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Introduction to Salinity

Salt problems occur on approximately one-
third of all irrigated land in the world.

Why do salts exist in soil?

* Parent material weathers to form salts
* Salts are carried in irrigation water

* Soil amendments may contain salts

* Presence of shallow, saline groundwater
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Introduction to Salinity

Examples of soluble salts are NaCl, CaCl,, MgCl,, CaSO,,
CaCO;, and KCl

Positive and negative ions disassociate in solution and
will move toward an electrode of opposite charge,
creating a current, which is measured as Electrical
Conductivity (EC).

Salinity may also be characterized by the Sodium
Adsorption Ratio (SAR) or Exchangeable Sodium

Percentage (ESP).
Consider salinity conditions at the time of site selection.
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Characteristi ldeal | Marginal _______| Undesirable

Soil texture

Soil depth (feet)
pH

ECe (dS/m)

ESP

Boron (mg/L)

Water logging or high
water table

Slope

pH of water
ECw (dS/m)
SAR

Site Selection

Sandy loam, silt loam,
clay loam

>6
6.3-7.5
0-2

<7

0.5-2.0

Never

Nearly level

6.5-7.5
<1.3
<6.0

Loamy sand, silty clay

3-6

5.8-6.3 and 7.5-8.2
2-5

7-15

2-6

Only during dormant
period

Slightly sloping to 12%

slope

7.5-8.2
1.3-3.0
6.0-9.0

(Modified from Irrigated Alfalfa Management, UC ANR 3512)

Sand, clay

<3

<5.8 or >8.2
>5

>15

>6

Sometimes during
periods of active

growth
>12% slope

>8.2
>3.0
>9.0



Effects of Salinity on Plant Growth

e Osmotic stress

(most common means by
which salt impairs plant
growth)

e Specific ion toxicities
(Na*, Cl, B)

 Degraded soil
conditions that limit
plant water availability
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Effects of Salinity on Plant Growth

* Relative salt tolerance ratings classify alfalfa as
moderately sensitive to salinity.

* Absolute tolerance will vary based on climate, soil, cultural
practices, crop development, and variety.

 Some varieties may tolerate higher salinity based on
the plant’s ability to limit Na* and Cl- accumulation.

* Nevertheless, plant breeding should not be
considered a substitute for soil salinity management.
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Salinity Management by Leaching

 The primary management strategy for combating
salinity is leaching, and leaching must be
practiced when soil salinity has the potential to
impact yield.

* Leaching occurs when water is applied in excess
of soil moisture depletion due to
evapotranspiration (ET).

* Leaching may occur during the rainy season or

whenever an irrigation event occurs.
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Salinity Management by Leaching

* Leaching fraction (Lf) is the fraction of the total
applied water that passes below the root zone.

* Leaching requirement (Lr) is the minimum amount of
the total applied water that must pass through the
root zone to prevent yield loss from excess salt.

* A15% Lfis a general “rule of thumb” in for managing

salinity, but this may not always be possible due to
low permeability soils, shallow/saline groundwater,
or other agronomic considerations.
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Delta Research Project

Background: State Water Resources Control Board
adopts water quality objectives for the protection of

various beneficial uses in the Bay-Delta.
* April through August: 0.7 dS/m
e September through March: 1.0 dS/m
* Objectives are currently being reconsidered.

The purpose of this work was to learn what leaching
fractions are currently being achieved in certain south
Delta soils under alfalfa cultivation.
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Delta Research Project

Irrigation water, groundwater, and soil salinity were
monitored across seven south Delta alfalfa fields

from 2013-2015.

Seasonal average irrigation water salinity ranged
from 0.36-1.93 dS/m across years and sites.

Groundwater salinity ranged from 2.3-14.3 dS/m,
and depth ranged from 3.8-7.6 ft.

Average root zone salinity ranged from 0.71-8.86 dS/

m across years and sites.
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Delta Research Project
Soil Salinity — Site 1 — Silty Clay Loam

ECe (dS/m)
0 2 4 6 8 10 12 —m-soil - Spring 2013
0 - m Groundwater-Spring 2013
20 \ ——Soil - Fall 2013
¢ Groundwater - Fall 2013
60

=@-Soil - Spring 2014

® Groundwater - Spring 2014

=#&=Soil - Fall 2014

Depth (cm)
3

[EY
N
o

@

A Groundwater - Fall 2014

4

150 *

=#=Soil - Spring 2015

B Groundwater - Spring 2015

180 A

*Shallow groundwater appeared to be impairing leaching .
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Delta Research Project
Soil Salinity — Site 4 — Silty Clay Loam
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Depth (cm)

Delta Research Project
Soil Salinity — Site 6 — Fine Sandy Loam
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Delta Research Project
Soil Salinity — Site 6 — Fine Sandy Loam
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*Management may improve leaching at this site because the coarser-

textured soil has better water infiltration.
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Delta Research Project
Soil Salinity — Site 5 — Fine Sandy Loam
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*Highest seasonal average applied water salinity, but lower root zone salinity
compared to other sites. This soil was more easily leached than the clay loam

soils. i L —
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Delta Research Project

2013 2014
Site RZ ECe Lf Lr RZ ECe Lf Lr

Dep Dep

(cm) (dS/m) (%) (%) (cm) (dS/m) (%) (%)
1 100 11.2 3 6 120 9.8 3 6
2 150 14.1 3 8 130 9.8 5 10
3 140 1.4 21 6 140 1.2 18
4 150 9.5 3 5 120 10.7 2 6
5 130 3.6 25 22 130 4.1 26 24
6 120 8.1 6 9 130 9.8 5 10
7 140 3.1 7 4 150 3.8 8 5
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Delta Research Summary

e Data illustrate the inherent low permeability of
certain Delta soils, the shallow depth of
groundwater, the build-up of salts in the soil to levels
that have the potential to affect crop yields, and a
low achieved Lf.

* The Delta’s unique growing conditions put
constraints on growers’ ability to manage salts by
leaching and achieve a Lf that meets the Lr to sustain
crop yields.
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Overall Conclusions

Leaching is the primary means of managing salinity, but
applying water in excess of crop evapotranspiration may be
challenged by soil, groundwater, or agronomic
considerations.

Alfalfa is often grown on low permeability soils, so consider
salinity conditions at the time of site selection.

Typical soil sampling for nutrient status is 60 cm (2 ft) or less,
so over time, growers may not be aware of the soil salinity
profile.

Remember that absolute crop salinity tolerance will vary
based on climate, soil, cultural practices, crop development,

and variety. e
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