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Methods

Treatments consisted of seven species and planting types, including 1) bare-root seedlings, 2) tubelings, and 

3) 1 gal pots, which totals 21 (7 x 3) experimental units.  Each site is completely replicated and randomized 

within each planting area and an average of 25 plots were established at each of the three sites (for a total of 

525 plantings per site) (Table 2).  Planting was completed in early March 2009 in conjunction with a 

mesocosm study (not described further here).

Abstract
Poor survival and slow growth rates of planted woody vegetation in forested wetlands have been a major limitation of created forested wetland performance. There are numerous species of woody plants and planting types available for planting, however, few studies 

have addressed how planting material (species and planting type) affects the survival and growth of woody species in created wetlands. The purpose of this study is to evaluate the performance of seven species and four planting types. Species including Betula nigra, 

Liquidambar styraciflua, Platanus occidentalis, Quercus bicolor, Q. palustris, Q. phellos, and Salix nigra were planted as bare root, potted (3.8-L pots), tubeling with soil around the roots, and tubeling without soil around the roots. Three wetland mitigation sites were 

selected for planting in the northern Piedmont physiographic province of Virginia. Planting occurred on March 9-10, 2009 and survivorship and growth (canopy width, stem width at base, and height) of individual trees was monitored immediately after planting and again 

in Aug 17-20, 2009. There were 1596 trees planted and 1375 trees survived the first growing season (86.2% survival). Two-way analysis of variance found L. styraciflua tubelings had the lowest overall survival (57.3%) while Q. bicolor potted and S. nigra potted had the 

highest survival (98.7%). Tubelings without soil had the lowest survival (75.5%) while the potted planting type had the highest survival (92.3%). Dieback was extensive as 579 trees out of 1375 (42.1%) exhibited negative percent change in height. Quercus palustris 

tubelings had the highest percentage of trees with dieback (85.29%). 

Figure 2. Seedlings in 1-

gallon pots
Figure 1. Bare root 

seedlings

Figure 5. Field site in Loudoun 

County, Virginia

Figure 3. Tubelings

Figure x. Among bare-root plantings, P. occidentalis had significantly 

lower percent survival than Q. palustris (p=0.05). There was no 

significant difference in percent survival of gallon plantings among 

the seven species (p=0.101). 

Forested wetlands are among the most difficult wetland classes to create or restore and many studies report 

high mortality and slow growth.  Most woody planting into compensation sites relies on one of three methods of 

planting stock.  Bare-root seedlings, the most common form planted, are young saplings (~1 year old) with no 

soil in the root-ball. Tubelings are similar to bare-root with the exception of a slightly larger rootstock.  Potted 

plants come in various sizes, from 1 to 5 gallons (3.8 to 19 L) or larger, can be from 1 to several years old in 

the larger pots, and contain a well formed root-ball, presumably with associated microfauna.   The three types 

differ in price with potted plants often 5 to 10 times more expensive to buy and more labor intensive to plant. 

This study also seeks to determine which planting form optimizes survival and growth. 

Three (3) constructed wetland field sites were chosen in Loudoun County, which is in the 

Piedmont province of Virginia (Figure 1). Each site has a clay base soil (the most common 

planting medium), two to three years of documented hydrologic data and relatively uniform 

topography. 

Figure 4. Undergraduate and graduate 

students from the Center for Wetland 

conservation at CNU planted the 1596 

saplings in three days
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Mortality and morphometric data were collected using methods modified from Bailey et al. (2007). 

Each planting was mapped using an x- and y- coordinate grid system. Survival and growth of each planting 

(height, canopy cover and basal diameter were recorded in a one-week period in mid-April and again in 

August of 2009.  A three-way ANOVA using sites, tree species, and planting types was conducted in order 

identify the best performing species and planting materials.

Figure x. Of the 1596 saplings planted, 1375 (86.2%) survived the 

first growing season. L. styraciflua tubelings had the lowest overall 

survival (57.3%) while gallon pots of Q. bicolor and S. nigra had the 

highest survival (98.7%).  

With species combined, gallon plantings had significantly greater 

percent survival than tubelings (p=0.002) and bare-root plantings 

(p=0.002).

Figure x. Gallon plantings of Q. bicolor had significantly less basal 

diameter growth than gallon plantings of S. nigra (p<0.001), B. 

nigra (p<0.001), P. occidentalis (p<0.001), L. styraciflua (p<0.001), 

and Q. phellos (p<0.001). Bare-root plantings of Q. bicolor had 

significantly less basal diameter growth than bare-root plantings of 

P. occidentalis (p<0.001), S. nigra (p<0.001), and B. nigra

(p=0.002).

Figure x Gallon plantings of P. occidentalis had significantly less growth 

in height compared to gallon plantings of L. styraciflua (p<0.001), Q. 

bicolor (p<0.001), Q. palustris (p<0.001), Q. phellos (p<0.001), and S. 

nigra (p<0.001). Among bare-root plantings, P. occidentalis had 

significantly less growth in height than L. styraciflua (p<0.001), Q. 

bicolor (p<0.001), Q. palustris (p<0.001), and S. nigra (p=0.005).  

Among tubelings, P. occidentalis had significantly less growth in height 

compared to B. nigra (p<0.001), L. styraciflua (p<0.001), and S. nigra 

(p<0.001).

Figure x. Early successional species exhibited 

greater growth in basal area but  also exhibited 

greater dieback as measured in stem height.

Conclusions

•The x-y coordinate system facilitated tracking of survival and growth of individual species.

•Survivorship (86.2%) was relatively high during the first growing season, particularly among gallon pots of 

Q. bicolor and S. nigra (98.7%).

•Salix nigra had highest growth in basal area and should be investigated for its potential to serve as an early 

successional nurse species.  

•Extensive dieback in aboveground stems led to low growth rates, particularly among bare-root and 

tubelings of Platanus occidentalis,Q. palustris and Q. phellos.

•These data serve as field trials for an ongoing mesocosm study composed of the same 7 species and 3 

planting forms.

•The study will continue for at least 6 additional years and we anticipate that the advantage of gallon pots 

will decline in comparison to survival and growth of bare root and tubeling planting forms.

Figure 5. Flags mark locations of individual trees
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