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Seedling growth and water use of boreal conifers
across different temperatures and near-flooded
soil conditions

Jane M. Wolken, Simon M. Landhäusser, Victor J. Lieffers, and Uldis Silins

Abstract: To test the hypothesis that seedling growth and water use increase with soil temperature and improved soil aera-
tion and vary with species, we evaluated the above- and below-ground growth and water use of seedlings of four northern
boreal conifer species: black spruce (Picea mariana (Mill.) B.S.P.), white spruce (Picea glauca (Moench) Voss), tamarack
(Larix laricina (Du Roi) K. Koch), and lodgepole pine (Pinus contorta Dougl. ex Loud.) grown under different temperature
and near-flooded soil conditions. Seedlings were grown in specialized pots that maintained the water table level at either
15 cm (high water table treatment: very wet) or 30 cm (low water table treatment: moderately wet) below the soil surface,
and whole-seedling transpiration was assessed. Soil temperature (5, 10, or 20 °C) was controlled with a water bath surround-
ing the pots. Although some species were sensitive to the high water table treatment, soil temperature was the driver of
seedling growth and water use. We ranked the ability of the seedlings of the species to tolerate the cold soil conditions ex-
amined as black spruce > lodgepole pine > tamarack > white spruce. The ranking of the ability to tolerate near-flooded
conditions was tamarack and lodgepole pine > black spruce > white spruce.

Résumé : Pour tester l’hypothèse que la croissance et l’utilisation de l’eau par les semis augmentent avec la température du
sol et une meilleure aération du sol, nous avons évalué la croissance aérienne et souterraine et l’utilisation de l’eau par les
semis de quatre espèces boréales de conifère : l’épinette noire (Picea mariana (Mill.) B.S.P.), l’épinette blanche (Picea
glauca (Moench) Voss), le mélèze laricin (Larix laricina (Du Roi) K. Koch) et le pin tordu (Pinus contorta Dougl. ex
Loud.) cultivés à différentes températures dans un sol quasi inondé. Les semis ont été cultivés dans des pots spéciaux qui
maintenaient le niveau de la nappe phréatique soit à 15 cm (niveau de la nappe phréatique élevé : très humide, soit à 30 cm
(niveau de la nappe phréatique bas : modérément humide) sous la surface du sol et la transpiration globale des semis a été
mesurée. La température du sol (5, 10 ou 20 °C) était contrôlée par un bassin d’eau qui contenait les pots. Bien que certai-
nes espèces fussent sensibles au traitement niveau de la nappe phréatique élevé, la température du sol était le facteur qui dé-
terminait la croissance des semis et l’utilisation de l’eau. Nous avons classé les différentes espèces selon leur capacité à
tolérer des conditions de température du sol plus froides. On retrouve dans l’ordre de l’espèce la plus tolérante à la moins
tolérante : l’épinette noire, le pin tordu, le mélèze laricin et l’épinette blanche. De la même façon, selon leur capacité à tolé-
rer des conditions de quasi-inondation, on retrouve sur le même pied, le mélèze laricin et le pin tordu suivis de l’épinette
noire et de l’épinette blanche.

[Traduit par la Rédaction]

Introduction

In the boreal plain of North America, many forest sites are
located on low-lying areas with flat topography and soils of
poor internal drainage. In combination with the cold boreal
climate and low decomposition and low evapotranspiration
rates, anaerobic conditions may develop in the root zone, as
microbial activity is decreased/inhibited (Prescott et al.
2000), resulting in the development of thick organic soils
(Van Cleve et al. 1983; Bonan and Shugart 1989). Further,
wet soils in northern latitudes tend to be cold. Wet soils
have much higher thermal conductivity than dry soils (Oke
1987), which promotes deeper penetration of frost into the

soil profile during the long winters. Thus, warming of wet
soils in the spring is significantly delayed. Forestry practices
that remove leaf area and with that evapotranspiration from
the forest canopy can result in greater soil moisture storage
and elevated water tables (Dubé et al. 1995; Crawford et al.
2003).
Poorly aerated soil conditions resulting from high water ta-

bles are known to reduce tree growth (Levan and Riha 1986;
Lieffers and Rothwell 1986; Grossnickle 1987) and low soil
temperatures decrease root growth (Tryon and Chapin 1983),
slow the rate of nutrient and water uptake (Running and Reid
1980; Grossnickle and Blake 1985), and reduce the rate of

Received 20 May 2011. Accepted 21 June 2011. Published at www.nrcresearchpress.com/cjfr on 9 November 2011.

J.M. Wolken,* S.M. Landhäusser, V.J. Lieffers, and U. Silins. Department of Renewable Resources, University of Alberta, Edmonton,
AB T6G 2H1, Canada.

Corresponding author: Jane M. Wolken (e-mail: jmwolken@alaska.edu).

*Present address: Scenarios Network for Alaska and Arctic Planning, University of Alaska Fairbanks, 3352 College Road, Fairbanks, AK
99709, USA.

2292

Can. J. For. Res. 41: 2292–2300 (2011) doi:10.1139/X11-136 Published by NRC Research Press

C
an

. J
. F

or
. R

es
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
U

S 
Fo

re
st

 S
er

vi
ce

 -
 N

at
io

na
l F

or
es

t S
er

vi
ce

 L
ib

ra
ry

 o
n 

01
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


	233
	12519


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 225
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 225
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




