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Saline waters
Å treated municipal wastewater
Å dairy lagoon water, food processing wastewater (winery, other)
Å well waters
Å subsurface drainage water

Saline soils

Why Saline Irrigation?
Å Reduced irrigation water supply

- drought, climate change Ý less surface water 

- Sustainable Groundwater (SGMA) passed by CA legislature (2014) Ý achieve

sustainable use of groundwater by 2040 

Å ¦ǎŜ ΨŀƭǘŜǊƴŀǘƛǾŜ ǿŀǘŜǊǎΩ ǘƻ ŜȄǘŜƴŘ ƻǳǊ ƛǊǊƛƎŀǘƛƻƴ ǿŀǘŜǊ ǎǳǇǇƭȅ ŀƴŘκƻǊ ŦƻǊ ŘƛǎǇƻǎŀƭ



Pros & Cons of Saline Irrigation

Pros

ÅBetter quality water can be used 
on high value crops (fruits, 
vegetables, nuts)

ÅSuitable for salt-tolerant forage 
crops 

ÅReduces wastewater volume and 
environmental impact

Cons

ÅCan reduce crop yields and soil 
quality

ÅPeriodic leaching needed to remove 
salts from the root zone 

ÅSalt leaching can move nitrate 
downward and eventually into 
groundwater
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San Joaquin River Improvement Project (SJRIP)

Å6000 acre saline water re-use facility

ÅReceives saline drainage from Grassland 
Drainage Area (~ 98,000 acres of highly 
productive farmland)

ÅGrowing salt tolerant forages
- ΨWƻǎŜΩ ǘŀƭƭ ǿƘŜŀǘƎǊŀǎǎ όThinopyrumponticum)

(TWG)

ÅFrom 1998 to present, re-ǳǎŜ ŀŎƘƛŜǾŜŘΧ
ÅNearly 90% ®in drainage discharge to the San 

Joaquin River 

Å> 90% reductions in salt, selenium and boron    
loading to the river

4Ý potential as decision support tools to sustain forage production under hypersaline conditions



Saline-irrigated tall 
wheatgrass- 4 
experimental fields



Fields selected

Tall Wheatgrass

(ThinopyrumponticumvarΨWƻǎŜΩύ 

ÅFields 10-6 (88 acres) and 13-1 
(70 acres).

Å10- 6 ςClay to silty clay loam 
texture

Å13-1 - clay to clay loam

Alfalfa- transitioned to TWG in 2018

(Medicago sativa) 

ÅFields 13-2 (74 acres) and 13-6 (74 
acres).

Å13-2 ςclay to clay loam

Å13-6 - clay
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Objectives

ÅConduct EM-38 soil surveys to assess spatial distribution of salinity within 
these 4 forage fields

ÅMonitor irrigation water salinity applied to each field

ÅCollect field-specific data for eventual Hydrus computer modelling
Åsimulate 1-dimensional movement of water and salt ƛƴ ǘƘŜ ǎƻƛƭ ǇǊƻŦƛƭŜΧΦ how much 

are we salinizing and where are the salts going?

Decision Support Tools

ÅProximal sensing (EM 38 survey)- maps showing spatial variability of soil 
salinity to guide management practices (e.g. leaching requirements) to sustain  
forage production

ÅExamine satellite imageryas a tool to detect declining forage yield 
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EM-38 Soil Surveys (proximal sensing)
- surveys in spring and fall 2016 and 2017

- surveys in fall 2021
- change detection function in ArcGIS to assess changes in soil 

salinity over time



Steps involved in an EM-38 surveys

ln(ECe)  =  b0 + b1(z1) + b2(z2)

.

ESAP- Calibrate (software)
ÅSpatial Stat analysis
ÅCalibration equation

(sensor data to ECe)

ESAP

Lab Analysis

Conduct EM-38 Survey Sampling design Soil Sampling

Salinity Map
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Field 10-6
Predicted soil salinity (ECe) 
Fall 2017 survey

Mean: 15.6
Range: 4.6 ς30.4  dS/m

(0 ς4ft.)

Mean:  14.9
Range: 3.1 ς31.1 dS/m

(0 ς1 ft.) (1 ς2 ft.)

Mean:  16.5
Range: 5.6 ς32.2 dS/m

Mean:  16.3
Range: 5.7 - 28 dS/m

Mean:  14.7
Range: 4.1 - 26.6 dS/m

(2 ς3 ft.) (3 ς4 ft.)



Field 10-6
Predicted soil salinity (ECe) EM38 survey,

ÅSurvey dates: Oct. 2017 & Nov. 2021

ÅContinuous tall wheatgrass since 1998

ÅUndrained

ÅNumber of transects, 30 meters apart

2017: 22 

2021: 28

,  

.2017          2021.



Field 10-6
Predicted soil salinity (ECe) 
EM38 survey

Mean: 15.6
Range: 4.6 ς30.4  dS/m

2017 (0 ς4 ft.)

Mean: 15.3
Range: 4.4 ς25.1  dS/m

2021 (0 ς4 ft.)



2017 ς2021 (0 ς120 cm)

Field 10-6 Predicted soil salinity (ECe)

Salinity unit change 2017 to 2021

(0 ς120 cm)

*



Field 10-6
Predicted soil salinity (ECe)
Unit change 2017 ς2021

- each 1 ft. increment

(0  ς1 ft.) (1 ς2 ft.)

(2  ς3 ft.) ( 3 ς4 ft.)

*
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Field 13-2
Predicted soil salinity (ECe) EM38 survey

ÅSurvey date: Sept. 2017 & Aug. 2021

ÅTall wheatgrass

*Previously in alfalfa and irrigated 

with lower salinity water

ÅDrained

ÅNumber of transects

2017: 28

2021: 18

,  

2017          2021. .



Field 13-2
Predicted soil salinity (ECe)

Mean: 13.4
Range: 10.2 ς15.3  dS/m

Mean: 17.3
Range: 9.8 ς23.2  dS/m

2017 (0 ς4 ft.) 2021 (0 ς4 ft.)



Field 13-2

Mean:  7.2
Range: 3.9 ς10.1 dS/m

Mean: 13.9
Range: 10.35 ς15.9 dS/m

Mean: 15.1
Range: 9.2 ς20.5  dS/m

Average: 17.3
Range: 7.5ς25.9  dS/m

2017 (0 ς1 ft.) 2021 (0 ς1 ft.)

2017 (1 ς2 ft.) 2021 (1 ς2 ft.)



Field 13-2

Mean:  16
Range: 12.4 - 19.4 dS/m Mean: 17.5

Range: 12 ς25.2  dS/m

Mean:  16.3
Range: 13.8 ς17.8 dS/m

Mean: 19
Range: 10.2 ς25.6  dS/m

2017 (2 ς3 ft.) 2021 (2 ς3 ft.)

2017 (3 ς4 ft.) 2021 (3 ς4 ft.)



2017 ς2021 (0 ς120 cm)

Field 13-2
Predicted soil salinity (ECe)
Unit change 2017 - 2021

(0 ς4 ft.)

*

(0 ς1 ft.) (1 ς2 ft.)

(2  ς3 ft.) (3 ς4 ft.)



Conclusions (EM38 soil surveys)

ÅEM38 soil surveys: useful tool to track soil salinity changes over time and assess 

the need for leaching and/or reductions in applied water salinity. 

ÅThe change detection tool kit in Arc GIS is a useful tool to display the magnitude 

and spatial arrangement of soil salinity changes over time. 

ÅEM38 soil surveys require considerable expertise and soil sampling for ground-

truthing, potentially limiting their use as a decision support tool to monitor soil 

salinity and maintain the sustainability of forage production at the SJRIP.  



Remote Sensing (Satellite Imagery)

Vegetation Indices

- NDVI (normalized difference vegetation index)

- SAVI  (soil adjusted vegetation index)

-------------------------------------------------------------------

- NDRE (normalized difference red edge)



Remote sensing

ÅMeasurements of electromagnetic 
radiation reflected from the agricultural 
fields.

ÅDirect approach ςbare soil reflectance.

ÅIndirect approach- canopy reflectance.
ÅSaline assessment of entire root-zone (0-

1m)

ÅὔὈὠὍ
ɂ

Healthy vegetation (left) absorbs most of the visible light, 

and reflects a large portion of the near-infrared light. 

Unhealthy vegetation (right) reflects more visible light 

and less near-infrared light. 23
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Objectives (satellite imagery)

Å Determine whether satellite time series data can identify declining yield in 
tall wheatgrass fieldsdue to excessive salt accumulation

Å Assess the potential to use satellite imagery as a management tool for tall 
wheatgrass production under saline-sodic irrigation

Å Provide another decision support toolto the SJRIP managers to improve 
the long-term sustainability of forage production under saline irrigation

- EM38 soil salinity surveys are time consuming and require considerable technical
expertise. 

- satellite imagery is freely available and for most periods of time (past and future)
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NDVI Time Series
Å Sentinel 2 Imagery (10 x 10 m resolution)

Å Values 0 to 1

Å Determine time of season when NDVI 
most dynamic



R² = 0.201
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Field 10-6. NDVI vs. Forage DM Yield 
Nov. 2021 harvest (growth Jul. ςNov.)

R² = 0.5142
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Field 10-6:  NDVI vs. Forage DM Yield 
June 2022 harvest (growth Apr. ςJune)

ÅSampled forage at 12 to 18 locations in each field

ÅExamined correlation between NDVI and DM yield 
(and height)

- correlations not consistently strong,

- slightly better for height than for DM yield 

Å Correlation between SAVI index and forage DM
yield no better

Does NDVI respond to changes in forage 

DM yield under saline irrigation? 



R² = 0.0968
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NDVI vs. Forage DM Yield:  Pooled data (all 4 fields, 2021 and 2022)

Field 10-6

Field 13-1

Field 13-2

Field 13-6



R² = 0.5519
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Field 10-6:  NDVI vs. Soil ECe(2021)
November 2021 

R² = 0.7004
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Field 13-2: NDVI vs. Soil ECe
September 2021Harvest

Does NDVI respond to changes in soil 

salinity (ECe)?

ÅSampled soil at the same 12 to 18 locations where 
forage DM yield was measured.  

ÅCorrelation was better, but not consistent.  

ÅOnly 2 of 4 field had moderate to good 
correlations.  



Maybe we need many more data points
to examine this relationship
(NDVI and soil salinity (ECe))

Ý Are their spatial patterns similar? 

ÅEM38 Surveys in 2021
- Field 10 ς6: November,
- Field 13 ς2: September

ÅPredicted ECefor entire field (>2,000 data 
points) based on calibration between the sensor 
data and the 12 soil sampling locations in the 
field. 

ÅDownload NDVI (closest date in time) for each 
predicted ECepoint

ÅExamine correlation between NDVI (and SAVI) 
and predicted ECe

12 sampling location

12 sampling location



Predicted ECeand NDVI (normalized difference veg. index)ςField 10-6

ECe0 ς2 ft, average 
Mean: 15.4
Range:  4.2 ς26.7 (dS/m)

NDVI
Mean 0.47
Range: 0.19 ς0.78

Ý Field 13-2: spatial patterns in NDVI and predicted ECe, not as similar as for 10-6



R² = 0.6368
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Field 10-6: (NDVI vs. ECe)

R² = 0.2543
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Field 13-2: (NDVI vs. ECe)

Linear Regression:  NDVI vs. soil ECe
for all surveyed points in field 

ÅR2 value (coefficient of 
determination) higher for field 10-
6, than for 13-2

ÅtŜŀǊǎƻƴΩǎ ŎƻǊǊŜƭŀǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘ 
also higher (R = - 0.80) for field 10-6 
than for 13-2. 

ÅPooling data for both fields, R value 
was lower.  



Predicted ECeand SAVI (soil adjusted vegetation index)- Field 10-6

ECe(0 ς2 ft,) 
Average: 15.4
Range:  4.2 ς26.7 (dS/m)

SAVI
Average:  0.30
Range: 0.12 ς0.52

Ý Field 13-2: spatial patterns in SAVI and predicted ECe, not as similar as for 10-6




