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Executive Summary

The integrity of native plant communities continues to be a significant
conservation concern as anthropogenic-related disturbance and introduction of exotic
species remain a realistic consequence of modern commerce and an ever-increasing
human population size. Restoration of native plant communities to roadsides is a method
that is being used to control the spread of exotic plant species. In this roadside
restoration study, two separate study plots (northwest - NW and southeast - SE) at the
Minnesota Department of Transportation MNROAD testing facility were treated in
various ways to enhance the establishment of both cover crop and native species at the
roadside edge.

Many states have been seeding their roadsides with a cover crop/native species
mix for several decades. One common complaint when native species establishment
appears to be extremely low is that roadside soil conditions may be too inhospitable for
the establishment of desirable natives. It has been hypothesized that application of
amendments which have the capacity to increase soil moisture and fertility may be an
effective means to assure a more reliable recruitment of native species. In this study
three different soil amendments were used: two types of erosion control mats including a
MnDOT Category 00 rapid degrade, stitch-free erosion control blanket (Futerra®) and
hydraulic application of arecycled paper/wood fiber/natural soil stabilizer (Soil Guard®);
and the addition of natural organic matter. The two erosion control materials (ECMs) are
products thought to possibly be capable of changing soil temperatures, inhibiting soil
moisture loss and/or enhancing the moisture aspect of the soil surface microclimate. The
addition of organic matter is known to increase both soil water-holding capacity and
fertility.

Results from the two separate plot sets were varied. The organic matter treatment
in the NW plot set did improve soil fertility and enhance cover crop species presencein
the plant community. Plant-available nitrogen, phosphorus, and the level of organic
matter were significantly higher at the studied inslope distance intervals. This fertility
difference may be afactor in the resulting plant community differences among the
treatments. In 2001 and 2002, at both the 0.0 - 1.0 m and 1.0 - 2.0 m distance, biomass,
relative abundance, and percent cover of cover crops were significantly higher than the
other treatments. Additionally, the biomass, relative abundance, and percent cover of
weedy annual and perennial dicots and grasses were found to be significantly lower than
their counterpartsin at least two of the other treatments. More specifically, via generd
visual assessment it was evident that by 2001, plots amended with organic matter were
primarily composed of two cover crop species, Elymus trachycaulus and Poa compressa.
Sail fertility and plant community composition in other treatments were not significantly
different from one another. Tota percent cover of vegetation at both inslope distance
intervals was also significantly higher than all other treatments. Surprisingly, perhaps
due to a combination of unfavorable environmental factors, native species were virtualy
absent from all treatments within this plot set.

In the SE plot set there was no difference between treatments in soil fertility and
and inconclusive differences in soil moisture and temperature between treatments at both
the one meter and two meter distances from the roadside edge. An undetected
enhancement of soil surface microclimate may nonetheless explain the significantly



higher percent cover and biomass of cover crop species achieved in the first season of
growth in the two ECM treatments compared to the non-aerated control treatment.
Unlike the NW plot set, four of the five desirable native prairie species, Bouteloua
curtipendula (Michx.) Torr., Bouteloua gracilis (HBK.) L., Schizachyrium scoparium
(Michx.) Nash, and Dalea purpurea Vent., were successfully established. However, no
significant treatment difference in their percent cover or biomass occurred. Across al
plots, weedy annual/biennia dicots such as Ambrosia artemisiifolia L., Melilotus alba
Medikus, Thlaspi arvense L., and Trifolium arvense L. were very abundant at both
distances from the roadside. Another problematic weed was Lotus corniculatus L. This
weed appears to do extremely well on the first two meters of inslope. It quickly
colonized our study plots and likely posed the greatest threat to long-term persistence of
desirable native species. Its canopy was very thick and, based on visua observation,
appeared to be already effectively displacing desirable species by the end of the study.
Further vegetation assessment would be necessary to confirm this perceived trend in plant
community composition.

The addition of organic matter to roadside soils in combination with the use of
ECMs would be encouraging if the goal of roadside restoration were solely to reduce
erosion. Total plant cover was greatest in plots containing organic matter as a soil
amendment and application of ECMs succeeded in providing a significantly higher
coverage of fast-establishing cover crop species relative to a non-aerated control
treatment. However, if the single most important criterion is to enhance the
establishment of native species on the shoulder of aroadside, neither the use of ECMs or
the addition of organic matter enhanced establishment. This study determined that
amendment of roadside soils with ECMs in conjunction with soil aeration did not
significantly increase the establishment of native speciesin comparison to controls.
At the immediate roadside edge, amendment of soils or covering them with erosion
control products such as a rapid degrade blanket or hydraulically applied soil stabilizer
does not appear to significantly improve the establishment of desirable species by either
increasing soil fertility or modifying the microclimate of the soil surface. Invasion by
competitive weeds and weather (e.g., severe droughty conditions) appear to control the
establishment of native species in the soils very near to the shoulder of roadsides.



Chapter 1. The Effect of Addition of Organic Matter and
Application of Erosion Control Materials on Roadside

Establishment of Cover Crop and Native Prairie Plant Species

I ntroduction

Asapart of any road construction project, state Departments of Transportation
(DQOT) are additionally charged with the responsibility of re- vegetating those portions of
adjacent inslope disturbed in the process. For roadside managers the immediate concern
is erosion prevention. Stabilization of impacted inslopes has been achieved by seeding
the roadside with fast growing, easy establishing cover crop species. A combination of
native and nort native cool-season grass species have often been used to meet this
primary objective. More recently the application of DOT seed mixes on roadsides has
grown to reflect ecological concerns aswell. Within the past couple of decades roadside
seed mixes have increasingly included a native species component out of the long-term
hope that roadsides can be at least partially restored to a more diverse native plant
community (Harper-Lore and Wilson 2000). Consequently, many current DOT
prescribed seed mixes are commonly an amalgam of cover crop species, native warm-
Season grass species, and occasionally native forbs. Besides the potential for increasing
plant species diversity, the use of native prairie species makes practical sensetoo. Native
prairie species are particularly well-adapted to droughty, nutrient deficient soils and their
deep, diffuse root systems provide superior erosion control (Harper-Lore, 1996). Also,
the establishment of native species can serve as along-term money saving measure. By
limiting the presence and spread of noxious weeds via the nations highway system, native
species help to limit their encroachment upon, and alteration of, substantial areas of
public and private land. Despite these benefits, the especially droughty and compacted
nature of roadside soils can make initia establishment of desirable native species
problematic. Given the higher initial cost of including native species in seed mixes, it is
understandabl e that the sporadic or lower percent establishment of stands that are more
commonly experienced with native species can raise questions over the practicality of
their use (Bugg et a. 1997). Without considering the long-term costs associated with the
loss of land to noxious weeds, it certainly would be much cheaper initially to seed
roadsides with aggressive, non native species that are known to more rapidly and
thoroughly colonize disturbed areas. Correspondingly, in the interest of both the
immediate concern of inslope stabilization and the longer-term concern for ecological
integrity the implementation of roadside restoration practices that would maximize and/or
increase the reliability of native species establishment would be desirable.

Amendment of roadside soils is one obvious solution. While the recommendation
for, and benefits of the re-establishment of native species on roadsides can be found in
the literature, few studies documenting the use of soil amendment treatments and the
resulting plant community composition exist (Smith 1998, Tyser et al. 1998, Pleasants
and Bitzer 1999, Trombulak and Frissell 2000, and Vilesand Rosier 2001). In regardsto



the two erosion control materials (ECMs) and organic compost utilized in this study, no
such investigations could be found.

This study seeks to investigate the effect of soil spading, addition of organic
matter, and application of ECMs upon soil moisture, temperature, and fertility and
subsequent cover crop and native species establishment.

Methods and M aterials
Site Description

The study site was located approximately 65 kilometers northwest of
Minneapolis, MN adjacent to Interstate 94 at MNROAD, the Minnesota
Department of Transportations (MNDOT) road testing facility (45°15' N, 93°42' W).
MNROAD is arestricted access area consisting of several buildings and a 4.0 km road
testing loop. The stretches of exposed roadside soils associated with the regular roadbed
reconstruction occurring in the programs at MNROAD provided ample opportunity for
roadside restoration research. Also attractive were the relatively safe roadside conditions
possible a8 MNROAD, where regular traffic was absent, and the easy access to a power
source necessary for soil data collection. Soils on the site are mapped as Dundas silt
loam, Glencoe silty clay loam, Hayden loam, and Nessdl silt loam (Edwards 1968).
Roadside soils were considerably more sandy than the soils historically present in the
area due to many years of using sand as a base for road construction at the facility.

Seed Mix

The seed mix chosen for this project, MNDOT modified seed mix 30A, consisted
of five cover crop species ard five native prairie species (Table 1). The native species
consisted of four warm-season grasses, Bouteloua curtipendula (Michx.) Torr.,
Bouteloua gracilis (HBK.) Lagasca, Schizachyrium scoparium (Michx.) Nash., and
Soorobolus cryptandrus (Torr.) A. Gray., and one forb, Dalea purpurea Vent. All are
considered short-grass prairie species. The cover crop species consisted of one cool-
season grass, Elymus trachycaulus (Link) Gould, three non-native cool-season grasses,
Lolium perenne var. italicum Willd., Poa compressa L., and Puccinellia distans (Jacg.)
Parl., and one horticultural variety, ReGreen (a sterile E. trachycaulusand Triticum
aestivum L. hybrid). All nomenclature is according to Gleason and Cronquist (1991).
MNDOT 30A seed mix is recommended for use in roadside areas that are typically
nutrient deficient, droughty, and/or sodic. Seed was obtained from Prairie Restoration
Inc. (P.O. Box 327, Princeton, MN 55371).

Soil Amendment Description

The grade one compost (organic matter) added to three of the fifteen NW plots
was Sustane® 4-6-4 organic fertilizer (Sustane/Natural Fertilizer of America, 310
Holiday Ave., P.O. Box 19, Cannon Falls, MN 55009). It was incorporated into the
upper 5.0 cm of the soil at a recommended application rate of 190.0 g/m2. The two
ECMs applied to both NW and SE plots were Futerra® blanket (MnDOT Category 00,



rapid degrade, stitch free; Profile Products LLC, 750 Lake Cook Rd, Suite 440, Buffalo
Grove, IL 60089; referred to Futerra throughout this report) and Soil Guard® (a
hydraulically applied soil stabilizer; Mat, Inc., 12402 Highway 2, Floodwood, MN
55736), a product composed of 50 percent recycled paper-50 percent wood fiber bonded
matrix. Recycled soybean protein waste is the adhesive that holds the matrix together.
Futerra blanket came in large 1.5 m wide rolls and was simply rolled out over the
exposed soil. The hydraulic ECM application, conducted by LawnsRUs (5020 210th St.
W, Jordan, MN 55352), was sprayed via hose from alarge mixing reservoir on the back
end of atruck. Approximately 9.5 L (2.5 gallons) were applied per m2 of soil surface.

Tablel1.1 List of MNDOT 30A seed mix species and respective per centages used at the
MNROAD roadside restoration site, September 1999 (NW plotset) and August 2000
(SE plotset). Amount of pure live seed (PLS) broadcast on the study plots was based on a
recommended broadcast rate of 56.3 kg/ha (50.0 |bs/acre).

Botanical Name Common Name Seeding Rate (Ibs/acre)
Bouteloua curtipendula (Michx.) Torr. Side-oats gramma 4.5
Bouteloua gracilis (HBK.) Lagasca. Blue gramma 4.5
Dalea purpurea Vent. Purple prairie-clover 2.3
Schizachyrium scoparium (Michx.) Nash.  Little bluestem 4.5
Soorobolus cryptandrus (Torr.) A. Gray.  Sand-dropseed 11
Elymus trachycaulus (Link) Gould. Slender wheatgrass 2.8
Lolium perenne var. aristatum Willd. [talian ryegrass 4.0
Poa compressa L. Canada-bluegrass 5.6
Puccinellia distans (Jacq.) Parl. European alkali- grass 7.3
N/A Regreen 19.7

Experimental Plot Preparation

Two sets of plots were established at MNROAD (see chapter 1 for their
description). A reconstructed portion of roadside at the northwestern end of the road
testing loop was utilized for establishment of the first set of plots on September 8, 1999.
An additional plot set was established on August 2, 2000 near the southeastern end of the
loop. Henceforth, these two sets of study plots will be referred to as the northwestern
(NW) and southeastern (SE) plot sets.

The NW plot set consisted of fifteen 15.2 m X 3.7 m experimental plots and three
unamended, fallow plots of the same dimensions. Randomly assigned to each plot was
one of five experimental treatments: 1. disc-anchored straw (D); 2. machine spading +
Futerra blanket (F); 3. machine spading + hydraulically applied wood fiber/recycled
paper mix (H); 4. machine spading + Sustane 4-6-4 granulated organic compost addition
(O); and 5. machine spading only (S) (Fig. 1). Three adjacent plots were left fallow and



not amended in order that plant composition resulting from the existing seed bank could
be assessed. Prior to seed and fertilizer application, shovel anchoring of whesat straw,
machine spading of soil viaatractor towed disc, and addition of Sustane organic matter
were conducted in their assigned plots. Shovel anchoring of straw effectively simulated
the spading of soil conducted in the F, H, and S treatments. MNDOT 30A seed mix and
L uxacote 20-2-10 sow release fertilizer were applied to the fifteen experimental plots at
recommended broadcast rates of 5.6 g/m2 and 22.4 g/m2, respectively. Finally, Futerra
and hydraulically applied erosion control mat (ECM) were applied to their respective
plots.

The SE plots were prepared in the same fashion but instead conformed to a six-
block, random block design and consisted of twenty-four 9.2 m X 3.7 m plots. Four
treatments were randomly assigned within each block. The treatments included: 1) ano
spading control; 2) spading + Futerra blanket; 3) spading + hydraulically applied wood
fiber/recycled paper mix; and 4) spading only (Fig. 2). Unlike the NW plot set no plots
were |eft fallow. In addition to conducting the hydraulic application, LawnsRUs came
back aweek after plot establishment to evenly apply across al SE plots 3030.3 liters of
water (average water application of 3.7 liters'm2). Conditions at the time were relatively
dry and so it was deemed necessary to provide some moisture to ensure proper soil-seed
contact.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

F |[s|]o|[s |[D|J]O]|H]|F|SsS |H]|H|D |[O|D]J|F |[U |U U

Shoulder

Roadway

Figure 1.1 NW plot set treatment assignment to eighteen 15.2 x 3.7 m plots. Treatment
codes are as follows: disc-anchored straw (D); spade plus Futerra blanket (F); spade plus
hydraulic application (H); spade plus organic matter addition (O); spade only (S); and
unamended (U). Plot numbers appear above the treatment codes. A 3.0 m wide gravel
shoulder separated the asphalt roadway from the roadside indope. Note that above figure is
not drawn to scale.
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shoulder

roadway

Figure 1.2 SE plot set treatment assignment to twenty-four 9.2 x 3.7 m plots.
Treatment codes are as follows: no amendment control (C); spade plus Futerra blanket
(F); spade plus hydraulic application (H); and spade only (S). Block (1-6) and plot (1-24)
numbers appear above the treatment codes. A 3.0 m wide gravel shoulder separated the
asphalt roadway from the roadside inslope. Note that above figure is not drawn to scale.

Plots were divided into subplots for the purpose of soil and vegetation analysis.
Subplot dimensions were one meter paralleling the roadside by two meters of insope.
NW plots contained ten 2.0 m2 subplots and SE plots contained six 2.0 m2 subplots.
Subplots were delineated within the center of each plot such that remaining plot area
served as buffer zones to adjacent plots. NW subplots were bordered on either side by a
2.6 m buffer and SE subplots were bordered by 1.6 m buffers. For identification, plots
and subplots were numbered |eft to right from the perspective of facing the insope while
standing on the road.

Although recent studies (Dietz 1999, Ries 2001, and Tompkins and Stucky 2000)
warn about the negative impact that regular mowing has on establishment and persistence
of native plant species on roadsides, a mowing of both plot setsin the last week of
September 2001 was alowed in order to at least somewhat reflect the reality of prevailing
roadside management norms and not jeopardize end of season data collection.
Unfortunately the collection of biomass data was not possible in the first season after
initial NW plot set establishment due to an accidental mowing in late August 2000.

Rate of Vegetation Emer gence Estimated from Digital Imagery

The question of whether ECM application affected rate of vegetation emergence
in the growing season immediately following plot preparation was addressed by the use
of digital imagery. The SE plot set, after initial plot preparation in August 2000, was
chosen for germination assessment the following spring. To gauge the rate of spring
vegetation emergence images were taken on May 4 and June 9, 2001. All six subplots
within each of the twenty-four SE plots were assessed. Digital images were taken with a
Nikon Coolpix 990 camera at four different distances from roadside: 0.0 - 0.5m; 0.5-1.0
m; 1.0-1.5 m; and 1.5 - 2.0 m. Within each of these distance categories a 0.196 nf
circular frame (diameter = 0.5 m) was placed on the soil surface in each of the two
possible 0.5 m by 0.5 m positions. The camera, fixed to a tripod, was oriented such that
the circular frame was centered within the camerafield of view. Before taking each




image tripod legs were adjusted to account for any degree of slope changes. Therefore
across all images the camera face was maintained approximately parallel with the soil
surface and at a 1.2 m distance from the circular frame. Across the six blocks atotal of
72 images per treatment were obtained at each of the four distance intervals.

Percent vegetation coverage was derived from the digital images with Image Pro
Plus (IPP) software. The process of determining percent coverage included selecting
images separately for segmentation, delineating the circular frame area to be analyzed,
clicking on shades of green to highlight the vegetation to be quantified, and saving the
segmentation results into a folder for later transfer to an Excel spreadsheet. Numerous
filters were available for use in the segmentation process, but none were used in this case
as vegetation was reliably discerned from the soil and ECM background without it.
Analysis of variance and Tukeys multiple comparison tests at a = 0.05 were performed.
Distribution of data was normal. Coverage data is reported as percentages.

Vegetation Analysis

Roadside plant community composition was assessed between 2000 and 2002.
The NW plot set, established in September 1999, was assessed all three seasons, 2000
through 2002, while the SE plot set, established in August 2000, was assessed in the 2001
and 2002 seasons. Community composition was examined via the determination of
percent cover of planted and unplanted plant groups, total percent cover of vegetation,
above ground biomass of each plant group, total above ground plant biomass, and relative
abundance of each plant group.

Percent cover data was obtained in the first two weeks of July during each plots
initial growing season primarily for the purpose of gauging cover crop establishment.
Cover crop coverage was of primary interest in this assessment for two reasons. First, it
isin the period immediately following construction that sufficient roadside re-vegetation
is paramount to the inhibition of erosion. Second, it is possible that superior cover crop
establishment may sufficiently restrict resource availability and create aroadside
environment least favorable to unplanted weedy species establishment. Mid-seasondata
collection was necessary because of the early senescence typical of these cool-season
grasses. The percent of bare ground, a similar gauge of roadside erosion susceptibility,
was aso determined at this time.

Percent vegetation coverage was assessed using the point frame method (Goodall
1952 and Barbour et a. 1980). First, a1.0 m2 aluminum quadrat was placed on the
insope to delineate one of the two 1.0 m2 subplot areas (0.0 m to 1.0 m distance and 1.0
m to 2.0 m distance off roadside). To assess percent cover of vegetation the 0.5 min
length, 10-point frame was placed within the aluminum quadrat and perpendicular to the
road. Assessments were taken at five 25.0 cm intervals (e.g. 0.0 cm, 25.0 cm, 50.0 cm,
75.0 cm, and 100.0 cm) within the aluminum quadrat. Data reflected the number of times
individual living plant species were contacted as the 10 evenly spaced 1.0 mm diameter
steel wires were separately lowered to the soil surface. The number of times individual
species were contacted was recorded for each wire. Each contact with a given species
was recorded regardless of whether multiple contacts were with different individuas or a
singleindividual. Consequently, values may be more than 100% indicating that severa
layers of vegetation covered a particular area of the plot. Values should be interpreted as



relative percentages of cover. Percent cover averages for each distance interval within
each plot were derived from the fifteen different placements. A random selection of five
NW subplots per plot and three SE subplots per plot received the percent cover
assessment.

Aboveground plant biomass was subsequently harvested from both plot sets the
last two weeks of September 2001 and 2002. This represents the NW plot sets' second
and third growing season and the SE plot sets’ first and second growing season. A
greater emphasis was placed on collection of biomass-related data, instead of percent
cover data, as it was felt that the former would enable a more accurate portrayal of plant
community composition over time. Though less time consuming, point frame assessment
of lower canopy strata within dense stands of vegetation is more subjective and prone to
error.

The order in which plots and subplots were assessed was randomized. In order to
minimize the effect of the 2001 harvesting on subplots left intact for the 2002 harvest, the
subplots to be assessed each year was not randomized. In the NW plot set five subplots
per plot were chosen each year for assessment. Three subplots per plot were chosen each
year for assessment in the SE plot set. The first subplots to be harvested from both the
NW and SE plot sets were subplots 1 through 5 and 1 through 3, respectively. 2002
biomass was obtained from NW subplots 6 through 10 and from SE subplots 4 through 6.

Biomass was obtained by placing the 1.0 m2 aluminum quadrat on the ground of
a given subplot and cutting with handheld shears all vegetation within its boundaries
down to the soil surface-plant interface. As with the percent cover assessment, biomass
harvesting was conducted for the 1.0 m2 area adjacent to roadside and the same area
between 1.0 m and 2.0 m off roadside. V egetation was placed in paper bags,
appropriately labled to identify point of origin, and brought back to the lab for further
processing.

Within 24 hours of collection, harvested plant material was sorted according to
identification as a seed mix species or an unplanted species. Seed mix species were
further sorted according to identification as a native prairie species or a cover crop
species and unplanted species were further sorted according to classification as a
monocot or dicot and life-history. After plant segregation, bags were placed in a65.0 °C
drying oven for one week before biomass was removed for weighing and reported as
g/m2.

In addition to biomass measurement the number of stems within each segregated
plant group was counted for the purpose of assessing relative abundance. Relative
abundance was calculated by dividing the number of stems counted for a particular life
history group by the total number of stems harvested in a given subplot. To at least get a
genera sense of species composition the presence, or absence, of seed mix species and
prominent unplanted species was also noted at this time. Together with visual
observations made on-site during the growing season the approximate relative abundance
of several species was noted and is mentioned in the discussion section.

Due to time and resource constraints, monitoring efforts were limited to the first
two meters of indope.

Treatment comparisons of percent cover of vegetation and plant life-history group
biomass, and relative abundance of plant groups were performed via analysis of variance



(ANOVA) and Tukeys multiple comparison test at a = 0.05. Y ear-to-year comparisons
were made using paired t tests at a= 0.05. All populations were normally distributed.

Results

Rate of Spring Vegetation Emer gence

Digital images of springtime vegetation emergence were taken in the SE plot set

the first spring after initial plot establishment. The first set of images taken on May 4th,
2001 showed a significant treatment effect on percent cover of emerging vegetation in
two of the four distance intervals (Table 2).

Table 1.2 Mean percent vegetation coverage across four soil treatments as determined by digital
imagery in the SE plot set, Spring 2001. Digital photographs were taken on May 4 and June 9, 2001
and analyzed via Image Pro Plus software. |mages were obtained from four distance intervals off
roadside: 0.0- 0.5m; 0.5- 1.0m; 1.0- 1.5m; and 1.5- 2.0 m. Soil treatments are: no soil amendment
control (C); spade plus Futerra blanket (F); spade plus hydraulic application (H); and spade only (S).
Values followed by different letters indicate a significant treatment difference between values within

the same distance interval and month at a = 0.05. Values followed by an asterisk indicate a significant
distance interval to distance interval difference between values within the same treatment and month at

a = 0.05. Valuesfollowed by a pound sign indicate a significant month-to-month difference between
values within the same treatment and distance interval at a= 0.05. N=72.

Distance Intervals Off Roadside

Treatment/

Month 0.0-05m 05-1.0m 1.0-15m 15-20m
C

May 25.9+ 8.2ab* 16.9+ 2.4ab 13.8+ 6.2 13.7+ 3.8*

June 39.3+16.1 25.3+ 10.0 23.8+ 10.5 25.0+10.4
F

May 26.1+ 7.4ab* 17.3+ 5.0ab 21.0+5.9 12.8+ 5.5

June 43.9+ 7.7# 33.7+ 10.4# 36.4+ 8.9# 33.0+ 8.4#
H

May 16.6+ 4.2b 14.3+ 3.3b 11.8+£5.1 11.6+ 4.5

June 33.1+ 13.3# 29.8+ 8.0# 26.3+ 6.5# 27.9+ 11.0#
S

May 30.2+ 7.2a* 25.7+ 4.7a 19.0+ 9.1 16.9+ 4.3

June 39.8+12.6 32.7+ 8.1 28.3+12.1 28.1+11.1




Atthe0.0- 0.5 mand 0.5- 1.0 mintervalsthe S treatment yielded significantly
higher percent vegetation coverage than the H treatment. S treatment mean percent cover
valuesof 30.2 + 7.2 and 25.7 £ 6.7 were determined at the two respective distance
intervals. C and F treatment mean percent cover were not significantly different from
either the H or S treatment means. There were no significant differences in mean percent
cover at the1.0- 1.5mand 1.5- 2.0 mintervals. Significant between distance interval
differences were evident on May 4th. C, F, and S mean percent cover at the 1.5- 2.0 m
interval were al significantly lower than that determined in the 0.0 - 0.5 m interval.

The second set of images taken June 9th, 2001 yielded no significant treatment or
distance differences in percent cover of emerging vegetation, but several significant
month-to-month differences did occur. Significant increases in mean percent cover from
May 4th to June 9th occurred in the F ard H treatments at all four distance intervals.

The highest mean percent cover, 43.9 + 7.7, occurred in the June assessment of
the F treatment 0.0 - 0.5 minterval and the lowest mean percent cover, 11.6 £ 4.5,
occurred in the May assessment of the H treatment 1.5 - 2.0 m interval.

Percent Cover Assessment

Percent cover assessments for plots are shown in Tables 3, 4, 5 and 6. In the NW
plot set July 2000 assessment, treatment differences in percent cover of each of the six
plant groups, total percent cover, and percent bare ground were similar at both inslope
distance intervals (Tables 3, 4, 5, and 6). O treatment mean cover crop percent cover was
significantly higher than all other treatments (Table 3). Mean percent cover of annual
dicot, perennial dicot, annual grass, and perennial grass species was significantly lower in
the O treatment. Only H treatment mean percent cover of perennial dicot and perennial
grass species was not significantly different from that in the O treatment. In the U
treatment, percent cover of perennial grass was significantly higher and percent cover of
cover crop was significantly lower than al other treatments. O treatment total percent
cover was significantly higher than the other treatments (Table 5). Additionally, total
percent cover in the H and U treatments was significantly lower than the D, F, and S
treatments. The percent of bare ground within each treatment was consistent with the
total percent cover results. The percent of bare ground was significantly lower in the O
treatment and significantly higher in the H and U treatments (Table 6).

Asin the NW plot set, the SE plot set July 2001 assessment yielded the same
treatment differences in percent cover of each plant group at both inslope distance
intervals (Table 4). Percent cover of vegetation in the C treatment differed in two
respects; percent cover of cover crop species was significantly lower and percent cover of
perennial grass species was significantly higher than that in the F and H treatments.
There were no significant treatment differences in total percent cover and percent bare
ground.



Table 1.3 Percent cover of vegetation +SE in the northwest plot set, July 2000.
Percent cover was determined at the 0.0 - 1.0 m and 1.0 — 2.0 m indope intervals.
Vegetation was classified into one of six plant groups: unplanted annual/biennia dicots
(ad); unplanted perennial dicots (pd); unplanted annual/biennia grasses (ag); unplanted
perennial grasses (pg); planted cover crop species (cc); and planted native prairie species
(np). Soil treatments are: no soil amendment control (C); spade plus Futerra blanket (F);
spade plus hydraulic application (H); and spade only (S). Vaues within a column followed
by different letters indicate a significant difference between a plant group mean in one
treatment and one or all of its counterparts in the remaining treatments at a = 0.05.
Significant percent cover differences between the two inslope intervals are indicated by
pound signs. Thus, a pound sign indicates a significant difference between values within the
same plant group and treatment at a= 0.05. N=75.

Treatment/

Plant Group 00-10m 1.0-2.0m
D
ad 102.8+ 28.3a 73.9+ 21.9a
pd 97.4+ 17.7a 121.4+ 20.3a
ag 32.2+ 5.8a 37.6+ 10.2a
pg 53.7+ 10.4b 73.8+ 18.8b
np 0.0£ 0.0 0.0+ 0.0
cc 209.9+ 30.5c 201.6+ 19.1c
F
ad 99.5+ 39.9a 58.6+ 8.8a
pd 108.2+ 35.8a 133.5+ 24.7a
ag 345+ 7.7a 26.5+ 5.5a
pg 57.7+ 16.8b 76.7+ 29.3b
np 0.0£ 0.0 0.0+ 0.0
cc 173.5+ 29.7c 228.7+ 44.1c
H
ad 75.1+ 18.7a 55.2+ 13.6a
pd 53.3+ 9.9b 77.3+ 16.0b
ag 27.6x 8.3a 31.9+ 12.5a
pg 26.9+ 11.2c 35.9+ 10.4c
np 0.0£ 0.0 0.0+ 0.0
cc 108.4+ 12.2b 119.6+ 53.7b
o]
ad 34.2+ 8.4b 12.7+2.2b #
pd 47.6+ 11.5b 56.6+ 20.7b
ag 7.4+ 1.9b 11.8+ 2.9b
pg 16.0+ 3.5¢ 29.2+ 6.6¢c #
np 0.0+ 0.0 0.0+ 0.0
cc 472.7+ 65.1d 528.2+ 107.1d
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Table 1.4 Percent cover of vegetation £SE in the southeast plot set, July 2001. Percent
cover was determined at the 0.0 - 1.0 m and 1.0 — 2.0 m indope intervals. Vegetation was
classified into one of six plant groups. unplanted annual/biennial dicots (ad); unplanted
perennia dicots (pd); unplanted annual/biennial grasses (ag); unplanted perennia grasses (pg);
planted cover crop species (cc); and planted native prairie species (np). Soil treatments are: no
soil amendment control (C); spade plus Futerra blanket (F); spade plus hydraulic application
(H); and spade only (S). Values within a column followed by different letters indicate a
significant difference between a plant group mean in one treatment and one or al of its
counterparts in the remaining treatments at a= 0.05. There were no significant percent cover

differences between the two indope intervals. N=90.

Treatment/

Plant Group 0.0-1.0m 1.0-20m
C
ad 77.2+25.9 69.9+ 32.3
pd 59.4+ 19.8 76.1+ 30.6
ag 419+ 11.2 34.6+12.7
pg 68.9+ 28.8a 101.6+ 37.1a
np 1.7+ 0.7 2.6+ 0.8
cc 112.5+ 36.5a 128.5+ 34.2a
F
ad 59.8+ 14.1 75.4+ 25.5
pd 71.6+31.4 80.7+ 27.3
ag 56.5+ 18.5 48.8+ 7.6
pg 36.3+ 8.7b 46.2+ 15.3b
np 1.5+ 0.6 3.3t 15
cc 195.9+ 32.1b 208.7+ 35.8b
H
ad 60.6+ 11.9 71.7+ 16.3
pd 78.2+ 38.8 82.8+ 30.7
ag 50.2+ 20.3 39.5t 8.4
pg 33.2+ 10.5b 43.8+ 13.8b
np 2.6+ 0.9 1.6+ 0.5
cc 209.4+ 46.4b 215.2+ 40.6b
S
ad 69.3+ 12.6 67.3+19.9
pd 63.6+ 13.7 70.9+17.1
ag 46.4+ 15.4 38.3+ 10.0
pg 40.7+ 14.8ab 57.5+ 18.2ab
np 2.0+ 0.8 2.7+ 0.9

cc

190.7+ 44.2ab

189.3+ 39.1ab




Table 1.5 Total percent cover of vegetation +SE in thetwo indopeintervals, 0.0- 1.0
m and 1.0—2.0 m, for both the northwest and southeast plot sets. Northwest plot set
results were obtained in July 2000 and southeast plot set results were obtained in July
2001. Soil treatments are: no soil amendment control (C); disc anchored straw (D); spade
plus Futerra blanket (F); spade plus hydraulic application (H); spade plus addition of
organic matter (O); spade only (S); and no soil amendment, including no addition of slow
release fertilizer (U). Note that plot sets do not have the same compliment of treatments.
Values followed by different letters indicate a significant treatment difference within the
same plot set and indope interval at a = 0.05. Values followed by an asterisk indicate a

significant inter plot set difference at a = 0.05. Northwest N=75 and southeast N=90.

Treatment 00-10m 1.0-20m 0.0-10m 1.0-20m
C N/A N/A 401.6+ 37.2a 433.3+ 50.1a
D 496.0+ 31.3b 528.3+ 56.6b N/A N/A
F 473.4+ 28.9b 524.0+ 45.6b 432.6x 26.4a 463.1+ 33.5a
H 291.3+ 59.1a 349.9+ 53.2a 474.2+ 48.7a* 468.7+ 57.4a*
(0] 577.9% 40.5c 638.5+ 48.8c N/A N/A
S 493.4+ 37.2b 545.9+ 32.4b 438.7+ 40.9a 481.9+ 39.2a
U 390.8+ 46.7a 428.2+ 30.7a N/A N/A
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Table 1.6 Percent bare ground =SE in the two inglopeintervals, 0.0 - 1.0 m and
1.0-2.0m, for both the northwest and southeast plot sets. Northwest plot set results
were obtained in July 2000 and southeast plot set results were obtained in July 2001. Soil
treatments are: no soil amendment control (C); disc anchored straw (D); spade plus Futerra
blanket (F); spade plus hydraulic application (H); spade plus addition of organic matter (O);
spade only (S); and no soil amendment, including no addition of dow release fertilizer (U).
Note that plot sets do not have the same compliment of treatments. Values followed by
different letters indicate a significant treatment difference within the same plot set and
indopeinterval at a = 0.05. Values followed by an asterisk indicate a significant inter plot

set difference at a = 0.05. Northwest N=75 and southeast N=90.

NW SE

Treatment 00-10m 1.0-20m 0.0-10m 1.0-20m
C N/A N/A 8.2+ 2.9a 10.1+ 3.0a
D 5.9+ 1.8b 3.2+ 0.9b N/A N/A
F 4.5+ 1.9b 4.8+ 1.0b 6.4+ 2.1a 6.9+ 1.9a
H 24.4+ 6.4a 28.0+ 5.8a 4.9+ 1.6a* 7.9+ 2.2a*
] 1.0+ 0.3c 0.3+ 0.1c N/A N/A
S 4.4+ 2.0b 3.6+ 0.9b 5.9+ 1.1a 5.8+ 1.5a
0) 18.7+ 3.1a 20.3+ 3.6a N/A N/A

Above Ground Biomass Assessment

Treatment comparisons in plant group biomass again demonstrate the particularly
significant impact addition of organic matter had on community composition in the NW
plot set. O treatment mean aboveground cover crop biomass was significantly higher
than the other five treatments at both inslope distance intervals and for both field seasons
(Tables 7 and 8). D, F, H, and S mean cover crop biomass were not significantly
different from ore another. Not surprisingly, al treatments had a significantly higher
mean cover crop biomass than that in the U treatment plots, where such species were
completely absent.
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Table 1.7 Mean above ground biomass (g/m“+SE) for each of six plant groups
harvested from the northwest plot 0.0-1.0 m inslope area in September 2001 and
2002. Plant biomass was harvested from 1.0 nf areas, 0.0 - 1.0 m off roadside. Plant
groups include: unplanted annual/biennial dicots (ad); unplanted perennial dicots (pd);
unplanted annual/biennia grasses (ag); unplanted perennial grasses (pg); planted cover
crop species (cc); and planted native prairie species (np). Soil treatments are; disc-
anchored straw (D); spade plus Futerra blanket (F); spade plus hydraulic application
(H); addition of organic matter (O); spade only (S); and a ho soil ammendment control
(U). Vaues within a column followed by different letters indicate a significant
difference between a plant group mean in one treatment and one or all of its counterparts
in the remaining treatments at a = 0.05. Asterisks indicate a significant year-to-year

difference between values within the same plant group and treatment at a= 0.05. N=15.

Treatment/
Plant Group 2001 2002

D
ad 28.7+ 8.3a 30.5t 8.1a
pd 27.2+ 8.9a 70.1+ 8.2a*
ag 25.0+ 12.8a 33.9+ 12.5a
pg 40.3+ 15.5b 36.8+ 9.2b
np 0.0+ 0.0 0.0+ 0.0
cc 35.8+ 10.4a 29.5+ 10.3a
F
ad 37.9%+ 13.1a 42.0+ 10.8a
pd 39.6+ 8.9a 84.2+ 16.9a*
ag 27.2+ 7.9a 20.2t 6.1a
pg 30.1+ 11.2b 49.3+ 10.5b
np 0.0+ 0.0 0.0+ 0.0
cc 34.3+ 12.8a 36.8£ 9.3a
H
ad 52.0+ 20.8a 35.6+ 6.7a
pd 33.7t9.2a 65.3+ 10.1a*
ag 18.9+ 7.6a 22.0+x 7.4a
pg 29.8+ 12.1b 34.2+ 8.4b
np 0.0+ 0.0 0.0+ 0.0
cc 28.4+ 7.8a 23.3+ 6.8a
O
ad 10.2+ 2.6b 10.1+ 5.4b
pd 13.4+ 4.1b 22.7+ 8.6b
ag 4.6+ 1.3b 8.9+ 4.2b
pg 11.2+ 3.2c 18.4+ 7.7c
np 0.0+ 0.0 0.0+ 0.0
cc 287.1+ 14.3b 274.7+ 32.6b



Table 1.7 continued. NW biomass0-1 m.

Treatment/

Plant Group 2001 2002
S
ad 419+ 11.2a 37.8+ 9.5a
pd 27.3+5.3a 67.8+ 19.0a*
ag 16.9+ 9.5a 34.6+ 9.8a
pg 35.4+ 8.3b 48.3+ 11.3b
np 0.0+ 0.0 0.0+ 0.0
cc 51.2+ 23.9a 43.7+ 20.4a
U
ad 47.5+ 16.0a 31.5+ 7.8a
pd 26.4+ 7.2a 56.1+ 14.3a*
ag 38.6x 14.9a 36.5+ 12.7a
pg 76.3x 17.8a 84.8+ 21.3a
np 0.0+ 0.0 0.0+ 0.0
cc 0.0+ 0.0c 0.0+ 0.0c
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Table 1.8 Mean above ground biomass (o/m?+SE) for each of six plant groups harvested
from thenorthwest plot set 1.0-2.0 m indope area in September 2001 and 2002. Plant
biomass was harvested from 1.0 nt areas, 0.0 - 1.0 m off roadside. Plant groups include:
unplanted annual/biennial dicots (ad); unplanted perennia dicots (pd); unplanted
annual/biennial grasses (ag); unplanted perennial grasses (pg); planted cover crop species (cc);
and planted native prairie species (np). Soil treatments are: disc-anchored straw (D); spade plus
Futerra blanket (F); spade plus hydraulic application (H); addition of organic matter (O); spade
only (S); and ano soil ammendment control (U). Values within a column followed by different
letters indicate a significant difference between a plant group mean in one treatment and one or
al of its counterparts in the remaining treatments at a = 0.05. Asterisks indicate a significant
year-to-year difference between values within the same plant group and treatment at a = 0.05.

Pound signs after a value indicate a significant inslope distance interval effect. N=15.

Treatment/

Plant Group 2001 2002
D
ad 18.7+ 8.6a 12.1+ 3.9a#
pd 44.7+ 15.5a 30.8+ 13.8a#
ag 33.7+ 6.7a 39.9+ 17.5a
pg 46.3+ 15.4b 84.5+ 20.4b*#
np 0.0+ 0.0 0.0+ 0.0
cc 25.3t 11.0a 39.2+ 12.9a
F
ad 27.2+ 9.5a 18.4+ 8.0a#
pd 49.6+ 15.3a 46.9% 17.2a#
ag 22.0+5.3a 34.3+ 14.8a
pg 48.2+ 8.9b 79.7+ 17.9b*#
np 0.0+ 0.0 0.0+ 0.0
cc 38.1+ 10.2a 30.7£ 9.1a
H
ad 35.9+ 9.4a 21.1+ 5.4a#
pd 40.2+ 17.1a 37.2+ 11.1a#
ag 20.1+ 8.3a 26.0+ 7.3a
pg 38.8+ 12.0b 64.1+ 15.2b*#
np 0.0+ 0.0 0.0+ 0.0
cc 42 .4+ 9.6a 35.9+ 13.6a
®)
ad 4.1+ 1.5b 5.7+ 2.7b
pd 5.8+ 1.6b# 10.6+ 4.8b
ag 7.2+ 3.0b 9.8+ 3.3b
pg 7.6x 3.9¢ 14.2+ 6.7c
np 0.0+ 0.0 0.0+ 0.0
cc 376.9+ 22.4b# 339.2+ 35.6b



Table 1.8 cont. NW biomass 1.0 —2.0 m.

Treatment/

Plant Group 2001 2002
S
ad 248+ 11.1a 20.4+ 4.8a#
pd 31.0+ 15.6a 26.6+ 9.3a#
ag 25.3+ 8.3a 23.2+ 8.2a
pg 43.5+ 16.8b 74.9+ 9.9b*#
np 0.0+ 0.0 0.0+ 0.0
cc 31.7+ 12.9a 44,7+ 15.7a
V)
ad 33.6+9.1a 17.2+ 4.3a*#
pd 22.4+ 10.8a 45.7+ 19.6a
ag 42,5+ 17.5a 29.0+ 7.7a
pg 88.3+ 18.7a 133.6+ 22.4a*#
np 0.0+ 0.0 0.0+ 0.0
cc 0.0+ 0.0c 0.0+ 0.0c

2001 and 2002 O treatment mean annual dicot, perennial dicot, annual grass, and
perennia grass biomass were significantly less than all other treatments. Mean perennial
dicot biomass within the first meter of inslope increased significantly from 2001 to 2002
in all treatments except O. No similar increase in perennial dicot biomass occurred
within the second meter off roadside. Alsoin 2001 and 2002 D, F, H, and S mean
perennia grass biomasses were significantly higher than those harvested in the O
treatment and significantly less than those harvested in the U treatment.

NW biomass results within the one to two meter interval were similar to those
attained in the first meter, except that at this distance it was biomass of perennial grasses,
not perennial biomass of dicots, which showed a significant year to year change (Table
8). More specifically, mean perennia grass biomass significantly increased from 2001 to
2002 in all treatments except O. In the U treatment, mean annual grass biomass
significantly decreased from 2001 to 2002.

Several significant differences were noted for the effect of inslope distance on
plant productivity. Inthe 2001 field season the only distance effects on vegetation
occurred in the O treatment where mean annual dicot biomass was significantly less and
mean cover crop biomass was significantly higher in the 1.0 - 2.0 m inslope interval.
More of such inglope vegetation differences were evident in the 2002 field season. In the
D, F, H, and Streatment 1.0 - 2.0 m interval mean annual dicot and perennial dicot
biomasses were significantly lower and mean perennial grass biomasses were
significantly higher. U treatment mean annual dicot biomass was significantly lower and
mean perennial grass biomass was significantly higher inthe 1.0 - 2.0 m interval. No
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native prairie species individuals were detected in the NW plot set during the course of
vegetation assessment. Three Dalea purpurea and three Boutel oua curtipendula were
eventually found while conducting a visual inspection of the entire NW plot set. The
Dalea purpurea individuals were found singularly in two of the S plots and in an H plot.
Theindividuals of Bouteloua curtipendula were found clumped together in an H plot.
All native species were located in the unassessed plot buffer aress.

In the SE plot set, F and H treatment productivity yielded the most significant
differences relative to the control (C) treatment. In both the 2001 and 2002 seasons F and
H 0.0 -1.0 m mean perennia grass biomass were significantly lower and mean cover crop
biomass were significantly higher than that in the C treatment (Table 9). At the same
inslope distance, 2001 and 2002 S treatment mean perennial grass and cover crop
biomass were not significantly different from the other three treatments. Several
significant plant group changes occurred from 2001 to 2002. In all treatments mean
perennia dicot biomass and mean native prairie biomass significantly increased. Mean
cover crop biomass significantly decreased. In 2002 there was no treatment difference in
mean cover crop biomass.

In 2001, trends in treatment affect on plant group biomass were the same in the
1.0- 2.0 mindope distance asin the 0.0 - 1.0 m distance (Table 10). Unlike the 2002
0.0 - 1.0 minterval results, there were no treatment differences in plant group biomassin
the 1.0 - 2.0 m inslope distance. Significant year-to-year plant group biomass changes
were similar to those that occurred in the 0.0 - 1.0 m indope distance. The exception was
asignificant mean perennial grass biomass increase from 2001 to 2002 inthe F, H, and S
trestments. No effect of inslope distance on plant community composition was evident in
the SE plot set.

In the NW plot set total biomass was significantly higher in the O treatment at
both distance intervals and in each year (Table 11). There were no treatment differences
in total biomass in the SE plot set.
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Table 1.9 Mean above ground biomass (g/m*+SE) for each of four unplanted,
weedy species life history groups and two planted species groups harvested from
the southeast plotsin September 2001 and 2002. Plant biomass was harvested from
1.0 n? areas, 0.0 - 1.0 m off roadside. Plant groups include: unplanted annual/biennial
dicots (ad); unplanted perennial dicots (pd); unplanted annual/biennial grasses (ag);
unplanted perennial grasses (pg); planted cover crop species (cc); and planted native
prairie species (np). Soil treatments are: no soil amendment control (C); spade plus
Futerra blanket (F); spade plus hydraulic application (H); and spade only (S). Vaues
within a column followed by different letters indicate a significant difference between
a plant group mean in one treatment and one or all of its counterparts in the remaining
treatmentsat a = 0.05. Asterisksindicate a significant year-to-year difference
between values within the same plant group and treatment at a = 0.05. N=18.

Treatment/

Plant Group 2001 2002
C
ad 33.6+ 20.0 37.2+10.1
pd 28.9+ 13.8 57.9+ 12.2*
ag 18.2+ 9.0 22.6x13.9
pg 53.8+ 20.5a 61.1+ 14.8a
np 0.42+ 0.35 12.5+ 4.5
cc 54.6+ 12.2b 28.3+ 9.2b*
F
ad 36.0+ 13.4 54.8+17.8
pd 18.2+ 5.6 61.3+ 22.5%
ag 9.0+ 3.5 10.4+ 3.6
pg 14.6+ 4.1b 20.6+ 7.5b
np 0.84+ 0.42 18.6+ 7.3*
cc 95.2+ 16.3a 50.6+ 10.9a*
H
ad 49.8+ 10.8 48.6+ 16.4
pd 29.2+ 8.7 59.3+ 20.5*
ag 13.0£ 6.7 145+ 7.2
pg 12.8+ 3.8b 15.5+ 8.0b
np 0.58+ 0.43 20.1+ 9.4*
cc 101.7+ 22.6a 51.3+ 14.7a*
S
ad 46.7+ 24.9 49.1+ 23.7
pd 24.0£ 9.4 51.2+ 13.2*
ag 10.1+ 3.6 17.8+ 8.5
pg 29.7+ 14.6ab 33.9+ 12.9ab
np 0.71+ 0.48 17.0+ 6.7*
cc 63.5+ 19.6ab 33.4+ 7.7ab*
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Table 1.10 M ean aboveground biomass (g/m“+SE) for each of four unplanted, weedy
specieslife history groups and two planted species groups harvested from the
southeast plot set 1.0-2.0 m inslope area in September 2001 and 2002. Plant groups
include: unplanted annual/biennial dicots (ad); unplanted perennial dicots (pd); unplanted
annual/biennial grasses (ag); unplanted perennial grasses (pg); planted cover crop species
(co); and planted native prairie species (np). Soil treatments are: no soil amendment
control (C); spade plus Futerra blanket (F); spade plus hydraulic application (H); and
spade only (S). Mean values within a column followed by the same letter are not
significantly different at a = 0.05. These single season comparisons are made between
plant life history groups within a given treatment and their counterparts in the other three
treatments. Mean values followed by an asterisk indicate a significant year-to-year
difference within each treatments individual plant groups at a = 0.05 (i.e. between year

comparisons are made within trestment and plant life history group). N=18.

Treatment/

Plant Group 2001 2002
C
ad 52.4+ 28.3 64.2+ 23.4
pd 32,7+ 12.6 74.8+ 17.3*
ag 20.8+ 12.6 28.3+ 12.0
pPg 57.6% 25.9a 73.0+ 38.1
np 0.50+ 0.29 19.9+ 6.6*
cc 38.7+ 9.5b 23.2+ 4.0*
F
ad 64.8+ 39.0 53.2+16.1
pd 31.2+ 8.2 70.8+ 26.5*
ag 7.5+ 4.2 24,5+ 15.1
pg 8.8+ 3.8b 35.1+ 9.9*
np 0.66+ 0.38 26.4+ 9.1*
cc 76.4% 18.9a 31.4+£ 9.7
H
ad 92.0+ 46.7 67.9+ 27.6
pd 47.8+ 13.7 81.6+ 24.4*
ag 108+ 7.4 33.3+ 16.9
pg 14.0+ 5.2b 46.1+ 11.6*
np 0.71+ 0.44 33.8+ 9.5*
cc 68.4+ 16.5a 29.1+ 10.0*
S
ad 79.8+ 53.3 57.6+ 22.2
pd 43.3+ 14.2 85.2+ 17.8*
ag 24,3+ 17.8 20.1+ 8.9
pg 22.5+ 11.1ab 53.0+ 14.4*
np 0.70+ 0.36 37.9% 14.6*
cc 57.7+ 18.9ab 25.6+ 8.3*
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Table 1.11 Southeast and Northwest plot set mean total biomass (g/m* + SE) at both
inslope distances off roadside, 2001 and 2002. Soil treatments are: no soil amendment
control (C); disc anchored straw (D); spade plus Futerra blanket (F); spade plus hydraulic
application (H); spade plus addition of organic matter (O); spade only (S); and no soil
amendment, including no addition of ow release fertilizer (U). Values followed by different
letters indicate significant differences between treatments within the same indope interval and
year at a = 0.05. Vaues not followed by aletter are not significantly different from other

treatment means. Northwest N = 15 and southeast N = 18.

Southeast Total Biomass

0.0-10m 1.0-2.0m
Treatment 2001 2002 2001 2002
C 188.8+ 56.3 218.6+ 51.5 202.7+ 62.4 283.4+ 70.6
F 173.8+45.1 222.3+ 58.7 189.4+ 31.5 241.4+ 67.1
H 204.1+ 44.6 209.3+ 49.5 233.7+£ 40.3 281.8+79.4
S 174.7+ 33.2 202.4+ 46.2 228.3+ 50.5 279.4+ 58.0
Northwest Total Biomass
0.0-1.0m 1.0-20m
Treatment 2001 2002 2001 2002
D 157.0+ 56.5a 200.8+ 44.3a 168.6+ 20.9a 206.5+ 51.6a
F 169.1+ 61.4a 227.5+ 76.9a 185.0+ 37.4a 210.0+ 48.3a
H 162.1+ 38.2a 180.4+ 56.6a 177.3+ 23.5a 184.3+ 59.1a
@] 323.5+ 31.9b 334.8+ 48.1b 401.5+ 57.9b 379.5+ 53.5b
S 172.7+ 73.5a 232.2+ 69.3a 156.4+ 38.6a 189.8+ 32.7a
u 191.4+ 43.8a 208.9+ 50.6a 186.8+ 55.1a 225.5+ 28.8a
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Relative Abundance Assessment

The calculation of relative abundance yielded trends in plant group treatment
differences similar to those found in the percent cover and biomass results. With one
exception, relative abundance of annual dicots, perennial dicots, annual grasses, and
perennia grasses in the O treatment was significantly less over both field seasons and
inslope intervals than in al other NW treatments (Tables 12 and 13). Only in the 2001
0.0— 1.0 mindopeinterval was O treatment relative abundance of perennial grass not
significantly less than that in the D, F, H, and S treatments. To the contrary, O treatment
cover crop relative abundance was without exception significantly greater than the other
NW treatments over both inslope distances and years.

NW plot set year-to-year differences were different from those found in the other
vegetation assessments. From 2001 to 2002 all NW treatments, except the U treatment,
experienced a significant decrease in annual grass relative abundance within the first
meter of indope. Additionally within the first meter of inslope, O treatment perennial
grass relative abundance declined significantly. No significant year-to-year differences
occurred within the second meter of insope.

Two plant groups in the NW plot set began to show significant relative abundance
differences according to distance off roadside in 2002. Inthe D, F, H, and S treatments
annual dicot relative abundance was significantly less and perennial grassrelative
abundance was significantly greater within the second meter of indope. Inthe U
treatment, 2002 annual dicot relative abundance was significantly less in the second
meter interval. No effects of ingdope distance interval on plant group relative abundance
occurred in the O treatment.

In the SE plot set 2001 C treatment perennial grass relative abundance was
significantly higher, and cover crop relative abundance was significantly less, than in the
F and H treatments at both distance intervals (Table 14 and 15). Within the same year
and distance interval, S treatment annual grass and cover crop relative abundance was not
significantly different from the other three treatments.
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Table 1.12 Relative abundance (+SE) for each of six plant groups harvested from
the northwest plot 0.0-1.0 m inslope area in September 2001 and 2002. Plant
biomass was harvested from 1.0 nf areas, 0.0 - 1.0 m off roadside. Plant groups
include: unplanted annual/biennial dicots (ad); unplanted perennial dicots (pd);
unplanted annual/biennial grasses (ag); unplanted perennia grasses (pg); planted cover
crop species (cc); and planted native prairie species (np). Soil treatments are: disc-
anchored straw (D); spade plus Futerra blanket (F); spade plus hydraulic application
(H); addition of organic matter (O); spade only (S); and a no soil amendmert control
(U). Vaues within a column followed by different letters indicate a significant
difference between a plant group mean in one treatment and one or all of its counterparts
in the remaining treatments at a= 0.05. Asterisksindicate a significant year-to-year

difference between values within the same plant group and treatment at a = 0.05. N=15.

Treatment/

Plant Group 2001 2002
D
ad 0.20+0.03a 0.29+0.08a
pd 0.11+0.02a 0.14+0.04a
ag 0.19+0.09a 0.05+0.01a*
pg 0.11+0.05a 0.07+0.02b
np 0.0+ 0.0 0.0+ 0.0
cc 0.39+0.18a 0.45+0.13a
F
ad 0.19+0.05a 0.26+ .09a
pd 0.10+0.03a 0.16+ .06a
ag 0.14+0.04a 0.07+ .01a*
pg 0.13+0.06a 0.11+ .05b
np 0.0+ 0.0 0.0+ 0.0
cc 0.44+0.12a 0.40+0.19a
H
ad 0.16+0.08a 0.23%0.10a
pd 0.09+0.02a 0.13+0.03a
ag 0.14+0.05a 0.09+0.04a
pg 0.13+0.04a 0.10+0.04b
np 0.0+ 0.0 0.0+ 00.0
cc 0.48+0.08a 0.45+0.16a
0]
ad 0.05+ 0.01b 0.07+0.02b
pd 0.06+0 .01a 0.07+0.02b
ag 0.06+ 0.02b 0.01+0.002b*
pPg 0.08+0.02a 0.04+0.007c*
np 0.0+ 0.0 0.0+ 0.0
cc 0.75+ 0.14b 0.81+ 0.26b
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Table 1.12 continued.

NW relative abundance 0 -1 m.

Treatment/

Plant Group 2001 2002
S
ad 0.18+0.06a 0.231£0.09a
pd 0.12+0.03a 0.14+0.04a
ag 0.15+0.05a 0.05+0.02a
pg 0.14+0.05b 0.10+0.03b
np 0.0+ 0.0 0.0+ 0.0
cc 0.41+ 23.9a 0.48+20.4a
U
ad 0.224+0.10a 0.24+0.07a
pd 0.08+0.02a 0.19+0.07a*
ag 0.19+0.09a 0.09+0.03a
pg 0.51+0.18a 0.48+0.22a
np 0.0+ 0.0 0.0+ 0.0
cc 0.0+ 0.0c 0.0+ 0.0c
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Table 1.13 Relative abundance (+SE) for each of six plant groups harvested from
the northwest plot set 1.0-2.0 m inslope area in September 2001 and 2002. Plant
biomass was harvested from 1.0 nf areas, 0.0 - 1.0 m off roadside. Plant groups
include: unplanted annual/biennial dicots (ad); unplanted perennial dicots (pd);
unplanted annual/biennial grasses (ag); unplanted perennial grasses (pg); planted cover
crop species (cc); and planted native prairie species (np). Soil treatments are: disc-
anchored straw (D); spade plus Futerra blanket (F); spade plus hydraulic application

(H); addition of organic matter (O); spade only (S); and a no soil amendment control
(U). Vaues within a column followed by different letters indicate a significant
difference between a plant group mean in one treatment and one or all of its counterparts
in the remaining treatments at a = 0.05. Asterisks indicate a significant year-to-year
difference between values within the same plant group and treatment at a = 0.05. Pound
signs indicate a significant difference between inslope distance intervals. N=15.

Treatment/

Plant Group 2001 2002
D
ad 0.15+0.06a 0.08+ 0.03a#
pd 0.18+0.09a 0.08+ 0.03a
ag 0.15+ 0.07a 0.11+ 0.05a
pg 0.14+ 0.06b 0.30+ 0.12b#
np 0.0+ 0.0 0.0+ 0.0
cc 0.38+ 0.11a 0.43+ 0.17a
F
ad 0.19+ 0.11a 0.07+0 .03a#
pd 0.15+ 0.03a 0.12+ 0.02a
ag 0.08+ 0.03a 0.09+ 0.04a
pg 0.16+0.08b 0.26+ 0.07b#
np 0.0+ 0.0 0.0+ 0.0
cc 0.42+ .17a 0.46+0 .21a
H
ad 0.18+ 0.08a 0.10+ 0.02a#
pd 0.11+ 0.05a 0 .15+ 0.06a
ag 0.12+ 0.03a 0.14+ 0.07a
pg 0.18+ 0.10b 0.21+ 0.05b#
np 0.0+ 0.0 0.0+ 0.0
cc 0.41+ 0.19a 00.40+ 0.16a
®)
ad 0.03+ 0.008b 0.05+ 0.01b
pd 0.04+ 0.01b 0.07+ 0.03b
ag 0.03+ 0.009b 0.03+ 0.01b
pg 0.04+ 0.02¢c 0.05+ 0.02c
np 0.0+ 0.0 0.0+ 0.0
cc 0.86+ 0.34b 0.80+ 0.26b
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Table 1.13 cont.

NW relative abundance 1.0 — 2.0 m.

Treatment/

Plant Group 2001 2002
S
ad 0.13+0.06a 0.09+0.03a#
pd 0.19+0.07a 0.11+0.03a
ag 0.09+0.04a 0.15+0.08a
pg 0.12+0.04b 0.27+0.12b#
np 0.0+ 0.0 0.0+ 0.0
cc 0.47+0.19a 0.38+0.17a
V)
ad 0.11+ 0.02a 0.06+0.02a*#
pd 0.03+0.01a 0.08+0.05a
ag 0.15+0.05a 0.08+0.04a
pg 0.71+0.29a 0.78+0.24a
np 0.0+0.0 0.0+ 0.0
cc 0.0+0.0c 0.0+ 0.0c
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Table 1.14 Relative abundance £SE for each of four unplanted, weedy specieslife
history groups and two planted species groups harvested from the southeast plots
in September 2001 and 2002. Plant biomass was harvested from 1.0 nt aress,

0.0 - 1.0 m off roadside. Plant groups include: unplanted annual/biennial dicots (ad);
unplanted perennial dicots (pd); unplanted annual/biennia grasses (ag); unplanted
perennia grasses (pg); planted cover crop species (cc); and planted native prairie
species (np). Soil treatments are: no soil amendment control (C); spade plus Futerra
blanket (F); spade plus hydraulic application (H); and spade only (S). Vaueswithin a
column followed by different letters indicate a significant difference between a plant
group mean in one treatment and one or all of its counterparts in the remaining
treatmentsat a = 0.05. Asterisks indicate a significant year-to-year difference
between values within the same plant group and treatment at a= 0.05. N=18.

Treatment/

Plant Group 2001 2002
C
ad 0.11+ 0.03 0.07£ 0.01
pd 0.05+ 0.01 0.12+ 0.02*
ag 0.12+ 0.06 0.07+ 0.04
pg 0.27+ 0.05a 0.29+ 0.10a
np 0.03+ 0.005 0.07+ 0.02*
cc 0.42+ 0.10b 0.39+£ 0.13
F
ad 0.08+ 0.04 0.06+ 0.03
pd 0.05+ 0.02 0 .14+ 0.06*
ag 0.06+ 0.01 0.05+ 0.01
pg 0.04+ 0.01b 0.06+ 0.02b
np 0.02+ 0.006 0.09+ 0.01*
cc 075+ .017a 0.60+ 0.21
H
ad 0.10+ 0.05 0.06+ 0.02
pd 0.04+ 0.02 0.11+ .03*
ag 0.05+ 0.01 0.04+ 0.02
pg 0.08+ 0.03b 0.07+ 0.02b
np 0.02+ 0.003 0.07+ 0.03*
cc 0.71+ 0.19a 0.65+ 0.24
S
ad 0.08+ 0.04 0.09+ 0.03
pd 0.07+ 0.01 0.17+ 0.07*
ag 0.10£ 0.05 0.05+ 0.02
pg 0.05+ 0.02ab 0.11+ 0.05ab
np 0.03+ 0.008 0.09+ 0.04*
cc 0.67+ 0.26ab 0.51+0.14
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Table 1.15 Relative abundance (xSE) for each of four unplanted, weedy species
life-history groups and two planted species groups har vested from the southeast
plot set 1.0-2.0 m indope area in September 2001 and 2002. Plant groups include:
unplanted annual/biennial dicots (ad); unplanted perennial dicots (pd); unplanted
annual/biennia grasses (ag); unplanted perennial grasses (pg); planted cover crop species
(cc); and planted native prairie species (np). Soil treatments are: no soil amendment
control (C); spade plus Futerra blanket (F); spade plus hydraulic application (H); and
spade only (S). Mean values within a column followed by the same letter are not
significantly different at a = 0.05. These single season comparisons are made between
plant life- history groups within a given treatment and their counterparts in the other three
treatments. Mean values followed by an asterisk indicate a significant year-to-year
difference within each treatment’ s individual plant groups at a= 0.05 (i.e. betweenyear
comparisons are made within treatment and plant life-history group). N=18.

Treatment/
Plant Group 2001 2002

C

ad 0.12+ 0.03 0.08+ 0.02

pd 0.08+ 0.02 0.11+ 0.05

ag 0.12+ 0.06 0.07+ 0.03

pg 0.28% 0.09a 0.25+0.11

np 0.03+£0.02 0.10+ 0.03*
cc 0.37+ 0.09b 0.39+ 0.14

____F

ad 0.12+ 0.06 0.06+ 0.01

pd 0.06+ 0.02 0.08+ 0.03

ag 0.08+ 0.02 0.08+ 0.04

pg 0.07+ 0.03b 0.24+ 0.10*
np 0.02+ 0008 0.10+ 0.04*
cc 0.65%+ 0.13a 0.44+ 0.07*

___H

ad 0.07+ .02 0.11+ 0.05

pd 0.08+ .03 0.10+ 0.05

ag 0.08+ .04 0.11+£ 0.06

pg 0.10£ .03b 0.20+ 0.06*
np 0.01+ .004 0.07+ 0.02*
cc 0.68+ 0.16a 0.41+ 0.09*
S

ad 0.08+ 0.03 0.12+ 0.05

pd 0.05+ 0.02 0.07£ 0.01

ag 0.09+ 0.03 0.09+ 0.03

pg 0.13+ 0.07ab 0.29+ .004*
np 0.02+ 0.007 0.08+ 0.04*
cc 0.63+ 0.18ab 0.35+ 0.08*
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In 2002, the same relationship persisted only in the case of the relative abundance
of perennial grasses ard only at the 1.0 — 2.0 minterval. Relative abundance of native
prairie species increased significantly between 2001 and 2002 across all treatments and at
both inslope distance intervals. Within the first meter of inslope the relative abundance
perennial dicots increased significantly from 2001 to 2002 across all treatments. In the
second meter of indope F, H, and S perennial grass relative abundance significantly
increased and cover crop relative abundance significantly decreased between 2001 and
2002. There were no treatment differences in native prairie relative abundance.

On a species level, only general trends in relative abundance based on visual
observations made in the field and in the laboratory were noted over the course of the
study. Relative abundance was noted for four of the five native prairie species, al five
cover crop species, and the most prominent weedy grass and dicot species. In the NW
plot set, Medicago lupulina was the most abundant annual dicot within the first meter of
inslope in 2002 and Poa compressa accounted almost exclusively for the cover crop
presence, except in the organic matter treatment where Elymus trachycaulus remained a
significant community component as well. Lolium perenne var. aristatum, Puccinellia
distans, and Regreen presence dropped precipitously in 2001 and was completely absent
in 2002. Inthe U treatment, perennial grass relative abundance was higher than in the
other treatments at both inglope distances and across both field seasons. Poa pratensis,
Phalaris arundinaceae, and Bromus inermis were the most prevalent perennial grass
species. Of these three species, Poa pratensis appeared to have a higher relative
abundance within the first meter of indope.

Asin the NW plot set Poa compressa became a co-dominant species at both SE
plot set indope distance intervals by 2002. Also, the most common species occurring on
the SE plot set roadside were similar to those occurring in the NW plot set: Phalaris
arundinaceae, Poa pratensis and Bromus inermis were the primary perennial grass
species, Eragrostis sp., and Setaria glauca were the primary annual grass species; Lotus
corniculatus and Trifolium pratense were the primary perennia dicot species; and
Ambrosia artemisiifolia, Melilotus alba, Méelilotus officinalis, and Trifolium repens were
the primary annual dicot species. Unlike the NW plot set, relative abundance of Lotus
corniculatus at the one-to-two meter inslope interval appeared to be about as high as it
was within the first one meter of inslope. Other vegetation differences on the SE plot set
roadside included a much reduced relative abundance of Medicago lupulina and a much
higher relative abundance of native prairie species Dalea purpurea, Bouteloua
curtipendula, Bouteloua gracilis and Schizachyrium scoparium. All four native prairie
species appeared to be equally abundant at both inslope intervals.

Table 16 lists the large number of problematic weedy, dicot species identified in
this study.
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Table 1.16 List of the unplanted weedy dicot species more commonly encountered
during the 2000-02 MNROAD roadside restoration study. An asterisk following a
common name indicates that the species was found in more than half of either plot sets
subplots and during at least one of the field seasons. Those names not followed by an
asterisk were encountered in a quarter to a half of a plot sets subplots.

Botanical Name

Plant Life History

Plant Common Name

Ambrosia artemisiifolia L.
Asclepias syriaca L.
Berteroaincana (L.) DC.
Cirslumarvense (L.) Scop.
Cirslumvulgare (Savi.) Tenore
Chenopodium album L.
Conyza canadensis (L.) Crong.
Hypericum perforatumL.
Linaria vulgaris Miller

Lotus corniculatus L.
Medicago lupulina L.
Melilotus alba Medikus
Melilotus officinalis(L.) Pallas
Oenothera biennis L.

Plantago major L.
PotentillarectalL.

Rumex crispus L.

Slene latifolia Poiret

Solidago canadensis L.
SonchusarvensisL.
Taraxacum officionale Weber
Thlaspi arvense L.
Tragopogon dubius Scop.
Trifolium pratense L.
Trifoliumrepens L.

Vicia villosa Roth

Discussion

annual

perennial
annual/perennial
perennial
biennial

annual

annual

perennial
perennial
perennial

annual or biennial
annual

biennial (annual)
biennial
perennial
perennial
perennial
perennial
perennial
perennial
perennial

annual

biennial
perennial
perennial

annual

Common ragweed*
Common milkweed
Hoary ayssum*
Canadathistle

Bull thistle

Pigweed*

Horseweed

Common St. John' s-wort
Butter-and-eggs
Birdsfoot-trefoil*
Black medick*

White sweet-clover*

Y ellow sweet-clover*
Common evening-primrose
Common plantain
Sulphur cinquefoil
Curly dock

White campion
Canada goldenrod
Perennial sow-thistle
Common dandelion
Field penny-cress*
Fistulous goat’ s-beard
Red clover*

White clover*

Hairy vetch

Two east-central Minnesota roadside plot sets in excess of 200.0 m were
subjected to a prescribed cover crop and native prairie plant seeding. Roadside soil
treatments varied on whether they received an application of one of two novel ECMs, an
addition of organic matter, machine spading (anaeration of the soil), atraditional disc-
anchoring of straw, and/or an application of slow release fertilizer. The purpose of this
study was to simultaneously monitor roadside soil moisture, temperature, and fertility and
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plant community progression over the course of two growing seasons to see whether the
soil amendments improved otherwise typically inhospitable roadside soil conditions and,
importantly, resulted in enhanced establishment of desired cover crop and native plant
species. The two plot sets yielded some significant and distinct results in these regards.

The percent cover assessment performed during each of the plot setsinitial
growing season showed several significant treatment differences in roadside plant
community composition. Of these differences the NW organic matter treatment yielded
the most dramatic. Here, cover crop percent coverage and total percent coverage of
vegetation was highest and percent bare-ground was lowest. Even in the years
subsequent to the initial 2000 growing season the more robust organic matter treatment
vegetation clearly defined the boundary between it and the other treatments adjoining it.
One of the cover crop species, Elymus trachycaulus, appeared to be particularly abundant
compared to the other treatments. Of most interest to roadside managers was the
concomitant limitation in unplanted weedy species establishment. Percent coverage of
unplanted annual and perennia dicots and grasses was significantly lower in the organic
matter treatment. Cover crop density was so high that restriction of light energy
penetration to those later germinating plants near the soil surface likely resulted in their
higher rate of exclusion. Unfortunately, a major disadvantage to such a cover crop-rich
plant community, as with a dense weedy species dominated community, is the probable
inhibition of native prairie species establishment as well. One may expect that later
establishing prairie species, such as those used in this study, would likely experience a
higher rate of mortality under dense canopy conditions. Indeed, one of the characteristics
of weedy dominated plant communities roadside managers wish to avoid when
attempting to reestablish a native species presence is the dense canopy or exceedingly
dominant growth form often associated with the presence of aggressive, invasive species.
Accordingly, the high percent coverage of cover crop species achieved in the nutrient-
rich organic matter treatment may not be desirable despite its apparent inhibition of
invasive weedy species. Unfortunately the results of this study are inconclusive in this
regard since subsequent aboveground biomass harvesting showed that native species
were essentially absent from the entire NW plot set. It can only be speculated that the
occurrence of any number of environmental factors between the fall of 1999 and the
spring of 2000 were detrimental to native seed germination or that the hot, dry summer
months of 2000 resulted in higher than normal native plant seedling mortality. The
accidental mowing in the first week of August 2000 may have contributed to the lack of
native species recruitment as well.

Another important result coming out of the NW plot set percent cover assessment
was the significant difference in percent bare ground between the unamended treatment
and the disc-anchored straw, Futerra, organic matter, and aeration-only treatments. The
significantly higher percent of bare-ground occurring in the unamended treatment showed
that the various methods of soil amendment used in this study usually resulted in a
significant reduction in the amount of soil surface lacking vegetative cover. The
exception in the case of the NW plot set was the H treatment. The percent bare-ground
occurring in the hydraulically applied soil stabilizer treatment was aso significantly
higher than that in the disc-anchored straw, Futerra, organic matter, and aeration-only
treatments. Since a similar percent bare ground relationship did not exist between the SE
plot set hydraulically applied soil stabilizer treatment and the rest of the SE treatments, a
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universal hydraulically applied soil stabilizer treatment deficiency cannot be
hypothesized. It is more likely that an excessive amount of hydraulically applied ECM
broadcast onto the soil surface in the NW plot set was enough to inhibit plant growth well
into theinitial growing season. These results would seem to suggest a potential
unreliability in hydraulically applied ECM to yield a cover of vegetation comparable to
other soil amendment treatments.

In the SE plot set the control treatment yielded significant differencesin
percent cover of cover crop and unplanted perennial grass from the other three
treatments. Although the control treatment received an application of slow-release
fertilizer, its percent cover of cover crop species was significantly lower and its percent
cover of unplanted perennia grass species was significantly higher than that in the two
erosion control material treatments at both inslope distances. The benefit of application
of ECM is evident in the SE plot set, where in the initial year of plant establishment only
the Futerra and hydraulically applied soil stabilizer treatments provided a significantly
higher presence of cover crop species and significantly lower presence of perennial grass
species. Aeration of the soil in addition to the introduction of desired species was not
enough to yield a plant community significantly different from the nonaerated control.
The inhibition of perennial grass establishment in the Futerra and hydraulically applied
soil stabilizer treatments went beyond the 2001 season. In 2002, the presence of
perennial grass species in the Futerra and hydraulically applied soil stabilizer first meter
of indope was still significantly less than in the control treatment. Despite the benefit of
ECM usage in deterring unplanted perennial grass establishment asimilar reduction in
annual dicot, perennial dicot, and annual grass establishment did not occur. It is possible
that the soil surface microclimate produced by the application of ECM was particularly
beneficial to germination and establishment of cover crop species and that their
significantly higher presence resulted in a competitive environment that
disproportionately limited perennial grass acquisition of resources. Asfor the higher
percent cover of perennia grassin the control treatment, alack of competition from
cover crop species and alack of disruption of established perennial grass species root
systems in the non-aerated control treatment soils may both have been contributing
factors. The benefit of application of ECM in combination with an aeration of soil
appears to be shown by these results.

The effect of ECM application on roadside vegetation was further investigated in
the spring of 2001 via digital imagery. The possible facilitation of spring germination by
the Futerra and hydraulically applied ECMs was not demonstrated in this study. Only
within the first meter of inslope did a treatment difference in percent cover of vegetation
occur. At boththe0.0- 0.5 mand 0.5- 1.0 mintervals S treatment mean percent cover
was significantly higher than that in the hydraulically applied soil stabilizer treatment.
Control and Futerra treatment mean percent cover were not significantly different from
one another or from those in the aeration only and hydraulically applied soil stabilizer
treatments. Observing these early spring results, one may conclude that application of
hydraulically applied ECM may inhibit germination. However, the fact that no treatment
differences in mean percent cover were evident by the later June assessment renders this
conclusion dubious. It ismore likely that the less permeable nature of the hydraulically
applied ECM, as opposed to the more permeable, meshlike quality of the Futerra ECM,
only temporarily lent to the misleading perception that germination was noticeably lessin
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hydraulically applied soil stabilizer treatment plots. Because mean percent cover in the
hydraulically applied soil stabilizer treatment was no different from that in the other
trestments later in the spring we may assume that its rate of germination during the May
assessment was actually on par with the other treatments. The apparent paucity of
hydraulically applied soil stabilizer treatment vegetation coverage was an artifact of the
greater amount of time necessary for leaf and shoot emergence from underneath the more
solid recycled paper-wood fiber matrix. With thisin mind, it is most likely that no
treatment difference in mean percent vegetation coverage actually existed. Importantly,
the brief delay in visible hydraulically applied soil stabilizer treatment vegetation
emergence did not ultimately result in a significantly reduced percent cover of vegetation.

The digital imagery results also show that for all but the hydraulically applied soil
stabilizer treatment, mean percent cover was significantly greater in the 0.0 - 0.5 m than
inthe 1.5- 2.0 minterval. One possible reason for this disparity may be the likely
reduction in direct sun exposure afforded to the assessed indope interval furthest from
the shoulder. Whereas the inslope adjacent to the shoulder was approximately flat,
inglope further from the shoulder had a more northeast facing aspect. Also, the lack of a
distance effect on hydraulically applied soil stabilizer treatment percent cover during the
May assessment appears to further the hypothesis stated above that the thicker, more
uniform cover of hydraulic ECM merely concealed the equal amount of germinating
vegetation in those plots. Finally, the confinement of the occurrence of significant
increases in percent cover from month to month to the two ECM treatments suggests that
early F treatment percent cover may also have been deceptively low for the same reason
that H treatment rate of germination was low. It seems that Futerra blanket mesh also
significantly obscured germinating vegetation in the early assessment.

Based on the results of this study several roadside management recommendations
can be made. If weed suppression isatop priority then an addition of organic matter to
roadside soils would be highly recommended. If on the other hand a concomitant
establishment of native prairie speciesis also desired then addition of organic matter is
probably not advisable due to the extremely dense coverage of cover crop species that
results. Under such dense canopy conditionsit is hard to imagine later season
establishing natives to have a chance in establishing. Although mowing was not
specificaly addressed in this project, it would seem that a better alternative to weedy
species suppression would be to forgo the addition of organic matter and instead rely
upon early season mowing to minimize exotic species competition. Perhaps only in cases
of extremely compacted and nutrient-poor soils should organic matter be added.
Alternatively, it was shown in this study that disc-anchored straw, application of Futerra
blanket and hydraulic ECM, and spading of soil alone were all amendment options
equally capable of providing cover crop establishment superior to aless amended control.
The absence of the potential for significant phosphorus leaching to the local watershed is
another advantage to the non-organic matter alternatives. Asthe level of native species
establishment was not significantly improved by the application of erosion control
materials, or merely from the aeration of soil alone, a recommendation of ECM usage can
only be made based upon superior cover crop establishment and the erosion control they
are capable of providing.
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Chapter 2. The Effectsof Addition of Organic Matter,
Application of Erosion Control Material, and Soil Aeration on

Roadside Soil Fertility, Moisture, and Temperature

I ntroduction

Each time alength of highway is corstructed, the exposed areas of bare soil
adjoining the roadside must be re-vegetated in order to reduce their vulnerability to
erosion. To address this immediate concern, cover crop propagules are typically
broadcast to expedite the process of establishing a thorough and uniform cover of
vegetation. In the past, persistent exotic species such as brome grass and reed canary
grass were used in these re-vegetation efforts. But as the interest to reestablish native
prairie species on highway indopes has grown in recent decades, such aggressive non
native species have been dropped from department of transportation seed mixes and
replaced by less aggressive non-native, native, and horticultural species. Newer seed
mixes enable roadside managers to restore native plant communities while satisfying the
primary objective of indope stabilization.

Besides the common problem of competition with aggressive, exotic species the
more immediate concern facing restoration biologists is initial establishment. Due to the
particularly droughty, nutrient deficient, and compacted state of roadside soils seeding
into such an area can be similar to attempting prairie establishment under desert-like
conditions. Even if the native seed germinates, most seedlings seem to perishunder peak
summer conditions of heat and drought. Thisis especially an issue when adherence to
seed planting datesisignored. The end result is a minimal establishment, relative to the
greater abundance of weedy grass and dicot species, to the roadside plant community. A
recent roadside restoration study (Biesboer et a. 1998) conducted in east-central and
southern Minnesota confirms this commonly observed problem. Two years after
restoration percent coverage of native grasses was generally found to be only 10-20%
within the first four meters of inslope. Within the first two meters of inslope, presence of
native grasses was often negligible. Isit possible that a moderation of soil temperature
and moisture would significantly improve the probability of native prairie plant
establishment at roadside? Addition of organic matter is an obvious means of increasing
soil water holding capacity. Likewise, application of erosion control blanket holds
potential for moderation of soil conditions of temperature and moisture flux. The focus
of this study isto investigate the effect of addition of organic matter and application of
two erosion control materials currently utilized by roadside managers on roadside soil
temperature and moisture management and subsequent establishment of desired cool-
Season grass species and native prairie plant species.



Materials and M ethods
Soil Texture and Fertility Analyses

Refer to chapter one for a description of the study site, plots and
trestments used in this chapter.

To assess soil fertility, soil cores were collected with a52.5 cm Hoffer stedl soil
sampling probe (Ben Meadows Inc., PO Box 5277, Janesville, WI 53547) from both sets
of plots, northwest and southeast, in September 2001 and September 2002. On each
occasion 30 soil samples, one each from 0.5 m and 1.5 m from roadside, were taken from
the fifteen northwest plots and, similarly, 48 were obtained from the 24 southeast plots.

For each plot, one subplot was randomly selected for sampling. Each sample was
acomposite of three 15.0 cm cores. Samples were oven dried at 65°C for two days,
allowed to cool, and then crushed through a 2.0 mm sieve before submittal for analysis to
the University of Minnesota Department of Soil, Water, and Climate Research Analytical
Laboratory (135 Crops Research Building, 1903 Hendon Ave., University of Minnesota,
St. Paul, MN 55108). Plant available nitrogen, plant available phosphorus, and percent
organic matter (percent by LOI —loss on ignition) were obtained from the 2001 samples.
Plant available nitrogen (NO3-N), plant available phosphorus (OlsenP), and soil texture
were obtained from the 2002 samples. Additionally, single soil samples were taken prior
to northwest plot establishment in September 1999 and southeast plot establishment in
August 2000 to provide a baseline of soil fertility (total nitrogen, i.e., Kjedahl nitrogen
without nitrate reduction), total phosphorus, percent organic matter, and pH). Each
sample was a composite of two 15.0 cm deep cores obtained from a one meter distance
off roadside at every 25.0 meter roadside interval for atotal of 20 cores per sample. Both
composite samples were processed as described above. Data was subjected to analysis of
variance (ANOVA) and Tukeys multiple comparison tests at a confidence level of a =
0.05.

Soil Moisture and Temperature

To assess the effect of the application of erosion control mats on roadside soil
temperature and moisture, associated probes and sensors were installed the first week in
August 2000 at several soil depths and distances from roadside in the southeast plots.
Although a general characterization of roadside soil conditions throughout the growing
season was the broader objective, our primary interest was to capture soil responses
across the various treatments to hot, droughty conditions. Probes and sensors were
installed after soil aeration, but before application of the two erosion control mats. The
three components necessary to this data collection included probes/sensors, data
collection and storage apparatus, and a power supply.

Temperature probes were prepared by stripping the last couple centimeters of a
length of thermocouple wire, twisting together the exposed constantan and copper, and
protecting the metal with shrink tubing. The fifth experimental block of the southeast
plots was chosen for installation due to its proximity to an AC power source. Nine
probes were installed in each of the four treatments in the fifth blocks. Three probes each
wereinstaled at 0.5 m, 1.0 m, and 2.0 m off roadside. Probes were placed at soil surface
and soil depths of 6.0 cm and 15.0 cm. Watermark 200 soil moisture sensors (purchased
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from Campbell Scientific, 815 West 1800 North, Logan, UT 84321) were placed at the
same distances from roadside, but only at the two subsoil positions. Subsoil probe/sensor
installation was achieved by digging afurrow parallel to the desired distances from
roadside and then inserting horizontally at the two depths so as not to disturb the above
soil profile. Cables associated with the 36 temperature probes and 24 soil moisture
sensors were connected to a data collection and storage complex composed of two
Campbell Scientific AM-416 multiplexers and a CR10X datalogger. Cable connections
were made directly to the multiplexers which, in turn, were connected to the datalogger.
The datalogger was programmed with PC 208W 3.2 software to collect data every half
hour. Storage limitations necessitated a downloading of data at least every 19 days. A
12 volt Optura deep cycle, spira cell battery connected to an onsite AC power source
enabled seamless data collection by eliminating the need for periodic battery recharge.
The data storage complex and battery were housed in a secure steel box to prevent
exposure to precipitation.

Soil moisture and temperature data was not obtained for the Northwest plot set.
Transfer of probes/sensors to the NW plot set in late 2001 would have resulted in a
significant disruption of subplots scheduled to receive an above ground biomass harvest
the following season and, additionally, two years of data collection from the same
installation positions was considered of value. Unfortunately this meant that soil
temperature and moisture data was not obtained from the organic matter treatment.

Data was subjected to Kruskal-Wallis analysis of variance (ANOVA) and Tukeys
multiple comparison tests at a confidence level of a= 0.05.

Percent Cover of Vegetation

Vegetation coverage is known to be affected by soil temperature therefore
total percent cover of vegetation was determined, via the point- frame method described
by Goodall (1952), for each 1.0 m2 area centered upon the three probe positions located
at 0.5m, 1.0 m, and 2.0 m off roadside. A percent cover assessment was taken at each
10.0 cm interval within the 1.0 m2 frame for atotal of 10 measurements per probe
position. Data was subjected to analysis of variance (ANOVA) and Tukeys multiple
comparison tests at a confidence level of a = 0.05.

Soil Compaction

Soil compaction data was obtained witha Rimik CP-20 cone penetrometer
(loaned from Dr. John Baker, Soil, Water, and Climate Department, St. Paul campus,
University of Minnesota). Aninitial assessment was conducted immediately following
southeast plot establishment in August 2000 and again in September 2002 for both plot
sets. Within each plot atotal of twelve measurements were taken, three measurements
each from 0.5 m and 1.5 m off roadside across two randomly selected subplots. The
penetrometer consisted of a 60.0 cm cone-tipped aluminum rod connected to a steel box
housing a data logger, a rechargeable battery, and an electronic display. Penetrometer
insertion into the soil was achieved by securing a detachable handle to each side of the
box. It was then possible for the operator to push the apparatus down through the soil
profile to a desired depth (60.0 cm maximum). An even rate of soil penetration was
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important to data reliability. Pressure values (in kilopascals) were set via the display to
be taken every 1.5 cm.

In the 2000 assessment, where a gauging of soil spading effectiveness was of
primary interest, the penetrometer was driven to a soil depth of 30.0 cm. Although the
collection of further soil compaction data several years after plot establishment was of
interest, an assessment of depth to hardpan was the main objective of the second data
collection in 2002. Correspondingly, data was collected to a soil depth of 60.0 cm.
Rimik CP-20 Windows®© 98 software was loaded onto a laptop computer for the purpose
of data transfer into a spreadsheet. Connection between computer and data logger was
possible via an optically isolated RS-232 Interface cable. Data was subjected to anaysis
of variance (ANOVA) and Tukeys multiple comparison test at a confidence level of a =
0.05.

Results

Soil Moisture and Temperature

A genera picture of overall weather conditions during the 2000, 2001, and 2002
field seasons was possible thanks to the provision by MNDOT of onsite air temperature
and rainfall event data (Greg Johnson, Research Project Engineer, Office of Materials,
1400 Gervais Avenue, Maplewood, MN 55109). None of the field seasons stood out as
being particularly hot or cold. Between March and September of each year median
maximum and minimum air temperatures followed a similar trend of lowest median
values occurring in March, followed by steady monthly increases to peak levelsin July,
and then gradual declines into September (Fig. laand b). The potentia for observing
roadside soil temperature extremes was approximately equal all three years as days with
maximum air temperatures in the high 20.0 °C to mid 30.0 °C range occurred frequently
between mid-June through August.

In contrast, the three field seasons were not equal in terms of the amount of
precipitation received. According to historic records kept over a 113 year period between
1891 and 2003, 2002 was the 4th wettest year on record for the Twin Cities locale
(Climatology Working Group website www.climate.umn.edy, 2003). By month, the 5th
wettest June and 3rd wettest August occurred in 2002. Although cumulative rainfall
through the earlier portion of the growing season was highest in 2001 rainfall amounts
thereafter were far greatest in 2002 (Fig. 2). Between June 15 and Septenber 7, 2000-02
approximately 16.0 cm, 13.0 cm, and 46.0 cm of rain fell, respectively. A May 31
through September 7, 2000 — 02 cumulative rainfall perspective further demonstrates the
relative dryness of the 2000 and 2001 field seasons in comparison (Fig. 3).

The summer of 2001 was particularly dry. Only during the 2001 season were the
July and August monthly precipitation totals, 5.4 cm and 5.9 cm, respectively, less than
the 113 year (1891 — 2003) averages of 9.3 cm and 8.8 cm. Overall, there were rainfall
events on 80 of the 191 days between March 1 and September 7, 2002 for atotal of 73.6
cm, an amount that exceeds the Twin Cities annual precipitation average of 70.5 cm (Fig.
2, Fig. 4, and Table 14). In 2000 and 2001 there were 66 and 69 days, ard 34.9 and 48.3
cm of total precipitation, respectively. Precipitation amounts during the annual periods
preceding the September 7, 2001 and 2002 plant assessments similarly demonstrate the
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Figure 2.1a and 2.1kt MNROAD median monthly maximum and minimum air

temper atures between Mar ch and September of 2000-02. Temperature data was provided
by MNDOT research project engineer, Greg Johnson.
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Figure 2.2 MNROAD growing season cumulative precipitation (March 1 through
September 7, 2000-02). Data obtained from MNDOT research project engineer, Greg

Johnson, Maplewood, MN.
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Figure 2.3 MNROAD growing season cumulative precipitation (May 31 through
September 7, 2000-02). Data obtained from MNDOT research project engineer, Greg
Johnson, Maplewood, MN.
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Figure24 MNROAD March 1 - September 7, 2000-02 rainfall events. Data obtained
from MNDOT research project engineer, Greg Johnson, Maplewood, MN.
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Table2.1aand 2.b Overview of precipitation (cm) at the MNROAD study site
between 2000 and 2002. Precipitation is examined over two different timeframes. a) a
sequence of nonwinter months, approximated by the period March 1 through Sept. 7,
when rainfall events are possible; and b) two annua sequences relevant to the 2001 and
2002 plant biomass assessments -- Sept. 8, 2000 to Sept. 7, 2001 and Sept. 8, 2001 to
Sept. 7, 2002.

1a).
Precipitation
# days total (cm) average (cm/day) median (cm/day)
2000-01 114 66.28 0.58 0.18
2001-02 128 89.33 0.70 0.20
Precipitation
year # days total (cm) average (cm/day) median (cm/day)
2000 66 34.93 0.53 0.22
2001 69 48.29 0.70 0.20
2002 80 73.56 0.92 0.31
1b).

disparity in rainfall over the three field seasons (Table 1b). The year preceding the
September 2002 plant assessment had a higher number of precipitation days and higher
total precipitation.

Soil moisture and temperature measurements obtained from the four SE plot set
trestments were generally in accordance with the MNDOT-supplied rainfall and air
temperature data. On-site soil moisture and temperature data were collected in the
southeast (SE) set of plots between May 4 and September 19, 2001 and between June 26
and September 7, 2002 (data logger malfunction led to loss of spring 2002 data). Of the
36 different temperature probes installed in the southeast plots 23 functioned properly
through the course of the 2001 field season. The 13 that ceased to function did so for
unknown reasons or due to rodent induced disruption. Consequently, temperatures at
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some probe locations were not obtained for all treatments. Between May 4 and July 23,
2001 only five probes were not operational: in the Futerra plot at soil surface and 0.5 m
off roadside; in the Futerra plot at a soil depth of 6.0 cm and 0.5 m off roadside; in the
Futerra plot at a soil depth of 6.0 cm and 1.0 m off roadside; in the hydraulic soil
stabilizer application plot at a soil depth of 15.0 cm and 1.0 m off roadside; and in the
control plot at a soil depth of 15.0 cm and 2.0 m off roadside. All moisture sensors
remained functional throughout the collection period.

Comparison of springtime mean average daily temperatures between May 4 and
June 10, 2001 showed no significant differences in soil temperature across the treatments
(Table 2). Similarly there were no significant differences in soil moisture over this
timeframe (Table 3). In contrast, a particularly hot, dry period occurring between
July 3—22, 2001 reveaed several significant soil moisture and temperature differences
between treatments. For the purpose of examining soil conditions during exposure to
temperature extremes average temperatures for this period reflect the ‘heat of the day’
12:00 pmto 6:00 pm time interval. During this time mean average daily ‘heat of the day’
temperature at both soil surface and the 6.0 cm soil depth within the 0.5 m inslope
interval were significantly lower in the aeration-only treatment than in the hydraulic soil
stabilizer and control treatments (Table 4). At soil surface and 1.0 m off roadside, soil
temperatures were lower in the control treatment than the other three treatments and at
the same distance off roadside and a soil depth of 6.0 cm the control treatment yielded a
lower mean average daily soil temperature than the hydraulic soil stabilizer and aeration
only treatments. Soil temperatures obtained at al other probe positions did not differ
significantly.

Figure 5 is another depiction of the same trend mentioned above for the probe
position at soil surface and 1.0 m off roadside, but over an expanded timeframe. The
graph shows that the lower average peak heat of the day temperature in the control plot
continued through the last day of collection, September 19.

Figure 6 further compares the maximum daily air temperature with the maximum
daily soil surface temperatures occurring across the four treatments. At the 1.0 m inslope
distance Futerra, hydaulic, and spading machine only soil surface temperatures were
often considerably higher than the air temperature. Control soil surface temperatures
vacillated between being slightly higher and dlightly lower than the air temperature.

Examination of soil water potential (SWP) was further narrowed to a 10-day
window between July 10 — 19, 2001, because it was during this time frame that large
differences in SWP appeared. Over the two field seasons of data collection this turned
out to be the lone occasion where significant treatment differencesin SWP and
measurements exceeding 300.0 centibars occurred At four of the six sensor positions S
treatment mean daily SWP was found to be significantly lower (wettest) than in the other
three treatments (Table 5). This was the case for sensor positions at both soil depths 0.5
m and 1.0 m off roadside. H treatment mean SWP was additionally significantly higher
than the F and C treatment means at the 0.5 m--6.0 cm soil depth position. At both 2.0 m
inslope distance soil depths F and S treatment mean SWP were significantly higher than
that in the C and H treatments. Similarly, at both soil depths F treatment mean SWP was
also significantly higher than S treatment mean SWP. Differences in SWP at the three
6.0 cm soil depth positions are shown in Figure 7a, b, and c.
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By the 2002 field season, nineteen of the 36 temperature probes were not
operational and those that did function yielded faulty temperatures. Consequently only
data from the 24 soil moisture sensors, all of which continued to function properly, are
reported here. The abundance of rainfall during that season resulted in afairly regular
saturation of the soil and thus there were no significant differences in soil water potential.

Table2.2 Mean average daily soil temperature (°C) (+SE) acrossthe four
southeast plotset treatments, May 4 — June 10, 2001. Soil treatments are: no soil
amendment control (C); spading machine plus Futerra blanket (F); spading machine
plus hydraulic soil stabilizer application (H); and spading machine only (S). Vaues
not followed by a letter indicates the absence of any significant treatment differences
ata =0.05.

Distance From Roadside (m)

Soil Depth
(cm) Treatment 0.5m 1.0m 2.0m
0.0 C 19.3+ 5.8 179+ 3.2 18.4+ 5.7
F NA 19.6x 5.7 21.1+ 58
H 18.2+ 5.0 214+ 44 195+ 44
S 21.1+ 3.7 19.3t 4.3 20.1+ 4.3
6.0 C 143+ 3.2 17.1+ 44 13.7+ 3.0
F NA NA 12.3t 2.7
H 16.6+ 2.7 13.8+ 25 159+ 25
S 12.7+ 2.8 16.3+ 3.5 112+ 2.3
15.0 C 115+ 1.8 104+ 1.8 NA
F 122+ 1.8 132+ 15 134+ 1.8
H 119+ 1.8 NA 14.7+ 1.7
S 10.1+ 2.0 11.0+ 1.8 127+ 1.6




Table 2.3 M ean average daily soil water potential (centibars) (+SE) acrossthe
four southeast plotset treatments, May 4 —June 10, 2001. Soil treatments are: no
soil amendment control (C); spading machine plus Futerra blanket (F); spading
machine plus hydraulic application (H); and spading machine only (S). Values not

followed by aletter indicate the absence of any significant treatment differencesat a =
0.05.

Distance From Roadside (m)

Soil Depth
(cm) Treatment 0.5m 1.0m 2.0m
6.0 C 26 0.5 3.1+ 0.8 34+ 1.6
F 29+ 0.2 3.6t 1.3 28+ 0.7
H 25+ 0.6 3.2+ 0.8 25+ 0.9
S 3.5+ 0.7 29+ 05 3.0t 11
15.0 C 22+ 0.8 26t 0.9 24+ 0.7
F 24+ 05 25+ 0.7 28+ 0.8
H 2.0+ 0.3 27+ 0.4 2.6+ 0.8
S 27+ 1.0 24+ 04 1.9+ 0.3
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Table 2.4 Southeast plot set mean daily temperatures (°C) (+SE) for a peak heat
period occurring July 3-22, 2001. To illustrate extreme roadside conditions, mean
values reflect measurements taken between noon and 6:00 pm. M easurements were taken
at probe positions across three soil depths and three distances off roadside. Soil

treatments are: no soil amendment control (C); spading machine plus Futerra blanket (F);
spading machine plus hydraulic soil stabilizer (H); and spading machine only (S). Vaues
followed by adifferent letter indicate a significant difference between values within the
same soil depth and distance from roadside categoriesat a = 0.05. (N = 260; 20 daysx 13
measurements/day).

Soil Depth
(cm) Treatment 0.5 1.0 2.0
0.0 C 443+ 58a 339+ 3.0b 434+ 5.7a
F NA 433t 5.7a 411+ 58a
H 422+ 50a 414+ 4.4 a 395+ 44a
S 33.1+ 3.7bDb 423+ 43 a 401+ 43 a
6.0 C 36.6t 3.2a 271+ 16b 31.7+ 30a
F NA NA 323+ 27a
H 358+ 2.7a 345+ 2.2a 319+ 25a
S 30.7+ 28a 36.3+ 35a 312+ 23a
15.0 C 285+ 18a 274+ 18a NA
F 29.2+ 18a 272+ 15a 284+ 18a
H 289+ 18a NA 277+ 1.7 a
S 271+ 20a 29.0+ 1.8a 277+ 16a
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Figure 2.5 Mean daily temperature (°C) of soil surface 1.0 m off roadside across
four southeast plot treatments, June 29 — September 19, 2001. Values reflect
average daily temperature between noon and 6:00 pm.
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Figure 2.6 Maximum daily air temperature and soil surface temperature (°C) for
four southeast plotset treatments 1.0 m off roadside between June 29 and
September 19, 2001. Air temperature data was provided by MNDOT research project
engineer Greg Johnson.
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Figure 2.7a and 2.7t Average daily soil water potential (SWP) for four SE
plotset treatments between June 29 and September 19, 2001 at a) a soil depth of
6.0 cm and 0.5 m off roadside and b) a soil depth of 6.0 cm and 1.0 m off
roadside.
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Figure 2.7c Average daily soil water potential (SWP) at the 6.0 cm soil depth and
2.0 m indope distance for four SE plotset treatments between June 29 and

September 19, 2001.

50



Table 2.5 M ean average daily SWP (centibars) (+SE) for the southeast plots, July
10-19, 2001. Soil moisture levels were obtained at moisture block positions spanning
two soil depths and three distances off roadside. Soil treatments are: no soil amendment
control (C); spading machine plus Futerra blanket (F); spading machine plus hydraulic
soil stabilizer application (H); and spading machine only (S). Values followed by

different letters are significantly different at a = 0.05.

Soil Depth (cm)

6.0 15.0
Distance
(m) Treatment SWP (centibars) SWP (centibars)
0.5 C 70.0 27.5b 44.0 =+20.5a
F 80.0 +31.4b 35.9 +7.5a
H 228.3 187.4a 71.8 £30.7a
S 17.3 *2.7c 15.8 +4.4b
1.0 C 106.5 +27.9a 77.7 +28.7a
F 80.2 +35.8a 51.7 +23.5a
H 145.1 +41.2a 58.1 +26.7a
S 18.8 +3.7b 175 +2.2b
2.0 C 28.6 +5.0c 16.8 +3.9c
F 249.2 +39.6a 91.7 +23.4a
H 25.0 6.6¢ 19.5 16.1c
S 97.0 +32.4b 49.2 #15.3b
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Percent Cover of Vegetation

At the 0.5 m probe/sensor position percent cover of vegetation was found to be
greatest within the spading machine only treatment (Table 6). At the 1.0 m position
percent cover of vegetation was greatest within the control treatment. There were no
treatment differences in percent cover of vegetation at the 2.0 m probe position.

Table 2.6 Total percent cover of vegetation in the 1.0 m* area immediately above the
three indope distances wher e probes and sensorswere buried within each southeast
plot set treatment. Percent cover data was determined the second week of Septenber
2001. Soail treatments are: no soil amendment control (C); spading machine plus Futerra
blanket (F); spading machine plus hydraulic soil stabilizer application (H); and spading
machine only (S).

Distance from roadside (m)

Treatment 0.5 1.0 2.0
C 31.6 £5.5b 45.8. +5.9a 27.9 +4.6a
F 29.7 +4.1b 22.2 £3.0b 26.4 t5.7a
H 36.8 +4.7b 29.1 +4.9b 24.2 +3.5a
S 49.6 £3.4a 31.7 +4.6b 20.6 +3.1a

Soil Texture and Fertility

Sail texture in both plot sets was nearly uniform (Table 7). Soils were classified
as sandy loam at both distances off roadside in the SE plots and at 0.5 m in the NW plot
set. The soil at the 1.5 m distance in the NW plot set was classified asloam. According
to analysis of soil samples obtained prior to study plot establishment, it appears that NW
plot baseline fertility was higher in two respects than that in the southeast plots (Table 8).

Although both plot sets showed similar phosphorus levels and pH values
indicative of alkaline soil (pH of 7.5 or higher), total nitrogen was much higher in the
NW plot set and organic matter content was sightly higher in the NW plots. Analysis of
soil samples taken after treatment application (e.g. addition of slow release fertilizer
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across all plots, erosion control mat application to assigned plotsin both plot sets, and
disc-anchored straw and organic matter addition in the NW plots) shows varied soil
fertility changes. Mean percent nitrogen (TKN) and mean percent organic matter, as
determined from the September 2001 samples, increased in both plot sets (Tables 9 and
10). Mean total phosphorus remained relatively unchanged with averages in both plot
sets in the upper 300 ppm range (Table 11). Mean plant available nitrogen (NOs-N) and
phosphorus, as determined from the September 2002 samples, were low and high,
respectively, across all SE and NW treatments (Table 12 and 13).

Within each plot set, treatment effect differences were apparent. No treatment
effect on percent organic matter, plant available nitrogen, or plant available phosphorus
occurred in the SE plot set. Inthe NW plot set percent organic matter, plant available
nitrogen, and plant available phosphorus were al significantly higher in the organic
compost treatment (Tables 9, 12, and 13). Also, the only distance effect on soil fertility
occurred in the NW plot set. Mean plant available phosphorus was significantly higher in
the 1.5 m inslope distance than in the 0.5 m distance.

A comparison of fertility between the two plot sets reveals several significant
differences. Not surprisingly, the NW plot set organic compost treatment had a
significantly higher percent organic matter content than all other treatments, both NW
and SE. And with the exception of the unammended control treatment, NW plot set
treatments were found to have significantly higher plant available phosphorus, both in an
overall sense and in the 1.5 m indope distance, than all of the SE plot set treatments.
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Table 2.7 Mean percent sand, silt, and clay and corresponding texture for soils0.5m and

1.5m off roadside for both the northwest (N = 15) and southeast plots (N = 24).

Mean % Mean % Mean %
Sand SE Silt SE Clay SE Texture
NW Plots
sandy
0.5m 64.4 +3.9 22.2 +2.4 13.4 +1.6 loam
1.5m 49.6 +3.4 30.4 +3.1 19.9 +0.6 loam
SE Plots
sandy
0.5m 61.1 +16.0 21.7 +6.8 17.2 +5.3 loam
sandy
1.5m 61.4 +9.0 21.4 +6.4 17.2 2.7 loam

Table 2.8 Preliminary soil fertility assessment based on two composite samples

obtained from the northwest (NW) plot set prior to plot establishment in

September 1999 and a single composite sample from the southeast (SE) plot set

prior toitsestablishment in August 2000.

pH TKN (%N)  O.M. (%) Total P (ppm)
NW
Sample
1 7.5 0.06 1.4 370.9
2 7.6 0.06 1.4 356.1
SE
Sample
1 7.9 <0.01 1.1 329.9



Table 2.9 Mean percent organic matter (OM) (£SE) for soilsin the northwest (NW) and
southeast (SE) plot sets, September 2001. Treatments are as follows: C = control; D = disc-anchored
straw; F = spading machine + Futerra blanket; H = spading machine + hydraulically applied erosion
control material; O = spading machine + addition of organic matter; S = spading machine only; and U
= unamended control. First column figures reflect overall mean values per treatment and second and
third column figures are a further breakdown of the overall values based on distance (m) from roadside.
Means within a column followed by the same letter are not significantly different from one another

based on Tukeys multiple comparison test at a = 0.05.

Overall OM (%) 0.5 m OM (%) 1.5 m OM (%)

NW

D 2.45 +0.49a 2.36 +0.57a 2.61 +0.43a
F 241 +0.67a 2.19 +0.56a 2.69 +0.72a
H 2.51 +0.43a 2.34 +0.36a 2.75 +0.67a
@] 3.78 +0.52b 3.67 +0.71b 3.90 +0.36b
S 2.32 +0.44a 2.13 +0.64a 2.46 +0.25a
u 2.17 +0.60a 1.89 +0.39%a 2.54 +0.62a
SE

C 2.06 +0.77a 1.88 +0.53a 2.23 +0.98a
F 2.26 +0.50a 2.33 +0.62a 2.18 +0.41a
H 2.11 +0.46a 1.78 +0.40a 2.45 +0.47a
S 1.97 +0.37a 2.05 +0.40a 1.88 +0.37a
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Table 2.10 Mean percent nitrogen (TKN) (xSE) for soilsin the northwest (NW) and
southeast (SE) plot sets, September 2001. Treatments are as follows: C = control;
D=disc-anchored straw; F = spading machine + Futerra blanket; H = spading machine +
hydraulically applied erosion control material; O = spading machine + organic matter
addition; S = spading machine only; and U = unamended control. First column figures
reflect overall mean values per treatment and second and third column figures are a
further breakdown of the overall values based on distance (m) from roadside. Values
within a column followed by a different letter indicate a significant difference between
values within the same plot set and TKN category at a = 0.05.

overall TKN (%N) 0.5m TKN (%N) 1.5 m TKN (%N)
NW
D 0.12 +0.02b 0.13 +0.06b 0.12 +0.02b
F 0.10 +0.03b 0.08 +0.02b 0.13 +0.04b
H 0.13 +0.05b 0.11 +0.03b 0.14 +0.03b
o) 0.24 +0.05a 0.26 +0.05a 0.23 +0.04a
S 0.12 +0.03b 0.10 +0.02b 0.14 +0.04b
U 0.07 +0.03b 0.06 +0.03b 0.08 +0.04b
SE
C 0.08 +0.03a 0.07 +0.02a 0.09 +0.03a
F 0.09 +0.02a 0.09 +0.02a 0.09 +0.02a
H 0.07 +0.02a 0.06 +0.02a 0.07 +0.02a
S 0.08 +0.02a 0.09 +0.02a 0.07 +0.02a
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Table 2.11 Mean total phosphorus (ppm) (£SE) for soilsin the northwest (NW) and
southeast (SE) plot sets, September 2001. Treatments are as follows. C = contral,
D=disc-anchored straw; F = spading machine + Futerra blanket; H = spading machine +
hydraulically applied erosion control material; O = spading machine + organic matter
addition; S = spading machine only; and U = unammended control. Vaueswithin a
column followed by a different letter indicate a significant difference between treatment
means within the same plot set at a= 0.05. Vaues followed by an asterisk indicate a
significant difference between the two distances assessed within each treatment at a=

0.05.
overall 0.5m 15m

NW
D 392.6 +38.0a 327.5 +29.9a* 458.1 47.7a
F 389.6 +66.3a 332.4 +37.6a* 446.1 +69.2a
H 379.5 +46.2a 318.8 +27.2a* 431.5 +59.0a
O 2084.4 +307.8b 2072.8 £269.1b 2093.7 +£314.5b
S 390.1 +53.4a 336.7 +40.4a* 455.6 +62.8a
U 318.7 +51.8a 273.3 31.2a* 362.0 +53.8a
SE
C 382.3 +48.8a 366.8 +32.9a 407.3 +57.4a
F 461.7 +90.7a 440.2 +72.6a 488.9 +101.3a
H 353.9 +28.7a 343.9 +23.5a 364.6 +49.3a
S 360.4 +44.3a 352.5 +26.6a 371.2 +58.3a
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Table 2.12 Mean plant available nitrogen (NOs-N) (£SE) for soilsin the northwest
(NW) and southeast (SE) plot sets, September 2002. Treatments are as follows: C =
control; D = disc-anchored straw; F = spading machine + Futerra blanket; H = spading
machine + hydraulically applied erosion control material; O = spading machine + addition
of organic matter; S = spading machine only; and U = unamended control. Values within
a column followed by a different letter indicate a significant difference between values
within the same plot set and NO3-N category at a= 0.05.

Plot Set/
Treatment  Overall NO3-N (ppm) 0.5m NO3-N (ppm) 1.5 m NOz-N (ppm)
NW
D 1.8 *0.4a 1.5 #0.3a 2.2 *0.4a
F 1.8 +0.6a 1.4 z0.4a 2.1 +0.6a
H 1.8 +0.5a 1.5 +0.2a 2.1 +0.8a
@] 3.4 +0.3b 3.5 +0.5b 3.3 0.1b
S 1.5 +0.4a 1.3 *0.4a 1.7 0.3a
U 1.3 0.2a 1.2 +0.3a 1.5 0.4a
SE
C 2.0 +0.8a 1.6 +0.6a 2.4 +0.9a
F 2.1 0.7a 2.1 +0.9a 2.1 +0.6a
H 2.2 0.9a 1.4 z0.7a 3.1 #l.la
S 2.2 +0.8a 1.6 +0.4a 2.8 +0.9a

58



Table 2.13 Mean plant available phosphorus (Olser-P) (xSE) for soilsin the northwest
(NW) and southeast (SE) plot sets, September 2002. Treatments are as follows: C =
control; D = disc-anchored straw; F = spading machine + Futerra blanket; H = spading
machine + hydraulically applied erosion control material; O = spading machine + addition of
organic matter; S = spading machine only; and U = unammended control. Values within a
column followed by a different letter indicate a significant difference between values within
the same plot set and Olsen-P category at a= 0.05. Valuesfollowed by an asterisk indicate a
significant difference between the two distances assessed within each treatment at a= 0.05.

Plot set/
Treatment Overall Olsen-P (ppm)

0.5 m Olsen-P (ppm)

1.5 m Olsen-P (ppm)

NW
D 22.3 *7.3a
F 24.3 #10.7a
H 21.2 +8.3a
o 143.2 +35.9b
S 20.2 +9.2a
U 18.8 +7.5a
SE
C 11.7 3.2a
F 8.7 3.8a
H 8.2 *23a
S 11.3 +5.0a

16.0

14.3

15.0

158.3

12.0

10.7

11.0

7.7

8.0

8.7

+2.6a*

+4.0a*

+3.6a*

*49.1b

+3.6a*

+3.4a*

+2.6a

+2.7a

+3.0a

+4.7a

28.7

34.3

27.3

128.0

28.3

26.6

12.3

9.7

8.3

14.0

+2.1a

+11.0a

+6.7a

+11.1b

+5.5a

+6.9a

+4.2a

+4.5a

+2.1a

+4.4a
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Soil Compaction

The obtaining of cone index values in kilopascals to a maximum soil depth of
60.0 cm made an assessment of compaction across both plots possible. Vaues
determined every 1.5 cm soil depth increment were typically between the 1000.0 —
3000.0 range. For perspective, a pressure value of 4000.0 kpa or greater is considered
substrate impervious to plant root penetration. Therefore on the occasion that penetration
beyond the 10.0 cm depth, for instance, was not possible it was assumed that each 1.5 cm
increment beyond that point was aso impenetrable and assigned a value of 4000.0 kpa
accordingly.

August 2000 assessment of soil compaction in the first 15.0 cm of the soil profile
shows that three of the four SE plot set treatments subjected to soil aeration via severd
passes of atractor drawn plow had significantly less compact soil than the control
treatment (Table 14). Additionally, the spading machine only treatment and two erosion
control mat treatments were not significantly different from one another and it was found
that distance from roadside was not a significant determinant of soil compaction. Soil at
0.5 m was not significantly more compact than soil at 1.5 m off roadside. Two years later
the rates of compaction changed so that there were no longer any treatment differences in
the SE plot set (Table 15). There were no treatment or distance effects on mean depth to
hardpan (soil depth at which penetrometer could no longer penetrate) (Table 16).

In the NW plot set, there were no treatment differences in soil compaction at
either indope distance (Table 17). Unlike the SE plot set, soil was significantly more
compact at the 0.5 m inslope distance across al treatments. Thiswas true for both the
15.0 cm and 30.0 cm soil depth considerations. Also, within each treatment, the 30.0 cm
soil depth assessment was significantly more compact than its 15.0 cm soil depth
counterpart. The results of depth to hardpan were consistent with these findings (Table
18). Again, unlike the SE plot set, soils were significantly more shallow at the 0.5 m
inglope distance than at the 1.5 m distance across al treatments.

Overal, between the two plot sets, NW soil was significantly more compact than
SE soil at the 0.5 m distance and significantly less compact at the 1.5 m distance.
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Table 2.14 Mean aver age compaction (x SE) of roadside soilsfor MNROAD
southeast plots, September 2000. Soil compaction measurements were determined for
distances 0.5 m and 1.5 m off roadside with a Rimik CP20 cone penetrometer. Soil
treatments are: no soil amendment control (C); spading machine plus Futerra blanket
(F); spading machine plus hydraulic application (H); and spading machine only (S).
Compaction values are measured in kilopascals (kpa) and reflect the amount of pressure
necessary to drive the penetrometer through the soil. Compaction values for two soil
depths, 15.0 cm and 30.0 cm, were determined. Values followed by different letters
indicate a significant difference between values within the same soil depth and distance
off roadside at a = 0.05.

0-15cm 0-30cm
Treatment/
Distance Compaction (kpa) Compaction (kpa)
C
0.5m 1702.8 +254.5a 2145.4  +393.5
1.5m 1537.7 +196.1a 1924.6 +340.2
_F
0.5m 1203.5 +139.3b 1654.8 +202.7
1.5m 1082.2 +113.7b 1439.2 +258.5
__H
0.5m 1329.4 +106.2b 1561.4  +249.5
1.5m 1112.0 +62.6b 1407.2 +306.2
S
0.5m 1256.3 +175.1b 1630.7 +233.6
1.5m 1079.9 +114.6b 1456.1 +287.9
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Table 2.15 M ean aver age compaction (+ SE) of roadside soilsfor MNROAD
southeast plots, September 2002. Soil compaction measurements were determined for
distances 0.5m and 1.5m off roadside with a Rimik CP20 cone penetrometer. Soil
treatments are: no soil amendment control (C); spading machine plus Futerra blanket (F);
spading machine plus hydraulic application (H); and spading machine only (S).
Compaction values are measured in kilopascals and reflect the amount of pressure
necessary to drive the penetrometer through the soil. Compaction values for two soil
depths, 15.0 cm and 30.0 cm, were determined. Values not followed by letters indicates
no significant treatment differences at a = 0.05.

0-15cm 0-30cm
Treatment/
Distance Compaction (kpa) Compaction (kpa)

C

0.5m 1481.6 +497.8 2086.5 +593.0

1.5m 1426.0 +£450.8 1776.8 +402.2
F

0.5m 1736.5 £516.5 2386.5 +748.4

1.5m 1370.3 £331.0 1815.3 +455.6
H

0.5m 1602.0 £396.9 2242.0 +573.8

1.5m 1499.1 £345.3 2037.2 +544.8
S

0.5m 1348.1 £374.6 1972.0 +446.0

1.5m 1286.6 +386.2 1809.7 +504.0
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Table 2.16 Mean maximum depth (+ SE) to hardpan for MNROAD southeast plots,
September 2002. Soil depth measurements were determined for distances 0.5m and 1.5m
off roadside with a Rimik CP20 cone penetrometer. Soil treatments are: no soil amendment
control (C); spading machine plus Futerra blanket (F); spading machine plus hydraulic soil
stabilizer application (H); and spading machine only (S). Valuesreflect the depth at which
soil penetration was no longer possible. Vaues not followed by a letter or asterisk indicate
no significant treatment or inter-distance differences at a= 0.05.

Treatment/
Distance Mean Max. Depth (cm)
C
05m 44.2 £20.6
15m 52.5 £13.3
-k
05m 32.1+22.9
15m 51.3 £15.9
__H
0.5m 39.4 +21.5
15m 45.0 £19.7
S
05m 43.8 £18.8
1.5m 50.3 £17.0
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Table 2.17 Mean aver age compaction (+ SE) of roadside soilsfor MNROAD
northwest plots, September 2002. Soil compaction measurements were determined for
distances 0.5m and 1.5m off roadside with a Rimik CP20 cone penetrometer. Compaction
values for two soil depths, 15.0 cm and 30.0 cm, were determined. Treatments are as
follows: D = disc-anchored straw; F = spading machine + Futerra blanket; H = spading
machine + hydraulically applied erosion control material; O = spading machine + organic
matter addition; S = spading machine only; and U = unamended control. Values not
followed by a letter indicate no significant treatment differences at a= 0.05. Vaues
followed by an asterisk indicate a significant inter-distance difference between it and its
counterpart within the same treatment and soil depth at a = 0.05. Values within the 0-30
cm column followed by a pound sign indicate a significant difference between it and its
counterpart in the 0.0 - 15.0 cm column at a = 0.05.

0.0 -15.0 cm 0.0 —30.0 cm
Treatment/
Distance Compaction (kpa) Compaction (kpa)
b
0.5m 2621.9 +£327.2* 3311.0 £163.6*#
15m 1000.0 £224.5 1222.7 £214.0
___F
05m 2256.8 +557.7* 3128.4 £278.8*#
15m 1112.4 £269.3 1526.5 £294.6
__H
0.5m 2460.9 +345.6* 3230.4 £372.8*#
15m 978.9 +229.2 1290.8 +231.6
__°
0.5m 1829.9 £433.4* 2857.5 +259.2*#
15m 806.2 +255.1 1325.7 £427.3
S
0.5m 2065.4 +540.2* 3013.5 +405.5*#
15m 902.0 £344.7 1480.1 +356.8
v
0.5m 2173.6 £561.0* 3274.6 £315.8*#
15m 833.5+178.6 1596.7 +680.2



Table 2.18 Mean depth to hardpan for MNROAD northwest plot set, September 2002.
Soil depth measurements were determined for distances 0.5m and 1.5m off roadside with a
Rimik CP20 cone penetrometer. Treatments are as follows. D = disc-anchored straw; F =
spading machine + Futerra blanket; H = spading machine + hydraulically applied erosion
control material; O = spading machine + addition of organic matter; S = spading machine
only; and U = unamended control. Values reflect the depth at which soil penetration was no
longer possible. Values not followed by a letter indicate no significant treatment differences
at a =0.05. Valuesfollowed by an asterisk indicate a significant inter-distance difference
within the same treatment at a = 0.05.

Treatment/
Distance Mean Depth (cm)

D

0.5m 7.5 +1.9*

1.5m 57.3 5.3

N
0.5m 10.0 £3.4*
1.5m 55.4 +9.0
__H

0.5m 7.8 £3.0*

1.5m 49.7 +14.7
o]

0.5m 11.4 +£3.3*

1.5m 54.9 £10.5
S

0.5m 11.5 +4.2*

1.5m 56.3 £9.2
U

0.5m 9.2 +2.5*

1.5m 52.5 8.1
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Discussion

Roadside soil temperature, moisture, fertility, and compaction were monitored for
two reasons. to verify the extent to which edaphic conditions reflected a harsh
environment for plant reestablishment and to see whether the application of erosion
control mat or addition of organic matter altered the soil in away that may be beneficial
to plant establishment.

The limited soil fertility assessments conducted prior to establishment of the two
sets of plots showed two soil parameters indicating deficient conditions one may expect
to encounter on the roadside. Percent organic matter and total nitrogen were especially
low. Total phosphorus levels were more typical of fertile soils, falling in the 300-400
ppm range (Foth 1984). After soil amendment subsequent analyses showed varying
degrees of fertility enhancement.

Generaly, mean soil organic matter and total nitrogen levels were higher than
pre-establishment levels across all amended plots in both plot sets and mean total
phosphorus levels remained relatively unchanged. Application of erosion control
material, the disc-anchoring of straw, and the likely accumulation of belowground root
biomass after one and two seasons of plant establishment may have helped to elevate the
percent organic matter to the two percent range. Exceptions to these trends occurred in
the NW plot set where unamended control treatment total nitrogen appeared to remain
unchanged and in the organic matter treatment total phosphorus levels were high. Despite
the apparent fertility improvement, soil organic matter content in both plot sets was, for
the most part, at levels considered to be low (<3.1%). The determination of plant
available nitrogen in 2002, in contrast to the 2001 results, indicated low levels of nitrogen
in comparison (Cooper 2001). Again, only the organic matter treatment, with an overall
mean percent organic matter value of 3.8% and a mean plant available nitrogen value of
3.5%, was within the medium level range.

Outside of the organic matter treatment, the soil amendments employed in this
study appear to have resulted in a dlight enhancement of fertility. Universally high levels
of phosphorus appear to contradict the results of the other two fertility indices, but the
occurrence of high plant-available phosphorus levels in the unamended control treatment
would seem to point to a preexisting abundance of this essential nutrient as opposed to an
increase resulting from the nutrient addition conducted in this study.

In addition to the higher than average amount of phosphorus naturally occurring
in the loamy soils common to the area, the close proximity of these plots, especidly the
NW plot set, to farmland is another potentia explanation for the high levels of plant
available phosphorus found in both the non-organic matter treatments and the control
treatment that received no addition of slow-release fertilizer. Although a sufficiently
fertile soil has the desired benefit of ensuring thorough cover crop establishment the
competitive advantage simultaneously conferred to aggressive exotic speciesis
antagonistic to the goal of maximizing native species establishment.

Tilman (2002) showed that invasive weedy species were more prevalent in
research plots with a higher nutrient availability. It has been shown that native prairie
plant species are most competitive and capable of resisting weedy species encroachment
in nutrient poor soils. With thisin mind the best recommendation for roadside soil
amendment would emphasize at most a mild augmentation of fertility. If native species
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establishment on the roadside is atop priority, then soil testing should be a mandatory
step prior to any restoration. And, asis shown by the high levels of available phosphorus
in the unamended treatment, some roadsides are more fertile than others.

This study suggests that a dow release fertilizer with little or no phosphorus
would be desirable in the plot soils. The exception of course, is when quick
establishment of dense vegetative cover isdesired for erosion control purposes. If so,
then the likely tradeoff will be a much reduced establishment of native prairie species.
This study also points out the unavoidable tension between controlling erosion and native
prairie species establishment on roadsides.

NW plots receiving the organic matter addition treatment saw the largest
enhancement in fertility. In these plots, the level of total and plant available phosphorus
was greater than optimal. Percent organic matter and total and plant available nitrogen
were also significantly higher in this treatment. From afertility standpoint, soils at
MNROAD only partialy fit the “harsh growing environment” characterization.

Besides fertility concerns, roadside soil temperature and moisture are likewise
reputed to be extreme. Drought and temperature extremes observed during the 2001
growing season made possible an assessment of treatment effect on roadside soil
temperature and moisture moderation in the SE plots. Moisture results were somewhat
consistent across the soil treatments. During July 2001 the hydraulic soil stabilizer
treatment consistently yielded a significantly higher (driest) mean average daily SWP at
all three distances off roadside at a soil depth of 6.0 cm. However, the mean was only
significantly different from that of the spading machine only plot at the 1.0 m distance
and from that of the control plot at the 1.5 m distance (Table 4). (Note: SWP values
between 100 to 200 centibars are considered extremely dry; Campbell Scientific 1996).

The spading machine only plot yielded the lowest mean average SWP at both the
0.5 m and 1.0 m distances but not at the 1.5 m distance. At this distance off roadside, the
control plot yielded the lowest mean SWP. Mean average daily temperatures during the
same peak heat period were likewise inconsistent between probe positions. A significant
difference in mean average daily temperature occurred at only three of the nine
temperature probe positions. While soil temperatures were significantly lower in the
spading machine only plot at soil surface and 0.5 m off roadside, temperatures were
significantly lower in the control plot at the soil surface and 6.0 cm soil depth at 1.0 m off
roadside.

Further inconsistency existed in the comparison of temperature with moisture
levels at each probe position. One would expect to see a matching of high average
temperature with high average SWP and low average temperature with low average
SWP. Thiswas not the case. Only when comparing average temperatures at soil surface
at the 0.5 m off roadside distance with average SWP at a soil depth of 6.0 cm and 0.5 m
off roadside did a correlation occur. It would seem reasonable to conclude then that the
significant differences in soil temperature and moisture were more the result of possible
soil texture differences and/or above ground vegetation differences. These
inconsistencies cast some doubt on the capability of erosion control mat amerdment of
roadsides to enhance soil moisture and/or moderate soil temperature.

Soil compaction measurements taken immediately following SE plot
establishment in August 2000 confirmed the effectiveness of machine spading of the soil.
The spading of soil resulted in a significantly less compact top 15.0 cm of soil in the
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spading machine only, hydraulic soil stabilization, and Futerra treatment plots than in the
control plots. The benefits of soil aeration to cover crop and native prairie plant species
establishment may lie primarily in the provision of a more conducive microclimate for
seed germination, an enhancement of soil-seed contact, and a surface layer of soil more
readily penetrable by plant roots. The difference was only detectable when measurement
was restricted to the surface layer of soil.

Over time, compaction of the soil tended to converge. In 2002 there was no
longer atreatment difference in soil compaction, but compaction values were not
significantly different from those in 2000. The initial differenceis of greatest importance
because of its relevance to the SE plot assessment conducted in September 2002 was less
clear. Significant block differences confounded any significant treatment differencesin
compaction and depth to hardpan, with the exception of the assessment of depth to
hardpan at the 1.5 m distance where there was no significant treatment or block effect.

To the contrary, atreatment effect on compaction and depth to hardpan was found
in the NW plots. The organic matter addition treatment was found to have significantly
less compact soil and a significantly greater depth to hardpan than the other four
treatments. Though the incorporation of organic matter into the soil may have
contributed to reducing compaction, the comparatively pre-existing greater depth to
hardpan found in this treatment is a much more likely factor. In both plot sets, soils were
found to be significantly more shallow at the 0.5 m distance off roadside; and in
comparing the two soils, they were found to be significantly less compact in the SE plots
at the 0.5 m distance off roadside and significantly less compact at the 1.5 m distancein
the NW plots. Vegetation abundance and composition differences between the two plot
sets may then be at least partly due to the significant effect of distance from roadside on
depth to hardpan.

Establishment of vegetation on roadsides is a necessary erosion control measure.
Any soil amendment that may ensure the most thorough coverage would be of value to
roadside managers charged with the responsibility of maintaining roadbed stability.
However, in situations where roadside soils do not fit a complete profile of ‘harsh
growing conditions', such as the site chosen for this study, an amendment of roadside
soils may jeopardize chances for long-term establishment of desirable native prairie plant
species. This study shows how, in terms of cover crop and native species establishment,
not all roadside soils may bein dire need of significant soil amendment.
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