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A. Summary

Almond growers in California are under continuous pressure to grow orchards with limited
water supplies. In recent decades, pressurized micro-irrigation systems have greatly improved
distribution uniformity and water use efficiency of applied water. However, different portions of
a field may have varying water and fertilizer requirements due to soil spatial variability, water
guality, climate and other factors influencing tree growth across the block.

Most irrigation systems have little capacity to differentially irrigate different sections of the field
to account for various factors that affect crop water needs. Water applications to the entire field
are based on the needs of the ‘weakest’ areas, which may lead to over applications and
reduced system efficiency and yield potential. Variable rate irrigation (VRI) systems may
improve water use efficiency by tailoring irrigation zones and sets to meet changing tree water
requirements. We tested here a VRI system on a 70-acre block to document the impact of
using such technology on crop yield, water use efficiency, economic feasibility, and potential
improvements in energy and fertilizer use efficiency.

B. Objectives

1. Demonstrate variable rate irrigation capacity to improve water and nutrient use efficiency,
tree growth, and yield in commercial almond orchards.

2. Determine variable irrigation requirements based on site climatic conditions, soil texture and
salinity, and tree growth stage among other site-specific factors to improve water use
efficiency.
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3. Develop a system to assist growers in defining "zones" of similar characteristics, then
develop variable irrigation scheduling programs for each zone to meet crop needs.

4. Retrofit existing irrigation systems to control water applications in small zones (1 acre)

5. Develop irrigation schedules that meet an orchard's crop water requirements, maintain
favorable plant water status in orchard trees, decrease water and nitrogen losses and reduce
energy use.

Identify annual outputs or milestones for each of the objectives

1- Ongoing work, 2020 season represented the second year after the installation of VRI.
Baseline data were obtained during the 2018 growing season and first year data was in 2019,
2020 was the second year but with limited implementation of VRI.

2- We developed an index to identify zones of similar characteristics and used a combination
of canopy coverage and NDVI as criteria to identify 6 different irrigation management zones (A
through F).

3. We developed a system based on several indices including tree volume, canopy coverage,
NDVI and other site-specific information such as tree height and circumference. The index that
we used was a comanation NDVI and canopy coverage but we are assessing using a
combination of other variable based on the correlation between the various variables and yield.
4. Retrofitting was accomplished in late summer of 2018 and the system was ready for
implementation during the 2019 and 2020 irrigation seasons. The VRI was used in the 2019
growing season and weekly irrigation recommendations were given to the grower. The system
was not copletly ustilized in the 2020 growing season at the request of the grower due to
logistical issues related to oppoeration, in the 2020 growing season, VRI practices were
implement on a number of trees in selected zones by fixing the irrigation time but adjusting the
flow rate to the selected tree.

5. We developed irrigation recommendation on a weekly basis for the 2019 growing season
that was implemented during the growing season until harvest. Standard uniform irrigation was
implemented after harvest.

C. Results and Discussion

A commercial almond orchard was selected for implementation of VRI near Hanford in Tulare
County, CA to establish the trial in 2018 (Figure 1). Thirty six 1-acre variable irrigation zones
were implemented on approximately 50% of the field and the other 50% were used as control.
Netafim installed the variable rate irrigation system during the spring of 2018, however, the
system was not functional until the summer of 2018. The VRI system was used during the
2019 growing season from the first irrigation in the season through late summer just before the
August harvest. We utilized the VRI technology and compared it to the grower standard
irrigation practices on the other 50% during the 2019 growing season. The system was not
completely utilized for VRI in the 2020 seas but limited VRI practices with fixed irrigation time
but varying flow rates were implemented on selected trees in selected zones. Each zone is
approximately one acre in size with approximately 105 trees per plot (total 3,781 trees on
34.378 acres). Two Tule evapotranspiration weather stations (Figure 2) were installed in each
of the VRI and control sections of the field. A minimum of two locations per management zone
(A, B, C, D, E, and F) for soil moisture measurements were established to estimate soil
moisture in the root zone. In zones A and F, we installed additional soil moisture sensors. The
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additional stations were installed in zones representing low and high density vegetation soil
moisture sensors and one station in the control (Figure 2).

Figure 3 shows the variable rate irrigation system as well as the irrigation management zone
based on 2018 and 2019 data. The baseline management zones shown in 2018 are based on
the index that consists of a combination of Normalized Difference Vegetation Index (NDVI) and
canopy index. Zone A represents the most stressed zones and Zone F represents the least
stressed zones. As shown, most zones showed improvements in late June 2019 as compared
to the baseline data from 2018.

Tree circumference (Figure 4) measured during the January and February of 2019 (before the
implementation of VRI) were measured for very other tree in the VRI and the averages are
shown in this figure. Tree circumference is typically smaller in the stressed zones. The tree
circumference could be used a simple criterion to establish irrigation management zones for
VRI where a small circumference represents a smaller stressed tree.

Actual Evapotranspiration:

Two Tule stations (figures 5-6) were installed in the field in 2018, one in management zone D
of the VRI and one in the control. Data from the Tule station during the 2019 season shows
higher Kc for both the VRI and control section in 2019 as compared to 2018. This higher Kc is
also translated to higher yields in both sections in 2019 as compared to 2018. In addition to the
Tule stations, we installed in 2019 a surface renewal (SR) and eddie covariance (EC) weather
stations in the control section to verify the accuracy of data collected by the Tulle stations.
Figure 7 shows a strong correlation between actual ET measured by Tule as compared to well
established scientific methods (SR and EC) to estimate actual evapotranspiration.

Infiltration rate

Based on data collected during this research, we believe that the variability in tree size and
production is mostly related to a combination of texture variability and infiltration rate. We
measured the infiltration rate in the field and conducted extensive data collection and
determined the average infiltration rate as well as cumulative infiltration during a typical
summer irrigation events of 7 hrs. It appears that the lower infiltration rates were mostly related
to small trees and located in stressed zones (Figure 8). The data shown in this figure have
some correlation to the baseline zones that were established earlier.

Yield

Baseline yield data for the VRI site in 2018, 2019, and 2020 (non-pareil) are shown in Figure
10. Using 2018 yield data as a baseline, it appears that the yields were higher in 2019 and
2020 in most zones. Figure 10b. summarizes the number of zones based on yield. The
number of stressed zones (zones A and B) were lower in 2019 and 2020 as compared to
2018.

Stem water potential

Stem water potential data are shown in Figures 13-15 for various dates in 2018 and 2019. In
general, for any given date in June, July, or August, the trees in the VRI zones in 2019 were
less stressed than 2018. Stem water potential in the VRI trial averaged -4.7 bars below the
baseline for a well-watered tree, compared to an average -1.7 bars below baseline for the
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grower control from June to September 2019. A higher level of stress in the VRI trees likely
resulted from a 20% deficit applied during hull split from mid-June to mid-July in the VRI
treatment, which was not implemented in the grower control. The observed VRI SWP is
consistent with the level of stress predicted when applying a moderate deficit during this stage
in nut development to reduce hull rot. We also ended up with under irrigation in the VRI plots
due to technical issues related to VRI system that were later resolved.

Water use efficiency

Water use efficiency for the 2018 baseline year and the first year of VRI implementation in
2019 are shown in tables 2 and 3. In general, water use efficiency was higher in 2019 as
compared to 2018. The average water use efficiency in 2019 was significantly higher in 2018.
The water use included both the applied irrigation water as well as the effective rainfall during
the winter of each year. The water use efficiency increased from 677 Ib/ac-ft in 2018 to 872
Ib/ac-ft in 2019. The yield increased from 2440 Ib in 2018 to 2877 |b in 2019.

Irrigation scheduling:

The 2018 growing season was used as a baseline for standard irrigation practices on the
entire field. During the 2018 season, the grower irrigated using their standard irrigation
practices. Average application rates and irrigation duration were determined to establish
baseline figures for the farm. Soil moisture data and Tule actual evapotranspiration were
recorded. During the 2019 growing season, irrigation scheduling for each the 6 VRI
management zones was determined using a method developed for this project utilizing almond
crop coefficient, actual evapotranspiration in the field as measured by Tule station and
forecasted ETo. The method is discussed in detail in Attachment A. The management zones
as well as sample of weekly irrigation recommendations are presented in Attachment B.

Plant Water Status

Baseline soil and tree water status, and canopy parameters were collected at Clark Ranch
(36.240445, -119.4670198) in Tulare, CA. Data observations were initiated in early April and
continued through July 2019. The 2013 planted orchard block of Nonpareil are arranged in a
18ft x 22ft, and the second variety Wood Colony, in a 15ft x 22 ft pattern. Both varieties are on
Nemaguard rootstock. Baseline data was collected during the 2018 season to identify any
spatial variation in tree canopy size and plant water status prior to implementing the variable
rate irrigation trial. There are 36 zones from which data was collected. Stem water potential
(SWP) readings were collected from the two centermost trees within each 1-acre plot at least
twice a month. Reference baseline values were determined according to the temperature and
relative humidity (RH%) as outlined in Fulton and Buchner (2014). Canopy light interception
as midday canopy photosynthetically active radiation (PAR) (Lampinen et al. 2012) was
measured. Dendrometers were installed in 2019 in subset of zones to compare continuous
plant water status measurements with SWP.

Virtual Orchard

Drone flights were conducted in June 2018 and also in June 2019 and June 2020 to determine
the area, canopy coverage, average height, maximum height, and volume index in each zone.
The parameters were determined for each of the tree in the orchard and we are in the process
of determining the average parameter in each zone as well as the control zones.
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Yield

A weigh cart with load cells, GPS, and auto-sub sampler was used to measure continuous
almond yields within each irrigation zone in both the VRI and conventional systems. The
almond sub-samples were evaluated for kernel weight and quality. Canopy light bar
measurements at harvest and almond yield were correlated to records of total water, to identify
changes in productivity in response to the VRI system.

D. Outreach Activities
Poster Presentation at the 2019. Almond Board of California Annual Conference. December
2019. Sacramento, CA. 2019. “Variable Rate Irrigation Practices on Alimond “Almond Board of
California Conference. December 11, 2019. Sacramento, CA. Audience; 700, mostly growers,
researchers, and industry.

Presentation: Irrigation & Nutrient Management Workshop. Irrigation Scheduling
Considerations to help identity yield thresholds and management allowable depletions using
calculations of daily crop use. East Stanislaus RCD. Modesto, CA. December 5. 2019.
Approximately 30 people attended the event, mostly growers.

Presentation: South Valley Nut Conference, West Coast Nut, November 20, 2019. Tulare, CA
“‘How to Get the Most Out of Your Irrigation Management Tools”. Audience; 120, mostly
growers.

Presentation:University of California Cooperative Extension, Aimond Short Course field tour,
November 8, 2019. Parlier, CA. “Irrigation Systems and Maintenance”. Audience;
Approximately 90 people attended the event, mostly growers.

Presentation: University of California Cooperative Extension, Alimond Short Course, November
6, 2019. Visalia, CA. “Soil Amendments”. Audience; Approximately 200 people attended the
event. Audience; 155, mostly growers

Poster Presentation at the 1X International Symposium on Irrigation of Horticultural Crops.
June 17-20, Matera, Italy 2019. "Evaluation of Variable Rate Irrigation Systems in California
Almond Orchards" IX International Symposium on Irrigation of Horticultural Crops. June 17-20,
Matera, Italy. Audience; 300, mostly researchers and industry.

Presentation: Irrigation & Nutrient Management Workshop. Irrigation Scheduling
Considerations to help identity yield thresholds and management allowable depletions using
calculations of daily crop use. East Stanislaus RCD. Modesto, CA. May 29. 2019. Audience;
approximately 50 people attended the event, mostly growers.

University of California Agriculture and Natural Resource Division, Pomology Program Team
Meeting (PECC) March 28, 2019. Davis, CA.
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CAPCA ED and CDFA, Nitrogen Management Training for Certified Crop Advisers, March 13,
2019. Fresno, CA. “Permanent Crops Nitrogen Management Planning Exercise”

University of California Cooperative Extension, Pistachio Day, January 16, 2019. Visalia, CA.
“Choosing Reclamation Amendments for Effective Salinity Management”

Almond Board of California, Annual Conference, December 4, 2018. Sacramento, CA. “Young
Orchard Responses to Orchard Recycling”

Almond Board of California, Annual Conference, December 3 and 4, 2018. Sacramento, CA.
“Variable Rate Irrigation Practices on almond” Poster and presentation.

Pacific Nut Producer, Nut and Vine Expo, November 13, 2018. Tulare, CA. “Dormant Season
Orchard Salinity Management”

Nut and Grape Nutrient and Water Management, Kings River Water Quality Coalition,
Riverdale, CA November 8, 2018. “Nitrogen Efficiency and BMPs for Nut Crops”

University of California Cooperative Extension, Walnut Short Course, November 6, 2018.
Davis, CA.
“Irrigation Scheduling and Management in Walnuts”

California State University Fresno and University of California Cooperative Extension, Soil
Health and Fertility Management Meeting October 30, 2018.

Fresno, CA. “Soil Fertility Management with Orchard Pre-plant Mulching Amendments”
West Coast Nut, South Valley Nut Conference October 26, 2018. Visalia, CA. “Fall Irrigation
and Dormant Season Salinity Management”

E. Materials and Methods (500 word max.):
1. Outline materials used and methods to conduct experiment(s)
2. Note any challenges or unforeseen developments that were encountered
resulting in change of methodogy, timeline, or scope of project

Details of materials and methods are discussed earlier in Section C. Here is a summary:

In October 2017, a 70 acre, 4-year old commercial almond orchard was selected in near
Hanford in Tulare County, CA to establish the trial in 2018 (Figure 1). Thirty six 1-acre variable
irrigation zones were implemented on approximately 50% of the field and the other 50% were
used as control. Netafim installed the variable rate irrigation system during the spring of 2018,
however, was not functional until the summer of 2018. The VRI system was used during the
2019 growing season from the first irrigation in the season through late summer just before the
August harvest. We utilized the VRI technology and compared it to the grower standard
irrigation practices on the other 50% during the 2019 growing season. Each zone is
approximately one acre in size with approximately 105 trees per plot (total 3,781 trees on
34.378 acres). Two Tule evapotranspiration weather stations (Figure 2) were installed in each
of the VRI and control sections of the field. A minimum of two locations per management zone
(A, B, C, D, E, and F) for soil moisture measurements were established to estimate soil
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moisture in the root zone. In zones A and F, we installed additional soil moisture sensors. The
additional stations were installed in zones representing low and high density vegetation soil
moisture sensors and one station in the control (Figure 2).

Challenges

The variable rate irrigation on Clark ranch was designed by Netafim and since this was a
prototype system implemented on a large scale, there were software bugs related to
programing of the system and software issues, the system is now fully functional.

Work needed to be conducted on weekends and early mornings particularly during the harvest
season. The system was fully utilized in 2019 but couldn’t be fullu utilized in 2020 based on the
feedback from the gower and challenges that he faced during the 2019 growing season. The
system was utilized in the 2020 season but VRI practices were implemented in selected trees
on selected zones with fixed irrigation time per run but variable flow rate on the selected trees.

COVID-19 related delays and the inability to conduct in person trainings or field days as well
as challenges with conducting field work. Research assistants had to travel in separate
vehicles and socially distance during field activities. All laboratory work in processing samples
were delayed.

F. Publications that emerged from this work
1. List peer review publications in preparation, accepted or published
2. Other publications (e.g. outreach materials)
Please provide copies of publications

Publications:
Xue, J. K.M. Bali, S.Light, T. Hessels, and 1. Kisekka. 2020. Evaluation of remote sensing-based
evapotranspiration models against surface renewal in almonds, tomatoes and maize. Agricultural Water
Management, Volume 238, 2020, 106228, ISSN 0378-
3774, https://doi.org/10.1016/j.agwat.2020.106228.

We are planning to publish at least one additional article after we complete and conduct a literature
review and format the data in forms suitable for journal publication.

Evaluation of remote sensing based evapotranspiration models against

surface renewal in almonds, tomatoes and maize

Jingyuan Xue'! 2, Khaled Bali®, Sarah Light3, Tim Hessels?* Isaya Kisekka®”
*Corresponding author: Isaya Kisekka
!Department of Land Air & Water Resources, and Department of Biological and Agricultural
Engineering University of California Davis, Davis, CA, 95616, USA
2College of Water Resource and Civil Engineering, China Agricultural University, Beijing 100083,
China
3Agriculture and Natural Resources (ANR), University of California, Davis, CA, 95618
4 Department of Water Management, Delft University of Technology, Stevinweg 1, 2628 CN Delft,
Netherlands
* Corresponding author: Isaya Kisekka, Department of Land Air & Water Resources, and Department of
Biological and Agricultural Engineering University of California Davis, Davis, One Shields Avenue,
CA 95616-5270, USA, E-mail: ikisekka@ucdavis.edu
Abstract:
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Evapotranspiration (ET) is a major hydrologic flux used in water resources planning and irrigation
management. While recent advances in remote sensing (RS) have enabled availability of high spatial
and temporal resolution ET data, a lack of information related to error in the estimations has made it
challenging to use this data for on-farm irrigation management decision making. In this project, three
commonly used single-source RS ET models (pySEBAL- a new version of Surface Energy Balance
Algorithm for Land; SEBS-Surface Energy Balance System algorithm; and METRIC - Mapping
Evapotranspiration at High Resolution with Internalized Calibration) were used to estimate daily ET for
almond, processing tomato, and maize in the Central Valley of California. Model evaluation was
conducted by comparing the predicted ET from RS with in-situ measured ET using surface renewal.
Results indicated that the RS-based ET estimations for all three models were within acceptable levels of
uncertainty and agreed well with surface renewal estimates except for the underestimation by pySEBAL
and METRIC during early season growth stages of processing tomatoes. This underestimation was
attributed to the lack of single source models to ET lower vegetation cover (when ET is dominated by
soil evaporation). Better performance of pySEBAL and METRIC were detected at full cover, which
explains the applicability of these two models to irrigation management during peak crop water demand.
SEBS performed the best among the three RS-based models for daily ET estimation for all crops. This
suggests that SEBS-based ET estimates can be adopted in operational irrigation management programs
for farms that have not installed in field ET sensors such as Tule Sensors (Tule Technologies Inc.). In
addition, RS based ET is spatially distributed which can help to identity spatial variability between
different irrigation zones.

Keywords: Remote sensing, daily evapotranspiration, California, pySEBAL, METRIC, SEBS, Surface
renewal.
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Table 1. Summary of actual evapotranspiration based on Tule sensors

Actual ET (Mar 1- Oct 31} Precipitation (Mov 1- Cct 31)

Water Applied via Irrigation

Irrigation applied

vear (in) {in) (in) as % of Actual ET Notes
2017 NA NA NA NA *-Actual ET measured from
Hanford 2018 30* 0.0% 13* 43 May 10, 2018. Primary
VRI 2019 a7 77 29 69 irrigation monitored from
May 10, 2018
2020 47 5.9 32 68
2017 NA NA NA NA *-Actual ET measured from
Hanford 2018 33* 0.0% 25% 76 May 10, 2018. Primary
Control 2019 45 77 13 73 irrigation monitored from
May 10, 2018
2020 49 5.9 32 65

*water applied via irrigation is based on Tule estimates and does not represent the actual applied water figures
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Table 2. Baseline water use efficiency 2018 for Clark Ranch

2018 Data, Zone MNo.

Average

Almond Board of California

Treatment Total Water Use {in) WUE (Ib/ac-ft)

1A
2 A
3C
4D
5C
6B
7B
8 A
9C
10 D
11D
12 E
13 C
14 B
15D
16 D
17 F
18 F
19 A
20 C
21C
22D
23 C
24 B
25 C
26 D
27D
28 D
29D
30 A
31E
12 E
33D
34 E
35 E
36 B

-10 -

43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32
43.32

43.32

582
611
593
738
676
639
659
602
641
708
742
6e7
769
598
683
589
692
646
711
574
642
818
713
551
615
729
802
862
738
693
662
650
611
732
803
642

677
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Table 3. Baseline water use efficiency 2019 for Clark ranch
Treatment Total Water Use {in) WUE (Ib/ac-ft)

2019 Data, Zone MNo.

Average

Almond Board of California

1A
2 A
3C
4D
5C
6B
7B
8 A
9C
10 D
11D
12 E
13 C
14 B
15D
16 D
17 F
18 F
19 A
20 C
21C
22D
23 C
24 B
25 C
26 D
27D
28 D
29 D
30 A
31E
12 E
33D
34 E
35 E
36 B

-11 -

41.36
41.36
38.82
37.26
38.82
40.23
40.23
41.36
38.82
37.26
37.26
37.55
38.82
40.23
37.26
37.26
37.30
37.30
41.36
38.82
38.82
37.26
38.82
40.23
38.82
37.26
37.26
37.26
37.26
41.36
37.55
37.55
37.26
37.55
37.55
40.23

38.83

908
791
847
939
841
846
825
632
741
768
731
847
922
750
772
936
1098
1211
1014
209
738
1000
726
662
763
290
741
902
784
641
1138
1014
1015
1126
990
767

872
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Table 4. Field statistics and crop development stages

Field Phenological Date Range Total Irrigation Applied at
Stage Applied (in) Similar Fields
Nut Fill May 25 —Jun 30 7.15 (83% of 81% of ETa
Hanford VRI ETa)
Hull Split Jul'1—Jul 31 6.48 (90% of 81% of ETa
ETa)
Harvest Aug 1 —Sep 30 7.01 (75% of 76% of ETa
ETa)
Post-Harvest Oct1-0ct 30 2.58 (90% of 101% of ETa
ETa)
Field Phenological Date Range Total Irrigation Applied at
Stage Applied (in) Similar Fields
Nut Fill May 25 —Jun 30 7.06 (80% of 81% of ETa
Hanford Control ETa)
Hull Split Jul'1—Jul 31 6.71 (88% of 81% of ETa
ETa)
Harvest Aug 1 —Sep 30 6.69 (69% of 76% of ETa
ETa)
Post-Harvest Oct 1 -0Oct 30 2.43 (92% of 101% of ETa
ETa)

*water applied via irrigation is based on Tule estimates and does not represent the actual applied water figures
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Figure 1. Clark Ranch, Hanford, CA.
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Almond Board of California -16 - 2020.2021 Final Research Report



2018 Tule ETa and E
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Figure 5. Daily reference evapotranspiration, actual Tule ETa, and crop coefficient (Kc) for the control

section of the field (2018 and 2019). ETa Blue line, ETo Orange line.
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Figure 6. Daily reference evapotranspiration, actual Tule ETa, and crop coefficient (Kc) for the VRI
section of the field (2018 and 2019). ETa Blue line, ETo Orange line
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2019 Tule and SR/EC Comparison
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Figure 7. Relationship between Tule actual ETa and actual evapotranspiration as measured by eddy
covariance (EC) and surface renewal (SR) methods.
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Total Infiltration (in)

Average Infiltration Rate (in/hr)

1.2273 | 0.9609

Figure 8. Average infiltration rate in inches per hr and total volume infiltrated (7hrs).
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Figure 9. Zone management by tree circumference
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Comparison of 2018 and 2019 Yield
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Yield Zone Frequency Each Year
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Figure 10a. Freguiency of yield zones in 2018, 2019, and 2020.

Average Yield each Year
4000

3500

1500
1000
500

2018 2019 2020

E W
S 8
o [=]

Yield (kernel Ib/acre)
[}
g
(=]

Figure 10b. Almond yield in 2018, 2019, and 2020.
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Figure 10c. Yield zone frequency in 2018, 2019, and 2020.
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June 2018 Stem Water Potential Average
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Figure 11. Stem water potential June 2018 and June 2019
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July 2018 Stem Water Potential Average
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Figure 12. Stem water potential July 2018 and July 2019
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August 2018 Stem Water Potential Average
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Figure 13. Stem water potential August 2018 and August 2019.
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Irriqation management zones and sample weekly irrigation schedule
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Stem water potential expressed as the number of bars below or above baseline for aimond trees contour
gridded across 36 different Irrigation zones June, July, and August of 2018 and 2019.

almonds

IASrA ey iy

Figure 14.Clark Ranch Stem Water Potential in 2018 and 2019 growing seasons
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Figure 15. Improvements in management zone with increase in frequency in Zone F.
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Attachment A:

Irrigation Scheduling Algorithm for Variable Rate Irrigation (Example Clark Ranch)
Irrigation management zones are based on canopy coverage data from the 2018 growing
season, as well as NDVI data obtained by ANR-IGIS unit. Current management zones based
on canopy coverage are shown in Table 1.

Six management zones will receive intensive soil moisture and stem water data collection,
which will be used to adjust irrigation schedules as described below:

Zone 1-A (same zone under both CC and NDVI based on 2018 data)

Zone 10-D (same zone under both CC and NDVI based on 2018 data)

Zone 18- F (same zone under both CC and NDVI based on 2018 data)

Zone 23- C (same zone under both CC and NDVI based on 2018 data)

Zone 24- B (same zone under both CC and NDVI based on 2018 data)

Zone 31- E (same zone under both CC and NDVI based on 2018 data)

Soil moisture sensors are placed in approximately the middle of each of the above zone in
rows 6, 16, and 26

Stem water potential (SWP) in these zones will be measured one-day prior to setting the
weekly irrigation schedule on three of each Non-pareil (NP) and Wood Colony (WC) trees
located near the center of each zone. SWP measurements will also be collected for one NP
and one WC in all 36 zones, once every two weeks, to evaluate block wide responses to
irrigation schedules.

Please note that row numbering that we utilize is based on x-y coordinates (tree 1,1) is the first
tree in the southwest corner of the field.

Tule VRI is located on row 26, tree 52 (x=26,y=52) X,y coordinates (Zone 32)

Irrigation System design and evaluation:

Design irrigation application rates are based on data provided by Netafim.

Netafim drippers 20mm, 0.53 gph @ 21.6” spacing, design application rate: 0.04276 inch/hr
Overall system DU for various zones was determined by North West Kern RCD. The VRI
system had an overall DU of approximately 97-99%. CE measured the DU of various zones
and the actual DU ranged from approximately 95-99%.

We will use an overall DU of 95% in our irrigation calculations.

Irrigation scheduling:

CE irrigation management decision for each zone:

Weekly crop water requirements are determined from CIMIS ETo, and Kc (based on actual Kc
from Tule from the 2018 season then updated based on previous week’s Kc)

Weekly average ETc=ETo*Kc/DU

Weekly Average ETc will be the starting point to determine the first irrigation in the season.
Adjustments for management in each zone (up or down from average ETc) will be based on
the soil moisture and stem water potential data collection zones mentioned above (starting the
week of 4/10 or 4/17/2019). The target will be to maintain tree SWP within -2 to -3 bars below
the baseline for a well-watered tree from April to June 15. We will impose a mild to moderate
level of water stress with controlled regulated deficit irrigation for both varieties during pre-
harvest period. SWP measurements will increase to a weekly frequency at NP hull split
initiation (around June 15). At this time, irrigation will be scheduled to target a mild to moderate
level of tree stress -14 to -18 bars for NP trees, while WC trees will target the -2 to -3 bars until
hull split initiation (around July 15™). Irrigation will return to normal (-2 to -3 bars below
baseline) once visual estimations confirm trees have reached 90% hull split.
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Adjustment for each zone will be based on a factor not to exceed 120% of Tule ETc or not
below 80% of Tule ETc.

Once estimate ETc is determined for each zone for the week, irrigation set time is determined
to split irrigation event on a 6 days/week with estimated daily application rates.

Most of the variability in the field is related to soil texture. We recommend daily application
rates should be split into several irrigations.

Weekly irrigation scheduling events are communicated to Clark ranch on Thursday with cc to
Spencer, Netafim, and other team members interested in receiving the updated irrigation
scheduling.

All other additional technologies such as ANR-IGIS NDVI, thermal images, dendrometers,
NDVI, CERES images will be utilized and tested to determine irrigation events, but the primary
methods are based on actual ET and soil moisture and SWP.
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Table 5. Zone management based on canopy coverage data from June 2018

C. C. divided
into 6
"Regions" Increment  0.048449835 Zone Management by C.C. region

Region Min Max

0.505818188 0.554268023

0.554268023 0.602717858

0.602717858 0.651167694

0.651167694 0.699617529

0.699617529 0.748067364

0.748067364 0.796517199
Zone 25
C

Zone 26
C

Zone 21
C
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Table 6. Zone management based on a weighing index of canopy coverage and NDVI.

Zone management by CC_NDVI Index

Zone 13
C

Zone 20
C

Zone 21
C

Zone 23
C

Control side:

Tule control and soil moisture row 50 tree 71 (x=50,y=71)

Irrigation is determined by Clark Rach and actual application rates determined from irrigation times and
flow meter.
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Attachment B. Example of weekly irrigation Schedule

Clark Ranch Irrigation Recommendations Zone 1-A (same zone under both CC and NDVI based on 2018 data)
Total
Week of 4/21/2019 Rec. App. Runtime Zone Eta basline (in/wk) Zone 10-D (same zone under both CC and NDVI based on 2018 data)
Zone No  Zone Type in/wk hrs/wk A 1.28 Zone 18- F (same zone under both CC and NDVI based on 2018 data)
_ 1.281 30.0 B 1.28 Zone 23- C (same zone under both CC and NDVI based on 2018 data)
1.281 30.0 C 1.28 Zone 24- B (same zone under both CC and NDVI based on 2018 data)
3C 1.281 30.0 D 1.22 Zone 31- E (same zone under both CC and NDVI based on 2018 data)
a0 12 oms E 122
5C 1.281 30.0 F 1.22 Table 2. Zone management based on a weighing index of canopy coverage and NDVI
6B 1.281 30.0
7B 1.281 30.0 Zone management by CC_NDVI Index
B s 300 Application Rate in/hr  0.04276
9C 1.281 30.0
1.22 28.5 ET baseline in/wk 1.22
122 285
1.22 28.5
13cC 1.281 30.0
14B 1.281 30.0
" 122 285
1.22 28.5
" 122 285
1.22 285
1.281 30.0
20C 1.281 30.0
21C 1.281 30.0
20 12 s
1.281 30.0
1.281 30.0
1.281 30.0
12 285
1.22 28.5 c
1.22 285
1.22 28.5 Zone 20
1281 300 ¢
1.22 285
12 285 fone 2t
1.22 285
1.22 285
1.22 285
1.281 30.0
Zone 23
c
Zone 24 Zone 36
B B
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