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Summary Page
Breeding objectives for 2019 included:

a) Breed processing peach selections in the Extra-Early and Early season that need less labor during
production and processing. Target harvest efficiency, including mechanical harvest, improved
resistance to fruit brown-rot and flesh-bruising and improved processing quality.

b) Identify the most promising breeding lines as well as the most promising individuals within selected
lines for more intensive testing as well as further crossing.

c) Generate 6,000 new seedling progeny trees targeting replacements for the Extra-Early and Early
maturity periods as well as pre-Loadel maturity, the capacity for once-over harvest, fruit tolerant
of mechanical harvest & transport, reduced requirements for pruning and thinning, and resistance
to fruit brown-rot, mechanical bruising and inconsistent winter chilling. Develop hybridization
methods to allow large-scale crossings under poor environments (low chilling, etc.) and poor
weather (rain, wind, etc.) conditions.

Peach bloom season 2019 was relatively mild allowing the program to largely achieve the targeted goal
of 6000 seed from breeding crosses. Good progeny seed recovery in 2019 crosses was further improved
by the availability of new crossing blocks in Davis and Winters. Over 3000 of resulting seed have now
been germinated and/or planted in greenhouses for the initial round of selection. Breeding parents were
selected to target productive and high-quality processing peaches maturing in the Extra-Early to Early
processing season, improved brown rot resistance, capacity for once-over-harvest and consistent
bloom/crop under conditions of changing winter chill. Approximately 40% of crosses also targeted
anticipated future varietal requirements for reduced labor inputs. Particular focus was given to traits
facilitating mechanization of harvest, thinning and pruning.

Over 20,000 progeny trees were evaluated in 2019, primarily through visual inspection during weekly
patrols in the bloom and fruit ripening season. Of these, 28 were selected for further evaluation either as
candidate selections or as parents for further, directed crossing. The 2012 to 2016 progeny blocks
represent the most advanced generation of breeding populations incorporating traits from almond and
wild relatives. Several of these breeding populations involve the recombination of improved brown rot
resistance and fruit quality from several diverse sources with the goal of further improving field
performance as well as stability under changing environments. Over 600 selections were advanced to
more detailed trait characterization (phenotyping) as well as genotyping to investigate possible useful
molecular markers. All molecular genotyping was done by collaborators as part of the final year of the
RosBreed project. Beginning in 2020 we will be doing molecular analysis in-house in our dedicated
molecular lab at UC Davis. To date, molecular markers have proven useful in providing a better
understanding of the trait and its inheritance, as well as the differences between different germplasm
sources. However, the complexity of the traits as well as different genetic sources still require thorough
field validation for traits as basic as fruit size. New evaluation plots have also been established in Davis
and Wolfskill to allow research including orchard modeling studies focusing on orchard mechanization.



Introduction.

The needs for the California processing peach industry differ from the production of fresh market
fruit since the lower returns for processed fruit require greater production efficiency and crop
consistency over an expected extended orchard | Bringing in New germplasm
life of 20 years or more. Achieving these goals
requires the identification and incorporation of
new traits for reducing labor inputs while
increasing productivity and processing quality.
A problem encountered early in the variety 4
development program was the very limited
germplasm diversity available to solve new 3/
problems. Consequently, a major effort has been Figure 1. Diverse germplasm incorporated into
expended towards bringing in new and diverse advanced breeding lines with examples of targeted
germplasm and so new traits from wild peach traits.
and almond relatives (Figure 1, as detailed in earlier annual reports). While the transfer of
desired traits from wild to California adapted selections
has taken several decades, we now have an unparalleled | Table 1. Breeding targets an
breeding germplasm transferred into commercial actual seed/seedling recovery for
) . the past 5 years
processing peach background, thus providing novel
opportunities to meet emerging industry needs. We have
also been successful in leveraging the resulting large and
diverse breeding populations to obtain supplemental 2015 | 3000 3211
funding (USDA, SCRI, etc.) for the more costly and
technically demanding analysis required to develop 2016 | 5000 3700
molecular markers for important traits. In the 2009-2_012 2017 1 8000 3027
SCRI multi-state RosBreed (www.rosbreed.org) project
for developing molecular markers to improve fruit crop 2018 | 9000 3234
breeding efficiency, the largest proportion of peach
selections analyzed were from the UCD processing peach
program (350 genotypes) since we had the required
fruiting population sizes and genetic diversity already established in mature field plantings. In
the subsequent 4-year RosBreed-2 molecular-marker development project, the number of UCD
peach selections analyzed was increased to over 1,700 individuals. With the end of this program
in 2019, we are currently compiling the molecular and field trait data and beginning the tedious
process of searching for association between desired traits and RosBreed molecular markers. If
associations are consistent, those molecular markers could then be used as accurate predictors of
the presence of the trait even at the seedling stage, thus making the breeding program more rapid
and efficient.
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Beginning in 2018 and continuing into 2019, new breeding blocks were established at
Davis and the Wolfskill Experimental Orchards (WEO). These plantings supplement aging
breeding blocks as well as to provide alternative

crossing environments when confronted with local ~ UCD Processing Peach Breeding
inclement weather patterns such as frost, localized California Cling Peath Origins
low-chilling, etc. Over 5000 seed was recovered — e
. . .. _— BS

from breeding crosses in 2019, largely attaining are ——— -
desired target (Table 1). Over 36,000 controlled st

o . ) eleases
hybridizations, among 22 different parental since the

— 1980’s

combinations were made in 2019 with the benefit
of favorable weather conditions both during and
after bloom. To date, over 4800 seed have been Figure 2. Varieties developed at UCD.

planted to greenhouses for the initial stages of

screening for vigor and desirable plant characteristics. We are also modernizing our molecular
diagnostic lab for molecular marker assessment since, with the end of RosBreed, we no longer
outsource as much of that work to collaborators. During this breeding period, the processing
peach breeding program has been successful in developing and releasing commercially valuable
processing peach varieties (Figure 2 as detailed in earlier annual reports). The recent and
continuing breeding focus is on the Extra-Early and Early harvest seasons and has resulted in the
release of the varieties Kader and Vilmos with additional advanced selections being considered

for future release (as described in the Regional ‘Stay-Ripe’ trait:
Testing annual report). Two 2019 publications P -Limited Change
. . . ) ; -Multiple Benefits
summarizing these releases are included in the 2 Flesh connfaon
. . 3 F Rt nutnent cortent|
appendix. While much of the presented 4 Funteur
information is from earlier annual reports, these o T
. . 6 Disease resistance
papers provide a more comprehensive 7. Productivit \
summarization as well as field updates. A
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While the majority of our 2019 breeding
crosses continued to target improved varieties in ~ Figure 3. By allowing early tree-ripe fruit to retain
the Extra-Earlv and Earlv maturity seasons processing quality until the final fruit achieves tree-

) y y y ! ripe improves quality, yield, and fruit grade.
approximately 40% of crosses also moved to
address anticipated future needs, particularly the development of varieties requiring reduced
labor inputs. Strategies and progress of this effort are summarized below.

Breeding for Reduced Labor Inputs.

In response to the dramatically increasing costs of labor, the UCD Processing Peach Breeding
program has been pursuing genetic options allowing labor reductions. Future orchard
management strategies will need to move towards much greater labor efficiency and/or
mechanization. In most orchard scenarios, traits facilitating mechanization should also allow for
greater manual labor efficiency, either as an interim practice until full mechanization is achieved,
or as a more integrated orchard management strategy. For example, uniform harvest, while being



an essential trait for any mechanized harvest scheme would also improve the efficiency of once-
over hand-harvest. Thus, the UCD processing Table 2. The maintenance of processing

peach variety development program is quality for 2 to 4 weeks after tree-ripe of
pursuing the often-novel traits required for UCD selections Vilmos and Compact-2
mechanization with the expectation that these relative to standard cultivars.

traits would also allow greater efficiency with D N T T e T
the more limited availability of hand labor in 2 weeks after 4 weeks after

: Ripe Date LR Tree-ripe Tree-ripe
the near future. The main orchard management 15Ju-ls 5.8 {15} 24 {13} <10

practices targeted are harvest, pruning, and Bvimos] 16015 64 12) 54 (18 45 26)
flower thinning. W S S

[ kiampt [EEERNY SL] 6.3 {18} <1.0 <1.0
1. Harvest.

Mechanized harvest would require capacity for once-over
harvest and firm, brown-rot and bruising resistant fruit.
Progress in improving brown rot and bruising resistance have
been summarized in previous reports which demonstrate that
selection strategies within our enriched breeding germplasm
continues to be effective for improving these traits. This report
will focus on efforts towards achieving once-over harvest.

Once-over-harvest.

The development of a peach demonstrating uniform fruit-
ripening is particularly challenging because individual fruit
development is driven by local carbohydrate availability (i.e.
sun-exposed leaves) and local heat units. Consequently, interior
shaded fruit or fruit in the north sides of the trees will
inherently lag behind fruit developing with a southern
exposure. An additional problem is the protracted flowering
observed after insufficient winter chilling, which can result in
differences in fruit maturity time of a week or more. Previous
reports have also demonstrated breeding program effectiveness
in selecting for varieties (such as the recently released Kader
and Vilmos varieties) which are more tolerant to these chilling
vagaries. To achieve the capacity for once-over harvest, we
have aggressively bred for peaches which ripen normally but S
then can remain on the tree without significant loss in Figure 4. Compact-3 at tree ripe, and
processing quality for 2 weeks or more. While both Kader and ~ harvested 2and 3 weeks after tree-
Vilmos demonstrate improved performance in this ‘stay-ripe’ 'Pe

trait (Table 2), new breeding germplasm offers opportunities for even greater advancement in
this area.




Stay-ripe trait.

Fresh market peach breeding efforts
to achieve a more uniform harvest
have focused on genes which affect
fruit ripening, as in the variety
Autumn Flame. Unfortunately,
these genes delay the ripening
process to the point that in some
years, a full tree-ripe state is not
achieved. Our approach has been to
allow normal ripening to the tree-
ripe stage and then suppress post-
ripening fruit deterioration. With
this ‘stay-ripe’ trait, the earliest
fruit that ripen can maintain . _ _ o o
procssing ity foraweekor 6 Seees e Meon e e,
mor_e a”OW'”g Iagglng fruit t_o also from the exterior to the pit, thus providing a representation of texture
achieve full-ripe quality. While or density of the fruit from the skin (left) to the pit (right).

allowing a more efficient once-

over harvest (either manually or mechanically) this approach also increases both the final yield
and quality of the harvested fruit because the proportion of previously unmarketable under-ripe
and overripe fruit are now minimized, while the extra-field time provides the opportunity for all
fruit to achieve full size (maximum yield) and quality (maximum sugar, minimum rejects)
[Figure 3]. Table 3 shows a comparison of the traditional varieties Klampt and Andross with the
recently released Vilmos variety, demonstrating Vilmos’ capacity to retain fruit firmness and
quality for up to 2 weeks after initial tree-ripe. Vilmos contams exotic germplasm from wild
species that contributes to both
the stay-ripe trait as well as
improved fruit size. Even
better performance is observed
in the UCD advanced selection
Compact-2 which combines
both compact tree structure
(see next section) with the
stay-ripe trait, both of which
appear to have originated as
bud-sport type mutations. Figure 5. Halved peach fruit showing that most flesh is composed of
Figure 4 shows harvest quality  compact strands radiating from the pit with a lesser number of vascular
of a sister line, Compact-3, at flesh strands originating from the stem area and developing primarily near

tree ripe and 2 and 3 weeks the fruit skin. The large pit feeder-bundles can be seen in the internal flesh

. channeling of the fruit at the right and partially within the pit channels of
after tree ripe. A 3rd source of .. fuit a?mﬁ_ : pariey P

the stay-ripe trait is of

genetically unique South African germplasm which was the source for the Early-6 advanced
selection now undergoing the final stages of regional grower trials (see Regional Testing annual
report). Early-6 also incorporates a ‘highlighter ’ gene which suppresses all red fruit-
pigmentation, even in overripe fruit. The breeding program is now attempting to incorporate




stay-ripe genes from different genetic sources in order to improve performance and
environmental stability. Parallel efforts are also pursuing an understanding of the mechanism for
this trait. Cross-sectional fruit-sections for standard freestone-melting and clingstone-nonmelting
are shown in Figure 5. Also shown is a section from an almond-derived stay-ripe breeding
selection as well as an independent gene/trait conferring the previously unknown combination of
freestone-nonmelting. In the original almond-derived freestone-nonmelting selection UCD 1-42,
the fruit is air-free and both structurally and genetically non-melting (as detailed in earlier annual
reports), though fruit tend to soften and deteriorate quicker than standard non-melting
clingstones. In addition, while the inheritance of the stay-ripe trait is complex, we have been able
to move it into different clingstone peach backgrounds but not into freestone backgrounds.
Developmental studies suggest that the stay-ripe trait is associated with a prolonged maintenance
of flesh vascular strands. As shown in Figure 6, virtually all of the fruit flesh is basically
composed _of 2 types of such stran(_js; the first radlat_lng out Figure 7. Shoots of the compact growth
from the pit and the 2nd, more peripheral to the fruit, type (left) compared with normal (right)
radiating out from the stem area. In clingstone, nonmelting  showing the reduction in internode length
fruit, the connections between strands and between strands  and so total shoot length.

in the large feeder-bundles in the pit channels are more

resistant to melting (that is, cell separation). It is hypothesized that the stay-ripe trait maintains
these connections between outer and inner flesh strands in the core fruit feeder-bundles located at
the stem and in the pit-channels. The continuity of vascular strands allows the continued
maintenance and so survival of fruit flesh cells. Post-ripening deterioration, then, is thus more a
programmed tissue breakdown then a chaotic loss of -
function. This hypothesis would also explain why it | Table 3. Shoot characteristics for the
is more difficult to incorporate stay-ripe into ‘compact' trait relative to standard
freestone-melting types. In these fresh market types, | Shoot growth.
the melting results from breakdown between strands

while the free-stone results from breakdown Shoot lensth (i 16 2
between the major feeder bundles in the pit channels oot length (in.)

and the major flesh-determining strand r s radiating Number of nodes 31 28
from these channels (As in Figure 6). In order to test Internode length (in.) 0.9 0.6
this hypothesis, fruit anatomy studies, particularly of the vascular strands, are planted in 2020
examining both fruit at tree-ripe and at various stages after tree-ripe. If a plant developmental
anatomy characteristic is causative and so closely associated with this trait, that characteristic
could then be used as a more accurate selection method for the stay-ripe trait in the future.

Standard Compact

2. Pruning.

Mechanical pruning is a particular challenge for peach because both tree size and current-year
shoot growth can become unmanageably large. Because flowers and so fruit form only in the



Figure 8. High density Trellis-

trees in a test plot and Salida, CA. ~ Figure 9. Compact selection trained
to a trellis at WEO

axillary nodes of the
previous seasons growth, peach production requires a vicious
cycle of promoting extensive new shoot growth that then hasto  Figure 10. High-density
be pruned back to encourage the next season’s shoot growth. perpendicular orchards of
One promising approach to peach mechanization was to Compact-3 (top) and Monaco
. . . .. . (bottom) after summer pruning.
incorporate the ‘compact’ trait into new varieties. Discovered as
a budsport mutation in our breeding program in the 1990’s, this trait is controlled by a single
semi-dominant gene and result in the reduction of the leaf-to-leaf internode length by %2 to 1/3
(Figure 7, Table 3). The total number of nodes remains almost the same for both compact and
standard types. Consequently, the final shoot length is from % to 1/3 shorter than control (Table
3). Despite the shorter length, compact shoot have a similar number of internodes and so produce
a similar number of flowers and so fruit, but without the need for extensive new shoot growth.
[The shorter internode length can result in dense, shaded foliage that can suppress normal
axillary shoot pushing, resulting in sections of blind-wood]. In addition to a smaller shoot size,
the compact types are less likely to continue shoot growth
beyond the preformed nodes present in the overwintering
buds. The resulting small tree stature and limited new shoot
growth make this trait particularly useful for high-density
orchards including training systems such as perpendicular-V
on trellis (Figure 8). Such a high density, highly managed
trees showed good production in a Salida grower test plot yet
with virtually no need for summer pruning (Figure 10).
Additional evaluation blocks of compact selections _ _ _
have been established in UCD plots at Davis and Wolfskill t':r;?r‘:gg é%)-m"")‘;gtzgglt:‘;t?(‘;sosﬁo% it;;”'s'
Experimental Orchard _(WEO) in Wl_nters California. The good hearing wood renewal without
WEQO plot has been trained to a trellis system to evaluate the  eycessive growth and, in particular,
resulting shoot growth response for different compact without excessive vertical waterspouts.
selections (Figure 9). As with the perpendicular-V high-
density plantings, shoot growth on even strongly lateral branches was so well contained that
trellis or other intensive training systems seemed unnecessary (Figure 11). Of particular
importance, was a suppression of aggressive perpendicular suckers that have proven the bane of
many intensive peach training systems (Figure 11).




Figure 14. Hedging Compact-3

into a fruiti Il tem. .
Into a fruiting wall type system Figure 13. Hedged trees of

Compact-3 at fruiting.

The Davis evaluation plot
was set up to evaluate hedging as a training system (Figure 12)
using the Compact-3 selection shown in Figure 4 (the stay-ripe G EER
trait has now been incorporated into most advanced compact Figure 12. Pillar tree
selections). The consistent replacement of bearing-would without  architecture for clingstone
excessively vigorous current-season shoot growth including peach.
suckers/waterspouts resulted in a readily managed system with
good yield potential (Figure 13). Because of some blind-wood development as well as some
interior shading (in future plantings | would trained to a bout a 4 foot with rather than the 7-8
foot used here), yields were not as high as traditional commercial operations but this might be
compensated by dramatic reductions in labor.

We are also experimenting with other approaches for tree size/shape control to facilitate
mechanical harvesting. These include additional size-controlling rootstocks and we are currently
evaluating affect on peach of some of our peach and plum hybrids developed in the almond
breeding program utilizing some of the size control predictors developed in Ted DeJong’s earlier
rootstock programs. We have also been able to recover a fairly highly heritable pillar-type tree
architecture (Figure 14) that could facilitate mechanization and peach much of these types have
been utilized in apple. While the genetic control remains uncertain, the trait does sufficiently
heritable that it can be recovered in a large number of progeny. Because its origin was a
relatively recent hybridization with the wild peach, Prunus davidiana, we are still in the process
of bringing food quality and productivity up to California standards.

3. Thinning.

All UCD breeding evaluation blocks are currently mechanically hedged and mechanically
thinned (Figure 15) to identify promising tree structures and bearing habits while at the same
time, minimizing labor charges. The flowering/fruiting wall of hedged compact trees such as
those in Figure 13 have proven particularly amenable to this type of mechanical thinning.
Because hedging occurs during the winter prior to flowering, we use our hedging cuts to cut back
no lateral shoots to reduce the number of flower buds while still maintaining sufficient flower
density to compensate for spring time frost, etc. Just following bloom, (at the beginning of petal



drop) we use the A
Darwin thinner to
further reduce flower
density as needed.
This approach still
leaves too many fruit
in the interior of
canopy, particularly
within the row
between adjacent
Stage | Stage Il Stage Il

trees. However,

because of the maturity ‘

Figure 15. Using the Darwin set up the compacts inherently
mechanically thin a peach flowering wall lower flower density

at the UCD evaluation plots. o
in inherently greater
capacity to size
congregated fruit, most of these fruit are still able to

Nonwounded —a—Bolinha

390/480 relative to mock

achieve commercial size. Future test plantings will have
a narrower width to further reduce previously R R P I
unmanageable interior fruit. Such a narrower fruiting Stagel! Stage Stage ¥

wall would conceivably be more amenable to more basic
robotic flower thinning strategies currently being tested
in apple and pear. Both black, as well as a new black
been developed at WEO are also being made available
for researchers studying orchard modeling within the
Plant Sciences Department and mechanical harvest for
researchers in the Agricultural Engineering Department. e

Stage | Stage Il Stage lll

Wounded —4— Dolinha
~—&— Loadel

390/480 relative to mock O

A rapid assay for evaluating resistance to brown rot.

Flower blights and sm_Jbsequent fruit brown-rot are majo_r Figure 16. Redox of aqueous diffusates
sources of crop loss in peach. The long-term collaboration from peach fruit surfaces of different
between the UCD Processing Peach Breeding Program g?Ve'OPTe”t&'\ )Stsges as ptertt_:elv?d _?ytthe
. . . loreporter. epresentative Trult stages

aand The Plant Pathology Diagnostic Lab of Rick Bostock ¢ neaches of increasing maturity (cv.
(initiated by his early processing peach funded fruit brown Loadel). (B) relative values for diffusates

: : from the surfaces of nonwounded Bolinha
rot re3|§tance screening program_) has rece_ntly developed a and Loadel peach fruit, (C) relative values
novel bio-reporter approach to disease resistance for diffusates collected from wounds in
screening. Because our analysis of promising resistance peach fruit surfaces, cvs. Bolinha and
sources in the diverse UCD interspecies breedin Loadel. Each value is the mean £ SE of

p g o four replicate samples.

germplasm demonstrated that many of the more promising
resistance mechanisms altered the redox chemical environment of the plant-microbial interface,
Rick Bostock’s lab was able to develop a rapid, noninvasive assay that uses a bacterial

bioreporter that responds to ROS and redox-active environments (see the Liu, Yaghmour, Lee,



Gradziel, Leveau, and Bostock 2019 Phytopathology paper in in the recent literature section at
the end of this report). The redox environment of the phytobiome, i.e. the plant-microbial
interface, can strongly influence the outcome of the interaction between microbial pathogens
and their host. To compare microenvironments perceived by microbes during their initial
encounter of the plant surface a reduction-oxidation sensitive variant of green fluorescent protein
(roGFP2), responsive to changes in intracellular levels of reduced and oxidized glutathione, was
expressed in epiphytic bacterium. Aqueous washes of peach flower petals from young blossoms
created a lower redox state in the bioreporter than washes from fully mature blossoms. The
bioreporter also detected differences in surface washes from peach fruit at different stages of
maturity and between wounded and nonwounded sites. The reporter rapidly assesses differences
in redox microenvironments and provides a noninvasive tool that may complement traditional
analyses of cell extracts. This assay promises to improve selection efficiency for blossom and
fruit microenvironments associated with improved disease resistance in both laboratory and field
conditions.

Recent Relevant Publications

2019 Gradziel, T. and S. Marchand. 2019. ‘Kader’ Peach: a Processing Clingstone
Peach with Improved Harvest Quality and Disease Resistance, Ripening in the
‘Dixon’ Maturity Season. HORTSCIENCE 54(4):754—757. 2019.
https://doi.org/10.21273/HORTSCI13708-18

2019 Gradziel T, B. Lampinen and J.E. Preece. (2019). Propagation from Basal
Epicormic Meristems Remediates an Aging-Related Disorder in Almond Clones.
Horticulturae 2019, 5(2), 28; https://doi.org/10.3390/horticulturae5020028

2019 Gradziel, Thomas M. and Jonathan Fresnedo-Ramirez. (2019). Noninfectious Bud-
failure As a Model for Studying Age Related Genetic Disorders in Long-Lived
Perennial Plants. Journal of the American Pomological Society 73(4): 240-253 2019

2019 Liu, Ting-Hang, Mohammad A. Yaghmour, Miin-Huey Lee, Thomas M. Gradziel,
Johan Leveau, and Richard M. Bostock. 2019. A roGFP2-based bacterial
bioreporter for redox sensing of plant surfaces. Phytopathology September
4, 2019. https://doi.org/10.1094/PHYTO-07-19-0237-R

2019 Gradziel, T., and S. Marchand. 2019. ‘Vilmos’ Peach: A Processing Clingstone
Peach Expressing a Novel ‘Stay-Ripe’ Trait With Improved Harvest Quality, Ripening
In The ‘Andross’ Maturity Season. HORTSCIENCE 54: 2078-2080. 2019.
https://doi.org/10.21273/HORTSCI14291-19.

2019 Gradziel, T. M., and. B. Lampinen. 2019. ‘Kester’ Alimond: A Pollenizer for the
Late ‘Nonpareil’ Bloom with High Yield and Kernel Quality. HORTSCIENCE 54(n):1-
2. 2019. Https://doi.org/10.21273/HORTSCI14398-19



https://doi.org/10.3390/horticulturae5020028
https://doi.org/10.21273/HORTSCI14291-19
https://doi.org/10.21273/HORTSCI14398-19

Appendix. Original PDFs of these articles can be downloaded for free using the DOI

numbers provided in the publication reference above.

How thoamice 5440758757, 2019, hepsidoiong10. 212 T3HORTSCT] 3708-18
‘Kader’ Peach: A Processing
Clingstone Peach with Improved
Harvest Quality and Disease
Resistance, Ripening in the *Dixon’

Maturity Season

Thomas Gradeiel' and Sabrina Marchand
Department of Flant Sciences, One Shields Avenue, University of California,

Davis, C4 95616
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Orange Cling seedling

Dix 16-3
Alameda I
Goodman’s Chodee
Ress
[z SE-6
Tramewvaal Cling I
Dix18A-2 Elberta
Dia 7225 BEE3ATRA
L D30-3F Sel 7-5 Pl 262557
Sell sell
Kl-1

Fig. L Pedigme ofthe ‘Kader' peach. Seed parent is presemied at the iop. Theorigin of the pollenpareni R, 1-1 is mnmown. The desi gnation PT 292 557 i from easly
reeder recoxds and does ot refer in the ARS GRIN danhase.

commerncially planied, and no replacement
cultivar currently exias (Fig, 1), The cultivar
Carson has remained the only commerncially
snocesiul pocessdng peach harvested doring
the reslting ‘Dixon’ gap, followed by the
“Andmss’ harvest season. “Andros’ was de-
veloped 2z a sowrce of froit for processos
during the early mamdty seam following

Received for poblimtion 31 Oct 2018, Accepted
fior publication 5 Jan. 2019,

'Comesponding amhor. E-mail: mngradriel@
nodavis edn.
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‘Dixon’ production. “Andross’  originated
from & cross with ‘Dixon’ a5 a grandparent
and was introduced in 1964, “Andross’ has
become the most heavily planied coltivar
thl.riug, the r_'..ﬂ"} 1::.11u:ri'[_\f season because of
itz proven potential & produce sbundant firm
frudt with gm-d eommercial dze. ‘Bowen',
the only remaining estsblished cultivar rip-
uting, d.u:rhg ithiz season H"ig,. 11, ako has
‘Dhxon' &5 a grandparent, but it has never
achieved high plantings due & inferior fruit
quality and yields. Pedigree analysis has
documented the extensive nse of THxon' a3
well a5 a sibling selection designaed ‘Dixon

#2' during cultivar development effons be-
fore the 19%0s (Gradzie] et al., 1993). With
the mlexse of the UCD cultivars D, Davis and
Rakz in the 1980x new, vet highly adspied
g.'ntqshﬂn derived from the g;ﬂnji:un identi-
fied in breeder records as ‘FRO2557" and the
freesone cultivar Elbents wene made availsble
fir continuad genetic improvement. Becanse of
their high fruit quality and yield poental, Dr.
Devis and Raoss have bocome the most exten
dvely planed procesing peach cultivars in
California. “Eader' i3 a product of a breading
effort & combine desirable tmie of “Andrss'
and ‘Fuss’ diring a controlled cross between
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Fig 3. Fruit and stone marphology of Kader' peach (grid = 1 com).

University of Califomis processing peach breed-
ing line ‘R,1-1" as the male (pollen) parent and
the University of Californts processing peach
cultivar Ross as the female (seed ) parent (Fig 2).
Originally designated as seedling “90,9-116, it
was selected based on its good fruit and tree
qualities, its freedom from red staining of the pit,
low frequency of pit fragments in procesed
flesh, and desimble dpening time that occus
10 d before that of the cultivar Andross. Re-
gonal evalustion plots for “90,9-116" were
estsblished in 2001 &t Winters, CA and Duvis,
CA in the Sacramento Valley and st the Kearmey
Agriculural Center in Parlier, CA in the San
Joaquin Valley, and in 2004 at multiple grower
evalustin phits in the Sscramento and San
Joaquin Valleys under the designation ‘UCD-
Exta-Early #1°. Based on its positive evalua-
tions, selection *90,9-116" has been patented and
relexsed a5 the processing peach cultivar Kader.
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The name ‘Kader' was chosen © acknowledge
the extensive contributions © peach havest and
postharvest knowladge by Professor Adel Kader
during his career in the Department of Pomol
ogy, and subsequenty in the Department of
Plant Sciences st UCD.

Description

‘Kader' peach [Prnmus persica (L))
Batsch] ripens during the commercially im-
portant * Dixon’ period, between the periods of
‘Carson’ and ‘Andross’. In addition to its
desirable ripening period, the processing
clingstone fruit have a low incidence of un
desirable pit-spliting and red anthocyanin
staining of pit cavities, as occurs in the Dixon
and Andross cultivars. Fruit are large slighdy
ovate © round, and have a slight fruit tip,
although they are free from the elongated tip

found on several clingsione peach cultivars
following mild winter and warmm spring
weather (Fig 3). Flesh is bright yellow to
yellow-gold, with improved resistance to fruit
brown rot (Monilinia fructicols) in Geld and
controlled laborstory conditions. Fruit skin is
slightly less pubescent than that of ‘Andross’,
with amore uniform golden-yellow color. Pit
has a medium size and has remamed free from
the red staining and extensive pit fragmenta-
tion of ‘Dixon’ and ‘Andross’, even in envi-
ronments promoting these conditions. Tree is
semiupright with vigor similar to that of
‘Andross’. Branch architecture is similar to
that of ‘Andross’, although often witha denser
canopy. Flowers are pink, showy, and large;
two flowers per node are commonly pres-
ent. Leawes are medium-to-dark green with
globose leaf glands, similar © those of
*Andross’,

HorrScmxcs Voi. 54(4) Arzn 2019



Tahle |. Performance of 'Kader' clingsiome processing peach compared with ghe Califormia coltivars Carson and Andmss. Frit were from e University of
California at Davis Walfsldll Experimental Orchasds in Winers, CA as part of the Jayear RosBreed peach genome project {(asic etal., 2011

Carson Kader Andross
Raw froit size {5 FW) 9.5 3327h 3322 h
Raw frait firmess (kg™ 52a 69h 15hb
Processed flesh color 'a’ value E0a 70 b a9k
Processed flesh color ‘b’ valoe® S8 b 450 a 459 a
Processed flesh color 'L valoe® 75a Ti.Ia TRla
Flesh browming* 004 a 00%a 04D b
PPO activity (mL Absfmin 156a 178a IR b
Resisance i Momilinia froit rot” 95hb S2a 91 b
Propomtion with red pit smaining 0a 0a 07 b

“Men separation performed wighin each row by Domcan's mukiple rnge tesst. P= 005 from a sample size of 50 foit (mless otherwise indicated) mndomly
harvested from the 12th leaf of tees fhinmed t0 achieve a commexial size of 80 cm or lazger.
"Frait firmess was measored with a Magness-Taylor fizmness tester wsing an &-mm tip with the fuit epidermis ramoved .

SCTELABR 1976 L*a*b* onlor space. Flesh hrowning was measumd as the proportion 'L value decrease 12 b afier cting, as described by Techakanon et al

(2018).

*Pohphenal cwidase (PPO) vale are from 10 fuoit samples per genatype, & described by Techakanon et al. (20 16).
"Diissase resistince valoes are from 20 froit samples replicted over 3 conseanthve years, as described by Gradze] {1994),

Performan ce

Trees wene evalusted from 2001 to 216
under dandand commercial conditions in the
Sacramento and San Joaquin valleys Trees
produced a medivm to high crop, larger than
that of “Carson” and comparable to that of
‘Andross’ and thus needing les thinning
following a high-chill winter. “Kader* bloom
waz umiform and abundant when chilling
hours wene above a 700 h using the Utah
madel, as occurred at all Central Valley
{including Sacramento and San Joaguin Val
ley) et sites during all years. Bloom time at
Central Valley commerncial production dites
ocewrned doring midesason in relation to
other commercial cling peach culiivars, dm-
ilar i “Carson' and ‘Andross’. ‘Kader fruit
wene fully clinggone and nonmeling Fully
ripe fruit, 2 determined by a back of visible
green pigmentation on the fruil epidermiz, had
an orange-yellow primary ground color with
10P% i 50P% red blush. Frodt skin had a fine,
short, andnetied pubescence, with noobaerved
tendency o crack. Some plit piis ocowr during
limw crop years, although st mwch lower rates
than that of either ‘Dixon’ or “Andross”. Fruit
stre and flesh (mespcap) fimmes demon-
strated a significant improvement compeaned
0 the Carson and Dixon cultivars and were
comparsble to the Andmes cultivar (Table 1).
Fruit mas was similar to that of “Andros"
when thinned wsing recommendations devel
oped for the Androes cultivar (California Can-
ning Peach Asocttion, 2007) o achieve
commercial froit dameters of 60 mm or larper.
“Kader' frut were fully scoepiable to Califor-

HosrSomsee Vi, 54(4) Arsn. 2009

mia processors during e 12-year commencial
evaltion perkdd. Froit shape and quality wene
amilar oy those of the Andross cultivar (Fig. 3),
although with a reduced level of polyphenaol
aidae sctivityand assoctsted feshbrowning,
It with imaprowvied fruit brown rol nesistance a5
cased by Mendinis frocricol (Table 1), Froit
brown ol 3yesr average disesse severity
ratings (meamed a5 te product of the ledon
incidence by average lesion diameter 48 h after
omirolled inoculstion) for ‘Fader® wene con-
sderably lower than those of cultivar standande
Carson and  Andross (52 va 935 and 94,
respectively). The fruit stem cavity of “Kader
waz found o be dmilar to both the Dixon and
Andross cultivars, with a consgently baoad
and modersiely deep cavity necessary for
proper alignment of fruit for Wrgue-pitting
during procesing. Processed flesh color “a'
and hue values were in the desirable yellow o
vellow-gold ranpe (Gradeiel, 1994, Tourjee
et al., 1904), comparable to the Andross culti-
var {Table 1). Unlike “Dixon’ and *Andross’,
however, ‘Kader” showed a decressed ten-
dency W develop undesirable red anthocyanin
daining of the fruit pit cavity and asocisted pit
fragme ntation. In addition, fruit tend Lo main-
tmin good procesing quality for upio 10d poa-
ripening, allowing grower and processor fex-
ihdlity & provide raw product & the camery
during the critical ‘Dhixon’ gap. Since i ne-
leze, ‘Eader' haz become one of the moa
heavily planied procesing clingsione peach
cultivars in California, themby addressing
o and processor needs for a high-quality
and goodbsize peach during the ‘Dixon’ and
*Andross’ maturity sessons

Avaiability

Eader is available a5 a patented (LS Plant
Patent 26871 ) cultivar with licenses granied
through the University of Californds Innova-
tion Services, 1850 Research Park Drive,
Suite 10, Davis, CA 95618-6134. Propags-
tion material is digribwed a2 registered
vims-tested somees through the Foundation
Plant Service of the University of California,
1 Shields Avenue, Davis, CA %616,
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*Vilmos’ Peach: A New and Improved
“Stay-ripe” Processing Clingstone
Peach Ripening in the ‘ Andross’

Maturity Season

Thomas Gradziel and Sabrina Marchand
Department of Plant Sciences, One Shields Avenue, University of California,

Daviz, CA 5616

Addirional index words breeding, findt, say-ripe

‘Wilmer® peach [Pumr persea (L)
Bassch] produces a chingsione fruit with non-
melmg flesh and is swshle for procesng or
fresh market Fruit can maintwin quelity and
firmness for up to 4 weeks after the mitial
tree-ripestage. This “sty-ripe ” it allows
delayed harvest, inchding once-over and me-
chanical harvest when all frudt on the tee have
achieved commencia] tree-ripe quality. Evalu-
ated 2s selection UCTR91,2-161, it was de-
rived from 2 ooss hetween ‘Loodel” and
bresding selection UCT-FI0ES-27. Ripening
time is dunng the commescially important
‘Andross” period, =24 d after *Fay Elherta’.
Lomg-term  commercial evahatons  have
shown tha frt demomtrated very good
harvest, pmtharvest, and processing quality
with kw mmoeptibility o fruit brown mt, pit
fragmentation, and assnci ated red anthocyanin
stuining. Fruit possess good sioe and colorthat
are simibr to the commercizlly important
‘Andrs” and ‘Boss’. Trees have proven i
14 years of commercizl evahation. Tee form
is semi-upright, with vigor and branch anchi-
tacture similar tothose of * Andnoss”. Flowers
are pink and nonshowy. Leaves aze medium in
dark green with globose glnds

Chrivi

A main oljective of the University of
Californiz at Davis (LICD) Processing Peach
Breeding Program is the development of
replhcemenis for the early matunty season
cubtivars Dixen and Andress. Recemtly, the
Kader cultivar has been released as 2 com-
mercially proven candidaie for the cumrent
harvest gap hetwem the processor et
early and sarly harvest seasoms. This harvest
g2p resulied from the removal of cultivars
from the list approved by procesors af e
Dimon cultivar becawse of problems with
splitting and med anthocyanin saming of
fruit pits ((Gradziel and Marchand, 20019).
‘Andross” has become the mest henvily

Received for peblication 17 kane 3019, Accepied
for pbl ication % Awg. 2019
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phmied cultivar fbr the sar]y maturity season
becase of s poiential i produce abundant
firm fun of good commercial size. Intro-
duced m 1964, *Andross” origimated from a
crom with ‘Dixon” 25 2 grandperem; dhene-
fore, it shares a commmn germplasn and
proceszing problems. Frot flessh color & a
desirable yellow—gald and posseses good
fresh and processed quality, but the fndt pit
cavity aften develops a red color from the
formation of anthocyamins. The anthocyamnins
oxidize i brown when heat-sprocessed, sam-
ing both the processed fnot and syup. The
tAmdrs” fruit endocanp or pit & susceptible
to brealage, rembing in undesimble pit
fragments in the procesed product. A harvest
#ap akoexit hetween *Andms” as the last
commercially impontant sarly harves season
cubivar and ‘Ruoss’, the fist commencially
imporant bie seasm culiivar.

The culiivar Vilmos resulied from 2 onoss
bhetween “Loadd” and FIOES27 (Fig. 1)

| Crrrmvan axn GERMPLASM RELEAsES

the exception of TICD11,5-61, whose arigns
wmain unceriin {(ralne] et 2l 1993) Mo-
kcular marker analysis suggesis that
LD, 5-6] represents 2 distinct gemmplesm
lineage, pomsibly originating i South Afrc
{Fresnedo-Ramires e al, 2015). Aldough oo
small for anymmercial production, TET 1,5-61
fuit are mmigue hease they mamixin good
processing fomness ad an-tree quality forup
t 10 d afer teenpe. This trat, which is
efomal o a5 say-nipe becawse the ripening
process is nomal bot frut do not detexionie
mpilly ofter the teeaipe stpe, & highly
desirahle for procesmg peaches becase it
alkmws greeter fiexibility and efficency durmg
harvest “Vilmes' & 2 product of 2 breeding
effiort to combine the desimble fiekl production
tzits of Toadel’ and ‘Carson” with the pro-
omang fomnes and say-npe quhity aof
LCD115-6]. Origimally desigmated = seed-
Tng 91,3161, it was sdecied hased on its good
Fuit and free qualities, i freedom Fom red
saining of the pit, the low fequency of pit
fragments i processed finnt, and its desimbhle
npemng tme that 1s the smeas or | daferha
af ‘Andross”. Regional evalmtion plos for
91,9-161 were established mn 2000 2t Winters
and Davis in the Sacamenin Valley ama af
Califirmiz, in 2001 at the Keamey Agrionbura
Centerin Partierin the San Jonquin Valley anea
af Crlifiorma, and m 2004 & mulimle grower
evahmtion plas in the Swcramenio and San
Joacuin Valleys under the desigmation "LICT-
Earhd5’. Hasal on #is positive evahatins
over 14 yeam, seedion 919161 has bean
mlexal as the pmaessng peach coltivar Vil
mos The mame Vilmos' was chosen to
adenowledge the esxemive comtributons o
the gemetic improvement of pmch by Dr.
Wilmos Beres during his kmg career in the ]

which represents radiiom] gemple=m, with  Deparment of Pomoleey at THCTL
Michigan Lamon
Ho. 1-Laie Frea
| ]
I
Leader
e
——
Lewed Foinaled Camson LG 50
Loadel FI0E 52T
[ I
Wimas
{91.9-161)

Fig. 1. Pedigeee of fhe *Vilmos' prach Seed panent is pesented on the left The onigin of e polla

ramdparsd LICD 1,361 i5 enimoen
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Dhesscripetiom

The *Vilmms" peach ripens 2t the same
time or just afier the commercially impor-
nt * Andross’. In addifion to the desirable
ripeming periad, the fruit show 2 bw m-
cilence af the mdesirahble pit spligting and
redl anthocyanin stining of pit cavities that
acour in Andross and other less extensively
planted cultivars for this harvest time. The
fruit are large amd round, with a slight dip,
although they are free from the elongted tip
found on several clingstone peach cultvars
following mild winter and warm spring
weather (Fig. 2). The fiesh is bright yellow
o yellow—gold and shows mproved resik-
ance to fruithaown rot cased by Momlmia
Frucricala under hoth field and controlled
kharatory conditions (Table 1 L Fruit skin
& slightly less pubescent than that of
*Andross”, with =30% red hlush. The pit
has 2 medium size and has remained free
from the red saimng and extensive pit
fragmentation of ‘Andross’, even in envi-
ronments promaoting these cmnditions. The
tree is wpright to semi-apnght, wih vigor
similar to that of *Andross”. Branch archi-
fectwe & smmilr to that of ‘Andnss’,
although often with a denser camopy.
Flowers are pink, nomshowy, and large, with
two flowers commanly present per node.
Lezves are medium to dark geen, with
globose leaf glands, and are smilar o
*Andros” in sire and shape.

Performasnoe

Trees were evaliated from 2004 to 2018
under sondard commercial conditions in the
Sacramenio and San Joagqun Valleys. Trees
praduced 2 medium o high crop comparahle
w that of "Andros” (Table 2L "Vilmes'
bloom was wniform amd abundam when
chilling hours were =650 h wing the Uzh
made] {Byme and Bacon, 1992, as oooummed
at all Cemiral Valley test sites and years.
Bloom time at Central Valley commercial
production sites aooered midseason in re-
btion o other commercial cling peach
cultivars, stmilar to "Kader” and *Andross'.
"Wilmas" Fruit wene clngstane and nonmek-
mg Fully ripe fruit, as determined by a lack
af visible green migmeniztion an the fruit
epiderm®, showed an oange—yellow pri-
mary ground color with 10% to $0% med
hlush Froiskin had a fine, shor, and netied
pubsscence, with no chserved tendency to
crack. Some split piss ocour in low crop
years, akhough 2t lower raies than that of
*Andros”. Fruot mass was simalar to that of
*Andros” when thinned wsing rec ommen-
datioms deve loped for * Andross” (Califorma
Cling Peach Advisory Board, 2007)
achieve commercial fruit dimeers of
=) mm. Fruit size was similar o that of
‘Rums’ at the tree-ripe stage, with 2 firmer
fiesh more similar to that of ‘Andros’
{Table 1). Fruit shape (Fig. 2) and quality
{Tahle 1) were similar to those of *Andross’,
akhough with reduced polypheno] oxidese
activity and asociated flesh browning, sim-

2

flar to dheme of ‘Ros’. Three-year average
dizease severity ratings for frit brown rot
were sigmficanily kwer fir *Vilmes" than
for the standerds 'Ross” and *Andross’.
Procesmed flesh color 2™ and hue walues
were in the desireble range of yellow to
yellow—gald (Gradriel, 1994; Toujes et 21,
19498 )i, comparahle io the * Andross” coltivar
{Tahle 1) Unlike *Andros’, however, * Vil
mxe" showed 2 much lower tendency for the
development of unde<irable red amthocyamin
staimng af the frdt pit cavity and asociated
it fragmentation. Fruit production accord-
mg to regional gower evalutions was
similer to* Andross”, b with fewer de fects.
In addition, froit tend to mantan good
processing firmnes and qualiy for =14 d
afier ripening when comperned with A ndross’
and ‘Khmpt' that also ripen at this tme
{Tahble Z). The stay-ripe trait allows. growers
and procesors greater flexility fo provide
raw product o the camery duning dhis
crifical harvest season. The add#tional rip-
eming time made possible by this tradt akao
allows meme intensive cropping af trees than
traditiomlly practiced . Commercizl grower
tesis showed that *Vilmes" was inentiomal 1y
aopped, with an musially high it nome
ber by commercizl hinning o anly 80% af
the levels recommended by the Califomia
Cling Peach Assocition {2017), resultng in
a yiel of 45,732 kgha™ of frudt with the
mandeted commercial sire =60 mm. This
yield is comparahle to 39,230 kgha™' fr
stancderd ghimmed *Vilmos" and 38, 557 kg ha™'
fior standard ghimed *Andross”. The inoresied

yiekl isa conseyuence af longrer frot-fill times
allcwes]. Ty the sty-ripe trait and the mherent
mormsal genetic capecity of "Vilmos' o
comnimue mesocry growh bier in ot devel-
apment when alequate rmmces e avail
ahle.

Fig. 1 Proit and leaf morpholegy of “ilmes'
peach (grid = 3 mm).

Table 1. Parfrmance of “Vilmes ' clingsione processing pach compamd with that of Andross’ od

Hama'
Sasdiroes W ke Hores
Havw firem size g FW FEFE]) HiTa Hala
Havwr fireit fimmmess (kg 34b ] iTa
Processsd flesh oodor “'a" vabee* %] Tib ida
Processed flsh color b vabes" 43%a 4l a 4330
Processed flesh cobor *L" vabes" TEla TiTa T2 Ta
Flzsh baoveming” [LE -] 03 a 04 b
PP{bacineaty (ml. Abafom [ IEb 13%a I a
Honzeptibiliny o Mlomilimiia, finat wod S4B Gda 169k
Prioipacit i i s i i st i, Otk fa Oa

e n e parat iom perfonmead within each e by Descan's maliiple rage tes, P= 0008 fom a sample size
of 50 frent medomly barvested from 128 b f e shinned fo achieve o conmeroial size =60 mm.
TPruit firmness was measeed with o Maguess Taylor firmmess tester weing an £-mm i with e it
epidermis ramoved as described by Gasic o al. 011

CIELAR 1976 L%*h® color space. Flash browning was meassred as fhe propoion of fe ‘L vl
decease 12 b aftercwiting os desaribed by Techalonon et al (20&)

Pl yphenol cod dase (PPOY) vates are from 30 frait sampless per genotype o5 described by Techakanm

o al J0lsk

"IN sease s cepribility valess ar fom fail samples replicaied over 3 conseastive years as desaribad by
Ciradme] (1994 ). Sescepdibility was measered s the prodectof lesion incidence by avarage lesion diameder

4% b afer comtrall ad moe sl ton

Table 2. Average frai firmme s for  Androas’,  Vilmes ', anad * Kl proscessing peaches wien barvesisd
o the Bmeripe stage and again a1 2 wesks and 4 weeks afier e freeripe doe

Avg fait frmmess, kg &)

Iuk aiter 4 wik after
ot var Hipee e Tree-mpe Trree-gipe Tree-npe
Amadroas 13 kaly 2013 26 @OT) L1 b 0%

i ko 16 Jaly 3014 25 §5) 24 JE} 21{1.3)
Kl e 15 buly 2013 15 LX) =% ]

Data are from 2013 tees gooen ender standad commerial conditions.

HomrSoesics Vo, 5408 Mowm 20019



Availability

‘Wilmos™ is proteded by U5 Patem
LISPP262S, amnd loemses for propegation
are availehle from the Tniversity of Califor
niz Innovation Services, 1850 Research Park
Dive, Suite 100, Davis, CA 956186134,
Propagation material is distribted as regis-
tered vrms-tested sources through the
Foundation Plant Service, University af
Califorma, 1 Shields Avenue, Davis, CTA
9561 6.
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