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Week
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(in)

!st Leaf

ficient

(Kc)

1st Leaf @ 

40%

2nd Leaf @ 

55%

3rd Leaf @ 

75%

4th Leaf @ 

90%

Mature

1/6 0.21 0.40 0.03 0.05 0.06 0.08 0.09

1/13 0.28 0.40 0.03 0.06 0.08 0.10 0.11

1/20 0.30 0.40 0.04 0.07 0.09 0.11 0.12

1/27 0.36 0.40 0.04 0.08 0.11 0.13 0.14

2/3 0.42 0.40 0.05 0.09 0.13 0.15 0.17

2/10 0.47 0.40 0.06 0.10 0.14 0.17 0.19

2/17 0.54 0.40 0.06 0.12 0.16 0.19 0.22

2/24 0.61 0.40 0.07 0.13 0.18 0.22 0.24

3/3 0.69 0.42 0.09 0.16 0.22 0.26 0.29

3/10 0.79 0.61 0.14 0.27 0.36 0.43 0.48

3/17 0.89 0.64 0.17 0.31 0.43 0.51 0.57

3/24 0.98 0.67 0.20 0.36 0.49 0.59 0.65

3/31 1.09 0.72 0.23 0.43 0.59 0.70 0.78

4/7 1.19 0.74 0.26 0.48 0.66 0.79 0.88

4/14 1.32 0.75 0.30 0.55 0.74 0.89 0.99

4/21 1.41 0.81 0.34 0.63 0.85 1.03 1.14

4/28 1.49 0.83 0.37 0.68 0.93 1.12 1.24

5/5 1.59 0.86 0.41 0.75 1.03 1.23 1.37

5/12 1.66 0.90 0.45 0.83 1.13 1.35 1.50

5/19 1.73 0.94 0.49 0.89 1.22 1.46 1.63

5/26 1.78 0.96 0.51 0.94 1.29 1.54 1.72

6/2 1.85 0.98 0.54 0.99 1.35 1.62 1.80

6/9 1.86 0.99 0.55 1.01 1.38 1.65 1.83

6/16 1.90 1.02 0.58 1.06 1.45 1.74 1.93

6/23 1.93 1.05 0.61 1.11 1.52 1.82 2.03

6/30 1.93 1.06 0.62 1.13 1.54 1.85 2.05

7/7 1.93 1.08 0.62 1.14 1.56 1.87 2.07

7/14 1.93 1.08 0.62 1.14 1.56 1.87 2.07

7/21 1.86 1.08 0.60 1.10 1.50 1.80 2.00

7/28 1.86 1.07 0.60 1.10 1.50 1.79 1.99

8/4 1.78 1.07 0.57 1.05 1.44 1.72 1.91

8/11 1.75 1.08 0.57 1.04 1.42 1.70 1.89

8/18 1.69 1.08 0.55 1.00 1.36 1.64 1.82

8/25 1.62 1.07 0.52 0.96 1.30 1.57 1.74

9/1 1.55 1.07 0.50 0.91 1.24 1.49 1.66

9/8 1.47 1.06 0.47 0.85 1.17 1.40 1.55

9/15 1.40 1.04 0.43 0.80 1.08 1.30 1.45

9/22 1.31 1.02 0.40 0.73 1.00 1.19 1.33

9/29 1.19 0.97 0.35 0.64 0.87 1.04 1.16

10/6 1.10 0.95 0.31 0.57 0.78 0.94 1.04

10/13 1.00 0.88 0.26 0.48 0.66 0.79 0.88

10/20 0.90 0.88 0.24 0.43 0.59 0.71 0.79

10/27 0.77 0.83 0.19 0.35 0.48 0.58 0.64

11/3 0.67 0.78 0.16 0.29 0.39 0.47 0.53

11/10 0.57 0.71 0.12 0.22 0.31 0.37 0.41

11/17 0.48 0.68 0.10 0.18 0.25 0.30 0.33

11/24 0.42 0.60 0.07 0.14 0.19 0.22 0.25

12/1 0.36 0.50 0.05 0.10 0.13 0.16 0.18

12/8 0.31 0.40 0.04 0.07 0.09 0.11 0.12

12/15 0.29 0.40 0.03 0.06 0.09 0.10 0.11

12/22 0.25 0.40 0.03 0.06 0.08 0.09 0.10

12/29 0.21 0.40 0.03 0.05 0.06 0.08 0.09

Total 57.90 15.68 28.75 39.20 47.05 52.27

Almond ET -- Some Cover Crop, MIcrosprinkler

(S. San Joaquin Valley Shafter, CA)
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Managing Water and Salinity for Almonds in Kern County
How much?! How often?! 
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Those two questions are probably the most common questions asked not just in ag, but for all of humanity.  “Dad, how much allowance do I get?  How often do I have to take out the trash?”  How much can I sell my cotton for?  How often will I have to spray for lygus this year?  How much water do my second leaf almonds need?  How often should I expect a 3,000 lb/ac yield from this mature block of almonds?  
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Increasing almond yield:  Figure 1 illustrates changes in almond acreage and yield in Kern County since 1980.  The inset box identifies major changes in agronomic practice.  The average yield for 3 crop years running, 2002-2004, increased by 731 lb/ac compared to the previous 14 years.  While 2002 and 2003 were certainly excellent weather conditions, the major difference was the application of more water and N fertilizer applied in a timelier manner through micro-irrigation systems.

[image: image10.emf]Leaching Fraction (LF) above crop ET requirement

0.05 0.1 0.15 0.2 0.3

0.2 0.63 0.41

0.6 1.89 1.24 0.97

1 3.15 2.06 1.61 1.35

1.4 4.42 2.89 2.26 1.89 1.48

1.8 5.68 3.72 2.90 2.43 1.90

2.2 6.94 4.54 3.55 2.97 2.32

2.6 8.20 5.37 4.19 3.52 2.74

3 9.46 6.19 4.84 4.06 3.17

3.4 10.72 7.02 5.48 4.60 3.59

3.8 11.98 7.85 6.12 5.14 4.01

4.2 13.25 8.67 6.77 5.68 4.43

SOLVING FOR DESIRED LEACHING FRACTION DIRECTLY:

Irrigation 

Water EC 

(dS/m)

LF = 0.326 (Desired ECe/ECirr)

-1.64

Table 5.  Average rootzone saturation extract EC 

(dS/m) after long-term irrigation with a given salinity of 

water (ignoring precipitation/dissolution reactions in 

the soil) and Leaching Fraction.


Current debate over “Normal Year ETo”:  The science of crop water use/weather monitoring contin-ues to change.  Fifteen years ago the “normal year”, or “historic ETo” for the San Joaquin Valley was put at 49 inches/year (DWR, 1993), based on Class A Pan evaporation measure-ments over 15 years and dozens of locations in the SJV.  New calculations for the SJV using the statewide automated weather monitoring of the California Irrigation Management Information System (CIMIS) data now puts this number at 58 inches/year (Jones, et al., 1999). Wow, 8 inches more … is this global warming?  Not really. We now have better automation and  precision  in  collecting  this  data
 “Historic” almond ET for different ages of trees irrigated with microsprinklers.
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1980-86 Short Prune 1371

1987-01 Long Prune 1569

2002-04 More Water & N 2300


and some changes in the way ETo is calculated, but which number is right?

Figure 2 shows what this difference means in estimated almond ET if you use the current published crop coefficients multiplied by the new CIMIS “normal year” ETo for the southern San Joaquin Valley.  I have personally monitored orchards over the last 5 years where 45 inches (the old standard for orchards with partial cover) appeared just sufficient to supply orchard ET for some drip and microsprinkler systems while other orchards (usually microsprinkler) needed 52 to 54 inches to keep the soil profile from drying out.  Some of our best almond and irrigation managers have confirmed these numbers.  There is also some academic debate over the validity of crop coefficients published 30 years ago.  Many of these early values were developed on flood systems where growing conditions were not as optimal as we currently have with high frequency, high fertility micro systems.  The table on page 2 gives a sample weekly ET demand for 1st leaf to 5th leaf (70% canopy cover) almonds using the new CIMIS average ETo and crop coefficients for microsprinklers with partial grass cover.  The seasonal total of 52 inches for fanjets matches well with much of the field data I have collected from high producing blocks.
Permanent Crop Salt Tolerance
“But I only have 24 inches of good canal water for 2007?  Do I put on 28 inches more of this crumby well water?
	Table 1.  Guidelines for water quality for irrigation1 
               (Adapted from FAO Irrigation and Drainage Paper 29)

	Potential Irrigation Problem
	Units
	Degree of Restriction on Use

	
	
	None
	Slight to Moderate
	Severe

	Salinity(affects crop water availability) 

	 
	ECw
	dS/m
	< 0.7
	0.7 – 3.0
	> 3.0

	 
	TDS
	mg/l
	< 450
	450 – 2000
	> 2000

	Infiltration(affects infiltration rate of water into the soil. Evaluate using ECw and SAR together) 

	     Ratio of SAR/ECw
	< 5
	5 – 10
	> 10

	Specific Ion Toxicity (sensitive trees/vines, surface irrigation limits)

	 
	Sodium (Na)2
	 meq/l
	< 3
	3 – 9
	> 9

	 
	Chloride (Cl)2
	 meq/l
	< 4
	4 – 10
	> 10

	 
	Boron (B) 
	mg/l
	< 0.7
	0.7 – 3.0
	> 3.0


1 Adapted from University of California Committee of Consultants 1974.

2 For surface irrigation, most tree crops and woody plants are sensitive to sodium and chloride; use the values shown. Most annual crops are not sensitive; use the salinity tolerance only. With overhead sprinkler irrigation and low humidity (< 30 percent), sodium and chloride may be absorbed through the leaves of sensitive crops. 

Salt Impact on Yield
Table 2 summarizes soil EC thresholds and the slope of the yield decline along with specific ion toxicities for various tree and vine crops in California:

Relative yield (%) = 100 – Slope(Soil ECe – Threshold EC)
Many crops, and especially different varieties and rootstocks do not have documented thresholds. Remember, Table 3 numbers are guidelines only.  The soil texture/mineralogy, drainage/aeration, irrigation system/scheduling and the ratio of certain salts to others will shift these numbers up or down.  Rootstock and variety (especially with grapes) can also have a significant impact.  Compare your soil and
	Table 2.  Summary of published tolerance limits for various permanent crops.  S = sensitive, <5-10 meq/l.  MT = moderately tolerant, <20-30 meq/l (Ayers and Westcott, 1989, Sanden, et al., 2004)

	Crop
	ECthresh (dS/m)
	Slope (%)
	Sodium (meq/l)
	Chloride (meq/l)
	Boron (ppm)

	Almond
	1.5
	19
	S
	S
	0.5-1.0

	Apricot
	1.6
	24
	S
	S
	0.5-0.75

	Avocado
	
	
	S
	5.0
	0.5-0.75

	Date palm
	4.0
	3.6
	MT
	MT
	

	Grape
	1.5
	9.6
	
	10-30
	0.5-1.0

	Orange
	1.7
	16
	S
	10-15
	0.5-0.75

	Peach
	1.7
	21
	S
	10-25
	0.5-0.75

	Pistachio
	9.4
	8.4
	20-50
	20-40
	3-6

	Plum
	1.5
	18
	S
	10-25
	0.5-0.75

	Walnut
	
	
	S
	
	0.5-1.0


water numbers to your neighbor.  A good number of highly productive Westside Fresno County almond orchards on Panoche soils are irrigated with high calcium well water that is over the EC (total salt) threshold for almonds.  In Westside Kern County some growers have pushed the limits, irrigating with wells that have the same EC as some of these Fresno orchards, but the sodium concentration is 10 times the calcium and the orchard performs poorly.

Of course water penetration problems can result in increased rootzone salinity and tree stress due to lack of leaching even when the water salinity appears to be acceptable.
        Figure 3 shows various permanent crop relative yield as a function of soil salinity (ECextract) in comparison to cotton. (The pistachio tolerance is for UCB1 rootstock, Pioneer Gold was the same or possibly greater tolerance.  Symbols on lines are for legend identification and do not represent specific data points.)  See the examples below.
Kern Examples: Salt Impacts on Almond Yield
Site 1:
Table 3 shows soil and well analyses for mature almonds under flood irrigation just east of the Semitropic Ridge.  District water is most often used, but often supplemented with well water – especially this year.  Not surprisingly, Field S-1 is the stronger field.  The expected yield decline for Field B-N/S is calculated as follows using the average rootzone ECe to 60”:
Relative yield (%) = 100 – 19*((2.07+4.26+0.86)/3 – 1.5) = 82.9%
Table 3.  NW Kern:  Milham fine sandy loam, flood (soil sampled 11/6/05)
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Field B-N/S, Zone1 (Well 1 high salt + Aqueduct/Semitropic Canal)

0-20" 42 7.9 2.07 10.1 2.0 8.4 0.2 3.6 9.0 0.2 5 5.4

20.7 19.4

20-40" 41 7.9 4.26 20.7 4.3 19.1 0.2 6.3 19.0 0.3 13 10.7

44.3 42.7

40-60" 39 7.7 0.86 3.6 0.9 4.2 0.1 2.8 3.8 0.2 3 1.3

8.8 8.1

Well 1 7.4 1.50 2.0 0.0 12.0 11.9 10.1 0.4 1.1  2.4

14.0 13.5

Field S-1, Zone1 (Well 4 low salt + Aqueduct/Semitropic Canal)

0-20" 40 7.8 0.63 3.0 0.7 2.9 0.1 1.8 1.3 0.2 5 0.2

6.7 6.5

20-40" 42 8.1 0.43 0.8 0.3 3.0 0.1 4.5 1.0 0.2 3 0.2

4.2 4.2

40-60" 36 8.0 0.64 1.0 0.5 4.1 0.1 5.6 2.1 0.3 4 0.2

5.7 6.3

Well 4 9.0 0.61 0.4 0.0 4.7 10.5 2.5 0.1 0.9  1.7

5.2 5.1


The bad news is that that these soil samples show that the salt is accumulating at the 20-40” depth to potentially toxic levels (sodium (Na) and chloride (Cl) > 10 meq/l) – probably the result of soil sealing from the sodic well water and deficit irrigation.  So practically speaking, this orchard is working off of a 40 inch rootzone in this area.  Recalculating the relative yield with the higher average rootzone EC gives:
Relative yield (%) = 100 – 19*((2.07+4.26)/2 – 1.5) = 68.4%


The grower did some winter broadcast of gypsum and leaching over the last 2 winters, and has just recently resampled this field (awaiting results), so hopefully conditions have improved.  But the take-home message is that trouble fields should be sampled mid-season and again in the Fall.  This will tell you the average conditions over the season and help better calculate average yield impacts, amendment options and inches of water to apply for leaching salts.  Sample again the end of January after getting on amendments and water to see if the job is done.

The SODIUM ADSORPTION RATIO of the well water for this field is bad and will cause soil sealing, as evident from the soil analysis.  Ideally, this water should have an SAR<7.5.  To get to this level you need an additional 3 meq/l free calcium in the water infiltrating the soil surface.  The easiest way to do this is with a solution gypsum machine, which the grower has. This is equal to 750 lbs/ac-ft of 92% purity gypsum.  In practice, you usually don’t need to do this for the whole season.  Generally, you can get away with using the gyp about 1/2 to 2/3 of the total irrigations.  For tough fields like this one that need immediate leaching it will help to jump-start the process with a 1 ton/ac application of broadcast gyp.  With lots of free lime in the surface, sulfur and acid are also alternatives but best done during the winter when the soil surface can stay moist for longer periods.  (The method used to adjust the SAR with amendments is discussed at the end of this newsletter.)
Site 2:  The following soil analysis is from samples taken 5/2/07 in a block of mature almonds on Nemaguard rootstock.  Yields have been low, the trees have poor shoot growth from this spring and no district water is available.  Calculating the relative yield, assuming that this analysis represents the average condition for the orchard during 2006:
Relative yield (%) = 100 – 19*((3.9+4.2+3.9+4.2)/4 – 1.5) = 51.5%

Table 4.  SW Kern:  Bakersfield sandy loam, flood
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0-1' 43 7.0 3.9 27.8 3.0 7.4 0.3 1.9 0.8 0.6 1.3 33.3

38.5 37.5

1-2' 45 7.5 4.2 24.3 4.0 13.9 0.2 3.7 2.4 0.5 1.1 32.1

42.4 38.9

2-3' 43 7.6 3.9 18.1 3.3 17.0 0.2 5.2 4.3 0.5 1.6 18.1

38.6 21.4

3-4' 43 7.5 4.2 23.6 4.4 14.1 0.1 3.8 5.7 0.4 1.2 30.0

42.2 30.4

Well

7.9 0.59 2.6 0.2 3.1 0.0 2.6 0.8 0.2 3.7 1.2

5.8 1.4



This example has several problems.  The rootzone salinity of this orchard is worse than the earlier example, but the well water SAR and salinity is much lower.  You will also notice that the Cl is much lower than the Na with the calcium (Ca) and sulfate (SO4) being very high.  The two right hand columns show that the sum of the Cations (Ca, Mg, Na, K) and Anions (Cl, HCO3, SO4) for the 3 and 4 foot depth are out of balance.  Actual Cl may be higher at these depths.  Yields in this orchard are not off by 50% (maybe 30% compared to an adjacent hybrid rootstock block) because the high Ca/Na ratio reduces the impact of the salinity damage to the crop.  This grower uses a lot of gypsum but has also irrigated with 8 hour sets every 7 to 10 days that may not allow enough infiltration time.  Water penetration in his last irrigation only made it to 2.5 feet.  He is going to longer set times and higher irrigation frequency.
Reclamation: Using an average rootzone EC of 4.05 dS/m over 4 feet, the depth of leaching required to reclaim this rootzone to an EC of 1.5 can be calculated with the following equation (Hoffman, 1996):
	Required Leaching Ratio (depth water/depth soil) = K / (Desired EC/Original EC)  -  K

	
	(Use K factor of 0.15 for sprinkling, drip or repeated flooding.  Use 0.3 for continuous ponding.)


	Required Leaching Ratio (depth water/depth soil) = 0.15/(1.5/4.05) – 0.15 = 0.255
Actual depth of leaching water needed = 0.255 * 4 feet = 1.02 feet



This means that in addition to crop ET, plus refilling the lower profile, an additional 1.02 feet of water needs to be pushed out below the 4 foot depth of the rootzone.  This is virtually impossible to do in the middle of the season without causing problems with waterlogging and phytophthora.
Determining “Leaching Fraction” for long-term stable soil salinity
Table 5 gives the long-term average rootzone salinity (lab ECe) for a given irrigation water salinity and the leaching fraction (LF) of water leached through the profile in excess of water for ET.
So if we look at the above example fields and wells we can estimate an approximate LF to maintain the rootzone ECe around 1.5 dS/m.  Look up the irrigation water EC in the left hand column and find the desired rootzone ECe in the table and go to the top row to find the LF.  Or use the equation at the bottom to find the exact LF.
B-N/S,   Well 1 EC @ 1.50,  LF = 0.33
S-1,        Well 4 EC @ 0.61,  LF = 0.07

SW Kern, Well EC @ 0.59, LF = 0.07
So if your Almond ET is 50 inches then a 10% LF means putting on 55 inches over the year.  Fanjet and drip systems are better for localized leaching than flood, and you know how much water you actually put on.  The non-uniformity of most irrigation systems will take care of a 5 to 10% LF if you’re applying enough water for the “low quarter” (low application) area of the field.  Sufficient winter irrigation recharge can then finish the job.
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Correcting Water Quality with Gypsum

The following example calculations show how to estimate the quantity of gypsum required to improve infiltration.  (Tables 6 and 7 give detailed information on the chemistry, equivalent rates and comparative costs for calcium and acid-type amendments.  The following example refers to these tables.)
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Fig. 4.  Estimating potential infiltration problems and determining amendment options from an irrigation water analysis.
Example:  calculating gypsum rates

A partial water analysis is shown in Figure 4.  This water presents absolutely no salt or ion tolerance problems for most crops, but the high SAR, especially given the high pH and bicarbonate levels, indicate significant infiltration problems, as indicated by the large black circle in the figure.  This means salts can accumulate with little or no leaching and cause problems to sensitive crops like almonds.  To achieve good infiltration some of the Na needs to be offset with Ca.  You want to treat the water by injecting gypsum.  Four steps are required to calculate the right rate:

Example
1. Determine the purity of the gypsum and the actual lbs/ac-ft needed for 1 meq/l Ca:
From Table 6, 234 lbs/ac-ft @ 100% = 1 meq/l  If the solution gypsum purity ~ 92%: 
          234 / 0.92 = 254 lb/ac-ft/meq/l Ca

2. Use desired application rate to calculate additional Ca and new water EC:
        (500 lb/ac-ft) / 254 ≈ 2 meq/l
      New EC = 1.0 + 0.2 = 1.2 dS/m

3. Calculate the new SAR = Na/((Ca+Mg)/2)0.5   
       SAR = 9.6/((2.5+0.1)/2) 0.5 = 8.4

4. Locate the intersection of the new SAR and EC on the infiltration chart (as shown in Figure 4).


You can see that adding another 250 lbs/ac-ft (a 50% increase) gives a very small additional infiltration benefit and is not cost effective.
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Fig. 5. Revised infiltration potential after gypsum amendment to irrigation water for 500 and 750 lb/ac-ft injection rates.
Practical field application example 

(using above water)

Field size / system:
80 acre, 2 set fanjet
Application rate:
1.05in/day
Flowrate:
780 gpm, 3.5 ac-ft/day

Required gypsum over 80 acres:
3,556 lb/set
Net gypsum application:
44.5 lb/ac/set
Total injection sets for 25 ton silo:
14 sets
Total season 100% gypsum:
623 lb/ac
_  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _
(Using Table 7)
Cost of solution gypsum:
$29.50

Cost of 2 t/ac pit gyp, applied:
$59.90
For most field settings, it is rarely necessary to inject gypsum all the time.  Most growers will inject every other or every third irrigation (as would be the case in the above example) – often ending the season with a total application of 600 to 1000 lb/ac of 92% gypsum.  This may or may not be sufficient for your ground, but even if you doubled the application frequency in the previous example, the cost of the 1,200 lb/ac high quality gypsum would be the same as 2 ton/ac pit gyp applied during the dormant season.  And the benefits of gypsum injection during the season are virtually always superior to dormant season applications.
Table 6.  Amounts of amendments required for calcareous soils to replace 1 meq/l of exchange-able sodium in the soil or to increase the calcium content in the irrigation water by 1 meq/l.
	Chemical

Name
	Trade Name &

Composition
	aPounds/

Acre-6” to Replace 1 bmeq exch Sodium
	aPounds/Ac-ft of Water to Get 

1 meq/L Free Ca

	Sulfur
	100% S
	321
	43.6

	Gypsum
	CaSO4·2H2O

100%

	1720
	234

	Calcium 

polysulfide

	Lime-sulfur

23.3% S
	1410
	191

	Calcium 
chloride
	Electro-Cal
13 % calcium

	3076
	418

	Potassium 

thiosulfate
	KTS -- 25 % K2O, 26 % S
	c 1890
3770
	c 256
513

	Ammonium thiosulfate

	Thio-sul
12 % N, 26 % S
	d 807
e 2470
	d 110
e 336

	Ammonium polysulfide

	Nitro-sul
20 % N, 40 % S
	d 510
e 1000
	d 69
e 136

	Monocarbamide dihydrogen sulfate/ sulfuric acid
	N-phuric, US-10
10 % N, 18 % S
	d 1090
e 1780
	d 148
e 242

	Sulfuric Acid
	100 % H2SO4
	981
	133


a Salts bound to the soil are replaced on an equal ionic charge basis and not equal weight basis.  Laboratory data show an extra 14 to 31%, depending on initial and final ESP or SAR, of the amendment is needed  to complete the reaction
b The meq of exchangeable sodium to replace = Initial ESP – Desired ESP x Total meq/100 grams soil Cation Exchange Capacity.

c Assumes 1 meq K beneficially replaces 1 meq Na in addition to the acid generated by the S.

d Combined acidification potential from S and oxidation of N source to NO3 to release free Ca from soil lime.  Requires moist, biologically active soil.

e Acidification potential from oxidation of N source to NO3 only.
Acids and acid-forming materials:  Commonly applied acid or acid-forming amendments include sulfuric acid (H2SO4) products, soil sulfur, ammonium polysulfide, and calcium polysulfide.  The acid from these materials dissolves soil-lime to form a Ca salt (gypsum), which then dissolves in the irrigation water to provide exchangeable Ca.  The acid materials react with soil-lime the instant they come in contact with the soil.  The materials with elemental sulfur or sulfides must undergo microbial degradation in order to produce acid.  This process may take hours or years depending on the material, air temperature and particle size (in the case of elemental sulfur).
Water-run acid:  The water used for the Fig. 4 gypsum example would be a good candidate for acidifying amendments.  Starting in the late 1950’s sulfur burners were used to meter ground elemental sulfur into a small furnace.  The burning produces sulfur dioxide which combines with water trickled through the machine to make sulfuric acid which is then injected into the irrigation water.  In recent years, better pumps and safeguards have been developed to inject concentrated sulfuric acid directly.


Returning to our example water:  you can see that the pH is quite high (8.4) and the bicarbonate, HCO3, is 4.2 meq/l.  If you add gypsum to this water and run it through a drip system you will significantly increase your chances of plugging the system with lime precipitate.  Chances are that the soil to be irrigated with this water is also alkaline.  If the soil pH>8, acidification of this water and/or the soil may be beneficial to crop growth.  Neutralizing the HCO3 will definitely increase free Ca in the soil/water matrix and improve infiltration.  Using Table 6 we see that it takes 133 lbs/ac-ft of 100% pure sulfuric acid to release 1 meq/l Ca.  (This assumes the acid contacts lime, CaCO3, in the soil neutralizing the carbonate molecule and releasing the Ca2+.)

This is the same amount of acid required to neutralize 1 meq/l of HCO3 in the water.  For our example water; you then need 4 x 133 = 532 lbs/ac-ft of 100% sulfuric acid.  Additional acid drops the pH rapidly and you should have a “pH stick meter” or use a swimming pool test kit to make sure you know how much acid can safely be added to the water to avoid pH < 4.5.  Damage to brass valves and other irrigation components can occur when pH<4.5.  For systems with concrete pipes keep pH > 5.5.
Table 7.   Approximate bulk purity and moisture content, field tons required and applied cost/acre for various calcium supplying amendments to provide for a 1 to 4 ton/ac 100% pure gypsum requirement.  (Costs determined for Kern County, Fall 2005.)

[image: image6.emf]Average Average

Purity Moisture Approx    1 ton/ac    2 ton/ac    4 ton/ac

Amendment (%) (%) Cost/Ton Tons *$Tons $Tons $

Westside Pit Gypsum 50 8 $14 2.17 65 4.35 123 8.70 246

'Lima' Gypsum (Ventacopa) 75 4 $23 1.39 59 2.78 105 5.56 207

Bulk Solution Gypsum

1 

(dlvd)

92 3 $95 1.12 106 2.24 213 4.48 426

Ground Wallboard 92 5 $27 1.14 55 2.29 98 4.58 189

Soil Sulfur ("popcorn")

2

99 6 $85 0.20 32 0.40 51 0.80 89

Soil Sulfur (granular)

2

99 2 $90 0.19 32 0.38 51 0.77 90

Sulfuric Acid (applied)

2

98 NA $120 0.58 76 1.16 151 2.33 302

Thio-Sul

1,2 

(delivered)

N-12, S-26

NA $160 0.47 80 0.94 160 1.88 319

Lime Sulfur

2,3

Ca-6, S-23

NA $260 0.67 194 1.34 374 2.68 736

N-pHuric 10/55

1,2

 (delivered)

N-10, S-18

NA $210 0.63 133 1.27 266 2.54 533

Beet Lime

4

60 10 $12 1.08 37 2.15 60 4.31 113

*Price assumes freight @ $10/ton, spreading (where applicable) @ $13/ac to 3t/ac. 

1

Chemigation, no application cost.

2

Free lime must be present in soil.     

3

Some free Ca but soil lime needed for complete reaction.      

4

Acid soil only.

Field Tons & Total $/ac to Meet the 

Below 100% Gypsum Requirements


Blake Sanden
Irrigation and Agronomy Advisor
blsanden@ucdavis.edu 
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Fig. 3.  Relative yield (RY) of various crops as a function of soil ECe .  (Sanden, et.al., 2004)








Water/Soil toxicity ranges


	Water can only move into plant roots by osmosis, which means that the xylem sap in the plant must have a much higher concentration of solutes than the soil water in the rootzone. As salinity in the rootzone increases the plant must work harder to generate the sugars and other solutes in the root tips in order to keep water moving into the plant to satisfy the transpiration demand.  Plants have differing abilities to generate these solutes to maintain crop growth and yield.  In general, the plant is good to a certain threshold.  As salinity increases above this threshold, crop water use begins to decrease and will usually cause a decline in yield.  Most row crops, except for some sensitive veg crops, have no problem tolerating furrow irrigation water at the “Severe” restriction limit in Table 1.





MAY 2007





Fig. 1.  Changes in bearing almond acreage, yield and gross revenue in Kern County from 1980-2004.  (Source:  Kern County Ag Commissioner)





Fig. 2.  Changes in estimated almond ET from 1993 to 2003 using revised “normal year” ETo for the southern SJV. 
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