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Introduction
In the Intermountain West, defined here as eastern Washington, north-

ern Idaho, and western Montana, nine nurseries grow about 12-18 million
container seedlings annually for reforestation. Although as many as a dozen
species may be grown for reforestation, the bulk of nursery production is
represented by four species (Table 1). Nearly two-thirds of the nurseries have
structures with roll-up sides or move crops to shadehouses for part of the
growing season. Currently, most nurseries use a 1:1 peat:vermiculite growing
medium, although a rapid conversion to a 70:30 peat:sawdust medium is
occurring and will probably be the standard within three to five years, if not
sooner. The preferred container consists of a styrofoam block separated into
individual cavities. Volume of the cavities used in nurseries run the gamut
from 2 to 20 in 3 (40 to 340 ml; i.e., Ventblock 240/40 to 45/340), although
most seedlings are grown in containers with either a 4- or 5-in 3 volume cavity
(65 or 90 ml; i.e., Ventblock 160/65 or 160/90) and 80 seedlings per ft 2 (890
per m 2 ). There is an emerging trend for larger volumes, with 10 in 3 (170 ml;
i.e., Ventblock 77/170) being the most common. Only one nursery routinely
uses copperblocks (styrofoam blocks treated with copper to chemically root
prune seedlings).



In eight of the nurseries, only one crop is grown per year. Most nurser-
ies plant in March; seedlings not shipped for fall planting are extracted
between late November and early January for refrigerated/freezer storage.
Photoperiod control is necessary to grow most species to target heights. Most
nurseries weigh an individual block when the medium is saturated and then
reweigh the block as the medium dries out. Nursery managers determine
irrigation frequency and duration based on the difference between saturated
and dry block weights. Fertilizer is added during each irrigation, at least
through bud initiation. One-third of the nurseries routinely custom-mix their
fertilizers, while the other six nurseries use prepackaged formulations as their
base fertilizer. Prepackaged formulations may or may not be amended with
other fertilizers, particularly micronutrients. In general, nurseries start their
crops with a low nitrogen (N) fertilizer, switch to a high-N fertilizer to achieve
target heights, then return to a lower rate N fertilization regime through the
hardening phase (Landis et al. 1989).

Each nursery has its own idiosyncrasies, and fertilizer regimes have
developed in response to many variables, including species, seed sources,
irrigation system, water quality, nursery elevation and subsequent micro-
climate, annual days of sunshine, age of roofs and subsequent light quality,
feedback from customers, and the experience and philosophy of the nursery
manager. The attributes of nursery managers run the extremes; some manag-
ers prefer to "grow-on-the-go," adjusting their regimes depending on seedling
data and how they perceive the crop is growing. Other managers are much
more formal, following more predetermined periods for particular fertilizers,
block weights, nutrient concentrations, and seedling characteristics.

Elucidating "the" growing regime (for each of the four main species) that
would work universally well in all nurseries is probably impossible, and
providing detailed information for each species, ecotype, seed source, irriga-
tion system, etc. would be overwhelming and beyond the scope of this paper.
With that in mind, we provide sketches of basic regimes, focusing on N,
phosphorus (P), potassium (K), and calcium (Ca) for ponderosa pine, showing
the variability that exists between four nurseries, and some additional narra-
tive on the other three main species. We assume one crop of seedlings is
grown per year in 5 in 3 (Ventblock 160/90) containers in a 1:1 peat:vermiculite
medium.

Growers in the Intermountain West like to joke that there are a thou-
sand ways to kill a seedling, but only the first time matters. Similarly, there
are a thousand ways to grow a seedling, but all that matters is field perfor-
mance. All four nurseries used in the following example monitor seedling
development, analyze seedling foliar nutrient concentrations and medium
nutrient concentrations, and produce stock of high viability, with excellent
survival and growth.
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Ponderosa pine
For nursery managers, ponderosa pine (Pin us ponderosa var. ponderosa) is

usually the easiest species to grow. Seedlots generally have high cumulative
germination and high germination energy, and seedlings are rarely affected by
insects or disease. Target seedling height is 15-25 cm with a root collar
diameter (RCD) of 3.0+ mm. Most seed sources are between 2500-4500 ft
(760-1360 m) so an elevational effect is usually lacking, although seed
sources higher than 4500 ft (1360 m) or lower than 1800 ft (545 m) may need
higher rates of N to achieve target size. Seedlots from the Clearwater River
drainage in Idaho are perhaps the easiest to grow. Seedlots from the extreme
western portions of the range (i.e., central Washington, north-central Oregon)
also need higher rates of N to achieve target size. Before bud initiation,
growers irrigate when block weights reach 75-85% of saturated weight. In an
enclosed greenhouse with traveling boom, ponderosa pines from maritime-
influenced sites receive about 60 ppm N in an average fertilization before bud
initiation (Table 2a). In open-sided greenhouses with fixed overhead irrigation,
ponderosa pines from similar sites receive an average ppm N of 125-155.
Ponderosa pine from low elevation, dry sites, grown in an open-sided green-
house with fixed overhead irrigation, may need as much as 300 ppm N per
average fertilization to meet target characteristics. Usually, ponderosa pine
will set bud at about 12 weeks after sowing without cultural adjustments, but
light moisture stress and reduction in photoperiod result in prompt terminal
bud formation (Wenny and Dumroese 1987b). Nutrient stress is usually
unnecessary for bud initiation, and applying foliar fertilizers during bud
initiation treatments improves RCD (Montville et al. 1996). Block weights
drop to 70-80% of saturated weight before irrigation during bud initiation, and
this level of moisture stress is usually continued to the end of the growing
season. After bud initiation, N rates are reduced (Table 2b). Foliar fertiliza-
tion is used at some nurseries to boost N levels while prolonging intervals
between irrigations. Growers target a foliar N concentration around 2 to 2.5%
at extraction.

Western white pine
Most western white pine (Pin us monticola) seeds are harvested from the

Moscow Arboretum in Moscow, Idaho. Other orchards are rapidly coming on-
line; all seeds used in the federal nursery are from orchards other than
Moscow. Western white pine is unusual in that its seeds may be transferred
without regard for elevation or geographic distance within the region (Rehfeldt
et al. 1984). Therefore, western white pine seedlings can be expected to grow
the same way each year: slowly (Wenny and Dumroese 1987c). Target seedling
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Table 2c. Helpful conversions from English to metric units
and fertilizer types and abbreviations for Tables 2a and 2b.

Conversions:

1 gal = 3.785 L

1 fluid oz = 30 ml

1 oz = 28 g

1 lb = 0.45 kg

Abbreviations:

CaCl2 calcium chloride

CAN-17 liquid calcium ammonium nitrate

Ca(NO3)2 calcium nitrate

H3PO4 phosphoric acid

K2SO4 potassium sulfate

K3PO4 potassium phosphate

KCI potassium chloride

KH2PO4 monopotassium phosphate (a.k.a. MKP)

KNO3 potassium nitrate

NH4NO3 ammonium nitrate

size ranges from 12-20 cm in height and 3.0+ RCD. Most growers like to sow
white pine early (i.e., February) and grow it as long as possible, pushing
height growth with high rates of N. The accelerated growth stage for western
white pine seedlings and the amount of N they receive is about twice that as
for ponderosa pine seedlings (Table 3). Block weights for irrigation are similar
to ponderosa pine (75-85%). Photoperiod is extended, but seedlings will still
set "temporary" or "resting" buds during the accelerated growth portion of the
regime. Seedlings set buds promptly without photoperiod control and with
slight moisture stress (70-80% block weights). Generally disease-free, white
pine can be seriously affected by Cylindrocarpon root disease, which usually
goes unnoticed until seedlings are extracted (James and Gilligan 1990; James
1992). Reducing irrigation frequency helps control this disease (Weeny and
Dumroese 1994).
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Douglas-fir
Douglas-fir (Pseudotsuga menziesii) is perhaps the most enigmatic and

challenging species for Intermountain West nursery managers. This species
has distinctively different growth responses to fertilization and photoperiod as
seed sources move from the coast (P menziesii var. menziesii) to the east slope
of the Cascades (var. glauca), through Idaho, to eastern Montana (Thompson
1995). Moving from west to east across the range of this species requires at
least an additional 100 ppm N during the accelerated growth phase to meet
target seedling size. Within these ecotypes, fertilization schedules may also
vary with elevation, especially above 5000 ft (1515 m). The variation is
evident in Table 3; nurseries 2 and 3 grow stock from specific ranges in Idaho
but nurseries 1 and 4 grow seedlots stretching from the western edge of
Douglas-fir's range to the eastern edge. Target seedling size is 20-25 cm in
height with a RCD of 2.8+. Before bud initiation, growers irrigate when block
weights reach 75-85% of saturated weight. Stopping Douglas-fir height growth
can be difficult; moderate to high moisture stress is required to initiate
terminal bud formation (Wenny and Dumroese 1992); some nurseries allow
block weights to drop to 60% of saturated weight. One nursery uses drastic
nutrient stress to achieve bud initiation. Douglas-fir may be the most sensitive
species in the region to root disease, especially those caused by Fusarium, so
care must be taken to reduce stressful conditions, especially those associated
with too much or too little moisture (James et al. 1991). Although growers
fertilize with appreciable amounts of calcium to increase RCD and bud size,
dolomite added to the growing medium before sowing caused twisting and
abnormal growth of needles, branches, and even the main stem (Dumroese et
al. 1990).

Western larch
Western larch (Larix occidentalis) is a difficult species to grow because it

grows too well. Some nursery managers joke that you only need to rustle the
fertilizer bag to get larch to grow a cm or two taller. Growers apply about half
the rate of N to larch as they apply to ponderosa pine (Table 3). Strict atten-
tion to fertilizer rate, especially N, along with several other cultural practices
(growing this species outdoors, high moisture stress levels (60-70% block
weights for irrigation), late sowing, and photoperiod control) help control
height growth. Western larch can exhibit a very long "coasting" phase, where
height growth will continue even without additional fertilization, so managers
must compensate their fertilizer applications to achieve bud set at target
height (Wenny and Dumroese 1987a; 1995). Some nurseries allow blocks to
dry down to 50% saturated weight before irrigating during bud initiation.
Target height is 20-30 cm with a RCD of 3.0+. Botrytis can be a problem later
in the growing cycle, especially when needles begin to shed.



Conclusions
Producing container-grown conifers in the Intermountain West is

challenging because of elevational and longitudinal effects, and the maritime
influence on part of the region. Finding a "one-glove-fits-all" growing regime
for any species is unlikely because of variability in greenhouse structures,
nursery climate, water quality, irrigation systems, container types, seed
sources, client concerns, and experience of the nursery managers. However,
the basic regimes presented should provide growers a starting point from
which to manipulate fertilizers to achieve target seedling characteristics at
their nurseries.
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Other Information
A series of more detailed growing regimes were published by the

University of Idaho Forest Research Nursery between 1986 and 1992 for
ponderosa pine, western white pine, western larch, Douglas-fir, spruces,
western redcedar, Scotch and Austrian pines, and grand fir (Wenny and
Dumroese 1987a, 1987b, 1987c, 1988, 1990a, 1990b, 1991, 1992). Some
additional modifications for western larch (Dumroese and Wenny 1995) and
western white pine and western redcedar (Wenny and Dumroese 1994) are
also available. Copies of these publications are available for a modest charge
from: Editor, Idaho Forest Wildlife and Range Experiment Station, University
of Idaho, Moscow, Idaho, 83844-1130 (telephone 208/885-6673; fax 208/885-
6226; Web site: www.uidaho.edu/cfwr).
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