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Abstract. --In two slash pine seed source study plantations,
trees from northern sources produced cones earlier than those from
southern sources. As the plantations increased in age, more south-
erly sources started cone production. Conelet production 11 years
after planting was considerably greater in the south Florida plan-
tation than in the north Florida plantation (20.4 versus 0.5 cone-
lets per tree) even though the trees in the former were on the
average 8 feet shorter. Multi-whorl conelets were common in south
Florida but not in the north. Significant differences in number
of conelets occurred both among seed sources and families within
seed sources. Tenth-year heights and 1973 conelet production in
the south Florida plantation were significantly correlated
(r = 0.38). Within plantings, taller trees generally produced
more cones.
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Seed orchard managers are wondering why some of their orchards are pro-
ducing heavy cone crops while others of the same age are not. Racial varia-
tion studies may provide a partial answer to this question. The objective
of this study was to determine what effect planting site and seed source
have on early cone production of slash pine (Pinus elliottii Engelm.).

Information in the literature on this subject is very limited. Boyer
and Evans (1967) reported that early flowering in longleaf pine (P. palustris 
Mill.) may be influenced by seed source. Wells and Wakeley (1970) found well-
defined patterns of variation in degree of early cone production in shortleaf
pine (P. echinata Mill.). The large seed source study of slash pine describ-
ed by Squillace (1966) provided an excellent opportunity for studying the
effects of planting site and seed source on early flowering.

PROCEDURE

Seed Sources and Planting Sites 

Progeny from 53 slash pine seed sources are represented in the racial
variation study (fig. 1). It samples the entire natural range of slash pine
from Georgetown, South Carolina to the tip of the Florida peninsula and west-
ward to New Orleans, Louisiana. At each source, seed were collected from
5 trees and kept separate by mother tree. Seedlings were grown at Olustee
and established in four plantations in 1962. The plantations are located in
Bleckley County, Georgia; Baker and Collier Counties, Florida; and Harrison
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County, Mississippi. A complete description of the study was presented
by Squillace (1966). Information on early flowering reported here was ob-
tained from the two Florida plantations.

Measurements and Analysis 

Conelet counts were first made in the Baker County plantation in 1969,
7 years after outplanting when the trees first started flowering. Counts
were made in the spring after the new shoots had elongated but before the
new needles obscured the conelets. The conelets were highly visible at
this time. Subsequent counts were made annually for 5 years. A total of
2,131 trees were observed in the Baker County plantation. Conelet counts
were made in the Collier County plantation in the spring of 1972 and 1973.
A total of 1,875 trees were observed in this plantation.

The data were analyzed using an analysis of variance for a hierarchial
design with unequal numbers of trees per family and families per source
(Snedecor 1956, p. 271). A correlation analysis using family means was
used to determine if early cone production and height were correlated.

RESULTS

Genetic variation in early cone production in the 11-year-old slash
pine seed source study was very evident. In the north Florida plantation,
trees from the more northerly sources were the first to produce cones. As
the trees grew older, more southerly sources started cone production (fig. 1).
After 5 years, the most southerly source flowering was Citrus County. Aver-
age numbers of conelets per tree by source for the first 5 years of produc-
tion are presented in Figure 2. The geographic pattern for conelet production
was similar to that found for height growth (Gansel et al. 1971).

Conelet production in the south Florida plantation for 1972 and 1973 is
presented in Figure 3. Geographic patterns are not the same as that found
in the north Florida plantation. A coastal effect was evident, with pro-
duction being generally lower for sources near the coast and increasing in-
land. Conelet production per tree by source and distance from the coast
were correlated (r = .50). Even the more southerly sources are producing
conelets at a younger age.

The average number of conelets produced by year for both plantations
is presented in Table 1.

The 1973 conelet production and 10th year heights by family in Collier
and Baker Counties were correlated (r = .38 and r = .18, respectively).
Even though the correlation is not very strong, the taller trees generally
produced the most cones. Double whorls of conelets were common in the south
Florida plantation but absent in the Baker County plantation.

An analysis of variance was run on the Collier County plantation data
and is presented in Table 2.
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Table 1.--Average conelet production  per tree for the Florida plantations

Seed sources were significantly different at the 0.05 level while family
differences were significant at the 0.01 level. The component of variance
iue to family was 4 times greater than that for source.

In addition to the genetic effects, we also have a large site effect.
The site effect is largely responsible for the much greater overall production
of the south Florida plantation, which produced 10.4 versus 0.5 conelets per
tree in 1973. The trees were approximately 30% shorter in the Collier County
plantation (19 versus 27 feet) at the time of the 10th year measurements in
1972.

Application of Results

The first thing one may conclude from the results is that slash pine
seedling seed orchards planted in the southern part of the species range will
produce more conelets earlier on smaller trees than those planted in the

Baker County Collier County
Year plantation plantation

Conelets per tree (number)

1969 .03 not counted
1970 .22 "
1971 .08 " 	U
1972 .37 3.58
1973 .47 10.38

Table 2.--Analysis of variance for conelet production in the Collier 
County plantation in 1973.
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northern part of the range. However, before moving all our seed orchards
south, remember that in this study conelets were counted, not mature cones
full of seed. Also, we must remember that seedlings rather than grafts were
used in this study. Orchards composed of vegetative propagules may or may
not show the strong planting site effect reported here. A large percentage
of conelets never develop into mature cones. There are numerous pitfalls
in cone and seed development. Some pertinent questions to be considered
are: How does seed set in the northern seed orchards compare with that in
the south? What happens to flowering synchronization when trees are moved
long distances to adverse sites? Is strobili receptivity still synchronized
with pollen shedding? Will cone production in the northern plantation over-
take production of the southern plantation in time? These questions should
raise the caution sign.

What advantages are possible by moving seed orchards southward?

1. Potential for heavier and earlier cone production.

2. Elimination of damage from snow and ice storms.

3. Tender conelets and pollen less likely to be damaged by
late hard frosts.

4. Reduced fusiform rust damage in the seed orchards.

5. Possibility of less outside pollen contamination in the
orchard because flowering is not synchronized with the
native population.

With all these potential advantages the possibility of moving seed
orchards southward should not be overlooked.
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