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Abstract.--Western hemlock (Tsuga heterophylla [Raf.]
Sarg.) seedlings were cultured with five different nutritional
schedules used in the Pacific Northwest. Seedling shoot and
root development were compared after the nursery culture peri-
od and after the first year in the field. Differences in
shoot development were increased whereas differences in root
development were decreased during the first year after out-
planting.

INTRODUCTION

Nutritional schedules for the culture of
forest tree seedlings have been the subject
of much research. Brix and van den Driessche
(1974) reviewed this work with regard to the
greenhouse culture of tree seedlings in con-
tainers. Larson (1974) suggested that appli-
cation of research knowledge was more of a
problem than lack of knowledge in the mineral
nutrition of cultured tree seedlings. In-
spection of seedlings cultured by many dif-
ferent growers around the Pacific Northwest
indicated a surprising diversity of seedling
gross morphology which could be attributed in
part to differences in nutritional schedules
used by these nurseries. The studies re-
ported here were initiated to distinguish
quantitatively the differences among the
nutritional schedules in common use for the
culture of western hemlock (Tsuga heterophyl-
la [Raf.] Sarg.) in the Pacific Northwest.

MATERIALS AND METHODS

Stratified seeds of western hemlock from
two seed lots, one from Sekiu, Washington
(365 m elevation) and the other from the Sea-
side, Oregon area (182 m elevation) were sown
in mid-February 1977 in 60-cm3 styroblock-4
quarterblock containers filled with 1:1 peat/
vermiculite growing medium. These containers
were arranged in 152.4- x 182.9-cm rectangles
of 1800 trees each. Half of each rectangle
was sown with each seed source. Four green-
house benches were oriented north-south, each
holding five of the seedling blocks 122 cm
apart. Each of the five seedling blocks on a
particular bench was assigned a nutritional
treatment at random. The assigned nutrition-
al schedules included one utilized by the
British Columbia Forest Service's (BCFS)
Koksilah Forest Nursery at Duncan, B.C.,
Hoagland's solution, and one utilized by the
Crown Zellerbach (CZ) Corporation Nursery
near Aurora, Oregon (Table 1). We recognize
that managers often alter nutritional schedu-
les during the growing season; therefore, our
schedules only approximate those used in any
one year.



Two other nutritional schedules used
were BCFS schedule plus 2.34 kg/m 3 Osmocote
117 (17-5-11) and BCFS schedule plus Scott
Progrow (24-9-9) at 1.79 kg/m 3 .

In mid-December 12 seedlings were chosen
at random from each replicate block and
measured for total height, root-collar diame-
ter, shoot dry weight and root dry weight.
The number of unsuberized root tips per root
system was counted on seedlings sampled from
the Sekiu seed source.

The remaining seedlings were then put
into storage at 2-4 ° C until late January 1978
when 100 trees were sampled randomly from
each seed source and each nutritional treat-
ment and outplanted. Sekiu source seedlings
were planted on a northeast aspect at 365 m
elevation near Sekiu, Washington. Seaside
source seedlings were planted near 182 m ele-
vation in the Charlie Creek subdrainage of
the Necanicum River near Seaside, Oregon. At
each site the seedlings were individually
tagged and planted in a completely randomized
design. At the Charlie Creek site seedlings
were protected from animal damage with Vexar
tubing.

In January, 1979, total height, height
growth and groundline diameter were measured
on each seedling. On the Sekiu plantation,
25 trees were randomly sampled for root sys-
tem structure from each treatment except the
BCFS plus Scott Progrow treatment. The trees
chosen were marked on the uphill side of the
stem at groundline, then excavated 15 cm from
the stem and a minimum of 25 cm deep. The
excavated seedlings were placed in a 12-zone
frame similar to that used by Rischbieter
(1978). The number of roots per zone and the
diameter of the largest root in each zone
were recorded for each of the excavated seed-
lings. Programs of the Statistical Analysis
System (SAS Institute Inc., SAS Circle, Cary,
NC. 27511) were used for data analysis.

RESULTS

Seedlings from the various nutritional
schedules varied less than 3 cm in mean
height at the end of the nursery culture
period (Fig. 1). These variations were not
strongly related to treatment (a = .2016),
but were more related to seed source ( a =
0.0848) and position of the replicate within
the greenhouse (a = 0.1142). Mean root col-
lar diameter was greatest for seedlings cul-
tured with the BCFS Osmocote 117, and least
for seedlings cultured on Hoagland's solution
schedule ( a = 0.0001) (Fig. 1). The mean
weight distribution within seedlings also
varied depending on the cultural treatments
(Fig. 2). Shoot weight was highest in seed-



lings cultured with the CZ nutritional sched-
ule, and the other treatments were very simi-
lar in weight (overall a = 0.0001). Root
weight varied only about 0.14 g and while
differences due to treatment were significant
( a = 0.0001) the variation due to location in
the greenhouse was quite strong (a = 0.0043).
Conversely, shoot weight did not vary by
greenhouse location (a = 0.9908). Shoot:root
ratio was most affected by treatment ( a =
0.0001) but was also affected by greenhouse
location (a = 0.0043). Over all, seedlings
cultured on the CZ schedule had comparatively
high shoot:root ratios (Fig. 2).

Nutritional regime had a pronounced
effect on the number of active root tips (a =
0.0030) and the number of active root tips
per gram dry weight of root (a= 0.0005), al-
though these parameters were also affected by
greenhouse location ( a = 0.0626 and a =
0.0084, respectively). In general, the BCFS
schedule and modifications of it had uniform-
ly high numbers of active root tips per gram
dry weight of root while the CZ and Hoag-
land's solution schedules produced lighter
roots with fewer active tips (Fig. 3).

Foliar analysis at the end of the green-
house culture period indicated that the BCFS
nutritional schedule with and without con-
trolled release fertilizer amendments yielded
seedlings with higher foliar levels of nitro-
gen, potassium and phosphorus than the CZ and
Hoagland's solution schedules (Table 2).

On the Seaside, Oregon site seedlings
from the BCFS plus Osmocote 117 nutritional
schedule grew more the first year after out-
planting ( a= 0.0125) and were also the tall-
est ( a = 0.0192) (Fig. 4). The groundline
diameter of these trees was also greater than
that of trees from other treatments ( a =
0.0001).

Seedling height growth on the Sekiu,
Washington test site was not related to nur-
sery cultural treatment (a = 0.7772). Seed-
lings from BCFS plus Osmocote 117 and Crown
Zellerbach nutritional schedules were the
tallest ( a = 0.0829) because of differences
at planting (Fig. 5) and had the largest
groundline diameter (a = 0.0147).

Excavation of seedlings at the Sekiu
test site showed that, in all treatments,
more roots egressed from the, bottom zone of
the plug than from the upper zones (Fig. 6).
Seedlings from the BCFS plus Osmocote 117
treatment had more roots in the bottom zone
than did those of other treatments ( a =
0.0004). The upper zone of the plugs from
the Hoagland's solution treatment had more
roots than did those from other treatments
( a = 0.0353).

While maximum root diameter and the
number of roots in each of 12 zones varied
with treatment (Table 3), the relative values
of these factors between zones was similar
among treatments (Fig. 7).







Table 3. Analysis of variance of number of roots per zone and the maximum root diameter (cm) in
each zone by treatment.

DISCUSSION

Western hemlock seedlings cultured under
different but commonly used nutritional
schedules generally differed more at the end
of the nursery culture period (1 year) than
at the end of the first field season. Small
differences in height at the end of the nur-
sery culture period were, however, increased
slightly after planting on the Seaside plot
where seedlings from the BCFS plus Osmocote
117 nutritional schedule were tallest.
Anderson and Gessel (1966) and Smith et al.
(1966) presented data indicating that in
Douglas-fir (Pseudotsuga menziesii [Mirb.]
Franco) plantations such small differences
can become much larger as seedlings develop
to 5 years of age.

Osmocote 117 is a resin-coated 17-5-11
NPK controlled release fertilizer (Oertli and
Lunt 1962) that can effect increased height
growth in both the first and second years
after application (Carlson and Preisig 1981).
The availability of additional NPK to seed-
lings in this treatment was thereby extended
through the first field season. Carlson

(1982) has shown that western hemlock re-
sponds to higher levels of this fertilizer
applied at planting. The height growth re-
sponse in this treatment was probably due to
the combined effects of initially taller
seedlings and residual Osmocote 117.

Late season fertilization of bare-root
stock in the nursery has improved the survi-
val and growth of Douglas-fir and western
hemlock after outplanting (Anderson and
Gessel 1966, Smith et al. 1966, Benzian and
Freeman 1967). Benzian and Freeman (1967)
noted that such nursery treatments raised the
foliar nitrogen level of western hemlock from
0.8% to 1.6% in 2-yr-old stock and to 2.0% in
1-yr-old stock. In the study reported here,
late season foliar nitrogen levels ranged
from 1.61 to 2.26% and hence were all in the
range found by Benzian and Freeman (1967) to
give better survival, frost hardiness, height
and diameter growth than a 0.8% level found
in unfertilized stock. It is apparent that
all of the nutritional schedules tested here
provide foliar nitrogen adequate to support
the type of initial growth observed in the
field following late season nursery fertili-
zation of bare-root stock.



The root regeneration potential of trees
under controlled conditions has often been
used as a basis for estimating bare-root
seedling quality (Stone 1955). Containerized
seedlings have root systems that are less
disturbed at planting and can elongate rapid-
ly to produce a greater length of roots on
the seedling than is common for bare-root
stock (Hahn and Hutchison 1978). It seems
reasonable to assume that a major factor in
rapid enlargement of containerized seedling
root systems following outplanting is the
presence of unsuberized root tips. The ini-
tiation of new lateral root primordia is more
sensitive to physiological stress than is
elongation of existing roots (Ritchie and
Dunlap 1980).

Our results suggest that the number of
unsuberized root tips does not predict the
number of roots that will develop after
planting under moist forest conditions in
western hemlock. Seedlings cultured on Hoag-
land's solution had fewer unsuberized root
tips at the end of the nursery culture period
than did those of other treatments, but these
seedlings were second only to seedlings cul-
tured with the BCFS and Osmocote 117 nutri-
tional schedule in number of elongated roots
after outplanting. This suggests that new
root initiation or elongation of lateral root
tips not apparent as unsuberized tips is po-
tentially as important as elongation of un-
suberized tips to root system enlargement
after outplanting.

Seedlings from all treatments had more
roots extending from the bottom third of the
plug than from upper zones. This agrees with
the findings of Long (1978) for western hem-
lock. Air pruning at the bottom of the con-
tainer causes many new roots to form in that
area of the plug, possibly because of
hormonal changes associated with the injury
(Carlson and Larson 1977).

The average root systems of hemlock
seedlings cultured with any of the nutrition-
al schedules in this study were symmetrical
with respect to numbers of roots and the
diameter of the largest root in each of the
12 root zones. Arnott (1978) noted that root
system structure of containerized western
hemlock seedling roots was oriented in a con-
figuration similar to that of naturally seed-
ed trees.

Results reported here support the con-
clusion that hemlock seedlings grown in
styroblock-4 containers with any one of the
nutritional schedules tested will develop an
adequate root system after outplanting.
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