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Irrigation...When and How Much? Rooting Depth

Conservation irrigation water management means controlling The depth of soil from which acrop can extract water isthe
or regulating irrigation water applicationsin away that will effective crop rooting depth. This depth will vary with the
satisfy crop water requirements without wasting water, eroding stage of crop growth. Rooting depth may be restricted to a
soil, or degrading water quality. It involves applying water in depth considerably less than the normal root depth by soil
accordance with specific crop needs in amounts that can be limitations (i.e., hardpan, high water table, and so forth).
retained in the soil for crop use and at rates and times that are Irrigation design rooting depths for several mature irrigated
consistent with soil intake characteristics and erosion hazard. crops, grown on deep, permeable well-drained soil, are given
below.
Soil
The amount of water a soil can hold, and that is available for
plant use, is determined by the soil’s physical properties. Sail TaBLE 2 Rooting Depth for Irrigation
texture and depth are the most influential factorsin determining
thg Available Waterhol ding Capaci ty (AWC) of asoail. Many Crop Feet
soils have varying textures at different depths. Table 1 gives Alfalfa 3.0-6.0
the general range of AWC per foot of depth for several soil Almond, apple, apricot ~ 4.0-5.0
textures. Asparagus 3.0-6.0
) Barley 2.0-3.0
Beans 2.0-4.0
Citrus 3.0-5.0
tasLe 1 Available Waterholding Capacity for Corn 2.0-4.0
Various Soil Textures coton 7050
Grape 3.0-4.0
Ladino Clover 2.0-3.0
Available Moisture Lettuce 1.0-2.0
Range Average gggns gggg
Soil Texture (in/tt)  (in/ft) Olives 4.0-5.0
Very coarse to coarse-textured sand 0.5-1.25 0.90 Onions ) 1.0-3.0
Pasture (perennial) 2.0-4.0
Moderately coarse-textured sandy loams 1.25-1.75 1.50 Peach, pear, plum 4.0-5.0
and fine sandy loams Safflower 3.0-5.0
Sorghum 3.0-4.0
Medium texture—very fine sandy loams 1.50-2.30 1.90 Squash 3.0-4.0
to silty clay loams Sugar beets 4.0-6.0
Tomato 3.0-4.0
Fine and very fine texture—silty clay to clay ~ 1.60-2.50 2.10 Walnut 5.0-7.0
Wheat 2.0-3.0

Peats and mucks 2.00-3.00 2.50



Total Available Moisture

The total amount of water available for plant use in the root
zone is the sum of the AWC per foot for the various soil types
within the effective rooting depth. See the example below.

Example 1. Calculation of Total Available Moisture in the Root Zone

Assume the crop is beans with a 4-foot rooting depth (Table 2)
and is grown in a soil with the following characteristics:

Depth Texture AWG (from Table 1)

(in.) (in./ft.)
/P
8” Sandy loam 1.5
A _
?
12 Silty clay loam 1.9
PR |
28" Coarse sand 0.9
Grop
Rootiny
Depth *  * | _____. .
Layer AWC Availahle
Depth  thickness per foot moisture
(in.) (ft.) (in./ft) (in.)
8 _
- S X 1.5 = 1.
0-8 v 0
8-20 12 x 19 = 19
12

28 x 09
12

Total available moisture

20-48 21

5.0

When To Irrigate

Most surface- or spring-irrigated
crops are normally irrigated when
about 50 percent of the available
moisture has been removed.
Exceptions would be specialty
crops needing certain conditions
for product quality.

One method of estimating the amount of water depleted from
the soil isthe “feel” method, using Table 3. The depletion
level estimates can be made by taking soil samples at various
locationsin the field with an auger, soil tube, or shovel at
approximately 1-foot increments for the entire crop root
zone. The total amount of moisture depleted at each location
isthe sum of the 1-foot increments for the crop rooting
depth. Thisisaso the new amount to be replaced by irriga-
tion in order to refill the soil profile to its capacity. Addi-
tional alowance must be made for deep percolation, runoff
losses, salinity leaching, and application efficiency.

Example 2. Estimating When To Irrigate

Assume the following:

* The same soil and crop asin Example 1.

* An allowable moisture depletion of 60 percent of the total
available in the 4-foot root zone.

* Allowable depletion level = 0.60 x 5.0 inches = 3.0 inches

This means that irrigation should begin when about
3 inches of moisture have been lost by this calculation.
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wee s Procedure for Galculating Depth of Water Applied

Step One
Furrows Borders/Basins Sprinklers Center Pivot
Area irrigated (acres) Area = (A) Area per border = Area = Area per center pivot
(Number of « (Spacing , (Length (Length . (Width (Lateral length (Move )
furrows) in feet)  in feet) in feet) in feet) in feet) in feet) 0314 ILater:aI
. ength in P
(43,560) (43,560) (43,560) (:03tap|lengh in | x (P)
(B) Total area acres = (43,560)
(Number ,  (Area
of per Where: P = Percent of full circle
borders) border)
Step Two
Siphons Pumps Sprinkiers
(A) See Table 7 for GPM per siphon (A) See Table 6 for GPM
Flow (B) Total flow = per sprinkler

(in gallons per minute (GPM))

Number of | | GPM per
siphons siphon

If a flow meter is not
available, see Tables 9,
10, and 11 for GPM flow
from pump with free
discharge.

(B) Total flow =

Number of X GPM per
sprinklers sprinkler

Step Three

Depth of Water Applied

(inches)

Use total flow from Step Two with Table 8 and your set time to get acre inches of water applied.

Depth applied (inches) =

(Acre inches of water applied)

(Area irrigated from Step One)




How Much To Apply

The gross amount of water to be applied is the net amount
required to refill the crop root zone (to meet plant require-
ments), divided by the application efficiency.

Depleted moisture to be replaced

Gross application required =
pplicatl au! Application efficiency (decimal)

Management

So far, the discussion has assumed flexibility in the scheduling
of irrigation and the total amount applied. Anirrigationis
scheduled when the amount of soil moisture depleted from the
root zone approaches the allowable depletion level. The
amount of water applied is based on replacing the depleted soil
moisture. Thisinvolves decisionsfor when to irrigate and how
much to apply in order to optimize moisture conditions for crop
production and minimize irrigation costs.

Occasionally, water deliveries are on afixed schedule when
deliveries are made every 10 to 15 days. Under these condi-
tions, it is not necessary to decide when to irrigate, but only
how much to apply. The amount applied then should be based
only on the soil moisture depleted since the last irrigation.

The relationship between the total amount delivered,
delivery flow rate, set time, gross application, and the areato be
irrigated isas follows:

Total amount delivered =D X A=QxT

Where: D = Cross application depth (inches)
A = Areairrigated (acres)
Q = Flow rate (cublic feet per second)
T = Set time (hours)

9

This equation can be used to calculate gross application depth
applied, the area to be irrigated, the flow rate required, and the
set or delivery time.

When the flow rate, time of set, and areairrigated are known,
the gross application depth (D) can be calculated by:

_ QxT

D= A

When the flow rate, the set time and the gross application
depth are known, then the area that can beirrigated (A) can be
calculated by:

When the gross application depth, the set time, and the area
irrigated are known, then the flow rate (Q) needed can be calcu-
lated from:

When the gross application depth, the flow rate, and the area
to beirrigated are known, then the set time (T) can be calculated
from:

10



eee  Sprinkier Nozzie Discharge (in crv)

] 1
Nozzle Nozzle Pressure (#/sq. in.) Wetted
Size Diameter
(in.) 25 30 35 40 45 50 55 60 65 70 75 (tt.)
60
3/32 1.3 1.4 1.5 ‘ 1.6 1.7 1.8 1.9 2.0 70
7/64 1.7 1.9 2.0 2.2 2.3 2.4 2.6 ‘ 2.7
80
1/8 2.2 2.4 2.6 2.8 ‘ 3.0 3.2 3.3 3.5 3.6
9/64 2.9 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6
5/32 35 3.9 4.2 4.5 4.7 5.0 5.2 5.5 5.7 5.9 90
11/64 4.3 4.7 51 ‘ 5.4 57 6.0 6.3 6.6 6.8 7.1
3/16 5.0 55 6.0 6.4 6.8 7.2 75 ‘ 7.8 8.1 8.4 8.7
100
7.6 8.1 8.5 8.9 9.2 9.5 9.8 10.2
8.9 9.4 9.9 10.3 ‘ 10.7 11.2 11.6 12.0 110
1/4 99 10.7 ‘ 114 12.1 12.8 135 14.1 ‘ 14.8 154 16.0
125
9/32 ‘ 12.4 13.4 14.3 ‘ 15.2 16.1 17.0 179 18.7 19.5 20.3
5/16 15.2 16.5 17.7 18.9 20.0 21.0 22.0 23.0 23.9 24.8
11/32 19.7 21.1 22.4 23.6 ‘ 24.8 25.9 27.0 28.1 29.2 145
3/8 ‘ 22.8 24.4 26.0 27.6 29.2 30.6 32.0 333 34.5
13/32 27.2 29.1 30.9 32.7 34.3 ‘ 35.9 37.4 38.9 40.3
165
7/16 ‘ 33.9 35.9 37.8 39.7 41.5 43.3 45.1 46.8
15/32 38.9 411 43.3 45.4 47.4 ‘ 49.4 51.4 53.3
185
1/2 43.6 46.0 48.4 50.7 53.0 55.3 57.2 59.6
17132 51.6 54.0 56.4 58.8 61.2 ‘ 63.5 65.8
9/16 57.5 60.6 63.6 66.5 69.4 72.2 74.9 205
5/8 70.0 73.6 77.2 80.8 84.4 87.8 91.0

1 Approximate diameter of coverage. For sprinkler with two different nozzles, the wetted
diameter is coverage of the larger nozzle.

11

Water surface in furrow
( Field ditch

mees  olphon Tube Discharge (n cPwv)

Diameter of Siphon
(inches) 2"head* 3"heal 4"head 6" head 9" head

3/8 7 1.0 1.2 1.5 1.7
1/2 1.3 1.6 1.8 2.1 2.7
3/4 3 4 5 6 7

1 5 6 7 9 11
1-1/4 8 10 12 15 18
1-3/8 10 13 15 19 23
1-1/2 13 16 18 24 28
2 21 27 32 41 50
2-1/2 32 40 48 54 65
3 46 57 65 82 100

4 86 106 122 153 200

* Head is difference in height of water in supply ditch and center of discharge end
of tube or water surface to water surface if tube outlet is submerged.

Q - GPM stream
g - GPM of siphon tubes

Number of furrows =

12
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