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Abstract 

In forestry, the purpose of site preparation is to ameliorate environmental conditions which limit tree seedling
survival and growth.  In subalpine and boreal forests, low soil temperature in particular is widely held to be a major
limiting factor and frequently cited as rationale for the widespread use of site preparation prior to planting.
However, the literature suggests that under field conditions higher soil temperatures and/or site preparation are not
always associated with improvements in tree seedling performance.  The purpose of this bibliography is to compile
studies that may help to clarify the effects of soil temperature and site preparation on subalpine and boreal species.
The bibliography contains more than 300 references and emphasizes North American experience, but has been sup-
plemented with related studies from Fennosandia.

Résumé 

En foresterie, la préparation du terrain vise à améliorer les conditions environnementales qui limitent la survie
et la croissance des semis. Dans les forêts subalpines et boréales, la basse température du sol en particulier est large-
ment reconnue comme étant un important facteur limitant et est souvent invoquée pour justifier la pratique général-
isée de la préparation du terrain avant la plantation. Cependant, il ressort des publications sur le sujet que, dans des
conditions naturelles, une température du sol plus élevée conjuguée ou non à la préparation du terrain ne contribue
pas toujours à améliorer le rendement des semis. La présente bibliographie est une compilation des études qui peu-
vent aider à clarifier les effets de la température du sol et de la préparation du terrain sur les essences subalpines et
boréales. Les 300 références qu’elle contient sont surtout tirées de l’expérience nord-américaine, mais elles ont été
complétées par des études connexes de la Fennoscandie.

Acknowledgements

The authors thank Tom Bown, Barbara Hendel, and Alice Solyma (Pacific Forestry Centre) for their assistance
in locating publications.  Thanks also to Steve Glover for editorial comments and to Darwin Burgess, Chris Lee,
and Roger Whitehead (Pacific Forestry Centre) for helpful review comments.



1

1  Introduction

In forestry, ‘site preparation’ is the treatment of harvested sites to remove or disturb logging slash, vegetation,
forest floor materials, or soil prior to tree seedling regeneration.  Methods commonly used include controlled burn-
ing, machine-based disturbances such as scarification, trenching, or the creation of mineral soil mounds, and the
removal of vegetation using herbicides, manual brushing, or steam treatment.  Regardless of the method used, the
purpose of site preparation is to overcome limitations to the survival and growth of tree seedlings by creating a suf-
ficient number of suitable, well-spaced growing sites.  Thus, the use of site preparation implies that the factors lim-
iting the survival and growth of a given tree species on a given site are understood and require amelioration to
achieve acceptable seedling performance.  Depending on the site and the method of site preparation employed, fac-
tors which may be modified by site preparation include soil temperature, soil water, soil aeration, soil nutrient avail-
ability, vegetation competition (for light, nutrients, water, or space), and the susceptibility of tree seedlings to vege-
tation press, pests, or frost.

Low soil temperature in particular is widely held to be a major limiting factor to the performance of tree species
in subalpine and boreal forests, and therefore frequently cited as rationale for the widespread use of site preparation
before planting.  However, although controlled studies have shown that soil temperature can be a potentially impor-
tant factor in the performance of subalpine and boreal tree species, under field conditions higher soil temperatures
or site preparation are not always associated with improvements in tree seedling performance.  Although the reasons
for this are not known, this situation might arise because:  i) site preparation may not always result in a difference in
soil temperature between site-prepared and control areas that is large enough, long enough in duration, or in the
range to be physiologically important; or ii) tree species responses to soil temperature typically observed in the lab-
oratory under otherwise generally favourable conditions may not always be realized in the field because of acclima-
tion effects or because other factors such as high vapour pressure deficits (which restrict photosynthesis) may limit
the response to improved soil temperatures.

The purpose of this bibliography is to compile studies that may help to i) clarify the effects of soil temperature
on subalpine and boreal species under controlled conditions and in the field, and ii) aid in the identification of sites
and conditions in which site preparation may not be particularly effective in improving the performance of planted
seedlings in subalpine or boreal climates.  Section 2 comprises studies focusing on the effects of soil temperature on
tree species in the absence of site preparation, and includes both controlled laboratory and nursery studies (Section
2.1)1 and field studies conducted in subalpine and boreal climates (Section 2.2).  Because inherent mechanistic
responses to soil temperature are explored, studies of all life stages, from first-year to maturity, have been included.
Section 3 represents the operational field perspective, and consists of studies of the effects of site preparation on the
performance of planted seedlings in subalpine and boreal climates.  Soil temperature was measured in some but not
all of the site preparation studies presented.  Section 4 contains a list of recommended reading of review articles and
other literature describing important principles of tree seedling establishment, soil temperature, and site preparation.
Citations are listed alphabetically by author within Sections 2, 3, and 4, and then indexed by species in Section 5.

The site preparation portion of the bibliography (Section 3) emphasizes North American experience, but this
data base has been supplemented with related studies from Fennosandia where readily accessible and where at least
an abstract was available in English. Additional relevant titles are available in the reference or literature cited sec-
tions of those Fennosandian studies which have been included. Although we have borrowed heavily from
Fennosandian experience in the development of site preparation practices for planted stock in North America,
research and communication of the effects of site preparation on subalpine and boreal species has increased
markedly in North America in the last 15-years (Figure 1).

1 Controlled studies are generally only included where soil temperature was manipulated independently of air temperature.



Criteria used for inclusion or exclusion of field studies in the bibliography were as follows.  Field studies were
generally considered subalpine or boreal and therefore included if carried out in the Dfc region defined by the
Köppen-Geiger global system of climate classification2.  However, because the boundaries for the Dfc region are
somewhat coarsely resolved, inclusion or exclusion of studies from Canada and Fennosandia was based more
specifically on the climatic divisions of Rowe (1972)3 for Canada and Ahti et al. (1968)4 for Fennosandia.  The
exception in Canada was the province of British Columbia where, due to the complex distribution of forest types, a
more detailed provincial ecosystem classification system was used (Meidinger and Pojar 1991)5.
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Figure 1. Chronology of the number of North American studies available regarding
the effects of site preparation on planted stock in subalpine and boreal 
climates (source:  Section 3).

2 Refer to:  Strahler, A., and Strahler, A. 1997. Physical geography: science and systems of the human environment. John
Wiley & Sons, Inc., New York, pp. 188-189.

3 Rowe, J.S. 1972. Forest regions of Canada. Publ. 1300, Can. For. Serv., Ottawa, Ont., 172 pp. [subalpine and boreal forest
regions considered]

4 Ahti, T., Hämet-Ahti, L., and Jalas, J. 1968. Vegetation zones and their sections in northwestern Europe. Ann. Bot. Fenn. 5:
169-211. [southern, middle, and northern boreal forest regions considered]

5 Meidinger, D., and Pojar, J. (Compilers and Editors). 1991. Ecosystems of British Columbia. Spec. Rep. Ser. 6, B.C. Min.
For., Res. Br., Victoria, B.C., 330 pp. [Engelmann Spruce-Subalpine Fir (ESSF), Boreal White and Black Spruce (BWBS),
and Sub-Boreal Spruce (SBS) zones considered]



2  Response to soil temperature in the absence of site preparation

2.1  Controlled laboratory and nursery studies

1 Andersen, C.P.; Sucoff, E.I.; Dixon, R.K. 1986. Effects of root zone temperature on root initiation and
elongation in red pine seedlings. Canadian Journal of Forest Research 16: 696-700.

2 Aubin, L. 1974. Overwintering container conifers in prairie Canada. in Proceedings of the International Plant
Propagators’ Society 24: 466-469.

3 Bigras, F.J. 1997. Root cold tolerance of black spruce seedlings: viability tests in relation to survival and
regrowth. Tree Physiology 17: 311-318.

4 Bigras, F.J.; Calmé, S. 1994. Viability tests for estimating root cold tolerance of black spruce seedlings.
Canadian Journal of Forest Research 24: 1039-1048.

5 Camm, E.L.; Harper, G.J. 1991. Temporal variations in cold sensitivity of root growth in cold-stored white
spruce seedlings. Tree Physiology 9: 425-431.

6 Chalupa, V.; Fraser, D.A. 1968. Effect of soil and air temperature on soluble sugars and growth of white
spruce (Picea glauca) seedlings. Canadian Journal of Botany 46: 65-69.

7 Chapin, F.S. III; van Cleve, K.; Tryon, P.R. 1986. Relationship of ion absorption to growth rate in taiga trees.
Oecologia 69: 238-242.

8 Coleman, M.D.; Hinckley, T.M.; McNaughton, G.; Smit, B.A. 1992. Root cold hardiness and native
distribution of subalpine conifers. Canadian Journal of Forest Research 22: 932-938.

9 6Colombo, S.J. 1994. Timing of cold temperature exposure affects root and shoot frost hardiness of Picea
mariana container seedlings. Scandinavian Journal of Forest Research 9: 52-59.

10 Coursolle, C.; Bigras, F.J.; Margolis, H.A. 2000. Assessment of root freezing damage of two-year-old white
spruce, black spruce and jack pine seedlings. Scandinavian Journal of Forest Research 15: 343-353.

11 DeLucia, E.H. 1986. Effect of low root temperature on net photosynthesis, stomatal conductance and
carbohydrate concentration in Engelmann spruce (Picea engelmannii Parry ex Engelm.) seedlings. Tree
Physiology 2: 143-154.

12 DeLucia, E.H.; Day, T.A.; Öquist, G. 1991. The potential for photoinhibition of Pinus sylvestris L. seedlings
exposed to high light and low soil temperature. Journal of Experimental Botany 42: 611-617.

13 Dobbs, R.C.; McMinn, R.G. 1977. Effects of scalping on soil temperature and growth of white spruce
seedlings. Pages 66-73 in Proceedings of the 6th Annual British Columbia Soil Science Workshop: Energy,
Water and the Physical Environment. Edited by T. A. Black. British Columbia Ministry of Agriculture,
Victoria, British Columbia..
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6 Root temperature was not manipulated independently of shoot temperature in this study.  However, shoots (but not roots)
were covered during the freezing test, and the resulting root damage was assessed after 2 weeks.



14 Domisch, T.; Finér, L.; Lehto, T. 2001. Effects of soil temperature on biomass and carbohydrate allocation in
Scots pine (Pinus sylvestris) seedlings at the beginning of the growing season. Tree Physiology 21: 465-472.

15 Gibbons, F.D. III. 1983. The effects of mulches and antitranspirants on winter injury of evergreens. American
Nurseryman 157: 47-55.

16 Grossnickle, S.C. 1987. Influence of flooding and soil temperature on the water relations and morphological
development of cold-stored black spruce and white spruce seedlings. Canadian Journal of Forest Research 17:
821-828.

17 Grossnickle, S.C. 1988. Planting stress in newly planted jack pine and white spruce. 1. Factors influencing
water uptake. Tree Physiology 4: 71-83.

18 Grossnickle, S.C.; Blake, T.J. 1985. Acclimation of cold-stored jack pine and white spruce seedlings: effect
of soil temperature on water relation patterns. Canadian Journal of Forest Research 15: 544-550.

19 Harper, G.J.; Camm, E.L. 1993. Effects of frozen storage duration and soil temperature on the stomatal
conductance and net photosynthesis of Picea glauca seedlings. Canadian Journal of Forest Research 23:
2459-2466.

20 Heninger, R.L.; White, D.P. 1974. Tree seedling growth at different soil temperatures. Forest Science 20:
363-367.

21 Iivonen, S.; Rikala, R.; Ryyppö, A.; Vapaavuori, E. 1999. Responses of Scots pine (Pinus sylvestris)
seedlings grown in different nutrient regimes to changing root zone temperature in spring. Tree Physiology
19: 951-958.

22 Karlsson, P.S.; Nordell, K.O. 1996. Effects of soil temperature on the nitrogen economy and growth of
mountain birch near its presumed low temperature distribution limit. Ecoscience 3: 183-189.

23 King, J.S.; Pregitzer, K.S.; Zak, D.R. 1999. Clonal variation in above- and below-ground growth responses of
Populus tremuloides Michaux: influence of soil warming and nutrient availability. Plant and Soil 217: 119-
130.

24 Krasowski, M.J.; Letchford, T.; Caputa, A.; Bergerud, W.A. 1995. Desiccation of white spruce seedlings
planted in the southern boreal forest of British Columbia. Water Air and Soil Pollution 82: 133-146.

25 Krasowski, M.J.; Letchford, T.; Caputa, A.; Bergerud, W.A.; Ott, P.K. 1996. The susceptibility of white
spruce seedlings to overwinter injury and their post-injury field responses. New Forests 12: 261-278.

26 Kuhn, A.J.; Schröder, W.H.; Bauch, J. 2000. The kinetics of calcium and magnesium entry into mycorrhizal
spruce roots. Planta 210: 488-496.

27 Landhäusser, S.M.; Lieffers, V.J. 1998. Growth of Populus tremuloides in association with Calamagrostis
canadensis. Canadian Journal of Forest Research 28: 396-401.

28 Landhäusser, S.M.; Wein, R.W.; Lange, P. 1996. Gas exchange and growth of three arctic tree-line tree
species under different soil temperature and drought preconditioning regimes. Canadian Journal of Botany
74: 686-693.

29 Landhäusser, S.M.; DesRochers, A.; Lieffers, V.J. 2001. A comparison of growth and physiology in Picea
glauca and Populus tremuloides at different soil temperatures. Canadian Journal of Forest Research 31: 1922-
1929.
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30 Lawrence, W.T.; Oechel, W.C. 1983. Effects of soil temperature on the carbon exchange of taiga seedlings. I.
Root respiration. Canadian Journal of Forest Research 13: 840-849.

31 Lawrence, W.T.; Oechel, W.C. 1983. Effects of soil temperature on the carbon exchange of taiga seedlings.
II. Photosynthesis, respiration, and conductance. Canadian Journal of Forest Research 13: 850-859.

32 Lieffers, V.J.; Rothwell, R.L. 1986. Effects of depth of water table and substrate temperature on root and top
growth of Picea mariana and Larix laricina seedlings. Canadian Journal of Forest Research 16: 1201-1206.

33 Lindström, A. 1986. Freezing temperatures in the root zone – effects on growth of containerized Pinus
sylvestris and Picea abies seedlings. Scandinavian Journal of Forest Research 1: 371-377.

34 Lindström, A. 1986. Outdoor winter storage of container stock on raised pallets – effects on root zone
temperatures and seedling growth. Scandinavian Journal of Forest Research 1: 37-47.

35 Lindström, A.; Nyström, C. 1987. Seasonal variation in root hardiness of container-grown Scots pine,
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44 Ryyppö, A.; Iivonen, S.; Rikala, R.; Sutinen, M.-L.; Vapaavuori, E. 1998. Responses of Scots pine seedlings
to low root zone temperature in spring. Physiologia Plantarum 102: 503-512.
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Forests: Building on 50 Years of Research, 6-9 July 1987, Silver Creek, Colorado. Coordinated by C.A.
Troendle, M.R. Kaufmann, R.H. Hamre, and R.P. Winokur. General Technical Report RM-149, United States
Department of Agriculture, Forest Service, Rocky Mountain Forest and Range Experiment Station, Fort
Collins, Colorado.
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2.2  Field studies in subalpine and boreal climates
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3  Response of planted stock to site preparation 
in subalpine and boreal climates
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5  Species index

Individual papers from Sections 2 and 3 of the bibliography are categorized here according to the species or
hybrid studied, as identified by the authors.  Notable in this regard is that, in the genus Picea, citations listed for
P. glauca (white spruce) or P. engelmannii (Engelmann spruce) may in some cases be relevant to the study of
P. glauca x P. engelmannii (“interior” or “hybrid” spruce) and vice versa (for a description of the geographical dis-
tribution of Picea in northern climates, see Grossnickle 2000, Section 4).  Numbers in parentheses denote repeat
citations, i.e., those citations appearing in more than one section or subsection of the bibliography.

Abies procera:  Noble fir
38

Abies amabilis:  Amabilis (Pacific silver) fir
8 (65), 38, 52

Abies lasiocarpa:  Subalpine fir
8 (65), 64, 75, 135, 210, 250

Betula papyrifera:  Paper birch
7, 20, 28, 30, 31, 54, 122, 123

Betula pendula (verrucosa):  European white (silver) birch
171, 233, 234, 238, 246, 285

Betula pubescens:  Mountain birch
22, 59, 60

Larix laricina:  Tamarack
7, 32, 73, 276

Larix siberica:  Siberian larch
171, 174, 233, 234, 240, 285

Picea abies:  Norway spruce
26, 33, 34, 35, 36, 46, 47, 49, 53, 55, 62, 79, 85, 86, 152, 153, 163, 165, 171, 172, 173, 174, 188, 190, 212, 213,
214, 219, 220, 221, 223, 224, 233, 234, 236, 238, 240, 244, 245, 246, 247, 249, 282, 285

Picea engelmannii:  Engelmann spruce
11, 12, 45 (76), 61, 63, 64, 66, 67, 68, 71, 72, 75, 96, 97, 98, 120, 121, 141, 207, 210, 225, 243, 250

Picea glauca:  White spruce
5, 6, 7, 10, 13, 16, 17, 18, 19, 20, 24 (169), 25 (70), 29, 50, 58, 69, 74, 80, 81, 82, 83, 84, 88, 91, 92, 95, 100,
101, 102, 103, 109, 112, 118, 119, 122, 123, 124, 126, 127, 129, 130, 132, 133, 134, 135, 136, 138, 140, 144,
145, 146, 147, 148, 149, 150, 151, 155, 156, 157, 158, 159, 161, 162, 170, 175, 176, 177, 183, 184, 187, 191,
192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 203, 204, 205, 206, 227, 228, 229, 231, 237, 251, 252, 253,
254, 256, 261, 262, 263, 264, 265, 268, 269, 270, 273, 277, 280, 281, 284, 286, 287, 289, 292, 293, 294, 296,
297, 299, 304, 306, 307

Picea glauca x P. engelmannii:  “Interior” or “hybrid” spruce
87, 94, 104, 105, 106, 111, 117, 128, 160, 164, 168, 178, 180, 181, 185, 202, 211, 259, 275, 278, 279, 291, 305

Picea mariana:  Black spruce
3, 4, 7, 9, 10, 16, 28, 32, 54, 73, 77, 105, 106, 114, 118, 119, 143, 147, 166, 191, 206, 227, 228, 229, 232, 239,
258, 260, 265, 266, 270, 271, 272, 274, 276, 283, 288, 296, 297, 298, 299, 300, 301, 302, 303, 309

Pinus banksiana:  Jack pine
10, 17, 18, 20, 70, 74, 77, 105, 114, 118, 119, 143, 147, 148, 149, 159, 183, 208, 226, 227, 228, 229, 232, 265,
266, 267, 270, 271, 272, 274, 283, 293, 297

Pinus contorta:  Lodgepole pine
8 (65), 35, 38, 42, 61, 64, 65, 66, 75, 84, 89, 90, 97, 98, 99, 100, 105, 107, 108, 110, 111, 112, 113, 115, 117,
121, 124, 125, 127, 131, 137, 138, 142, 150, 151, 154, 165, 168, 175, 179, 182, 189, 190, 192, 193, 194, 195,
203, 204, 207, 210, 224, 241, 242, 250, 259, 278, 279, 280, 281, 286, 290, 295, 305, 308

Pinus flexilis:  Limber pine
75

Pinus resinosa:  Red pine
1
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Pinus sylvestris:  Scots pine
2, 12, 14, 15, 21, 33, 34, 35, 36, 37, 39, 40, 41, 43, 44, 46, 47, 48, 51, 53, 55, 78, 79, 85, 86, 93, 142, 143, 154,
165, 171, 172, 174, 186, 190, 209, 215, 216, 217, 218, 219, 221, 222, 230, 233, 234, 235, 236, 238, 240, 244,
245, 246, 247, 248, 249, 257, 282, 285

Populus balsamifera:  Balsam poplar
7, 28, 30, 31, 54

Populus tremuloides:  Trembling aspen
7, 23, 27, 29, 30, 31, 54, 56, 57, 77, 309
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For more information about the Canadian Forest Service, visit our website at
http://www.nrcan.gc.ca/cfs-scf/

or contact any of the following Canadian Forest Service establishments

1. Atlantic Forestry Centre
P.O. Box 4000
Fredericton, NB  E3B 5P7
Tel.: (506) 452-3500 Fax:  (506) 452-3525
http://atl.cfs.nrcan.gc.ca/

Atlantic Forestry Centre – District Office
Sir Wilfred Grenfell College Forestry Centre
University Drive
Corner Brook, Newfoundland A2H 6P9
Tel.: (709) 637-4900 Fax: (709) 637-4910

Laurentian Forestry Centre
1055 rue du P.E.P.S., P.O. Box 3800
Sainte-Foy, PQ  G1V 4C7
Tel.: (418) 648-5788 Fax: (418) 648-5849
http://www.cfl.scf.rncan.gc.ca/ 

Canadian Forest Service Contacts

4. Great Lakes Forestry Centre
P.O. Box 490 1219 Queen St. East
Sault Ste. Marie, ON  P6A 5M7
Tel.:  (705) 949-9461 Fax: (705) 759-5700
http://www.glfc.cfs.nrcan.gc.ca/

Northern Forestry Centre
5320-122nd Street
Edmonton, AB  T6H 3S5
Tel.: (403) 435-7210 Fax: (403) 435-7359
http://nofc.cfs.nrcan.gc.ca/

5. Pacific Forestry Centre
506 West Burnside Road
Victoria, BC  V8Z 1M5
Tel.: (250) 363-0600 Fax: (250) 363-0775
http://www.pfc.cfs.nrcan.gc.ca/

To order publications on-line, visit the Canadian Forest Service Bookstore at:

bookstore.cfs.nrcan.gc.ca
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Headquarters
580 Booth St., 8th Fl.
Ottawa, ON  K1A 0E4
Tel.: (613) 947-7341 Fax: (613) 947-7396
http://www.nrcan.gc.ca/cfs/
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