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Effect of Seed Size on Germination, Growth,
;md Survival of Slash Pine

Eugene Shoulders

SEED s1zE influences germination
of many coniferous seeds or the
initial growth of the resulting seed-
lings (1, 2, 3, 4, 5, 6, 7). Often both
are affected. In general, large seeds
have been found to germinate fast-
er and more completely than small
seeds and to produce seedlings
whose initial growth is greater.
The growth advantage has usually
disappeared after a few years; but
some authors believe the initial ad-
vantage persists, so that seedlings
from large seeds usually form the
dominant trees in the stand.

This article reports a study in
which slash pine (Pinus elliottit
Engelm.) seedlings were grown
from a single lot of seed that had
been sorted into size classes.
Briefly, sorting did not impart any
important benefits. Small seeds
produced smaller seedlings and
fewer plantable seedlings than me-
dium and large seeds, but the over-
all performance of the lot was the
same whether seed was sown mixed
in the nursery bed, or separated
into size components and sown.

Study Methods

The Iot consisted of approxi-
mately 500 pounds of slash pine
seed collected in Georgia in 1955,
Prior to sorting, the seed had been
thoroughly cleaned. Cutting tests
revealed it was 89 percent sound.
It averaged about 16,000 seeds per
pound. Sorting was done on a
commercial seed cleaner; Table 1
shows sizes of circular screen aper-
tures used to separate the seeds,
the proportion of the lot in each
size class, and the average number
of seeds per pound in each class.
An unsorted portion was recon-
structed by thoroughly mixing pro-
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portional amounts (by weight) of
small, medium, and large seed.

Laboratory tests were conducted
with the sorted seed to determine
the effects of seed size on germina-
tion.

Sorted and unsorted seed was
sown in the nursery in a random-
ized block design on April 10, 1957.
Plots were 4- by 484-foot nursery
beds. Sowing rates were calculated
to produce a uniform stocking of
40 seedlings per square foot at lift-
ing time. None of the seed was
stratified.

The beds were sampled on May
23 and 24, 1957, to determine ger-
mination of seed and actual seed-
ling catches. During July, four
permanent sample plots were ran-
domly located in each bed. These
were hand weeded and thinned to a
density of 40 seedlings per square
foot.

Final stocking of the beds was
estimated by counting all seedlings
on the permanent sample plots.
The center 25 seedlings from each
plot were used to determine size
and grade of planting stock, and
a sample of the remaining seed-
lings, with injured and diseased
individuals discarded, was planted
on two different sites in central
Louisiana on January 24, 1958.
Seed size treatments were repli-
cated three times on each site. In-
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dividual plots contained 50 seed-
lings. After planting, the seedlings
were classified as plantable or cull;
morphological grades 1 and 2 (8)
were considered plantable and
grade 3 cull.

Survival and growth of plant-
able and bed-run seedlings were
evaluated after one year in the
field. Only seedlings free from
disease or insect injury were in-
cluded in these appraisals. Tt was
necessary to identify and exclude
diseased and insect-injured seed-
lings because of a high incidence of
southern fusiform rust (Cronart-
wm  fusiforme Hedgeock and
Hunt) in the nursery in 1957 and
an attack on one of the test plant-
ings by Texas leaf-cutting ants
(Atta texama Buckley). Results
from the two sites were quite
similar and have been combined in
this paper.

Results

Germination. — Small, medium,
and large seed germinated equally
well in the laboratory, gross ger-
mination in 44 days averaging 75
percent. Germination was rapid
and seed of the various sizes ger-
minated at similar rates. Fifty-
nine percent of the small seed, 60
petcent of the medium seed, and
61 percent of the large seed ger-
minated in 8 days, and germina-

TABLE 1.—Crass LiMmITs, NUMBER OF SEEDS PER POUND, AND PROPORTION OF SEED
Lot IN SmMALL, MEDIUM, AND LARGE SizE CLASSES

Proportion of seed

Size of aperture lot in each class Seeds
Class of seed Passed by Retained by By weight By number per pound
Inches Percent Number
Bal i 10/64 241 30.7 20,800
Medium ... i 12/64 10/64 52.0 50.7 15,900
Large oo 12/64 23.9 18.6 12.700
Unsorted* ... .. . = 16,300

This separate was reconstructed from proportloned amounts (by

small, medmm, and -large seed: -
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tion of all sizes equaled or exceeded
72 percent in 21 days.

Germination in the nursery was
slightly lower than in the labora-
tory—70 percent of the unsorted
seed germinated and the weighted
average germination of small,
medium, and large seed was also
70 percent. Nursery germination
ranged from 64 percent for small
seed to 73 percent for medium
seed, but the differences were not
statistically significant.

Stocking and survival in the
nursery.—Initial stocking in the
nursery bed, 44 days after sowing,
ranged from 45.6 seedlings per
square foot for small seed to 54.2
for medium-sized seed. Beds sown
with large and with unsorted seed
averaged 53.8 and 51.2 seedlings
per square foot, respectively.
Stocking from small seed was sig-
nificantly lower than stocking from
medium, large, or unsorted seed,
but other differences were not
significant. Part of the difference
in stocking resulted from errors in
sowing rates (the drill did not sow
the exact weights of the various
separates of seed calculated to pro-
duce the desired stand), and part
was due to the lower germination
of small seed, even though ger-
mination percents, themselves, were
not significantly different.

Variations in density between
size classes were corrected by thin-
ning all sample plots to 40 seed-
lings per square foot in July. Sub-

sequent mortality, principally from
hand weeding, reduced stocking
considerably below this level. By
lifting time, stocking averaged 32.7
seedlings per square foot for small
seed, 36.2 for medium seed, 36.0
for large seed, and 31.5 for un-
sorted seed. These differences in
stocking were not statistically sig-
nificant. Thus, survival in the nur-
sery bed was independent of seed
size.

Yield and size of seedlings.—No
consistent trends in size of seed-
lings or yield of plantable seed-
lings were associated with seed size
(Table 2). Small seed produced
significantly fewer plantable seed-
lings than either medium, large,
or unsorted seed, but differences
in yields from medium, large, and
unsorted seed were not significant.
Sorting the seed did not produce
any increase in the total weighted
yield of plantable seedlings. The
73 percent plantable production
from beds seeded with unsorted
seed was 2 percentage points higher
than the weighted average plant-
able production when the three
sizes of seed were sown separately.
In other words, seedlings from
various sizes of seed grew just as
well in mixture as when kept sepa-
rate.

The inferior performance of
small seed in the nursery is also
reflected in the average size of bed-
run and plantable stock (Table 2).
Bed-run seedlings from small seed

TABLE 2.—YIELD AND SI1ZE OF SLASH PINE SEEDLINGS BY SIZE OF SEED

Total seedlings per sq. Size of Pro- Size of plant-
foot of nursery bed bed-run stock portion able stock®
Class at lifting Root-collar plant- Root-collar
of seed Desired Actual diameter Ht. able diameter Ht.
——Number Inches Feet Percent Inches Feet
Small 40.0 32.7 8/64 0.51 59 10/64 0.55
Medium 40.0 36.2 10/64 .66 78 11/64 .69
Large 40.0 36.0 9/64 .56 73 11/64 .58"
Unsorted 40.0 315 10/64 .61 73 11/64 .64

*Morphological grade 1 and 2 seedlings combined.

TABLE 3.—SEEDLING SURVIVAL AND HEIGHT AFTER ONE YEAR IN THE FIELD

Bed-run stock

Plantable stock

Class First-year  Avg. height First year Avg. height
of seed survival of survivors survival of survivors
Percent Feet Percent Feet
Small 96 0.95 96 1.04
Medium 90 1.04 94 1.14
Large 88 .96 94 1.04
Unsorted 87 1.01 92 1.12
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were 0.05 to 0.15 foot shorter than
those from the other size classes
and were 1/64 to 2/64 inch smaller
in root collar diameter. Plantable
seedlings from small seed were also
smallest, but the differences were
less pronounced. Medium-size seed
produced bigger stock, both bed-
run and plantable, than large and
unsorted seed. In this respect, un-
sorted seed was superior to large
seed.

Field survival—Field survival
at the end of the first growing sea-
son was generally good. With both
graded and bed-run stock, survival
increased as the size of seed de-
creased (Table 3). Unsorted seed
had the lowest survival of all seed
lots. Differences in survival of
plantable seedlings from small,
medium, large, and unsorted seed
were not significant, and the maxi-
mum range was only 4 percentage
points. The maximum range in
survival of bed-run seedlings from
mixed and sorted seed was 9 per-
centage points; analysis of vari-
ance showed the differences to be
statistically significant, but of little
practical importance.

The weighted average survival
of plantable seedlings from sorted
seed was 95 percent as compared to
92 percent for stock from unsorted
seed. With bed-run seedlings, the
averages were 91 percent for sorted
seed and 87 percent for unsorted
seed. Thus, the maximum benefit
derived from sorting was only 4
percentage points with bed-run
seedlings.

Unpublished data from a some-
what similar study at the Southern
Institute of Forest Genetics! sub-
stantiated the observation that
seed size has no notable effect on
survival of outplanted slash pine
seedlings.

As mentioned previously, site
quality had no important influence
on field survival under the favor-
able weather of 1958-1959 in cen-
tral Louisiana.

Growth.—During the first sea-
son in the field, seedlings from
medium-size seed lost much of the
superiority in height that they had
gained in the nursery. Whereas
bed-run nursery stock from me-
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dium seed averaged 0.10 and 0.15
foot taller than stock from large
and small seed, the advantage had
diminished to 0.08 and 0.09 foot
one year after planting. The dif-
ference between seedlings from me-
dium and unsorted seed had also
diminished. None of the differ-
ences are statistically significant,
and all will probably disappear
after two or three years. In the
study at the Southern Institute of
Forest Geneties seed size did not
significantly affect height one and
two years after planting.

Bed-run seedlings from un-
sorted seed averaged 1.01 feet in
height one year after planting
(Table 3). The mean height of
bed-run seedlings from sorted seed,
weighted by the proportion of the
total number of seed in each class,
was 1.00 foot. Thus, the seedlings
continued to develop at similar
rates whether grown from sorted
or unsorted seed.

Discussion and Conclusions

As nearly as can be determined
the slash pine seed used in this
study produced the same numbers
of plantable seedlings when sown

as a composite as when small, me-
dium, and large size components
were sown separately and a
weighted average was computed.
Plantable seedlings from all sepa-
rates survived about equally well.
and the differences in survival of
bed-run seedlings from sorted and
unsorted seed were too small to
indicate any real advantage from
sorting. Growth of survivors dur-
ing the first year eliminated much
of the height difference present
when the stock was lifted from the
nursery. As previously noted,
laboratory and nursery germina-
tion were not influenced by seed
size.

The most striking experimental
result was the superior initial
growth of seedlings from medium
seed. With other species, large
seeds have usually produced the
largest seedlings. This and the
other relationships between seed
size and initial growth of slash
pine are of interest to research
workers who sometimes must eval-
uate differences in heights of very
young seedlings. These considera-
tions, however, should not obscure
the fact that differences are small
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and will probably disappear after
two or three years. The practicing
nurseryman or forester may con-
tinue to use unsorted slash pine
seed with confidence.
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