INFORMATION TO USERS

The most advanced technology has been used to photo-
graph and reproduce this manuscript from the microfilm
master. UMI films the text directly from the original or
copy submitted. Thus, some thesis and dissertation copies
are in typewriter face, while others may be from any type
of computer printer.

The quality of this reproduction is dependent upon the
quality of the copy submitted. Broken or indistinct print,
colored or poor quality illustrations and photographs,
print bleedthrough, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a
complete manuscript and there are missing pages, these
will be noted. Also, if unauthorized copyright material
had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are re-
produced by sectioning the original, beginning at the

upper left-hand corner and continuing from left to right in
equal sections with small overlaps. Each original is also
photographed in one exposure and is included in reduced
form at the back of the book. These are also available as
one exposure on a standard 35mm slide or as a 17" x 23"

black and white photographic print for an additional
charge.

Photographs included in the original manuscript have
been reproduced xerographically in this copy. Higher
quality 6" x 9" black and white photographic prints are
available for any photographs or illustrations appearing

in this copy for an additional charge. Contact UMI directly
to order.

University Microfilms International
A Bell & Howell Information Company

300 North Zeeb Road, Ann Arbor, M| 48106-1346 USA
313/761-4700 800/521-0600

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Order Number 8918590

Nitrogen dynamics in primary successional soils on the Tanana
River of interior Alaska

Klingensmith, Katherine M., Ph.D.

University of Alaska Fairbanks, 1988

U-M-I

300 N. Zeeb Rd.
Ann Arbor, MI 48106

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



NITROGEN DYNAMICS IN PRIMARY SUCCESSIONAL SOILS

ON THE TANANA RIVER OF INTERIOR ALASKA

A THESIS

Presented to the Faculty of the University of Alaska
in Partial Fulfillment of the Requirements

for the Degree of
DOCTOR OF PHILOSOPHY
By

Katherine M. Klingensmith, B.A., M.S.

Fairbanks, Alaska

September 1988

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



NITROGEN DYNAMICS IN PRIMARY SUCCESSIONAL SOILS

ON THE TANANA RIVER OF INTERIOR ALASKA

by

Katherine M. Klingensmith

RECOMMENDED:

Chairman, Advisory Committee

APPROVED: (——/Qvoms £ (// -‘(/).—q w)
Dean, School of Agriculture

and Land Resource Management

Dean of the Graduate School

47/7/7(
] 7

Date

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ABSTRACT

As succession determines the patterns of ecosystem development,
it also provides a temporal framework in which to investigate the
controls of nitrogen-cycling. The object of this study was to examine
patterns of nitrogen-cycling within primary successional soils.
Estimates of N mineralizatlion, nitrogen fixation, and denitrification
vwere made within open shrub, alder, and white spruce stands,
representing early, mid-, and late successional stages, respectively.
Net NH4+ mineralization and net nitrification, measured using the
polyethylene bag technique, were significantly different between sites
and among forest floors and mineral soils. The alder forest floor had
the highest observed mineralization rates, <1-2i ug N-g dry soil—l-
d_l, with the white spruce forest floor exhibiting rates of <1-2 and
mineral solls <1. Seasonal patterns of N nineralization were more
pronounced in the alder forest floor: high net NH4+ mineralization in
early summer and high net nitriflication in late summer. Immobilization
of nitrogen was observed at all sites. Laboratory studies indicate
temperature as a limiting factor of N mineralization in early and mid-
successional stages, while both temperature and moisture were limiting
in later succession. Laboratory studies suggest heterotrophic
nitrification may be important in the alder forest floor.
Denitrification activity was low to undetectable at all sites, the

highest observed rate was in alder forest floor samples,
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-1
220 g N-ha -d . Potential denitrification was low, the alder forest

-1

floor exhibited the highest rate, 3.4 Kg N-ha‘l-d . Laboratory

3
than temperature or moisture. Nonsymbiotic nitrogen fixation was low

studies indicated denitrification was more limited by carbon and NO

to undetectable and highly variable. The highest observed nitrogenase

actlvity was associated with alder root nodules, 163 Kg N-ha“]‘-yr-1
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CHAPTER 1

INTRODUCTION
NITROGEN DYNAMICS

Nitrogen is an integral part of the biochemical makeup of living
matter. It is a key element of amino acids, nucleic acids, and other
cellular compounds. The major form of nitrogen within the biosphere is
dinitrogen, NZ' which at room temperatures and atmospheric pressures
is a highly stable molecule, and is therefore unavailable to most
forms of life. Most organisms obtain nitrogen in some combined form:
nitrate, ammonia, other reduced or oxidized forms, or organic nitrogen
containing compounds. Only a few organisms, améng the bacteria and
cyanobacteria, are able to utilize N2 as a source of nitrogen
{Postgate 1988).

Biological nitrogen fixation, which occurs symbiotically and non-
symbiotically, reduces N2 to ammonia, NH3, which subsequently is used
in the formation of nitrogenous compounds. The energy cost of breaking
the triple molecular bond is high (approximately 18-24 ATP are used in
the overall reduction of one mole of N2’ while the photosynthetic
fixation of one mole of 002 requires 3 ATP, Brock et al. 1984), but it
is the major process which provides nitrogen for organic matter

synthesis. Nitrogen fixation also occurs chemically in the atmosphere,

13
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14
producing only small amounts of fixed nitrogen, and synthetically
through production of fertilizers (Delwiche 1981).

Once Nz is incorporated into organic matter it becomes avalilable
for other plant or microbial activities through cell diffusion,
disruption, reabsorption or decomposition. The microbial uptake of
nitrogen, immobilization, and the microbial decomposition of organic
nitrogenous compounds, mineralization, are processes that act as sinks
and sources of available soil nitrogen. Both processes govern the
possible rates of nitrification and denitrification. Nitrification,
both autotrophic and heterotrophic, is the oxidation of reduced forms
of nitrogen to oxidized forms (Focht and Verstaete 1977). Autotrophic
nitrification proceeds in two steps, each catalyzed by a different
group of aerobic bacteria. Ammonium, NH4+, is oxidized to nitrite,
N02°, by nitrosofying bacteria, usually follo;ed by the oxidation of
nitrite to nitrate, N03-' by nitrifying bacteria. Heterotrophic
nitrification is the oxidation of organic nitrogen compounds by fungi
or bacteria. The various end-products of heterotrophic nitrification
are thought to be used as growth factors, chelators, biocidal agents,
and secondary metabolites of constitutive nitrification pathways
(Focht and Verstraete 1977; Castignetti and Hollocher 1984; Schimel et
al. 1984). Heterotropic nitrification is thought to be unimportant to
the net accumulation of oxidized nitrogen, except possibly in acidic
environments, (pH { 4.5) or highly alkaline environments (pH 2 8)

(Verstraete and Alexander 1973; Tate 1977; Johnsrud 1978; Van de Dijk
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and Troelstra 1980; Castignetti and Hollocher 1984; Schimel et al.
1984; Adams 1986). Denitrification, a form of anaerobic respiration,
is the microbial reduction of Noz'or N03' to nitrous oxide, N,0, or
2° Denitrification occurs in anaerobic environments and microsites

N
(Tiedje et al. 1984; Parkin 1987). Nitrate, a product of
nitrification, is repelled by the negatively charged soil particles
and is readily leached. Moreover, nitrate is a substrate for
denitrif;cation, possibly a major pathway of nitrogen loss from an
ecosystem.

Nitrogen has long been recognized as a limiting nutrient in both
agricultural and forest productivity. The source and availabilty of
nitrogen to plants, often termed a soil fertility index, varies in
different ecosystems indicating a range of nitrogen limitation. Soil
fertility is dependent on the rates of microbial processes which in
turn are controlled by environmental factors. The cyclic nature of
nitrogen transformations makes it difficult to identify the rates of
single processes and determine how these processes are affected by the

physical, chemical, and biological characteristics of an ecosystem.

FLOODPLAIN PRIMARY SUCCESSION ON THE TANANA RIVER

The balsam poplar and white spruce stands of the Tanana River

floodplain have some of “he highest rates of forest productivity in
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Alaska, with the white spruce stands having a high potential as a
source of timber for commercial industries (Viereck et al. 1986).
Although these forests have been heavily utilized in the past, little
is known of the nitrogen-cycling processes within them. This study has
proposed to look at nitrogen-cycling within the primary successional
sequence of the Tanana River of interior Alaska. As succession
determines the patterns of ecosystem structure and function, it also
provides a temporal framework in which to investigate the controls of
nitrogen cycling and soil fertility. The interior of Alaska is part of
the taiga biome. The taiga climate, typified by short, warm summers
and long cold winters, is a major factor affecting the range of
ecological processes.

The specifics of local climate within interior Alaska and
surrounding Fairbanks have been described in detail by Patric and
Black (1968), Bowling (1973), Viereck et al. (1983), and Slaughter and
Viereck {1986). Interior Alaska receives low average annual
precipitation, 300 mm, and has a low average annual temperature,
-3.5°C, while average potential evaporation is approximately 450 mm.
Winters typically last seven months, and snow pack covers the ground
from mid-October to April. In January the mean temperature is -24°C,
while in July it is 16°C. The frost free period is approximately 90-
100 days. A dominant pedological factor is permafrost which develops
in response to the low annual input of solar radiation. Permafrost is

discontinuous in interior Alaska and is usually found on north slopes,
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valleys with poor soil water drainage, and closed forest canopies
where moss layers accumulate and thick organic matter mats are found.

Within interior Alaska, two different successional patterns are
found: the uplands and the floodplains (Van Cleve and Viereck 1981;
Viereck et al. 1983; Viereck et al. 1986). The foodplains are
topographically flat, and influenced by river meanderings and
depositions on the active portion of the floodplain. Floodplain soils,
not underlain by permafrost, are within the Salchaket series and are
classified as Typic Cryofluvents (Viereck in press). Soil parent
material is sandy to silty alluvium and soil profiles are well drained
with little soil development. The largest floodplains in interior
Alaska are the Yukon, Tanana and Kuskokwim. Flooding usually occurs
twice yearly, during spring runoff and during midsummer when increased
solar radiation causes glacier melting. Flooding is highly variable;
its timing, intensity, and scale determine the overall pattern of
floodplain colonization (Walker et al. 1986). Silt deposition on the
river terraces delays the formation of permafrost by reducing the
insulating effects of forest floors.

The upland successional patterns develop on rolling hills, where
the parent material consists of a micaceous loess covering schist
bedrock. Loess is deep, 30 m, in valleys and at the base of south
sloping aspects but is much thinner on ridgetops. Here slope and
aspect determine the microclimate: north slopes and valleys being the

coldest and wettest, while south slopes are warm and dry. The
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allogenic process responsible for the vegetation landscape patterns is
fire. Upland, norxth aspects support the least productive forests,
while south aspects and floodplain sites are associated with the most
productive forests (Van Cleve and Viereck 1981; Viereck et al. 1983;
Viereck et al. 1986).

The primary successional sequence of the Tanana River, Fig.l.l1,
has been described by Van Cleve and Viereck (1981), Viereck et al.
(1983), Viereck et al. (1986) and Viereck (in press). This succession
begins with the deposition of alluvium (stage I) and early stages (II
and III) are dominated by Hedysarum alpinum, Equisetum pratense,
Calamagrostis canadensis, willow (Salix alaxensis and S. interior
being the most common), alder (Alnus tenuifolia), and balsam poplar
(Populus balsamifera) in open shrub stands. Mid-succession continues
from a closed shrub, stage IV, where dense stands of alder or willow
occur, to a mature balsam poplar stand, stage VI. Early-late
successional stages are VII and VIII, with white spruce (Picea glauca)
mixed with the poplar and the later stage dominated by white spruce.
Later stages, IX-XII, are found when permafrost formation begins.

Within each stage of the floodplain successional sequence, there
are gradations of biogeochemical and physical factors (Van Cleve and
Viereck 1981; Viereck et al. 1983; Viereck et al. 1986). The earliest
stages are dominated by the physical and chemical environment;
frequent flooding, high surface evaporation resulting in the formation

of a CaSO4 and Caco3 salt crust on the surface of the sandbar, high
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Fig. 1.1. Primary successional stages on the Tanana River floodplain

of interior Alaska (Viereck in press).
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pH, higher moisture content, and high soil temperatures (Fig. 1.2 and
1.3, and Table 1.1). Mid-successional stages become more biologically
influenced with the establishment of plant communities. Capillarity
may supply the ground water to the tree rooting zone so that the
vegetation has adequate supplies of water throughout the growing
season even during drought periods. Plant communities help to
stabilize terrace development while also increasing terrace elevation,
through the build-up of organic matter, and thus decreasing the
likelihood of flooding. The soil nitrogen pool increases from about
50, at stage I, to 500 g m-2 at stage V due to nitrogen fixation by
the alder and continues to increase in early mid-successional stages
only to decline in later successional stages (Van Cleve et al. 1971;
Van Cleve and Viereck 1981). In the late successional stages terrace
elevation has steadily increased so that flooding is infrequent.
Forest floor and mineral soil organic matter has also increased but
with a higher content of lignin than in earlier successional stages
and with an associated reduction in organic matter decomposition rates
(Flanagan and Van Cleve 1983; Flanagan 1986). Soil temperatures
decrease due to canopy closure, thicker forest floor, and an
insulative moss layer, thus increasing the frost depth and delaying
the spring thaw. These effects can decrease soil microbial activities,

which play an important role in nutrient recycling and in soil

fertility.
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Table 1.1. General soll characteristics of open shrub (stage 111), alder (stage V),

and white spruce (stage VIII) stands.

*
C/N

Total Total Organlic pH  Bulk Density
Substrate N t‘ C 3* Matter % q / mzt
Open Shrub Mineral Soll 0.03 1.7 48 1.2 7.36 59200
Alder Mineral Soll 0.19 3.3 16 8.2 7.56 42439
Alder Forest Floor 2.28 43.1 18 78.0 6.86 3628
White Spruce Mineral Soll  0.50 16.8 33 2.5 6.70 456843
white Spruce Forest Floor 0.80 36.8 44 44.7 6.68 3625

*K. Van Cleve (unpublished).



24

HYPOTHESIS

Reiners (1981) proposed a generalized scheme of nitrogen-cycling
in succassioral sequences, suggesting a close relationship between
nitrogen-cycle dynamics and successional develcpment. Using a similar
generalization, the following central hypothesis was developed as the
focus of this study: nitrogen dynamics on the floodplain reflect the
influence of forest succession. Because microbial populations
responsible for the various nitrogen transformations are directly
influenced by temperature, moisture, and quantity and quality of
available substrates, a working hypothesis stating was developed:
rates of N mineralization and denitrification will steadily increase
from early sandbar stages to mid-successional stages following the
general accumulation of organic matter and nitrogen but then decrease
in older successional stages due to lower temperatures, lower
moisture, and increased recalcitrance of forest floor and mineral soil
organic matter. Nitrogen fixation would be expected to show the
highest rates in early successional stages, although it may be
important in later stages that have a high C/N soil ratio. The object
of this study is to provide a test of this working hypothesis by
measuring the rates of nitrogen fixation, mineralization,
nitrification and denitrification in forest floor and mineral soils of
selected successional stands. A further objective of this study is to

understand the influence of temperature, moisture, and substrate
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quantity and quality on nitrogen cycling processes. Laboratory
experiments utilizing controlled temperature and moisture regimes, and
substrate additions were used to test their effects on nitrogen

processes.

STUDY AREA

The study area is located close to the Bonanza Creek Experimental
Forest approximately 30 km southwest of Fairbanks and had been
previously chosen as part of a larger multidisciplinary study, "The
role of salt-affected soils in primary succession on the Tanana River
floodplain of interior Alaska," in conjunction with the University of
Alaska's Forest Soils Laboratory and the Institute of Arctic Biology,
the USDA Forest Service Institute of Northern Forestry, and San Diego
State University. Three of the twelve described successional stages,
IIT, Vv, and VIII, were systematically chosen to represent early, mid-,
and late succession and established as permanent plots. These are
described as follows: stage III, a 5 yr old willow-poplar-alder (Salix
spp.-Populus balsamifera-Alnus tenuifolia) open shrub stand; stage V,
a 27 yr old alder (Alnus tenufolia) stand; and stage VIII, a 165 yr
0old white spruce (Picea glauca) stand. Each designated plot is an area
of 50 m x 50 m. Transects running perpendicular to the river and

spanning the width of each plot were randomly selected for this study.
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Both the forest floor and mineral soil of the alder and white spruce
stand were sampled and tested independently. The open shrub stand did
not have a forest floor, thus only mineral soil was sampled and
tested. Soil samples and other measurements of nitrogen processes were

collected equidistantly along transects.

THESIS FRAMEWORK

This thesis is presented in chapter form, each chapter explaining
a different experimental approach and describing the results of
experiments used to test the working hypothesis. The chapters are
organized as follows: the second chapter discusses nitrogen
mineralization and nitrification, the third chapter characterizes the
denitrification and nitrogen fixation results, while the fourth

chapter discusses the major conclusions of the hypothesis testing,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER 2

NITROGEN MINERALIZATION
ABSTRACT

Seasonal patterns of net NH4+ mineralization and nitrification in
relatively undisturbed soil core sections were measured in open shrub,
alder, and white spruce stands, representing early , mid- and late
primary floodplain successional soils. The polyethylene bag technique
was used to measure rates of N mineralization utilizing short-term
incubations. Laboratory studies were designed to test the effects of

temperature and moisture on N mineralization. The chlorate inhibition

+
4

limitations, and potential heterotrophic nitrification, while the

technique was used to estimate potential nitrification, NH

chloroform fumigation-incubation method was used to estimate a
nitrogen availability index. Significant differences between the
forest floor layer and the surface mineral soil layers were found.
Mineral soil layers had low to undetectable rates of N mineralization
and in situ concentrations of NH,' and N0, . Forest floors exhibited

4 3
the highest in situ and accumulated NH4* and NO3_, with the alder
exhibiting the overall highest concentrations. The alder forest floor
showed the most pronounced seasonal patterns of mineralization with
greater net NH4+ mineralization occurring in the early summer, while

highest rates of net nitrification were observed in late summer.

27
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Biweekly estimates of net N mineralization, ug N-g dry soil_l-dvl,
were as follows: the alder forest floor, <1-21; the white spruce
forest floor, <1-2; the alder mineral soil, <1-3; and the white spruce
and épen shrub mineral soil, <1. The highest net nitrification, 2 ug
N-g dry s0i171.a7!, was observed within the alder forest floor. Low to
undetectable rates of net nitrification were observed in the white
spruce forest floor and mineral soils tested. Laboratory studies
indicate temperature as a limiting factor of N mineralization in the
early and mid-successional stages, while moisture and temperature are
limiting factors in the white spruce forest floor. Ammonium additions
increased net nitrification only in the alder forest floor, suggesting
NH4+ is not a limiting factor for nitrification in the other soils
tested. The results of the chlorate inhibition assay indicate that a
major portion of the nitrification in the alder forest floor is due to
heterotrophic nitrification. The results of the chloroform fumigation-
incubation method suggest that the alder forest floor has the highest

N availability index.

INTRODUCTION
In undisturbed forested ecosystems, the mineralization of

nitrogen-containing organic matter is the major source of available

nitrogen for plant use. The process of nitrogen mineralization,
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consisting of ammonification and nitrification, results in the
accumulation of ammonium, the product of ammonification, and nitrite
and nitrate, the products of nitrification. Ammonium is readily
adsorbed onto the soil cation exchange sites, decreasing the
likelihood of nitrogen loss through leaching. Nitrite rarely
accumulates in soils. Both nitrite and nitrate are negatively charged
and repelled by soil clay particles, and thus are easily leached and
are also available to denitrifiers for conversion to N2 gas.

The dominant form of mineral nitrogen in later successional
stages is ammonium, with nitrate more abundant in early successional
stages (Rice and Pancholy 1972; Robertson and Vitousek 1981; Robertson
1982; Gordon and Van Cleve 1983; Rice 1984; Christensen and MacaAller
1985). From these observations, researchers have hypothesized that
nitrification is either inhibited or limited in mature ecosystems.
Some of the proposed mechanisms of this inhibition or limitation are
allelopathy (Rice and Pancholy 1972; Rice 1984), physical and chemical
soil factors such as temperature, molsture, pH, salinity, and
recalcitrant organic material (Laura 1977; Focht and Verstraete 1977;
Keeney 1980; Pastor et al. 1984; White and Gosz 1987), and limited
availability of ammonium due to immobilization and/or slow rates of
mineralization (Robertson and Vitousek 1981; Robertson 1982; Vitousek

et al. 1982; Christensen and MacAller 1985). A major limitation to the

understanding of the controlling factors of NH4+ mineralization and
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nitrification are the indirect methods used to estimate these
processes.

Ideally, measurements of NH4+ mineralization and nitrlflcation
should be made directly, but at present there are no known methods
that measure mineralization rates accurately in the field. Most
studies estimate changes in accumulated and in situ nitrogen pool
sizes, in the presence and absence of active roots. The difference of
these estimates equals the assumed plant uptake (Nadelhoffer et al.
1985 and Raison et al. 1987). Such methods do not estimate the
turnover rates of nutrients or the actual plant uptake. There is also
disturbance to the soil physical structure, moisture content, and
rhizosphere structure which inadvertently affects the rates of
nitrogen mineralization. Isotope tracer studies generally employ the
addition of labelled 15N substrate or product (Myrold and TiedJe
1986), also resulting in potential disturbance of the in situ
mineralization rates and natural chemical gradients. Few studies have
attempted to estimate soil nitrogen transformations using natural
isotope abundances (Broadbent et al. 1980; XKohl and Shearer 1980;
Blnkley et al. 1985). Raison et al. (1987) suggests methods which
minimize these effects, through the use of relatively undisturbed soil
columns in polybags {(Nadelhotfer et al. 1985; Federer 1983) or

isolated soil columns within metal or plastic tubes (Adams and

Attiwill 1986). Federer (1983) proposed measuring N mineralization
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within distinct soil horizons as a better estimate of total soil
mineralization.

Because the soil microbial biomass is responsible for the flow of
carbon and nutrients through the soil, it has been postulated that the
quantity of the microbial biomass is related to the amount of
mineralized N available for plant uptake (Jenkinson and Ladd 1981;
Shen et al. 1984; Voroney and Paul 1984; Brookes et al. 1985; Myrold
1987). Numerous definitions of soil nitrogen avallability have been
described (Stanford and Smith 1972; Keeney 1980; Powers 1980; Dalal
and Mayer 1987). Soil nitrogen availability is generally defined as
the quantity of soil organic nitrogen that is susceptible to
mineralization, contributing to the N supplying capacity for a given
soil. Because the soil microbial biomass is an important aspect of
nutrient cycling, estimates of microbial C and N have been used as an
index of N mineralization potential and have also been described as a
useful index of soil fertility (Jenkinson and Powlson 1976; Jenkinson
and Ladd 1981; Carter and Rennie 1982; Shen et al. 1984; Voroney and
Paul 1984; Carter and Macleod 1987; Dalal and Mayer 1987; Myrold
1387).

Few studies have addressed the importance of heterotrophic
nitrification. Most studies assume the accumulation of N03— to be from
autotrophic nitrification. Fungal nitrification has been acknowledged
since 1896, and many heterotrophic organisms are known to oxidize

various nitrogen compounds in culture (Focht and Verstraete 1977;
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Schimel et al. 1984). Several studies have reported heterotrophic
nitrification as an important source of NO3- in strongly acid soils,
pH 4.5, (Tate 1977; Vvan de Dijk and Troelstra 1980; Adams 1986) and in
a mature conifer forest (Schimel et al. 1984), but the extent and

importance of heterotrophic nitrification in other ecosystems has not

been addressed.

Although the taiga is one of the world's major vegetation

regions, there is little information on the nitrogen-cycling processes

+
4

mineralization and nitrification, in relatively undisturbed soil core

within this environment. This study has proposed to measure net NH

sections, using the polyethylene bag technique of Eno (1960) and to
examine seasonal patterns of these processes within the Tanana River
floodplain primary successional sequence of interior Alaska. Sites
chosen for the field work represented early, mid-, and late
successional stages. Laboratory studies were designed to measure a
nitrogen availability index and test the effects of temperature,
moisture, and nitrogen limitation. An experiment was also completed to

assay for potential heterotrophic nitrification.
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MATERIALS AND METHODS

Study Area

The study area is located close to the Bonanza Creek Experimental
Forest approximately 30 km southwest of Fairbanks, and had been
previously chosen as part of a larger multidisciplinary study, "The
role of salt-affected soils in primary succession on the Tanana River
floodplain of interior Alaska," in conjunction with the University of
Alaska's Forest Soils Laboratory and the Institute of Arctic Biology,
the USDA Forest Service Institute of Northern Forestry, and San Diego
State University. Three of the twelve described successional stages,
II1, Vv, and VIII, were systematically chosen to represent early, mid-,
and late succession and established as permanent plots. These are
described as follows: stage III, a 5 yr old willow-poplar-alder (Salix
Spp.-Populus balsamifera-Alnus tenuifolia) open shrub stand; stage V,
a 27 yr old alder (Alnus tenuifolia) stand; and stage VIII, a 165 yr
old white spruce (Picea glauca) stand. Each designated plot is an area
of 50 m x 50 m. Transects running perpendicular to the river and
spanning the width of each plot were randomly selected for this study.
Both the forest floor and mineral soil of the alder and white spruce
stands were sampled ind testad independently. The open shrub stand did
not have a forest flocr, thus only mineral soil was sampled and tested

at this location. Scuil :3imples were collected equidistantly along
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selected transects with a 15 cm diameter soil corer to an approximate

depth of 12-15 cm.
Laboratory and Field Methods

Net NH4+ mineralization and nitrification were measured using
undisturbed soil core sections incubated in polyethylene bags (Eno
1960). Eight soil cores were collected equidistantly along the width
of each plot on a randomly chosen transect. Each core was vertically

sliced into two sections, one half designated T, while the other half

0
was designated Tl. The surface forest floor was left as a distinct
layer while the mineral soils were further cut into three horizontal
layers, each approximately 3 cm thick. Each soil core section was then
placed with as little disturbance as possible into a 0.4 mil
polyethylene bag. The samples designated T0 were brought to the
laboratory and frozen that same day, until further chemical analysis
could be performed. The Tl soil core sections were placed in
previously made core holes, at each respective depth of sampling, for
the duration of the incubation period.

During the first year of the study, incubation times were
approximately one month, while during the second year, incubation
periods were for two weeks. At the end of each incubation period, T1

soil core sections were collected, brought to the laboratory, and

frozen until chemical analysis could be completed. A new set of soil
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cores were processed in a similar fashion, at the end of each
incubation period and repeated throughout both summers.

In the laboratory, thawed core sections were separately mixed,
large roots removed, and a 15 g fresh weight subsample of each section
was extracted with 75 ml 2 N KCl, shaken for 1 h, and then filtered.
The filtrate was then analyzed for NH4+, using a phenol hypochlorite
assay, and N03_, using a Griess-Illosvay method in combination with a
Cd reducing column, on a modified Technicon AA II system (Technicon
1973). Dry weights were determined by oven drying for 48 h at 65°C for
forest floors and 105°C for mineral soils. Organic matter was
determined by ashing subsamples at 400°C for 7 h.

Net nitrification was calculated as the difference in the
measured N03_ concentrations between Tl samples (incubated in the
field for two weeks) and T0 samples (in situ concentrations, no
incubation), both collected on the same sampling date. Net NH *

4

mineralization was the difference in measured NH4+ ’I‘l and TO

concentrations plus the net nitrification estimate. Cumulative rates

+
4

mineralization) measured at two week intervals during the 1985 and

of net N mineralization (net nitrification plus net NH

1986 field season, were used as an estimate of an average rate.
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In September 1986, ten soil cores were collected equidistantly
along a randomly selected transect from each site and kept at 4°C
until laboratory studies were begun in mid-October. The soil cores
vere made into a composite mixture, separating the forest floor and
the mineral soll of each site.

From each soil composite, quadruplicate subsamples were taken for
a factorial (incomplete) temperature and moisture experiment.
Subsamples were 100 g fresh weight, for all mineral soils, 20 g fresh
weight for alder forest floor, and 50 g fresh weight for white spruce
forest floor. Two moisture regimes, the moisture percent at the time
of sampling and distilled water added to the water holding capacity of
each soil, and four temperatures, 5, 10, 20, and 30°C, were used to
test for moisture and temperature effects on mineralization rates.
Water holding capacity had been previously determined by saturating
soil samples with distilled water for 24 h with subsequent drainage
for 24 h (Table 2.1). Soils were placed in plastic 250 ml beakers,
covered with a sheet of 0.4 mil polyethylene, and incubated for 20 4
at each moisture and temperature. At the end of the incubation period
a 15 g fresh weight subsample was removed from each sample, and

analyzed for NH4+ and N03—, as described previously.
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Table 2.1. September 1986 in situ and water holding capacity

moisture estimates.

% Moisture

In Situ Water Holding
Substrate Capacity
Open Shrub Mineral Soil 26.1 t 4.8 34.1 t 6.0
Alder Mineral Soil 32.6 & 5.4 58.6 £ 7.5
Alder Forest Floor 148.2 t 33.9 339.4 t 56.8
White Spruce Mineral Soil 6.9 2.3 40.2 t 3.9
White Spruce Forest Floor 54.7 ¢ 7.4 243.9 t 42.6

NOTE: Means % SE, n=10.
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The chloroform fumigation-incubation method, following Jenkinson
and Powlson (1976), was carried out using quadruplicate subsamples of
each soil composite. In September, 20 g fresh weight of mineral soil
and 10 g fresh weight of forest floor were used. Subsamples, with
large roots removed, were placed in 50 ml beakers, inside a vacuum
desiccator lined with paper towels. Chloroform was placed in a 50 ml
beaker at the middle of the desiccator. The desiccator was sealed and
placed inside a laboratory hood and evacuated with a vacuum pump,
until the chloroform began to boil vigorously for approximately 2-3
minutes, at which time the pump was turned off. The samples were
allowed to sit, saturated with chloroform vapor for 24 h. At the end
of this time, the desiccator was vacuum-air flushed 5 times in order
to remove the CHCl3 vapor. Samples were removed from the desiccator,
placed in quart size, wide mouth canning jars, and reinnoculated with
0.5 g of fresh forest floor or mineral soil, respectively. The canning
jars were sealed with lids equipped with rubber septa for gas
sampling. At the same time unfumigated samples of the test materials
were placed in canning jars and treated in similar fashion, serving as
controls. In order to keep samples from moisture loss, both the
controls and fumigated samples had an additional 5 ml of distilled H.0

2
added at the begining of the 10-d incubation period. The jars were

incubated at room temperature.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



39

Evolved CO2 was measured on day 2, 3, 4, 5, 6, 9, and 10. The
headspace of each jar was sampled with a 5 ml evacuated glass tube and
stored for approximately one week at 5°C until further analysis could
be completed. Carbon dioxide was measured on a portable Analytical
Instrument Development Inc. gas chromatograph, equipped with a 6 ft
Poropak Q column with column and detector temperature at 50°C. Biomass
C was derived from the relationship Bc = FC/KC; where FC = ((COZ—C
evolved from fumigated soil during the 10-d incubation) - (CQZ-C
evolved from the control during the 10-d incubation)] and Kc=0.45, the
proportion of microbial C evolved as CO2 for a 10-d incubation at 25°C
(Jenkinson and Powlson 1976; Jenkinson and Ladd 1981).

The N flush, 2 N KCl extractable NH4+, was measured at the end of
the 10-d4 incubation for both fumigated and unfumigated soil samples.
Microbial biomass N, Bn' was derived using the equation Bn=Fn/Kn’
where Fn=[(N nmineralized by a fumigated soil for a 10-d incubation
period) - (N mineralized by an unfumigated soil for a 10-d
period)]/Kn, the proportion of the soil biomass N that is mineralized,
ranging from 0.32 to 0.68 (Adams and Laughlin 1981; Jenkinson and Ladd
1981; Shen et al. 1984; Voroney and Paul 1984; Brookes et al. 1985). A
K, of 0.68 (shen et al. 1984) was used to determine B .

A factorial experiment (incomplete) was also used to measure
potential autotrophic and heterotrophic nitrification, and to test

NH4+ limitation of nitrification using the chlorate inhibition assay

of Belser and Mays (1980). This procedure uses chlorate to inhibit the
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chemoautotrophic oxidation of nitrite to nitrate, with subsequent
accumulation of nitrite when autotrophic nitrification is occurring.
Heterotrophic nitrification is unaffected by chlorate, and when
occurring, nitrate will accumulate in the presence of chlorate.
Quadruplicate 15 g fresh weight subsamples were taken from each soil
composite (collected in September 1986 as described above), and
separately placed in an erlenmeyer flask with the addition of a
treatment. Five treatments were used: A, control; B, 50 ml distilled

o N 7! soil; D, 0.5 ml of 1 M NaCloy; E, 15 ug

water; C, 15 ug NH
NH4+—N g-1 soil and 0.5 ml of 1 M NachB. Samples were incubated for
24 h on a rotary shaker at room temperature. Ammonium, nitrate and
nitrite were measured on KCl extracted soil samples using the
previously described methods.

Analyses of variance, using both parametric and nonparametric
statistical tests (Zar 1984) were performed utilizing the Statistical
Analysis System (SAS 1985). Due to the small sample size, n = 4, 5, or
8, and thus the inability to test reliably for normality and equal
variances, the nonparametric and parametric tests were used for
comparison. All parametric and nonparametric tests were in agreement
(accepting or rejecting the null hypothesis). Scheffe's multiple range
test (Zar 1984; SAS 1985) was used to detect significant differences
in estimates of nitrogen processes. Ammonium, nitrite, and nitrate

were treated separately for each statistical test.
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RESULTS

Results of in situ, TO' NH4+ and N03- concentrations with depth
for both the 1985 and 1986 field season are shown in Table 2.2. The
open shrub, stage III, has no forest floor, therefore each coxe was
separated into four mineral soil layers. The open shrub mineral soil
layers generally showed no depth variation of NH4+ or N03— during both
years. There were significant differences (P<0.05) between the alder
forest floor and the alder mineral soil layers at most sampling
periods. Generally, the alder mineral soil layers showed no depth
variation in either ammonium or nitrate concentrations. In the white
spruce stand, significant differences In NH4+ were observed between
the forest floor and the mineral soll layers. In all cores the

greatest NH4+ concentrations were found in the forest floor, while the

+
4

and N03—. In general, the mineral soil layers showed no variation of

alder forest floor exhlbited the highest concentrations of hoth NH

either NH4+ or N03_ with depth. There was low to undetectable amounts
of NO3- in the white spruce forest floor or mineral soil layers.

The depth distribution of organic matter was significantly
different within the alder and white spruce core layers. The open
shrub core layers showed no organic matter depth variation. The alder
forest floor layer was significantly different from its mineral soil

layers (Table 2.3). The white spruce stand exhibited significant
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Table 2.2. In situ, TO' concentrations of NH4+

and NO,

III), alder (stage V), and white spruce (stage VIII) cores.

3 in soil layers of open shrub (stage

ug N / g dry soil

Sampling Open_Shrub Alder White Spruce
Date  Layer N’ NO,~ N, NO, N, NO,”
1985
Jul 11 1 0.32¢0.09% 0.03:0.01%  47.33#4.64%  4.63:0.48% 32.15:4.56% 0.63t0.18°
2 0.17¢0.012 np? 1.6320.20°  0.49:0.04°  3.10t0.50° 0.12:0.022
3 np? Np? 0.78£0.38°  0.16¢0.01° 10.86¢1.59 0.18%0.03%
4 np? np? 0.1940,02° 0.14%0.01°  1.50:0.08° 0.05:0.012
Jul 26 1 0.63:0.05% 0.07:0.01% 41.3324.03% 7.90%0.57°
2 0.31:0.03%  0.07:0.03%  1.70:0.34°  3.20¢0.61° No Data
3 0.03:0.01°  0.03:0.01%  0.41:0.17° 0.93:0.13°
4 npP np2 0.06:0.01°  0.93+0,13C

NOTE: Layers are soll depth increments. Layer 1 of the alder and white spruce stand is forest
floor, while layers 2, 3, and 4 are subsequent mineral soil layers. The open shrub layers are

all mineral soil, approximately 3 cm thick. The open shrub layer 1 is the surface 0-3 cm.
Means * SE, n=4 for 1985 and n=8 for 1986. Values of each sampling date, in columns, followed by
the same letter are not significantly different (P>0.05). ND=not detected.
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Table 2.2. (continued).

ug N / g dry soil

Sampling Open_Shrub Alder White Spruce
Date _ Laver _ NH, NO.- i, t NO.,~ N, NO.,~

4 3 4 3 4 3
1985

Aug 6 1.4580.60%  2.52:0.59%  42.00%4.03%  1.7310.31% 6.85:1.24% 1.9710.13°

1
2 1.09%0.34%  2.02:0.22% 23.24:2.817  0.27:0.04" 1.46%0.23% 1.22:0.08?
3 0.81:0.23%  1.30%0.24%  9.75:0.46°C  0.05:0.01° 4.03:0.40® 0.85t0.15°
4 0,40%0.07%  1.22¢0.21%  6.7440.59 _ 0.04:0.03°  3.,17:1,25%  0.87:0.22%
Aug 20 1 0.88£0.26% 0.07£0.02% 51.00¢3.92%  0.45:0.17% 24.57:2.48% 1.57:0.07°
2 0.22¢0.14%  0.0320.01%  3.501,36° npP 4.200.22°  2.02:0.832
3 1.65:0.32%  0.03:0.02%  1.73:0.55° NDP 3.02¢0.67°  0.870.28°
4 0,63$0.10%  0.03:0,01%  0.49:0.47° NpP 0.49$0.05°  0.07:0.03%
Sep 16 1 1.4580.17%  0.19:0.006% 43.80%4.77% 71.25:24.9% 26.50:1.70% 0.03:0.01°
2 0.81#0.05% 0.1020.042 12.80%1.06%  0.91:0.20° 8.50£0.95°¢ 0.02:0.01°
3 1.09:0.23%  0.09:0.02% 12.25:2.48%  0.40:0.04P 18.25¢2.99° 0.0610.02°
4 0.40:0.04®  0.04:0,01®  9.79+1,58%  0.34:0,02° 2,97:0.39% 0.01:0,007%
1986
May 25 2.0340.45° np? 213.25¢33.72% 11.75:4.71% 50.66%4.08%  0.23:0.01°
b b 9.1420.003°

4.1840.75%  0.78:0.06%  1.73:0.36°  0.10:0.05% 22.13:1.45° 0.180.0032

1
2 1.12:0.24%  0.05:0.01%  3.50%0.52 0.05:0.04% 12.35%0.58
3

4 0,05¢0,02° N2 2.33:0,85°  0.10:0,05%  4.15:0.18"  0.1020.012°

£h
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Table 2.2. (continued).

ug N / g dry soll

Sampling open Shrub Alder White Spruce
Date  Layer ﬂﬂa+ NO NH,” NO, NH > NO,~
1986
Jun 10 1 2.32£0.25%  0.04£0.01% 268.75:34.64% 47.12¢13.70% 12.61#1.55%  0.08+0.012
2 1.16:0.26%  0.02:0.004% 28.38:1.22° 0.46:0.23° 13.87¢1.63%  0.07:0.022
3 0.53:0.09%  0.0120.004% 6.13:0.95° 0.1120.04° 12.37:0.80® 0.05%0.012
4 0,76:0.24%  0.01:0.005%  4.38:0.29° 0.17:0.02°  3.12:0.47% 0.06:0.02%
Jun 25 1 1.42:0.20% np? 100.63$16.06% 16.51¢1.72%  31.62¢2.26%  0.1940.01%
2 0.85£0.15% N2 3.13¢2.90°  0.15¢0.01°  6.87:0.44P 0.11%0.0082
3 0.85:0.19° ND? 1.3440.15°  0.0420.01° 11.25:0.62° 0.1420.009%
4 0.04:0.01% Np? 0.33¢0.06°  0.06+0.01°  2.09:0.10° 0.1210.00%
Jul 15 1 0.67:0.10% np? 100.6346.58% 32.50%2.42%  40.33%4.25%  0.25:0.06°
2 1.23:0.29° Np? 54.25¢2.84°  0.36£0.03°  3.61:1.01° 0.03:0.007P
3 0.62:0.10% N2 12.75¢2.44°  0.31:0.04P 10.14:2.05° 0.050.001P
4 0.20+0.04% np? 41.13+2.47°  0.3020.07° _ 0.86+0.28" 0.04:0.01°
Jul 28 1 0.92:0.08% np2 68.75:3.30%  9.50:0.48%  26.62¢2.88° np?
2 0.82¢0.06° np? 6.37:1.04°  0.96:0.00°  2.82:0.30P ND?
3 0.61:0.06% np? 6.30¢1.47°  0.35:0.05°  5.09:0.46P np?
4 0.7740.062 np? 1.12¢1.707  0.25:0.02°  0.21+0,02P np?
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Table 2.2. (continued).

ug N / g dry soil

Sampling Open_Shrub Alder White Spruce
Date  Layer _ NH,’ NO,” i, ! N0, i, * N,
1986
Aug 5 1 7.08£0.27%  0.01:0.0082

2 2.67!0.37b Np? No Data No Data

3 1.64¢0.16" ND?

4 0.76:0.07°  wp?
Aug 14 1 3.10£0.15%  0.2200.01% 16.37¢2.11% 67.05811.79%  4.45:0.66" np?

2 2.64:0.43%  0.1420.01%  3.61:0.67° 0.06:0.01P  1.05:0.14° %

3 2.04:0.41%  0.03:0.02°  2.37:0.31P  0.0320.002° 15.71:2.28% 0.38:0.33%

4 3,1040.08%  0.02¢0,006°  3.2842.13" 0,01+0.003° 0.92:0.06" wp?
Aug 28 1 5.42¢0.42%  0.06:0.25% 93.13$7.52%  73.75%10.10% 46.62¢4.012 np?

2 3.64%0.48%  0.1000.01%  7.13:0.75°  0.95:0.16° 7.20%0.75° %

3 4.33:0.34%  4.5000.83%  3.5020.21°  0.3920.01° 40.62¢2.413 Np?

4 2.9240.23%  4.31:0.40%  2.39+0.27°  0.43:0.07°  8.75:1.00P Np?
Sep 9 1 15.77¢1.33%  0.19£0.09%  19.87¢1,74% 307.25:37.75% 17.2440.90° np?

2 16.22¢1.59%  0.05:0.00°  3.12:0.40®  0.18:0.01° 0.7920.183 np?

3 7.50£0.64° Np? 1.9520.26°  0.10:0.005° 8.57¢1.313 Np%

4 1.2740.53%  0.09+0.002° 0.80:0.32°  0,07#0.017° 0.42+0.093 w2

14



Table 2.3. Soil organic matter percent at the depths of the four

s0ll layers sampled.

% Organic Matter

Laver Open _Shrub Alder White Spruce
1 1.3740.18% 75.62%4.05° 64.873.682
2 1.43:0.28% 8.37¢2.07° 7.87¢2.10°
3 0.85:0.05% 4.00:1.19° 40.346.10°
4 0.8440.05% 2.59:0.50° 5.12t1.91°

NOTE: Means iSE where n=8. Values in each column followed by the

same letter are not significantly different (P>0.05).
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differences between the forest floor, a buried organic layer, and
mineral soil layers.

The 1985 and 1986 seasonal patterns of net NH4+ mineralization
and net nitrification are shown in Fig. 2.1 and Tables 2.4-2.8. In
general, the alder forest floor showed the greatest seasonal
variations and the highest rates of N mineralization. Highest rates of
net NH4+ mineralization, Tl’ and in situ NH4+ concentrations, TO’ were
observed in early and mid-summer, whereas highest rates of net
nitrification and in situ NO3- concentrations were observed in late
summer. Seasonal variation of net NH4+ mineralization was not
pronounced in the white spruce forest floor or in any of the mineral
soils. Net nitrification was low to undetectable in the white spruce
forest floor and all mineral soils. All forest floors and mineral
soils exhibited periods of immobilization of NH4+ and N03_. Analysis

of variance tests indicated that within the mineral soil layers of the

open shrub, alder, and white spruce there was no significant depth

+
4

mineralization and net nitrification estimates at each site are the

variation of the layers observed. Therefore, mineral soil net NH

pooled means of the three mineral soil layers of each coxe (Fig. 2.1).
The lowest N mineralization rates were observed in the mineral soils.
The largest pools of nitrogen were observed in the alder mineral soil,
due to the high bulk density of the mineral soil. Although rates of

net N mineralization were similar for both the alder forest floor and
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Table 2.4. Open shrub mineral soil concentrations of accumulated,

Tl’ NH4+ and NO3- and estimates of net nitrification (N03_) and N

mineralization (NH4+ + NO, ).
ug N / g dry soll Mg N/ g dry soll - 4
Sampling Accumulated Net Net
Date NH; NO, NO, NQ, NH4+__
1985
6 Aug 1.5:0.1 0.030%0.00¢6 -0.161 ~0.090
20 Aug 2.810.4 0.105:0.040 -0.006 0.038
18 Sep 13.1%2.3 0.15420.019 0.0004 0.052
1986
27 May 2.5%0.8 0.037%0.006 0.001 0.045
10 Jun 4.3:0.8 ND ND 0.020
25 Jun 3.6%0.8 ND ND 0.139
15 Jul 3.3%0.4 ND ND 0.203
28 Jul 0.9:0.1 ND ND 0.015
5 Aug 2.2%0.9 0.03010.004 0.003 0.082
14 2ug 2.8%0.2 ND -0.008 0.094
28 Aug 5.2%0.6 ND -0.085 -0.027
9 Sep 0.810.6 ND -0.005 -0.074
Avexrage g N / ha -_d -18 24

NOTE: Estimates are means * SE, n=8. ND=not detected.
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Table 2.5. Alder mineral soil concentrations of accumulated, Tl’
NH4+ and N03— and estimates of net nitrification (N03—) and N

mineralization (NH4+ + NO3_).
ug N / g dry soil ug N / g dry soil - d
Sampling Accumulated Net Net
Date N, - NO, No,” No._ + Nyt
1985
6 Aug 4.7%1.3 0.02:0.01 0.007 -0.740
20 Aug 9.9%2.1 0.60:0.08 0.020 0.280
18 sep 6.1%2.1 0.3410.21 -0.0008 -0.023
1986
27 May 5.415.0 0.19:0.11 0.007 0.188
10 Jun 15.6%7.0 1.2110.97 0.063 0.208
25 Jun 9.0%6.1 0.17%0.15 0.004 0.358
15 Jul 6.6%4.3 0.24%0.19 -0.006 -3.071
28 Jul 39.66.7 1.76:0.41 0.067 1.95
14 Aug 0.8%0.5 3.48%0.82 0.246 0.63
28 Aug 44.515.7 2.07:1.92 1.182 3.43
9 Sep 1.741.2 0.34%0.15 0.019 0.056
Average g N / ha -_d 61 125

NOTE: Estimates are means ! SE, n=8.
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Table 2.6. Alder forest floor concentrations of accumulated, Tl,
NH4+ and NO3- and estimates of net nitrification (No3') and N
mineralization (NH4+ + NO, ).

3
ug N / g dry soil g N / g dry soil - 4
Sampling __Accumulated Net Net
Date NH4+ NO, NO, NO, Nﬂqi_
1985
6 Aug  66.8%3.9 1.7:0.3 0.84 2.87
20 Aug 82.0%27.4 0.6:0.1 2.40 3.45
18 Sep 98.3%35.0 74.3124.9 - 0.27 -0.04
1986
27 May 305.7%34.6 12.1%4.6 2.64 9.25
10 Jun  154.1:i5.6 47.5:4.7 ~-1.94 -9.54
25 Jun 247.4:14.0 13.9:1.7 0.55% 7.84
15 Jul 82.5:3.9 33.0:2.4 -2.00 -3.38
28 Jul 89.9:4.9 10.0%0.4 6.36 7.51
14 Aug 14.8:2.4 67.2:1.1 21.42 21.27
28 Aug 140.9:9.8 74.6:10.1 10.21 14.16
9 Sep 102.3:6.4 307.6:37.6 -27.29 -19.82
Average gN/ha - d 37 111

NOTE: Estimates are means f SE, n=8.
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Table 2.7. White spruce mineral soil concentrations of

accumulated, Tl’ NH4+ and NO3- and estimates of net nitrification

(N03-) and N mineralization (NH4+ + NO3_).
ug N / g dry soil ug N dry soil - d_
Sampling Accumulated Net Net
Date N, * NO,” NO,” Mo~ v w
1985
6 Aug 7.6%3.4 2.01%1.05 0.085 0.484
20 2Aug 16.1%2.4 0.08:0.02 -0.031 0.438
18 sep 9.7:4.6 0.08:0.05 0.0002 -0.001
1986
27 May 13.4%6.0 0.28%0.27 0.009 0.053
10 Jun 5.7%3.2 0.12:0.11 0.003 -0.029
25 Jun 7.1%5.7 0.1910.06 0.003 6.007
15 Jul 5.4%3.5 0.0920,06 0,003 0.043
28 Jul 4.0:3.5 ND ND' 0.073
14 Aug 5.911.1 ND ND -0.702
28 Aug 16.212.7 ND ND -0.260
9 Sep 6.313.7 ND ND 0.300
Average g N / ha -_d 3 16

NOTE: Estimates are means t SE, n=§. ND=not detected.
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Table 2.8. White spruce forest floor concentrations of accumulated,
Ty NH4+ and N03_ and estimates of net nitrification (N03_) and N

mineralization (NH4+ + No3').
ug N / g dry soil u dry soil - 4

sampling Accumulated Net Net
Date NH4+ MO, NO, N&13;+_Bﬂ4L
1985

6 Aug 35.115.2 2.67:0.37 0.03 0.27

20 Aug 73.6:20.3 0.21:0.03 -0.04 1.62

18 Sep 52.4:3.9 0.15¢0.02 0.000 0.10
1986

27 May 52.0:3.9 0.25%0.01 0.001 0.09

10 Jun 40.5:6.3 0.23:0.01 0.00S 1.83

25 Jun 24.8%1.5 0.360.05 0.008 0.34

15 Jul 25.7%1.3 0.08:0.02 -0.01 1.16

28 Jul 39.7%3.5 0.01:0.04 -0.008 0.80

14 aug 26.5:3.7 ND ND 1.56

28 Aug 22.3:2.5 ND ND 2.06

9 Sep 35.2:3.8 ND ND 2.54
Average g N / ha -_d -0.1 25

1

NOTE: Estimates are means SE, n=8. ND=not detected.
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the alder mineral soil, the alder mineral soil had the highest net
nitrification rates.

The results of the temperature and moisture factorial experiment
are shown in Fig. 2.2. Among forest floors and mineral soils,
mineralization rates were similar at the two moisture regimes, in situ
and water holding capacity, except at higher temperatures. The alder
forest floor and white spruce forest floors were significantly
different from each other and all mineral soils. The mineral soils had
similar N mineralization rates. Within mineral soils, similar
mineralization rates were observed at 5, 10, and 20°C, but rates at
30°C wexre the highest. Only the white spruce forest floor at water
holding capacity showed higher net nitrification rates at a
temperature other than 30°C. An increase in moisture did increase net
NH4+ mineralization and net nitrification rates in the white spruce
forest floor, while only affecting net NH4+ mineralization rates in
the white spruce mineral soil. There were no significant moisture
effects on minerallization rates in the alder forest floor or open
shrub mineral soil, or with net NH4+ mineralization in the alder
mineral soil.

Daily measurements of evolved COZ—C ug-g dry soil—1 on chlorform
fumigated and unfumigated, control, (Fig. 2.3 and 2.4) indicated
greater respiration rates in the forest floors than any of the mineral
soils, with the alder forest floor sample showing the highest amounts

of evolved COZ' The alder mineral soil control sample had higher
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respiration rates than its corresponding fumigated samples, while
other forest floors and mineral soils tested had greater respiration
rates in fumigated samples.

The amounts of the N flush after the 10-d incubation are shown in
Table 2.9. The unfumigated values were low to undetectable when
compared to similar fumigated samples. The alder forest floor sample
exhibited the highest N flush and was significantly different from the
vhite spruce forest floor sample. The white spruce forest floor had a
greater N flush than any of the mineral soils tested. The open shrub
mineral soil sample did not exhibit a mineral N flush.

Estimates of the microbial C/N ratio, Bc/Bn’ (Table 2.9) were
lowest in the forest floors, the alder forest floor exhibiting the
overall lowest C/N ratios. Because the open shrub mineral soil sample
had no detectable mineral N flush due to fumigation and the alder
mineral soil sample had a negative Bc value, C/N ratios were not able

to be determined for these samples.

Results of the chlorate factorial experiment are shown in Fig.
2.5. Among soils, NH4+, N03_, and Noz- concentrations are
significantly different between the five materials tested (forest
floors and mineral soils) and the five treatments. The alder forest
floor, the white spruce forest floor, and the white spruce mineral
soil had similar NH4+ concentrations but were significantly different

from the alder and open shrub mineral soils. Nitrate and nitrite were

low to undetectable in the white spruce forest floor and in all
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Table 2.9. Mean values of

microbial C/N ratio.

59

the N flush due to fumigation and calculated

Substrate

N _flush B éﬁn_

ug ¥ /q dry soil

Open Shrub Mineral Soil
Alder Mineral Soil

Alder Forest Floox

White Spruce Mineral Soil

White Spruce Forest Floor

cd

ND ND
2.1:0.3° ND
487.8416.1% 4
0.1:0.01° 76
114.7:10.1° 16

NOTE: Means * SE, n=4. ND=not determined.
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mineral soils. Ammonium additions in the alder forest floor samples
did not increase NH4+ or NO3_ concentrations, but did increase Noz-
concentrations both in the presence and absence of chlorate. Nitrite

production was 3 times greater in the presence of chlorate than in the

absence of chlorate in NH4+ amended samples.

DISCUSSION

Soil profile features, within the floodplain successional stages,
are mainly the result of the depositional history of the alluvium
(Viereck et al. 1986). Soil development within these profiles is
restricted and soil horizons are not well defined. In most profiles a
series of buried forest floor layers in various stages of
decomposition are found (Viereck et al. 1986). Each buried organic
horizon represents a surface that was exposed for a number of years
until a flooding episode occurred, resulting in the deposition of
fresh alluvium. Of the sites studied, only the white spruce stand
exhibited a buried organic layer, layer three, which was significantly
different from the mineral soil layers in organic matter quantity, but
at most sampling periods was similar with respect to accumulated and
in situ, NH4+ and N03- concentrations. These results could reflect a

higher C/N ratio, a more recalcitrant organic material, than in the
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surface forest floor, resulting in decreased rates of mineralization.
For example, Flanagan and Van Cleve (1983) found substrate quality of
the organic material within a soil to be the major controlling factor
of decomposition.

N mineralization rates in the white spruce forest floor and all
mineral soils tested are low when compared to temperate forest soil
mineralization rates. Measurements of N mineralization using several
different techniques ranged from <1 to 4.51 ug N-g dry soil-l-

d-l in temperate forests (Robertson 1982; Christensen and MacAller
1985; Nadelhoffer et al. 1985; Raison et al. 1987), 4 ug N-g dry
soil—l-d-1 in a tropical forest (Robertson 1984), and 1 to 34 ug N-g
dry sot1™t.a7! 1n agricultural soils (Myrold and Tiedje 1986). Gordon
and Van Cleve (1983) reported mineralization rates of a 110 yr old
upland white spruce forest floor within the Bonanza Creek Experimental
Forest that ranged from <1 to 3.11 ug N-g dry s01171.a7L. These rates
are comparable to the net average mineralization rates estimated in

-1

this study, <1 to 3.08 ug N-g dry soil-l-d (Tables 2.4-2.8). When

comparing biweekly estimates of net mineralization, the alder forest

floor ranged from <1 to 21.27 ug N-g dry soil_l-dnl, the alder mineral

soil <1 to 3.43 ug N-g dry soil l-a7!

<1 to 2.45 ug N-g dry soil-l-d-l, and the white spruce mineral soil

and open shrub <1 ug N-g dry soil—l-d—l. Although average rates of N

. the white spruce forest floor

mineralization are comparable to other forest soil N mineralization

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



63

rates, measured using incubation periods of one month or longer, it is
evident that shorter incubations are more sensitive to seasonal
fluctuations. In addition, substantial changes in rates of these
processes can be estimated using the shorter sampling interval.
Negative rates of net nitriflcation and net NH4+ mineralization were
observed at all sites at numerous sampling dates indicating possible
net immobilization and/or denitrification.

Nitrification patterns observed in this study are similar to
those of other successional studies (Rice and Pancholy 1972; Robertson
and Vitousek 1981; Robertson 1982; Rice 1984; Christensen and Macaller
1985). The highest net nitrification rates were found in the mid-
successional stage, the alder, with low to undetectable rates observed
in the white spruce and open shrub stage. It is important to note that
net nitrification estimates also showed a pronounced seasonality which
may reflect the effects of warmer soil temperatures observed in mid-
and late summer (Fig. 2.6).

Temperature had no effect over the range of temperatures that
occur naturally (Fig. 2.6), but at higher temperatures, 20°C and 30°C,
N mineralization did increase, indicating that the overall effect of
cold dominated soils does limit the rates of net N mineralization
throughout the successional sequence. Increases of N mineralization
rates within mineral soils were relatively small at higher

temperatures. The combined effects of temperature and molsture
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