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Salinization

 When the concentration of soluble
salts in the root zone is high enough to
impede optimum growth and yield.....
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Why do we have salinization
problems.....

Coastal Range:
- is sedimentary marine formation
- sodium, chlorides, boron
Precipitation and weathering
- wash into oceans and basins
, - percolate into the ground
. B - concentrated by evaporation
— and lack of drainage
- exacerbated by fertigation



How does salinization harm plants...

 Through the collective action of action
of salts in the soil or of specific salts in
the plant..
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Common Salinizing Constituents

e Cations=+ e Anions=-
Na* = Sodium Cl- = Chloride
Ca?* = Calcium SO, = Sulfate

Mg?* = Magnesium HCO; = Bicarbonate

K* = Potassium CO;% = Carbonate
» pH>8

Boron = micronutrient
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Specific Salts

« Cations =+ e Anions = -
e Na* = Sodium e CI = Chloride

Boron = micronutrient
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Salinity Units of Concentration

Weight Basis * Volume Basis
1 ppm  mgl/l
1 mgl/l *+ meq/l

1 mg/kg * 1mmol. /1 =1 meq/l
— Systeme

1% =10,000 ppm International
d'Unites (Sl)

Total dissolved solids (TDS) in irrigation and soil water
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How is Salinity Measured

* Electrical conductivity (EC)
o Salts dissolve in water (+ or -)

 Charged electrode in water
— anions and cations migrate = electricity

« Water conducts electricity

* Electrical conductivity meter
measures it
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Salinity Damage has two forms ...

e Osmotic Effects:

— lons in soil water increases ability of soil
to retain water resulting in less water
available to the plant for growth...
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Salinity Damage has two forms ...
« Specific lon Effects:

— The specific ion directly damages plant
parts, generally leaves....
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Tree Sensitivity Increases
with
Time and Trunk and Root Storage
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Long Term Effects of Sodium
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Summary of Salinity...

o Salinity is a result of geology and time

o Salinity damage has two forms
— Osmotic
— Specific ion damage

o Salinity in soil and water will need to be
managed..
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NUTRIENT

N (%)
P (%)
K (%)
B (ppm)
Ca (%)
Mg (%)
N

(ppm)
Cl (%)

Mn
(Ppm)
Zn (ppm)
Cu
(ppm)

1L

CRITICAL
VALUES

2.3
0.14
1.0
90
1.3(?)
0.6 (?)
?

?
30

=

NORMAL
RANGE

2.5-2.9%

0.14-0.17%

1.0-2.0%
120-250
1.3-4.0

0.6-1.2 (?)

?

0.1-037?
30-80

10-15
6-10

GREEN
TISSUE

2.3
0.09
1.10

57
1.30
0.59
6200

1.98
625,000

7
2.9

NECROTIC
TISSUE

2.4
0.09
0.68

87
1.91
0.68

12,230

3.43
60,000

6
2.9



Effects of Salinity

« Osmotic:

— Tree growth poor
« Specific lon

— Cl and Na

— absorbed by roots

— accumulate in leaves
 Marginal burn

A
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First Salinity Field Trial
(1989) 1994 - 2002

e Four Rootstocks:
— PGI, PGII, UCBI, Atlantica

 Three Salinity Levels
—0.75,4,8 and 12 dS/m

e Marketable Yield
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First Orchard Trial Results

 First Orchard Trial: Marketable Yield

— Ec, 8.4 critical value
— Osmotic effects > specific ion toxicity

— Rootstock tolerance ranked:

* % of yield decline from control treatment

e 8 dS/m
— PGI > PGIl = UCBI > Atlantica

e 14 dS/m
— PGI > PGIlI > UCBI = Atlantica

216208



First First Orchard Trial Problem

 Established when trial was 5 years old:
 PGI had clear advantage with aqueduct water
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Relative Yield of as a Function of ECe

Cotton Relative Yield =100 - 5.2(ECe - 7.7) n

—&— Alfalfa
100 7 —eé— Almond
Cotton
80 - —— Pistachio

2004
Pistachio

Saliﬂity Pistachio RelativeYi(d(%)

Thl‘BShO'd 20 - ilOO - 8.4(ECe-9.él)\

O o\ T

O 2 4 6 8 10 12 14 16 18 20
Soil Saturation Extract EC (dS/m)

Relative Yield (%)
o
o

Sanden, B.L., L. Ferguson, H.C. Reyes, and S.C. Grattan. 2004. Effect of salinity on evapotranspiration and
yield of San Joaquin Valley pistachios. Proceedings of the IVth International Symposium on Irrigation of
Horticultural Crops, Acta Horticulturae 664:583-589.



USDA Salinity Laboratory Trial
1999

e Three Rootstocks:
— PGI, UCBI and Atlantica

 Three Salinity Levels:
-4, 8 and 12 dS/m

e Rootstock and Scion Growth
 lon Distribution
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SCREENING PISTACHIO ROOTSTOCKS
FOR SALT TOLERANCE

% Cosperation Witk

UNIVERSITY OF CALIFORNIA

COOPERATIVE EXTENSION
AND

USDA Salinity Laboratory
Riverside CA
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Greenhouse Trial Results

 Greenhouse Trial: Growth
— Osmotic effects > specific ion damage

— Differences among rootstocks in:
e Sodium exclusion
 Sodium and chloride transport and storage

— Rootstock Ranking
8 dS/m: PGI = UCBI = Atlantica
12 dS/m: Atlantica = UCBI > PGl
16 dS/m: Atlantica = UCBI >>> PG|

ol S



Second Salinity Field Trial
2004 - 2014

 Established in saline conditions

e Two Rootstocks
—PGland UCB |

 Three Salinity Levels
— Aqueduct, 50:50, Welli

e Growth and Yield
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2010-14 Yield Decline by Rootzone Salinity
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(Sanden, 2004) |YUCB =-96.129x +6744.8
R?=0.1258

¢ PG1 PG1 =-235.77x + 7619
o UCB Rz - 0.4402
2011-14 yield Avg EC=7.5dS/m
0.0 2.0 4.0 6.0 80 100 120 14.0 1le.0

Avferage Rootzone EC to 5 Feet (dS/m)



Second Salinity Field Trial Results
2004 - 2014

 Treatment level -> final EC_
— Aqueduct: 0.5 -> 3.5
— 50:50 Blend: 3.2->16.7
—Well: 5.2 -> 25.2

 Lowered EC_ to 6 dS/m
— UCBI: 100 Ib decline per /1 dS/im =1.4%
— PGI: 236 |Ib decline per 1 dS/m = 3.2%

 Rootstock tolerance UCBI > PGl
— PGl better with aqueduct water

-01c



Tree Salt Tolerance

100

N
o

Yield Potential, %

1 2 3 4 S5 6 7 8 9 10

Average Rootzone Salinity (ECe)

Maas and Grattan 1999
Ferguson et al., 2002



Mechanism of Salinity
Tolerance?

* How is it excluded, transported and
stored in the plant?

« Whereis itin plant cells?

6/6/2018



@tudy E
Sap sampling for sodium and chloride exclusion,
transport and storage....

New growth

Above union

GRAFT UNION

Below union


Presenter
Presentation Notes
Sap was extracted from one of four locations along the stem. A 20cm segment extending up from the root crown (basal sap). A 20cm segment extending down from the graft union. A 20cm segment extending up from the graft union. And a 20cm segment of newer growth above the “above union” segment. We removed the bark from each segment, then chopped the segment into many pieces to break the xylem vessels, centrifuged them and pipetted the sap pulled out of each segment into an ependorf for later dilution and analysis. 
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Presenter
Presentation Notes
One of our most interesting findings was that UCB1 is the best excluder of sodium. UCB1 appears to achieve sodium exclusion by way of selecting for potassium instead. This makes sense as they are comparably sized and charged cations that may share an uptake path. Note that K+ level is maintained at all treatment levels in UCB1 whereas it declines from control levels for both PGII and PGI. With regard to chloride, PGII and UCB1 appear to share some moderate exclusion mechanism. 


~  Sodium Localization in the Vacuole

of Pistachio Cells

SNARF-1
red

SNARF-1}© CoroNa
red ' green



Presenter
Presentation Notes
To identify the subcellular compartment of sodium accumulation  we co-stained with the sodium indicator CoroNa-Green and vacuolar indicator SNARF-1. SNARF-1 stains plant cell vacuoles without any “cross talk” on the CoroNa-Green emission spectra .(A-C) demonstrating its specificity. Pistachio sections from plants treated with 50mM NaCl show colocalization of CoroNa and SNARF-1 in the plant vacuole (D-F). Scale bar =20μm.

Localization into wrongxx


Potassium and Sodium Localization:
UCBI Rootstock Cells

Potassium Sodium
Assante - K Green CoroNa Green

Distinct subcellular localization patterns of sodium and potassium in pistachio rootstock cells

e oS -



Potassium and Sodium Localization:
Atlantica Rootstock Cells

Potassium Sodium
Assante -K Green CoroNa Green

Distinct subcellular localization patterns of sodium and potassium in pistachio rootstock cells



Chloride Localization
Rootstock Cells

Root tip
longitudinally
section



Presenter
Presentation Notes
Representative results are presented after 3 weeks treatment  sodium is detected intracellularly both in leaves and stems, demonstrating  that sodium has been transported to the stems and the leaves, where in accumulates in the cells. 

Longitudinal sections (A-D) and transverse sections (E-F) of UCB-1 roots are shown. Control roots (A, E) do not show significant sodium accumulation. Intracellular sites of sodium accumulation were detected in 10mM (B), 50mM (C), and 150mM (D) treated roots as indicated by arrows. Scale bars= 20μm.
UCB1 clonal rootstocks seedlings were treated with 0mM, 10mM, 50mM and 150mM NaCl for 4 weeks. 

Weekly observations were made using confocal microscopy to detect cellular sodium localization. 




Significance?

 how the mechanism for salinity tolerance
works..

 ldentified individual rootstocks
* genetically characterize rootstocks

 identify additional rootstocks
 genomic projects now funded by CPRB (Letters)

— tested in lab
— orchard trial
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So, What do | do now...

“Salinity in soil and water is irrevocably
associated with irrigated agriculture
throughout the world.”

James E. Ayars, 2003

6/6/2018



Orchard Location Limitations

 Limitations:
— <2500’ for frost

— Climate(heat,
chill, rain)

— Water Availability

— Water and Soil
Quality g

6000-7500 Ft.
4500-6000 FL
3000-4500 Ft.
1800-3000 Ft.
1200-1800 Ft.
600-1200 FL

300-600 Ft.
150-300 Ft.
0-150 Ft.

Below Sea Level






Saline Sodic Areas

EC>4dS/m SAR > 13

A Preliminary Assessment of Salt Affected Soils in California

Distribution of Soils with:
1) EC >4 mmhos ecm™ for wt aveg of 0-100 ¢cm soil depth

2) Combined SAR >13 and EC >4 mmhos em™' for wt aveg of 0-100 cm soil depth

dsm’)

Data Sources:

- This map shows distribution of soils having two properties, EC and SAR,
as indicators of salt affected soils. These soils are grouped into two
classes as shown in the legend:

1) Soils with threshold values of EC greater or equal to 4
2) Soils with combined threshold values of EC greater or equal to 4 and
SAR greater or equal to 13:

< 30 meter elevation and hilishade grids.

- Seamiess SSURGO polygons utilized for attribute query of SSURGO
tabular data for EC and SAR values and grouped as logical classes.

- SSURGO spatial data was a "snapshot" from 12/30/2009

- 88URGO tabular data was captured from NASIS in April, 2011

Salinity Classes; Electrical C ivity (mmhos em |, equi 1

Nonsaline! 0to less than 2

Very Slightly Saline: 2 to less than 4
Slightly Saline: 4 to less than &
Moderately Saline: 8 to less than16
Strongly Saline: greater or equal to16

Sedium Adsorption Ratio Classes: measure of soil sodicity as the
amount of sodium relative 1o calcium and maghesium.
Nonsodic: SAR 0 to less than §
Very Slightly Sodic: SAR 5 to less than 12
Slightly Sodic: SAR 12 to less than 30
Moderately Sodic: SAR 30 to less than 45
Strongly Sodic: SAR 4510 less than 80
Very Strongly Sodic: SAR greater or equal to 80

Significance:
Soils having high EC, as determened by a threshold value of 4 or more,
Impairs most crop growith

Soils having high values for sodium adsorption ratio of 13 or more may
have an increased dispersion of organic matter and clay particles,
reduced saturated hydraulic conductivity and aeration, and a general
degradation of soil structure.

Expert Sources:

- Sid Davis, Assistant State Soil Scientist, Kerry Arroues, MLRA Soil
Survey, Leader, Hanford, CA; Steve Cambell, Soil Scientist, WNTSC,
Portland, OR

RCS

onsevation Service

Legend
High EC, only



Presenter
Presentation Notes
If we zoom in and overlay pistachio acreage onto just this southern section of the San Joaquin Valley…


Salinity vs. Sodicity

« Salinity is when the salt concentration is
high enough to reduce crop yield:
electrical conductivity = EC

« Sodicity is when water is dominated by
sodium (Na*):
— affects soil structure
« ->aeration -> water infiltration -> plant health

— Sodium Adsorption Ratio: SAR
— Exchangeable Sodium Percentage: ESP



Sodicity

Sodlum Adsorption Ratlo

EC + SAR and Infiltration

35

Slight to Moderate
Reduction in Infiltration

30

Severe Reduction
in Infiltration
25

Saline-Sodic

20 water

15

O

No Reduction in Infiltration

10

EC of Irrigation Water (dS/m)

Salinitv



Sodicity First
Salinity Second

« Sodicity: gypsum

— Na*:Ca**=2*

* Leaching: winter

— evaporative demand is low

*Mortaz, Grattan, Brown and Ferguson 2016



Leaching Fraction (LF)

Z@

volume of water
draining

Below rootzone
volume of water
infiltrating ground

Leaching most effective in winter



Calculating Leaching Fractions

* If want soil EC_ = dS/m of irrigation
water

— 33% leaching fraction

« EC_=2 X (dS/m of Irrigation water)
— 10% leaching fraction

 EC_=3 X (dS/m of Irrigation water)
— 5% leaching fraction
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Salinity Management Guidelines

Preplant: soil and water analysis:

— combination remain -> 6 dS/m
Preplant: PGIl and UCBI rootstocks
Production: address sodicity then salinity
Sodicity: Na*:Ca**ratio = 2 (gypsum)
Production: leaf, soil, water (in order)

— Bo “toxicity” not toxic until 1300 ppm August leaf
sample

— Na and Cl most toxic ions
o difficult to distinguish and rarely seen
« Clfirst, then Na: both progressive damage
Avoid dry soil profile with saline Ec,
— salinity + drought = severe damage
Leach in winter or when EC_ =6 dS/m



Thank You

California Pistachio Research Board
Wonderful Corporation
Dennis Elam and Brenda Hanson
Stharr Farming
USDA Salinity Laboratory in Riverside
Catherine Grieve
Pioneer Nursery
Brian Blackwell, Corky Anderson, Ken Puryear
Andy Schweikert
Carl Fanucchi
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Thank You

Blake Sanden
Kern County UCCE Farm Advisor

Heraclio Reyes, Jim Hatakeda, Paul Metheny
Ronnie Fannucchi
Steve Grattan, Catherine Grieve
Maciej Zwieniecki, Georgia Drakakaki
Jessie Godfrey, Morad Mortaz, Zack Heath
Tunisia, Spain, China, Iran, Syria

/

University of California [

Agriculture and Natural Resources



RWMichelmore@ucdavis.edu
530-752-1729

Please write us a support letter for
Specialty Crops Block Grant
Pistachio Genomic Project

On Company Letterhead
Signed
Word File or PDF
We can send you an example

University of California [

Agriculture and Natural Resources
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LFerguson@ucdavis.edu
559-737-3061

Agriculture and Natural Resources
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