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ABSTRACT

Webb, R. S., Anderson, R. L., and Portier, K. M. 1984, Comparative seedling resistance of Pinus
elliottii var. elliottii and P. elliottii var. densa to Cronartium quercuum f. sp. fusiforme. Plant

Disease 68:145-148.

Basidiospores of Cronartium quercuum {. sp. fusiforme were used to inoculate 1-mo-old seedlings
from 21 families of Pinus elliottii var. elliottii, resistant and susceptible to fusiform rust, including
several families of undetermined (unimproved) resistance, and seven unimproved bulk seed lots of
P. elliottii var. densa. After 6 mo, seedlings from bulk seed lots of unimproved P. elliottii var. densa
generally were more resistant to fusiform rust than the resistant, susceptible, or unimproved
selections of P. elliottii var. elliottii. These results may partially explain the absence of fusiform rust

in central and south Florida.

Additional key words: slash pine, south Florida slash pine

Fusiform rust (Cronartium quercuum
(Berk.) Miyabe: Shirai f. sp. fusiforme) is
the most economically serious disease of
slash pine (Pinus elliottii Engelm. var.
elliottii) in the southeastern United
States, yet the disease is only of minor
importance within the natural range of
south Florida slash pine (P. elliottii var.
densa Little & Dorm.) (8). We refer to
these taxa hereafter as “variety elliottii”
and “variety densa.” The range of variety
elliottii extends from southern South
Carolina through Georgia and north
Florida to eastern Louisiana, whereas the
range of variety densa extends from the
Gulf and Atlantic coastal areas of north
central Florida southward to Dade
County (7). The natural ranges of the two
varieties are allopatric except in north
central Florida (6).

Variety densa is not managed commer-
cially for fiber or timber production in
central and south Florida because it
grows slower and has poorer crown and
stem form, eg, flattened crowns and
forked stems, than variety elliottii.
Intolerance to frost also limits the
northern range of variety densa. When
grown on sandy loam soils in Argentina,
however, variety densa selections from
south Florida (Hendry County) have
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shown greater average volume than
variety elliottii or loblolly pine (P. taeda
L.).

The incidence of fusiform rust in 8- to
12-yr-old plantations of variety elliottii at
the southern limit of its natural range in
north central Florida is approximately
10% (17). Rust incidence is negligible in
the northern range of variety densa and
nil throughout the remainder of its range.
The absence of fusiform rust among
variety densa in central and south Florida
may be owing to the absence of suitable
alternate (oak) hosts (18), inherent
physiological or anatomical resistance, or
a combination of these factors. Climatic
differences seem insufficient to account
for the lack of rust in variety densa (2,13).

Field trials and laboratory inoculations
have given conflicting evidence for
resistance of variety densa. Fusiform rust
incidence in a southern Mississippi

plantation was evaluated after 2 yr, and
disease incidence in variety densa was
lower (4%) than in two provenances of
variety elliottii (20 and 24%) or
Caribbean pine (P. caribaea Morel.)
(66%) (1). In one inoculation experiment
(15), rust incidence was 76-85% for
seedlings of variety densa and 42-58% for
seedlings of variety elliottii. The
conflicting evidence for resistance to
fusiform rust by variety densa and the
relative absence of the disease in central
and south Florida were the stimuli to
screen and compare selected seed lots of
both slash pine varieties.

MATERIALS AND METHODS
Approximately 400 seeds from each of
21 open-pollinated families of variety
elliottii and seven bulk seed lots of open-
pollinated variety densa were collected.
The sources, status of rust resistance, and
codes of variety elliottii and variety densa
seed lots are shown in Table 1. The seed
lots of variety elliottii and variety densa
were maintained throughout this study at
the USDA Fusiform Rust Resistance
Screening Center in Asheville, NC.
Twenty seeds of each seed lot were
planted in each of six soil-filled trays on
10 August 1981. Northern red oak
(Quercus rubra L.) leaves inoculated with
anorth Florida (Duval County)aeciospore
source were observed for telial formation.
Detached leaves were placed on wire
racks over acidified water (pH 2.0) for
collection of basidiospores. Viable 1-mo-
old seedlings of both host varieties were

Table 1. Seed lots of Pinus elliottii var. elliottii and P. elliottii var. densa screened for resistance to

Cronartium quercuum f. sp. fusiforme

Variety Source Status® Code
elliottii  Florida Division Unimproved FLA-M-1-75S, FLA-M-3-75S,
of Forestry FLA-C-76S, INT-B-76S,
FLA-M-1-77S, FLA-M-77S,
FLA-S79S
University of Florida Resistant 6-56, 52-56, 70-56, 89-57, 165-57
Genetics Cooperative Resistant check FA2

Intermediate resistant

Susceptible

USDA Forest Service
Florida Division
of Forestry

densa Unimproved

Susceptible check

University check

115-56, 172-58, 244-56, 252-55,
267-55, 299-56

GA SL

S-FLA-M-77S(1), S-FLA-M-77S(2),
S-FLA-1-78S, FLA-L-79-SFS,
FLA-M-79SFS(1),
FLA-M-79SFS(3), FLA-S-79SFS

*Unimproved = no selection for resistance to fusiform rust; check = University of Florida Genetics

Cooperative check (intermediate resistance).
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inoculated with a concentrated basidio-
spore spray (20,000 spores per milliliter)
(10,11). The trays of seedlings were
processed in two groups of three trays
each. Seed lots of the first group were
inoculated on 7 October 1981 and of the
second group, on 8 October 1981.
Seedlings were fertilized 4, 8, and 16 wk
after inoculation. Six months after
inoculation, seedlings were evaluated for
fusiform rust incidence on the basis of
several stem symptom types: localized
stem pigmentation without swelling,
“rough” galls (=50% of surface dark
brown and slightly sunken), typical galls,
“short” galls (<25 mm long), and “fat”
galls (diameter twice that of healthy
stems) (20).

The incidence of fusiform galls was
compiled and analyzed by analysis of
variance techniques. An index of relative
resistance to fusiform rust also was

calculated for each of the 28 seed lots
using the information on proportions of
rough galls, short galls, symptoms
without swelling, and healthy (asympto-
matic) seedlings within the seed lots.
Frequent occurrence of one or more of
these four characteristics denotes resistance
(21). The index value calculated for each
seed lot was based on the incidence of
each symptom type:

seed lot index value = 100(SYMNO —
MI1)/(4 X STDI) + 100(ROUGH -
M2)/(4 X STD2) + 100(SHORT -
M3)/(4 X STD3) + 100(HEALTHY —
M4)/(4 X STD4),

where: SYMNO = mean percentage
within seed lot of seedlings with
symptoms (eg, localized stem pigmenta-
tion) but no swelling, M1 = minimum
value among seed lots for mean

Table 2. Incidence of four types of fusiform rust symptoms in Pinus elliottii var. elliottii and P.

elliottii var. densa

Symptom type (mean %)
No. of trays Index Symptoms
(20 seedlings  of relative Typical Rough Short without

Seed lot Variety per tray) resistance® galls galls galls swelling
FLA-C-76S elliottii 5 198.92 53 1 3 5
S-FLA-M-77S(2) densa 3 181.59 33 0 10 30
FLA-S-79S elliottii 6 162.75 46 0 22 2
FLA-S-79SFS densa 3 156.83 18 0 0 32
S-FLA-M-77S(l)  densa 5 148.67 34 0 4 29
FLA-M-79SFS(3) densa 2 129.60 20 0 0 21
FA2 elliottii 5 114.26 29 0 0 20
FLA-M-77S elliottii 2 113.68 39 0 6 13
University check elliottii 6 113.05 53 0 11 8
S-FLA-1-78S densa 2 108.64 31 0 0 19
FLA-L-79-SFS densa 4 101.36 36 0 0 18
52-56 elliottii 2 94.97 20 0 0 6
244-56 elliottii 5 93.11 67 0 12 8
FLA-M-79SFS(l) densa 3 91.15 62 0 9 10
165-57 elliottii 6 91.15 40 0 6 4
6-56 elliottii 6 81.10 48 0 4 7
FLA-M-1-778 elliottii 4 80.79 48 0 5 5
267-55 elliottii 6 78.24 58 0 8 4
70-56 elliottii 5 68.50 47 0 4 3
FLA-M-1-75S elliottii 6 66.27 57 0 4 7
FLA-M-3-758 elliottii 5 61.05 61 0 6 3
172-58 elliottii 6 59.94 68 0 6 7
GA SL elliottii 6 51.90 65 0 6 2
89-57 elliottii 6 43.99 58 0 1 4
INT-B-76S elliottii 6 41.66 58 0 0 5
252-55 elliottii 2 40.76 79 0 7 3
299-56 elliottii 6 37.62 63 0 0 7
115-56 elliottii 4 7.70 78 0 | 0

*See text for formula.

Table 3. Analysis of variance for percentage of typically galled Pinus ellicttii var. elliottii and P.

elliottii var. densa"

Sums of
Source of variation df squares F value Significance
Between dates of inoculation 55 6.925
Source 4 2.197 11.16 0.001
Seed lot (source) 23 1.536 1.35 NS®
Date 1 1.863 37.86 0.001
Experimental error 27 1.328 1.47 NS
Among replicated trays within dates 71 2.381
Total 126 9.306

* Analysis based on arc sine-square root transformation of percentage of typically galled seedlings.

®NS = not significant.
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percentage of seedlings with symptoms
but no swelling, STD1 = standard
deviation of seed lot means for percentage
of seedlings with symptoms but no
swelling, ROUGH = mean percentage
within seed lot of seedlings with galls
having rough bark, M2 = minimum value
among seed lots for mean percentage of
galls with rough bark, STD2 = standard
deviation of seed lot means for percentage
of galls with rough bark, SHORT = mean
percentage within seed lot of seedlings
with short galls, M3 = minimum value
among seed lots for mean percentage of
short galls, STD3 = standard deviation of
seed lot means for percentage of short
galls, HEALTHY = mean percentage
within seed lot of seedlings with no
symptoms, M4 = minimum value among
seed lots for mean percentage of healthy
seedlings, and STD4 = standard
deviation of seed lot means for percentage
of healthy seedlings.

A high seed lot index value indicates
frequent occurrence of resistant reactions
among the seedlings. The index value
may range from zero for a seed lot with no
symptoms to 400 for a seed lot with
maximum incidence of all symptom

types.

RESULTS

Seed lot rankings based on the index of
relative resistance are listed in Table 2.
Index values ranked from a high, ie, most
resistant, of 198.92 for variety elliottii
family FLA-C-76S to a low, ie, most
susceptible, of 7.7 for variety elliottii
family 115-56.

A ranking of seed lots by mean
percentages of typically galled seedlings
indicated that five of the seven most
resistant seed lots were variety densa.
According to the index of relative
resistance, four of the seven most
resistant seed lots were variety densa.
Based on the Mann-Whitney test (16),
seed lots of variety densa ranked
significantly higher than seed lots of
variety elliottii in overall fusiform rust
resistance. When seed lots were ranked
according to mean percentage of
seedlings with typical galls, the ranks
were negatively correlated with seed lots
ranked according to the index of relative
resistance (Spearman rank correlation
r=-—0.756, P<0.0001).

Analysis of variance (Table 3) revealed
significant differences in percentage of
typically galled seedlings both among
sources and between dates of inoculation
but not among seed lots within sources.
With the F values from Table 3, the
Waller-Duncan k-ratio rule (5) (Table 4)
was applied using the experimental error
term with 27 df; results indicated no
significant difference in percentage of
seedlings with typical galls between seed
lots of variety densa and resistant families
of variety elliottii.

DISCUSSION
The identification of resistant bulk



seed lots of variety densa suggests that
resistant pine genotypes are partly
responsible for the absence of fusiform
rust in central and south Florida. Disease
escape resulting from the scarcity of host
oak species in that region may contribute
to the absence of rust. Only bulk seed lots
of variety densa were available, and each
seed lot may have represented a wider
array of genotypes than variety elliottii
seed lots. Because of the pathogenic
variability of C. quercuum f. sp.
Sfusiforme (12), different geographic
sources of aeciospores may change the
relative resistance rankings.

The resistance to fusiform rust shown
by variety densa seed lots was substan-
tiated by analysis of mean percentages of
typical galls as well as by the index of
relative resistance. The highly negative
correlation between the two ranking
systems suggested that symptoms other
than typical galls were prevalent in the
variety densa and in the more resistant
variety elliottii seed lots. Only the most
resistant variety elliottii family, FLA-C-
76S, had the rough gall symptom, a
standard measurement included in the
index. If the rough gall symptom were
removed from the analysis, the index
value would be reduced by approximately
half and FLA-C-76S would be ranked in
the mid range of the resistance index.

No significant statistical difference in
mean percentage incidence of typical
galls was observed between seed lots
of resistant variety elliottii from
the University of Florida Genetics
Cooperative (45.22%) and seed lots of
variety densa from the Florida Division
of Forestry (33.77%), even though the
latter had approximately 12% fewer galls.

Some variation from previous tests of
resistance among seed lots of variety
elliottii was observed. Goddard and
Schmidt (3) reported that rust-resistant
families of variety elliottii showed stable
resistance over broad geographic areas in
the southeastern United States. Family
89-57, planted in six locations in north
Florida, southern Georgia, and
Mississippi, had an average fusiform rust
incidence of 23% and was considered
among the most resistant of the families
tested. Walkinshaw et al (20) substantiated
the high resistance of 89-57 based on gall
formation in field and greenhouse
inoculation trials. In our study, 89-57
incurred a mean gall incidence of 58%,
similar to the 60% incidence found by
Snow and Griggs (14) in Mississippi.
Family FA2 ranked highly resistant in
our study and is considered one of the
most resistant variety elliottii selections.
Yet, with the high inoculum technique
(9), this family had the greatest
susceptibility among 13 families tested,
with 95% of the seedlings showing galls.
Walkinshaw and Bey (19) also emphasized
the field resistance of FA2, yet reported
80% gall incidence in a greenhouse
inoculation study. Snow and Griggs (14)

Table 4. Waller-Duncan k-ratios for percentage of typically galled Pinus elliottii var. elliottiiand P.

elliottii var. densa

Mean percentage

Source Variety Status of gall incidence®
Florida Division of Forestry densa Unimproved 33.77a
University of Florida

Genetics Cooperative elliottii Resistant 45.22 ab
Florida Division of Forestry elliottii Unimproved 53.06 be
USDA Forest Service elliottii Susceptible check 64.83 cd
University of Florida

Genetics Cooperative elliottii Susceptible 66.56 d

*Means followed by the same letter are not significantly different according to the Waller-Duncan

k-ratio r (LSD) rule, where k-ratio = 100.

reported 73% gall incidence for FA2 in
another greenhouse inoculation
experiment.

The variations in incidence may be due
to: 1) the variable resistance component
from the male parents of the open-
pollinated seed; 2) two types of resistance,
eg, one that can withstand high
basidiospore inoculum levels and one
that cannot (9); 3) variation in virulence
of inoculum; 4) unproven reliability of
the index of relative resistance; and 5)
inconsistencies in gall evaluation. In
general, the families of variety elliottii
previously determined to be resistant
were among the more resistant slash pine
families in our study. Deviations from
reported variety elliottii resistance were
not explained fully, but this should not
detract from the apparent resistance
shown by the majority of the bulk seed
lots of variety densa. Symptoms without
swelling were common in seed lots of
variety densa, which suggests that basing
resistance on gall incidence, although
appropriate for variety elliottii, may be
inappropriate for variety densa. This
warrants further research.

The nature of the apparent resistance
of variety densa remains unknown. The
slow growth rate of variety densa within
its natural range may contribute to
negligible colonization levels, but in our
study the greenhouse conditions before
inoculation and during incubation
should have optimized the likelihood of
symptom expression. Perhaps the
commercial management of variety densa
could be expanded into areas of north
Florida if selections could be incorporated
into longleaf pine (P. palustris Mill.)
breeding programs to benefit from the
latter’s frost hardiness and adaptability to
dry, infertile sites.

A marked progressive increase in
incidence of fusiform rust has occurred
among plantations of variety elliottii in
north central Florida during the past 20
yr(4), but no such increase is recorded for
variety densa. The results of our study
combined with the negligible fusiform
rust incidence within the natural range of
variety densa suggest a degree of host
resistance that has been underestimated.
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