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SESSION 3: CITRUS GREENING- ADVANCES IN RESEARCH AND PRACTICAL 
EFFORTS TO PREVENT, MITIGATE AND CONTAIN THE DISEASE 

CITRUS GREENING DISEASE: THE PATHOGEN, THE DISEASE, ITS 
TRANSMISSION AND HORTICULTURAL APPROACHES TO MITIGATING 
REDUCTIONS OF YIELD AND QUALITY 

Megan M. Dewdney, Timothy M. Spann and Michael E. Rogers, University of Florida-IFAS, 
Citrus Research and Education Center, 700 Experiment Station Road, Lake Alfred, Florida 
33850-2299. Phone: 863-956-1151; FAX: 863-956-4631; Email: mmdewdney@ufl.edu; 
span@ufl.edu; mrgs@ufl.edu 

HUANGLONGBING 

^ Charac ter i s t ic yel low s h o o t s 

^ D i a g n o s t i c leaf s y m p t o m ' b lo t chy m o t t l e ' 

• A s y m m e t r i c a l ch loros i s 

^ Sparse fol iage — twig d i eback 

^ N u t r i e n t def ic iencies o f t e n associa ted — Z n , Mi l 

^ D i s e a s e severi ty reaches m a x i m u m in less t h a n 2 years in 
y o u n g t rees 

^ O l d e r t rees d o n o t r each same severi ty unti l 8 -10 years p o s t 
i n f e c t i o n (Belasque et al, 2008) UFI'FLOI 

Figure 1. Responses of citrus trees to infection with Candidatus Liberibacter asiaticus, causal 
agent of huanglongbing, or citrus greening disease in Florida. 
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Figure 2. HLB-infection of citrus trees can have devastating effects on the economic viability of 
citrus operations; however, a key question is whether trees can be managed in a manner to 
greatly mitigate the detrimental effects of the disease. 

Methods 

^ °Brix, acid, ratio and color 

Figure 3. Replicated studies were conducted to gain a quantitative understanding of the effects of 
HLB infection on fruit size and yield per tree as well as on juice quantity and quality. 
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Hamlin Sweet Orange 

i L l j . . 
Fruit diameter (mm) 

Average total tree yield (kg) for Hamlin trees 
harvested in two successive seasons. 

$ & Λΐ J. A £ g, A 
Fruit diameter (mm) 

Hamlin 

Dec 2008 Jan 2 0 1 0 

Healthy U F FLORIDA 

Figure 4. HLB infection has a strikingly great impact on Hamlin sweet orange fruit yield. 

H L B Fruit Effects 

^•Lopsided fruit 

^Center axis curved 

^ Seeds often aborted 
% 

f .« j . » .· ^ 

^Abnormal color break — orange on peduncle end first 

^Staining of vascular bundle below peduncle 

^Similar to less mature fruit U F F L O R I D A 

Figure 5. Effects of huanglongbing disease on citrus fruit. 
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Hamlin Juice Analysis 
December 2008 Hamlin juice quality parameters 

°Brix Acid Ratio Color 
Juice Yield 

(ml/fruit) 

HLB 
Small 

Average 

9.25 c 

10.98 a 

0.95 a 

0.70 b 
9.87 b 
15.65 a 

34.38 c 

35.47 b 

29.45 d 

75.49 b 

Healthy 
Small 10.37 b 0.67 be 15.73 a 36.11 a 47.05 C 

Healthy 
Average 9.58 c 0.64 c 14.97 a 36.32 a 92.75 a 

January 2010 Hamlin juice quality parameters 

°Brix Acid Ratio Color 
Juice Yield 

(ml/kg) 

HLB 
Small 

Average 

11.27 

10.88 

0.57 a 

0.57 a 

19.88 ab 

19.13 b 

35.44 ab 

35.13 b 

336.1 b 

368.0 a 

Healthy 
Small 11.54 0.54 ab 21.60 a 35.63 a 382.6 a ι 

Healthy 
Average 11.27 0.52 b 21.65 a 35.55 ab 387.5 a 

Figure 6. This slide shows the properties of juice from small- and average-sized Hamlin fruits 
harvested in December 2008 and January 2010 (the acidity of juice from small-sized fruits from 
infected trees tends to be more acidic than that of average-sized fruits regardless of the disease 
status of the tree, and the yield of juice from fruits from infected trees is greatly reduced). 

3 Species of Gram Negative Bacteria 
Cause HLB , i m 

^ only known species in Florida 

^ Diaphonna citri and Trio^a erytreae (experimentally) 

Figure 7. Three Candidatus Liberibacter species cause huanglongbing, but only Ca. L. asiaticus 
has reached Florida. The asian citrus psyllid, Diaphorina citri is the vector in Florida, and the 
African citrus psyllid, Trioza erytreae, does not occur in the Western Hemisphere. Ca. L. 
asiaticus, a fastidious, heat tolerant bacterium, is found on the Indian Subcontinent, Arabian 
peninsula, Southeast Asia, Brazil, Florida, and Louisiana. 
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Causal Agent Can Be Ephemeral 

^Originally thought to be caused by nutrient deficiencies, 
nematodes, viruses and mycoplasmas (phy toplas mas) 

^ As expected found in phloem dense tissues 

^ Ί η single tree, distribution patchy 
• Asymptomatic branches 110 bacteria were tound 

• Symptomatic leaves up to 

10 bacteria/gram ot tissue 

8 0 0 0 0 -
70000 
60000 
SOOOO -
4 0 0 0 0 

3 0 0 0 0 

20000 -

lOOOO -
0 

Tatineni et al, 2008 

V 

"igure 8. The determination of the causal organism of huanglongbing, Candidatus Liberibacter 
spp., has been very difficult, since the symptoms have much in common with nutrient 
deficiencies, and infections of nematodes, viruses, and mycoplasmas (phytoplasmas). The 
Liberibacter bacteria are found in the phloem of dense tissues. The distribution of infected 
phloem is patch. By far the highest concentrations of the bacteria are found in the peduncles, 
with much lower concentrations in the bark, roots, midribs of leaves, and columnella, the central 
column-like structure found in the citrus fruit. 
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Ca. Liberibacter asiaticus genome 
sequenced 

^ Confirma tory sequence f rom citrus phloem 
• Only organism with complete sequence tound in phloem 

• As close to Koch's postulates without culture 

• Bstimate ot 1.7 cells / phloem cell in sample 

^ C o n f i r m e d part of α-proteobactenaceae 

^Closes t relatives in the Rhizobiaceae 

^Lacking Type III and Type IV secretion systems 
U F I FLORIDA 

Duan ct al., 2009 and Tyler ct al., 2009 ' 

Figure 9. The sequence of DNA of Candidatus Liberibacter asiaticus isolated from the Asian 
citrus psyllid was determined and a confirmatory DNA sequence was obtained by analyzing the 
DNA of the bacterium present in the citrus phloem. Ca. L. asiaticus has a 1.23 MB circular 
genome. The taxonomic position of this organism is as follows: Kingdom: Monera; Phylum: 
Proteobacteria; Class: Alphaproteobacteria; Order: Rhizobiales; Family: Rhizobiaceae. 

Pathogen-vector interaction 

FACTS WE KNOW 

^Psyllids quickly acquire and transmit HLB 
^ O n c e a psyllid is infected it is always infected 
^ N o discernable effects of padiogen on psyllid 
>Etc . . . 

U F I FLORIDA 

Figure 10. Previous studies concluded the following: (i) psyllids quickly acquire and transmit 
Candidatus Liberibacter asiaticus; (ii) infected psyllids never become free of the bacterium, and 
(iii) Candidatus Liberibacter asiaticus has no adverse effects on the vigor, life span or 
reproductive capacity of the psyllid, Diaphorina citri. However, these findings are incorrect. 
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Pathogen-vector interaction 

1-6 7-13 14-20 21-27 28-34 >35 nymph U F F L O R I D A 

Acquisition access period (days) 

Figure 11. Asian citrus psyllids that develop on an infected citrus tree acquire much more 
Candidatus Liberibacter asiaticus bacteria than those that first encounter infected tree as adults; 
further the immature psyllids pick up progressively more bacteria with the passage of time. 

Figure 12. The retention of Candidatus Liberibacter asiaticus by infected psyllids that have 
transferred to an uninfected tree decreases steadily over about four weeks. 
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Does the HLB pathogen affect 
fitness of psyllids? 

U F I FLORIDA 

Figure 13. We assessed the egg production, nymphal survival, and adult survival of newly 
emerged healthy Asian citrus psyllids on uninfected citrus trees, and the newly emerged psyllids 
placed on HLB-infected trees. 

Figure 14. Surprisingly, HLB-infected Asian Citrus Psyllids deposit about two-fold more eggs 
over their life spans than uninfected psyllids. 
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Figure 15. Indeed, HLB-infected Asian Citrus Psyllids deposit more than two-fold more eggs 
during a five-day period of peak egg laying than uninfected psyllids. 
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Figure 16. The percent survival of uninfected adult Asian citrus psyllids through 35 days is 
substantially greater than the survival of infected adult psyllids. 
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Figure 17. Survival of HLB-infected nymphs has proven to be no different from that of HLB-free 
nymphs. 

Figure 18. Much of the information in the scientific literature is unreliable. The acquisition of the 
bacterium from infected trees is greater by nymphs than by adult psyllids. Not all adults retain 
the bacterium for the duration of their lives. The presence of the bacterium in the phloem 
increases the probability of prolonged feeding by the psyllids. The bacterium causes psyllids to 
increase the number of eggs laid and it shortens their lifespans. 
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Conclusions 

^ Similar to i m m a t u r e trui t 

UF FLORIDA 

Figure 19. HLB infection causes citrus trees to increase the proportion of small fruit produced. It 
is the small symptomatic fruits that undergo unequal ripening and have poor or unacceptable 
quality. The long-term effects of HLB infection on fruit quality and yield have not been 
characterized quantitatively. 
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