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Why is Salinity important for Alfalfa?

 Worldwide Issue:  1 billion ha, 20% of irrigated areas
 Deficit irrigation exacerbate salinity
 More precise methods increase salinity
 Alfalfa is moving to lower quality soils & water
 Use of degraded water (dairy, municipal wastewater, 

irrigation re-use)
 Alfalfa is higher cash/quality value than many other 

salt-tolerant plants 
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Salinity Effects
tail ends of fields 
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Blake Sanden, Slide
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January Flooding of Drip Irrigated Alfalfa Field,
Buttonwillow, CA



2022 NAAIC – Lansing, MI
  

Alfalfa, according to some literature, is only 
moderately salt tolerant

Alfalfa

Threshold 
for alfalfa

- the Maas-Hoffman 
salinity tolerance 

rankings list alfalfa 
as moderately 

sensitive due to a 
low threshold value 

(2 dS/m ECe )
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Which Crops are Salt Sensitive,  
Tolerant ? (FAO)

Crop Species Threshold 
(Ece)

Slope Rating

dS/m % per dS/M

Common Bean Phaseolus vulgaris 1.0 19 S

Orchardgrass Dactylis glomerata 1.5 6.2 MS

Corn (forage) Zea Mays 1.8 7.4 MS

Alfalfa Medicago sativa 2.0 7.3 MS

Barley (forage) Hordeum vulgare 6.0 7.1 MT

Bermudagrass Cyndadon dactylon 6.9 6.4 T

T. Wheatgrass Agropyron elongatum 7.5 4.2 T

Rye Secale cereale 11.4 10.8 T

S= Sensitive, MS=Moderately Sensitive, MT=Moderately Tolerant, T=Tolerant

FAO-Ag. Drainage Water Management in Arid and Semi-Arid Areas
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Alfalfa Salinity Trials 
(UC Davis/Fresno State/Utah State)

2009-2021 - 5 grad students
Greenhouse Studies

– Petrie Dish germ tests
– Tray tests w/soil (stand est.)
– Seedling Yields (greenhouse)

 Field Trials
– Trial 1 (3 yr. MS only flood)
– Trial 2 (3 year Saline vs. contr. Flood)
– Trial 3 (4 year HS vs LS buried drip)

Breeding Screening Opportunity
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0.5 dS/m

8 dS/m

12 dS/m
0.5 dS/m

8 dS/m

12 dS/m

Germination Test:
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Effect of salinity on germination of 
alfalfa:

Salinity (ECw)       Seed Germination%
0.5 97% a
4 88% b

8 60% c

12 41% d

16 13% e

20 7%f

24 4%g

_______________________________
*Means within same column and same letter are not significantly different
at P<0.05.
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Varieties Differ in Germination: Day 7 
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Greenhouse Yield 
Response

1
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Greenhouse Studies 

y = -0.1523x2 + 0.306x + 101.04
R² = 0.9076
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Fig. 3a. Cumulative Shoot RY vs Soil ECe (Raw data)

Sharon Benes, Fresno State Univ.
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Shoots-- Relative Yield (RY- %)*– Cumulative for 
7 harvests
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Na (%) accumulated in alfalfa 
shoots--

K (%) accumulated in alfalfa 
shoots-
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Field Evaluations- UC Westside Field 
Station, 3- 4-yr. trials
(shallow saline well)

 Trial 1: Basin irrigation. Irrig. water 5.5 to 7.0  dS/m 
Ecw 24 alfalfa varieties No NS control.  5 years

 Trial 2: Basin irrigation. Irrig. water 7 - 10 dS/m (HS) 
ECw 21 alfalfa varieties, replicated field trial in two 
basins (HS and LS).  3 years

 Trial 3: Subsurface drip irrigation (SDI). Irrig. water 7 -
10 dS/m (HS)   4 years
– SDI to deliver water more directly to the plant; avoid excess 

wetting & drying of soil
– 35 varieties replicated in eight blocks (four HS and four LS)

6
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Saline Irrigation Trials in 
the field

7

 Salt composition representative of western SJV 
(3:1 ratio of Na:Ca on a meq basis)

 Achieve uniformity in water and salt application 
& distribution in the field

 Clay Loam Soil Types
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Salinity has complex effects on 
plants in the field:

Osmotic Effect (inability 
to take in water)

Toxic Ion Effect (specific 
toxic effects, e.g. Boron)

Soil Effects (soil 
structure, infiltration)
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Normal growth vs. growth under 
saline conditions

Normal growth
Growth under 

saline conditions
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2010-12 YIELDS. WSREC ALFALFA SALINITY TRIAL.  TRIAL PLANTED 10/27/09
% of

CUF 10
FD %

Released Varieties
WL 656HQ 9 9.7 12)  (  13.9 1)  (    16.3 3)  (    13.3 2)  (    A B 106.9
Hybriforce 800 8 10.7 2)  (    13.3 5)  (    15.2 7)  (    13.1 4)  (    A B C 105.2
Ameristand 901STQ 9 9.6 17)  (  13.4 4)  (    15.5 5)  (    12.8 6)  (    A B C D E 103.1
Magna 995 9 9.7 13)  (  12.8 9)  (    15.5 6)  (    12.7 7)  (    A B C D E F 101.8
CUF101 9 10.1 7)  (    12.4 11)  (  14.9 10)  (  12.4 10)  (  A B C D E F G H 100.0
Medina 8.5 10.9 1)  (    11.7 19)  (  14.5 14)  (  12.3 11)  (  B C D E F G H 99.2
CW 95 9 10.0 8)  (    12.0 15)  (  14.4 15)  (  12.2 12)  (  C D E F G H I 97.8
CW 485 8 10.3 5)  (    11.9 16)  (  13.9 16)  (  12.0 13)  (  D E F G H I 96.8
UC 452 10.0 9)  (    12.5 10)  (  13.5 19)  (  12.0 14)  (  E F G H I 96.5
Highline 9 10.1 6)  (    12.3 12)  (  13.4 21)  (  11.9 15)  (  E F G H I 95.7
Integra 8900 9 9.1 23)  (  11.8 18)  (  14.8 12)  (  11.9 16)  (  E F G H I 95.5
AmeriStand 803 8 9.2 22)  (  11.6 21)  (  14.8 11)  (  11.9 17)  (  E F G H I 95.3
SW9803 9 8.8 24)  (  12.1 13)  (  14.6 13)  (  11.8 18)  (  F G H I 95.0
CW 585 8 9.8 11)  (  12.1 14)  (  13.5 20)  (  11.8 19)  (  F G H I 94.8
BAR 9242 8.5 9.2 21)  (  11.7 20)  (  13.8 18)  (  11.6 22)  (  H I 92.9
GrandSlam 8 9.6 16)  (  10.9 24)  (  13.2 23)  (  11.3 23)  (  I 90.4
CW 8028 8 9.9 10)  (  11.9 17)  (  11.8 24)  (  11.2 24)  (  I 89.9

Experimental Varieties
FG 96T706 9 9.4 20)  (  13.5 3)  (    17.1 1)  (    13.3 1)  (    A 107.2
FG 94T02 9 10.4 3)  (    13.7 2)  (    15.7 4)  (    13.3 3)  (    A B 106.6
FG 96T707 9 9.7 15)  (  12.8 8)  (    16.5 2)  (    13.0 5)  (    A B C D 104.6
DS593 9 9.7 14)  (  12.9 7)  (    15.1 8)  (    12.6 8)  (    A B C D E F G 100.9
SW9812 9 9.4 19)  (  13.1 6)  (    15.1 9)  (    12.5 9)  (    A B C D E F G H 100.7
DS077661 8 10.4 4)  (    11.5 22)  (  13.3 22)  (  11.7 20)  (  F G H I 94.2
DS067092 8 9.5 18)  (  11.4 23)  (  13.8 17)  (  11.6 21)  (  G H I 93.1

MEAN
CV
LSD (0.1)

Trial seeded at 25 lb/acre viable seed at WSREC, Five Points, CA.
Entries followed by the same letter are not significantly different at the 10% probability level according to Fisher's (protected) LSD.
FD = Fall Dormancy reported by seed companies.

Yield

12.26

Average

11.9 10.5 8.2

2010 2011 2012
Yield

10.2

Yield

0.99 1.46 1.51 0.99

Dry t/a

9.80 12.38 14.59

Trial 1.Field Salinity Yield Trials

3 years field data 
cuts/year – normal yields

T=21.9°C  EC (dS/m)
1 8.64
7 9.56

13 8.71
19 9.62
25 8.10
31 8.84

Avg. 8.91

ECs 4 yrs: 8.9

EC Water: 5.5

Ave. Yields 27.5  
Mg/ha – 3 yr
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Alfalfa after full summer, 
no watering, EC 8-9, SJV
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Five-year old 
alfalfa variety 
trial after two 

years of 
season-long 

drought 
conditions 
2013 and 

2014 
(Western 

Fresno 
County, CA).

Photo taken Nov. 2014 after 
a single irrigation
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Trial 2- Basin Irrigation

 UC Westside Research and 
Extension Center, Five Points, CA
– Clay loam soil– Cerini Series

 21 alfalfa varieties bred for salt 
tolerance

-experimental or recently released
- CUF-101 public control (well-known, 

grown in CA for many years) 

3

# Variety Name Marketer 
1 CUF101 Public  Control
2 9R100 Eureka
3 FG R814W257S FGI
4 FG R814W258S FGI
5 FG R914W259S FGI
6 AZ-90NDC-ST Salt Tolerant Control
7 AZ-88NDC Non Tolerant Control
8 AmeriStand 915TS RR America's Alfalfa
9 AmeriStand 901TS America's Alfalfa

10 Desert Sun 8.10RR Croplan
11 Sun Quest Croplan
12 Saltana S&W Seed
13 SW 8421-S S&W Seed
14 SW 9813 S&W Seed
15 SW9106 S&W Seed
16 SW9215 S&W Seed
17 SW9812 S&W Seed
18 SW 9215-RRS S&W Seed
19 SW 8421-RRS S&W Seed
20 CW050085 Alforex Seeds
21 CW058071 (Impalo) Alforex Seeds


Table 1

		WSREC- UC alfalfa trial (2014-2017)						Giuliano Galdi thesis tables and graphs



		Table 1. 21 varieties list

				#		Variety Name		Marketer 

				1		CUF101		Public  Control

				2		9R100		Eureka

				3		FG R814W257S		FGI

				4		FG R814W258S		FGI

				5		FG R914W259S		FGI

				6		AZ-90NDC-ST		Salt Tolerant Control

				7		AZ-88NDC		Non Tolerant Control

				8		AmeriStand 915TS RR		America's Alfalfa

				9		AmeriStand 901TS		America's Alfalfa

				10		Desert Sun 8.10RR		Croplan

				11		Sun Quest		Croplan

				12		Saltana		S&W Seed

				13		SW 8421-S		S&W Seed

				14		SW 9813		S&W Seed

				15		SW9106		S&W Seed

				16		SW9215		S&W Seed

				17		SW9812		S&W Seed

				18		SW 9215-RRS		S&W Seed

				19		SW 8421‐RRS		S&W Seed

				20		CW050085		Alforex Seeds

				21		CW058071 (Impalo)		Alforex Seeds





Table 2

		WSREC- UC alfalfa trial (2014-2017)						Giuliano Galdi thesis tables and graphs

		Table 2. Irrigation water salinity (ECw, dS/m) and volume for low salinity (LS) and high salinity (HS)



				2015								2016

		Irrigation #		Date		inches		LS 		HS 		Date		inches		LS 		HS 

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

		1		2/17/15		3.9		6.7		6.7		3/4/16		3.5		1.2		9.3

		2		3/16/15		3.7		1.3		6.6		3/11/16		4.0		1.2		9.4

		3		4/3/15		3.6		1.2		6.6		4/5/16		3.5		1.2		10.3

		4		4/15/15		3.4		1.3		6.8		4/19/16		3.5		0.9		9.4

		5		5/6/15		3.5		1.2		10.2		5/11/16		3.8		1.1		9.9

		6		5/21/15		3.6		1.1		8.0		5/25/16		2.0		1.1		10.9

		7		6/9/15		3.5		1.1		9.3		6/10/16		3.5		1.0		10.4

		8		6/23/15		3.5		1.2		9.4		6/24/16		3.5		1.1		10.6

		9		7/9/15		3.6		1.1		9.7		7/8/16		3.5		1.1		9.6

		10		7/24/15		3.9		1.1		10.2		7/22/16		3.0		0.8		9.9

		11		8/11/15		4.5		1.3		10.7		8/4/16		3.0		0.8		10.0

		12		8/26/15		4.1		1.3		9.4		8/19/16		3.0		1.1		10.1

		13		9/15/15		3.5		1.3		9.2		8/30/16		3.0		1.4		9.1

		14		10/2/15		3.5		1.1		9.9		9/16/16		3.0		1.4		8.9

		15		10/27/15		3.5		1.8		10.7		9/23/16		3.0		0.9		9.2

		16		11/10/15		3.5		1.1		9.9		10/7/16		3.0		0.8		7.8

				Avg		3.7		1.6		9.0		Avg		3.2		1.1		9.7

				Total applied		58.8		..		..				51.75		..		..





Table 3

		WSREC- UC alfalfa trial (2014-2017)						Giuliano Galdi thesis tables and graphs

		Table 3. Irrigation water composition for low salinity (LS) and high salinity (HS) irrigation applied to alfalfa

		Irrigation 		Date		pH		EC 		SAR     		Ca 		Mg 		Na 		Cl 		HCO3 		CO3 		SO4-S 		B      

		treat.										…...………….……………..meq/L…………………………………..														(mg/L)

		LS		4/5/16		8.8		1.1		6.2		2.1		1.1		7.8		2.7		1.4		0.1		5204.8		1.2

		 LS		7/8/16		9.2		1.0		4.8		2.0		1.0		5.8		2.4		1.3		0.5		3966.7		0.9

		 LS		8/31/16		9.1		1.1		6.2		1.9		1.0		7.5		2.0		1.2		0.3		5247.6		1.1

		Average (LS)				9.0		1.1		5.7		2.0		1.0		7.0		2.4		1.3		0.3		4806.3		1.1

		HS		4/5/16		8.3		9.6		16.1		19.1		25.0		75.6		40.6		2.0		0.2		57414.3		8.4

		 HS		7/8/16		8.8		10.7		19.2		18.8		20.1		84.8		37.8		1.1		0.6		62814.3		7.0

		 HS		8/31/16		8.9		7.7		15.5		15.9		15.5		61.4		23.4		1.1		0.7		54757.1		5.6

		Average (HS)				8.7		9.3		16.9		17.9		20.2		73.9		33.9		1.4		0.5		58328.6		7.0





Table 4

		WSREC- UC alfalfa trial (2014-2017)						Giuliano Galdi thesis tables and graphs

		Table 4. Soil salinity (ECe, dS/m) for alfalfa growing under low salinity (LS) and high salinity (HS) irrigation for samples taken in May and October in 2015 (Year 1) and 2016 (Year 2).  

				 Data are means (± s.e) for 16 samples per depth increment and basin in 2015 and 15 samples per depth increment and basin in 2016.



						2015						2016

		Year		Depth (cm)		May		October				May		October

		LS		0-30		4.2		2.3				2.6		3.1

				 30-60 		4.7		3.6				4.6		6.6

				60-90		3.7		4.5				4.5		4.3

				   Avg. 0-90		4.2		3.5				3.9		4.6



				   90-120								4.1		4.4

				    120-150								3.4		3.9





		HS		0-30		7.3		13.0				12.7		19.8

				 30-60 		5.6		11.1				10.0		16.0

				60-90		4.7		10.4				9.1		13.8

				   Avg. 0-90		5.9		11.5				10.6		16.5



				   90-120								8.9		13.8

				    120-150								8.0		12.1





Table 5

		WSREC- UC alfalfa trial (2014-2017)						Giuliano Galdi thesis tables and graphs



		Table 5. Soil salinity for samples taken in October, 2015 (year 1).   Data are means (± s.e) for 4 locations (NW, NE, SW, SE corners) taken in 30 cm increment (8 depths) per basin.

						ECe (dS/m)

				Depths (cm)		LS		HS

				0-30		2.61		11.45

				30-60		4.36		9.68

				60-90		5.11		9.76

				90-120		6.07		7.82

				120-150		5.21		7.97

				150-180		5.13		7.76

				180-210		5.9		7.11

				210-240		6.62		6.94





Table 6

		WSREC- UC alfalfa trial (2014-2017)						Giuliano Galdi thesis tables and graphs

		Table 6. Shoot dry matter yield and relative shoot yield.  Data are for cumulative yield in 2015 (5 cuts) and 2016 (7 cuts).  Varieties are listed from high to low based on RY for the respective year



				2015 Season (5 cuts)										2016 Season (7 cuts)

								LS		HS		RY						LS		HS		RY

				Variety 				(ton/acre)				(%)		Variety 				ton/acre				%

				5		FG R914W259S		8.5		8.1		94.8		17		SW9812		9.4		11.1		118.5

				17		SW9812		7.6		7.8		102.7		14		SW 9813		10.0		10.5		105.2

				14		SW 9813		8.1		7.6		92.8		3		FG R814W257S		9.6		10.2		106.9

				19		SW 8421- RRS		8.7		7.5		86.1		5		FG R914W259S		10.5		10.0		95.7

				8		AmeriStand 915TS RR		8.3		7.4		89.6		8		AmeriStand 915TS RR		9.8		9.7		99.3

				12		Saltana		7.9		7.4		94.3		1		CUF101		10.1		9.5		94.1

				1		CUF101		8.2		7.3		89.5		12		Saltana		10.3		9.2		89.8

				16		SW9215		7.3		7.2		98.2		19		SW 8421- RRS		10.7		9.1		84.9

				2		9R100		8.7		7.1		81.4		9		AmeriStand 901TS		10.0		9.1		90.7

				4		FG R814W258S		7.6		7.0		91.6		6		AZ- 90NDC-ST		10.2		8.9		87.7

				10		Desert Sun 8.10RR		8.0		6.9		87.2		4		FG R814W258S		10.1		8.9		87.5

				11		Sun Quest		7.9		6.9		87.3		16		SW9215		8.7		8.9		102.0

				3		FG R814W257S		8.4		6.8		81.4		7		AZ-88NDC		10.2		8.5		83.9

				9		AmeriStand 901TS		7.6		6.8		88.5		2		9R100		10.1		8.5		84.4

				18		SW 9215-RRS		8.1		6.7		83.3		11		Sun Quest		10.0		8.3		83.0

				20		CW050085		8.3		6.7		80.3		10		Desert Sun 8.10RR		9.5		8.2		86.7

				7		AZ-88NDC		7.9		6.6		84.0		20		CW050085		10.5		8.1		77.0

				15		SW 9106		8.7		6.6		75.9		18		SW 9215-RRS		10.7		8.0		75.2

				6		AZ- 90NDC-ST		8.5		6.5		76.2		21		CW058071 (Impalo)		9.8		7.9		80.4

				21		CW058071 (Impalo)		8.3		6.5		77.4		15		SW 9106		11.2		7.9		70.4

				13		SW 8421-S		8.2		6.2		75.1		13		SW 8421-S		9.6		7.0		73.1

				Average				8.1		7.0		86.6		Average				10.0		8.9		89.3





Table 7

		WSREC- UC alfalfa trial (2014-2017)						Giuliano Galdi thesis tables and graphs

		Table 7. Cumulative dry matter Data are means (± s.e) for 4 replications (blocks) in each treatment.  

		 

						Cumulative Yield (2015+2016)				Relative Yield

						LS		HS		LS/HS

		Variety 				(ton/acre)				(%)

		17		SW9812		16.9		18.9		111.4

		5		FG R914W259S		19.0		18.1		95.3

		14		SW 9813		18.1		18.0		99.6

		8		AmeriStand 915TS RR		18.1		17.2		94.9

		3		FG R814W257S		17.9		17.0		95.0

		1		CUF101		18.3		16.8		92.1

		12		Saltana		18.1		16.6		91.7

		19		SW 8421- RRS		19.4		16.6		85.4

		16		SW9215		16.0		16.0		100.2

		4		FG R814W258S		17.7		15.8		89.3

		9		AmeriStand 901TS		17.6		15.8		89.8

		2		9R100		18.8		15.6		83.0

		6		AZ- 90NDC-ST		18.7		15.4		82.4

		11		Sun Quest		18.0		15.2		84.9

		7		AZ-88NDC		18.1		15.2		84.0

		10		Desert Sun 8.10RR		17.4		15.1		86.9

		20		CW050085		18.8		14.8		78.5

		18		SW 9215-RRS		18.7		14.7		78.7

		15		SW 9106		19.8		14.4		72.8

		21		CW058071 (Impalo)		18.2		14.3		79.0

		13		SW 8421-S		17.8		13.2		74.1

		Average				18.2		15.9		88.0
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		Table 8. Highest-yielding varieties for cumulative absolute yield (2015+2016) for alfalfa as compared to cumulative relative yield (LS/HS) for the same time period. 

				Cum. Absolute Yield						Relat. Yield

				(2015+2016)						HS/LS

				LS		HS				SW 9812

				SW 9106		SW 9812				SW9215

				SW 8421-RRS		FG R914W259S				SW 9813

				FG R914W259S		SW 9813				FG R914W259S

				CW050085		Ameristand 915TS RR				FG R814W257S

				9R100		FG R814W257S				Ameristand 915TS RR





Table 9
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		Table 9. Shoot sodium (Na+), potassium (K+) and their ratio (K/Na) for alfalfa.  Ion data are for four harvests (May, July, September, and October) in 2016.    

						Na				K				K/Na

		Variety				LS		HS		LS		HS		LS		HS

		1		CUF101		0.33		0.79		2.75		2.08		8.39		2.64

		2		9R100		0.41		0.86		2.63		1.88		6.40		2.18

		3		FG R814W257S		0.35		0.88		2.66		2.13		7.68		2.42

		4		FG R814W258S		0.41		0.80		2.52		2.09		6.23		2.61

		5		FG R914W259S		0.35		0.64		2.85		2.15		8.24		3.36

		6		AZ-90NDC-ST		0.38		0.77		2.58		2.22		6.86		2.88

		7		AZ-88NDC		0.35		0.77		2.76		2.24		7.98		2.90

		8		AmeriStand 915TS RR		0.42		0.86		2.39		2.06		5.74		2.40

		9		AmeriStand 901TS		0.52		0.99		2.65		2.16		5.08		2.18

		10		Desert Sun 8.10RR		0.35		0.82		2.55		2.15		7.20		2.62

		11		Sun Quest		0.42		0.81		2.73		2.01		6.57		2.48

		12		Saltana		0.36		0.78		2.82		2.08		7.89		2.67

		13		SW 8421-S		0.37		0.85		2.72		1.89		7.31		2.22

		14		SW 9813		0.42		0.80		2.53		2.22		6.04		2.78

		15		SW9106		0.34		0.77		2.79		2.19		8.14		2.84

		16		SW9215		0.35		0.75		2.80		2.13		7.91		2.83

		17		SW9812		0.37		0.73		2.65		2.33		7.23		3.19

		18		SW 9215-RRS		0.35		0.84		2.70		2.06		7.78		2.45

		19		SW 8421‐RRS		0.34		0.72		2.41		2.28		7.14		3.17

		20		CW050085		0.43		0.88		2.45		2.19		5.71		2.49

		21		CW058071 (Impalo)		0.40		0.81		2.67		2.19		6.63		2.71

				Averages		0.38		0.81		2.65		2.13		7.05		2.67





Fig 11 a and b
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		Fig 11. Absolute dry matter yield (ton/acre) for 21 alfalfa varieties for 5 cuts in year 1 (a)2015 and 7 cuts in year 2 (b)2016.



LS	9.949880613249959E-2	1.0274090448415556	0.17222271476231973	0.42369274072930041	0.22047422167744193	0.39443678444442604	0.49352177380349327	0.52560332364370688	0.22390909018996161	0.37808108458720496	0.75050212832838048	0.30884739927098626	0.19179225474237596	0.14484783594723838	0.26282436416769001	0.42161389342543809	0.67068007312658851	0.49217919981757047	0.29693084653286261	0.41250064281020937	0.28588765106519126	9.949880613249959E-2	1.0274090448415556	0.17222271476231973	0.42369274072930041	0.22047422167744193	0.39443678444442604	0.49352177380349327	0.52560332364370688	0.22390909018996161	0.37808108458720496	0.75050212832838048	0.30884739927098626	0.19179225474237596	0.14484783594723838	0.26282436416769001	0.42161389342543809	0.67068007312658851	0.49217919981757047	0.29693084653286261	0.41250064281020937	0.28588765106519126	CUF101	9R100	FG R814W257S	FG R814W258S	FG R914W259S	AZ- 90NDC-ST	AZ-88NDC	AmeriStand 915TS RR	AmeriStand 901TS	Desert Sun 8.10RR	Sun Quest	Saltana	SW 8421-S	SW 9813	SW 9106	SW9215	SW9812	SW 9215-RRS	SW 8421- RRS	CW050085	CW058071 (Impalo)	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	8.1527265726523925	8.6725285823207816	8.3630826776943206	7.6123811920230162	8.5233100018408443	8.5055899237295254	7.8992102020240251	8.2753167168255288	7.631787906338829	7.9670779443105308	7.9468730841243813	7.8552453306430561	8.2439390935446362	8.1358971319323743	8.669704128159033	7.2941526112568482	7.6135755681224868	8.053022521591183	8.6737420964321359	8.3040882697350789	8.3468167596173455	HS	0.50320881940837281	1.0135581260880524	0.822396546750508	0.39895033773066396	0.57075477190349067	1.0241765206790856	0.32936143519549849	0.27894204684068979	0.16945148457464101	1.1179782877487547	0.49629350199332128	0.71934108475812675	0.68578724323623297	0.9140592995993535	0.89523715662868253	0.74519901139476863	0.47119007814151215	0.75045378686057584	0.68579735128289299	0.95709161041661162	0.6676180302810043	0.50320881940837281	1.0135581260880524	0.822396546750508	0.39895033773066396	0.57075477190349067	1.0241765206790856	0.32936143519549849	0.27894204684068979	0.16945148457464101	1.1179782877487547	0.49629350199332128	0.71934108475812675	0.68578724323623297	0.9140592995993535	0.89523715662868253	0.74519901139476863	0.47119007814151215	0.75045378686057584	0.68579735128289299	0.95709161041661162	0.6676180302810043	CUF101	9R100	FG R814W257S	FG R814W258S	FG R914W259S	AZ- 90NDC-ST	AZ-88NDC	AmeriStand 915TS RR	AmeriStand 901TS	Desert Sun 8.10RR	Sun Quest	Saltana	SW 8421-S	SW 9813	SW 9106	SW9215	SW9812	SW 9215-RRS	SW 8421- RRS	CW050085	CW058071 (Impalo)	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	7.2972656099186226	7.0606383617250437	6.808838061434682	6.9723905686691827	8.0775602217364106	6.4776870682988363	6.6378472621921292	7.4173012038265398	6.7571749036131843	6.9486139042613067	6.9413031421963733	7.4045307653922317	6.1923907510063225	7.5521829958655955	6.5795717402880021	7.162136130882911	7.8169607806080572	6.7052511564718067	7.4701911542112125	6.6661893125558107	6.4578622016318059	Ton/acre



LS	1.2275222274245394	0.71566370959897707	0.92215319576925792	0.99120740897814885	0.90904976757388956	0.37975661321756804	0.15662768212324146	1.0185285156910193	1.3419514323353314	1.2395405863387732	1.3269219542875157	1.1051671497157476	0.8849596754905803	0.61655951743471027	1.0633040282405157	0.80150777932241202	0.695168981391042	0.76433449768053618	0.96122760604285784	1.1312158672001797	1.1396989046199846	1.2275222274245394	0.71566370959897707	0.92215319576925792	0.99120740897814885	0.90904976757388956	0.37975661321756804	0.15662768212324146	1.0185285156910193	1.3419514323353314	1.2395405863387732	1.3269219542875157	1.1051671497157476	0.8849596754905803	0.61655951743471027	1.0633040282405157	0.80150777932241202	0.695168981391042	0.76433449768053618	0.96122760604285784	1.1312158672001797	1.1396989046199846	CUF101	9R100	FG R814W257S	FG R814W258S	FG R914W259S	AZ- 90NDC-ST	AZ-88NDC	AmeriStand 915TS RR	AmeriStand 901TS	Desert Sun 8.10RR	Sun Quest	Saltana	SW 8421-S	SW 9813	SW 9106	SW9215	SW9812	SW 9215-RRS	SW 8421- RRS	CW050085	CW058071 (Impalo)	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	10.112058171554768	10.093002712847142	9.5814648930810851	10.128825553679205	10.487356788875413	10.17324181533947	10.182599459595162	9.8139119542879172	10.011556037221023	9.4518684920001945	10.010041042042001	10.255071359339846	9.6086441989952114	9.970278786647059	11.183561013758361	8.677968980899351	9.3571039132896878	10.656758414373282	10.730009501528505	10.540598573466221	9.8097149283803962	HS	1.3991870459614308	1.543272504771116	1.073457235174839	0.74102083365378391	0.81244550105631319	1.2342336427970877	0.70393307199287114	0.88767892693991601	0.97040048157608727	0.97179238830338333	0.80598499791925216	1.2599207778897858	1.0399275852655148	1.1529248526991411	1.382606047613997	0.54265583921040583	0.44744607116215585	1.4530433377010792	1.201412992690674	1.5954638549908546	0.85674845702343116	1.3991870459614308	1.543272504771116	1.073457235174839	0.74102083365378391	0.81244550105631319	1.2342336427970877	0.70393307199287114	0.88767892693991601	0.97040048157608727	0.97179238830338333	0.80598499791925216	1.2599207778897858	1.0399275852655148	1.1529248526991411	1.382606047613997	0.54265583921040583	0.44744607116215585	1.4530433377010792	1.201412992690674	1.5954638549908546	0.85674845702343116	CUF101	9R100	FG R814W257S	FG R814W258S	FG R914W259S	AZ- 90NDC-ST	AZ-88NDC	AmeriStand 915TS RR	AmeriStand 901TS	Desert Sun 8.10RR	Sun Quest	Saltana	SW 8421-S	SW 9813	SW 9106	SW9215	SW9812	SW 9215-RRS	SW 8421- RRS	CW050085	CW058071 (Impalo)	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	9.5131884354378187	8.514258491720943	10.238312378127242	8.8667281266524505	10.033794929678328	8.9174576428908487	8.5434187614396109	9.7489800272548699	9.0817742215475636	8.1918537005612819	8.308154543409028	9.2065064141311623	7.0256324693246297	10.485720927208206	7.8724661059015357	8.8510528564502771	11.083816449938643	8.0168673282485496	9.1046936144824731	8.1210057566752987	7.8869606486175687	(Ton/Acre)
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		Fig 12. Absolute dry matter yield (ton/acre) for 21 alfalfa varieties for 12 cuts in the first 2 years (2015 and 2016).  Data are means (± s.e) for 4 replications (blocks) in each treatment.  



LS	CUF101	9R100	FG R814W257S	FG R814W258S	FG R914W259S	AZ- 90NDC-ST	AZ-88NDC	AmeriStand 915TS RR	AmeriStand 901TS	Desert Sun 8.10RR	Sun Quest	Saltana	SW 8421-S	SW 9813	SW 9106	SW9215	SW9812	SW 9215-RRS	SW 8421- RRS	CW050085	CW058071 (Impalo)	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	18.264784744207162	18.765531295167925	17.944547570775406	17.741206745702222	19.010666790716257	18.678831739068997	18.081809661619186	18.089228671113446	17.643343943559852	17.418946436310726	17.956914126166382	18.110316689982902	17.852583292539848	18.106175918579432	19.853265141917394	15.972121592156199	16.970679481412176	18.709780935964467	19.403751597960643	18.844686843201302	18.156531687997742	HS	CUF101	9R100	FG R814W257S	FG R814W258S	FG R914W259S	AZ- 90NDC-ST	AZ-88NDC	AmeriStand 915TS RR	AmeriStand 901TS	Desert Sun 8.10RR	Sun Quest	Saltana	SW 8421-S	SW 9813	SW 9106	SW9215	SW9812	SW 9215-RRS	SW 8421- RRS	CW050085	CW058071 (Impalo)	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	16.81045404535644	15.574896853445987	17.047150439561925	15.839118695321634	18.111355151414738	15.395144711189685	15.181266023631739	17.16628123108141	15.838949125160749	15.140467604822589	15.249457685605401	16.611037179523393	13.218023220330952	18.037903923073802	14.452037846189537	16.013188987333187	18.900777230546701	14.722118484720356	16.574884768693686	14.78719506923111	14.344822850249376	

Fig 13
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		Fig 13. Shoot Dry Matter Yield(7 cuts)  x Na concentration in shoot (4 cuts) for year 2 (2016) 



Yield	0.32700519345426349	0.40990729681622129	0.34630292598892953	0.40529193199638469	0.34613242028112279	0.37572106162422236	0.34624650506454047	0.41711164296371983	0.52213299793327694	0.35409586960290085	0.41540784148010423	0.35765554534171196	0.37284648849112084	0.41921402746576908	0.34264607941520547	0.35392186848592017	0.3659145455960181	0.34776183203757144	0.33777203683645496	0.42998323634658314	0.40190490302060966	0.79	0.86	0.88	0.8	0.64	0.77	0.77251229611843619	0.86	0.99	0.82	0.81	0.78	0.85	0.8	0.77	0.75	0.73	0.84	0.72	0.88	0.81	1.2733786637173123	1.280754708534102	1.2635091815102464	1.3421166352235951	1.3651484772748528	1.2990839678384241	1.3387097959067067	1.3092228182197994	1.3020541855776153	1.2752489616984888	1.2649691872941	1.4288095418435451	1.2509762047096422	1.3010908140032273	1.419536476146781	1.1600316710393788	1.2476040163984154	1.4102501294215239	1.4188926465085809	1.4841043367046143	1.3316592904898368	1.2038021427227417	1.1050446020488907	1.3663096492599598	1.1296808336514021	1.2731971034726304	1.1230671254246909	1.1018138796152435	1.2456952155701808	1.2261708044755111	1.0689659324385445	1.0501231940415354	1.1591574436108041	0.88070649882783791	1.3447941314672038	0.97670815645794296	1.0771420335637856	1.4456288078390294	0.98359421276193548	1.1412573457000679	1.0277254051913796	1.0196450470911005	Na concentration (%)

Shoot Dry Matter (ton/acre)



Fig 14

		WSREC- UC alfalfa trial (2014-2017)

		Fig 14. Shoot Dry Matter Yield(7 cuts)  x K/Na ratio in shoot (4 cuts) for year 2 (2016) 



Yield	6.4043241665430966	7.6777031335861246	6.2279408390019553	8.2367594538505458	6.8563950540332739	7.9846055812386103	5.7409521864614037	5.0802472749791896	7.20212431172504	6.5662849334212581	7.8868936092158703	7.3052616500184726	6.0438710872843169	8.1405724351784379	7.9133373574409047	7.2314543194669803	7.7750360969064829	7.1380164941694959	5.7073161190074009	6.6340058146556764	2.6374897806631683	2.1836085905817555	2.4246423315571541	2.6071376309334875	3.3607741362276227	2.8810631295407765	2.9047211455221542	2.4009624816551054	2.1804787826085845	2.6244380985589197	2.4776243963366298	2.6695944922953716	2.2178938632961782	2.7776021233100265	2.8395705765113863	2.8334076851610703	3.1852814158048912	2.4506418602286546	3.170395048347038	2.4935944213092727	2.7053096745505916	1.280754708534102	1.2635091815102464	1.3421166352235951	1.3651484772748528	1.2990839678384241	1.3387097959067067	1.3092228182197994	1.3020541855776153	1.2752489616984888	1.2649691872941	1.4288095418435451	1.2509762047096422	1.3010908140032273	1.419536476146781	1.1600316710393788	1.2476040163984154	1.4102501294215239	1.4188926465085809	1.4841043367046143	1.3316592904898368	1.2038021427227417	1.1050446020488907	1.3663096492599598	1.1296808336514021	1.2731971034726304	1.1230671254246909	1.1018138796152435	1.2456952155701808	1.2261708044755111	1.0689659324385445	1.0501231940415354	1.1591574436108041	0.88070649882783791	1.3447941314672038	0.97670815645794296	1.0771420335637856	1.4456288078390294	0.98359421276193548	1.1412573457000679	1.0277254051913796	1.0196450470911005	K/Na ratio

Shoot Dry Matter (ton/acre)
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Resulting Soil Salinity (Trial 2)
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Yield Results (Trial 2)

*but three varieties 
had > 20% yield loss

*

*
*
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Trial 2 Results (basin irrigation)

 Soil salinities (9.7 – 15.8 dS/m ECe; 0 
– 5 ft. depth), 2nd and 3rd year of trial

– far above the established yield loss 
estimate (2.0 dS/m)

 Unable to rank varieties for 
salt tolerance due to the lack 
of uniform salinity and soil 
moisture within the basins.  

 Greater variation due to 
secondary effects of sodicity 
(poor water infiltration and 
crusting) than to salinity, per-
se 

Soil salinity contour maps 
(ECe, dS/m, 0-150 cm depth), 

October 2016 (end of  2nd

year) of saline irrigation.  
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Trial 3



2022 NAAIC – Lansing, MI

Trial 3 (subsurface drip irrigation)
• 3.5 year alfalfa variety trial. 35 varieties 
• (HS) 7- 11 dS/m  - low saline 
• (LS) 0.3- 1.2 dS/m ECw

Photo: Umair Gull, UC Davis
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Soil Salinity by depth in low salinity (LS) and high salinity (HS)-irrigated basins 

Data points represent sampling at ten locations in each of two basins per treatment
HS had ~uniform salinity below 30 cm indicating some degree of leaching.. 

9
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Variety Low Salinity High Salinity Low Salinity High Salinity Low Salinity High Salinity Low Salinity High Salinity Low Salinity High Salinity
UC Salton 5.2 5.2 12.0 12.2 15.0 13.4 13.8 13.2 46.0 44.0
SW9573 5.5 5.1 12.0 11.3 14.4 13.3 15.0 13.0 47.0 42.7
SW9106M 4.7 5.5 12.9 10.4 15.2 13.2 16.4 11.3 49.2 40.4
AZ-88NDC 6.0 4.7 13.7 10.9 14.4 13.0 14.6 11.6 48.6 40.4
9R100 5.5 5.0 14.6 11.1 16.0 12.5 16.3 11.4 52.4 40.0
Integra 8810S 4.9 4.6 12.9 11.3 15.6 12.3 16.0 11.6 49.5 39.8
UC Impalo 4.5 4.9 12.7 9.9 15.4 12.3 15.2 12.5 47.8 39.6
PGI 908-S 5.4 5.0 14.3 9.8 15.9 13.0 17.1 11.6 52.7 39.3
SW8421RRS 5.0 5.5 13.5 11.3 16.2 11.7 17.3 10.7 52.0 39.2
CUF101 4.9 4.6 12.9 10.4 13.7 12.6 13.1 11.6 44.6 39.2
H0916ST223 4.5 4.9 10.8 10.5 13.8 12.8 12.3 10.8 41.4 38.9
SW9577 5.2 5.0 13.7 10.2 14.8 12.4 14.3 10.3 48.1 38.0
C0916ST232 5.3 4.8 12.9 10.7 13.4 11.8 13.9 9.9 45.5 37.1
SW9215RRS 4.8 5.2 13.3 10.1 15.8 11.5 15.9 10.0 49.8 36.8
R814W258S 4.8 4.7 11.8 9.1 15.0 11.9 16.1 10.9 47.8 36.6
SW8476 4.5 4.8 13.1 9.1 15.4 11.5 16.7 11.3 49.8 36.6
H0715ST209 4.5 5.0 10.2 10.4 12.5 10.8 14.5 9.5 41.7 35.7
AZ-90NDC-ST 4.8 4.4 12.5 9.3 14.8 11.6 15.5 10.1 47.6 35.5
R914W259S 4.2 4.5 11.5 9.0 15.4 11.3 15.6 10.1 46.6 34.9
R814W257S 5.2 4.6 13.7 9.4 16.1 12.0 16.4 8.7 51.5 34.7
SW8409 4.9 5.0 11.7 9.0 13.8 11.0 15.2 9.6 45.7 34.5
H0916ST218 4.9 4.9 12.1 9.4 14.2 11.2 13.5 9.0 44.6 34.5
SW8412 4.9 3.7 12.3 8.4 13.3 10.0 14.4 11.8 45.0 33.9
H0716ST227 4.2 4.4 10.6 9.0 12.4 10.5 12.9 9.6 40.1 33.5
FGR814W275 3.5 3.6 10.5 9.2 14.0 10.9 13.0 9.8 41.1 33.5
H0916ST216 4.5 3.7 11.5 8.5 12.6 11.4 12.9 9.7 41.4 33.3
SW9576 4.9 4.6 11.5 9.5 11.4 9.9 12.3 8.9 40.1 32.8
H0915ST214 4.3 4.0 11.3 8.9 15.5 11.5 16.1 8.3 47.2 32.8
AFX149092 4.7 4.0 13.5 8.3 14.1 11.1 14.7 8.7 47.0 32.1
H0915ST212 4.8 3.9 11.1 8.4 13.8 10.1 14.2 9.6 43.9 32.1
H0815ST210 4.7 4.0 11.8 8.4 14.3 10.5 15.7 8.7 46.5 31.8
H0916ST217 4.0 4.2 10.4 8.6 12.4 9.9 12.3 8.7 39.0 31.4
H0716ST222 4.9 4.3 12.9 7.9 14.0 10.7 12.0 8.1 43.8 31.0
H0715ST211 5.0 4.0 11.5 8.6 13.2 10.2 14.0 7.7 43.7 30.5

Average 4.8 4.6 12.3 9.6 14.4 11.5 14.7 10.2 46.1 36.1
Yield loss 

Treatment Mean

CV%

LSD (p=0.05)

16.3 16.5 12.8 20.5 10.0

4% 22% 20% 31% 22%

0.2 1.8 1.6 0.6 1.0

2017 Season Yield (ton/A) 2018 Season Yield (ton/A) 2019 Season Yield (ton/A) 2020 Season Yield (ton/A) Cumulative Average (t/A)

4.7 11.0 13.0 13.0 41.1
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Na+/K+ Ratio (last 3 harvests of 2020)
 Shoot Na+/K+ ratio has been used as an indicator of salinity tolerance 
 The Pearson correlation (shoot Na+/K+ and dry matter yield) indicated that 

alfalfa shoot Na+/K+ ratio was negatively correlated with DM yield for the last 
three harvests of 2020. 

DMY (ton/acre)
Na+/K+

August September October

August -0.23*

September -0.63*

October -0.73*

*indicates significance at P< 0.05  
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Spatial map: soil salinity (ECe) in experimental basins. August & Sept. 2020 (year 3).   
Blue = low salinity. Orange and red = highly saline soils. 
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Field Studies: Overall Conclusions
 Established alfalfa is very tolerant of High Saline 

Conditions (ECs 6.5 or greater)
 Yield losses, but still economically viable at higher 

EC levels up to ECs 9-16 dS/m
 Boron tolerance (vs. other crops)
 Few significant salinity x variety interactions in field  

(High variability), but salinity tolerance was detected.
 ‘Relative Yield’ is a limited metric  (absolute yield)
 Na+/K+ indicators?
 Soil effects may be more important than salinity per 

se. (esp. with sodicity)
– Infiltration, water supply to roots, crusting 

drainage
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Problems with Salinity:
 Osmotic resistance
 Ion toxicity
 Standing Water (Sodic )
 Lack of Infiltration
 Compaction/Crusts
 Salinity? Or Salinity-soil effects?
 Traits: anoxia tolerance? Root vigor?
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Salinity tolerance
(Australian work)

Munns & Tester, Ann Rev Plant Biol, 2008
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Thank You
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