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Loblolly and slash pine seedlings
grown in Ray Leach seedling
containers had 85 percent field
survival, as compared to 64 percent for
seedlings transplanted (with all growth
media removed from roots) from
20-tree trays filled with a mixture of soil,
sand, and peat moss.

The USDA Forest Service Resistance
Screening Center, Asheville, N.C., was
established in 1973 to test selected pine
seedlings for fusiform rust resistance
under controlled greenhouse conditions
(1). In a standard test, six trays of 20
seedlings from each seedlot are
inoculated. These trays contain a
growing medium of soil, sand, and peat
moss. Because of the labor required to
carry out this process, variations in soil
fertility, and poor seedling survival
following outplanting, an evaluation of
the Ray Leach container was
undertaken. This article describes the
results for the field survival part of the
evaluation.

Methods

Considering the 20-tree design at the
Resistance Screening Center; the need
to handle each tree for fusiform
analysis; and the need to fertilize,
germinate, transplant, water, and
perform other cultural procedures, the
super cell Ray Leach tubes were
selected. This

selection was based only on
examination of the containers. A study
was then designed to make a
side-by-side comparison of the trays
currently being used at the Resistance
Screening Center and Ray Leach
super cell containers.

Currently used trays. The trays are
13"/, by 5'/, by 4 inches deep. They
were filled to within 1 inch of the top
with a 3:2:1 mixture of sterilized soil,
sand, and peat. The slash and loblolly
pine seeds used in the evaluation were
treated with 20-percent hydrogen
peroxide for 10 minutes and rinsed in
tapwater. The seeds were then placed
in germination trays of vermiculite and
watered for 15 minutes three times a
day. After the seeds germinated but
before the seedcoats were shed, 20
germinated seeds were transplanted
into each tray. A specially designed
planting dowell, with 20 evenly spaced
holes, was used to ensure uniform
seedling spacing. The trays were
fertilized with Miracle-Gro at the rate
recommended on the label before
transplanting and at 8, 16, and 24

weeks.
Ray Leach super cell containers.

The tubes were filled with a 5:4:1
mixture of peat moss, vermiculite, and
perlite to within 1 1/2 inches of the top.
This growing medium was watered, and
one seed was placed directly into the
top of each tube. The medium was
watered daily until the seed germinated
and then as needed. The tubes
received one-half of the concentration
of

Miracle-Gro recommended on the label
1 week after germination and a full
concentration each month thereafter.

All trays and tubes were maintained
in the greenhouse where temperatures
varied from 50° (night) to 90° (day) F.
The 740 slash and 740 loblolly pine
seedlings were inoculated with the
fusiform rust spores and grown for 6
months (slash pine) and 9 months
(loblolly pine). The complete evaluation
was replicated three times, 1 month
apart. The seedlings were evaluated
for fusiform rust infection to see if the
container performed as well or better
than the trays at the Resistance
Screening Center. The healthy
survivors were placed in a shadehouse
for 30 days before outplanting.

The trays and containers with healthy
seedlings (12 to 18 inches tall) were
transported to the Savannah River
Plant at Aiken S.C., in July, August,
and September 1979 and outplanted.
The tray trees had the soil mix removed
from the roots on the site and were
planted with a planting bar. The tube
trees were removed from the tubes and
planted using the same bar. The
locations were randomized by family
and type of container on the sandy
loam soil to minimize the effects of site
differences. The survival percentage
was determined in November 1980 and
again in November 1981.
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Results

The average survival for slash and
loblolly pine in containers (table 1) was
about 85 percent, while the survival for
tray-grown trees was 64 percent (table
1). In July and September, the tray
trees survived as well as container-
grown trees; but in the August planting,
there was a substantial difference.

Conclusions

Overall, seedlings grown at the
Resistance Screening Center in Ray
Leach tubes survived outplanting better
than the tray-grown trees, particularly
when outplanted under hot, dry
conditions.

It would seem safe to conclude that
the tubes provide increased, or at least
equal, survival of trees outplanted from
the Resistance Screening Center.

Table 1— Field survival of loblolly and slash pine seedlings grown at the
Resistance Screening Center in trays and containers

Survival of slash pine

Survival of loblolly pine

Planting date Trays Containers Trays Containers
%
July 79 (3.7)" 80 (3.7) 67 (4.3) 79 (3.7)
August 47 (4.6) 88 (3.0) 59 (4.5) 81 (3.6)
September 59 (4.5) 66 (4.3) 91 (2.6) 95 (2.0)
Average 64 (2.5) 86 (1.8) 64 (2.5) 85 (1.9)

1standard error is in parentheses next to each percentage.
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Three slash pine seedlots were each
graded by diameter and weight into 10
seed classes. These classes were
evaluated in laboratory tests, nursery
seedbeds, and 5-year-old plantations.
Lightweight seeds had lower laboratory
germination percentages than heavier
seeds, while small seeds had lower
survival rates in the nursery and
produced shorter seedlings than larger
seeds. Differences in seedling heights
at 5 years were significant only
between plantations.

Sizing seeds was a common nursery
practice until it was suggested that it
may eliminate some genotypes (9, 16).
Actually, no genotypes are lost unless
one or more seed sizes are discarded.
In fact, sizing may preserve slower
germinating genotypes (18). Further,
Righter (13) showed that there was no
relationship between seed weight and
inherent vigor. He therefore suggested
that selection for genetic improvement
through seed sizing was of no benefit
within a progeny seedlot.

The real benefits of seed sizing are
more uniform germination in the
nursery and more uniform seedling
density in the seedbed. Both of these
qualities are very important in the forest
nursery to increase the
seedling-to-seed ratio. There are two
basic means of

grading seeds (screens and gravity),
but few comparisons have been made
and very little research is available to
guide nursery personnel.

The objective of this study was to
investigate the effect of sizing seed
orchard and wild-collected slash pine
seeds by diameter and by density on
laboratory tests and on nursery and
field performance.

Materials and Methods

Two seed orchard (Pensacola and
Georgia) and one wild collection of
slash pine seeds from St. Regis seed
stores were commercially separated
into four physical sizes by screens.
Each of the three smaller sizes was
then separated on a gravity separator
into three density grades. This provided
a total of 10 classes per lot (fig. 1).

A sample was drawn from each of
the 10 classes in each lot and

Bulk lot

sent to the National Tree Seed
Laboratory for examination. The seed
laboratory evaluated the percentage of
filled seeds by radiography and the
average number of seeds per pound
and then tested four 100-seed samples
from each lot for germination. The
seeds were germinated at22° C with 8
hours of fluorescent light daily. Counts
were made weekly for 4 weeks.

Another sample of each size class
was sown in the St. Regis Nursery at
Lee, Fla., in April 1973. Each treatment
was sown on a 3-foot length of
nurserybed. Treatments were randomly
assigned and replicated three times.
Nursery germination was last
measured on May 30 and appeared to
be virtually complete. The number of
seedlings per square foot and their
height were measured on July 11 and
November 20. At lifting time (January),
10 seedlings were randomly selected
and lifted from the

Screen separation

Jumbo (J) Large (L)

J LH LM LL MH

Medium (M)

=

Small (S)

Gravity separation

Heavy (H) Med. (M) Light (L) Heavy(H) Med.(M) Light (L) Heavy(H) Med.(M) Light (L)

MM ML SH SM SL

Figure 1—Diagram of seed classes derived from each seedlot.
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center of each plot. These seedlings
were transported in polyethylene bags
to the National Tree Seed Laboratory
for evaluation. The remaining seedlings
were outplanted in 10-tree row plots
replicated four times. The seedlings
were machine-planted on a 7- by
12-foot spacing in Madison County,
Fla.

The seedlings transported to the
seed laboratory were weighed upon
arrival, and the tops were cut off at the
root collar. The tops were measured for
length and both tops and roots were
weighed and ovendried at 105° C for
24 hours. The stem diameter was
measured at the root collar with a
caliper. Finally, the dry weight of the
top and roots was recorded.

The entire experiment was repeated
a second year, and the seedlings were
outplanted in Escambia County, Fla.
The field design was modified slightly
by using block plots of 50 seedlings at
an 8- by 10-foot spacing replicated
three times. Analysis of variance was
conducted on all data. Duncan's
multiple range test was used to
determine differences between
treatment means.

Results and Discussion

Laboratory tests. Both screens and
gravity separations gave significantly
different seed sizes (table 1). Seeds
per pound varied continuously from the
largest diameter class, at 9,630 seeds
per

Table 1—Average measurements made on slash pine seed grades in a

laboratory evaluation

Seeds Germination of Days to 90% of
Grade per pound filled seeds total germination
%
Screens
Jumbo 9,373a' 87.5a 12.5a
Large 10,278b 84.8b 12.2a
Medium 13,182¢c 87.8a 13.0a
Small 17,737d 89.4a 13.1a
Gravity
Heavy 13,022a 91.8a 12.7a
Medium 13,513b 89.7a 12.6a
Light 14,662c 79.6b 12.9a

1 Means followed by the same letter are not significantty different at p=0.01. The multiple range tests were used
within each method of sizing and not in their combination.

pound, up to the lightest seeds in the
smallest diameter class, at 18,870
seeds per pound.

Germination percentage was
significantly less for the lightest seeds
in each diameter class. Within the
light-seed category, the germination
percentage decreased as the diameter
class increased (fig. 2). This result was
attributed to the number of partially
filled seeds (as seen in the
radiograph).

Larger seeds reportedly have more
stored energy. Also, seed vigor is
related to seed density (10). Therefore,
larger seeds are expected to germinate
first and get a faster start than smaller
seeds (2, 3, 5, 7). However, large
seeds have been surpassed by
medium-sized seeds (4, 8); and in
some cases, no relationship was found
between seed size and germina-

tion (1, 6, 12, 19). These differences
may have several explanations: (1) Not
recording germination often enough to
fully identify the rate of germination, (2)
the reduction in variability with
improved seed stock, and (3) variations
within a given seedlot, with storage.

We noted, in this study, that 7-day
intervals were too long to examine
germination rate accurately. In the first
year of the study, 63 to 68 percent of
the seeds germinated in 7 days. In the
second year, germination was only 15
to 18 percent in 7 days, but nearly 100
percent in 14 days. Also, the greater
variability of wild-collected seeds
produced slower germination.
Apparently, each seedlot must be
analyzed on its own merits to obtain
accurate germination rates.
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Figure 2—Germination of filled seed within grading classes.

Nursery data. The differences
between laboratory and field
germination were inversely related to
seed diameter (table 2). Small seeds
survived poorly in the field. Much of
their loss may be attributed to slower
germination and possibly weaker
seeds. No relationship was noted with
seed weight. Sowing rates could
therefore be adjusted to give desired
seedling densities among lots with
varying seed sizes.

Height differences between
seedlings from various seed sizes
became more distinct with time (table
3). Differences in seed density did not
affect seedling height, while differences
in seed diameter produced three
significantly different seedling heights.
Overall,

seedlings developed an array of
heights, uniformly decreasing from a
high of 12.5 inches with jumbo seeds
to 9.6 inches with small, light seeds.
Seedling data. Initial seed diameter
significantly affected all seedling
measurements, while seed weight had
no significant effect (table 4). Seedling
height was correlated to seed size
(r2 = 0.84): the jumbo seeds produced
seedlings 19 percent taller than those
developed from small seeds, while the
large seeds produced seedlings with a
larger root collar diameter and heavier
seedling weight.

Table 2—Comparison of laboratory germination and nursery survival

Laboratory Actual Difference
Treatment prediction field count
%
Screens
Jumbo’ 86 80 6
Large 82 70 12
Medium 85 70 15
Small 88 64 24
Gravity
Heavy 90 74 16
Medium 87 70 17
Light 75 60 15
Source
Georgia seed orchard 92 81 11
Florida seed orchard 86 78 8
wild collection 73 70 3
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Table 3—Seedling height in the Stem diameters and mean seedling
nursery weights were correlated with seed size

for wild-collected seeds (r* = 0.64), but
no relationship existed for orchard
Month seedlots. The reason for this is not
clear, but a possibility is that sizing of

d M Jul N b . . . .
Grade ay uy ovember wild collections may result in a sorting
In of genetic parents, especially if the
Screens seeds were collected from relatively
Jumbo 2.63a' 6.30a 1247a few parent trees.

Large 2.56a 5.94b 11.64b

Med. 229b 5.58¢ 10.91¢ The generally larger size of improved

Small  2.10c 5.12d 10.13¢ seeds is because of increased storage
material resulting from cultural
Gravity treatments in seed orchards. Seedlings

Heavy 2.34a 5.64a 11.13a
Med. 2.33a 5.60a 1091a
Light 2.26a 5.40b 10.64a

derived from large seeds produced 25
percent more dry matter than those
from

TMeans with the same tetter, within the grade and
month, are not significantly different at p = 0.01.

Table 4—Data summary (nursery seedlings)

Laboratory evaluations

Seedling Root collar Top:root Root dry Too dry Weight of

Measurement height diameter ratio weight weight 10 seedlings
el | B Oz
Screens
Jumbo 9.76a' 0206b 3.95a 0.03%9ab 0.153a 6.33a
Large 9.68a .211a 3.95a .040a 1.157a 6.52a
Medium 8.86b .203b 3.99a .035bc .140b 5.79b
Small 8.23¢c .191c  3.92a .032¢c .126¢ 5.26¢
Gravity
Heavy 9.09a 201a 3.88a .036a .139a 5.76a
Medium 894a .199a 4.11a .034a .140a 5.77a
Light 8.78a .204a 3.92a .037a .145a 6.04a
Source

Georgiaseedorchard 9.21a .203a 4.16a .034a .141ab 5.90ab
Florida seed orchard 8.78b .198b 3.91a .034a .134b 5.56b
Wild collection 8.78b .204a 3.99a .037a .148a 6.11a

Twithin screens, gravity, and source, data having the same letters are not significantly different at p = 0.01.

small seeds, and they also produced
10 percent greater stem diameters.

Plantation data. Significant
differences occurred in all
measurements between locations. The
seedlings in the second planting
(Escambia County) were shorter (table
5), were smaller in diameter, had better
survival, and exhibited less rust
infection (table 6). However, there were
no significant differences among the
seed classes in the combined data
related to either seedling height or rust
infection rates.

These results do not agree with
reports by Sluder (17) and Robinson
and Van Buijtenen (14), which showed
seed size had a significant effect on
tree height and volume at age 15 in
loblolly pine. In Sluder's study, only one
bulk lot of unimproved seeds was used,
and planting was done at only one
location. If the bulk lot was composed
of seeds of relatively few parent trees,
separating the lot into size classes
could result in genetic differences
among the size classes. This is
because seeds from a given parent
tree are fairly uniform in size, and are
closely related (at least as half-sibs,
with many full-sibs likely). Therefore,
the comparison of seed size classes
could really be a comparison of
different families, and substantial family
variation in slash pine is well known.
Planting at only one location would
enhance this ge-
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Table 5—Mean seedling height in the plantation at 5 years from seeds of different diameters, weights,

and sources

Seed source
Seed diameter Seed weight Flarida Georgia Wild
Location ju':ngﬂ T_arge Medium Small Heavy Medium Light seed orchard seed orchard
T Fit
Madison Co 154b' 154b 164a 168a 166a 160a 16.1a 16.3b 16.8a 15.5¢
Escambia Co. 146a 151a 14Fa 145a 14Ba 14T7a 148a 151a 14 6a 14.6a
Combined data 150a 152a 156a 156a 157fa 154a 154a 15.7a 157a 15.6a

T Mears with the sama latter, within aach location, sre not significantly different 81 p = 0.01

Table 6—Percentage of rust infection in plantation at 5 years from seeds of differnent diameters, weights,

and sources

Seed source

Seed diameter Sead weight Florida Georgia wild
Location Jumbo Large Medium Small Heavy Medium Light seedorchard seed orchard
S %
Madison Cao. 387a' 33733 360a 371a 38Ba 334a 353a 41.0a 3470 31.6c
Escambia Co. BFa 110a 92a 100a 11.2a 100a 2.0a 11.1a 11.9a 7.2a
Combined data 2278 222a 230a 236a 2458a 21.7a 2Z2:2a 26.0a 23.3ab 19.4b
-anu-w;h thin sama Il:.l:b::rs. within @ach localion, are nol signiticantly different at o= 0010,
Conclusion

netic effect if there was a significant
family by location interaction. Sluder
recognized these limitations in the
loblolly pine study. Since our slash pine
study involved three bulk lots and two
planting locations, these confounding
factors are not likely to have an effect.

In the study of east Texas loblolly
by Robinson and Van Buijtenen, the
separation by seed weight may have
really been a separation of natural
shortleaf loblolly pine hybrids from
loblolly pine. Since

natural interspecific hybridization is
not common in slash pine, itis not
likely that seed weight differences
were caused by hybridization.

These findings of our study support
Langdon's results (11) that seedlings
from a given seed size had only a
slight influence on field survival; and
those of Shoulders (15), which
showed that height differences
developed in the nursery from sized
seeds were soon eliminated in
plantations.

Seed sizing is a useful tool in the
forest nursery. These data show that
large seeds will produce large
seedlings and that, by separating the
seeds into classes, a more uniform
seedbed density may be obtained. The
uniformity in density is derived through
more uniform germination of the sized
seeds. After outplanting, however, the
range of variation is expected to be
large and the distribution approximately
normal, since seed weight is not
correlated with inherent vigor (13).
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Year After Outplanting
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Bayleton applied to bareroot nursery
stock at 600 milligrams per liter as a
top dip, root dip, or clay slurry
prevented fusiform rust infections in
loblolly pine seedlings artificially
inoculated 3 months later. Clay slurries
containing 600, 800, 1,000, and 1,500
milligrams of Bayleton per liter
prevented natural infections during the
first infection season after outplanting,
but top and root dips prevented natural
infections only at Bayleton
concentrations of 1,500 milligrams per
liter.

Fusiform rust caused by Cronartium
quercuum (Berk.) Miyabe ex Shirai f.
sp. fusiforme is the most important
disease in forest nurseries and young
plantations in the Southeastern United
States. The systemic fungicide
Bayleton (triadimefon; 1- (4-chloro-
phenoxy)-3, 3-dimethyl -2-(1 H-1,2,
4-triazol-1-yl)-2-butanone) has 24-C
registration for use as a foliar spray in
forest tree nurseries for control of
fusiform rust. The fungicide also
controls the disease when applied as a
seed treatment or soil drench (6, 7).
Because most damaging fusiform rust
infections occur during the first 5 years
after planting (2), a treatment of
nursery stock that provides some
control in the young plantation would
be most valuable.

This paper reports results of applying
Bayleton to 1-0 loblolly pine seedlings
for control of fusiform rust after
outplanting.

Methods

Loblolly pine seedlings were lifted
from a Georgia nursery and groups of
100 seedlings in Wakeley's grade 2
were exposed to various Bayleton
treatments (table 1). Five concentrat-
ions were applied in water as root and
top dips

and five concentrations were applied in
clay slurry as a root dip. Roots of
control seedlings were either dipped in
a Bayleton-free clay slurry or received
no treatment. Aqueous suspensions of
Bayleton were formulated to contain
600, 800, 1,000, and 1,500 milligrams
of active ingredient and 2.5 milliliters of
the adjuvant Agridex per liter. The clay
slurry used as a root dip was
formulated to contain Bayleton and
45.35 percent kaolinitic clay (less than
2-

Table 1—Efficacy of Bayleton' for control of fusiform rust in 1-0 loblolly

pine nursery stock”

Seedlings galled

Greenhouse— Nursery—
Bayleton artificial natural
Treatment concentration inoculations infections
Mg/I %

Check 0 10.9a° 40a
Check:clay slurry 0 4.8a 6.3a
Top dip 600 .Ob 4.0a
800 .0b 4.2a
1,000 .0b 2.1b
1,500 .0b .0c
Root dip 600 .0b 2.0b
800 .0b 4.2a
1,000 .0b 2.0b
1,500 .Ob .0c
Clay slurry 600 .0b .0c
800 .0b .0c
1,000 .0b .0c
1,500 .0b .0c

1Bayleton was formulated to contain 2.5 milliliters of the adjuvant Agri-dex per liter. The clay siurry contained

4535 percent kaolinitic clay.

2Seedlings were artificially inoculated 3 months after treatment or exposed to first-year natural-field inoculum.
31n each column, means followed by a common letter do not differ (P = 0.05) according to Duncan’s

multiple range test.
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micron particle size). This formulation
is thicker than that operationally used
(36.0 percent) in packing seedlings at
nurseries and, consequently, caused
more material to adhere to roots (1).
Seedling tops or roots were immersed
for 30 minutes in each aqueous
Bayleton suspension.

Ten seedlings of each treatment
were transplanted to each of 10
replicate flats (33 by 13 by 11 cm)
containing a sandy loam, sand, and
vermiculite soil mixture in a 2:1:1 ratio
by volume. Five replicates of each
treatment were placed on a greenhouse
bench and five were placed on a bed in
the Georgia Forestry Commission's
Davisboro Nursery on April 15, 1981.
Miracle-Gro, a commercially available
liquid fertilizer, was applied every other
month (5). Seedlings grown in the
greenhouse were inoculated 3 months
after treatment with the fusiform rust
fungus (300,000 basidiospores/ml) (3).
Aeciospores collected from loblolly pine
galls in Clarke County, Ga. (source
2-74), were used to produce the
basidiospore inoculum on northern red
oak seedlings. Seedlings in the nursery
were in place fort year; thus they were
exposed for a full infection season of
approximately 3 months (2, 4). One
year after the inoculations were made,
the percentages of seedlings infected
(galled) were determined. Nursery and
greenhouse studies were arranged in
randomized complete block de-

signs and variances in each study were
analyzed independently.

Results and Discussion

Among seedlings grown in the
greenhouse, all Bayleton treatments
fully controlled fusiform rust (table 1).
The low incidence of rust infections in
check seedlings (10 percent and 4.8
percent) after artificial inoculation with
300,000 basidiospores per milliliter (a
very high inoculum density) reflects the
small amount of newly formed tissue on
seedlings at the time of inoculation.
However, the amount of infection
obtained on control seedlings was
sufficient to test the effectiveness of the
treatments.

Seedlings in the nursery produced
considerable amounts of new shoot
tissue during the 3month exposure to
the rust fungus. On these seedlings,
Bayleton concentrations below 1,500
milligrams per liter were effective in
only the clay-slurry treatments (table
1). The clay-slurry root dip was fully
effective at all concentrations used.
Mixing a fungicide with clay and
dipping pine seedling roots in the
mixture before planting is easily
adaptable to nursery operations; a
similar clay slurry is applied at some
nurseries to improve field survival of
seedlings after storage (1). The clay
apparently provides a reservoir of
Bayleton for systemic translocation
after planting and during the time when
seedlings are likely to become infected.
The lowest concentration of Bayleton
applied in

this study (600 mg/l in a clay slurry root
dip appears promising for reducing
fusiform rust in loblolly and slash pine
regeneration programs. No phyto-
toxicity was noted in any treatment
concentration tested indicating that the
600-milligram- per-liter rate of
application in a clay slurry is well below
phytotoxic rates. Because none of the
treatments reduced survival or inhibited
growth of seedlings in the greenhouse
or nursery, it is un likely that they were
a serious detriment to mycorrhizal or
root development. Plans are underway
to test the clay-slurry treatments on
operationally planted seedlings to
determine effects on field survival,
growth, mycorrhizae, and rust control.
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Sample Size for Evaluating Treatment
Effects on Red Pine Seedlings

James E. Johnson and Carl L. Haag

Assistant Professor of Forestry and Graduate Research
Assistant, College of Natural Resources, University of

Wisconsin-Stevens Point

Basal diameter and total height
measurements of 990 3-0 red pine
seedlings provided the variance data
to compute sample sizes for various
probabilities and allowable errors. A
precision level + 5 percent of the mean
would require approximately 20 to 100
seedlings, depending upon the
probability level chosen.

Many studies involving the effects of
various treatments on growth of tree
seedlings rely on measurements of
stem diameter and seedling height as
variables (2, 4). A common question
that occurs in the planning of such
studies centers around the appropriate
sampling size or the number of
seedlings to include in each study
replicate. The number of seedlings
depends upon the variability associated
with diameter and height, the degree of
precision desired, and the appropriate
probability level.

The objectives of this study were to
determine the variation associated with
diameter and height of red pine
seedlings and to compute the sample
sizes required for varying probabilities
and levels of precision.

Methods

In April 1983, 990 3-0 red pine
seedlings were obtained from the
Griffith State Nursery in Wiscon-

sin Rapids, Wis. On each seedling,
basal stem diameter (mm) and total
height (cm) were measured. Means,
standard deviations, and coefficients of
variation were computed, and the
iterative procedure of Avery and
Burkhart (11) was used to determine
sample sizes. The following formula
was used:

n = sample size
t = Student's t
cv = coefficient of variation (%)
A = allowable error expressed as a
percentage of the mean

Results and Discussion

Sample statistics are presented in
table 1, and calculated sample sizes
for diameter and height for various
probabilities and allowable errors are
presented in tables 2 and 3.

Table 1—Sample statistics based
on measurement of 990 3-0 red
pine seedlings

Basal Total
Statistic diameter height
Mm Cm
Mean 4.36 26.3
Standard
deviation .88 43
Range 2.18-8.82 14.0-435

Coefficient of
variation (%) 20.2 16.2

Table 2—Number of seedlings to
sample for various probabilities
and allowable errors for basal
diameter

Allowable error as a
percentage of
the mean

Probability 1% 5% 10% 15% 20%
80 699 28 8 4 2
30 1,102 46 13 6 4
95 1,664 65 18 9 6
99 2,702112 31 16 9

Table 3—Number of seedlings to
sample for various probabilities
and allowable errors for total
height

Allowable error as a
percentage of
the mean

Probability 1% 5% 10% 15% 20%
80 433 19 5 2 1
90 71430 9 &5 2
95 1,013 43 13 7 3
99 1,750 75 21 11 4

Coefficients of variation for diameter
and height were fairly close, 20.2
percent for diameter and 16.2 percent
for height. Thus, for those studies
where both seedling diameter and
height are to be measured,
approximately the same number of
seedlings would provide the desired
precision for both variables.
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For both diameter and height, an
allowable error of +1 percent of the
mean results in an inordinately high
sample size, regardless of the
probability level chosen. Most
investigators would probably prefer to
operate in the +/- 5-percent range,
where the sample size varies from
about 20 seedlings to slightly over 100,
depending upon the probability level
chosen.

Sample sizes for other probability
levels can be computed using the data

in table 1 and the sample size formula.

Conclusion

If appropriate phenotypic variation
data is available, numbers of seedlings
that should be used in various studies
need not be based on guesswork or
perceived convenience. As shown by
this study, there is a great deal of
variation in sample size based upon the
desired level of precision alone.
According to Freese (3), "the aim in
planning a survey should be to take
enough observations to obtain the
desired precision-no more, no less."
The information presented here should
aid those workers faced with setting up
studies that involve the measurement
of seedling diameter and height.
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Second-Season Top and Root
Development of Potted, 1-0, Bareroot
Paulownia Tomentosa Seedlings!

Peter R. Beckjord

Assistant Professor of Forestry, Department of
Horticulture, University of Maryland, College Park

Paulownia tomentosa seedlings
were grown in a nurserybed at a
density of 64 seedlings per square
meter for one growing season.
Dormant, 1-0, bareroot seedlings
were lifted the following spring
and grown in a greenhouse in large
pots filled with sand. Three seed-
lings were removed every 7 days
for a period of 49 days to measure
top and root growth. Shoot bud
break and new roots developed 7
days after planting. Shoot and root
growth dramatically increased 21
days after planting with a reduction
in original taproot dry weight.

Paulownia tomentosa (Thunb.)
Steud. has been of recent interest
because of newspaper and maga-
zine articles (4, 5, 6, 7, 8) and
recent scientific literature (1, 3, 9)
on the growth, site adaptability,
and wood value of this species.
The University of Maryland's
Paulownia Research Center is cur-
rently investigating numerous as-
pects of the site adaptability and
silviculture of paulownia (2) . Un-
fortunately, American literature
providing even the simplest bo-
tanical information on paulownia
is scarce.

1 This study was supported in part by
McIntire-Stennis Cooperative Forestry re-
search funds. Scientific Article No. A-3530,
Contribution No. 6604, of the Maryland
Agriculture Experiment Station.

Paulownia plantations must
either be planted with container-
ized seedlings, bareroot seedlings,
or large root portions for adequate
survival and spacing control. Uti-
lizing large root portions is not
practical in large plantations be-
cause of inaccessibility of root
sources and the possibilities of de-
cay and dessication of wounded
root portions when planted. Con-
tainerized and bareroot seedlings
have been successfully grown (7)
and planted with good to excel-
lent survival (3).

This study was conducted to in-
vestigate the second-season top
and root development of 1-0,
bareroot Paulownia tomentosa
seedlings. This information should
familiarize foresters and tree
farmers with the initial field growth
and establishment of planted
paulownia seedlings.

Materials and Methods

Twenty-one dormant, 1-0, bare-
root paulownia seedlings were re-
moved from a nurserybed in March
1983 and stored in moist sphag-
num moss in a paper bag at 3°C
for 3 weeks. Seedlings were select-
ed to be of a uniform root diam-
eter (approximately 1 centimeter)
and cut to 18-centimeter lengths.
Taproots were 17 centimeters and
the stem 1 centimeter long. All 21
seedlings were cut to have equiv-
alent fresh weights and were mixed
and then separated into seven
groups of three seedlings each.
Each group of three seedlings was
planted at even spacings in a 20-
liter plastic pot filled with washed
river sand. These pots were placed
on a greenhouse bench. Seedling
groups received one-half liter of
water every day. The photoperiod



was not enhanced artificially and
greenhouse temperatures were
maintained continuously at 24° C.

Three seedlings from a single pot
were removed for analyses every 7
days. Shoot buds and new primary
lateral roots that developed were
counted. Shoot lengths and their
locations (distance from the root
collars) and locations of new pri-
mary lateral roots were tabulated.
Paulownia tops (shoots plus
leaves), new roots, and original
taproots were dried at 65° C for 48
hours and weighed. Photographs
were taken before all measure-
ments.

Results and Discussion

Shoot buds and new primary
lateral roots developed after 7
days, but these had no measure-
able dry weight. Numbers of shoot
buds and new primary lateral roots
of seedlings after 14 days were
similar to those after 7 days and
also had no measurable dry weight
(table 1 and fig.1). After 21 days of
growth, top and root growth had
accelerated to measurable weights
and shoot growth continued geo-
metrically throughout the remain-
der of the 49-day period. Root dry
weight and number of new pri-
mary laterals did not increase be-
tween the 28th and 49th day, re-
sulting in a decline in new root-to-

shoot dry-weight ratios during that

period. Original taproot dry weight
was reduced sometime between
the 14th and 21st days of growth

(table 1 and fig. 1) in conjunction
with top and new root growth.

Taproot growth increased linearly
between 21 and 49 days of growth.



Figures 2 through 8 show the new
growth from 1-0, bareroot seed-
lings over a 49-day period.

Figure 4 shows the dramatic in-
crease in top and root develop-
ment of seedlings after 21 days of
growth. Most new shoots devel-
oped within a 3-centimeter zone
below the root collar, but some
appeared up to 6 centimeters
below the root collar. Figure 5
shows an increase in secondary
root development. New roots
developed from many locations
on the taproot including the cal-
lused zone at the cut end of the
taproot.

This study shows the sequence
of new shoot and root develop-
ment and growth of 1-0, bareroot
paulownia. These seedlings were
grown under greenhouse condi-
tions with adequate moisture,
light, and atmospheric and soil
temperatures in a porous, sandy
medium, which allowed rapid de-
velopment and growth. Field con-
ditions would probably delay de-
velopment and growth and alter



new root-to-shoot ratios because
of various edaphic and atmo-
spheric variables. Nonetheless,
this study may provide the tree
planter a better understanding
of how paulownias develop and
grow after planting.
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Comparison of Quick- and Slow-
Release Fertilizers in Young Plantings
of Eucalyptus Species!

S. C. Miyasaka
Agronomist and Soil Scientist,

BioEnergy Development Corp., Hilo, Hawaii

Eucalyptus saligna and E. grand is
seedlings fertilized twice per year
over a 2-year period with a soluble
fertilizer (12-24-12) were taller
and had greater diameters than
those given one application per
year of this quick-release fertilizer
or one application per year of the
slow-release fertilizers Osmocote,
Nitrogano, or Agriform.

Fertilization is required for max-
imum biomass production in
short-rotation, intensively cultured
eucalyptus forests in Hawaii (5).
Along the Hamakua Coast of
Hawaii Island, rainfall exceeds
5,000 millimeters annually and
leaching of nutrients may be a
problem in forest establishment
and maintenance.

Slow-release fertilizers have been
shown to stimulate the growth of
trees, especially on nutrient-
deficient sites (1, 2, 4, 7). Meskimen
(4) demonstrated the beneficial
effect of slow-release fertilizer tab-
lets on the establishment and
growth of Eucalyptus camaldulen-
sis on sandy soils in Florida. Walters
(7) found that the slow-release
fertilizer Osmocote significantly
increased the early growth of
Australian toon and Queensland-
maple seedlings on the strongly
acidic forest soils of Hawaii Island.

1This research work was funded in part
by the U.S. Department of Energy under
subcontract 9061.

No previous work has been pub-
lished concerning the effect of
slow-release fertilizers on the early
growth of eucalyptus in Hawaii.

It was thought that slow-release
fertilizers might be beneficial for
eucalyptus growth in high rainfall
areas because of decreased leach-
ing of soluble nutrients. Slow-
release fertilizers make small con-
centrations of nutrients available
over a long period of time (6), thus
decreasing the amount of nutrients
susceptible to leaching at one par-
ticular time.

This paper reports on two tests
that were installed to compare
tree growth and application costs
associated with three slow-release
fertilizers and a soluble fertilizer
applied at two dosages in a short-
rotation eucalyptus plantation.

Materials and Methods

Eucalyptus saligna Sm. and E.
grandis hill ex Maiden. seedlings
were outplanted in January 1980
at the Kamae site, located 24
kilometers to the northwest of
Hilo, Hawaii. The elevation at
Kamae is 480 meters and the aver-
age annual rainfall exceeds 5,000
millimeters. The test site is located
in a poorly drained area that had
formerly been in sugarcane pro-
duction.

The soil belongs to the Akaka
silty clay loam series (Thixotropic
Isomesic Typic Hydrandept) and
slopes range from 10 to 20 per-
cent. Thirty soil samples were sent
to Brewer Analytical Laboratory for

determination of pH, total N, and
sulfuric acid extractable P and am-
monium acetate extractable K, Ca,
and Mg. Color in the extracted P
solution was developed by the
phosphomolybdate method (3),
and concentration was determined
using a Klett-Summerson photo-
electric colorimeter. Potassium
was analyzed with a Beckman
model D-U flame spectrophotom-
eter, while other elements were
analyzed with a Perkin-Elmer
model 303 atomic absorption
spectrophotometer. Results were
averaged and compiled in table 1.

The site was disk-harrowed, then
sprayed twice with glyphosate at
2.2 kilograms per hectare of
active ingredients per application
before outplanting. Tubed E.
saligna and E. grandis seedlings,
which averaged 30 centimeters in
height, were outplanted at a 0.75-
by 3.0-meter spacing. The plot
size was 7.5 by 27.0 meters with
90 trees per plot.

The following five fertilizer treat-
ments were placed in holes 15
to 20 centimeters away from the
trees and covered with soil. Based
on preliminary results from a
eucalyptus N-P fertilizer trial at
Akaka in Hawaii (5), fertilizer rates
were calculated to give 12.6 grams
of N per tree per application.



1. Soluble DC-153 fertilizer?
(12-24-12) applied at
planting and 12 months
later (101 grams/tree per
application).

2. Soluble DC-153 fertilizer
(12-24-12) applied at
planting and 6, 1 2, and 18
months later (101 grams/
tree per application).

3. Slow-release Osmocote*
(14-14-14) applied at
planting and Osmocote
(13.5-1 3.5-13.5) applied
at 12 months (90 grams/
tree per application).

4. Slow-release Agriform*
tablets (20-10-5) applied
at planting and 1 2 months
later (three 21-gram tab-
lets/tree per application).

5. Slow-release Nitrogano

5 (3-4-2.5) applied at plant-

ing and 12 months later
(420 grams/tree per appli-
cation).

2DC-153 is composed of urea, treble
superphosphate, and muriate of potash.
3 Osmocote is a product of Sierra
Chemical Co., Milpitas, Calif. Osmocote
14-14-14 is a 3- to 4-month-release fertil-
izer, while Osmocote 13.5-13.5-13.5is a
6- to 7-month-release fertilizer.

4Agriform is a product of Sierra Chemical
Co. In addition to N, P, and K, it contains
2.6 percent Ca, 1.6 percent S, and 0.35
percent Fe.

¥ Nitrogano is a product of Wilbur-Ellis
Co., Los Angeles, Calif. It is derived from
activated dried chicken manure and, in ad-
dition to N, P, and K, contains 5 percent Ca,
0.75 percent Mg, 0.35 percent Fe, and
50.0 percent organic matter.

The two experiments were laid
out in a randomized complete
block design with five treatments
and four replicates of E. saligna in
one test and five treatments and
four replicates of E. grandis in a
second test. Measurements of
height of the inner 40 trees in a
plot were taken at 3, 6, 9, 12, 18,
and 24 months after outplanting.
Diameter at breast height was
measured at 18 and 24 months
after outplanting. Analysis of vari-
ance was carried out to determine
the significance of the treatment
effect, and means were statistically
separated by Duncan's multiple
range test.

Results and Discussion

Levels of extractable P, K, Ca,
and Mg in the soil were found to
be low at this site (table 1). Pre-
liminary results from a eucalyptus
N-P fertilizer trial located 4 kilom-
eters to the southeast of the
Kamae site on soils belonging to
the same soil series showed that
the primary limiting nutrient was
N and there was no significant

growth response to Pat 12 months
after outplanting (5). Based on
these preliminary results, it was
decided to apply soluble and slow-
release fertilizers at a constant rate
of N per application.

The annual rainfall recorded at
the Honohina mauka weather
station located 3 kilometers to the
north of the Kamae plantings was
5,625 millimeters for 1980 and
3,282 millimeters for 1981. The
first fertilizer treatments were ap-
plied at the time of outplanting in
January 1980. In March 1980,
more than 2,000 millimeters of
rain fell along the Hamakua Coast
during a major rainstorm. This rain-
storm presumably increased fertil-
izer loss by leaching soluble nu-
trients below the rootzone of the
seedlings. Fertilizer loss in the sur-
face runoff was somewhat mini-
mized by the subsurface applica-
tions of the fertilizers.

At 3 months after outplanting,
there were no significant differ-
ences between fertilizer treat-
ments in height of the E. saligna or
E. grandis seedlings (figs. 1 and 2).
By 6 months after outplanting, the



eucalyptus trees fertilized with
Osmocote were significantly taller
than those given all other treat-
ments (figs. 1 and 2), indicating
the greater effectiveness of Osmo-
cote fertilizer, particularly after
heavy rains.

The eucalyptus trees that re-
ceived a second application of
soluble DC-153 fertilizer at 6
months after outplanting were sig-
nificantly taller at 9 months than
those given all other treatments
tfigs. 1 and 2). This second appli-

cation at 6 months appeared to be
critical since growth of the fertil-
ized trees sharply increased be-
tween 6 and 9 months (figs. 1 and
2). Soluble nutrient loss in these
plots was probably accelerated by
the rainstorm in March, resulting
in soil nutrient deficiencies by 6
months.

Eucalyptus trees receiving solu-
ble DC-153 fertilizer at 6-month
intervals generally outperformed
all other treatments from 9 through
24 months after outplanting (figs.
1 and 2). At 24 months after out-
planting, E. saligna trees given the
double dosage of DC-153 fertil-
izer were significantly taller and
had significantly greater diameters
than those given all other treat-
ments (table 2). At 24 months after
outplanting, E. grandis trees given
the double dosage of DC-15 3 fer-
tilizer were significantly taller and
had significantly greater diameters
than those given all other treat-
ments except for Osmocote
(table 2).

Among the fertilizer treatments
given once per year, eucalyptus
trees fertilized with Osmocote
were the tallest from 6 through 24
months after outplanting (figs. 1
and 2). At 24 months after out-
planting, Osmocote-fertilized E.
saligna trees were significantly
taller than those given a single ap-
plication per year of the other fer-
tilizers, except for Nitrogano
(table 2). In the case of E. grandis,
the height of Osmocote-fertilized
trees was significantly greater than
those given Agriform (table 2).



At 24 months after outplanting,
E. saligna trees fertilized with Os-
mocote had significantly greater
diameters than those given a single
application per year of all other
fertilizers (table 2). In the case of E.

grandis, trees fertilized with Os-
mocote had significantly greater
diameters than those given a single
application per year of any other
fertilizer, except for DC-153
(table 2). The greater effectiveness

of Osmocote, relative to all other
fertilizers applied once per year,
could be because of its tempera-
ture-dependent release of nutri-
ents (6), which would reduce the
soluble nutrient concentration
available for leaching.

Fertilization costs were calcu-
lated to include both materials
and labor (table 2). The least ex-
pensive fertilizer treatment was the
single application per year of solu-
ble DC-153, while the most ex-
pensive treatment was Agriform
(table 2).

The double application per year
of soluble DC-153 fertilizer (12-
24-1 2) resulted in the best growth
of E. saligna and E. grandis com-
pared to all other treatments at 2
years after outplanting (figs. 1 and
2, table 2). The second best growth
of eucalyptus trees at 2 years after
outplanting was found in Osmo-
cote-fertilized plots (table 2). The
cost of a double application per
year of soluble DC-153, however,
was less than the single applica-
tion per year of Osmocote fertil-
izer (table 2).

Conclusions

The double application per year
of soluble DC-153 fertilizer (12-
24-12) produced the greatest
growth of E. saligna and E. grandis
compared to all other treatments
at 2 years after outplanting. Slow-
release fertilizers, such as Agriform,
Nitrogano, and Osmocote, were
more expensive than the double



application per year of soluble
DC-153.

The growth of the E. grandis
given one application per year of
soluble DC-153 fertilizer did not
significantly differ from that of trees
given slow-release fertilizers. In
the case of E. saligna, only Osmo-
cote-fertilized trees among those
given slow-release fertilizers grew
significantly more than trees given
a single application of DC-153.
The cost of the single application
per year of DC-153 was less than
half that of any slow-release
fertilizer.
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Predicting Cold Hardiness of
Douglas-Fir Nursery Stock With an
Oscilloscope/Square-Wave Apparatus

Annabelle E. Jaramillo

Botanist, USDA Forest Service, Pacific Northwest
Forest and Range Experiment Station, Corvallis, Oreg.

The oscilloscope/square-wave
apparatus was not useful in pre-
dicting the cold hardiness of
Douglas-fir nursery stock. No cor-
relations were observed between
square-wave trace form and dam-
age or kill in seedlings subjected to
freezing tests.

Efforts to evaluate the quality of
forest nursery stock have included
investigations of dormancy and
cold hardiness. Dormancy and cold
hardiness often occur in parallel
(5). As conifer tree seedlings are
exposed to lower temperatures,
hardiness increases, a progression
that often coincides with the de-
velopment of the dormant state as
reviewed by Cleary and others (2).
If dormancy and cold hardiness
are correlated, a method that
measures the dormant state might
also be used to estimate cold har-
diness.

Ferguson and others (3) devel-
oped an oscilloscope/square-wave
apparatus to evaluate dormancy
in nursery stock. This article reports
the final results of a further study
using the same procedures to pre-
dict cold hardiness of Douglas-fir
(Pseudotsuga menziesii (Mirb.)
Franco) seedlings. Preliminary re-
sults of the current study were re-
ported earlier (4).

Materials and Methods

The Douglas-fir seedlings used
were from the Humboldt Nursery
at McKinleyville, Calif., and the D.
L. Phipps State Forest Nursery at
Elkton, Oreg. Seedlings were from
two seed sources at the 1,500-
foot (457 m) elevation in the
Umpqua River drainage of south-
west Oregon. Samples were lifted
in mid-September, mid-October,
and mid-November of 1978.

Seedlings were classified as very
active, slightly active, dormant, or
dead, according to their response
to an electric current delivered
through an electrode inserted in
the tissue just below terminal bud
(fig. 1). Responses were classified

visually according to trace patterns
observed on an oscilloscope
screen (fig. 2). The equipment used
for this procedure was a portable
oscilloscope (Tektronix Model
212) connected to a portable
square-wave generator (Wavetek
Model 30) (fig. 3). Attached to this

instrument was an electrode con-
sisting of four surgical stainless
steel needles in clear plastic.

Trace patterns were observed on
18 groups of 10 seedlings imme-
diately after each lifting at the two
nurseries (hereafter called nursery
observations). These seedlings
were then discarded. Another 18
groups of 10 seedlings were potted
after lifting. These were used for
laboratory freezing tests and were
not subjected to oscilloscope
readings. A third set of five seed-
lings per group was potted and
subjected to both freezing and
square-wave analysis in the labor-
atory.

The freeze test was made at —4°
C for 3 hours, 2 to 3 weeks after
potting. After 6 weeks in a green-
house under growing conditions,
seedlings were classified as sur-
vivors if they had not been killed
or as severely damaged if more
than half the foliage was brown
and the terminal bud injured.



Results and Discussion

Test results (table 1) show no
similarities between the percent-
ages of seedlings classified as dor-
mant by square-wave trace form
and the percentages surviving
freezing tests. For example, the
highest percentage of seedlings
classified dormant and the lowest
percentage of seedlings surviving
the freezing tests were from labor
atory observations made in
November on stock from both
nurseries. Also, the lowest per-
centage of dormant seedlings and
the highest percentage of surviv-
ors were from October observa-
tions of Phipps stock. Similarly,
there were no correlations between
percentage of seedlings dormant
as determined by square-wave

form and percentage undamaged
by freezing tests in the 1977 tests

(4).

We would expect that as dor-
mancy and cold hardiness increase
from September through Novem-
ber, wave-form indications of
dormancy would also increase. A slight
increase in the percentage of dor-
mant seedlings from September
to November occurred only in
laboratory observations of
Humboldt stock.

We would also expect that as
cold hardiness of seedlings in-
creases from September through
November, severe damage or
mortality following freeze tests
would decrease. This did not oc-
cur. In all cases, there were fewer
survivors in November than in
September. Careful review of
handling and testing procedures
did not reveal any explanation for
this result. Whatever the reason,



square-wave readings did not give
a good prediction of response to
freezing.

The percentage of seedlings
severely damaged or dead was
greater in those subjected to freez-
ing tests than in unfrozen seedlings
placed under similar growing con-
ditions. Higher mortality in frozen
seedlings than in unfrozen seed-
lings indicates that mortality in the
frozen seedlings was related to
the treatment and thus to lack of
cold hardiness.

The two sets of oscilloscope trace
observations, one immediately
following lifting at the nursery and
one shortly before freezing tests,
were carefully made to minimize
factors that might influence test
results, such as the time between
lifting and freezing tests and the
use of two separate samples or the
same sample for observations of
both square-wave trace and
freeze damage. Using two separate
samples for dormancy readings
and freeze tests did not give results
different from those made on the
same seedlings.

Askren and Hermann (1) used
ratios of voltage measurements
on the oscilloscope/square-wave

apparatus as a more quantitative
way to detect dormancy and sur-
vival potential of Douglas-fir seed-
lings. Although their observations
demonstrated a seasonal trend in
square-wave trace form, they con-
cluded that the technique offered
little promise in predicting survival
potential. In studies of the relation
of electrical impedance to vegeta-
tive maturity and dormancy in red-
osier dogwood, Parmelee (6) ruled
out use of the oscilloscope/square-
wave technique because of diffi-
culties she encountered with in-
terpretation and reliability of the
square-wave trace.

Conclusion

Because of the lack of similar-
ities between the percentages of
dormant seedlings (as determined
by the oscilloscope/square-wave
apparatus) and survivors of freezing
in this study, it appears that the
oscilloscope/square-wave tech-
nique (3) is not useful in measur-
ing cold hardiness of Douglas-fir
nursery stock.
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Serious damage to trees by
pocket gophers is thought to be
limited to those less than 5 inches
(12.7 cm) in diameter at breast
height (d.b.h.). This article reports
the first known instance of high
mortality of large true firs—up to
36.9 inches (93.7 cm) d.b.h.--
caused by pocket gophers and evi-
dence of heavy and repeated feed-
ing on major roots of mature trees.

Pocket gophers (Thomomys
spp.) can be a serious problem in
forest environments, especially at
higher elevations in the Western
United States, where they are fre-
quently a major cause of mortality
in young plantations (7). Gophers
feed heavily on trees when their
preferred foods—various roots,
tubers, bulbs, and herbage—are
not available, usually in winter.
Serious damage by gophers gen-
erally is limited to below ground
portions of trees, except where
the winter snowpack allows the
rodents to travel aboveground
through tunnels dug in the snow.
Damage then is deep gnawing of
branches and stems (2) . Although
large trees suffer a low level of root
loss, serious damage by pocket
gophers is generally believed to
be limited to trees less than 5
inches (12.7 cm) in diameter at
breast height (d.b.h.) (3).

This article reports the first known
instance of mortality in large (up

to 36.9 inches (93.7 cm) d.b.h.)
true fir (Abies spp.) resulting from
pocket gophers.

Situation

Damage to trees was discovered
surrounding and within a 4-acre
(1.7 ha) upland meadow adjacent
to the southwestern side of a 23-
year-old, 19-acre (7.7 ha) clearcut
strip, 330 feet (101 m) wide and
2,470 feet (753 m) long. The clear-
cut and meadow are located at a
6,100-foot (1,859 m) elevation on
the USDA Forest Service's Swain
Mountain Experimental Forest in
northeastern California. A young-
to-mature, virgin stand of California
red fir (A. magnifica A. Murr.) and
California white fir (A. concolor
var. lowania [cord.] Lemm.) sur-
rounds the meadow on three
sides. The meadow contains a rich
variety of grasses and forbs domi-
nated by lupine (Lupinus spp.).
The clearcut contains a mixture of
grasses; woody brush; and young
red fir, white fir, and Sierra lodge-
pole pine (Pinus contorta var.
murrayana [Grey. & Balf.] Engelm.).
The meadow, originally about 3.5
acres (1.4 ha), expanded slightly
into the clearcut and now includes
some residual trees, submerchant-
able at the time of harvest.
Meadow boundaries are delineat-
ed sharply, and vegetation changes
to forest or clearcut are abrupt.
Abundant gopher burrows, fan-
shaped mounds, earthen plugs,
and winter casts (dirt cores through

the snow) from tunnels provided
ample evidence of gopher activity
in the meadow.

Observations

In 1978, two small (less than 6
inches (15.2 cm) d.b.h.) residual
trees died. A few small trees died
in each of the next 2 years. In
1981, several apparently healthy,
large trees suddenly faded and
died. Preliminary excavations with
a shovel indicated the cause of
death to be girdling, probably by
gophers.

In September 1981, a sample of
trees, including apparently healthy,
fading, and dead trees was exca-
vated. All trees except one had
suffered some loss of living tissue
from root crowns and major roots
(table 1). At least four trees had
been girdled for more than 90
percent of their circumference, but
still appeared green and healthy
in September, indicating that
feeding was recent. Damage was
limited to the zone from just below
the forest floor where the thick,
furrowed bark of the stem turned
into the thin, succulent bark of the
roots, to the depth where roots
penetrated a layer of large stones.
Callus tissue on major roots of
several large trees clearly indicated
that these feeding attacks had
occurred for many years (fig. 1).
The number of trees killed and the
area affected expanded in 1982.

Several apparently healthy, if
slow-growing, residual trees in the
clearcut blew over during winter



1981-82. Little was left of structur-
al roots except a strip of living
tissue along the top of otherwise
heavily decayed exposed wood.

Although no pocket gophers
were observed or trapped, physi-
cal evidence available indicated
that they had caused the damage.
An extensive, typical, pocket-
gopher burrow system throughout
the loose soil above a layer of
large stones; burrows immediately
adjacent to recently gnawed tree
roots; one burrow plugged with
fresh bark strips; and marks typical
of gopher teeth on the stripped
tree roots were observed.

Two species of gopher possibly
could have been responsible, al-
though the 6,200-foot (1,890 m)
elevation strongly implies that the
mountain pocket gopher
(Thomomys monticola) was the
damaging agent. The other possi-



bility, Botta's pocket gopher
(Thomomys bottae), usually is
found only below a 5,000-foot
(1,524 m) elevation (4).

Conclusions

The apparently isolated occur-
rence of gopher damage to trees

between 5.8 and 36.9 inches
(14.7 and 93.7 cm) d.b.h. on Swain
Mountain Experimental Forest
does not necessarily indicate ser-
ious problems elsewhere, but it
demonstrates that pocket gophers
can cause costly local damage to
crop trees far beyond the regener-
ation stage. Removal of living root

tissue over large areas of major
structural roots may lead to mas-
sive infection by pathogenic and
saprophytic fungi in exposed
heartwood. Repeated feeding on

tissue of maijor, first-order roots may
also lead to significant growth los-
ses on large trees.
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Black walnut seedlings suffered
root damage resulting from sub-
freezing soil temperatures during
overwinter storage in nursery- and
heeling-in beds. This problem can
be avoided either by mulching beds
in the fall or by winter storage of
bareroot seedlings in shipping
bags at 3° C.

In recent years, the demand for
quality black walnut (Juglans nigra
L.) has resulted in an increase in
walnut plantings throughout the
Midwestern United States. To en-
sure proper density and uniform-
ity, new plantations are establish-
ed with 1-year-old (1-0) nursery
transplants, rather than by direct
seeding. In Wisconsin alone,
150,000 to 300,000 black walnut
seedlings are distributed annually.

One of the limiting factors in the
production of 1-0 walnut seed-
lings is losses from root rot. Root
rots may be a problem both in the
seedbed during the growing
season and in overwinter storage
of the trees. Seedling root rot
caused by Cylindrocladium spp. is
a serious problem in nurseries in
the Southeastern United States
(1, 6), while Phytophthora citricola
Sawada is considered to be the
major root pathogen of walnut
seedlings in Indiana (3, 5) . So far,
in Wisconsin, seedling root rots
caused by these fungi, though
present, have not produced ex-
tensive damage (7).

In contrast, root deterioration of
black walnut seedlings during
overwinter storage has resulted in
heavy mortality in Wisconsin in
some years. Previous studies in
other States indicate that both en-
vironmental (8) and biotic agents
(3, 4 may be involved in storage
losses. The purpose of this study
was to evaluate several methods
of overwinter storage and to iden-
tify factors contributing to seed-
ling root deterioration during
storage.

Materials and Methods

One-year-old black walnut seed-
lings, raised at the Wilson State
Forest Nursery, Boscobel, Wis.,
were used in all studies. Seed-
lings were grown from open-pol-
linated nuts collected in southern
Wisconsin and northern lowa.
Fall-lifted seedlings were under-
cut approximately 20 centimeters
below the soil surface the first
week in November of each year.
Undercut seedlings were mech-
anically lifted, hand-graded, and
bundled into groups of 20 or 25
trees. Those trees that had a tap-
root of less than 20 centimeters in
length or a root system showing
discoloration were culled before
bundling. Spring-lifted seedlings
were undercut and lifted the first
or second week in April.

During the winter of 1980-81,
fall-lifted trees were stored either
in heeling-in beds or in heavy
paper shipping bags. The heeling-

in method consisted of placing
the bundled, graded seedlings in
trenches, 30 to 45 centimeters
deep, dug in the nurserybed. The
roots were covered with soil and
the seedlings stored in this manner
until they were lifted in the spring.
Five bundles of 20 seedlings each
were placed in a heeling-in bed
and then mulched to a depth of
40 to 60 centimeters with marsh
hay. Five other bundles were
placed in a heeling-in bed that
was not mulched. Other fall-lifted,
bundled trees were placed in
shipping bags and stored over-
winter in a large walk-in cooler at
3° C. The relative humidity inside
the bags remained above 90 per-
cent throughout the storage
period.

Several root treatments were
applied to bundled, bareroot
seedlings before bagging. Bundled
seedlings were root-dipped for 1
minute in a fungicide suspension
of benomyl (Benlate 50% WP at 6
g active ingredient/l) or captafol
(Difolatan 4F at 5 g active ingredi-
ent/l). Another set of untreated
bundles was placed into bags con-
taining wetted marsh hay. Bundled
seedlings not treated or root-
dipped in water only served as
controls. Each of the five treat-
ments was replicated in five bags,
with 20 seedlings per bag.

In 1981-82, the same treat-
ments were used except that each
treatment was replicated four
ti mes, with four bundles of 25



seedlings in each bag. Also,

another treatment was added. The
roots of four bundles were packed
with wetted marsh hay, then cov-
ered with corrugated paper. The
seedling tops remained exposed
during storage in the cooler.

When the bags were opened in
the spring, each bag was rated on
a 1-to-3 scale for the amount of
root and top mold present. Those
bags having little or no superficial
mold buildup on the bundled
seedlings were graded as 1.0;
those having a moderate amount
of molding were graded as 2.0;
and those having heavy mold on
both roots and tops were graded
as 3.0.

Further studies were conducted
in 1981-82 to determine the ef-
fect of mulching and storage
method on the incidence of root
rot. Three adjacent plots (13 m 2)
were established in a portion of
the walnut nurserybed in late
October. Trenches were dug be-
tween the rows of seedlings, and
16 bundles (25 trees/bundle) of
fall-lifted seedlings were heeled-
in per plot. One plot was then
mulched to a depth of 40 to 60
centimeters with marsh hay. The
second plot received no mulch. A
sturdy polyethylene tent, support-
ed by a wooden framework, was
built over the third plot. The sides
of the tent were open: that there
was no impairment of air move-
ment through the plot. The pur-
pose of the tent was to prevent
snow deposits, thereby simulating

conditions in the bed during
winters without snow cover.

Soil temperatures in each plot
were monitored by thermistors
buried 13 centimeters beneath the
soil surface. Minimum and maxi-
mum temperatures for 5-day in-
tervals from November 28, 1981,
through April 3, 1982, were re-
corded with a CR 21 data logger
(Campbell Scientific, Logan, Utah).

Fall-lifted, bundled seedlings
were also stored in bags at 3° C or
at —2° C. In the case of frozen
storage, bags were held 2 months
at 3°C before placement at —2° C.
Four bags, each containing four
bundles of 25 trees, were placed
at each storage temperature.

All trees were examined the first
week in April. The incidence of
root rot and overall appearance of
the trees after storage were re-
corded. For some treatments,
seedlings were outplanted in the
nursery. Seedling survival was re-
corded in August 1982.

Results

During the winter of 1980-81,
there was no accumulation of snow
on the nurserybeds. Seedlings that
were left over winter in the beds
and then lifted in April had exten-
sive root rot. Surveys of the seed-
bed showed that 60 percent of the
seedlings had complete taproot
mortality, and many of the remain-
ing trees had varying degrees of
root deterioration. When pulled
from the ground, injured roots

were rubbery and discolored. The
cortex of rotted roots was water-
soaked and light brown to black.
The discoloration never extended
beyond the root collar region. This
was in sharp contrast to the pearl-
white cortex of healthy roots. Iso-
lations were made from the rotted
tissue, but no fungi or bacteria
were isolated consistently. Be-
cause seedling mortality in the
nursery was so high and the identi-
fication of healthy trees was so un-
certain, the entire stock of over
150,000 black walnut seedlings
was condemned.

Fall-lifted seedlings placed in
heeling-in beds without mulch also
had a high percentage (75 percent)
of root rot and a low survival rate
(14 percent) after outplanting
(table 1). Mulching of the heeling-
in beds reduced root rot incidence
to 7 percent. Seedlings that were
bagged and stored at 3° C had
almost no root rot. Root treatments
before bagging had no influence
on the incidence of root rot. How-
ever, one problem associated with
bag storage was the epiphytic col-
onization of roots and stems by
fungi during the winter. When the
bags were opened in the spring,
we noted a sparse, unsightly cov-
ering of mycelium on the roots,
but roots were still sound and the
superficial mycelium did not affect
seedling survival after outplanting.
Both the benomyl and captafol
root-dip treatments prevented
molding on the roots and
reduced molding of the stems.



Root treatments of bagged seed-
lings in 1981-82 gave results simi-
lar to those in 1980-81 (table 1).
Almost no root rot was found in
any treatment; however, the
molding of bagged seedlings was
heavy in the no-dip and water-dip
treatments. Molding was pre-
vented by root-dip treatments with
benomyl or captafol.

In the winter of 1981-82, the
entire nursery was covered with
snow from the first week i n January
to the second week in March.
Snow depths ranged from 22 to 38
centimeters. Spring-lifted seed-
lings that had been mulched with
marsh hay or had snow cover sur-
vived the winter in excellent con-

dition (table 2). Samples taken
throughout the seedbed showed
less than 1 percent of the seed-

lings had discolored roots. These
appeared to be carry-over infec-
tions of P. citricola during the
growing season. Root rot was not
found in those heeling-in plots
that had been covered by snow or
hay and snow.

Soil temperatures in both the
mulched and nonmulched plot
with snow cover were similar (fig.
1). Soil temperatures dropped to
the freezing point in early Decem-
ber. In the nonmulched plot,
minimum temperatures dropped
to —4.5°C in mid-December, but
then increased as snow cover ac-
cumulated on the plot. Soil temp-
eratures remained constant and
near 0° C in both the mulched and
nonmulched plot throughout
much of the winter.

In contrast, soil temperatures in
the bare-ground plot had great
temperature fluctuations through-
out the winter (fig. 1). Soil temper-
atures dropped to —14°C in Feb-



ruary. Trees overwintered in this
plot had a high incidence of root
rot (table 2). An average of 74
percent of the fall-lifted seedlings
in the bare-ground heeling-in bed
suffered root mortality.

Seedlings that were bagged and
stored at 3°C or —2°C had no root
rot (table 2). It was noted that, in
all treatments, some seedlings
had discoloration of the taproot
where it had been cut upon lifting.
This discoloration did not extend
above 1 or 2 centimeters from the
base of the root.

In the 1981-82 experiment, 3.5
percent of all seedlings had dis-
coloration of the stem. These
seedlings were found in all stor-
age treatments, indicating that the
damage occurred before fall lift-
ing. No fungi or bacteria were
isolated consistently from the
discolored areas.

Discussion

In past years, overwinter stor-
age of black walnut seedlings in
nurserybeds or heeling-in beds re-
sulted in extensive root rot. Our
results indicate that root deterio-
ration during overwinter storage in
Wisconsin is caused principally by
cold temperature damage to the
roots. In both years, root damage
was confined to those seedlings
stored outdoors in nonmulched
plots. Soil temperatures at a depth
of 13 centimeters in the non-
mulched areas often dropped be-
low —10°C during January and
February.



Young (8) found that bareroot
walnut seedlings, exposed to
—12°C for 30 minutes, developed
root rot during overwinter storage.
He also found a high incidence of
root rot in both mulched and
nonmulched heeling-in beds in
sandy soil in an lowa nursery. This
is si milar to the results we ob-
tained in Wisconsin. It is still not
known whether the roots are in-
jured by low temperatures or by
fluctuations in temperatures in the
nurserybed, which may result in
freezing and thawing of root tissue
during storage.

Our results suggest alternative
methods for storage of black wal-
nut seedlings during the winter
months. Root rot can be avoided
by mulching the beds in the fall to
a depth of 20 centimeters with
marsh hay. Other mulches also
would be suitable. Spring-lifting of
mulched beds and immediate dis-
tribution of seedlings are recom-
mended where cold storage facil-
ities are not available. Because
Wisconsin is located along the
northern limits of the geographic
range of blackwalnut, some loss in
nursery stock should be expect-
ed. Trees that are susceptible to
early frost or are not winter-hardy
will be killed. We believe that the
stem discoloration found in
1981-82 probably was caused by
an early frost in the fall, since a
biotic agent was not isolated and
the damage was found in all treat-
ments. However, Green (2) has
reported a discoloration of walnut
stems caused by Phomopsis

elaeagni and has suggested that
this pathogen maybe responsible
for top damage previously ascribed
to frost injury. Further studies and
isolations should be made to con-
firm the cause of tip dieback in
Wisconsin.

We believe that the best method
of storage in Wisconsin is fall-lift-
ing and storage of seedlings in-
doors at a constant temperature.
Moreover, fall-lifting and cold
storage may be more convenient
for nursery managers, enabling
them to avoid the spring rush in
lifting other tree species. Bareroot
seedlings can be stored in sealed
shipping bags at 3°C throughout
the winter with little or no root rot.
Seedlings dc; develop epiphytic
molding during storage in bags,
but it does not appear to affect
survival. Both the benomyl and
captafol dips prevented molding
of the roots. Green and Plourde
(4) previously reported reduction
in molding by the use of captafol.
While molding did not affect sur-
vival, it was unsightly and could re-
duce the marketability of bagged
seedlings. Top molding could also
be prevented by wrapping the
roots in wetted straw and corru-
gated paper, but leaving the tops
exposed.

Results from frozen storage
experiments at —2° C are promis-
ing. Seedlings stored below freez-
ing had no root rot or superficial
mold. Survival after outplanting
was also very high. Frozen storage
might eliminate the need for fun-
gicide dips to prevent molding.

Care should be taken to avoid
fluctuating temperatures. Previous
experiments (7) have indicated
that cold storage at —5°C results
in a decrease in survival over seed-
lings stored at 3°C.
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Results indicate there are approx-
imately 390 Arkansas oak acorns
per pound. Germination is best
when acorns are stratified for 120
days.

Arkansas oak (Quercus arkansana
Sarg.) is a medium-sized tree
reaching 70 feet in height and 2
feet in diameter. Its distribution is
li mited largely to the sandy soils
and hills of southwestern Arkansas,
southeastern Alabama, northern
Florida, and southwestern
Georgia. The leaves, which are
remotely three-lobed, are similar
to those of blackjack oak (Quercus
marilandica Muench.). The bark
closely resembles that of water
oak ( Quercus nigra L.), being
smooth when young, but becom-
ing rough with scaly ridges when
older (1) . This tree has been sug-
gested as a hybrid between black
jack oak and water oak (5), but it is
now considered a separate
species (2).

Oaks are commonly classified
into two groups: the white oak
group and the red oak group. With
a few exceptions, the members of
the white oak group produce a-
corns that do not require strati-
fication. Acorns of the red oak
group may require from 30 to 120
days of cold stratification for op-
ti mal germination.

Arkansas oak belongs to the red
oak group, and its acorns require

an overwintering period before
germination. Little information is
available concerning the cold strat-
ification requirements and acorn
yields of Arkansas oak. This infor-
mation is needed by nursery per-
sonnel for efficient seed handling
and growing of seedlings. This
study was conducted to determine
the number of acorns per pound
and to determine the cold stratifi-
cation requirements of acorns
from Arkansas oak.

Materials and Methods

Approximately 5 pounds of
acorns were collected in Nevada
County, Ark., in October 1982. All
acorns were washed, and those
obviously defective were discard-
ed. Clean acorns were weighed
into five 1-pound samples. The
number of acorns per pound was
determined for each of the five
samples.

Next, acorns were randomly
divided into five subgroups of 150
each and soaked overnight in
water. Each of the five subgroups
was cold-stratified for either 0, 30,
60, 90, or 120 days in moist sand at
2° C. Stratified acorns were planted
approximately 1 centimeter deep
in number 8 styroblocks contain-
ing a 1:1 mixture of peat moss and
vermiculite, and they were watered
three times weekly. Germination
was tallied when any part of the
epicotyl was visible above the
planting medium. Germination

counts were recorded daily for 45
days.

All treatments were replicated
three times with 50 acorns planted
per treatment. Data were ana-
lyzed according to the techniques
of McLemore and Czabator (3)
utilizing an analysis of variance
and Duncan's multiple range test

(4).
Results and Discussion

Acorns in each of five 1-pound
samples were counted. The aver-
age number of acorns per pound
was 390 with a range of 387 to 393
acorns per pound.

The acorns receiving 0, 30, and
60 days of cold stratification did
not show epicotyl development af-
ter 45 days (fig. 1). They did, how-
ever, show radicle development
of 6, 90, and 98 percent, respec-
tively. Epicotyl development was
evident in the 90- and 1 20-day
treatments (table 1). Mean germi-
nations were 92.6 and 92.0 per-
cent for the 90- and 1 20-day treat-
ments, respectively. Peak germi-
nation of seeds stratified 120 days
occurred an average of 3 days
earlier than that of seeds receiving
the 90-day treatment. Results from
an analysis of variance of germi-
nation values were statistically sig-
nificant at the 5-percent probabil-
ity level. A Duncan's multiple range
test indicated that germination of
acorns stratified 120 days is signifi-
cantly greater than that of acorns
stratified 90 days and that germi-



nation of acorns stratified 120 or
90 days is greater than that in
shorter stratification periods.

Conclusion

Nursery personnel can expect
Arkansas oak acorns stratified for
120 days to germinate significant-
ly faster than those stratified for
shorter lengths of time.
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