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A History of Salt and War

The Salting of Carthage (146 BCE)
* ‘Salting the Earth’ has been an idiom for societal destruction for millennia.

* Although widely disproven at this point, the salting of Carthage remains as a

legend comparing the elimination of the city of Carthage during the Third
Punic Wars (146 BCE).

Palestrina (1299 CE)

* Following the Carthaginian example, Pope Boniface VIl ordered the plowing
and salting of Palestrina in 1299 CE.

Roman Naval Attack on Carthage B —-—




Current role of Salt

Uses

Salts are used widely in our society
> lcing control
> Cleaning
> Food

Definition

Acid + Base = Neutral Salt
> Easily soluble in water
> Separate easily and bind readily

Issues

Over use of some salts in fertilization or cleaning
can become an issue
> Most commonly, NaCl (sodium chloride) is the
salt which causes agricultural issues
> Recycling of winery wastewater for vineyard
irrigation = excessive chloride levels in
vineyard soils.




Sodium and Potassium

Na* and K*

1. Similar radius
> Na*=227 pm
> K+*=280pm

2. Similar charge

Sodium-Potassium Pump

Na* Na*
Na*

Extracellular fluid

R s 't'n‘ﬂ'u’u
T i

Cytoplasm

ATP ’ K* s

+ Pi

Malignant hyperthermia: A runaway thermogenic futile cycle
at the sodium channel level. Advances in Bioscience and

Biotechnology, 05, 197-200.

Sodium toxicity in Grapevine

Ismail, A. (2013). Grapes for the Desert: Salt Stress Signaling in Vitis. Thesis (fig. 8)

Chloride toxicity in grapevine

Potassium deficiency symptoms: Photo by
Mardi L. Longbottom; AWRI (Australia)




Sodium and Potassium

Grapevine HKT 1;1
* The High-affinity Potassium * Cl- becomes toxic Sodium-Potassium Pump
Transporter protein in before Na* in Na® Na*
grapevines selects only for grapevines and a Extracellular fluid
potassium. few other

perennial crops
e Butit can be fooled by Sodium

> (Henderson et al. 2014)

Cytoplasm
ATP K* K+

+Pi
Malignant hyperthermia: A runaway thermogenic
What'’s the prOblem? futile cycle at the sodium channel level. Advances
o SOdium — ,,Imposter” for ° Slmllar for in Bioscience and Biotechnology, 05, 197-200.
entry into plant chlorine and
nitrate

Sodium toxicity in Grapevine Chloride toxicity in grapevine

Potassium deficiency symptoms: Photo by
Ismail, A. (2013). Grapes for the Desert: Salt Stress Signaling in Vitis. Thesis (fig. 8) Mardi L. Longbottom; AWRI (Australia)




What about Chlorine?

Cl-and NO3-
e Similar radius
> Cl-=175pm
> NO3 =179 pm

e Similar charge and similar
problems as K+ and Na*

F ¢ excluder 140 Ruggeri @
cr
cr

A difference in action

o Q
-_______;);__-_-__-

Salt tolerance in grapevine is.
associated with chloride exclusion
from shoots.

Differences between varieties
partially arise in the limiting of Cl-
passage between root symplast and
xylem apoplast.

G  CrincluderKs1-40 <

Epidermis/ , Xylem
Cortex parenchyma

Henderson et al. BMC Plant Biology 2014



The (partial) model for complex control of
salt tolerance

F ¢ excluder 140 Ruggeri @ G  crincluder K51-40 D

Apop'sst

Cytoplasm
cr ri.

" @ |

i
Epidermis/ ,
Cortex

Henderson et al. BMC Plant Biology 2014



What does NaCl do to photosynthesis?

Applied [NaCl|

[NaCl| E A CO, q.
mol «+m™ %% 57! mol *m™% x s~} mol * mol ™! mol = m™2 « -.;‘A/
0 mM 0.002 = 0.0004 a 9.10 = 0.9 a 220.45 £+ 14.8 a 0.13 = 0.03 a
25 mM 0.002 = 0.0003 a 945 = 0.9 a 216.71 £ 124 a 0.12 = 0.02 a
75 mM 0.001 = 0.0001 b 641 = 0.7 b 177.54 = 11.2 a 0.06 = 0.01 b
100 mM || 0.0009 £ 0.0001 b 6.35 £ 0.6 b 16937 £ 11.3 a 0.05 £+ 0.01 b

p value

< 0.001*

< 0.001*

0.573

< 0.001%

Table 2.5. Photosynthesis based on LICOR measurements

This result makes sense when you consider that 40
mMol NaCl (= 4.0 dS * m™!) is the widely accepted
threshold for defining a soil as ‘sodic’

With little [NaCl] applied
there are no differences in
PS from unsalted vines.

However, at [NaCl] =2 75
mMol (= 7.5 dS * m?),
stomatal conductance,
transpiration, and carbon
assimilation rates can drop
by half.



Salt and Drought

Similarities
 Initial stages of NaCl toxicity = Drought induced stress
> Drop in SWP, stomatal conductance, & transpiration rates

* Why salt-induced stress differs
* Two-stage responses:
1. Osmotic shock = drought stress
2. Toxicity: accumulation of salt ions results in toxic response from the plant




Water Potentials and Solutes

Osmotic potential

e C(Cells are filled with dissolved solutes
Creates a concentration gradient that attracts
water molecules

* A higher concentration = a stronger

ulling force for water
P 8 Water uptake possible,

but salt toxicity now

Wp= 0 l

Ws=-0.7
W =-0.7 MPa Salt water = -2 MPa

. Gellwith .,

Original Cell § Nac

uptake

=-0,7 MPa

- sdlu’t.es{
="22.1-MPa

Drought
Stress



Salt and Drought

How are they related?
* Drought often leads to less available water
> Less water for irrigation
> Drip and micro-sprinkler irrigation often take the place of traditional,
‘high- input’ irrigation methods

* These developments often lead to both drought and salt —induced stresses




Salt sources

5 water

TN AL

_"’ Water evaporates

- * *

") Salts remain
behind

Water and salts
= move upward from
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Salt patterns

Drip irrigation

e Arelatively new practice
* Flood irrigation (previously)

Flood Irrigation

e Salinity accumulation less of
a problem with flood
Why?
Natural flooding
controlled for now




NaCl is a problem of accumulation

Total dry weight (g)

5

< Phase 1 Phase2 =

v : O/é

£
1

10 20 30 40
Time after NaCl added (d)

R. Munns et al. 2002



What exactly is salt tolerance?

common control points

«—— ‘excretion” onto leaf surface
‘ (but not in grapes)

o phloem loading

Answer: A complex trait, composed of exclusion, recapture,
excretion, and avoidance



Mangroves

Mangroves are possibly the most salt-tolerant perennial plant on land.

By sequestering NaCl in roots and shedding the salt-laden roots they have
been nicknamed “the walking trees”

S
"“ “f-'.‘.










Phylloxera image source: UC ANR IPM



Rootstock

Riparia Gloire

St. George
(Rupestris du lot)

SO4
(Selection
Oppenheim)

5BB
(Kober)

5C
(Teleki)

420A
(Millardet et de
Grasset)

99R
(Richter)

I'10R
(Richter)

Vitis
parentage

riparia

rupestris

berlandieri X
riparia

berlandieri X
riparia

berlandieri X
riparia

berlandieri X
riparia

berlandieri X
rupestris

berlandieri X
rupestris

Phylloxera
resistance
High

High

High

High

High

High

High

High

Nematode Resistance

Root
knot

Low

Low

Med—
high

Med-
high

Med—
high

Med.

Med—
high

Low—
med.

Dagger
(Xiphinema index)
Med.

Low

Low-med.

Med.

Low-med.

Low

Low-med.

Tolerance
Drought ~ Wet soil
Low Low
Low-med. Low-med.
in shallow
soils; high
in deep
soils
Low—med. Med-high
Med. Low
Low Low-med.
Med. Low—med.
Med-high Low
High Low—med.

Salinity
Med.

Med—high!

Low-med.

Med.

Med.

Low

Med.

Med.

Lime

Med.

Med.

Med—high

Med.

Med.—high

Med.

Med.

Influence on scion

Vigor

Low-med.

High

Low—med.

Med.

Low—med.

Low

Med.-high

Med.

Mineral nutrition'

N, P: low
K, Mg: low-med.

N: high

P:low on low-P soils, high on
high-P soils

K: high

N: low-med.

P: med.

K: med.—high

Mg: med.

N: med-high

P K, Zn: med.

Ca, Mg: med.—high

N: low

P K: med.

Mg: med.—high
Zn: low-med.
N, RK: low
Mg: med.

Zn: low-med.

P: med.

K: high

Mg: med.

N: med.

P: high

K: low—med.
Mg, Zn: med.

Soil adaptation

Deep, well-drained, fertile,
moist soils

Deep soils

Moist, clay soils

Moist, clay soils

Moist, clay soils

Fine-textured, fertile soils

Tolerant of acid soil

Hillside soils; acid soils

Ease of

propagation
High

High

Med.

High

High

Med.

Med.

Low-med.

Other
characteristics
Early maturation; scions

tend to overbear

Fruit set problems with
some scions; latent virus
tolerant

Noted as a cool-region
rootstock

Susceptible to phytoph-
thora root rot; adapted to
high-vigor varieties

Scions tend to overbear
when young

Young scions may develop
slowly

Develops slowly in wet
soils



Leaf + Petiole chloride
75mM NaCl treated OmM NaCl treated

44-53

Ramsey
Pumpstation
AZ-11-103
AZ11-012b
Doaniana 9042
Berlandieri 9043
b42-26
Girdiana 22
OK 12019

NV 12-061
Girdiana 1

T

Girdiana 13
Girdiana 11
ANU 25
Girdiana 6B
NV 12-050
Girdiana 2

140 Ru

ANU 21

V. girdiana SC
V. acerifolia 9035
Girdiana 8
Doaniana 9026
Doaniana 9024

V. acerifolia 9018

Accession

Chloride concentration (mg L)
\ ) | I
|

Difference in scale
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Elemental Compartmentalization

) Control

lon Subcellular Compartmentalization: , }Q\ﬂ
— I, Nat, K* |
— (Caz* and Mg?*)

(b) S:It : (c) Standards

TEM — EDX

— Analyze and quantify ion content in the
different root cell-types at subcellular
level

- -
2 2 8 % i 0 B h ®iB X B B °
r I Fy . B Rilww 8 IN g B
AR R IE Rk ;! £

TEM-EDX imaging of elemental ion composition in
cortical cells of P. euphratica. Credit: (Chen et al. 2014)



Previous work: Xylem parenchyma regulation model

Part |:
No differential exclusion at the level of chloride uptake into the root

400

§ Treatment: ***

i 350 - Genotype: NS

‘Tu 300 - TreatmentxGenotype: NS

S 250 -

£

x 200 -

2

£ 150

S 100 -

8

ez 0

0 : :
¥ R R -
5 ¥8| = |88 = |[¥8
x € | X € | X &
5mM 10 mM 25 mM

Gong etal. 2011



Part Il: Differential exclusion was observed at the
level of chloride translocation from root to shoot

(B) 87 Treatment:*
- Genotype: * -
E 6 TreatmentxGenotype: NS [
s 4 )
=
o 4
3
=
®
- 2
J
-
2 0]

3 s| %

@

= 28| 5 |2

X & 4

S5mM . 10mM

Gongetal. 2011



More Evidence

* During my PhD trials, | found evidence for this delineation

also

* Asinthe previous slides, more delineation was observed in
Leaf + Petiole chlorine levels than in Roots.

Cl- accumulation (ppm)

500

400

300

200

100

-

\_

)

140Ru  /

Leaves

\ St. George




[ Leaf and Petiole tissue [CT7] " Root tissue [C17] |

* When Separated into Post-hoc | 75 mM NaCl ' | 75 mM NaCl
grou ps: Accession , ICl"(mg- L") ‘ Past hoc [Cl7] (mg- L") m

+ Leaf and petiole tissue under R o P P .

75 mM NacCl 18113-055 83.75 £ 27.3 alx 286.42 + 70.6 a

> 10 distinct grOUpS 18113-038 _s1..'.u +10.7 ' abed ~:m(;.uu + 424 A

18113-077 98,00 + 28.2 a 327,67 = 82.36 a

. . I8113-018 T8.67 £ 20.3 abede | 204.75 £ 345 a

» Root tissue chloride 18113-046 | 76.42 £ 122 | avoder | 208022262 || a

> One group I8113-058 75.83 % 35.7 abedefy | 355.83 + 1229 a

18113-076 73.67 + 21.1 abedefgh | 345.75 + 42.5 a

GRN3 67.67 = 26.4 abedefghif 1455 + 278 a

18113-(48 66.5 = 22.6 abedefghif 256.17 + 45.2 a

H 1 18113-043 1783 £ 15.6 bodefghijj 371.08 + 93.1 i

* The trait of salt-tolerance in | = oy _—
18113-026 36.00 = 88 cdefghij | 234.92 £ 58.9 a

grapevines likely occurs during the oz | |mmass T O
|ong-distance transport of 18113-027 | 3234 75 | 0N ECECEREN

. 18113-051 B.67+ 58 fghij 265.58 £+ 61.6 a
chloride from root to shoot. | S —3—1

1S113-034 26.92 + 4.4 ghij HO.6T £ 746 a

18113-024 26,42 =+ 6.1 hij 288.67 = 37.3 a

IX113-001 23.99 + 6.8 |] 32267 = 96.9 a

V. acerifolia "9018° | 15.92 + 1.6 ] 1655 £ 3.5 a

e Continuous variability suggests Cl- ﬁ |

t0|erance may be d Comp|ex trait Table 1.4. Accumulated leaf + petiole combined tissue, and root tissue, Cl™ concentra-
tion at harvest following 21 day application period for 75 mM NaCl applied treatment:
representative accessions from each Tukey posthoc group

2.90) 16 22+




Grapevine Breeding for Salinity Tolerance:
a potential solution

Why does salinity pose such a difficult problem
for plant breeders?

Y.

T.J. Flowers ©, S.A. Flowers




Propagation

* Type of propagule:
— Hardwood
— Herbaceous

* This affects the uptake of
the cuttings

— Carbohydrate reserves differ

— Only herbaceous cuttings are
actively growing at time of
excision

* Does this limit us to testing
during growing season?



Fritted-clay




Medium:
Fritted Clay

e (Calcined, non-swelling illite clay
— 2:1 layer silicate

* Porosity
— 74% total (39% micro;35%
macro)
— Bulk Density = 600 kg ® m-3

* CEC
— 305 mEqge100g1?

* pHrange:55-7.5

* Helps prevent losses to
hydraulic conductivity while
retaining nutrients

. Potassium retainer

@® Oxygen, O

© Hydroxide, OH
O Al Fe, Mg, Li

@ Li, Na,Rb, Cs

3\

Tetrahedral sheet
‘_

Octahedral sheet P:I layer

Tetrahedral sheet

J

LK+ trapped in interlayer
etween tetrahedral
layers)

@ (45 [45) d Interlayer

> D Exchangeable cations @ or gallery
S O Dg D

d-spacing
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chloride exclusion

Greenhouse acclimation
Growth and root development
NaCl application

> ~

Consistent methodology provides more
consistent results across trials




Leaf margin burn and nutrient deficiency symptoms




Chloride concentration in leaves (% dry weight)

Chloride concentration (% dry weight)




Looking for new, salt-tolerant rootstocks is
great but:

Applying salt
tolerance to " con?

1. Cantheyimpart their tolerance to a grafted

scions . Tandem Indoor and outdoor grafted trials
conducted to explore this




Chloride concentration (mg/L)

Leaf and petiole chloride accumulation
50mM NaC! - Indoor pairs
400

:peGraﬂcdScion
B8 Not Grafied
140 Ru 44-53 M V. acerifolia spp.

Accession



What’s next?

1.  Field Trials
- Are they functional in a real-world setting?

Horticultural evaluation
- Yield, quality, and consistency

Foundation Plant Service
« Clean material needed

Nursery propagation




Rootstock Recommendations

Strong Salt Excluders 140 Ru, Schwarzmann, St. George, 99R

Lower Potential Salt
Exclusion 1103 P, 110 R

(yield maintenance)

Poor Exclusion Potential
Ramsey (a.k.a. ‘Salt Creek’)
(yield mostly maintained)

Poor Salt Excluders _ o
039-16, 44-53 M, Dog Ridge, V. vinifera (own roots)

(yield reductions)

* Some of these rootstocks may be difficult to find at a nursery

* Be sure to check that you’re getting the rootstock you wanted

* Avoid V. riparia-based rootstocks in saline environments; yield declines
> e.g.101-14, 5C, Riparia ‘Gloire’



Thanks for Listening

Contact me: codchen@ucanr.edu
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