
We are unable to supply this entire article because the publisher requires 
payment of a copyright fee.  You may be able to obtain a copy from your 
local library, or from various commercial document delivery services.  
 
From Forest Nursery Notes, Summer 2013 
 

71. © Variation in logging debris cover influences competitor abundance, resource 
availability, and early growth of planted Douglas-fir. Harrington, T. B., Slesak, R. A., 
and Schoenholtz, S. H. Forest Ecology and Management 296:41-52. 2013.  

 



Forest Ecology and Management 296 (2013) 41–52
Contents lists available at SciVerse ScienceDirect

Forest Ecology and Management

journal homepage: www.elsevier .com/locate / foreco
Variation in logging debris cover influences competitor abundance, resource
availability, and early growth of planted Douglas-fir

Timothy B. Harrington a,⇑, Robert A. Slesak b,1, Stephen H. Schoenholtz c,2

a USDA Forest Service, Pacific Northwest Research Station, 3625 93rd Avenue Southwest, Olympia, WA 98512-9193, USA
b Minnesota Forest Resources Council, 2003 Upper Buford Circle, St. Paul, MN 55108, USA
c Virginia Water Resources Research Center, College of Natural Resources and Environment, Virginia Tech, 210 Cheatham Hall (0444), Blacksburg, VA 24061-0001, USA

a r t i c l e i n f o
Article history:
Received 9 November 2012
Received in revised form 8 January 2013
Accepted 21 January 2013
Available online 6 March 2013

Keywords:
Vegetation management
Soil productivity
Microclimate
0378-1127/$ - see front matter Published by Elsevier
http://dx.doi.org/10.1016/j.foreco.2013.01.033

⇑ Corresponding author. Tel.: +1 360 753 7674; fax
E-mail addresses: tharrington@fs.fed.us (T.B. Ha

(R.A. Slesak), stephen.schoenholtz@vt.edu (S.H. Schoe
1 Tel.: +1 651 603 6756.
2 Tel.: +1 540 231 0711.
a b s t r a c t

Logging debris remaining after timber harvest can modify the microclimate and growing conditions for
forest regeneration. Debris also can influence tree seedlings indirectly through its effects on development
of competing vegetation, although the mechanisms are poorly understood. At two sites in Washington
and Oregon (USA) that differed in availability of soil water and nutrients, mechanisms were studied by
which logging debris and competing vegetation interacted to influence performance of planted Doug-
las-fir (Pseudotsuga menziesii (Mirb.) Franco var. menziesii) seedlings. In a split-plot design, two levels
of competing vegetation (presence and absence) and three covers of logging debris (0%, 40%, and 80%)
were replicated eight times at each site on 2 � 2-m areas centered on individual Douglas-fir seedlings.
Vegetation abundance, seedling growth, and resource availability were monitored for 4 years (2005–
2008). Soil water depletion was lower and Douglas-fir water potential and foliar nitrogen were higher
in the absence of competing vegetation, resulting in increased seedling growth. The highest seedling
growth rates and foliar nitrogen contents occurred where absence of vegetation was combined with
80% debris cover. Where competing vegetation was present, 40% debris cover was associated with
decreases in herb cover and soil water depletion and increases in seedling growth relative to 0% or
80% debris covers. At the Washington site where soil quality was lower, the combination of presence
of vegetation and 80% debris cover was associated with a 2.4 �C average reduction in summer soil tem-
peratures at 15 cm depth, reduced foliar nitrogen content, and the slowest rates of seedling growth.
Potential effects of logging debris, such as mulching (i.e., reduced evaporation of soil water) and intercep-
tion loss (i.e., reduced precipitation inputs), were minor to non-detectable from sensors buried at 20–
40 cm soil depth. Results of the research suggest that retention of moderate levels of logging debris
(i.e., 40% cover) after forest harvesting in the Pacific Northwest is likely to increase early growth of Doug-
las-fir by increasing soil water availability through reduced herb abundance. Where intensive vegetation
control is practiced, retention of higher debris levels (i.e., 80% cover) may provide further benefits to
seedling growth.

Published by Elsevier B.V.
1. Introduction

Management of competing vegetation is a primary silvicultural
strategy for focusing productivity of forest sites on the desired tree
species (Balandier et al., 2006). Limited site resources are chan-
neled effectively to the crop, accelerating production of biomass
and shortening the period until economic and other values can
be realized (Walstad and Kuch, 1987). Observations of significant
benefits from competing vegetation control to survival and growth
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of tree seedlings are consistent throughout North America (Flem-
ing et al., 2006) and other areas of commercial forest production
in the world (Wagner et al., 2006). During the early years of forest
development, vegetation control increases availability of growth-
limiting soil resources, especially water and nutrients (Harrington
and Tappeiner, 1991; Zutter et al., 1999; Dinger and Rose, 2009).
Thus, an understanding of the mechanisms by which competing
vegetation limits performance of tree seedlings is critical to the
efficient practice of forest vegetation management.

Forest productivity research has identified interactions between
competing vegetation and logging debris that occur soon after for-
est harvesting. In general, retention of logging debris in temperate
zone forests inhibits development of herbaceous, and sometimes
woody, species. This finding has been reported for a wide range
of forest ecosystems including mixed stands of balsam fir (Abies
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