
Moisture Movement in Soils 
experiments show moisture movement from one portion of soil 
to another and soil factors which influence that movement 

S. 1. Richards and 1. V. Weeks 

Elongation of Roots and moisture 
movement to roots influence the water up- 
take by plants. 

Recent techniques for evaluating un- 
saturated flow of soil moisture have dem- 
onstrated that moisture movement is 
important. 

The schematic drawing on this page 
shows an experimental means of demon- 
strating moisture extraction from a root 
free block of soil. A pot of soil 10" in 
diameter has an inner container 2?hff in 
diameter made of a porous ceramic ma- 
terial. Soil is placed in both containers, 
but plants are grown only in the outer an- 
nular soil volume. The pores in the ce- 
ramic wall of the inner container are fine 
enough to prevent roots from growing 
into the inner soil volume, yet water 
moves readily through such a wall. 

By means of a dial type tensiometer 
in each soil container the soil moisture 
suction or relative wetness of the soil in 
the two portions of the system can be fol- 
lowed directly without further calibra- 
tion or corrections for differences in soil 
type or bulk density. As the soil dries out, 
the soil moisture tension or suction-as 
read on the dial vacuum g a u g e s b e -  
comes larger. Two irrigation cycles are 

Water extracted from horizontal soil columns by 
constant suction applied at the ends of the col- 
umns. The upper curves show more water was 
extracted from a longer soil column, indicating 
that soil 7" or more from plant roots can con- 
tribute l a  the water extracted by a raot system. 
The lower curves show a comparison of water 
extroction rates from various soils where the 

soil columns were a11 14" long. 

~ 

14 INCH COLUMN 

RAMONA SANDY LOAM 

1 2 3 4 5 6 7 8  
TIME- DAYS 

A root-free volume of soil is  separated from sail 
containing roots by a porous ceramic wall 
through which water moves readily. Relative 
water extraction rates from the two zones are 

indicated by readings on the tensiometers. 

shown for each of two soils. Irrigation 
water is applied to all of the soil as indi- 
cated by the low suction readings. 

In experiments with Fallbrook sandy 
loam and Holtville silty clay, plants were 
well established in the soils. The soil sur- 
face was covered with plastic sheet to 
limit evaporation. Suction values in the 
root zone following irrigation increased 
more rapidly than takes place under nor- 
mal field conditions. In spite of the rapid 
drying of the tested soil, the suction 
values in the root-free zone followed the 
changes in the root zone indicating a free 
exchange of water through the ceramic 
wall. 

The water exchange pattern in Fall- 
brook sandy loam showed no abrupt 
changes over the full range of moisture 
conditions measurable with tensiometers. 
Holtville soil is fine textured and shows 
a somewhat different drying characteris- 
tic; the suction values in the root-free 
zone follow the changes in the root zone 
until the suction values approach 500 
millibars. Suction values continue to in- 
crease but less rapidly. Water continues 
to move out of the root-free soil. 

Tensiometers will not measure soil suc- 
tion over the entire range of soil moisture 
conditions. At the one bar-one atmos- 

Concluded on page 37 

For two widely varying soils tensiometer readings show that water moves from 
a root-free soil through a porous wall where it can be taken out of the roil by 

root action. 
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phere suction value-about 75% of the 
available water has been removed from 
the Fallbrook soil and approximately 
60% from the Holtville soil. 

Further studies of moisture extraction 
from soils are being made under con- 
trolled conditions without using plants. 
Soil columns are positioned horizontally 
and brought to equilibrium with water at 
approximately 30 millibars. This is often 
a value read on tensiometers following an 
irrigation in the field. A constant suction 
is then applied at one end of a soil col- 
umn, by applying a controlled vacuum to 
one side of a porous ceramic disc the 
other side of which is in direct contact 
with the soil. The lower left graph on 
page 24 shows the accumulated water ex- 
tracted from soil columns when the suc- 
tion of 900 millibars was maintained 
constant. The extracted water was meas- 
ured in surface inches in relation to the 
area of the soil column. 

In the same length of time, 80% more 
water was extracted from a column of soil 
14” long compared with the same column 
when it was cut down to 7“ in length. 
This would indicate that, for this Fall- 
brook sandy loam, root-free portions of 
the soil 7” away from roots can make 
substantial contributions to water ex- 
tracted by roots. 

Soils vary greatly in their ability to 
conduct water. A comparison of three 
soil types shows that under the same con- 
trolled laboratory conditions the water 
extracted from a Ramona sandy loam soil 
was approximately twice as much as 
from a Fallbrook sandy loam and three- 
fold that from a Yolo loam. The curves 
comparing various soils were all ob- 
tained using 14” soil columns. 

For these studies of soil moisture 
movement, fragmented soil samples 
were screened and compacted in the col- 
umns. Further studies will be made on 
undisturbed cores. 

If only moisture flow rates are meas- 
ured-to compare the ability of various 
soils to conduct water-the size and 
shape of the soil sample and suction 
equipment would need to be standard- 
ized. However, when continuous records 
of the moisture suction values are ob- 
tained at various locations along the soil 
column, as well as moisture extraction 
rates, computations can be made express- 
ing the conductivity values of a soil as a 
function of the moisture suction. These 
values are characteristic of the soil and 
independent of the methods of measure- 
ment. They can be used to characterize 
different soils or study the effects of soil 
management practices on the same soil. 
Also, when suction values in the field are 
measured by tensiometers, flow rates can 
be estimated. 

Studies of moisture movement in soils 
in the liquid phase are made under con- 
stant temperature conditions. Thermal 
gradients within the soil column, which 
result in water vapor diffusion, can cause 
significant disturbances to the measured 
liquid flow. 
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In most cases not enough water can 
be stored in the soil to last throughout 
the season. Where water penetration is 
slow, more water can be applied by irri- 
gating more frequently or by increasing 
the time the water is on the land surface 
at each irrigation. Both approaches have 
advantages and limitations. More fre- 
quent irrigation may be accomplished 
without any other change in the system 
or in practice, but has the disadvantage 
of higher labor costs. It may be an in- 
adequate measure for the more difficult 
problems. Prolonged irrigation may re- 
quire substantial changes such as con- 
verting from furrows to basins in which 
water can be ponded for long periods or 
using small furrows to insure better cov- 
erage of border strips with small streams. 
Irrigation of crops susceptible to injury 
or disease under prolonged irrigation 
can not be managed in this way, and the 
practice may encourage growth of water- 
loving weeds. However, such methods 
may be the only means of increasing the 
productivity of soils with very slow water 
penetration even though changes in c r o p  
ping pattern or farming operations are 
required. 
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ing facility must provide for maximum 
energy capture, discharge water at a tem- 
perature giving maximum rice yields, oc- 
cupy a minimum land area, with reason- 
able installation and maintenance costs. 

From experience in rice irrigation, 
water temperature may be expected to 
influence the growth of other crops. How- 
ever, it is difficult to predict the influence 
of water temperature on yields because 
of its numerous direct and indirect ef- 
fects on the plant. In addition to the cold 
water damage reported here, crop injury 
is sometimes associated with warm water. 

As more is learned about its effects on 

irrigated crops, water temperature may 
become a factor of considerable impor- 
tance in the selection of crops and their 
management for maximum yield and 
minimum unit cost. 
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grove was on a two week irrigation 
schedule. The irrigation water applied 
July 19 and August 3 reached the 12” 
soil depth but did not wet the soil at the 
18” depth to field capacity. 

The time and place to use either tensi- 
ometers or blocks depends to a large ex- 
tent on climatic conditions and soil types 
and to a lesser extent on the nature of 
the crop. In inland areas of southern 
California where high water losses may 
cause stress conditions in plants, timing 
of irrigations becomes very important. 
Tensiometers have proved to be valuable 
tools for timing irrigations in citrus and 
avocado groves. However, in the more 
humid areas where irrigations are inter- 
mittent, along with rainfall, resistance 
blocks are used with satisfactory results. 
Resistance blocks made of gypsum rather 
than fiberglass or nylon are generally 
preferred in agricultural soils. 

The neutron method is still a research 
tool although it might be valuable on 
large agricultural acreages. 
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in the Imperial Valley. Here Colorado 
River water is used for irrigation and 
contains large quantities of sulfate, 
which produces this toxic symptom. 
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