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Others types of salts at very low concentrations  are: Boron,  Silicates, etc…

EC = Electrical Conductivity



Irrigation Salinity (pg. 80) EC TDS

Classification - Table 11 (dS/m) (mg/l)

No effects usually noticed 0.75 500

Can have detrimental 0.75 – 1.50 500 – 1,000

effects on sensitive cropseffects on sensitive crops

Can have adverse 1.50 – 3.00 1,000 – 2,000

effects on many crops

Salts in the soil EC range for 1:1 soil:water suspension

Can be used for tolerant 3.00 – 7.50 2,000 – 5,000

plants (on permeable soils)

Salts in the soil EC range for 1:1 soil:water suspension 
for which yield reductions occurRating

(Table 6.  pg. 
61)

Electrical 
Conductivity61)

S = Sensitive > 0.90 dS/m

MS = Mod. Sensitive > 1.40 dS/m

Conductivity 

MT = Mod. Tolerant > 2.50 dS/m

T = Tolerant > 4.0 dS/m

Indicates the amount of salts present in the soil.  (K+, Ca+, Mg+, Na+ ,Cl-,, HCO3)
Excess salts will hinder plant growth and/or can affect infiltration. 
EC = Electrical Conductivity (Soil  Extract)
TDS = Total Dissolved Solids (Water)





Section 2J Section 2J –– Irrigation Water Salinity and Sodium Adsorption Ratio (SAR) Assessment Guide)Irrigation Water Salinity and Sodium Adsorption Ratio (SAR) Assessment Guide)



Facts You Must KnowFacts You Must Know
Converting TDS to ECConverting TDS to EC

1 mg/L = 1 ppm  (Irrigation Water)1 mg/L = 1 ppm  (Irrigation Water)
 TDS = Total Dissolved Solids (water)TDS = Total Dissolved Solids (water)

P t illiP t illi ppm = Parts per million, ppm = Parts per million, 
 mg/L = milligrams/Liter (ppm = mg/L)mg/L = milligrams/Liter (ppm = mg/L)
 EC = Electrical Conductivity EC = Electrical Conductivity 

TDS (ppm)= EC (dS/m) X 640, for EC between 0.1 and 5.0 dS/m TDS (ppm)= EC (dS/m) X 640, for EC between 0.1 and 5.0 dS/m 
690ppm / 640 = 1 08 dS/m (EC)690ppm / 640 = 1 08 dS/m (EC) 690ppm / 640 = 1.08 dS/m (EC)690ppm / 640 = 1.08 dS/m (EC)

 1.08 dS/m X 640 = 690 ppm or TDS1.08 dS/m X 640 = 690 ppm or TDS

TDS (ppm) = EC (dS/m) X 800, for EC > 5.0 dS/mTDS (ppm) = EC (dS/m) X 800, for EC > 5.0 dS/m
 690ppm / 800 = 0.86 dS/m (EC)690ppm / 800 = 0.86 dS/m (EC)pp ( )pp ( )
 0.86 dS/m X 800 = 690 ppm 0.86 dS/m X 800 = 690 ppm of of TDSTDS

 Note: 640 for EC <5.0 dS/m Note: 640 for EC <5.0 dS/m and 800 and 800 for EC>5.0 dS/m are for EC>5.0 dS/m are just conversion just conversion 
factors based on total salt contentfactors based on total salt content

**********************************************************************************************************



How Much is That?How Much is That?
dS/m = mmhos/cm = mS/cm (dS/m = mmhos/cm = mS/cm (Soil EC)Soil EC)dS/m = mmhos/cm = mS/cm   (dS/m = mmhos/cm = mS/cm   (Soil EC)Soil EC)
 dS/m = deciSiemens/meterdS/m = deciSiemens/meter
 mmhos/cm = milliMhos/centimetermmhos/cm = milliMhos/centimeter
 mS/cm = milliSiemens/centimetermS/cm = milliSiemens/centimeter

ExampleExample: : to calculate TDS to calculate TDS (Total Dissolved Salts(Total Dissolved Salts) ) to to 
d f t f ltd f t f ltpounds per acre foot of salt.pounds per acre foot of salt.

2.72 X ppm = lbs. of salt / ac2.72 X ppm = lbs. of salt / ac--ftft
2.72 X 690 ppm = 1,877 lbs/ac2.72 X 690 ppm = 1,877 lbs/ac--ft of TDS or Saltft of TDS or Salt2.72 X 690 ppm  1,877 lbs/ac2.72 X 690 ppm  1,877 lbs/ac ft of TDS or Saltft of TDS or Salt
2.72 is a conversion factor that 2.72 is a conversion factor that 

2 720 000 pounds of water per2 720 000 pounds of water per ac/ftac/ft= 2,720,000 pounds of water per = 2,720,000 pounds of water per ac/ftac/ft
690ppm from previous slide690ppm from previous slide



The intake rate of the soil under irrigationThe intake rate of the soil under irrigationThe intake rate of the soil under irrigation The intake rate of the soil under irrigation 
is affected by:is affected by:

Salt Content and Types of SaltsSalt Content and Types of SaltsSalt Content and Types of SaltsSalt Content and Types of Salts

This is evaluated by using the This is evaluated by using the 
SAR and ECSAR and ECiiSAR and ECSAR and ECiwiw



Sodium Adsorption RatioSodium Adsorption RatioSodium Adsorption RatioSodium Adsorption Ratio
[Na+]

SAR =
([Ca2+] + [Mg2+])/2([Ca ] + [Mg ])/2

(concentrations are in meq/L)

 High SAR = Unstable Soil (>15)High SAR = Unstable Soil (>15)

( q/ )

 High SAR = Unstable Soil (>15)High SAR = Unstable Soil (>15)
 Low SAR = Stable Soil (<6)Low SAR = Stable Soil (<6)
 GypsumGypsum or Elemental Sulfur additions or Elemental Sulfur additions 

uusually start at SAR = 6 or greatersually start at SAR = 6 or greater
 Must have calcareous soils to use sulfurMust have calcareous soils to use sulfur



Soil with high concentrations of salts  force the clay to be dispersedSoil with high concentrations of salts  force the clay to be dispersed

Infiltration is poor in this small areaInfiltration is poor in this small areaInfiltration is poor in this small area.Infiltration is poor in this small area.



Flocculated vs DispersedFlocculated vs Dispersed
Dispersed clay Dispersed clay Flocculated or  Flocculated or  

particlesparticlesaggregated clay aggregated clay 
particlesparticlesparticlesparticles

Dr. Robert P. Flynn 
Extension Specialist for NMSU



Under certain conditions of SAR, EcUnder certain conditions of SAR, Eciwiw, Soil Texture and Organic Matter , Soil Texture and Organic Matter 
levels, elevated Sodium levels, elevated Sodium Promotes DispersionPromotes Dispersion

Diminished Diminished 
A tA tAggregates Aggregates 

withwithwith with 
increased  increased  

sodium sodium 

Dr. Robert P. Flynn 
Extension Specialist for NMSU



Table 2. Soil Salinity Classes and EC Values Based on Saturated Paste vs. 1:2 Dilution Me

Table 2. Soil Salinity Classes and EC Values Based on Saturated Paste vs. 1:2 Dilution Methods

Salinity Class EC by Saturated Paste 
dS/m or mmhos/cm

~EC 1:2 Dilution Method 
For Clay Loam Soils

Potential Tree and Shrub 
Use Restrictionsy

Non-Saline <2 0.15 - 0.25 None

Very Slightly Saline 2 to <4 >0.25 - 0.30 Limited

Slightly Saline 4 to <8 >0.30 - 0.50 Moderate to Severe

Moderately Saline 8 to <16 >0.50 - 1.00 Severe

Strongly Saline 16 or Greater >1.00 Extremely High

Dr. Robert P. Flynn 
Extension Specialist for NMSU



Importance ofImportance of AggregatesAggregatespp gg ggg g

Calcium Calcium 
P tP t

Implementing Soil Health 
Management System alsoPromotes Promotes 

FlocculationFlocculation

Management  System also 
promotes Aggregation

Dr. Robert P. Flynn 
Extension Specialist for NMSU



Manage Sodium in Soil with Manage Sodium in Soil with 
Calcium (Gypsum (CaSOCalcium (Gypsum (CaSO44))))

Ca++ SO4
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Ca++ Ca++Soils Have 

A Negative Charge ‐ ‐ ‐‐‐
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Excess water must be applied!!

Na+
K+

Na+Excess water must be applied!!

Must also have good drainage!Dr. Robert P. Flynn 
Extension Specialist for NMSU



Example gypsum requirement calculation:Example gypsum requirement calculation:
 your soil has a CEC (cation exchange capacity) of 18 milliequivalents per your soil has a CEC (cation exchange capacity) of 18 milliequivalents per 

100 grams and SAR (sodium adsorption ratio) of 26 and you desire an100 grams and SAR (sodium adsorption ratio) of 26 and you desire an100 grams and SAR (sodium adsorption ratio) of 26, and you desire an 100 grams and SAR (sodium adsorption ratio) of 26, and you desire an 
SAR of approximately 10 following treatment. (In these calculations it is SAR of approximately 10 following treatment. (In these calculations it is 
correct to assume SAR is roughly equivalent to ESP (exchangeable correct to assume SAR is roughly equivalent to ESP (exchangeable 

di t)di t)sodium percent).sodium percent).

 ESP of 26% ESP of 26% –– desired ESP of 10% = ESP of 16, or 16% exchangeable Na desired ESP of 10% = ESP of 16, or 16% exchangeable Na , g, g
must be replaced with calcium (Ca) to achieve the desired SAR. must be replaced with calcium (Ca) to achieve the desired SAR. 

 0 16 x 18 meq CEC /100g = 2 88 meq Na/100 g soil that must be replaced0 16 x 18 meq CEC /100g = 2 88 meq Na/100 g soil that must be replaced 0.16  x 18 meq CEC /100g = 2.88 meq Na/100 g soil that must be replaced.0.16  x 18 meq CEC /100g = 2.88 meq Na/100 g soil that must be replaced.

 *1.7 tons CaSO4/meq Na x 2.88 meq Na = 4.9 tons of gypsum.*1.7 tons CaSO4/meq Na x 2.88 meq Na = 4.9 tons of gypsum.

 Thus, about 5 tons of pure gypsum per acre would be required to reclaim Thus, about 5 tons of pure gypsum per acre would be required to reclaim 
the top 12 inches of this soil Be sure to adjust this calculation for lowerthe top 12 inches of this soil Be sure to adjust this calculation for lowerthe top 12 inches of this soil. Be sure to adjust this calculation for lower the top 12 inches of this soil. Be sure to adjust this calculation for lower 
grades of gypsum and different soil depths.grades of gypsum and different soil depths.

 *A l l f th b 1 7 t f i i d f*A l l f th b 1 7 t f i i d f *As a general rule of thumb, 1.7 tons of gypsum is required per meq of *As a general rule of thumb, 1.7 tons of gypsum is required per meq of 
sodium. sodium. 



Section 2 of 22 (2jSection 2 of 22 (2j Infiltration guide as affected by water qualityInfiltration guide as affected by water qualitySection 2 of 22 (2j Section 2 of 22 (2j –– Infiltration guide as affected by water quality.  Infiltration guide as affected by water quality.  



Steps to Calculate Steps to Calculate 
the Crop Irrigationthe Crop Irrigationthe Crop Irrigation the Crop Irrigation 
Water RequirementWater Requirement
Step 1Step 1Step 1Step 1

Fc = ECe(ct)/ECFc = ECe(ct)/ECiwiw

Fc = Ratio of the Crop Threshold Fc = Ratio of the Crop Threshold 
Salinity (ECe(ct) ) to the Electrical Salinity (ECe(ct) ) to the Electrical 
Conductivity of  irrigation water Conductivity of  irrigation water 
(ECiw). Units: dS/m (ECiw). Units: dS/m 

Crop Salt Tolerances  Crop Salt Tolerances  
section 2b to select your section 2b to select your 
EcEcee

EcEciwiw = is from a water lab = is from a water lab EcEciwiw  is from a water lab  is from a water lab 
test.test.



Steps to Calculate the Crop Irrigation Water RequirementSteps to Calculate the Crop Irrigation Water Requirement

 Step 1Step 1 Step 1Step 1
 Fc = ECe(ct)/ECFc = ECe(ct)/ECiwiw( )( ) iwiw

(Fc = Ratio of the Crop Threshold Salinity)(Fc = Ratio of the Crop Threshold Salinity)
Example: Example: pp

 Fc = 2.0 Fc = 2.0 dS/mdS/m / 1.0 / 1.0 ds/mds/m = 2.0 = 2.0 dS/mdS/m
Alf lf  ECAlf lf  EC  2 0 dS/   2 0 dS/   Alfalfa ECAlfalfa ECe(ct)e(ct) = 2.0 dS/m = 2.0 dS/m ((from Crop Salt Tolerance Table)from Crop Salt Tolerance Table)

ECECii = 1 0 dS/m= 1 0 dS/mECECiwiw = 1.0 dS/m= 1.0 dS/m
From: Section 8 of 22 (8b Gross Crop Irrigation Water Requirement Guide) On our web site.From: Section 8 of 22 (8b Gross Crop Irrigation Water Requirement Guide) On our web site.

 ECiw = Electrical Conductivity of irrigation water /  ECe = Electrical Conductivity of the soil saturation ECiw = Electrical Conductivity of irrigation water /  ECe = Electrical Conductivity of the soil saturation 
extract  (units:  decisiemens/meter (dS/m), which is equal to millimhos/centimeter (mmhos/cm),  extract  (units:  decisiemens/meter (dS/m), which is equal to millimhos/centimeter (mmhos/cm),  



Steps to Calculate the Crop Irrigation Water RequirementSteps to Calculate the Crop Irrigation Water Requirement

 Step 2 if Surface Flood Irrigated (soil EC is about 1.5 times Step 2 if Surface Flood Irrigated (soil EC is about 1.5 times 
Water EC) Water EC) 
LF = 0 3086/FcLF = 0 3086/Fc1.7021.702LF = 0.3086/FcLF = 0.3086/Fc1.702 1.702 

LF = 0.3086 / 2.0LF = 0.3086 / 2.01.7021.702

LF = 0.3086 / 3.254 LF = 0.3086 / 3.254 
LF = 0.095   LF = 0.095   

OrOrOr Or 

 Step 2 if Drip (soil EC is about  3 times Water EC) Step 2 if Drip (soil EC is about  3 times Water EC) 
LF = 0.1794/FcLF = 0.1794/Fc3.04173.0417

LF = 0.1794/2.0LF = 0.1794/2.03.04173.0417

LF = 0.1794/8.2346LF = 0.1794/8.2346LF  0.1794/8.2346LF  0.1794/8.2346
LF = 1.47729 LF = 1.47729 

Updated Calculations for water requirements Updated Calculations for water requirements 

R f dR f d S ti 8b f 22S ti 8b f 22 GrossGross C I i ti W t R i t G idC I i ti W t R i t G idReferenced;  Referenced;  Section 8b of 22 Section 8b of 22 -- GrossGross Crop Irrigation Water Requirement GuideCrop Irrigation Water Requirement Guide
 LF =LF = 0.3086/Fc3.04170.3086/Fc3.0417 Leaching Fraction (for conventional irrigation; e.g. surface irrigation)Leaching Fraction (for conventional irrigation; e.g. surface irrigation)
 LF = 0.1794/Fc3.0417 (e.g. Drip irrigation) LF = 0.1794/Fc3.0417 (e.g. Drip irrigation) 



Irrigation Water Requirements Irrigation Water Requirements -- Consumptive Use / Evapotransporation Consumptive Use / Evapotransporation 

ETc = Crop Evapotranspiration (in.)  

FOTG Section 1: 
http://www.nm.nrcs.usda.gov/techni

l/f t / ti 1/ tical/fotg/section-1/consumptive-
use/consumptive-use.html



Steps to Calculate the Crop Irrigation Water Requirement (IWM)Steps to Calculate the Crop Irrigation Water Requirement (IWM)

Et 40 01(i ) C E t i ti fEt 40 01(i ) C E t i ti f lf lflf lf Etc = 40.01(in) Crop Evapotranspiration for Etc = 40.01(in) Crop Evapotranspiration for alfalfaalfalfa
 LF  = 0.095 (in) Leaching Factor. (Previous slides)LF  = 0.095 (in) Leaching Factor. (Previous slides)

Net Irrigation Requirement (NIR) (in.) Used to plan and Net Irrigation Requirement (NIR) (in.) Used to plan and 
design irrigation systems & IWM. design irrigation systems & IWM. g g yg g y

 NIRNIR = Etc/(1= Etc/(1--LF) LF) 

 NIR = 40.01 / (1NIR = 40.01 / (1--0.095)0.095)
 NIR = 40 01 / 0 905NIR = 40 01 / 0 905 NIR = 40.01 / 0.905NIR = 40.01 / 0.905
 NIR = 44.21 inchesNIR = 44.21 inches

Section 8 of 22 (8b Section 8 of 22 (8b -- Gross Crop Irrigation Water Requirement Guide) Gross Crop Irrigation Water Requirement Guide) 
Section 8 of 22 (8h Section 8 of 22 (8h -- Table of Important Equations, Relationships and Concepts used in IWM)Table of Important Equations, Relationships and Concepts used in IWM)



Section 8 ( 8d Irrigation Water Requirement  Guide Section 8 ( 8d Irrigation Water Requirement  Guide 
( Calculated at 50% Max., Allowable Depletion (MAD)( Calculated at 50% Max., Allowable Depletion (MAD)

Irr NeededIrr. Needed



Steps to Calculate the Crop Irrigation Water RequirementSteps to Calculate the Crop Irrigation Water Requirement

Irrigation Application Efficiency Irrigation Application Efficiency –– Calculates Calculates 
the irrigation application efficiency. the irrigation application efficiency. g pp yg pp y

 EaEa = irr needed / irr applied= irr needed / irr applied EaEa =  irr. needed / irr applied =  irr. needed / irr applied 
 Irrigation Needed = 2.06Irrigation Needed = 2.06
 Irrigation Applied = 2.5inIrrigation Applied = 2.5in

7.5 (cfs) X 2.0 (hrs) / 6.0 (ac) = 2.5 irr. Applied7.5 (cfs) X 2.0 (hrs) / 6.0 (ac) = 2.5 irr. Applied( ) ( ) ( ) pp( ) ( ) ( ) pp
Q = DA/T Calculation for  Irrigation AppliedQ = DA/T Calculation for  Irrigation Applied

 Ea = 2.06  / 2.5 Ea = 2.06  / 2.5 
 Ea = 0.824 or Ea = 0.824 or 82.4% Application Efficiency82.4% Application Efficiency



Section 2 of 22 (2g Section 2 of 22 (2g -- QT = DA Calculations for assessing IWM  Requirements)QT = DA Calculations for assessing IWM  Requirements)



Gross Irrigation Application neededGross Irrigation Application needed
Steps to Calculate the Crop Irrigation Water RequirementSteps to Calculate the Crop Irrigation Water Requirement

Gross Irrigation Application neededGross Irrigation Application needed

 Fg Fg = NIR/Ea  = NIR/Ea  
 Fg = 44 21 / 0 824Fg = 44 21 / 0 824 Fg = 44.21 / 0.824 Fg = 44.21 / 0.824 
 Fg = 53.7 inches Fg = 53.7 inches 

NIR = 44.21 inchesNIR = 44.21 inches
Ea = 0.824 or 82.4%Ea = 0.824 or 82.4%

 Fg = Gross Irrigation Application  neededFg = Gross Irrigation Application  needed
 Ea = Irrigation Application EfficiencyEa = Irrigation Application Efficiency
 NIR = Net Irrigation RequirementsNIR = Net Irrigation Requirements



Total Inches of water Applied / Acre / YearTotal Inches of water Applied / Acre / Year
Steps to Calculate the Crop Irrigation Water RequirementSteps to Calculate the Crop Irrigation Water Requirement

Total Inches of water Applied / Acre / YearTotal Inches of water Applied / Acre / Year

Total inches applied/ac/yr = Irrigations X Irr. App. Total inches applied/ac/yr = Irrigations X Irr. App. 
Total Inches Applied = 13 X 2 5Total Inches Applied = 13 X 2 5Total Inches Applied = 13 X 2.5Total Inches Applied = 13 X 2.5
Total Inches Applied = 32.5Total Inches Applied = 32.5

13 = Average of Irrigations per year13 = Average of Irrigations per year (L C )(L C )13 = Average of Irrigations per year. 13 = Average of Irrigations per year. (Las Cruces)(Las Cruces)

2.5 in = Irrigation water Applied2.5 in = Irrigation water Applied



Th diff b t t t l i h i i ti tTh diff b t t t l i h i i ti t

Steps to Calculate the Crop Irrigation Water RequirementSteps to Calculate the Crop Irrigation Water Requirement

The difference between total inches irrigation water The difference between total inches irrigation water 
applied and gross irrigation water needed. applied and gross irrigation water needed. 

 Fg Fg –– Total In Applied/ac/yrTotal In Applied/ac/yr
 53 753 7 –– 32 532 5 53.7 53.7 –– 32.532.5
Deficit irrigation = 21.2 in/ac/yrDeficit irrigation = 21.2 in/ac/yr

$$$$$$
 Fg =Fg = 53 7 inches53 7 inches Fg = Fg = 53.7 inches 53.7 inches 
 Total Applied = 32.5 Total Applied = 32.5 
 E.g., instead of growing 8 tons, might produce E.g., instead of growing 8 tons, might produce 

6 5 tons6 5 tons6.5 tons6.5 tons
 Fg = Gross Irrigation Application  neededFg = Gross Irrigation Application  needed
 Ea = Irrigation Application EfficiencyEa = Irrigation Application Efficiency
 NIR = Net Irrigation RequirementsNIR = Net Irrigation Requirements



Section 8b Section 8b –– Step by StepStep by Step



Section 7 of 22 (7a Section 7 of 22 (7a -- Soil Moisture Monitoring and Irrigation Record keeping FormSoil Moisture Monitoring and Irrigation Record keeping Form



systems of systems of 
id if i hid if i hidentifying wheat identifying wheat 

group stagesgroup stagesg gg g

Zadoks decimal growth scale is based on ten cereal growth stages.



Soil and Water ECSoil and Water ECSoil and Water ECSoil and Water EC

The bottom lineThe bottom lineThe bottom lineThe bottom line
Timing and amount of watering will help in the Timing and amount of watering will help in the 

management of salts in any soil.management of salts in any soil.

Soil Health Management system.Soil Health Management system.



Salt: IWM & Soil HealthSalt: IWM & Soil HealthSalt: IWM & Soil HealthSalt: IWM & Soil Health
(Irrigation Water Management) (Irrigation Water Management) 

Soil Health will have an affect on…
Increased InfiltrationIncreased Infiltration
Increased Leaching potential  
Increased Aggregate Stability   
Increasing Reactive Carbon g
Increased Nutrient Cycling 
Increased and Diverse Soil Biota HabitatIncreased and Diverse Soil Biota Habitat
Increased Root Expansion 



Low Equipment CostLow Equipment CostLow Equipment Cost Low Equipment Cost 
&&

Good Return on Good Return on InvestmentInvestment

SHMS = Soil Health Management System



For more information Please 
Contact Your Local Office of the:Contact Your Local Office of the: 

Natural Resources Conservation Service Natural Resources Conservation Service 

ororor or 

Soil and Water Conservation DistrictSoil and Water Conservation District



NonNon--Discrimination Statement Discrimination Statement 

"Th U S D f A i l (USDA) hibi di i i i"Th U S D f A i l (USDA) hibi di i i i "The U.S. Department of Agriculture (USDA) prohibits discrimination "The U.S. Department of Agriculture (USDA) prohibits discrimination 
in all of its programs and activities on the basis of race, color, in all of its programs and activities on the basis of race, color, 
national origin, age, disability, and where applicable, sex (including national origin, age, disability, and where applicable, sex (including 
gender identity and expression), marital status, familial status, gender identity and expression), marital status, familial status, 
parental status, religion, sexual orientation, political beliefs, genetic parental status, religion, sexual orientation, political beliefs, genetic 
information, reprisal, or because all or part of an individual's income information, reprisal, or because all or part of an individual's income , p , p, p , p
is derived from any public assistance program. (Not all prohibited is derived from any public assistance program. (Not all prohibited 
bases apply to all programs.) Persons with disabilities who require bases apply to all programs.) Persons with disabilities who require 
alternative means for communication of program information (Braillealternative means for communication of program information (Braillealternative means for communication of program information (Braille, alternative means for communication of program information (Braille, 
large print, audiotape, etc.) should contact USDA's TARGET Center large print, audiotape, etc.) should contact USDA's TARGET Center 
at (202) 720at (202) 720--2600 (voice and TDD).“2600 (voice and TDD).“


