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UNDERSTANDING ESSENTIAL SOIL TEXTURE/MOISTURE STORAGE & DISTRIBUTION UNIFORMITY FOR EFFICIENT FLOOD IRRIGATION
by Blake Sanden, Irrigation & Agronomy, Kern County                                             June 27, 2008

· ESSENTIAL  (Definitions)
 1  : something basic <the essentials of astronomy>   

 2  : something necessary, indispensable, or unavoidable            (Merriam-Websters Dictionary) 
3 : Making 4 bale pima, 10 ton alfalfa, 3.5 ton wheat   (BVWSD Growers)

4 : Making 3,000 lb/ac almonds (Westside almond growers)
ESSENTIALS TO OPTIMIZE PRODUCTION/PROFIT UNDER FLOOD
· AVAILABLE WATER TO MINIMIZE STRESS
· ROOTZONE AERATION

· SUFFICIENT ROOTING DEPTH FOR WATER STORAGE AND NUTRIENTS
· EFFICIENT IRRIGATION SCHEDULING, FLOWRATES, MINIMIZE RUNOFF
· AVAILABLE NUTRIENTS – N, P, K and micronutrient; pH and waterlogging effects
· LAND LEVELING/PLANING TO AVOID LOW SPOTS, WATERLOGGING, DISEASE
· The irrigation system is the “ESSENTIAL” integrating factor for the whole crop system.

[image: image12.emf]       Applied Irrigation Depth:  0.75 to 1.5"

Moisture Reading (cb)

Soil Type12"24"48"

Sand/loamy sand704020

Sandy loam503020

Loam452520

Clay/Silt Loam402520

       Applied Irrigation Depth:  2 to 4"

Moisture Reading (cb)

Soil Type12"24"48"

Sand/loamy sand805030

Sandy loam704025

Loam654020

Clay/Silt Loam653020

       Applied Irrigation Depth:  4 to 6"

Moisture Reading (cb)

Soil Type12"24"48"

Sand/loamy sand907060

Sandy loam906040

Loam805030

Clay/Silt Loam704525

Note:  Moisture readings in these tables are only a guide.  

Actual readings for irrigation scheduling will vary for each 

field.  Adjust by watching the 48" depth reading.  Too 

little irrigation will cause this reading to keep increasing 

over the season.  Too much irrigation will push this 

reading down to 0 to 15 centibars.


Determining Plant Available Water by the “Feel Method”


Blake Sanden – University of California Cooperative Extension, Kern County

The ability to estimate the soil moisture in the crop rootzone that will be available to the crop is the key to understanding efficient irrigation and producing top yields. Knowing the texture of your soil tells you the maximum amount of water the soil will store between irrigations.  Checking the soil moisture of your field every 3 to 4 days will tell you how quickly the crop is using stored water and when you need to irrigate again.  Applying irrigation water too early causes water logging, possible disease, loss of fertilizer and decreased yield.  Waiting too long between irrigations causes the crop to stress, reducing plant growth, photosynthesis and usually yield.

ESTIMATING AVAILABLE WATER HOLDING CAPACITY (AWHC):  The maximum water a soil can hold in the field is called field capacity (FC).  Following an irrigation it may take 1 to 3 days for excess water to drain out of the large pores, wormholes etc.  The remaining water is held against gravity in the smaller pores of the soil.  Obviously, a soil with a finer texture (more silt and clay) has a greater number of small pores and can store a greater amount of water in the rootzone.  This is now Field Capacity.  When soil moisture becomes so depleted that a plant wilts and does not recover, this is called the Permanent Wilting Point (PWP).  There is still a little water left in the soil, but it is held so tightly that it is unavailable to the plant.  The amount of water available between FC and PWP is the Available Water Holding Capacity (AWHC).  AWHC is expressed as a percent of the total soil volume:






[image: image2]
Thinking of % volumetric water content in terms of inches of available water per foot depth of rootzone is the most convenient way to match crop water demand with how much water the soil can store.  This is because crop water use (evapotranspiration, ET) is estimated as a depth of water over some period (daily, weekly, monthly, the whole season).  

SIMPLIFIED SOIL TEXTURE CATEGORIES:  For normal field irrigation scheduling it is usually sufficient for the production farmer to identify his soil by 4 basic types:  Coarse, Sandy, Medium and Fine.  Table 1 lists the characteristics associated with these types.

Table 1. Simplified soil texture categories, associated USDA soil textures, approximate available water holding capacity (AWHC) and length of soil “ribbon”.

	Category
	Textures
	AWHC 

(in/12 inch soil)
	“Ribbon” Length (inches)

	Coarse
	S / LS
	0.6 – 1.2
	None.  Ball only.

	Sandy
	LS / SL / L
	1.2 – 1.8
	0.4 - 1

	Medium
	L / SCL  
	1.4 – 2.2
	1 - 2 

	Fine
	SiL / SiCL / CL / SiC
	1.7 – 2.4
	> 2


So the basic rule of thumb (using the length of the soil ribbon you make with your thumb and forefinger) is:  if the wet soil at least makes a ball, but no ribbon your AWHC is about 0.7 to 1 inch/foot depth of soil.  Then for all soils that make a ribbon:

AWHC(in/ft soil) ~ length of ribbon

What this means is a field with sandy loam, (SL) has an AWHC of 1.2 to 1.6 in/ft.  If this field is planted to blackeye beans or cotton rooted to a depth of 6 feet the soil can store a 7 to 9.5 inch depth of available water in the rootzone.  A fine soil, like a silty clay loam (SiCL), can store 11 to 12 inches of water to 6 feet.  For practical field irrigation scheduling you only want to use 50% to 60% of this total storage to avoid crop stress – about 4 inches for the SL and 6 inches for the SiCL.  If the summer crop water use runs about 0.31 in/day then the sandy field needs water about every 12 to 15 days and the finer textured field needs water every 18 to 22 days.  Soils with infiltration problems require more frequent irrigation.  Table 2 shows the total AWHC for soils making different lengths of “ribbon” for coarse to fine soils for different rooting depths.

Table 2.  Total available water holding capacity (AWHC) for different rootzone depths and length of soil ribbon.

	Soil "Ribbon"
	AWHC (inches) for Rootzone Depth

	Length (in)
	1.5 ft
	3.0 ft
	5.0 ft

	Ball Only
	0.9
	1.8
	3.0

	0.5
	0.8
	1.5
	2.5

	1.0
	1.5
	3.0
	5.0

	1.5
	2.3
	4.5
	7.5

	2.0
	3.0
	6.0
	10.0

	2.5
	3.8
	7.5
	12.5
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DETERMINING ACTUAL AVAILABLE WATER CON-TENT IN THE FIELD USING THE “FEEL” METHOD AND A SOIL PROBE:  Table 3 following is the most important table in this publication.  The previous discussion centered on the maximum amount of water a soil can hold (field capacity as shown for the clay loam soil at the right, making a 2.5 inch ribbon).  But the production farmer has to manage fields not only with different soil textures but with crops at different stages of development, often different levels of salinity and with different potentials for maximum yield.  So it is critical that the farmer can estimate how much water is still left in the soil and how quickly the crop is using this water so he can irrigate at just the right time.  Irrigating too late stresses the crop.  Irrigating too early leaches fertilizer, causes water logging and possible disease.
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To accurately use this “feel” technique in the field takes some practice, equipment and willingness to do some digging.  The top 1 foot of soil for any field crop will always dry out first.  If plant roots are well developed then the 1 to 2 foot and later the 2 to 3 foot depths will supply more of the water used by the crop.  In a well drained soil, blackeye and cotton roots can retrieve water to a 6 foot depth.  It is essential to have some type of soil probe or auger that allows you to pull up a soil sample from the deeper rootzone – at least to a depth of 3 feet and preferably to a depth of 4 to 6 feet at less frequent intervals. 

	Table 3.  Guide for Estimating Actual Available Field Soil Moisture by the "Feel" Method.

	SOIL TEXTURE CLASSIFICATION

	Coarse

(loamy sand)
	Sandy

(sandy loam)
	Medium

(loam)
	Fine

(clay loam, silty clay loam)
	

	Available Water (AW) in the Soil by Appearance  (inches/foot soil)

	0.6-1.2 in/ft *AW@FC
	1.2-1.8 in/ft AW@FC
	1.4-2.2 in/ft AW@FC
	1.7-2.4 in/ft AW@FC
	

	
	AW
	
	AW
	
	AW
	
	AW
	Moisture Deficiency

	Leaves wet outline 

On hand when 
	1.0
	Appears very dark leaves wet outline
	1.6
	Appears very dark leaves wet outline
	1.9
	Appears very dark, leaves slight moisture
	2.2
	0

	squeezed.

Appears moist,
	0.7
	on hand, makes a short ribbon (0.5-0.75 inch)
	
	on hand , will ribbon about 1 – 2 inches.
	1.7
	on hand when squeezed, will ribbon > 2 inches.
	
	0.2

	Makes a weak ball.

Appears slightly
	
	Quite dark color makes a hard ball.
	1.2
	Dark color, forms a plastic pall, slicks when rubbed.
	1.4
	Dark color will feel slick 

And ribbons easily
	1.8
	0.5

	moist, sticks together slightly.
	0.4


	Fairly dark color, makes a good ball
	1.0
	Quite dark, forms a hard ball
	1.2
	Quite dark, will make
	
	0.7

	Dry, loose, flows thru fingers.  (wilting point)
	0
	Slightly dark color makes a weak ball 
	0.7
	Fairly dark, forms a 
	1.0
	thick ribbon may slick when rubbed. 
	1.4
	1.0

	
	
	Lightly colored by moisture, will not
	0.4
	a good ball


	
	Fairly dark, makes a good ball.
	1.1
	1.2

	
	
	ball.

Very slight color
	0
	Slightly dark, forms weak ball
	0.6
	Will ball, small clods will flatten out rather
	0.7
	1.4

	
	
	due to moisture.

(wilting point)
	
	Lightly Colored,

small  clods crumble  
	0.2
	Slightly dark, clods
	0.4
	1.7

	
	
	
	
	Fairly easily.

Slight color  due to
	
	Crumble.

Some darkness due to
	
	1.9

	
	
	
	
	moisture, small colds  hard (wilting point).
	0
	unavailable moisture, clods are hard, cracked
	0
	2.2

	
	
	
	
	
	
	 (wilting point)
	
	


* AW@FC:  Available Water @ Field Capacity = the available water a soil can store against gravity after irrigation and drainage.                    

Adapted from:  Merriam, J.L. 1960.  Field method of approximating soil moisture for irrigation. Am. Soc. Agri. Engr. Vol. 3. No.1.
[image: image10.wmf]There are many different styles of probes available.  In general, an open-faced “push probe” is the quickest to use when the soil is moist, but you are limited to a depth of 3 feet and it doesn’t work in rocky soils.  Using an auger or screw probe with extension handles every 2 to 3 weeks will allow you to sample to a depth greater than 4 feet.  This will tell you if you are losing your deep moisture too quickly (usually because of limiting infiltration that does not refill the rootzone every irrigation) or if the field is too wet.  

Before probing, scrape the loose dirt back from the edge of the bed so it doesn’t fall down the hole.  Then insert the probe near the edge of the wetted area in the furrow and pull out a sample for every 1 foot depth.  Use Table 3 to estimate the available water for each depth.  The following guidelines provide a very quick, rough estimate of the % available moisture:

1.  Ribbons easily: 
90 – 100%              
2. Plastic ball:
70 – 80%

3.  Hard ball:

50 – 60%

4.  Crumbly ball:
< 50% Crop will begin to stress!

Table 4 shows the different irrigation intervals for 110 day silage corn over the season appropriate for a given soil texture, rooting depth and average daily ET by month.  This table shows that for most SL to CL soils, that DO NOT have an infiltration problem, a traditional 10 to 14 day irrigation schedule during June and July is just about right for replacing 50% of the available soil moisture reserve, about 4 to 5.5 inches of water per irrigation.  For sealing or saline soils the irrigation must be more frequent.
Table 4.  Calculated irrigation interval (days of moisture reserve) by month, soil texture and rooting depth.

[image: image3.emf]AprMayJunJulAug

Soil TextureAvg Daily ET0.060.150.260.30.26

Sand 2.1

97678

Loamy Sand 3.3

1411101113

Sandy Loam 4.2

1814121416

Loam 5.4

2318161821

Silt Loam 5.4

2318161821

Sandy Clay Loam 3.9

1613111315

Sandy Clay 4.8

2016141618

Clay Loam 5.1

2117151720

Silty Clay Loam 5.7

2419161922

Silty Clay 7.2

3024212428

Clay 6.6

2822192225

Available Soil Moisture to 6 feet @ 50% 

depletion         (in)

110 day silage corn plant 4/14

Days of Moisture Reserve for Average 

Daily ET by Month and Root Delopment

Roots1.5'Roots 3 ftRoots 4.5'Roots 6 ft


Actual field irrigation distribution uniformity (DU), applied water and yield:  

DU is defined as the average infiltration depth of water for the “low quarter” (tail end or low pressure 25%)  of the field, and is expressed as a percentage:

[image: image4.emf] 

DU (%)  = 100 * 

“low quarter” infiltration 

Average field infiltration 


Figure 1 illustrates how this plays out in your crop rootzone for a field DU of about 80% with some deficit irrigation on the end.  To insure that no more than about 12% of the field gets less than full ET, you divide the expected ET of the crop by the field application DU.  So if the alfalfa has a 50 inch requirement for ET and the field has an 80% DU then the applied water required = 50/0.8 = 62.5 inches.  That’s an extra foot of water!  If the DU is 90% (which is achievable with quarter mile runs, the right on-flow rate, a tail water return system and proper scheduling) then applied water = 50/0.9 = 55.5 inches.  So you can save 7 inches of water by improving the uniformity and still adequately water the field.
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Fig. 1. Cross-section of crop rootzone during a 24 hour furrow irrigation.

Continuing with alfalfa for the moment, 12 ton yields in the SJV usually come from small plots at ag research stations where irrigations were very short and nearly 100% uniform.  Actual field DU may range from a low of 65% for a coarse sandy border flood system with no tail water return to 95% for sub-surface drip or new pivots and linear move sprinklers in low wind conditions.  In Kern County from 1988 to 2003, the average DU for border systems was 80% (Brian Hockett, unpublished data), ranging from 37 to 100%.  (A 100% DU is theoretically possible on a cracking, sealing clay soil.)  A total of 27 out of 80 borders evaluated had 90 to 100% DU.  The average DU for 40 linear move sprinkler systems tested was only 77%.

So how does this play out in a production field.  Figure 2 is a hypothetical alfalfa field that can yield 8.5 ton for the areas in the field where the irrigation schedule is just right.  But this field does not drain well and where there is too much water you lose stand and yield to scald and phytophthora (low bellies and some of the head end in this case).  Obviously, where the infiltration is too little (about 900 to 1150 feet from the head) the tonnage also decreases.  Table 5 gives 3 scenarios using the production function in Figure 2 for a 70, 80 or 90% DU where the applied water for the season is 42, 48, 54 or 60 inches.  Remember that a 55 inch water application is about right for a 50 inch ET requirement and a field with 90% DU.

If we apply 54 inches of water and we have a DU of 70% then the driest area of the field only gets 38 inches for the season and the wettest gets 70 inches.  Looking at the right side of the table (Qtr Yield by Avg Depth) under the 54 inch column you can see that only ¼ of the field gets the right amount of water and hits 

[image: image6.emf]Field Qtr

70% DU

4248546042485460366.2

Wettest556270788.57.66.05.0427.4

Wet465359668.28.68.16.7488.6

Drier384349546.67.88.58.5558.6

Dry293438423.65.36.67.6608.000

6.77.37.37.0

80% DU

4248546042485460

Wettest505865728.58.37.05.9

Wet455158648.18.68.37.2

Drier394550567.08.18.58.4

Dry343843485.36.87.88.4

7.27.97.97.5

90% DU

4248546042485460

Wettest465359668.28.68.16.7

Wet435056627.88.58.47.6

Drier414652587.38.38.68.2

Dry384349546.67.88.58.5

7.58.38.47.8

Qtr Irrig by Avg Depth (in)

Qtr Yield by Avg Depth  (t/ac)

Field Average Yield (t/ac):

Field Average Yield (t/ac):

Field Average Yield (t/ac):

Yield (t/ac) = -0.0096x2 + 

1.0004x - 17.491

R2 = 0.9789

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

35455565

Applied water(in)

Alfalfa Yield (t/ac)
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the 8.5 t/ac.  Half of the field yields less than 6.5 t/ac.  So the average field yield is 7.3 t/ac.  Improve the DU to 90% with tail water return and higher on-flows to reduce infiltration and water-logging you bump the whole field up to 8.4 t/ac with the same 54 inches of water!  Bottom line: improving irrigation DU pays.
Soil moisture “tension” for scheduling irrigations:   A number of growers have begun using Watermark® electrical resistance sensors in recent years to check the wetting and drying of the soil and improve their irrigation scheduling.  This can be very useful in the spring and late summer when you may only need one irrigation between cuttings instead of two.  In cooler Intermountain areas and for growers with severe water cutbacks, having some kind of soil moisture sensor can give you the confidence to cut back to one irrigation per cutting all season and still have sufficient moisture for decent tonnage.  Table 6 provides approximate soil moisture tension guidelines for scheduling irrigations for coarse to fine soils for various depths of infiltrated water (pivots to flood).  The numbers in this table are for an optimum irrigation program.  If you are irrigating on a deficit program you will want  to go with higher numbers.  Watching the 48 inch sensor is the key.  If it stays wet all the time (<20) you may be irrigating excessively.  Alternatively, if it slowly increases and never drops back down to 20 after an irrigation then you are drying out below.

Fig. 2. Alfalfa production function for field sensitive to waterlogging.
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Table 5.  Average seasonal applied water on the wettest to driest areas of an alfalfa field and the resulting yield for those areas for for various irrigation amounts and DU.





AWHC  = %Volume  =








Table 6.  Recommended soil moisture tension levels as a trigger for irrigation of alfalfa.
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