Effects of nitrogen fertilization on several woody and nonwoody boreal forest species
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The effects of three levels of fertilizer were tested on the growth of several woody and nonwoody plants from a boreal
forest community in southwestern Yukon. The effects of fertilization were assessed by clipping ground layer vegetation and
measuring twig growth at the end of the second summer. Over the 2 years of fertilization there were significant increases
in growth over control levels for perennial grasses (Festuca altaica and Calamagrostis lapponica), two herbs (Epilobium
angustifolium and Achillea millefolium), and two deciduous shrubs (Salix glauca and Betula glandulosa). However, the
growth of white spruce trees (Picea glauca) increased only slightly in response to increasing nitrogen levels, and the ever-

green dwarf shrub Arctostaphylos uva-ursi showed no response.
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Les auteurs ont expérimenté trois concentrations de fertilisant azoté sur la croissance de plusieurs plantes ligneuses et
non-ligneuses dans un peuplement forestier boréal du sud-ouest du Yukon. Les effets de la fertilisation ont été évalués en
récoltant les plantes au niveau sol et en mesurant I’élongation des rameaux en fin d’été, la 2¢ année. Au cours des 2 années
suivant la fertilisation, on note une augmentation significative de la croissance par rapport aux témoins chez les herbes pérennes
(Festuca altaica et Calamagrostis lapponica), chez deux herbacées (Epilobium angustifolium et Achillea millefolium), et deux
arbustes décidus (Salix glauca et Betula glandulosa). Cependant, la croissance de I’épinette blanche n’augmente que faible-

93

ment avec la fertilisation azotée accrue, et I’arbuste nain Arctostaphylos uva-ursi ne montre aucune réaction.
Mots clés : fertilisation, forét boréale, arbustes, herbes, herbacées, azote.

Introduction

The productivity of northern forests is limited by the availa-
bility of nitrogen (Vitousek and Matson 1984), partly because
low soil temperatures for much of the year inhibit microbial
processes (Bonan and Shugart 1989). As part of the larger
scale ongoing study of the Kluane Boreal Forest Project, we
are attempting to boost net annual primary productivity by
applying nitrogen fertilizer to 1-km? blocks of forest in south-
western Yukon. In particular, we are interested in how increased
forage production affects various mammalian herbivores.

Assessing the effects of nutrient addition on areas as large
as 1 km? is difficult because of heterogeneity in vegetation
and soils. We therefore explored the effects of three types and
three levels of fertilizer in replicated tests on smaller plots that
were matched for vegetation composition. The levels of fertili-
zation were chosen to mimic and exceed those used in the
larger scale study.

Fertilization experiments in the boreal forest to date concen-
trated on the growth responses of a dominant tree species (e.g.,
Picea glauca; Van Cleve and Zasada 1976; Chapin et al. 1983)
and on the distribution of added nitrogen among biotic and
abiotic ecosystem components (Morrison and Foster 1977). In
this study, we document the responses of a spectrum of boreal
plant species (graminoids, herbs, shrubs) to fertilization.

Study area

Our study plots were located in the Shakwak Trench, a 5- to 10-km
broad valley at 900—1000 m above sea level. White spruce (Picea
glauca (Moench) Voss) is the dominant tree, with occasional stands
of aspen (Populus tremuloides Michx.) and balsam poplar (Populus
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balsamifera L.). Douglas (1974) classed this area as a closed to open
Picea glauca community. The principal vertebrate herbivores in our
study sites during these experiments were snowshoe hares (Lepus
americanus) and arctic ground squirrels (Spermophilus parryi).

Methods

At each of three sites we placed two paired sets of four experimen-
tal plots (5 X 5 m). Within each set, the plots were located within
20 m of one another. Plots were in open areas and centred round a
large Salix glauca L. or Betula glandulosa Michx. bush. Because of
local heterogeneity in shrub distribution, we could not always find a
standardized species of shrub to centre the plot on.

Four treatments were randomly assigned to the plots, giving a
randomized block design. From 15—21 June 1988 we applied fertilizer
by hand in the following treatments: (i) 0, (ii) 25 g/m> N as N—P—K
(34:51:6), (ifi) 25 g/m* N as ammonium nitrate, and (iv) 125 g/m2 N
as ammonium nitrate. In late May 1989, we fertilized again at the
same rates with the exception of treatment (ii) where we fertilized at
12.5 g/m? N as ammonium nitrate. The fertilizer was applied differ-
ently in the 2nd year to this treatment to mimic changes in aerial
application of fertilizer to the 1-km? blocks used in the parallel
study. This did not affect our analysis because it was based on ordinal
rather than interval variables, i.e., it tests for an increase in response
as nitrogen levels increase. The four treatments thus averaged O,
18.8, 25, and 125 g/m? of N over the 2 years (we will refer to these
treatments as 0-N, 18-N, 25-N, and 125-N). These fertilization rates
span those used in tree fertilization studies in the boreal forest. For
example, Morrison and Foster (1977) applied 30 g N/(m? - year) to
jack pine (Pinus banksiana Lamb.) and Van Cleve and Zasada (1976)
applied 56 g N/(m? - year) to a Pinus glauca stand.

Sampling procedures
All vegetation sampling was done in 1989. Herbs and grasses were
sampled at peak live biomass (mid-July for herbs and mid-August for
grasses) and shrubs after growth had ceased (early September).
Within plots, grasses showed variation in distribution due to patchi-
ness. We divided each plot into quarters, randomly placed a 20 X
50 cm quadrat within each quarter, and then combined samples from
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Fi1. 1. Effects of different fertilization levels on grass biomass in 1989. Significant differences among effects of different fertilization levels
(g/m?) are denoted by * for p < 0.05 and ** for p < 0.01. The 18-N level applies to the mean of 1988 and 1989 only; these plots were
fertilized with 25-N in 1988 and 12.5-N in 1989. Bars represent 95% confidence intervals.

the quarters. The long thin quadrats minimized variation due to inclu-
sion or exclusion of grass clumps, and sampling from the quarters
minimized the larger scale variance.

Since small mammal herbivores had grazed grass in some of the
plots, we visually estimated the percent area (to the nearest 10%) of
grass grazed for each quadrat. Then we clipped all grasses within a
quadrat and combined samples from all four quadrats in each plot.
The grasses were dried at 60°C and were sorted into vegetative live
grass, dead grass, and flowering stems before weighing. The dominant
grass species was Festuca altaica Trin. with some Calamagrostis
lapponica (Wahlenb.) Hartm. present.

The only herbs common to most of the plots were fireweed (Epilo-
bium angustifolium L.) and common yarrow (Achillea millefolium L.).
Epilobium angustifolium grows as single stalks with some of the
stalks flowering. We estimated their density and biomass by counting
and weighing all individual stalks per plot, and we estimated the
reproductive effort by the proportion of flowering stalks.

Achillea millefolium grows as rosettes with occ¢asional flowering
stalks. We estimated the density and biomass of flowering stalks by
counting and weighing all individual flowering stalks per plot. Note
that this yields an estimate of Achillea millefolium reproductive effort
based on number of stalks per area, rather than on proportion of
stalks flowering, as in Epilobium angustifolium. We also estimated
leaf size by choosing 30 leaf rosettes per plot, counting the number
of leaves per rosette, and weighing all the leaves together. Both herb
species were weighed in the field; this assumes that fertilization does
not affect the wet mass to dry mass ratio.

We sampled the four most common woody species occurring
within plots: Picea glauca, Salix glauca, Betula glandulosa, and
Arctostaphylos uva-ursi L. For each species, we clipped one twig
from each of four different individuals (defined as one single stem
issuing from the ground) within each plot. However, since juvenile
Salix glauca twigs have a very different morphology from that of
mature twigs (juvenile twigs tend to be longer, with fewer branching
points; Sinclair er al. 1988), we considered juvenile and mature Salix
glauca twigs separately.

For each woody species, we found the four most recent annual bud

scale scars (in the short growing season there was only one flush of
growth, and growth marks were obvious for all species) and made the
following measurements for each year: (i) leader stem length, (if) total
length, (iii) twig diameter just past the growth mark, (iv) twig age at
5-mm diameter, and (v) total number of twig sections, including the
leader stem (this gave an estimate of branching that was always 1 for
year 4). We did not do (iii) and (iv) for Arctostaphylos uva-ursi.

Twig volume was used as an estimate of biomass, assuming that
fertilization did not affect density of woody tissues. We estimated
twig volume as

[1] volume = total length X 7r?

Analysis

Each sampling procedure described above resulted in one measure-
ment per variable per plot. For each variable, we used the Box —Cox
procedure (Krebs 1989) to find the optimal transformation to normal-
ize the data. We modified this procedure slightly because the variance
in our data set included not only random variation but also included
effects of the experimental design. Instead of using Krebs’ S, we use
the mean square error from the fitted ANOva model. '

After transforming the data, we used an isotonic regression (Gaines
and Rice 1990). Standard ANovas test the null hypothesis that the
means of the treatments are equal (u1 =p2=p3 =p4), using the alter-
nate hypothesis that they are not equal (ul+#u2#u3+#p4). In our
isotonic regression we used the alternate hypothesis ul <pu2 <u3 <u4,
i.e., that higher levels of fertilizer increased plant growth.

This procedure is designed for a one-way ANova. We adapted it to
our experimental design by first removing the effects of nontreatment
variables (by using the ANOvA model appropriate to our design, i.e.,
sites as a blocking variable, and any other covariates) before estimat-
ing the means and variances from each treatment.

We removed the effect of grazing on grass biomass by including
it as a covariate in our analysis. Similarly, when analyzing shrub
growth, we included measurements from the 2 years before fertiliza-
tion as covariates. This means that all comparisons use the prior
2 years as a baseline to compare responses to fertilization.
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Zasada 1976; Morrison and Foster 1977) but less than in fer-
tile sites and agricultural plants (Chapin er al. 1986). Both
vegetative (p < 0.01) and reproductive biomass (p < 0.01)
of live grasses increased with increasing N levels, with the lar-
gest increase occurring in the 125-N plots (Fig 1). Reproduction
increased more than vegetative growth (p < 0.05).
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flowering stalks and in the 125 N plots for nonﬂowermg
stalks. Epilobium angustifolium also responded by increasing
the proportion of stalks flowering (p < 0.01; Fig. 2). The
density of Epilobium angustifolium stalks showed no response
to N addition.

Both the number of flowering stalks per plot and the average









