
A lot of attention has been paid to 
the apparent beneficial effects of foliar 
nutrition programs on maintaining the 
health of HLB-infected trees. Recent-
ly, observations have indicated that 
overall tree health influenced by soil 
physical and chemi-
cal properties as well 
as mineral nutrition 
may be related to the 
incidence of HLB. 
This article sum-
marizes these initial 
results and discusses 
how tree health may 
affect HLB.  

In a study on 
the effects of HLB 
on fruit size, yield 
and quality, we 
observed that the 
HLB-infected trees 
tended to be smaller 
compared to the 
uninfected control 
trees. The question 
arose whether the 
HLB-infected trees 
were smaller because 
they were infected 
and had been growing 
more slowly for some time, or were 
they smaller prior to infection? About 
the same time, we began to notice what 
appeared to be a correlation between 
areas of a grove with poor soils and 
weak trees and the incidence of HLB. 
These observations led us to begin 
investigating whether there is a link 
between general tree health, water/fer-
tilizer uptake and HLB incidence.

For baseline information on how 
tree health, growth and production is 
affected by various soil characteris-
tics, we used data from the recently 
completed Ph.D. dissertation of author 
Kirandeep Mann, “Characterization 
and amelioration of yield-limiting soil 
variability in Florida citrus produc-
tion.” This study looked in detail at 
the relationship between soil vari-
ability within a grove and tree yield 
and canopy volume. The study grove 
is shown in Figure 1. It is clear from 
looking at this aerial view of the grove 
that there is a direct relationship be-
tween the very white sand-soak area in 
the middle of the grove and tree size. 
The trees were all the same age. Prior 

to this, a detailed study of the specific 
soil characteristics causing these dif-
ferences had never been done.  

 Not unexpectedly, there was a 
strong positive correlation between 
tree size and yield in this grove. 
Larger trees yielded more than smaller 
trees. Tree size and yield were highly 
correlated with soil organic matter 

(SOM) content, which was lowest (0.2 
percent) in the central section of the 
grove and increased (2.0 percent) to-
ward the perimeter. SOM content was 
inversely related to sand content of the 
soil. That is, sand content was highest 
(99 percent) in the center of the grove 
where SOM was lowest and decreased 
(96 percent) where SOM was highest.   

These two factors, 
SOM and sand content, 
were related to soil 
water-holding capac-
ity and plant available 
water content. The 
amount of water in the 
soil at field capacity 
was much higher in 
the highly produc-
tive areas of the grove 
where SOM was high 
and sand content was 
low, compared to the 
less productive areas 
(low SOM, high sand). 
Areas with higher 
SOM had improved 
water-holding capacity 
that grew larger, better 

Figure 1. An aerial photograph of a grove in Hardee County used to assess 
the relationships between soil physical and chemical properties and tree 
canopy volume and yield.

Figure 2. An aerial photograph of a Ben Hill Griffin grove south of Lake Placid 
showing soil and tree canopy variability in 2004 prior to HLB being found (left). 
The same grove showing the cumulative HLB finds through late 2009 (right).
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There’s probably not a person in the Florida citrus 
industry that hasn’t at least heard of Maury Boyd, 
but just in case, here’s a bit of background: When 

greening was first found in Maury’s grove in Felda in 2005, 
he made a conscious decision not to remove infected trees. 
Bear in mind, this was not a minor decision — the grove 
is nearly 400 acres. Instead, Maury chose to take steps to 
maintain the health and productivity of his trees in spite of 
their greening infection and devel-
oped what has become known as 
the “Maury Boyd cocktail.” To date, 
he has not removed a single tree 
because of greening.  

As a testament to the success of 
his program, Maury points to a block 
of young Valencia trees in his grove. 
The block was heavily infected 
early on in the epidemic. Many of 
the world’s greening experts visited 
the block during those early days 
of 2005 and 2006 and signed its death certificate, saying it 
would be dead within a year or two. Today, the block is still 
alive, growing and bearing a good crop. In Maury’s words, 
“It looks better than it has ever looked.” This year, Maury 
says the fruit are good and no drop is occurring. He credits 
part of the success in this young block to the addition of 
boron and TurfPro (an organic soil amendment) to the 
program last year.   

In addition to good nutrition, Maury is a staunch 
proponent of psyllid control. “It has to be 100 percent. I 
know that’s not achievable, but that’s the benchmark I use,” 
he says. Trying to achieve that goal with only the use of 
pesticides causes Maury concern about residues. That is 
why he has taken up the new challenge of promoting the 
development of a psyllid-repellent system based on dim-

ethyl disulfide (DMDS), the repellent discovered through 
research on guava.   

Maury has been consulting with engineers and working 
almost single-handedly to find funding for the development 
of a repellent-delivery system. The system, as he envisions 
it, would be a simple network of small diameter tubing with 
a few nozzles per acre throughout the grove — not unlike 
an irrigation system — that would release DMDS or other 
repellents automatically 24/7, 365 days a year. A computer 
control system would regulate flow based on wind and could 
completely shut down the system if necessary. Such a sys-
tem would be particularly beneficial for solid set blocks of 
new trees. Windbreaks would enhance the system’s efficacy.   

Maury knows that he is criticized by some for leaving 
infected trees in the ground, potentially making it nearly 
impossible to bring new trees into production without them 
becoming infected. However, some would be surprised to 
learn that Maury doesn’t disagree with his critics. In fact, 
he’s not sure that a new grove can be planted and kept 
greening-free for any considerable amount of time whether 
trees are removed or not, given our current psyllid control 
methods. “Look at the Ben Hill Griffin block in Frostproof 
[at the corner of U.S. 27 and Hwy. 17]. Steve Farr’s an ex-
cellent production manager, you can’t get much better, and 
still it has 1 or 2 percent infection already.”   

That’s precisely why Maury is pushing for the develop-
ment of a repellent system. Such a system, he believes, 
coupled with judicious, well-timed pesticide applications, 
is the only way to control psyllids well enough to keep new, 
solid blocks of trees greening-free, and preserve the integri-
ty of the juice and fruit byproducts. If the system were very 
effective, it may even allow for the restoration of much of 
the biological control we have lost over the past few years.   

Maury’s final thought on how to win the greening battle 
sums things up pretty well: “We’re gonna have to think 
outside the box.”

By Timothy M. Spann
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yielding trees than 
sandy areas. The 
amount of water 
available for plant use 
between field capac-
ity and the permanent 
wilting point (the point 
at which the tree cannot 
extract water from the 
soil) was much greater 
in the highly produc-
tive zones. In other 
words, if the entire 
grove was irrigated on 
the same schedule, the 
central section of the 
grove would run out of 
available water sooner 
than the more produc-
tive zones around the 
outside. Thus, the trees 
in the low productivity 
area in the center of the 
grove would become 
stressed sooner, and 

growth would be inhibited.   
The soil properties mentioned 

above were also correlated with soil 
phosphorus, potassium, calcium, 
magnesium, manganese and aluminum 
content, suggesting that plant nutri-
ent deficiency was also limiting tree 
growth in the weak parts of the grove. 

  Recently, a Ben Hill Griffin grove 
with a similar appearance in an aerial 
view to the one used in the above 
study was identified south of Lake 
Placid. The aerial image from 2004 
shows how this 70-acre grove ap-
peared before HLB was found (Figure 
2, page 14). This grove was originally 
planted in the late 1980s, and routine 
resetting occurred until recently so 
trees in the block range from +20 
years old to <5 years old. From the 
aerial image, areas of thin canopy 
associated with very white sand-soak 
areas can be seen. Observations on the 
ground indicate these thinner canopies 
and smaller trees follow variation in 

Figure 3. A graph showing the results of a correlation 
analysis between canopy size index and the cumulative 
HLB infection density. The data show a strong negative 
relationship between HLB incidence and canopy size.
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soil characteristics, independent of 
tree age. HLB was found in this grove 
in 2007, and the cumulative number of 
infected trees as of late 2009 is repre-
sented by the yellow dots in Figure 2 
(page 14).   

Visually comparing these two im-
ages, it appears that there is a rela-
tionship between the areas of smaller, 
weaker trees and HLB incidence. 
When a detailed statistical analysis 
was performed comparing HLB inci-
dence with canopy size, these visual 
observations proved correct (Figure 
3, page 16). A detailed sampling and 
analysis of the soil in this block is 
currently under way to confirm that 
the visual soil and tree variability 
seen in the aerial photo are similar to 
the block used in Kirandeep’s study.   

While the correlations discussed 
in this article are generally strong and 
are scientifically valid, it must be re-
membered that not all correlations are 

causal. Our greatest limitation in this 
type of study is that we are looking 
at things after the fact. We know that 
there is currently a higher incidence of 
HLB in the areas of smaller trees on 
poorer soils, but we do not know that 
those trees were actually infected with 
HLB via the psyllid vector at a higher 
rate compared with the larger trees on 
better soils. Scouting efficiency may 
also have been higher in areas of the 
grove with smaller trees.   

One possible explanation for what 
we are seeing is that all of the trees 
may have been infected at the same 
rate, but the smaller, presumably less 
healthy trees are simply developing 
symptoms more quickly and being 
identified earlier. The other possible 
explanation is that the smaller trees on 
the poorer soils are actually weaker 
and more susceptible to HLB because 
they are more attractive to psyllids 
and/or because they are less tolerant of 
the bacterium.  

Regardless of the ultimate expla-
nation for what we are seeing, the 
data are supportive of the general 
concept that tree health is important 
in the fight against HLB. Improving 
tree health through foliar nutrition 
programs and/or amelioration of poor 
soil conditions may compensate for 
some root decline and enhance tree 
tolerance to HLB. However, if it does 
not, improved tree health will still be 
beneficial by increasing the productiv-
ity and quality of trees and improving 
the economics of citrus production in 
the presence of HLB.  
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