Pistachio Irrigation:
Determining Water Needs
and Managing Drought
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Water Use In the Orchard: Importance

Inverse Relationship,
Increasing plant stress
decreases CO2 Assimilation

Stomatal Conductance

Plant Stress (SWP)
— J
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Water Use in the Orchard

* Transpiration — needed
for plant growth

* Evaporation — Due to
environmental
conditions

* Runoff/ Deep
percolation — Due to
over-application
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evapotranspiration =
transpiration + evapnration
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groundwater
recharge




Irrigation scheduling

How much water does your crop need this
irrigation?
* Evapotranspiration
» (ET, = ET. x K. /irrigation efficiency)

How much water is being applied per irrigation?

*Measure
*Flow meter

*|rrigation efficiency testing
*Coffee can test
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How do we calculate water use?

Evapo-transpiration of the reference
crop (non-stressed tall grass)

}
ET. = ET_ x K

Known, Variable

%

Evapo-transpiration of the Crop Coefficient — ratio of
Crop of Interest water need of crop v/s water
(pistachios) need of grass
Unknown Known, Fixed
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The whole Central
Valley covers Zones
12 to 16: for an
“normal year” ETo of
53.3 to 62.5 in/yr,
with most area
@ 53 to 58 inches.
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How to determine Real Time ETo
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Determining the crop coefficient (Kc)

Goldhamer, et al Zaccaria, et al
(1992) (Being researched)

April
May
June
July

Aug.

Sept.

Oct.

—

0.25 0.25
0.71 0.75
1.13 0.85
1.19 0.90
1.15 0.85
0.95 0.75
0.60 0.40
University of Calif;;lia\
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Two ways to schedule irrigation

Apply water to meet an Apply irrigation to replace
estimated demand water used that week
1. Can use historical ET,, or 1. Can use real time CIMIS
“normal year” values for ET, and K, values and
your area calculate crop water use

2. Results in deficit irrigation if 2. Estimate water use from

crop more vigorous, soil mmstuae Icass usl:l)r)g
conditions warmer than SENSOrS Or nand probing
expected

3. Monitoring location, crop
K. and ET, must be
represent real average of
orchard

3. Over-application water lost
to deep percolation for less
vigorous / saline conditions

— \ _/
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Two ways to schedule irrigation
Irrigation based on Historical Irrigation based on Real-Time

ETo ETo
30YRAVGET, K |30YRAVGET. ET K. [013/2014 RTET,
1.24 0 0 lan | 1.52 0 0
1.96 0 0 Feb | 1.78 0 0
3.41 0 0 Mar | 4.35 0 0
5.1 0.25 1.28 April | 5.96 0.25 1.49
6.82 0.71 4.84 May | 8.34 0.71 5.92
7.8 1.13 8.81 June | 9.03 1.13 10.20
8.06 1.19 9.59 July | 8.65 1.19 10.29
7.13 1.15 8.20 Aug | 7.8 1.15 8.97
5.4 0.95 5.13 Sept | 597 0.95 5.67
3.72 0.6 2.23 Oct | 4.13 0.6 2.31
1.8 0 0 Nov X 0 0
0.93 0 0 Dec X 0 0
40.08 44.85




Two ways to schedule irrigation
Irrigation based on Historical Irrigation based on Real-Time

ETo ETo
30YRAVGET. K |30YRAVGET. ET K. [013/2014 RTET.

1.24 0 0 Jan | 1.52 0 0
1.96 0 0 Feb | 1.78 0 0
3.41 4]

1.49

5.92
8.06 1.19 9.59 July | 8.65 1.19 10.29
7.13 1.15 8.20 Aug | 7.8 1.15 8.97
5.4 0.95 5id Sept | 5.97 0.95 5.67
3.72 0.6 2.23 Oct | 4.13 0.6 2.31

1.8 0 0 Nov X 0

0
0.93 0 > i Dec X 0 ,.Q\)
(40-08 ~10% Difference in 44.85

extreme year due to early season




Pistachio Kc, ET for the San Joaqum Valley (Goldhamer, 1992)

rowth Stage Approx Phenology Crop Coef.
(Kc)

Stage 1 Bloom Apr 1-15 0.07 2.36 0.17
Leafout Apr 16-30 0.432 2.36 1.10

Shell Expansion May 1-15 0.68 3.15 2.17

Stage 2 Shell Hardening May 16-31 0.93 3.40 3.16
June 1-15 1.09 3.84 4.19

June 16-30 1.17 3.84 4.49

Stage 3 Nut Fill July 1-15 1.19 4.13 4.92
July 16-31 1.19 4.41 5.25

Nut Fill/Shell Split Aug 1-15 1.19 3.54 4.21

Shell Split Aug 16-31 1,12 3.78 4.23

Hull Slip Sept 1-15 0.99 2.66 2.63

Harvest Harvest Sept 16-30 0.87 2.66 2.31
Post-Harvest Postharvest Oct 1-15 0.67 1.71 1.15
~36-40 applied inches Oct 16-31 0.50 1.83 091

for San Joaquin Valley Nov 1-15 0.35 0.80 0.28



Historical ET. For Pistachio - Goldhamer

Zone 124 Zone 14° Zone 158 Zone 167
Month E. [ET! ET: [ET.! ET* [ET! ET® [ET/ ET-
January 0 124 0 155 0 124 0 155 0
February 0 196 0O 224 0 224 0O 252 0
March 0 341 0O 372 0 372 0 403 O
April 025 51 1.28 51 128 57 1.42 57 142
May 0.71 6.82 4.84 682 4.84 7.44 5.28 7.75 5.50
Tune 1.13 7.8 881 78 881 g1 9.15 8.7 9.83
Tulv 1.19 806 9.59 868 10.33 868 10.33 93 11.07
A ngust 1.15 713 820 775 891 775 891 837 9.62
September | 095 54 513 57 542 57 5.42 63 599
October 0.6 172 223 403 242 403 242 434 260
November 0 18 0 210 71 0 24 0
December 0 093 0 155 0 124 0 155 0
Total (in) 40.1 42 42.9 46

: Bvapetravspfiration ofthe reference crap (ET, Jiz soutcad from the 20 wear CIMIS avergge Tor the rodpactive zohe
[hatp/ fwww chmlswater.ca.gov/Anp Themes/images/stozonemap. pgl

*Ewapotransgiration ratzs for almanas were calcufated oy mufmgymg ET, by the crop coefficent (K.

< Zone 12 represent BT, rates from Chico, Frasoo, Medera, Merced, Modesto, and Visaljz

= Fowe 14 represent ETo rates fram Newmen, Red Bluff, and Woodiang

= Tone 15 repre<ent Eia ratec fromi Bakorsfield 2nd Les Bapps.

T Zomie 16 repredent ETo rares from Coalinga and Hanfard.



Calculating Orchard Water Use

(Example for May, inches)

ufe-I:kf;‘; :;:s ET;::kthE Cumulative total
Week water use) | Pistachio Kc | (water lost ntfh:a;:t:::i:y
provided by from the Orchard
CIMIS orchard)
May 1st- 7th 1.65 0.68 1.12 1.12
8th - 14th 1.20 0.68 0.86 1.98
15th- 21st 1.39 0.93 1.29 3.27
22nd-28th 1.19 0.93 1.11 4.38
29th- 31st 0.72 0.93 0.67 5.05
= —
University of California \
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How do we calculate a water application?

* We now know ETc, but how much do we need to
apply to each tree?

* Water use (Gals/day) = crop spacing (ft?) x ET (In/day)
x 0.623

*Example: ET is 0.25 in/day, spacing is 22’ x 18’
Tree Crop spacing 22'x18’ = 396 ft?

*Water use per tree =396 x 0.25 x 0.623 =
61.68 gallons/day

-_ \ _#
University of California

Agriculture and Natural Resources




Taking into account soil textures

“Permanent
Wilting Point

T2 ams Fro wiedd b MO ¢ bmodeog, Bow gl cafifer Somgiregth gl beviery | S0

University of California
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Soil Saturation Field Capacity




Soil water holding capacity

* Field capacity =water remaining in the soil after

free water from rain or irrigation has drained out (
3-4 days)

* Permanent wilting point= amount of water still
left in the soil that the plant can not absorb

* Available water= Field capacity-permanent wilting
point= usable water for plant

——— __.#
University of California \
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Soil water holding capacity

Permanent

Field Capacity wilting point

University of California
. Agriculture and Natural Resources



Root Zone
* Rooting zone must be taken in to consideration

%m' . ]
2 feet
— 4.5 foot
J
- _—-.--_""""—--.__

__A
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Available water

Very Course to course textured

0.5t01.00 0.75
sand
Moderately course sandy loams 1.00 to 1.50 1.25
Medium tertured fine sandy 1.25t01.75 1.50
loam to silty clay loam
Fine and very fine- silty clay to 160 to0 2.50 3,00
clay
Peats and mucks 2.00 to 3.00 2.50

Estimate the available water and multiply by rooting depth

Example: yolo silty clay loam at field capacity= 1.50 in/ft x 5 ft
rooting depth= 7. 5 in available water to tree

Allowable depletion=3.75 in



Water Holding Capacity
Available _
Soil _ Depth |Water Holding Ca| '\ alable
Soil Texture | . i water in each
Surface in Feet pacity (From soil layer (in)
Table 3) Y
1"-12" Sand 1 0.6 0.6
13"-24" | Loamy Sand 1 0.8 0.8
25-42" | Sandy Loam 1.5 1.0 1.5
Total: 2.9

Allowable Depletion: 1.45”
Needs to be determined once in orchards life.
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i Need to account for the
f extent of subbing under
| drip emitters...




Irrigation System Considerations:
Volume of Wetted Soil

irrigation Type % of wetted area | % of AWHC Notes

Single line drip 20-30% 20-30% Larger area in
heavier soil,
w/more emitters

Double linedrip  20-50% 20-50% Larger area in
heavier soil,
w/more emitters

Microsprinkler 30-60% 30-60% Determine area
by calculating

Easy to over-irrigate/lose water to deep area as a
percolation if not taken into account the percentage of
% of wetted area orchard floor
T _J

University of Califurni;\
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Irrigation System Considerations:

System Inefficiency
* Take into irrigation system inefficiency

System Ea (%)
Basin/Flood 65 - 80
Furrow 65-75

Solid Set Sprinkler 75-85
Micro-sprinkler 85-90
Drip 90-95

Slightly more water will be needed to ensure that the trees
receive adequate water

—— -__\ J
University of California

Agriculture and Natural Resources




Irrigation System Considerations:
System Maintenance

Most systems start declining
in performance after the
first few years

Lack of annual maintenance

A 70% DU takes 22% more
water to adequately irrigate
than 90% DU

Reduced Field variability,
Guidelines for DU Testing: “hotspots”

http://micromaintain.ucanr.edu
———~_,_____1\___‘_ ___—-#
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How do we calculate water use?
We also need to factor in efficiency.

ET, x k.

ET. =
Ea

If total more than WHC, than irrigate more

frequently to match water applied with WHC

— -__\ J
University of California

Agriculture and Natural Resources




Bringing It All Together: The Weather

Account for “effective” rainfall Rssimie otily 50% is effective

Merced - San Joaquin Valley - Station 148

Date |CIMIS Precip Sol Avg Max Min Air Avg Air Max Min = Avg
ETo {in} Rad Vap Air Temp Temp Rel Rel Rel

-

{in) (Ly/day) (mBars) Temp = (°F) | (°F) | Hum Hum Hum
| I | RCEIN b (%) (%) (%) |
04/08/2012 0.18 0.00 539 3.8 9.7 2348 £8.1 93 24

o2
04/09/2012 0.1€¢ 0.00 488 90 V€9 372 5BB3 21 30 54
04/10/2012 0158 0.00 S48 97 €89 413 E83 87 41 e3
04/11/2012 004 0.7 197 113 575 456 B1.0 23 80 89
04/12/2012 008 O0168R 3275 M9 598 ED4 E48 91 85 75
04/13/2012 0.08 0.97 247 9.8 589 439 491 83 €2 83
04/14/2012 008 000 37 99 €0 436 B04 91 &9 79

—— _|r|

Tots/Avgs (075 (189 372 | 99 | es1 424 540 91 52 | 71

University of California

. Agriculture and Natural Resources




Bringing It All Together: The Site
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Bringing It All Together: The Site
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Bringing It All Together: The Site

Soil Profile Soil Type WHC (inches/Foot Available Water
Depth

0" —-18" Fine Sandy Loam 1.5%233%=3.5"
18" — 36" Sandy Loam 2.0 1.5"*2.0"=3.0"
TOTAL: 6.5”

6.50” of AWHC * 50% Depletion Percentage =
3.25” of Usable, Refillable Water

University of California I

. Agriculture and Natural Resources



Bringing It All Together: Scenario 1

* Mature 22" x 18, Kerman on UCB 1

* Microsprinkler, 14’ pattern @ 10 GPH (~38% of
orchard area)

* Tested, highly uniform irrigation distribution with
efficiency rated at 93%

* Nut Fill = First week of July

— __..-—d

University of California B

Agriculture and Natural Resources



Bringing It All Together: Scenario 1

* ETc:
* (1.87 inches*1.19)/0.93 = 2.39 inches

* AWHC:
* 3.25 inches * 38% (orchard floor) = 1.24 inches
» Will need to irrigate twice to avoid percolation losses
* Water Use per week:
* (396)(0.623)(2.39)=589 gallons/week
* Pump Time:
* 589 gallons/week*Hour/10 gallon = 59 Hours/Week
* Two sets of 30 hours

ey _#
University of California D

Agriculture and Natural Resources




Bringing It All Together: Scenario 2

* Mature 22" x 18, Kerman on Platinum

* Double Line Drip, 0.5 gallons/emitter, Emitter every
36 inches, 12 emitters/tree, 6 GPH/tree

* Pattern — 3’ diameter every emitter = ~22%

* Tested, highly uniform irrigation distribution with
efficiency rated at 95%

— __..-—d

University of California B

Agriculture and Natural Resources



Bringing It All Together: Scenario 2

* ETc:
* (1.87 inches*1.19)/0.95 = 2.34 inches

* AWHC:
* 3.25inches * 0.22 = 0.715" (Need 3 irrigations)
* Water Use per week:
* (396)(0.623)(2.34)=577 gallons/week
* Pump Time:
« 577 gallons/week*Hour/(12 emitters*0.5 GPH) = 96 Hours/Week
* 3 applications of 32 hours (or four applications of 24 hours)

System has issues in maintaining the ability to apply water to meet
maximum demand

ey _#
University of California D

Agriculture and Natural Resources




Weekly “Checkbook” Irrigation Scheduling Using Excel

(http://cekern.ucdavis.edu/Irrigation Management,
click SSJV IRRIGATION CHECKBOOK SCHEDULER)

|Field (no.)

[ PISTACHIO 443 INCHES "NORMAL YEAR" ET

Total DESIGN WET TOTAL
BHD HREALL ROOTING ROW NORMAL WETTED Avail @ ARBA AOW ARFA AREA
VIGOR CAPACI POINT DEFH  SPAC-  [RRIG RUNTIME VOLUME 100% TREE (gphv APPLIC NUMBER APPLIC
FACTOR| SOILTYPE TY[(inf: (inf: () NG SYSTEM: (s} (% (i) (sqf): tree) (in} of SETS: fin):
Witham! 18' X 4,1 |
100%|Pancche sandy | 26 | 0.9 6 |, |OPh | 24 |35% | 102|395 | 6 | 167 | 1 | 058
clay loam drips
"waeumini:_ AT 4M4 4 428 S5 612 M9 526 B2 619 616 623 630 TOTALET
"Normal Y"ET- 008 025 042 0/ 085 116 138 161 18 200 298 225 225 17.16
Block ET(in/week): 008 026 042 074 095 146 139 161 185 200 218 225 225
Run Time to Refill for TOTAL lrrig
Week(hrs: 34 108 174 305 393 478 570 661 759 824 897 @28 98 (i)
Actual Run (hrs): 24 24 24 24 48 72 T2 72 9% 9% 9 | 15.75
Cumulative Deficit or
surplus(hrs):  -34 143 37 289 226 465 678 455 406 511 525 492 555
Ezstimated Soil Moisturs 501l Moisture
Depletion or Excess(in): -024 099 026 -020 157 323 471 316 -282 355 .384 342 -385 Depletion (in]
Esimated Soil Moisture  gger g9, 103% 98% 85% 68% 54% 69% 72% 65% 64% 66% 62%  -3.85
(% available}:
Actual Soil Moisture 087, 057, 60% 5% T5% 80% §0°%

(% available}:




What About Young Trees?

% of ET for Developing Pistachios

of Orchard Fan Jet
Age

Year 1 0.10 0.40
Year 2 0.20 0.45
Year 3 0.30 0.52
Year 4 0.40 0.59
Year 5 0.52 0.65
Year 6 0.65 0.70
Year 7 0.78 0.78
Year 8 0.90 0.90
Year 8 (>65% cover) 1.00 1.00

- \ R
University of California

Agriculture and Natural Resources



NORMAL YEAR WATER USE (ET) FOR PISTACHIOS IN THE SOUTHERN SAN JOAQUIN VALLEY
(Mcst recent published CIMIS "normal year"” ETo for the S5J4V. Table by Sanden, 2002)

Normal 'Crop *Drip Drip Drip Mature
Year Coef- Year4 Year5 Yeart6 Year 8
Week Grass ficienis Drip Drip Drip & FJ & FJ & FJ (=65%
Ending ETo Kc Year1 Year? Year3 Yearl1 Year3d Yearb Year7?7 Yeard8 cover)
Adjustment Facto 0.10 0.20 0.30 0.40 0.52 0.65 0.78 0.90 1.00
115 0.54
21| 0.70
2/15| 0.98
an 1.26
3/15| 1.64
4/1| 2.08 0,05 0.01 0.02 0.03 .04 0.05 Q.07 0.08 0.09 0.10
4/15| 2.55 0.07 0.02 0.04 0.05 0.07 0.09 0.12 0.14 0.16 0.18
5M1| 3.15 0.43 0.14 0.27 0.41 0.54 0.70 0.88 1.06 1.22 1.35
515 3.50 0.68 0.24 0.48 0.71 0.85 1.24 1.55 1.86 2.14 2.38
6/1| 3.79 0.93 0.35 0.70 1.08 1.41 1.83 2.29 275 2.17 3:.52
6/15| 4.00 1.09 0.44 0.87 1.31 1.74 2.27 2.83 3.40 3.92 4.36
71| 4.25 1.17 0.50 0.89 1.49 1.89 2.59 3.23 3.65 4.48 4.97
TS| 4.35 1.19 0.52 1.04 1.55 2.07 2.69 3.36 4.04 4 .66 5.18
81| 4.33 119 0.52 1.03 105 2.06 2.68 3.35 4.02 4.64 5.15
8/15| 4.11 1.19 0.49 0.98 1.47 1.96 2.54 3.18 3.81 4.40 4.89
9/1| 3.84 1.12 0.41 0,82 1.22 1.63 2.12 2.65 3.18 3.67 4.08
a/15| 3.10 0,89 0.21 0.61 0.2 1.23 1.60 1.9 2.39 2.76 3.07
101 2.70 0.87 0.23 0.47 0.70 0.94 1.22 1.53 1.83 2.1 2.35
1015 2.20 0.687 0.15 0.29 0.44 0.59 0.77 0.86 1.156 1.33 1.47
11/1 1.73 0.50 0.09 0.17 0.26 0.35 0.45 0.56 0.68 0.78 087
11151 1.20 0.35 0.04 0.08 013 317 0.22 027 0.23 (.38 0.42
12/1| 0.88
12115 0.70
12/31]| 0.52
Total §67.90 4.43 8.87 13.30 17.74 23.06 28.83 3459 3991 4435

" No weeds , bare middles. Goldhamer crop coefficients.
“ FJ stands for Fanjet or any microsprinkler spraying a 10 to 15 foot diameter. Higher evaporative losses from this
sysiem create a first year water demand equal to a 4th leaf crchard on drip.




Part 2: Recommended
Technology and Its Use for
Irrigation Decision-Making
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Irrigation scheduling

When should you start irrigation and how much
to apply and how effective is it?

* Soil moisture monitoring

* Plant based monitoring

— ____——d
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Soil Monitoring

* Water holding capacity of soil

* Available water
* Root zone

-_ \ _#
University of California

Agriculture and Natural Resources




Soil Monitoring

* Ways to monitor soil

* Soil moisture (water content)
* Hand feel
* Neutron probe
» Capacitance probe

* Soil tension (centibars)
* Resistance blocks
* Tensiometer

— ——_\ J
University of California

Agriculture and Natural Resources




Soil Monitoring

Direct soil moisture by feel

Dry medium-
textured soil

Wet medium-
textured soil



Soil Monitoring

Direct soil moisture by feel

* Needs a well practiced hand

* Good way to learn your soil types and their water holding
ability

* Testing your other methods

* Simplest tools required
* Shovel
* Soil augur

* Con: takes a long time and often do not go to deepest
rooting depths

———— —#
University of California D
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Soil Monitoring

Soil tension

* Definition: measures the surface tension that
the water is held to the soil

* The tension increases as soils dry, plants spend
more energy

* Measurement unit centibars (cb)
* Types

* Tensiometer

* Resistance blocks

— __..-—d
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Soil Monitoring

* Tensiometer

* Pros:
* no power needed
* Not affected by salinity
= Easy to install
* Not expensive
* Cons:
* Requires maintenance
* Not good for dry soil- can lose soil contact
* Manually read and keep records

— __\ J
University of California
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Soil Monitoring

* Modified electrical resistance
« Similar to the gypsum blocks but now are a composite

— S —
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Soil Monitoring

* Reading Soil Tension

Use the following readings as a general
guideline;

0-10 Centibars = Saturated soil
10-30 Centibars = Scil is adequately wet
(except coarse sands, which are beginning to

lose water)

30-60 Centibars = Usual range for irrigation
[most soils)

B50-100 Centibars = Usual range for irrigation in
heavy clay

100-200 Centibars = Soil is becoming
dangerously dry for maximum production.
Proceed with cautionl

http://www.irrometer.com
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Soil

Monitoring

* Modified electrical resistance
* Pros-

No maintenance

Least cost

Can have many sensors going different depths and areas
Possible to use data loggers or remotely

Easy hand held meter option

Easy to install

* Cons-

* Can have problems contacting soil in course textures
* Can be affected by salinity

Need to periodically replace them (3-4 years)

e ———
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Sml mqlstul'e momtormg
with the neutmn probe

P i
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A& . probe, was developed in the 1960’s for checking
=+ "« soil moisture. Used mostly by researchers and

- % irrigation consultants, 1t is often the standard check
.. for the accuracy of other instruments. Largest
sample “volume” to estimate moisture.




Sample Neutron Probe Data

Soil Depth Field Wilting June 1 June 8
inches Capacity Point June 1 (%) June 8 (%)
(in/ft) (in/ft) (in/ft) = Depleted | (in/ft) Depleted
8 3.4 1.7 2.5 53 1.9 88
18 3.6 1.8 2.8 44 2.2 77
30 3.2 1.6 3.0 13 2.8 24
42 3.2 1.6 3.2 3.1
54 3.2 1.6 3.2 3.2
Total (in/5 ft)
16.6 8.3 14.7 e 130 -
| % Depleted
Rootzone 0 100 22 43 e




Soil Monitoring

Neutron probe
* Pros:
* Adapts to many soil types

Reads actual water content
Only need to install access tubes
Reads multiple depths in one tube

* Cons:

Need radiation license to use

Needs to be calibrated to soil type

Reading includes water that is not free for plant use
Not possible to automate

Dependent on consultant

University of Califu?\

Agriculture and Natural Resources



Dielectric Soil Moisture Sensors

Two Dielectric Methods

* Capacitance probes - frequency domain
reflectometry (FDR)

* Time domain reflectometry (TDR)
* Many sensors available

* EnviroSmart
* Irrimax

* Aquacheck
* C-probe

* Trase

* Trime

* ThetaProbe

_'--_‘-_--__
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General Dielectric Concept

* Measure dielectric constant or ability of a material
to establish an electrical field

* Air dielectric constant of 1
* Dry soil dielectric constantof 3to 5
« Water dielectric constant of about 80

* Change in dielectric constant for soil indicates change in
soil moisture

* More moisture increases the dielectric constant or the
ability of the soil to concentrate the electrical field

__A

—~———— -
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Soil Monitoring

Dielectric sensors
* Pros:
* |Increased accuracy with calibration to soil type
» Reads actual water content
« Able to automate readings
* Cons:
* Complicated electronics
* Requires power
« Some may be effected by salts or heavy soils
* Errors can occur with loss of soil contact with sensor

University of Calif;;lia\

. Agriculture and Natural Resources




Plant Based monitoring

— _— — — -
— e et
- -
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Midday Stem Water Potential
(MSWP) or (SWP)- measures
resistance in bars

—-_-‘\ _J
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Stem Water Potential Readings

* Take reading between 12-3 pm

* Cover terminal leaflet on a
shaded leaf in lower canopy
w/a wet cloth

* Only remove one leaf at a time

* Record time and temp for
baseline reading

' University of California I

© Agriculture and Natural Resources




Plant Based Monitoring

Irrigation decisions
* Baseline is about 1/10'" of temperature

* (80 degrees, baseline is -8 bars)
* Mature trees- allow SWP to drop 2-4 bars below baseline
before irrigating
* Do notirrigate in spring until SWP is below baseline (3-4
bars)

* Young trees should be kept near baseline to promote
growth

* -14 bars is considered moderately stressed, -18 bars is
considered severely stressed

— __j
- L " " - ___'-.‘-‘---__
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Midday Shaded LWP (MPa)

Apr 28
0.4

Plant Based Monitoring

May 22

Jun 29

Jul 30

Aug 30

Sep 30

Oct 31

-0.6

-3 11
—& 12

-0.8

-1.0

-1.2

14

-1.6



Plant Based Monitoring: Pressure
Chamber

* Pros:
* Soil type/salinity does not affect “stress” reading

* Integrates moisture status of whole rootzone
* Can monitor in any area of the orchard

* No installation

* Cons:
* Time consuming

* Need trained personnel
* Does not measure soil moisture depletion

- L " " - ___'--_‘---__
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Plant Based Monitoring: Aerial Imaging

What the eye sees — 180 Inefficiencies identified by
acre almond orchard water stress imagery

L
1 1L

a3 "]-L. ." I -
| h",T!h:'..u:,l - ’t
| b rll':"

Stem water potential . 20-24 - 12-16
(negative bars) —
| 1620 8

*\ B
University of California
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Plant Based Monitoring: Aerial Imaging

Pros Cons
: Egsr?lution can be quite * Imaging: NDVI has yet to
5 be shown effective for

* 1 cm orless

. . perennial nut crops
* Potential to utilize for a
variety of functions * Thermal has been shown to

be effective, requires

* Data collection i
adjustment

* Leak checks

* More * Data Processing issues

* Fast and easy to deploy,
near real-time

* Fly in varying locations

* Will require someone
trained to use equipment
or annual licensing of data

———— __./
University of California D
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Putting the tools to work

Track ET
Monitor soil moisture
Collect pressure chamber readings

Irrigate

o s BN

Check results

— \ _/
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Agriculture and Natural Resources



Part 3: Managing Drought within
Pistachios — Regulated Deficit Irrigation

—— -__\ J
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Regulated Deficit Irrigation (RDI)

Planned water deficits at specific

crop developmental stages that control
vegetative growth without negatively
affecting production.

___—-’
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Timing of Pistachio Nut Development

(Dave Goldhamer,
Pistachio

Production

Manual 2008) 25

(lewsa>xyyswib) 1 HODITIM AHA

15 30 15 31 15 30 15 31 15 31
APRIL MAY JUNE JULY AUG



Regulated Deficit Irrigation Impacts on Yield
(Dave Goldhamer, Kettleman City 1988-92)

Irrigation
Treatment

0% Stage 1

0% Stage 2

0% Stage 3

0% Postharvest

50% Stage 2; 25%
PH

Control

Water Use
Removal Efficiency
Split Nut Blanks Total Nut by Dry Split (b
Weight (% nut  Split Nuts Load Harvester Yield splits/inch
(g/nut) load) (%) (No./tree) (% splits) (lb/ac) irrigation)
1.24 b* 21.5ab 87.8 d 12252 85.5 bc 2828 d 81.7 bc
1.29 bc 22.0ab 73.6 b 10881 91.4 bc 2239 bc 91.7 bc
1.18a 276 ¢ 4363 11187 72.6a 1014 a 64.8a
1.30 bc 22.8abc 78.8 bc 11411 88.8 bc 2451 bcd 77.6 ab
1.30 bc 21.2 ab 81.7 cd 10874 895 bc 2744 cd 106.1 ¢
1.32 ¢ 22.5 ab 79.5 bc 11457 88.8 bc 2714 cd 81.5ab

* Values followed by the same lefter are not statistically different at p=0.05.




Can we use RDI to actually
increase split %7 (Dave Goldhamer)

T1: Stage 1 stress, target 14 to 16 bars before

starting irrigation, followed by full irrigation for the
season.

T2: Same as T1 but followed by 50% of potential
E Tc during Stage 2.

Control Fully irrigated for season.

- \ R
University of California

Agriculture and Natural Resources




Pistachio stem water potential over 2003

season (Dave Goldhamer)
Apr 28 May 29 Jun 29 Jul 30 Aug 30 Sep 30 Oct 31
-0.4 i | | ; |
Stage 1: Cell Dtismn, Stage 2: Shell Stage 3: —Postharvest
Shell Enlargem

n - T1
? | Hardening Kernel Fill )

-0.6 1

-1.2

Midday Shaded LWP (MPa)
F
=
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Results of 2003-4 RDI study on split%

(Dave Goldhamer)

**Water Use
Tree Fruit Efficiency
In-Season Load Closed Removal by Dry Split {lb

Irrigation  Irrigation Dry Split (No. Blanks Shell Harvester Yield splits/inch
Rootstock Treatment (inches) Wt(g/nut}] nuts) (No.) (% byNo.) (% splits) (lbfac) irrigation)

T1:-14to -
Atlantica |016 barSWP 40.6 1.14 3% 12000 14.6 1533 g9g9.2 2630 64.8 ab
T2: T1 +50%
stage 2 ET 342 1.13= 12170 145 1533 99.1 2690 78.7 a
Control 47.0 123 b 11200 14 28.7 b g8.4 2160 46.0 b
NSD NSD NSD NSD
Ti:-14to -
PG1 Ol6barSWP 406 1.17a 17380 15.2 17.9a 98.2 3380 83.3ab
T2: T1+50%
stage 2 ET 34,2 1,193 16160 1589 16.3a 98.2 3430 1003 a
Control 47.0 125 b 16130 13.1 348 b 98.4 2860 60.9 b
NSD NSD NSD NSD

* Numbers not followed by same letter are statistically different.

** Excludes water applied for barley cover crop.



Results of 2003-4 RDI study on split%

(Dave Goldhamer)

**Water Use
ree Fruit Efficiency
In-Seasdn Load Closed |Removal by Dry Splif {lb
Irrigation  Irrigatidn Dry Split (No. Blanks Shell Harvest Yield | splits/inch
Rootstock Treatment (inches) Wt(g/nut} | nuts) (No.j (% by No.) | (% spli (Ibfac)| irrigation)
Ti:-14to0-
Atlantica |016 barSWP 40.6| 1.14 3% 12000 146 1533 §9.2 2630 64.8 ab
T2: T1 +50%
stage 2 ET 34.21 1133 [@2170 14.5 1533 po.1 26 78.7 a
Control 47,01 1.23 b 11200 14 28.7 b 38.4 2160 46.0 b
LISD NSD NSD NSD
ﬂ [ e —————— ~
T1:-14to -
PG1 Ol6barSWP 40.6] 1.17a g7360 15.2 17.9a 38.2 3380 83.3ab
T2: T1 +50%
stage 2 ET 34.21 1.193 fdeled 159 16.3a 38.2 3430
Control 47.0|1 125 b 16130 13.1 348 b 38.4 2860 60.9 b
}\ISD NSD _NSD NSD

Irrigation treatments affected nut weight, but improved
split %, all with no affect on yield




Stage 2 RDI irrigation schedule

(D. Goldhamer, 2008)

Refer- Normal
Growth ence ETo ETe RDI RDI ETc
Stage  Phenology Period (inches) Ke (inches) Level (%) (inches)
Bloom Apr 1-15 2.36 0.07 0.17 100 0.1
Stage 1 |Leafout Apr 16-30 2.36 0.43 1.01 100 1.0
Shell Expansion May 1-15 3.19 0.68 237 100 2.1
Shell Hardening May 16-31 3.4 0.93 3.16 50
Stage 2 [Shell Hardening Jun 1-15 3.84 1.09 4.19 50 2.
Shell Hardening Jun 16-30 3.84 1.17 4.49 50 2.2
Nut Filling Jul 1-15 4.13 1.19 4.52 100 4.9
MNut Filling Jul 16-31 4.41 1.19 9.25 100 5.2
Stage3 |NufFill/Shell Split  Aug 1-15 3.54 1.19 421 100 4.2
Shell Splitting Aug 16-31 3.78 1.12 4,23 100 4.
Hull Slip Sept 1-15 2.66 0.99 2.63 100 2.6
Harvest Sept 16-30 2.66 0.87 2.31 25 0.
Post- Postharvest Oct 1-15 1.71 0.67 115 25 0.2
harvest [Postharvest Oct 16-31 1.83 0.5 0.91 25 0.
Postharvest Nov 1-15 0.8 0.35 0.28 25 0.0
Totals 41.1 31.7



Timing of Pistachio Nut Development

Stage 2 Stage 3 Post-Harvest
> < >

N ¢ 50% 75% Reduction
Den't

N Full Irrigation A _
 Reduction 5 (25% of Full ETc)
Start until

Trees are
Stressed

Shell diameter

Bloom, Leaf-Out

APRIL MAY JUNE JULY AUG SEPT OCT



Pistachio Irrigation Conclusions

Pistachio trees are extremely drought tolerant.

% splits and individual nut weight are the most sensitive to
stress.

Depending on soil type, salinity, irrigation system and
management mature pistachios can use 30 to 50 inches of
water over the season.

Real time soil moisture/plant stress monitoring over the season
is essential to maximize yield/efficiency and minimize disease.

During mid May thru early July and postharvest pistachios are
most tolerant of stress: potentially allowing for full yield with
only 80-85% of full season ET.

Successful RDI programs require full winter recharge of soil
profile and understanding of soil water holding capacity and
salinity.
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