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SouTH FLORIDA slash pine (Pi1t1Ls 
elliottii Engelm. var. densa Little 
and Dorman ) , the only native 
pine in much of southern F lorida, 
po sc-.. scs a unique combination of 
desirable characteristics. It is fire 
resi;;tant (7), its wood is the dens
Pst. of the southern pines (10), and 
it is relatively resistant to insect 
and di case attack (3, .f). 

Thes<' desirable features are often 
offset by poor survival and erratic 
growth of planted stoc-k, but iden
tification of seed and seedling 
characteristics related to the large 
Yariation in survival and growth 
would help eliminate these disad
vanta~es. H ere is a stndy designed 
to dctrrmine eft'ects of seed source, 
seed size, and seedling grade on 
snrvival and early growth of South 
Florida slash pine.1 

Past Work 

Little and Dorman (10} describ
r<l Routh Florida slash pine as a 
variety of slash pine, and deline
nkd its range. Langdon (8) and 
Ward ( 17) also published range 
maps. Thr concept of South F lor
ida sla. h pine as a discrPte genetic 
l'ntit~· was questioned by Squillace 
( t:I ) , who found a transition zone 
rharncterized by clinal variation in 
~nmr traits between the two vari
l'ti<'s. 

'f11E AUTHORS are silvfoulturists, South
~astem Forest E,.-pt. Sta., Forest Service 
!J. S. Dept. Agric., Asheville, N. C. 

1A cooperative study with Alico Land 
Development Company, Babcock Florida 
Compnny, and Florida Board of Forestry. 

Abstract . Differences in survival, growth, and pest resistance of planted South 
Florida slash pine (Pinus elliottii Engelm. var. d1msa Little nnd Dorman) 
from two sources, two seed sizes, and three seedling grades are reported. 
Seedlings from the northerly source had morphological characteristics more 
closely resembling typical slash pine than did tho.se from the southerly source. 
S ix years after outplanting, the northerly source, medium size seeds, and large 
seedling grade had survived best. The northerly source and large seedling 
grade grew fastest. Seedlings infected by the fungus S cirrhia acicola were 
snmller and had greater mortality than noninfected seedlings. These findings 
indicate the po.ssibility of improvement in survival and early growth of planted 
South Florida slash pine by careful selection of seed source and seedling grade. 

The importance of geographic 
origin of seed on survival, growth, 
and disease resistance of southern 
pines is well established (14). Al
though typical slash pine is appar
ently subject to less racial variation 
than some other southern pines 
(5), differences in survival and 
growth r elated to differences in 
seed source have been demonstrated 
(12, 15}. No previous studies of 
variation by geographic source 
within this variety have been pub
lished. 

Seed size affects survival and 
early size of a number of pine 
species (6, 11 ) . Langdon (9) found 
significant differences in survival 
of outplanted South F lorida slash 
pine seedlings from different sizes 
of seed. Seed size did not signifi
cantly affect height growth. 

Wakeley (16) established mor
phological seedling grades for 
southern pines. Morphological 
grade did not always express sur
vival potential. Transplanting dif
ficulties often resulted in lower 
survival of larger seedlings than 
of average-size seedlings (2). Slash 
pine seedlings of the typical variety 
selected for fast growth in the 
nurserybed also grew faster after 
outplanting ( 1, 2) . Larger South 
Florida sl.ash pine seedlings sur
vived and grew better than small 
or medium size seedlings during 
the firnt year afteroutplanting (9) . 

Nursery Phase 

In the fall of 1956 South Florida 
slash pine seeds were collected at 
two _ locations: H enory County, in 
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the south-central portion of the 
variety's range ; and Polle County, 
near the variety's northern limit of 
natural distribution (Fig. 1) as de
fined by Langdon (8) . The two 
locations are about 90 miles apart. 
South Florida slash occurs in pure 
stands in H endry County, where it 
is the only native pine {10). Polle 
County has been recognized as the 
southern limit of natural dist ribu
tion of typical slash pine (8) . 

T wo sizes of seed from each 
source were retained, those larger 
than 4.00 mm and those between 
4.00 mm and 3.36 mm. Seed that 
passed through the 3.36 mm sieve 
were discarded. 

Seed of different source and size 
were sown in separate nurserybeds 
in March 1957. One bed of each 
class was randomly chosen for 
study. Five, I-square-foot sampling 
units were randomly located in 
each bed. Stem diameter at the 
root collar to the nearest 1 /t 6 inch 
and total stem height to the nearest 
1 /to inch were recorded for all 
seedlings in each sampling unit in 
November 1957. In addition seed
lings were divided into two seed
ling types (Fig. 2) . 
1. Seedlings with inconspicuous 
winter buds, many crowded 
needles, and thick tap roots. These 
are commonly accepted criteria for 
identifying Sou th Florida slash p ine 
seedlings. 
2. Seedlings with prominent win
ter buds or lack of secondary 
needles. These characteristics are 
more closely associated with the 
typical slash pinn variety. 
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The seed.lings were root pruned 
in December 1957, and lifted the 
following month. Seed.lings from 
each source and seed-size class 
were graded into small, medium, 
and large seedling grades on the 
basis of stem diameter as tabulated 
below. 

Stem diameter 

Seedling Hendry County Polk Coun.ty 
grade Source Source 

-- Inches--
Small ____ 1/ 16·3/ 16 1/ 16·1/ 8 
Medium __ 3/ 16·1/ 4 1/ 8 •3/ 16 
Large ____ 1/ 4+ 3/ 16+ 

Trees were handplanted on a 
6 X 7-foot spacing in a randomized 
block design with four r eplications 
in Charlotte County, southwest 
Florida (Fig. 1). Treatments in
cluded the two seed sources, two 
seed sizes, and three seedling grades 
in a factorial arrangement. Each 
of the twelve t reatment plots per 
block contained 7 rows by 7 rows 
of trees.2 

Eighteen percent of the seedlings 
from the Polk County source had 
characteristics usually associated 
with typical slash pine seedlings, 
i.e., con picuous winter bud or ab
sence of secondary needles. No 
seed.lings from H endry County 
possessed these characteristics. 

Both stem diameter and height 
varied by seed source. Seedling 
from H endry County tended to 
have thicker, shor ter stems than 
those from P olk County. 'l'he 
H endry County seedlings averaged 
0.22 inches in root collar diameter 
and 3.0 inches tall at the end of the 
fir t growing season, compared to 

_, 0.15 inches in diameter and 5.1 
inches tall for the Polk Coun ty 
seedlings. 

A compari on of the percentage 
distribution of the two seed sources 
by diameter and height classes il
lustrates the size differences be
tween sources (Fig. 3) . The larg
e t proportion of Hendry County 
seedlings fell in the 3/ 16- to 1/ 4-
inch diameter class, whereas the 
largest proportion of P olk County 
seedlings was in the 1/ 8- to 3/ 16-
inch cla. s. If the midpoint of the 
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Fig. 1.-Florida, showing northern limit of South Florida slash pine, seed collec
tion areas (Cl, nursery location (Nl, and planting location (Pl. 

1A similar planting was made in south
cen tral Florida, but was destroyed by 
wildfire one year after planting. The 
outplanting r esults reported a re from Fig. 2.-Types of South Florida slash pine seedlings. The two seedlings on the 
the Charlotte County planting only. right closely resemble typical slash pine. 
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Fig . 3.-Percentage distribution of root-collar diameters and height classes of 
South Florida slash pine seedlings from two seed sources in the nurserybeds. 

3/16- to 1/4-incb class (7 /32 inch) 
is taken as the breaking point, 69 
percent of the Hendry County 
seedlings fell above that point, 
compared to only 26 percent of 
the Polk County source. 

E ighty-seven percent of the Hen
dry County seedlings were from 2 
to 5 inches tall. Poll, County seed
ling heights varied over a wider 
range and the shape of the dis
tribution curve was not normal. 
Fifty-four percent of them were 
from 3 to 6 inches tall, but 34 
percent were taller than 6 inches. 
Those Polk County seedlings clas
si£ed as having characteristics re
sembling typical slash pine seed
lings averaged taller (7.3 inches) 
and slightly larger in diameter 
(0.19 inch) than the other Polk 
County seedl ings. 

Seed size had no consistent effect 
on height or diameter of the Hen
dry County seedlings. The Me
dium-sized Polk County seeds tend
ed to produce taller seedlings with 
smaller diameters than did large 
seeds. Eighty-five percent of the 
seedlings Tesembling typical slash 
were produced by the medium
sized Polk County seed. The effect 
of seed size on height and d iam
eter of the Polk County seedlings 
was evident in the seedlings clas
sified as "South Florida type" a 
well a those classi£ed as "typical 
slash type." The "South Florida 
type" Polk County seedling heights 
and diameters averaged 4.5 inches 
and 3/ 16 inch, respectively, for 
seedlings from large seeds com
pared to 5.2 and 1/ 8 inches, re
spectively, for those from medium 
seeds. 
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Outplanting Phase 

Sttrvival.. - During the critical 
first months after outplanting and 
through the first 3 years, survival 
of the Hendry County seedlings 
was slightly higher than sU1·vival 
of the seedlings from Polk County 
( Table 1) . But, by age 3 survival 
percentages of the two sources were 
closely comparable. A larger per
centage of the Hendry seedlings 
died between the ages of 3 and 6 
than during the first 3 years after 
outplanting. The rate of mortality 
remained about constant for the 
Polk County seedlings. By age 6, 
survival of the H endry seedlings 
was consistently lower than sur
vival of the Polk seedlfog for all 
seed sizes and seedling grades. 

Seedlings from medium size 
seeds survived slightly better than 
those from large seeds throughout 
the 6-year period. The difference 
in survival between seed sizes in
creased slightly during the latter 
three years. The superior surviYal 
of seedlings from medium sized 
seeds was maintained for all sources 
and seedling grades. 

There was little difference in 
survival between seedling grades 
through the first 3 years after out
planting. Between ages 3 and 6, 
survival differences between seed
ling grades increased and became 
statistically significant. Only the 
difference in survival between the 
large and small grade seedlings was 
signi£cant.3 The superiority in sur
vival of large grade seedlings was 
consistent for both ources and 
both sizes of seeds. 

H eight g1·owth. -The superior 
height growth of seedlings from 
the Polk County source, first noted 
in the nurs e rybeds, persisted 
through the first 6 years of the 
study (Table 2) . Hendry County 
seedlings averaged 58 percent as 
tall as those from Poll, County 
before outplanting. ix years later 
they were 54 percent as tall (Fig. 
4) . The superior height growth 
of Poll{ seedlings was evident in 
both seed sizes and all seedling 
g1·ades. 

eed size bad no lasting effect 
on seedling height growth. 

'Compru-isons of individual means were 
made by Duncnn's New Multiple Range 
Test, 5 percent level. 
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Fig. 4 .-Planted South Florida slash pine from a Hendry County source (L} and from a Polk County source (IV, Colooso 
Experimental Range. Charlotte County, Fla . After 6 years the Hendry County seedlings were only 54 percent as tall as 
the others. 

The la rge seedling grade wa. 
significantly taller than the small 
grade at every measurement. The 
clifferences between large and me
dium grade, and between medium 
and small grade seedlings were not 
significant at age 6. However, dif
ferences in average height between 
seedling grades increased during 
the 6 .. year period (Fig. 5) . 

Disease and insects.- One year 
after planting, infection by the 
fungus cirrhia acicola (Dearn.) 

iggers, causing brown-spot needle 
blight was noted on 2 percent of 
the eedling . Incidence varied ig
nifieantly between all main effects 
( 'I'able 3) . By age 3, incidence of 
brown- pot di. ease had dropped 

sharply, and was negligible at age 6. 
The decrease was primarily a re
sult of mortality of diseased trees, 
but some previously infected trees 
no longer bad infected needles. 

Differences in brown-spot inci
dence are correlated with differ
ences in survival and height growth. 
Only 41 percent of the seedlings 
infected with brown-spot at age J 
were living at age 6, compared to 
4 percen t of the noniniected , eed

ling . 'l'he disea ed seedlings aver
aged le s than half a. talJ as tho e 
which were di ea e-free. 

P ine needle rust ( Ooleosporinm 
sp. ) was the only other disea e 
noted. Its incidence and effect 
were neglig ible. 

Pine sawflies (Neodiprion spp. ) , 
scale Ph enacaspis pinifoliae 
Fitch), tip moths ( Rhyacionia 
spp. ) , and pine pitch motJ1s (Dio
ryctria spp.) attacked some seed
lings. The infestations were light 
and did not differ by treatment. 

Discussion 

Typical slash pine seedlings tend 
to be taller and more slender than 
South Flor ida slash pine seedling . . 
In this tudy seedlings from the 
more northerly (Polk County ) 
sou1·cc were taller and more slender 
than those from the IIendry Coun
ty source. Moreover, eighteen per
cent of the Polk County seedlings 
had characterist ics so closely r e-

Table 1.-Average Survival of South Florida Slash Pine Trees 
by Seed Source, Seed Size, Seedling Grade, and Age from 

Outplanting 

Table 2 .-Average He ight of South Florida Slash Pine Trees 
by Seed Source, Seed Size, Seedling Grade, and Age from 

Outplanting 

Age Age 

l\Iain effect 6 months 1 year 3 years 6 years l\Iafo effect 1 year 3 years 6 years 

Percent Feet 
eed source : Seed source : 
Hendry County 94 94 6 59 Hendry County 0.3 0.6 1.9 
Polk County 90* 9• 85* 72* P olk County 0.4 1.2 3.5** 

eed size : Seed size: 
Large 90 9 84 62 Large ---·-. 0.3 0.9 2.6 
Medium 93 93 87 69* Medium 0.4* 1.0 2.8 

cedling grade : Seedling grade : 
Large 92 92 88 78** Large 0.5 1.3 3.5** 
Medium 91 90 84 66 Medium 0.4** 0.9** 2.6 
Small 93 92 84 53• • Small 0.2 0.6 2.1** 

A,·erage 92 91 85 65 Average 0.4 0.9 2.7 

*Significantly different at 5-pereen t probability level. *Significantly different at 5-percent probability level. 
**Signifieantly different at l ·percent probability level. **Significantly different at 1-percent probability level. 
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Table 3 .-lncidence of Brown-Spot Nee
dle Blight on South Florida Slash Pine 
Seedlings at Age 1 by Seed Source, 

Seed Size, and Seedl ing Size 

Main effect 

Seed source : 
Hendry County ___ _ 
Polk County _ ___ _ 

Seed size: 
Large 
'.Medium 

Seedling size: 
Large 
Medium 

Brown-spot 
incidence 

P ercent 

38 
19** 

38 
24* 

Small _ ______ _ 

20** 
25 
39** 

*Significantly different at 5-percent 
probability level. 

**Significantly difl:eent at I -percent 
probability level. 

sembling typical slash pine that 
they would have been classified as 
typical slash bad their source been 
unknown. The variations in mor
phological characteristics indicate 
possible racial variation within the 
variety - possibly clinal and be
coming more divergent from typi
cal slash pine characteristics from 
north to south. Evidence of the 
validity of this conclusion depends 
on results of intensive slash pine 
geographic variation studies cur
r ently in progr ess. 

The large variation in adaptabil
ity and early growth between the 
two sources is important to .forest
ers and agencies responsible for 
management activities in southern 
Florida. lVIost south Florida land 
managers plant typical sla h pine 
because survival and early growth 
are usually better for this variety. 
However, most comparisons of the 
two varieti es have been based on 
South Florida slash originating 
from a single geographic source-
the Keri area of Hendry County. 
The r esults presented here indicate 
that knowledge of the variety may 
be more limited than has been real
ized. The large variation raises tl1e 
possibility of obtaining seedlings 
with characteristics intermediate 
between the two varieties, or with 
the more desirable features of both. 

Seed size has bad no lasting ef
fects on South Florida sla h pine 
tree size in either of the two tudies 
in which it has been tested. The ef
fect of seed size on survival has 
been erratic, and differences have 
been small. 

Seedling grade is of prime im
portance in securing survival and 

:,~---------..------------,------------, 

4 

i:::' 

LEGEND 
SEED SOURCE 

(CJ HENDRY COUNTY, FLA 

Q POLK COUNTY,FLA. 
AGE 6-----< 

t! AGE I AGE 3 

~3~---------~--------~--1 
~ 
i;j 
~ 

~2~---------~---------
~ 
~ 
~ 

L M s L M S L M s 
SEEDLING GRADE 

Fig. 5 .-Average height of South Florida slash pine trees by seed source, age, 
and seedling grades large (L), medium (M), and small (S). 

growth of South Florida slash 
pine. Grading by diameter is as 
effective as grading by diameter
and-heigbt in nursery selection of 
seedlings. Nurserybeds of South 
Florida slash should be managed 
to produce seedlings with root col
lar diameters of 1/ 4 inch or larger. 
Seedlings with root collars less than 
3/ 16 inch should be culled. 

Incidence of brown-spot disease 
·was greater among shorter trees, 
regardless of treatment, and the 
disease ca u sed continuing high 
mortality. Wakeley (16) has shown 
that brown-spot infection on long
leaf pine can Teduce growth as 
much as 95 percent and cause con
tim1ing mortality to the 20th year. 
Elimination of the disease should 
increase both survival and growth 
of South Florida slash pine. 

Continued research in these and 
other phases of artificial r egenera
tion techniques is needed if south
ern Florida is to realize its forest 
potential. 
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