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Abstract .—Aspects of mineral nutrition important to
growth rate and quality of tree seedlings are discussed and
some fertilizer regimes used for container stock in the
Pacific Northwest are presented. Topics included are rooting
media, pH, and major elements with respect to their ratios,
concentration, amount and timing of application. Also con-
sidered are nitrogen source, interaction of mineral nutrition
with other growth factors, micronutrients and mycorrhizal
infection. Seedling quality is discussed in terms of drought
and frost hardiness and potential for root and shoot growth.

INTRODUCTION

Fertilization of container plants has
presented many problems not encountered in
conventional nursery practices. To economize
on space and reduce weight, we work with small
containers in which reserves of nutrient and
water are much less than in a nursery field.
For example, the most widely used container in
British Columbia (B.C.) has a volume of 40 cm3
(2.45 cubic inch), whereas plants growing in a
nursery bed with a rooting depth of 20 cm
(8 inches) have a soil volume of about 700 cm3
to occupy. As a result, most of the nutrients
required by the crop can be in the seed bed at
sowing. This is not possible in small con
tainers because concentrations of some elements
would be undesirably high. We have, therefore,
to supply nutrients throughout the growing
season that satisfy the requirement for optimum
quantity and quality of growth.

ROOTING MEDIA

Natural soil is not used as a rooting
medium because other media have more desirable
physical characteristics, i.e., water-holding
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capacity, aeration and bulk density. A mixture
of peat moss and vermiculite is most widely used
in the Pacific Northwest (PNW), but ground bark
is the favorite with some growers; sand and
pumice are used in small amounts in mixtures.
The properties of these media of importance to
mineral nutrition are water holding capacity,
which determines their ability to contain
nutrients in solution, and cation exchange
capacity (CEC) which controls the retention of
nutrients in an exchangeable form. The media
are generally low in nutrient content, and some
materials, such as ground bark, consume nutri-
ents which must be replaced.

Peat and vermiculite have a high CEC based
on dry weight compared to ground bark and sandy
loam soil (Klougart and Olsen 1969a; Buckman
and Brady 1969; Owston 1972). Owston (19772
gives figures for CEC in milliequivalent per
100 g dry weight of 103, 72 and 13 for 1:1 fine
grind peat moss-vermiculite, 1:1 Douglas-fir
bark-vermiculite and sandy loam soil, respec-
tively. However, for our purpose, the CEC
should be compared on a volume basis. If this
is done, the CEC of sphagnum peat, and probably
vermiculite, is not higher than that of soil
(Klougart and Olsen 1969a). Work has been done
to improve CEC by mixing granulated or powdered
clay with a high CEC into rooting media, but
many problems are still unsolved (Klougart and
Olsen 1969a).

The water-holding capacity of sphagnum
peat varies with its fineness, but it is gen-
erally very high, from 56% of volume in coarse
grade to 84 in fine grade (Klougart and Olsen
1969a). Considerable amounts of nutrients can
therefore be held in solution in peat mixtures
but they are, on the other hand, readily
leached out during rain and irrigation.



pH

Optimum growth of many conifer seedlings
occurs over a limited pH range (Benzian 1966b;
Leyton 1952). Consequently, the pH of the
rooting medium should be adjusted to some
specific value which is usually within 4.5 to
5 for conifers. The rooting medium pH will
change over the course of time, particularly
as a result of differential removal of ions
from the rooting medium and the nutrient
solution. When nitrogen is added as nitrate,
the pH tends to rise; when added as ammonium,
it tends to become more acid (Hewitt 1966).
Some container tree nurseries in the Pacific
Northwest regulate pH during the growing season
by the addition of Ca(NO3)2 or NaOH when pH has
decreased, and with (NH4)2S04 or H2S04 when it
has increased. Adjustment of the water to pH
5.5 with phosphoric acid is another practice.
Commercial fertilizers also have specific
effects on pH (Wilde 1958). To avoid undesir-
able changes in pH during growth of container
stock, it is desirable to use a rooting medium
with adequate buffer capacity. Incorporation
of peat moss and adjustment of initial pH with
a sparingly soluble calcium salt is one approach
to maintaining constant pH (Matkin and Chandler
1957).

FERTILIZER REGIMES

Incorporation of fertilizers in the rooting
medium is, in many PNW operations, limited to
lime for the purpose of pH adjustment, although
some include a small amount of balanced fer-
tilizer as a starter. Klougart and Olsen
(1969b) found that, within the pH range of 3.5
to 7.0, 30 g of fine-ground limestone (97%
CaC03) had to be added to 1 kg dry peat to
change the pH one unit. Lime also serves as a
source of calcium, gypsum as a source of sulfur,
and dolomitic lime adds magnesium. In the B.C.
styroblock system, only dolomite lime is added
to the rooting medium; all other nutrients are
supplied in solution with the irrigation water.

Fertilizer regimes must be adjusted
throughout the growing period to meet the
changing requirements for optimum growth in
rate and quality. Nutrient requirement for
good growth has been studied in sand and water
culture for many tree seedlings (Table 1).
Both concentration of nutrients and nutrient
ratios affect seedling growth. It is important
to provide an adequate supply of all known
nutrients at concentrations as low as are
compatible with adequate rates of absorption
in relation to the container soil volume, fre-
quency of replacement, and stability of pH
(Hewitt 1966). Ingestad (1971) has stressed
that the nutrient requirement is satisfied
when the following criteria are met: (1) all

essential minerals are present in the plant in
optimum proportion; (2) the ratio of the
nitrogen sources NH4+ and NO3- in the nutrient
solution is at its optimum, and (3) the total
nutrient concentration in solution is optimum.
Different plants may have different require-
ments and different tolerance to variation from
the optimum.

An examination of recent sand culture
experiments shows that concentration of nutrients
used tends to increase with lower frequency of
nutrient solution application (Table 1). Con-

sideration of sand-culture nutrient solutions
gives some guide to composition of solutions
for use on container installations although
chemical properties of the container rooting
medium should also be considered. Furthermore,
sparingly soluble nutrients, such as P and Ca,
can be incorporated into the rooting medium used
in containers. This is seldom done in sand
cultures. In sand cultures with frequent irri-
gations (every 1 to 6 hours), concentrations of
nutrients are in the ranges 28 to 100 ppm N,
1-24 ppm P, 20-126 ppm K, 40-150 ppm Ca, 10-50
ppm Mg and 20-150 ppm S. With less frequent
irrigations (every 8 hours to once a week),
optimum results are obtained with higher
nutrient concentrations as follows: 56-300 ppm
N, 31-250 ppm P, 50-320 ppm K, 75-320 ppm Ca,
48-173 ppm Mg and 50-280 ppm S.

Although it is difficult to determine
optimum nutrient ratios from an examination of
sand-culture experiments, it seems clear that
the ratio N/P is > 1 and the ratio P/K is
nearly always <1. Good growth of north tem-
perate zone conifer seedlings can likely be
obtained when nutrients are in the proportions
N 4-10, P 1, K 1.5-2, Ca 5-10, Mg 1-4, and S 2-4.
As growth continues the proportion of N can
possibly be reduced (Loustalot et al. 1950).
This may be desirable for hastening the onset
of dormancy (Cheung 1973) and for control of
seedling quality, as discussed later.

The total nutrient concentration must be
watched to avoid detrimental and even toxic
levels. The range of optimum level may be wide
especially if nutrients are present in the right
proportions (Ingestad 1971), but the small
rooting volume we use accentuates the problem.
Frequent conductivity tests, using Solu-bridge
or other means, and chemical analysis of plant
and soil should become routine practice for any
large-scale container operation.

Nutrient solutions, recommended for use by
the British Columbia Forest Service for growing-
season production of BC/CFS Styroblock-2 con-
tainer stock, are based on commercial fertili-
zers and contain relatively high proportions
of P in the beginning and toward the end of the



growing period 3/. After germination of the
spring-sown seed, 10-52-10 is used to give
concentrations of 62 ppm N, 141 ppm P and

52 ppm K for 1-2 weeks. 20-20-20 is then
applied at concentrations of 100 ppm N, 44 ppm
P and 82 ppm K until the end of August; there-
after, N is dropped from the nutrient solution
and 0-52-34 is substituted to supply 141 ppm P
and 176 ppm K for 1-2 weeks. In the beginning
of September, the regime is changed to 10-52-10
and is continued until mid November. Ferti-
lizers are usually applied to the drip-point
twice a week during the growing season. Stock
held in a greenhouse or shelterhouse is fer-
tilized with 10-52-10 once or twice a month
from mid November through January and this
stock is usually packaged and cold stored in
February. To avoid iron chlorosis, ferrous
sulphate is supplied at weekly or biweekly
intervals in concentration of 18 ppm Fe during
most of the growing period. Other fertilizer
solutions are applied to the drip-point twice
a week. This regime is used for all container-
grown seedlings, with only minor differences
in timing and amounts applied for different
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species. Application to the point at which the
solution drips through the medium does not give
a close control of the amount of nutrients
supplied as this depends on the water content
of the medium before fertilization.

To indicate the variety of fertilizer
regimes used by growers in the PNW, some other
regimes are given. One grower uses 20-20-20
as a starter and changes to 30-10-10 during
the period of fastest growth. If stem elon-
gation is too great, the schedule reverts to
20-20-20. Another grower uses a modified
Hoagland solution applied in 5X strength. The
working solution contains N, P, K in concen-
trations of 1400, 154 and 1170 ppm, respectively,
plus other major and minor elements. Three ml
of this solution are applied weekly throughout
the growing season to Douglas-fir and hemlock
seedlings growing in 44 cm” containers, in
addition to irrigation. A third regime is
reported to this symposium by Peyton W. Owston
('Two-crop production of western conifers').

A solution of 20-19-18 plus chelated iron and
trace elements is alternated with calcium
nitrate from 2-3 weeks after germination until
bud set, in amounts that vary with the growth
rate. A 0-10-10 fertilizer is used during bud
set and, when it is completed, 9-45-15 is sup-
plied throughout the winter for seedlings to
be planted in the spring.



NITROGEN SOURCE

Nitrogen source has a marked effect on
growth of some species of conifer seedlings.
Ammonium nitrogen results in greater growth
than nitrate nitrogen under a range of con-
ditions (McFee and Stone 1968; Swan 1960;
Christersson 1972; Benzian 1965; Ingestad and
Molin 1960; van den Driessche 1971). Under
other conditions, greater growth may result
from use of nitrate (Krajina et al. 1973;
Radwan et al. 1971; Pharis et al. 1964).
Frequently, mixtures of these sources result
in greater growth than either of them alone
(Evers 1964; Christersson 1972). Urea was an
effective N source for Pinus taeda (Pharis et
al. 1964), but not for Pinus sylvestris

Christersson 1972). The N source may affect
different parts of the plant without influencing
total growth; e.g. nitrate tended to have more
effect than ammonium on root growth of Picea
sitchensis, but the source did not affect total
plant production (Leyton 1952).

The reasons for the apparently different
effects of nitrogen source on conifer seedling
growth may be partly related to species or to
differences in moisture supply, concentration
other nutrients, temperature and pH con-
ditions. In view of this, it is advisable to
supply nitrogen initially as a mixture of both
sources. Further research and local experi-
ments may show that better results can be
obtained with one nitrogen source rather than
with another under specific conditions.

MICRONUTRIENTS

Micronutrients are usually not added to
rooting mixtures in the U.C. system for pro-
ducing container-grown plants unless a specific
deficiency is identified (Matkin and Chandler
1957) . However, micronutrients are contained
in commercial soluble fertilizers commonly
used now for tree seedlings. Micronutrient
deficiency symptoms for a number of important
forest tree species have been described (Stone
1968; Chapman 1966; Hacskaylo et al. 1969) and,
when detected, are most effectively overcome by
treatment with metalic chelates, if these are
available (Tiffin 1972). Spraying of micro-
nutrients onto foliage often corrects deficiency
very rapidly; otherwise, micronutrient fertili-
zers can be added to nutrient solutions. Lack
of iron is the most common deficiency on arti-
ficial soils, due to high calcium concentrations,
but it can be overcome with iron chelate (Matkin
et al. 1957).

INTERACTION WITH OTHER GROWTH FACTORS

Fertilizer regimes must be adjusted to
other environmental conditions affecting growth

and to other cultural practices. This becomes
especially important with use of greenhouses
for year-round production of two or more crops
for which the environment is greatly different.
Light intensity will influence mineral nutrient
requirement by its effect on growth rate and,
as a source of energy, it is likely to affect
mineral uptake (McKee 1972; Rains 1967). For
Douglas-fir, a decrease in light intensity will
reduce the response of photosynthesis to
nitrogen (Brix 1971). Temperature has been
shown to affect mineral uptake and utilization.
Uptake of 32p by Pinus elliottii was more rapid
at 10 to 15 degrees C than at 30 to 35 degrees C (McKee 1972
and availability of phosphorus in phosphorus
fertilizer is generally found to decrease with
an increase in temperature from 5 to 35 degrees C
(Beaton et al. 1965). High temperature may
result in greater growth occurring on ammonium
sources of nitrogen than on nitrate (McFee and
Stone 1968). Watering, especially, should be
watched since most of the nutrients are held in
solution in the rooting media commonly used.
Frequent and heavy irrigation could lead to
excessive leaching of nutrients and, conversely,
sparse irrigation to salt build-up.

MYCORRHIZAL INFECTION

Seedlings raised in artificial cultures
may develop mycorrhizal associations (Purnell
1958), but they may not if the nitrogen and
phosphorus supply level is high (Fowells and
Krauss 1959; Addoms 1937). Attention to
inoculation and development of suitable mycor-
rhizae is worth considering since it is
generally acknowledged that such associations
are important in nutrient uptake after out-
planting. Research on inoculation and the
relative efficiencies of various mycorrhizal
fungi is, however, still at an early stage
(Trappe 1967; Mejstrik and Krause 1973).

SEEDLING QUALITY

In the beginning of the production period,
the fertilizer regime is designed to promote
rapid growth. Toward the end of this period,
the object is to improve the quality of
seedlings so that they will withstand frost
and winter drying and have an increased poten-
tial for growth and survival after outplanting.
The importance of the nursery fertilizer re-
gime for subsequent growth has been demonstrated
(Anderson and Gessel 1966; Krueger 1967; Smith
et al. 1966; Radwan et al. 1971).

Total plant size is an important quality,
but the distribution of dry matter must also
be considered; e.g. root/shoot ratio, stem
diameter and leaf quantity. Within limits, an
increase in mineral supply increases shoot
growth relative to root growth (Brouwer 1962).
Stem diameter growth often continues after



height growth has stopped and 'sturdiness' of
the seedling can, therefore, be improved by
fertil-ization in late summer and fall. A
common practice, as indicated previously, is
to deprive the plants of nitrogen for a few
weeks toward the end of summer while main-
taining or increasing phosphorus and potassium
supply. After bud set, the nitrogen supply is
increased.

Fertilization in the fall, after shoot
growth has ceased, could become an important
tool in increasing plant quality, but more
research is needed. Root growth of many woody
plants continues during the dormant season as
long as the soil remains unfrozen (Tukey and
Meyer 1966). Fertilization of Taxus and
Forsythia with N, P and K in the fall increased
root growth and concentration of these elements
in the plants while the shoots remained dormant
(Meyer and Tukey 1965). Subsequent shoot growth

in the spring doubled as a result of fall nitrogen

application. The effect of phosphorus was smaller
and potassium had no effect on growth but reduced
winter injury. Benzian and Freeman (1967) also
found that late-season fertilization with N and K
increased concentration of these elements in
several conifer seedlings and sub-sequent

growth in height and diameter. The nitrogen
status affects leaf initiation of Douglas-fir
and, therefore, the growth potential for the
following year (Brix and Ebell 1969). For
Douglas-fir, leaf initiation continues into
November (Owens 1968) and, for this reason,

it could be important to maintain a high

nitrogen level in the fall.

Seedling survival and growth after out-
planting depends on a rapid root extension.
This is especially critical following growth
in containers with a small rooting volume
relative to the size of the seedling top pro-
duced. The container system is designed to
protect the roots during transplanting, but
proper nutrition is required to produce roots
with good growth potential. More research on
this important aspect is needed. Fertilization
with 10-52-10 in the fall and winter in British
Columbia, and with similar compounds elsewhere,
is done primarily to increase root mass and its
potential for growth following planting.

Survival during drought is, in addition to
root extension, also affected by the ability of
the plants to reduce water loss and to tolerate
plant water deficit. Several studies have shown
that mineral nutrition affects drought resis-
tance, although the mechanism involved is not
well known. Loblolly pine seedlings, grown
under normal moisture conditions with an optimal
nitrogen supply for growth, were also the most
drought resistant (Pharis and Kramer 1964).
Phosphorus and nitrogen fertilization increased
drought resistance of red pine seedlings

(Shirley and Meuli 1939), and a balanced N, P,
K fertilization, but not N alone, improved
drought resistance of longleaf pine (Allen and
Maki 1955). Mineral nutrition also affects
transpiration rates. Potassium plays an
important role in stomatal movement (Fischer
1963) and deficiency in this element has
resulted in a high transpiration rate in Pinus
sylvestris (Zech et al. 1969; Christersson 1973).
Christersson (1973) found no effect of calcium
or magnesium on transpiration rate.

One of the most crucial problems in growing
container plants is to harden the plants in
late summer against frost damage. Temperature
and photoperiod are important factors, but
mineral nutrition also plays a role in cold
hardiness (Alden and Hermann 1971; Levitt 1956).
A continuing nitrogen application throughout
the summer will prolong shoot extension and
delay development of cold hardiness. However,
nitrogen application in the fall after bud set
appears to be beneficial. Benzian (1966a)
found that a top dressing of nitrogen, applied
in a nursery so late in the season that it in-
creased seedling nitrogen concentration without
increasing shoot growth, decreased frost damage
in December in Sitka spruce and western hemlock,
and a late potassium application was similarly
effective in Sitka spruce. Correction of mag-
nesium deficiency decreased incidence of frost
damage in lodgepole pine and Sitka spruce
(Atterson 1967). Christersson (1973) found no
effect of potassium, calcium or magnesium on
frost hardiness of Scots pine seedlings
following growth under favorable growing con-
ditions or subsequent to a 3-week acclimatiza-
tion period under low temperature and short
photoperiod. He felt that potassium would
improve winter survival, not by increasing
frost hardiness but by improving the water
economy of seedlings, thus avoiding winter
drying. The role of potassium in frost
hardiness is supposedly to increase cell
permeability to water and soluble carbohydrate
content and to increase synthesis of amino
acids (Levitt 1956). However, fertilizer
experiments have not been conclusive in the
general importance of potassium and other
minerals in frost hardiness. More research,
therefore, is needed to establish optimum
nutrient levels and effective stages in
hardiness development as well as the inter-
action among nutrients and with environmental
conditions such as temperature, photoperiod
and water stress. Also, more attention is
needed on the frost hardiness of roots since
they are exposed to lower temperatures when
grown in containers than under ordinary con-
ditions.



CONCLUSION

Plants are being successfully raised in
large numbers in container systems and seedling
nutrient requirements are largely satisfied.
Conversely, deficiencies have been noted that
may occur again unless a thorough understanding
of the systems is obtained. Development of
container systems is likely to continue and
changes of temperature, light, moisture, CO2
concentration, mycorrhizal associations or
seasonal conditions associated with development
could result in a previously satisfactory
nutrient regime becoming inadequate. Similarly,
it is evident that mineral nutrient regimes can
be considerably improved. For instance, there
is a need to shorten the time required to pro-
duce plantable stock for species such as western
hemlock and white spruce. With outdoor container
production in British Columbia, seedlings of
these species have not reached a satisfactory
size in one growing season. Greenhouses and
shelterhouses are coming into use to prolong
the growing season, but better mineral nutrition
with the resultant increased growth rate may
offer a cheaper alternative.

So far it has been usual to assess seedling
quality in terms of height, stem diameter, total
weight, root shoot ratio and color. Other
factors, such as root growth potential, bud size,
nutritional state of the seedlings and drought
and frost hardiness are equally important in
determining seedling performance after out-
planting. These factors are controlled in part

by the mineral nutrient regime used in seedling
production. Container systems have an advantage
over bars root nurseries in quality control in
hat virtually all macro-nutrients are supplied
artificially.

At present, rooting media are prepared
from naturally occurring substances, but syn-
thetic compounds are now manufactured for the
purpose of growing plants (e.g. White and
Schneider 1972). Presumably it will be possible
to tailor the cation exchange capacity of
synthetic media to the requirements of the
system and slow release nutrients can be in-
corporated to support growth for at least the
first few weeks after germination. However,
for growth over a longer period of time, we
are still in search of slow release fertilizers
for which the rate of nutrient release is
governed by the need of the plants rather than
some other conditions, such as temperature.

The cost of fertilizers is only a minor
part (about 3%) of the total production cost
of container-grown seedlings (Huseby 1973),
and the potential for improving rate and quality
of growth cheaply by means of better mineral
nutrition is evidently large. More research
is therefore warranted to improve timing, type

and quantity of fertilizer dosage and to relate
the studies to advancements in other growing
techniques.
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