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ABSTRACT

RIPARIAN AREA INVASIVE PLANT MANAGEMENT ALONG THE NIOBRARA RIVER,

TARGETING YELLOW FLAG IRIS (RISPSEUDACORUSL.)

Yellow Flag Iris (YFI) (ris pseudacorusL.) is an invasive exotic species that is causing
substantial changes to the ecology of the Niobrara River and the adjacent riparian area habitst. Op
for invasive plant management along the Niobrara River, like most riparian wetlands, anenifeite |
Currently, herbicides offer the best opportunities for successful YFI managemgatriarrinabitats such
as those along the Niobrara River but irrigation diversion and livestock graeipgeaalent which
impose further limitations on management options. In this study, we analyzed the efficacypié mul
potential YFI management methods, including; chemical (glyphosate), mechanical (cutting), plant
competition, and tramplind\ combination of field and greenhouse studies were used. Field studies were
conducted at Agate Fossils Beds National Monument, Harrison Nebraska, U.S.A. and greenhouse
experiments were completed at Colorado State University, Fort Collins, Colorado, U.S.A. The
greenhouse studies were conducted to determine how temperature, light, seed scarification, argl trampl
affected germination, seedling growth and survival of YFI. The field studies foons&eé effectiveness
of glyphosate, cutting, planting native plants, and trampling on YFI. Results from field statibase
that cutting established plants stimulates YFI growth, spring application of glyphiesatted in a short-
term reduction of YFI abundance, and planting native plants did not reduce YFI abundance. Findings
indicate that YFI prefer shaded areas and cooler temperatures for emergence and warmer shaded areas for
growth. Seed scarification did not affect emergence. Trampling in the field reduced YH} bgri&o
and plant height by 58%. Simulated trampling that targeted the plant crown and 1-2-cm above the crown
reduced survival, though trampling that targeted the crown was five times more likilyhe glant

than trampling 1-2-cm above the crown.
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PREFACE

Yellow flag iris (ris pseudacorus L.) (YFI) is an invasive exotic species in the United States.
This perennial plant reproduces vegetatively and by seed, reaching heights of 25-90 cm tallam@Xan t
years to mature (Stone 2009). A large amount of energy is devoted to rhizome development early in th
YFI growth cycle so plants can be resilient to fluctuating water levels (Whitdl®§dd. The rhizomes of
YFl are 1-5 cm in diameter and form dense networks or mats that can easily support a 100-kg person.
Flower stalks are round in cross-section, erect and support one to several flowers per inflorescence
(Jacobs et al. 2011, Tu 2003). Each flower is 8-10 cm in diameter and composed of 3 downward-pointing
sepals (larger) and 3 upward-pointing petals (smaller). Sepals and petals are pale to deep yellow
(sometimes orange) and may have purple flecks or veins. On average, 6 seed pods are produced on each
plant. Seed production seems to be variable (6-120 seeds per pod) and many seeds remain undeveloped
and not viable. Germination is also variable (48-80%) due to a multitude of environmentabosnditi
including air and soil temperature, and amount of time a seed has spent floating in waeslaf8Uut
1990).

Yellow flag iris is a member of the Iridaceae family and is native to Europe, North Ahé&a, t
Mediterranean and temperate Asia (Jacobs et al. 2011). Yellow flag iris grows in a wideofariet
wetland habitats on various substrates and as an emergent wetland plant. In the United States YFI is used
in phytoremediation and phytoextraction to remove heavy metals and some species of bacteria in water
treatment processes (Xu et al. 2015). The most common use of YFI in the U.S. is as an ornamental and it
has escaped cultivation and spread to 40 of the 50 states in the U.S (at the time this thesis was written,
YFI had not been documented in North and South Dakota, lowa, Wyoming, New Mexico, Arizona,
Oklahoma, Alaska, Colorado and Hawaii; USDA NRCS PLANTS Database 2016). As early as 1771, YFI
was documented in Virginia, and this is likely the earliest documentation of it in the ti$e €909).
Neither livestock nor wildlife prefer to graze YFI as a result of gastrointegtiitations caused by the

glycosides that are found in this plant (Tu 2003). Though the iris is considered poisonous, some
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herbivores, specifically sheep, have grazed this plant late in the fall and early inigendyn other
sources of suitable forage and browse were not available (Stone 2009).

Management strategies to reduce or eliminate YFI are limited. Discussion and research has
focused on herbicide application, fire, smothering (with tarps or plastic), excavation of the glant an
rhizomes, and mechanical cutting (Simon 2008, Stone 2009). Limited information is available on the
effects of fire and the responses of YFI to that type of disturbance. Predictions sugdiestuiihtikely
kill the above ground plant parts but the rhizomes and the seeds present in the soil or watertwill lead
persistence of, or re-invasion by YFI (Stone 2009). No biological agent has been identified ks a viab
management option for YFI (Tu 2003). Simon (2008) observed a significant reduction in the number of
YFI stems 1 year after a mechanical cutting treatment, though below ground YFI effects where not
discussed. The most common approach for management of YFI is through the use of herbicides. The non-
selective herbicides glyphosate (Rgdeo™ or Aquamaster™), and imazapyr (e.g. Habita@f) or a
combination of both herbicides are commonly identified as successful management methods (Simon
2008). Because this plant prefers wetland habitats, herbicides with an aquatic label are needed.
Glyphosate and imazapyr are non-selective, so non-target native plant species growing in ¢&sated ar
will likely also be killed. In certain ecosystems, residues from imazapyr can be found iowliregg
season following treatment (residues can be present for up to 120 days post treatment), so extsame cauti
should be exercised to prevent undesirable impacts in riparian areas (BASF Corporation 2005).

This study took place at Agate Fossil Beds National Monument (AGFO) which is located
between Mitchell and Harrison, Nebraska (UTM Zone 13T604131 E, 4697768 N) and has an elevation of

1,372 meters above sea level (MASL). The mean annual precipitation ranges fratth 861 and the
mean annual air temperature ranges from 7°@ @SDA NRCS 2013). Located in the northern mixed

grass prairie ecosystem, AGFO occurs on soils that are predominantly sandy loam to loam textures
(USDA NRCS Web Soil Survey 2016). The Niobrara River flows through the National Monument and is

a perennial, spring-fed, sinuous river system with an average flow of@4(@958-1991; the USGS



stream gauge was reactivated in February of 2084S National Water Information System 2016). The
riparian area vegetation includes monocultures of YFI, dense caytahi(|atifolia L.) stands,

narrowleaf willow Galix exigua Nutt.), native graminoids including woolly seddeafex pellita Muhl.

Ex Willd. ), Arctic rush Quncus arcticus), western wheatgrasBgscopyrum smithii (Rydb.) A. Léve),

and areas of Kentucky bluegra®ed pratensisL.) (Prowatzke and Wilson 2015). Plant nomenclature
follows the USDA Plants database (USDA NRCS 2016).

The National Park Service (NPS) has been monitoring aquatic vegetation and wildlife species,
including fish, since 1979 and noted a sharp decline in fish species richness (Pegg and Pope 2008). In
addition to the decline in fish, native riparian plant species are being replaced by YFI, which in turn
affects waterfowl, fish, and domestic livestock. In 1989 the Niobrara River flowing through AGFO had
eight fish species present [one species was a hon-native browrBaloud {futta)] and by 2011 only
three fish species were recorded [one was a non-native NortheregikeL(Cius)] (Pegg and Pope
2008). These changes to the aquatic wildlife have been accompanied by vegetation changes in the riparian
area along the Niobrara River driven by YFI. It was suggested that the YFI invasion might have brought
about the observed changes in aquatic wildlife (N. Medley, personal communication, May 2013).
Observations of the Niobrara River within the National Monument reveal that the river clsatheebéer
and narrower when compared to upstream, non-infested river locations. Outside of the Ydtianfest
the river has more native vegetation occupying the riparian area, which provides habitatior aqu
wildlife species. The dense rhizomes of YFI and lack of heterogeneity in the riparian atdioeg
could be reducing preferred habitat for wildlife species and be a contributing fadterdedine in fish.

The strength and prevalence of the rhizomatous mats produced by YFI have likely increased bank
stability and Wohl (2006) stated that the increased bank stability can cause the river chanr@i/to narr
and flow velocity to increase. This can be expected to result in increased ability of the caey
sediment in the narrowed reaches, and subsequent increases in sediment deposition downstream (Wohl
2006) of the YFI infestation. The USGS Nonindigenous Species databasg {2043 that the
rhizomatous growth associated with YFI can influence changes in channel geometry by narrowing the
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channel width by up to 25 cm per year. Alteration of sediment and flow regimes by YElysdikesult
in morphological changes to the channel, that will alter structure and function ofahand/impact fish
and other aquatic organisms (Jones et al. 1999).

The YFI infestation at AGFO is one of the first documented cases in the State of Nebraska
where this plant escaped cultivation to become an aggressive exotic invasive weed. One of the early
homesteads in the Niobrara River Valley belonged to James Cook. Cook and his family maintained a
swimming hole associated with the Niobrara River. After reviewing National Park Sevearels and
archives, it was determined that the Cook family likely planted YFI seeds which were acquired from
Europe around 1900, around the swimming hole. Through time and multiple floods, YFI went from being
an ornamental plant surrounding a swimming hole, to an aggressive exotic invader of the Niobrara River.
Our observations and those of several NPS employees suggest that YFI is causing drastic changes to the
river morphology, vegetation, and wildlife along the river. Presently, approximately 20 km ofethe riv
supports riparian habitat dominated by dense stands of YFI, many of which are monocultures. To the west
of the national monument an irrigation dam has prevented YFI from spreading westward (upstiteam), bu
the easterly flow of the Niobrara is moving seed and rhizomes to new locations downstream. Yellow flag
iris is currently on the State of Nebraska “weed watch list” and has a high potential to spread to new areas
(USDA APHIS 2013).

Given the negative impacts of YFI on the Niobrara River ecosystem at AGFO, the National Park
Service wanted to identify a treatment strategy that would effectively reduce the YFitjmpWIPS felt
that partnering on a research project to evaluate different treatment options was tlaey e stientify
effective management methods. The NPS and a faculty member from the Department of Forest and
Rangeland Stewardship at Colorado State University (CSU) began collaborating on treatment tools for
management of YFI.

During the initial visit to AGFO in the summer of 2013, we noted that YFI was less abundant on

the working cattle ranches that surround the national monument. As a result of this obsersatoct re
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studies attempted to identify any clues or indicators about how livestock might bengffiéeti
abundance.

The goal of this project was to identify effective management strategies for reduciggoVitig
in wetlands along the Niobrara River and in similar habitats, with similar management andatamserv
objectives. Sutherland (1990) pointed out that limited information is available on how YFI re$pond
light, water, temperature, and nutrients affecting photosynthesis and respiration. We atteanqidesst
some of these unanswered questions and identify effective YFI treatment options. Chapter thesithi
reports on the effects of cutting, herbicide application, and planting native plants on YFI abundance.
Chapter 2 describes a greenhouse study that investigated how shade, temperature, andisagonscarif

affect YFI germination and growth. Chapter 3 covers the effects of trampling on YFI survivabad.gr
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EXPERIMENT #1: EFFECTIVENESS OF SPRING CUTTING, SPRING GLYPHOSATE
APPLICATION AND NATIVE PLANTINGS FOR YELLOW FLAG IRIS MANAGEMENT (RIS
PSEUDACORUSL.) ALONG THE NIOBRARA RIVER

SUMMARY

Yellow flag iris (YFI) (Iris pseudacorus L.) is a non-native, invasive weed that is causing
substantial changes to the ecology of the Niobrara River and adjacent riparian habitat in Siogx Count
Nebraska. Native plant species are being replaced by YFI, which in turn affects waterfowl, fish, and
domestic livestock. Options for invasive plant management along the Niobrara River, likgarcest r
wetlands, are quite limited. Previous studies on the effectiveness of the herbicizbgsyinzend
glyphosate suggest that imazapyr is more effective. However, use restrictions relatgalti@nirr
diversion limit the feasibility of using imazapyr. This study was conducted to determine tha@xtent
which cutting iris early in the spring improves the effectiveness of subsequent glyphosatgiapgor
reduction of YFI. Since irrigation diversion and land use are prevalent along the Niobrara River we
attempted to identify a treatment, or combination of treatments that could increase the efficgoingf a s
glyphosate application so treatments would not be applied during irrigating sé&esare also interested
in determining the extent to which cutting and herbicide treatments affect the sofvBaskx
nebrascensis andJuncus arcticus planted after herbicide application and whether these native plants can
compete with surviving or recolonizing YFI. Forty-eight, 2- xx2study plots were located in an
approximate 260-ha portion of riparian habitat along the Niobrara River in western Ne ligsit
treatment combinations including all combinations of early spring cutting (cut and uncut), spring
herbicide application (sprayed with an 8% solution of glyphosate and unsprayed), and planting natives
(planted and unplanted) were each replicated six times. Iris density was recorded thréedugésut
the growing season. The two native plant species were planted to assess how well native plants can

compete with YFI and recolonize treated plots. Results indicate that glyphosate did not affect YFI density



after 1 growing season, spring cutting of YFI increased density, and native plant abundance was not
affected by treatments. Planted native plants did not reduce YFI abundance. Further work should focus on
identifying a group of native plants that could compete and recolonize a site after YFI. Daekofa |

success with the chemical and mechanical treatments that were employed during this progect, fut

research could focus on improving treatment techniques and mechanisms.

1. INTRODUCTION

Yellow flag iris (YFI) (Iris pseudacorusL.) is a non-native, invasive weed in North America that
is usually found in wetland areas, and is native to Europe, North Africa, and Western Asia. asiieinv
species is distributed in 40 of 50 states across the U.S. (USDA NRCS PLANTS Database 2016).
Primarily used as an ornamental plant, YFI escaped cultivation and has become an invasive species. Th
United States Geological Survey Nonindigenous Species database (2013) stated that the reizomatou
growth associated with YFI can influence changes in channel geometry by narrowing the channel width
by up to 25 cm per year. Due to its uptake and mass release of heavy metals, bacteria, total natogen, to
phosphorus, ammonium, and other nutrients (Xu et al. 2015, Wu et al. 2011), YFI has also been found to
negatively impact aquatic ecosystems. The ability to absorb metals, nutrients, andeeteiia loads
make YFI a preferred species for use in phytoremediation (Xu et al. 2015, Sutherland 1990).

This study investigates a YFI infestation in the State of Nebraska. Agate Fossil BedsNati
Monument (AGFO) is a park unit managed by the National Park Service (NPS). The Niobrara River is a
perennial, spring-fed river system that runs through AGFO. The headwaters for thixcwer
approximately 80 km west of the National Monument near Torrington, Wyoming. Since 1979, the NPS
has been monitoring the composition and density of aquatic wildlife and noted a decline in the number
and species richness of fish (Pegg and Pope 2008). In addition to the decline in fish, native riparian area

plant species are being replaced by YFI, which in turn affects waterfowl, fish, and domestic livastock. |



1989 the Niobrara River flowing through AGFO had eight fish species present [one species was a hon-
native brown trout$almo trutta)] and by 2011 only three fish species were recorded [one was a non-
native Northern pikeEsox lucius)] (Pegg and Pope 2008). These changes to the aquatic wildlife have
been accompanied by vegetation changes in the riparian area along the Niobrara River driven by YFI. It
was suggested that the YFI invasioayrhave brought about the observed changes in aquatic wildlife (N.
Medley, personal communication, May 2013). Observations of the Niobrara River within AGFO reveal
that the river channel is deeper and narrower when compared to upstream, non-infested river locations
Outside of the YFI infestation, the river has more native vegetation occupying the riparian area, whic
provides habitat for aquatic wildlife species. The dense rhizomes of YFI and lack of ée&ity@ the
riparian area vegetation could be reducing preferred habitat for wildlife species and bebatamntri

factor to the decline in fish.

The NPS mission includes management and control of invasive and exotic species (NPS
Management Policies 2006). Given the concerns about YFI at AGFO, NPS was interested in identifying
suitable management options that could be used. Some individuals at NPS felt that partnering on a
research project to evaluate different treatment options was the best way to idestifyeefhanagement
methods. The NPS and a faculty member from the Department of Forest and Rangeland Stewardship at
Colorado State University (CSU) began collaborating on treatment tools for management of YFI.

YFl is often found in wetland habitats, so herbicides labeled for aquatic use are reqoiced. S
(2008) reported on herbicide and non-herbicide management efforts for YFI in Washington State. Spring
and fall herbicide trials included glyphosate, imazapyr, and combinations of the two products (Simon
2008. Simon (2008) found that fall treatments were slightly more effective than spring tregtareht
that imazapyr was notably more effective than glyphosat&7L&honths after treatment. Non-herbicide
management tools included cutting or covering with tarps, plastic, and landscape fabric (Simon 2008)
Covering treatments were not replicated, but did suggest that covering might reduce iris abundance

however, spring cutting reduced iris density by about 60% 1 year after treatment.



The conditions along the Niobrara River at AGFO are representative of conditions where YFI
management may need to be applied. The riparian area and the associated wetlands are domiriated by YF
and in many areas, this plant has out-competed the native vegetation and created a monoculture.
Agriculture is an economic driver surrounding AGFO that is a further complicatiogaitinty invasive
weeds. Invasive species managers need to consider treatments that do not interferigwlitiradgr
interests, such as irrigation diversions or plant-back intervals that interfere evggloting season and
crop production. Because irrigation diversions from the Niobrara River are common and dcauowe
October of each year, opportunities for summer and fall herbicide applications of praithdtrigation
restrictions are limited and would require landowners to stop irrigating much earlier ¢fiameaat. As a
result of these limitations the preferred management approach would include effective redudibn of
flexibility in herbicide application time so irrigation restrictions would noabéssue, and the use of
herbicides that can be followed immediately or soon after by planting (short or no plaittbaci).

Because of the previously identified limitations, we chose to use glyphosate (Rodeo®) to treat
our study plots. This product has an aquatic label and does not have a plant-back interval so we identifie
it as a preferred treatment option. Simon (2008) indicated that imazapyr was more suatesdfuding
YFI abundance in the spring, but because imazapyr residues can be long lived (25 d-142 d depending on a
variety of conditions; Douglass et al. 2016), it might not be appropriate to apply riealtagd areas, as
residues could be present during the growing season. Although glyphosate is usuallyeutive @fhen
used later in the growing season, Simon (2008) reportedB®96 control of YFI 12 months following
spring application of glyphosate. We identified this as a potentially successful managemerthaption
was a good fit to the site and the land management scenario if its effectiveness couldbedn@ie
attempt to increase the effectiveness of a spring glyphosate treatment, we cut YFIdrbioideh
application to reduce the standing dead plant material and to stimulate above-ground grolythin lagnst
attempt to determine the ability of native plants to compete with YFI and increase in abundance post

treatment, we planted two native plant species in our treatment plots.



The overall goal of this project was to identify a treatment, or a combination of tremtimant
could be applied in the spring, and provide invasive plant managers with more flexibility to mahage YF
Also, we wanted to identify if any treatments could suppress YFI and allow native plant abundance to
increase in areas that were formerly dominated by YFI.
Objective 1: Determine the effects of spring cutting, glyphosate and plantingswatiyFl
density and the effects of spring cutting and glyphosate on survival of NebraskaGadge (
nebrascensis Dewey) and Arctic rushlgncus arcticus Willd.).
Hypothesis 1.1: YFI density will be lowest in plots that are cut, sprayed and planted, indemedi
in plots that planted and either sprayed or cut and greatest in control plots.
Hypothesis 1.2: Nebraska sedge and Arctic suskival will be greatest in plots where YFI was
cut and sprayed, intermediate in plots where YFI was only sprayed or only cut and least in control
plots.
Objective 2: Determine if Nebraska sedge and Arctic almimdance will increase when YFI
abundance is reduced.
Hypothesis 2.1: Nebraska sedge and Arctic aisimdances will both increase with decreasing

YFI abundance.

2. METHODS

2.1 Study Site:
This study took place at Agate Fossil Beds National Monument (AGFO), which is located
between Mitchell and Harrison, Nebraska (UTM Zone 13T 604131 E, 4697 7/&@&N elevation of

1,372 MASL. The mean annual precipitation ranges from 36 to 41cm and the mean annual air
temperature ranges from 7 t6@(USDA NRCS 2013). Located in the northern mixed grass prairie

ecosystem, AGFO occurs on soils that are predominantly sandy loam to loam textures (USDA NRCS



Web Soil Survey 2016). The Niobrara River flows through AGFO and is a perennial, spring-fed, sinuous
river system with an average flow of 0.4-g1 (1958-1991; the USGS stream gauge was reactivated in
February of 20)4(USGS National Water Information System 2016). The riparian area vegetation
includes monocultures of YFI, dense cattailpgha latifolia L.) stands, narrowleaf willowSalix exigua
Nutt.), native graminoids including woolly seddgeafex pellita Muhl. Ex Willd. ), Arctic rush guncus
arcticus), western wheatgrasBdscopyrum smithii (Rydb.) A. Léve), and areas of Kentucky bluegrass
(Poa pratensisL.) (Prowatzke and Wilson 2015). Plant nomenclature follows the USDA Plants database
(USDA NRCS PLANTS Database 2016).

This study was conducted in the wetlands along the Niobrara River in AGFO. In April of 2014,
48, 2- x 2-m plots were located in areas where the highest YFI abundances were observed. Plots were
located in the riparian area and the associated wetlands on the eastern half of AGFO. Some plots had a
mix of cattails and willows, but YFI was the dominant plant species in all plots. Plotsovated
between 1 and 30 m from the main river channel on both the north and south banks of the river. Plot
locations were variable and occurred in standing and flowing water, and slightly driertereashe
river channel. Figure 1 illustrates how plots were marked. Plots were randomly assigned tdgirie of e
treatments for a completely randomized experimental design using x 2 xa2torial arrangement of

treatments.

i

A4

Figure 1. Plot layout- Plots were marked with two t-posts and were laid out by forming a right isosceles
triangle with a tape measure. The right isosceles triangle had a hypotenuse 2.82\f2etdrs=(
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hypotenuse, A = triangle side length; mathworld.wolfram.com) long and each side of the triangle
was 2-m in length. Visualizing a right isosceles triangle, both t-posts were placed in tiom lotthe
45°angles. The third point occurred at the location of the 90°angle. The fourth point was determined by
forming a second right isosceles triangle and the hypotenuse was formed between the two t-posts
previously identified. The location of the 90°angle marked the fourth point.

2.2 Treatments:

To address the stated objectives and associated hypotheses in this study, we identified eight
treatments that included all possible combinations of cutting (cut and uncut), spraying (sprayed and
unsprayed), and planting native graminoids (planted and not planted). The cutting treatment was
performed on April 17 and 18, 2014; 1 month before the glyphosate application. A handheld scythe was
used to cut YFI plants 5-10 cm above the plant crown. Cutting the new YFI growth was also effective at
removing aboveground growth from previous years from each of the plots assigned to cutting. Cutting
was used because Simon (2008) observed a 60% reduction in YFI density as a result of a standalone
cutting treatment. Our idea was tlaatutting treatment combined with glyphosate application would be
more effective for YFI reduction than either treatment alone. Our decision to use an 8% atinoevitr
glyphosate for our sprayed treatments was also based on the Simon (2008) findings. On May 14, 2014 an
8% solution of glyphosate (Rodeo®) and Brewer 90-10® surfactant was applied to plots assigned to
sprayed treatments. Glyphosate application took place one month prior to YFI reproductive grewth stag
The NPS Northern Great Plains Exotic Plant Management Team applied the herbicide treatmgnt on Ma
15, 2014 using backpack sprayers holding the nozzle approximately 90 cm above the YFI. A 0.60 m
buffer was sprayed around each herbicide treated plot to reduce encroachment of YFI iratetthe tre
plots from rhizomes. The weather on the day herbicide was applied was sunny, with no wind, and the
temperature was10.5°C.

In June of 2014, Nebraska sedge and Arctic rush plugs were planted in plots assigned to the
planted treatments. Planted material was purchased from Aquatic and Wetland Nursery, LLC Fort
Lupton, Colorado. Each 2- x g1 plot was subdivided into four, 1- x fir quadrants. A 5-cm diameter
metal pipe was pounded into the ground to a depth of 18 cm to create a hole for each native plant plug to
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be planted into. The black dots in Figure 2 identify the location where native plants were planted. Ten
Arctic rush plants and 10 Nebraska sedge plants were planted in study plots that were randoraty assig
to the planting treatment. Five Nebraska sedge plants werediaiadrants “A” and “C” (5 plants/
guadrant, 10 total plants/plot), and 5 Arctic rpsints were planted in quadrants “B” and “D” (5 plants/
guadrant, 10 total plants/plot) (Figure 2). Nebraska Sedge and Arctioneustused for this study

because the NPS Inventory and Monitoring Division identified these two plant species at AGFO. Bo
species were abundant at AGFO but were not observed in any study plots before planting. Because of
their rhizomatous growth form and other growth characteristics (USDA NRCS8IPEMatabase 2016),

we predicted that these species would be good candidates to compete with YFI.

8 oo T8

. Quadrant “D” . . Quadrant “A” .

Figure 2. Layout of the 2- x 2- m plots used in this study showing 1°muadrants, quadrants A-D.
Black dots indicate where each plug was planted. Nebraska seatg fiebrascensis Dewey) was
planted in quadrants “A” and “C” and Arctic rush Quncus arcticus Willd.) was planted in quadrants “B”
and “D”. The blue dots signify where the T-posts were placed to mark each plot.

2.3 Data Collection:

Initial YFI and native plant density counts were performed on April 17 and 18, 2014. Subsequent
YFI and native plant density counts were taken on May 14, 2014 (before herbicide application) and on
August 18 and 19, 2014. For the April and May density counts, & ftame was placed over each

guadrant in the 2- x 2n plot to help keep track of progress while counting. Density of YFI was very high
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during the August 18 and 19 density counts, so a G.fame was randomly placed in each of the four
guadrants to take a subsample of the 2-m plot. The observed YFI densities in the subsampled frames
were averaged together to obtain an overall plot density. All density counts were expsstsedsn™.

The final YFI and native plant density counts were taken in May of 2015, at the conclusion toidhis s

to determine if treatment effects were carried into the next growing season. IndividydiviSiwere
identified by the distinct point that was formed at the tip of the leaves and the presequitanit leaves.
Cattails featured a rounded tip on the leaf blade and later in the growing season grew taller than YFI.

These characteristics made it possible to distinguish between the two species.

2.4 Statistical Analysis:

Analysis of Variance (ANOVA) was used to determine the effects of cutting, plartihg
herbicide on YFI density, and the effects of cutting and herbicide on native plant survival. Residuals were
inspected to confirm that assumptions of the analyses were met. Treatment means were comjifared only
the ANOVA yielded a significant F-test. Separate analyses were run for the May 2014, August 2014 and
May 2015 data sets. Relationships between native plant densities and YFI density were explored using

simple linear regression. All analyses were conducted using JMP® version 12.0 (JMR®) @a4.

3. RESULTS

Plots 8, 32, and 44 were clear outliers and were omitted from analysis based on QQ plot analysis
in JMP. These plots were obvious visual outliers based on the line of best fit and therefec: &oit
22 was also omitted from May 2015 ANOVA and regression analysis due to an imazapyr treatment that
killed the entire plot. The imazapyr treatment was not part of this research study. May 2014 felsdensi
were affected by cutting but not by herbicide (P = 0.0690), planting (P = (.draiy of the
interactions (0.2611 < P < 0.8268)ay 2014 YFI density was 11971 plants'm” (mean + SE, n=22) in
cut plots and 143 + 7 dlants'm™ (n=23) in uncut plotsBy August 2014 YFI densities were no longer
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affected by cuttingP = 0.9808), herbicidéP = 0.0636), planting nativg® = 0.9088) or any of the
interactions (0.229€ P < 0.7782). Mean YFI density across all plots was 161 pléufs-m™ (n=45) In
May of 2015 YFI densities were not affected by cutting (P = 0.5539), herbicide (P = 0.1194), planting
natives (P = 0.1232), or any of the interactions (0.1571 < P < 0.7698). The mean YFI density across all
plots was 149 + 13.Blants-m™? (n=44).

Native plants were planted in June 2014 and by August 2014 the Arctic rush density was affected
by the May herbicide treatment (P = 0.0085), but not by cutting (P = 0.3921) or the interactitingf
and herbicide (P = 0.1055). Plots treated with herbicide had 1.4 + 0.2piafiiseans + SE) of Arctic
rush and the unsprayed plots had 0.5 #plits'm™. The 2014 Nebraska sedge density was not affected
by cutting, herbicide, or the interaction (0.270B < 0.6458). The overall 2014 native plant abundance
was not affected by cutting, herbicide, or the combination of treatments (0.1381 < P < 0.9420). May 2015
Arctic rush density was not affected by any of the treatments or combination of treatments (0.2437 <P <
0.5546). May 2015 Nebraska sedge density was also not affected by any of the treatments (tsadn effec
interactions; 0.3373 < P < 0.7660). Overall, native plant density was also not affected bgrieatm
(0.3022 < P < 0.9074). Interestingly, native plant density was low and not affected by any treatments but
a small number of plots did support a large increase in native plant abundance (Table 1).
Regressions that compared the relationship between YFI abundance and the abundance of Nebraska sedge
and Arctic rush, across all plots for 2014 revealed that native plant abundance did not vafyl with Y
abundance (0.3305 < P < 0.9045) (Table 2). Regressions revealed a relationship between YFI abundance

and Nebraska sedge, Arctic rush, and native plants abundance in May 2015 (Table 2).
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Table 1. Plotswhere alarge increase in native plant abundance was observed between August 2014
and May 2015, Agate Fossil Beds National Monument (near Harrison, Nebraska).

Native Plant Density
August 2014 M av 2015
Plot . y
" Treatment Density Density
(plants'm®) (plants'm?)
Uncut, Herbicide,
1 Planed 2 27
Uncut, No
9 | Herbicide, Plared 5 32
Cut, Herbicide, Not
24 Planted 0 a1
Uncut, Herbicide,
30 Not Plantd 0 21
Uncut, Herbicide,
sl Planed ° 26
Cut, Herbicide,
48 Plantd 2 76

Table 2. Regression analyses from Agate Fossil Beds National Monument of the relationships
between YFI density (plantsm™) and the density of Nebraska sedge (Carex nebrascensis Dewey),
Arctic rush (Juncus arcticus Willd.), and native plants (Nebraska sedge and Arctic rush combined)
density from August 2014 to May 2015. Native plants wer e planted in June 2014.

Analysis R’Value | P-value Regr ession Equation

Nebraska sedge vs. | 0.000822 | 0.9045 | Nebraska sedge = 2.03 - 0.007*YF

YFI August 2014

Arctic rush vs. 0.052653| 0.3305 Arctic rush = 2.14 - 0.03*YFI

YFI August 2014

Native plant vs. 0.013852| 0.6212 Native plants =4.17 - 0.04*YFI

YFI August 2014
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Nebraska sedge vs. | 0.686945| <0.0001| Nebraska sedge-17.55 + 0.17*YFI
YFI May 2015

Arctic rush vs. 0.843723 | <0.0001 Arctic Rush=-6.13 + 0.05*YFI
YFI May 2015

Native plant vs. 0.76562 | <0.0001 Native plants = -23.69 + 0.2*YFI
YFI May 2015

4. DISCUSSION

Addressing Hypothesis 1.1, our treatments, alone or in combination, did not reduce YFI density
by the end of the first growing season. Simon (2008) applied glypH@sptamaster® at 2.5 and 5%) on
May 4, 2005 when YFI plants were in the bud st&geapplied glyphosate on May 14, 2014 prior to
YFI being in the bud stage or reproductive stage. The early application of glyphosate (gefore t
reproductive growth phase) could have contributed to the ineffectiveness of glyphosate undyhis\We
also hypothesized that cutting YFI 1 month before the glyphosate application mighatsiteaf growth
and increase the herbicide to leaf contact, which could increase the effectiveness of aygrosagig
application.

Another problem that likely affected the success of this study was that the NiobrareeRorexd
record high water levels and was flowing over its banks during the early part of the 2014 growing season.
Much of the leaf material that would normally be exposed above the water level was likelyatader
and the herbicide to leaf contact was not maximized. The success of killing YFI with glyphosate coul
have potentially increased by applying glyphosate during a different growth phase and/or lay using
different concentration and/or rate of application. Kyser and DiTomaso (2012) utiltdedze
application” method designed by the University of Hawaii that employed a backpack sprayer and
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handgun. The drizzle method utilized low rates of concentrated herbicide (20% glyphosate applied at
38L/4047m) during the fall just before the plants senesced and the research team observed a successful
kill of YFI in California.

Due to the uncertainty of flow on the Niobrara River during the spring, it might be mectaff
to use a fall application of glyphosate when the river levels are at the lowest point asd&ydnd the
reproductive growth stage.

The Simon (2008) results suggested that a spring application of glyphosate appeared to be
effective early on, but a personal communication with Dr. Tim Miller; (February 20, 2015)r(2i008)
revealed that a large number of YFI shoots arose in their spring glyphosate treatedepiothe season.
Much like the Simon (2008) findings, our spring glyphosate treatments looked very promising for most of
the growing season until August, at which time hundreds of iris shoots measuring 5-15 cm tall @merged
the glyphosate treated plots

Although it was hypothesized that native plant survival would be favored by cutting anddeerbici
treatments on YFI (hypothesis 1.2), that hypothesis was not supported by these analyses. Native Arcti
rush and Nebraska sedge plants were planted in an attempt to identify native plant speciglg that co
compete with YFIIt is noteworthy to mention that effective YFI suppression did not occur as a result of
our treatments prior to planting Nebraska sedge and Arctic rush. Kettenring and Adams (201#) indica
that long-term repeated control methods are needed to effectively manage invasive plant species
Surprisingly, Arctic rush, Nebraska sedge, and native plant abundance increased during the second
growing season and YFI abundance also increased. Much like the findings from Meiman et al. (2009)
which found that native vegetation facilitated diffuse knapw@edtéurea diffusa Lam.) emergence,
native vegetation could be facilitating YFI growth, or vis-a-versa. Though the findinigg doe May
2015 density count displayed a relationship between YFI abundance and native plant abundance, only one
density count was recorded during the second growing season. As a result of these firttisgadrk
should be completed before a recommendation is made about how well Arctic Rush and Nebraska sedge
grow in post YFI treatment areas.
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Arctic rush density increased for only a short period of time in the glyphosate treate®plot
August the effect of glyphosate on native plant density was not detected. When native plants were
planted, the Niobrara River water levels were exceedingly high and multiple plants vated pla
completely underwater or floated out of the 18 cm deep hole that was dug.

Crawford and Braendle (1996) stated that the inherent variability of all natural systems is also
met in relation to levels of anoxia-tolerance in wetland plant communities. At this seidydgitike
many wetland areas, the observed variability in water levels along the Niobrara Rivex dadation of
anoxic conditions was hard to predict. Due to the variability and unpredictability of condikiorgsthe
Niobrara River, future YFI management and restoration projects should considetyaafgpiants that
can adapt to varying natural environments and anoxic conditions. If a large scale treatmentdor YFI i
successful without consideration for post treatment revegetation efforts, the empty nichedigpot

(Masters and Sheley 2001) indicates that another species will fill the void thatevkdysly occupied.

5. MANAGEMENT IMPLICATIONS

These data indicated that a spring cutting followed by an application of 8% glyphosat¢ did
reduce YFI abundance. Therefore, we do not recommend the use of these treatments for yellow flag iris
management. Further experimentation is warranted looking at the application timing, rate, and use of
glyphosate and different herbicides or combination of herbicides. These data indicatedntipausjmg
might increase YFI abundance. This attempt to identify native plants (Arctic rush and Medwdgk)
that could compete with YFI or recolonize a site after a successful YFI reduction, eldiydyshort term
success in increasing native plant density. Because Kettenring and Adams (2011) indicate that long-ter
repeated control methods are needed to effectively manage invasive plant species, it cogielsbedsug

that multiple years of YFI suppression is necessary to allow native plants to effectirgete with
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YFI. More research is needed to better identify plant species that could competectmize areas with

longer term YFI suppression.
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EXPERIMENT #2: SHADE, TEMPERATURE, AND SEED SCARIFICATION EFFECTS ON
YELLOW FLAG IRIS SEEDLING EMERGENCE AND GROWTH

SUMMARY

Yellow Flag Iris (YFI;lIris pseudacorus L.) is a non-native, invasive weed that is causing
substantial changes to the ecology of the Niobrara River and the adjacent riparian habitat. Tisis study
part of a larger study focused on YFI management at Agate Fossil Beds National Monument (AGFO),
Harrison, Nebraska. Early observagsandicated that YFI abundance was high at AGFO but lower on
working cattle ranches surrounding AGFO. It was speculated that one possible reasoadpatéet
difference in YFI abundance between the monument and areas grazed by cattle might be that cattle
remove enough of the plant canopy, resulting in increased temperature and less shade at the soil surface,
which may not be conducive to YFI germination and establishment. In attempt to identify what effect
cattle might be having on YFhgreenhouse study was conducted at Colorado State University to
determine how shade, temperature, and seed scarification affect the emergence and growth of
containerized YFI seedlings. Two greenhouses with differing temperatures were ubéeddidy. Half
of the YFI seedlings in each greenhouse were grown in shaded conditions and the other half were grow
in full sun. Half of the seeds were scarified with xylene in an attempt to increase gernmaigson
(Sutherland 1990). Results indicated that seedling emergence in the greenhouse was affected by
temperature (P < 0.0001). Emergence of YFI was (mean + SEp35353 in the warm greenhouse
versus 57.% + 3.3 in the cool greenhouse. Shade increased emergence to 55.0% + 3.5 versts 38.3%
3.53 in full sun (P = 0.0105). Seed scarification did not affect emergence (P = 0.9412). The interactions
among temperature, light, and seed scarification also did not affect emergence (0.3435 < P < 0.8828).
Plant height was greater in the warm greenhouse (21.9 = 0.5 cm) than in the cool greenhouge517.5 +
cm; P = 0.0001). Plant height was greater in shade (23.1 £ 0.4 cm) versus full sun (16.3 +0.4cm; P <

0.0001) Plant height was not affected by seed scarification (P = 0.9350) or any of the interactions among
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temperature, light, and seed scarification (0.3959 < P < 0.8441). Leaf blade count was not affected by
temperature (P = 0.5362), but was lower in full sun (5.05 + 0.3 leaf blades per plant)shadar(5.94 +
0.3 leaf blades per plant; P = 0.0266). The number of leaf blades was not affected by sca(Pfication

0.5729) or any of the interactions among temperature, light, and seed scarification (0.3623 < P < 0.9928)

1. INTRODUCTION

Yellow flag iris (YFI) (Iris pseudacorusL.) is a non-nativeinvasive weed in North America that
is usually found in wetland areas, and is native to Europe, North Africa, and Western Asia. dsiieinv
species is distributed in almost all fifty states across the U.S. (USDA NRCS P& BRidiBbase 2016).
Primarily used as an ornamental plant, YFI has escaped cultivation and has become Invasive.
Nebraska, there is currently a YFI infestation along the Niobrara River in and near Agate &dssil B
National Monument (AGFO). Agate Fossil Beds National Monument is a park unit managed by the
National Park Service (NPS). The Niobrara River is a perennial, spring-fed river syhteheddwaters
for this river occur approximately 80 km west of AGFO near Torrington, Wyoming. The USGS
Nonindigenous Aquatic Species database (2013) states that the rhizomatous growth assdcéked wit
can influence changes in channel geometry by narrowing the channel width by up to 25 cm per year.
Negative impacts of YFI on aquatic ecosystems have been related to its uptake and mass relegse of hea
metals, bacteria, total nitrogen, total phosphorus, ammonium, and other nutrients (Xu et al. 2015, Wu et
al. 2011). Absorption of metals, nutrients, and bacteria make YFI a preferred species for use in
phytoremediation (Xu et al. 2015).

Since 1979, the NPS has been monitoring the composition and density of aquatic wildlife and has
noted a decline in the number and species richness of fish at AGFO (Pegg and Pope 2008). In addition to
the decline in fish, native riparian area plant species are being replaced by YFI, which irettisn aff

waterfowl, fish, and domestic livestock. In 1989 the Niobrara River flowing through AGFO had slight fi
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species present [one species was a hon-native brownSabubrutta)] and by 2011 only three fish
species were recorded [one was a non-native Northernkske I(cius)] (Pegg and Pope 2008). These
changes to the aquatic wildlife have been accompanied by vegetation changes in the riparian area along
the Niobrara River driven by YFI. It was suggested that the YFI invasion might have brought about the
observed changes in aquatic wildlife (N. Medley, personal communication, May 2013). Observations of
the Niobrara River within the National Monument reveal that the river channel is deeper and narrower
when compared to upstream, non-infested river locations. Outside of the YFI infestation, thasriver h
more native vegetation occupying the riparian area, which provides habitat for wildlife spbeiégnte
rhizomes of YFI and lack of heterogeneity in the riparian area vegetation could be reducingdgreferr
habitat for wildlife species and be a contributing factor to the decline in fish.

Vegetation shifts from cattails to YFI appear to be far less drastic in areas where doatteti
are, and have been grazing. In areas grazed by cattle, plant communities dominated by native plants are
more common and YFI is less abundant. On the national monument where there has been no livestock
grazing for 50+ years, YFI abundanedigh. We speculated that one possible reason for the obvious
difference in YFI abundance between the monument and areas grazed by cattle might be that cattle
remove enough of the plant canopy, resulting in increased temperature and less shade at the soil surface,
which may not be conducive to YFI germination, establishment and growth.

Given the negative impacts of YFI on the Niobrara River ecosystem at AGFO, the National Park
Service wanted to identify management strategies to effectively reduce thepdfgmon. Individuals at
NPS felt that partnering on a research project to evaluate different treatment options wasihg toes
identify effective management methods. The NPS and a faculty member from the Departmesgtof For
and Rangeland Stewardship at Colorado State University (CSU) began collaborating on treatment tools
for management of YFI.

Local managers and our research team observed shifts in plant species composition in the riparian
areas along the Niobrara River at AGFO. Many areas once dominated by CBfphidsl étifoliaL.) and
various other native riparian wetland plants now support monocultures of YFI. This study is antattempt
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identify the ideal conditions for YFI emergence and growth. If managers know what the preferred YFI
growing conditions are, and YFI appears in an area, they can work to manage for conditions that favor
native species over YFI.
This thesis chapter will address two objectives that seek determine the effects plighiaded
seed scarification on YFI emergence and growth.
Objective 1: Determine the effects of temperature and shade on YFI seedling emergence and growth.
Hypothesis 1: YFI seedling emergence, leaf number, and plant height will be greatest in the
cool/shaded conditions, intermediate in the cool/full sun and warm/shaded conditions and least in the
warm/full sun conditions.
Objective 2 Determine whether or not seed scarification consistently increases YFI seedling
emergence across shade and temperature treatments.
Hypothesis 2: YFI seed germination rates will be consistently greater in seeds that vifezd sctr

xylene compared to seeds that were not treated with xylene across shade and temperature treatments.

2. METHODS

The objectives of this study were addressed by performing a greenhouse experiment on
containerized plants grown from field-collected seed. Eight treatments, that chellgessible
combinations of temperature (cool greenhouse/warm greenhouse), light (full sun/ 50% shade), and
scarification (xylene treatment / no xylene treatment) were used during this study. The randi@m num
generator feature in Microsoft Excel was used to randomly assign a treatment to each exgyenihent
Each treatment was replicated 6 times. This study occurred at the Colorado State U@veesibouse

from February, 2015 to June, 2015 in Fort Collins, Colorado.
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2.1 Study Site:

Wild grown YFI seeds were collected from AGFO at an elevation of approximately 1,370 meters
above sea level (MASL). The mean annual precipitation ranges from 36 to 41 cm and the meanrannual ai
temperature ranges from 7 to 9 °C (USDA NRCS 2013). Located in the northern mixed grass prairie
ecosystem, AGFO occurs on soils that are predominantly sandy loam to loam textures (USDA NRCS
Web Soil Survey 2016). The Niobrara River flows through the National Monument and is a perennial,
spring-fed, sinuous river system with an average flow of 6:4'r1958-1991; the USGS stream gauge
was reactivated in February of 2014; USGS National Water Information Systein 2Bd@&iparian area
vegetation includes monocultures of YFI, dense cattail stands, narrowleaf vi8ibwekigua Nutt.),
native graminoids including woolly sedgéafex pellita Muhl. Ex Willd. ), Arctic rush guncus arcticus),
western wheatgras®gscopyrum smithii (Rydb.) A. Léve), and areas of Kentucky bluegrags(
pratensisL.) (Prowatzke and Wilson 2015). Plant nomenclature follows the USDA Plants database
(USDA NRCS PLANTS Database 2016).

Approximately 6,000 YFI seeds were collected in October of 2014 from AGFO, which is outside
of Harrison, Nebraska (UTM Zone 13T 604131 E 4697768 N). Mature, hard seeds were collected from

AGFO during October 2014.

2.2 Treatments.

After seed collection, seeds were placed in cold storage at 2.8 °C for 5 months to cold stratify
seeds and mimic winter conditions before planting. Gedebo and Froud-Williams (1998) stated that the
effects of chilling and seed scarification ensured YFI seed germination in the spring at a wide range of
temperatures, though our stratification temperature was colder than the temperature used by Gedebo and
Froud-Williams (1998). Sutherland (1990) reported that scarifying seeds in xylene would increase
germination rates by 80%. In February of 2015, cold stratified seeds randomly selected for the
scarification treatment were submerged in xylene for 6 minutes under a ventilation hood, treghiwas
deionized water bath for 5 minutes, allowed to dry and were planted 1 hour later at the CSU geeenhou
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Nine hundred and sixty cylindrical pots that measured 6.4 cm in diameter by 35.6 cm deep were
completely filled with potting soil (Pro Mix BX®). Racks of 20 pots (pots = subsamples) each were used
as experimental units, and 6 racks (replicates) were randomly assigned to each treatment. Two YFI seeds
were planted within 1ra of the soil surface in each pot. If a second seed in a pot germinated, the second
shoot was harvested after recording emergence to reduce competition within each pot. Wereapls

into clear plastic bins and the bottom of the bin was filled with 14 cm of water. Plants were yniforml
fertilized as needed throughout the experiment. Two greenhouses were used for this study. The cool
greenhouse temperature was maintained at 22 + 8°C and the warm greenhouse temperature was
maintained at 25 + 10°C. Supplemental light was supplied by high pressure 400 watt sodium lamps to
maintain a 14-h photoperiod.

Forty-eight racks were used during this study. Twenty-four racks were randomly assigned to the
cool greenhouse and 24 racks were randomly assigned to the warm greenhouse. Of the 24 racks that were
placed in the cool greenhouse, 12 were randomly assigned to be exposed to 50% shade and 12 were
randomly assigned to be exposed to full sunlight. The same separation of racks occurred in the warm
greenhouse. To provide the shade treatment a 2-cm diameter metal conduit frame was constructed 91-cm
above the racks, and a black shade cloth that allowed 50% of light to pass through was placed over the
frame and anchored to the conduit with plastic ties. The frame was constructed 91-cm above the racks so

the shade cloth would not interfere with plant growth.
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Figure 3. The potsand rack system that was used for the greenhouse shade and temper atur e study.
Twenty cylindrical cones in a rack shown below constituted one replication and each rack was placed in a

clear plastic bin. Each plastic bin was filled with 14 cm of water.

2.3 Data Collection:

Measurements were taken every 3 days for the duration of the study. Measurements included
emergence, plant height (cm), and leaf blade count. The water level was recorded and repdsnished,
needed. Emergence was recordstiyes” or “no” depending on whether or not a YFI seedling was
visible. Plant height of the tallest leaf tip (cm) in each pot was recorded. beafdpunt was taken by

counting each leaf blade that was present, in each pot.

2.4 Statistical Analysis:

Two separate greenhouses (warm and cool) were used to impose the temperature treatments, and
in each greenhouse, all racks of shaded plants were grouped together and all racks of full-sun plants were
grouped together, resulting in a split-split-plot design. As a result, whole plot treatmeampasatus
and the sub-plot treatment was light. There were no restrictions on randomization of teeneganents
except for those imposed by temperature and light treatments.

Analysis of Variance (ANOVA) was used to determine the effects of temperatynte sieed
scarification (xylene) and all interactions on YFI seedling emergence, leaf blade count, and height

Residuals were inspected to confirm that assumptions of the analyses were met. Treatnzewensea
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compared only if the ANOVA yielded a significant F-test. All analyses were conducted using JMP®

version 12.0 (JMP®) and = 0.05.

3. RESULTS

Results indicated that YFI seedling emergence in the greenhouse was affected by temperature (P
< 0.0001) and light (P = 0.0105), but not by seed scarification (P = 0.9412) or any of the interactions
(0.3435 < P < 0.8828). Emergence of YFI (mean + SE) was lower (35.5% = 3.3) in the warm greenhouse
versus the cool greenhouse (57.8% * 3.3; P < 0.0001). Shaded conditions increased etndigfi6e
+ 3.5 versus 38.3% = 3.53 in full sun (P = 0.0105). Plant height was affected by temperature (P = 0.0001)
and light (P < 0.0001), but not by seed scarification (P = 0.9350) or any of the interactions (0.3959 < P <
0.9350). Plants were taller (21.9 £ 0.5 cm) in the warm greenhouse than in the cool greenhouse (17.5
0.5 cm; P = 0.0001). Shaded conditions increased plant heig8tl £ 0.4 cm versus 16.3 £ 0.4 cm in
the full sun conditions (P < 0.0001). Leaf blade count was not effected by temperature (P = 0.5362) or
any of the interactions (0.3623 < P < 0.9928). Light affected leaf blade count (P = 0.0266), resulting in

5.05 £ 0.3 leaf blades per plantfull sun compared to 5.94 + 0.3 leaf blades per plant in the shade.

4. DISCUSSION

Addressing hypothesis 1, YFI seedling emergence was clearly favored by cool, shady growing
conditions. In full sun conditions YFI emergence was the lowest. Therefore, it is possible that conditions
which maximize the potential for shade will favor yellow flag iris seedling emergence. Riirtwas
maximized in warm and shady environments. It is not surprising that warm temperatures favoved yell
flag iris growth, but it is interesting that the effects of shade persisted to affeicheight at the end of
the study. Germination of YFI did not increase in the seeds that were scarified/leith, contrary to
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hypothesis 2. This was a surprise given the success that Sutherland (1990) observed when seeds were
scarified with xylene. Germination rates were 30-60% across all treatment types. Onalpotent
explanation for the reduced germination in scarified seeds was seed storage. Grime et abyd881) f

that germination of freshly collected seed was reduced from 48% to 8% after 3 months of stofaye at
Because our seeds were stored at 2.8 °C for 5 months, this cold stratification could have reduced the
viability of the seed befori¢ was scarified with xylene. Leaf blade count was only affected by full sun
conditions (P = 0.0266), and not by any of the other treatments. However, the difference between shade
and full sun was only one leaf per plant. Leaf blade count may not be a good indicator of treatment
effects.

This study indicated that YFI prefer to germinate in cool shaded environments and growth is
maximized in warm shaded environments. This is an important finding as the riparian arehealong t
Niobrara River is dominated by cattails. Due to cool springtime air temperatures at AGFO, antthahad
is provided by cattails, a cool shaded environment is present in many parts of the national monument,
which is conducive to YFI seedling germination. Later in the growing season, the summer and early fal
air temperatures are warm and cattails and other mature vegetation arsivétied environment. The
combination of warm air temperatures and shade from YFI and other mature vegetation provide an
environment that is conducive to YFI growth. As previously mentioned, we noted a shift froifle tatta
YFl in certain areas and this study provides an indicator that cattails, shrubs and ungtzesbhe
vegetation are creating a preferred microclimate for YFI. Through time, these atgasvide the ideal
growing conditions for YFI seedling establishment and growth. Once YFI invades an area andbecome
the dominant species, they appear to provide a beneficial microclimate which will perpetugtnth
of this plant.

The findings of this study also speak to our initial field observations in the spring of 2013 at
AGFO. At that time, we observed that YFI density was lower on the cattle ranches compared to the
national monument. This study likely provides a partial explanation of why YFI gesmsiwer on the
ranches. The variation in YFI density on the ranches can likely be attributed to the vedetigtio being
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lower due to grazing. Because the canopy has been removed by grazing, sunlight is likely feaching t
soil surface altering the growing conditions in a manner that is less favorable to YFI compared to the

conditions in AGFO which has not been grazed by livestock for decades.

5. MANAGEMENT IMPLICATIONS

Though light and temperature likely only explain a portion of the YFI issue, land managers
should think about ways to manage the plant canopy to reduce shaded microclimates for YFI emergence
and growth. More light reaching the soil surface combined with ambient temperatures at AGFO may
create an environment that is less favorable to YFI.

Differences in temperature and light could be part of the reason that yellow flag iris abusdance
lower in riparian areas grazed by domestic livestock both upstream and downstream of AGFO. Areas
grazed by domestic livestock would likely have a shorter vegetation height which providdighiaed

less shade to the soil surface.
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EXPERIMENT #3: SIMULATED TRAMPLING REDUCES YELLOW FLAG IRIS SURVIVAL AND
GROWTH

SUMMARY

Yellow flag iris (YFI) (Iris pseudacorusL.) is a non-native, noxious weed that is causing substantial
changes to the ecology of wetland and riparian aBaes to the limited options for invasive weed
management in wetlands and based on observations from earlier work, we explored a non-chemical
approach for YFI management. In prior studies on YFI, we noted the development of footpaths around
our field study plots. As a result, we decided to conduct both field and greenhouse studies to explore the
effects of trampling on YFI and determine if trampling might be an effective tool to reduce YFI
abundance. When greenhouse grown YFI plants reach&d db-n height, two groups were “trampled”
using a piece of 2 cm diameter metal pipe. Treatments included trampling at the plant crown, trampling
2 cm above the plant crown, and a non-trampled control. Three months after treatment, we quantified
plant survival and growth (height and number of leaves). We also conducted a field study to determine the
effects of trampling on shoot density and height of established YFI in the riparian area adjacent to the
Niobrara River, at Agate Fossil Beds National Monument (AGFO) in western Nebraska. Because
permitting requirements prevented bringing cattle into the national monument in a reasonataegmef
we implemented a citizen science project using humans to trample YFI. The Harrison High School
(Nebraska), Future Farmers of America Chapter, volunteered to help us trample YFI for this study.
Sixteen, 2- x 2m study plots were randomly located in YFI infestations along the Niobrara River. Half
of each plot was trampled in June 2015 and the other half was an untreated control. Iris density and height
were recorded 3 months after treatment. Trampling decreased iris density Iy ZE/0002) and plant
height by 58%P = 0.000). Trampling containerized, greenhouse grown seedlings at the crown was five
times more likely to kill YFI than trampling 1-2 cm above the cr¢®= 0.0001). Greenhouse study

results indicatérampling reduced the number of leaf blades (P < 0.0001) and plant height (cm) (P <
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0.0001) Though the findings of this project are promising, trampling has only occurred in the greenhouse
setting and under the human foot. In certain situations YFI trampling with humans could be areeffecti
treatment option, but in other locations and at larger scales, research utitimipdjig with large

ungulates could be a management consideration.

1. INTRODUCTION

Yellow flag iris (YFI) (Iris pseudacorusL.) is a non-native, invasive weed in North America that is
usually found in wetland areas, and is native to Europe, North Africa, and Western Asia. d$iiseinv
species is found in 40 out of 50 states across the U.S. (USDA NRCS PLANTS Databaserizodly P
used as an ornamental plant, YFI has escaped cultivation to baguotdematic invasive species. In
Nebraska, there is currently a YFI infestation along the Niobrara River in and near AgdtBé&dssi
National Monument (AGFQO). Agate Fossil Beds National Monument is a park unit managed by the
National Park Service (NPS). The Niobrara River is a perennial, spring-fed river syhteheddwaters
for this river occur approximately 80 km west of AGFO near Torrington, Wyoming. United States
Geological Survey Nonindigenous Species database (2013) stated that the rhizomatous growth associated
with YFI can influence changes in channel geometry by narrowing the channel width by up to 25 cm per
year. Negative impacts of YFI on aquatic ecosystems related to its uptake and mass redéeage of h
metals, bacteria, total nitrogen, total phosphorus, ammonium, and other nutrients have beenXeported (
et al. 2015, Wu et al. 2011). The ability to absorb metals, nutrients, and reduce bacterml@isla
preferred species for use in phytoremediation (Xu et al. 2015, Sutherland 1990).

Since 1979 the NPS has been monitoring the composition and density of aquatic wildlife and has
noted a decline in the number and species richness of fish (Pegg and Pope 2008). In addition to the
decline in fish, native riparian plant communities are being replaced by YFI, which in turs affect

waterfowl, fish, and domestic livestock. In 1989 the Niobrara River flowing through AGFO had slight fi
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species present [one species was a hon-native brownSabubrutta)] and by 2011 only three fish
species were recorded [one was a non-native Northernfske I(cius)] (Pegg and Pope 2008). These
changes to the aquatic wildlife have been accompanied by vegetation changes in the riparian area along
the Niobrara River driven by YFI. It was suggested that the YFI invasion might have brought about the
observed changes in aquatic wildlife (N. Medley, personal communication, May 2013). Observations
during this research and from National Park Service staff reveal that the Niolwvarali®innel is deeper
and narrower within the national monument when compared to upstream, non-infested river locations
Outside of the YFI infestation, the river has more native vegetation occupying the riparian area, whic
provides habitat for wildlife. The dense rhizomes of YFI and lack of heterogeneity indhamiprea
vegetation could be reducing preferred habitat for wildlife and be a contributing fadterdedine in

fish.

Given the negative impacts of YFI on the Niobrara River ecosystem at AGFO, the National Park
Service wanted to identify a management strategy to effectively reduce the YFI mopulatividuals
with NPS felt that partnering on a research project to evaluate different treatmens oydis the best
way to identify effective management methods. The NPS and a faculty member from the Department of
Forest and Rangeland Stewardship at Colorado State University (CSU) began collaborating on treatment
tools formanagement of YFI.

During the initial visit to AGFO in the summer of 2013, it was noted that YFI was less abundant on
the working cattle ranches that surround the National Monument. As a result of this observatiam resea
studies attempted to identify @sior indicatorsof the effects livestock might be having on YFI
abundance. The most important observation was made in the summer of 2014 during Experiment #1
(Chapter 1 of this thesis). From April to June of 2014, two to three people walked aroundyha s
approximately six times while establishing the plots and taking density measurdByehise a distinct
foot path was obvious around the plots where people had previously walked. We observed a large
reduction in YFI abundance from such a small amount of disturbance. As a result of this olosesadio
was harvested from AGFO in October of 2014 to be used for a greenhouse study on the effects of
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simulated trampling on YFI. While the greenhouse study was underway, we began exploring the
possibility of a field study with livestock at AGFO to attempt to quantify the efféd¢tarapling on YFI
abundance. Using livestock to trample established YFI was found to be infeasible, so we identified an
alternative approach to study the effects of trampling. This thesis chaptexpaeiit on two simulated
trampling studies; one greenhouse study and one field study simulating livestock trampling.
Objective 1 Determine the effects of simulated trampling on YFI seedling survival and growth.
Hypothesis 1.1: Survival of YFI seedlings will be greatest for untrampled plants, intermediate f
plants trampled high (above the crown) and lowest for plants trampled low (at the crown).
Hypothesis 1.2: YFI plant height and leaf number will be greatest for untrampled plants,
intermediate for plants trampled high (above the crown) and lowest for plants trampled low (at
the crown)
Objective 2: Determine the effects of trampling on density and height of established YFI plants in
the field.
Hypothesis 2.1: Trampling established YFI in the field will reduce both YFI density and plant

height.

2. METHODS

2.1 Study Area:

To address objective 1, a greenhouse experiment tookailthee Colorado State University
Greenhouse from June 26, 2015 to September 1, 2015, in Fort Collins, Colorado. Seedlings from this
study were grown from YFI seed collected at AGFO. The field trampling study occurred at AGF®. A sit

description of AGFO is included below in section 2.2 “Treatments”.
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2.2 Treatments:
Greenhouse trampling experiment

Seedlings used in this study were grown from wild YFI seed collected at AGFO. Agate Fossil
Beds National Monument has an average elevation of 1,372 meters above sea level. The mean annual
precipitation ranges from 36 to 41 cm and the mean annual air temperature ranges from 7 to 9 °C (USDA
NRCS 2013). Located in the northern mixed grass prairie ecosystem, AGFO occurs on soils that are
predominantly sandy loam to loam textures (USDA NRCS Web Soil Survey, 2016). The Niobrara River
flows through the National Monument and is a perennial, spring-fed, sinuous river system with an
average flow of 0.4 frs* (1958-1991; the USGS stream gauge was reactivated in February of 2014)
(USGS National Water Information System 2016). The riparian area vegetation includes monocultures of
YFI, dense cattailTypha latifolia L.) stands, narrowleaf willowSalix exigua Nutt.), native graminoids
including woolly sedgeQarex pellita Muhl. Ex Willd. ), Arctic rush Juncus arcticus), western
wheatgrassRascopyrum smithii (Rydb.) A. Léve), and areas of Kentucky bluegré&&s(pratensis L.)
(Prowatzke and Wilson 2015). Plant nomenclature follows the USDA Plants database (USDA NRCS
PLANTS Database 2016).

Approximately 6,000 YFI seeds were collected in October of 2014 from AGFO, which is outside
of Harrison, Nebraska (UTM Zone 13T 604131 E 4697768 N). Mature, hard seeds were collected from
four different sites at AGFO during October 2014.

After seed collection, seeds were placed in cold storage at 2.8 °C for 5 months to cold stratify the
seeds and mimic winter conditions before planting. Gedebo and Froud-Williams (1998) stated that the
effects of chilling and seed scarification ensured YFI seed germination in the spring at a wide range of
temperatures, though our stratification temperature was colder than the temperature used by Gedebo and
Froud-Williams (1998). In February of 2015, 60 cylindrical pots which measured 6.4 cm in diameter by
35.6 cm deep were completely filled with potting soil (Pro Mix BX®). Two YFI seeds were planted
within 1 cm of the soil surface in each pot. If a second seed in a pot germinated, the second shoot was
harvested to reduce competition within each pot. Each individual pot was placed into a rack that could
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hold 20 pots. The rack was put into a clear plastic bin and the bottom of the bin was filled with 14 cm of
water. The plants were allowed to grow until they reached a height of 15 to 30 cm. Plants iveed fert

as needed throughout the experiment. For the duration of the study, the greenhouse temperature was
maintained at 22 + 8°C. Supplemental light was supplied by high pressure 400 watt sodium laps to
maintain a 14-h photoperiod.

The greenhouse trampling study examined the effects of trampling on YFI seedlings, which was
designed to simulate the impacts of trampling at an early stage of YFI invasion. A complademized
experimental design was utilized with three treatments; trampled high, trampled low andamplaet
control. Twenty plants were randomly assigned to each of the three treatments. For plants assigned to the
trampled low treatment, the lower edge of a 15-cm long and 2-cm in diameter metal pipe was placed as
close to the crown as possible and then pushed into the potting soil approximately 5-cm. This most ofte
resulted in breaking the shoot off at the crown. For plants assigned to the trampled high trdegment, t
pipe was placed otine leaf blade approximately 1- 2 cm above the crown and pushed into the potting soil
approximately 5-cm. This treatment most often resulted in breaking the blade off apprgxivatel
above the crown. Simulated trampling was not applied to the control (un-trampled) plagts. Six
cylindrical pots, each containing one YFI plant were used during this study. The trampled high and low
treatments were selected to provide information expected to be valuable for informing foisitnde
about methods that might be useful for YFI reduction efforts (e.g., mechanical treatmemtdlevitof
varying design or use of animals with different body sizes).

Trampling Established YFI Plants- Field Sudy

This study was conducted in the wetlands along the Niobrara River at AGFO (the conditions at
AGFO are described aboiresection 2.2 “Treatments”). Plots were located in the riparian area and the
associated wetlands on the eastern half of the national monument. Some plots had a mix of cattails and
willows, but YFI was the dominant plant in all study plots. Plots were located between 1 and 30 m from
the main river channel on both the north and south banks of the river. Plot locations were variable and
occurred in standing and flowing water, and in slightly drier areas just above bank fuitablkshed
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sixteen plots in the wetland area of the Niobrara, measuring 2- x 2- m. Plots were placed in accessible
areas where the highest YFI abundances were observed. Half (1- x 2- m) of eacim®lat2vas

randomly selected for trampling, and the other half was left as an un-trampled contitohgrasa split

plot design. Iris plants were between 0.3- 0.9 m tall and the average density was 149r0phemes

the trampling occurred on June 4, 2015.

The field trampling study was designed to focus on trampling establishediplaritsg standing
infestation with a well-developed rhizome network. Permitting requirements prevented us fromgbringi
livestock to AGFO soon enough to be included in this study, so we decided to implement a citizen science
project to help with study treatments. The Future Farmers of America Chapter from Sioux County High
School (NE), staff from the National Park Service, and the Sioux County Weed District assistedtwith pl
trampling. On June 4, 2015 half (1 by 2 m) of each of the sixteen, 2nyts was trampled. Each 1- x
2-marea (half of each plot) was trampled for 5 minutes, by two to three people weighing between 50 -
100 kg. YFI plants were in both the growth and bud stage when trampling occurred. The goal was to
break every YFI shoot in the treatment plot as close as possible to the rhizomatous mathéelpkhts
would break at, or near the crown. The greenhouse simulated trampling study indicétesl tiaapled
low treatment group, in which YFI shoots were damaged at or near the crown was the most detrimental
to the iris. Based on these greenhouse findings, the field trampling study focused on breatitngfthe i

as close as possible to the crown.

2.3 Data Collection:
Greenhouse trampling experiment

Plant heights and leaf blade counts were measured and recorded on a bi-weekly basis for the
duration of the study. When the study concluded on September 1, 2015 final plant height (cm), leaf blade
count, and the survival data were recorded. Plant height was recorded by measuring frdmuHas®i

to the tip of the tallest leaf.
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Trampling Established YFI Plants- Field Sudy

Initial YFI density data were collected on June 3, 2015, 1 day before trampling to characterize the
plots. Density counts were conducted using 2 2frames to outline the 1- x 21 area being sampled.
Each YFI shoot was counted to determine YFI shoot density. Yellow flag iris was distinguished from
cattail by the distinct point that forms at the tip of YFI leaves and/or #s=pce of equitant leaves. The
cattails featured a rounded tip on the leaf blade and later in the growing season gréharaly FI.
Individual YFI plants were identified by tracing leaves back to the plant base to ensure that we counted
shoots and not leaves. These characteristics made it possible to distinguish the giffetenThe
heights of YFI plants were measured by placing a tape measure on top of the rhizomatous mat and
stretching it to the top of a leaf that represented the average YFI height in each of theshdMepisity

and height data for YFI were collected in September of 2015.

3

oA S . SN\
Figure4. The potsand rack system used for the greenhouse trampling study. Twenty cylindrical

cones constituted one rack and each rack was placed in a clear plastic bin. Each plastic bin wils filled w
14 cm of water.

2.4 Statistical Analysis:
Greenhouse trampling experiment
Logistic regression was used to determine the effects of trampling on plant survival. @dds rat

from the logistic regression were used to characterize the effects of trampling on Y¥lséwalysis
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of Variance (ANOVA) was used to determine the effects of trampling on plant height (cm) and the
number of leaf blades. Residuals were inspected to ensure that assumptions of the analyses were met
Following the ANOVA, a Tukey HSD (Honest Significant Difference) adjustment was perfoomed t
compare means where F-tests indicated significant treatment effects. All analyses weredarsilugt
JMP® vesion 12.0 (JMP®) with a = 0.05.
Trampling Established YFI Plants- Field Sudy

An ANOVA was conducted to determine the effects of trampling on YFI density and plant
height. Given the design of this study, the ANOVA essentially resulted in a paired tesigiud®s were
inspected to ensure that assumptions of the analysis were met. The analysis was conducted using JIMP®

version 12.0 (JMP®) with a = 0.05.

3. RESULTS

Greenhouse trampling study

The logistic regression indicated that trampling influenced seedling survived.(001).
According to the odds ratios from the logistic regression, simulated trampling at the gam{(itre
trampled low treatment) was 36 million times more likely to kill the YFI seedlingsthigann-trampled
(control) (P < 0.0001). Plants that were trampled high were 7 million times more tikdily than the un-
trampled plants (P < 0.0144). Finally, YFI plants that were trampled low were ovenfegernore likely
to die than those in the trampled high treatment (P = 0.0203). The odds ratios for YFI survival were
greatly increased due to the fact that 100% of the control plants survived, and shoulgplsedterith
that fact in mind.

Trampling affected the number of leaf blades (P < 0.0001) and plant height (cm) (P < 0.0001)
(Table 3). Both measures of plant size were greatest in the un-trampled control group, interetiat

YFI plats were trampled high and least when YFI plants were trampled low (Table 3).

38



Trampling Established YFI Plants- Field Sudy

One of the 16 plots was a clear outlier and was omitted from the statistical analysis. When
assessing a QQ plot and line of best fit in JMP, plot 48 was a clear outlier. Plot 48 was edmsider
outlier due to elevated shoot density (1761 YFI shoots), the apparent lack of anaerobic conditions
compared to other plots, and having more soil present. The other 15 plots were located in areas that
experience saturated, anaerobic conditions for most of the growing season. Plant height araf density
YFI were affected by trampling. Plant density was decreased by 75% in the trampled ptb&srardn
was 45 + 10 plantsi? versus 178 + 10 plants? in the untrampled plots (P = 0.0002; mean * SE, n=15).
Plant height was decreased by 58% in the trampled portions of the plots (0.7 + 0.04 M m@rsus

trampled portions of plots (1.2 £ 0.04 Ak 0.0001).

Table 3. Mean number of leaves per plant and mean plant height for yellow flagiris(Iris
pseudacorusL.) (mean + SE, n=20) grown in a greenhouse and subjected to smulated trampling at
the plant crown (low), 2-3 cm above plant crown (high) and un-trampled plants. Analysis of variance
indicated significant effects of trampling on leaf number (P < 0.0001) and plant height (P < 0.0001).
Means in a column with the same uppercase letter are not different (Tukey HSD, 0=0.05).

Treatment Mean # of L eaves per Plant M ean Plant Height (cm)

Un-trampled 6.4+05A 525+26 A
Trampled High 45+058B 31.7+26B
Trampled Low 23+05C 14.6£26C

4. DISCUSSION

In the greenhouse trampling study the control plants experienced the greatest survival. These
findings support objective 1, hypothesis 1.1. The plant height and leaf blade number had the greatest
reduction in the trampled low treatment group. The trampled high group had a significanbneiduct
leaf height and number, and the un-trampled control experienced the greatest growth (aankei

leaf number). These findings support hypothesis 1.2.
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Simulated trampling of YFI seedlings reduced survival, leaf blade count and trampling at or
below the plant crown is five times more likely to kill the plant, which supports hypoth&si§he plants
that experienced trampling close to the crown resulted in the greatest reduction in glatreinbi
number of leaf blades, followed by the plants that were trampled higher above the detonmariet al.

(2004) stated that seedlings are often the most vulnerable stage and may be damaged either by grazing or
trampling. This could be due to the lack of above ground leaf material that could protect tleeoplant

Land managers attempting to reduce YFI abundance may consider the young growth phase a vulnerable
time for the YFI and capitalize on the plant vulnerabilities.

Further, our results on YFI are similar to the findings of Anderson (1991), who stated that
defoliation of blue bunch wheatgrags§udoroegneria spicata (Pursh) A. Léve] to short stubble heights
during the boot stage could essentially eliminate plants within a few years. By sigtriatnpling just
above, or at the crown, and then pushing the residual plant material 5-cm into the soil, we showed that
damage at, near, or below the critical growth point can effectively kill YFI seediingse growing
season.

Finally, research completed on western rangelands by Noy-Meir (1993) found that removing the
crown negatively affected plant growth. The low trampling treatment likely hagt¢lag¢est effect on YFI
survival due to the metal pipe being placed as close as possible to the crown to remove all of the plant
material above that point. With the high trampling treatment the metal pipe was placed apprpdimatel
2-cm above the plant crown. This treatment group had a reduction in survival but not as leedewas t
trampling treatment group.

The field trampling study supported objective 2, hypothesis 2.1. A one-time, short-duration trampling
caused a reduction in YFI density and plant height at AGFO. Trampling can likely explain why iris
abundance is lower on the working ranches that surround the national monument. Trampling, in
combination with the findings from Experiment 2 about the effects of shade and temperature on YFI
seedling emergence and growth (Chapter 2 of this thesis) can potentially aid land svastagefforts to
decrease YFI abundance and prevent future re-invasion. Experiment 2 identified how YFI seeds preferred
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to germinate in cool shaded conditions, and grew better in warm shaded conditions. The growing
conditions at AGFO likely provide preferred growing conditions similar to what we obsertresl in
greenhouse. Cattails have dominated the riparian area in the past and likely created a cool shaded
microclimate in the early spring which Experiment 2 (of this thesis) identifidttasptimal conditions

for YFI seedling emergence. Later in the growing season the cattails still provide shade and the air
temperature can be very warm in the summer months at AGFO, creating the ideal YFI growing
conditions. Other vegetation that provides shaded conditions (shrubs and tall, ungrazed herbatg€ous plan
likely also provide favorable growing conditions for YFI).

Together, findings from our field and greenhouse studies on trampling, shade, temperature, and
seed scarification (Chapter 2 of this thesis) suggest that in areas grazed bgkljitbstoombination of
disturbances could have a substantial effect on YFI abundance. Trampling can cause direct damage to
YFI and removal of the plant canopy via grazing will allow sunlight to reach the s@itsuifhe
variation in soil surface temperature and available light might be enough to alter timggronditions
for YFI and favor native plant species.

Flooding may be another factor in combination with trampling that may be shifting plant
communities outside AGFO from co-dominance between forbs and graminoids to a persistent dominance
of graminoids (Striker et al. 2011). Two floods were observed during the study period; howevegtwere
analyzed to identify effects they may have had on the plant community. Nonetheless, the catle ranche
surrounding the national monument experience both disturbance types, whereas AGFO only experienced
the effects of flooding and maintained high densities of YFI in the control plots. This observation
suggests that a lack of trampling appears to be favoring YFI dominance at AGFO.

The combination greenhouse study and field trampling study yielded promising results for YFI
management. The observed successful reduction of YFI density and plant height with simulateagtrampli
could be a promising management tool for dealing with a mature stand of YFI. Gaskin et al. (2016) made

the point that YFI managers need to limit seed dispersal and development of mature sedg$dn the
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Gaskin et al. (2016) also stated that managers should prevent YFI plants from going to seed because seed
dispersal and viability is a prolific dispersal mechanism compared to vegetative Spre@dones

It was observed during the study that a small number of juvenile YFI plants would emerge after
trampling; however, the plants would remain slender for the duration of the growing season and never
flower or go to seed. This is similar to what Gryseels (1989) observed when YFI above ground vegetation
was removed via mowing. Gryseels (1989) noted a slight vegetative spread after mowingnbihieagai
plants never flowered or went to seed. Both this study and the Gryseels (1989) study onfgriasted
short duration so it is challenging to project what YFI will do after trampling in quiesé growing
seasons. Another point that needs to be addressed is the time and timing of tramplingh Rleggarc
were trampled in June and only for a short duration. Looking at the effects of a springigagupht or
multiple trampling events per year should be evaluated. Clary (1995) reported that spring, @rgpring
fall trampling reduced graminoid height by an average of 19.8% (39.4 vs. 48.8 cm) compared to only
trampling in the fall. Clary (1995) also observed an interaction between tramplingaewch ©f
disturbance in a riparian environment. Spring trampling events had the greatest effect on graminoi
height, though forb height was not affected by this treatment combination (Clary 1995). Additiokal
could inform the best time to trample YFI, but anytime throughout the growing season that prevents YFI
from going to seed is likely a good time to trample.

When looking at the effects of herbivores on forbs, Damhoureyeh and Hartnett (1997) observed
that cattle and bison did not directly consume forb species in their study; rather, the redugeovith
was attributed to physical trampling of the forbs. Because YFl is a forb and containsdgigdbsit make
iris toxic for herbivores to consume (Stone 2009), it may not be reasonable to expect large herbivores to
graze YFI much. Rather, managers should consider the direct impacts of trampling which is consistent
with the findings of Damhoureyeh and Hartnett (1997) who reported that forbs can be reduced by

physical trampling.
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5. MANAGEMENT IMPLICATIONS

This trampling study sheds light on the potentially significant impacts oé ¢edthpling YFI
plants and keeping this invasive plant in-check while allowing the native vegetationriehfl@ther
factors may also be affecting YFI densities, such as flooding or herbivory; however, comparisees bet
sites suggest that trampling alone can reduce YFI enough to encourage native planttgsavwihortant
to reiterate that only one growing season worth of information is being reported and theretasniycer
as to what effects trampling will have on YFI abundance and height in subsequent growing seasons.
Long-term research could help to further ascertain the effectiveness of trampling as ameahage

method for YFI.
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