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Objectives 
1. Provide California growers with new and

potentially profitable citrus scion varieties that
combine superior fruit quality, good yield and
potential for huanglongbing (HLB) tolerance or
resistance. Develop new knowledge of genes
controlling fruit quality characteristics and other
important traits, and test and implement novel
methods to develop improved varieties. To
achieve these objectives we conduct citrus
breeding by hybridization-selection and
mutation, evaluate new introductions, and test
new selections and imported varieties in
replicated trials at multiple California locations.

2. Provide California growers with new rootstock
varieties with better combinations of tolerance
to environmental stress and disease. New
rootstocks are produced by hybridization,
those with desirable traits are selected, and
then tested in replicated trials for comparison
with existing and imported rootstocks.

3. Provide California growers with comparative
information on characteristics of new and
existing varieties of scions and rootstocks and
appropriate planting strategies and cultural
practices to improve yield, particularly early
yield, and profitability. A Riverside trial to test
performance of navel oranges on normal vs
dwarfing rootstocks with different planting
strategies is being evaluated.

Problem and Significance 
Choosing citrus scion and rootstock varieties is an 
important decision that will affect growers’ 

profitability and success for the life of the grove. 
Not all citrus varieties are well adapted to all 
growing conditions so California growers should not 
depend only on varieties developed elsewhere. 
An increasing number of HLB infected trees in 
California and the spread of ACP beyond southern 
California highlights the need for scion and 
rootstock varieties with HLB tolerance as 
components of a long-term solution to maintain a 
vital citrus industry. Our integrated core program 
continues to develop, identify and evaluate new 
citrus scion and rootstock cultivars and test planting 
strategies to increase early production and maintain 
disease-free plants. 

Benefit to Industry 
This project is a coordinated effort to develop and 
evaluate new or introduced citrus scion and 
rootstock cultivars suitable for California conditions. 
We focus on commercially important traits with HLB 
disease resistance and/or tolerance as first priority, 
but also include traits for improved production 
efficiency and enhanced flavor. California growers 
benefit from access to new UC-developed cultivars 
adapted to California and from initial evaluation of 
public, recently introduced cultivars. 

Progress Summary 
Scions. Our program provides California with new 
varieties that originate as new introductions from 
elsewhere, or from the breeding program by 
hybridizing existing varieties and promising 
selections, and by inducing and discovering useful 
mutations in existing varieties. During 2019-20 we 
made about 1,500 new crosses among 30 parents, 
many of these parents described as HLB tolerant in 
Florida. About 700 hybrid seedlings from Spring 
2018 pollinations were grafted to produce trees for 
2021 planting and 800 hybrids were planted at 
Riverside in late summer 2020. To identify hybrids 
and select plants with desired traits leaf tissue from 
about 2,200 seedlings was sampled for DNA 
marker tests that will be completed in Fall 2020. 
About 1,300 mandarin and other scion hybrid buds 
were irradiated and grafted in order to select 
varieties with fruit having low-seed counts. Field 
plantings of about 2,000 trees of hybrids and new 
irradiations were evaluated for fruit quality and 
other traits. Budwood of 3 new hybrid selections 
(Figure 1) was provided to Citrus Clonal Protection 
Program (CCPP) for cleanup prior to additional 
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testing. Replicated trees of a mandarin hybrid 
population were grown and moved to Lindcove for 
a comparative study of variety evaluation inside 
and outside a Citrus Under Protective Screen 
(CUPS) structure.  

Figure 1. Two hybrid mandarins submitted to CCPP for 
cleanup. Both average 2.2” diameter. 

Replicated trials of 6 lemon varieties planted in 
2015 at Lindcove, Santa Paula, Riverside and 
Thermal were harvested and evaluated for quality 
and packout as planned except that COVID travel 
restrictions limited data for one harvest at Santa 
Paula to a fruit count. Results of these trials show 
that Walker Lisbon is successful in all four 
locations. Other varieties, such as Corona Foothills, 
Limonero Fino 49, and Yen Ben are more 

successful in some locations and with some 
rootstocks than in others. Limoneira 8A is 
performing better at Lindcove and Santa Paula than 
in the desert, and in all locations, Limoneira 8A IR1 
is similar to its seeded counterpart except for lower 
seed count. 

Small scale trials of two low-seeded Valencia 
selections and four “pink Oroblanco” grapefruit 
selections planted in 2019 were evaluated but are 
not yet fruiting.   

Trees are being propagated at Lindcove for new 
trials of 4 new low-seeded lemon selections to be 
planted in Spring 2021. Propagation of trees for 
trials of additional new low-seeded mandarins, 
lemons, and Cocktail grapefruit will begin as soon 
as budwood is available from CCPP near Spring 
2021. 

New introductions are another valuable source of 
new scion cultivars. During 2019-2020 we 
completed fruit quality evaluations of 31 new 
introduced cultivars and their controls, four to five 
times per season from one location and preliminary 
screening of 31 new valuable scion hybrids three to 
six times per season from one location. Multiple 
evaluation times throughout the season enables the 
program to target a maturity period for the cultivar 
or new hybrid. Evaluation data for new 
introductions is posted on the Citrus Variety 
Collection website, www.citrusvariety.ucr.edu. 

We also completed the second year of evaluations 
of a population of 105 Australian Finger Lime 
seedlings from three independent seed lots that 
were received from Australia by our collaborators at 
the USDA-National Germplasm Repository for 
Citrus and Dates in 2012. An initial set of promising 
selections was identified based on fruit quality traits 
but the tolerance of Microcitrus to HLB will also 
make these selections valuable for future 
hybridizations.   

A recent article in the Fall 2020 issue of Citrograph 
entitled ‘Pigmented Citrus Cultivars Can 
Differentiate Market for Consumers’ reported 
results from past fruit quality evaluations of three 
red-fleshed introduced cultivars: Amoa 8 tangor, 
Boukhobza blood orange and Shahani Red navel 
orange. Amoa 8 tangor and Shahani Red navel 
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orange were recently released from quarantine by 
the CCPP. Amoa 8 tangor VI 925 is now available 
as part of the CCPP “Early Release” program and 
Shahani Red navel orange VI 969 will also be 
available as part of this program in the coming 
months. Budwood of Boukhobza is available from 
the CCPP as VI 719. 

To improve the efficiency of future breeding, 
samples of 50-75 fruit from 508 trees of germplasm 
collections and a mapping population were 
analyzed on the packline and in the fruit quality lab 
at Lindcove. A total of 25 packline and 6 destructive 
fruit quality traits were collected. Results are being 
used to identify gene-trait associations to enable 
more effective selections for various traits. Gene 
regions associated with many traits, including 
titratable acidity and fruit color were uncovered. 

Rootstocks. To develop improved rootstocks 
adapted to California scion varieties and conditions, 
we are hybridizing varieties and selections having 
complementary traits, with an emphasis on HLB 
tolerance. For the last 3 years our crosses have 
focused mostly on increasing the number of hybrids 
involving Citrus and Poncirus with HLB resistant 
Eremocitrus and Microcitrus. However, the success 
rate from these crosses has been low with about 90 
hybrids per year. In spring 2020 we made about 
500 new pollinations and hope for better success. 
DNA marker analysis showed that a Poncirus x 
Microcitrus hybrid produces about 75% zygotic 
seedlings, suggesting it should be a good parent for 
future crosses. Cuttings of this and other selected 
hybrids are being grown to test in trials. A new 
qPCR-based and less labor-intensive test for citrus 
nematode resistance was successfully developed. 

Figure 2. Cumulative yield of 2012-planted Clementine Nules rootstock trial at Lindcove. 
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New methods to test for CTV tolerance are being 
tested and preliminary results are promising.  

To identify superior rootstocks and provide growers 
with recommendations we are currently conducting 
13 rootstock trials with Tango, Gold Nugget, Nules 
Clementine, DaisySL, Washington navel, and 
Lisbon lemon. Nine of the trials are in the San 
Joaquin Valley and 4 in Southern California. We 
collected yield data on 8 of the 9 replicated 
rootstock trials planned for this year. We also 
collected fruit quality, packline, tree size and health 
data on 6 trials. Cumulative yield of the 2012 
Clementine rootstock trial at Lindcove is shown in 
Figure 2. Considerable alternate (or at least 
sporadic) bearing is evident and seems to affect all 
rootstocks. 

The adjacent rootstock trial with DaisySL scion 
shows higher yield and little alternate bearing. 
Highest-yielding rootstocks for lemons vary from 
site to site. Some rootstocks are producing smaller 
trees with good yield efficiency, suggesting that 
they may be suitable for high-density plantings. 

Planting strategies for early production. Cara Cara 
navels on Rubidoux trifoliate were planted in May 
2019. Differences in growth rates have been 
observed between planting strategies as well as 
between the citrus dwarfing viroid inoculated and 
standard trees (Figure 3). After 12 months, planting 
on the berms with wood mulch had the greatest 
benefit. Some treatments have set fruit and we will 
determine the yield after 18 months of growth. We 
are hopeful that in the next season yield information 
will be more meaningful. 

Figure 3. Comparison of planting strategies and dwarf vs standard Cara Cara on Rubidoux trifoliate. 
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Presentations 

Roose, Kahn and Seymour answered questions 
about existing and new cultivars and hybrids at the 
LREC Fruit Display and Tasting on Dec. 13, 2019 
in Exeter, CA.  

Presentations on varieties and rootstocks by Kahn 
Roose, and Wright at Ventura Co. Lemon Day, Oct 
17, 2019.  Link to lemon trial presentations: 
http://ceventura.ucanr.edu/Com_Ag/Subtropical/Citr
us/Lemon_Rootstock_Scion_Presentations_334.  

We presented research results and a fruit tasting 
demonstration at UCR Citrus Day, January 29, 
2020 in Riverside, CA.  The panel was composed 
of selections from Citrus Variety Collection New 
Introductions, Scion Breeding by Mutation, Scion 
Breeding by Hybridization, HLB Tolerance Breeding 
by Hybridization (Ramadugu) and New Cultivar 
Development (Thompson).  We presented 
preliminary data and photographs of potential 
selections from the 105 Microcitrus australasica 
seedlings (with USDA). 

Kahn answered questions about new cultivars and 
hybrids at the California Citrus Mutual Citrus 
Showcase in Visalia, CA, March 5, 2020.  

Seymour, DK. ’Leveraging genomics to address 
challenges in citrus improvement’. UC Plant 
Breeding Retreat, Dec 2019. 
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