Effects of Soil Nutrients and Moisture on Growth of
Transplanted Prairie Forbs
Background and Research Question

Results

We investigated whether prairie restoration is more
or less effective in areas of high soil resources. Our
topographically diverse upland prairie site included
ridges with very shallow soil and valleys with
deeper soil, providing a natural gradient in
resource levels.
We hypothesized that invasive species would be better at capitalizing on high soil
resource levels and would therefore have more negative effects on native plants at
high soil resource. Findings that informed our hypothesis include:

Achillea size (cm2)

When compared to native plants, invasive species exhibit a greater range of
phenotypic plasticity, allowing them to adjust to different quality sites (Funk 2008).
Harsh areas are less susceptible to invasion, due to the inability of fast-growing
invaders to tolerate harsh abiotic environments or to their being outcompeted by
natives (Zefferman et al. 2015).

Conclusions
Plugs grown with fertilizer were larger 15
months after planting than were plugs grown
without fertilizer. Transplants in herbicided
plots cleared of competitors were also larger
than those grown with competition.

The exotic grass Holcus lanatus is a more successful invader at low slope
positions, but only into native Bromus carinatus plots and not into native
Calamagrostis nutkaensis plots (Thomsen and D’Antonio 2007).
Multiple linear regression with Achillea size as the response.
In greenhouse experiments, the addition of nitrogen increased growth of invasive
Holcus lanatus more than it increased growth of native Festuca rubra (Abraham et
al. 2009), increased growth of the exotic Lolium multiflorum more than it did native
forbs (Vallano et al) and increased growth of L. multiflorum and S. arundinaceus
more than it did native grasses (Pfeifer-Meister et al. 2008).

Estimate
Nitrate
60.6
Herbicide
17.1
Depth
1.03
Nitrate:Herbicide 63.8
Depth:Herbicide: -0.91

Methods
Our research occurred at Willamette University’s Zena upland prairie restoration site,
just north of Salem OR. We sampled at 95 plots spread across two restoration units
totaling 35 acres.

t value
2.633
0.465
3.384
1.98
-2.124

Significant interaction
means plant size
increased with nitrate
in herbicided plots but
did not in plots with
competition.

P
0.01 **
0.64
0.001 ***
0.052
0.036 *

Depth also has a
more positive effect
in herbicided plots
than in ones with
competition

Results for Festuca and Eriophyllum were similar except that
phosphorus instead of nitrate was important for Festuca and soil
moisture was important for Eriophyllum.

For the fertilizer treatment, transplants were grown with 100 g
of 14-14-14 fertilizer per tray of 98 Ray Leach SC7
Containers TM, filled with ProMix High Porosity soil-less plant
growth medium or with no slow release fertilizer. These
plants did receive small amounts of liquid fertilizer to keep
them alive. Transplants were measured in June 2015.

Festuca

This result supports the hypothesis that natives
are outcompeted by exotics at high resource
levels.
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Small native plugs grown without competition
grew more in plots with deep soils, high soil
moisture, high nitrate and or high phosphate,
depending on the species, but this effect
occurred only without competition from exotics.

These results suggest that high, medium and
low resources patches within restoration sites
may require different prescriptions. In
particular, high resource areas require more
intensive management of exotics.
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At each sample point, four yarrow (Achillea millefolium) plugs
were transplanted in March 2014, into intact vegetation or into
a 1 x 1 m plot from which all vegetation had been removed
one month earlier using glyphosate (herbicide treatment).
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Nutrient content was measured on soil samples take in June.
Nutrients were extracted in diH2O and assessed using a ion
chromatograph.

No fertilizer

Soil moisture was assessed in 2017 by weighing samples
before and after drying in an oven for 24 hours.

Fertilizer

Soil depth was measured by driving a steel rod with a plumb bob welded to its tip into
the ground until it stopped moving.

These results mean that plugs should be
grown with fertilizer and that using herbicide to
clear patches for plug planting may be
effective.
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Size of transplanted Achillea, Eriophyllum and Festuca grown with four
different treatments. Effect of herbicide and fertilizer and their interaction
were significant (F>21.8, P<0.001).
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Eriophyllum lanatum and Festuca roemeri were also planted.
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