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The Globual Eerspective:: Baul Ehrlichs
“Population bomb:<has not:disappeared

*(GlelaltTeed preguchionWill nEEd te INCIEase
Py S6%0 0y 2025 andisi Yo By 2050

o|| 1S estimated thataneut15% alithe tetal
landiarea ehithe Warl d nasiBeen degraded oy,
sellferesienR andiphysicaliandichenical
aegradatien; ncludrnasenisalinization:

(WaldiAS 200353 Setis; land/and oot managing theland
durng tnetwenty=rrst Century Camorioge; Uke
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CA groundwater depleton: 1962-2003
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New Groundwater Banks Were Very
Useful During Recent Drought

4.0 -

= Total withdrawals 2007-10:
1.9 maf (3x more than water

35 1

30 - market)
g 25 = Rapid recharge thanks to
o very wet 2011
& 20
£ = But some conflicts over
s 0 falling groundwater tables
e » Questions:
05 - — How to strengthen
L groundwater management in
0 o0 1 | 1 banking areas?
L 1994 1996 1998 2000 2002 2004 2006 2008 2010 — How to ensure recharge
. abilities given Delta pumping
% Dry years mKern County (all parties) mSo Cal (Met) restrictions?

Source: Hanak and Stryjewski. 2012. California’s Water Market, By the Numbers. PPIC.
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Figure 18-1 Salt load (mean of annual averages from 1959 to 2004)

LEGEND Sacramento River
‘ Annual Flows (thousand acre-feet) 16,953 TAF | 1,945 1TS

Annual Salt Load (thousand tons sait)

Yolo Bypass
2,980 TAF | 405 1718

North Bay Aqueduct
38TAF | 4 T1T1S
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(CA Water
Plan Update
2009: Vol2 .
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and Salinity California Aqueduct 3,083 1ac | 922 175
2,169 7TAF | 1,004 171S
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CA\Nater Pian 2009
Saltand Salinity Management

SacramentorRiverwaterssalinity
— O on/ac=tt: (0:13:ds/imEC, 83/ ppmitas)

CAFAgUedUctwaterssalinity
— 0Moitoni/ac=tt: (0:58:ds/mEC; 389/ ppmitds
—y3.ot/ac@4ac-ttlyr-s 40 years
=2:0/d5/mincreasein =G over- 10 ft:depthiofisoil)

RriantKernwwaterssalinitys (KernGountyidata)
— 0065toni/ac=t: (0:0¥as/imECy 45:ppmitds)

(CA Water Plan Update 2009: Vol2 Chap18: Salt and Salinity Management)



CAater:P1antZ2009:

RESEARCH forsalinity:management

Salt storage and other research and implementation

10. Additional options for salt col
storage of salt should be deve!

lection, salt treatment, salt disposal and long-term

oped. University researchers should work with

regulatory agencies and stake

nolders to 1dentify environmentally acceptable and

economically feasible methods of closmg the loop on salt for areas of the state that

do not currently have sustaina

ble salt management options. Funding for this sort

of research should be prioritized to ensure that areas with the greatest needs (1.e.
high salt and few or no feasible management options) are targeted first. (See also

Recommendations 2 through 7, 11 and 12.)

What happened to the UC Salinity-Drainage taskforce?

(CANWVaterPlamUptdate 2009 \V/e1 2/ Cnaplessaltand SalmbyManagement)
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IrrigationtdistputionumTermMity(IDLU) iSuridace
Irrigationis;determnedioy seninfiltrationirate;
FloW deWnithe checkdandisetauration:

“low quarter” infiltration

DU (%) =100 * — .
Average field infiltration

| Possible stress 5, Stressed plant growth
Wleaching water loggin Too little water '

':F :P

210 "TTail- o leaching

Inflltratlon@ 18 hrs I

Rootzone Depth (m)

Infiltration @ 24 hrs Deep percolation - lost water & N fertilizer
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CaUSES OF MICKO! IFgation NeR=-URITORMITY:
chemicaliprecipitates clogging drippEers or:
altering flow rates. Check fertilizer
MIXES, GyPSUm INJECLIoN; MayIoe USE acid.

. B ! | V-.._“ .\"."/ .
/,‘- il . ‘(’%’. el /

Micrasprinklers may
SNEW Precipitation
put rarely; lese flow.
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"Irngatron =47, 7 in
Avg SWP -13.5 bars
Trnk D|am 79.3 cm

‘‘‘‘‘‘‘

Irngatlon 45 6 in o
Avg SWP:/-13.4 bars

{ Trmk Diam 75,3 cm’

vmgafvon non-

{ ,Trnk Diam' 77.8'em:|

'kmcm

Sy Pre Rench 3ot
: Avg SWP —134bars : Block 10-2
08/27/2012

Relatively small
pressure
differentials in

N l e

Irrlgatlon 49 5 in:

| Avg SWP “155bars
| Trok Diam' 780.2.cm

W

L

.Irngatlon 501|n
- Avg SWP -14. Sbars ;

: Trlnk Diam ’75 1cm»

4 Avg SWP- -12.9 bar-s;

Irrlgatlon - 484| G s UITE _
irrigation subunits

(+/- 4 psi)
produced different
amounts of
applied water,

Trnk Diam. ' 76,7¢cm |

54,2 i =

s A\ it 0

Irrigation 3

canopy cover and
Avg SWP: -11.0 bafﬁ leaf retension by

Tk Diam 77.5cm. the end of August

3E
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“rrigation. 58.1in |
Avg SWP -11.2 bars| -
Trnk Diam® 83.1cm | *
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Micro-sprinkler or &
double-line drip §

systems capable of § b s
Injecting f_ertlllzer o - i = gk
and applying 0.60 ik A

=

[0 1.5 inches/day: — =




ET Estimates Using CIMIS Zone 15 Southern SJV "Historic" ETo

(1st published 2002)

Normal Almond ET -- Minimal Cover Crop, Microsprinkler
vear Mature (inches, S. San Joaquin Valley)
Grass  Crop Coef- T
ETo ficient IstLeaf @ 2ndlLeaf @ 3rdlLeaf @ 4thlLeaf @

Week (in) (Kc) 40% 55% 75% 90% Mature
1/6 0.21 0.40 0.03 0.05 0.06 0.08 0.09
1/13 0.28 0.40 0.04 0.06 0.08 0.10 0.11
1/20 0.30 0.40 0.05 0.07 0.09 0.11 0.12
1/27 0.36 0.40 0.06 0.08 0.11 0.13 0.14
2/3 0.42 0.40 0.07 0.09 0.13 0.15 0.17
2/10 0.47 0.40 0.08 0.10 0.14 0.17 0.19
2117 0.54 0.40 0.09 0.12 0.16 0.19 0.22
224 0.61 0.40 0.10 0.13 0.18 0.22 0.24
3/3 0.69 0.42 0.12 0.16 0.22 0.26 0.29
3/10 0.79 0.61 0.19 0.27 0.36 0.43 0.48
3/17 0.89 0.64 0.23 0.31 0.43 0.51 0.57
3/24 0.98 0.67 0.26 0.36 0.49 0.59 0.65
3/31 1.09 0.72 0.31 0.43 0.59 0.70 0.78
a/7 1.19 0.74 0.35 0.48 0.66 0.79 0.88
4/14 1.32 0.75 0.40 0.55 0.74 0.89 0.99
4/21 1.41 0.81 0.46 0.63 0.85 1.03 1.14
4/28 1.49 0.83 0.50 0.68 0.93 1.12 1.24
11/10 0.57 0.71 0.16 0.22 0.31 0.37 0.41
11/17 0.48 0.68 0.13 0.18 0.25 0.30 0.33
11/24 0.42 0.60 0.10 0.14 0.19 0.22 0.25
12/1 0.36 0.50 0.07 0.10 0.13 0.16 0.18
12/8 0.31 0.40 0.05 0.07 0.09 0.11 0.12
12/15 0.29 0.40 0.05 0.06 0.09 0.10 0.11
12/22 0.25 0.40 0.04 0.06 0.08 0.09 0.10
12/29 0.21 0.40 0.03 0.05 0.06 0.08 0.09
Total 57.90 20.91 28.75 39.20 47.05 52.27

A



KEMAImond Crop CeeHiCIEntS (IKC)
Using: Satelites & SEBAIL 156 Fields
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Vieasurea: Brown Bertility Ely compareaito

2002 Sanden & 1968 UE Almend Ei

1.4 —1-Older UC Published Kc

—O0—Sanden SSJV Kc (released 2002)

E 12 ] —4—2008 - 12 Measured Kc (Brown fertilty trial)
E 1.0 i > o
@ +———{3—
O ~ — Hge
(i 0.8 e (] Ll Q
o ® — - .\._
O o ®
- 4 [ |
c 0.6 - ~ ]
E ] . :
'i i 4 Avg Kc 4/1 - 11/15 Calculated Avg ET
2 047 000 Older Avg Kc =0.81 423 in (411 - 11/15) o—0
3 i Sanden Avg Kc = 0.93 52.3 in (year)
2 . Measured Avg Kc = 1.05 59.6 in (year)
m 0-2

1 (Using CIMIS Zone 15 "Historic Eto" = 57.9 in)

0.0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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Watermanie ReadmagsiirantAMA00N egger: reading Sxiday.

4/5 5/17 6/7 6/28 7/19 8/9 8/30 9/20 10/11 111

2038 Ib/ac yield and 44.8 inches irrigation,

Almond (Fritz)
Sandy clay loam

Soil Moisture Tension (cb)

5/17 6/7 6/28 7/19 8/9 8/30 9/20 10/11 11/1

18|l
EECLEEEEEEREEEEEEL I 36
60"

 NONPARIEL 2478 Ib/ac yield and ‘
45.0 inches irrigation

Soil Moisture Tension (cb)

Sandy clay loam
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Into the Drive (ft)
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Estimvating\VVater EHoelaing Capacity: &

MiIcroligatien SeEL IWmes for @rehards

Refill Times for Different Soil
Textures and Micro Systems

Soil Texture

Sand

Loamy Sand
Sandy Loam
Loam

Silt Loam

Sandy Clay Loam
Sandy Clay

Clay Loam

Silty Clay Loam
Silty Clay

Clay

YIrrigation Time to Refill & Moisture Reserve of
r 4 Foot Wetted Rootzone @ 50% to 100% Available}
Sunbing |oorerme  LALMONDS 0.28 inch/day ET
Available Diameter| Drip 1- Moisture 10 gph Moisture 14 gph Moisture
Soil from 1to] gph, 10 Resene @| Fanjet, 1 Resere @| Fanjet, 1 Resene @
Moisture 4' Depth per tree 0.28"/day | pertree 0.28"/day | pertree 0.28"/day
(in/ft) (ft) (irrig hrs) (days) (irrig hrs) (days) (irrig hrs) (days)
0.7 2 2.2 0.3 11.6 1.6 12.5 2.4
1.1 3 7.8 1.0 19.6 2.7 20.9 4.0
1.4 4 17.5 2.4 26.9 3.6 28.3 5.4
1.8 5 35.9 4.9 37.1 5.0 38.6 7.3
1.8 6 43.1 5.8 39.7 5.4 40.8 7.7
1.3 6 31.1 4.2 28.6 3.9 29.5 5.6
1.6 7 44.7 6.0 37.6 5.1 38.3 7.2
1.7 8 54.3 7.3 42.6 5.8 42.9 8.1
1.9 9 68.2 9.2 50.6 6.8 50.5 9.6
2.4 9 86.2 11.6 64.0 8.6 63.8 12.1
2.2 10 87.8 11.9 62.3 8.4 61.5 11.6

'Based on a tree spacing of 20 x 22'. Drip hoses 6'apart. 10 gph fanjet wets 12' diameter. 14 gph fanjet @ 15' diameter.

Note: Peak water use @ 0.28"/day and 20 x22' spacing = 74 gallons/day/tree. 0.20"/day =55 gallons/dayi/tree.

Table takes into account merging water patterns below soil surface for drip irrigation.




SO Now much salt
COmMes In with my
lrigation Water?



Kern 10-year Pistachio Salt Tolerance
Trial Average Water Quality 2004-2013

2004-2013 AVERAGE TRBATMENT WATER QUALITY

-ﬁ G M N O c03 003 NOBN S04 |
TREATMENT  pH SAR  (meg/) (meg/) (megfl) ~(meqfl) J( pm (meg/) (ppm)  (meg)
Aqueduct 24 11 10 24 21 13 <01 05 07
Blend 17| s | a5 11 76 ws wsl 7615 @1 17 09
Wel 76\ 532/ 54 282 129 28 U1l 16/ 16 <1 57 19§

Wel 93high EC 78 70 403 191 317 663 \192/ 20 <01 120




Salt tonnage by water guality calculations:

2004-2013 AVERAGE T

EATMENT WATER QUALITY  (TDS/PPM values)

Ca Mg Na Cl B HCO3 NO3-N SO4

SAR (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)  (ppm)
24 22 48 55 73 2 79 05 63

Water Source  pH
Aqueduct 7.9

Blend 1. 45 282 372 341 675 82 89 1.7 948

Well 7.6 54 465 627 525 11/6 125 97 5.7 1877
Well high EC 7.8 7.0 807 929 867 2284 207 124 12.0 Not tested
MASS (Ibs/4 ag-ft) 1 Acre-Foot of Water = 2.719 million pounds

Water Source  pH B HCO3 NO3-N SO4

Aqueduct 25 854 49 684
Blend 890 964 18.4 10317
Well 1357 1050 62.0 20414

2250

1344 130.1 Not tested
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5.0 6.0

—e—2/7/08 ’ —e_2/7/08
—=—11/19/08 : —=—11/19/08
—A—12/15/09 : —a—12/15/09
| Salt —><—1/4/11 _ —¢— 114111
accumulation
over 3 years =77 laccumulation
1in NW Kern -0 Jlover 3 years
almonds — .0 in NW Kern
Fanjet o Jalmonds —
|irrigation Double-line

~ |drip irrigat¢ion

FANJET Soil EC (saturation extract, dS/m) DRIP Soil EC (saturation extract, dS/m)

s 2/7/08 ] e 27108
—=— 1119708 ' —=— 1111908
—a—12/15/09 - —a—12/15/09
e 11411 _ —— 141

Depth (feet)
Deyth (feet)

NS
[==] =
1 1

g
[=]
1

©
o

FANJET Chloride Concenfration (saturation extract, meq/l) DRIP Chloride Concentration (saturation extract, meq/l)




Salt tonnage by water guality calculations:

Table 1. Salt Index values for some K Sources from the Jackson and Rader
methods and those being reported in Crop Protection Handbook and
Western Fertilizer Handbook. (After: Clapp, J.G. Currently Used Salt
Index Tables are Misleading. 2007 Indiana CCA Conference Proceedings)
Crop Western
Rader Jackson Protection Fertilizer
(1944) (1958) Handbook Handbook
(2006) (2002)

KCI 116.3 149.6 116.2 116.3
K2S04 46.1 111.2 42.6 46.1

KNGO3 /3.6 97.6 69.5 73.6

S of Potash-
magnesia 43.2 64.8 43.4 43.4

Thiosulfate -- 63.2 68 64

K-Source

Note: The current standard salinity hazard index number is the osmotic
potential of the fertiizer compared to the osmotic potential of sodium
nitrate which is standardized at 100. Thus KCl @ 116.3 creates 16%
more osmotic potential per pound of fertilzer compared to NaNO3.




Salt tonnage by soil & water salinity
calculations:

200 Ib/ac K application-fram KCI
= 200 b K {182 Il Cl = 382 Ib KCL

Average soll saturation extract CI=12 meq/I=420 ppm

With extract SP at 0,33 =~ 279015 Cl
down to S feet deep

Possible Cl increase from FERTILIZER

=182/ 2790/= 6.7%
Possible Cl increase from WATER

=791 /2790 = 28.4%




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

(15t leaf, 8/2/05)

Blend (50/350)
nC 3.5 dS/m
= Na 121 ‘meq 1
‘ ";fz'CI 16 9 mteI

1 23.0. meq
33 5 meq/l

’4 \' “. "*"‘
LR



Blend 20 Apr, 2005

Aqueduct 20 Apr. 2005 T ee

Pre-irrigation 260 mm

ECw = 0.5 dS/m

Aqueduct 30 Jul, 2009

Tree ECe =1.9dS/m

Rain 75 mm ECw = 0.5 dS/m
1 1 1 1

I ©
1 Dri

ape
I

AN

o

Tree

Depth (m)

Depth (m)

g ECw = 3.0 dS/m

Tree ECe =5.0 dS/m
ECw = 3.3 dS/m

Blend 30 Jul, 2009

) |

Well 20 Apr, 2005

Tree
s E(?w = 5.4 dS/m

,,/é : \( |
@W\\\\‘%\ |

r/

North Distance from Tree (m) South
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Contours of soluble boron in pistachio rows, 2005-2013
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of trial.

This pattern re-
peated 20 times




Salt added to crop rootzone from start

Irigation
Treatment
(avg dSim)

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

2005
g~ Salt

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

of project

2008

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

9.6 13,2%

2011

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

35 48,9%

2013

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

39.0 72,1%

Total  Total
mg Salt

(in) (Iblac)
2158 32,848
247.9 193,172
225.0 300,3%

EC+
Max
(IS

2.6
Bl
23.0

rigation inches for total tree spacing, salt totals (Ib/ac) calculated for a 9.5 foot wide subbing 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.
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SO where do | start on
assessing salinity.
proplems and
management solutions?
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& q \ 3 . .
* g Saturaticn Extract Exchangeable Cations Soluble Butr
? S ’) ------------------- PR TP R g e e U T S R S e et st Saltg ====s-=-cmmens
.,'r., ¥ mehos/cm |- - - - - = - - meg/l - - - - - - l ppm |- - -neq/100 grams- - -| % R e p
#5 Description §2 pd " BCe Ca Y Va K Ccl HCO3 B K Ca Mg Na ESP* RSP++ NO3-N  NO3-
5 At
&835 18-13) 0-1' 40. 7.9 5 S 14.23 4.6. 21.75 0.17 9.4 3.0 0.57 0.43 24.80 1.60 2.13 7.4 5.70 17. 7
48;? {8-13) 1-2' 4. 8.0 6.7 29.89 4.28 39.58 0.10 14.2 1.3 1.28 0.25 67.07 2.10 3.€1 §.9 11.40 48. 22
8% (8-13) 2-3' 4. 6.0 7.3 25.05 3.95 51,76 0.10 10.8 1.1 2.05 0.19 66.21 1.33 4.65 6.2 15.80 1. 14
$97€ (8-21) 3-4' 48. 6.2 13.9 24.40 3.86 126.14 0.c8 15.4 1.2 3.27 0.17 43.46 1,77 10.40 1B.§ 32.50 32. 15
4379 (6-13) 4-5' 48. 8.0 15.2 23.75 3.78 152.24 0.10 25.2 1.6 3.65 0.23 27.74 1.52 11.70 8.4 37.20 27. 13

+ ESP = (Calculated fror Exchangeable Cations) -
++ ESP = (Caleulated from Soluble Salts and SAR) Start Wlth the data
¥t CBC = (Cation Exchage Capacity) =

GTS [ X 5 PO st i | Fxee S8 WG

# Description Zn  Mn  Fe Cu [Lime CaCO3 S04-S SAR CEC and Water analyses

4675 (8-13) 0-1' 1.6 8.8 9.6 1.1 HIGH 7.5 121, 29.0 Be.8 e
4876 (8-13) 1-2' 11 Lo 52 0.8 RIS 7.4 564, 73.0 88.8 are essentlal'
4877 (8-13) 2-3 1.3 €.8 6.0 0.4 HIGH 6.0 610. 75.0 8§.8 Organize by depth

8.2 0.4 HIGH 3.0 640. 55.8 88.8

e
=y
(=]
-2

4876 (8-13) 3-4'

In Excel format.

4873 |8-13) 4-5' .3 0.7 L10.0 0.4 HIGH 4.5 236, 41.2 B88.8



Depth : 0-36"
Description : Site 6 Pistachio
Project : Goose Lake Farms
PISTACHIO SOIL ANALYSIS

Test Description Result Optimum Range Graphical Results Presentation
Very Moderately Op(imu?n Moderately Very
Primary Nutrients Low Lo High Hig I
Nitrate-Nitrogen 49 PPM See Note |

Phosphorus 6  PPM 12 - 60 C I d b h
Po:;mi:uns (Exch) 120 PPM 81 - 500 O Ore ar C arts
Potassium  (Sol) ND meq/L. 0.25 - 1.0

Secondary Nutrients are CUte and give

Calcium (Exch) [4800 PPM

Cucom - (So) | 19 meqL. 2.0 - 50 e growe Is an intuitive
Magnesium (Exch) 100 PPM -
Magnesium  (Sol) 1.2 /L 1.5 - 60 l
Sodum  (Exch) [500 PPM | snapshot of what the
Sodium (Sol) 50.6  meg/L See SAR
Sulfate 9.9 meqg/L 0.6 - 20 e i 7 b b
Micro Nutrients NUMDETS mean’ Ut
Zinc 0.5 PPM 0.7 - 50 ] - -
Manganese 52 PPM 14 - 50 thIS format IS UseleSS
Iron 50 PPM BO - 100 al )
Coppe 0.7 PPM 0.2 - 40
iy for doing salt
Chloride 533 meq/l 0.1 - 4.0
27,0 moqlio0g | Variaie assessments and
% Base Saturation .
(C'E(‘ - Calcium 87.8 % 60 - BO reCIamatlon
CEC - Magnesium 30 % 10 - 20 | .
CEC - Potas L1 % 2 ] I I
CEC - Sodum | 80 % 0.5 calculations.
CEC - Hydrogen 0.0 % 0-3
Strongly | Moderately Near Moderately | Strongly
Acidic Acidic Neutral Alkaline Alkaline
pH 1.5 - 6.8 - 8.2
Good ‘ _- Problem . Indicates physical conditions and/or phenological and amendment  requirements

Note Color coded bar graphs have been used w provide you with AT-A-GLANCE' interpretations



Table 1. Guidelines for water quality for irrigationt
(Adapted from FAO Irrigation and Drainage Paper 29)

Degree of Restriction on Use

Potential Units

Irrigation Problem None Slight to Severe
Moderate

Salinity(affects crop water availability)
ECw dS/m <0.7 0.7-3.0 > 3.0

TDS mg/l <450 450 — 2000 & > 2000

Infiltration(affects infiltration rate of water into the soil. Evaluate
using ECy, and SAR together)

Ratio of SAR/ECy <5 5-10 > 10
Specific lon Toxicity (sensitive trees/vines, surface irrigation limits)
Sodium (Na)? | meq/I <3 3-9 > 9
Chloride (CDH% | meg/I <4 4-10 > 10
Boron (B) mg/l <0.7 0.7—3.0 > 3.0

1 Adapted from University of California Committee of Consultants 1974.

2 For surface irrigation, most tree crops and woody plants are sensitive to
sodium and chloride; use the values shown. Most annual crops are not
sensitive; use the salinity tolerance only. With overhead sprinkler irrigation
and low humidity (< 30 percent), sodium and chloride may be absorbed
through the leaves of sensitive crops.




SOIL SALINITY & SPECIFIC ION

TOXICITY THRESHOLDS

S = sensitive, <5-10 meg/l. MT=moderately tolerant, <20-30 meq/I

ECireshn  Slope  Sodium  Chloride Boron
Crop (dS/m) (%) (meqg/l) (meqg/l) (ppm)
Almond 1.5 19 S S 0.5-1.0
Apricot 1.6 24 S S 0.5-0.75
Avocado S 5.0 0.5-0.75
Date palm 4.0 3.6 MT MT
Grape 1.5 9.6 10-30 0.5-1.0
Orange 1.7 16 S 10-15 0.5-0.75
Peach 1.7 21 S 10-25 0.5-0.75
Pistachio 94 8.4 20-50 20-40 3-6
Plum 1.5 18 S 10-25 0.5-0.75
Walnut S 0.5-1.0




Sallolerance
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Salt Affected Relative Yield(%) =
100 — Slope*(Soll EC, — ECy, ccroid)

Almond Relative Yield(%) =
100 — 19%(Soil EC, — 1.5)




Analysis:

pH 84
EC,, 1.0dS/m
Ca 0.5 meq/l
Mg 0.1 meq/l
Na 9.6 meq/l
HCO; 4.2 meq/I
CO; 1.0meq/l
Cl  4.emeq/l
SO, 0.1meq/l
B 0.7mg/l
NO; 5.2mg/l
SAR17.5
SAR,4i16.6

120

100 -

Relative Yield (%)

(00]
o
1

Cotton Relative Yield =100 - 5.2(ECe - 7.7)
—aA— Alfalfa

—eo— Almond

m— Cotton
—i— UCB1

e

10% leaching fraction
INncreases average

rootzone salinity ~3x
N\ I

O 2 4 6 8

N

10 12 14 16 18 20
EC (dS/m)

FIX: Pistachio: —normal irrigation.
Almond: increase leaching fraction to 15%.



Almond Relative Yield =
100 —slope(EC;..n — EC,)

Rule of Thumb:

Long-term EC, ,,one ~ 3 10 4*EC,
Long-term EC, ,,one ~ 2 10 3*EC,

@ 10% LF
@ 15% LF

rr water

rr water

10%LF = 100-19(3-1.5) = 71.5%
15%LF = 100-19(2-1.5) = 90.5%




Table 3. NW Kern: Milham fine sandy loam,

flood (soil sampled 11/6/05)
EC | Ca | Mg | Na K

B

ESPIT Cl HCOS‘ S04 | sum | sum

Site/Depth | SP pH | dS/im) | (meg/l) | (meg/) | (mea/t) | (mea/l) | SAR | (mea/l) | (ppm) | (mea/l) | (meg/l) | Cations | Anions
Field B-N/S, Zonel (Well 1 high salt + Aqueduct/Semitropic Canal)

0-20" 42 79 207 10.1 2.0 8.4 0.2 3.6 9.0 0.2 5 54 | 207 19.4

20-40" 41 79 426 20.7 43 19.1 0.2 6.3 19.0 0.3 13 10.7 | 443 42.7

40-60" 39 /7 086 36 09 42 01 28 38 02 3 13 8.8 8.1

Well 1 7.4 20 00 120 10104 11 24| 140 135

Field S-1, Zonel (Well 4 low salt + Aqueduct/Semitropic Canal)

0-20" 40 7.8 0.63 3.0 0.7 2.9 0.1 1.8 1.3 0.2 5 0.2 6.7 6.5

20-40" 42 81 043 0.8 0.3 3.0 0.1 4.5 1.0 0.2 3 0.2 4.2 4.2

40-60" 36 8.0 0.64 1.0 0.5 4.1 01 _AS 2.1 0.3 4 0.2 5.7 6.3

Well 4 00 061 04 00 47 L105) 25 01 09 17| 52 51

Relative yield (%) for a 5 foot rootzone (Well 1):
=100 — 19%((2.07+4.26+0.86)/3 = 1.5) = 32.2%

Relative yield (%) for a 40 inch rootzone:
= 100 — 19*((2.07+4.26)/2 = 1.5) = 68.4.%




Table 4. SW Kern: Bakersfield sandy loam, flood

Mg K HCO3| SO4 | sum | Sum
Depth | SP | pH | EC | (megh) | (meg) (meq) (megf) [ SAR {C! (meqi)| (ppm) | (meg!) | (meg) | Cations | Anions
01' 43 70 39 278 30 74 03 19 08 06 13 333([ 35 375
12 4 15 42 43 40 19 02 37 24 05 1l 321 44
23 43 76 39 181 33 0 02 52 43 05 16 181 386
M43 15 42 236 44 41 01 38 57 04 12 300 42
Well 19 059 26 02 31 00 26 08 02 37 12| 58
welative vield (%) = 100 —
197 (33,9054, 253,94, 2) /4 — 11,5) = 511,5%,



Mass Balance Leaching for Ponding vs

Sprinkling or Intermittent Ponding

Desired salinity / original salinity

1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

k=015 |
*H mk=0.3
il
Ponding
' /
=
. /
0
/ - B
-
o s o
Sprlnkllngr * ¢ 4o 0o o s
0 0.5 1 1.5 2 2.5

Depth of leaching / depth soil




Reclamation: Using an average rootzone EC of 4.05

dS/m over 4 feet, the depth of leaching required to reclaim
this rootzone to an EC of 1.5 can be calculated with the

following equation (Hoffman, 1996):

Required Leaching Ratio (depth water/depth soil) = K/

(Desired EC/Original EC)
(Use K factor of 0.1 to 0.15 for sprinkling, drip or
repeated flooding. Use 0.3 for continuous ponding.)

Required Leaching Ratio (depth water/depth soil) =
0.15/(1.5/4.05) = 0.405

Actual depth of leaching water = 0.405 * 4 feet = 1.62 feet
=19.4 inches



http://cekern.ucanr.edu/Irrigation_Management/ANALYTICAL
_ CONVERSIONS AND LEACHING_ CALCULATIONS/

CALCULATING LEACHING DEPTH TO ACHIEVE DESIRED

SALINITY FOR SOIL RECLAMATION GOOgle Cekern |eaCh | ng

(Using fresh water with EC <=1 mmho/cm)
CALCULATING SAR, ESP AND DESIRED LEACHING DEPTH

Sprinkling / Drip to

Sample Data Required from Soil Extract Analysis Leach Rootzone
EXAMPLE Thickness| (%) (dS/m) (meg/l) Desired Dsrd/Orig (ftwater / (inch water
Depth  (inches) SP pH EC Ca Mg Na | SAR ESP EC/ESP Salinity EC ft soil)  for sample)
0-1' 12 40 7.9 55 34.2 46 2171 49 5.7 1.0 3 0.55 0.28 3.30
1-2' 12 45 8.0 6.7 29.9 43 396 96 114 1.7 3 0.45 0.34 4.02
2-3 12 45 8.0 7.3 25.1 4 518 13.6 158 2.2 3 0.41 0.37 4.38
TOTAL DEPTH OF LEACHING REQUIRED (inches):  11.70
ENTER YOUR DATA BELOW Sprinkling / Drip to
YOUR  Sample Data Required from Soil Extract Analysis \ Leach Rootzone
SOIL _ Thickness| (%) ~dSim). (meg/) Desired Dsrd/Orig (s water / (inch water
Depth  (inches) SP pH EC Ca Mg Na\ SAR  ESP EC/ESP Salinity EC ft soil)  for sample)
sttt 4DIVIO! #DIVIO) " 4DIVIOL | #DIVIOL | #DIV/O!
st 4DIVIO! #DIVO! " 4piviol | #DIVIOL | #DIV/O!
st #DIVIOL #DIVIO) “spivio | #Dvior " #Divio!

TOTAL DEPTH OF LEACHING REQUIRED (inches): " #DIV/O!

Always want EC/ESP < 5 to avoid serious infiltration problems.




Caleularing recuired lescning = 19,4 inches
ENTER YOUR DATA BELO
YOUR Sample Data Required from Soil Extract Analysis
SOIL  Thickness| (%) dS/m) (meqg/l)
Depth (inches) SP pH EC Ca Mg N SAR
0-1' 12 43 7.0 3.9 27.8 3.0 7.4 1.9
1-2' 12 45 7.2 4.2 24.3 4.0 13.9 3.7
2-3' 12 43 7.6 3.9 18.1 3.3 17 5.2
3-4' 12 43 7.5 4.2 23.6 4.4 14.1 3.8
Sprinkling / Drip to
\ Leach Rootzone
> Desired Dsrd/Orig  (tt water / (inch water
SAR ESP EC/ESP Salinity EC ft soil)  for sample)
1.9 1.5 0.4 1.5 0.38 0.39 4.68
3.7 4.0 1.0 1.5 0.36 0.42 5.04
5.2 6.0 1.5 1.5 0.38 0.39 4.68
3.8 4.1 1.0 1.5 0.36 0.42 5.04
TOTAL DEPTH OF LEACHING REQUIRED (inches): 19.44




B-N/S, WelllEC @ 1.50, LF=0.33 33% over =T
S-1, Well 4EC @ 0.61, LF=0.07 7% over &7T
SW Kern, Well EC @ 0.59, LF = 0.07 7% over 8T

Table 5. Average rootzone saturation exitract EC
(dSim) after long-term irrigation with a glven sallnity of
water (Ilgnoring precipltation/dissolution reactlons In
the soll) and Leaching Fractlon.
Irrigation
wWater EC|Leaching Fraction (LF) above crop ET requirerme
(dsim 0.05 0.1 0.15 0.2 0.3
0.2 063 0_41
0.6 1.89 1.24 097
1 315 2 M= 1.61 1.35
1.4 g4 42 2. 89 226 1.89 1.48
1.3 o 68 3. 72 2_90 2 43 1.90
2.2 a_94 4. 54 355 297 2 32
2.6 a_ 20 537 419 352 2 4
3 9 _4& &5.19 4. 54 4 D5 317
3.4 1072 F_02 5. 48 4 &0 359
3.0 11.98 .85 B 12 2514 4 01
4.2 13 25 a b7 = o 68 443
SOLVING FOR DESIRED LEACHING FRACTION DNRECTLY:
LF =0.326 (Desired ECe/ECirr)"-%¢




A2k 20Ut Salinity
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dirends, Imnrken CounRty AlReRES

—m—Bearing (1000 acres)  ==»=Gross Revenue ($100/ac) ===m]Meat Yield (Ib/ac)

150 1 Cultural Yield 000
Years Practice (Ib/ac)

125 | 1980-86 Short Prune 1371 2500
1987-01 Long Prune 1569
200211 MoreWater& N 2306

°
©
Qo
3% , -
- 0 0
(0
—5 100 - m - 20003
g =
6% / T
Eo 75 + 15002
g 2 -
g5 3
=9 50 - - 1000
m Z
c
L 25 - - 500
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VWINEreQiC e S Batrcle Brown
ENCRUIPIOMILRESSSStortility trial
Browin fertility 200820112
ol S NAAY
Laph Clojuininy
USING CA 7 155 500, 275 480 hfac

AquedUCt > o Kelevels; 3'SOUrCes
Water? 100, 200, 300/Ib/ac

12 treatments total
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5.0 6.0 . : : . . 5.0 6.0

—e—2/7/08 ' —e—27/08
— = 11/19/08 ' —=—11/19/08
—A— 12/15/09 . —A— 12/15/09
—x%—1/4/11 . —x—1/4/11

FANJET Soil EC (saturation extract, dS/m) DRIP Soil EC (saturation extract, dS/m)
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In its simplest form, the leaching fraction (LF) or water percolating below the
rootzone can be reduced to a simple mass balance of salt in, salt out:

D dw EC W

Diw R EC dw
Where:

D 4w = depth of drain water below rootzone
D;,, = depth of irrigation water

EC;,, = electroconductivity (or chloride concentration) of irrigation water
EC, = electroconductivity (or chloride concentration) of drain water

Proplem: Salts concentrate i the
|loOWEr rootzone andieventually have
to e leached. A Climass balance
can also e Used torestimate WU,




MICROSPRINKLER -- Cl (soil saturation extract, meq/l)

Sample Depth (ft) 2008 2009 2010 2011 2012 2013
075 19 43 102 14 39 82
225 129 71 229 33 94 124
450 228 177 2029 119 7.1 189
650 223 193 2946 248 110 223
850 11.8 114 1913 246 326 359

Avg 0-6.5feet 150 121 133 103 128 195

LEACHING FRACTION ESTIMATE WATER USE EFFICIENCY

2008 2009 2010 2011 2012 2013 2008 2009 2010 2011 2012
0.54 034 0.68 0.61 0.36 0.21 0.5 0.75 059 0.62 0.73
0.15 0.24 049 0.40 0.19 0.15 0.8/ 0.81 0.67 0.71 0.84
0.09 0.11 0.10f 0.16 0.24 0.10 092 090 091 0.86 0.81

0.09 0.10 0.07| 0.08 0.17 0.09 0.92 091 0.94| 092 0.86
0.16 0.16 0.10( 0.08| 0.06 0.06 0.86 0.86 0.91f 0.92] 0.94

(Average Clyq concentration = 2.2 meq/I) I:I e I dWU E _ 1 . LI:




Pearson Product R (Coriclation
\altes ol \/aroeus Saliany; Viater
and Almonad YieldrCharacte stics

Previous
Chloride  SWP Yield Year EC

2008 EC | 0.970*  -0.451 0.014

2009EC | 0926  -0.571* - 0.294  0.786*
2010EC | 0.899*  -0306 - 0.120  0.550*

2011EC | 0.866*  -0.454* -0.007  0.507*
All Years Avg | 0.920*  -0.533* -0.266

(*Probability < 0.05)
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Fig. 2.a. All years average rootzone ECe to 1.5 m by

tree number approximately west to east.

Fig. 2.b. All years tree kernel yield by tree number
approximately west to east.
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Fig. 3.a. Relative kernel yield as a function of average  Fig. 3.b. Relative kernel yield as a function of average
rootzone salinity (0-0.9 m) for all years and rootzone salinity to 1.5 m for all years and the
the “classic” almond salt tolerance curve “classic” almond salt tolerance curve (Ayers

(Ayers and Westcott, 1985). and Westcott, 1985).
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Pistachio acreage has more than doubled in last 10 years

Changes in San Joaquin Valley
Cotton and Pistachio Plantings Over
the Last 33 Years
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2013 PistachioYield Decline by Rootzone Salinity

Total Inshell (Ib/ac)
w
o
o
o

-
o
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o

Plot of Fitted Model (9th leaf yield by rootzone EC) -

Salt tolerance
from Sanden, et
1 al 2004

Total Inshell = 3485 - 134.4*EC

4 8 12 16 20
Rootzone ECe 0-5 feet (dS/m)
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Total Inshell

2013 Yield Decline by Rootzone Soluble
Boron Concentration
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Conclusions

SOME
ECONOMIC
SENSE ...

‘Pumped saline water: cost —;$65/ac-ft. EXpensive
canal water ~$1000/ac-ft in a drought.

* Al 42 Inches (3.5 ac-ft) to irrigate SJV pistachios
the difference in water cost = $3,27.2 /ac

@ $2.50/Ib = 1,309 Ib/ac pistachios




Conclusions

\Without effective
winter rainfall/fresh-
water irrigation > 6

INCNES every couple years,
excessive salt burldupwall
reduce young pistachio growth
and eventually vield.

High Na/Ca ratios can make this problem worse and even
lead to firost susceptibility (not a problem for this trial)

*Presently adsorbed boron could have a time bomb affect

«Use of saline well water could save $4,000 - 20,000/ac
(depending on the cost of fresh water) over 20 years If
appropriate leaching can be maintained




