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AZ681.1 INTRODUCTION:
AZ681.11 All major irrigated soils in the state are listed in the soils section of the AZ Irrigation Guide. Soil parameters important to water management and irrigation system design, evaluation, and management have been identified. Additional soils information is located on applicable SCS-Soils-5 forms, published soil surveys, or soils reference material available in the SCS soil survey office.

AZ 681.12 Soil properties and intake characteristics are shown on the left of each sheet. Border intake families were estimated using 2 year old alfalfa. Sprinkler intake rates are shown for bare soil. Furrow intake families are shown where field information is available.

AZ681.13 Management Allowed Deficit (MAD) for the typical soil profile is shown in inches by the allowed percent depletion on the right. (e.q. the irrigator allows the crop to use 40%, 50%, or 60% of the water normally considered available for plant use (AWC) before irrigation is initiated.) The MAD portion of the table is actually separate from the SOIL PROPERTIES/INTAKE portion of the table. Tables are shown together for the convenience of the user.

AZ681.14 Values in the guide for trickle irrigation include: available water capacity, intake, and management allowed deficit. Calculations need to be made to adapt these values to the actual volume of soil irrigated commonly called the wetted bulb. (MAD, inches) (average wetted bulb cross section area, sq. ft.) .62 = gallons per wetted bulb to be replaced. Most trickle irrigation designers use an estimated deficiency (usually based on daily CU) to determine replacement amounts.

AZ681.15 The values used in this guide should be used where more specific data is not available. An attempt has been made to consider the effect of organic matter and salts in the soil. Most values reflect low or very low organic matter levels. The irrigation consultant must consider the effect of improved soil and water management oo the irrigation system under consideration. (e.q. the time for water to advance across a field is usually increased by improved soil management practices).

AZ681.16 All sections of the Arizona Irrigation Guide will be issued in loose leaf form. Recommended changes may be submitted to the State Conservation Engineer for consideration at any time.

The official office copy of the Arizona Irrigation Guide is considered a part of Section III-4 of the Arizona Technical Guide. In most offices the Irrigation Guide will be kept in a separate 3-ring notebook, with a cross reference sheet in Section III--4. The suggested outline for irrigation guides (distributed by: NEH Sec. 15, Chapter 3, Notice 1, dated August 7, 1980) will be used in Arizona to index all materials considered a part of the Irrigation Guide.

AZ681.2 EXPLANATION OF TABLES
AZ681.21 SOIL SERIES
Soils with profiles that are almost alike make up a Soil Series. Except for different textures in the surface layer, all of the soils of one series have major horizons that are similar in thickness, arrangement, and other important characteristics. Each soil is named for a town or other geographic feature near the place it was first observed and mapped. All soils having the same series name are essentially alike in those characteristics that affect their behavior in the undisturbed landscape.

The AZ Irrigation Guide SOILS CROSS REFERENCE TABLE shows the current SOIL SERIES name. Be sure to reference this table before proceeding to the SOILS TABLES in the guide. During the early days of AZ soil surveys, many soil series were mapped over broad areas. In most cases recent refinement has added new series, and narrowed the scope of the original soil series.

AZ681.22 TYPICAL SOIL PROPERTIES
Depth, USDA texture, and Available Water Capacity are presented in the Soils Section.

a. Depth
The depth of important horizons in a soil series are identified in inches, measured from the original soil surface. The irrigation water management consultant must identify those areas of a field that may have been subjected to surface horizon modification activities such as: land leveling, land smoothing, borrow areas, and erosion.

b. USDA Texture
The USDA textural classification, particle-size distribution is determined by the percent of sand (.05-2.0 millimeters), silt (.05-.002 millimeters), and clay (below .002 millimeters) after the particles larger than 2 millimeters have been removed. Abbreviations used are:

	Texture
	Terms in Lieu of Texture
	Texture Modifier

	COS
	Coarse sand
	IND
	Indurated
	CB
	Cobbly

	S
	Sand
	UWB
	Unweathered bedrock
	CBV
	Very cobbly

	FS
	Fine sand
	WB
	Weathered bedrock
	GR
	Gravelly

	VFS
	Very fine sand
	
	
	GRC
	Coarse gravelly

	LCOS
	Loamy coarse sand
	
	
	GRF
	Fine gravelly

	LS 
	Loamy sand
	
	
	GRV
	Very gravelly

	LFS
	Loamy fine sand
	
	
	SR
	Stratified

	LVFS
	Loamy very fine sand
	
	
	ST
	Stony

	COSL
	Coarse sandy loam
	
	
	
	

	SL
	Sandy loam
	
	
	
	

	FSL
	Fine sandy loam
	
	
	
	

	VFSL
	Very fine sandy loam
	
	
	
	

	L
	Loam
	
	
	
	

	SIL
	Silt loam
	
	
	
	

	SI
	Silt
	
	
	
	

	SCL
	Sandy clay loam
	
	
	
	

	CL
	Clay loam
	
	
	
	

	SICL
	Silty clay loam
	
	
	
	

	SC
	Sandy clay
	
	
	
	

	SIC
	Silty clay
	
	
	
	

	C
	Clay
	
	
	
	


*On a texture indicates which horizon texture(s) were used to calculate the Managment Allowed Deficit (MAD).

c. Available Water Capacity
1) The amount of water stored in the soil for plant use is dependent upon the soil texture, soil condition, and depth. As water is added to a dry soil, it is distributed through the soil pores or void spaces where it is held by adhesive and cohesive forces. It displaces air in the pore spaces and eventually fills them. The water in the larger pores moves downward as free water and the pores are again filled with air. The amount of water retained by the soil after 24-36 hours of free drainage is called the field capacity of the soil. For fine-textured (silt and clays) soils the pore spaces are very small compared to a coarse-grained soil like sand. Small pores hold water at higher tensions than large pores.

2.) Energy must be expended by plants to remove water from the soil. The force (tension) with which the water is held depends on the size of the pores and upon the amount of water in the soil--the smaller the amount, the greater the tension. When the moisture content decreases to a point that the plant cannot exert sufficient force to extract the moisture remaining in the soil, the plant will wilt. This moisture content is called the wilting point. Generally, sandy soils drain almost completely at low tension, whereas fine-textured clays and silts still hold a considerable amount of moisture at high tension. It should be remembered that a very high percent of soil water moves under these forces (adhesion and cohesion) rather than by gravity.

3.) The amount of water between the wilting point and field capacity is the water available for plant uses and is called the available water capacity. The tension required to hold water in a salt-free soil is generally as follows:

a) For loamy and clayey soils (i.e., sandy loams to clays); the difference between the values for one-third and fifteen bars (atmospheres) tension.

b) For sandy soils (i.e., sands to loamy sands); the difference between one-tenth and fifteen bars tension.

4.) Optimum plant growth occurs with soil moisture between 2 and 5 bars tension. To survive, drought tolerant plants can extract and use soil moisture held in excess of 15 bars. Yields will be reduced above 15 bars.

5.) Soil salts (salinity and sodicity) decrease the amount of soil water available for plant use. The available water capacity for saline and/or sodic soils listed in the guide reflect this reduced amount of water. Some soil series are saline and/or sodic in their entirety, and therefore do not carry a saline or sodic modifier (e.g. Casa Grande, Harqua, Kamoto, etc.).

AZ681.23 ESTIMATED INTAKE
Estimated intake characteristics shown in the guide are based on soil textures of surface horizons down to 18t inches, field intake tests, and personal experience of many conservationists over a long period of time. (i.e.: AZ silt loams typically exhibit lower than expected border and furrow intake characteristics.)

Low organic matter and salts in the soil surface typically lower intake rates. Soil compaction, natural or man caused (hydraulic or direct pressure) also has a marked influence on Arizona soils.

a. Border Family (If)
Border intake characteristic groups (families) are listed for surface horizons down to 12" to allow for some modification of surface horizons by cultivation, land leveling, etc. Border intake families were estimated using hundreds of cylinder (ring) infilltrometer tests on selected soils with 2 year old alfalfa crop. Field experience has shown these values to be realistic. Irrigation system evaluations and personnel experience were used to extend Border-Intake Families to soils not tested. For more information on Border Intake characteristics see: SCS National Engineering Handbook, Section 15, Chapter 4, Border Irrigation, Pgs. 4-3 through 4-5.

b. Furrow Family (If)
Furrow intake characteristic groups (families) are shown for those soils where flowing furrow infiltrometer tests have been run.

Ranges are shown where moderately fine and fine textured soils typically crack when dry. Flowing furrow infiltrometer tests showed that soil cracks do not close as rapidly as previously thought. (In one case, an entire 4" irrigation was applied on a clay soil in less than 3 hours. Actual intake values depend on site specific soil moisture conditions in the soil profile during each irrigation. Design values can be estimated by observing other fields with similar conditions and discussing irrigation water management goals with the farm operator.

For more information of Furrow Intake characteristics see: SCS National Engineering Handbook, Section 15, Chapter 5, Furrow Irrigation, pgs. 5-14 and 5-15

c. Sprinkler rate (in/hr)
The maximum long duration intake rate for periodic moved and fixed sprinkler systems are shown in the guide. Farm management plays a key role in selecting the actual rate used. Low organic matter, salts, and soil compaction at or near the soil surface reduces the soil intake, sometimes to near zero. Soil cover and higher levels of organic matter will drastically increase the soils ability to take water. Application rates may be increased above those shown where light frequent applications are made. The following formula may be used to estimate the maximum application rate for light frequent applications:

Intake Rate at time t, hrs. = (2.176 Spr. intake, in/hr.) time t-0.43.
Example: The long duration sprinkler intake rate shown in the guide is .3 in/hr, for an application period of .5 hours {30 minutes) the intake rate may be increased to 0.88 in/hr.

For more information on sprinkler application rates see: SCS National Engineering Handbook, Section 15, Chapter 11, Sprinkler Irrigation, pgs. 11-18

through 11-21.
AZ681.24 ROOT ZONE depth (ft.)
Typical root zone depths that may be available are shown in the MAD portion of the guide. Actual root pattern depths must be determined in the field. In 1983, 11 of 12 test holes dug in conjunction with the flowing furrow infiltrometer showed August rooting patterns less deep than normally expected. In one case, roots occupied less than 35% of what would be considered a normal root zone.

It is true that crop Root Zone Depths are influenced by the type of crop grown and the crop stage. Experience in Arizona has shown water management and soil management can be of greater influence than either crop or crop state. Fortunately rooting patterns respond to long term soil/water management, thus the rooting depth of a former crop (even weeds) may be used as an indicator of root pattern depth. CHECK ROOT PATTERN DEPTH--DO NOT ASSUME.
For more on rooting patterns see: SCS National Engineering Handbook, Section 15, Chapter I, Soil Water Plant Relationships, pgs. 1-29 through 1-35.

AZ681.25 MANAGEMENT ALLOWED DEFICIT by percent
The Management Allowed Deficit (MAD) is the desired soil moisture deficit at the time of irrigation. In the guide MAD has been listed as the depth of available soil water used.

40 percent.- is generally used for moisture sensitive crops and most crops on moderately fine to fine textured soils. Vegetable, fruit, and forage quantity and quality can be enhanced by providing readily available water during critical growing periods. Clays and clay loam soils retain larger amounts of water at higher soil water tensions than do foams and sands. Sands will retain as little as 5-6% total moisture at tensions above 15 bar, while clays will retain over 15%. Some soil conservationists refer to 40% MAD as a wet regime.

50 percent - is generally used for typical growing conditions and most crops on moderately coarse to medium textured soils. Most crops growing on sandy loam to silt loam soils respond well to a 50% MAD. Oxygen as well as water must occupy soil pores to stimulate biologic activity and root growth.

60 percent -is generally used for crops held at a maintenance level and crops on coarse textured soils. Under many conditions, crop survival not optimum growth is the goal of the farm manager. Allowing soil moisture to deplete to this level (except sands) will cause some plants to mature what crop is set. To reverse the process by applying water later in the growing season may be undesirable. Some soil conservationists refer to 40% MAD as a wet regime, and 60% MAD a dry regime.
For each percent depletion, Moisture Allowed Deficit has been calculated for the typical soil profile using 2, 3, 4, and 5 foot rooting depths.
AZ681.26 SOIL EROSION
Soil erosion from irrigation water is normally slight to none on slopes less than 0.5%, especially where organic content and cover are adequate. With steeper slopes, little or no cover, low cohesive soils, and areas with poor soil condition, erosion can be severe.
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AZ681.3 Cross Reference Table to Find Current Soil Series

	Soil Series and Modifier
	Land Capability Table No.


	Position on the Landscape
	Irrigation Guide Name

	Antho

Antho, flooded, sandy surface

Antho, flooded, saline
	22

22

22
	On floodplains use:
	Antho

	Antho, gravelly
	33
	On fan terrace use:
	Denure

	Antho, rarely flooded

Antho, saline-alkali

Antho, sandy surface
	4

10

4
	On relic basin floors, stream and fan terraces, use:
	Denure

	Anthony
Anthony, cool

Anthony, dry
	4
4


	On stream terraces and fan terraces use:
	Tanque

	Anthony, flooded
Anthony, gravelly substratum

Anthony, occasionally flooded
	22
22

22
	On floodplains use:
	Anthony

	Anthony, rarely flooded

Anthony, saline-alkali

Anthony, variant

Anthony, warm

Anthony, wet
	4

16

33

4

4
	On relict basin floors, fan and stream terraces, use:
	Tanque

	Anway
	1
	On fan terraces, use:
	Anway

	Anway, flooded
	21
	On floodplains & alluvial fans, use:
	Glendale

	Arizo
	38
	On fan terraces, use:
	Vado


	Arizo, cobbly

Arizo, cool

Arizo, flooded
	24

24

24
	On floodplains, use:
	Arizo

	Arizo, gravelly

Arizo, gypsiferous substratum

Arizo, non-flooded
	38

38

38
	On fan terraces use:
	Vado

	Arizo, non-gravelly
	24
	On floodplains use:
	Arizo

	Arizo, saline

Arizo, stony
	38

38
	On fan terraces use:
	Vado

	Arizo, stony, flooded
	24
	On floodplains use:
	Arizo

	Arizo, warm
	38
	On fan terraces use:
	Vado

	Avondale

Avondale, saline-alkali
	2

9
	On stream terraces use:
	Sahuarita

	Brazito
	5
	On dunes use:
	Roswell

	Brazito, flooded
	23
	On floodplains use:
	Brazito

	Brazito, non-flooded
	5
	On dunes use:
	Roswell

	Brazito, occasionally flooded

Brazito, saline
	23
	On floodplains use:
	Brazito



	Brazito, thick surface
	5
	On dunes use:
	Roswell

	Brazito, thick surface, saline-alkali
	23
	On floodplains use:
	Brazuti

	Brazito, wet
	5
	On dunes use:
	Roswell

	Brazito, wet, saline
	23
	On floodplains use:
	Brazito

	Brios
	5
	On dunes use:
	Roswell

	Brios, flooded
	23
	On floodplains use:
	Brios

	Carrizo

Carrizo, frequently flooded

Carrizo, gravelly

Carrizo, nonflooded

Carrizo, stony
	38

24

38

38

38
	Use:
	Carrizo

	Comoro
	3
	On stream terraces use:
	Pajarito

	Comoro, dry
	3
	On stream terraces use:
	Pajarito

	Comoro, flooded
	21
	On floodplains use:
	Comoro

	Comoro, gravelly
	32
	On fan terraces use:
	Pajarito

	Contine
	1
	On relict basin floors use:
	Contine

	Contine, flooded
	20
	On floodplains use:
	Cashion

	Contine, saline-alkali
	7
	On relict basin floors use:
	Contine

	Cordes
	4
	On stream terraces use:
	Fruitland

	Cordes, occasionally flooded

Cordes, red variant
	22

22
	On floodplains use:
	Cordes

	Dateland
	3
	Use:
	Dateland

	Dateland, overwash
	21
	On alluvial fans use:
	Cuerda

	Dateland, rarely flooded

Dateland, saline

Dateland, saline-alkali
	3

9

9
	Use:
	Dateland

	Denure
	4
	Use:
	Denure

	Denure, overwash
	22
	On alluvial fans use:
	Why

	Denure, clayey surface

Denure, gravelly

Denure, gravelly substratum

Denure, rarely flooded

Denure, saline

Denure, saline-alkali

Denure, sandy surface
	4

33

4

4

10

17

4
	Use:
	Denure

	Estrella
	2
	On fan terraces use:
	Pahaka

	Estrella, flooded
	21
	On alluvial fans use:
	Estrella

	Estrella, saline-alkali
	8
	On relict basin floors use:
	Pahaka

	Forest
	1
	On fan terraces use:
	Forrest

	Forest, flooded
	20
	On alluvial fans use:
	Riggs

	Forest, gravelly
	30
	On fan terraces use:
	Forest

	Gadsden
	1
	On stream terraces use:
	Saniniego

	Gadsden, occasionally flooded
	20
	On floodplains use:
	Gadsden

	Gadsden, saline

Gadsden, salilne-alkali

Gadsden, sandy surface

Gadsden, strongly saline
	7

7

1

14
	Use:
	Saminiego

	Gadsden, wet

Gadsden, wet substratum
	20
20
	On floodplains use:
	Gadsden

	Gila

Gila, reddish variant

Gila, commonly flooded

Gila, cool

Gila, dry

Gila, flooded

Gila, gravelly

Gila, occasionally flooded

Gila, rarely flooded

Gila, saline

Gila, saline-alkali

Gila, wet
	2

21

21

9

21

21

32

21

2

16

16

21
	All on stream terraces use:

All on floodplains use:
	Shuarita

Gila

	Gilman

Gilman, clayey surface

Gilman, flooded, saline

Gilman, overwash

Gilman, saline-alkali

Gilman, saline-alkali, flooded

Gilman, sandy surface

Gilman, silty substratum

Gilman, strongly saline

Gilman, wet

Gilman, wet substratum
	2

21

21

2

9

21

2

2

21

1

21
	All on floodplains use:

All on stream terraces use:
	Gilman

Dateland

	Glenbar
	2
	On stream terraces use:
	Tatai

	Glenbar, flooded

Glenbar, saline-alkali

Glenbar, saline-alkali, flooded

Glenbar, sandy surface

Glenbar, strongly saline

Glenbar, wet

Glenbar, wet substratum

Glenbar, wet substratum, saline
	21

8

21

2

8

21

21

21
	all on stream terraces use:

all on floodplains and alluvial fans use:
	Marana

Glenbar

	Glendale

Glendale, cool

Glendale, dry

Glendale, flooded

Glendale, flooded, saline

Glendale, hardpan

Glendale, rarely flooded

Glendale, saline

Glendale, saline-alkali

Glendale, wet

Glendale, wet, saline
	2

2

21

21

21

2

15

21

8

21

21
	All on stream terraces use:

All on floodplains and alluvial fans use:
	Mimbres

Glendale

	Grabe

Grabe, dry

Grabe, flooded

Grave, flooded, gravelly

Grabe, gravelly

Grabe, gravelly, dry
	2

2

21

21

2

2
	All on stream terraces use:

All on floodplains and alluvial fans, use:
	Hayhook

Grabe

	Guest

Guest, dry

Guest, flooded

Guest saline
	1

1

20

7
	All on stream terraces use:

All on floodplains and alluvial fans use:
	Vecont

Guest



	Indio

Indio, flooded

Indio, saline

Indio, strongly saline

Indio, strongly saline,  

  occasionally flooded

Indio, wet
	3

21

9

16

21

21
	On all stream terraces use:

On floodplains and alluvial fans use:
	Sasco

Indio

	Lagunita

Lagunita, variant

Lagunita, flooded

Lagunita, loamy

Lagunita, strongly saline

Lagunita, strongly saline, sandy

Lagunita, wet

Lagunita, wet substratum
	5

5

25

5

18

18

23

23
	On dunes use:
On floodplains and alluvial fans use:
	Rositas
Lagunita

	Mimbres
Mimbres, flooded

Mimbres, non-flooded, saline

Mimbres, saline-alkali
	2
21

8

15
	On stream terraces use:
On floodplains and alluvial fans use:
	Mimbres
Pima

	Pima

Pima, dry

Pima, flooded

Pima, flooded, warm
	2

2

21

21
	On stream terraces use:

On floodplains and alluvial fans use:
	Mimbres

Pima

	Pimer

Pimer, flooded
	2

21
	On stream terraces use:

On floodplains and alluvial fans use:
	Sasco

Pimer

	Trix

Trix, flooded

Trix, saline-alkaline
	2

21

8
	On fan terraces and relict basin floors use:

On floodplains and alluvial fans use:
	Mohall

Trix

	Vint

Vint, flooded occasionally

Vint, loamy

Vint, saline-alkaline

Vint, strongly saline

Vint, wet
	5

23

4

11

18

23
	On dunes and stream terraces use:

On floodplains and alluvial fans use:
	Rositas

vint


AZ681.4  PROCEDURE
Step 1
Identify soil(s) in field under consideration from published soil survey, soil field sheets, conservation plan maps, or other sources.

Step 2
Field verify for:  

(1) mapping unit inclusions that could affect the design or operation of the irrigation system under consideration.


(2) Surface horizon modification (land leveling, erosion, etc.) that could affect the soil properties listed in the guide.

Step 3
Check soil cross reference table for current soil series name used in the Irrigation Guide.

Step 4
Enter soils tables for data. Make adjustment for specific on-site conditions where applicable.
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