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Year 4 of 3 (100 % Complete) 

Objectives 

1. Field evaluation of HLB tolerant material in 
Florida 

2. Generate inarched plants and evaluate HLB 
tolerance in Florida 

3. Screening rootstock hybrids for HLB 
tolerance 

4. Continue traditional breeding  

Problem and Significance 

Citrus huanglongbing (HLB) is now present in 
California and is spreading in residential areas of the 
southern part of the state. The psyllid vector has 
established in many regions and may spread the 
disease to the entire state. Due to the low titers of 
the pathogen in plant hosts, irregular distribution, 
and the current methods employed for detection of 
HLB-infected trees, many more undetected, already 
infected trees may be present in southern California. 
We need to develop short-term and long-term 
solutions so HLB will not hamper citrus cultivation in 
CA. Disease-resistant citrus cultivars would be very 
useful to the industry for sustainable citriculture.  

Benefit to Industry 

Our project aims to generate HLB-resistant, novel 
hybrids by crossing citrus cultivars with known HLB 
resistant types. Traditional breeding with sexually 
compatible species increases genetic diversity and 
may assist in incorporating disease resistance traits. 
We have crossed many different cultivars of 
mandarin, grapefruit, pummelo, lime, etc., with 
disease-resistant citrus relatives. If the newly 
developed hybrids have resistance traits and bear 
fruits acceptable to consumers, some hybrids may 
replace the currently grown susceptible varieties in 
the future. Hybrids generated in the wide crosses will 
be valuable as disease-resistant parents for further 
breeding. Rootstock hybrids that are HLB resistant 
may provide protection against the disease by 
preventing colonization of the pathogen in the root 
tissue.  

If HLB-resistant citrus can impart disease tolerance 
when used as interstock or inarch on susceptible 
scion cultivars, they may provide much-needed 
temporary solutions for disease mitigation. Other 
studies demonstrated that tree vigor, nutrient status, 
and fruit quality of citrus scion varieties could be 
significantly improved by inarching. Nursery stocks 
of Citrus sinensis ‘Newhall’ grafted on Poncirus 
trifoliata rootstocks were inarched with Citrus 
reticulata var. ‘tangerine’ to improve scion 
performance (Lu, Z-J et al. 2019). In Brazil, citrus 
sudden death disease was controlled by inarching 
existing field trees grafted on susceptible Rangpur 
lime rootstock with disease tolerant secondary 
rootstocks like ‘Cleopatra’ mandarin, ‘Sunki’ 
mandarin, or ‘Swingle’ citrumelo (Futch et al., 2005). 
The approach of mitigating disease using HLB 
resistant plants may be very valuable to rescue 
already infected citrus trees and provide a solution 
that will be environmentally friendly and financially 
sustainable.   

Progress Summary 

Some hybrids generated from the breeding program 
in Riverside, CA, were previously sent to US 
Horticultural Research Laboratory, Fort Pierce, 
Florida, for greenhouse evaluation of HLB tolerance. 
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We have challenged these hybrids either through 
grafting of HLB-infected budwood or via psyllid 
feeding. After about three years of greenhouse 
testing, the surviving 440 hybrids were planted in the 
field in Picos farm, Fort Pierce, for further 
evaluations. We collected plant samples from all the 
surviving field trees and conducted DNA extractions 
in the past year.  The HLB resistance/tolerance 
status for each hybrid was assessed by observing 
symptoms and by qPCR assays for the associated 
pathogen, ‘Candidatus Liberibacter asiaticus’ 
(CLas). Sixty unique hybrids were free of CLas, 
indicating a high level of HLB tolerance or 
resistance. Another set of 120 hybrids were 
considered field tolerant as they have low levels of 
CLas that do not increase for several years. 
Comprehensive evaluations – first in the 
greenhouse and then in the field, multiple modes of 
infection – grafting with diseased bark patches or no 
choice feeding by CLas-containing psyllids, followed 
by field evaluations for 2-4 years was valuable in 
identifying reliable HLB resistance/tolerance in 
hybrid plants.    

Due to COVID-19 related complications, it was not 
possible to collect fruit information from the hybrids 
present in Fort Pierce. However, siblings of the 
hybrids evaluated in Florida are planted in Riverside 
fields, and we have obtained fruits from about 70 
first-generation (F1) hybrid plants. Figure 1 shows 
representative types of fruits from some F1 hybrids. 
In the F1 generation, most hybrid plants are 
expected to inherit certain undesirable traits from the 
HLB resistant parent accessions. Our continued 
breeding to generate advanced hybrids (or back 
cross hybrids) involves crossing disease-resistant 
F1 with other citrus cultivars. This process is now 
being pursued in another Citrus Research Board-
funded project (5200-173).   

Disease-resistant plants may impart the resistance 
trait to other scions/rootstocks and confer protection 
against HLB if the resistant plant is a part of a 
composite grafted plant. In earlier field experiments, 
we determined that ‘Orange jasmine’ (Murraya 
paniculata) was resistant to CLas (Ramadugu et al., 

2016). When ‘Orange jasmine’ was inarched to a 
‘Valencia’ plant that was grafted on ‘Kuharske’ 
rootstock, the composite grafted plant had very little 
CLas titer. The composite grafted plants were 
evaluated in the greenhouse by challenging with a 
HLB-positive bark patch, or in the field where free-
flying psyllids could infect the inarched trees. Our 
observations indicated that citrus inarched with 
‘Orange jasmine’ could tolerate the pathogen as 
long as the inarched part was intact. Since the 
growth rate of ‘Orange jasmine’ was faster than 
citrus, after a few months, the inarched part of the 
composite plant grew faster than the scion, and 
hence the inarch was dislodged. At this stage, the 
scion was quickly infected, and the bacterial titer 
increased.  

We started another set of experiments using 
selected HLB-resistant hybrids generated in our 
breeding program for use as inarched or interstock 
components. However, due to technical difficulties 
and Covid-19 related disruptions, our nursery 
collaborator in central Florida has not generated the 
composite plants yet. When these plants are ready, 
we plan to evaluate the composite trees and 
complete the experiments.  

Most rootstock accessions have nucellar embryony 
and are not suitable as seed parents in breeding 
trials. Nucellar embryos are genetically identical to 
the mother plant and do not introduce genetic 
diversity. The citrus relative genera that are used as 
parents in our breeding trials do not have the 
nucellar embryony trait but are generally not suitable 
as seed parents. Due to these technical difficulties, 
the total number of zygotic seedlings from rootstock 
crosses made was very small. We have generated 
about 20 novel rootstock hybrids, verified by 
genotyping using 48 SNP DNA markers distributed 
throughout the genome. Evaluation of HLB 
resistance of novel rootstock hybrids is in progress 
in the BSL-3P facility in Riverside.   

Some experiments did not progress as per 
expectations due to two reasons: a). restrictions 
imposed by the COVID-19 situation; b). lack of 
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facilities for conducting HLB evaluations in 
California. We will conduct the testing of selected 
hybrid plants within the BSL-3P facility in Riverside.   

Conclusions 

Resistance to citrus HLB can be inherited from 
disease-resistant citrus relative genera like 
Eremocitrus and Microcitrus (considered Citrus 
species as per recent taxonomies). We have 
demonstrated that disease resistance is present in 
some of the progeny in our breeding populations 
generated by crossing Citrus with Australian limes. 
Plant response to the HLB challenge needs to be 
evaluated for a few years and under field conditions 
before resistant individuals can be identified with 
certainty. Some citrus relative genera like Orange 
jasmine can impart a disease resistance phenotype 
when used for inarching into susceptible scion 
cultivars.         
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Figure 1. Representative fruits from F1 hybrids (cross of 
mandarin X Microcitrus) 
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Fruit 6X6cm, Juice 46%,  
BRIX 9.3, 30 seeds.

Fruit 8X5cm, Juice 38%,  
BRIX 16.3, 1 good seed.

Fruit 7X2.5cm, Juice 17%,  
BRIX 17.7, 5 seeds.

Fruit 5X3cm, Juice 19%,  
BRIX 14.6, 3 seeds.
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