Almond Variety Development

Project No.: 12-HORT1-Gradziel

Project Leader: Tom Gradziel
Department of Plant Sciences, M-S 2
UC Davis

One Shields Ave.

Davis, CA 95616
530.752.1575
tmgradziel@ucdavis.edu

Project Cooperators and Personnel:
M. Thorpe, J. Fresnedo, S. Overstreet, B. Lampinen, C.
Crisosto, S. Metcalf, UC Davis
J. Adaskaveg, UC Riverside
J. Connell, UCCE - Butte County
F. Niederholzer, UCCE — Colusa/Yolo/Sutter Counties
R. Duncan, UCCE - Stanislaus County

Objectives:

The key goals of this project are: (1) improved pollinizers for Nonpareil, and ultimately, (2)
varieties that possess self-fertility and improved market value and resistance to disease,
insects and environmental stress. Specific objectives for 2012-2013 include:

A. ldentify effective predictors of yield potential (annual and cumulative) to assess
opportunities/limitations of traditional and new biotech approaches including molecular
marker-assisted-selection (MAS).

B. Generate 10,000 new seedling progeny [offspring] from controlled crosses between
elite parents. Prioritize traits required for commercial success in partnership with
growers, handlers and processors. Evaluate ~28,000 trees currently in breeding
progeny plots and grower trials. Identify candidates for new Regional Variety Trials
(RVT).

C. Streamline the variety development cycle through more efficient controlled
hybridizations and screening of progeny trees for self-compatibility, tree productivity,
kernel quality, and resistance to key pests, diseases and environmental stresses,
including water use efficiency.

Interpretive Summary:

Project goals include the identification and transfer of new germplasm conferring desired
traits, incorporation of these new traits into advanced breeding lines well-adapted to
California growing conditions, the selection of the most promising genotypes for advanced
regional testing, and ultimately, the release of regionally-tested and proven new varieties.
Breeding progress is shown in Figure 1 where major breeding lineages have been plotted.
Advanced selections [selection showing sufficient promise to move regional grower trials]
demonstrating good kernel quality and adaptability to California conditions have been
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derived from a range of germplasm including European and Asian almonds, wild species
and cultivated peach. A dozen advanced selections, representing the breadth of this
genetic diversity now becoming available for California almond improvement, are currently
being propagated for the next round of Regional Variety Trials. Elite selection UCD2-19E,
which has demonstrated exceptional productivity following long-term, regional variety
testing and which strongly complements the Nonpareil variety in pollen cross-
incompatibility, bloom-overlap, cultural management practices as well as shell and kernel
gualities, is currently in the process of patenting and release to the industry. Breeding
efforts continue using this and other advanced selections as parents to further incorporate
improved productivity, self-compatibility and disease/pest resistance into new varieties.
Despite University cutbacks, cultural management improvements and, to a lesser extent,
molecular markers are allowing an increase in breeding program size as well as an
acceleration of breeding progress.
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Figure 1. Updated lineage of principal UCD breeding lines. Circled clusters have advanced selections
entering into the new Regional Variety Trials.
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Materials and Methods:
A. Ildentify effective predictors of cultivar performance, particularly yield potential.

A consequence of the successful transfer or introgression of new germplasm into the UC
Davis (UCD) Almond Variety Development program (see Figure 1) (as well as the
corresponding introgression of almond
germplasm into the UCD Processing Peach
Variety Development program) has been a rich
diversity of genes and associated traits in
advanced breeding lines. This diversity not
only provides needed new options for
increased crop performance and disease/pest
resistance, but also permits the development
of unique molecular markers (see Figure 2) for
those traits which could potentially allow their
selection at the seedling stage of the breeding
program (and so ultimately reduce the need for
the traditionally large-scale, multi-year
seedling tree selection process). While

industry funds are used entirely for applied Figure 2. Almond—Peach high density map [from

breeding objectives, th? genetic uniqueness citations 10, 12, 13]. Note the large number of markers
of the resultant populations has allowed us t0  on chromosome 7 (G7) and the dearth of markers on

successfully secure outside state and federal chromosome 8 (G8).

funding to pursue more basic research in

areas such as marker-assisted-selection (MAS) as demonstrated by the recently
completed SCRI RosBreed project where the Prunus component was heavily dependent
on our diverse almond by peach germplasm [citation 9, 18].

G1

Figure 3. Plot demonstrating a strong correlation between molecular markers on chromosome 7 and
increase s in soluble solid content as indicated by the strong association peak (red arrow) at that location.
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‘Dr. Davis' ‘Georgia Belle' i ‘F81-42"

Recent work by graduate student Jonathan
Fresnedo has found a strong correlation between
molecular markers on chromosome 7 and
increased soluble solid contents (Figure 3).
Thus, by selecting for these molecular markers at
even the seedling stage, we may be able to
increase the sugar content of the fruit/hull and/or
kernel. Related work on the SCRI RosBreed
project by Fresnedo has also indicated that
genetic variation within the chromosome can be
significantly suppressed or enhanced (depending
upon cross and chromosome position) in these
interspecific introgression lines [breeding lines of
interspecific origin which are being crossed back
to almond to combine new traits such as self
compatibility into a commercial almond
background]. This is shown in Figure 4 where
the almond-peach derived breeding line F8,1-42
shows unusually high genetic variation at the
central area of scaffold (chromosome) 2 and end
of chromosome 8, though with almost complete
suppression of genetic variation (and hence Figure 4. Comparison in the distribution of
recombination) at the end of chromosomes 2 and 3  genetic variants along each scaffold in each
when compared to modern variety Dr. Davis in the gg”loti’ge for the igterSpeC(;eS(;”trogrﬁSSi?U line
neirloom variety Georgia Belle, Resuits, which are ~ £0:1:12 opared o sandara peach s,
consistent with our previous findings, indicate that 100 kb for a particular position in the scaffold.
interspecies introgression lines may effectively

open up more recombination in certain areas while suppressing it in others. More
recombination would be desirable for separating desired exotic genes from undesirable

wild species germplasm, while less recombination would act to protect desirable genetic
combinations from reshuffling (as might be useful for developing seedling propagated
rootstocks). Another consequence of such aberrant segregation patterns would be that

the molecular markers may often be relevant only for the specific lineage in which they

were identified and may not be as effective in even closely related lineages. Thus, since

our advanced almond breeding lines represent a complex and diverse lineage, markers
developed in one population may not be effective in other populations and may overlook
positive genetic contributions for that trait from other lineages. Interestingly, in certain
introgression lines, the value of using molecular markers to identify unique and desirable
genes appears to fail entirely. Figure 5 shows the pedigree of an almond by peach hybrid
which was subsequently backcrossed (introgressed) to peach. The upper colored chart
summarizes the recombination/segregation of over 500 markers covering all eight
chromosomes (top colored bands) in 40 progeny from the self-pollination of A5,16-133.
Surprisingly, very little recombination (circled) was observed even though many of the loci
[the locations of a gene (or of a significant sequence) on a chromosome] were

heterozygous in the parent and progeny (identified by pink arrows at the bottom of the

chart) and so should show extensive recombination. Such findings further reinforce the
conclusion that MAS may be effective only in limited populations and that a strong
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dependence on this selection approach may actually limit breeding progress in crops such
as almond, where a strong genetic/genomic diversity is desirable [3, 7, 11, 15]. However,
as discussed in the 2010 and 2011 reports, markers which directly utilize the coding DNA
for the trait (rather than association by
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Figure 5. Pedigree of an almond by peach hybrid which was subsequently backcrossed to peach. The
upper color-banded chart shows the recombination/segregation of over 500 markers covering all eight
chromosomes (top colored bands) in 40 progeny from the self-pollination of A5,16-133. Very little
recombination (circled) was observed even though many of the loci were heterozygous in the parent and
progeny (identified by pink arrows at the bottom of the chart) and so should show extensive recombination in
the progeny. Left-center image shows distinct almond-type individuals which can very rarely be found in
these otherwise strongly peach-type progeny populations. Results indicate a strong suppression of
recombination in certain introgression lines, or a possible inherent failure in the molecular techniques used to
develop molecular marker data for these introgression lines.

proximity DNA) can be particularly useful across breeding lineages, as shown by the
successful selection of self-compatible forms of the S-gene in almond [7, 15, and 2012
Interspecific Germplasm for Rootstock Breeding Report]. These S-allele PCR[polymer
chain reaction]-based selection strategies, which are based on the actual DNA sequence
of the targeted gene, have proven very effective for selecting and transferring self-
compatible genes from peach and wild almond relatives to advanced UCD almond
breeding lines as documented in earlier reports.
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Ultimately, the success of a new almond cultivar is determined primarily by kernel quality
and yield, which are determined by a very large number of genes in addition to the self-
compatibility gene, making the identification/deployment of effective MAS markers for even
a large proportion of desired genes unfeasible. Currently, the only proven approach for
such selection is through replicated Regional Variety Testing (RVT). Recent McFarland
RVT results from Bruce Lampinen’s Field Evaluation Almond Varieties project (12-HORT2-
Lampinen) are summarized in Table 2. Results document strong performance by UCD
advanced selection 2-19E as a late-flowering pollenizer for Nonpareil, as well as good
performance for the recent UCD cultivar release Sweetheart as an alternative to the
premium roasting quality Spanish cultivar Marcona.

B. Generate and evaluate new genetic progeny from controlled crosses between
elite parents.

The Almond Variety Development program involves an initial intercrossing between
selected parents, the identification of elite individuals in
the resulting progeny populations, and a thorough UCD2-19E
testing of these elite selections [selection showing |
sufficiently high proven potential that is used in ' f
crossing] in long-term, replicated regional trials prior to Tardy-Nonparei Arbuckle
selection and release of new, proven varieties. In 2012
over 8000 seedling progeny were generated (as

described in the next section) representing the first step La't\‘e"_ggafr‘i'ng
in a breeding pipeline. Over 450 intermediate-level budsport

selections [selection showing promise but still needing
further testing] are currently being evaluated for
commercial quality, self-compatibility/self-fruitfulness,
and field resistance to important diseases and pests. Twelve advanced selections are
currently being propagated for inclusion in the next long-term RVT evaluations beginning
in 2014 (items circled in Figure 1 and summarized in the next section). The final step in
the variety development process is the selection and release of a new variety. The UCD
almond breeding program is currently in the final process of patenting and release
advanced selection UCD2-19E. Its breeding history is summarized below as an example
of current strategies and techniques. The recent performance of the Sweetheart variety
released by UCD as a California-adapted alternative to the premium roasting quality
Spanish cultivar will also be assessed.

Figure 6. Breeding pedigree of UCD2-19E.

UCD2-19E almond.

The original almond seedling population from which 2-19E was selected was produced by
a cross between Tardy Nonpareil, a late blooming mutation of Nonpareil as seed parent
and Arbuckle (Figure 6). Based on its promising kernel and yield characteristics (Figure
7), selection 2-19E was submitted to the Foundation Plant Service (FPS) in the 1990’s for
inclusion into the virus-free nursery propagation Foundation Block where it was designated
by the Accession Number 03-059-01-91. In 1992, selection 2-19E was included in the
semi-commercial Regional Variety Trials, supported by the Aimond Board of California,
which included plots in Kern County, Butte County (Chico), and San Joaquin County
(Delta). Twenty-six trees each of multiple selection and varieties were included in each
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plot. Data of yield, phenological [biological phenomena tied to climate, i.e., bloom]
observations, and tree and nut characteristics were obtained annually from 1995 to 2004.
Although selection 2-19E demonstrated very good productivity and desirable tree

Table 1. Regional Variety Trial performance of selection 2-19E relative to the Carmel standard
Nonpareil pollinizer from 1996 to 2004.

2-19E Carmel
Ibs. kernel Ibs. kernel
Root- per wt.in Crack-  Cumulative per wt.in Crack-  Cumulative

Year Site stock acre g out (%) yield acre g out (%) yield

1996 Chico L 276  1.08 46.3 276 741 1.23 53.2 844

1997 Chico L 1299 1.01 51.2 1576 1240 1.33 56.3 2083
1998 Chico L 454 111 43.7 2029 1260 1.36 54.5 3343
1999 Chico L 1345 0.88 47.8 3374 1700 1.20 56.6 5044
2000 Chico L 906  1.13 46.4 4280 1934 1.37 ND 6977
2001 Chico L 1828 0.96 50.8 6108 2070 1.13 52.4 9047
2002 Chico L 964  0.99 43.7 7072 2320 1.06 50.7 11368
2003 Chico L 2023 0.99 46.2 9095 2330 1.20 53.4 13697
2004 Chico L 1171 1.0 43.9 10266 2830 1.1 53.0 16528
1996 Delta N ND ND ND ND 114 141 64.9 114

1997 Delta N 503 0.97 55.7 503 2111 1.16 60.4 2225
1998 Delta N 507 1.02 50.0 1010 1893 1.24 61.2 4118
1999 Delta N 1010 1.06 58.2 2020 2695 1.24 58.5 6813
2000 Delta N 903 1.27 63.1 2924 2538 1.27 ND 9351
2001 Delta N 1008 1.12 58.1 3932 2206 1.19 58.2 11556
2002 Delta N 1245 1.16 54.8 5176 2697 1.19 62.3 14253
2003 Delta N 1405 1.11 54.3 6581 1861 1.25 56.2 16113
1995 Kern N 341 1.18 56 341 634 1.496 66 634

1996 Kern N 963 1.17 47.5 1304 1260 1.32 55.0 1893
1997 Kern N 2347 0.97 52.7 3651 1944 1.25 60.8 3837
1998 Kern N 1944 1.07 52.6 5595 1427 1.21 67.3 5264
1999 Kern N 2496 0.88 51.2 8091 1359 1.22 54.5 6623
2000 Kern N 2646  1.17 60.0 10737 2534 1.43 ND 9157
2001 Kern N 3479 1.15 62.1 14216 3819 1.24 62.6 12976
2002 Kern N 2434 1.01 56.6 16650 3398 1.03 59.8 16375
2003 Kern N 4890 1.03 66.5 21540 2651 1.24 63.2 19026
2004 Kern N 1490 1.1 48.4 23030 2778 1.1 58.9 21804

L-Lovell; N- Nemaguard; ND-No data
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Table 2. McFarland, CA Variety Trial performance of selection 2-19E compared with the Nonpareil
quality/productivity standard and other candidate Nonpareil pollinizers from 2006 to 2012. Yield
components for genotypes tested in the ongoing Kern County RVT for 2010 to 2012 (with
cumulative yields from 2006). Different letters and font colors indicate statistically significant
differences in these replicated trials [From Lampinen 2013 RVT Report (Field Evaluation Almond

Varieties)].

2006 Kernel pounds per
Average Shelling Cumulative
No. of kernel wt kernel yield
Variety nuts/tree (9) percentage Tree Acre (Ibs/acre)
2-19E 6852 a 0.94¢g 53.0d 142 a 1718 a 1718 a
Nonpareil-70 3848 bc 1.07 cde 64.6 ab 9.1 bed 1101 bed 1101 bed
Nonpareil-J 3717 bed 1.08 cde 64.0 abc 8.8 bcd 1066 bcd 1066 bcd
Chips 3623 bcd 1.02f 53.8d 8.1 bcde 985 becde | 985 bcde
Kochi 3134 cd 1.16 b 59.9¢c 8.0 cde 965 cde 965 cde
Nonpareil-7 3288 bcd 1.08 cde 65.1a 7.8 de 941 de 941 de
Kahl 3139 cd 1.06 ef 478 e 7.4 de 889 def 889 def
2007 Kernel pounds per
Average Shelling Cumulative
No. of kernel wt kernel yield
Variety nuts/tree (9) percentage Tree Acre (Ibs/acre)
2-19E 13149 a 0.78 e 54.3d 228a 2756 a 4474 a
2291
Nonpareil-70 9340 cde | 0.92 bc 66.3 a 18.9 abcd | abcd 3393 b
2332
Kahl 9594 cd 0.91 bc 476 e 19.3 abcd | abcd 3222 bed
2152
Nonpareil-J 9137 cde | 0.89 bcd 65.5a 17.8 bcde | bcde 3218 bcd
7681
Chips defg 0.87 cd 54.4d 14.7 ef 1780 ef 2766 bcd
Kochi 6006 g 1.08 a 59.4 bc 14.3 ef 1729 ef 2694 de
2008 Kernel pounds per
Average Shelling Cumulative
No. of kernel wt kernel yield
Variety nuts/tree (9) percentage Tree Acre (Ibs/acre)
2-19E 13472 a 0.93¢g 54.3d 27.4cd 3321 cd 7795 a
12506
Nonpareil-70 bcd 117 cd 66.3a 30.7b 3714 b 7106 bc
Nonpareil-J 11071 d 1.09 cde 65.5a 26.6 de 3224 de 6442 cd
Kahl 10720 de | 0.96 fg 476 e 22.6 fg 2733 fg 5954 de
Chips 11465 cd 0.97 fg 54.4d 24.4 ef 2956 ef 5722 ef
Kochi 5882 f 1.28b 59.5 bc 16.5h 2002 h 4696 g

In each column, values with the same letter are not significantly different (P < 0.05).
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Table 2. (continued)

2009 No. of /Ii\(;/renrglgve\)/t Shelling Kernel pounds per Cumulative kernel
Variety nuts/tree (9) percentage Tree Acre yield (Ibs/acre)
2-19E 14706 a 0.84 f 65.6 f 27.1c 3285 ¢ 11080 a
Nonpareil-70 13756 ab 1.04 bed 74.6 ab 31.4 ab 3798 ab 10905 abc
Nonpareil-J 12803 abc | 1.04 bcd 71.6 bed 29.0 bc 3513 bc 9955 cd

Kahl 11035 cde | 0.87 ef 59.1¢g 21.1 de 2559 de 8513 ef

Chips 9771 ef 0.93 def 58.6 g 20.0e 2422 e 8144 ef

Kochi 7252 ¢ 1.17a 68.9 de 18.7 e 2259 e 6955 h

2010 No. of /Ii\(;/renrglgve\)/t Shelling Kernel pounds per Cumulative kernel
Variety nuts/tree (9) percentage Tree Acre yield (Ibs/acre)
Nonpareil-70 8823 bcd 1.28 abcd 72.3 ab 249a 3011 a 13916 ab

2-19E 6833 efg 1.10 bedef 56.1e 16.7 bc 2020 bc 13100 bc
Nonpareil-Jones | 8315 cde ;ngef 70.9 ab 22.6 a 2737 a 12691 c

Chips 9089 abc 1.15 bcdef 65.9 abc 23.0a 2789 a 10933 d

Kahl 7587 cde 1.01f 56.5 de 16.9b 2048 c 10561d

Kochi 3902 h 140a 64.4 bed 12.1 bc 1466 bc 8421 e

2011 No. of ﬁ\grenrglgv?/t Shelling Kernel pounds per Cumulative kernel
Variety nuts/tree (9) percentage Tree Acre yield (Ibs/acre)
Nonpareil-70 17744 abc | 1.05bc 70.7 a 41.0a 4962 a 18878 ab

2-19E 18253 ab 0.91 bcde 64.8 abcd 36.8a 4460 a 17560 cd
Nonpareil-Jones 23233 0.96 bcde 70.0 ab 36.0a 4360 a 17051 d

Chips 11901 f 0.94 bcde 60.3 de 24.7 bed 2985 bcd 13918 e

Kahl 12420 f 0.89 cde 535 f 24.4 bed 2953 bcd 13514 e

Kochi 8701g 122a 63.5 cde 23.3d 2825d 11247 f

2012 No. of Cgrenr;gv(-\:‘/t Shelling Kernel pounds per Cumulative kernel
Variety nuts/tree (9) percentage Tree Acre yield (Ibs/acre)
Nonpareil-70 8530 b 1.2 bc 70.9 bc 22.6 ab 2733 ab 21611 ab

2-19E 7617 bc 1.19 bed 69.4 bed 20.1 abc 2432 abc 20270 bc
Nonpareil-Jones | 8855 b 1.18 bcd 67.7 bed 23.0 ab 2783 ab 19833 c

Chips 9008 b 0.92 h 75.3 ab 18.2 bc 2201 bc 16416d

Kahl 8830 b 1.05fg 55.0d 20.4 abc 2465 abc 15979d

Kochi 2025d l4la 26.0 e 6.3d 763 d 12816 e

In each column, values with the same letter are not significantly different (P < 0.05).
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Figure 7. Nut and tree qualities of UCD 2-19E. Nut qualities of UCD 2-19E are shown in the first two
images. In the third image, note the more compact tree size of 2-19E relative to bordering Nonpareil trees
(right) allowing greater light interception and so greater potential yield for the high-value Nonpareils.

and kernel characteristics at the Kern County Regional Variety Trial compared to the
Carmel standard, performance at the Butte and San Joaquin County RVT sites was less
promising (Table 1). In addition, all sites showed evidence of alternate-bearing where a
high crop in one year would often be followed by a considerably lower crop the next. Both
the alternate-bearing and the lower productivity in the more northern Regional Variety
Trials were hypothesized to be the result of insufficient agronomic inputs for an inherently
highly productive selection. Consequently, a new, replicated, semi-commercial test
planting was established in McFarland, CA along with other candidate late-Nonpareil-
bloom pollenizers in collaboration with Bruce Lampinen and Mario Viveros,Kern County
Farm Advisor. Under these orchard management conditions, selection 2-19E continued to
demonstrate desirable tree and kernel characteristics (Figure 10) and good bloom overlap
with the later Nonpareil bloom (Figure 8) while also demonstrating exceptional productivity
without evidence for pronounced alternate bearing (Table 2). In addition, the high
similarities between Nonpareil and 2-19E kernels may allow their mixing and subsequently
higher 2-19E crop value. 2-19E harvest time occurs just after Nonpareil which allows
concurrent and even simultaneous harvest (Figure 9). Recent field data analysis by
Lampinen conclude that of the varieties tested, only UCD 2-19E approached the high,
multi-year productivity of the Nonpareil standard (Figure 11) [16]. Based on its promising
performance including consistent bloom overlap with the later bloom of Nonpareil, cross-
compatibility with Nonpareil, good tree and nut qualities, and exceptional yields, selection
2-19E was selected in 2013 for patenting and release as a new UCD variety. This process
should be completed by early 2014 and foundation budwood is now available for nurseries
to establish their mother blocks subsequent grower propagations.
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Figure 8. Average bloom data (2006 to 2012) for the McFarland Trial. Cross hatched area indicates onset of
bloom to 100% petal fall. “F” indicates full bloom.
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Figure 9. Average hullsplit progression by variety and Nonpareil source for 2006 to 2012 seasons at the
McFarland Trial.
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Figure 10. Flowering and cropping branches of
selection 2-19E. Note the strong spur productivity Figure 11. Cumulative yield of almond
combined with the good cropping ability on terminal selections against the Nonpareil standard
branches. showing that only UCD2-19E approaches

Nonpareil's productivity in multi-year
regional evaluations.
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Regional performance of Sweetheart almond
Sweetheart is a recent almond cultivar from the breeding program at UC Dauvis.
Sweetheart kernels have a distinctive cordate ( heart) shape and very high oleic acid
content. They are similar to the premium roasting quality Spanish cultivar Marcona but
with a much higher kernel-to-nut ratio (Figure 13). Sweetheart shows good overlap with
the economically important early bloom of cv. Nonpareil(S7S8). In addition, with a cross-
incompatibility controlling S-

Sweetheart

genotype of S1S14, it is fully cross- B3, 3092
compatible with Nonpareil and ! .
. . SB3, 54-39E 25-26
cross-compatible with all currently D5-15=selfed
planted California almond cultivars ———— . ' .
except Winters (S1S14). Trees s o | SR i A 918
have an upright and open —T—
arch”:ecture Wh|Ch produce h|gh I Nonpareil l I PA3777 l I Nonpareil l I Eureka l I Nonpareil l I Harriott l
yields with good year-to-year — e
production consistency. The name Peach || Almond

Sweetheart refers to its high heart-
healthy oleic acid content and its heart-
shaped kernel.

Figure 12. Lineage of the Sweetheart almond variety.

Figure 13. Shell and kernel characteristics of Sweetheart (left) and Marcona (right) showing similar kernel
cordate shape but much higher crack-out for Sweetheart.

Sweetheart originated as a seedling from a cross between UCD breeding selections SB 3,
54-39E and 25-26 and was originally evaluated as selection SB13,36-52 (Figure 12). The
seedling’s pedigree includes the heavily planted California almond cultivar Nonpareil and
Lukens Honey peach as a source of self-compatibility and disease resistance. Selection
SB13,36-52 was selected for regional testing as an early flowering pollenizer for Nonpareil
based on its desirable early bloom and high kernel quality with oleic acid contents above
70% (compared to 65% for Nonpareil under similar environments). California almond
cultivars are self-sterile, requiring cross-compatible pollenizer cultivars for successful seed
set. Due to its good market quality, Nonpareil currently comprises over 40% of
commercial production in California. The remaining cultivars are mainly planted as
pollenizers for Nonpareil with many initiating bloom after Nonpareil and thus successfully
overlapping the later bloom but leaving the early bloom vulnerable. Almond flower
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fecundity is higher in the early bloom, meaning early pollenizers have greater economic
importance. Most early flowering pollenizers, however, show inconsistent bloom overlap
with Nonpareil and a consequent lower production consistency for both cultivars.
Flowering time in almonds is determined by the accumulation of sufficient chilling units to
overcome flower bud dormancy followed by the accumulation of sufficient heat units for
bud development to flowering. Requirements for both chilling and heat units differ among
individual cultivars resulting in inconsistent year-to-year bloom overlap.

Marcona (S11S12) is a heavily planted self-sterile cultivar in Spain because of its very
high oleic acid content (approximately 70%) and

subsequently high roasting quality. UCD-Marcona is the c AV

result of clonal selection of an old California Marcona
accession for freedom from virus and improved adaptability
to California growing conditions. UCD-Marcona produces a
desirable bloom overlap with the economically important
early Nonpareil bloom but has an undesirable highly
lignified [woody] shell and so low kernel-to-nut ratio.
Seedling SB13,36-52 (Sweetheart) along with Marcona and
other breeding selections and cultivar standards were
evaluated from 2005 to 2012 in replicated blocks planted in
2004 in Kern County in the southern San Joaquin Valley.
Data was collected yearly on bloom and harvest period,
pollen cross-compatibility, nut yield and quality, and disease
and insect damage. A number of smaller grower plantings
at additional sites in the Sacramento and San Joaquin

Valleys were also utilized to verify RVT findings.

Figure 14. Physical appearance of
Sweetheart tree showing upright
growth habit and prolific bloom.

The Sweetheart tree is upright and vigorous (Figure 14).
Production occurs on a combination of spurs and terminal
shoots. This bearing habit results in high productivity and an open tree architecture
allowing greater light penetration and air circulation to the canopy interior resulting in lower
foliar disease incidence.

Self-incompatibility in almond is controlled by the female gametophyte so that the cultivar
Nonpareil (S7S8) will reject any pollen (which is male) with S7 or S8 genotype.
Sweetheart has the S-genotype (S1S14) allowing for full cross-compatibility with Nonpareil
and cross-compatibility with all commercially planted almonds except the related UCD
cultivar Winters (S1S14). Self-incompatibility in almond is variable with most commercial
cultivars setting less than 10% of self-pollinated flowers and so considered self-
incompatible. Self-compatible cultivars need to set greater than 20% following self-
pollination to be considered commercially useful. In a small number of cultivars, such as
Sweetheart and Winters, the selfing percentage is between 10% and 20%, which while
too low to be considered self-compatible, does confer greater crop stability were honeybee
cross-pollination is limiting.
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Figure 15. Average (2006 to 2012) bloom (top) and hull-split (bottom) dates for the Kern County Trial. Top:
Cross hatched area indicates onset of bloom to 100% petal fall. “F” indicates full bloom. Bottom: Average
hull-split progression from date of initial splitting to full-split.

Sweetheart consistently showed good overlap with early Nonpareil bloom in all years and
sites evaluated (Figure 15), including the northern Sacramento Valley where the more
variable winter and spring temperatures frequently result in erratic bloom patterns. The
combination of open tree architecture, high flower-density, good bloom overlap with
Nonpareil, and partial self-compatibility has resulted in consistently high productivity over
the years tested (Table 3). Sweetheart has shown complete freedom from Noninfectious
Bud-failure syndrome which has plagued Nonpareil and many of its pollenizers. The more
moderate shell-seal of Sweetheart make kernels more susceptible than Marcona to
damage by navel orangeworm (Amyelois transitella) but damage remains lower than
Nonpareil. The kernel/(kernel plus shell) ‘crack-out’ proportion of approximately 0.6, while
much lower than Marcona (Table 3) is well within the desired range for California cultivars.
The incidence of undesirable kernel types, particularly double-kernels and kernels having
multiple embryos was low, being similar to Nonpareil. The development of creases or
folding of the kernel seedcoat, which is undesirable in fresh market as well as blanched
kernels, is very low in Sweetheart relative to Marcona and other cultivars tested. Kernels
of Sweetheart are also similar to Marcona in size and cordate-shape and but possess a
paper shell rather than the highly lignified peach shell of Marcona (Table 3, Figure 13).
Under intensive California cultivation, Sweetheart produces a slightly smaller kernel than
Marcona (Table 3). Harvest of Sweetheart just after Nonpareil promotes efficient use of
harvesting equipment.
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Table 3. Average 2010-2012 production data for early blooming almond cultivars compared to Nonpareil in
a 2004 grower test planting in Kern County. Cumulative (2006-12) kernel yield presented in last column.

Cumulative

Variety Nuts/tree Kernel Kernel/nut Kernel Kernel (2006-12)

mass (g) ratio kg/Tree kg/ha ke_rnel

yield

(kg/ha)

Nonpareil 8855 a 1.18 bcd 69.9 a 10.4 ab 1262. ab 22220 ¢
Sweetheart | 8653 a 1.10 ef 67.9a 9.6 abc 1142 abc 18437 d
Marcona 6449 b 1.22b 27.7d 79c 946 c 14958 e
Chips 9008 a 0.92h 65.2 ab 8.3 bc 998.4 bc 18392 d
Kahl 8830 a 1.05fg 61.7b 9.3 abc 1118 abc 17903 d
Kochi 2025 ¢ 141 a 51.3c 29d 346.1d 14359 e

“Mean separation performed within each row by Duncan’s multiple range test, P=0.05. In each column, values with the
same letter are not significantly different.

C. Streamline the variety development cycle.

The long-term objective of the UCD Almond Breeding Program has been the incorporation
of new genes for economically important traits such as self-compatibility and disease/pest
resistance, the transfer of this new germplasm into a California adapted genetic
background, and the generation of improved varieties containing the best traits from both
novel and traditional germplasm. Because of the exotic interspecies origin of many of
these new traits, such as self-compatibility, early breeding efforts were focused on trait
identification and transfer to a commercial-type background. As documented in Figure 1,
current advanced breeding parents demonstrate good kernel and tree characteristics while
possessing novel traits such as self-compatibility, resistance, and improved kernel quality.
Moving forward, these new traits need to be incorporated into an elite genetic background
possessing desirable traits/genes for the range of characteristics required for commercially
successful variety. Because of the low probability of combining all of these elite traits into
a single individual, future breeding strategies will require very large progeny population
sizes at a time when University resources, including land and labor, are rapidly
decreasing. Typical breeding methods employed in the past involved controlled crosses
between selected parents, stratifying resulting and the typically low number (10 to
hundreds) seed in petri dishes, germinating and growing seed for one year in the
greenhouse, acclimatizing seed in lathe-houses, followed by hand-transplanting to field
and hand training and hand-weeding. To streamline the breeding process while allowing
even larger populations, we are implementing the use of caged or isolated parent blocks
where the desired cross is achieved by bringing in bees and the desired pollen. The bulk
stratification of resultant and typically large (100 to thousands of seed) populations directly
plant germinating seed in the field, and use of herbicides and other non-labor intensive
methods for weed control. The inherent lack of precise control over critical factors such as
weather, disease/pest, and the soil/weed environments have resulted in several failed
experiments over the past two years with a loss of approximately 3000 (low priority,

Almond Board of California -15- 2012.2013 Annual Research Report



experimental) seed. However, at this time over 2000 seed have been successfully planted
through this streamlined method with an additional 3000 seed expected to be planted by
late summer. Over 3000 seed from higher value crosses has been stratified and
germinated by traditional methods and is currently growing in greenhouses and lathe-
houses for transplanting in the spring of 2014. More efficient streamlined methods are
also being pursued for field evaluation of seedling performance including self-compatibility
(using bagged-branches self pollinated with artificial wind generators, i.e. leaf blowers),
disease resistance (using field disease blocks in collaboration with Jim Adaskaveg), and
tree productivity (using photosynthetic PAR measurements with Bruce Lampinen).
Currently, our principal breeding parents are characterized by good tree and kernel
gualities (as documented in Figure 1), adaptedness to California growing conditions, and
possessing new traits (self-compatibility, disease resistance, pest resistance, kernel
quality, etc.). The most promising of these genetically diverse items (Table 4) are
currently being propagated for inclusion in the next RVT trials. In addition to assessing the
potential of these exotically-derived selections as new California varieties, these trials will
also identify both desirable and undesirable characteristics of these breeding lineages
which can be targeted for improvement in future crosses.

Table 4. Promising UCD advanced almond selections currently being propagated for inclusion in
the next RVT trials.

Bloom Harvest
Selection timing timing QOrigin
UCD3 -40 -5 11 P.fenzliana
UCD -Marcona -2 28 Heirloom -Spanish
uCD18 -20 1 20 P. persica (peach)
UCD1 -16 3 12 P.fenzliana
ucD8 -27 4 12 P. webbii
UCDS8 -160 4 15 P. mira
UcCD97,1 -232 5 13 P. mira
UCD1 -271 5 14 Tuono
UCD7 -159 5 16 P. webbii
UCD2 -19E 6 10 TardyNonpareil * Arbuckle
UCD8 -201 7 18 P. mira
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