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Introduction
 

Plants are the only living organisms on earth 
that can use the energy of sunlight to convert the 
elements of the earth into food for all animal life. 
This unique capability has led man to cultivate 
various species of plants for his own use. Because the 
energy transfer processes of a plant require an 
adequate quantity of water, man also had to evolve a 
way to supplement natural rainfall. The resultant 

science of irrigation has brought vast areas of other. 
wise unproductive soils into production. 

As the world population and its demands for 
food continue to gain, proper water management 
becomes increasingly important in optimizing agricul. 
tural production. 

The Soil Reservoir
 

Large reservoirs for the storage of surface water 
are often essential to modem irrigation projects. Such 
reservoirs are storage basins while water is in excess 
and sources of supply during water shortages. An-
other great reservoir, however, which is a part of all 
irrigation projects, is the water stored in the soil. 
Many comparisons can be drawn between surface and 
soil reservoirs, but the important concept is that the 
water stored in the spaces between soil particles is a 
reservoir, and irrigation is merely a process by which
that reservoir is managed. 

The soil reservoir is replenished by precipitation
Th oilreservio iris replenised by precipitatio

and irrigation, and is depleted by plants or by
evaporation, as illustrated in Figure 1. Water cannot 
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Figure 1. A simplified sketch of the hydrologic cycle as modi-
fled by irrigation. 

enter nor be removed from the soil reservoir in any 
other way. Gravitational pull may cause part of the 
stored water to move down out of the reservoir and 
evaporation may dry the top few inches of soil, but 
the process is very, very slow. Water can be stored in 
a soil reservoir for long periods of time if there are no 
plants to remove it. 

RESERVOIR DIMENSIONS 
The dimensions of a soil reservoir can be 

measured, and its capacity computed, just as for a 
surface reservoir. Unlike the surface reservoir, how. 
ever, a soil reservoir beneath a given field may vary in 
size and capacity. What then are the factors which 
determine the capacity of the soil reservoir? 

Surface Area 

One easily observed factor affecting the soil 
reservoir is the surface area of the field under 
consideration. A 10hectare field of a given soil type 
will hold more water than a 5-hectare field of the 
same soil type. However, from an agricultural point­
of-view, the surface area of a soil reservoir is not
usually considered to be variable and is of little 
concern because the dimensions of a particular field 

fixed. 

Soil Type 

The volume of water stored in a unit volume of 
soil and generally available to plants, is that water 

which the soil can hold against the pull of gravity; it 
is a function of soil type. Fine textured soils can store 
larger volumes of water than coarse soils because: (a) 
the capillary forces in the small pores are stronger; (b) 
gravitational forces on the smaller bodies of water in 
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the pores are less, (c)there is a larger volume of pore 
spaces in a fine soil, and (d) a fine soil has a greater 
soil particle surface area. Thus a unit volume (one 
cubic meter) of clay soil can store more water than 
can the same unit volume of a sandy soil. This 
phenomenon can be illustrated as described in de-
monstration Iin Appendix I. 

The importance to irrigation of the water 
holding capacity of various soil types has led to 
considerable research aimed at quantifying such 
capacity. A summary of the results, showing the 
range of the water holding capacity of several broad 
soil type classifications, is given in Table I. Table 1 
can be used as a guideline when the approximate 
water holding capacity of a given soil type isdesired. 
If accurate information is needed for aparticular soil, 
specific measurements must be made. 

Table 1. Water holding capacity of various mils 

___"looking 

Soil type Water 
mmlmeter 

acoarse sand '33-62 
fine sand 62-"83 
loamy sand 83-104 
fine sandy loam '104 6 
silt loam 125- 1'92 
siltyclay loam 146'- 208 
heavy clay 103-208 

._ 

Depth of Root Zone 

A third variable affecting the size of the soil 
reservoir is the depth to which roots will penetrate. 
Since root penetration varies with the crop, the size 
of the soil reservoir also varies with the crop. For 
example, the effective root zone of corn may be as 
deep as 150 centimeters, whereas grass roots may be 
effective for only 60 centimeters. Hence, the soil 
reservoir of a given field is greater for corn than it is 
for grass. Furthermore, root development is a 
dynmaic process, and root depth depends on the 
growth stage of the crop. The roots of a newly 
sprouted crop will not be as deep as those of a mature 
crop. Hence, the soil reservoir varies with the crop 
and with its growth stage. When estimating the depth 
of the root zone for various crops, agood general rule 
to follow is to allow 1 to 1-1/2 centimeters of depth 
for every day required for crop maturity. Thus a crop 

maturing in 60 days would have an effective root 
zone depth of 60 to 90 centimeters, while one 
maturing in 100 days would have a root zone of 100 
to 150 centimeters. 

It is well to emphasize that the soil reservoir 
(not the crop) is the object of direct concern in 
irrigation. From the irrigationist's point-of-view, it is 
immaterial whether alfalfa or corn is growing in a field 
because each has an effective root zone of approxi­
mately 150 centimeters; hence the capacity of the 
soil reservoir would be the same for each. 

Restrictive Layers 

Restrictive layers exist in some soil profiles and 
these obstruct normal root growth. Hard pan layers, 
clay layers, cemented layers, or even compacted sand 
layers fall into this group. Not only is it difficult for 
roots to penetrate these layers, but the layers reduce 
infiltration and stop the downward flow of water 
thus keeping underlying soil dry. Since roots grow 
only in moist soils and will not penetrate dry soil 

for water," these impermeable layers restrict 
most development and hence reduce the potential soil 
reservoir. 

RESERVOIR CAPACITY 

There is a maximum limit to what a soil 
reservoir can hold. To understand this limit it is 
necessary to define two basic terms, field capacity 
and permanent wilting point. 

Field capacity is commonly defined as the 
amount of water remaining in the soil profile after 
rapid drainage ceases. This occurs about 48 hours 
after irrigation for most soils, but will occur earlier in 
sandy soils than in clay soils. For example, at the end 
of an adequate irrigation, the pores at the soil surface 
are saturated. With time, the excess water which 
cannot be held in the soil by surface tension and 
capillarity, is used by the crop or is moved through 
the soil profile and out of the root zone by gravity. In 
general, within 48 hours after irrigation, most of the 
excess water has moved out (rapid drainage ceases) 
and the soil reservoir is at field capacity. A more 
scientific definition states that field capacity is the 
amount of water retained in a soil at between 
one-tenth and one-third atmosphere of tension, for 
soils with textures ranging from coarse to fine 
respectively. Expressed as a percentage of the dry 
weight of the soil, the moisture content at field 
capacity will range between 15 and 35 percent, again 
with the higher value being associated with the finer 
soils. Field capacity thus can be considered the upper 
limit of the soil reservoir capacity. 
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A plant does not spend large quantities of 
energy to remove water from a soil at or near field 

energy Is required to remove water and less is
available for plant growth. When the plant needs 4e = 
more energy to remove water from a soil than is , a 
available in the plant, the plant wilts and will not :4cm 
recover. The moisture content at this point is called 1.8m WHC 
the permanent wilting point and represents the lower 14cm 1.9m Water Holding Capacity 
limit of the soil reservoir capacity. This limit depends 
upon soil type, water quality, and the plants involved. t1.cm, WatePreenWater Present,4cm 13 
It is usually in the range of 10 to 15 atmospheres of , N 
tension or 5 to 20 percent moisture content by 11WN 
weight. 14cc Water Needed 

Using the preceding definitions, the total WHC WP WN 

capacity of the soil reservoir can be defined as the 
amount of water in the soil profile between field Figure 2. Useable soil reservoir capacity. 
capacity and permanent wilting point. Water holding 
capacities of various representative soils have already 
been given in Table 1. percent of this water is useable without retarding 

crop development, then the useable or operating 
capacity, of the soil reservoir in the example is 12 

The useable capacity of a soil reservoir how- centimeters. Therefore, when 12 centimeters of water 
ever, is not the same as the total water holding have been removed, irrigation is necessary. The 
capacity of a soil because by the time the permanent remainder of the information in Figure 2 will be 
wilting point is reached, the crop has been destroyed, discussed in a later section. 
thus, only a portion of the total reservoir capacity 
can be used. The useable reservoir capacity is often 
assumed to average approximately 50 percent of the 
total water holding capacity, with a range of between The soil reservoir concept is the fundamental 
25 and 60 percent. The concept of useable reservoir basis of all irrigation practice. The soil reservoir stores 
capacity can be illustrated by means of the example water for plant use when needed. It is emptied by the 
shown in Figure 2. plant and is refilled by irrigation and natural 

precipitation. It has fixed limits. The surface area of 
the reservoir coincides with the surface area of the 

Assume that the root zone of a particular crop field. The depth of the reservoir is regulated by the 
is 1.8 meters deep and that the water holding depth of the root zone of the particular crop, and the 
capacity of a particular soil is 4 centimeters for every amount of water in a unit depth of soil isgoverned by 
30 centimeters of depth. Thus, the total water soil type. Thus the volumetric capacity of a soil 
holding capacity of this particular reservoir is 24 reservoir is a direct function of surface area, root 
centimeters, or in 1.8 meters of soil, 24 centimeters depth, and soil type. These basic concepts can be 
of water are stored at field capacity. If only 50 illustrated by Demonstration 2 in Appendix 1. 

Managing the Soil Reservoir 

Factors to consider in managing a soil reservoir SOIL MOISTURE MEASUREMENT 
are: water holding capacity of the soil; quantity of 
water that can be stored in the reservoir; quantity 
needed; irrigation stream size; time required to fill the Soil moisture content can be measured by 
reservoir; rate and method of application; and gravimetric methods, soil moisture extraction equip­
efficiency of application. A few operational guide. ment, soil moisture meters, piezometers, and neutron 
lines can help provide efficient management of the meters. Methods involving complicated equipment are 
soil reservoir. beyond the scope of this manual. Should they be 
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needed, professional textbooks and instruction 
manuals are available. 

A simple and often satisfactory method of 
testing soil moisture content, although less precise 
than those previously mentioned, is the "hand-feel" 
test. This test is made by squeezing a handful of the 
soil in question and approximating the soil moisture 
content as explained in Table 2 (which is taken from 
Section 15 of the National Engineering Handbook of 
the Soil Conservation Service, United States Depart-
ment of Agriculture). Table 2 should be used when a 
high degree of precision is not required. To illustrate 
how the preceding test can be used to determine the 
amount of water present in a soil reservoir, reference 
is made to the second column of Figure 2. If a sample 
of soil from the 30 centimeter depth of the soil 
profile would not form a ball when compacted in the 
hand, Table 2 would indicate a moisture content of 

less than 25 percent field capacity. Correlated with 
judgment and experience it might be estimated that 
the moisture content was 20 percent, or that the first 
30 centimeters of the soil profile contained 0.8 
centimeters of water. If the same process iscontinued 
at 30 centimeter intervals to the bottom of the 
profile, the results would be as shown in Table 3. Thus 
it was found that 12 centimeters of water, 50 percent 
of the soil reservoir capacity, were present, and using 
the criteria given earlier, irrigation is required. The 
quantity of irrigation water needed is merely the 
difference between the water holding capacity and 
the water present (Figure 2 column three). 

A soil auger is a useful tool for a study such as 
described in the preceding paragraph. Two circulars 
from the USU Agricultural Extension Service: "How 
to Make a Soil Auger" and "How to Use a Soil 
Auger" are reproduced in Appendix II. 

Table 2. Practical interpretation chart of soil moisture for various soil textures and conditions. 
(From the National Engineering Handbook, SCS, USDA, Section 15, Chapter 1) 

Available 

moisture
 
In soil
 

Coarse-textured soils 

0 percent Dry, loose, and single-
grained; flows through 
fingers 

50 percent Appears to be dry; does not 
or less form aball under 

1pressure

50 to 75 Appears to be dry; does 
percent not form aball under 

pressurel 

75 percent to Sticks together slightly;
field may form avery weak 
capacity ball under pressure 

At field On squeezing, no free 
capeacity water eppearson soil, 
(100 per- but wet outline of 
cent) ball is left on hand 

Above field Free water appears when 
capacity soil Isbounced In 

hand 

Feel or appearance of soil 

Moderately coarse 
textured soils 

Dry and loose; flows 
through fingers 

Appears to be dry; does 
not form a ball 
under pressurel 

Balls under pretsure 
but seldom holds 
together 

Forms weak ball that 
breaks easily; does 
not slick 

Same as for coarse-
textured soils at 
field capacity 

Free water is released 
with kneading 

1Ball isformed by squeezing a handful of soil very firmly. 

Fine and very fineMedium-textured soils 
textured soils 

Powdery dry; in some places Hard, baked, and 
places slightly crusted cracked; has loose 
but breaks down easily crumbs on surface 
into powder. Insome places 

Somewhat crumbly but Somewhat pliable; balls 
holds toether under under pressurel 
pressure-

Forms aball under pressure; Forms aball; ribbons 
somewhat plastic; slicks out between thumb 
slightly under pressure and forefinger 

Forms ball; very pliable; Ribbons out between 
slicks readily if rela- fingers easily; has 
tively high in clay aslick feeling 

Same as for coarse- Same as for coarse­
textured soils at field textured on soils at 
capacity field capacity 

Free water can be Puddles; free water 
squeezed out forms on surface 
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test for moisture Example 1. 
contentin"soil "profileof Figure 2. 

Assume: Area of field A = 10 ha 

Table 3. Example Illustrating OndWel 

Depth of water needed D= 12 cm
Soil type- Sandy loam 
Soll__ replenish the soiltype_--__andyloam_(To 

water to FC). 

Depth of Observed condition Estimated Estimated 
simple of compacted ball water content water con- Flow of water available Q = 140 I/sec 

(cm) % tent (cm) 
Required: How much time is required to apply the 

30 no ball formed 20 0.8 water needed. 
60 32.5 1.3 
90 40 1.6 

52.5 2.1 Solution:120 
150 75 3.0 

180 stable ball 80 3.2 Q T= DAmoist film on hand Total water 
present 12.0 

T= 000DA =00002)(10
36 Q 36 140 

T = 23.8 or 24 hours.
 
AMOUNT OF WATER TO APPLY
 

In the physical process of irrigation, fixed 
relationships exist among the flow rate of the Other examples with different variables as unknowns 
irrigation stream, the time of application, the depth can be easily developed. 
of water to be applied, and the area of the field. This 
relationship is expressed by: 

In Example 1, it was assumed that all of the 
Q T = DA .................... .(1) water applied to the field was used on the field and 

that absolutely no water was lost by surface run-off 
where Q is the flow rate, measured in cubic meters or deep percolation below the root zone. Such an 
per hour; T is the time in hours; D is the depth, in ideal situation is extremely difficult to achieve in 
meters, of water applied and A isthe area in hectares. actual practice. In reality, the amount of water stored 
A more useable form of equation (1) is: in the root zone is less than the amount of water 

applied. The ratio between the quantity of water 
stored in the root zone and the quantity of water 

Q T = DA .................. (2) applied (multiplied by 100) has been defined as the
 
application efficiency. 

where T and A are in hours and hectares, as before,
 
but Q is expressed in liters per second and D is in In equation form, application efficiency can be
 
centimeters. It should be emphasized that D is the written as:
 
depth of water applied; it isnot the depth of the root
 
zone. Thus, if a 1-hectare field required 6 centimeters
 
of water over every square meter of its surface area to
 
fill the soil reservoir, it would require a total of 6 Ea =___...... . . . . . .. . . . . . . .. .(3)
 

hectare-centimeters (ha.cm) or 600 cubic meters of E _ 100.
 
water.
 

Equations (1) and (2) are very useful tools for 
irrigation management, for if the value of any three where a Is the application efficiency, Ws Is the water 

stored in the root zone, and D isthe water applied.of the four variables are known, the fourth can be 
computed. Their utility can be illustrated by the 
following example: This concept is illustrated in Example 2. 
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Example 2 	 INFILTRATION rATES 

Assume: Area of field A-10ha Infiltration rate or the rate at which water 
penetrates the suiface of the soil is another important 

Depth of water stored WO a 12 cm consideration in managing $bie soil reservoir. Infiltra. 
tion rate varies with soil type. Generally, loose sandy 

Flow of water available Q 140 1/sec loam soils have higher intake rates than tight clay 
soils, and hence, can absorb more water in less time. 

Time of irrigation T 40 hours 	 Some clay soils which shrink and crr.ck on drying, do, 
however, have high intake rates.

R~equird: Application Efficiency 

Further analysis of Example 1can illustrate the 
importance of the Infiltration rate in irrigation=,WD ASolution: QT DA 	 practice. If the 140 liters/second stream were applied 
uniformly over the entire 10 hectares, the water 
would be in contact with the soil surface for the 

D 36 0= _36 x 140 4 	 entire 24 hours of irrigation. Thus, for the soil to 
1000 A 1000 10 	 receive the necessary 12 centimeters in 24 hours, the 

Infiltration rate would be 1/2 centimeter/hour, a rate 
much lower than for most soils. However, it is notD 20.2 cm 
usually possible to cover an entire field at once, 
hence, it is necessary to irrigate the field in "sets." If 

Ea=.x 100 the field were irrigated in four sets of two and 
one-half hectares each, the water would be in contact 
with the soil surface of each set for 6 hours. To get 
12 centimeters of water into the soil in 6 hours, 

Ea = 2. 60% 	 would require an infiltration rate of 2 centimeters/
20.2 -hour, 	 a rate that can be sustained on only very open 

and porous soils. A longer water soil contact time 
would probably be required to f'l the soil reservoir.Example 3 illustrates the effect of efficiency 


on time required for irrigation. If so, runoff water loss would occur.
 

To illustrate the relation of intake rate to theExample 3. 
problem of Example 1, suppose that the 140 

Assume: Area of field A 10 ha liters/second could only b. stretched ac. )s 2-1/2
hectares and tests had shown that a sustained Intake 

Depth ofwater needed D= 12 cm rate of only 1.25 centimeters/hour could be main. 
talned. Then:
 

Flow ofwater available Q = 140 Isec
 

'Es = 60% Example 4:'Efficiency 

Required: How much time is required to apply 
water needoe? 	 Assume: Area of field A - 10ha 

-Depth of water stored D= 12 cmIO00DA 	 ' 
Solution: QT 3 	 Flow of water available Q=140 I/sec 

1= 1.25 cm/hr.Infiltration rate
T 000 DA 1000 (12) (10) 39.7 hrs. 

Field to be irrigated in sets of 2-1/2 hectares 
The efficiency concept must be considered in each.
 

all Irrigation designs. Application efficiencies, with
 
equipment now available, range between 30 and 90 Required:
 
percent. The higher efficiencies can be obtained only 
with weli designed, well managed systems. 	 Time to irrigate entire field 
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Solution: for the water to reach the end of the furrow In 
one.fourth of the time necessary to fill the root zone. 

Contact time for 12 cm infiltration Or if four hours are required to get 8 centimeters of 
water Into a particular soil, then the stream should 
reach the end of the furrow in Ihour and should be12 cmT • 1.25. ¢mhr 9.6 hours allowed to run into that furrow for a total period of 5 
hours, thus making water available at the bottom of 
the entire furrow for the full 4-hour period. ThisTime required to Irrigate entire field approximation should be verified by subsequent tests

6i38.4hours with the soil auger. In open, porous soils it may be9.6 hs. x 4 38.necessary to push the water through the furrow in 

one-half the time needed to fill the root zone,Depth of water applied whereas in heavy soils, it may only be necessary to 

get it through in one-seventh of the time. 
QT= 000D 

In recent years, much has been said about it 
and considerable research done on a so-called "cut 

D~3 -1. cm.-f--x bac" system. In this system, the size of a furrow 
stream is "cut back" to a smaller size after the water 
has reached the end of the furrow. The larger initial

Efficiency stream is used to get the water through the furrow 
quickly enough to get uniform penetration and the 

W 12cm x 100=62% smaller "cut back" stream is only large enough to19--cm 
tion time. Such a system has many advantages and 
disadvantages. The chief advantages are a significant

Another problem encountered in the absorp- reduction in runoff loss. 
tion of water into the soil is that infiltration rate
 
decreases with time. A soil that will take water at the
 
rate of 2.5 centimeters per hour at the beginning of The chief disadvantage is the increased labor
 
irrigation may only take it at the rate of 1.25 and management skill required to operate such a
 
centimeters or less per hour 4 hours later. It is system. Local conditions will largely dictate its
 
important, therefore, to know the total time necessary feasibility.
 
for the required amount of water to enter the soil.
 
The variability of intake rate with time can be illus­
trated in the laboratory by means of Demonstration FREQUENCY OF FILLING
 

Ea M--L maintain flow in the furrow for the required irriga­

4. Demonstrations 5, 6, and 7 are field techniques 
that may be used to show such variability and to de- How often should the soil reservoir be filled? 
termine total infiltration time for a given quantity of The answer to this question requires an understanding 
water. of the consumptive use of water by crops. Consump­

tive use varies with temperature, relative humidity,

When water is turned into a furrow or border, it sunlight, wind velocity, and numerous other factors,
 

is in contact with the soil longer at the head end of some of which are difficult to measure. A detailed
 
the field than at the bottom. This could lead to the discussion of this is beyond the scope of this manual, 
application of excess amounts of water at the head of and readers who desire more information are referred 
the furrow in order to apply sufficient water at the to texts and technical journals devoted to its dis­
bottom, as illustrated in Demonstration 8. Careful cussion. To demonstrate, however, a simplified case 
consideration and control must be given to the of how consumptive use relates to the frequency of 
interrelation among stream size, length of run, field filling the soil reservoir, let it be assumed that a 
slope, and infiltration rate if excessive losses by deep mature crop of corn at a given location requires a 
percolation at the head of the furrow and by runoff maximum of 8 millimeters of water per day. If the 
from the bottom are to be avoided. For example, if a useable capacity of the particular soil reservoir is 12 
small stream was pat into a long furrow in open centimeters, then at a consumptive use rate of 8 
sandy soil, it may never reach the end of the furrow. millimeters per day, the reservoir would be depleted
By shortening the furrow and increasing the stream in 15 days. Thus, the frequency of irrigation or the 
size, a better balance could be achieved. It has been frequency of refilling the soil reservoir would be once 
suggested that a good first approximation in design is every 15 days during the maximum use period. 
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Summary 

The purpose of irrigation is to provide water for influences the size of the soil reservoir isthe depth to 
plant needs. It is immaterial to the plant where this which the roots penetrate. Irrigation Is a way to 
water comes from - whether it be from rigation or optimize useable capacity of the sod reservoir. Plants 
rainfall. The reservoir from which the plant draws its are pumps that remove water from the reservoir, and 
water is the soil volume within the root zone of the irrigation is the process by which the soil reservoir is 
particular crop. For a given soil this reservoir has filled. When proper consideration is given to the 
fixed limits and a fixed capacity. Its dimensions are factors governing the refilling of the soil reservoir, 
fixed by the surface area, the texture of the soil, and then the purposes of irrigation are met and water will 
the depth of the roots. The only plant factor that be available to the plant upon demand. 
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Appendix I. Demonstrations
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DEMONSTRATION 1:
 
INFLUENCE OF SOIL TEXTURE ON WATER HOLDING CAPACITY
 

The purpose of this demonstration Is to show 
that fine textured soils have a greater water holding 
capicity than do coarse textured soils. The equip-
ment pictured is all lahoratory equipment. However, 
other equipment may be substituted as needed. 

Equipment 

Soll Material. Soils of two different textures are 
required. Sands of two different particles sizes, such 
as those shown in Figures DI-la and I, are recom­
mended. Particle size range of the sand in Figure 
DI-la is from 0.3 to 0.6 millimeters. The coarse sand 
in Figure Di-lb ranges in size from 0.6 to 1.2 
millimeters. 

Glass Columns. Glass columns filled with the 
soils, will permit the viewer to watch the infiltration 
of the water into the soil and to see the rate of 
advance of the wetting front as the water moves 
down through the soil. Such columns can either be 
Infiltrometer tubes, shown in Figure DI-2 or some 
other type of glass container such as pop bottles with 
the bottoms cut off. If glass tubes are not available, 
common ordinary water pipe may be used if caps are 
screwed on the bottom and holes drilled in the caps 
to permit the water to flow out. If fabrication time is 
available, special metal infiltrometers resembling the 
glass columns shown in Figure DI-2, may be con-
structed and used. 

Wadding. Some type of porous wadding must 
be put in the B5ottoms of the columns to prevent the 
sand from flowing out and yet permit the water to 
drain from the soil Steel wool wadded and dropped 
into the holes in tht"bottom (see Figure DI-2), filter 
paper properly foldeJ and worked into the bottom, 
or a graded gravel filter will suffice. The important 
thing Is to be sure that the sand does not drain from 
the bottom of the column. Wadding m terial or a 
paper disk is also needed on top of the sand to 
prevent erosion when water is poured into the 
columns. 

Stand for Columns. Some type of permanent 
stand is necessary to hold the columns i place. This 
can be a laboratory stand with the appropriate 
clamps, (Figure DI-2) or any arrangement that will 
hold the columns securely. 

Water Containers. Most any type of container 
can be used to hold water, however, glass is preferable 
so that participants can see water levels and make 

proper eye comparisons of the water levels in each 
container. At least one type of glass measuring 
container is necessary to measure the amount of 
water put in and the amount of water drained out. 
Measuring devices which are satisfactory are graduate 
cyclinders (Figure DI-2) or glass measuring cups such 
as those used for measuring cooking materials. Bea­
kers or ordinary water glasses are acceptable, or if 
these are not available, metal containers of some sort 
can be used. 

Water. A small amount of good quality water is 
required. It is advisea~le to color the water so that it 
is easier to see by those who are watching. In the 
photographs of Figure DI-2, a drop of ink has been 
added to the water in each cylinder to give it the dark 
color. Food coloring or dyes may also be used. 

Procedures 

The following steps may be used in performing 
this demonstration. 

Step 1. Set up the stand. 

Step 2. Place the filter paper or loosely com­
pacted wadding in the bottom of the columns, then 
slowly pour in the air-dry sand. While filling, move 
the sand stream around so that the sand does not all 
fail in the same location in the tube, or else 
separation of the sod particles, with the large particles 
collecting on the outside and the finer particles 
collecting in the middle, will occur. Occasionally, tap 
or jar the column to compact and settle the sand. 
Both columns should be filled to within 3 to 5 
centimeters of the top. Then another piece of 
wadding or filter paper should be placed on top of 
the sand to prevent erosion and stirring of the soil 
when the water ispoured in. 

Step 3. Pour equal quantities of water into 
each of two beakers o3r water containers. Be sure 
there is enough water in each container to more than 
fully saturate the fine soil column. Two other water 
containers should be placed underneath the outlets of 
the columns to collect the water as it drains through. 
The completed setup for the demonstration isshown 
InFigure DI-3. 

Step 4. Pour the water as rapidly as possible 
into both soil columns simultaneously, as illustrated 
in Figure DI.4. Care should be taken to not spill any 
water. At this point draw attention to the rate of 
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a 

b 
Sand for glein columns. (a) Fine sand. (b) Coarse sand. (lnumrls are magnifications of individual particles.)

Figure D1-1. 
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Figure D1-2. Assembled apparatus for water holding capacity demonstration. 

fr 
Fig. . I.I W .h . 

Figure D13.Water holding capacity demonstration apparatus ready for addition of water. 
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Figure D1-4. Adding water during water holding capacity demonstration. 

advance of the wetting front in the two columns. As 
will be noted from Figure DI-4, the wetting front is 
nearly to the bottom in the coarse sand on the right 
and only about one-third of the way down In the 
finer sand on the left. 

Step 5. Measure the drainage water. After all 
of the water has been poured into the columns, allow 
sufficient time for all free water to drain into the 

If thecontainers at the bottom of the columns. 
drainage containers are calibrated as shown in Figure 
DI-5a, drainage volumes can be compared directly. 
For example, the photographs show that nearly 200 
millimeters of water have drained out of the coarse 
sand, and only about 150 millimeters of water have 
drained from the fine sand, indicating that the water 
holding capacity of the fine sand is 50 millimtcers 
more than for the coarse sand. If, however, the 
containers below the soil columns are not calibrated 
or if more precise measurement is required, the water 
can be poured into a graduate cyclinder as shown in 
Figure DI-5b. It is easier to tell b- visual inspection 

that more water has drained from the coarse sand 
than the fine sand if the measuring device is tall in 
comparison to its diameter, as is the case with 
graduate cylinders. 

Summary 

The following deductions and observations can 
be made from the preceding demonstration. 

1. The water holding capacity of a fine soil is 
greater than that of a coarse soil. 

2. The capacity of a soil reservoir is a function 
of the type of soil. 

3. Water will move into the surface of a coarse 
soil faster than it will into the surface of a tight soil. 

4. Water will move through a coarse soil 
faster than it will through a fine soil. 



a 
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Figure D1.5. Comparison of water held by different sands In water holding capacity demonstration. (a) Drainage water In 
beakers. (b) Drainage water In graduate cylinders. 
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DEMONSTRATION 2: SPONGE AS A SOIL RESERVOIR 

This demonstration illustrates the concept of a 
soil reservoir with a simple sponge. 

Equipment 

The four pieces of equipment needed are: 
asponge 
a pan for the drain water 
a stand for holding the sponge and 
a glass water container 

Two types of stands are shown in Figure D2-1. 
Other stands can be made by bending a clothes 
hanger, bending ordinary iron wire or using hardware 
cloth sitting directly on top of the pan. The impor-
tant feature of the stand is that it permits the water 
to drain freely through the sponge into the pan 

below. In Figure D2-la, the water container is a 
calibrated glass beaker. Other acceptable types of 
water containers include large graduate flasks and 
ordinary kitchen measuring cups. 

Procedures 

The assembled apparatus is shown in Figure 
D2-1, with the stand in the drain pan and the moist 
sponge on top (moisten the sponge by saturating it 
and then squeeze out as much water as possible). Water 
is then poured over this moistened sponge, as is 
shown in Figure D2.2. Pour enough water over the 
surface of the sponge to more than saturate it, but do 
not permit any to run off the sides. In Figure D2.2a 
and b, the sponge is holding all of the water being 
poured on. In Figure D2-2c drainage isjust beginning 

a 

.. . ...... . .
 

b 

Figure 02-1. Assembled apparatus for the sponge-uervolr demonstration. (a)Using ametal stand. (b) Using awooden stand. 
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a b 

c d 
Figure D2-2. Adding water during spongreservolr demonstration. (a) Just beginning. (b)Sponge still holding all water. (a) 

Drainage beginning. (d)Massive drainage. 



and in Figure D2.2d massive drainage occurs. Allow 
the sponge to drain for two or three minutes to 
remove most of the gravitational water. Next, squeeze 
the water out of the sponge back into the original 
container; be sure that all of the water is caught, as 
shown in Figure D2-3. The water retrieved, Figure 
D2-4, Is the water holding capacity of the sponge. 

Observations 

It is quite simple to compare the sponge to a 
soil reservoir. The physical dimensions of the sponge 
correspond to the surface area of the field and the 
depth of the root zone. The porosity of the sponge is 
comparable to the porosity of the soil reservoir. Since 
porosity of the reservoir is a function of soil texture 
and since water holding capacity is a function of 
porosity, then water holding capacity is also a 
function of soil texture. The observation that an 
unsaturated sponge retained all water poured onto it 
is analagous to a soil reservoir (the depth of the root 
zone) absorbing all the irrigation water. When just 
enough water is applied to the surface of the soil to 
completely fill the soil reservoir, there will be no 
drainage and nearly all of the water in the reservoir 
can be recovered by the plants. It must be empha-

Y
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sized, however, that the reservoir is not filled until a 
little drainage begins to occur and unless it is filled, 
its holding capacity is not completely used. 

A second observation, the drainage from the 
bottom of the sponge of excess water applied to the 
surface is similar to over-irrigation of a soil reservoir. 
It doesn't matter how much water in excess of the 
water holding capacity of the reservoir is applied, it is 
lost as far as being recoverable by the plant is 
concerned. It is not uncommon to find that when 
water useis do not fully understand this concept, 
quantities of water far in excess of the water holding 
capacity of the soil reservoir are applied on the 
assumption that as long as water is going into the 
surface of the soil it will be stored by the soil for use 
by plants later on. This is not the case and should be 
emphaticall't pointed out. The excess water only 
contributes to ground water and drainage problems. 
It is of no benefit to the particular brop on that 
particular field. 

Irrigation efficiency can also be illustrated by 
this demonstration. It will be noted that nearly 250' 
milliliters of water were recovered from the soil 
reservoir, however, 500 milliliters were poured over 

~~................. i ":";
: . .................... 


Figure D2-3. Retrieving water from sponge. Figure D2-4. Water retrieed from sponge. 
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the surface of the sponge. Thus only half of the water 2.:oThe; soil. reservoir has dimensions and a 
applied was stored. This is comparable to an Irrigation fixed capacity, as governed by the size of the field, 
efficiency of approximately 50 percent. depth of the root zone, and texture of the soil. 

Summary 

This demonstration illustrates that: 3. When the reservoir is ftill, any additional 
1. I.rrigation is a process of filling a soil water applied moves out of the root zone and is no 

reservoir. longer available to the plants. 



DEMONSTRATION3: EXCESS APPLICATION RATES
 

In this demonstration, a sponge is used to show 
what happens when large quantities of water are run 
over the surface of soil in a short period of time. 

Equipment 

The equipment is identical to that used in 
Demonstration 2. 

Procedures 

The procedures are basically the same as those 
for Demonstration 2 except that the 500 milliliters 
of water are dumped quickly onto the sponge and 
allowed to spill over the sides and run into the pan, as 
shown in Figure D3-I. 

Observations 

When the water is squeezed out of the sponge 
into the glass beaker, less water will be recovered than 
with the sponge fully saturated. In the instance 
shown in Figure D3-2, only 200 milliliters were 
recoverable. Demonstration 2 showed that the water 
holding capacity of this particular sponge is 250 
milliliters; hence, only 80 percent of the water that 
the sponge could hold, actually soaked into it, despite 
the application of much more water than its holding 
capacity. This is equivalent to using relatively large 
streams during irrigation, with much of the water 
running off the bottom of the field, and not leaving
the water on the deld long enough for it to penetrate 
to the complete depth of the soil reservoir. This again 
represents an inefficient use. 

Figure D3-1. Dumping water on sponge during excess application rate demonstration. 
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It Is well to point out that, in the field; under,.' 
irntgation conditions it is necessary to know the 
quantity of water being applied, the water holding 
capacity of the soil, and the infiltration rate of the 
soil. These three components must be balanced if a 
good irrigation efficiency is to be obtained. 

' 

'-'-w-
r­

.' 

. .,, , 

, 

,or,.i.' 

Summary 

This demonstration illustrates that: ,, 

I. Contact time between water and soil sur­
face isimportant in efficient irrigation. 

2. Irrigation may not be complete when water 
reaches the end of the field., 

Figure D3.2. Water retrieved from sponge. 
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DEMONSTRATION'4: INFILTRATION AND PENETRATION RATES 

This demonstration is to show water movement 
into the soil surface through the soil profile and the 
extent of these movements with time. 

Equipment 

A clear plastic or glass cyclinder 10 to IS centi-
meters in diameter and approximately 50 centimeters 

Ten liters of air-Cry soil-this should be a loam 

soil, sandy soil is too porous. 

Two liters ofwater. 

A small glass or rigid clear plastic tube 34 inch in 
diameter and about 55 centimeters long. 

Steel wool to cover the bottom of the cylinder 

to a depth of 3 centimeters. 

Marking pencil. 

Scale. 

Watch. 

Procedures 

Step 1. Sr: up the apparatus as follows: (a) 
cover the bottom of the cylindcr with the steel wool; 
(b) push the small glass (plastic) tube down into the 
steel wool against one side of the cylinder and hold in 
place with a small piece of scotch tape (this tube 
permits the air trapped in the soil to escape as the 
water moves downward through the column); (c) 
pour the soil into the cylinder so that the surface of 
the soil remains approximately level during the filling 
process. Fill the cylinder to within 10 to 15 centi­
meters of the top in 2-to 3-centimeter increments 
and between each addition stir the soil to minimize 
segregation of the soil particles. Compact the soil in 
the cylinder by gently tapping the side with astick or 
by jarring it, very carefully of course, to avoid 
damage. If the soil is not adequately compacted, 
undesirable settlement will occur during the demon- 
stration. 

Step 2. Rapidly pour enough water into the 
cylinder to bring the water level to approximately 5 
centimeters above the soil surface as shown in Figures 
D4.1 and D4-2. 

,
 

!igh.Y 

"
 

. 
-


. 'L 
When the cylinder has been filled and the soil ". 

compacted, mark the outside of the tuoe to Indicate 
the Initial soil surface. Then, place a sheet of paper, 

N 

whose diameter is smaller than that of the cylinder, 
on top of the soil to deflect the falling water jet and FRare D4-1. Adding water to Inflltrometer for tt Intake 
prevent erosion as water is poured into the cylinder, raw demonstration. 
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the water Into the soil profile and record the time* ' seof 

~"(see Figure 1)4-3). 

Step 6. Record the depths and times as shown. 
in the example data iheet of Table D41. 

4 r-.:- : 

Step 7. Plot the data as shown in Figures D4-4 
and D4-5. Figure D4-4 is a rectangular plot of the 
accumulated depth of penetration and the accumu­
lated depth of infiltration plotted against elapsed 
time. Figure D4-3 is a logarithmic plot of the same 
information and should be used only when class 
participants understand the use of logarithms. 

Observations 

I 
. 

The markings on the tube constitute a graph of 
what happens to the infiltration rate and the penetra­
tion rate of water with time. It can be shown from 
these figures that for any equal periods of time the 
movement of the water both into the surface of the 
soil and through the soil is less in succeeding periods of 
time. For example, the depth of penetration between 
time periods 0:00 and 0:10 is much greater than the 
depth of penetration between time periods 0:20 and 
0:30. The same general phenomenon can also be seen 
when checking the water surface markings. Figure 
D4-4 is merely a graphical representation of the 
information. 

A..:The decrease in distance of movement with 
time indicates a correlated decrease in the rate of 

''A rwater movement. The important concept here is that 
these decreases also occur under field irrigation 
conditions. Contact time between the water and the 
soil surface during irrigation must be adequate to 

-i' " 	 allow sufficient quantities of water to penetrate into 
the soil profile to fill the soil reservoir. 

From Figure D4-3d it can be seen that at time 
period 1:00, very little water is left on the surface of 
the soil, hence the infiltration rate is practically nil 
beyond that point. At time period 3:00 (Figure D4-6) 
the wetting front in the soil profile has moved 
considerably further down the column from where it 
was In time period 1:00. This phenomenon occurs 
because at time period 1:00, the upper part of the 

Figure D4-2. Water in infiltrometer. soil column was saturated, and hence, some of the 
pore water was subject to gravitational pull. This 

Step 3. As quickly as possible mark the wator gravitational water moving to the lower layers consti­
surface with the marking pen. This step Isshown in tuted the wetting front. Although no more photo. 

graphs were taken after 3 hours, the front continuedD4-1 and D4-2. 
to move for 24 hours. The wetting front is a very 

Step 4. Begin recording the time immediately. definitive line with the soil above the line being
between saturation and field capacity while that 

Step. 5. -At appropriate intervals mark the below the line is air dry. This same phenomenon 
water surface elevation and theidepth of penetration occurs under field irrigation conditions. It is impos­
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level drop with time. (a) After 5 mInutes. (b)After 15 minute&. (c) After 30 mInutes. 1d) After I hour.
Figure D4-3. Wate 



30Appendix 1oDemonsiralon4 

TabeD4. . Table for recording Infilratio data 

Elaed tlmd 
(min.) 

Time of reeding Depth of vter 
(cm) 

Accumulated intake 
() 

Depthof peretration 
(cm) 

8:40 4.45 0.00 0.00 

5 8:45 3.48 0.96 3.18 

.10 8:50 2.86 1.56 4.45 

15 8:55 2,54 1.91 w 10 

20 9.00 2.22, 2.23 6.20 

30 9:.10 1.75 2.70 7.42 

60 9:,40 0.60 3.80 10.80 

10 0 

do 1.0s. 02 
9 

--? 

S9 

* 

ACCUIAJLATED DEPTH OF 

PENETRATION Icm)0r '' , •' 

op 

I 0 AMUMULAT0 INTAKEIce) 

0 

ELAPS[D T 	E ( ite") 

Figivre 04-4. 	Accumulated intake and depth of penetration 
as afunction of time. 

sible to partially wet a Soil. It Wil be filled to total 
field capacity or it will receive no water at all. It is,
therefore, important under field conditions, to apply Figure 045. Depth of penetiation af ter three houraentough water to fill the entire root zone. 

Summary 2. Rate of advan~ce of the wetting front In a 

This demonstration illustrates tht 	 soil decreases with time. 

1. Infiltration rate of water into soil decreases 3. Wetting front continues to move down
with time. through the soil after the water has been.:hut off 
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until all gravitational water has been moved out of irrigation; the soil will be filled to field capacity or 
the saturated zones. will receive no water at all. 

4. It isimpossible to partially wet a soil during 
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Ripm D44L Intake and d~pth of penetration rates. 
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DEMONSTRATION 5: RING INFILTROMETERS 

This demonstration uses a field technique for 
determining Infiltration rates for various soils. A steel 
cyllrider is driven part way into the surface of the 
soil. The upper part is idled with water and the rate 
at which the water surface drops is measured. The 
apparatus needed for such a test are shown in Figure 
D5-1. Installation and use of ring infiltrometers are .*. 

depicted in Figures D5-2 to D5.4. Notes are kept as 
described in Table D4-1 of Demonstration 4. 

Figure D5-1. Ring Infiltrometer apparatu. Figure D5-2. Field installation of ring infiltrometer. 

Figure 53. Fillinga ring Inflltromnter. Figure 05.4. Meauring mtes leve in ring Infiltrometer. 
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Techniques of installation and operation of the mation is being copied, all dimensions are in the 
infiltrometers are copied from bulletin No. ARS 41-7, English system rather than the metric. However, there 
published in May 1956 by the Agricultural Research is nothing precise about the given dimensions and 
Service of the U.S. Department of Agriculture. Plans they may be modified to fit conventional material 
for making the equipment Figures D5-5 to DS-7, are sizes for metric units as desired. 
also taken from that publication. Because this infor-

HOOK GAGE 
IN USE
 

GAGE INDEX 

Welding Rod to 
fit into Groove 
in Foee ofScale 
'"t Die. x
 
Ajoppo 16" - ng ENGINEERS SCALE
 

- 00 
WELDING ROD 

WATER SUVRFAcE.. . 

14Seale It7NTAKE 

Read oa Top 9 I 
of Ple -­(9.90lJ 

aOr Thick 
ron Plte 

Soldered to 
Welding Rod Grind Point 3eforeBending

Welding Rod I oro,,. 

ASSEMBLED GAGE DETAIL OF HOOK 

Figure D5.5. Hook gag- for use with Intake cyllndcu. 
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Figure D6. Intake cylinder end driving plate. 

Installation 

1. Select a proposed exact location for each 
cylinder and examine carefully for signs of unusual 
surface distrubance, animal burrows, stones that 
might damage cylinder, etc. Avoid areas that may 
have been affected by unusual animal or machinery 
traffic. The individual cylinders used for a single test 
should be set close enough together so that they can 
conveniently be run simultanously. Normally they 
should be set within a one.half acre area. 

2. Set cylinder in place and press flrnly into 
soil. 

3. Place driving plate on cylinder. Tap plate 
with driving hammer to get cylinder started into the 
soil. Check to see that cylinder Isplumb (top is level). 
Carpenter's level can be used to check, but usually 
adequate leveling can be done by eye. 

4. Stand on driving plate and tamp with 
driving hammer until the cylinder is driven to desired 
depth. Level of cylinder should be checked 
frequently. Keep it approximately plumb at all times. 
Do not drive the cylinder into the soil irregularly so 

& Pipe 1 
,," Handle

Hal0Hn/0 

Fille Fill 0eowith 


W d 

~ ~ tI onde 

Saedr
 

Figure D5-7. Driving hammers for intake cylinders. 

that first one side then the other goes down. This 
produces a poor bond between the cylinder wall and 
the soil, and may disturb the soil core within the 
cylinder. If the cylinder gets materially out of plumb 
while driving, remove it and reset in a comparable 
nearby location. Cylinders should be driven to a 
depth of approximately 6 inches. 

Operation 

I. Place burlap or other puddling protection 
device on the soil within the Intake cylinder. 

2. Fill the intake cylinder with water to a 
depth of 4 to 5 inches. 

3. Remove the puddling protection device. 

4. Make hook gage measurement of the water 
surface elevation. Use cylinder edge for hook gage 
datum point and mark the cylinder so all subsequent 
measurements can be made at the same point on the 
cylinder. The cylinder should be filled quickly and 
the Inital water surface observation made immed. 
ately to reduce errors due to intake during this 
period. 
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S. Record the hook gage reading and the time '7. When the water level has dropped an inch 
at which the observation was made. or two in the cylinder, add sufficient water to return 

the water surface to its approximate initial elevation. 
6. Make additional hook gage measurements at Maintain the depth of water in the cylinder between 

periodic intervals and record the data. Intervals 3 and 5 inches throughout the entire test. When water 
between observations usually should be short (5 to 10 is added, be sure to record level before and after 
mintues) at the start of the test. After 2 or 3 filling. Keep the interval between these two readings 
measurements the intervals may be increased. After as short as possible to avoid errors due to intake 
about the first hour, measurements at 30 to 60 min- during the refilling period. In using the data, the 
ute intervals usually will be sufficient. Observation refilling is assumed to be instantaneous. 
frequencies should be adjusted to intake rates. For 
most soils, observations made at the end of 5, 10, 20, 
30, 45, 60, 90 and 120 minutes and hourly there. 
after, will provide good data. High intake rate soils 8. Where an abnormally high or low intake 
may require more frequent measurements. As a value is indicated by a cylinder, it should be dug out 
general rule the intake between measurements should and the soil examined for possible causes. Record 
not be more than one inch. Measurements usually observations. 
should be continued until 4 hours of time have 
elapsed. However, on high intake rate soils, it seldom 
is necessary to extend the tests beyond the time 
required to put about 6 inches of water into the soil. 9. Remove cylinders and clean thoroughly. 
On very tight soils it may be desirable to continue the Mud encrusted cylinders are difficult to drive and are 
tests beyond 4 hours. likely to cause excessive soil distrubance. 
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DEMONSTRATION 6:
 

INFILTRATION RATES FROM FURROWS
 

This demonstration uses a field technique that 2. Immediately above the hole install one of 
can determine infiltration rates from furrows when the pipes so that all water in the furrow must pass 
more elaborate equipment is not available, through it as shown in Figure D6.1(a). The discharge 

end of the pipe should be high enough to permit 
catching water in the 4-liter container when it is inEquipment the hole below as shown in Figure D6-1(b). Alternate 

I. A field ready for furrow irrigation 	 methods of measuring the furrow discharge, such as 
the Parshali flume shown in Figure D6.2, may be used 
if such equipment is available.2. One 44iter container 

3. 	 3. If the furrow is sufficiently long, set theSTwo pipes, 5 centimeters in diameter and 	 second pipe in the same manner as the first, but 60 
meters down the furrow from the first one. If 

4. 	 Ashovel however, the furrow is not sufficiently long, set the 
second pipe 36 meters from the first one. 

5. A stop watch or a watch with a sweep 4. Introduce water into the furrow, and allow 
second hand sufficient time for the flow to come to equilibrium. 

To insure this, permit the water to flow for 10 to 15 
Procedures minutes through the second tube before any 

measurements are made. 
I. At a point about 3 to 5 meters from the 

head end of the furrow, dig a hole in the furrow large 5. Beginning at the lower station, measure the 
enough to submerge the 4-liter container, water flowing through the pipe in the following 

Figure 06-14a). Pipe Installed In furrow for a furrow Infil- Figure D6-1lb}. Measuring wte flowing through pipe of a 
trometer. furrow Infiltrometer. 
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Figure D6-2(a). 	 Two-inch parshall flume for a furrow infil-
trometer. 

manner: (a) insert the container into the hole and 
push it down until the upper lip of the container is 
close to where water from the pipe can flow into it; 
(b) quickly move the container underneath the falling 
nappe of water and begin timing; (c) stop timing the 
instant the container is filled; and (d) compute the 

discharge at the station (volume of water in the 
container divided by the filling time). Convert the 
discharge to the proper units; if the furrow is 60 
meters long, the discharge should be in liters per 
minute. If it is 36 meters long, the discharge should 
be in liters per second. 

6. Repeat step 5 at the upper station, 

7. Compute 	 the water lost by infiltrationis 
the upper and lower stations, whIh 

between 

simply the difference in the two discharges. 


8. Compute 	 the infiltration rate by using the
appropriate formula: 

(a) 	 when L = 60 meters 
s = the furrow spacing in centi­
meters and 
q = the discharge loss in liters-per 
minute for a 60-meter furrow, then 

Figure D6-2(b). 	 Water flowing through a two-inch Parshall 
flume. 

the infiltration rate is given by the 
following formula: 

I= OAa cm/hr 

(b) 	 when L = 36 meters 
s = the furrow spacing in centi­
meters and 
q = the discharge loss in liters per 
second in a 36 meter furrow, then 
the Infiltration rate is given by the 

formula: 

I = 1000 -6- cm/hr 

9. Repeat the above process at least once 

about one hour after the first trial to check differ­
ences In Infiltration rates at that time. 

Examples 

The following examples will serve to illustrate 
the use of the given formulas. Others can be 
developed as needed. 
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Example ). 

Assume that 	 L. = 60 m 
= s 50 cm 

q = 20 liters/minute 

then I - (l0)M, 4cm/hr
(50, 

Example 2 

Assume that 	 L = 36 
S - 50 
q = 0.2 liters/second 

then I (1000) (2) 4 cm/hr50 

Note that the method described herein for determin­
ing the quantity of flow in the furrow is only one of 
many methods that may be used. The important 
point is to measure the quantity of water flowing in 
the furrow between two points separated by a known 
distance. With this information, the water lost into 
the surface of the soil by infiltration can be deter-
mined, 

Observation 

The basic assumption behind this demonstra­
tion is that one furrow fills a section of the soi 
reservoir whose length is equal to the length of the 
fu-row test section and whose width is equal to the 
row spacing of the crop. Of course, capillary action is 
depended upon to move the water laterally through 
the soil from the furrow to the crop. Whether or not 
this occurs isdependent upon the row spacing. 

With the information about soil intake rate 
re­gained from this demonstration, irrigation time 

quired to fill the soil reservoir can be obtained. 

Summary
 

This demonstration illustrates: 

1. Inflltralon rates under operational field 
conditions. 

2. Variability of infiltration rates with time. 

3. How to determine total time reqored to 
apply given amounts of water. 
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DEMONSTRATION 7: BASININFILTROMETER' 

This demonstration uses a field technique for D7-2. This proceudre will form a basin with 
determining total infiltration rather than infiltration impermeable banks so that water will not soak into 
rates. The total infiltration determines how long water the banks during measurement. 
must be in contact with the surface of the soil to per. 
mit a given amount to soak into the profile. 4. Place the plastic sheet inside the basin. 

Equipment 5. Determine the amount of water needed to 
fill the root zone. 

1. 	Four plastic strips, 50 centimeters by 100 6. Put sufficient water in the basin to fill it to 
a depth approximately equal to the amount of water 

2. One plastic sheet approximately 150 centi- required in the root zone. 

meters by 150 centimeters. 7. As quickly and as carefully as possible 
remove the plastic sheet being careful to not lose any3. A shovel. 
water. 

Procedures 
Observation 

1. Lay the plastic strips on the ground so that 
the longitudinal center lines on the strips form a The time required for the applied depth of 
square approximately 1 meter on each side as shown water to soak into the soil profile is that time water 

be in contact with the soil surface to fill thein Figure D7-1. 	 must 
root zone. 

2. Cover the outside half of the strips with an 
earth embankment approximately 15 centimeters 
high (obtain the earth from outside the square). Summary 

3. Fold the inside portion of the plastic back This demonstration illustrates total intake time 
over the mounds to form a basin as shown in Figure required to apply given amounts of water. 

Figure D7-1. Plastic strips to mel banks of a basin infiltro- Figure 07.-. Basin infiltronmltr. 
meter. 
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DEMONSTRATION 8: GLASS PLATE INnI-LTROMETER 

This demonstration illustrates what happens 2. For the water supply: 
during furrow or border lirrlgation as well as the basic 
concepts of proper balance between length of run and a. A container of about 1 to 2 liters 
furrow stream size or border sticam size. capacity. 

b. 	 One meter of plastic tubing having aEquipment maximum inside diameter, of: I 
centimeter.I. 	 For the infiltrometer: 

a. 	 A stand (see Figure D-1 for details c. Some type of a stand for the water 
on construction), supply. 

b. 	 Glass plates approximately 30
 

centimeters by 60 centimeters. Procedures
 

c. 	 Rubber covered clamps. 1. Set up the inflitrometer. 

d. 	 Approximately 8 kilograms of air-dry a. Place the glass plate in the stand as 
loam soil. The soil should be screened shown in Figure D8-2 and then fasten in 
to remove all coarse clods and other place with rubber tipped clamps. If 
debris which may be present in the such clamps are not available, protect 
soil. the plates from metal clamps by using 

pieces of rubber, styrofoam, or paper. 
e. 	 A small stick which can be used for Do not permanently attach the plates 

leveling and stirring the soil surface to the stand because the inflltrometer 
inside the infiltrometer. needs to be disassembled for cleaning. 

DETAIL NO. 2 

SEE 	 DETAIL NO. 2. 

DETAIL NO. 1 

2 cm. 	 c 

ASEE DETAIL NO. I 

Contrutlon detalis for avim plae InfNtromrur.Rpare W6.1. 
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b. 	 Next, add soil to the infiltrometer. 
Placing the soil in the infiltrometer is 
the most difficult part of this 
demonstration because the soil 

, particles will tend to segregate as the 
soil is poured in between the glass 
plates. To minimize this problem, use 
a funnel with a spout long enough to 
get the soil as close as possible to the 
filling surface. Add the soil in layers 
of 1-1/2 to 2 centimeters, and stir the 
soil between each addition with a thin 
rod. The process is shown in Figure 
D8.3. Even here, however, a certain 
amount of segregation may occur 
(Figure D8-4). As the infdtrometer Is 
being fidled, compact the soil by 
occasionally lifting one end of the 
stand I to 2 centimeters above the 
table top and dropping it. This jars the 
sand and causes it to settle. Periodic 

Figure D8-2. Assembly of a glass plate infiltrometer. 

0!, 

a -

Figure DB. Fillingsa plate infiltronieter with send. 
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*~.3,
 

Figure D8-4. Glass plate infiltrometer ready for use. 

tapping of the glass will also help. Fill Observations 
the infiltrometer to the top, level off 
the soil with a stick and then jar it. 1. As the water procedes along the surface of 
This wil leave a space at the top of the infiltrometer, a wetting pattern will appear in the 
the infi'rometer for water, as shown soil profile as shown in Figure D8-5. This clearly

.in Figure D84. Finally, put a piece of indicates the time.depth relationship that occurs in all 
steel wool at one end of the sufrace irrigation processes. The longer the water is 
infiltrometer to serve as an energy on the surface of the soil, the greater the depth of 
dissipator when the water is started. penetration, assuming of course, that the soil is well 

drained with no plow pans or other interferring
* 	 2. Set up the water supply apparatus. layers. In the series of photographs shown herein, 

the original stream of water was too small and 
Place the water container on top of some kind traveled only about halfway before it soaked into the 

of stand that is high enough to permit the water to be soil surface as is shown in Figure D8-6. This same 
syphoned through the small plastic tube to the phenomenon ran occur in a field, when the furrow 
surface of the infiltrometer. Control the flow either stream is too small for the length of furrow that is to 
by adjusting the height of the reservoir or by be irrigated. Such a situation can be corrected by 
clamping the tube, so that the stream is small enough either shortening the length of the furrows or by 
to not advance too rapidly across the surface of the increasing the stream size. In the demonstration the 
infiltrometer and yet large enough to run th full stream size was increased and the water moved to the 
length of the infiltrometer without seeping away. A end of the Infiltrometer as shown in Figure D8.7. 
predemonstration trial with this apparatus is essential 
to assure later success in front of agroup. 

2. If the flow rate is too fast and water can 
3. Admit the water to the infiltrometer and not escape from the end of thw furrow, ponding can 

observe the wetting f.atterns that follow, occur there with excess water soaking into the soil to 
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Triangular wetting front Ina glass plate Infiltrometer.Figure D8-5. 

Flgure C6. Wetting front pattern under a stalled furrow streum advance. 



44 Appendix I, Demonstration8 

Figure 08.7. Wetting front pattern under a furrow stream of proper size. 

a depth below the effective soil reservoir. If however, 
the water is permitted to run off at the end of the 
furrow, the infiltration pattern below the furrow will 
be similar to that shown in Figure D8-8. Runoff 
occurs from the end of the furrow, when the furrow 
stream size is too large or the furrow length is too 
short. Such runoff can be controlled by modifying the 
size of the stream which ente:s into the head of the 
furrow or by a runoff colrection system at the lower 
end. 

3. In the tube i-,tltrometer in Demonstration 
4, after the wate: wps, off from the surface of the soil, 
the wetting fror,1 ,rad aed to move down thiough 
the soil pro.,i ,..[!all of the free water had drained 
from the pores of thL soil. A comparison of Figures 
D8-8 and D8-9 shows t,? ine phenomenon. If water 
had been pern'itted to run in this infiltrometer for a 
longer period of time, it would have eventually 
soaked to the bottom of the infiltrometer. The frame 
would ther, have blocked the migration of the water 
and a saturated zone would have developed at the 
bottom of the infiltrometer. Similar conditions occur 
In a field when the percolating water encounters 
restrictive layers, or an existing ground.water table. 

Such excess irrigation is a major cause of water tables 
rising in irrigated areas, and it can reduce crop 
production and lead to the necessity of drainage to 
prevent salt buildup in the soil profile. 

Summary 

This demonstration is used to show: 

1. At the onset of Irrigation, water will 
penetrate more deeply into the sol profile at the 
head of the furrow than at the bottom. 

2. Sufficient Irrigation time must be allowed at 
the bottom of the furrow for sufficient water to fill 
the root zone to penetrate the surface. 

3. There must be proper balance between 
furrow length, infiltration rate, Pad furrow stream 
size. 

4. Excess water applied during irrigation may 
cause a high water table with all Its associated 
problems of crop reduction and drainage. 
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I 
. 

Figure D8.8. Wetting front pattern a few minutes after water shut-off. 

Figure D8.9. Wetting front pattern about two hours after water shut-off. 
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Appendix II. Soil Augers
 



HOW TO MAKE A SOILAUGERI 

A soil auger is a useful tool In helping in improve 
irrigation efficiency. A soil auger is not a difficult 
item to make, and the following pointers will help In 
its construction. ii-6'°-. /I[ 6h-4 

Materials Needed 

(see Figure Al-1) 

1wood auger bit 20/16 or I V 
3/S pipe 

1 piece 3/8" -,galvanized pipe 3% ft. long ­
threaded on one end 

2 pieces 3/8" galvanized r.ipe 6 inches long ­
threaded on one end 

I galvanized pipe tee 3/8" size 

Steps in Construction 

1. Cut off the spur and the lips of the auger 
just back of the lips (see Figure AI-2). This will give 
a straight cutting edg3 which will cut nicely into the 
soil (Figure A1-3). 

2. Heat the unthreaded end of the 3%feet pipe 
and force the square part of the shank into the pipe. 
Be sure that the auger and pipe are in line. 

3. Weld the auger into the pipe. 

4. Screw the two 6-inch lengths of pipe into 
the tee. 

5. Screw the pipe and auger into the tee 
section. 

6. Starting from the end of the auger tip, mark 
the pipe at I-foot intervals by making a shallow cut 
around it with a pipe cutter, the auger is now 
complete (Figure AI-4). Overall length will be just 
over 4 feet. 

1 114" 

jj augerExtensions 

The length of the auger can be Increased merely 
by adding additional lengths of 3/8" pipe. It is 

t Compiled in cooperation with Paul D. Christensen, 
Extension Soil Conservationist, Utah State University, Logan,
 
Utah. Flour# A1-1. Materials n forsoilauger.
 

2 
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.,,,..,:,...... ,,' " +: +:-": suggested that these be in either 2-foot orlengths for ease of handling. 4-foot 

.r Lke all useful tools, if It is carefully made, this 

'V auger will give mnany years of valuable service. 

1 ft. 

Figum A1-2. Cut location for uuger bit. 
1ft. 

++S -

I ft.­

lift. -" 

Figure A1-3. Auger bitafter cuts. Figure A, Ammbled auger. 



-HOW TO USE THE SOIL AUGER' 

The soil auger is a handy tool to investigate soil I 
and soil moisture conditions. The auger is easy to 
operate, and it will save you time and labor. A few 
minutes in the fic!d with an auger will give you vital 
information on your soil to depths of 4 to 6 feet. 

Follow these steps to operate the auger: 

1. Screw the auger into the soil as you would a 
brace.and-bit (Figure A2-1). Apply the necessary 
pressure to force it into the soil. If the surface soil is 
loose, pack a small area with your foot before starting 
the auger. 

Figure A2-2. Foot location for withdrawing auger. 

3. Hold the auger in your right hand with the 
bit to the left. Grasp the bit with your left hand, 
palm up.Place your fingers between the spirals. Turn 
the auger to the right with your ight hand.The soil 
will come off into the palm of your left hand (Figure 
A2-3). 

Figure A2-1. Beginning auger technique. 

2. When all of the screw end of the bit has 
entered the soil, place your feet close together and on 
both sides of the auger bit. This will prevent tearing a 
large hole when the auger is pulled out the first time. 
Pull straight out (Figure A2-2). 

1Compiled in cooperation with Paul D. Christensen, 
Extension Soil Conservationist, Utah State University, Logan, 
Utah. Figure A2-3. Soil removal. 
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4. After you have examined the soil, place the 
,auger back in the hole and repeat the process. Care 
.should 	 be taken to prevent loose surface soil from 
falling into the hole. Sometimes several "tries" are 
required to go below the loose surface soil. After the 
hole is established at the surface, it isbetter to keep 
your feet away from the hole. 

5. To pull the auger out of the hole, pull 
straight up (Figure A2-4). Do not bend the auger by
 
moving the handle from side to side or forward and
 
back. If the auger sticks in the soil, twist it part way
 
out, then pull.
 

Probably your greatest use of the soil auger will
 
be to investigate soil moisture. Plants remove mois­
ture from several feet of soil, depending upon the
 
depth of the roots. Before each irrigation, you should
 

Idetermine how much moisture is required to fill the 

soil in the root zone. This can be done by examining
 
the soil as you go down with the auger. Estimate the
 
water-holding capacity of the soil in each foot of
 
depth. Estimate the amount of water present and the
 
amount required to bring each foot to the field
 
capacity. Tabulate your findings similar to Table
 
A2-1. 

To estimate the water holding capacity of a soil,
 
assume that a sandy loam soil will hold from 3/4 to
 
1% inches per foot, loam soils 1 to 2 inches per
 
foot, and clay soils 2 inches or more per foot.
 

To estimate the amount of water in the soil,
 
squeeze the soil tightly in the hand. If a moist film is
 
left on the hand, the soil is at 75 percent or more of
 
field capacity. If it will form a stable ball but doesn't
 
leave a moist film, it will be between 50 percent and
 
75 percent of field capacity. If it doesn't form a
 
stable ball, it is between 25 percent and 50 percent,
 
and if it won't ball at all, it is dry.
 

Figure A2-4. Auger pulling technique. 
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Tae A.1, a of ,npleacompleted sol mobtume de dh 

SOIL MOISTURE CHECK SHEET:4i . 

Hole Number
 
SoilfMoisture Properties- Depth
 

12, 3 4 

Texture Loam Loam Ioam Loam
 
WaterHoldingCapaclty - I 1, 1, 1
 
Water Presnt . 1 • K K
 
WaterNeeded 1 1 1 1
 

Texture Loam Loam Loam LoaM 
Water Holding Capaci.ty 1% 1 1%1 
Water Present 2 K% K 
Water Needed K K K K 

Texture Clay loam LoamClay loam Loam
Water Holding Capacity 2 2 2 2 
Water Present 3 1 1 1 1 
Water Needed 1 1 K 

Texture Fine Sandy loam Fine Sandy loam Fine Sandy loam Fine Sandy loam
Water Holding Capacity 1 11 1 
Water Presnt 4 K K K 
Water Needed . K K 

Texture Fine Sandy loam Fine Sandy loam Fine Sandy loam Fine Sandy loam 
Water Holding Capacity 1 1 1 1
Water Preent 5 K K K
Water Needod K % K 

Texture Loom Loam Loam Loam 
Water Holding Capeclty 1K 1K1K 1K 
Water Preent 6 1K 1, 1K 1K
 
Water Needed 
 - - - 1 

TOTAL 3% 3% 3% .3% 

FIELD AVERAGE NEEDED 3 5/8
 

http:Capaci.ty

