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N2O Emissions From Almond 
David R. Smart, Sharon Dabach, Rebekah Davis, Maria del Mar Alsina and Daniel 

Schellenberg 
University of California, Davis 
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BMP Treatments: 
 
Advanced Grower Practice (AGP) 
(split applications targeted to N demand) 
 
High Frequency Low [N] (HFLC) 
(spoon feed, 20 split apps of 5-15 lbs acre-1) 
  
Pump and Fertilize (P&F) 
(AGP, compensating for well water N loads) 
 



Spatially Modeling N2O 
Emissions 
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Temporal Modeling and Integration 



Scaling to Seasonal N2O: 



                

Almond (lb/acre) Pistachio (lb/acre) 
  AGP HFLC P&F   AGP HFLC P&F 
Yield (kernels) 2699 2869 2695 2837 2869 2668 
Groundwater-N 73.8 73.8 73.8 14.3 14.3 14.3 
Fertilizer-N 215 215 186 174 166 161 
Compost-N* 2 2 2 2 2 2 
Kernel-N 119 130 112 79 80 75 
Storage-N (wood) 25 25 25 25 25 25 
N in Hulls 67 72 67 5 5 5 
N2O-N Loss 0.65 0.29 0.54 na na na 
NUE 0.72 0.78 0.77   0.57 0.61 0.59 



                

Almond (lb/acre) Pistachio (lb/acre) 
  AGP HFLC P&F   AGP HFLC P&F 
Kernel Yield 2699 2869 2695 2837 2869 2668 
Groundwater-N 73.8 73.8 73.8 14.3 14.3 14.3 
Fertilizer-N 215 215 186 174 166 161 
Compost-N* 2 2 2 2 2 2 
Kernel-N 119 130 112 79 80 75 
Storage-N (wood) 25 25 25 25 25 25 
N in Hulls 67 72 67 5 5 5 
N2O-N loss (CO2 eq) 62.1 27.9 51.2 62.1 27.9 51.2 
NUE 0.51 0.69 0.59   0.25 0.45 0.30 
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Conclusions: 

• In general, N2O emissions from almond and pistachio 
orchards in the arid West are much lower than for 
other crops. 

• Only the HFLC N, “spoonfeed”,  N application 
treatment lowered emissions of the greenhouse gas 
N2O. When factored into NUE calculations, showed 
slightly superior CA emission factor. 

• In terms of lowering carbon offsets, we still have some 
work to do in terms of identifying Best Management 
Practices. 

 



Alissa Kendall,  
University of California, Davis 



Life Cycle Assessment of 
GHG Emissions for Almond 
Processing and Distribution 
Alissa Kendall, UC Davis (amkendall@ucdavis.edu) 
Sonja Brodt, UC Davis 
Katherine Hoeberling, UC Davis 



Life Cycle Assessment (LCA) 

• A method for characterizing, quantifying, and interpreting environmental flows for a 
product or service from a “cradle-to-grave” perspective.  

• In our study we examine energy, greenhouse gas emissions, criteria pollutants, and 
direct water use. 

Waste, Pollution, and Products OUT 

Raw 
Material 

Acquisition 
Material 

Processing 

Production 
(growing, 

manufacturing, etc) 
Use End-of-Life 

Recycle 

Materials, Energy and Resources IN 

      = Transport. 



Scope of our LCA study 

Field to Farm Gate Processing Distribution 



    

• Processing: Data collection is on-going 
– Data collection through questionnaires and 

in-person interviews. 
• “Black Box” approach – where we collect 

data on total inputs and total outputs from a 
facility 

• Process approach- where we model 
process steps so we can identify specific 
“hotspots” for energy use or emissions 

• We need a sufficient number of processors 
so we can present research results without 
identifying processor information  

• Distribution: Based on data from position 
reports and best-route decisions for 
shipping 

– Preliminary calculations are complete for 
life cycle impacts 

Processing and Distribution Modeling Progress 



Preliminary results for Distribution: Quantity or exports, weighted 
distance of travel, and CO₂e of  Almond Distribution by Region 
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These are very preliminary results, but 
they suggest that distribution could add, 
on average 0.2 kg CO2e per kg of 
almond exported.  



Results of Completed Scope + Distribution 

Results for global warming potential (GWP in kg CO2e/kg Almond) 
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Importance of Co-Product Credits for Environmental Performance 

• Results for global warming potential 
(GWP) and total life cycle energy per kg of 
almond 
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• Processing 
– Data collection is on-going 
– Priority is to continue to build relationships 

with processors to collect data. 
– These requests are set up with 

confidentiality agreements 

• Distribution 
– Distribution modeling will be refined and 

validated 

• My contact information: 
amkendall@ucdavis.edu 

Processing and Distribution Next-Steps 
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Regional Almond Variety Trials for 
Cultivar Evaluation in California 

Bruce Lampinen1, G. Brar2, J.H. Connell3, R.A. Duncan4 
S.G. Metcalf1, Bill Stewart1, M.A. Thorpe1,  T. M. Gradziel1, 
Mario Viveros5 and Minerva Gonzales5  

  1UC Davis Plant Sciences  2UCCE Fresno/Madera Counties  3UCCE Butte County  
4UCCE Stanislaus County 5UCCE Kern County 

 



I will talk about one ongoing trial and 3 new trials 

• McFarland Replicated Variety 
Trial 

• Grower orchard trial in Kern 
County 

• Three new regional almond variety trials planted 
in 2014 

• Butte County- Chico State University Farm 
• Stanislaus County- school district site near Salida 
• Madera County- a grower site near Chowchilla 



McFarland replicated variety trial planted in 2004 

• Grower site near McFarland in Kern County 
• Class 1 McFarland loam/Wasco Sandy loam 
• 18’ x 20’ spacing (121 trees/acre) 
• Irrigated with double line drip 
• Replicated six times (approximately 35 trees/rep) 

     7 pollenizers              8 Nonpareil Clones                                
 Chips   
 Kahl 
 Kester (2-19e) 
 Kochi 
 Marcona 
 Sweetheart  
 Winters 

 

Nonpareil- 38270 
Nonpareil- 5 
Nonpareil- 6 
Nonpareil- 7 
Nonpareil- Driver 
Nonpareil- Jones 
Nonpareil-Newell 
Nonpareil- Nico
   
 



McFarland replicated variety trial 

• Early yields are directly related to 
trees per acre 

Fig. 1. Average annual yield for all varieties and selections 
combined at each trial by orchard age. 
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McFarland replicated variety trial 

• Early yields are directly related to 
trees per acre 

Fig. 1. Average annual yield for all varieties and selections 
combined at each trial by orchard age. 
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McFarland replicated variety trial 

• This is the highest yielding almond 
site in our light bar study 

• Nonpareil- 59.4 kernel pounds per 
1% PAR intercepted 

• Pollenizers- 47.8 kernel pounds 
per 1% PAR intercepted 



McFarland replicated variety trial- ranked by cumulative 
yield to 12 years 

• Some separation among Nonpareil clones in terms of cumulative yield 
• 2-19e (Kester) and Winters top yielding among pollenizers 



McFarland replicated variety trial- tree circumference 
and height 

Variety Circ (cm) Height (meters) Circ (cm) Height (meters)
Marcona 42.8   bc 4.75            gh 75.4  bc 7.66 a
Nonpareil 7 43.4 ab 5.27 a 74.9  bc 7.38  b
Nonpareil 6 42.5   bc 5.14 abc 75.7  bc 7.34  b
Nonpareil 38270 43.1   bc 5.01     cdef 75.8  bc 7.20  bc
Kochi 44.5 a 4.65              hi 82.6 ab 7.07    cd
Sweetheart 43.7 ab 5.12 abcd 77.5  bc 7.04    cd
Nonpareil Nico 42.4   bc 5.22 ab 74.6  bc 7.01    cd
Nonpareil 5 42.5   bc 5.04   bcde 74.7  bc 7.00    cd
Nonpareil Newell 42.5   bc 4.85           fg 88.2 a 6.91      de
Nonpareil Dr 41.9     cd 4.99     cdef 73.9  bcd 6.74        e
Nonpareil J 40.0         e 4.84           fg 73.3  bcd 6.69        e
Kahl 41.0       de 5.16 abc 63.1     d 6.69        e
Chips 40.4         e 4.40                 j 67.5    cd 6.43          f
2-19e (Kester) 42.1     cd 4.93         ef 67.7    cd 6.37          f
Winters 42.1     cd 4.58                i 69.1    cd 6.09           g

2007 2015



Next Generation Regional Almond 
Variety Trials 

Planted in 2014  
 Site Rootstock Spacing Trees/acre 

Butte Krymsk 86 18’ x 22’ 110 
Stanislaus Nemaguard 16’ x 21’ 130 
Madera Hansen 536 12’ x 21’ 173 



Next Generation Regional Almond 
Variety Trials 

Planted in 2014  
 Site Rootstock Spacing Trees/acre 

Butte Krymsk 86 18’ x 22’ 110 
Stanislaus Nemaguard 16’ x 21’ 130 
Madera Hansen 536 12’ x 21’ 173 



2014 Regional Almond Variety Trials- large replicated trials 



2014 Regional Almond Variety Trials 
Variety Source

 
 

 

   
   

     
 

Variety Source
1 Eddie Bright’s
2 Capitola Burchell
3 Supareil Burchell
4 self-fruitful P16.013 Burchell
5 Self-fruitful P13.019 Burchell
6 Booth Burchell
7 Sterling Burchell
8 Bennett Duarte
9 Nonpareil Fowler

10 Durango Fowler
11 Jenette Fowler
12 Aldrich Fowler
13 Marcona Spain
14 Winters UCD
15 Sweetheart UCD
16 Kester (2-19e)* UCD
17 UCD3-40 UCD

   
   

     
 

 
 

 

18 UCD18-20 UCD
19 UCD1-16 UCD
20 UCD8-160 UCD
21 UCD8-27 UCD
22 UCD1-271 UCD
23 UCD1-232 UCD
24 UCD7-159 UCD
25 UCD8-201 UCD
26 Y121-42-99 USDA
27 Y117-86-03 USDA
28 Y116-161-99** USDA
29 Y117-91-03 USDA
30 Folsom Wilson

31
Wood Colony on 
Krymsk 86 (Butte only)

31
Lone Star on Hansen 536 
(Chowchilla only

Bloom, hullsplit, yield and quality data will be collected 
at these sites in 2016 



Questions? 

Acknowledgements- Thanks to the Almond Board of California,  
The Billings Ranch, Chico State University, Salida School District 
and the Creekside Farming Company for supporting this work 



Mechanical Hedging to Manage 
Mature Almond Orchards 

Bruce Lampinen, Sam Metcalf, Bill Stewart and  Ignacio 
Porris Gómez (UC Davis Plant Sciences) 



Mechanical hedging trial Kern County 
Site- Kern County orchard planted in 2000 
 50 Monterey 
 25% Nonpareil 
 25% Wood Colony 
Tree spacing- 21’ x 24’ 
Orchard hedged once about 3 years previous to trial initiation 
Hedging treatments imposed in December 2013 
 Unhedged control 
 28” hedging cut 
 38” hedging cut 
 48” hedging cut  



Large 
replicated 
trial with 12 
replications 
covering 75 
acres 





Mobile platform lightbar used to follow canopy regrowth 



Photos of hedged plots on June 22, 2014 

Unhedged                           28”                                38”                               48”        



Photos on day of hedging on Dec. 12, 2013 

           28”                                             38”                                            48”        



Representative branches from hedging treatments 

    28”                38”                          48”                  



Midday soil 
surface 
temperature 
July 2015 

2nd Generation mule light bar

Adjustable from 7 to 32 feet  in width

3d tilt sensor

GoPro camera



Unhedged 78.8 a 3226 a 40.9 a
28 inches 78.9 a 3178 a 40.3 a
38 inches 78.1 a 3351 a 42.9 a
48 inches 77.5 a 3192 a 41.2 a

Unhedged 76.5 a 2414 a 31.6 a
28 inches   74.4   b 2274 a 30.7 a
38 inches     73.2   bc 2287 a 31.3 a
48 inches     72.2     c 2337 a 32.4 a

Unhedged 78.0 a  2735 a   35.0   b
28 inches   76.6 ab  2662 a   34.7   b
38 inches   75.5   b  2789 a   36.9 ab
48 inches   74.5   b 2874 a 38.6 a

Unhedged 77.8 a  5149 a  35.8 a
28 inches   76.8 ab  4936 a  35.3 a
38 inches   75.7   b  5076 a  37.0 a
48 inches    75.0   b  5211 a  37.3 a

Nonpareil

PAR 
interception (%)

Yield per unit PAR 
intercepted

   Yield    (kernel 
lb/ac)

Hedging 
Treatment

20
13

20
14

20
15

20
14

 +
20

15
 su

m
 

Unhedged 72.7 a   2277   b   31.3   b
28 inches   71.0 ab   2457 ab 34.7 a
38 inches   71.2 ab   2408 ab   33.8 ab
48 inches   70.5   b 2526 a 35.8 a

Unhedged 70.9 a 2388 a 33.7 a
28 inches   69.3   b 2349 a 33.8 a
38 inches   69.1   b 2372 a 34.2 a
48 inches   67.9   b 2443 a 35.9 a

Unhedged 70.1 a 4665 a   33.3   b
28 inches   68.6 ab 4806 a   35.1 ab
38 inches   68.5 ab 4780 a   34.8 ab
48 inches   67.4   b 4969 a            36.8 a

Hedging 
Treatment

PAR 
interception (%)

   Yield    (kernel 
lb/ac)

Yield per unit PAR 
intercepted

Monterey

20
14

20
15

20
14

 +
20

15
 su

m
 

Hedging trial PAR, yield and yield per unit PAR 
intercepted summary 

 
 

 
 

 
  

No significant treatment differences before 
imposition of hedging 



Monterey on left 
and Nonpareil 
on right 



Cumulative yield for 2014 plus 2015 

 
 

 
 

 
  

Hedging 
Treatment

PAR 
interception (%)

     Yield        
(kernel lb/ac)

Yield per unit PAR 
intercepted

Unhedged 74.4 a 4907 a    34.8   b
28 inches   73.1 ab 4806 a    35.2 ab
38 inches   72.6   b 4928 a    36.1 ab
48 inches   71.7   b 5090 a  37.1 a

Monterey and Nonpareil combined average

20
14

 +
20

15
 su

m
 



Conclusions 

 
 

 
 

 
  

Under the conditions of this trial (at a spacing of 21’ x 24’) 
• Hedging at widths up to 48” did not cause negative impact on 

yield for the cumulative results for two years after hedging 
• Hedging let more light to the orchard floor which should 

decrease food safety risk and increase drying efficiency 



Questions? 
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Integrated Conventional and 
Genomic Approaches to Almond 
Rootstock Development 
 
Malli Aradhya/Craig Ledbetter/Dan Kluepfel 
USDA-ARS 

 
 
 

USDA-ARS 



Three-Pronged Approach to Rootstock Development 

Produce and evaluate diverse interspecific hybrids for tolerance to soil 
borne diseases (CG, PHY, NEM) 
 
Develop and identify single nucleotide markers (SNPs) linked to diseases 
resistance among hybrids 
 
Develop effective marker selection strategies to rapidly develop improved 
rootstocks (MAS) 

USDA-ARS 



Prerequisites for Rootstock Breeding 
I. Plant 
  Well characterized germplasm (wild species) - NCGR 

  Sources of resistance 

  Production of diverse hybrids in sufficient numbers – Number Game 

  Good embryo rescue and clonal propagation systems 
 
II. Molecular Markers 
  Good markers (SNPs – GBS) to develop marker-assisted breeding tools 

  Reliable diseases testing schemes 

  Identification and validation of markers and haplotypes 

USDA-ARS 



Production of 
Interspecific 
Hybrids 



Diversity of Hybrids Produced (61 cross combinations) 

P. duclis 

Nemaguard 

P. webbii 

P. tangutica 

P. kansuensis 

P. fenzliana 

P. argentea 

P. kuramica 

P. bucharica 

P. pedunculata 

P. davidiana 

P. tomentosa 

P. persica 

USDA-ARS 

A total of >5700 clonal plants were produced for disease evaluation 

P. salicina 

P. mira 

P. cerasifera 



Stages in the Production of Hybrids 

Crosses/Hand 
pollination 

Harvesting 
immature 

Fruits 

Embryo culture 
on artificial TC 

media 

Embryogenic 
Callous 

Shoot 
Multiplication 

Rooting 

Greenhouse 
Plants 

USDA-ARS 



Clonal hybrid plants  USDA-ARS 



Disease Testing of 
Hybrids 



Phytophthora Testing of Rootstock Hybrids 
USDA-ARS 



CG Evaluation of Rootstock Hybrids 

Left to Right - Genotype P-2-11 is susceptible, whereas genotypes P-2-4, P-4-25, and P-4-10 show 
resistance 

USDA-ARS 



Disease Testing of Rootstock Hybrids 
USDA-ARS 

Phytophthora Evaluation (L-R) Marianna 2624, P-4-1, and 
P-2-4, three suceptible interspecific hybrids, L-1-2, and 
‘Nemaguard’. 



Marker 
Development 
 
Association 
Analysis 



GBS Technology for 
SNP Genotyping 

USDA-ARS 

 
SNP Development 
 
190 Commercial 
UC Trails/FPS/ 
Novel Rootstocks 
 
Disease Data 
 
ABC Annual Reports 
And personnal coomunication  
From Plant Pathologists 



Marker linked to CG resistance 

3 

2 

1 

4 5 

USDA-ARS 
S1_38007759 (PLINK-GLM) 
 



Results of mixed linear model analysis from TASSEL indicating several 
SNPs significantly associated with CG (p<0.05). 

Marker Chr Site df F p Error df 
Marker 
R2 

S1_212063151 8 15627172 2 5.94159 0.00831 36 0.11168 
S1_72042880 2 25165154 2 6.29985 0.00843 31 0.10136 
S1_54210819 2 7333093 1 10.30516 0.00513 29 0.09392 
S1_136457227 5 10217200 2 6.0658 0.00969 31 0.09334 
S1_136457228 5 10217201 2 6.0658 0.00969 31 0.09334 
S1_136457231 5 10217204 2 6.0658 0.00969 31 0.09334 
S1_7294016 1 7294016 2 5.72594 0.00959 36 0.0907 

USDA-ARS 



In Summary 
USDA-ARS 



USDA-ARS 
 
 
Cooperators 
 
Greg Brown Research Plant Pathologist, USDA-ARS 
Andreas Westphal Nematologist, UCR, KAC 
 
John Preece Research Leader, NCGR, USDA-ARS 
Carolyne DeBuse Prunus Horticulturist, USDA-ARS 
 
Tom Gradziel Professor, Plant Sciences, UCD 
 
 
 
 



Katherine Pope, 
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Young Orchard Management 
Educational Materials 
Kat Pope, Orchard Advisor, 
Sacramento, Solano & Yolo Counties 















Flyer with website will be 
downstairs at the  
Poster Session 
ceyolo.ucanr.edu/Fruit_and_Nuts 



Luke Milliron,  
University of California, Davis  



UC-Almond Internship 
Luke K. Milliron 



What is the UC-Almond Internship? 

• An internship that helps prepare tree crop Farm 
Advisor position candidates for a career with the 
University of California Cooperative Extension 
(UCCE). 

 

• Interns work with one or more UCCE almond Farm 
Advisors.  

 

• The Internship follows the complete yearly almond 
crop lifecycle.    



Why is this internship valuable to 
the California almond industry? 

• Takes individuals with the necessary academic 
qualifications and exposes them to farm advisor 
responsibilities.  

• Transition from being a specialist to a 
generalist.  

• The intern can quickly provide skilled support to 
existing almond projects.  



My Internship Experience 

• January 2015 – March 2016. 

 

• Working with Franz Niederholzer, Brent Holtz and 
other UC Farm Advisors.  

 

• Serving Sutter, Yuba, Colusa and San Joaquin 
Counties.  



 
• Organic amendment trial in San Joaquin County. 
• Ground speed and spray coverage for efficient 

orchard spraying.  
• San Jose scale control and mapping navel 

orangeworm damage. 
• Investigating the causal agents of heart rot.  
Nickels Soil Lab:  
• Fall almond N application 
• Almond rootstock trial 
• Organic almond demonstration 
• Pruning trial 
• Pollinizer comparison for Nonpareil 

 

Being a part of applied almond research teams 



Gaining Experience 
in Grower Outreach 



Thank you Almond Board for 
investing in an internship that 

is training future almond 
researchers! 
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