How to best manage limited water
* Regulated Deficit Irrigation (RDI)
» Importance of stress timing

The almond production function
* Yield vs applied water

Specific drought irrigation schedules
» Water supplies from 12 to 36 inches

Roles of “stumping;” antitranspirants



Water Relations
Water Requirements

Irrigation Scheduling
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Sorghum Production Function; S. Great Plains
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Can we reduce ETc:

Options;decrease


















Can we reduce

Transpiration?
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Atmosphere

Light

(Sugar)



Nobel Lecture

“So today, we dumped another 70
million tons of global-warming
pollution (CO3) into the thin shell of
atmosphere surrounding our planet,
as if it were an open sewer.”

Albert R. Gore
Nobel Prize Acceptance Lecture
Oslo, Norway, 10 December 2007
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“Al Gore’s just an opportunist. The person who i1s really
responsible for this overestimate of global warming 1s Jim
Hansen. He consistently exaggerates all the dangers.” Coal,
he has written, “is the single greatest threat to civilization and
all life on our planet.” Hansen has referred to railroad cars
transporting coal as “death trains.”

Freeman Dyson, Eminent Physicist, 2009
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E.P.A. Moves Toward Regulating Greenhouse Gases
By Felicity Barringer

Published: March 23, 2009

In February, the E.P.A.’s administrator, Lisa P. Jackson, hinted strongly

in an interview with The New York Times that the agency would take action
on the issue before April 2. That date marks the second anniversary of

a Supreme Court ruling ordering the agency to determine whether

carbon dioxide and other greenhouse gases qualify as pollutants under

the Clean Air Act.

The action, known as an endangerment finding, would allow federal
regulation of motor vehicle emissions of greenhouse gases. If further action
is taken by the E.P.A., it could open the door to regulatory controls over
power plants, oil refineries, cement plants and other factories that emit
such gases.



Demonizing CO,

Beneficiaries:
1) Politicians
2) Wall Street
3) Anti-capitalists
4

5

Environmentalists

N e N N’

Researchers



Demonizing CO,

Losers:

1) Energy Users
2) Tax Payers



Scheduling Concepts

1) Soil/Plant based monitoring.
2) Water budget.
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Irrigation Scheduling Example

Crop: Almond (mature)

Location: Firebaugh

Tree Spacing: 21 x 24 ft (86 trees/ac)

Irrigation: Microsprinkler (11 gal/hr)
Two per tree (22 gal/tree/hr)

Application Efficiency: 90%



Water Budget

Orchard = CFQF_) X Reference
Water Coefficient Crop
Use Water

Use



Reference Crop Water Use (ETo)

1) Real time.
2) Long term, historical values.
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Reference Crop Water Use (ETo)

WwWw.cimis.water.ca.gov



A California Irrigation Management Information System - Microsoft Internet Explorer

File Edit View Favorites Tools Help

Qeack - ©  [¥] [B] @ O search J¢ Favorites @ medio ) (3~ (2 B - [

Address | @] http:/ fvoww.cimis.water.ca.gov/ v Bco Link
CALIFORNIA 111 cotvex state o T

California Irrigation Management Information System

Deparfment of Water Resources

DATA REPORTS

CIMIS EYSTEM IRRIGATION WEATHER STATIONS

HOME PAGE

CIMIS {California Irrigation Management Information System)

S5YSTEM NEWS

REGISTER Dally Report

FAQ

Rendered in ENGLISH Units.
I February 10, 2003 - February 16, 2003
Printed on February 17, 2003

CONTACTS

UL Porterville - San Joaquin Valley - Station 169
Date CIMIS Precip Sal Avg Max Min Avg Max Min Avg Dew Avg Wnd Avg
ETo (in) Rad Vap Air  Air  Air Rel Rel Rel Pt(° wSpd Run Soil
{in) (Ly/day) (mBars) Temp Temp Temp Hum Hum Hum F) (MPH) (miles) Temp
CF) CF) (F) (%) (%) (%) (°F)

02/10/20030.08 000 304 6.2 622 293 461 85 32 59 324 31 737 3505
02/11/2003 008 011 298 95 645 435 520 88 49 72 431 42 1014 512
02/12/2003 0.00 066 47 117 550 447 509 94 88 92 487 35 854 523
02/13/20030.08 0.01 306 129 664 470 568 94 63 81 512 32 785 330
02/14/2003 0.03 000R &7 125 626 320 572 93 67 78 504 28 6865 545
02/15/2003 007 0.00 279 123 668 496 569 92 586 76 49929 700 350
02/16/2003 006 013 227 115 633 478 554 92 59 77 482 34 818 359
Total 040 091 218 109 630 420 536 91 59 77 463 33 793 332

Flag Leaend



Crop Coefiicient (Kc) =

Evapotranspiration (ETc)

Reference Crop Water Use (ETo)
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Literature and Other Almond Related Crop Coefficients

UN Fereres Sanden

FAO 24 and Puch

Deciduous Deciduous Almond
0.50 0.60 0.59
0.75 0.71 0.78
0.90 0.84 0.92
0.95 0.92 1.01
0.95 0.96 1.08
0.95 0.96 1.08
0.85 0.91 1.02
0.80 0.79 0.89
0.70 0.69




Goldhamer at al. Almond Crop Coeefficients (In Development)

Crop
Coefficient

Sept16:30 | 050
Oct1631 | 020




Developing an Irrigation Schedule; Firebaugh

BiMonthly
ETo

Jun630 | 43
s | 42
e | 42
Aug 145 | 37
Septtds | 34
Sept16:30 | 26
Octits | 22
~Total |




Developing an Irrigation Schedule; Firebaugh

BiMonthly Crop
ETo Coefficient

Junte30 | 43| A48
Guids | 42 d4s
et | 42 142
Aug 145 | a7 0%9
Septtis | s o067
Sept16:30 | 26] 050
Octits | 22 035
Octiest | 17| 020
“Total | |




Developing an Irrigation Schedule; Firebaugh

BiMonthly Crop ETcIn
ETo Coefficient | Period

| (inches) | (Kc) | (inches) |

June30 | 43| 118]  s0
Guis | 42| as]|  4s
et | 42| 442 47
Aug 145 | 7] 098] 37
Augt631 | 37| os7| 32
Septtis | 3] oe7| 24
Sept16:30 | 26] 00| 13
Octits | 22| 035 08
Octiest | 17 020 03
“Total | | |51




Developing an Irrigation Schedule; Firebaugh

I ] P Py
ETo Coefficient | Period | ETc Daily
| Gnches) | (Ke) | (inches) | (inchiday)_
 Mar16-31 | 23|  043] 10| 006
Apri5 | 25|  068] 17| 041
Apr16-30 | 29| 093] 27| 018
May145 | 35|  109] 39| 026
May16-31 | 42|  147] 49| 031
Junt45 | 42|  118] 50| 033
Jun16-30 | 43|  118] 50| 034
Jul145 | 42|  118] 49| 033
Jul16-31 | 42|  112] 47| 029
Augt15 | 37|  099] 37| 025
Aug16-31 | 37|  087] 32| 020
Sept1-15 | 31|  067] 24| 014
Sept1630 | 26|  050] 13| 009
Oct1-15 | 22| 035 08  0.05
Oct16-31 | 17| 020 03] 002
_Total | | | 451




Converting depth to velume units
Example for peak demand

g/tree/d = in/day x (tree spacing) x 0.622
= 0.34 in/day x (21 x 24 ft) x 0.622

= 105 gal/tree/day



Developing an Irrigation Schedule; Firebaugh

I ] P Py
ETo Coefficient | Period | ETc Daily
| Gnches) | (Ke) | (inches) | (inchiday)_
 Mar16-31 | 23|  043] 10| 006
Apri5 | 25|  068] 17| 041
Apr16-30 | 29| 093] 27| 018
May145 | 35|  109] 39| 026
May16-31 | 42|  147] 49| 031
Junt45 | 42|  118] 50| 033
Jun16-30 | 43|  118] 50| 034
Jul145 | 42|  118] 49| 033
Jul16-31 | 42|  112] 47| 029
Augt15 | 37|  099] 37| 025
Aug16-31 | 37|  087] 32| 020
Sept1-15 | 31|  067] 24| 014
Sept1630 | 26|  050] 13| 009
Oct1-15 | 22| 035 08  0.05
Oct16-31 | 17| 020 03] 002
_Total | | | 451




Developing an Irrigation Schedule; Firebaugh

BiMonthly
ETo

Crop
Coefficient

ETc In
Period

ETc Daily

ETc* Per Tree

(inches)

(Kc)

(inches)

(inch/day)

(galltree/day)

Mar 16-31

2.3

0.43

1.0

0.06

Apr 1-15

2.5

0.68

1.7

0.11

Apr 16-30

2.9

0.93

2.7

0.18

May 1-15

3.5

1.09

3.9

0.26

May 16-31

4.2

1.17

4.9

0.31

Jun 1-15

4.2

1.18

5.0

0.33

Jun 16-30

4.3

1.18

5.0

0.34

Jul 1-15

4.2

1.18

4.9

0.33

Jul 16-31

4.2

1.12

4.7

0.29

Aug 1-15

3.7

0.99

3.7

0.25

Aug 16-31

3.7

0.87

3.2

0.20

Sept 1-15

3.1

0.67

2.1

0.14

Sept 16-30

2.6

0.50

1.3

0.09

Oct 1-15

2.2

0.35

0.8

0.05

Oct 16-31

1.7

0.20

0.3

0.02

Total

45.1

* Assumes 21 x 24 ft tree spacing; 86 trees/acre




Developing an Irrigation Schedule; Firebaugh

BiMonthly
ETo

Crop
Coefficient

ETc In
Period

ETc Daily

ETc* Per Tree

(inches)

(Kc)

(inches)

(inch/day)

(galltree/day)

Mar 16-31

2.3

0.43

1.0

0.06

Apr 1-15

2.5

0.68

1.7

0.11

Apr 16-30

2.9

0.93

2.7

0.18

May 1-15

3.5

1.09

3.9

0.26

May 16-31

4.2

1.17

4.9

0.31

Jun 1-15

4.2

1.18

5.0

0.33

Jun 16-30

4.3

1.18

5.0

0.34

Jul 1-15

4.2

1.18

4.9

0.33

Jul 16-31

4.2

1.12

4.7

0.29

Aug 1-15

3.7

0.99

3.7

0.25

Aug 16-31

3.7

0.87

3.2

0.20

Sept 1-15

3.1

0.67

2.1

0.14

Sept 16-30

2.6

0.50

1.3

0.09

Oct 1-15

2.2

0.35

0.8

0.05

Oct 16-31

1.7

0.20

0.3

0.02

Total

45.1

* Assumes 18 x 21 ft tree spacing; 115 trees/acre




Gross Applied \WWater Required

Example for peak demand

Evapotranspiration

Application Efficiency

105 gal/tree/day
0.90

= 117 gal/tree/day



Developing an Irrigation Schedule; Firebaugh

Actual
ETc*
(gal/tree/day)

| Mayt631] = 96

* Assumes 21 x 24 ft tree spacing; 86 trees/acre




Developing an Irrigation Schedule; Firebaugh

Actual Applied
ETc* Water
(gal/tree/day) | (galltree/day)

| Mayt15) 81 90
| Mayt6-31] 96 @ 107
| Junt15] M04] 116
| Junt6:30)  105] 117
| Juit15) 103) 114
| Juite3t] 0 92] 103
| Augtt5) 77] 86
| Augt6-31]  62] 69

* Assumes 21 x 24 ft tree spacing; 86 trees/acre




Irrigation Freguency
Example for peak demand

Application Amount per lrrigation

Gross Application Required
22 galltree/hr x 24 hr = 528 gal/tree/irrirgation

528 gal/tree/irrigation

= 4.5 days
117 galltree/day



Developing an Irrigation Schedule; Firebaugh

Actual Applied
ETc* Water
(gal/tree/day) | (galltree/day)

| Mayt15) 81 90
| Mayt6-31] 96 @ 107
| Junt15] M04] 116
| Junt6:30)  105] 117
| Juit15) 103) 114
| Juite3t] 0 92] 103
| Augtt5) 77] 86
| Augt6-31]  62] 69

* Assumes 21 x 24 ft tree spacing; 86 trees/acre




Developing an Irrigation Schedule; Firebaugh

Actual Applied Irrigation
ETc* Water Frequency
(gal/tree/day) | (galltree/day) (days)
Mar 16-31 19 22 24
Apr 1-15 35 39 1
Apr 16-30 56 63
May 1-15 81 90
May 16-31 96
Jun 1-15
Jun 16-30
Jul 1-15
Jul 16-31
Aug 1-15
Aug 16-31
Sept 1-15
Sept 16-30
Oct 1-15
Oct 16-31

Ol (OO (0o H

* Assumes 21 x 24 ft tree spacing; 86 trees/acre
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1999-2008 E To Coefficient of \Variation

Firebaugh CIMIS
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Monitoring water status
Soll
1) By hand
2) Tensiometers
3) Electrical resistance/capacitance
4) Neutron probe

Plant

1) Pressure chamber
2) Infrared Thermometers
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Envir-oSCAN

Hl
H

Logger Options ™
= dripper EBE
Settings

S5tacked Separate Graph > Logger: gvs
Site ID'=: Sl=dripper

S1,P1,
S1,P1,
S1,P1,
S1,P1, _
S1,P1, 120cm

T T T T T T T T T
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Shortcomings of Soil Monitoring

1) Interpretation of the data.
2) Accuracy of the data.

3) Costs.

4) Only a few measurements per acre
possible; can't adequately
characterize an entire field.



Plant-based monitoring

Pressure Chamber: Gives estimate
of plant water status.









Stem Water Potential (MPa)
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Predawn Le af Water Potential (MPa)
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Shortcomings of the Pressure Chamber

1) Manually taken; can't be automated.

2) Requires trips to the field and operator.

3) Limited time period to take
measurements; noon-2:30 pm.

Thus, can’'t adequately characterize
a field.



Midday Shaded Pressure Chamber vs.
Maximum Air Temperature; Full Irrigation
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Adequate Water Supply (Choice)
Reduce water cost
Be good stewards of the water

Droughts (No Choice)

Minimize negative impacts on
current and subsequent years
production



Regulated Deficit Irrigation (RDI)

Planned water deficits at specific
crop developmental stages that are
stress tolerant without negatively
affecting production.
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Pistachio Nut Growth Processes
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Almond Nut Growth Processes



Full irrigation until irrigation cutoffs ranging
from 53 to 4 days prior to shaking Iin
[/ day increments

hus, stress only preharvest; full postharvest
irrgation

Total Rainfall
Yr. 1 3.0 inches
Yr. 2 6.4 inches
Yr. 3 6.9 inches




Preharv. Jul 7 Jul 20 Jul 27

Cutoff | Applied | Predawn Predawn Predawn
Duration | Water LWP LWP LWP
(days) | (inches) (bars) (bars) (bars)




y Preharvest cutoff
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Irrigation Preharvest
Cutoff Cutoff Applied
Date Duration Water

(days) (inches)




Irrigation Preharvest Dry

Cutoff Cutoff Applied Kernel
Date Duration Water Wi.
(days) (inches) (9)

1.08 a
1.11a c

1.13 abc
1.18 abc
1.15 abc
1.13 abc
1.24 Db
1.21 bc




Irrigation Preharvest Dry
Cutoff Cutoff Applied Kernel Nut
Date Duration Water Wi. Load
(days) (inches) (9) (No./tree)
1.08 a

1.11a c

1.13 abc
1.18 abc
1.15 abc
1.13 abc
1.24 Db
1.21 bc

NSD



Irrigation
Cutoff
Date

Cutoff
Duration
(days)

Preharvest
Applied
Water
(inches)

Dry
Kernel
W.

(9)

Nut
Load
(No./tree)

Dry
Kernel
Yield
(Ib/ac)

Jun 25
Jul 1

Jul 8
Jul 15
Jul 22
Jul 29
Aug 5
Aug 12

23
46
39
32
25
18
11

4

19.8
21.6
23.4
25.2
27.0
28.8
30.6
31.5

1.08 a

1.11a c
1.13 abc
1.18 abc
1.15 abc
1.13 abc
1.24 Db
1.21 bc

8640
9470
8650
7872
9526
8340
8368
9530

1384
1552
1456
1388
1684
1455
1574
1723
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Preharv. Visual
Cutoff Applied Hull
Duration Water Rot

(days) | (inches) | (strikes/tree)




Hull Rot; Teviotdale et al.; 1997

Hull

Rot Dead Kernel
Strikes Wood Wt.
(#/tree) |(inches/tree) | (gms)

RDI % Di




What is the impact of postharvest
irrigation?



POSTHARVEST
IRRIGATION
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harvest tu encourage Truit bu evelop

during th te_summer-and-aarly fall months.
/”'/9'._“2‘_lﬂ e o
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Almonds, prunes, and walnuts, if allowed to
deplete soil moisture during harvest 10 the
point of leaf-drop, should not be irrigated in
September or October. lrrigation of these
trees in partial or full leaf-drop condition may

\ force premature postharvest flowering.
\

i —

.

er shortage. During the years of limitgd~"

water sepply, one may hw‘d’éfide




Divided experiment to test full
postharvest irrigation vs. no postarvest
Irrigation
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FRUIT-BUD DIFFERENTIATION IN
DECIDUOUS FRUITS

BY
WARREN F. TUFTB Axp E. B. MORROW

Fruit-bud formation, upon which fruit produection is dependent,
is undoubtedly influenced by such orchard practices as pruning, irri-
gation, and cultivation. For a suecessful study of the influence of
these various practices upon fruit-bud formation, therefore, an inti

mate knowledge of the time of differentiation must be available. This
paper is the report of studies which have been made under different
California conditions over a period of nine years.

TiME oF FrUIT-BUD DIFFERENTIATION

It had been known in a general way that the flowers producing
fruit in any year were formed some time during the preceding growing
season, but it remnined for Goff* to recognize defini the initial
stages of flower-bud formation in deciduous orchard fruits.
mined by morphological studies the time when differentiation into
flower-buds first occurs and traced the successive stages of development
until the unfolding of the blossoms in the spring.

Differences amounting to several days or wecks have been found to
oceur in the date of the initiation of fruit-bud formation with regard
to both climatic influences, and to varieties and types of fruit.

Gofl,* in a comparison of apple varieties, found a variation of as
much as five weeks in the time of flower-bud formation.

Kramer'® worked with several varieties each of the apple, pear, and
cherry and found marked varietal differences, especislly in the apple
and pear. Little or mo variation oceurred in the cherry varieties
stndied. Kramer’s work was conducted at Oppenheim, Germany.




Date of Differentiation

Almond Non Parell Late Aug-Early Sept
Apple Gravenstein Mid June
Apricot Royal Early Aug

Cherry (Sweet) |Napoleion Late June-Early July
Peach Elberta Late July

Pear Bartlett Late June-Early July
Plum French Late July-Early Aug




Used Control plots that previously had
full irrigation for the entire season and
iImposed 6 single year PostHarvest
treatments.
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Last Next
Post Year
Harvest Flower

Irrigation Density
(No./60 cm)

Next
Year
Fruit
Density
(No./60 cm)

Next
Year
Fruit Set
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Next
Year
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22, 28, and 34 inches available for season
Each supply amount applied three ways

a) Bias stress preharvest (22A, 28A, 34A)
b) Bias stress postharvest (22B, 28B, 34B)
c) Stress throughout season (22C, 28C, 34C)

Fully Irrigated Control

Mature, Non Parell

Mean Rainfall: 7.4 inches
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Assume 16 inches available during season
4 additional inches applied late winter; 5 inches rain

1) 100% ETc until 16 inches applied
2) /5% ETc until 16 inches applied
3) 50% ETc until 16 inches applied
4) Fully irrigated Control

Drought trees returned to full irrigation the following
two seasons.



One Year Simulated Drought; 16/ inches Applied During Season

Irrigation Water Kernel Nut Kernel
Year Regime | Applied Weight Load Yield
thru (9) (No./tree) | (Ibs/ac)

Drought | Full Irri Season 1653 a

Year 100% ETc | Jun 19 1362 b
5% ETc | Jul 11 1236 b
50% ETc | Aug 28 1448 ab




One Year Simulated Drought; 16/ inches Applied During Season

Irrigation Water Kernel Nut Kernel
Year Regime | Applied Welght Load Yield
thru (No./tree) | (Ibs/ac)

Drought | Full Irri Season 1653 a
Year 100% ETc | Jun 19 : 1362 b
5% ETc | Jul 11 : 1236 b

50% ETc | Aug 28 : 1448 ab
Recover | Full Irri Season : 12850 a
Year 1 100% ETc | Season . 4770 b

75% ETc | Season . 8250 c

50% ETc | Season : 11690 a




Year

Irrigation
Regime

Water
Applied
thru

Kernel
Weight

(9)

Nut
Load
(No./tree)

Kernel
Yield
(Ibs/ac)

Drought
Year

Full Irri
100% ETc
75% ETc
50% ETc

Season
Jun 19
Jul 11

Aug 28

1.24 a
097 b
1.10 bc
1.03 bc

7100 a
8160 a
6340 a
7000 a

1653 a
1362 b
1236 b
1448 ab

Recover
Year 1

Full Irri
100% ETc
75% ETc
50% ETc

Season
Season
Season
Season

1.04 a
1.03 a
0.99 ab
0.89 b

12850 a
4770 b
8250 c
11690 a

2730 a
911 b
1493 c
2010 d

Recover
Year 2

Full Irri
100% ETc
75% ETc
50% ETc

Season
Season
Season
Season

0.97 a
1.02 a
1.02 a
113 b

9890 a
9200 a
7900 b
7050 b

2358 a
2327 a
1975 b
1949 b




Year

Irrigation
Regime

Water
Applied
thru

Kernel
Weight

(9)

Nut
Load
(No./tree)

Kernel
Yield
(Ibs/ac)

Drought
Year

Full Irri
100% ETc
75% ETc
50% ETc

Season
Jun 19
Jul 11

Aug 28

1.24 a
097 b
1.10 bc
1.03 bc

7100 a
8160 a
6340 a
7000 a

1653 a
1362 b
1236 b
1448 ab

Recover
Year 1

Full Irri
100% ETc
75% ETc
50% ETc

Season
Season
Season
Season

1.04 a
1.03 a
0.99 ab
0.89 b

12850 a
4770 b
8250 c
11690 a

2730 a
911 b
1493 c
2010 d

Recover
Year 2

Full Irri
100% ETc
75% ETc
50% ETc

Season
Season
Season
Season

0.97 a
1.02 a
1.02 a
113 b

9890 a
9200 a
7900 b
7050 b

2358 a
2327 a
1975 b
1949 b

3 Year
Mean

Full Irri
100% ETc
75% ETc
50% ETc

1.08 a
1.01 a
1.04 a
1.02 a

9948 a
7378 b
7498 b
8581 b

2247 a
1534 b
1568 b
1802 c




|dentification of optimal Crop Coefficient

% 10 irrigation regimes that applied from 38 to
94 inches in about 1.5 inch increments. All
stress imposed preharvest

sk Microsprinkler irrigation

k Mature Non Parelil; 8 replications of each
treatment; Lost Hills; 4 yr duration
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Kernel Yield: 5% H20: 4 Yr. Mean

y = 56.5x + 612
R? = 0.982
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4 Yr. Mean Data

y = 0.826x + 18.0
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Suggested Drought Strategies

Crop: Almond (mature)

Location: Firebaugh

Tree Spacing: 21 x 24 ft (86 trees/ac)

Irrigation: Microsprinkler (11 gal/hr)
Two per tree (22 gal/tree/hr)
1.7 inches/24 hr irrigation

Application Efficiency: 90%



Firebaugh

ETcin
Period
(inch)

Applied
Amount
(inch)

Applied
Amount
(inch)

36 inch Case @ 30 inch Case @ 24 inch Case

Applied
Amount
(inch)

Mar 16-31
Apr 1-15
Apr 16-30
May 1-15
May 16-31
Jun 1-15

Jun 16-30

Jul 1-15
Jul 16-31
Aug 1-15
Aug 16-31
Sep 1-15
Sep 16-30
Oct 1-15
Oct 16-31

1.0
1.7
2.7
3.9

4.9
5.0
5.0
4.9
4.7
3.7
3.2
2.1
1.3
0.8
0.3

0.7
1.3
2.0
2.9

3.7
3.7
3.8
2.5
4.7
3.7
3.2
2.1
1.3
0.8
0.0

0.7
1.2
1.9
1.9

2.4
2.5
2.5
2.5
4.7
3.7
2.4
1.6
1.0
0.6
0.0

0.7
1.2
1.9
1.2

1.5
1.5
1.5
1.5
4.7
3.7
2.4
1.6
0.6
0.4
0.0

Total (inch)

45.1

36.3

29.5

24 .2




Firebaugh 18 inch Case 12 inch Case

Mar 16-31
Apr 1-15
Apr 16-30
May 1-15
May 16-31
Jun 1-15
Jun 16-30
Jul 1-15
Jul 16-31
Aug 1-15
Aug 16-31
Sep 1-15
Sep 16-30
Oct 1-15
Oct 16-31
Total (inch)




Irrigations per Season

Seasonal ETc: 45.1 inches

Determine Gross lrrigation
45.1 Inches

0.90

= 50.1 Inches

Determine Irrigation Number

90.1 inches
1.7 inches/24 hr irrig.

= 30 irrigations



Adjust lrrigation Freguency; Not Duration

Assume you have 28 normal irrigations

If you have 75% of normal water:

28 irrigations x 0.75 = 21 irrigations

If you have 50% of normal water:

28 irrigations x 0.50 = 14 irrigations



%k Recognize the differences in stress
sensitivities and time irrigations accordingly.

%k Reproductive bud differentiation occurs
very late; Aug-Sept., and is stress-sensitive.

sk Fruit size is less sensitive to stress than
following season’s fruit load.

% With limited water supplies; don’t be afraid
of partial preharvest defoliation.



Should I use poor
quality water 1n a
pinch?
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Pruning Treatments:  Mature, Non Parell

a) Severe
b) Moderate
c) None (Control)

Irrigation Treatments:

a) None
b) Mid Jul; 2.9 inches
c) Mid Jul and Late Aug; 2.9 inches each

Rainfall: 12.1 inches






N

| Moderat

s s N T s P %

(s

W

o ::.. :-".,L},




A
0]
| &
("]

Na]

(-

0
)
c
Q
i)
o
o
(-
Q
)
s
Y
("]
Q
—d
c
3
©
C
(<))
| &9
o

Apr 30

May 31

Jul 1

Aug 1 Sep 1 Oct 2 Nov 2

—o—-Severe Prune; No Irr
Moderate Prune; No Irr
No Prune; No Irr

-8—-No Prune; Full Irr

Partial Defoliation
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Apr 30

May 31 Jul 1 Aug 1

2.9 inch irrigation

_|—e—Severe Prune; 1 Irr

Moderate Prune; 1 Irr
No Prune; 1 Irr

|-~ No Prune; Full Irr

Sep 1

Oct 2
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Apr 30 May 31 Jul 1 Aug 1 Sep 1 Oct 2 Nov 2

2.9 inch irrigation

—o-Severe Prune; 2 Irr
Moderate Prune; 2 Irr
No Prune; 2 Irr

-8-No Prune; Full Irr
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Pruning Impacts on Stomatall Conductance; Jumi 17
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Pruning Impacts  on Stomatall Conductance; Jumi 17
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1.0 - Severe Prune
-o-Full Irr

1.2

0.8

0.6

0.4

—~
)]
N
£
(8}
~
Q
O
c
]
)
O
=
<
c
(=}
O
©
)
£
o
=l
7))

0.2

0.0
3:00 5:00 7:00 9:00 11:00 1:00 3:00 5:00 7:00
AM AM AM AM AM PM PM PM PM



Canopy: Grewth; Impact efi Pruning

B Severe Prune
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e 12 Inches of stored winter rainfall: no
tree death.

* Minimized stress; magnitude in relation
pruning severity.

» Created “super” leaves; extremely rapid
growth even without irrigation.

1.5 million acres of almonds in Spain;
most dryland.






* May, June, July, Aug, Sept Applications;
1 gal/105 gal water; Non Pareil, Carmel

%k Three Irrigation Regimes
a) None
b) Early Jun; 4 inches
c) Mid Jul; 2.9 inches
d) Mid Jul and Late Aug; 2.9 inches each

Rainfall: 12 inches
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No Irrigation; Mean of Non Pareil; Carmel
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May 8 Jun2 Jun27 Jul22 Aug16 Sep10 Oct5 Oct 30

4 inch irrigation

—o— AntiTrans; Early Jun Irr
- Control; Early Jun Irr
-&—Full Irr
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VA May 28  Jun 22 Jul 17 Aug 11 Sep 5 Sep 30 Oct 25

2.9 inch irrigation

—o— AntiTrans; Mid Jul Irr
- Control; Mid Jul Irr
-o— Full Irr
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May 3 May 28 Jun 22 Jul 17 Aug 11 Sep 5 Sep 30 Oct 25

22 L0 R O —— AntiTrans; Mid Jul, Late Aug Irr
- Control; Mid Jul, Late Aug Irr
-@- Full Irr
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Stematal' Conauctance; June 19; Early Jun lirgaton
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Steomatall Cenductance; July: 26; Early Junilrigation
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May 8 Jun2 Jun27 Jul22 Aug16 Sep10 Oct5 Oct 30

4 inch irrigation

—o— AntiTrans; Early Jun Irr
- Control; Early Jun Irr
-&—Full Irr

Jul 26 Diurnal

Jun 19 Diurnal

A
)]
-
©

a]

r

0

i)
c
Q
i)
()

(a8
| &
Q
i’
:

Yo
("]
Q
-
c
S
()

L]
Q
| &
o




Why does mild stress
reduce fruit size?
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Dry Hull+Shell Weight vs Time



Dry Kernel Weight vs Time




Dry Kernel Weight vs Hull Split Rate
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Impact off Antiliranspirant and lrrgation en Kernel VWi
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