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(Wy are we s falkine abort salt?,
< \/

“Edjyikashun is the process
of repitishun.”

Hodge Black — Arkansan born ag
extension entomologist and
Kern County UC Cooperative
Extension director, 1960-1996



Pistachio acreage has doubled in last 10 years
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Row crop ground along I-5 & Gooselake Slough
-- Igleal for pista_chios?
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However, much of this land Is less expensive
then the 1-99 corridor, has Panoche-type clay
loam soils with high-yield potential and good
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...with large areas that can “drown out” and
salinize under surface irrigation. Well managed
micro-irrigation systems can reduce or eliminate
much of the drainage problem, but when salts
become thls badsome Iea_ hl ndj_reclamatlon 2
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The results in some areas of the .
West3|de have been spectacular :






How do we measure salinity?

8 ECyw (water) or ®Ce (301l water extraet)

o tutnpos/ern = oS/t = 940 o THS

- Water — lyp copeentrarion, tepuperatyrre (234C)
- Soll — digrilled ywater extraet —> ypeleres iz

el
stz gore watar szlipiey
Y Y

Power Source

ctrlcal Conductivity

- Cation (+)
= Anion (-)




No marginal burr
or 0.7 ds/m UCE
rep | (9/18/02)
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WHY DO WE WORRY
ABOUT SALT?



Irrigation water EC (15 dS/m), sodium (50 meqg/I,
1150 ppm), chloride (65 meqg/l, 2301ppm) and boron




Boron, chloride and sodium accumulation
killing marginal leaf areas at end of season.
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INCREASING
SALINITY REDUCES
WATER UPTAKE/ET



Soil moisture release by texture with no salt impacts

Figure C-1. Soil moisture content versus tension for different soil textures.
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1600 e trreenen T~ SR A S
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Soil Moisture Content (inches of water per foot of soil)

| = Sand, Loamyv Sand
| == Sandy Loam _
—— Loam, Silty Loam, Silt

1

(Source: Ley, T., K. G. Stevens, R. R. Topielec, and W. H. Neibling. 1996, Soil water
monitoring and measurement. PNW4735.)



Total "Tension"

800

600

N H
o o
o o

0

2!

Silt Loam
(Sand = 20%,
Clay = 20%,
OM = 2.5%)

H/ft 3" /ft

4" [ft

Significant —5 dS/m
| | Stress Level \\ \ — =2 dS/m
\\\\\\\‘§ 1 dS/m
0dS/m
w — w —— w w —¥— = — UC clay loam

10 12 14 16

18 20 22 24 26 28 30
Total Soil Moisture (%

32 34 36 38 40 42




=3
| —
Y

3
@’

71 =
(=y

J

@ =
=
~ 5
& U
(= (I3
o

(a

=t

e
(P
E‘
| I

=

+ E
(13

~

(13

=

=
s
(=r
E‘

=

1
(—r
(72
S
| I

| E—

‘©

0

=

— 4000 -

2

g 3500 - Energy (equivalent to soil matric plus

a osmotic potential) required by plants to

> 2000 A AN take up water from a loamy soil as

2 N\ influenced by soil ECe and % soil water

© N content.

o 2500 A

)

= 2000 -

AL

Q

=, 1500 -

fo)

D 1000 -

= . .

g 5007 R "TTeeeao__82line Sol_ECe = 8.0 dS/m
> ' :.......l 0000000000000 5 . T

> 0 : | — 11'8 | N(I)n saline S(l)l| : l
s 0 S} 10 15 20 25 30 35 40
L

Soil Water Content (%)

After Rengasamy P J. Exp. Bot. 2006;57:1017-1023

JOURNAL OF
Experimental Botany



Osmotic Pressure for Various EC
Levels of General Salt Solutions
and for Specific Salt Solutions

(USDA. 1954. ““Diagnosis and
Improvement of Saline and Alkali
Soils. Agricultural Handbook 60.)

Added Salinity Stress (bars) = 0.4 (Soil ECe)

5.0

OSMOTIC PRESSURE — ATM.
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Soil Saturation Extract EC (dS/M) Ficure 5, Osmotic pressure of single-salt solutions as related 1o electrical conductivity.  (Data from International Critical Tables.)
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CLASSIC SALINITY
STANDARDS



CONCEPTUAL SALINITY CONCERNS

Total salinity (EC, TDS), pH

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

)

Texieity
1 Threshold
— Increasing Amount




Water Quality for Agriculture. R.S. Ayers, D.W. Westcot. FAO Irrigation and
Drainage Paper 29 Rev. 1, Reprinted 1989, 1994
http://www.fao.o0rg/DOCREP/003/T0234E/T0234E00.htm

Table 1 GUIDELINES FOR INTERPRETATIONS OF WATER QUALITY FOR
IRRIGATION?

. ] . Degree of Restriction on Use
Potential Irrigation J

Units

Problem None I\éllcl)%re]fr;ge Severe
Salinity(affects crop water availability)
EC. dS/m <0.7 0.7-3.0 > 3.0
TDS mg/I < 450 450 — 2000 | > 2000

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

Ratio of SAR/EC,, <5 5-10 > 10
Specific lon Toxicity (sensitive trees/vines, surface irrigation limits)
Sodium (Na)* | meg/I <3 3-9 >0
Chloride (CI)? | meqg/I <4 4 -10 > 10
Boron (B) mg/I <0.7 0.7-3.0 > 3.0




Sodium Adsorption Ratio (SAR)

i | {otiltration

[ Severe Slight to moderate

__ reduction reduction R egp@mse J.-D)
Qi D ‘ B nira
SAK anp0 5C

No reduction in

Infiltration rate (Ayers, R.S. and D.W. Westcott.
1985. Water quality for agriculture.
United Nations FAO Irrig &

0 | 1234 56 Drainage Paper No. 29, Rev.1.)

HCO,
Ifmpag*j of P)H 01l 6.5 OPTIMALpPH 7.5
rlcronuirient
valla :Jlﬂl'y 200l « Mo deficiency e Lime precip
A A oo - *Low Ca «Chlorosis
SLLtter ¢ O)gg ng *High Fe, Mn & *Fe, Zn, Cu, Mn
emitter clogging deficiency




WHAT DO WE KNOW
ABOUT PISTACHIOS?






STUDY SITE — NW KERN COUNTY (Aerial 9/19/02)
40 acre pistachio orchard planted 1989
Soil:  calcareous Twisselman silty clay
Spacing:  5.2x6.1m (17 x 20 feet)

Irrlgatlon One 55 Iph (14.5 gph) microsprinkler/tree
@i = o centered between trees with 12 static jets @
5 r ---- ; “““ 3600 and a wetted diameter of 4.3m (14 feet).
,‘Ef: Establlshed W|th CA Aqueduct water.

F‘ xfﬁﬁ #::;i 3as 3’&
Efgg‘::*? L -.'-L;t ﬁrg ﬂ%‘?—z‘ ’ o ;r T R
PR j"‘”’”’*"’;’“ Salmlty i Ot April 1994,

terminated November 2002.
(‘Trial size = 12 trees x 20__ro_ S)




0.5-0.7dS/m [
4 dS/m [}
8 dS/m [}

12 dS/m

Plot [Layout i
Orchard




Q’o

oS/t rreioer

oS/t Irrigation waier oecresd
gation water cdecrea

—— 0.7dS/m: 1448 mm

—— 4 dS/m: 1308 mm

8 dS/m: 1080 mm

12dS/m: 794 mm

2002 "Mean" Cumulative ET (mm)

2002 "Zone" Cumulative ET (mm)

2ol BT by 45%
edl BT by 25%

1800

=

2]

o

o
!

3/23 4/6 4/20

5/4 5/18

6/1 6/15 6/29 7/13 7/27 8/10 8/24

9/r 9/21 10/5 10/19 11/2 11/16 11/30

1800
1600 -
1400 +
1200 +
1000 -
800 -
600 -
400 A
200 ~

—— 0.7dS/m:
4 dS/m:
8dS/m:

12 dS/m:

-

1612 mm
1594 mm
1280 mm
935 mm

¥

0
3/23

4/6 4/20 5/4 5/18

6/1

6/15 6/29 7/13 7/27 8/10 8/24

9/7 9/21 10/5 10/19 11/2 11/16 11/30



Relative trunk diameter increase

Trunk Diameter Increase of ‘Kerman’ Pista
Function of Increasing Salinity

1.1

2 4 6 8 10 12 1

Soil solution electrical conductivity (d




Curnulative Yields by Salirity

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

Annual Yield for 0.75 to
8 dS/m water (Ib/ac):

Yield Irrigation Water / Root Zone Salinity* 12 dS/m yield
(kg/tree) as a % of
Rootstock 075 / 47+ 40/ 87 80/ 113* 12.0+/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) 42.9(7.2) 85%
UCBL 56.0 (9.3) 62.0(10.3)  53.6(9.4) 36.2 (6.0) 65%
*Soil 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 5G1  UCB1

2,531 2,727




Westside Salinity Trial 2001/2002 Biennial Split Nut

Yields for all Varieties as a Function of Rootzone Salinity

Biennial Split Nut Yield (Mg/ha)

N
o

7.0
6.5
6.0
5.5
5.0
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4.0

I Possible Threshold?
UCB Sp Its y =-0.5266x + 11.194
R2 = 0.9995
y =-0.2029x + 7.3912 ‘,
R?=0.5317 3
N\ (T
11.4
y=0.0105x>- 0.3629x° + 3.576X - 3.9869| Xy
R°=1 ‘%

| ‘ ‘ ,13.4
0 5 10 15
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.75
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o 7.0 H 5
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> 2 _
Z 55 47 R°=0.1717
& —& 1149 134
T 50 #5387
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o
@40 | |
0 5 10 15

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

Biennial Split Nut Yield (Mg/ha)
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5.0
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PG2 Splits
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y =-0.7544x + 15.595

yggl

&A7
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\¥

y =-0.0568x” + 0.9x + 2.8935

R2 =0.9315

Atlantica Splits jyp 555 1 0 2506
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o
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CURRENT SALINITY
THRESHOLDS FOR
PISTACHIO



Relative yield of as a function of soil ECe

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

—&— Alfalfa
100 7 —o— Almond
Cotton
80 - —i— Pistachio

Relative Yield (%)
o
o

[

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

L\ N\

Y ‘ 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 IVth International
Symposium on Irrigation of Horticultural Crops, Acta Horticulturae 664:583-589.



WHAT ABOUT
DEVELOPING NEW
PISTACHIO PLANTINGS
USING SALINE WATER?






£C 0.5 dS/m |Establishing pistachios
Nz 2.6 . . :

- Interplanted in Pima
cotton using drip tape
and saline water.

15t leaf, 8/2/05)

Blend (50/50)
—_.eL sUdsim
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AVERAGE LEAF PIXEL TOTALS
Leaf Pixels % of Ague Mean Green
AQUEDUCT]| 2,875,787 100.0% 82.70

BLEND] 2,661,581 92.6% 83.11
WELL] 2,781,567 96.7% 83.74

Pistachio
folrage
pIxel counts
9/29/10

DN,

. B Aqueduct EC=0.45 |-
4 N Blend EC=3.28 |
4 O Wwell EC=4.89

S 14

0
a 1.2

0.8

L




Irrigation
Treatment
Aque
5050
Well

Salt added to crop rootzone from

2004 (Cotton)
Img ~ Salt

323 2343
331 11390
331 21444

2005
Imig Salt

104 1742
104 8570
118 14782

start of project

2006

mg ~ Salt

83 1022
8.7 89%
19 11104

2007

mg ~ Salt

120 1390
108 7571
10.7 13197

2008

Img ~ Salt

88 1553
8.7 8185
96 13296

2009

Img ~ Salt

175 7022
156 14399
166 18444

TOTAL
Img St

L7 15072
7116 59109

’EC+
Max

(n) (blac)| (in) (blac)| (in) (bfac) | (in) (bfac) | (in) (bfac) | (i) (blac) | (in) (blac) (dSi)

12
40

'rgation inches for total tree spacing, salt totals (Io/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 los.

"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.




Change In tissues and soil salinity

Rootzone | Trunk Cir
Kerman Leaves 10/31/06 Pistachio 2006 ECeto 5 (in)

N (%) P (%) K@ Nappm) Cl@w B@epm)| 10/30/06 10/19/06
Ague 1.19 0.08 2.67 171 0.52 531 2.65 2.58

50/50 1.36 0.08 2.83 140 *0.58 **954 4.34 2.55
Well *1.55 0.09 2.99 201 *0.62 **1096 *4.61 2.49

Kerman Leaves 8/26/08 (PG1) Pistachio 2008 | 4/25/08 10/22/08
Aque 2.29 0.13 2.91 80 0.12 301 2.60 7.81
50/50 2.36 0.13 2.87 84 0.12 684 *4.69 7.55
Well 2.33 0.13 3.15 79 0.15 **870| **5.64 *7.23
Kerman Leaves 8/26/08 (UCB1) Pistachio 2008 | 11/11/08 10/22/08

Aque 2.32 0.13 2.41 83 0.14 269 2.84 7.83

50/50 2.41 0.13 *2.73 75 0.13 **606 *5.05 7.66
Well 2.37 0.13 2.50 68 0.14 **/33 **6.44 7.49

Kerman Leaves 7/21/10 (PG1) Pistachio 2010 | 7/21/10 11/11/10

Agque 2.30 0.12 2.09 0.24 274 5.62 15.0
50/50 2.34 0.12 2.32 0.25 **563 *8.55 14.5
Well 2.33 0.12 2.21 0.27 **610 *7.82 *14.0

Kerman Leaves 7/21/10 (UCB1) Pistachio 2010 11/11/10
Agque 2.41 0.13 1.75 99 0.16 248 15.2

50/50 2.44 0.13 1.89 92 0.16 **479 *14.4
Well 2.53 0.13 1.84 99 0.18 **516 *14.3

*Significantly different from Aqueduct @ 0.05, **Significant @ 0.01
ICotton height @ irrigation cuttoff. 2Cotton cover = 12.7 feet/tree row Pistachio drip




2009 & “10 rootstock growth decreased 7% from well water

B Aque EC =0.45dS/m
Blend EC =3.3dS/m
B Well EC =5.1dS/m

% of Aqueduct PGl UCB
Blend EC=3.3dS/m| 97% 95%
Well EC =5.1dS/m| 93% 94%

*

=
N
|
|

=
o
|
|

Rootstock Circumference (cm)
(0]

PGl *UCB PG1 *UCB PGl UCB PGl UCB PGl UCB PGl UCB
10/19/05 10/31/06 10/18/07 10/22/08 10/31/09 11/11/10

Trees planted March 5-11, 2005. Rootstock variety difference is significant for 2005
and 2006. *Irrigation salinity impact statistically significant (P<0.05)
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Critical levels of specific ions in
irrigation water and soil saturation extract

Degree of toxicity
None Increasing Severe

Specific ion Levels in Irrigation Water
Chloride (meg/l) <20 20 - 40 > 40
Boron (mg/l) <4 4-10 > 10
Levels in Soil Saturation Extract
Sodium (meg/l) <20 20 - 50 > 50
Chloride (meg/l) <20 20 - 40 > 40
Boron (mg/l) <2 2-5 > 5

Minimum
leaching
fractions of
10% need to
be maintained
at the “No
toxicity” level,
Increasing to
40% at the
“Severe” level
to avoid tree
defoliation.
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Saﬁ‘lower- Wester-n Ker-n County 8/2/99
Near Infrared : NDVI Enhaneed Image

= "q - Ili

Near Infrared Reflectance is greatest where ﬁorm‘a::izedd Dll“lfertence Vle?etazonﬂlnctlex =
chleropohvll content is hiahest ear Intrared reriectance — intrared reriectance
—I Y J (NIR + IR)
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nlow to do it
.SOIL PROFILE

«SOIL TEXTURE

Analysis:

SP 48 -- saturation %

pH 8.2
EC,  6.0dS/m

SOIL SURVEY
BACKHOE PITS

AUGER, PUSH PROBE

g5, dark yellowish brown (10YR 4/6) moist;

fine subangular blocky structure; slightly hard,

friable, nonsticky and nonplastic; many very fine

ud few fine roots; common very fine and few fine
ibular pores and many very fine interstitial pores;

figutral; clear wavy boundary.

48 to 36 inches; white (10YR 8/1) silt loam, gray

YR 5/1) moist; common medium prominent

ish yellow (10YR 6/8) mottles, dark yellowish

(10YR 4/8) moist; moderate medium

angular blocky structure; slightly hard, friable,

lly sticky and nonplastic; many very fine and

mon fine roots; many very fine and common fine

ar pores and common very fine interstitial

pres; neutral, clear wavy boundary.

56 1o 65 inches, very pale brown (10YR 8/3)

, grayish brown (10YR 5/2) moist; few fine

prominent brownish yellow (10YR 6/8) mottles, dark

Sellowish brown (10YR 4/6) maist; single grain;

luuss nonsticky and nonplastic; many very fine

dinterstitial pores; neutral,

soil is noneffervescent below a depth of 11 to 20

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

tis 10 to 18 percent.

C horizon has dry color of 10YR 6/2, 6/3, 6/8,
12,7/3, 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
4 Mottles have dry color of 10YR 5/6, 6/6, 6/8, or

Lo 7.5YR 5/4 and moist color of 10YR 3/6, 4/6, or
4 or 7.5YR 5/4. Texture is stratified sand, loamy sand,
gamy fine sand, sandy loam, fine sandy loam, loam, or
fitloam. Clay content is 10 to 18 percent. Reaction is
ghtly acid to moderately alkaline.

fxeter Series

The Exeter series consists of moderately deep, well
Bined soils on broad alluvial terraces. These soils

in alluvium derived dominantly from granitic rock.
Slope is 0 to 9 percent.

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

grmic Typic Durixeralfs.

Typical pedon of Exeter sandy loam, 0 to 2 percent
opes (fig. 4), on an alluvial terrace where slopes are 1
sercent; about 3 miles west of Highway 65 on Highway
55, 150 feet north and 200 feet west of the southeast
omer of sec. 7, T. 25 8., R. 27 E.; Richgrove

P.ladrang!e.

{p—0 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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now fo deo it
USDA Soil Survey Map

-Platt maps outline soil
series. Use these lines
and visual field
characteristics to define
sampling zones.

Milbam Fary
£




n'ow to do it @e )
.SOIL PROFILE

«SOIL TEXTURE -- Sampling scheme for variable 160

acres

» 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.
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W hiart fo) USDA Soil
e 10 Textural
Triangle

. s |_ QUALITY ”

s TEXTURE  Mm——
s STRUCTURE 0
s PERMEABILITY
s STRATIEICATION

s DRAINAGE :
s SALINITY/Fariility

Clay Loam |

R 't Sandy
v Clay Loam

10 20 30 40 i [0
SSand



nlow fo deo if
« SOIL TEXTURE

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




ook for coarse soil layers below fine

textures as well as hardpans and

cemented layers that can impede root
~ development and drainage.

v




Fine sandy silt layer
with high alkalinity
and poor structure
at the 34 to 42 inch
depth may impede
root development
between 2 layers of
Buttonwillow/Garces
clay loam. Slip
plowing below this
depth advisable.




Depth to perched
water and

localized salinity |
e e

Some spots
are just too
hot!



What to evaluate:

F b

Depth to perched water
and localized salinity
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Monitoring well to determine

e SOIL PROFILE shallow water table depth

o STRATIFICATION
= DRAINAGE Confining Clay Layer
s SALINITY/Feriility




nlow fo do it
Submit soil and water samples to a CERTIFIED ag lab.

iﬁ FRUIT GROWERS LABORATORY,

October 7, 2003 Lab ID VI 342083-06
Customer 1D: 4- 18085
Deseniption  : Site 6 Pistachio
ANALYTICAL CHEMISTS
October 7, 2003 Lab 1D ¢ VI 342083-06 PISTACHIO SOIL ANALYSIS
Customer 1D: 4-18085
Test Descriprion Result Optimum  Ruange Graphical Results Presentation
Sampled On : September 19, 2003
Sampled By : Neil Jessup Others Sembwry | e Vrobica | o
Received On: September 24, 2003 ol Sul " . ,
Depth 036" Soil - Salinity g H‘l mmbos/cm 0.5 - 20
Description : Site 6 Pistachio AR s . a1-a
Project  oose’ Lake Harms Limestone 1.5 1 See Note 2 I
PISTACHIO SOIL ANALYSIS ] 2 3 4 5 6
Test Description Result Optimum Range Graphical Results Presentation it Regttrermees 50 Tosad
|| \m Moderately | Optimum | Moderaicly Very
Very Moderately | Optimum | Moderately Ve L Low High thigh
Primary Nutrients Low Low High Hy Moisture 0 % 2 samn. % |h
Nitrate- Nitrogen a9 ppMm See Note 1 — : : b
Phrsplmm 6 PPM 12 - 60 “l-um\ ‘1::#: Loam IB‘i‘II:‘ I['!:;[ Clay  |Organic
Powssium (Exch) 120 PPM 81 - 500 —r—
Polassium  (Sol) ND meg/L 025 - 1.0 Saturation 25.5 % 20 - 60 *
Secondary Nutrients Crooed - - Prodlem - Indicates physeal conditons ambor phenologreal and i
Caltiom (Exch)  |4800 PPM . Note Color oded bar graphs Have been wsed b provide you with AT-A-GLANCE' interpretitions
Calcium  (Sol) 19.2 meg/L 20 - 50 |
Magnesium  (Exch) 100 PPM ek
Magmsinnl ESQI) 1.2 meg/l 1.5 - 60 1 1) The need for sl Nitrate s dependamt upon crop phenology (Growth Stage) and crop requirement. A soil
Sodium (Exch) |500 PPM i Niurate level of 10 - 40 ppm s preferned for a shont lime during critical periods of uptake into the wee. I is highly
Sodium (Sol) 50.6  meqg/L See SAR desirable to have low soil Nitrate (< Sppm) prior o winter rainfall and cold soil conditions. Use the leal Nitrogen
Sulfate 0.9  meq/L 0.6 - 20 _ level to determine primary Nitrogen requirement
Micro Nutrients 2} The presence of limestone auy result in some chlorosis (yellowing) of the leaves, depending upon the tolerance
v [ the rooistock used
Zinc 0.5 PPM 0.7 - 50 -
Manganese 52  PPM 1.4 - 50 - - ™ , ~
Trce 50 peM 8.0 - 100 FRUIT GROWERS LABORATORY, INC.
Copper 0.7  PPM 0.2 - 40
Boron 1.2 PPM 03 -1 4
Chloride 533 meqgil 0l -4 DHN:meh ) Darrell H. Nelson. President
CEC 27.1 meq/100g Variable
% Base Saturation
CEC - Calcium 8.8 % 60 - 80 ]
CEC - Magnesium 3.0 % 10 - 20
CEC - Potassium 1.1 % 2 -5 1
CEC - Sodium 8.0 % 0-5 =
CEC - Hydrogen 0.0 % 0-13
S ly  |Moderatel N Moderately | Strongl
I[m* e | e [Makasb | oo
pH T e 6.8 - B2

Cod - - Problem - Indicates physical conditions andior phenological and d "
Noie Color coded bar graphs have been used w0 provide you with AT-A-GLANCE' interpretations.

BPa:

Table comtinued next page...

V1 342083: Chemical Resulls Page 12

Corporate Offices & Labaratary Office & Laboratory Finkd Oifice
PO Bos 777 | 853 Coporation Sreet 2500 Saagecoach Road v Ca
Santa Pauls, CA 500610272 Stockton, CA 95215

TEL BOSSS6-0010 TEL 2004420181
FAX B0S%25.4177 FAX PORSHAR-0423




hr@ Y/\U Lr\@ \(ju'\(.;) J. Lr GROWERS TESTING SEBRVICES

1525-A BEAST ACEQUIA AVE.
VISALIA CA 93232

o Soil and Water Analyses ssmi & s s

S0TL ANALYSIS for: Date
® Date
——f-;:::::::::::::::.—.::::===:::::::::::=:::::::=====::=======—.‘=====.—_==========::=:====:—.—:=::::::::::==:====:====:=z:=:=========:=.’—:==~'—=====

5 | W\ .
g a poo Saturation Extract Exchangeable Cations Soluble Nutr
;'?f&'s : 0 T ot oo A s s EE G EEEEREE e
3 doi % mmhos/cm j- - - - - - - - meq/l - - - - - - | ppm |- - -meq/100 grams- - - % % |« <22 =g
= Dpescription 8P  pH " ECe Ca Mg Na K Cl  HCO3 B K Ca Mg Na ESP* ESP++ NO3-N  NO3-
= 9
48 (8-13) 0-1° 40. 7.9 5.5 34.23 4.1 21.75 0.17 9.4 1.0 0.57 0.43 24.80 1.0 2.13 7.4 5.70 17, 7
48%? (g-13) 1-27 46. B.0 6.7 29.88 4.28 33.58 0.10 14.2 1.3 1.28 0.25 67.07 2.10 3.6l 4.9 11.40 48. 22
e |
48X (8-13) 2-3! 45. 8.0 7.3 25.05 3.95 51.78 0.10 10.8 1.1 2.05 6.1%8 68.21 1.933 4.65 6.2 15.80 3. 14
487 (8-13) 13-4 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 15,2 231.75 3.78 152.24 0.10 25.2 1.6 3.65 (.23 27.74 1.52 11.70 28.4 37.20 27. 13

* ESP = (Calculated frowm Exchangeable Cations)
ve+ CEC = :g:iz:ia;iihz:mcigiﬁi;)Salts s lefe rent Iabs have
e eeeeeneenecesse - QiffEFENT fOrmats. Stick
T i w4, & toOne lab with consistent,
° qguality results and a

4875 (B-13] 0-1 1.6 6.8 9.6 1.1  HIGH 7.5 121, 29.0 BE.8 format you understand

+
+
2]
€A
-]
i

4876 (8-13) 1-27 1.1 1.0 8.2 0.8 HIGH 7.4 564. 73.0 8B.8
4877 (8-13) 2-3' 1.3 0.8 6.0 0.4 HIGH 6.0 610. 75.0 83.8
4578 (8-13) 3-4° 1.4 047 B.2 0.4 HIGH 3.0 640. 55.8 848.8

4879 (8-13) 4-5%° Lo 0.7 10.9 0.4 HIGH 4.5 236. 41.2 B88.8



nlow to do it nlow fo fix if
«SOIL SALINITY F1X: Monitor soil EC, calcu-

late reclamation leaching

Gooselake soils data — composite pits 8, 9, 11, 12, 13

Depth SP pH /EE\ Ca Mg Na | AR ESP
0-1' 40 7.9 ( 5.9 34.2 4.6 21.7 ( 4.9 5.7
1-2° 45 8.0 6.7 29.9 4.3 39.6 9.6 11.4
2-3' 45 8.0 7.3 25.1 4 51.8 13.6/ 15.8

Table 4. Guidelines to evaluate orchard soils and water supplies
for excess salinity for mature pistachio trees

Degree of restriction for pistachios
EC (dS/m) of: None Increasing Severe
Avg. root zone! <6 6 -8 > 8-12
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”.



now fo do it

nlow to fix if

©

- CONTINUOUS

PONDING

«SOIL SALINITY/LEACHING

Desired *Inches of water/foot of rootzone
Rootzone : L L _
. Salinity Required to leach initial salinity of:
(dS/m) 6 dS/m 8 dS/m 10 dS/m 12 dS/m

3 1.2 2.0 2.8 3.6

5 0.2 0.7 1.2 1.7

7 0 0.2 0.5 0.9

reclamation of salt-affected soils.
Research, Vol. 1(2):65-72.

*Applicable for all irrigation waters less than 1.0 dS/m. Adapted
from research reported by Hoffman, G.J. 1986. Guidelines for

Applied Agricultural
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E1X: Apply appropriate depth of
leaching to achieve rootzone
salinity target. About5” to
gofromEC=6to EC =310

520 a depth of 3 feet.

Depth of Leaching Water per Unit Depth of Soil , dy/ dg




nlow fo deo it nlow to fix if

«SOIL SALINITY/LEACHING

LEACHING ESTIMATE FOR UNDEVELOPED PISTACHIO GROUND (SITES 8,9,11,12,13)
(Data from Grower's Testing Analysis for Goose Lake Project)

CALCULATING SAR, ESP AND DESIRED LEACHING DEPTH Sprinkling/Dr

Data Required from Soil Extract Analysis Reqd Depth
EXAMPLE C0) (dS/m) (meq/l) Desired Dsrd/Orig to Leach
Depth SP pH EC Ca Mg Na SAR ESP EC/ESP Salinity EC ft water/ft soil)
0-1' 40 7.9 5.5 34.2 4.6 21.7 4.9 5.7 1.0 3 0.55 ( 0.13
1-2' 45 8.0 6.7 29.9 4.3 39.6 9.6 11.4 1.7 3 0.45 0.19
2-3' 45 8.0 7.3 25.1 4 51.8 13.6 15.8 2.2 3 0.41 0.22

TOTAL DEPTH OF LEACHING (feet of water) FOR 3 FEET: \ 0.53

Always want EC/ESP < 5 to avoid serious infiltration problems.
To calculate SAR: SAR = Na/ SqRt(Ca+ Mg/2)

To calculate ESP from SAR: ESP = 100*(0.01475*SAR - 0.0126)/(1+ (0.01475*SAR - 0.0126))

Required Leaching (ft water/ft depth soil) = K/ (Desired EC/Original EC) - K
(K factor of 0.3 for continuous ponding.)
(K factor of 0.15 for sprinkling or drip.)

Hoffman, G.J. 1996. “Leaching fraction and root zone salinity control.” Agricultural Salinity Assessment
and Management. ASCE. New York, N.Y. Manual No. 7:237-247

E1X: a 0.5 ft depth of water over the berm area would be sufficient
to decrease EC to 3 dS/m to a 3 ft depth and establish trees.




now to do if

oSOIL SALINITY
BORON

Analysis:

SP 48

pH 8.2

EC, 6.0 dS/m

Ca 8.6 meq/I

Mg 2.1 meq/l

Na 62 meq/l

B 1.8 mg/l

SAR 27

ESP 28

GR 16.6 t/ac-ft

E1X: Leaching boron
requires 3 times as
much water as
leaching general salts

Fraction of Initial Salt Concentration Remaining, ¢/c,

E1X: No problem up to 10 ppm.

Below 1 ppm, add 20 Ib/ac
Solubor for 1 ppm increase Iin
top foot of soil.

08t

o6

04

02}

0

® INTERMITTENT PONDING
© SPRINKLING

Boron Leaching
. Curve

G
(Hoffman, 1980) -

o

Depth of Leaching Water per Unit Depth of Soil, d,/dg



Table 3 CONCENTRATION FACTORS (X) )
FOR PREDICTING SOIL SALINITY
(ECe)1 FROM IRRIGATION WATER aintain decired rootzone calinity

FRACTION (LF)

f/) P/

a ~ L ] L ~ ~ n ~ -
elerminine Leaenine - raction fo

Applied Leaching fraction required over long-term irrigation with a given
Water Concen- salinity of water to obtain a desired rootzone salinity. (Ignoring
Leaching Needed tration precipitation/dissolution reactions in the soil.)
. Irrigation
Fraction  (Percent of Factor Wat%r EC Desired Average Rootzone ECe
(LF) ET) (X) (ds/m) 1 2 3 4 5 6 7
0.05 105% 3.2 01 001 000 000 000 000 000  0.00
0.1 111% 2.1 04| 007 002 001 001 001 000 0.0
0.15 118% 1.6 08 023 007 004 002 002 001 001
0.2 125% 1.3 1.2 0.44 0.14 0.07 0.05 0.03 0.02 0.02
0.25 133% 1.2 1.6 0.23 0.12 0.07 0.05 0.04 0.03
0.3 143% 1 2.0 0.33 0.17 0.10 0.07 0.05 0.04
0.4 167% 09 2.4 0.44 0.23 0.14 0.10 0.07 0.06
2.8 0.29 0.18 0.13 0.09 0.07
82 32822 83 3.2 0.36 0.23 0.16 0.12 0.09
: > : 3.6 0.44 0.27 0.19 0.14 0.11
0.7 333% 0.6 4.0 033 023 017 0.3
0.8 500% 0.6 4.4 038 026 020 015
T _ : : 4.8 0.44 0.30 0.23 0.18
Applied water peedecd| 52 035 026 020
\ 5.6 0.39 0.29 0.23
— ﬂ/(L-LF 6.0 044 033 025
6.4 0.36 0.28
Aye!‘s, R.S., D.W. We_stco_t. Water QL_JaIity for SOLVING FOR DESIRED LEACHING FRACTION DIRECTLY:
fgégc;:::tr:d EQAS% Ilrgg%at'on and Drainage Paper 29 Rev. Regressing the rootzone salinity concentration factors in FAO29 and rearranging
hittp:/www. fao.org/DOCREP/003/T0234E/T0234E00.htm |0 Solve for Leaching Fraction (LF):
LF = 0.326 (Desired ECe/ECirr)" -1.64




nlow to do it nlow to fix if

+WATER QUALITY

Analysis:
pH 8.4
EC, 1.0dS/m

Ca 0.5 meq/l
Mg 0.1 meq/l
Na 9.6 meq/l

HCO, 4.2 meg/ /
CO; 1.0meq/l

Cl 4.6meq/l
SO, 0.1meq/l
B 0.7 mg/l
NO; 5.2 mg/l
SAR 17.5
SAR,4;16.6

Fig. 2. Relative yield (RY) of various crops as a
function of soil EC, (Sanden, et al., 2004).

FIX: None needed for EC. Maintain normal irrigation.



nlow to do it nlow to fix it

+WATER QUALITY

Analysis:
Acqueduct  YWell
pH 7.4 7.4

EC,, 05 5.4 dS/m
Ca 1.2 23.4 meq/l
Mg 1.0 14.0 meq/I
Na 2.5 23.0 meq/I

HCO; 1.6 1.5 meq/l /
CO; <0.1 <0.1 meq/l
Cl 2.0 33.5 meq/I
SO, 0.9 24.0 meq/I
B 0.3 11.0 mq/l

NO; 0.6 8.0 mg/l
SAR 24 5.4

Fig. 2. Relatjve yield (RY) of various crops as a
functio*w of soil EC. (Sanden, et al., 2004).

EIX: Increase WELL@eaching Rqt :)ECW/(E)ECGdesired - ECWD
For desired rootzone ECe of 8, LR =16%, ECeof6, LR =22%




now fo do it
*WATER QUALITY
Analysis:

Well 1 Acus Well 2
pH 74 74

EC, IU 05 5.8 dS/m

Ca 0.5 1.2 26.5 meq/l
Mg 0.1 1.0 15.3 meq/l
Na 0.6 2.5 23.9 meq/l

HCO;(42) 1.6 1.5 meq/

CO, 0 <0.1 <0.1 meq/l
Cl 4.6 2.0 36.9 meq/l
SO, 01 0.9 24.0 meq/l
B 0.7 0.3 11.0 mg/l

NO, 52 0.6 8.0 mgll
SAR 175 24 54
SAR,(16.6

nlow to fic it

HCO,
fﬁs OPTIMAL pH ?
Mo Lime precip
deficiency * Chlorosis
eLow Ca *Fe, Zn, Cu,
*High Fe, Mn Mn deficiency
& emitter
clogging

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

(Use Table 8 for weights of sulfuric and NpHuric reqd
to neutralize HCO3 and release Ca from lime.)







2 foot banded
appliation:
=15 t/ac to redu
pH In tree row

o

" 1“‘
*‘]‘H,li "r;‘“ll.'im T L
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1

Fine, ball-milled
reclaimed sulfur

applied @ 1.5 t/ac




Incorporated with
bent 15 furrowing
shovel welded to 24”
chisel shank and sunk
Into slip trench




” depth

to 28
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Piling additional gypsum
around the tree or
Injecting into the water
may help reduce toxicity
symptoms and
susceptiblity to frost.
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Cnvrsn-Infilt-LeachCalc

2003 Pigraenlo Procuerign Meanpvzl Chzeters
Managing salinity, soil and water amendments
*Site evaluation and soil physical modification
lmproving water penetration

Available for download from the Kern County UCCE
Website

nttps//eekernuedavis,edu/lrrigation%Ir Manzgeruent/

5\\!



Wy evaluyarte?

G NG ENSC G\ &

« THE PERFECT GROUND ISN'T
ALWAYS WHAT YOU GET

= 4’ of cheap water
e« EC0.61t01.2dS/m

= 0.11to 1.5% even slope

= |_oam to sandy clay loam texture

= No perched water, good infiltration
= Grows 3.5 bale/ac cotton




Wy evalvaf

' b

Most of us
make due with
what we get!
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