Electrical Conductivity
or
Salt Concentration

In The Soll
By Clarence Chavez
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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 crops
Can have adverse 1.50-3.00 1,000 - 2,000
effects on many crops
Can be used for tolerant 3.00-7.50 2,000 - 5,000

plants (on permeable soils)

Salts in the soil

Rating EleCtI’iC&ﬂ

(Table 6. pg.

) Conductivity

S = Sensitive > (0.90 dS/m

MS = Mod. Sensitive > 1.40 dS/m
MT = Mod. Tolerant > 2.50dS/m
T = Tolerant > 4.0 dS/m

Indicates the amount of salts present in the soil. (K*, Ca*, Mg*, Na* ,Cl~, HCO,)
Excess salts will hinder plant growth and/or can affect infiltration.

EC = Electrical Conductivity (Soil Extract)

TDS = Total Dissolved Solids (Water)



Section 2 of 22 (2i - Soluble Salts)

Dominant Cations - _ _ _
lons with a positive (Irrigation Water Quality example) (lons with a negative

QOLUBLE SA'-TS | Dominant Anions

(cations) (anions) (Soluble Salts)

G690 + 640 = 1.08 d5/m (EC)
(dS/m = mmhos/em = mS/cm)

TDS (ppm) = EC (dS/m) x 800, for EC > 5.0 dS/m dS/m = deciSiemens/meter

» TDS = Total Dissolved Solids mmhos/em =milliMhos/centimeter

» ppm = parts per million; mg/l = milligrams/liter (ppm = mg/l) | MS/em = milliSiemens/centimeter

» EC = Electrical Conductivity 2:72 x ppm = bs. of saltsiac-ft
(2.72 x 690 ppm = 1,877 Ibsiac-ft)  pydyaarcia, 2008 |
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Section 2J — Irrigation Water Salinity and Sodium Adsorption Ratio (SAR) Assessment Guide)

). dLICCLS Crop wallr avdlld

Note: Be sure to compare the Irrigation Salinity (ECm with the Soil Slight to Moderate
Test (ECe), in order to evaluate the potential vield reduction of your -—-




Facts You Must Know

Converting TDS to EC

1 mg/L =1 ppm (lrrigation Water)
> TDS = Total Dissolved Solids (water)

> ppm = Parts per million,

> mg/L = milligrams/Liter (ppm = mg/L)

> EC = Electrical Conductivity

TDS (ppm)= EC (dS/m) X 640, for EC between 0.1 and 5.0 dS/m

e 690ppm /640 =1.08 dS/m (EC)
o« 1.08dS/m X 640 =690 ppm or TDS

TDS (ppm) = EC (dS/m) X 800, for EC > 5.0 dS/m

e 690ppm /800 = 0.86 dS/m (EC)
e 0.86 dS/m X 800 =690 ppm of TDS

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



How Much iIs That?
dS/m = mmhos/cm = mS/cm (Soll EC)

v dS/m = deciSiemens/meter
v mmhos/cm = milliMhos/centimeter
v mS/cm = milliSiemens/centimeter

Example: to calculate TDS (total pissolved salts) tO
pounds per acre foot of salt.

2.72 X ppm = Ibs. of salt / ac-ft
2.72 X 690 ppm = 1,877 Ibs/ac-ft of TDS or Salt




The intake rate of the soil under irrigation
IS affected by:

Salt Content and Types of Salts

This iIs evaluated by using the
SAR and EC,,




Sodium Adsorption Ratio
LEN

SAR =

|/ ([ca*] + [Mg*])/2

(concentrations are in meq/L)

> High SAR = Unstable Soil (>15)
> Low SAR = Stable Solil (<6)

> Gypsum or Elemental Sulfur additions
usually start at SAR = 6 or greater

> Must have calcareous soils to use sulfur
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isperse

Soil with high concentrations of salts force the clay to be d



Flocculated vs Dispersed

Flocculated or Dispersed clay
aggregated clay particles
particles o o
@
® @ @
@
.‘ . ®

Extension Specialist for NMSU




.
Under certain conditions of SAR, Ec,,, Soil Texture and Organic Matter

w?

levels, elevated Sodium Promotes Dispersion
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e

TSaI

None

Limited -~ =8

Slightly Saline 4 to <8 >0.30 - 0.50 Moderate to Severe
Moderately Saline 8to <16 >0.50 - 1.00 Severe
Strongly Saline 16 or Greater >1.00 Extremely High

Dr. Robert P. Flynn
Extension Specialist for NMSU



Importance of Aggregates

Calcium
Promotes
Flocculation
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Manage Sodium In Soil with
Calcium (Gypsum (CaS0a4))

Ca** SO,°
Soils Have Ca*™* Catt
A Negative Charge - - _- - - Ca*tt
\\Ia+ Na* nat / Ca™ g+
Na* " -~ - -
Na* -~ Na’
+ Na*
Na* Na : Na* Na*
Excess water must be applied!! 5.+
Na \EM

Dr. Robert P. Flynn

Extension Specialist forMUSt aISO have gOOd d rai nage! K+ v
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Example gypsum requirement calculation:

> your soil has a CEC (cation exchange capacity) of 18 milliequivalents per
100 grams and SAR (sodium adsorption ratio) of 26, and you desire an
SAR of approximately 10 following treatment. (In these calculations it is
correct to assume SAR is roughly equivalent to ESP (exchangeable
sodium percent).

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

> 0.16 x 18 meqg CEC /100g = 2.88 meq Na/100 g soil that must be replaced.
> *1.7 tons CaS0O4/meq Na x 2.88 meqg Na = 4.9 tons of gypsum.

> 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 lower
grades of gypsum and different soil depths.

> *As a general rule of thumb, 1.7 tons of gypsum is required per meq of
sodium.



Section 2 of 22 (2] — Infiltration guide as affected by water quality.

Into Jthe sol. This 15 evauated using the SAR

(Sodium Adsorption Ratio) and Flectrical -6 ST 11-03 A3
Conductrvity of the Irmigation Water (ECiw in dS/m).




Steps to Calculate
the Crop Irrigation
Water Requirement

Step 1 P A
senber il 3 1 B 3 8 6 0
Broccoli
Fc = ECe(ct)/EC s
= 1 Cantaloupe
IW Carrot

Clover
Corn, Grain & Silage

Fc = Ratio of the Crop Threshold Com, Swiet
Salinity (ECe(ct) ) to the Electrical Cucumber

Fescue, Tall

Conductivity of irrigation water Grape
(ECiw). Units: dS/m Lo G

Meadow Foxtail
Onion

Orchard Grass
Peach

Crop Salt Tolerances

Pecan®

= =k
oo

Pepper

section 2b to select your Potl,Ieh
Ec,

Ryegrass, Perennial
Safflower

Soybean

Spinach

Ec,, =1is from a water lab Siean o

Sugar Beet

Tomato

teSt . Trefoil, Big
Trefoil, Birdsfoot
Vetch
Wheat
Wheatgrass, Crested
Wheatgrass, Fairway
Wheatgrass, Tall
Wild Rye, beardless

2ECw is the electrical conductivity of the irrigation water, reported in millimhes per centimeter at 25°C.
Mawmum ECe is the conductivity of saturated soil extract, reported in millimhos per centimeter al 'C, at which the plant dies.

L omplete data is not currently available for pecans. The *is an interpolation between the 0% and 50% range. The ** for ECw is
calculated as ECe x 0.67, which is a general rule of thumb for these ratios under average conditions. ri a




Steps to Calculate the Crop Irrigation Water Requirement

> Step 1
> Fc = ECe(ct)/EC,,

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

> Fc =2.0dS/m/ 1.0 ds/m = 2.0 dS/m
> Alfalfa ECE(Ct) — 20 dS/ m (from Crop Salt Tolerance Table)
EC,, = 1.0dS/m

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
extract (units: decisiemens/meter (dS/m), which is equal to millimhos/centimeter (mmhos/cm),



Steps to Calculate the Crop Irrigation Water Reguirement

> Step 2 if Surface Flood Irrigated (soil EC is about 1.5 times
Water EC)
LF = 0.3086/Fc*792
LF =0.3086 / 2.01.702
LF =0.3086 / 3.254
LF =0.095

> Step 2 if Drip (soil EC is about 3 times Water EC)

LF = 0.1794/Fc30417
LF = 0.1794/2.03:0417
LF =0.1794/8.2346
LF=1.47729

Updated Calculations for water requirements

Referenced; Section 8b of 22 - Gross Crop Irrigation Water Requirement Guide

» LF =0.3086/Fc3.0417 Leaching Fraction (for conventional irrigation; e.g. surface irrigation)
> LF=0.1794/Fc3.0417 (e.g. Drip irrigation)



Irrigation Water Requirements - Consumptive Use / Evapotransporation

Irrigation Water Requirements
Crop Data Summary

Job: Albuguergue S Alfalfa, hay, northern ETc = Cro p Ev apotran S p| ration (I n )

Locaton: Albugusrgus Courty:  Eamallllo, NM

By Rhatt [T D1IZEIDE

Wisafer Slation: ALBUQUERGUE WIFD AIRFDR ata Mol NMO2Z3R

Ladlude: 3EDE Longhud=: 4083T Elrsabon: EE10 fum} gy sea fays]

sutstion Methed:  Blaney Crigdie (TR21]
Elanay Criddis Persnnial Grop fuet irigaton acgiicatian: Incnes / FOTG SeC“ on 1

PO S
! Estimat=d carmpaver molssrs u:--:l atzey

Bagin Growlh: 4is End Growin: 10830 Begin: 0.8  Irches End: 0.& '1-‘!- http .//WWW. n m .n rCS .usda.q OV/teCh n|
cal/fotg/section-1/consumptive-
— V use/consumptive-use.html

0% l"l'l-!'l:i'- i} Avwrage | FPeak
Cally Dally

EMmicive Nt rigaiion | Effectse ETic ETFk
Frecipitation | Regrements | Frecphstion
nches nches: {2 Inchi=s Inches Inichesg

August
Beplember
Cciober
Hors=rmes
Deoembar

TOTAL A48 &1.60 : #0.01
(11 For 80 pig o, growing season aHacive preciphation wil e soualed or exceeded 8 gutof 10
years. For S0Wgroeriaffance oocursnos, sti=ctve precphation wil be sgualsd or excesded 1 outof 2 years,

[2) M=t imigation requirsmisnts |5 adjusted for camyosss moksiure used &t e beginning of the s=ason and
carryover mialafurs used at the end of the growing s=ason

(21 ET Evapotrarsoiradon s aclusted uzwards 10% pear 1000 melers abovs sea level,

Dab=: 72102005




Steps to Calculate the Crop Irrigation Water Requirement (IWM)

> Etc =40.01(in) Crop Evapotranspiration for alfalfa
> LF =0.095 (in) Leaching Factor. (Previous slides)

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

> NIR = Etc/(1-LF)

> NIR =40.01/ (1-0.095)
> NIR =40.01/0.905
> NIR =44.21 inches

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



Section 8 ( 8d Irrigation Water Requirement Guide

( Calculated at 50% Max., Allowable Depletion (MAD)

Section 8 of 22 (8d — Irrigation Water Requirement Guide) calculated at 20% Maximum Allowable Depletion (MAD) in the upper root zone

0 —12 inch 0 — 24 inch 0 — 36 inch Example Calculation
Soil depth depth depth of Irrlgalnuu Water
AWC (Shallow Roots) (Medium Roots) (Deep Roots) Requirement:
Textural . - . . p_— *  Sopil: Silt Loam
1 (in,/ft.) %0 Leaching Fraction (L o AWC =2.0 in/ft
Iass 10 | 20 | 30 | 10 | 20 | 30 [[10 | )20 | 30 R z"‘ﬂ“%ﬁ,,
Inches of Water needed at the time bf Irrightion * uu_t D;{F' -
Sands 05 | 017019 02 | 034038 041 5az V056 [ 0.61 . %g—nmjgﬂ, 1
™ —T
Loamy Sands 1.0 034 | 035 | 0.41 | 069 | 0.75 | 081 | 1.03 | 1.13 | 1.22 i o 2
Coarse 0 - 6" depth
Texture Fine Sands % of
V. F. Sands 1.25 Root Total
Loamy F. Sands 043 | 047 | 051 | 086 (| 0.94 [ 1.02 | 1.29 | 1.4]1 | 1.52 Zone Soil Inches
Loamy V. F. Sands Depth: | Moisture | Used:
Mod. Used:
Coarse Sandy Loam 1.5 052 | 056 | 061 | 1.03 | 1.13 | 1.22 | 1.55 | 1.69 | 1.83 | 0-06" 40 0.5
Te<tiwg | Fine Sandy Loam , .
V.F. Sandy Loam - Sl e
Medium ILuam 2.0 . i 13 18" 20 0.25
Texture Silt Loam 069 | 0.75 | 081 [1.38| 15 | 1.63 | 2.06 (}2.25 | 2.44
Silt P . Noadej-2471 10 0.125
NMod. Sandy Clay Loam = |rr. Nee ea. ral Soil Moisture depleted
Fine Siltv Clay Loam 7.7 0.76 | 0.83 | 090 | 1.51 | 1.65 | 1.79 | 2.27 | 2.48 | 2.68 at irrigation = 1.25 in.
Texture Clay Loam
Sandvy Clav 1.25*x 0.10=0.125" (LF)
Fine Silty Clay >0 | 069] 075|081 | 138| 1.5 | 1.63 | 2.06 | 225 | 2.44 | Totallrmigation needed:
Texture Clayv ) 1.257+0.1257=1.38"

*Calculated values were based on the following Crop Root soil moisture extraction patterns (i.e., %o of total soil moisture extracted at
given depths) for the following root zones:

rudy.garcia.2008

1 ft. depth 2 ft. depth 3 ft. depth
40% at 0 - 37 40% at 0 - 6 40% at 0 - 97
0% at3-67 0% at6 - 127 0% at9- 187
20% at6 - 97 20% at 12 - 18” 20% at 18 -277
10% at9-12” 10% at 18 - 24 10% at 27 - 36

NOTE: Site-specific data is needed to estimate actual irrigation water requirements: therefore, this TABLFE should be used as a GLUIDE.

AWC =

Available Water-Holding Capacity




Steps to Calculate the Crop Irrigation Water Requirement

Irrigation Application Efficiency — Calculates
the irrigation application efficiency.

> Ea = Irr. needed /irr applied

> Irrigation Needed = 2.06

> Irrigation Applied = 2.5In
7.5 (cfs) X 2.0 (hrs) /6.0 (ac) = 2.5 irr. Applied
Q = DA/T Calculation for Irrigation Applied

> Ea=2.06 /25
> Ea =0.824 or 82.4% Application Efficiency




-
Section 2 of 22 (29 - QT = DA Calculations for assessing IWM Requirements)

Flow to Inflow Time Application Gross Application
Are‘l Border (Q) (hours) Depth (in.) =2.48”
CfS 6.0 acres Inflow time

'1(:1 es 2.0 hours 2.5 inches — 2.0 hrs.

NOTE: Refer to the Flel(l Irrlgatlon Evaluation Guide. This guide is used to assess the actual Runoff = 0.11”




Steps to Calculate the Crop Irrigation Water Requirement

Gross Irrigation Application needed

> Fg = NIR/Ea
> Fg =44.21/0.824
» Fg =53.7 Inches

NIR = 44.21 inches
Ea=0.824 or 82.4%

> Fg = Gross Irrigation Application needed
> Ea=lrrigation Application Efficiency
> NIR = Net Irrigation Requirements




Steps to Calculate the Crop Irrigation Water Requirement

Total Inches of water Applied / Acre / Year

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

13 = Average of Irrigations per year. (ascruces)
2.5 In = lrrigation water Applied




Steps to Calculate the Crop Irrigation Water Requirement

The‘ differehce between tptéljin(':hes irrgation water o
applied and gross ‘rlgatlon water needed

> Fg.— Total In Applied/

>53'P‘ 5"‘ xR

>Df
e‘cn ‘EQ 43




Section 8b — Step by Step




Section 7 of 22 (7a - Soil Moisture Monitoring and Irrigation Record keeping Form
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Soill and Water EC

management of salts in any soil.

Soll Health Management system.




Salt: IWM & Soll Health

(Irrigation Water Management)

Soil Health will have an affect on...

>
>
>
>
>
>
>

ncreased Infiltration

ncreased Leaching potential

ncreased Aggregate Stability

ncreasing Reactive Carbon

ncreased Nutrient Cycling

ncreased and Diverse Soil Biota Habitat

ncreased Root Expansion




Low Equipment Cost
&
Good Return on Investment

SHMS = Soil Health Management System




For more information Please
Contact Your Local Office of the:

Natural Resources Conservation Service

olf

Soil and Water Conservation District




Non-Discrimination Statement

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

United States Department of Agriculture
Natural Resources Conservation Service




