




with tensiometers. Some experiments
have involved measurements of tension
only, while others have included corre
sponding changes in soil water content.

Investigations by Israelsen [1918] ,8
Israelsen and West [1922], Scofield and
Wright [1928], and Edlefsen and Bod
man [1941] typify early endeavors to
ascertain the water-storage capacity of
soils. Soil water was measured gravi
metrically in field plots before and after
heavy irrigations. In addition to the
quantity of water stored, the amount
of water passing through soil profiles
during extended periods of drainage
was measured. In the case of the latter
investigation it was found that the aver
age rate of water lost from a 5-foot pro
file over a period of 2 days after irriga
tion to 30 days after irrigation was ap
proximately 0.1 inch per day.

Using a neutron meter to measure
soil water repeatedly at the same depths
within several field profiles, Burrows
and Kirkham [1958] studied the redis
tribution of applied water under the
action of gravity to define field capacity.
The field capacity of each 6-inch layer
to a depth of 5 feet was defined on the
basis of the shape of the drainage curves.

D. R. Nielsen, ]. M. Davidson,

]. W. Biggar, and R. ]. Miller

Water Movement Through Panache
Clay Loam Soil I. 2

INTRODUCTION
THIS INVESTIGATION involves the surface
application of a known quantity of irri
gation water to a field plot protected
from evaporation and shaded from the
sun. Frequent measurements of soil
water content and soil-water tension
were made during infiltration and dur
ing a 2-week period following infiltra
tion. Capillary conductivity values for
seven soil depths were calculated from
the field data. The observed water move
ment is discussed in relation to the phys
ical properties of the soil profile.

Many investigations have been made
for the purpose of measuring the
amount of water stored in field soils
after being wetted. Some bare fallow
plots studied were either mulched or
nonmulched, while other plots were cov
ered with growing crops. Measurements
of soil water were generally made by
gravimetric sampling.

Of equal concern to the investigator
have been the hydraulic gradients
within the profile during and following
infiltration. Although numerous meth
ods have been used to measure the soil
water tension, and hence the hydraulic
gradient, the most common and satis
factory measurements have been made

1 Submitted for publication August 26, 1963.
J This research was supported in part by funds from Research Grant No. DA-AMC-36-039

63-G5 for the Army Electronics R&D Activity, Fort Huachuca, Arizona.
8 See "Literature Cited" for citations referred to in the text by author and date.
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Using a similar field technique, Nielsen
et ale [1959] measured the amount of
water stored temporarily above field ca-
pacity and explained the water move...
ment on the basis of laboratory determi...
nations of soil-water properties.

Tensiometers have been used exten
sively to study water movement through
field soils [e.g., Cannel and Stolzy,
1962; Haise et al., 1955; Marshall and
Stirk, 1949; Richards, 1954; Richards
and Neal, 1936]. In these investigations,
their use was primarily directed toward
measuring hydraulic gradients existing
during infiltration or during short pe
riods of drainage following infiltration.
In most cases, rates of water movement
were inferred by using the Darcy equa
tion. Soil layers responsible for re
stricted water movement were readily
identified, although values of capillary
conductivity could not generally be cal
culated owing to lack of information
regarding water content changes.

Field estimates of capillary conduc
tivity were made by Richards et ale
[1956] and Ogata and Richards [1957]
using tensiometer and gravimetric
water content data. Measurements were
made in the surface 50 cm of a sandy
loam after a heavy irrigation. Surface
evaporation was prevented in this latter
study. Their data indicate that measure
ments were made seven or eight times
during a 2-month period. The physical
processes determining water loss from

soil were discussed relative to the capil
lary conductivity values presented to
gether with the migration of KCI added
in the irrigation water. Other investi
gations designed to calculate the capil
lary conductivity of specific soil depths
in situ are unknown to the authors.

Laboratory-determined values of cap
illary conductivity have been used to
calculate or predict water movement in
field soils [e.g., Green et al., 1964; Miller
and Bunger, 1963; Nielsenet al., 1961].
Miller and Bunger [1963] used both
tensiometers and a neutron meter to de
termine water content-tension-time re
lations at several depths within natural
and artificially produced layered soils.
Nielsen et ale [1961] predicted soil
water infiltration profiles for two some
what homogeneous field soils. Calcula
tions were based on the analysis of
Philip [1955,1957]. Green et ale [1964],
using laboratory-determined values of
capillary conductivity and a high speed
computer, predicted water movement in
naturally-layered soils. In each of these
three investigations, the calculated soil
water profiles were in general agree
ment with those measured, although
several discrepancies were apparent.

It is the purpose of this investigation
to evaluate soil water movement through
Panoche clay loam and relate the move
ment to physical processes involved and
certain properties of the soil measured
in the field and laboratory.

EXPERIMENTAL PROCEDURE
The experimental plot was located at

the West Side Field Station of the Uni
versity of California 40 miles southwest
of Fresno. The plot was located in the
swVt of the NE1/i of Section 27, T.
18S., R. 17E. on a soil classified as
Panoche clay loam. A typical descrip
tion is given in the Appendix of this
publication.

The plot used was part of an irrigated
field on which grain had been grown for
several years. It consisted of a level,

square area 12 feet x 12 feet which was
surrounded and defined by a low earth
dike. The plot was undisturbed by the
construction of the dike with inner faces
consisting of 2 x 12-inch boards set on
edge. An area 4 feet x 4 feet in the
middle of the plot was chosen for analy
zing soil water movement. Thus, a guard
strip 4 feet wide surrounded the sam
pling site. Outside the plot, the soil
water content was not excessively low,
as evidenced by tensiometer readings.
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Four mercury-in-glass tensiometers
were located at each of the following
depths: 6, 12, 18, 24, 30, 36, 48 and 60
inches. Four 1.5-inch diameter thin
walled aluminum access tubes were
placed 6 feet into the soil. Water content
measurements were made at 6-inch in
tervals from the 6-inch to the 5-foot
depth.

Prior to measurement of water con
tent, a first-wetting and drainage period
was initiated by adding to the plot
enough water to wet the soil well below
5 feet. Two weeks later the soil was sim
ilarly wetted and a second drainage pe
riod initiated which lasted 2 weeks. Dur
ing the two drainage periods the tensi
ometers performed satisfactorily. The
water content and the soil-water tension
throughout the 5-foot soil profile were
measured and recorded at the end of
the second drainage period.

At the end of the second drainage pe
riod, and after the water contents had
been measured, increments of water
totaling 4.8 inches were applied at less
than a 1-inch head above the soil surface
during infiltration. The last increment
of water to seep through the soil surface
corresponded exactly to 24 hours after
infiltration was initiated. The rate at
which the water infiltrated into the sur
face was measured by means of a hook
gauge. The entry rate was greatest when
the water was first applied and dimin
ished to a virtually constant rate near
the end of the 24-hour infiltration
period.

After infiltration, and at the begin
ning of the third and final drainage
period, the plot was covered with 4-mil
(0.004 inch) black polyethylene film.
A 1-inch layer of loose top soil was
spread evenly over the polyethylene
cover. During the course of the experi-
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ment the plot was shaded by a light
canvas canopy constructed 8 feet above
the plot.

During infiltration and the first 24
hours of drainage, soil-water tension
and content were recorded at approxi
mately 30-minute intervals; these meas
urements were made less frequently
during the succeeding 2 weeks. The
mean values of the four measurements
taken at each depth were plotted against
time. From these curves, the rate at
which water passes any particular
depth was known as a function of time.
In addition, the soil-water tension gra
dients and the average water contents
from which the capillary conductivity
relations could be calculated were avail
able.

Several days after the last water
measurements had been made a pit was
dug where measurements had been
made, and core samples 3 inches in di
ameter and 3 inches high were taken at
6-inch depth intervals to 6 feet. In addi
tion, core samples were removed from
the same depths in four other pits dug
close to the experimental plot. Water
content versus tension curves (soil char
acteristic curves) were measured on
these samples, using fritted glass bead
plates described previously [Nielsen and
Phillips, 1958]. Tensions used for de
fining the curves were 2, 17, 32, 47, 62,
82, 102, 122, 152, and 300 em of water.
From the oven-dried weights of these
samples, bulk density values were ob
tained. From other samples taken at the
above mentioned depths, soil character
istics were ascertained using pressure
plate and pressure membrane appara
tuses [Richards, 1947, 1949] with pres
sures of 0.1, 0.33, 0.5, 1.0, ~,O, 5.0 and
15.0 bars. Particle-size distributions
were measured also [Bouyoucos, 1951].

RESULTS

The following is the chemical analysis
of the station's well water used in this
study: 1.35 me/l Ca, 1.00 me/I Mg, 8.26

me/I Na, 0.03 me/I K, 3.34 me/l CI,
5.56 me./l S04' 1.98 me/I HC0 3 , 0 me/l
C03 , and 1.4 ppm B. The pH and the
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TABLE 1
PARTICLE-SIZE DISTRIBUTION AND BULK DENSITY VALUES

FOR PANOCHE CLAY LOAM

Depth Sand Silt Clay Texture Bulk density
inches per cent per cent per cent gm/cm3

6.............................. 31.3 28.8 39.9 clay loam 1.47
12............................. 39.7 24.0 36.3 clay loam 1.45
18............................. 41.3 24.9 33.8 clay loam 1.34
24............................. 29.5 30.6 39.9 clay loam 1.29
30............................. 31.7 33.2 35.1 clay loam 1.19
36............................. 33.2 31.3 35.5 clay loam 1.31
42............................. 14.8 44.7 40.5 silty clay 1.21
48............................. 9.6 50.6 39.8 silty clay 1.25
54............................. 19.4 42.7 37.9 silty clay loam 1.26
60............................. 13.4 44.3 42.3 silty clay 1.31

profile having an average density of
about 1.25 grrr/em". There appears to
be no relation between soil texture and
bulk density. Although this soil must
be considered nonhomogeneous with re
spect to measurements made at the vari
ous depths, natural variations measured
are not unlike the vast majority of many
soils.

A smooth curve of soil-water tension
versus time was obtained for each depth
at which the tensiometers were placed.
Figure 1 gives an example of these val
ues for the 12-inch depth during the

electrical conductivity of the soil extract
were 8.3 and 1.13 x 10-3 mmho/cm, re
spectively.

Table 1 gives the particle-size distri
bution within the soil profile. The top
3 feet of the profile is predominantly a
clay loam grading into a silty clay from
the 3 to 5-foot depth. The range of per
centage of clay is 10 per cent, while that
of silt and sand is 26 and 31 per cent,
respectively. Soil bulk density was 1.47
gm/cm" at the 6-inch depth; this value
decreased with depth to a minimum at
30 inches, with the lower portion of the

300---------~---~---------.

12- inch depth

2520
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o 5 10 15
TIME· OF INFILTRATION (hours)

Fig. 1. Soil-water tension (em of water) versus time of infiltration for 12-inch depth of
Panoche clay loam as measured in the field. Each datum point represents an average of four
tensiometer readings.
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water content-tension relations neces
sary for this behavior will be discussed
later in light of capillary conductivity
values calculated for various depths
within the Panoche profile.) After 20
hours the tensions have decreased sub
stantially at all depths. This is true
after 24 hours when 4.8 inches of water
have entered the surface with some of
the applied water already passing the
60-inch depth,

SOIL-WATER TENSION (em)

50 100 150

60 ~--_.....J.-- L...-.-__--L...----J~--J

Fig. 3~ Soil-water tension (cm of water )
versus soil depth, measured at commencement
of drainage (24 hours) and at 30, 40, 50, 60
and 72 hours.

48

Figure 3 shows tension distributions
for the first 2 days of the drainage pe
riod corresponding to 24 to 72 hours.
For comparison, the distribution at 24
hours given in figure 2 has been in
cluded in the present figure. The most
striking feature about the distributions
is that tensions near the soil surface in
crease, while those of the greater depths
decrease during the first few hours of
drainage. The tension at the 30-inch
depth reached a minimum of 88 em of
water at 50 hours, or 26 hours after in
filtration ceased. At the 60-inch depth,
tension originally at 250 em of water
was never reduced below 175 em.

Figure 4 shows additional tension
distributions for greater drainage pe
riods. A comparison of the tensions be
tween the 6 and 12-inch depths reveals
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the top one foot of soil changed mark
edly, while those from 18 to 30 inches
remained unchanged. During the first
10-hour period, tensions below 30 inches
decreased by a small but significant
amount while the tension at 30 inches
did not change; when it is realized that
water is infiltrating into an already wet
profile (average tension of 220 cm of
water) and not a "dry" homogeneous
soil, such behavior may be expected.
Similar results have been reported by
Burrows and Kirkham [1958]. (The

60 ......... .....1.10-........... _

Fig. 2. Soil-water tension (cm of water)
versus soil depth measured at 0, 1, 2, 3, 4, 5, 10,
20, 24 hours after commencement of infiltration
into Panoche clay loam. Zero hour designates
initial tension distribution after the second
drainage immediately preceding infiltration.
Twenty-four hours designates tension distribu
tion at end of infiltration and the beginning of
the third drainage period.

24-hour infiltration period. Equally
well defined curves were obtained for
the other depths during the infiltration
period and throughout the third 2-week
observation period of drainage. From
these series of graphs, the soil-water
tension versus soil depth was plotted
with time as the parameter. Figure 2
shows tension distribution throughout
the profile for infiltration. During the
first hour of infiltration the tensions in
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that the polyethylene film covering the
soil surface apparently prevented evap
oration. Somewhat greater changes in
tension were measured near the soil sur
face compared to those deeper in the
profile-this is because soil at the
greater depths not only loses water but
allows the additional water draining
from soil above to pass through it.

time-intervals are measured more accu
rately than absolute magnitudes of the
total water content. Thus, the neutron
method of measuring soil water was
used in this experiment primarily to
monitor changes in soil-water contents
and, hence, water movement through the
profile.

SOIL-WATER CONTENT (per cent)

Figure 5 shows a comparison of the
measurements of the tensiometer and
the neutron methods for measuring soil
water. Agreement between the two
methods is satisfactory considering the
lack of accuracy of the neutron method
in the presence of an irregular vertical
distribution of soil water. (Values of
soil-water content given in succeeding
figures will be derived from the tensi
ometric method.) Figure 6 shows how
water movement within the profile dur
ing the 24-hour infiltration period may
be perceived by observing changes in
water content percentages.

During the first 5 hours of infiltration
the water content in the top 12 inches
of the profile increases rapidly and re
mains nearly constant for the re
mainder of the wetting period. The 18
and 24-inch depths wet more slowly,

Fig. 5. Comparison of soil-water content
versus soil depth, measured by neutron scatter
ing and inferred from tensiometer measure
ments.
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Soil-water contents were measured in
directly through tensiometer readings
in the field plot that were related to soil
characteristics of the soil cores removed
from the field and measured in the lab
oratory. Although this method has the
disadvantages of not measuring the
water directly, it allows the soil water
content of a small volume of soil to be
ascertained.

Soil-water contents were measured
directly by neutron scattering. Al
though this method of measurement is
rapid and nondestructive it is not with
out some limitation, owing to the large
sample size that includes the water con
tent above and below the desired depth
[McHenry, 1963]. Changes in water
content at the same depth during known

60 L...- .....L...__-lu..a..L......................._----'

Fig. 4. Soil-water tension (cm of water)
versus soil depth, measured during drainage 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 and 15 days
after commencement of infiltration.
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SOIL-WATER CONTENT (per cent)
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INFILTRATION
Fig. 6. Increase in soil-water content versus depth during 24-hour infiltration period. Zero on

the abscissa refers to water content of the soil profile at commencement of infiltration. Initial
values were 34.2, 30.6, 27.4, 33.9, 37.2, 32.7, 44.3, and 38.2 per cent at the 6, 12, 18, 24, 30, 36, 48,
and 60-inch depths, respectively. Broken line indicates increase in water content needed to saturate
the profile.

with the former having the greater in
crease in soil water after 24 hours of
infiltration. Note that the water con
tents below 30 inches increase before
the water content at that depth changes;
this behavior is indicated by tension
data in figure 2.

After 24 hours of infiltration the soil
profile was water saturated to a depth
of 6 inches; the broken line in the right
hand graph of figure 6 represents water
saturation. Measurements of infiltra
tion velocity at this time were almost
constant at 1.8 inches per day. If it is
assumed that steady state existed at this
time, it may be inferred from the last
profile in figure 6 that the soil layer
governing rate of entry was the 6 to
12-inch depth. Such an inference is
based on calculations by Takagi [1960],
who showed that unsaturated flow must
exist in or at the bottom of the least
permeable layer.

Figures 7 and 8 show redistribution
of the applied water within the profile
after infiltration. In figure 7, the left
hand graph (24 hours) is the same as

that given at the right-hand side of
figure 6. During the first 48 hours of
drainage (24 hours to 72 hours in figure
7) the water contents in the top 18
inches of the profile substantially de
crease while those between the 18 to
48-inch depths generally increase; mag
nitudes of water content at the 48 and
60-inch depths vary 2 per cent or less
throughout the experiment. These soil
layers allow water to pass out of the
profile during infiltration and subse
quent drainage, even though water con
tents of the layers remain nearly con
stant.

The soil profile continues to lose water
significantly during the second week of
drainage. By the fifteenth day of the
experiment the water contents are equal
to or Jess than those previous to infiltra
tion. Figure 9 shows the rate at which
water drains from the 60-inch profile;
here the water flux across the 60-inch
depth is plotted against the number of
days after infiltration ceased. During
the first 2 days of drainage the rate
decreases rapidly from a value greater
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Fig. 7. Changes in soil-water content versus depth at commencement of drainage (24 hours)
and for 72 hours after initiation of infiltration (48 hours drainage). Zero on the abscissa refers
to water content of the soil profile at commencement of infiltration. Initial values were 34.2
30.6, 27.4, 33.9, 37.2, 32.7, 44.3, and 38.2 per cent at the 6, 12, 18, 24, 30, 36, 48, and 60-inch
depths, respectively.
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Fig. 8. Changes in soil-water content versus depth during drainage for 3 days (2 days after

commencement of drainage) and 6, 9, 12 and 15 days. Zero on the abscissa refers to water content
of the soil profile at commencement of infiltration. Initial values were 34.2, 30.6, 27.4, 33.9, 37.2,
32.7, 44.3, and 38.2 per cent at the 6, 12, 18, 24, 30, 36, 48, and 60-inch depths, respectively.
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versus soil-water content for seven
depths. Data points represent calcu
lated values for the majority of water
contents existing during the experi
ment. Thus, the curves describing the
capillary conductivity relations for the
shallower depths cover a greater range
of water content values than those for
the greater depths. For each depth a

13r-----~----r__---__

Fig. 10. The water content greater than the
15-bar percentage in the 60-inch profile versus
drainage time.
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than 1 inch per day to less than 0.4 inch
per day. Water continues to leave the
profile at a rate gradually diminishing
to 0.1 inch per day by the fifteenth day.
Thus, the rate of downward movement
has materially decreased after 2 days;
however, during the subsequent 12 days
more than 2 inches of water has left the
profile.

1.2r------r----~---___,

5 10
DRAINAGE TIME (days)

Fig. 9. Rate of water loss from the 60-inch
profile of Panoche clay loam versus drainage
time.

Figure 10 shows inches of water re
maining within the 60-inch profile above
the 15-bar percentage versus the time
since infiltration ceased. This stored
water may be considered the plant
available water if salinity effects are
ignored, and the 15-bar percentage rep
resents the permanent wilting percent
age.

The capillary conductivity K defined
by Darcy's Law

dcp
v=-K-

dx

was calculated for several depths within
the profile with measurements of both
soil water content and tension versus
time. In this equation, v represents the
flux of water (cm per day), x the verti
cal distance (cm) and cp the total poten
tial head (cm) equal to the sum of the
soil-water tension and gravity head.
Calculations were based on small time
intervals in order that potential gradi
ent and the average water content of a
soil layer could be considered constant.
Figure 11 shows capillary conductivity

well-defined relation exists between K
and e. In general, the 6 to 12-inch depth
is less permeable than the 12 to 18-inch
and the 18 to 24-inch depths, with the
former being most permeable. The
values of K for depths between 24 and
60 inches are comparable, although the
values of K for the 48 to 60-inch depth
may possibly be smaller.

Many previous infiltration experi
ments, especially those conducted in the
laboratory, have involved wetting a
homogeneous soil that was initially air
dry. Under such a condition the infil
trating water would have to increase the
water content at each depth before
passing into a greater soil depth. The
soil in this experiment was not air-dry,
and water passed through the 30-inch
depth during the initial stages of in
filtration without increasing the soil
water content at that depth. With
initial water content at the 30-inch
depth about 37 per cent, a capillary
conductivity value greater than 0.1 cm
per day is sufficient to transmit water
from the shallower depths for the ob-
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Fig. 11. Capillary conductivity versus soil-water content calculated from field

measurements for 6-inch intervals to a depth of 60 inches.

served tension distributions. For a later
time-interval (between 30 and 72
hours), water draining from the 0 to
24-inch depth increases the water con
tents at greater depths, while the water
content at the 30-inch depth remains
near 42 per cent. At this water content,
capillary conductivity approaches 1 em
per day. With the prevailing tension
distributions, the soil at this depth can
not lose water any faster than the rate
at which it receives it from the over
lying soil. After the water draining
from the upper portion of the profile
has diminished, the water content at the
30-inch depth decreases readily. Thus,
depending upon the heterogeneity of a
soil profile and the existing soil water
content-tension-capillary conductivity
relations, water passing through a soil
at a given location may result in either

an increase or decrease in soil-water
content.

Laboratory determinations of the soil
characteristics of each depth provide a
means of analyzing the above calcula
tions of K versus 8. Figure 12 shows
soil characteristics measured on the 3
inch core samples taken at the 6, 24, 36
and 48-inch depths. Table 2 gives a
complete summary for all depths of the
soil-water content values measured for
each applied tension. Figure 13 shows
the relations between tension, water
content and soil depth plotted as a
three-dimensional diagram; the diagram
shows a surface related to the capillary
conductivity values given in figure 11
and provides an explanation of the soil
water movement illustrated in figures
6, 7 and 8. This type of diagram has
been used previously to describe water
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TABLE 2
PER CENT SOIL-WATER CONTENT (VOLUME BASIS) OF PANOCHE CLAY

LOAM IN EQUILIBRIUM WITH SEVERAL APPLIED TENSIONS
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Applied tension" (em of water)
Soil

depth

I I I I I I I I I2 17 32 47 62 82 102 122 152 333

inches per cent

6........... 43.1 41.8 40.5 39.5 38.7 37.5 36.5 35.7 34.8 34.2
12........... 41.1 40.0 38.7 37.4 36.0 34.2 32.6 31.5 30.4 30.0
18........... 44.4 42.7 40.5 38.4 36.5 34.1 32.2 30.7 29.2 26.7
24........... 47.8 46.1 44.4 43.0 41.7 40.1 38.9 37.8 36.7 30.8
30........... 49.8 48.0 46.4 45.0 43.9 42.6 41.7 41.0 40.3 39.4
36........... 47.4 46.5 45.2 43.3 41.4 39.2 37.5 36.3 34.8 31.5
42........... 52.6 51.3 50.1 49.2 48.4 47.5 46.9 46.4 45.8 38.0
48........... 51.3 50.2 49.4 48.7 48.1 47.4 46.9 46.5 46.0 42.2
54........... 52.6 51.3 50.3 49.3 48.5 47.7 47.0 '46.5 45.9 37.5
60........... 48.4 47.5 46.8 46.1 45.2 43.5 42.1 40.9 39.6 38.0

• Values represent the mean of three determinations made on 3" X 3" soil cores.

movement through several field soils
[Nielsen et al., 1961].

Figure 13 shows that at about the 12
to 18-inch depth there is a suppression
corresponding to smaller water contents
than those at the 6 to 12-inch and the
18 to 24-inch depths. This suppression
indicates larger pores, while the ridge
on either side of it indicates smaller

pores. Hence, highest capillary conduc
tivities should be observed at the 12 to
18-inch depth, and figure 11 shows that
this is true. For the greater depths,
where values of capillary conductivity
were lower than those for depths nearer
the surface, a greater water content re
tention is observed (fig. 13). The rather
severe suppression observed at the 36-
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Fig. 12. Soil-water characteristic curves for the 6, 24, 36, 48-inch depths of Panoche
clay loam soil determined on 3 x 3-inch core samples.
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Fig. 13. Three-dimensional diagram of water
content, soil-water tension (cm of water) and
depth for Panoche clay loam.

inch depth in figure 13 is not reflected
in the capillary conductivity values for
the 30 to 36-inch or the 36 to 48-inch
depths. The smaller pores occurring at
the 30-inch depth and the 48-inch depth
probably dominate the flow character
istics for both of the above layers.

Although soil-water tensions greater
than 300 em of water were not measured
in this experiment, it may be of interest
to further identify the Panoche clay
loam by examining larger tensions and
smaller water contents than those given
in table 2. Table 3 gives soil water con
tents corresponding to 0.5, 1.0, 2.0, 5.0
and 15.0 bars pressure applied to sieved
samples. A comparison of these values
with those presented in table 3 reveals
some discrepancies which probably re
sult from the use of sieved samples in
stead of soil cores.

depth of wetting has also been shown
to influence the rate of downward water
movement [Baver, 1936; Colman, 1944;
Smith and Browning, 1947]. The pres
ence of an actively-growing crop may
decrease or increase the amount of
water lost by deep percolation, depend
ing upon the rooting depth of the crop
and the' quantity of water applied
[Robins, et al., 1954].

DISCUSSION
It appears from this study, and others

cited, that the amount of water stored
in a profile and available for plant
growth is not constant and is difficult
to ascertain or predict at any specified
time. For example, 4 inches of water
was lost from the 60-inch Panoche pro
file during a 2-week period without
evapo-transpiration. Had evaporation
taken place, the loss would have been
greater. Initial water content and the

TABLE 3
PER CENT SOIL-WATER CONTENT (WEIGHT BASIS) OF PANOCHE CLAY

LOAM IN EQUILIBRIUM WITH SEVERAL APPLIED PRESSURES

Applied pressure" (bars)

Soil depth

I I I I
0.5 1.0 2.0 5.0 15.0

inches grn/grn

6................................... 33.3 30.2 26.4 22.1 18.7
12......... " ........................ 29.0 25.8 23.0 19.1 15.6
18................................... 24.7 20.5 18.6 15.5 12.8
24................................... 28.8 25.5 21.8 17.8 15.1
30................................... 25.2 22.2 19.0 15.6 13.0
36................................... 28.3 24.6 21.0 17.1 15.0
42................................... 34.5 28.7 26.2 19.0 15.5
48................................... 42.1 31.9 22.7 20.8 17.7
54................................... 33.5 26.6 21.9 18.6 15.6
60................................... 40.2 33.0 28.4 22.3 18.2

• Values given represent the mean of two determinations made on samples passed through a 2 mm sieve.
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Growers in the vicinity of the West
Side Field Station have found it neces
sary to pre-irrigate during winter and
early spring to insure an adequate sup
ply of water during hot, dry summer
months. In addition to the increased
supply of water available to plants,
another equally important benefit is de
rived through pre-irrigation-a favor
able salt balance within the profile. The
water lost from the Panoche soil after
a heavy irrigation drains out of the
profile slowly and at water contents
considerably less than the saturation
point-two conditions that enhance the
efficiency of salt removal [Biggar and
Nielsen, 1962; Wilson, et al., 1961].
Thus, frequency and time of irrigation
often should be based not only upon the
need for replenishing and storing the
soil water, but upon the need for
efficient leaching of excess salts accu
mulated from summer-applied irriga
tion water. During brief time-intervals
when salt balance may not be of prime
concern, the frequency and rate of
water application for each irrigation
should allow a soil-water distribution
within the profile for optimum plant
growth.

Field experiments concerned with
soil-water-plant relationships generally
entail several irrigation treatments. Al
though the method of water application
(including frequency and quantity of
water added) is usually specified, the
plant-water relations are ascertained
through measurement of soil-water con
tent or tension, or both, with soil depth
and time. These measurements yield
values of the average tension or per cent
of available water in the root zone dur
ing critical periods of crop growth. The
measurements are also used to calculate
water absorbed by the crop or water
lost through deep percolation; for these
calculations, numerical values of the
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capillary conductivity for each soil
depth are required, and methods for
determining soil conductivity K are
given by Butijn and Wesseling [1959],
Gardner [1956], Gardner and Miklich
[1962], Kunze and Kirkham [1962],
Miller and Elrick [1958], Richards and
Richards [1962], Richards and Weeks
[1953], and Rijtema [1959]. Although
uniformly-packed soil samples have
been analyzed under controlled temper
ature conditions, the reliability of cal
culated values of K determined by the
methods referred to above have often
times been questionable. Values ob
tained for soil cores removed from the
field are frequently erratic owing
(among other causes) to small sample
sizes.

Capillary conductivity values may be
easily calculated from field data, pro
vided frequent water-content relation
measurements are made. Field determi
nations made in this investigation do
not involve small samples or the short
comings of simplified mathematical pro
cedures for calculating K from short
lived transient data measured in the
laboratory. Rather, the calculations
given are based on steady-state flow con
ditions for relatively large areas with
each soil horizon in its original and un
disturbed position. Within a 2-week
interval, capillary conductivity rela
tions were obtained for seven depths
including a wide range of soil water
contents. To obtain as many datum
points with laboratory methods would
have involved considerably more time
with less reliability. The principal dis
advantages of the field determination
are the small range in water contents
obtained at the greater depths, and the
fact that values of K are restricted to
soil-water contents for tensions less than
500 em of water-which is the useful
range of the common tensiometer.
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APPENDIX
A detailed soil map was made of the West Side Field Station in September 1960.

This survey consisted of a number of auger borings to a depth of 4 feet. Soil texture
was determined by feel in the field at foot-depth intervals.

Only one soil se~ies-the Panoche series-was found on the station. A descrip
tion of this series is as follows.

Panoche silty clay loam:
Ap 0-4" light brownish gray (2.5Y 6/2 dry) silty clay loam; massive but

breaking to a subangular blocky structure; many fine pores; hard when
dry, friable when moist, and slightly sticky when wet; mildly alkaline
and slightly calcareous.

AO 4-20" similar to the horizon above except this horizon is moderately
alkaline and more calcareous; also, this horizon is more compact and
dense than the horizons above and below.

0 1 20-33" light olive brown (2.5Y 5/4 dry) silty clay loam; massive but
breaks readily to a subangular blocky structure; very porous; hard when
dry, friable when moist, and slightly sticky when wet; moderately alka
line; thin seams of segregated lime.

O2 33-60"+ similar to the horizon but has loam near silt loam texture with
some evidence of stratification.

(Reported by K. D. Gowans, Department of Soils and Plant Nutrition.)
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