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“Edjyikashun is the process
of repitishun.”

Hodge Black — Arkansa born ag
extension entomologist and
Kern County UC Cooperative
Extension director, 1960-1996
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Many new pistachio developments are being
planted to old cotton ground that had significant
problem areas under flood irrigation. Well

managed micro-irrigation systems can reduce or
ellmmate much-or the dralnagerroblem but
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RPistachioracreage has more than doublediiniast L0y/ears

Changes in San Joaquin Valley Cotton and
Pistachio Plantings Over the Last 33 Years
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Pistachio (1,000 acres)
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Kern Pistachio Acreage
1980: 12,805
2013: 78,560

—— Cotton
=@==Pistachio




Cood ground for 210,000/¢
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W@ EXENSIGn recammendation
o pIstachia growers Wna\wanta
e erchara\ithouttae tsk
aljuvenile diehacks

Thank you.



ROAD MAP:
Where’s this talk going?

44»[»]—» = Why evaluate?
5 O‘I = \What to evaluate.
W = How to do It.

\\\\ - How to fix it.

= \What we know so far.
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4CO, ASSIMILATION
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« CAPITAL
INVESTMENT
CONCERNS

Wiy evaluate?

25 0t ¢ SR T ’ A
Hxpenslye” grotiand

= $14,000/acre ground,
no amendments
needed + 6% simple
Interest over 11 years

= $9,240
= FINAL COST
$23,240 or ...

“Chenp” ground

—

$7,000/acre ground
« Year 1: 1.5t/ac Sulfur $800

o Year2-11: $300/yr

 Extra acid and gypsum
through the system  $3,000

(Simple interest, 11 yrs @ 6% $5,148)

o Year /-11:
e 1000 Ib/ac cumulative

yield loss compared to
other ground $2,400

FINAL COST $17,548/acre
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« BEST INSURANCE AVAILABLE

Cost Comparison for 150 Acres @ 121 trees/ac
(18 x 20 foot spacing)

Wiy evaluyate?

EVALUATION COST: ORCHARD COST
Four zones—1, 2, 3 & 5 foot

» Soil analyses 1,000 .« 18,150 trees, stake, bud,

« Water analysis 50 train @ $12 217,800
« Backhoe 500 « Irrig System @ $1,500 225,000
» Consultant 600 . Land @ $10,000 1,500,000

TOTAL $2,150 TOTAL $1,942,800

0,11% of lnitial eapltal,
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Wiy evalvafte?

« THE PERFECT GROUND ISN’T
ALWAYS WHAT YOU GET

> 4’ of cheap water
> EC0.6t01.2dS/m

» 0.1 to 1.5% even slope

» Loam to sandy clay loam
texture

» No perched water, good
Infiltration

» Grows 3.5 bale/ac cotton




Why evaluate!

Most of us
make due with
what we get!




What to evaluate? THE BIG
PICTURE

*SOILL @UAILLIHNY PROPOSED CROP

*SALINTAIRY LIFE CYCLE & WATER USE
ANANER ROOTING CHARACTERISTICS
DESIRED STRUCTURE & SPACING
RENENRAIHON HARVEST REQUIREMENTS
FIELD TRAFFIC

SITE SOIL CONSIDERATIONS

5

WATER CONSIDERATIONS

RELIABILITY OF SUPPLY
CHEMISTRY/AMENDMENTS
COST

AMENDMENT APPLICATION
MAINTAINENCE / REPAIR
SYSTEM CAPITAL COST
ENERGY COST

2 4 TOPOGRAPHY IRRIGATION / LAND LEVELING
2 TEXTUFE;E /IRRIGATION METHOD\
O CHEMIS?S@X\'GENEDMENTS DISTRIBUTION PATTERN || 3
< |\ IRRIGATION FREQUENCY || &
- PRESSURE REGULATION 'G_)
3 FILTRATION Z
DURABILITY ™
= MONITORING ™
= a
< Z
Z ()
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o to do if

«SOIL PROFILE
«SOIL TEXTURE

Analysis:

SP 48 -- saturation %
pH 8.2
EC, 6.0 dS/m

SOIL SURVEY

BACKHOE PITS
AUGER, PUSH PROBE

loitles, dark yellowish brown (10YR 4/6) moist;

k fine subangular blocky structure; slightly hard,
friable, nonsticky and nonplastic; many very fine
nd few fine roots; common very fine and few fine
Ubular pores and many very fine interstitial pores;
leutral; clear wavy boundary.

48 to 56 inches; white (10YR 8/1) silt loam, gray
R 5/1) moist; common medium prominent

nish yellow (10YR 6/8) mottles, dark yellowish
n (10YR 4/6) moist; moderate medium

angular blocky structure; slightly hard, friable,
lightly sticky and nonplastic; many very fine and
gommon fine roots; many very fine and common fine
fubular pores and common very fine interstitial

pores; neutral; clear wavy boundary.

956 to 65 inches; very pale brown (10YR 8/3)

d, grayish brown (10YR 5/2) moist; few fine
ominent brownish yellow (10YR 6/8) mottles, dark
ellowish brown (10YR 4/6) moist; single grain;
loose, nonsticky and nonplastic; many very fine
interstitial pores; neutral.

fie soil is noneffervescent below a depth of 11 to 20

A horizon has dry color of 10YR 5/2, 5/3, 6/2, or
land moist color of 10YR 4/2, 4/3, or 5/3. Clay

fitent is 10 to 18 percent.

Ihe C horizon has dry color of 10YR 6/2, 6/3, 6/6,
2,7/3, 8/1, or 8/3 or 2.5Y 6/2 and moist color of

YR 3/2, 3/3, 4/2, 4/6, 5/1, 5/2, or 5/3 or 2.5Y 4/2 or
2. Mottles have dry color of 10YR 5/6, 6/6, 6/8, or
3or 7.5YR 5/4 and moist color of 10YR 3/6, 4/6, or
30r 7.5YR 5/4. Texture is stratified sand, loamy sand,
amy fine sand, sandy loam, fine sandy loam, loam, or
tloam. Clay content is 10 to 18 percent. Reaction is
lghtly acid to moderately alkaline.

Xeter Series

‘The Exeter series consists of moderately deep, well
fained soils on broad alluvial terraces. These soils
ormed in alluvium derived dominantly from granitic rock.
Slope is 0 to 9 percent.

Soils of the Exeter series are fine-loamy, mixed,

ermic Typic Durixeralfs.

Typical pedon of Exeter sandy loam, 0 to 2 percent
slopes (fig. 4); on an alluvial terrace where slopes are 1
gercent; about 3 miles west of Highway 65 on Highway
185, 150 feet north and 200 feet west of the southeast
omer of sec. 7, T. 25 S., R. 27 E.; Richgrove
Quadrangle.

\p—o to 4 inches; pale brown (10YR 6/3) sandy loam,
dark brown (10YR 3/3) moist; weak very coarse
platy structure; very hard, friable, nonsticky and
nonplastic; common very fine roots; many very fine
interstitial pores and few very fine tubular pores;
neutral; clear smooth boundary.

Figure 4.—Profile of Exeter sandy loam, 0 to 2 percent slopes. A
duripan is at a depth of about 24 inches.
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Google Earth & UC/NRCS Soil Web Network
(http://casollre urce.Iawr.ucdavis.edu/drupal/)

Y= @  Graphene membrane tech.. T& | UCD Travel and

== | COMET-Energy - COMET-.. & | At Your Service Online Si.. & eFOTG Tree Menu

I Home ” Links ” Online Soil Survey H People H Proje

SoilWeb: An Online Soil Survey Browser

Our online soil survey can be used to access USDA-NCSS detailed soil surveyNata (SSURGO) for most of the United States. Please
choose an interface to SoilWeb:

SoilWeb SoilWeb Earth

Soil survey data are delivered dynamically in a KML file, allowing
you to view mapped areas in a 3-D display. You must have
Google Earth or some other means of viewing KML files installed
on your desktop computer, tablet, or smartphone.

Explore mapped soil survey aregusing an interactive Google
map and view detailed informgffon about map units and their
components. This app runsgll your web browser and is compatible
fl with desktop computers, j#blets, and smartphones.

Mag Unt Hame Sycamore silty clay
toam, arained

LIC DAVIS

* Samrch

AT
A Map Unit Composition .
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Web-based Moblle apps R
T 0 _} avallable

easiest to use

b & -..1 ..._‘.._,_

iPhone and Android apps

Text Interface
These are native smartphone apps that use your device's GPS to Choose from a list of available survey areas and map units to view
give soil information for your current location. the soil information of interest to you.




@ Google Earth
File Edit View Tools Add Help
v Search | O o= (& @ B (XAl Sonin

ex: 37 25.818' N, 122 05.36' W
Get Directions

¥ Places
4 [V]& My Places
- [V]E sightseeing Tour
Make sure 3D Buildings
layer is checked
4 [V|8 Temporary Places
4 [V]@ soilweb
Streaming, seamless
interface to USDA-NCSS
4 [V soilWeb Network Link
SoilWeb is a streaming
interface to USDA-NCSS
4 @_a SSURGO/STATSGO
4 96 Map Unit Labels
@ B Map Unit Symbols
0B Major Components
Ve Map Unit Polygons
V|8 point Data

Nnen T

S

¥ Lavers Earth Gallery »
«m= Primary Database
> M P Borders and Labels
V&2 places
> ™| = Pphotos
[¥]= Roads
> W& 3D Buildings
> @ Ocean
> [C] %% Weather
> ¥ Gallery
) Global Awareness
> 103 More

-

Q x

11/1/2014

29 cache ratiol

o B
2014
-

3781 ft

; ==
Tour Guide )] 199'4’-\5

Google Earth version

allows easier manipulation of
Images and provides a

§ timelime of historical

¥ imagery. But point and click
soil survey info was not as

L1120 17, Date 1 4/15/2014 35931157, 89N 11053 108 IO0AWREI VAR S2Aaeylalt. 17578 ft



w‘,‘ & Nttp://casoliresource.lawr.ucaavis.edu/gmap/ >~ 0 'T (& SoilWeb: An Online Soil Sur.. * | (= Interfaces to SoilWeb: An Onli...
File Edit View Favorites Tools Help

SoilWeb

= Wo S T o S
Map Unit Name: Garces silt loam Symbol: 156 § . e L/ AL TR R W e |

= @ Graphene membrane tech... ‘T! UCD Travel and Entertain.. |==| COMET-Energy - COMET-... %31| At Your Service Online Si... @} eFOTG Tree Menu & | FAAST - Financial Assistan... E

A Map unit Composiion Y ... the web- based ve rS|on
85% - Garces - SR S N\ : ___ovewE | g _@?
Geomorphic Position: ims . W S \

basin floors / Toeslope L= S S } o Bomi T 3«‘

4% - Kimberlina

Horizon data n/a | View Similar Data

3% - Panoche
Horizon data n/a | View Similar Data

3% - Wasco
Horizon data n/a | View Similar Data

3% - Milham

Horizon data n/a | View Similar Data
1% - Playas

Geomorphic Position: playas
Horizon data n/a

1% - Unnamed

Geomorphic Position: depressions
Horizon data n/a

A Map Unit Data

Map Unit Key: 463701

Type: Consociation

Farmland Class: Farmland of statewide importance
Available Water Storage (0-100cm): 10.56 cm

Max Flood Freq: Rare

Drainage Class (Dominant Condition): Well drained
Drainage Class (Wettest Component): Well drained
Hydric Conditions: 2

Min. Water Table Depth (Annual): n/a

Min. Water Table Depth (April-June): n/a

Min. Bedrock Depth: n/a LerdoHwy.

Map data©2014GIelma ©2014, DigitalGlobe, Landsat, U.S. |
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Garces silt loam #156 sat —
Depth Horizon Percent Percent Percent pHby  Hydraulic ar ;)na €
Range  Designatio Organic water  Conductiv] EC (dS/m)§ SAR (%)
Clay Sand : . (% of <2
(cm) n Matter  Extraction ity
mm)
(mm/hr)
0-5 A 14 30.4 0.25 8.5 9.72 14 3
5-23 Bt 31 35.4 0 9 0.774 14 3
23 -58 Btk 27.5 55.1 0 9 0.774 107 3
58 -94 Ck 23.5 39.2 0 9 0 107 3
94 - 152 C 18.5 39 0 9 9.72 107 8
Lokern clay, saline-alkali, drained #188
Sat. Carbonate
Depth Horizon Percent Percent Percent pH by  Hydraulic o
Range  Designatio Organic water  Conductivj EC (dS/m) § SAR (%)
Clay Sand : : (% of <2
(cm) n Matter  Extraction ity
mm)
(mm/hr)
0-18 Ap 47.5 23.3 2 8.2 3.276 1 0 0
18 - 53 A 50 22.1 0 8.2 3.276 2 0 3
53-121 C 50 22.1 0 8.2 32.4 2 0 3
121 - 168 2C 18 66.8 0 8.2 32.4 2 0 3
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_ Hatitodo it R
>Is the “problem” soil relat / ) A N
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Irrigation over flood
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of fyrage crops ldentifies proolerm

Safflower Western Kern County 8/2/99
Near Infrared_{

: NDVI Enhaneed Image
y Frads

Normalized Difference Vegetation Index =
Near infrared reflectance — Infrared reflectance

(NIR + 1IR)

Near Infrared Reflectance is greatest where
chlorophyll content is highest
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CERES Imaging el NipVA fater Condur_‘:“tfa‘-ncf

0.5 dS/m = Siacim -~ c3dSm

3.5dS/m 0.5

|
|

2resimaging
We optimize water and nitrogen

i
15.3dS/m
e

Google Earth
. Image & Plots
' 4/15/14

= : . CERES Conductivity” &
| CERES NDVI ' | WaterStress8/21/14
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row to do it

S 0) [ I F’ROFJLE
oSO[LTEXTURF - Saruplin

» Use soil probe or auger
to composite sample 0-1
& 1-2 foot depths from
at least 8 holes 50 feet
apart for each soil type.

» Put at least one backhoe
pit to 6 feet in each 40
acres of one soil type.
Take deeper samples
from pits.










Check your dirt! It
has more secrets than
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Textural
Triangle

Clay Loam |
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0 20 30 40 3 Tale
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aow to do if
« SOIL TEXTURE

Making a
soil “ribbon”
test from a
moistened
ball. Sandy
Clay Loam —
Westside
Kern County




e« SOIL PROFILE -- STRUCTURE

L~ ]
5o
o

RS
S

L ]

Q
Y
al




alow to do i
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n'ow to do it nlow to Fix if

« PERMEABILITY

= Soil Survey Estimate - Pick Irrigation

= Infiltration tests system that matches
» Block furrow soil infiltration!!!
» Two point

2
. Ring infiltrometer 2.5”/week peak season

» Deep rip before
planting

» Calcium suppying
amendments

» Organic matter
» Cover crops

8/4- Gypsum ___

Cumulative Infiltration (in)

;

0 3 6 9 12 15 18 21 24
Time (hrs)




I lo

@
J

Wi

)
C

UGH

1
WY

!

Ui

!

N
L

A

« SOIL PROFILE

A TU

C

nA BT

RIMIE

Hdd

= STRATIFICATION

Ee|
<

=C

=
—
>
=
[
o

i
)

Y

I

1l

=)

s
<b)
5=
~—
>
T
-
—
—

A
/o \

C1
=S









Fine sandy silt layer
Y with high alkalinity
@i and poor structure at
{8 the 34 to 44 inch
i depth may impede

gl root development
between 2 layers of
Buttonwillow/Garce
s clay loam. Slip

. plowing below this
depth Is advisable.

)




s STRUCTURE.

8 PERMEAS[LTY
s STRATIFICATION
= DRAINAGE

s SALINITY/Fertility

Monitoring well to determine
shallow water table depth
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What to evaluate!?

Depth to perched water an
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nlow fo do if
Submit soil and water samples to a CERTIFIED ag lab.

=

FRUIT GROWERS LABORATORY, INC.

ANALYTICAL CHEMISTS

October 7, 2003

Description : Site 6 Pistachio

Lab ID : VI

342083-06
Customer ID: 4-18085

Sampled On : September 19, 2003

Sampled By : Neil

Jessup

Received On: September 24, 2003

Depth

: 0-36"

October 7, 2003

Project : Goose Lake Farms
PISTACHIO SOIL ANALYSIS
Test Description Result Optimum Range Graphical Results P
Very Moderately | Optimum | Moderately V"K
Primary Nutrients Low Low High Higl
Nitrate-Nitrogen 49 PPM See Note |
Phosphorus 6 PPM 12 - 60
Potassium  (Exch) 120 PPM 81 - 500
Potassium  (Sol) ND meq/L 025 - 1.0
Secondary Nutrients
Calcium (Exch)  [4800 PPM
Calcium (Sol) 19.2  meqg/L 2.0 - 50
Magnesium  (Exch) 100 PPM
Magnesium  (Sol) 1.2 meq/L 1.5 - 60 ]
Sodium (Exch) (500 PPM -
Sodium (Sol) 50.6  meq/L See SAR
Sulfate 9.9 meq/L 0.6 - 20
Micro Nutrients
Zinc 0.5 PPM 0.7 - 50
Manganese 5.2 PPM 1.4 - 50
Iron 5.0 PPM 8.0 - 100
Copper 0.7  PPM 0.2 - 40
Boron 1.2 PPM 03 -15
Chloride 533  meq/l 0.1 - 4.0
CEC 27.1 meq/100g Variable
% Base Saturation
CEC - Calcium 87.8 % 60 - 80 ]
CEC - Magnesium 3.0 % 10 - 20 ]
CEC - Porassium 1.1 % SR ]
CEC - Sodium 8.0 % 0-5 | — |
CEC - Hydrogen 0.0 % 0-3
" Strongly IMudcra_l:lyl Near Moderately | Strongly
Acidic Acidic Neutral Alkaline Alkaline
pH 7.5 6.8 - 8.2
Good 3 Problem . Indicates  physical and/or and
Note Color coded bar graphs have been used w0 provide you with ‘AT-A-GLANCE' interpretations,
BPa:
Table continued next page...
Corporate Offices & Laboratory Office & Laboratory Fleld Otfice
72 1 853 Corporation Stroet 2500 Stagecoach Road Visaha CA
CA 93001-0272 TEL
FAX

Mabile

Lab ID ¢ VI 342083-00
Customer [D: 4-18085
Description  : Site 6 Pistachio
PISTACHIO SOIL ANALYSIS
E—
Test Descripnon Result Optimum . Range Graphical Results Presentation
Satisfactory Possible Moderate Increasing
Others Problem Problem Problem
Soil Salimity 689 mmhos/cm 0.5 - 2.0
SAR 16.3 0.1 L]
Limestone 1.3 % See Nowe 2
1] 1 2 3 4 5 ]
Lime Requirement 00 Tons/AF
Very Moderaiely | Optmum | Moderaely Ve
Lusw Low High 1igh
Moisture 29 % 112 Satn. %
Loamy | Sandy | Loam Sil Cluy Clay  [Organic
Samd | Loam Loam | Loam
Saturatian 25.5 % 20 - 80
ciood [ D ovie [ s physical conditiom andior phenological and
Note Color coded bar graphs have been wsed 1 provide you with AT-A-GLANCE' inierpretitions
BPa
[} The need for soil Nitrate is dependant upon crop phenology (Growth Stage) and crop requirement. A soil

Nitreate level of 10 - 40 ppm s preferred for a short lime during critical periods of uptake into the mee. 1t is highly
desirable 1o have low soil Nitrate (< Sppm) prior (o winter rainfall and cold soil conditions. Use the leal Nitrogen
level o determine primary Nitrogen requirement.

2} The presence of limestone may result in some chlorosis (yellowing) of the leaves, depending upon the lolerance
of the rootstock used

FRUIT GROWERS LABORATORY, INC

DHN:meh Darrell H. Nelson, President

V1 342083: Chemical Resulls Page 12
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row to do if

GROWERS TESTING SERVICES
1525-A BAST ACEQUIA AVE.
VISALIA CA 93292

o SoIl and Water ANalyses i s oz sueo

SOt ANALYSIS for: Date
® Date
2 g \ L _ .

g g Saturation Extract Exchangeable Cations Soluble Nutr
= ?;ﬁ's ' BN = s R g o Salta =mmmem—=domSias

e - ¥ mmhos/cm §- - - - - - - - meq/l - - - - - - | ppm |- - -meq/100 grams- - -| % % |= 2 mm s P
= Description SP  pH RCe Ca Mg Na K Cl  HCO3 B K Ca Mg Na ESP* ESP++ NO3-N NO3-
= %

48> (8-13) 0-1° 40. ‘7.9 5.5 34.23 4.61 21.75 0.17 9.4 3.0 0.57 0.43 24.80 1.a0 2.13 7.4| 5.70 17. 7

QBL_?_J (8-13) 1-2' 45. 8.0 6.7 29.8% 4.28 359.58 0.10 14.2 1.3 1.28 0.25 67.07 2.10 3.61 4.9 11.40 48. 22

48% (8-13) 2-3! 45. 8.0 7.3 25.05 3.95 51.78 0.10 10.8 1.1 2.05 0.19 68.21 1.93 4.65 6.2 15.80 31. 14

487€ (8-13) 3-4°' 48. 8.2 13.% 24.40 3.86 126.14 0.08 15.4 1.:2 3.27 0.17 43.46 1.77 10.40 18.6 32.50 32 15

4879 (8-13) 4-5' 48. 8.0 15.2 23.75 3.78 152.24 0.10 25.2 l.6 3.65 0.23 27.74 1.52 11.70 28.4 37.20 27 13

» ESP = (Calculated from Exchangeable Cations)
++ ESP = (Calculated from Soluble Salts and SAR) -
#++ CEC = (Cation Exchage Capacity) lefe rent Iabs have
Trace Metals LA 44 - -
os fse = o pgm - - - - - e+ om ++ tooONe lab with consistent,
# Description Zn Mn Fe Cu Lime CaCO3 S04-S SAR CEC qual it results and a

4875 (8-13) 0-1! 1.6 9.8 3.6 b £ HIGH T:5 121. 25.0 88.8 for a¥ Ou understand

4876 (8-13) 1-2' .d 1.0 8.2 0.8 HIGH 7.4 564. 73.0 88.8 y

4877 (8-13) 2-3! 1.3 0.8 6.0 0.4 HIGH 6.0 610. 75.0 84.8

4878 (8-13) 3-4! 1.4 0.7 8.2 0.4 HIGH 3.0 640. 55.8 88.8

4879 (8-13) 4-5° 1.3 0.7 10.0 0.4 HIGH 4.5 236, 41.2 88.8



GENERAL SALINITY
CONCERNS FOR SOIL &
WATER QUALITY



What to evaluate?

LN\ U\ €

o« SALINITY CONCERNS

Total salinity (EC, TDS), pH

Specific lons: Boron, sodium, chloride
Sodium Adsorption Ratio (SAR, )
Exchangeable Sodium % (ESP;)

SAFTEY

ZONE
)

J"@AJPJ ty
I Iﬂlf'ﬁ)ﬂl@)l.ﬁ

——> Increasing Amount




J




CLASSIC GUIDELINES



Wat_er Quality for Agriculture. RS Ayers, D.W. Westcot. FAO | Excess sodium &
Drainage Paper 29 Rev. 1, Reprinted 1989, 1994 Stears t
http://www.fao.org/DOCREP/003/T0234E/T0234E00.htm ICarbonate

destroying soil
Ql aggregation

Table 1 GUIDELINESEQR INTERPRETATIONS OF WAT
1 -
IRRIGATION® Osmotic stress

Potential 1rrig Interfering with | Deg r;/olf Restriction on Use
Probl 6771 water uptake Slight to Severe
| Moderate
Salinity(gaffects crop water availability)
EC), dS/m <07 0.7-3.0 > 3.0
TDS mg/ < 450 450 — 2000 > 2000
Infiltration(affect;/i?(f’tration rate of water in| TOXICIty, burn,
using EC,, and SABAogether) nutrient problems
Ratio of SAR/EC,, <5 | 5-10 | >10
Specific lon Toxicity (sensitive trees/vines, surface irrigation limits)
Sodium (Na)* | meg/I <3 3—-9 >9
Chloride (CD? | meg/I <4 4 —-10 > 10
Boron (B) mg/I <0.7 0.7—-3.0 > 3.0




Infiltration
Response to
SAR and EC,

Irr

Severe Slight to moderate

o5 1 reduction reduction

No reduction in

Sodium Adsorption Ratio (SAR)

1 infiltration rate (Ayers, R.S. and D.W. Westcott.
51 1985. Water quality for agriculture.
o United Nations FAO Irrig &
0 1 | 2f |3dW 4(d5/ )5 5 Drainage Paper No. 29, Rev.1.)
Salinity of Applie ater m
HCO,
micronutrient
avallabil |ty and | -Mo deficiency « Lime precip
. . *Low Ca *Chlorosis
emitter Clogglng. High Fe, Mn & Fe, Zn, Cu, Mn
emitter clogging deficiency




CURRENT SALINITY
THRESHOLDS &
RECOMMENDATIONS
FOR PISTACHIO
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«SOIL SALINITY & ET for 2002 SEASON

60
CIMIS ET & Applied Irrig (in) +

50 CIMIS ET: 49.7 “ ﬂ?dem 435

40

30

20

10

23 16 20 4 18 1 15 29 13 27 10 24 7 21 5 19 2 16 30
Mar April May June July August Sept Oct Nov

Pistachio’s showed significant decreases in relative cumulative
transpiration for westside salt tolerance trial but average yields did
not decline until irrigation salinity was > 8 dS/m.



JCm e “ -“‘:‘-.‘_ 3 "L', ¥ A A

e

. .-wPreusp Iatéd%éﬁﬁ x@nﬁ_,oﬁ’é’
17 dSYr[LpIot (10/13/00)

SALINITY TRIAL IRR. WATER @ 8 dS/m
Na: 60meg/l CI: 40meg/l B: 1ppm
1,380 ppm 1,400 ppm




Curniulzrtive Ylelds by Salinity

Cumulative and (Average Annual) Yield per tree; 1997 - 2002

Yield Irrigation Water / Root Zone Salinity* 12 dS/m yield
(kg/tree) as a % of
Rootstock 075/ 47%  40/87% 80/ 1L3* 120+ /132* control yield
Atlantica 46.3 (7.7) 41.3(7.8) 42.4(7.1) 38.0 (6.3) 82%
PGI 57.3(9.6) 52.1(8.7) 51.6 (8.6) 51.8 (8.6) 90%
PGII 50.3 (8.4) 51.8 (8.6) 54.6 (9.1) 429(7.2) 85%
UCBI 56.0 (9.3) 62.0(10.3)  53.6(9.4) 36.2 (6.0) 65%
*Soll salinities are end of season 2002 values.
+12 dS/m irrigation was only applied for 1997 through 2002 seasons.
th_1 2th
8t"-13"" eaf Average PGl UCB1

Annual Yield for 0.75 to

2,531 2,727
8 dS/m water (Ib/ac):




Westside Salinity Trial 2001/2002 Biennial Split Nut

Yields for all Varieties as a Function of Rootzone Salinity

Possible Threshold?
y =-0.5266x +11.194

UCB Splits

PG1 Splits

g 1 R2 = 0.9995 =75
S o |¥702029x+7.3912 ., < y =-0.0108x°%+ 0.3181x%- 2.9417x + 13.495
s " R*=0.5317 : = 707 RP=1
o 6.5 - Ly o 6.5
3 o
> 6.0 A\‘\\ > 60 y =-0.0321x + 5.5442
o} ’ > 2 _
Z 55 2 55 47 |  RP=0a717
& 50 114 & —<¥ 1149 134
¥ s S 9 50
T |y=00105x>-0.3629x* + 3.576x - 3.9869| ¢ i ~~——457
€ 45 R2=1 E 45
0 = ‘g 0
D 407 . . e D 40 . .

0 5 10 15 0 5 10 15

Mean Rootzone ECe. 0-1.5m (dS/m) Mean Rootzone ECe. 0-1.5m (dS/m)
. Possible Threshold? . . Possible Threshold?
PG2 SplltS y =-0.7544x + 15.595 Atlantica SpIItS y = -0.3555x + 9.2596
= 10 R2 = 0,9991 = 65 S R2 = 0.9315
E “ E ‘0’ 87
g 6.5 ? “‘ g 6.0 N er~——— b,
= 8.7 5
o o o
@ 60 ﬂ_L " g 47 "‘
; 55 1 1Y7 -0.1152x + 6.8033 = >:9 y =-0.1415x + 6.7446 \
< 7 R?=0.3517 < 5o R®=0.5233
5 50 \ 5° _
@ 2 N\® 13.4
g a5 y =-0.0568x2+ 0.9x + 2.8935 ® 134 2 45 4y =-0.0432x"+0.6306x + 3.7712 J‘%
S R*=0.8931 Y S R*=0.8324 ",
. vy +

D 40 . . D 40 : : :

0 5 10 15 0 5 10 15

Mean Rootzone ECe. 0-1.5m (dS/m)

Mean Rootzone ECe. 0-1.5m (dS/m)




Relative yield of as a function of soil ECe

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

—a&— Alfalfa
—e— Almond
—— Cotton

-—i— Pistachio

[

Pistachio Relative Yield(%)
20 - =100 - 8.4(EC.-9.4)

d NN

1 A

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

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 I\VVth International
Symposium on Irrigation of Horticultural Crops, Acta Horticulturae 664:583-589.

100 -

Relative Yield (%)
o)}
o




WHAT ABOUT
DEVELOPING NEW
PISTACHIO PLANTINGS
USING SALINE WATER?
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FIELD LAYOUT: 9-1 ]
y . SiE
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: EH
AQUEDUCT i [wELL ONLY
i plant | i BLK1 i BLK 1
1 April | i |Direction of water flow in drip tape [t
ws of | i :
:o 130" - IE 300' : 130" NP NP 300
BLEND ¥ AQUEDUCT
its O BLK 1 % BLK 2
ing i § i
road H :
c . o 130’ P00 300
d. Drip| WELL ONLY i BLEND
arate O BLK 2 go BLK 2
3 2005. | i vk
er. *B
] FIELD LAYOUT: 9-3 _
/0
Well
neutron WELL AQUEDUCT BLEND
ONLY BLK 3 BLK 4
mark BLK 3
° SelRcae Salimay i rlal
ce: Submain With-éubunit pressure r;gulators/set valves D
T T TIrrrrrre Qreeerferens [0 YHTTTT Qeersfrees Qrrereenees Q-
g, at | RN NDENEENTER NN o i i M NEENTENTEN oy
L \(m e
monthly E I \ ‘-; s : . ~ .
Trunk BLEND gl WELL AQUEDUCT :
o | G ] | i - % 155 acre fi
s| BLK4
S B This pattern re-
= £ peated 20 times |
.O e -D across each block. | I
3 3 = | BESE5EE -




Objectives

1. Assess the viability of large-scale cotton
production and pistachio interplanting using

saline groundwater (EC'5 dS/m and B @ 10 ppm)
and optimal irrigation scheduling with SDI.

2. Reexamine the pistachio salt telerance
threshold when starting Withinew trees.

3. Compare total project profitability under SDI
using 3 different levels of salinity: saline water, non-
saline CA Aqueduct water and a 50/50 blend.




Establishing pistachios
Interplanted in Pima
cotton using drip tape
and saline water.

15t leaf, 8/2/05)

lend (50/350)
3.(‘ SL)/IIJ




Marginal burn
Was Seen on most
leaves

AR




2009-13 rootstock growth decreased 7 to 10% from well water

OAque EC =0.45dS/m
FBlend EC = 3.2 dS/m
1 | BWell EC =5.2dS/m

N
o

ek

Sk

|
o1
B

—
o
|

o1
|

Rootstock Circumference (inch)

7.8

UCB P
10/19/05 10/31/09 11/27/11 12/10/13

Trees planted March 5-11, 2005. *Irrigation salinity impact statistically significant

0 e | Dl 2B |

PG1 UuCB PG1 UCB 1 UCB

'U
)
)




Change In tissues and soil salinity

Well 2.09 O0.11

2.11

NO3-N NH4-N PO4-P K Na Cl B
(PPpmM) _(PPpmM) ((EPPM) (20) (PPM) (20) (PPmM)
Rootstock Leaves 9/15/05 Pistachio 2005
Aque 63 160 580 1.02 222 0.27
50/50 55 128 545 1.06 220 0.27
wWell 65 148 500 1.08 314 **0.38
Critical levels of specific ions in leaf tissue L ©® Nawpbm) Cloo Bwpm)
(For August tissue samples prior to harvest) [(PG1) Pistachio 2009
Dearee of toxicity 2.69 100 Dzl e
None Increasing Severe | 2-83 24 0.22 *831
Specific ion Levels in Leaf Tissue =79 20 .22 77780
ucCpBl) Pistachio 2009
Chloride (%) <02 02-03 >03 2.08 80 0.16 318
2.17 81 0.17 **616
Boron (mg/l) <300 300-700 >800 > 58 o1 T e——
Kerman Leaves 8/28/13 (PG1) Pistachio
Aque 1.96 0.09 1.97 400 0.20
Blend 2.23 0.12 2.49 425 0.33
wWell 1.88 0.10 2.45 400 0.38
Kerman Leaves 8/28/13 (UCB1) Pistachio
Aque 1.95 0.10 1.87 450 0.20
Blend 2.22 0.12 2.14 475 0.23

0.25




Salt added to crop rootzone from start

Iigation
Treatment
(@vg dSim)

Ague (0.5)
Blend (3.2)
Well (5.2)

2005
g~ Salt

(in) *(lbfac)
0 174
10 8570
12 14782

of project

2008

mg  Saft
(in) (lb/ac)
88 1553
8.7 8185

96 13,29

2011

mg  Saft
(in) (lb/ac)
3 337
41 40,838

35 48,9%

2013

mg  Salt
(in)(Ibrac)
333 5,686
505 33,730

39.0 72,19

Total  Total
mg Salt

(in) (Iblac)
2158 32,848
247.9 193,172

225.0 300,3%

EC+
Max
(dS/m)

2.6
1h1
235

Irigation inches for total tree spacing, salt totals (Ib/ac) calculated for a 9.5 foot wide subhing area centered
on the tree row. Assumes 640 ppm soluble salt = 1 dS/m and a 5 ac-ft depth of soil = 20 million Ibs.

“Maximum increase in soil saturated paste EC for a 5 foot rootzone with no precipitation of salts and no
leaching past the 5 foot depth.




175%

150% -
0
81050 -
100% -

5% -

3
0
9
L
®
>
<

50% -
25% -

O% | | | | | |
319 49 430 521 611 72 723 813 93 924 1015

| | |

2013 neutron probe soil moisture showed even
more leaching for the 5.2 dS/m treatment




2013 Stem Water Potential

(3.2 dS/m treatment had significantly
greater stress from: April to August)

4/21 5/5 5/19 6/2 6/16 6/30 7/14 7/28 8/11 8/25 9/8 9/22 10/6 10/20

-6

1
oo
|

Low to no-stress threshold

= =
N o
L | |

[N
AN
|

Stem Water Potential (bars)
|IA 1 1 1
(o}

#-Blend | B
—a—Well

N
(e0]
|

-20




July 2014
aerial of
southern

i
1 boxes are
the 40 tree
harvested
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15t Harvest
9/23/11

29" Harvest
9/13/12

3d Harvest
9/5/13

But it’s the
nuts that




2011-14 Yield Decline byRootstock & Rootzone Salinity
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(Sanden, 2004) UCB =-96.129x + 6744.8
R2=0.1258
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Practically speaking a salinity
threshold of 5 to 6 dS/m
average rootzone ECe IS

evident after 10 years with a

vield decline ofi 5.0% for PG
and 1.4% for UCB for every

additional unit increase In
ECe.




ICAlest rproj eciz A ncal world™ prstachie
SaliIGlEranCEISURVEY,

Building.on'a one field 10year: trial that
Indicated pistachio Vieldioss occurs at a
l[oWer: soilisalimty: than previously: published,
complete a 2 to 4:year: cycle ofitree; soil'and
vield data collection from anadditional’9
other salt-affected orchardswithvariable
rootzone salimty o2 to 25 dS/m EC. hhe
final product will'be a **real world*
production relevant salt tolerance curVve for
pIstachiosin the SJIV.




2014-16 Defining a ‘Real World’ Salt Tolerance
Curve for San Joaquin Valley Pistachios (Areal

extent of survey over 10 pistachio fields (1300 ac, over
203 miles”2 in NW Kern County)
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Soil apparent electrical conductivity (EC,)

Soil Cross Section

“
%

Electromagnetic |4
induction sensor

L

£ EM38-DD » Rhoades et al, 1989

k - EC, complex measurement:

53 - Salinity (EC,) T

' - Texture (Sand {,; Clay 1T")

w Several depths of penetration - Water Content
0-75 cm, 0-150 cm - Gravel () ;’4

T 0 [PSNV R S
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Farm-scale ANOCOVA EC_-salinity calibration

How to reduce soil sampling
expenses when

— - mapping multiple fields?
- monitoring with high temporal
resolution?

In(EC,)=In(8)+axIn(EC,)+¢

ANOCOVA modeling

o e SRS

Corwin and Lesch, 2014. A simplified regional-scale electromagnetic induction—
salinity calibration model using ANOCOVA modeling. Geoderma 230, 288-295
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Z /
S|l 2
S K | Field-specific offset (B)
=| | | that accounts for
-

secondary influences on
EC, by water content, soil
type, tillage ...
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Ln (EC,)
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L —
CS2: Multi-field ANOCOVA EC_-salinity calibration
over pistachio fields

~
2

* 14 pistachio fields sampled by Blake Sanden
* 140 soil samples (0—1.2 m): Salinity (EC,), and other soil properties

I
-

—> Apparent Electrical Conductivity (EC,) measurements
at 0-0.75 (EC_H) & 0-1.5 m (EC,V) with EM38 Dual Dipole

Preliminary analyses J, K
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Area 1: Average rootzone
« ECeto 5 ft 12.5 dS/m

(Area 4 or | 5)8Z0Ne": EM38 sum = 323 mS
§ L ' (2014-16

IN a Comme;r dalz i 1

field. I\/Ieas | rgnu iig‘AreaS:Average rootzone

" ECeto5 ft 14.0 dS/m

tree stature; EMS0 sum = 1126 mS

rootzone s
and
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Tree Circumference 12/4/14 by Rootzone ECe to 5'

Trunk Circumference 12/09-11/2015
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Cumulative 2014-16 Yield Decline b

Average 3 Year Rootzone Salinity to 1.5 m
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Interpretation of the model:
only 5% of probability that yield will exceed the
predicted potential at any given salinity level
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Estimated 95" percentiles for all EC, intervals

Fitting tolerance functions !
oo Maas and Hoffman model; ¥
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Parameter Estimate

CONSTANT
pH

Na

Cl

B

Avg ECe

Standard T
e ey [VILIItiDIE regression model using pH,
32820 5471 5.999| 0.0000 i )
R R Rl sodium, chloride, boron and average
-17.17 1496 -1.148| 0.2530 . .
rnETE Ty L£Ce as predictors of yield. Na and
=B ISR S - EC are NOT statistically: significant!
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nlow to do it nlow to i if

«Leaching calculations for F|X: Monitor SOII EC, calcu-

composite pit samples late reclamation leaching
Gooselake soils data — composite pits 8, 9, 11, 12, 13

Depth SP pH EC. Ca Mg Na | SAR ESP
0-1' 40 7.9 55 34.2 4.6 21.7 4.9 5.7
1-2' 45 8.0 6.7 .9 4.3 39.6 9.6 11.4
2-3' 45 8.0 7.3 25. 4 51.8 13.6 15.8

Guidelines to evaluate orchard soils and wate
excess salinity for mature pistachio trees

upplies for

Degree of restriction for pistachios Average salinit
EC (dS/m) of: None Increasing Severe | J y
Avg. root zonel! <6 6-8 > 8-12 = 6.5 dS/m

Irrigation water! <4 4 -8 > 8-12

1 Guidelines based on field data where the annual leaching fractions
were about 15% for the “No restriction level” and 30% for the
“Severe Level”.



nlow fo do if nlow to fix if
*WATER QUALITY — Soil structure may suffer with Well 1 quality.
Analysis:

Well 1 Adus Well 2 HCO
pH (84) 74 74 3
EC, IU 05 5.8 dS/m 6.5 OPTIMALpPH 7.5

Ca 0.5 1.2 26.5 meq/l

Mg 01 1.0 15.3 meq/l

Na 906 25 23.9 meq/l «Mo «Lime precip
HCO3 16 1.5 meqll deficiency - Chlorosis
COS 0 <0.1 <0.1 meq/l | ow Ca Fe, Zn, Cu,

Cl 4.6 2.0 36.9 meq/l High Fe, Mn Mn deficiency
SO, 01 0.9 24.0 meq/l & emitter

NO, 52 0.6 8.0 mg/l
SAR 175 24 5.4

SARI80  EIX: Inject acid. 200 - 500 Ib/ac-ft H,SO,

(Use Excel Program for weights of sulfuric and NpHuric
reqd to neutralize HCO3 and release Ca from lime.)



Fine, ball-milled

reclaimed sulfur
applied @ 1.5 t/ac

2 foot banded
appliation:

= 15 t/ac to reduce
pH In tree row

il
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Incorporated with
bent 15” furrowing
shovel welded to 30
chisel shank and sunk
Into slip trench




Incorporation
to 28" depth




Soil analyses from composite sample of Auger &
Backhoe treatments prior to planting and end of
first season.

2005 Date Sampled: 11/15/05; Grower/Location/Project: Houchin Ripping
Depth SP pH EC SAR Ca Mg Na Cl B HCO3 CO3 Lime
(inches) % dS/m mea/l meq/| meq/| meq/I meq/| meq/| %
0-20" 63 7.6 2.33 7 7.64 1.38 14.6 7.5 0.5 1.9 <0.1 04
20-40" 58 7.8 3.36 11 7.73 2.28 25.1 12.5 0.7 1.6 <0.1 13.8
40-60" 48 8.0 3.71 10 9.78 3.28 25.5 17.7 0.7 1.4 <0.1 12.6
2006 Dat mpled: 11/9/06, _Grower/Location/Project: Houchin Ripping
0-15" 61 3.15 4.31 10.9 2.4 0.44 3.6 <0.1
15-30 60 7. 2.32 5 11.8 2.48 12.5 1.3 0.43 2.4 <0.1
30-45 56 7.8 1.87 7 4.9 1.32 12.8 2.2 0.53 2.5 <0.1
45-60 42 7.9 1.88 9 3.7 1.30 13.9 2.6 0.49 2.4 <0.1

Soil Fertility 11/9/06

Depth | NO3-N |Olsen-P|] AA-K Zn Mn Cu Fe

(inches)| (ppm) (DTPA) | (DTPA) | (DTPA)

0-15" 18.9 4.6 15 21.9

15-30 7.2 0.8 15 9.5

30-45 4.8 0.6 1.1 6.7

45-60 3.1 0.8 0.6 55
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ow fto do
- STRATIFICATION







nlow to fix it
WALNUT RESPONSE TO DEEP TILLAGE

UNDER FLOOD IRRIGATION
*Trunk
*Yield circumference TRoot count

Tillage Method

(Ib/acre) (in) (per 3 cu ft)
None 1,009 14.8 /8
Ripper 1,120 16.6 94
Slip plow 1,185 16.7 118
MO_LC: g\?vard 1,433 17.0 175

*Measured during fourth year of production.
*TMeasured during eighth year of production.




rlow to fix it!" Slip plow made no difference with in
almonds with fanjets in Arbuckle.

Nut Yield (Ib/ac)
Tree Age Slip Non Slip

Year (years) Plowed Plowed
2000 4 894 830
2001 5 1070 1243
2002 6 2725 2761
2003 7 2165 2323
2004 8 1869 1865
2005 9 1548 1841
2006 10 2910 2862
2007 11 2770 2571
*Cumulative Yield 15951 16296

*Edstrom, J., S.Cutter. 2004. Nickels soil lab projects —
Deep tillage slip plow affects on almonds. 2004
Conference Proceedings, CA Almond Board. Pp.75-76.
(J. Edstrom, personal communication, 10/7/08)



Effect of Pre-plant Tillage on Pistachio
Development Under Drip Irrigation (planted 2006)

Treatrnentss

1. Auger only: no deep tillage. Row marked with furrowing shovel, sulfur applied as

above and incorporated with second pass of same shovel. Standard 3 point hitch auger to be
used at planting same as all other treatments

2. Cotton chisels: standard gang of 7, 36 inch chisels, one pass down the tree row to a
depth of 30 inches.

3. S|Ip p|OW (standard tillage for whole project): one slip plow pass down the tree row
with a 15 inch shoe penetrating 42 to 50 inches.

4, Triple S|Ip slip plow treatment down tree row (as above) with an additional pass 6 foot

on either side. A final fourth pass was repeated down the center (tree row) pass to achieve a
52 inch penetration and further fracture the profile. This treatment is meant to be similar
from the benefit that might be gained by “straddle ripping” after slip plowing.

e Backhoe to 7 feet: installed as a subplot in the Triple Slip treatment, a 3 x 51 foot
trench to 7 feet was excavated along the space that will be occupied by trees 4,5 and 6

(counting from the West). This subplot provides for replicated observations
on trees receiving the maximum amount of deep tillage possible.






Rootstock circumference: No significant
differences after 8 seasons

Rootstock Circumference (in)

20
18
16
14
12
10

o N B~ O 0

mAuger
BOChisel

B Slip 1x
OSlip 3x

BBackhoe

_(Backhoe is subset of triple slip treatment.
Differences are not statistically significant.)

1st Leaf
11/9/06

2nd Leaf 4th Leaf oth Leaf 8th leaf
10/18/07 10/31/09 12/18/11 12/10/13




2nd Harvest 9/20/13, 8t Leaf
Average 1283 Ib/ac inshell and 71.2% splits
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Nut Yield (Ib/ac)

500 -

|
8th leaf harvest 9/20/13 OAuger Only
- . - B Chisels
No significant difference @ Single Slip
BTriple Slip
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T A
California Soils Resource Lab (UC and NRCS):
http://casoilresource.lawr.ucdavis.edu/drupal/  “On-line Soil Survey”
UC Soils-to-Go:

http://soilstogo.uckac.edu/

Use the following links for more information:

Full California soil surveys (as PDF) published online:
http://soils.usda.gov/survey/online_surveys/california/

For georeferenced spatial and tabular data available for California
(more difficult to access and requires use of GIS software):
https://soildatamart.nrcs.usda.gov/County.aspx?State=CA

For locating NRCS offices in the US:

http://offices.sc.egov.usda.gov/locator/app



http://casoilresource.lawr.ucdavis.edu/drupal/
http://soilstogo.uckac.edu/
http://soils.usda.gov/survey/online_surveys/california/
https://soildatamart.nrcs.usda.gov/County.aspx?State=CA
http://offices.sc.egov.usda.gov/locator/app

