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INTRODUCTION

The efficient application of water
is one of the most important factors
in successful crop production under
irrigation. The soil in the root zone
of the plants acts as a moisture reser
voir and its capacity for available
moisture storage is the difference in
moisture content at field capacity, the
upper limit, and permanent wilting
point, the lower limit. Field capacity
is generally understood to be the
moisture content of the soil, when,
following saturation, the downward
percolation of water has essentially
ceased. This limit in conjunction
with wilting point governs the depth
of water to apply during irrigation
and thereby directly affects the inter
val between irrigations.

According to Israelsen (5) the es
sential conditions to be observed in
determining field capacity of soils in
the field are the following:

1. Saturate the soil profile to the
depth under study by adding an
excess of irrigation water.

2. Minimize surface evaporation
losses.

3. Eliminate transpiration losses by
working on non cropped fields.

4. Select plots containing uniform
and free draining soil.

5. Observe the time rate of decrease
in moisture content.

Gen Ogata and Richards (4) and
Wilcox (11) have shown that on un-
cropped fields protected from evapo
ration, the rate of soil water loss at
any time is proportional to the initial
water content and inversely propor
tional to the time. Richards (8)
working on uncropped fields not pro
tected against evaporation have shown
a similar relationship. It is assumed
that the same relationship is applic
able to fields which are cropped,
where an additional moisture loss
through transpiration occurs. In this
case, the total soil moisture loss by
consumptive use and drainage is as
sumed to be equal to the moisture
that would be lost by drainage alone
from a covered fallow field, while
draining to field capacity. During the

initial period while drainage is oc
curring, consumptive use occurs at
the expense of free water that would
otherwise have drained away. With
this assumption the problem of field
capacity determination on cropped
fields reduces to one of determining
when rapid drainage has stopped. No
correction is required in the time-soil
moisture curve for soil moisture de
pleted by consumptive use during the
interval.

In view of the time involved and
the inherent problems in determining
the field capacity in the field, it is
desirable to relate the field results to
a more readily measurable soil mois
ture constant which may be deter
mined by laboratory techniques. Once
such a relationship has been estab
lished it is possible to estimate field
capacity indirectly from the labora
tory measurement. Many investigators
(2, 6, 7, 9, 10) have developed such
relationships in other areas using
laboratory measurements such as
moisture equivalent and moisture
content retained by a sample at 1/10
or 1/3 atmosphere tension. The main
objections to indirect measurement of
field capacity are:

1) The laboratory analyses do not
represent field conditions inasmuch as
the sample is distributed and of
limited size. 2) Most of the estimates
equate the soil moisture with a given
stress whereas field capacity is recog
nized as a non equilibrium phenome
non. 3) The field variations in rate
of drainage due to differences in sub
soil and in rate of moisture absorption
by crops cannot be accounted for in
laboratory determinations. It is sug
gested that for accurate determination
of field capacity at any one location,
it would be necessary to make the
measurements at that location and

that if absolute accuracy is not con
sidered essential, the use of an indi
rect measurement can be made to

estimate field capacity.

The work described in this paper
was designed to develop a rapid
method of determining the field
capacity of irrigated soils, in the field,
under conditions of crop growth. In
addition, comparisons of moisture
holding characteristics determined in
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the laboratory with the field capacity
as measured in the field, were made
to establish the relationships between
them for the soils under test. The

value of this work is expected to be
in its practical utility for formulating
irrigation schedules. Emphasis is
placed on finding an easy and rapid
method to estimate the field capacity
of soils rather than to determine it
with great precision.

MATERIALS AND METHODS

The field studies were conducted

on sprinkler irrigated area of the
University Irrigation farm. A soil
survey report (3) states that "the
area is underlain by a stony glacial
till which may extend in some places
to within 60 inches of the soil sur

face". Soil samples taken during the
study indicates that glacial till occurs
within the root zone at some profiles.
The overlying soil varied in texture
from sandy loams to clay at different
locations and depth. A uniform, well
established, brome grass-alfalfa forage
crop covered the entire area. Peizome-
ter installations showed the water

table to be generally below 10 feet,
although one reading of 7 feet below
ground surface was noted. All field
capacity determinations were made in
the top 4 feet and it is assumed that
free drainage in this region was not
impeded by the location of the water
table.

Field tensiometers were installed at
depths of 6, 18 and 30 inches, at the
study sites to indicate the soil mois
ture tension in each foot of the root

zone at various times following irri
gation. The tensiometer readings were
recorded simultaneously with other
soil moisture measurements for several

days following each irrigation.

A Nuclear-Chicago neutron mois
ture probe was used to follow actual
changes in soil moisture content
throughout the study. Field moisture
contents were determined for each

foot of depth down to four feet before
and immediately after irrigation and
at progressively increasing intervals
thereafter until all drainage had ob
viously ceased. Irrigation gauges of
the type developed by Brooks (1) were
installed at the test sites. These gauges
were essentially a reservoir and an



evaporating device (Black Bellani
Plate) calibrated to predict the con
sumptive use of water by the growing
crop under the prevailing weather
conditions. The daily consumptive
use of the crop, estimated from the
irrigation gauge readings were used in
separating drainage from the total soil
moisture depletion to arrive at field
capacity.

Three undisturbed soil core sam
ples were obtained for each foot of
depth at each site. The moisture re
tained in the samples, subjected to
1/3, 1/5 and 1/10 atmosphere tension
and the moisture equivalent were de
termined in the laboratory by stan
dard test procedures. The soil core
samples were also used for density
determination, needed to convert soil
moisture percentage by volume to soil
moisture percentage by weight.

RESULTS AND DISCUSSION

Field Methods

For each test site, the cumulative
soil moisture loss and cumulative ir

rigation gauge depletion were com
puted and plotted from measure
ments taken at frequent intervals
following an excessive application of
irrigation water. Figure 1 is a typical
set of these curves for one test site. As

would be expected the cumulative
moisture depletion curves for each
foot show a pronounced curvature

during the initial period of wetting,
after which time, except for minor
variations they approach a straight
line. The 0-48 inch curve is a sum

mation of the data for each foot and

the inconsistency between the plotted
points and the straight line section of
the curve is due to cumulative error.
The curved portion denotes consump
tive use plus rapid drainage. The sec
tion which may be approximated by a
straight line represents soil moisture
depletion primarily by consumptive
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Figure I. Soil Moisture Depletion vs. Irrigation
Gauge Deticit.

use. The slope of the straight line for
the 0 to 48 inch depth is approxi
mately 45 degrees indicating that the
actual soil moisture depletion is due
only to consumptive use during that
period and that essentially all of the
consumptive use of the crop is taken
from a 4 foot root zone. The slope of
the straight line section of the curves
representing individual 1 foot depths
of the root zone probably indicate the
relative percentage of the crop's water
uptake which comes from each depth.
The point where the curve changes to
a straight line represents the time
when drainage stopped. Field capacity
values given in figure f were deter
mined by extending the straight line
portion of the curve back to the point
of tangency and determining the soil
moisture content which existed at
that particular time. The time after
irrigation when field capacity was
reached and the field capacity mois
ture content for all tests are shown in

table 1. The field capacities as calcu
lated above were checked with the soil
moisture level in the field at the time
when the hydraulic gradient became
zero. Theoretically, at the time when
tensiometer readings from different
depths are the same the soil-water
system is in equilibrium at field
capacity. These two independent de
terminations of the field capacity
compared well with one another as
may be seen in table 1.

Wilcox (11) has defined an "upper
limit of available moisture" that in
cludes water used consumptively
which would otherwise have gone to
drainage. He points out that field
capacity as normally determined ap
proximates this upper limit and that
this moisture content occurs at from 1

to 4 days after an irrigation depend
ing on soil texture. The time required
to reach field capacity, following ir
rigation in these tests varies between
1 and 5 days which is in close agree
ment with the results of Wilcox (11).

Laboratory Methods

The mean values of four replica
tions, for each of the moisture con
stants, 1/3, 1/5 and 1/10 atmosphere
tension and moisture equivalent were
plotted against the corresponding
field capacity values determined from
field measurements. A linear regres
sion line drawn through the scatter of
points in each plot gave the following
empirical relationships.

F.C. = 1.96 + 0.471 x 1/5
atmosphere moisture 1

F.C. = 1.72 + 0.436 x 1/10
atmosphere moisture 2

F.C. = 2.09 + 0.475 x 1/3
atmosphere moisture 3

F.C. = 1.82 -f 0.514 x M.E 4
where F.C. = Field Capacity in

inches of water

M.E. =r Moisture Equivalent
in inches of water

TABLE 1. FIELD CAPACITY DETERMINED IN THE FIELD.

Depth Station Numbers

(inches) 1 2 3 4 5 6

Texture

0"-12" F.C. from Curves (in)
F.C. from Tensiometers (in)

C.L.

3.10
3.27

L.

3.83
3.83

L.

3.33

F.S.L.

3.69

Hv.C.

4.00

F.S.L.

3.15

3.15

Texture
12"-24" F.C. from Curves (in)

F.C. from Tensiometers (in)

F.S.L.
3.10
3.10

F.S.C.L.
3.62
3.56

F.S.L.
3.20

F.S.C.L.
3.45
3.45

C.
3.97

F.S.C.L.
2.80

24"-36" Texture
F.C. from Curves (in)

F.S.C.L.
2.53

C.
3.98

F.S.C.L.
3.06

F.S.C.L.
3.69

Si.C.
3.50

S.C.
2.60

36"-48" Texture
F.C. from Curves (in)

HvC.L.
3.65

C.
4.48

F.S.C.L.
3.98

F.S.C.L.
3.18

Si.C.
4.08

S.C.
3.08

Total
0"-48" F.C. from Curves 12.42 15.80
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12.80 13.90 16.49 12.22



Figure 2 shows the plot of field
capacity versus 1/3 atmosphere, as
typical of the method of arriving at
the above formulae. The standard
deviation from the regression were
calculated to be 0.31.1, 0.316, 0.330
and 0.324 respectively for the four

/ F.C* 2.09 + 0.475 <y*TM MOISTURE

ATM MOISTURE CONTENT IN INCHES

Figure 2. Relation between field capacity and 1/3
Atmosphere Moisture Content.

cases. The differences in the standard
deviation from regression using the
four methods are not of such magni
tude as to warrant the preference of
one in place of the others insofar as
the accuracy of field capacity deter
mination is concerned.

SUMMARY AND CONCLUSIONS

A method of determining the field
capacity of soils on which crops are
growing has been presented. This
consists of plotting the measured soil
moisture depletion against an estima
ted consumptive use rate and deter
mining the soil moisture content at
the time at which the two become
equal. The field capacity thus deter
mined compared well in all cases with
the moisture content of the soil when
drainage ceased as indicated by the
"hydraulic gradient" measurements
registered by tensiometers. This re
sult also indicates the possibility of
using multiple installations of tensio
meters as a means of determining the
time after irrigation when drainage
ends and thus determining field cap
acity.

An empirical linear relationship
was established between field capacity
and each of the moisture equilibrium
measurements of 1/3, 1/5 and 1/10
atmosphere tension and moisture
equivalent determined in the labora
tory on disturbed soil samples. Any
of these laboratory measurements may
be used and the appropriate equation
solved for a laboratory determination
of field capacity. Such a determina
tion should be applicable for glacial
soils similar to those studied here.
Application of the formulae to soils
differing significantly in origin or
deposition from those tested may lead
to unpredictable errors in field capa
city determinations.

REFERENCES

1. Brooks, E. E. The Development
of an Irrigation Gauge. M.Sc.
thesis. University of Saskatche
wan. 1961.

2. Burr, W. W., and Russell, J. C.
Report on Certain Investigations
on the Central Nebraska Dept. of
Pub. Works Bien. Report 1923-
34. 15:198-240. 1925.

3. Ellis, J. G., Jansen, W. K. and
Moss, H. C. A Soil Survey of a
Proposed Irrigation Project on
the University Farm. Saskatche
wan Soil Survey. 1957.

4. Gen Ogata, and Richards, L. A.
Water Content Changes Follow
ing Irrigation of Bare-field Soil
that is Protected from Evapora
tion. Soil Sci. Soc. Am. Proc. 21:
355-356. 1957.

5. Israelson, O. W. Irrigation Prin
ciples and Practices: 168-245.
John Wiley and Sons, New York.
1950.

6. Mathews, O. R., and Chilcott,
E. S. Storage of Water in Soils
and its Utilization by Spring
Wheat. U.S.D.A. Bui. 1139: 1-27.

1923.

7. Piper, A. M. Notes on the Rela
tion Between the Moisture Equiv
alent and the Specific Retention
of Water Bearing Materials. Am.
Geo. Phys. Un. Trans. 481-491.
1933.

8. Richards, L. A., Gardner, W. R.
and Gen Ogata. Physical Proces
ses Determining Water Loss from
Soil. Soil Sci. Soc. Am. Proc. 20:

310-314. 1956.

9. Scofield, C. S. and Wright, C. C.
The Water Relations of Yakima

Valley Soil. J. Agr. Res. 37: 65-
85. 928.

10. Veihmeyer, F. J. and Hendrick-
son, A. H. The Moisture Equiva
lent as a Measure of Field Capa
city of Soils. Soil Sci. 32: 181-193.
1931.

11. Wilcox, J. C. Rate of Soil Drain
age Following Irrigation. I —
Nature of Soil Drainage Curves.
Can. J. Soil Sci. 39: 107-119.
1959. '

Complete details of the work de
scribed in this paper can be found in
the Masters Thesis "Determination

of Field Capacity of Saskatchewan
Soils". C. R. Shanmugham, 1961,

available at the University of
Saskatchewan.

28

. . . ELEVATOR DESIGN

continued from page 21

the elevator to be rotated about a
vertical axis on the main frame. Al
though the field pick-up attachment
was not constructed, a special attach
ment may be mounted on the lower
end of one of the elevator sections to
permit the section to slide along the
ground when loading bales. The
vertical position of the elevator sec
tion over the truck may be varied so
as to elevate the bales to various
heights. Also, the fore and aft position
of the delivery end of the elevator may
be changed by moving the sub-frame
with respect to the main frame. Figure
4 shows one way of adapting the ele
vator for field pick up operation.

Figure 4. Schematic plan view of bale elevator set
at an angle with a special attachment which adapts

the elevator for automatic field pickup.

The bale elevator sections employ
ed sprockets with sleeve-type bearings
requiring no lubrication. The eleva
tor sections were of sectional con
struction and extension sections can
be used to change each elevator sec
tion to any desired length. Should the
farmer require additional reach of
any section, as in the case of placing
bales into a barn loft, he could easily
remove the lifting arms supporting
the elevator section and then place
more of the section into the loft. The
position of this section could then be
maintained by supporting it on bales.

While the sub-frame of the bale
elevator is placed near the rear of
the main frame during transport, it
is moved towards the front of the
main frame for stationary bale load
ing and unloading. In this position
the bale elevator is designed to have
longitudinal stability even with two
or three bales close together at the
outer end.

The final requirement of low cost
was obtained by careful design and
by the use of standard elevator sec
tions and other component parts.

continued on page 31




