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by 1.ES WERNER

trogen (N) is the element that most often limits pri-
mary production in temperate and boreal regions of the world.
The generalizations regarding N describe a basic tenet sur-
rounding our current understanding of terrestrial ecosystem
development and provide valuable insight into our efforts to
manage plant growth. However, there is growing concern that
the combination of overuse (frequency) and overapplication
(dose) of N-based fertilizers is adversely affecting the environ-
ment, and that the impact is occurring at scales ranging from
local watersheds to the protective layer of ozone that sur-
rounds our planet.

There are numerous potential factors responsible for the misapplication of N fertiliz-
ers. Literature reviews and a litany of readily accessible "how to" materials indicate, to
me, that the range for the recommended rates of application and the vagueness sur-
rounding the magnitude adjustments reflect a gap between applied research and the in-
formation necessary to tailor nutrient- management schemes.

Currently, the American National Stan-
dards Institute A-300 standards for the fer-
tilization of landscape trees recommend
between I and 6 pounds of N per 1,000
square feet of canopy coverage on an an-
nual basis. The International Society of
Arboriculture Best Management Practices:
Tree and Shrub Fertilization manual cal-
culates this broad range based on man-
agement objective, growth promoting or
maintenance fertilization, and the growth
phase of mature or juvenile trees. The rec-
ommended annual rate of application for
the maintenance of a mature tree is 2 to 3
pounds N per 1,000 square feet, while the
annual rate for promoting growth in
young trees is 3 to 4 pounds N per 1,000
square feet.

These qualified rates of application are
a great reference point from which to be-
gin. This article reviews the biology of N
use in trees and addresses how biological
differences and/or changes in tree biology
over time may provide a basis upon which
to make decisions regarding adjustments
to annual N-based fertilizer applications.

Nitrogen biology. In the text Mineral
Nutrition of Higher Plants, author Horst
Marschner indicates that N accounts for
up to 80 percent of the essential mineral
elements taken up by plants on an annual
basis. Certainly, there is variability among



plant species with respect to this value,
and trees are no exception. However, this
percentage demonstrates the magnitude
of the role N plays in plant development.
Nitrogen is unique among the essential
elements in that inorganic forms of N
maybe taken up as either a cation (NH4+)
or an anion (NO 3-), although there is evi-
dence to suggest that certain mycorrhizal
fungi have the capacity to acquire organic
forms of N. In the roots and leaves, newly
acquired inorganic N is assimilated into
glutamate, an amino acid used in the for-
mation of other amino acids.

Amino acids, in turn, are building
blocks used in the construction of pro-
teins, most notably ribulose 1,5-bisphos-
phate carboxylase/oxygenase (RuBisCO)
— the protein that catalyzes CO 2 fixation
— and chlorophyll, which is the tree's
light-harvesting system. RuBisCO is
widely considered the most abundant
protein on earth. Both of these proteins
degtade over time and/or with use so they
are constantly being replaced.

As a result, the vast majority of N ac-
quired on an annual basis is preferen-
tially allocated to aboveground apical
meristems and tissues containing
chlorophyll, primarily leaves, fruit and
the inner bark. In the absence of other
limiting agents, photosynthetic rates
are generally positively related to N
concentration in the foliage. This is a
consequence that contributes to the
widespread use of synthetic fertilizers.

For all practical purposes, the mineral
component of the soil is devoid of use-
able N. Inorganic N is made available to
the tree through the deposition of re-
duced and oxidized forms of N in the at-
mosphere, the biological breakdown of
organic matter that accumulates on and
in the soil or through biological partner-
ships with bacteria capable of fixing at-
mospheric N.

The capacity of a soil to supply inor-
ganic N to the tree is tied to both the
quantity and quality of organic matter and
the activity of the microorganisms re-
sponsible for the breakdown and mineral-
ization of organic N. The microorganisms
that mineralize organic N are sensitive to
extremes in soil moisture and tempera-
ture. Consequently, in temperate regions
of the wotld, peak soil N production, re-
sulting from the breakdown and mineral-
ization of soil organic matter, tends to
occur in late spring and early fall. Without
going into details, N acquisition and as-
similation requires an input of metabolic
energy from the tree in the form of adeno-
sine 5'-triphosphate (ATP).

How much N the tree requires from the
soil on an annual basis is a function of tree

species, growth phase, the current N sta-
tus within the tree and whether or not it is
actively growing. The issues of species and
growth phase are addressed later; how-
ever, it must be clarified that the use of the
word "species" extends beyond mere taxo-
nomic classification and includes such
factors as native geographic distribution
and ecological positioning.

Multiple feedback mechanisms have
been identified which downregulate the
rate at which N is acquired from the soil
when the internal N status is high. Which
mechanism best explains the downregu-
lation is not relevant. The take-home mes-
sage is that fertilizer-use efficiency will
tend to drop with frequent applications. As
a result, the use of foliar tissue analysis is
an important tool in the arsenal for the
war against the misapplication of fertilizer.

Only a portion of the N used in support
of annual growth is acquired from exter-
nal sources. The internal mobility of N al-
lows trees to shuttle it from points of low
demand to points of high demand, which
occurs during the transition of sapwood
into heartwood. Perhaps the best demon-
stration of the mobility of N and the re-
markable conservative nature of trees is

the removal of N from tissues that are be-
ing shed.

In his article "Nutrient resorption from
senescing leaves of perennials: Are there
general patterns?” Dr. Rien Aerts, head of
the department of systems ecology at
Vrije Universiteit Amsterdam, Nether-
lands, found extraordinary consistency
among woody perennial plants in their
capacity to remove and retain foliar N
prior to leaf abscission. Approximately 50
percent of the N contained within the
leaves during growth is removed before
leaf drop, primarily through the hy-
drolyzation of proteins associated with
photosynthesis. Fragments of foliar pro-
teins rich in N are stored in the inner bark
and root tissues during the dormant pe-
riod and then remobilized the following
spring to support the development of
new tissues. The degree to which this
pool of previously assimilated N is used
to support early-season growth is consid-
erable; in fact, it appears the vast majority
of the early-season N demand is met
through this process of remobilization.
The acquisition and assimilation of exter-
nal N appears to begin in earnest after the
emerging leaves have started to mature



and coincides with a decline in the use of
previously assimilated N.

Biological parameters. Growth phase:
Although variations upon the theme exist,
the growth pattern of most trees exhibits
sigmoidal tendencies in which tree growth
slows over time. A number of competing
theories have been forwarded to explain
the mechanisms behind the slowing of
growth, though most theories agree that
accompanying the slowing of growth is a
reduction in photosynthesis. A slowdown
in production ultimately results in a con-
comitant reduction in the use of and/or
the demand for resources associated with
the production process.

Recent research has found that N con-
centration in the leaves of older trees is
equal to or greater than the N concentra-
tion in the leaves of young trees of the
same species. This trend would appear to
justify higher rates of application; how-
ever, signatures from isotopically altered
fertilizers indicate a reduced level of N up-
take from the soil under mature trees. The
explanation behind this apparent enigma
is that mature trees utilize significantly
more previously assimilated N to meet
their annual demand for N.

Generally, mature trees have substan-
tially more accumulated biomass from
which N maybe withdrawn, and the uti-
lization of previously assimilated N repre-
sents a more energetically favorable
option. As a result, fertilizer N uptake in
mature trees may be substantially lower
than young trees receiving the same rate
of application.

Successional stage: In many forested
ecosystems, the availability of mineral N
tends to decrease as the composition of
the community changes from early stage
to mid- and late stage. Not surprisingly,

carly- and midstage tree species tend to
have greater annual N requirements and
lower nutrient utilization efficiencies
(NUE). In other words, less biomass is
produced per unit of N acquired. Con-
versely, late-stage trees tend to have lower
annual demands for nutrients, greater uti-
lization of previously assimilated N and
higher NUE.

Coniferous versus decidnous: Conifers
typically require less N than deciduous
trees. The reduction in the annual de-
mand for N is the product of longer-lived
leaves and lower foliar N concentrations.
On average, foliar N concentration in
conifers is 20 to 25 percent lower than de-
ciduous trees. Consequently, NUE in
conifers is generally higher than decidu-
ous trees, and increases in resource avail-
ability favors trees displaying a deciduous
leaf cycle.

Deterrzinant versus indeterrzinant
growth patterns: Trees that experience a
single growth event per year are classified
as having a determinant growth pattern,

while trees that are capable of multiple
growth events within a single growing sea-
son are characterized as having indetermi-
nant growth patterns. Trees that display an
indeterminant growth pattern tend to ex-
hibit greater physiological capacity to ac-
quire and use N when it is in great supply.

In a classic study, Pete Millard, plant
ecophysiologist at The Macaulay Institute,
Abetrdeen, Scotland, and Gerry Neilsen, a
soil fertility and plant nutrition research
scientist at Pacific Agri-Food Research
Centre, Summerland, British Columbia,
observed continued growths utilizing in-
ternal stores of N when external sources
were withheld from the trees. As natural
resource managers, it is incumbent upon
us to recognize that standardized fertiliza-
tion programs will undoubtedly underfer-
tilize some trees and ovetfertilize others.

Trees are remarkably adaptive, highly
defensive, conservative organisms that are
capable of living for thousands of years
under a wide array of environmental and
physical conditions. They have evolved
the capacity to deal with periodic flushes
and droughts in the availability of ele-
ments essential to their survival, and yet
they persist. Perhaps more appropriately,
they continue to grow.

L es Werner is an instructor of forestry in
the College of Natural Resources at the
University of Wisconsin-Stevens Point. He

can be reachedates.werner@uwsp.cedu.
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