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Gamma-Radiation Detection of Water Content in Two=Dimensional
Evaporation Prevention Experiments
by
por Kirkham, Professor; D. E. Rolston, Graduate Assistant;
and D, D. Fritton, Graduate Associate
Agronomy Department
lowa State University
Ames, Iowa

United States of America
REVISED ABSTRACT

A cesium-137 gamma scintillation detector system {gamma apparatus)
was used to measure water contents in a two-dimensional soil madel.
The gamma apparatus was built into a 1ifting apparatus which accomodates
both vertical and horizontal 150 cm Jong soil columns and 150 x 35 ¢m
two-dimensional soil models. The 1ifting apparstus was constructed by
using a vertical rectangular frame with internal dimensions of 80 cm
width and 70 cm height. Lead cubes, 25 ¢m on a side, containing a
251 mi cesium=1317 source and a Nal scintillation detector are offset
to one side of the vertical rectangular frame to scan a vertical
cylindrical cotumn. The faces of the tead cubes are 24 cm apart and
attached to the rectangular frame so that the gamma beam is midway
between the base and top. Thera are no attachment parts that cross the
24 cm gap between the Yead cubes, and this lsaves a 24 cm wide by 70 cm
high space which will atlow a two=dimensional model or horizental
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column to be moved horizontally through this space. Vertical rovement
of the gamma apparatus and herizontal movement of the mode) then allow
two-dimensional scanning of a model. To damonstrate the ability of
this design for a gamma apparatus to scan two dimensiens, a 22 cm long,
30 em tall, and 10.15 + D.05 cm wide mode] with three equal 30 cm tong
compartments was used to evaluate potential water conservation. A
vertical sand mulch, 2 em thick, was placed an each side of esch com-
partment, a 3 cm thick sand layer wag placed on the bottom, and 521l
was packed in the resxt of the model. The surface treatments were:

bare sail, 1 cm s0il over i cm of sand mulch, and 1 cm of sand mulch.
Watar contents in two dimensions were deteemined for 2 om simulated
rainfall applications for the three treatments. When a subsurface sand
myich was used, the mulch acted as a barrier to infiltration. There-
fore, the surface sand mulch conserved more wataer than did the sub-
surface sand mulch, but bath the surface and the subsurface sand muliches
conserved water as comparad with no sand mulch layers.

In addition, soil catumns, 6.9 cm in diameter and 33 cm tall,
were used to study the effactiveness of various thicknesses of surface
sand mulches in preventing evaporation. Thickmess of sand muiches did
not influence greatly the amount of water conserved iT the sand layer
was i cmar more thick.
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1. IHTRODUCTIOH

Laboratory investigations of the soil water content along the
length of soii columns have been greatly facilitated by the use of
gamma=-radiation attenvation, Gamma=radiation attenuation provides a
rapid, nondestructive means of measuring soil bulk density and soil
water content,

If a collimated beam of gamma rays is allowed to penetrate a
material, the number of rays passing through depends upon the density
and thickness of the material, Gurr and Marshall {11 and Gure [2)
measured the seoil density and water content, for steady=state condi-
tions, of an unconsolidated porous material in the laboratory with a
137¢s source of gamma radiation. Ferguson and Gardner {3] used s
similar technique for extremely slow transient water flow in uniformly
packed soil columns. Using additional equipment and a sourca of
greater intensity, Rawlins [4] obtained more frequent measurements
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from the same soil studied by Ferguson and Gardrner., Davidsen et a1. [ 5]
refined the technique further by a method of making rapid and frequent
measurement of rapidly changing water contents in laboratory soil
c¢olumns. Gurr {6] described a method for calculating water contents

of undisturbed field samples of unknown initial conditions from gamma-
ray data, The use ¢f gamma radiation bas become a fairly widespread
method for nendestructive determinations of soil bulk density and water
content.

The attervation of moncenergetic gamma radiation is described by

I=1_ exp (-upx) (1)

where 1 is the radiation intensity with no interference, n the mass-
absorption coefficient (em?/g) of tha absorber for the quantum anergy
of the radiation, p the density of the material {g/em3), and x the
thickness of the sample (om}. The necessity that the radiation be
menoenergetic cen be met by the use of instrumentation having energy
discriminators.

This paper will discuss the application of gamma radiation for de-
termination of soil bulk density and soil myisture distribution in two-
dimensiconal soil medels., Soil models were used to study the iniluence
of surface sand mulches on evaparation prevention and infiltration.

Wicgand and Taylor [7] reviewsd literature on soil mulches. They
present a graph summarizing several studies of evaporaticn rate versus
muich thickness, They conclude that a mulch mast be greater than (.3
to 0,6 cm thick to reduce evaporation rates. The necessary thickness
increases with increase in cearseness of the underlying soil. They
state that, for 8 mulch to be effective, it must make vapor diffusion
the rate-limiting preocess in evaporation. Tselishcheve [ 8 ) presents
data for various mulch thicknesses of dry seil and an equation which
describes evaporation as a function of the thickness of the mulch layer,
evaporation from a2 wet sei) surface, and soil proparties. Keolp &t a1,
[ 9] showed that tallow alcohol added to the top V cm of soil decreased
evaporation by aliowing the surface 1 cm of soil ta dry more rapidly
than 3 bare soil surface., This allowed vapor diffusion to bacome the
rate-1limiting factor in the evapoeration mere rapidly for the tallow
aleohol treated soil than for the bare soil. The effect was aven
greater in a sand, Kolp et al. also determined the meisture contents
after a 1 cm application of water for two durations of evaparation.
After 33% of the added water had been evaporatad from each treatment
£1.5 houes with bare soil and 20 hours with a 2.5 cm tallow alcohol
surface-treated s0i1}, the water had penetrated de=per in the tallow
alcohol-treated soii than in the bare soil,

In the present paper, ¢ur purpese is te compare the influence of
infiltration and evaporation under three conditions: bare soil, surface
mulch, and subsurface mulch, These three treatments were studied in a
two~dimensional model, In addition, the influence of mulch thicknesses
on evaporation were studied in columns under evaporating conditions
only. These columns were initially saturated and ailowed to evaporate



for 18 days. Soil water contents at variocus depths were obtained by using
gamms attenuation in both experiments.

2, EXPERIMENTAL EQUIPMENT AND CALCULATION PROCEDURE

The soil density and moisture measuring equipment {gamma apparatus)
consists of a low-energy gamma ssurce, a detecting and analyzing
system, and a lifting mechanism for the source and detector section.
The lifting mechanism and the source and detector section are shown in
Figure . The source of gamma radiation consists of a 257 mCi 137Cs
capsule. Although 137{s does not emit a strictly moncenergetic gamme
ray, the greater part of the radiation has_an energy of 0,55 Hev,

The half-1ife of /37Cs iz 27 years. The 137¢s capsule is placed in the
center of @ lead cube, 25 c¢m gn a side, as depicted in Figure 1, This
lead cube reduces the external radiation te a safe level {less than
0.1 mrad per hr}. A 5 mm diameter hole 12.5 cm long located in the
center of this cube collimates the radiatien. A second lead cube of
the same dimensions and containing a scintillation detector is located
opposite the source cube. The detector cube also has & 5 mm diameter
hole i2.5 cm leng located at its center to collimate the radiation
reaching @ scintillation crystal in the center of the detector cube.
The coliimated holes were lined up by the use of X-ray film. The
crystal is a thallium-activated Nal crysta) 2.5 cm in diameter and 2.5
cm thick., The voltage for the detector photomultiplier is supplied
from power supplies incorporated in an analyzer/scaler {Nuclear-Chicags,
Model B727). Pulses from the detector are amplified by a linear ampli-
fier. The base line and window width on the pulse height analyzer is
manually adjustable and, for this study, was set to accept all gamma
radiation above 0.50 Mev. By setting the analyzer to accept al! radi-
ation above 0.50, the entire Tes energy paak is being accepted, and
the problcm of a base line shift at high count rates is essentially
eliminated. The pulse pair resolution of the znalyzer is 1.5 |, sec.
Pulses from the analyzer drive the scaler. The analyzer/scaler is
equippad with an automatic digital printing 1ister.

The source and detector cubes are attached 24 cm apart to a vertical
rectangular frame {support frame Fig. 1) with internal dimensicns of
B0 ¢m width and 70 cm height. The cubes are offset ta onz side of the
rectangular frame to facilitate the placing of vertical so0il eoluomns
within the gamma beam, There are no attachment parts that cross the
24 ¢m gap between the lead cubes, and this leaves a 24 cm wide by 70 cm
high space which allows a two-dimensicgnal medel or horizental column to
be moved horizontally through this space. A removable slide is placed
horizontally within the rectangular frame to support models and columns
and to allow their horizontal movement. The vertical rectangular frame
supporting the lead cubes moves vertically up and down an 275 cm long
and 3.8 om diameter stainless steel rods connected to the Floar and
ceiling of the laboratory. The regtangular frame is raised and lowered
on the rods by a cable hocked to a motor driven winch, Vertical move-
ment of the gamma apparatus and herizontal movement of the model then
allow two-dimensional scanning of a model,



density of the soil in the modeis is

“in(1, /1)

P = {?}
The intensity through the moist sail is
1.=1 exp [{oox)y - (uex) ) = (oox) 4 = (wood), ] (8)

where [ is the intensity through moist soil, m, is the absorption
coefficient of the water, o, is the density of water, 8 is the velumetric
water content, and d is the thickness of the soil. Therefore, x 5 is

the same as d. Dividing Equation {8) by {6) and simplifying, the
volumetric water content of the soil model is

“tnd1 /1)
o = o ms g (9)

{und}w

If 1 1 of Equation {5) is above the capacity of the instrumentation,
as is true far cur modal, then including 2 lead disc with the ampty
model in the gamma beam is necessary to decrease the count rate suffi-
ciently. Another term for the lead disc is then added to the exponentizl
parts of Equations {§), {6), (7), and (B}, Oetailed equations need not
be presented here.

3 FROCEDURE

3.1 Vertical Soil Calumn Evapcraticn Expeciment With mMulches

Five Plexiglas columns, 6.9 cm inside diameter, 33 cm tall, and
wall thickness 3 mm, were packed with a soit mixture (soil mix) contain-
ing 2 parts Edina silt loam, Al harfzan, and 1 part Clayton white silica
sand, 0.25 - 1.00 mm particle size. Five surface treatments were used:
bare soil mix, | ¢em Clayton sand muleh {1 cm mulch), 2 cm Clayton sand
muich (£ cm malch}, 4 em Clayvton sand euich (% em mulch), and 1 cm
Clayten sand below 1 e¢m of soil mix {subsurface mulch}. The depth of
5071 mix, plus surface layers, was 33 cm for all columns, After
packing, the columns were wetted with water from the bottom with a small
head until thay were near saturation, Initial water added varied from
£22 to Sbb g,

The five soil ¢olumns and a column containing open water were then
placed 13 ¢m from the center of a round table rotating at 1.5 rev/min
and mzintained level by four adjustable wheels. The columns were
surrounded by a drum=like framework covered with aluminum foi) to keep




To find the bulk density and meisture profiles of the modals Fram
gamma-ray attenuation, values for the mass-absorption coefficients
{u) of lead, Plexiqlas, water, scil, and sand had to be determined.
The mass-absorption coefficients for these materials were determined by
essentially the same mathods as these of Bavidsen et al. [5] (determin-
ing quantities in equation 1 except ps which is soTved for), The
mass~absorption coefficients were found to be (.1034 cmzfg for lead,
0.0806 cméfg for Plexiglas, 0.0802 cm?/q for water, 0.0689 cmi/q for
soil, and 0.0825 cmzfg for sand.

The vatues of the mass-absorption coefficients in combination with
gamma«ray intensity allow far the deteemination of sail bulk density
and volumetric maisture content, The empty models are placed in the
gamma apparatus and counted. The attenuation of the radiation by the
Plexiglas models is described by

Iy =1, exp {-unxlpI {2}

pl
whare T,y is the intensity through the empty Plaxiglas model, I is the
intensigy through air, bolr Opis and Xp| are Fhﬂ absorption cnefficient,
density, and thickness; respectively, of Plexigtas. The intensity I,

is beyond the capacity of the instrumentation; thus, an indirect method
of obtaining I, must be used, A standard lead disc is placed in the
gamma beam, and the transmitted gamms rays counted. The intensity
through the standard laad disc i5 then related by

I* = ID exp {-upx}:b {3)

&
where [ 75 the intensity through a standsrd lead disc and upp, ppps
and xpp, are the absorption coefficient, density, and thickness,
raspactivaly, of lead. Therefore,

¥ ¥
I, =1 exp {uﬂx}Pb {4)

Equation (%) is then substituted into {2) to obtain

175 1 exp ({uoxy, = (upxd ;) ) ()

o
for the intensity through the empty model, The intensity I is used also
in the attenuatisn equations for the bulk density and moisture content.

The intensity through the dry soil is related by

% ' *
Ids =1 exp [funﬂlpb - {upK)P] - [“ﬂ“]ds] (8}
where 4o is the intensity through dry soid and uge, ©gg, and x4, are
the absarption coefficient, bulk density, and thickness, respectively,
of dry seil. By dividing Equation (6) by {5) and simplifying, the buik




jnfrared light from entering the columns at any point other than the
column surface. A single 250 watt Infrared reflecter heat lamp was
centerad 29 ¢m above the top of the columns. The column containing
water was used to characterize the evaporation potential. This column
was kept full by adding water as it was evaporated. All six columns
were weighed at daily intervals during the first few days and at 2 or

3 day intervals later in the experiment, At the end of 18.5 days, the
columns were placed in the gamma apparatus and scannad. The count rates
wetre used to calcuTate the volumetric moisture content at depth imrervals
of 1 cm. The driest layer occurred in the i cin of soil above the sub-
surface muich and was used as the zero moisture content. In calculating
myisture contents from the scanning, it was assumed that the thickness
and density of plastic and the bulk density of the soils were uniform.

3.2 Two=Dimensional Model Experiment

A two-dimensional model constructed with 1 em thick Plexiglas,
containing three identical compartments, 30 cm long, 30 em tall, and
10,15 + 0.05 em wide, was used in this experiment, Since the madel was
to be used for infiltratfon, air escape holes were drilled along each
side, 2 em from the bottom of the model. Before packing, the model
was scanned by the gamma apparatus. The bottom 3 em aof each compartment
was Filled with Clayton sand. A vertical sand mulch, 2 cm thick, was
placed on each side of the compartments, with sail mix packed in the
rest of the model. The surface treatments were: bare soil, subsurface
milch, and 1 cm surface mulch., Al1 fipal surfaces were at the same
height. The compartments packed with sc¢il were scanned by the gamma
apparatus, and bulk densities caleulated,

A 2 cm application of water was then applied to each compartiment.
The mode! was atlowed to eguilibrate for & hours and then scanned by
the gamma apparatus, and moisture contents were calculated, (A measured
air-dry moisture content correction of 1.Z2% was made for all bulk
dansity and moisture measurements with the two=dimensional model.} The
model was then placad ! meter below a bank, 126 cm long, of five 300
watt reflactor spot lamps, equally spaced on a line, for 24 hr, Tha
bank of lamps provided an evaporation potential of 1.43 em/24 hr as
measured from the open water column, Meisture contents were again
determined at 42 points in each compartment,

A second application of a 2 cm depth of water was added to the
same model after the Z4.hr evaporation pericod. The model was allowed
to set 10 hr before moisture contents were determined. The model was
then placed under the heat lamps for 24 hr. The evaporation potential
was 1.30 cm/24 hr for this sacond 24 hr evaporation. At the and of this
period, myisturs content was determined again,

A third 2 cm application of water was added te the model at the
end of the second evaporation petriod. The model was allowed to set 4
hr befora moisture contents were takem. Than, the mode! was placed
under the heat lamps for 83 hr. The total! evaporation potential during
this period was U4.77 em. A Final meisture content was taken at 42
points in each compartment.




L, RESULTS

4.1 Seoil Column Experiments

Figure 2 shows water loss from three (1 om mulch, 4 cm mulch, and
bare so0il) eof the Five treatments in the sxperiment invelving soil
columns, The average evaporating potential measured by an open-water
surface with an area of 44,2 cm® was 1.88 em/24% hr or 75,1 9/24 hr,

The 2 cm mulch and the subsurface mulch curves 1ie en or between curves
shown. After 1377 g of open-water loss, the 1 em mulch column lost

168 g compared with 314 g for bare soil and 130 g for the 4 ¢m mulch.
The 2 ¢m mulch column lost 128 g and the subsurface mulch column lost

135 4.

Figure 3 shows moisture content with depth for twe (bare seil and
1 em mulch) of the five treatments used in the column experiment. Data
faor the other three treatments are not shown because the other mulch
treatment curves of moisture content with depth are net significantly
different from the curve for 1 cm mulch,

The temperature after | day of evaporation of the columns was
measured on the outside surface near tha base of the columns with a
mercury-in-glass thermemeter and waz 27.19C, Surface temperatures
measured by an aluminum foil-covered mercury-in-glass thermometer were

33.29¢,

£.,2 Two-dimensionhal Modal Experiment

Figures 4 (bare sail), & [subsurface malch), and & {1 cm mulch)
show the volumetric water content for 42 points measured, The values
shown are Tinal moisture contents after three 2 ocm applications of
water for a total of & cm and after three evaporation periods with
potential evaporation of 1,43 cm, 1.30 cm, and 4%.77 cm, for a total
of 7,50 em, The initial s0il was at an air-dry moisture content of
3.22%. Lines of equal water content are shown for 20.0%, 25,03, and
30,08 moisture by volume. Associated with each figure are the average
moisture contents of the surface 1 em far the three wettings. These
modsture gontents were obtained by averaging the middle four moisture
contents for the surface row of measurements,

For Figure 4, these values are 33.4% for the first wetting, 25.7%
for the second, and 25.1% for the third. The point in Figure 4 at
* Jand y = 1 is =108, an absurd value, We suspect the soil surface
settied so that the measurement of intensity for moist soil was partly
through air instead of seil.

In Figure 5 the average moisture contents of the surface 1| cm for
the three wettings are 41.8% for the first wetting, 34.7% for the second,
and 33.5% for the third, The point in Figure § x = 13 and y = 1, -9,8%,
is absurd for the same resson given for the point x = Jaad y = 1 in
Figure &, The point x = 3 and y = 1 in Figure § is 42.2% another absurd
value because the s0i) was visibly dry. We believe this resulted when




the gamma beam was partially going through air when the dry soil inten=-
sity was established. This also occurred at x = 27 and y = 1 {54.5%)
in Figure 8. These absurd points bring out the problems in lining the
gamma beam initially and the change that occurs when the soil settles,

vVariation in s¢il bulk density for the three compartments will
have some influence on the moisture contents. The average bulk density
of 30 points for Figure & is 1.34 g/em3, for Figure £ is 1,32 gfcmj,
and for Figure & is 1,29 g/cm3,  The extreme values for the entire
experiment were 1,21 and 1,39 g/cmi,

5. DISCUSSYION

2.1 Vertical Soil Calumns

t

In the column experiment, the columns were initially wetited to a
water content hear saturation. When evaporation started, the 1 cm mulch
was almost immediately effective in reducing evaporation {(Figure 2)
because the sand dried quickly and the underlying layers were composed
of a fine-textured materiai. The 4 cm milch lost a greater amunt of
water during the initial stages because the & cm send layer was initially
wet and could easily conduct water vertically for a small distance,
After 8O0 g (18.1 cm) of evaporation potential, the & cm muich became
more effective than the 1 cm mulch., The 2 cm muleh and the ! cm subsur-
face milch curves were ideptical and intermediate to the curves shown
for 1 em mulch and 4 cm mulch. Evidently, 2 cm of dry material, whether
50il or sand, offers very nearly the same resistance to vapor {low.

AT1 moalch treatments saved water when compared with the bare soi]
after 31.2 em (1377 g) of evaporating potential. The water saving is
large [ (314«168}/314] (100) = W6¥ to [{314-128)/314]) (100) = 59%
(see Section 4). This Targe water saving is partiy due to the high
maisture content with which we started the experiment since the water
was initially trapped below the mulches,

Figure I shows the distribution of the saved water at the end of
the experiment when 1377 g (31.2 cm) of open water had evaporated. The
surface 4 cm layer of the bare soil is dried to a low moisture content.
Below & om, the moisture content is approximately constant at 30%. In
comparisen, the | cm mulch has allowed the surface 4 cm layer o dry
considaerably, but not to the extent that drying has occurred under bare
surface, Alsas, a much greatar amount of water has been storad below
6 ¢m by the mulch treatment, The subsurface mulch (results not shown
inm Fig. 3) also showad a high amount, about the same as the | em muich,
of stored watar in the lower depth, This storage was possible because
the soil was initiaily near saturation. Im a fieid situation, the soil
would be saturated only after infiltration had occurred. $Since a sub-
surface mileh is known to inhihit infiltration, we included vertical
milches to help infiltration in the two=dimensional model experiment,



£.2 Two=dimcnsional Soil Models

The two=dimensional model was uwsed to investigate the influence of
bare saily, & 1 cm surface mulch, and & | ¢m subsurface mulch when vertical
sand muiching was included, The vertical sand mulching at the sides of
the mode)l should at least partily overcome the infiltration problems
involved with the subsurface mulch which inhibits infittration., The
vertical sand mulch did inprove infiltration for all three treatmants
since the soil mix transmitted water much more slowly than did the verti-
cal mulch sand.

Resuits in Section 4.2 show that the 1 cm laver of soii above the
subsurface mulch in the model retained a greater amount of water than
the top 1 om of the bare-soil treatment. For the first 2 cm addition
of water, the subsurface mulch caused U1.6% water content to be held
compared with 33.4% for the bare soil; for the second 2 ¢m addition the
subsurface mulch caused 34.7% water content to be held, compared with
25.7% for the bare soil; and for the third addition of 2 c¢m the sub-
surface mulch caused 33.5% water content to be held, compared with 2%,1%
for the bare soil. This comparison shows that the !t cm surface layer
of soil above a subsurface mulch retains 4.4% to 9% more moisture than
a homogeneous scil, Then, when evaporation cccurs, the water heid above
the subsurface mulch is Jost before the subsurface mulch becomas effective
in raducing water loss. This effect does not occue it the surface mulch.

Figures 4%, 5, and 6 have shown the end result of infiltration of
relatively small amunts of water followed by relatively high intensity
evapaeration for the three treatmenis, The overall average moisture
content for these three figures is of interest. This moisture content
can he found by averaging the six values for a moisture measdrement
depth shown on a figure and by weighting this average for the thickness
of the layer of so0il it characterizes. Using this method we found that
the average water content for Figure & was 21.2%: for Figure 5, 271.3%;
and for Figure &, 25.0%. The average water content can be converted to
a valume of water by multipiying the values by the total wolume of soil,
The volume of soil is {26 cm length} (25 cm height) (10 cm_width) =
6500 cm3. Thus, 21.2% is 1378 cm3 water, 22.3% is 151% cm?, and 25.0%
is 1625 ¢m3 The initial vater pregent in the sofl was 3.2% or 208 cm3,
and the add&? water was [3} {600 cm?), equaling & total of 2008 cm3.
Then 2008 cm® = 1378 cm® = 630 cm3 was evaporated from the bare soil;
494 cm3, from the subsurface mulch treatment; and 383 ¢m?, from the
surface mulch treatment. Thus, the subsurface mulch treatment saved
630 cm? - 494 cmd = 136 om® or (136/630) (100) = 21.6% of the water
evaporated from the bare sail treatmegt, and the surface mulch treat-
ment saved 630 cm® - 383 cm? = 247 cmd or{247/630) (100) = 359.2% of the
water evaporated from the hare soil treatment,

The lines in Figures %, 5, and & connect points of equal water
content., In Figure 4, the line for 209 water content lies deeper than
in Figures 5 and &. This shows that the bare-soil treatment caused
mare drying at the lower depths than the other treatments. For example,
the deepest point of the 20% line in Figure &, is 15 cm below the




surface; and for Figures 5 and 6, 12 cm below the surface. The 257
line in Figure & is 19 cm belbw the surface and i about Z cm below
the 25% line in Figure 5 at 17 em depth and about & em lower than the
257 line in Figure 6 at 15 em depth. The 30% line in Figure 6 is ouch
highar than in Figures & and 5, All the lines ¢urve upward when they
Tie near the edges where vertical coarse sand mulches had an effect.
The vertical mulches increased infiltration, which caused the wetting
fronts in the made] compartments ta advance from the sides and bottom
as well as from the top. This type ¢f phenomznon ¢an be described
quantitatively rather than qualitatively by using the gamma-ray
attenuation procedure.

.3 Compariszon of Soi! Column and Two-dimenszional Model Results

There are two differences between the experiment with soil columns
and the experiment with the two-dimensiornai modsl, The differences are
initial misture contents, and wetting and drying procedure.

The so0il in the columns was initially nearly saturated, while the
s0i1 in the two~dimensional model was initially air-dry. Thus, in the
s0il columns, we are concerned only with evaporation. Since mulches
cause early surface drying, the surface treatments in thes column
axperiment are only working as a vapor diffusion resistance. In the
two-dimensional model, the surface treatments are acting as a resis-
tance to three procasses: upward capillary mavement, vaper diffusion,
arnd infiltration. Consider the top 2 cm of soil mix and or sand in
the three compartments of thamadel., furing infiltration, the | em
sucface mulech and the 1 em of s0il1 below it offer less resiztance
than the top 2 ¢m of the bare-soil treatment. The top 2 am of the
bare-s0i] treatment offer less resistance to infiltration than db the
top 2 em of surface if there is 1 em of sand belew 1 em of s0il.  This
means that the subsurface mulch should be Tess effective when infil-
tration and evaporation are involved than when evaporation alone is
invoived, when compared to a surface mulch. This is true as seen
from the water saved in both cases. In the column experiment (see
Results, Section 4.1) the | cm surface mulch saved

[ {314-168)/314 ] (100) = 46,5%

anpd the 1 em subsurface muich saved
[ (314.135)/314] (100} = 57.0%

These values, 46.5% and $7.0%, for the columns may be compared with
corresponding values, 39.2% and 21.6%, for the mde! as found in
sgction 5.2. From the four percentages, 46.5, §7.0, 39.2, and 21.4,
we see that the surface mulch was 6.5 = 39.2 = 7.3% less effective
urder the conditions of the two=dimensional model, while the sub-
surface mulch was £7.0 = 21.6 = 35.4% less effective.




6.  CONCLUSIONS

1. A gamma apperatus was used to measure soil bulk density and
water content in two-~dimensional models as well as in vertical columns,
and results were .compared for different types of mulching.

2. when the 5011 columns were initially saturated and when one of
the treatments {1 cm sand, 2 cm sand, % om sand, or 1 cm sand below
1 cm of so0il} was used, there was a saving of water of 46-59% for an
18-day evaporation period, compared with the situation for bare soil.

3. Water content in the i ¢m of so0il above the subsurface milch
after a 2 em irrigation ranged from 4-9% higher than for a bare seil.

L. The use of a 1 cm surface mulch in & situwation invelving both
infiltration and evaporation resulted in a saving of 39.2% of the
water evaporated from a bare soil. The use of a | om subsurface milch
in a situation invelving both infiltretion and evaporation resulted
in a saving of 21.6% of the water evaporated from a bare soil,

5 A 1 cm subsurface mulch lest 35,4% of its effectiveness when
a situation invelving infiltration and evaporation was compared with a
situation involving only evaparation.

6. The use of two-dimensicnal models may be used to study further
the influence of vertical and herizontal muiches an evaparation and
infittration, to evaluate moisture content above a water table in
drainage systems, water contents around the roots of plants growing
in a model, and possible Jateral movement of water because of different
avaporation potentials such as due to shading, at the s0il surface.
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Fig. 1.
Fig. 2.

Fig. 3.

Fig. 4.
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Fig. 6.

Figure Captions

Gamma-ray attenuation seil moisture detection apparatus
Cumulative soil water loss from mulched and bare soil cotumns

S0il column moisture distribution after 31.2 ecm of open water
column loss

Bare =201l model maisture distribution. Slashed areas are coarse
sand., Lines of equal meisture content are shown for 20, 25, and

30%.
Same as Fig. 4 except for a 1 cm subsurface sand muich

Same as Fig. b except for a 1 om surface sand muich
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