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HLB Impacts on Florida Citrus 

ÅFloridaõscitrus production has been reduced by ~ 80%

ÅBusinesseshave closed, some after >100 years

ÅGroves abandoned and land sold for development

ÅPeople have lost their employment

ÅHuge social and environmental consequences



Have we reached the bottom?

ÅôWhatdoesnõtkill me, makes me STRONGõ

ÅResearch is showing a way forward with improved

horticultural practices, nutrition, soil management,

PGRs, and insect control strategies

ÅAntibiotic injections?

ÅGenetic solutions developed by breeding will underly

any future successin Florida



FIRST GENERATION

PRE-HLB CREATIONS

HLB Tolerant Cultivars Available 

Now!



Sugar Belle® near Vero Beach, HLB+ >8 years !





LB8-9 Sugar BelleÈConsiderations

ÅSugar Belle harvest periods are compressed, 3-4 weeks

ÅHow much fruit can move through a narrow window?

ÅCan Sugar BelleÈcontribute to the OJ stream?

ÅCan clever marketing move more fresh fruit?

ÅMarketing quality requires quality

Å2020 and 2021 were bad years for Sugar BelleÈquality; will our 
changing climate bring more bad years?



Marathon



Marathon Mandarin



Marathon



Unique Characteristics

ÅSeedless under all circumstances, and easy to peel

ÅGood color, good flavor, and segment structure

ÅVery early maturity, with long on-tree storage capacity

ÅFirm fruit that may be harvested without clipping, saving labor costs at 
harvest

ÅResponds well to ethylene, and performs very well in long term cold storage



Marathon Mandarin

ÅFresh fruit cultivar, not intended for juice

ÅEarly and attractive, easy to peel and always seedless, good quality; competitive 
with imported southern hemisphere fruit (late season W. Murcott/Tango)?

ÅLonger harvest season, September to November

ÅGood HLB tolerance, very productive

ÅClipping likely is not required

ÅNo long-term experience with growers until now, so risk is higher





Why lemons for Florida?

ÅLemons are among the most HLB tolerant commercial citrus

ÅLemon production in Florida ended because of freeze damage

ÅFreeze protection using microsprinklers makes production 
feasible

ÅFlorida lemons are not targeting fresh market; grower inputs 
minimized

ÅCan enable greater utilization of existing processing capacity



UF-CREC Lemon Improvement Project

Å Lemon budwood irradiated and tissue culture-derived plants were planted in 1999

Å >4000 trees, multiple cultivars evaluated for oil yields from 2002-07 and beyond

Å Large scale trial underway in South America; combinations are on 5 ha

Å Agronomic performance (tons /ha) and industrial yields (kg oil/MT, juice/ha, etc.)

Å Demonstration plantings exist in Florida, more trials to be planted





Fruit Attributes of CE-D5-1-9-42

ÅMost fruit are completely seedless

ÅFruit and peel oil yields have been in the mid to high ranges, 
across several seasons

ÅOil quality analyses demonstrated the oil is commercially 
acceptable 

ÅFruit shape, size, juice percentage, aroma and flavor are typical 
of Eureka lemon

ÅSelected in 2017, because of seedlessness and early productivity



BETTER ORANGES MAKE BETTER JUICE!

Left: juice from OLL-8

Right: Florida NFC from market



Sweet Orange OLL-8 on UFR-4 (4 years)



7-year -old OLL -8 trees in 2021



New Release OLL-20



HLB-tolerant Grapefruit-like Hybrids 
1924 (left) and 1862 (right)



Grapefruit Rootstock Trial



HLB Tolerant Rootstock



Rootstock Breeding HLB -Gauntlet

ÅSexual hybridization at 2x and 4x levels

ÅSeed germination in high pH, calcareous soils with 2 

Phytophthora species: Few survivors

ÅSeedlings potted and propagated to retain the individual 

hybrid

ÅSeedling grafted with qPCR
+

orange budstick

ÅHealthy appearing trees selected, re -challenged by infected 

ACP, then to severe field challenge



Susceptible vs. Tolerant (?)



Susceptible vs. Tolerant (?)



2-ȅŜŀǊ ƻƭŘ ΨƎŀǳƴǘƭŜǘΩ ǘǊŜŜ ƻŦ ±ŀƭŜƴŎƛŀκ{ǳƎŀǊ .ŜƭƭŜ Ȅ {мо-
15-16, infected with CLas before planting ςnote massive 
healthy new flush, typical of pre-HLB tree. Psyllids have 
also been observed on every new flush since planting.  
This is one of several rootstocks with Sugar Belle as a 
ǇŀǊŜƴǘ ŘƻƛƴƎ ǿŜƭƭ ƛƴ ǘƘŜ ΨƎŀǳƴǘƭŜǘΩ ǎŎǊŜŜƴΦ 

Possible tolerance from Sugar Belle in 
rootstock hybrids?

1-ȅŜŀǊ ƻƭŘ ΨƎŀǳƴǘƭŜǘΩ ǘǊŜŜ ƻŦ ±ŀƭŜƴŎƛŀκ{ǳƎŀǊ.ŜƭƭŜ Ȅ {мл-15-9, 
infected with CLas before planting.  Most vigorous of 150 
ΨƎŀǳƴǘƭŜǘΩ ǘǊŜŜǎ ǇƭŀƴǘŜŘ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ ǎŜǘ ƭƻǘǎ ƻŦ ŦǊǳƛǘΗ



Is HLB Resistance possible from the rootstock? Selected Gauntlet 

Trees (all with Valencia scion, planted HLB+) ïFrom best trees

29

. 

* high brix fruit

Root PCR - Dr. Lili 

Cano, IRREC;

Leaf PCR ïSouthern

Gardens Diagnostic 

Laboratory ïMike Irey



Genome-based Breeding Opportunities

ÅAll the above came from pre-genome based breeding 

ÅBreeding as a lucky roll of the dice: random segregation of genes, 
multiple characteristics to select, requires large families grown in the 
field to be able to find rare individuals that combine all desired 
characteristics 

ÅGenome-based breeding strategies allow us to “load the dice”: select 
best parents, early selection of plants with high likelihood of combining 
all desired characteristics

ÅGenome sequence information has implications for commercialization of 
new HLB tolerant citrus cultivars



Case Study: An HLB-tolerant Valencia Mutant
(Wu et al. in review)



Comparisons of Valencia and T -19

ÅBased on a new chromosome level phased diploid Valencia assembly

ÅBase accuracy= 99.99%

ÅBUSCO score= 99.2% (highest BUSCO for any citrus genome assembly

thus far)

ÅEnabled determination of allele-level gene expression profiles of sweet orange

and other pummelo -mandarin introgressions

ÅEnabled structural variant identification associated with mutagenesis, and

linked these to changes in allele-specific gene expression associated with host

response to CLas

ÅMultiple HSP genes at a translocated segment terminal were upregulated,

perhaps maintaining homeostasis of phloem proteins and thus minimizing

CLas-induced stress and increasing tolerance



Miracle Hamlin Trees?

Scion, rootstock, or combination?



UF 1859 HLB Tolerance-Spring 2021



UF 1859

Sweet orange -like 

hybrid



Fruit Attributes of 1859

ÅNovember-January maturity

ÅMedium-large fruit, resembling orange in size and shape

ÅFruit tend to have a unique blocky shape, because of 
flattening at stem and blossom ends 

ÅDeep orange-red  external color, and deep orange flesh, 
providing strong fresh market appeal

ÅExcellent flavor

ÅBrix = 14; acid = 0.8; ratio = 17.5 (January 2021)



The Sweet Orange : Citrus sinensis Dilemma

Genome sequence analysis has revealed that C. sinensis
IS NOT a true species!



ADMIXTURE 

PROPORTIONS 



Genome -wide Association Studies

Å A first step to associate specific regions of citrus genomes that 

contribute to a desired characteristic

Å A project supported by The Coca -Cola Company, with genetic 

contributions from UF and USDA citrus breeders

Å Over 200 accessions representing a wide range of genetic 

diversity have been planted in a trial to collect information on 

HLB responses and fruit/juice quality

Å Genome sequence data have been produced for all accessions

Å Multi -year plans in place to collect performance data



Toward Genomic Selection

ÅSeveral hundred hybrid families produced 
over the past 30 years

ÅGreat genetic diversity

ÅNearly 9000 trees have been assessed

Å~4.3% superior in response to CLas

ÅNext steps: genotyping and association



ñManhattan Plotò showing SNPs responsible for 
HLB responses on citrus nine chromosomes 

HLB early signaling defense response

HLB susceptibility protein 

unknown 
function

HLB susceptibility protein

*



Genomics assisted-breeding 



Conclusions

ÅSeveral tolerant options currently exist for the near term, 
originating from the pre-genome-based, pre-HLB era

ÅGenome sequencing technologies have provided great 
opportunities for further genetic advance with efficiency
ÅTargeted breeding based on prediction
ÅUnderstanding the nature of tolerance
ÅSupport the rationale for commercialization  

The Future is Bright!



THANK YOU!

FCPRAC

CRDFUSDA-NIFA-
SCRI

NVDMC

Jude Grosser

Bill Castle

John Chater
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