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Year 10 of ongoing 

Objectives 

1. Provide California growers with new citrus 
scion cultivars that combine superior fruit 
quality, good yield and potential for 
huanglongbing (HLB) tolerance or resistance 
by conducting citrus breeding by 
hybridization-selection and mutation, 
evaluating new introductions, and testing 
new selections and imported varieties in 
replicated trials at multiple California 
locations. 

2. Develop new knowledge of genes controlling 
fruit quality characteristics and other 
important traits. Test and implement novel 
methods to implement this knowledge to 
develop improved scion cultivars 

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

4. Provide California growers with comparative 
results 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 through publications 
and presentations to growers. A Riverside 
trial to test performance of Cara Cara navel 
orange trees on normal vs dwarfing 
rootstocks with different planting strategies is 
being evaluated. 

Problem and Significance 

The choice of which citrus scion and rootstock 
varieties to grow 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 developing and evaluating 
varieties specific for California growing conditions is 
critical for the success of the industry. 

The spread of Asian citrus psyllid beyond southern 
California and an increasing number of HLB infected 
trees in California highlight 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. 
Our focus is to develop new cultivars and rootstocks 
with HLB disease resistance and/or tolerance as first 
priority, but also to incorporate other commercially 
important 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. 
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Progress Summary 

Scions. Our program provides California citrus 
growers 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 2020-21 we made about 1,500 new crosses 
among 21 parents, many of these parents described 
as HLB tolerant in Florida. About 1,000 hybrid 
seedlings from Spring 2019 pollinations were grafted 
to produce trees for 2022 planting and 600 hybrids 
were planted at Riverside in late summer 2021. To 
identify hybrids and select plants with desired traits 
leaf tissue was sampled from about 2,000 seedlings 
for DNA marker tests that were completed in 
December 2020. 991 hybrids were identified. About 
1,200 seedy mandarin hybrid selections were 
irradiated and grafted in order to select varieties with 
fruit having low seed counts. Field plantings of about 
1,000 trees of hybrids and new irradiations were 
evaluated for seediness, fruit quality and other traits, 
and some promising hybrids identified (Figure 1). 
Budwood of 4 new hybrid selections and 2 low-
seeded lemon selections from mutation breeding 
was provided to Citrus Clonal Protection Program 
(CCPP) for cleanup prior to additional 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 and copies were field-planted in Riverside.  

 

Figure 1. Example of a new promising seedless, early-
maturing hybrid mandarin with Brix:acid ratio of 15.5 in 
mid-December.  

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. Results of these trials show that 
Walker Lisbon is successful in all four locations 
(Figure 2). Other varieties, such as Corona Foothills 
and Limonero Fino 49, 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 and sometimes a bit 
lower yield. Yen Ben is unsuccessful at all locations. 
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Figure 2. 2020-21 yield in trials of 6 lemon varieties at 
Santa Paula and Lindcove. Data are averaged over 3 
rootstocks with 6 replicate trees each. Varieties with the 
same letter above the column are not significantly 
different in yield. Scion variety abbreviations: CFH, 
Corona Foothills; F49, Limonero Fino 49; L8A, Limoneira 
8A Lisbon; IR1, low-seeded selection of Limoneira 8A 
Lisbon (unreleased); WLK, Walker Lisbon; YBN, Yen 
Ben.  

Trials of 4 new low-seeded lemon selections were 
planted at 4 locations in 2021 and a trial of nucellar 
seedling selections of low-seeded varieties was 
planted at UCR. Propagation of trees for trials of 
additional new low-seeded mandarins, lemons, and 
Cocktail grapefruit was initiated.   

New introductions are another valuable source of 
new scion cultivars. During 2020-2021 we 
completed fruit quality evaluations of 24 newly 
introduced cultivars and their controls four to five 
times per season from one location and preliminary 
screening of 27 new valuable scion hybrids three to 
six times per season from one location. Multiple 
evaluation times throughout the season enables the 

program to better define 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 third 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 and sent to 
CCPP for cleanup and public release.  The tolerance 
of Microcitrus to HLB will also make these selections 
valuable parents for future hybridizations.  

In depth characterization of fruit characteristics 
across a large, diverse collection of germplasm was 
continued for a second year and will serve to identify 
the genetic basis of traits relevant to scion breeding. 
Samples of about 50 fruits from each of about 1,300 
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. 
Gene regions associated with many traits, including 
titratable acidity, seed content 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 4 years our crosses have 
focused 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 60-
90 hybrids per year with about 500-1,000 
pollinations being made. The majority of these 
hybrids being discarded due to low vigor resulting in 
10-20 hybrids to go into further testing. In spring 
2021 we made approximately 3,000 new pollinations 
and hope for better success.  A population of 
seedlings from hybrids, including hybrids of HLB 
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tolerant Australian relatives, were tested for 
resistance to Phytophthora root rot. Seedlings of 
selected hybrids were tested with markers to 
evaluate percent nucellar seedlings prior to 
performing additional evaluation.  

To identify superior rootstocks and provide growers 
with recommendations, we are currently conducting 
12 rootstock trials with Tango, Gold Nugget, Nules 
Clementine, DaisySL, Washington navel, and 
Lisbon lemon. Eight of the trials are in the San 
Joaquin Valley and 4 in Southern California. We 
collected yield data on 9 replicated rootstock trials. 
We also collected fruit quality on samples from 7 
trials, packline data on 10 harvests, tree size on 5 
trials and health data on 11 trials.  

The Lisbon lemon rootstock trials show some large 
differences in relative yield across locations (Figure 
3).  For example, at Santa Paula, trees on Rich 16-
6 are severely affected by iron chlorosis and have 
low yield whereas at Lindcove they have high yields. 
Bitters is in the highest yielding group at Lindcove 
but in a lower yielding group at Santa Paula. 
Although Macrophylla and Volkameriana induced 
the highest lemon yields at Santa Paula, they were 
not included in the planting at Lindcove because of 
known cold sensitivity. A more integrated view of 
these trials considering tree size and packout was 
presented in a CRB/UCANR seminar in June 2021. 

 

Figure 3. 2020-21 yield in rootstock trials for Limoneira 8A 
Lisbon lemon at Santa Paula and Lindcove (LREC).  
Rootstocks with the same letter above the column are not 
significantly different in yield. Rootstock abbreviations: 
Cit. 1449, Citremon 1449; BrSr, Brazil sour orange; C146; 
C22 Bitters; C54 Carp., C54 Carpenter; C57 Furr; Carr, 
Carrizo; Mac, Macrophylla; SFD, Sunki x Flying Dragon; 
Volk, Volkameriana; X639, (Cleopatra x trifoliate); Rich, 
Rich 16-6 trifoliate; Swingle, Swingle citrumelo. C146, 
C22, C54, and C57 are all Sunki mandarin x Swingle 
trifoliate crosses.  

An interesting observation in the Clementine 
rootstock trial at Lindcove is that rootstocks have a 
strong influence on the amount of alternate bearing 
(Figure 4). Trifoliates have both less alternate 
bearing and high yield relative to tree size, whereas 
mandarin and lemon rootstocks have high alternate 
bearing with trifoliate hybrids intermediate. A new 
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trial of Washington navel on HLB-resistant relatives 
was planted at UCR to determine effects of relatives 
on fruit quality and guide future breeding.  

 

Figure 4. Plot of rootstock means for alternate bearing 
index from 2015 to 2020 (ranges 0-1) vs yield relative to 
tree size in Lindcove Clementine rootstock trial. Rootstock 
ancestry indicated by color: red are trifoliates, blue are 
trifoliate hybrids, green are lemon types, and orange are 
mandarin and sour orange types.  

Planting strategies for early production. Cara Cara 
navels on Rubidoux trifoliate were planted in May 
2019. Trees inoculated with dwarfing viroid continue 

to be smaller than standard trees and are growing 
more slowly. Trees on berms produced more fruit 
than those grown on flat ground but total average 
yields were only 2-4 fruit per tree. The 2021-22 
yields should be more informative.  
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