisture units. 
Agron. Jour. 43: 602-605. 

Wenner, F. 1916. A method of measuring earth resistivity. 
U. S. Dept. of Com., Bureau of Standards Paper 256. 

Willis, W. 0. I960. Evaporation from layered soils in the 
presence of a water table. Soil Sci. Soc. Amer. Proc. 
24: 239-242. 

Youngs, E. G. 1956. A laboratory method of following 
moisture content changes. Sixième Congrès De La Sci. 
Du Sol. Paris. B: 89-93. 

1957. Moisture profile during vertical infiltration. 
gôïl Sci. 84: 283-290. 

Zingg, A. W. and Whitfield, C. J. 1957. A summary of 
research experience with stubble-mulch farming in the 
western states. U. S. Dept. Agr, Tech. Bui. 1166. 

Zook, L. L. and Weakley, H. E. 1944. Summer fallow in 
Nebraska. Neb. Agr. Expt. Sta. Bui. 362. 



143 

ACKNOWLEDGMENTS 

The author wishes to express his appreciation for the 

guidance, patience, and help of Dr. Don Kirkham in the 

selection of the study reported on and in the preparation 

of the dissertation for the Ph.D.degree. The author also 

wishes to express his thanks for the advise offered by other 

faculty members and fellow graduate students, and for the 

use of the facilities of Iowa State University. 

The author further wishes to express a special word of 

thanks to his wife, Joan. The completion of the work for 

this degree would not have been possible without her 

patience, understanding, encouragement and help. 



144 

APPENDIX A 

A Mathematical Review of the Work of Gardner (1959) 

The following is a mathematical review of a paper by 

Gardner (1959). The primary object of the review is to fill 

in the missing and less obvious mathematical steps essential 

in arriving at his solutions, and to correct some typo­

graphical errors found in Gardner's paper. 

Correspondence with Dr. Gardner indicated that his 

paper had several typographical errors. He kindly supplied 

a list of the errors and with the aid of the list, cor­

rections were made. The following is a list of the corrected 

expressions: 

1) Page 17, second column, first line — 

D - D0 exp p(0 - 0O) should read D = D0 exp 

2) Page 17, second column, expression 10 should read, 

c/Q D(0)d9 JS K(s)ds 
U = - £o__ 

e/01 D(e)d0 q/Sl K(s)ds 
°o ûo 

3) Equation 13 should read, 

U - erf (—pbr) 
2/D't 

4) The expression for diffusivity in the line under 
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equation 13 should read, 

D = Dq exp (3(0 - 0o)/(0i - 0q) 

5) Equation 14 should read 

0 = % Inf(e^ - l)erf(—~r) + ll 
P L 2/D^t J 

6) Equation 16 should read 

1 iSL - . _1 (ft)M . 
D dt dz2 /Si dU dz 

So 

The equation we are concerned with here is given by 

which is the one dimensional, unsaturated flow equation for 

a homogeneous medium, neglecting gravity, in which 

6 • water content on bulk volume basis 

t = Time 

z - Distance 

D(0) = Diffuxivity = k diji/d0 

V = capillary water pressure 

k = capillary conductivity 

The initial and boundary conditions for the problem 

1 
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are 

6 * 6i, z > 0, t • 0 
2 

0 • 0O, z » 0, t > 0 

Equations 1 and 2 constitute a non-linear boundary 

value problem that cannot be solved by ordinary means. 

In developing a solution of equations 1 and 2, it is 

first essential to change equation 1 into an ordinary dif­

ferential equation. This can be done by use of the Boltzman 

Transformation, 

where DQ is the diffusivity at the boundary z * 0 for t > 0, 

The actual process of making the transformation can be 

accomplished by use of the chain rule of differential (Buck, 

1956, p. 190) as follows : 

The chain rule applied to equation 1 yields 

3 

4 

Similarly equation 3 yields 

«&I • ik • and ^ m » - — yt * 
bz 2/Do* At 4/D^t 2 

5 

Substitution of equation 5 into equation 4 yields 

5 f*i *''] ' *[Dl8) # • 'sfej • ife* 6 
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which simplifies to 

oy oy uq oy 

In a similar manner we can apply equation 3 to 

equation 2, which yields for z 0, t « 0, 

7 

y • z/(2/D^t) 

and for z = 0, t > 0 

y = z/(2^t) = 0 9 

Therefore the new boundary and initial conditions are 

Under the conditions given above we find that when 

0Q < 8i, that is, when the moisture content at the boundary 

of a medium is less than the initial content of the medium, 

the water will leave the medium at a rate given by the flux 

Q at z = 0. Stated in symbols the flux at z » 0 is 

which says that the flux is equal to the diffusivity at the 

boundary times the gradient of the moisture at the boundary. 

We now define a new value 

6 = 0 i, y -> co 

0 = 0o, y = 0 
10 

Q = "o'ff'z-O, 11 
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c - isJa. 
01- 00 12 

so that 

- (Ôi - 90) 13 
dc 

If equation 11 is used in conjunction with equation 3, we 

get, after applying the chain rule to equation 11, the 

results 

Q = D° f • S • D° -f • f • £ * 

and upon substituting equation 13 and equation 5 into 

equation 14, we find 

15 

8 " D° 'dy'y-o'01 " 0o»27B^ " 61 " 6o)(^'y=0 

For constant diffusivity equation 1 becomes 

= d dfe 16 
dt dz2 

Equation 16 can be changed by use of equation 12 to give 

Ac . & ilç 17 
dt dz2 

Also note that if equation 12 is applied to equation 2, the 

initial and boundary conditions become 

c = 1, z > 0, t = 0 
10 

c = 0, z = 0, t > 0 
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A further transformation given by 

/ 

o = 1 - c 19 

will yield, when applied to equations 17-18, the results 

del = P2c* 

dt dz2 
20 

and 

c' = 0, z > 0, t = 0 

21 
cf = 1, z = 0, t > 0 

Equations 20 and 21 constitute a boundary value pro­

blem that can be solved by Laplace Transforms which will be 

used here. The Laplace transform is defined as 

f(p) = /VP1 f(t)dt . 22 

To apply equation 22, we multiply both sides of 

equation 20 by e'P* and integrate from 0 to oo , to find 

fe'pt i£=l - 1 iE: dt - 0 23 
o dz Do dt 

Now if we handle each part of equation 21 separately and 

assume that the order of differentiation and integration can . 

be interchanged, than the left hand member of equation 21 

becomes 

/ e~Pt d2c' at = il- J*emPt d'dt = ifSl . 24 
o dz2 dz2 Q dz2 
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Now the right hand member yields on integration by 

parts ~ 

- £ / e'Pt jal at 
Do dt 

- Q + P / c'e-Ptj 

1 -, 25 

" D Pc 

Thus, by means of equations 24 and 25, equation 20 becomes 

D - pc' . 26 
dz 

In addition the application of the Laplace Transformation 

to the boundary condition given in equation 21 gives 

c' - 1/p • 27 

Now we have an ordinary differential equation in term 

of the Laplace Transformation. Equation 26 subject to the 

initial and boundary conditions 21 and 27 has a solution 

given by 

c* - erfc z. 28 
2m 

where 

erfc - 1 - erf —2— . 29 
2/Dqt 2/D^t 

Recall now that c* * 1 - c so that 2d by means of 29 

becomes 

c = erf . • erf y 30 
2/0 
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which is the solution of equation 7 subject to equation 10 

for constant diffusivity. 

If equation 30 is differentiated with respect to y and 

evaluated at y = 0 we find 

& a 1 
dy tt 31 

Substitution of equation 31 into equation 15 will yield 

Q = (0i - 0O) Pr 32 
rrt 

Equation 32 represents the flux for constant diffusivity. 

For non-constant diffusivity equation 15 can be made equal 

to equation 32 if a weighted mean diffusivity ÏÏ defined by 

5 * I D»'|>y=o 33 

is used. 

Equation 33 when used in equation 15 gives 

e -  (01 -  e 0 , /3 ,  34 

and shows that if the water content at the soil surface is 

maintained at a constant value, the rate of water loss 

depends on the square root of time regardless of the way D 

depends on 0. 

If one wishes to treat D(0) as a variable, then solu­

tions of equation 7 can be obtained as follows: 
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Rewrite equation 7, after using equation 12 as 

(D &Ç) + 2% D ÉS = 0, 35 
dy dy D dy 

which now is subject to the conditions of equation 18. 

Now integrate equation 35 by using the integrating 

factor -J7 2x1 dy' 
0 D 

e , 36 

to give 
D~ = A exp( = / dyf ) . 
dy r o D 

37 

A second integration gives 

c = A / q exp(- f dyf)dyT. 38 
o o 

Now if we use equation 18 and set c of equation 38 

equal to one, we find 

eo y 

A ) - exp(- / dyf )dy' « 1, 39 
o D © D 

so that we have 

rl  2v! 
I 5 exP(" i D"dy')dy' 

40 

Therefore we finally have 

f7  ~ exp(- /y dyT)dyT 

C - 0 D 2 D 41 

J - exp(- /y dyf )dyf 
o D o D 
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Solutions of equation 41 were calculated by Gardner 

(1959) for exponential diffusivities given by 

D - D0 exp [p(0 - 6o)/(0i - 80)] 41a 

where p is chosen to make the right hand side of the equation 

fit experimental data for D. Plots of solutions of equation 

41 are shown in Figure 1 of Gardner's paper. 

The procedure followed in the calculations is given in 

Crank (1956) pages 151-152. 

The work to this point has excluded gravity. Gardner 

found that the effect of gravity could be handled by using 

the new variable 

/6 D(6)d6 /s k(s)ds 

®o so 
U - -s 42 

fl D(9)d6 k(s)ds 

Go s0 

where k is the capillary conductivity and s is the suction. 

The use of 42 transforms equation 1 and equation 2 into 

4B . i!s 

and 

I ^ 
D(U) dt dz2  

U - 1, Zj>0, t • 0 

44 
D-0, z * 0, t > 0 

If the diffusivity in 43 is treated as a constant, then 



154 

43 becomes similar to 16 so that the solution to equation 43 

subject to equation 44 is 

U = erf —===" 45 
2fD*t 

For exponential diffusivities of the form of equation 

41a; namely, 

D - D0 exp P(° " B.a) 46 
01- 00 

where P is a constant to be chosen to match the known or 

assumed form of D, we have by equating the right hand side 

of equation 45 to the middle portion of expression 42, the 

result 

J D0exp " 9q) 
0i 01- 6o 

= erf , 47 

f D0exp P(9 - 6n) 2 

01 0i~ Go 

which yields, after the integration has been performed, the 

expression 

exp p(.Q. " Qq) - 1 
01- 0O _ z 

2 = erf 4& 
ep - 1 2/Wt 

Now if we multiply through by (e^ - 1) and take the 

natural log of both sides of equation 48, then equation 4& 

becomes 

c = ^ "* ^0 = — In [" (e^ -l)erf —p==r + lj 49 
01-00 p L 2Wt J 
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If one considers gravity in the unsaturated flow problem 

then equation 1 becomes 

£6 = i- (D(0) M) - A . 50 
dt dz dz dz 

The variable U given by equation 42 can now be applied 

to equation 49 to give 

1 iiL . àîïï - 1 dk . £U . 51 

D M* a.* j8i D(e)de so dz 

eo 

Gardner states here that for the suction range over 

which the gravitational term is important, the capillary 

conductivity can be related to the suction by 

k(s) = k0 e"ms, 52 

where k is the capillary conductivity, s is the suction, 

and m is a constant. Now we apply the chain rule to dk/dU 

to get 

& k =  d k  . d s  .  5 3  
dU ds dU 

We next evaluate dk/ds from equation 52 and ds/dU 

from equation 42 and substitute the results into equation 

53, to get 54 

JSi k(s)ds k0e ̂ ds 

~ = i — mv— o—ms \ i ts — mlf bis q h i i - - (- mk0 e~ms) -*0 e koe-ms 
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Equation 54 can now be substituted into equation 51 

to give 

1 au . jO 1 k0e~msds SO) 55 

D Ô t  d z 2  f 1  d ( 8 ) d 6  %  d z  

0o 

Equation 55 can be simplified if one assumes that the 

two integrals shown are equal; which is probably true over 

the range in soil moisture in which the gravitational term 

is important. Under the above assumption, equation 55 

becomes 

56 

If we now define a new variable 

V - U exp (S* + lïfîlt-.) , 57 

from which dU/dt, dU/dz and d2U/dz2 can be determined, and 

define an average value D* for D; then it is possible to 

reduce equation 56 to 

S-»'S 

The variable V above can also be applied to the initial 

and boundary conditions given by equation 44 to give 

M 
7 = e 2, z > 0, t = 0 

59 
V = 0, z = 0, t > 0 
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We now have a boundary value problem defined by 

equation 57 and equation 58 that is very similar to a pro­

blem given in Churchill (1941) page 122, The Churchill 

reference gives a method for solving equations 57 and 58 by 

means of the Fourier Integral. The solution so derived is 

found to be 

U - A f erfcPaJËt - z-j-e1»2 erfc(^H + —&_) 
2 I 2 2/0*1 2 27TFt J 

60 

For exponential diffusivities equation 60 yields, 

through a procedure similar to that used to develop equation 

48, the result 

c - l~ l9 - i In f(ep - 1)U + 1) 61 
01- 0O 0 L 

This concludes the review. Many steps are still 

missing. But it is felt that they constitute the more 

mechanical type of algebraic steps which would not be ap­

propriate here for reproduction. 



Table 5• Pressure outflow data from which capillary conductivity and 
diffusivity values were calculated. Apparatus shown in 
Figure 4 was used. Four outflow units were used for each 
pressure interval. The pressure increment used (AP) = 57 cm. 
of water. The final pressure (Pf) = 109.7 cm. of water. 

1 2 3 U 
Time Outflow Time Outflow Time Outflow Time Outflow 

(min.) cm3 (min.) cm (min.) cm3 (min.) cm3 

.42 .05 .27 .05 .70 .06 .35 .05 

.92 .10 1.08 .15 1.33 .11 1.00 .10 
2.03 .20 1.50 .20 1.95 .16 2.10 .20 
3.15 .30 2.35 .30 3.28 .26 3.28 .30 
4.25 .40 3.20 .40 4.55 .36 5.12 .45 
5-42 .50 4.97 .60 5.88 .46 6.92 .60 

29.22 2.38 6.80 .80 23.45 1.96 10.20 .85 
54.28 3.99 24.00 2.15 30.20 2.32 15.40 1.27 
60.00 4.30 54.00 4.36 48.OO 2.93 23.00 1.81 

132.00 7.53 120.00 7.86 99.20 6.39 95.00 5.71 
300.00 12.13 288.00 12.35 279.00 11.15 263.00 11.43 
583.00 16.48 571.00 16.37 562.00 15.70 546.00 17.20 

1354.00 22.28 1342.00 21.60 1333.00 22.03 1317.00 24.71 
2794.00 25.84 2782.00 25.05 2773.00 26.18 2757.00 28.32 
4378.00 27.19 4366.00 26.23 4357.00 28.22 4341.00 29.46 
6039.00 27.79 6027.00 26.69 6018.00 28.31 6002.00 29.45 
7251.00 28.19 7239.00 26.90 7230.00 28.91 7214.00 29.73 

Percent 
Moisture 

38.24 at Pf 37.96 39.22 37.99 38.24 



Table 6. Same as Table 5 except AP = 54 .2 cm. and Pf » 163.8 cm, , of water 

1 2 3 L 
Time Outflow Time Outflow Time Outflow Time Outflow 

(min.) cm3 (min.) cm3 (min.) cm3 (min.î cm 

.40 .05 .40 .05 .17 .02 .40 .05 

.37 .10 .83 .10 1.17 .12 .90 .10 
1.80 .20 1.75 .20 2.18 .22 1.90 .20 
2.77 .30 4.50 .50 3.20 .32 2.92 .30 
3.92 .42 5.90 .65 4.25 .42 5.00 .50 
4.73 .50 7.77 .85 18.30 1.90 8.35 .82 
25.67 2.50 18.78 2.10 24.30 2.40 16.28 1.61 
85.OO 6.61 77.00 6.51 74.00 5.03 65.00 5.33 
201.00 11.71 193.00 11.74 190.00 11.65 181.00 10.91 
389.00 15.38 381.00 15.16 378.00 15.93 369.00 14.99 
1241.00 18.31 1233.00 17.43 1230.00 19.23 1221.00 17.86 
I48I.OO 18.53 1473.00 17.60 1470.00 19.55 1461.00 18.04 
1818.00 18.69 1810.00 17.65 1807.00 19.76 1798.00 18.19 
2656.00 18.89 2648.00 17.79 2645.00 20.05 2636.00 18.36 
5611.00 19.17 5603.00 18.08 5600.00 20.01 5591.00 18.61 

Percent 
Moisture 
at Pf 32.50 34.04 32.53 32.83 



Table 7. Same as Table 5 except AP = 129.9 cm. of water and P_ = 289.8 cm 
of water. 1 

1 2 3 A 
ïime Outflow Time Outflow Time Outflow Time Outflow 

(min.) cm3 (min. ) cm3 (min.) cm3 (min.) cm3 

.17 .05 .13 .05 .17 .05 .28 .08 

.37 .10 .37 .12 .37 .10 .72 .18 

.80 .20 .70 .20 .77 .20 1.17 .28 
1.25 .30 1.13 .30 1.22 .30 2.09 .48 
1.67 .40 1.90 .50 1.67 .40 3.00 .68 
2.17 .50 2.70 .70 2.10 .50 3.97 .88 

20.07 3.96 3.30 .85 9.00 2.12 12.13 2.46 
37.92 6.59 32.27 6.40 28.05 5.30 18.88 3.68 
58.00 8.87 51.00 8.86 46.00 7.69 72.00 10.51 

176.00 16.71 169.00 17.23 169.00 16.39 154.00 15.79 
463.00 21.43 456.00 21.50 451.00 21.87 441.00 21.01 
594.00 22.36 587.00 22.40 582.00 22.99 572.00 21.94 

1303.00 23.42 1296.00 23.42 1291.00 24.73 1281.00 22.71 
3238.00 23.93 3231.00 23.81 3226.00 25.56 3216.00 23.14 
3958.00 24.06 3951.00 23.89 3946.00 25.66 3936.00 23.25 
8598.00 25.05 8591.00 24.00 8586.OO 25.77 8576.00 23.65 

Percent 
Moisture 
at Pf 25.37 27.15 25.50 25.95 



Table 8. Same as Table 5 except AP = 56.9 cm. of water and Pf. = 346.6 cm 
of water. 

1 2 3 Zt, 
Time 1 Outflow Time Outflow Time Outflow l'ime Outflow 

(min.) cm3 (min.) cm3 (min.) cm3 (min.) cm3 

• 50 .05 .42 .05 .65 .05 .53 .05 
1.28 .10 1.05 .10 2.00 .12 2.32 .15 
3.42 .20 2.50 .20 3.90 .20 5.70 .30 
5.80 .30 6.10 .40 6.73 .30 12.73 .50 
8.50 .40 10.73 .60 10.30 .40 20.10 .72 

11.58 .50 18.50 .87 14.00 .50 28.30 .90 
34.95 1.00 32.68 1.38 28.33 .86 42.95 1.20 

111.00 2.02 107.00 2.44 101.00 1.77 92.00 1.90 
420.00 3.77 416.00 4.03 410.00 3.47 401.00 3.74 

1310.00 4.82 1306.00 5.06 1300.00 4.82 1291.00 4.72 
1652.00 4.90 1648.00 5.10 1642.00 5.00 1633.00 4.82 
2766.00 4.96 2762.00 5.18 2756.00 5.26 2747.00 5.43 
4742.00 5.18 4738.00 5.26 4732.00 5.51 4723.00 5.46 
6897.00 6.61 6893.00 5.45 6887.00 5.86 6878.00 5.95 
8402.00 7.09 8398.00 5.79 8392.00 5.89 8383.OO 6.13 

Percent 
Moisture 

24.16 at Pf 23.35 25.49 23.90 24.16 



Table 9. Same as Table 5 except AP = IO7.O cm. of water and Pf = 453*6 cm. 
of water. 

1 2 3 L 
Time 1 Outflow Time Outflow Time Outflow Time Outflow 

(min.) cm3 (min. ) cm3 (min.) cm3 (min.V cm3 

.37 .05 .27 .05 .42 .05 .40 .05 
1.00 .10 .52 .10 1.57 .10 1.05 .10 
2.70 .20 1.35 .20 4.33 .20 2.83 .20 
4.92 .30 3.50 .40 8.70 .30 8.15 .41 
7.67 .40 6.50 .60 13.32 .40 15.05 .61 
II.50 .52 10.50 .80 18.80 .50 23.50 .80 
44.55 1.21 39.00 1.71 34.17 .78 33.20 .97 

138.00 2.19 13I.OO 2.82 125.00 1.60 118.00 2.02 
290.00 3.27 283.00 3.69 277.00 2.50 270.00 3.03 
377.00 3.61 370.00 4.32 364.00 2.92 357.00 3.56 
562.00 4.37 555.00 5.14 549.00 3.59 542.00 4.29 
I384.OO 5.73 1377.00 6.59 1371.00 5.23 1364.00 5.83 
2824.OO 6.75 2817.00 7.19 2811.00 6.15 2804.00 6.46 
4444.00 7.23 4437.00 7.47 4431.00 6.82 4424.00 6.91 
5824.OO 7.55 5817.00 7.55 5811.00 8.00 5804.00 7.13 
7O84.OO 7.74 7077.00 7.58 8511.00 8.81 85O4.OO 7.19 

Percent 
Moisture 
at Pf 21.14 23.31 21.49 22.07 



Table 10. Same as Table 5 except AP = 136.8 cm. of water and P^ = 590.3 cm 
of water. 

1 2 3 6. 
Time 

1
 

1
 Time Outflow Time Outflow Time 1 outflow 

(min.) cm3 (min.) cm3 (min.) cm3 (min.) cm3 

3.50 .05 .25 .05 2.00 .05 1.25 .05 
21.35 .12 .58 .10 10.10 .10 3.80 .11 
29.00 .15 1.80 .20 15.40 .15 9-25 .20 
41.60 .20 3.60 .30 28.10 .24 17.70 .31 
50.30 .23 6.20 .40 38.30 .30 29.50 .43 
53.50 .24 14.67 .61 41.80 .32 33.9U .47 

387.00 1.11 381.00 2.51 376.00 1.43 369.00 1.96 
1456.00 2.54 1450., 00 4.10 1445.00 3.02 1438.00 

2344.00 
3.64 

2862.00 3.78 2856.00 4.97 2851.00 4.31 
1438.00 
2344.00 4.63 

4387.00 4.61 4381.00 5.83 4376.00 5.37 4369.00 5.14 
11342.00 8.84 11336.00 6.10 11331.00 7.30 11324.00 5.77 

Percent 
Moisture 
at Pf 18.63 21.56 19.50 20.40 



Table 11. Same as Table 5 except AP = 220.0 cm. of water and P„ = 810.4 cm. 
of water. 1 

1 2 3 L 
Time Outflow Time Outflow Time Outflow Time Outflow 

(min.) cm3 (min.) cm3 (min.) cm3 (min.) cm3 

4.80 .050 .17 .050 1.20 .03 1.20 .050 
12.30 .070 .50 .100 3.42 .05 5.17 .100 
21.50 .100 1.92 .200 8.50 .08 19.00 .210 
27.70 .120 4.63 .300 12.75 .10 34.25 .295 
40.60 .150 9.92 .410 28.75 .17 53.00 .390 
52.40 .175 16.40 .500 39.00 .226 129.00 .665 
73.00 .216 45.70 .743 59.00 .278 212.00 .902 
149.00 .371 141.00 1.170 135.00 .490 398.00 1.270 
232.00 .521 224.00 1.420 218.00 .846 — — —  

418.00 .870 410.00 1.870 404.00 1.070 — —  — 

10313.00 6.820 10305.00 6.44-0 10299.00 6.69 10243.00 9.16 

Percent 
Moisture 

17.68 at Pf 16.69 19.71 17.68 17.33 



Table 12. Same as Table 5 except AP = 213.3 cm. of water and Pf = 1023.6 
cm. of water. 

1 2 3 L 
Time Outflow Time Outflow Time Outflow Time Outflow 

(min.) cm. (min.) cm3 (min.) cm3 (min.) cm 

3.03 0.015 .57 .050 8.70 .011 1.92 .040 
8 «4 6 .020 2.17 .090 17.25 .031 9.29 .070 
18.31 .030 4.02 .120 30,17 .050 20.75 .100 
23.70 .035 7.11 .150 77.85 .131 72.40 .225 
38.83 .050 14.84 .190 — — — — —  

87.10 .113 20.88 .230 — — — 479.00 .765 
477.80 .544 478.15 .946 478.45 .586 647.00 .930 
1231.00 1.20 1227.00 2.410 1221.00 1.130 1212.00 1.950 
5681.00 5.08 5677.00 3.440 5671.00 3.850 5665.00 4.680 
8602.00 6.73 8598.00 5.530 8592.00 4.730 8586.OO 5.300 
11536.00 8.60 11532.00 7.670 11526.00 6.330 11520.00 6.980 

Percent 
Moisture 
at Pf 14.23 17.51 15.82 15.70 
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Table 13. Same as Table 5 except data collected from 
pressure membrane apparatus and AP = 1 
Atmosphere and Pf = 2 Atmosphere. 

tfime Outflow Time Outflow 
(hours) (cm3) (hours) (cm3) 

.12 0.65 

.37 1.20 

.58 2.20 
1.20 4.15 
2.03 5.60 
3.08 7.30 
6.52 12.35 
8.17 13.80 
18.87 22.50 
22.00 26.55 
33.95 29.60 
42.83 34.00 
50.92 36.70 
67.52 41.94 
74.95 43.50 
93.92 47.92 
126.83 54.50 
139.92 56.90 
162.42 59.08 
191.67 62.30 
211.58 64.05 
240.00 66.20 
261.00 67.73 
296.53 69.95 
309.92 70.30 
331.&3 71.35 

.10 1.45 

.28 1.80 

.50 2.60 
1.12 4.45 
1.95 6.40 
3.00 8.60 
6.43 14.13 
8.08 16.35 
18.78 26.40 
26.92 32.00 
33.87 35.65 
42.75 40.35 
50.83 43.45 
67.43 49.69 
74.88 51.55 
93.83 55.75 
126.75 63.45 
139.83 65.85 
162.33 68.61 
191.58 71.80 
211.50 73.59 
239.92 75.87 
260.92 77.56 
296.45 79.45 
309.83 8o.64 
331.75 81.43 

Percent 
Moisture 
at Pf 14.56 14.48 
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Table 14. Same as Table 5 except data collected from 
pressure membrane apparatus and AP » 1 
Atmosphere and Pf = 3 Atmospheres. 

1 2 
Time Outflow Time Outflow 

(hours) (cm3) (hours) ( cm3 ) 

.35 .87 .15 .50 
1.03 1.48 .80 1.29 
2.52 2.20 2.27 1.70 
5.62 3.55 5.37 3.00 
23.33 6.89 23.08 7.63 
34.67 8.50 34.42 9.50 
48.30 11.00 48.55 11.42 
72.60 14.06 72.35 14.39 
97.03 16.30 96.73 17.55 
130.03 19.16 129.78 20.50 
146.45 20.50 146.20 22.20 
168.22 21.25 167.97 23.55 
192.67 23.20 192.42 25.00 
220.68 24.45 220.43 26.50 
240.97 25.10 240.72 27.75 
264.03 26.30 263.83 29.05 
297.33 27.73 297.53 29.50 
322.00 27.75 321.75 30.33 
361.00 29.30 360.75 32.37 
383.80 30.93 333 . 55 32.85 
411.17 30.95 410.92 33.45 

Percent 
Moisture 
at Pf 13.33 13.15 
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Table 15. Same as Table 5 except date collected from 
pressure outflow apparatus and AP « 2 
Atmospheres and Pf = 5 Atmospheres. 

Time Outflow Time Outflow 
(hours) (cm3) (hours) (cm3) 

.82 1.29 .73 .30 
2.23 1.75 2.14 I.40 

45.38 7.50 45.29 7.85 
73.83 9.68 73.74 10.45 
119.83 13.39 119.74 13.99 
144.93 14.55 144.84 14.88 
234.65 19.00 234.56 19.60 
283.67 20.60 283.58 21.35 
311.72 21.70 311.63 22.50 
357.43 23.40 357.34 24.30 
392.67 23.40 392.68 25.60 

Percent 
Moisture 
at Pf 12.47 12.17 
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Table 16. Same as Table 5 except outflow data collected 
from pressure membrane apparatus. Also AP 
for unit one = 4 Atmosphereswith Pf * 9 
Atmospheres and AP for unit two = o Atmospheres 
with Pf « 15 Atmospheres. 

Time 
(hours) 

Outflow 
(cm3) 

Time 
(hours) 

Outflow 
(cm*) 

.14 .20 .10 .15 

.35 .50 .23 .28 

.35 1.00 .37 .38 
1.45 1.20 .63 .68 
6.58 2.10 1.15 .79 
7.54 2.30 5.00 1.40 
13.20 3.22 7.68 1.63 
21.72 3.44 19.80 2.30 
25.97 3.85 23.80 , 2.50 
31.30 4.20 26.32 2.65 
45.10 5.00 31.60 2.80 
49.95 5.20 41.18 3.22 
65.30 5.85 55.67 3.32 
102.53 7.30 74.78 4.49 
127,32 8.30 91.63 5.10 
173.59 9.40 149.90 7.10 
197.36 10.35 189.10 8.20 
237.63 11.05 259.83 9.20 
272.50 11.50 310.50 9.70 

- - 233.95 11.60 329.28 9.80 

Percent 
Moisture 
at Pf 10.63 9.49 
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Table 17. Electrical conductivity for lab cores with no 
radiation during second run with air movement. 
Values given in millimhos <r x 103. 

Time 
from 
start Soil Dust Gravel Corn-cob No 
of run depth Mulch Mulch Mulch Mulch 
(davs) (inches) Column Column Column Column 

1 0-2 1.548 2.021 1.150 0.766 
2-4 0.852 1.392 1.392 1.090 
4-6 1.506 1.642 1.666 1.253 
6-8 1.682 1.768 1.160 1.467 
8-10 1.474 1.718 1.333 1.364 
10-12 1.253 1.580 1.492 1.279 
12-14 1.424 1.785 1.696 1.928 

3 0-2 1.774 1.599 1.253 0.660 
2-4 0.987 1.364 1.474 0.814 
4-6 1.440 1.577 1.793 0.934 
6-8 1.305 1.590 1.253 0.966 
8-10 1.934 0.234 1.292 1.182 
10-12 1.333 1.148 1.834 1.090 
12-14 1.305 1.975 1.202 1.279 

7 0-2 1.510 1.726 1.408 0.390 
2-4 1.109 1.364 1.319 0.643 
4-6 1.398 1.457 1.408- 0.612 
6-8 1.319 1.714 1.319 0.612 
8-10 1.408 1.733 0.942 O.684 
10-12 1.333 1.305 1.728 0.653 
12-14 1.333 1.292 1.386 0.629 

10 0-2 1.253 1.830 1.637 0.349 
2-4 1.253 1.424 1.392 0.685 
4-5 1.253 1.474 1.510 0.664 
6-8 1.348 2.628 1.279 0.630 
8-10 1.139 1.790 0.935 0.712 
10-12 1.333 1.305 2.124 0.681 
12-14 1.547 1.377 I.404 0.614 

17 0-2 0.928 1.628 1.253 0.039 
2-4 1.129 1.492 1.377 0.639 
4-6 1.253 5.013 1.080 O.876 
6-8 1.440 1.253 0.742 
8-10 1.253 4.253 0.394 0.806 
10-12 1.628 1.194 1.253 0.768 
12-14 1,694 1.182 4.476 0.743 
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Table 17. (continued) 

Time 
from 
start Soil Dust Gravel Corn-cob NO 
of run depth Mulch Mulch Mulch Mulch 
(days) (inches) Column Column Column Column 

31 0-2 0.350 1.003 0.942 0.011 
2-4 1.071 1.440 1.958 0.501 
4-6 1.348 1.649 1.717 0.664 
6-8 1.586 1.424 1.253 0.630 
8-10 1.376 0.908 0.987 0.712 
10-12 1.253 2.724 1.253 0.681 
12-14 - - - 1.392 0.614 

3d 0-2 0.380 0.814 0.859 0.089 
2-4 1.253 1.717 1.510 0.639 
4-o 1.253 1.830 1.547 0.876 
6-8 1.362 1.253 1.129 0.742 
8-10 0.995 1.253 1.229 0.806 
10-12 1.090 1.150 1.279 0.720 
12-14 1.701 1.392 0.784 

48 0-2 0.176 0.570 0.674 0.033 
2-4 1.253 1.253 1.253 0.133 
4-6 1.253 0.211 1.333 0.660 
6-8 1.492 1.253 0.969 0.704 
8-10 0,644 1.253 1.119 0.522 
10-12 1.071 1.011 1.099 0.700 
12-14 — —  1.253 --- 0.729 

63 0-2 0.125 0.562 0.704 1.253 
2-4 1.253 1.348 1.253 0.028 
4-6 1.253 0.501 0.995 0.603 
6-8 1.253 1.253 1.003 0.754 
8-10 0.895 1.253 0.942 0.464 
10-12 0.936 1.253 0.942 O.588 
12-14 0.936 0.764 0.610 
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Table 18. Same as Table 17 except for 450 foot-candles 
of radiation. 

Time 
from 
start Soil Dust Gravel Corn-cob No 
of run depth Mulch Mulch Mulch Mulch 
(days) (inches) Column Column Column Column 

1 0-2 0.995 1.720 1.474 0.864 
2-4 1.044 2.353 1.586 0.835 
4-6 1.462 1.404 1.810 1.090 

' 6-8 1.571 1.242 1.209 1.392 
8-10 1.994 1.616 1.544 1.377 
10-12 1.590 1.630 1.638 1.547 
12-14 1.630 1.235 1.678 1.333 

3 0-2 1.053 2.021 1.688 0.557 
2-4 1.253 1.800 1.158 0.626 
4-6 1.532 1.951 2.406 0.655 
6-8 1.814 1.144 1.330 0.755 
8-10 1.714 1.451 1.686 0.802 
10-12 1.760 1.782 2.082 O.885 
12-14 1.424 1.253 1.484 0.957 

7 0-2 0.971 2.054 1.765 0.404 
2-4 1.171 1.828 5.222 0.597 
4-6 1.744 1.266 1.557 0.704 
6-8 0.851 1.253 1.567 0.661 
8-10 1.171 1.348 1.528 0.668 
10-12 2.418 1.980 1.800 0.658 
12-14 1.109 1.129 1.319 0.670 

10 0-2 1.234 1.717 1.870 0.348 
2-4 1.139 1.647 1.150 0.411 
4-6 1.474 1.109 1.253 0.603 
6-8 0.778 1.019 0.870 0.656 
8-10 1.236 1.253 1.732 0.680 
10-12 3.214 2.126 2.177 0.636 
12-14 0.942 1.139 1.570 0.611 

17 0-2 0.971 1.020 1.182 0.011 17 
2-4 1.044 0.995 1.253 0.570 
4-6 1.171 1.044 0.630 
6-8 0.971 0.758 0.575 0.710 
8-10 1.038 0.199 1.528 0.708 
10-12 3.320 1.870 0.704 
12-14 0.793 0.583 -— 0.600 
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Table 18. (continued) 

Time 
from 
start 
of run 

Soil Dust Gravel Corn-cob No 
depth Mulch Mulch Mulch Mulch 

(inches) Column Column Column Column 

0-2 0.964 0.293 0.858 0.014 
2-4 1.044 1.253 1.253 0.434 
4-6 1.816 1.036 0.971 0.685 
6-8 1.129 1.253 0.575 0.718 
8-10 1.253 1.253 0.272 0.692 
10-12 1.567 — 1.694 0.734 
12-14 0.126 1.160 1.300 0.712 

0-2 0.532 0.202 0.567 0.027 
2-4 1.003 1.253 0.853 0.332 
4-6 1.928 1.150 1.027 0.770 
6-8 0.995 1.182 0.588 O.684 
8-10 0.995 1.194 0.501 0.772 
10-12 1.011 ——•» O.588 0.723 
12-14 0.072 1.424 -— 0.426 

0-2 0.201 0.167 O.4O4 0.068 
2-4 0.876 1.253 0.643 0.118 
4-6 0.928 1.205 0.928 0.611 
6-8 0.895 1.129 0.660 0.624 
8-10 0.902 1.150 0.649 0.780 
10-12 1.119 1.046 0.819 
12-14 0.025 1.890 - - - 0.690 

0-2 0.136 0.178 0.400 O.O84 
2-4 O.884 1.253 0.386 0.143 
4-6 1.053 1.253 1.044 0.501 
6-8 1.150 O.84I 0.792 0.575 
8-10 0.597 1.090 0.979 0.682 
10-12 0.392 0.964 0.656 
12-14 0.015 1.424 —— — 0.669 

31 

38 

48 

63 
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Table 19. Average bulk density (grams cm"3) of lab cores 
and field cores used in the evaporation study. 

Mulch a Field. 
Treat- Lab Cores Cores 
ment No Air Movement Air Movement 

12 12 

Dust No Radiation 1.24 
Radiation 1.25 

1.16 
1.15 

1.18 
1.15 i:3 

1.22 
1.23 

Gravel No Radiation 1.25 
Radiat'ion 1.21 

1.16 
1.16 

1.21 
1.21 

1.19 
1.19 

1.14 
1.23 

Corn-Oob No Radiation 1.27 
Radiation 1.24 

1.17 
1.13 

1.23 
1.22 

1.12 
1.21 

No Mulch No Radiation 1.30 
(check) Radiation 1.28 

1.16 
1.16 

1.21 
1.23 

1.20 
1.20 

1.21 
1.13 

a Average bulk density for lab cores was 1.20. 

b Average bulk density for the field cores was 1.18. 


