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Objectives 

1. Continuation of breeding 
2. Genotyping hybrids 
3. Evaluation of HLB resistance 
4. Evaluation of three F1 hybrids in field trials 

Problem and Significance 

In Florida, where citrus huanglongbing (HLB) has 
established, citrus production costs increased from 
$2,869 per hectare (in 2003-4 before HLB 
introduction) to about $4,804 in 2016-17 (Singerman 
et al. 2018). HLB is now threatening the California 
citrus industry valued at about $2.45 billion per year 
(USDA NASS, 2021). The number of HLB-positive 
trees reported to date (and removed), mostly from 
southern California, has now exceeded 2,500. 
Controlling the insect vector is challenging since the 
psyllids are reported in many regions, can reproduce 
actively, and long-term control with pesticides 
involves financial, ecological, and environmental 
consequences. It is prudent to develop disease-
resistant citrus varieties since the HLB pathogen and 
the psyllid vector are now present in southern 
California, and sustainable disease management 
techniques are needed. Genetic resistance to the 
disease will be useful for providing long-term 
solutions to HLB.  

We have previously identified excellent sources of 
disease resistance in Australian limes and 
determined that the resistance trait can be inherited 
in a part of the progeny. In previous breeding 
projects that started in 2013, we have already 
generated many F1 hybrids (first-generation hybrids 
generated by crossing citrus with Australian limes) 
and evaluated their resistance phenotypes in 
greenhouse experiments conducted in the 

Contained Research Facility in UC Davis and in 
ongoing field experiments in Fort Pierce, Florida, 
where HLB is endemic.  

Benefit to Industry 

This project will lead to the development of many 
novel citrus types with resistance to HLB. The 
currently available hybrids can be used as parents in 
future breeding trials. Since HLB resistance is not 
found in cultivated citrus, the resistant hybrids 
generated in our project are valuable in breeding 
programs. The beneficiaries of this research include 
breeders, scientists and, the industry that is seeking 
solutions to the disease problem. 

Progress Summary 

We have conducted 1,050 selected crosses using 
HLB resistant/tolerant F1 hybrids and commercial 
citrus cultivars during the current year. As parents, 
we selected four mandarins, a tangor, and two 
grapefruit cultivars. We utilized eight F1 hybrids that 
were the result of a cross between a mandarin and 
Australian lime. These F1 hybrids were previously 
evaluated for disease resistance/tolerance in the UC 
Davis Contained Research Facility by conducting 
graft challenges with California isolates of the HLB 
pathogen, Candidatus Liberibacter asiaticus (CLas). 
The progeny generated from crossing F1 hybrids 
with a citrus cultivar is designated as a back cross 
hybrid (BC1; Figure 1). The goal of the breeding 
process is to generate hybrids that introgress 
disease resistance traits from the F1 hybrids and 
produce fruits that are acceptable for consumption.  

Genome-wide single nucleotide polymorphism 
(SNP) DNA markers were designed based on 
previously generated data and experiments were 
conducted for whole-genome genotyping of citrus 
accessions. We have genotyped about 2,000 
previously generated hybrids using 48 markers and 
the services of a genotyping company (Biosearch 
technologies, USA). About 500 confirmed hybrids 
were planted in the field to evaluate field 
performance and fruit quality data (when fruits 
become available).  

The breeding program's new hybrids will be 
evaluated in the Riverside BSL-3P facility by graft 
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challenge with two isolates of CLas (Florida isolate 
and California isolate). A resistant hybrid is expected 
to resist multiple pathogenic isolates of CLas in the 
field situations and different citrus-growing regions.  

It is essential to evaluate the newly generated 
hybrids under field conditions to determine their 
suitability as parents in future crosses in the 
breeding program. We have propagated three 
selected F1 hybrids for field evaluation in Riverside. 
The selected hybrids produced lemon-like fruits that 
may be valuable in future breeding. It is important to 
assess the horticultural performance of newly 
generated hybrids under field conditions.  We 
utilized Carrizo citrange (‘Washington’ navel orange 
X Poncirus trifoliata) and Alemow (Citrus 
macrophylla) as rootstocks for the field trial and 
planted a total of 56 trees in Riverside experimental 
fields. Horticultural properties of the field plants will 
be recorded and assessed.  

 
Figure 1. Generating an advanced hybrid. 
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