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ABSTRACT. The incidence of decline in two blocks of navel orange trees on Swingle citrumelo
rootstock planted in 1977 and 1991, respectively, was mapped annually. Trees were growing in
typical sand soils of Central Florida. Declining trees began to appear in the early and late 1990s
in the older and younger groves, respectively. Selected trees in each grove were assayed each year
for trunk water uptake, blight P-12 protein, and other possible causes of decline. Most trees tested
were positive for blight especially in the younger grove, and displayed typical canopy symptoms
for blight. Some trees in the older grove had abnormal bud unions suggesting a different cause for
decline related to a possible mechanical pinching effect from a severe overgrowth of the scion by
the rootstock. Those symptoms did not appear until the trees were 

 

ca

 

. 15 yr old. Spatial analyses
were conducted at the individual tree, local area (small groups of trees) and orchard levels. Blight
incidence was inconsistently aggregated at the individual tree level and more consistently at the
local level for 2 

 

×

 

 2, 3 

 

×

 

 3, and 4 

 

×

 

 4 tree group sizes for all plot/year combinations tested. SADIE
analysis, used to test for aggregation at the plot level, also demonstrated little evidence for aggre-
gation for all plot/year. Stochastic spatio-temporal modeling was used to examine the likelihood of
blight movement from local versus background interactions and to help interpret the biotic versus
abiotic cause of blight. The posterior density contour maps of the spatio-temporal model indicated
spread of blight occurred within a local vicinity of a few trees although not necessarily to nearest
neighboring trees and that there was some tendency for background longer range transmission.
Therefore, although the causality of blight remains unclear, and there is no conclusive evidence
for vector transmission, there is some indication that the dynamics of the spread of blight are sim-
ilar in many regards to the 

 

Citrus tristeza virus

 

/

 

Toxoptera citricida

 

 pathosystem. If a vector is
involved in blight transmission, there is no evidence whatsoever that it is an aphid, however the
likelihood is that it acts with spatial dynamics similar to 

 

T. citricida

 

.
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Citrus tree declines are a persis-
tent problem in Florida and affect
trees on Swingle citrumelo, cur-
rently the most popular commercial
rootstock (8, 15, 16). Among these
declines, blight remains the most
important. Tree losses from blight
continue to occur at levels that sig-
nificantly impact grower returns (27
and pers. comm.).

A large body of literature exists
that describes the history of blight
in Florida and elsewhere, blight
symtomatology, and diagnostic tech-
niques (1, 2, 14, 22, 31, 36), includ-
ing the most recent diagnostic tool,

a blight-associated protein assay (13).
Nevertheless, the cause of blight
remains unknown despite a consid-
erable effort to discover it. One
unresolved controversy has been
whether blight is caused by biotic or
abiotic agents or factors (4, 14). A
source of evidence often used to
argue one point of view or the other
has been tree decline patterns (5,
12, 24, 32, 33). The multi-year pro-
gression of blight tree decline has
been recorded in citrus groves in
Florida and elsewhere and often
exhibits a linear function (6, 11, 24,
35), but not always (3, 24). However,
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tree loss patterns have infrequently
been subjected to a sophisticated
spatio-temporal analysis (11, 24, 35).

Any attempt to understand cit-
rus blight is somewhat complicated
by apparent differential susceptibil-
ities among citrus rootstocks (7, 9,
10). Swingle citrumelo is considered
to be tolerant in Florida. Trees on
this rootstock have been observed to
decline from blight using the com-
mon indicators, but the rates of tree
loss have generally been relatively
low (7, 8, 9). It is unusual to find
groves with high tree losses, but we
located two such groves that are the
basis of this report. Our objective
was to map tree decline and loss
over a period of years, determine the
apparent reason for the declines and
losses, and determine if the pattern
of tree loss suggested a biotic or abi-
otic cause.

 

MATERIALS AND METHODS

 

Tree decline and the apparent
causes were mapped annually in
two navel orange groves located in
central Florida near the University
of Florida, IFAS, Citrus Research
and Education Center, Lake Alfred.
Both sets of trees were propagated
with a common registered nucellar
bud line, N-S-F 56-11XE, on Swin-
gle citrumelo rootstock.

The Winchester grove, the younger
of the two groves, consisted of about
2,200 trees planted in 1991 in north-
south rows and spaced 4.8 

 

×

 

 7.6 m
(15 

 

×

 

 25 ft). The site is Candler
sand, a Typic Quartzipsamments
Entisol with a largely non-descript
soil profile that is deep and well
drained. The trees in this grove
have grown well, reaching heights of
4 to 5 m (13 to 16 ft.) at age 10 yr.
They have been very productive by
Florida navel orange standards.
Declining trees first appeared in the
grove in 1999 and mapping began in
2000 and continued for four consec-
utive years. Each year in late
spring, the entire grove was exam-
ined and new declining trees were

located first by visual appearance. A
subset of ca. 1% each of new decline
trees and nearby apparently
healthy trees was selected for trunk
water uptake tests to diagnose
blight. Decline trees generally did
not take up any water, and water
flow was rapid among the healthy
trees (>10 ml/5 s). Leaf samples
from the same healthy and declining
trees were assayed for the p12
blight protein. Declining trees
tested positive for the protein and
healthy trees gave negative results.

The McTeer grove, the oldest
grove, consisted of 384 trees planted
in 1977 in north-south rows and
spaced 6.1 

 

×

 

 7.6 m (20 

 

×

 

 25 ft). The
northern half of the site is Candler
sand, and the southern part is
Tavares fine sand, an Entisol like
Candler, but finer textured with a
gray surface horizon. Mature tree
height was >5 m (16 ft.). No decline
or tree loss occurred in this highly
productive grove for about the first
15 yr, and then decline trees
appeared occasionally. Annual map-
ping was started in 1992 and contin-
ued for 10 yr. The procedures were
the same as described for the
younger grove. In the McTeer grove,
however, it was apparent that some
form of incompatibility explained
some of the decline. About 90% of the
trees tested positive for blight by the
water uptake and protein diagnostic
tests, but some trees exhibited an
excessive or abnormal rootstock
overgrowth of the scion (8). Those
trees usually took up water at rates
comparable to healthy trees and
appeared to be suffering a mechani-
cal pinching of the scion by the root-
stock. Sometimes a budunion crease
beneath the bark was observed.

Cultural management of the trees
in both groves was according to estab-
lished standard practices for fertiliza-
tion, irrigation, and pest, disease and
weed control. Irrigation was provided
by microsprinklers, and the trees
received applications of fertilizer
equal to a total annual N rate of ca.
150-180 kg/ha (150 to 180 lbs/acre).
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Spatial analysis.

 

 Binary (pres-
ence/absence) spatial maps of blight
were prepared for all assessment
dates for each grove. For the first
level of spatial hierarchy, ordinary
runs analyses were performed on
each data set to determine if aggre-
gation existed between adjacent
symptomatic trees within rows and
across rows with the use of a Visual
Basic EXCEL macro (26 and T. R.
Gottwald, unpublished). A nonran-
dom pattern (i.e., aggregation) of
symptomatic trees was assumed if
the observed number of runs was
less than the expected number of
runs at 

 

P

 

 = 0.05.
For the second level of spatial

hierarchy, the data were examined
for the presence of aggregation at
various quadrat sizes. The blight
incidence data for each grove were
partitioned into quadrats of four (2
by 2), 9 (3 by 3) and 16 (4 by 4) trees
with the use of a Visual Basic
EXCEL macro (T. R. Gottwald,
unpublished). When data are
expressed as incidence, the beta-
binomial distribution provides the
best adjustment for random condi-
tions (23). Randomness within
quadrat was thus assessed via beta-
binomial analysis. The beta-bino-
mial index of dispersion 

 

D

 

 was used
to test for the presence of random-
ness of blight (CSD)-symptomatic
trees at each quadrat size (25). For
the beta-binomial index, a large 

 

D

 

(>1) combined with a small 

 

P

 

 (<0.05)
suggests aggregation of symptom-
atic trees (23).

The spatial arrangement of
quadrats with symptomatic trees
was evaluated using the SADIE
(Spatial Analysis by Distance Indi-
cEs) method (28, 29, 30) as previ-
ously described. The distance to
regularity 

 

D

 

r

 

 is the minimum total
distance that the individuals (i.e.,
symptomatic trees) would need to
move to achieve the same number 

 

m

 

in each quadrat. The degree of non-
randomness within a set of data is
quantified by comparing the
observed spatial pattern with rear-

rangements obtained after random
permutations of the individuals
among the quadrats. 

 

P

 

a

 

, defined as
the proportion of randomized sam-
ples with distance to regularity as
large as or larger than the observed
value 

 

D

 

r,

 

 can be used for a one-sided
test of spatial aggregation (at the
significance level of 5%). An overall
index of aggregation is given by

 

I

 

a 

 

= 

 

D

 

r

 

/

 

E

 

a

 

where 

 

D

 

r

 

 is the distance to regular-
ity for the observed data and 

 

E

 

a 

 

the
mean distance to regularity of the
randomized samples. An aggregated
pattern is indicated by 

 

I

 

a

 

 > 1. The
organization of clusters into patches
(neighborhoods of units with counts
larger than the average density 

 

m

 

)
or gaps (neighborhoods of units with
counts < 

 

m

 

) was analyzed by map-
ping clustering indices attributed to
each quadrat (30). The index 

 

υ

 

i 

 

mea-
sures the degree to which the unit
contributes to a patch whereas 

 

υ

 

j

 

 is
defined similarly but for a gap and
takes by convention a negative
value. As a general rule, we consid-
ered large values of 

 

υ

 

i

 

 >1.5 or small
values of 

 

υ

 

j 

 

< -1.5 as members of a
patch or a gap, respectively. For each
individual analysis, 2,028 random-
izations were performed.

 

Temporal and spatio-tempo-
ral analysis.

 

 Temporal analysis by
fitting of the data to temporal mod-
els was possible only for the McTeer
study area, plot 2. The Winchester
plot had an insufficient number of
temporal assessment points to allow
for regression analysis. McTeer
study area data were transformed
via a Gompertz linear transforma-
tion, -log(-log(

 

y

 

)), where 

 

y

 

 = disease
incidence, and fitted via linear
regression analysis.

Data for the blight epidemics
were also analyzed using the spatio-
temporal stochastic model for dis-
ease spread which was fitted using
Markov-Chain Monte Carlo (MCMC)
stochastic integration methods. For
a thorough description of the MCMC
model, its application, and inter-
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pretation of results, refer to Gibson
(17, 18, 19, 21). The results of the
spatio-temporal analysis can be
viewed graphically in a two-dimen-
sional parameter space represent-
ing a series of ‘posterior density’
contours of parameter densities. The
two parameters represent local (

 

a

 

2

 

)
versus background (

 

b

 

) interactions.
The parameter 

 

b

 

 quantifies the rate
at which a susceptible individual
acquires the disease due to primary
infection independent of the infected
trees in the plot and is therefore is
the simple interest or primary infec-
tion rate in a spatio-temporal con-
text. For many viruses and other
pathogens that are vector transmit-
ted and dispersed, this usually
means from sources of inoculum out-
side of the host population, i.e., plot.
However, for soilborne pathogens, it
can also represent increase in dis-
ease due to resident inoculum in the
soil as well as from other sources
such as outside the plot. Whereas 

 

a

 

2

 

represents the secondary infection
rate in a spatio-temporal context,
and quantifies the manner in which

the infective challenge presented to
a susceptible individual by a dis-
eased individual in the population
decreases with the distance between
them. As 

 

a

 

2

 

 increases, the secondary
transmissions occur over shorter
ranges and, so long as 

 

b

 

 is not so
large that primary infections domi-
nate, disease maps generated by the
model exhibit aggregation.

 

RESULTS AND DISCUSSION

Spatial arrangement of blight
symptomatic trees. 

 

The first level
of spatial hierarchy examined was
the association of symptom status
between adjacent blighted trees.
The two groves seemed to differ con-
siderably in the amount of aggrega-
tion expressed at the adjacent tree
level (Table 1). In the Winchester
grove, aggregation was expressed in
several rows and across row tests
for all years tested. The proportion
of aggregation was greater for
across row orientation. When the
plot was considered one long row,
tests for all assessment periods sug-

 

TABLE 1
ORDINARY RUNS ANALYSIS OF BLIGHT IN TWO FLORIDA GROVES OF NAVEL ORANGE 

TREES ON SWINGLE CITRUMELO ROOTSTOCK

Data set Year
Disease

incidence

Ordinary runs

Row Across row Row (all) Across row (all)

Winchester Oct 2000 0.063 3/59 8/26 N N
May 2001 0.076 5/64 9/26 N N
May 2002 0.102 5/66 12/26 N N
May 2003 0.141 8/73 17/26 N N

McTeer 1992 0.010 0/3 0/4 R R
1993 0.015 0/5 0/5 R R
1995 0.031 0/11 0/7 R R
1997 0.098 0/27 0/7 R R
1998 0.108 0/29 0/7 R R
1999 0.162 1/39 2/7 R N
2000 0.211 0/42 0/7 N N
2001 0.292 0/44 0/7 N R
2002 0.498 0/43 2/7 N N
2003 0.534 0/43 3/7 N N

Values shown for each plot in each assessment date are the proportion of the number of test rows
with significant aggregation (

 

P 

 

= 0.05) divided by the total number of rows tested (row with more
than 1 diseased tree).
Row (all) and Across Row (all) tests consider the plot as one long row or column respectively. R =
random or non aggregated situation indicated. N = non-random or aggregated situation indicated.
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gested a nonrandom spatial pattern
for both within- and across-row ori-
entations. In the McTeer grove,
aggregation was expressed only for
the last two yearly assessments and
only for the across-row orientation.
When the grove was considered one
long row, tests for the last five
yearly assessment periods sug-
gested a nonrandom spatial pattern
for four out of 5 yr for both within-
and across-row orientations. There-
fore, aggregation was detectable at
the individual tree level and was
strongest in the Winchester grove,
weaker in the McTeer grove, and
became more pronounced as blight
incidence increased.

The next level of spatial hierar-
chy examined was the association of

blight symptomatic plants within
quadrats (groups of 2 

 

×

 

 2, 3 

 

×

 

 3, and
4 

 

×

 

 4 plants). However, only the 2 

 

×

 

2 quadrat size was tested in the
Winchester grove due to its limited
size (Table 2). Although the value of
the maximum likelihood value (

 

θ

 

)
was significant for all four assess-
ment dates at the Winchester site,
the dispersion index (

 

D

 

) was only
significant for the final assessment
of the 2 

 

×

 

 2 quadrat when blight
incidence reached 0.14. At the McT-
eer site, both theta and 

 

D

 

 were sig-
nificant for most assessment by
quadrat size tests when blight inci-
dence exceeded 0.11. Thus, the anal-
yses at the group level were
consistent for both plots in that
aggregation was indicated but only

 

TABLE 2
BETA-BINOMIAL PARAMETER AND DISPERSION INDEX OF BLIGHT INCIDENCE IN TWO 
FLORIDA GROVES OF NAVEL ORANGE TREES ON SWINGLE CITRUMELO ROOTSTOCK

Data set Year
Disease 

incidence

Beta-binomial parameter (

 

θ

 

)

 

a

 

Dispersion index (

 

D

 

)

 

b

 

Quadrat
2 

 

×

 

 2
Quadrat

3 

 

×

 

 3
Quadrat

4 

 

×

 

 4
Quadrat

2 

 

×

 

 2
Quadrat

3 

 

×

 

 3
Quadrat

4 

 

×

 

 4

Winchester Oct 2000 0.0632447 0.1330*** NA NA 1.3577 NA NA
May 2001 0.0769936 0.1556*** NA NA 1.4234 NA NA
May 2002 0.1022 0.2002*** NA NA 1.4856 NA NA
May 2003 0.141155 0.2793*** NA NA 1.6455* NA NA

McTeer 1992 0.0103 0.0706 0 0 1.1584 0.9027 0.8441
1993 0.0155 0.0456 0 0 1.1145 0.8780 0.7624
1995 0.0310 0 0.0044 0 0.9677 1.0537 0.8096
1997 0.0982 0.0175 0 0.0256 1.0503 1.0693 1.3646
1998 0.1085 0.0370 0 0.0158 1.0911 1.0465 1.3121
1999 0.1628 0.1179 0.1041* 0.0429 1.3434** 1.7279*** 1.8155*
2000 0.2119 0.1251* 0.0945* 0.0566 1.3375** 1.6566** 1.8828*
2001 0.2920 0.0840 0.0846* 0.0879 1.2219* 1.6229** 2.4165***
2002 0.4987 0.1358* 0.1567* 0.1348* 1.3448** 2.0849*** 2.7497***
2003 0.5349 0.2134** 0.1419* 0.1334* 1.5172*** 1.981*** 2.7345***

NA = data set too small to parse into larger quadrats.

 

a

 

Maximum likelihood estimate of the beta-binomial aggregation parameter 

 

θ

 

. Significant depar-
tures from zero were determined by a t test, t = 

 

θ

 

/s.e.(

 

θ

 

) and indicated overdispersion. Significance
is indicated by (*), (**) and (***) at respectively P = 0.05, P = 0.01 and P = 0.001. Values in italics
indicate that the likelihood estimation procedure of the p and 

 

θ

 

 parameters of the beta binomial
distribution failed and that the parameter 

 

θ

 

 was calculated using the moment method but its
departure from zero could not be tested.

 

b

 

Index of dispersion (

 

D

 

) values for the indicated quadrat size by plot and assessment date for
blight plots in Florida. Values presented for each assessment date are 

 

D

 

 (=observed variance/
binomial variance). Tests for aggregation were performed by comparison of (N-1)x 

 

D

 

 with the chi-
square distribution and with the C(

 

α

 

) test (Z statistic) as described in the text. Significance (*),
(**), and (***) is indicated for the C(

 

α

 

) test. A large (>1) 

 

D

 

 and a small 

 

P

 

 (

 

≤

 

0.05) suggest rejection
of 

 

H

 

0

 

 (binomial distribution- random pattern of symptomatic trees) in favor of 

 

H

 

1

 

 (overdispersion
described by the beta-binomial).
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when blight incidence passed a min-
imum threshold.

SADIE analysis examines spatial
patterns of entire plots holistically
for aggregation and also examines
the pattern for relationships
between clusters of affected plants
over distance. For this analysis,
aggregation as expressed by the
Index of aggregation I

 

a, was evident
only for the Winchester site (Table
3). However, in this grove, disease
incidence was low throughout the
study. SADIE is less stable at low
incidence levels. In the McTeer
grove where blight incidence levels
were sufficient for a more robust
test, all assessments indicated that
diseased trees were not aggregated.
Thus, without a clear indication of
aggregation, the calculation of
patchiness and the association of
clusters, although possible to calcu-
late, is meaningless. Therefore, for
the whole plot level, aggregation of
blight and association among clus-
ters was not indicated.

If the three levels of spatial hier-
archy tested for aggregation are con-
sidered, our results are consistent
with those of earlier studies (11, 34,
35). That is, aggregation varies from
apparent and strong to absent
depending on the plot and situation.
When aggregation is demonstrated,
it appears to increase with blight
incidence. Aggregation is, of course,
nearly always present at some spa-
tial level for most plant patho-
systems. Thus, if we consider
aggregation as a characteristic
indicative of a contagion, as with
blight, our results do not provide a
clear indication that a pathogen,
vectored or not, is associated with
this problem. Another statistical
indicator is the apparent linear
increase that is usually associated
with blight epidemics (4, 6, 34). In
the case of the two groves investi-
gated for multiple years in this
study, the Winchester grove for
which there is the strongest indica-
tion of aggregation at the individual
tree level (Table 1) and, therefore,

hints at the involvement of a conta-
gion, has a fairly linear increase in
blight incidence which is indicative
of a non-biological causation (Fig. 1).
The reverse is true in the McTeer
grove which shows much less aggre-
gation at the individual tree level
(Table 1), good indication of aggre-
gation at the group level (Table 2),
and no indication of aggregation at
the whole plot level (Table 3). Nev-
ertheless, it has a distinctly non-lin-
ear increase in blight incidence (Fig.
1) which is indicative of a contagion.
Therefore, there are conflicting
characteristics regarding blight cau-
sality relating to the involvement of
a contagion.

Temporal analysis. The data
for the McTeer study area were well
fitted by the Gompertz temporal
model (Fig. 1), suggesting that for
this plot at least, disease increase is
nonlinear and departs from results
previously demonstrated for other
plots (4, 6, 34). Temporal data for
the Winchester plot is inconclusive
due to the insufficient number of
temporal assessment points (Fig. 1).
Whereas a linear increase would
suggest a non-biological cause for
blight a curved linear increase of
disease suggests a possible involve-
ment of a contagion.

Spatio-temporal stochastic
model. In an attempt to shed some
light on the issue of the involvement
of a contagion in the citrus blight
malady, we employed a stochastic
modeling technique that has been
useful in the past to examine the
spatio-temporal dynamics of the cit-
rus tristeza and other pathosys-
tems and the involvement and
dynamics associated with various
vector populations (21). Utilizing
the model, there was considerable
similarity between the posterior
density contours associated with the
two plots and within each plot over
time (Fig. 2). In all but one case, the
largest probability category values
(≥0.9) of the posterior density L(a)
corresponded to values of a2 (the
local parameter relating to second-



376 Sixteenth IOCV Conference, 2005—Blight

T
A

B
L

E
 3

M
U

L
T

IP
L

E
-Y

E
A

R
 S

A
D

IE
 A

N
A

L
Y

S
IS

 O
F

 B
L

IG
H

T
 I

N
C

ID
E

N
C

E
 I

N
 T

W
O

 F
L

O
R

ID
A

 C
IT

R
U

S
 G

R
O

V
E

S
 O

F
 N

A
V

E
L

 O
R

A
N

G
E

 T
R

E
E

S
O

N
 S

W
IN

G
L

E
 C

IT
R

U
M

E
L

O
 R

O
O

T
S

T
O

C
K

D
at

a 
se

t
Ye

ar

In
de

x 
of

 a
gg

re
ga

ti
on

a
In

di
ce

s 
of

 c
lu

st
er

in
gb

P
at

ch
in

es
sc

D
is

ta
nc

e 
fr

om
 m

ai
n

to
 s

ec
on

da
ry

 c
lu

st
er

(s
)d

I a
P

a
ν i–

P
ν j–

P
N

o.
 c

lu
st

er
s

S
iz

e
X

-d
is

t
Y-

di
st

W
in

ch
es

te
r

O
ct

. 2
00

0
3.

07
1*

0.
00

03
2.

95
8*

0
-3

.2
04

*
0

24
24

(1
,2

,3
,4

,5
,1

0)
3.

16
67

5.
96

67
M

ay
 2

00
1

3.
13

*
0.

00
03

2.
93

*
0

-3
.2

34
*

0
24

29
(1

,2
,3

,5
,9

,1
1)

2.
86

21
6.

09
72

M
ay

 2
00

2
3.

56
2*

0.
00

03
3.

26
*

0
-3

.7
14

*
0

25
56

(1
,2

,3
,4

,5
,1

6)
5.

80
36

1.
78

57
M

ay
 2

00
3

3.
94

2*
0.

00
03

3.
10

9*
0

-4
.1

22
*

0
23

10
2(

1,
2,

3)
5.

21
57

7.
49

02

M
cT

ee
r

19
92

1.
03

6
0.

38
6

1.
05

7
0.

33
8

-1
.0

33
0.

35
8

1
1

N
A

N
A

19
93

0.
64

2
0.

88
0

0.
63

7
0.

86
5

-0
.6

37
0.

86
5

0
N

A
N

A
N

A
19

95
0.

97
4

0.
42

56
0.

92
0.

47
2

-1
0.

40
1

1
1

N
A

N
A

19
97

1.
38

4
0.

14
43

1.
37

7
0.

13
4

-1
.3

83
0.

14
1

6
3(

1,
2)

2
15

.5
19

98
1.

57
1

0.
07

45
1.

52
4

0.
08

2
-1

.6
01

0.
06

7
6

3(
1,

2)
0

12
.5

19
99

1.
10

4
0.

30
09

1.
18

4
0.

23
1

-1
.1

00
0.

30
0

5
6(

1,
2)

0.
5

23
.5

20
00

1.
25

2
0.

20
31

1.
28

3
0.

17
6

-1
.2

61
0.

20
2

5
6(

1,
4)

0
13

20
01

1.
75

9
0.

04
65

1.
77

5*
0.

04
5

-1
.6

07
0.

06
7

8
5(

1,
2,

3)
1.

4
18

.2
20

02
1.

52
2

0.
09

74
1.

20
8

0.
22

6
-1

.6
25

0.
07

3
5

6(
1,

2,
4,

5)
0.

1
4.

53
33

20
03

1.
49

2
0.

10
36

1.
27

9
0.

18
1

-1
.6

57
0.

06
6

5
8(

1,
6)

0.
95

83
17

.1
25

a P
a i

s 
th

e 
pr

op
or

ti
on

 o
f 

th
e 

20
28

 r
an

do
m

iz
at

io
n

s 
th

at
 a

re
 la

rg
er

 t
h

an
 D

 (t
h

e 
m

ov
es

 t
o 

re
gu

la
ri

ty
 o

f 
th

e 
ob

se
rv

ed
 d

at
a)

. T
h

e 
in

de
x 

of
 a

gg
re

ga
ti

on
 I

a 
is

 d
ef

in
ed

 a
s 

= 
D

/
E

a 
w

it
h

 E
a 
th

e 
m

ea
n

 d
is

ta
n

ce
 t

o 
re

gu
la

ri
ty

 o
f t

h
e 

ra
n

do
m

iz
ed

 s
am

pl
es

. T
h

e 
n

u
ll

 h
yp

ot
h

es
is

 o
f s

pa
ti

al
 r

an
do

m
n

es
s 

is
 r

ej
ec

te
d 

if
 P

a 
< 

0.
02

5 
(i

n
 fa

vo
r 

of
 a

gg
re

ga
ti

on
) o

r
if

 P
a 

> 
0.

97
5 

(f
or

 t
h

e 
al

te
rn

at
iv

e 
of

 r
eg

u
la

ri
ty

) 
at

 t
h

e 
u

su
al

 5
%

 p
ro

ba
bi

li
ty

 le
ve

l.
b
ν i–

an
d 

ν j–
co

rr
es

po
n

d 
re

sp
ec

ti
ve

ly
 t

o 
th

e 
av

er
ag

e 
va

lu
es

 o
f t

h
e 

in
di

ce
s 

of
 c

lu
st

er
in

g 
υ i (

pa
tc

h
)  a

n
d 

υ j (
ga

p)
 c

om
pu

te
d 

fo
r 

ea
ch

 q
u

ad
ra

t.
 P

 v
al

u
es

 c
or

re
sp

on
d 

to
 t

h
e 

pr
o-

po
rt

io
n

 o
f 

ei
th

er
 r

an
do

m
iz

ed
 ν

i–
or

 ν
j–

th
at

 e
xc

ee
de

d 
th

e 
ob

se
rv

ed
 v

al
u

es
.

c T
h

e 
n

u
m

be
r 

an
d 

th
e 

si
ze

 o
f t

h
e 

pa
tc

h
 c

lu
st

er
s 

w
er

e 
co

m
pu

te
d 

u
si

n
g 

th
e 

cl
u

st
er

xy
c.

ex
e 

pr
og

ra
m

 a
n

d 
vi

su
al

iz
ed

 b
y 

m
ap

pi
n

g 
(b

u
bb

le
 a

n
d 

co
n

to
u

r 
pl

ot
s)

 t
h

e 
cl

u
st

er
in

g
in

di
ce

s 
fo

r 
ea

ch
 q

u
ad

ra
t.

d T
h

e 
di

st
an

ce
 b

et
w

ee
n

 t
h

e 
ce

n
tr

oi
d 

of
 t

h
e 

m
ai

n
 p

at
ch

 c
lu

st
er

 t
o 

th
e 

ce
n

tr
oi

d 
of

 t
h

e 
se

co
n

da
ry

 m
ai

n
 p

at
ch

 c
lu

st
er

 in
 q

u
ad

ra
t 

u
n

it
s.

 W
h

en
 s

ev
er

al
 c

lu
st

er
s 

of
 t

h
e 

sa
m

e
si

ze
 w

er
e 

ob
se

rv
ed

, t
h

e 
di

st
an

ce
 w

as
 c

al
cu

la
te

d 
ta

ki
n

g 
in

 c
on

si
de

ra
ti

on
 t

h
e 

fu
rt

h
er

 o
n

e.



Sixteenth IOCV Conference, 2005—Blight 377

ary spread) of about 1.0 or less
toward the lower end of the parame-
ter range, and the highest probabil-
ity category for b (the background
parameter associated with second-
ary spread) varied from about 0.5 to
1.0. This trend was the most clear
for the Winchester plot which had
the most concise and compact proba-
bility contours (Fig. 2 A-C). The
probability contour maps were less
clear for the McTeer plot. The two
contour plots associated with the
two-year comparisons of 1997-1999
and 1999-2000 for the McTeer plot,
had some similarity to those contour
plots for the Winchester plot (Fig.
2E, F), however, the lower probabil-
ity contours flared toward the upper
range of the a2 axis near the mid
range for b (Fig. 2D-G). For the final
two-year comparison (year 2001-
2002), the highest probability cate-
gory (≥0.9) area of the contour map,
shifted from the a2 to the b axis
(Fig. 2G).

Overall interpretation of the pos-
terior density maps for the two
blight plots highlights the tendency
for the evidence to favor predomi-
nantly midrange local interactions

for secondary blight increase and
spread through time with some indi-
cation of randomness (background
primary transmissions) as well.
Therefore, blight spread does not
seem to be to nearest neighboring
trees, but does seem to occur within
the same vicinity of a few tree
spaces away. In addition, there is
indication that there is some back-
ground influence as well. Because
the causality of blight is unknown,
this can be interpreted in two ways
relative to two different spatial
mechanisms. First, if we consider
that blight may be soil borne in
some manner, then this background
influence would potentially be from
a few potential randomly-distrib-
uted point sources of inoculum
residing in the soil. However if we
consider that blight is not soil borne,
then we interpret the results to sug-
gest that not all of the newly
blighted trees can be accounted for
from a source within the plot itself,
but that some may come from out-
side the plot area.

The causality of blight remains
unclear, but if we consider that
blight may not be soil borne then
there is some indication that the
dynamics of the spread of blight are
similar in many regards to the Cit-
rus tristeza virus (CTV)/Toxoptera
citricida pathosystem (20). Spread
of CTV in the CTV/T. citricida
pathosystem is attributed primarily
to aphids that cause predominately
short range local transmissions to
nearby trees (but not necessarily
adjacent trees) combined with some
background transmissions that can
be very long distance. This should
not be taken to mean that there is
conclusive evidence for an insect
vector of blight. However, it does
indicate that the results of this
study are not inconsistent with such
a hypothesis. If a vector is involved
in blight transmission, there is no
evidence whatsoever that it is an
aphid; however, the likelihood is
that it has spatial dynamics similar
to T. citricida.

Fig. 1. Blight incidence over time in
two Florida citrus groves of navel
orange trees on Swingle citrumelo root-
stock. Plots 1 and 2 indicate the Win-
chester and McTeer study areas,
respectively. The fit of the disease
progress model to data for Plot 2 are
provided on the graph. Data for Plot 1
had and insufficient number of temporal
assessment to allow for model fitting via
regression analysis.
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Fig. 2. Posterior probability estimates of Markov-Chain Monte Carlo (MCMC) Simu-
lation of the spatio-temporal increase of citrus blight in two Florida citrus groves of
navel orange trees on Swingle citrumelo rootstock. MCMC posterior probability esti-
mations for local and background influences on disease spread for A-C, Winchester
grove for October 2000 to May 2002, May 2002 to May 2003, and overall October 2000 to
May 2003, respectively; and D-G. McTeer grove for 1992-1997, 1997-1999, 1999-2001, and
2001-2002, respectfully. Posterior probability estimations were restricted to time peri-
ods during which there was a minimum of 5% increase in disease incidence.
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