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Abstract.--Rust infection of open-pollinated slash pine families,

planted at four sites over two years, differed significantly among
geographic origins and families. The year and site differences were
even greater. Rank correlations of family infections among sites
planted in the same year were good but those between the same sites
in different years were poor. Correlation between sites was higher
with moderately high infection levels at both sites than when there
were large differences in average infection percent. Some families
showed consistent rust resistance in all plantings while others were
highly variable.

Additional keywords: Pinus elliottii, Cronartium fusiforme,
geographic variation.

Southern fusiform rust caused by Cronartium fusiforme Hedge and Hunt ex
Cumm. is the most serious disease of slash pine (Pinus elliottii var. elliottii)
and there are indications (Schmidt et al., 1973) that the average infection
rate is increasing in north Florida and Georgia annually. Thus, rust resis-
tance is a trait of critical importance to genetic improvement of slash pine.

Field resistance is essential in the selection of slash pine clones for
inclusion in seed orchards for production of rust resistant planting stock.
To provide a broad base of data on relative resistance of clones in the
Florida Cooperative Program, four geographically diverse test sites were
selected on the basis of high fusiform rust incidence in nearby pine planta-
tions. The four sites are located in Escambia County, Alabama, Taylor County,
Florida, Webster County and Bulloch County, Georgia (Fig. 1). Starting in
1971, the plan was to plant progenies of all clones in the Florida Cooperative

Program at each location at least one time. Annual plantings have been con-
tinued at these locations. In this paper, fusiform rust incidence data of
134 slash pine families from the 1971 and 1972 plantings are reported.

MATERIALS AND METHODS

Open-pollinated progenies of slash pine clones established in each location
were planted in ten-tree row plots. Spacing was 0.6 m (2 ft) within rows 2.4 m
(8 ft) apart. Randomized plots of each family were planted in each of three
blocks per location. The 1972 plantings were adjacent to but not randomized
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within the 1971 plantings. Although more than 300 families were planted in the
two years at the four locations, the design is not balanced. Relatively few
families were repeated at the same location both years, but a greater number
of families was planted at the several locations during a single year.

Rust infection was assessed in January, 1974 and January, 1975, three
years after planting in each case except for the Escambia County, Alabama, site.
Because of low infection rates at this site, data for the 1971 planting were
recorded after four years and the 1972 planting was not examined in detail.
Data were recorded as percent rust per plot. This percentage was based on the
number of trees with at least one rust gall expressed as a proportion of the
total number of surviving trees in the plot.

Data analysis.--Although the primary objective of these plantings was to
determine relative rust resistance of individual families, geographic origins
of many parental ortets could be grouped into seven rather discrete areas
(Fig. 1). For geographic locations (two or more adjacent counties) represented
by five or more families, least squares analysis of variance was computed to
partition the effect of geographic origin. Families from the several areas
were assumed representative of the native slash pine population of the area in
relative resistance to fusiform rust. Effects of the planting locations, year
of establishment and several interaction terms were also tested by the least
squares analysis of variance method.

Determination of the interactions of families with planting locations and
year were accomplished by three separate analyses. The four locations planted
in 1971 were compared on the basis of data from sixty-six families commonly
represented at all sites. A second group of fifty-four families was used for
comparison of three locations planted in 1972. Finally, a separate analysis
was run with fourteen families planted at all locations both years. To
indicate consistency of relative infection levels of families included in the
various analyses, or conversely, the degree of family x environmental inter-
action, rank correlation tests were applied for each group based on the average
infection value of the families at each location and year.

RESULTS

Rust infection differed significantly among the geographic origins repre-
sented as well as among families within geographic origin (Table 1). Families
from the vicinity of Emanuel County, Georgia and Taylor County, Florida, tended
to have the least infection. Families from Baker and St. Johns County, Florida,
tended to have the most infection (Table 2).

Infection rates were highly variable among planting locations and years
(Fig. 2). However, for most plantings the frequency of families by infection
classes appear to fit a normal distribution pattern (Fig. 3). The exceptions

were with very high average infection in the 1971 Webster County planting and

the low infection at Bulloch County in the 1972 planting.

Significant interactions were observed for geographic origin x planting
location, and particularly for family within origin x location for each
establishment year. However, rank correlation analyses of family infections
in all possible sets of two locations within a given year were significant
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(Table 3). Fourteen families planted in all locations both years had poor year
to year correlations in the Webster and Bulloch County plantings, while corre-
lation between years at the Taylor County site was significant statistically
(Table 4).

DISCUSSION

Geographic origin had an evident effect on resistance to C. fusiforme in
open-pollinated slash pine families. Strong seed source effects on rust
infection in loblolly pine (Wells and Wakeley, 1966) and in slash pine
(Gansel et al., 1972) have been reported. Two geographic origins, Emanuel
County, Georgia, and Taylor County, Florida, which showed the lowest infection
rate were reported as areas of high rust incidence (Phelps, 1974). In loblolly
pine, trees from the provenances of the least infection showed also the least
infection. But in slash pine, trees from the geographic areas of the relatively
high infection showed the least infection in this study. Goddard et al. (1975)
have shown that phenotypic selection of rust-free trees from areas of high
rust incidence can provide significant gains in rust resistance of slash pine.
The effect of seed source per se, however, does not appear to be as pronounced

in slash pine as it is in loblolly pine.

For reliable differentiation of families for rust resistance, moderately
heavy infection levels are required. With extremely high infection levels
(Webster County, 1971), resistance mechanisms appear to be overcome. In very
low infection rates (Bulloch County, 1972), distribution of infection was
rather random (Schmidt and Goddard, 1971). Poor correlations of Bulloch County,
1972 planting with three locations in 1971 plantings would be good examples.
In the middle range of mean infection level, frequency distribution of rust
incidence appears normal and good differentiation of rust resistant families

was possible.

Many of the families showed consistent rankings over all locations, while
some changed their rankings rather drastically in one location (Table 5).
Family 49-61 was ranked as one of the resistant group in three locations but
as susceptible in Webster County, 1971 planting. Behavior of these families
supports the reports of the pathogenic variability in C. fusiforme (Snow et al.,
1972, 1975). This can be also evidence for the possible presence of the ver-
tical resistance to fusiform rust in some slash pines along with the horizontal
resistance in other families (i.e. family 316-56).

At least over the three year period of these tests, year to year varia-
tion was very high. Rockwood and Goddard (1973) also observed a strong year
effect in slash pine. The expectation that open-pollinated families replicated
in successive years in the same location would be infected at a relatively
consistent level was not substantiated. Correlations between two years in
Webster County and Bulloch County were not significant statistically. The high
correlation in Taylor County seems to be due to moderately heavy and similar
infection levels in both years. Significant correlation between the Bulloch

County in 1971 planting and the Taylor County 1972 planting also suggests that
moderately heavy infection levels are required for good correlation between
years as well as sites. The fourteen families included in plantings at all
sites both years however, provide a limited basis for this conclusion.
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Procedures for testing should be revised to include replication over time as
well as over planting sites.
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