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Salt tolerance v
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Salt affects crop gro
performance severa

Osmotic effects
Ion toxicities
Nutritional disorders }

owth and
al ways

 Specific ion effects
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Various strategies
water for irrigation

Blending
Cyclic
Sequential

s for using saline 
n



Blending Strategy:

Mix two water supplie
in quality in the corre
that the resulting blen
for irrigation

+

Low 
salinity

High 
salinity

es together that vary 
ct proportion such 
nded water is suitable 

=
Moderate, 
acceptable 
salinity



Blending:

Do not use water tha

1 gallon seawa
+ 1 gallon aqued

0 gallons of us

It make little sense if th
the blend can not cont

t is too salty…

ater 
duct water
seable water

he saline fraction of 
tribute at least 25%



Blending Formula (
Vc/Vs = (Cs – C

• Where Vc and Vs are the vol
water; Cs, Cc and Cb are the
the saline well water, canal w
respectively

• Don’t blend if Vc/Vs > 3

(Long-term irrigation)
Cb) / (Cb – Cc)

umes of canal and saline well 
e concentrations (or ECs) of 
water and blended water, 



Blending Example
Vc/Vs = (Cs – C

• Assume saline well has and 
an EC of 0.3 dS/m and you w

• Let Cb = irrigation water thre

• Vc/Vs = (4.0 - 1.7) / (1.7 - 0.3)

• Vc/Vs = 1.6

• For every ac-ft of saline wate
1.6 ac-ft of good quality wate

e 
Cb) / (Cb – Cc)

 EC of 4.0 dS/m and canal has 
want to irrigate tomatoes 

eshold for tomato (1.7 dS/m) 

er, you need to blend it with 
er



Salinity vs Sodicity
Salinity (EC) is a conditi
concentration reduces yie

Sodicity (SAR) is a cond
are dominated by Na; aff
water infiltration; second

Reduced stand 
establishment in cot

Goyal et al. 1992; Mitchell et a
1995; Shennan et al., 1995
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Soil particle

Boron

Year 1 Year 3
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Boron accumu

Year 5 Year 7

navailable boron Plant available 
boron

ulation in soils over time



As salinity increased, B in
though Leaf B was not af

Pistachios were found to be
than most nut trees but were

Ferguson et al., 2002

njury decreased even 
ffected

 more salt-tolerant 
e injured by boron



Salinity-B Interac

Treatments
Salinity
Boron
Salt type (Cl vs SJV)

Sand-tank system
at the US Salinity Lab

tion Study with Broccoli

Smith et al., 
2005



High salt (EC 20 dS/m)
High Boron (24 mg/L)

Low salt (EC 2 dS/m)
High Boron (24 mg/L)



Search for salt-tole

• High crop value
• High biomass product
• High salt-tolerance
• Tolerant to high boron
• Accumulate low 

concentrations of Se a
Mo

erant crops

tion

n

and 



Search for salt tolera

Forages in sand tanks at the US Salin
irrigated with either 15 or 25 dS/m sy
drainage water 2001-2002

nt forages

‘Jose’ tall wheatgrass
Bermudagrass

nity Lab
ynthetic

Top candidates



Overall F

When salinity influenced f
positively.
High Mo and high S could
ruminants
All forages accumulated S
MTC of 0.4%)
Se accumulated in forage
levels

Forage Quality

forage quality, it did so 

d cause Cu deficiency in 

S to high levels ( above the 

e but not to potentially toxic 

Grattan et al, 2004



Cumulative shoot biomass at t
to the electrical conductivity (E
saturated soil extract.

the end of the study in relation 
ECe) and boron (Be) in the 

Diaz and Grattan, 2009



Tissue B concentration at differe
97 days after sowing, b) 174 day
after sowing. Bars represent mea

Tissue B

ent stages of the experiment a) 
ys after sowing, c) 254 days 
ans and standard deviation.

Boron

Diaz and Grattan, 2009



Tissue Se concentration at diffe
97 days after sowing, b) 174 da
after sowing. Bars represent me

Tissue Se Con
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Evaluation of forages irr
drainage water containing 

growth and 

S. Benes, et al 20

Tall wheatgrass (Thinopyrum p
Creeping wildrye (Leymus tri

rigated with saline 
high Se on ruminant 
health

007 - present 

ponticum var. ‘Jose’) &
iticoides var. ‘Rio’)



DW
irrigation ECw ECe†† Soil Boron SAR BM

Forages Field (yrs.)†
(mg/kg) (

Tall Wheatgrass 1 5 7.2 19.1 25.1 38.0
" 2 5 9.8 17.6 23.0 35.3

Creeping wildrye 1 2 8.6 13.3 18.7 29.4
" 2 5 9.8 12.9 18.7 28.1

Puccinellia 1 5 9.8 15.0 23.2 29.9
Tall fescue 1 5 9.8 12.1 16.8 27.3

Alkali sacaton 1 5 9.8 12.4 15.8 26.7
Alfalfa/DW 1 1 6.7 6.9 7.1 17.5
Alfalfa/FW 2 0 1.1 4.7 3.6 12.2

------------(dS/m)------------

*Tall wheatgrass (Thinopyrum pontic
Creeping wildrye (Leymus triticoide

Forage Quality††††

M Production ME CP NDF Ash S Se
(MT/ha/yr)††† (MJ/kg DM) (%) (mg/kg)

7.1 9.32 15.6 56.5 9.7 0.36 6.12
6.8 9.22 11.3 62.1 8.0 0.35 7.38

10.6 8.24 16.4 60.9 8.7 0.22 2.98
12.3 7.91 13.9 65.1 8.1 0.41 10.7
5.5 9.56 17.7 60.4 8.8 0.29 4.37
4.5 9.32 19.0 54.4 11.5 0.57 7.41
6.7 6.72 12.1 72.2 9.3 0.59 6.88

16.7 9.62 23.7 37.5 9.9 0.37 1.45
19.1 9.85 24.8 34.8 10.3 0.34 0.80

---------------------(%)---------------------

cum var. ‘Jose’) &
es var. ‘Rio’) --

2002-2004 data

Benes et al 2004
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Assessing the Sele
Grazing Be

Se in Blood, liver and musc
heifers over the irrigation seas

Concentrations in animal ti
recommended ‘safe’ level

No clinical signs of Se toxic
beef heifers in either year of gr

Heifers gained weight and w
end of 2007 and 2008 grazing 

Uncertainties regarding rep
Benes et al., 200

enium Hazard for 
ef Cattle

cle samples increased in 
son (both 2007 ad 2008)
ssue were above the 

city were observed in the 
razing

were otherwise healthy at the 
seasons
roductive effects 

09



What is the potential fea
high salinity well water c
and Mo?

Long-term use of saline water  (u
Soil salinity can be readily reduce
long-term B accumulation in the 
Stand establishment can be reduc
Se accumulation in crops and for
problematic
High S and Mo in forages can red
but high S in itself may be proble

asibility of irrigating with 
containing high B, Se 

up to 10 years) has been feasible 
ed by leaching but concerns over 
soil 

ced without proper management
ages has not shown to be 

duce Cu availability in ruminants 
ematic over the long term



What is the potential fea
high salinity well water c
and Mo? (continued)

Heifers grazing on high S and S
and showed no clinical signs of 

Some evidence that crops are m
with SJV drainage water

asibility of irrigating with 
containing high B, Se 

Se containing forages gained weight 
toxicity

more tolerant to B when irrigated 


