[ Rt

=N
ails

B:

3
E

S
@,

Ressources naturelles

Canada

Natural Resources

Canada

b |




© Her Majesty the Queen in Right of Canada 2008

ISSN 1195-3799
ISBN 978-1-100-10929-9
Catalogue No. Fo103-2/223E-PDF

NRCan, Canadian Forest Service - Atlantic Forestry Centre
C.P. 4000

Fredericton (N.-B.) Canada E3B 5P7

Tel.: (506) 452-3500

Fax: (506) 452-3525

Editing, design, and layout by C.M. Simpson, ELS

Library and Archives Canada Cataloguing in Publication

Impact of precommercial thinning on soil respiration, temperature, and
moisture in western Newfoundland balsam fir [electronic resource] / Ulrike Hagemann

(Information report ; M-X-223E)

Issued also in French under title: Impact de I'éclaircie précommerciale sur la
respiration, la température et 'humidité du sol dans des peuplements de sapins
baumiers de I'Ouest de Terre-Neuve.

Includes bibliographical references.

Electronic monograph in PDF format.

ISBN 978-1-100-10929-9

Cat. no.: Fo103-2/223E-PDF

1. Balsam fir--Newfoundland and Labrador—Growth.

2. Forest thinning—Newfoundland and Labrador.

3. Forest regeneration—Newfoundland and Labrador.

I. Hagemann, Ulrike, 1980-

Il. Atlantic Forestry Centre

Ill. Series: Information report (Atlantic Forestry Centre : Online) ; M-X-223E.

... [etal].

SD397.B2 147 2008 634.9'7545309718 C2008-980339-6




Impact of Preco ; mercial Thinning on
Soil Respiration, Temperature, and Moisture in

Western Ne dl/?nd Balsam Fir

v’"’j Oy ,-v:\\?;\ ..'q‘
:




Hagemann et al. (2008) M-X-223E

Table of Contents

Abstract
Introduction
Materials and Methods
Site description and sampling
Statistical analysis
Results
Soil measurements
Surface respiration
Discussion
Acknowledgments
References

Page

O©CONODOOOOOOTIOT W



Impact of Precommercial Thinning...

Abstract

Total surface respiration (R;) was
measured over a diurnal cycle in
precommercially thinned and unthinned
western Newfoundland balsam fir (Abies
balsamea (L.) Mill.) on 15-16 July 2002.
Soil temperatures (T,), soil moisture
potentials (¥,), and R, were recorded
hourly. Average hourly R, in the thinned
stand was significantly lower than in the
unthinned stand. Differences in R, between
thinned and unthinned stands changed
with time. Only thinned stand hourly R
was significantly related to T, and V..

Résumé

La respiration totale en surface (R;,) a été
mesurée les 15 et 16 juillet 2002 durant
un cycle diurne dans des peuplements
de sapins baumiers (Abies balsamea (L.)
Mill.) de I'Ouest de Terre-Neuve, soitdans
un peuplement ayant fait I'objet d’'une
éclaircie précommerciale et dans un
peuplement non éclairci. La température
dusol(T,), le potentiel hydrique du sol (V)
et R, ont été mesurés et consignés toutes
les heures. La R, horaire moyenne était
beaucoup plus faible dans le peuplement
éclairci que dans le peuplement non
éclairci. Les différences de R entre le
peuplement éclairci et le peuplement
non éclairci variaient avec le temps. Une
corrélation significative entre la Rs horaire
etlaT,etle W, n'a éteé établie que dans le
peuplement éclairci.
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Introduction

Forests exchange significant amounts of greenhouse gases with the atmosphere, and store
large amounts of carbon (C) (Kasischke and Stocks 2000). Boreal forests contain about 26%
of the world’s terrestrial carbon, equivalent to 644 Gt C, of which 80% to 90% is stored in soil
(Wissenschaftlicher Beirat der Bundesregierung Globale Umweltveranderungen (WBGU) 1998).
Surface respiration (R;) in boreal systems transfers about 322 g C m2 year' to the atmosphere
(Raich and Schlesinger 1992), and is affected by forest management (Price et al. 1996; Londo
et al. 1999), e.g., precommercial thinning. It is particularly sensitive to soil temperature (T;)
in environments with low mean annual soil temperature (Morén and Lindroth 2000), such as
Newfoundland. Understanding the effect of disturbances on carbon fluxes and stocks is a
prerequisite for modeling Canadian boreal forest dynamics (Li and Apps 1995) and for estimating
forest carbon stocks and fluxes with the atmosphere (Kurz et al. 1998).

Balsam fir (Abies balsamea (L.) Mill.) is the dominant forest cover of western Newfoundland
(Wilton and Evans 1974). Balsam fir regeneration following disturbance is often very dense.
Stockings of 35 000—-148 000 stems/ha have been reported for young balsam fir stands (McArthur
1965, Karsh et al. 1994, Moroni et al. 2005), with an average density of about 50 000 stems/ha in
Newfoundland (Corner Brook Pulp and Paper Ltd. 1998). Newfoundland balsam fir regeneration
is often precommercially thinned at 10-20 years of age, reducing stem densities to approximately
2000 stems ha™ (Corner Brook Pulp and Paper Ltd. 1998). Unthinned stands self-thin gradually,
decreasing the density of live stems over the life of the stand, a process well described for balsam
fir (e.g., Bégin et al. 2001, Pothier 2002). Precommercial thinning (PCT) reduces subsequent
self-thinning mortality and accelerates diameter growth of residual trees, shortening the rotation
length required to generate merchantable yields (Petersen et al. 1992; Koga et al. 2002). Between
1976 and 2005, ~69 000 ha of Newfoundland balsam fir was precommercially thinned and rates
of precommercial thinning are currently about 2650 ha year' (Moroni 2006).

Although the effect of commercial thinning on surface respiration has been studied (e.g., Tang et
al. 2005; Vesala et al. 2005; Concilio et al. 2006), the impact of precommercial thinning on total
surface respiration has received little attention. Most examinations of surface respiration have
focused on a small portion of the diurnal cycle, usually examining daytime respiration rates only.
Those that have examined surface respiration over diurnal cycles have done so in mature forests
(e.g., Moosavi and Crill 1997, Morén and Lindroth 2002, Shibistova et al. 2002). In general, soil
temperature and soil moisture regimes are major controls of surface respiration (Schlentner and
van Cleve 1985). The aim of this study is to examine surface respiration, soil temperature, and
soil moisture potential (W) in adjacent thinned and unthinned Newfoundland balsam fir over a
diurnal cycle during the growing season.
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Table 1. Soil characteristics of the study site

pH in Total N Total C
Horizon CaCl, (mg g) (mg g) C:N
LFH 3.4 6.100 305.6 27.5
Ae 4.5 0.013 5.9 114
Bhf/Bf 4.8 0.067 17.2 14.9
BC 4.9 0.003 3.2 12.3

Materials and Methods

Site description and sampling

A site was selected for study in the vicinitiy of Deer Lake, western Newfoundland, Canada (N
49°07°19”, W 057°18°08”). The site is located within the Boreal Shield Ecozone characterized by
a continental climate with a mean annual temperature of 3.3°C (normals 1971-2000), and a mean
annual precipitation ranging from 1000 mm to 1200 mm (Environment Canada 2006). The soil is
classified as Orthic Humo-Ferric Podzol (Table 1), and is part of the Birchy Ridge Soil Association,
characterized by moderately coarse-textured morainal deposits (Kirby et al. 1992).

In 1992, a 60- to 80-year-old Pleurozium—balsam fir forest was clearcut and left to regenerate
naturally to balsam fir. In July 2001, a 30 x 30 m plot was precommercially thinned, reducing
stem density from 68 000 stems ha' to 2778 stems ha'. An adjacent plot of the same size
was left unthinned. Total surface respiration was measured at three random locations, and soil
temperature and soil moisture potential were measured at four locations within each plot. Total
surface respiration was measured using a portable gas chromatograph (EGM Environmental Gas
Monitor; PP Systems, USA) from PVC collars (@ = 0.103 m) inserted 2 cm into the organic layer
in May 2002. Surface respiration measurements were taken hourly over a 24-h period on 15-16
July 2002 (Julian days 196—197). Soil temperature and soil moisture potential were measured at
the interface of the organic and mineral soil layers (~5 cm depth) every 10 minutes using Type
T thermocouple wire and Campbell Scientific Model 253 Soil Moisture Probes, and averaged
hourly.

Statistical analysis

Soil moisture potential data required squaring to achieve normal distribution. Differences between
stands for all variables were determined using the Independent Samples T-Test. Where correlation
analysis was significant (Pearson correlation coefficient), linear and non-linear regression analysis
was performed using SPSS version 12.0 (SPSS Inc. 2003). Where applicable, equations of the
data transformation and the transformed data regression models were combined to yield the
stated regression models.
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Results
25 40
. —e— T thinned
Soil measurements —o— T, unthinned
Average hourly soil temperature 20 1 DO

—O— Wgunthinned - 30

showed a high diurnal variation and
peaked around 1500 h at 26.2°C and
25.3°C in the thinned and unthinned
stand, respectively (data not shown).

In both stands, the lowest hourly
soil temperature of 10.5°C was 51 [
measured around 0500 h. Average W

soil temperatures between the o
thinned and unthinned plots were 2500
not significantly different (T-Test; P >
0.05; data not shown). The thinned
stand had significantly higher average
hourly soil temperature than the
unthinned stand (7-Test; P < 0.001;
Fig. 1a). Soil moisture potential was
significantly lower in the thinned
stand than in the unthinned stand (7-
Test; P <0.001; Fig. 1a).
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Figure 1. Hourly (A) T_and ¥_(n = 4), and (B) R (n = 3) for
one diurnal period 15—-16 July 2002. + Bars denote
standard error.

Table 2. Linear and non-linear regression analysis of hourly surface respiration (R)
and soil temperature (T ) or soil moisture potential (¥ ). Applied regression
models are shown with regression coefficients a and b, and r2a dusted”
Parentheses contain standard errors of regression coefficients

Stand Model a b n r2 P

adjusted

Thinned R,=a+b*T, -726.28 (404.36) 131.45(26.63) 25 0.493 < 0.001
R,=a+b*log10 W_ 1569.07 (78.29) -10.54 (2.45) 25 0.421 < 0.001

Note: Values used in the analyses were the means of each stand.
Units: R [mg CO, m? h"], T_[°C], W, [kPa]
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Figure 2. Relationship between hourly R_and (a) average hourly T_and (b) ¥ during diurnal measurements
15—-16 July 2002. Lines depict results of regression analysis (see Table 2): e Thinned (solid
line) o Unthinned. n.b., different scales of the X-axes.

Surface respiration

Throughout the 24-h period, average hourly surface respiration rates in the thinned stand were
significantly lower than in the unthinned stand (7-Test; P < 0.001; Fig. 1b). In the thinned stand,
maximum rates occurred between 1300 and 1400 h (1770 mg CO, m?2 h'"), and then decreased
to a minimum of 1003 mg m2 h™" at 0700 h (Fig. 1b). In the unthinned stand, maximum rates of
surface respiration were measured at 0800 h, shortly after the minimum efflux of 1317 mg CO,
m2 h'at 0500 h (Fig. 2b). Throughout the night (2100-0500 h), fluctuations in surface respiration
were large in the unthinned stand (Fig. 1b). Surface respiration was significantly positively related
to T, (P < 0.001; Fig. 2a, Table 1) and soil moisture potential (P < 0.001; Fig. 2b, Table 2) only in
the thinned stand.

Discussion

Average hourly surface respiration was significantly higher in the unthinned plot than in the
thinned plot, which is probably a consequence of reduced overstory root respiration following
thinning. Surface respiration also varied significantly with time at both sites, where differences
between the thinned and unthinned plots differed temporally (Fig. 1b). Differences between
thinned and unthinned plots were largest between 0700 h and 1100 h and least between 1200 h
and 2100 h. Differences between treatments transitioned from large to small during “business
hours” (~0900 h to 1700 h) when surface respiration is commonly measured (e.g., Striegl and
Wickland 1998, Hanson et al. 1993). Thus, extrapolating differences between unthinned and
thinned forest surface respiration, measured over a small component of the diurnal cycle, to 24-h
periods, potentially introduces errors by not accounting for relative temporal differences between
harvested and unharvested surface respiration. As business hours were dominated by the period
of least differences between thinned and unthinned plots, surface respiration measurements
taken over this time will underestimate the effect of thinning on surface respiration.
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Only diurnal surface respiration in the thinned plot was correlated with soil temperature and
moisture (Fig. 2a, Table 2). Surface respiration in unthinned balsam fir is dominated by root
respiration (Lavigne et al. 2003). The large increase in unthinned surface respiration after sunrise
(0500 h to 0800 h) is probably increasing root respiration associated with increasing tree metabolic
activity as the sun rises, as respiration is driven by current photosynthesis (Hogberg et al. 2001).
Microbial respiration is positively correlated with soil temperature (Alexander 1961) and negatively
correlated with soil moisture potential (Orchard and Cook 1983). Thinning removed 98% of live
trees and associated root respiration, increasing the proportion of microbial respiration in surface
respiration. Microbial-dominated surface respiration likely explains the positive relationship
between surface respiration and soil temperature (Fig. 2a, Table 2) and the negative relationship
between surface respiration and soil moisture potential (Fig. 2b, Table 2) in the thinned stand. As
forest harvesting also kills overstory tree roots, the impact of harvesting on surface respiration is
likely to be similar to that of precommercial thinning.

Diurnal patterns in surface respiration between forested and harvested or thinned sites are likely
to differ due to differing proportions of root and microbial respiration. When comparing surface
respiration from forested and harvested plots, differences over the entire diurnal cycle require
consideration.

Acknowledgments

We thank Dr. E. Doyle Wells for providing technical support and E. Thomas Scheuner for help
with site establishment and the Government of Canada Program for Energy Research and
Development for funding.



Impact of Precommercial Thinning...

References

Alexander, M. 1961. Introduction to Soil Microbiology. John Wiley & Sons Inc., New York, NY.

Bégin, E., Bégin, J., Belanger, L., Rivest, L., and Tremblay, S. 2001. Balsam fir self-thinning relationship
and its constancy among different ecological regions. Canadian Journal of Forest Research 31:
950-959.

Canada Soil Survey Committee. 1978. The Canadian System of Soil Classification. Canada Department
of Agriculture, Ottawa, ON. Publication 1646.

Concilio, A., Ma, S., Ryu, S.-R., North, M., and Chen, J. 2006. Soil respiration response to experimental
disturbances over 3 years. Forest Ecology and Management 228: 82—90.

Corner Brook Pulp and Paper Ltd. 1998. Forest management planning and operating practices. CBPP,
Corner Brook, NL.

Environment Canada. 2006. Climate normals for Deer Lake Airport, NL. 1971-2000. Extracted 09/2006
from: http://www.climate.weatheroffice.ec.gc.ca/climate_normals/index_e.html.

Hanson, P.J., Wullschleger, S.D., Bohlman, S.A., and Todd, D.E. 1993. Seasonal and topographic
patterns of forest floor CO, efflux from an upland oak forest. Tree Physiology 13: 1-15.

Hogberg, P., Nordgren, A., Buchmann, N., Taylor, A.F.S., Ekbard, A., Hogberg, M.N., Nyberg,
G. Ottosson-Lofvenius., Read, D.J. 2001. Large-scale forest girdling shows that current
photosynthesis drives soil respiration. Nature 411: 789-792.

Karsh, M.B., Lavigne, M.B., and Donnelly, J.G. 1994. Growth responses of the balsam fir and black
spruce spacing trials. Natural Resources Canada, Canadian Forest Service — Atlantic Forestry
Centre Information Report N-X-291.

Kasischke, E.S., and Stocks, B.J., editors. 2000. Fire, climate change, and carbon cycling in the boreal
forest. Ecological Studies, Vol. 138. Springer Verlag Inc., New York, NY.

Koga, S., Zhang, S.Y., and Bégin, J. 2002. Effects of precommercial thinning on annual radial growth and
wood density in balsam fir Abies balsamea. Wood Fiber Science 34: 625-642.

Kirby, G., Guthrie, K., and Hender, F. 1992. Soils of the Sandy Lake—Bay of Islands Area, western
Newfoundland. Department of Forestry and Agriculture, Soil Land Management Division,
Newfoundland Soil Survey, St. John'’s, NL. Report No. 11.

Kurz, W.A., Beukema, S.J., and Apps, M.J. 1998. Carbon budget implications of the transition from natural
to managed disturbance regimes in forest ecosystems. Mitigation and Adaptation Strategies for
Global Change 2: 405-421.

Lavigne, M.B., Boutin, R., Foster, R.J., Goodine, G., Bernier, P.Y., and Robitaille, G. 2003. Soil
respiration responses to temperature are controlled more by roots than by decomposition in balsam
fir ecosystems. Canadian Journal of Forest Research 33: 1744-1753.

Li, C., and Apps, M.J. 1995. Disturbance impacts on forest temporal dynamics. Water, Air, and Soil Pollution
82(1-2): 429-436.

Londo, A.J., Messina, M.G., and Schoenholtz, S.H. 1999. Forest harvesting effects on soil temperature,
moisture, and respiration in a bottomland hardwood forest. Soil Science Society of America Journal
63: 637-644.

MacArthur, J.D. 1965. A release experiment in dense ten-year-old balsam fir in Gaspé. Pulp and Paper
Magazine of Canada 66: 395—-400.

Moosavi, S.C., and Crill, P.M. 1997. Controls on CH, and CO, emissions along two moisture gradients in
the Canadian Boreal Zone. Journal of Geophysical Research 102 (D24): 29261-29278.



Hagemann et al. (2008) M-X-223E

Morén, A.-S., and Lindroth, A. 2000. CO, exchange at the floor of a boreal forest. Agricultural and Forest
Meteorology 101: 1-14.

Moroni, M.T. 2006. Disturbance history affects dead wood abundance in Newfoundland boreal forests.
Canadian Journal of Forest Research 36: 3194-3208.

Moroni, M.T., Smeaton, C.M., and Pike, B. 2005. Litter decomposition, biomass, and nutrient content in
western Newfoundland balsam fir forests. Natural Resources Canada, Canadian Forest Service
- Atlantic Forestry Centre Information Report M-X-217E.

Orchard, V.A., and Cook, F.J. 1983. Relationship between soil respiration and soil moisture. Soil Biology
and Biochemistry 15(4): 447—453.

Petersen, K.L., Fuchs, M., Moreshet, S., Cohen, Y., and Sinoquet, H. 1992. Computing transpiration of
sunlit and shaded cotton foliage under variable water stress. Agronomics Journal 84: 91-97.

Pothier, D. 2002. Twenty-year results of precommercial thinning in a balsam fir stand. Forest Ecology and
Management 168: 177-186.

Price, D.T., Mair, R.M., Kurz, W.A., and Apps, M.J. 1996. Effects of forest management, harvesting and
wood processing on ecosystem carbon dynamics: a boreal case study. Pages 279-292 in M.J. Apps
and D.T. Price, editors. Forest ecosystems, forest management and the global carbon cycle. NATO
ASI Series 1: Global Environmental Change, Vol. 40. Springer-Verlag, Heidelberg, Germany.

Pumpanen, J., Westman, C.J., and llvesniemi, H. 2004. Soil CO, efflux from a podzolic forest soil before
and after forest clear-cutting and site preparation. Boreal Environment Research 9: 199-212.

Raich, J.W., and Schlesinger, W.H. 1992. The global carbon dioxide flux in soil respiration and its
relationship to vegetation and climate. Tellus 43b: 81-99.

Schlentner, R. E., and van Cleve, K. 1985. Relationships between CO, evolution from soil, substrate
temperature, and substrate moisture in four mature forest types in interior Alaska. Canadian Journal
of Forest Research 15: 97-106.

Shibistova, O., Lloyd, J., Evgrafova, S., Savushkina, N., Zrazhevskaya, G., Arneth, A., Knohl, A.,
Kolle, O., and Schulze, E.-D. 2002. Seasonal and spatial variability in soil CO, efflux rates for a
central Siberian Pinus sylvestris forest. Tellus 54b: 552-567.

Striegl, R.G., and Wickland, K.P. 1998. Effects of clear-cut harvest on soil respiration in a jack pine—lichen
woodland. Canadian Journal of Forest Research 28: 534—-539.

Tang, J., Qi, Y., Xu, M., Mission, L., and Goldstein, A.H. 2005. Forest thinning and soil respiration in a
ponderosa pine plantation in the Sierra Nevada. Tree Physiology 25: 57—66.

Vesala, T,, Suni, T., Rannik, U., Keronen, P., Markkanen, T., Sevanto, S., Gronholm, T., Smolander,
S., Kulmala, M., llvesniemi, H., Ojansuu, R., Uotila, A., Levula, J., Makeld, A., Pumpanen,
J., Kolari, P., Kulmala, L., Altimir, N., Berninger, F., Nikinmaa, E., and Hari, P. 2005. Effect
of thinning on surface fluxes in a boreal forest. Global Biogeochemistry Cycles 19, GB2001,
doi.10.1029/2004GB002316.

Wissenschaftlicher Beirat der Bundesregierung Globale Umweltveranderungen. 1998. The accounting
of biological sinks and sources under the Kyoto Protocol: a step forwards or backwards for global
environmental protection? German Advisory Council on Global Change (WBGU). Special Report.

Wilton, W.C., and Evans, C.H. 1974. Newfoundland forest fire history 1619—1960. Natural Resources
Canada, Canadian Forest Service - Atlantic Forestry Centre Information Report N-X-116.

10



