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ABSTRACT

Various field and laboratory methods were used to
characterize nutrient cycling on two mature white spruce
sites, one recently harvested site and three l4-year-old
harvested white spruce sites colonized by different plant
communities and presenting different intensity of soil
disturbance. Study sites were chosen on upland south
facing sites and presented conditions of reduced
environmental variability. Soil analysis showed no changes
in pools of soil nutrient unless the forest floor was
removed. On the other hand, some differences in the
dynamics of nutrients were seen: (l)- sites where the forest
floor was removed showed low N mineralization rates; (2)- N
mineralization rates appeared faster in the surface soil of
the recently harvested site than in mature white spruce
sites; (3)- the surface soil of sites regenerating to aspen
showed the highest N mineralization rates of all l4-year-old
sites. Field soil temperature, and field soil moisture
content as well as N and lignin concentrations of the forest

floor could not explain the differences in N mineralization

III
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rates between sites. This suggests that species
colonization may influence N dynamics and that' N éycling
rate on regenerating sites is controled by a small pool of

rapidly cycling N.

The determination of nutrient uptake and return by
vegetation growing in the field indicated that nutrient
cycling was much faster in 14-year-old aspen stands than on

any other regenerating or mature site.

The measurement of element availability with ion exchange
resin bags indicated an increased leaching of nitrate,
phosphate and sulfate at springtime, the second summer
following harvesting. Poor correlations were obtained
between conventional soil testing and ion exchange resin bag

determinations.

Comparisons between field and laboratory nutrient
availability indices indicated that sites colonized by
sprouting aspen exhibited ;he highest N cycling rates seen
in this study. This obéervation makes aspen an interesting

species to consider for mixed species management strategies.

Iv
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CHAPTER ONE
GENERAL INTRODUCTION

White spruce is currently the only tree species commercially
exploited for timber in interior Alaska. As this resource
is limited but also renewable, interior Alaska’s forest

industry will depend more and more on second growth forests.

White spruce forests are found in late successional stages
of the floodplains and in late successional stages of south
aspect upland sites. The present study is limited to the
study of upland sites. In these ecosystems, Secondary
succession is usually initiated by fire (Van Cleve and
Viereck 1981). Therefore, the harvest of the forest is
likely to create, for the first stages of regeneration, an
environment different from the one usually seen at the
beginning of secondary succession in the natural life

history of these ecosystems.

Little is known about the state of regenerating harvested

white spruce sites in interior Alaska as their harvesting
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history is short. Serious problems between competing
vegetation and regenerating white spruce are common (Zasada
19865. In similar forest types in Canada (Dobbs 1972} and
northern Finland (Sundman et al. 1978), reforestation has

frequently failed for unknown reasons.

The object of the present study was to develop a better
understanding of nutrient dvnamics in post-harvested white
spruce sites. Forest managers often limit the evaluation of

the effects of forest harvesting and site preparation on

site productivity to the monitoring of the short term |
growth and survival of planted seedlings. As nutrient
requirements, at this early stage, are low and increase
exponentially thereafter (Miller 1984; pPerry et al. 1982);

the early performance of planted seedlings is a poor

indicator of the préductive capacity of the soil resource

and of the long term effect of these silvicultural practices

on site productivity.

In the present studv, a varietv of approaches are used to
describe nutrient cvcling on post harvested sites ranging
from 0 to 14 years. They give a overall perspective of

nutrient dynamics in these ecosystems and a better
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understanding of the factors controlling the storage and
availability of nutrients. This information should be
useful to the preservation and improvement of soil

fertility in an intensive forest management regime.
Short term effects of forest harvesting on nutrient cycling

The short term pattern of nutrient dynamics after a clear-
cut is generally believed to be the following: There is a
pulse in the rate of soil organic matter decomposition and
element mineralization due to improved soil temperature and
moisture level and due to the presence of large quantities
of fresh organic debris. 1In additioﬁ the uptake of
nutrients by the vegetation is lower because of reduced
vegetation cover, thus nutrient availability is higher as
well as the potential for nutrient loss by leaching. 1In
this context, a rapid establishment of secondary
successional vegetation along with a rapid microbial
population response can greatly reduce the rate of nutrient
loss (Bormann et al., 1974; Marks, 1974; Vitousek and

Walker, 1987).
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From the numerous nutrient cycling studies conducted after
forest harvesting, it is known that this general pattern is
not always observed. As stated by Vitousek and Walker
(1987), there seems to be less solid mechanism-based theory
concerning patterns of resource availability in secondary
succession than in primary succession. Slower mineralization
rates or no change in the mineralization rates have also
been observed after the removal of the forest as well as a
decrease in microbial and microarthropod biomass. Binkley
(1984a) observed no change in the rate of N mineralization
in the soil of a harvested forest on a high elevation site.
Lower mineralization rates as well as a decrease in
microarthropods density were observed on xeric sites after
clear cutting (Abbot and Crossley 1982; Blair and Crossley
1988; Seastedt and Crossley 1981). Lower mineralization
rates on whole tree harvested sites as well as a decrease in
bacterial biomass were observed by Hendrickson et al.
(1985). Finally, lower mineralization rates and lower
microbial biomass were observed by Entry et al. (1986) on

clear-cut sites where the slash had been removed.

In interior Alaska white spruce forests the low

precipitation regime and the high C:N ratio of the soil
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organic matter (Van Cleve and Harrison 1985) could prevent
or delay the nutrient mineralization pulse often seen after
a clear-cut. Gordon and Van Cleve (1983) did not £find any
increase in the rate of N mineralization for abperiod of two

years following a clear-cut.

According to Vitousek and Walker (1987), in ecosystems of
low productivity (if we compare for instance tropical
forests> temperate forests> boreal forests) the pulse of N
supply after disturbance is of less magnitude, is delayed,
and lasts for a longer period of time than in more

productive ecosystems.

Long term effects: the recovery of nutrient cycles in a

successional context

The pattern of plant succession after a fire on upland white
spruce sites has been described by Van Cleve and Viereck
(1981) . The general pattern can be described as follows:
There 1s a rapid colonization by herbaceous species followed
by the rapid growth of shade intolerant deciduous tree

species. Finally white spruce starts to colonize the
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deciduous stand and later dominates because of its tolerance

to shade and its longer life.

However, if a seed source from species that usually come
later during the succession were available and soil
conditions suitable, this general pattern of plant
succession may not be seen. Shade intolerant deciduous
species or even white spruce can develop directly following
fire (Van Cleve and Viereck 1981). The climax of this
successional pattern is a white spruce stand. However, the
path leading to the spruce stand can vary in length and
species composition. This situation is similar to the omnes
described by Christensen and Peet (1984) and by Margalef

(1968) where the community composition became increasingly

predictable as succession proceeded.

The strict facilitation pathway described by Connell and
Slatyer (1977) cannot explain community changes: The
establishment and growth to maturity of a white spruce stand
may not need the early influence on the site of other plant
species. However, it is unknown whether or not, in the
present context, successional species can have an influence

on the productivity of a late sncecessional community. This
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aspect 1s frequently neglected in successional models which
are often limited to the explanation of species replacement

and do not consider the productivity of successional stages.

It is a well known fact that the rapid colonization and
growth of secondaryv successional species reduce the loss of
nutrients followlng disturbances (Likens et al. 1978; Marks

1974; Vitousek and Walker 1987). Rapid seed dispersal,

vegetative expansion, low nutrient use efficiency and high
grthh rate are some mechanisms contributing to the rapid
colonizafion by secondary successional specles as well as to
the regulation of nutrient cycling (Boring et al. 1981;

Gholz et al. 1984; Likens et al. 1978).

Another role of colonizer species is not as frequently
mentioned; the litter guality (chemistry and structure) of
early and mid-successional plant species often differs from
late successional species and may promote a faster
decomposition and cycling of nutrients (Covington 1981;
Cromack and Monk 1975; Federer 1984; vitousek and walker
1987). sSpruce litter depresses soll nitrogen avallability
because it decays and minerallzes nitrogen slowly and has a

high immoblilizatlon potential as a result of its high lignin
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and phenolic and low nitrogen content (Carlyle and Malcolm

- 1986; Flanagan and Van Cleve 1983; Gholz and Fisher 1984;
Mellilo et al. 1982; Piene and Van Cleve 1978; VanxClevé and
Harrison 1985). It might therefore be desirable, for the
productivity of a white spruce stand, to grow on a site
where soil properties had been altered by early successional
species even if their influence is not a si ne qua non

condition for white spruce establishment.

Consldering that the qrowth of white spruce stands and other
boreal forests is often nitrogen 1imitedv(Krause 1982; vVan
Cleve and Oliver 1982; Van Cleve and Zasada 1976) and that
the maximum nutrient requirement by white spruce stands is
not achieved before canopy closure (Miller 1984), it is
possible that successional species play a role in the
maintenance and improvement of soil fertility for a

considerable length of time.

Sound forest management decision must account for the
overall influence of successional species on a site. Their
dual role, as competitors with commercial species for
limited resources and as soil fertility modifiers, should

not be overlooked.
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HYPOTHESES
Central Hypothesis

The harvest of a white spruce forest promotes changes in the
patterns of nutrient dynamics. The duration and extent of
these changes vary with soil conditions and the type of

vegetation colonizing the site.
Working Hypotheses

1-The rates of soil organic matter decomposition and of N
mineralization are greater following disturbance because of
improved soil temperature and moisture regime. These rates

are maintained during the first stages of revegetation.

2-Gross nutrient supply is greater after disturbance due to
higher mineralization rates. However, secondary
successional plants can effectively compete for this
resource, reducing the potential for losses as well as the

element supply to white spruce seedlings.
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3-The distribution of nutrients in the ecosystem, their
availability, as well as the gap between nutrient supply and
demand, are affected by the type of vegetation colonizing

the harvested area.
STUDY AREA

The study area is located in the Bonanza Creek Experimental
Forest. Sites were chosen within an area of 10 km2 and
presented homogeneous conditions of aspect,.microclimate and
pedology. Soils are classified as Typic Cryochrepts
(Fairbanks silt loam). The parent material is windblown

silt free of permafrost.

The local climate is continental, showing low annual
precipitation, low humidity, low cloudiness and'large
diurnal and annual temperature ranges (Slaughter and Viereck

1986). The frost free summer averages 97 days.

Al]l sites were selected on gentle south facing slopes.
Aspect is considered to be the single most important

determinant of vegetation productivity because of its
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critical importance on microclimatic conditions at this high

latitude (64° 45' ) (Van Cleve and Yarie 1986).

The homogeneous nature of the parent material, in addition
to the dry and cold climate, made soil conditions
exceptionally constant between sites. These conditions
greatly reduce the risk that differences between sites are
caused by geological or pedological characteristics and
enable a more accurate observation of the effect of
disturbance and vegetation colonization on soil nutrient

status.

Field sites were chosen from a chronological sequence.

Three different stages in this sequence were studied: (1)-
mature white spruce sites which represent the culminating
point of plant succession (Van Cleve and Viereck 1981) (2)-
less than one year old clear-cuts which are characteristic
of the reorganization phase of ecosystem development after
disturbance (Bormann and Likens (1979), and (3)- fourteen
year old clear-cuts which are characteristic of the
aggradation phase of ecosystem development (Bormann and
Likens 1979). Two mature white spruce stands and three 14

year o0ld clear-cut sites were selected. Only one recent
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clear-cut was available. The regenerating sites originated
from mature white spruce forests. The clear-cut sites were

not burned during or after the harvesting operations.

The vegetation composition of mature white spruce sites and
of the recently harvested site was homogeneous. Therefore,
there has not been any attempt to stratify these sites. On
the contrary, l4-year-old sites showed a highly
heterogeneous vegetation composition. To control this
variability, these sites were divided into four ecological
types which were typical of vegetation composition and
surface soil conditions (table 1.1). Portions of these
sites that were not sampled with this procedure are
considered as being marginal (like roads, skid trails and
landing areas) or intermediate between the 4 types (like
open woody vegetation areas). The 4 ecological types wunder

study on l4-year-old sites are:

(a)-Undisturbed: a sparse vegetation cover is developing on
undisturbed forest floor originating from the harvested
white spruce stand. The moss layer of the mature white
spruce forest is still present. On these surfaces, invasion

by seed germination is low (Zasada 1986) and the surface
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Table 1.1
Sampling design and intensity of sampling

Ecological | Area Number of  iIntensity of sampling  Site
types i (m2) sampling units (area(m2)/sampling number
| unit)
Mature ]
w.sSpruce |
(1) { 10000 10 1000 0-1
|
(2) i 5000 S 1000 0-2
|
Harvested |
sites | 5000 15 333 1-1
(year 1) |
(year 14) |
|
Undisturbed |
" (1) | 1500 10 150 2-1
|
(2) | 900 5 180 2-2
|
Grass |
(1) | 750 10 75 2-1
!
(2) | 300 S 60 2-3
|
Scraped |
(1) | 330 5 66 - 2-2
i
(2) | 1500 10 150 2-3
|
Aspen |
(1) | 266 S 53 2-1
i
(2) i 300 5 60 2-2
l .
(3) | 4000 10 ' 400 2-3
|
!
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soil is not densely rooted. Few herbaceous species are
colonizing the area. The most frequently encountered
species are fireweed (Epilobium angustifolium) and horsetail

(Equisetum spp.).

(b)-Grass: This type is heavily colonized by bluestem
(Calamagrostis candensis). It is found on partially
disturbed organic surfaces (Zasada; 1986). The organic
layer is thick and so heavily rooted that it is very
difficult to tear apart. Fireweed (Epilobium angustifolium)

is also present on these sites.

(c)-Scraped: On these sites, the forest floor was scraped
off following the harvesting operation. A sparse vegetation
cover is developing. White spruce (Picea glauca) seedlings
are abundant. Few balsam poplar (Populus balsamea) as well

as some herbaceous species (mostly bluestem) are developing.

(d) -Aspen (Populus tremuloides) regeneration: This is the
only woody vegetation type that was studied on stage 3
sites. Although paper (Betula paperyfera) and alder (Alnus
tenuifolia) can regenerate on these sites (Zasada 1986),
they were not present in significant amounts to be included

in this study. The aspen clumps that were selected were
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dense enough to prevent the growth of a thick herbaceous
layer. The sparse understory was composed of Equisetum
spp., Calamagrostis canadensis, Rosa acicularistand
Viburnum edule. A few observations indicated that these
clumps did not develop from an aspen forest but have evolved
as root sprouts from sparsely distributed aspen in the
harvested white spruce stands. Records of the State of
Alaska Forest Service show that the volume of aspen wood

harvested on these sites was low. Aspen stumps were rare

and did not form dense clumps. In the surrounding
unharvested forest aspen were also sparsely distributed,
Furthermore, typical aspen forest floor, where the growth of
the moss layer is inhibited by the shade created by

deciduous leaf litter (Van Cleve and Viereck 13981), was not

found even on small areas.

The distribution of these ecological types on l4-year-old
clear-cut sites showed a mosaic pattern. This distribution
largely reflected the intensity and distribution of

disturbance that occurred during the harvesting opexation.
On these sites aspen clumps, as well as areas where the

forest floor had been scraped, could easily be identified

and were selected in at least two different clear-cut area.
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On the contrary, dense grassy vegetation and vegetation
growing on undisturbed organic surfaces were found only on
small areas widely scattered among the clear-cut areas. To
locate these types, a survey was conducted on areaé of the 3
sites that had not been selected or discarded yet. Both
types (undisturbed surface and grass) were found extensively

on two of the three sites.

Sampling units from the aspen and scraped types were
randomly selected from the identified clumps with a number
of replicates per site, related to the size of the clump.
Sampling units of grass and undisturbed types were randomly
selected from the transect lines with a number of replicates
per site, related to the area cover by a given type. The
total number of sampling units per type, including stage 1
and stage 2 and stage 3 a, b, ¢, and d types ranged from 15
to 20. Each ecological type was studied on at least two
different sites. In the following chapters, unless
specified, the total number of sampling units will be
considered. A summary of the information on the sampling

design is presented in table 1.1.
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CHAPTER 2

EVOLUTION OF SOIL FERTILITY ON HARVESTED WHITE SPRUCE SITES

ABSTRACT

Nutrient availability was assessed on unharvested white

spruce sites, on a recently harvested site and on l4-year-
old post-harvested sites colonized by different plant
communities. These sites were all found on gentle south
aspect slopes covered with a loess deposit. Conventional
soil chemical analysis, laboratory and field net nitrogen
(N) mineralization incubations, a greenhouse bioassay as
well as the measurement of field soil temperature, moisture
content and tongue depressor decomposition rates were
performed in order to describe soil fertility. Field and
laboratory net N mineralization rate determinations, as well
as the greenhouse biocassay indicated a great decline of soil
fertility on 1l4-year-old sites where the forest floor had
been scraped despite the fact that the treatment produced

warmer soil temperatures. The recently harvested site

17 i
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showed, compared to the mature white spruce sites, increased
N mineralization rates both in the field and under
controlled conditions. However, the greenhouse bioassay
showed poor growth of seedlings growing on soil ffom the
recently harvested site. This phenomenon could be caused by
biological factors not controlled in this experiment. Field
and laboratory N mineralization estimates, as well as the
greenhouse bioassay, indicated that aspen regeneration had
the highest N mineralization rates of all l4-year-old types
considered in this study. Surface soil chemical
characteristics, as well as soil temperature and water
content, only poorly explained diffe;ences in N
nmineralization rates across types. This suggests that on
regenerating sites sharing similar physiographic conditions,
species colonization may influence N dynamics by litter
effects, and that N cycling rates are perhaps controlled by

a small pool of rapidly cycling N.
INTRODUCTION
It is generally believed that, apart from the tropical rain

forest (Allen 1985), the nutrient capital of a forest

ecosystem is little affected by harvesting (Ballard 1978;
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Hornbeck and Kropelin 1982; Waring and Schlesinger 1985).
Nutrient losses by exportation of biomass (Hornbeck and
Kropelin 1982; Weetman and Weber 1972) added to the losses
by leaching following disturbance (Hornbeck and Kfopelin
1982; Mann et al. 1988, Martin and Harr 1989) are generally
low enough that the number of years needed to replace them
by inputs is less than the forest harvesting cycle (Waring
and Schlesinger 1985). However, little is known about the
processes, mechanisms, and rates by which nutrients are made
available for future stands following disturbance (Hornbeck

and Kropelin 1982).

There is a short and a long term response of soil fertility
to forest harvesting. The short term effect is related to
the large input of nutrients and fresh organic matter added
to the soil during the harvesting operations, to the
reduction of plant uptake of water and nutrients, and to the
modification of soil temperature and soil moisture regime
created by the absence of a plant cover (Bormann et al.
1974; Stone 1973). These conditions can either increase
(Entry et al. 1987a and b; Johnson et al. 1985, Likens et
al, 1978), not change (Burger and Pritchett 1984, Wallace‘
and Freedman 1986), or decrease (Abbot and Crossley 1982;

Bird and Chatarpaul 1988; Hendrickson et al. 1985; Whiteford
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et al. 1981) soil organic matter decomposition and nutrient
mineralization. They generally favour nitrification (Likens

et al. 1969; Vitousek et al. 1982; Vitousek et al. 1979).

The long term response is mostly related to the modification
of the soil environment by plant communities. Plants can
modify nutrient availability to future stands by their
influence on soil microclimate (Gokceoglu 1988; Harcombe
1975; Van Cleve et al. 1983; Viereck et al. 1983), by
differential nutrient uptake rates, amounts of nutrient
returned in litterfall and nutrient storage in perennial
tissues (Alban 1982; Alban et al. 1978; Ruark and Bockheim
1987; Yount 1975), by the palatability of their litter to
microorganisms (Covington 1981; Damman 1971; Federer 1984;

Flanagan and Van Cleve 1983; Hix and Barnes 1984; Howard and

Howard 1980), and by the production of allelochemicals (Rice

1984).

The objective of the present study was to evaluate the very
short term (first year) and longer term (l4th year) changes
in soil nutrient reserves and availability on post-harvested
white spruce sites subjected to different site preparation

treatments and colonized by different plant communities.
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Materials and Methods

A variety of methods were used to assess soil nutrient
availability: (l1)-Soil was analyzed using standard
laboratory procedures, (2)- N mineralization was.measured in
the field using the buried bag technique (Eno 1960) together

with the characterization of soil temperature, soil water

content, and decomposition rates of tongue depressors; N
mineralization was also assessed under controlled conditions %
in the laboratory, (3)- an independent measurement of the |
potential soil element'supply to plants was conducted using

a greenhouse bioassay.

1-Site description

Six sites were selected in the Bonanza Creek Experimental
Forest. The forest is located 25 km west of Fairbanks,
Alaska in the Yukon-Tanana uplands. All sites originated
from closed mature white spruce stands (Viereck et al. 1990)
growing on well drained south facing slopés. Soils are
classified as Alfic Cryochrepts. Two mature white spruce
sites, one recently (less than a year old) harvested white
spruce site and three l4-year-old clear-cut strips were

selected. Fourteen-year-old sites were later stratified
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. floor (undisturbed), (2)-aqrass, (3)-scraped forest floor
(scraped) and, (4)-aspen clumps (aspen). Undisturbed, grass
and scraped types were found on two of the three sites while
the aspen type was found on all three sites. Each ecological
type except the recently harvested site were studied on at
least two different sites. The number of sampling units per
ecological type and site was proportional to the area of the

type and varied between 5 and 10. For a more complete

description of the sampling design and of the ecological
types under study, the reader is referred to the general g

introduction.

2-Sample harvesting, preparation and standard soil analysis
In mid-August, one volumetric sample of the surface soil
horizon was collected. 1In most cases this sample was
representative of the total forest floor, however on scraped
sites, this horizon had a low organic matter content. The
top 5 cm of the soil of scraped sites were collected and
considered as the surface soil horizon. In addition the 10
first cm of the underlying mineral soil were collected from
each replicate sampling unit. These samples were air dried
and sieved at 2 mm. Total N, P, K, Ca and Mg content of the
surface soil was determined as described by Van Cleve and

Viereck (1972). Extractable P as an index of plant
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avallable P was determined on a dilute acid flouride
extraction (Jackson 1958). Exchangeable cations were
extracted with neutral, 1 M ammonium acetate and meéasured by

direct current plasma emission and by atomic absorption.

Carbon content was estimated using a Leco induction
spectophotometer-furnace (Tabatabai and Bremner 1970).
Lignin was determined using methods described by Allen
(1974). This parameter was not measured on the surface soil
of the S sites because of their small organic matter
content. 'Organic matter was determined by ashing subsamples
at 4000C for 7 hours. Soil pH was determined on a

saturation paste in deionized water.

3-In situ net N mineralization, net N mineralization
potential, soil temperature, soil moisture content, and
tongue depressor decomposition rate

Field net N mineralization was measured using undisturbed
soil core sections incubated in polyethylene bags (Eno
1960). Five sampling units per site and ecological types
were randomly selected. In each one, and at every sampling
date, a core was extracted with a 15 cm diameter corer. Each
core was vertically sliced into two sections. One section

was brought to the laboratory for immediate extraction and
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was brought to the laboratory for immediate extraction and
analysis of time 0 mineral N content. The other section was
placed in a 0.4 mil polyethylene bag with as little
disturbance as possible and left in the field until‘the end
of the incubation period when time 1 mineral N content was
determined. Each core was divided into two horizontal
sections: (1)-the surface so0il (this layer was, in most
cases, the total forest floor except on scraped sites were
it constitued the 5 cm of the surface mineral soil) and 2-
the layer of mineral soil from a depth of 5 to 10 cm. This
depth was chosen to avoid boundary effects or contamination

with forest floor material.

One set of samples was installed in mid-September and left
overwinter. The other sets were left in the field for
sequential periods of 6 weeks during the frost free period.
When brought to the laboratory, samples were sieved at 4 mm
to remove large roots, cones and pieces of wood. Five grams
of fresh forest floor material and 10 grams of fresh mineral
soil were extracted with 50 ml of 2 N KCl. Samples were
shaken for an hour, filtered and then analyzed for NH4+ and

NO3- on an autoanalyser using methods outlined by Technicon

(1976) .
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Net N mineralization potentials were determined in the
laboratory by incubating surface soil samples during 50 days
at a constant temperature of 20°C and at a water content
corresponding to half of the water holding capacity. These
values ranged from 260% to 290% dry weight for forest floor
materials and approximated 50% dry weight for surface
mineral soil. The sampling design was the same as in the
buried bag field incubation except that no non-surface
mineral soil sample was included. Samples were collected in
mid-September. A 5 gram (dry weight) subsample was
immediately extracﬁed and analyzed for the determination of
Time-0 NO3- and NH4+ content. Thereafter, 5 gram (dry
weight) of surface soil material were placed in 125 ml
plastic bottles sealed with 0.4 mil polyethylene and then
placed in an incubator. At the end of the incubation
period, NH4+ and NO3- were extracted and analyzed as
described previously to determine Time-1 mineral N. Net
nitrogen mineralization, both in the field and in the
laboratory experiment, was estimated as being : (Tl
NO3+NH4) - (TO NO3+NH4). Net nitrification was estimated as

being (T1 NO3)-(T0 NO3).

At every field sampling date, the water content of a fresh

subsample was determined gravimetrically by oven drying
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forest floor samples at 600C and minefal soil samples at
1050C. These results were used as an estimation of soil in
situ water content as well as a correction factor for the
determination of N mineralization on a soil dry weight

basis.

Field soil temperature was measured biweekly durinq the
growing season at a deoth of 10 cm with dial thermometers.
Five temperature readings were taken per date, ecological

type and site.

Birch wood tongue depressors were individwally weighed and
one was installed at mid-depth in the forest floor at each
sampling unit in mid-September. They were retrieved from
the field exactly one year later. They were then oven dried

to a constant weight, gently cleaned, and weighed.

4-Greenhouse bioassay

The greenhouse bioassay technigue is considered to be an
integrative approach to the measurement of soil fertility.
It allows the separation of the nutrient supplying potential
of the soil from the effect of in situ soil temperature and
humidity and from the effect of plant competition. However,

some biological effects such as pathogenic interference,
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mycorrhizal infection, and microbial competition may be
confounded with the effect of soil chemical quality (Perry
et al. 1982). Greeﬁhouse bicassays may be more sensitive
than field bioassays, revealing nutrient deficiencies that
would not be detectable in the field until regeneration
reaches an advanced age (Perry and Rose 1980) and nutrient

requirement becomes high (Miller 1984).

The methodology used is that of Van Cleve and Harrison
(1985) and Van Cleve et al. (1986). At every sampling unit,
the surface soil (as defined previously) was collected with
a 15 cm diameter coref. Cores from a respective type were
separately pooled per site to obtain enough material for the
biocassay. The green moss layer of the white spruce site was
discarded. All samples were air dried and sieved at 4 mm
but not ground. One thousand two hundred grams of quartz
sand were mixed with 100 g of forest floor material and
placed in a 15 cm diameter plastic pot underlain by a
saucer. To account for the large difference in density
between forest floor materials and the surface mineral soil
of scraped sites, ‘a sample of 500 g of this latter was mixed
with 1200 g of quartz sand. The other materials were not
significantly different in density from each other. Paper

birch (Betula papyrifera) was seeded in this mixture. Paper
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birch was chosen because of its association with all forest
types and because of its rapid growth (Van Cleve and
Harrison 1985). Three seedlings were allowed to grow in
each pot for a period of 3 months. Pots were watered
biweekly with distilled water. A constant photoperiod of 21
hr, typical of interior Alaska mid-summer conditions was
applied. Light intensity was approximately 200 uE m-2 s-1.

Air temperature was maintained between 20 and 25°C.

At the end of the growing period the seedlings were gently
removed from the mixture and the root systems washed with
distilled water. Seedlings from each pot, within a
treatment, were pooled to provide sufficient tissue for the
analysis. The biomass was separated into 3 components:
leaves, stems and roots. Plant material was dried at
constant weight at a temperature of 65°C and then digested
and analyzed for N, P, K, Ca, and Mg content as described in

Van Cleve and Viereck (1972).

5-Statistical analysis

Soil temperature measurements, soil moisture content,
laboratory and field net N mineralization determinations as
well as results from the greenhouse biocassay were subjected

to a nonparametric statistical test because of the small 3
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sample size (n=4 or 5), and thus the inability to test
reliably for normality. The Kruskal-wallis test (Kruskal
and Wallis 1952) was used to test differences among site-
type. The multiple comparisons test described by Zar (1984)
was used when the Kruskal-wallis test indicated significant
differences. Results from other analysis were subjected to
one way analysis of variance (ANOVA) to test differences
among type-site. When necessary, data was subjected to a
logarithmic transformation which succeeded';n the
homogenization of variance. The Waller Duncan multiple
range test was used to indicate significant differences
between means (Waller and Duncan 1969). Stepwise forward
regressions, as all other statistical analysis were

performed on SAS (1985).
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RESULTS

1-Surface soil characterization
1-1 Element content, lignin content, pH and total mass

The carbon concentrations and percent organic matter of the
surface soil were relatively uniform between ecological
types except in the scraped type where they were much lower
(table 2.1). Lignin concentrations and pH did not show any
difference between ecological types (table 2.1). Total
weight of the surface soil layer presented high variability
and little significant difference between types. Values for
Eoth grass sites were high (table 2.1). Scraped sites were
not included in this last comparison because on these sites,
.the depth of this horizon was subjectively determined at a

fixed value of 5 cm.
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Table 2.1
Characteristics of the surface soil in the six
ecological types under study. . )

Ecological [% organic pH c lignin total weight
types | matter (%) %) (g.m-2)
Pr>f i 0.0001 0.61 0.0001 0.16 0.0271

Mature

v.spruce a a a a b
(1) 75.248.6 5.740.27 33.5+5.3 29.2+3.9 6773+170

ab a b

a a
(2) 65.6416.6 5.53+0.41 33.1+4.8 29.0+3.1 8493+326

Harvested | b

a a a b
sites | 57.7412.4 5.7440.45 29.546.6 25.7+3.9 11049+530
(year 1) |
(year 14) |
i
Undisturbed | a a a a b
(1) |} 63.6415.2 5,50#0.17 31.848.2 29.5%5.7 116134629
| a a a a ab
(2) | 69.5416.1 5.73+0.16 34.5+4.9 27.5+3.7 140804545
| ) )
Grass | b a a a ab
(1) | 54.7412.6 5.83+0.52 29.546.0 25.5+4.9 12540+1422
_ | ab a a a a
(2) | 65.8422.5 5.61+0.32 27.8+9.5 24.3+4.4 18987+1071
|
Scraped | c a b b
(1) | 6.841.3 5.4940.16 3.6+0.9 N.D 2522241012
| c a b *
(2) | 8.28+3.4 5.57+0.28 5.44+3,27 N.D. 245034572
I
Aspen | b a a a b
(1) | 55.9414.4 5.7610.36 28.9+7.5 25.7+44.7 10613+335
| a a a a b
(2) | 60.2+13.8 5.5940.29 31.1+7.1 26.3+4.5 108004308
|- b a a a b
(3) | 58.747.6 5.7040.35 30.2+4.2 .28.2+2.1 7253%532
{
{

Note: Estimates are means + SE. In each column, values assigned
to a same letter are not significantly different (p<0.05),

* treatments not included in the analysis oi‘variance.
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Surface soil N concentrations were relatively uniform among
ecological types except on one mature white spruce site and
on both scraped sites where they were low (table 2;2).
Undisturbed and scraped sites showed the lowest P
concentrations (table 2.2). Scraped sites had the lowest
C:N and C:P ratios. No difference was seen in the C:N
ratios between other sites. Undisturbed sites had high C:P
and lignin:P ratios. Lignin:N ratios were high on one
mature white spruce site but did not differ significantly
among other types. Concentrations of total K, Ca and Mg did
not differ among types (table 2.3). These analysis were not
performed on scraped sites because their low organic content

would have required a different digestion procedure.

On a pool size basis, no clear difference in nutrient
storage in the surface soil could be seen between ecological
types (table 2.4). Again, scraped sites were not included
in these comparisons because on these sites, the depth of

the surface soil layer was subjectively determined.
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Table 2.2 .
Concentrations of N and P and ratios to carbon and lignin in the

sur face soil of the six ecological types under study.

Ecological N P C:N C:P lignin:N lignin:P
types N ¢'3) %)
Pr>f i 0.0001 0.0001 0.0003 0,0001 0.0011 0.0008
Mature H
We Spruce - : [ be a ab a bc
1) ! 0.7940.37 0.084+0.010 54+35 401471 49+30 349+53
H abce bed a . ab b be
(2) ! 1.04+0.38 0.084+0.012 35+14 408+119 31+12 357493
Har vested H ab becd a b b bec
sites { 1.10+0.19 0,082+0.010 28+9 360469 24+7 317445
(year 1) H -
(year 14)
Undisturbed ! bec edf a a b a
1) T 0.9140.10 0.069+0.020 36410 $3I9+192 33+1 473+198
H ab edf a a b ab
(2) t 1.1140.10 0.070+0.001 31+2 433476 25+1 391+54
Grass i ab abce a b b b
(1) I 1.1740.19 0.086+0.017 25+6 395+102 2245 308+8S
' abc bcd a b b bc
€2) {1.0040.22 0.079+C.008 32423 357+141  28+17 309+63
Scraped i d . ef b c
1) i 0.19+0.04 0,056+0.008 2245 63+12 N.D N.D.
H d f b c
2) ! 0.2240.03 0.055+0.006 22+7 96+54 N.D. N.D.
Aspen H be ab a b b c
1) { 0.90+0.14 0.095+0.016 33+11 303+50 2948 272+29
H a abe a, b b bc
23 $1.2740.14 0.085+0.007 24+1 365483 21+2 308+51
H ab a a b b bc
(&) i 1.13+0.23 0.100+0.016 28+7 308+71 2645 288+58
1
4
Note: Estimates are means + SE. In each column, values assianed

to a same letter are not significantly different (p<0.09),

Not determined
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Table 2.3 ' .
Concentrations of total K, Ca, and Mg in the surface soil
of the 6 ecological types under study (%).

34

Ecological ¢ K Ca Ma
types :
Prof { 0.0713 0.2290 0.0758
Mature :
w.Spruce : a a a
($9] ! 0.3240.05 1.6740.33 0.3140.06
H a a a
(2) ¢ 0.3440.07 1.6140.31 0.29+0.08
L]
Harvested H a a a
sites t 0.40+40.09 1.52+40.24 0.38+0.07
(year 1) H
(year {4) !
Undisturbed ! a &a a
1) i 0.3240.10 1.7140.34 0.34+0.12
H a a a
2> i 0.27+0.06 1.67+0.31 0.30+0.08
Grass H a & a
(1) t 0.27+0.08 1.5540.32 0.30+0.07
: a a a
(2) i 0.38+0.09 1.42x0.25 0.3240.09
Scraped H
1) H " N.D. N.D. N.D.
) H N.D. N.D. N.D.
Aspen H a a a
() t 0.39+0.07 1.6840.32 0.39+0.08
: ab ab . ab
2) i 0.38+40.12 1.89+0.18 0.36+0.09
: a a a
(¢<)) L1 0.3940.06 1.78+40.13 0.3740.06
L]
Note: Estimates are means # SE. In each column, values followed

by the same létter are not siagnificantly different (p<0.05),

N.D.: not determined.
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Table 2.4

3

Total pool sizes for selected elements in the surface soil of

the six ecological types under study (g.m-2).

Ca - Mg

Ecological ¢ N P K
types H
Pro>f i 0.0467 0.1022 0.0761 0.1726 0.1762
Mature H
w.Spruce H b a a a a
(99 i 94.5+32.1 S.7+#1.5 21.5+%7.4 111.7429.9 21.1+7.9
H ab a a a a
) 1 91.9455.9 6.9+2.3 28.7+13.8 136.5+60.0 24,7+12.9
Harvested H ab a a a a
sites i 117.6+48.9 8.9+2.9 46.9432.1 1€9.3+80.8 44.1+31.7
(year 1) '
(year 14) |
Undisturbed | ab a a a a
1 P 111.2+477.8 8.144.8 26+1€.0 200.6+117.7 36.5+15.4
H ab a a a a
2) t 154.1+453. 4 9.9+43.9 39.4+20.7 245.4+135.5 43.5+24.4
Grass \ ab a a a a
1) t 151.6+137.8 10.6+48.5 48.0437.23 195.0+187.9 37.2+25.8
H a a a a a
) { 187.5+113.8 14.8+7.3 72.2451.8 265.2+145.9 61.7+47.2
Scraped * H * *
1) i 42.5+10.3 14,0+3.2 N.D. N.D. N.D.
H * *
2) t 57.50+12.4 13.5+2.7 N.D. N.D. N.D.
Aspen H ab a a a a
(O ! 98.55+46.5 9.8+2.8 43.2+420.8 171.5+30.9 42.5+18.3
H ab a a a a
2 1 139.7+48.9 9.3+2.9 3B.8+8.6 207.1470.2 38.9+14.3
i b a a a a
) 1 79.0+62.1 6.9+4,6 29.2+24.8 128.€+91.3 28.9+26.3
.

Note: Estimates are means + SE. 1In each Column, values followed
by the same letter are not significantly different (p<0.05),

* treatment not included in analysis of variance

N.D.: not determined.
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1-2 Available nutrient
a) Extractable P and exchangeable bases
Concentrations of extractable P showed the same trénd as the
total P content. The surface soil of undisturbed and
scraped types consistently showed the lowest concentrations

(table 2.5a).

Exchangeable K and Mg concentrations were relatively
constant between types except on scraped sites where they

were low (table 2.5a).

Exchangeable Ca was lowest on scraped sites, followed by
aspen forest floor, and then by the other forest floor types
which showed more or less uniform concentrations (table
2.5a). On a weight per volume basis concentrations of
extractable P, exchangeable K, and exchangeable Mg were no
longer lower on scraped sites than on other types (table
2.5b). However, concentrations of exchangeable Ca on

scraped sites were still lower on a weight per volume basis.

On a pool size basis (table 2.6) the total amount of

exchangeable Ca of the mature white spruce sites was roughly
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Table 2.8a

Extractable P and exchangeable bases in

of the 6 ecological types under study

37

the surface soil
(weight per weight Gasis)

Ecological (Extractable P K Ca Mg
types i ug.g-t meq.100g-f meq.100g~1 meq.100g-1
Pr>f i 0.0001 0.0001 0.0001 0.0001
Mature :
Ww.Spruce :
(1) ! 60.24+13.44a 2.14+0.449a 47.44+6.65a 8.99+1.48a
(2> i 61.77+412.79a 1.35+0.69a 44.B4+6.69ab 6.63+1.09b
Harvested H Tt
sites { 58.93+20.16a Z.Z1+1.24a 44.51+8.11ab 7.25+1.31b
(year 1) H
“lyear 143 1T T
Undisturbed !
1) ! 33.5347.S5c  1.32+40.58a 41.35+3.57abc  6€.36+1.01b
€2 P 40.50+7.09bc 1.46+0.3%a  S0.02+7.11a €.33+0.73b
Grass H
(1) ! 51.86+12.74ab 1.44+0.61a 45.76+14.82a €.63+1.77b
2) P E2.09+11.1Za 1.75+0.67a 4Z2.48+11.61abc 7.49+1.75ab
Scraped H
1) v 10.8947.02d 0.38+0.06b 1.78+0.32Ze 2.09+0,31c
(3] ! 10.46+6.25d  0.47+0.17b  1.92+0.53e 2.72+40.42¢
Aspen H
W) ! 48.64+9.19ab 1.72+0.15a 34.19+4.79cd 7.53+1.92ab
2 i §5.84+20.86ab 1.65+0.35a 23.77+43.00d 6.16+1.35b
(§c)) { 64.3149.88a 1.9240.67a 35.30+8.58bed 7.604+2.59%ab
Note: Estimates are means + SE. In each column, values followed

by the same letter, are not significantly different (p<0.095),
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Table 2.5b
Extractable P and exchangeable bases in the surface soil
of the 6 ecological types under study
(weight per volume basis)
Ecological (Extractable P K Ca Mg
types { ug.cm-3 ug.cm=-3 ug.cm-3 ug.cm-3
Prof i 0,0083 0.0893 0,0001 0.0001
Mature :
w.Spruce : abc a be bc
1) 1 4.5741.23 62.6+19.5 712+79 83.0+18.73
: abe a be d
2) i 4.64+40.92 42.2426.2 €98+206 61.,53+16.2
Harvested H ab a b bed
sites i S5.22+41.71 76.6+37.9 804+134 79.0+17.4
(year 1) H
(year 14) 1}
Undisturbed ! c a b becd
(1) ! 3.0440.62 45.7+16.8 754+189 70.8+14.5
H abc a a b
2) I 4.41+0.88 62.2+19.2 1092+207 92.0+10.7
Grass H abe a b becd
(1) } 4.46+0,93 43,.3+21.1 7384253 71.7425.29
H ab a hc bcd
2) i 5.28+1.42 57.5+19.9 743+3214 77.8+28.7
Scraped H ab a e b
1) i 4.02+2.65 54,7+7.04 130+20 92.2+49.4
H bec a e a
2 i 3.61+1,27 €3.7+21.5 136442 116.2+423.5
Aspen H abc a cd bed
(1) t 4.29+41.02 58.3+13.3 €02+110 79.6+17.3
! ab a T d cd
2) 1 4.97+2. 11 55.5+8.21 S519+66 65.8+18.1
! a a bed be
(3 t 9.81+1.19 66.9+18.4 637+169 83.42+21.9
Note: Estimatés are means +SE. In each column, values aséigned

to a same letter, are not significantly different (p<0.0%5),
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Pool sizes of extractable P and exchangeable bases in the surface

s0il of the 6 ecological types under study (g.m-2)..

Ecological (Extractable P K Ca Mo i
types :
Prof ! 0.0257 0.4132 0.1991 0.2501
Mature !
w.spruce : b a a a
1) i 0.41+0.1S5 S5.7142.82 62.8+16.0 7.5142.66
: b a a a
) ! 0.51+0.17 4.69+2.74 76.0427.7 6.7142.56
[
Harvested : b a a a
sites 1 0.63+0.36 9.3845.47 102.5+€4.3 10.00+€.10
{year 1) H
(year 14)
Undisturbed | b a EY a
(17 V0,400, 27 €.26+5.08 100.8+74.6 9.15+5.73
H 4 & & a
C2) ¢ 0.56+0.22 8.21+5.08 142.7470.0 11.83+4.33
Erass : b a a a
(1) P 0.65+0.59 7.43+7.04 132.2+88.6 9.64+6.83
H & ) a a
(2 P 1.124+0.51 11.3444,320 1S&.6483.6 16.96+3,.39
Scraped * H * * * *
(1) P 0.27+0,.18 3.71+1.17 8.8+1.€ €.34+1.34
H * * * *
2) t0.2240, 15 3.039+0.398 F.4+1.4 8.42+1.22
Aspen H b a a a
(1) P 0.5240,.20 7.04+1.95 72.7+22.6 3.52+3.42
H b a i a a
2 { 0.61+0.31 6.65+1.5¢6 64.5+18,.2 8.05+3.05
' b a a a
< 1 0.4340.24 S.86+2.32 S8.4+54.2 7.694+7.56

* treatments not included in comparaisen of variances.

Note:

Estimates are means + SE.

In each column, values assianed

to a same letter are not sianificantly different (p<0.035),
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equivalent to the amount found in the l4-year-old aspen
sites. These amounts were lower than the ones found on both
grass and both undisturbed 14-year-old types, but these

differences were not significant.

b) Net N mineralization
- In situ net nitrogen mineralization

Net N mineralization showed a very high variability on all
sites (table 2.7). The recently harvested site showed the
greatest cumulative net N mineralization per soil dry weight
- or per soil volume (table 2.8). Net N mineralization per
soil dry weight or soil volume was significantly lower in
both scraped sites than in all other surface soil materials.
The other l4-year-old regenerating types showed, on the
average, a higher net N mineralization rate than mature
white spruce sites. However, these differences were not
significant. Aspen showed the greatest net N mineralization
rate of the 1l4-year-old regenerating systems. It was
followed by grass and then by the undisturbed type. Again,

these differences were not significant.

On a pool size basis, no significant difference between

types could be seen (table 2.8). Again scraped sites were
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Table 2.7

In situ net N mineralization in the surface soll horizon

of the 6 ecological types under study

(vg.g-1)
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Sampling periods *

Ecological | 1 2 3 4
types |
pr>f { 0.0023 0.0120 0.0059 0.0243
Mature |
w.spruce [ b b ab a
(1) | 0.91+2,03 5.78+11.4 27.33+415.40 84.54+42.61
| a ab ab ab
(2) | 8.86+¢14.78 19.74+18.16 48.52+38.68 31.70+413.87
!
Harvested | a ab a ab
sites } 158.90+86.08 69.56+42.99 106.42491.45 60.204£57.24
{(year 1) I
(year 14) |
|
Undisturbed | ab ab ab ab
(1) | 19.37+22.65 38.944+36.54 51.66+52.13 36.09+24.63
| ab ab - ab ab
(2) | 53.88457.40 39.52¢27.95 58.46+79.89 27.81+25.47
' .
Grass [ ab ab ab ab
(1) | 42.64468.41 33.83+36.33 70.28+76.98 58.96+74.20
| ab a ab ab
(2) { 106+125.07 83.47+457.40 50.69+41.04 29.58+13.84
{ .
Scraped | ab b b b
(1) | 2.9243.21 1.99+1.98 5.35+8.65 1.1540.24
| ab b b b
(2) | 2.5741.92 3.4242.49 4.0143.49 1.1640.53
| .
Aspen | a ab a . ab
(1) | 118.48475.13 31.39442.50 113.36+116.43 24.61+14.12
{ ab ab a a
(2) | 17.33£15.97 35.974£37.03 115.72+89.96 79.03+73.55
|

% period 1:
period 2:
perlod 3:
period 4:

Note:

May 27, 1989 - July 1, 1989

Estimate are means + SE.

July 1, 1989 - August 12, 1989
August 12, 1989 - September 15, 1989

September 15, 1988 - May 27, 1989

are not significantly different (p<0.05).

Values assigned to a same letter
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Table 2.8

Cumulative net N mineralization in the surface soil of the 6
ecological types under study from one year of field incubation
and a 50 day laboratory incubation.

Ecological in situ incubation llaboxatory incubation
| {
types lug.g-1.yr-1 ug.cm-3 g.m-2.yr-1 | ug.g-1 ug.cm-3
p>f | 0.0001 0.0005 0.0698 { 0.0001 0.0002
Mature | 1
w.spruce i a a a { b b
(1) | 118.6+39.6 8.87+4.65 0.81+0.44 | 35.4+42.5 2.27+¢3.01
! a a ©oa | ab ab
(2) | 108.8+50.1 8.42+43.79 0.90+0.42 | 79.0+76.7 6.5547.72
| |
Harvested | a a a { ab ab
sites { 395.0+201.5 36.0+23.9 4.42+3.61 | 213.6+124.4 18.59410.83
(year 1) { {
(year 14) | |
| |
Undisturbed | a a a | ab ab
(1) | 146.14105.3 13.049.1 1.51+41.37 | 131.0+87.2 11.86+7.28
{ a a a i ab ab
(2) { 179.74¢70.8 20.147.5 2.49+1.14 | 71.4465.9 7.6247.13
{ |
Grass | a a a { b b
(1) | 205.7492.8 19.0+11.1 2.26+1.55 | 15.0+27.3 1.31+42.35
I a a a { b b
(2) | 207.1+4139.0 23.5+14.4 5.62+5.52 | 22.2+38.5 2.18+4.06
| |
Scraped | b b a | b b
(1) | 11.4£9.2 3.8043.1 0.2640.18 | 11.4+18.5 3.83+6.17
{ b b a A b b
(2) | 11.2+4.8 3.76+1.7 0.26+0.11 | 2.4+1.67 0.80+0.56
| ) (
Aspen | a a a | a a
(1) | 287.84136.7 25.8+14.0 3.29+2.07 | 257.8+104.9 23.52+9.74
| a a a | a a
(2) | 248.14176.7 22.4416.7 2.11+2.04 | 377.8+38.3 33.54+2.35
| {

Note: Estimates are means + SE. 1In each column, values assigned
to a same letter are not significantly different (p<0.05),
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not included in this comparison for the reason previously

explained.

No net NO3- production occurred in the surface soil of
control and scraped sites at any of the sampling dates

(table 2.9).

Certain chemical characteristics of the forest floor could
explain portions of the variance in N mineralization rates
(table 2.10). However, these relationships were largely due
to the contrasting properties of the surface soil of scraped
sites with other surface soil materials. When scraped sites
were removed from the calculations, only laboratory N
mineralization, extractable P, and exchangeable Ca
(negatively) remained significantly related to estimated
field available N. In a forward stepwise regression
analysis (without scraped sites), only laboratory N
mineralization and total Ca concentration (negatively) were
selected from soil chemical and microclimatic variables to
explain cumulative N mineralization in situ (table 2.11).
So0il temperature, as well as N and lignin concentrations,
were not selected. The R2 of this regqression was low

(R2=0.21).
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Table 2.9

Net NO3- production in the surface soil of the 6 ecological
types under study from field and laboratory incubations (ug.g-1l)
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Ecological | * In situ incubation | laboratory
Iperiod period period period Cumulative | incubation
types i 1 2 3 4 |
p>f i | <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>