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GU'IDE 
When and How Much to Irrigate 

Mark Peterson, Department of Agricultural Engineering, and William J. Murphy 
and John Falloon, Department of Agronomy, College of Agriculture 

Timeliness of irrigation is important. In Mis- field capacity and the level known as permanent 
souri we use irrigation as drouth insurance. Often wilting point. A soil is at field capacity about two 
irrigation is delayed too long in hope of rain. Full days after it has been soaked by a rain or irrigation 
benefits are not obtained. Here is information to help and has had a chance to drain. A soil reaches its 
the irrigator decide when and how much to irrigate. permanent wilting point when the moisture level 

CROP FACTORS 
Water leaves the soil by evaporation from the 

soil's surface and by transpiration through the 
plant's leaves. Losses from both causes is called 
evapotranspiration. The amount of water leaving the 
soil will vary from 0.1 inches or less on cool cloudy 
days to as much as 0.4 inches per day when hot dry 
winds occur. Generally when the available moisture 
within a crop's root zone drops to 50% it is 
time to irrigate. This is especially true if the crop is 
in a stage of growth when the lack of moisture is 
critical. 

CRITICAL MOISTURE PERIODS: 
Com: From early tassel through early dent. 

During this period corn yields can be greatly im
proved by irrigation. 

Cotton: From first bloom until three-fourths of 
bolls are set. Later irrigations may be expected to 
delay maturity. Cotton can survive with a minimum 
of water, but early boll set is very important. A 
delay in irrigation when needed during this boll
setting period can be costly. 

Alfalfa and Sudan Grass: Any time during the 
growing season. Delay of irrigation of these crops 
is not critical. Ordinarily a delay will only decrease 
present production. 

Permanent Pasture: Any time during the grow
ing season. Delay of irrigation will only decrease 
immediate production unless delayed long enough 
to affect the stand. 

Soybeans: From full bloom through pod filling. 
They can stand two weeks of water stress ordinarily, 
but long delays will affect pod set, and a water 
shortage during pod filling will cut bean size. 

Sorghums: Any time during growing season. 
Delayed watering of sorghums is not critical, result
ing mostly in delayed maturing. 

SOIL'S CAPACITY TO HOLD WATER 
Available moisture is the amount of moisture 

a soil contains that plants can use. It is the water 
held by a soil between the moisture level known as 

1650 

is lowered to the point that plants permanently wilt. 
The available moisture capacity of a soil is 

usually given in terms of inches of water per foot 
of soil depth. Different soils vary in their capacity 
to hold moisture. A good many of our soils have the 
capacity to hold 1 ½ to 2 in. of available moisture 
per foot of depth but this will vary from about¾ in. 
per foot of depth for coarse textured sandy soils to 
2 ½ in. or more per foot of depth for some loam and 
silt loam textured soils. 

The amount of available moisture in a soil can 
also be expressed on a percentage basis. For ex
ample, if a certain soil has the capacity to hold 2 in. 
of available moisture per foot of depth it would 
contain only 1 in. of useable moisture per foot of 
depth at 50% available moisture. The addition of 2 
in. of rain or irrigation water would bring the top 
2 ft. of soil up to field capacity. 

A soil will contain some moisture when the per
manent wilting point is reached. This may be as. 
little as ¼ in. per foot of depth for a coarse textured 
sandy soil to as much as 2½ in. per foot of depth for 
some fine textured clay soils. Some fine textured 
clay soils can be moist when plants suffer from the 
lack of moisture because the soil holds the water so 
tightly that the plants cannot obtain it. 

Although moisture is still available as the wilt
ing point is approached, plants do not grow as vigor
ously as when the soil moisture is at higher levels. 
Also, with soil moisture approaching the wilting 
point, weather conditions with high temperature and 
low humidity are more likely to damage the crop. 

HOW TO CHECK SOIL MOISTURE 
There are several ways you can estimate the 

amount of available moisture in a soil. For farm use 
the "feel" method is the most practical. 

a. Inspection by Feel and Appearance: Table I 
shows how different soils will appear at various 
moisture levels when squeezed firmly in your hand. 
Check the moisture at 6-inch intervals to depths 
indicated by the last column of Table II. Do this at 
several places over the field. Samples can be ob-
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TABLE I 

FEEL AND APPEARANCE GUIDE FOR DETERMINING SOIL MOISTURE 

Moisture Percent of avail-
SOIL TEXTURE Condition able moisture re-

mainin~ in soil Sands - Sandv Loams Loams - Silt Loams Clav Loams - Clav 

Powdery, sometimes slightly Hard, baked, cracked; 

Dry 0% Dry, loose, flows through crusted but easily broken difficult to break down into 
Wilting Point fingers. down into powdery condition. powdery condition. 

Will form a weak ball when Pliable, but not slick, will 
Low squeezed but won't stick to ball under pressure - sticks 

50% or less Loose, can't feel moistness. tools. to tools. 

TIME TO IRRIGATE 

Tends to ball under pressure Forms a ball somewhat plastic, Forms a ball, will ribbon 
Fair but seldom will hold togeth- will slick slightly with pres- out between thumb and fore-

50 to 75% er when bounced in the hand. sure. Doesn't stick to tools. finger, has a slick feeling. 

Forms a weak ball, breaks 

Good easily when bounced in the Forms a ball, very pliable, Easily ribbons out between 
hand, can feel moistness in slicks readily, clings slight- thumb and forefinger, has a 

75 to 100% soil. ly to tools. slick feeling, very sticky. 

Soil mass will cling togeth- Wet outline of ball is left Wet outline of ball is left 
Ideal Field Capacity er. Upon squeezing, outline on hand when soil is squeezed. on hand when soil is squeezed. 

100% of ball is left on hand. Sticks to tools. Sticky enough to cling to 
fingers. 

*Reference is made to soil augers or other tools in bright condition and not rusty tools. 

TABLE II 

SUGGESTED IRRIGATION DEPTHS FOR MATURE PLANTS 

Crop Minimum Depth to Irrigate (Ft.) 

Cotton 2 

Soybeans 2 

Alfalfa 2 

Clovers 2 

Grasses 2 

Sudan 2 

Corn 2 

tained by soil auger, soil tube or spade. By checking 
the feel and appearance of these samples with Table 
I you can estimate the amount of available moisture 
in the soil. If it averages 50% or less over the depths 
given in Table II, irrigation is in order. Roots of the 
various crops go deeper than shown in Table II, 

Maximum Depth to Irrigate (Ft.) 

3 

3 

4 

3 

2 

3 

3 

in an open soil but a large part of their moisture 
is obtained from the depths shown. If hard pan is 

present the rooting depth may be limited to shal

lower depths than shown. If this is the case consider 

only the moisture in the actual root zone. 

• 



b. Appearance of Plants: Plants indicate their 
need for moisture by their appearance. The foilage 
turns a dark bluish green, and leaves roll, or wilt. If 
the plant does not return to normal by late after
noon or evening, the need for moisture has reached 
a critical stage. Plants wilt temporarily under high 
temperature and low humidity conditions before 
their permanent wilting point is reached. When this 
happens irrigation should not be delayed. Observe 
plants on sandy areas of the field. Plants on these 
areas will be the first to show their need for water. 

c. Resistance Blocks: Several manufactured de
vices are available for checking soil moisture in the 
field. One system uses gypsum blocks. The blocks, 
containing electrodes, are buried in the ground. 
Insulated wires are attached to the electrodes and 
brought to the ground surface where readings can 
be taken at any time with an electric metering 
device. (Fig. 1). Soil moisture equalizes between 
the soil and the blocks. The amount of moisture is 
determined by passing an electrical current between 
the electrodes. The more moisture present the more 
electrical current will flow. 

Resistance Blocks 

Figure 1 

These blocks are more accurate in measuring 
low moisture ranges than high ones. They are not 
recommended for soils subject to severe cracking 
and for those with a high sand content. Readings 
must be calibrated to the soil in which they are 
used. Recalibrations are necessary under some con
ditions. Gypsum blocks are more practical in re
search work than for general farm use. 

d. Tensiometer: Tensiometers are sold under 
various trade names. They measure the relative ease 
that water can be withdrawn from the soil. They are 
most useful when it is desirable to maintain a rather 
high soil moisture level. They do not work well 
when the moisture level approaches the wilting point 
as air is pulled into the system. They work best on a 
coarse textured sandy soil. 

A tensiometer consists of a porous ceramic cup 
attached to the lower end of a closed tube containing 
water. (Fig. 2). A vacuum gauge is attached to 
the top of the tube. The lower end of the tube is 
buried in the ground within the crop's root zone. 
Frequently two are used at the same location; one 
near the surface of the soil and one at the lower 

Figure 2 

limit of moisture control. As the ground moisture 
level lowers, the soil tries to absorb moisture from 
the ceramic cup. This pull registers as a vacuum on 
the gauge and the relative dryness of the soil can be 
determined. These instruments are more practical 
for research work than for general farm use. 

AMOUNT OF WATER TO APPLY 

The amount of water to apply will depend on 
how much water the soil will hold at field capacity, 
how much water is already in the soil, and the depth 
to be irrigated. The soil should be wetted deep 
enough to supply moisture to most of the plant roots. 
Table II gives this depth for various crops. 

A minimum depth of 2 ft. is suggested for all 
crops. Irrigating a lesser depth will result in high 
evaporation losses and more labor as the applica
tions will need to be more frequent. Since plants use 
water from all soils at about the same rate, coarse 
textured soils need to be irrigated more often with 
a smaller amount of water per irrigation than the 
finer textured soils. Irrigating to the suggested 
maximum depths is more important on sandy or 
coarse textured soils than it is on soils with higher 
moisture capacities. 

Irrigating to deeper depths than indicated by 
Table II is probably not economical in Missouri, as 
there is always the possibility of rain. If too much 
water is applied, the part going below the root zone 
is wasted. Under scme conditions, rain falling on an 
already wet soil can be harmful. 

If the available moisture, either from rainfall 
or irrigation, is kept too near the surface of the soil, 
shallow root systems will develop. This is especially 
true while the plant is establishing its root system. 
Plants with shallow roots suffer from drouth sooner 
than plants with deeper root systems. Root systems 
develop best under good soil moisture conditions. 
A soil too dry or too wet will retard root growth. 
Usually, in Missouri, most irrigation will be needed 
after plants have developed their root systems be
cause we generally have enough rainfall for the 
first part of the growing season. However, the 
"watering-up" of crops is an important part of irri
gation when the soil is too dry to germinate seed. 

Table III illustrates the water holding capacities 
of soils of different textures. The crop considered 
is corn which has a 3-foot irrigation depth, as sug-



TABLE III 

SOIL MOISTURE SUPPLY 

Amount of Water Soil Holds 
at Field Capacity 

ls t foot of soil 

2nd foot of soil 

3rd foot of soil 

Total available in 3 feet 

Amount lost before reaching 
50% of capacity (time to 
irrigate) 

2 1/4" 

. 1 1/8" 

4 1/211 

2 1/4" 

Silt 
Loam 

5 1/2" 

2 3/4" 

5 1/4" 

2 5/8" 

Time required to drop to 
50% field capacity if 1/ 4" 
is used per day 4 1/2 days 9 days 11 days 10 1/2 days 

gested by Table II. An evapotranspiration rate of ¼ 
inch per day is assumed. 

In this example, corn would be irrigated with 
11/s in. of water after 4½ days on the sandy soil, 
with 2¼ in. after 9 days on the sandy loam, with 
2¾ in. after 11 days on the silt loam with clay sub
soil and with 25/s in. after 10½ days on the clay. 
These amounts would bring the top 3 feet of soil 
from 50% available moisture back up to field capa
city. The figure of ¼ inch loss per day is used as an 
example. Under actual conditions the amount of 
water used per day will vary. Weather conditions 
along with plant size and cover will determine how 
much is used. 

DEPTH OF WATER PENETRATION 
Use a probe to tell how deep the irrigation water 

has gone. The probe will easily push into the soil 
as far as water has penetrated. 

" 3/s" Drill rod or 
reinforcing rod 

/ 
Ball bearing 1/a" larger 
than rod 

Figure 3 

SUMMARY 

1. Know your crop's moisture requirements
the ability of the crop to adjust to adverse 
moisture conditions; the stage of growth at 
which adverse moisture conditions are most 
critical. 

2. Know your soil's ability to hold moisture. 

3. Keep a check on the amount of available 
moisture in your soil within the crop's root 
zone. When this lowers to around 50%, it is 
time to irrigate. 

4. Bring soil moisture in root zone up to field 
capacity. 

The average irrigation system will require a 
week or more to cover the area to be irrigated. If 
your crop will need a good rain within a week, start 
your system now and don't gamble on getting a rain. 

SIZE OF SYSTEM 
The capacity of an irrigation system needed to 

maintain soil moisture will vary from a minimum 
of 5 gal. per minute per acre to 10 gal. per minute 
per acre. For example a capacity of 200 to 400 gal. 
per minute will be required to irrigate 40 acres. With 
the minimum capacity of 5 g.p.m. per acre you 
will need to irrigate day and night to maintain your 
soil moisture. With a capacity of 10 g.p.m. you will 
need to irrigate only during the day time. 

Issued in furtherance of cooperative extension work, acts of May 8 and June 30, 1914, in cooperation with the United States 
Department of Agriculture. Carl N. Scheneman, Acting Vice-President for Extension, Cooperative Extension Service, Uni
versity of Missouri, Columbia, Mo. 65201. 
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