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Abstract:

Invasive plant management must progress from simply treating symptoms to modifying processes that
cause plant community dynamics. The overall goal of this research was to test a theoretical framework
for developing successional weed management strategies on rangeland. I hypothesized that by
increasingly addressing the three general causes of succession—site availability, species availability,
species performance—in a complementary manner, the successional trajectory will be accelerated
toward a desired plant community. I tested the influence of two seeding methods (site availability),
three seeding rates (species availability), three herbicide treatments (species performance), and two
cover crop treatments (species performance) on the establishment of three seeded grasses
(Psuedoreogneria spicata, Festuca scabrella, Festuca idahoensis) and the density, richness, and diversity
of existing native species. I hypothesized that no-till drill seeding at the highest rate with a cover crop
in combination with a picloram application would result in the highest establishment of grasses, but
that picloram would negatively impact the native forb community. The study was conducted as a
factorially arranged randomized complete block, replicated four times across the study site. Treatments
were applied in the fall of 2001 and the summer of 2002. Densities of all species within 0.1m sampling
frames were measured in 2002. No-till drill seeding at the highest rate resulted in the highest
establishment of seeded grasses. Picloram improved establishment of F. idahoensis over 2,4-D, but
neither treatment differed from the control. The addition of a cover crop did not influence grass
establishment. Seeding methods, seeding rates, and cover crop did not consistently influence the
density, richness, and diversity of the existing plant community, but the herbicide treatments did. In the
spring, these parameters were reduced by picloram and in the summer they were most influenced by
2,4-D. This research suggests that establishment of seeded native grasses improves as management
techniques increasingly address the three general causes of succession. However, the variation
observed in species’ response to management techniques, especially the existing plant community,
emphasizes the importance of monitoring invasive plant dominated rangeland throughout the
restoration process.
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ABSTRACT

Invasive plant management must progress from simply treating symptoms to
modifying processes that cause plant community dynamics. The overall goal of this
research was to test a theoretical framework for developing successional weed
management strategies on rangeland. I hypothesized that by increasingly addressing the
three general causes of succession—site availability, species availability, species
performance—in a complementary manner, the successional trajectory will be
accelerated toward a desired plant community. I tested the influence of two seeding

" methods (site availability), three seeding rates (species availability), three herbicide

treatments (species performance), and two cover crop treatments (species performance)
on the establishment of three seeded grasses (Psuedoreogneria spicata, Festuca
scabrella, Festuca idahoensis) and the density, richness, and diversity of existing native
species. I hypothesized that no-till drill seeding at the highest rate with a cover crop in
combination with a picloram application would result in the highest establishment of
grasses, but that picloram would negatively impact the native forb community. The study
was conducted as a factorially arranged randomized complete block, replicated four times
across the study site. Treatments were applied in the fall of 2001 and the summer of
2002. Densities of all species within.0.1m sampling frames were measured in 2002. No-
till drill seeding at the highest rate.resulted in the highest establishment of seeded grasses.
Picloram improved establishment of F. idahoensis over 2,4-D, but neither treatment
differed from the control. The addition of a cover crop did not influence grass
establishment. Seeding methods, seeding rates, and cover crop did not consistently
influence the density, richness, and diversity of the existing plant community, but the
herbicide treatments did. In the spring, these parameters were reduced by picloram and
in the summer they were most influenced by 2,4-D. This research suggests that
establishment of seeded native grasses improves as management techniques increasingly
address the three general causes of succession. However, the variation observed in '
species’ response to management techniques, especially the existing plant community,
emphasizes the importance of monitoring invasive plant dominated rangeland throughout
the restoration process. :
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CHAPTER 1
INTRODUCTION

Nonindigenous plants dominate and continue to spread throughout mﬂlions of
.hectares of rangeland in the western United States (Sheley and Petroff 1999). They
disrupt 1.:he structure and function of prairie ecc.)systems by displacing native plant species
tBelcher and Wiison 1:989, Miller et al. 1994), altering soil water dynamics through
increased erosion and reduged infiltration (Lacey et al. 1989), disrupting nutrient éycling
(Chapin et al. 1997), and alteriﬁg disturbance regimes like fire frequency (Mack 1981,
Olson et al. 1997, Vitousek et al. 1996, Whiéenant 1989). Invasive speciej,s also have |
substantial econ.omic impacts. In Montana alone, it is estimated that Ceﬁtaurea maculosa
Lam. costs the livestock industry $11 million a year (Hirsch and Leitch 1996), an(i if -
‘allowed to spread to its potential rangé could cost as much as $155 million (Sheley et al.
"2000).
| Invasive plant management .usually focuses on weed control with little regard for
ecological processes and mechanisms promoting invasion and dominance (Hobbs and
Humphries 1995). Sheley et al. (1996) proposed that a more appropriate goal for
rangeland weed management would be to develop an ecologically healthy plant
community that is relatively weed-resistant and meets land-use o_bjectives. A healthy
weed-resistant plant community should efficiently captures energy, has propeﬂy
functioning hydroiogic and nutrient cycles, and includes functionally diverse i)lant |

. species that occupy most of the niches within thé community (Chapin et al. 1997,
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Whisenant 1999). When most niches are occuﬁied, few resources are available for
exploitation by inva_ding. species (Carpinelli 2000, Dukes 2001, Pyke and Areher 1991).
However, weed control procedures are alone often do not result in a desired plant
community because the desired species are not availaele et the site to occupy niches
opened by control procedures (Jacobs et al. 1998, James 1992). In order to achieve a
desired piant community, invasive plant mahagement must modify the processes and
mechanisms directing plant community ‘dynamics and structure (Luken 1997, Pyke and
Archer 1991, Sheley et al. 1996).

Succeseional management reeognizes plant communities as dynamic systems and
uses successional theory to direct management implementation. Range management has
been based on classical successional theory, which euggests succession is unidirectional
with a predetermined climax community (Clements 1916). This theory, however, is not
helpful in determining invasive plant management practices and is a poor predictor of
community response to management (Allen—Diai and Bartolome 1998, Grime et al. 1988,
1\}.0ble and Slatyer 1980). Sheley et al. (1996) and Luken (1997) propose using the
hierarchical model of succession developed by Pickett et al. (1987b) as a framework to
- develop management strategies. This model proposes three general causes of
succession—site availability, species availability, species performance—controlling
processes, and their modifying factors. The value in this theory 1s that current restoration
and weed ‘management techniques can easily be incorporated into the factors that modif;} |

processes driving succession (Sheley et al. 1996).
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Incr_easingl}}, restoring functionally diverse plant communities is being proposed as a
means of controlling weeds (Berger 1993, Jacobs and Sheley 1999a). There is broad
kndwledge on establishing native grasses (Packard aﬁd Mutel 1997, Whisenant 1999).
Using a no-till drill, native pere@ial grasses have Been successfully established ona
highly disturbed mine site in Colorado (Doerr and Redente 1983), permanent pasture in
Towa (J ackscgn 1999), and retired cropland in Califomia (Montalvo et al. 2002). Native
perennial grasses have also successfﬁlly established following broadcast seeding
combined with tilling (Bakker et al. 2003) and large shovel-sized holes (Cflambers
2000a). When seeding into vegetation dominated by invasive species, Velegala (1996)
found grass establishment improved as seeding rate increased. Herron et al. (2001) found
that seeding a late seral bunchgrass with a speciés capable of sequestering nitrogen,
shifted the competitive advantage fromi the invasive forb to the desired bunchgrass.

One of the most common reasons for seeciing failure is competition from invasive
species (Velagala et al. 1997). Methods for controlling invasivé plants range from
selective herbicides to intensive grazing to controlled fire (Mastgrs and Nissen 1998,
Olson et al. 1997, Sheley and Petroff 1999). In western Montana, the invasive perennials

. C. maculosa and Potentilla recta L. are two of the most common noxious rangeland
Wéeds (Rice.1991, Sheley et al. 1998, Sheley and Petroff 1999). One of the most
effective meané of controlling these two species is broadleaf selective herbicides.
Picloram, clf)pyralid, and 2,4-D, offer good control of C. maculosa, vﬁth picloram

providing 3 to 5 years of control (Lacey et al. 1999, McKone et al. 1989). Potentilla

recta does not respond to clopyralid, but is sensitive to picloram and 2,4-D (Rice 1999).
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The Along term control provided by picloram limits-broadleaf cempetition with seeded
grass species during the critieal first two years of establishment (Sheley et al.‘2001)..
Good short term control is provided by 2,4-D, which has a short soil residual (Bussan and
Dyer 1999, Jacobs and Sheley 1999b). Incorporating weed control methods into
restoration practices is critical iﬁ promoting establishment of seeded grasses (Sheley et al.
2001).

While there a considerable knowledge on the ecology and mechanics of controlling
invasive species and restoring degraded -grasslan.ds, little resea_rch has tested preven
practiceswith.in the fratmework of current successional theory (Allen-Diaz and Bartolome
1998, Wali 1999). In a cursory study by Anderson et al. (2002), the rate of establishment
of two native perennial grasses on invasive piant dominated rangeland improved when
the three general causes of succession (Pickett et al. 1987b) were addressed in a
complitnentary manner during revegetatiori. More studies are needed that apply our
kriowledge on the conditions, mechenisms, and processes controlling plant community
dynemics, and managing invasive species threugh the manipulation of successional
pathways. The potential of successional theory to guide the development and
implementetion of effective integrateti invasive plant management is substantial, but
largely untested.

The overall goal of this research was to test a theoretical framework for developing
successional weed management strategies on rangelartd: My underlying hypothesis was
that esiweed management strategies increasingly address the three general causes of

succession—site availability, species availability, species performance—in a
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complementary manner, the successional trajectory will be acceletated toward a desired
plant community (Pickett et al. 1987a, Sheley e‘; al.' 1996). The study was conducted to
meet four objectives and test four hypotheses. The four objectives were:
: I. To determine the effects of two different seeding methods, no-till drill seediﬁg and
broadc‘asting.over small iléles, on the establishment of desired grasses and density,
diversi“ry, and ri.chnesé of existing native vegetation. This objective addressed slit,e
availability. As seeding method inqreased the number of.avail.able safe-sites for desired
species, séedling establishment would 'increas.e to the extent seeds of (iesired species were
available. Ihypothesized that seedling esta_blishment would be greatest in plots that were
drill seeded énd the ﬁative forb community would not be affected by the disturbance.
II. To determine at which seeding rate desirc_ad grasses most successfully established and
how the various seeding rates affected existing vegetation. This objective addressed
species availability. By increasing species availability, establishment would increase to
the extent of safe-sites availability. Ihypothesized establishment would be the most
successful with the highest seeding rate and would not affect the density, richness, and
Simpson’s diversity of the native forb community.
III. To evaluate the effects of using a herbicide to reduce competition between invasive
plants and seedlings of desired species and monitor the response 6f the native plant
community to the herbicides. This objective addressed species performance by reducing
competition between the desired species and invasive plants to enhance establishment of

desired species. I hypothesized that picloram would reduce competition long enough for

]
/
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the desired grasses to successfully establish but woul‘d negatively impact the native forb
community. |
IV. To assess ‘v'vhether or not the addition qf a cover crop would enhance seedling
establishment or influence e)gisting native species. Thié obj ective also addressed: species
performéncé. I hypothesized the cover crop would reduce plant available nitrogen giving
a competitive advantage to the desired ‘grasses therg:by improving their establishment and '

would not affect the native forb community.
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CHAPTER 2

USING SUCCESSIONAL THEORY TO GUIDE RESTORATION OF INVASIVE
PLANT DOMINATED RANGELAND: ESTABLISHING NATIVE GRASSES

Introduction

Invasive plants dominate and continue to spread throughout millions 6f hectares in
the western United States (Sheley and Petroff 1999). They alter the structure and |
function of ecosyétems and t_hreaten bi’ological diversify (Randall 1996, Vitousek et al.
1996, Olson 1999). Invasive plants'increase soil erosion, reduce infiltration (Lacey et ai.

1989), and displace native plant species (Belcher aﬁd Wilson 1989, Miller et al. 1994).

“Economically, weeds cost millions of dollars anmially in control and lost production

(Hirsch and Leitch 1996, Pimentel 2002). In Montana alone, it is estimated that spotted

knapweed (Centaurea maculosa Lam.) costs the livestock industry $11 million a year

(Hirsch and Leitch 1996), and if allowed to spread to its potential range could cost as

“much és $155 million (Sheley et al. 2000b).

Current control efforts often focus on the weed rather than the ecological processes
and mechanisms promoting invasion and dominance (HoBbs. and Humphries 1995). On
rangeland where desirable species are-'not available to occupy niches opened by weed
pontro_l procedures like herbicides (Davis et al. 1993), herbicides combined with

fertilizers (Sheley and Jacobs 1997), natural enemies (Cuda et al. 1989, Story et al.

1991), or sheep grazing (Cox 1989, Olson et al. 1997), long-term control of C. maculosa

is generally unsuccessful and desired plant communities do not result from these
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procedures applied alone or in combination (James 1992, Sheley et'al. 1996). In order to
acilieve the desired plant community, invasivé plant management must modify processes
and mechanisms directing plant community dynamics and structure (Pyke and Archer
1991, Sheiey et al. 1996, Luken 1997).
Successional management recognizes plant communvities as dynamic syétems and
| uses successional theory to direct management implementation. ‘Ran\.ge‘management has
been based on classical successional theory, which suggests successioﬁ is unidirectional-
with a predetermined climax community (Clements 1916). This theory, however, is not
helpful in determining invasive plant manag¢meﬂt bracticcs and is a péor predictdr of
community response to management ( Noble and Slatyer 1980, Grime et ai. 1988, Allen-
Diaz and Bartolome 1998). Sheley et al. (1996) and Luken (1997) propose using the
hierarchical modél of succession developed by Pickett et al. (1987b) as a framework to
I _ dével_op ﬁlﬁnagement strategies. This model proposes three general causes of
éuccession——site availability, species availability, species performance—controlling
processes, and their modifying factors. The value in this theory is that current restoration
and weed managemerit techniques can easi'ly be incorporated into the factors thaf modify
processes driving succession (Sheley ef al: 1996). |
Iricreasingly, restoﬁﬁg functionally diverse plant communities is being broposed asa
means of controlling weeds (Berger 1993, Jacobs and Sheley 1999a). There is broad
knowledge on establishing native grasses (Packard and Mutel 1997, Whisenant 1999).
Using a no-till drill, native perénnial grasses have been successfully established on a

.highl}‘/ disturbed mine site in Colorado (Doerr and Redente 1983), permanent‘pasture in
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Towa (Jackson 1999); and-retired cropland in California (I\/Iontalvc;.et a;l. 2002). Native
perennial grasses have also successfully established following broadcast seeding
combined with tilling (Bakker et al. 2003) and large holes (Chémbers 2000&). When
seeding into vegetétion dominated by invasive species, Velegala (1-996) found grass
establishment to improvg as seeding rate iﬂcreased. Herron et al. (2001) found seeding a
late seral bunchgrass with a species capable of sequestering nitrogen, shifted fhe
competitive advantage from the invasive forb to the desired bﬁnchgrass. ﬁowever; one
of the mos't common reasons for seeding failure is competition from iﬁvasive species
(Velagala et al. 1997).

Methods for controlling invasive plants range from selective herbicides to intensive

- grazing to .contr'olled fire ( Olson et al. 1997, Masters and Niss_en 1998, Sheley and

Petroff 1999). In western Montana, the perennials C. maculosa and Potentilla recta L.
are two of the mpst common ndxfous rangeland weeds (Rice 1991, Sheley et al. 1'998,
Sheley and Petroff 1999). One of the most effective means of controlling these two
species is broadleaf selective herbicides. Picloram, clopyralid , and 2,4-D, provide good
control of C. maculosa, with picloram provi_ding 3 to 5 years of control ( McKone et al.
1989, Lacey et al. 199§). Potentilla recta does not respond to clopyr,alid; but is sensitive -
to picloram and 2,4-D (Rice.1999). The long term control provided by picloram limits
competition with seeded grass species during the critical first couple years of -
establishment (Sheley et al. 2601). Two,4-D provides good short term control and has a

low soil residual (Bussan and Dyer 1999, Jacobs and Sheley 1999b). Incorporating weed
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control methods into restoration practices is critical in promoting establishment of seeded
grasses (Sheley et al. 2001).

Little research has teétéd management practices wifhin the framework of current
successional theory (Allen-Diaz énd Bartolome 1998, Wali 1999). In a cursory stqdy by
Anderson et al. (2002), the rate of establishmen;c of two native perennial grasses on
invasive plant dominated rangeland improved when the three general causes of
succession (Pickett et al. 1987b) were addressed in a complimentary manner during -
revegetation. More studies are needed that épply our knowledge about the conditions, .
mechanisms, and processes controlling plant community dynamics and managing
invasive species through manipulating successional pathways. The potential of
successional theory to guide the devéiopment and implementation of effective integrated
invasive _piant management is substantial, but largely untested.

+ The overall goal of this study was to test a theoretical framework for developing
successional weed management strategies on rangeland. My underlying hyp—othesis was
that as weed management stratégies inc;reasingly address the three genc_aral causes of
. Successipn—site ava;ilability, species availability, species performance—in a
complementary manner, the successional trajectory will be accelerated toward a desired
plant community (Pickett et al. 1987a, Sheley et al. 1996). There were four objectives to
this study. - The first objective tested the effect of three seeding methods had on native
grass establishment. This 6bj;3ctive addressed site availabilit}.l through two seeding
methods, no-till drill and br-oadcast over small depressions. Ihypothesized that drill

seeding Would increase the likelihood of a seed ending up in a site suitable for
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germination and emergence, timereby increasiﬁg establishment. The secona objective
tested the influence of seeding rate on grass establishment. Species availability was
addresged by this objective. I seeded a ﬁétive grass seed mix at three rates and
hypothesized that, to the extent safe sites were avéilable, establishment would be rﬂost‘
successful at the highest rate. Objective three tested the influence of two broadleaf
selective herbicides, picloram (4-amjno-3,5l,6 trichloropicolinic acid) and 2,4-D amiﬁe
(2,4-dich10rophenoxyagetic acid, dim'ethylami_ne salt), on grass establishment. This
objective attempted to manipulate'species' performance. I hypothesized that picloram
-would reduce cdmpetition long enéugh for the desired grasses to successfully establ'i.sh.
Species perfor_mance was algo ‘addr.essed in the fourth objective, seeding with and without
a cover crop. The effect of including a cover crop on grass seedling establisﬁment was
tested by this objecti;fe. I'hlypothesized that an early seral species would reduce plant

available nitrogen.
Methods

Study Site

This study.w'-as conducted on the Kicking Horse Wildlife Mitigation Area south of
.Ronan, Montana (47° 29 N, 114°5 W). The site was a Festuca-
scabrella/Pseudoroegneria Spicéta habitat type interspersegl with ephemeral prairie
pothole v;/etlands (Mueggler and Stewart 1980). It was dominated by various non-native

plant species inélud_ing C. maculosa and P. recta . The most common exotic grasses

were Poa compressa L., Poa pratensis L., Bromus tectorum L., and Dactylis glomerata
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L. Thére were remnant stands of native plants, including Achillea millifolium (L.),
Anemone cylindrica Gray, Antennaria spp., Arnica sororia Greene, Castilleja pallescens
(Gray) Greene, Danthonia intermedia Vasey, Festuca idahoensis Elmer., Geum triflorum
Pursh,l Koeleria cristata f’ers., Lomatium triternatum (Pursh) Coult. & Rose, and Poa
sandbergii Vasey. Historical disturbances associated with this site -were grazing by
.cattle, limited agricultural practices, and intense meadow vole (Microtis pennsylvanicus)
abti_vity. The more palatable grasses of this habitat type, F. scabrella and. P. spicata,
were far less common than the less palatable species, F. idahoensis, P. sanbergii, and
Dém‘honia intermedia Vasey.

_The soil is a Post-Ronan-Water coniplex. It is a deep, well drained silt loam and
silty clay loam (giaciolacustrine deposits) with sodic properties within the top 76 cm.
The slope varies from 2 to 15 péfcent and the elevation is 940 m. The average annual

precipitation ranges from 350-450 mm per year and the average temperature is 7.6 °C.

' E;me_riméntal Design

. The study was conducted as a factorially (3 herbicides x 2 cover c”rops x 3 seeding
rates x 2 seeding methods=36) arranged randomized complete block. Replications were
located in three locations across the landscape, with one location containing two biocks.
I established 144 plots (11.0 x 36.6 m each), 36 in each of four bloéks. The 36 treatment
combinations were r;clndomly assigned and applied as wholg plot treatments. The three
herbicide treatments Were picloram at 0.28 kg a.1. ha, 2,4-D amine at 2.2 kg a.i. ha’l, and
a control with no herbicide. The cover crop treatments included seeding with and

without a cover crop of winter wheat (Triticum aestivum L.). 1 seeded a mix of three-
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native grasses (bluebunch wheatgrass [Pseudoroegneria spicata (Pursh) Scribn. and
Smith], Idaho fescue .[F estuca idahoensis Elmer], and rough fescue [Festuca scabrella
Torrey ex Hook.]) at three rates; low (977 pure live seed (PLSj m?), intermediate (1322
PLS m'z), and high (1557 PLS m™) (Velagala 1996). The two different seeding methods
utilized were no-till drill seeding and broadcast seeding following soil surface

disturbance.

-Procedures
During the first week of November 2001, piclora;ll was applied using a pick-up tru(.:k
mounted with a chemical injection sprayer having a boom width of 12.0 m.
Approximately 241 L ha'' of solution was applied with a single pass over the ﬁlot.
Conditions were overcast, wind <8 km hr'1., 70% humidity, and a temperature of 6.4 °C.
Because of the lack of precipitation during August and September (Figure 2.1), very few -
adult C. maculosa or P. recta plants initiated fall regrowth. Since these were target weed
species, the 2,4-D treatment was postponed until the following summer. When the
seeded grass.species .reached the. 3- to 6-leaf growth stage in the second week of July
2003, 2,4-D amine was applied using an ATV mounted pressurized sprayer with a spray
width of 3.6 m. The unit delivered approximately 210 L ha™ of solution. Conditions
were clear, wind <8 km hr'', 52% humidity, and a temperature of 26 °C.
All plots were seeded immediately following the applicaﬁon of picloram in -
November.2001. The native seed mix was blended to ensure the same number of live
seeds of eacﬁ species, P. spicata, F. idahoensis, and F. scabrella, per kilogram of the

seed mix. A Truax® native seed no-till range drill was used for all seeding. The drill
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was calibrated to dispense roughly 977, 1322, and 1557 PLS m'"2for the seeding rates.
The cover crop was placed in a separate box of the seed drill designed specifically for
smaller hard seeds. This box was calibrated to dispense the cover crop at a rate of

roughly 54 seeds m'2
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Figure 2.1. The historic and observed temperature and precipitation for the United States
Bureau of Reclamation Agrimet station in St. Ignatius, Montana, 22 km south of the
study site.

To disturb the soil, an AerWay® was pulled behind a tractor making approximately

18-9x9x10 cm holes per square meter of soil to collect moisture during spring rains.
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Seeds were then broadcast over the plots‘. The drill was modiﬁéd to broadcast seeds by |
disconnecting the feed tubes between the seed box and discs just above the discs. Using
hose clamps, 15 cm lengths of metal pipe were attached to the hose ends. The weight of
the pipe prevented the tubes from boun.cing and directed seeds toward the ground. The
no-till drill planted seeds to a depth of 6 to 12‘mm by opening a furrow, dropping seeds
into the furfow, then rolling it closed. Within a seeding method, plots without the cover

crop were seeded first, followed by plots receiving the cover crop.

Sampling
- For sampling purposes, plots were divided into three equal subplots in an attempt to

capture variation within the plot. All sampliﬁg was done block by block to minimize the
influence of the time requir'ed tc; sample these larger plots. Pre—treatme?nt percent cover
of C. maculosa and P. recta was determined by ocular estimation of the whole subplot in
August 2001. Density was counted during peak standing crop of the native grasses (July
15-27, 2002). Density was determined by randomly placing twlo. 0.2 x 0.5 m Daubenmire
frames in each subplot. All species within each frame were counted. Grass density was
determined by countiﬁg each tiller within the frame.

| Volumetric water content in the upper 15 cm of the soil profile was measured three
times throughout the growing season of 2002; May 18-26, June 27-July 1, and August
19-23, using Time Domain Reﬂectoﬁletry (TDR) with a 15 cm three pronged probe. The
accuracy of TDR is within +/- 0.01 to 0.02 volumetric soil moisture (Or et al. 2002). |

Each subplot was measured three times for a total of nine sub-samples per plot.
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Soil nitrate concentration ‘within the ui)per 15 cm of the proﬁle:was also determined. »
I collected soil samples during 13-15 August 2002, just after peak standing crop for the
grasses. Three cores, 15 cm long with a 1.7 cm diameter, were collected from each-

subplot and combined to generate one composite sample. The samples were kept cold,

. dried to a constant weight at 49 °C, ground, and analyzed for inorganic soil nitrate

concentrations using 1 M KCl extraction (Mulvaney 1996). The MSU Soils Analytical

Laboratory analyzed the samples and reported an accuracy of +/- 0.2 mg kg™

Analysis

A five-way analysis of variance was used to determine the effects of block, seeding
method, seeding rate, herbicide, and cover crop on summer density of eéch seeded grass,
adult C. maculosa, juvenile C. macitlosa, adult P. recta, juvenile P. recta, exotic grasses,
and soil moisture. Since i)lots were randomly located on the‘ landscape, subplots were
treated as random effects and all treatments were nested within subplots. The complete
ANOVA model included all main effects, two- and three-way interactions. To meet the | :
assumptions of homogeneity of varianee and normality, squaré root trénsformations W_ere
ﬁsed on all plant densities. Soil moisture was not transfoﬁned. After using the complete

model, the dependent variables were divided into three groups; seeded grasses, exotic

- species, and soil moisture. Within each group, three-way interactions that were not

significant were remové_d from the model. The Bonferroni multiple comparison test for

‘pairwise comparisons was used to compare means associated with main effects and

interactions using o=0.05.

i
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Analysis of covariance was used to analyze density of seeded grasses using pre;
treatment cover of C. maculosa and P. recta as the covariates. Block effects and all
treatment effects were treated as fixed effects, and pre-treatment cover of either C.
maculo;s'a or P. recta were included as covariates. All main effects, two- and three-way
interactiohs among main effec‘;ts, and two-way interactions with the covériate were
included in the initial model. Square root transformations were used to meet the
éssumptions of homogeneity of variance and normality. The model was checked for
collinearity and interactions involviﬁg the covariate exhibiting collinearity were
. systematically removed. The model was furthe; reduced by removing three-way -
interactions fhat were not si'gniﬁbant for anly seeded grasses. The Bopferroni multiple
cc.>mparison test for pairwise comparisons was used to compare means associated with
main effects and interactions at four values of the covariates; 12.5, 37.5, 62.5, and 87.5%
cov;ar ﬁsin_g 0=0.05.
. Linear regression was used to test the dependence of seeded grass density on the
densities 6f C. chulosa, P.‘rlecta_, and exotic grasées. The densities of P. spicata, F.
scabrella, and F. idahoensis were the dependent variables.j Independent variébles
_included the densities of édult and juvenile C. maéulosa and P. recta, and exbtic grasses.
The model was a poor fit; indicating densities were not related.
Soil nitrate concentrations 'were analyzed using a five-factor factorial model
including all main effects and two- ana three-way interactions. To meet the assumptions
. of homogeneity of variance ana n01;ma1ity, the data were squére root transformed. The

model was reduced by removing non-significant three-way interactions following the
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initial analysis. The Bonferroni multiple comparison test for pairwise comparisons‘was
used to compare means associated with main effects add interactions using 0=0.05. All
statistical analyses Were performed using SAS (SAS 2001). Non-transformed ineans are

presented with statistical comparisons based on transformed data.
Results

Psuedoroegneria spicata

Psuedoroegneria spicata tiller density depended on seeding rate and seeding method
(p<0.001). When P. spicata was. drill seeded at the highes;c seeding rate, til;ler density
was at least twice as high as all other rate/method combinatioris (Figure 2.2A). There
were no differenees in tiller dedsity among the three seeding rates when broadcast
'seeded. Drill seeding at the lowest seeding rate (14;9 tillers m™) increase‘d P. spicata
tiller density only when compared to broadcast seeding at the lowest rate (5.1 tillere m?)
and intermediate rate (5.3 tiller.s 1.11'2).‘ Psuedoroegneria spicata density Was higher when
drill seeded at the intermediate see:ding rate than broadcast at any rate.

’i‘he inﬂuence of seeding rate on-P. spicata density depended upon herbicide and
cover crop (p=0.025). “All treatments yielded similar P. spicata density at the two lowest.
seeding rates (Figure 2.3). At the highest seeding rate, the cover crop reduced P. spicata
density below that of treatment without the cover crop where 2,4-D was applied. All
other treatments at the higheet seeding rate produced similar P. spicata density.. In
addition, seeding at the intermediate rate with picloram and no cover crop, yielded

similar P. spicata density to the highest yielding treatments seeded at 1500 seeds m™>.
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Figure 2.2. The effect of seeding rate and seeding method on the density of A) P.
spicata, B) F. scabrella, and C) F. idahoensis. Means followed by the same letters
represent similarities (a<0.05) among treatments within species.
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Figure 2.3. P. spicata response to herbicide, cover crop, and seeding rate treatments.
Means followed by the same letters represent similarities (a<0.05) among all
herbicide/cover crop/seeding rate combinations.
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Pre-treatment cover of C. maculosa and P. recta did not affect P. spicata density.
Further, P. spicata density was not dependent on the density of C. maculosa, P. recta, or

exotic grass.

Festuca Scabrella.

. . The tillef density of F. scabrella was inﬂuenced by seeding method and seeding rate
(p=0.017). Drill seeding at the highest rate yielded the highest density which was at least
- double that of any other tr.eatment (Figure 2.2B). The density of F. scabrella, when drill
seeded at the intermediate rate, was similar to drill seediné at the lowest rafé and
broadcast seeding at the highést rate. Tiller density did not differ among seeding ratés ,
‘when broadcést seeded. |

Pre-treatment cover of C. maculosa and P. recta did not influence the establishment
of F. scabrella. Festuca scabrella dénsity was not dependent on C. maculosa, P. recta,

or exotic grass densities.

Festuca idahoensis

' Festuca idahoensis tiller dens;ity was dependent on seeding_ rate and method '
: (p¥0.0005). Tﬁe highest density was prodﬁced by drill seeding at the highest rate (Figure
2.2C). Drill seeding at fhe intermediate rate yielded more tillers than drill éeeding at the
lowest rate or broadcast seeding at any rate: The density of F. idahoensis when drill
seeded at the lowest rate was similar to those broadcast at any rate.

Herbicide treatments affécted the tiller density of F. idahoensis (p=0;002). The

application of picloram yielded higher tiller density (29.3‘tillers m) than the application
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of 2,4-D (16.8 tillers m™). However, the untreated control produced F. idahoensis
density (20.6 tillers m™) comparable to 2,4-D and picloram treatments. |
Festuca idahoensis density was not'influenced by pre-treatment cover of C.
- maculosa or P. récta. Festuca idahoensis density was not deperident on the density of C. .

~ maculosa, P. recta, or exotic grasses.

Centaurea maculosa

ﬂerbicide treatments affected adult and juvénile C. maculosa densities (p<(5.0001);
The density of adult and juvenile C. i'naculo;sa was different for each herbicide treatment.
For adult C. maculosa, the 2,4-D application resulted in the smallest density (2.5 plants
m?) while the untreated control had the higheét density (61.2 plants m™). Picloram
reduced C. maculosa density to about half (32.5 pilants m™) found in fhe uﬁtfeated
control. Juvenile C. maculosa responded similarly é.s density was highest in untreated
.plots (395.4 plants m™) and lowest in 2,4-D treated plots (37 9 plants m™). Picloram

reduced the density (210.1 plants m’ ?) to about half of the untreated control.

Potentilla recta

The influence of herbicide on adult and juvenile P recta densities depended on the
existence of a cover crop (p=0.046 adult, p=0.002 juvenile). Adult P. recta density was
reduced the most by 2,4-D (Figure 2.4A). Without the addition of a cover crop, P. recta
| density was similar between untreated plots and picloram plots. However, P. recta
density was higher in the untreated control with a cover crop, than in picloram plots with

<
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or without a cover corp. Within herbicide treatments, adult P. recta densities did not
differ with or without a cover crop.

Juvenile P. recta densities were lowest when treated with 2,4-D (Figure 2.4B).
Density was highest when no herbicide was applied and a cover crop was seeded.
Picloram yielded juvenile P. recta densities similar to non herbicide treated plots without
a cover crop. When a cover crop was included, picloram treated plots had densities

similar to 2,4-D plots with and without a cover crop.

Adult P. recta Juvenile
P. recta

| I Cover Crop
W//A No Cover Crop

None Picloram None Picloram
Herbicide Herbicide
Figure 2.4. The effect of herbicide and cover crop on the density of A) adult P. recta and

B) juvenile P. recta. Means followed by the same letters represent similarities (a<0.05)
among treatments within age classes.
Exotic Grasses

The effect of herbicide treatments on exotic grass tiller density relied on seeding

method (p=0.042). Broadcast seeding and treating with 2,4-D yielded lower tiller

densities than treating with picloram, but similar densities to all other herbicide/seeding



29
method combinations (Figure 2.5). Exotic grass tiller density was similar between drill
and broadcast seeding in plots treated with picloram. Picloram combined with drill
seeding produced tiller densities higher than the other herbicide treatments. However,
picloram combined with broadcast seeding produced tiller densities similar to non

herbicide treated plots and 2,4-D treated plots that were drill seeded.

| | Broadcast

1000 - V/iiiIA No-Till Drill

800 - ab
600 -

400 -

200 -

None Picloram

Herbicide
Figure 2.5. The effect of herbicide and seeding method on exotic grass density. Means
followed by the same letters represent similarities (a<0.05) among treatments.
Tiller density of exotic grasses was also influenced by the interaction of cover crop
and seeding method (p=0.010). In broadcast seeded plots, tiller density was higher with a
cover crop (782.0 tillers m'2) than without a cover crop (654.2 tiller m"2). Broadcast

seeding with a cover crop was similar to drill seeding with (791.3 tillers m'2) and without
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(796.0 tillers m™) a cover crop. Broadcast seeding without a cover crop yielded fewer .
exotic grass tillers than drill seeding without a cover crop, but a comparable number to

. drill seeding with a cover crop.

Soil Moisture
Soil moisture was affected by all treatments—s’eediqg method, seeding rate,
-herbicide, and cc;vef crop—of which all interacted with tﬁe time of sainpling. There is
some risk in 'interpreti\./e' error as the differences were not always greater than TDR
accuracy. Seeding rate, seeding method, and herbicide interacted to influence volg;ﬁetric
soil moisture (p=0.002'). Soilﬁ-rﬁoisturé was similar among all seeding methéd/rate
combinations within 2,4-D and non-treated plots .(f‘igufe 2.6A). Within picloram treated
f)lots, éoil moisture was higher when plots were broadcast at the intermediate rate than'
when broadcast at the lowest or highest rate, or drilled at the highest rate. When plots
were broadcast ségded at the intermediate rate, soil moisture was lower When,ﬁo
herbicide was applied than when either picloram or 2,4-D was applied.

Cover crop also interacted with seeding method and herbicide to influence soil
moisture (p=0.040). Soil moisture did not differ among herbicide treatments for any
given segding method)cover crop combination (Figure 2.6B). Soil moisture was lower in
all seeding method/herbicide combinations without a cover crop, than in plots broadcast
with a cover crop and &eated with 2,4-D. Plots drill seeded with a cover crop and treated
with 2,4-D also had lower soil moisture than pléts broadcast with a cover crop and treated

with 2,4-D. Soil moisture was higher in picloram treated plots broadcast with a cover
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Figure 2.6. The effect of herbicide on volumetric soil moisture as influenced by A)
seeding method and seeding rate, B) seeding method and cover crop, and C) seeding rate
and cover crop. Means followed by the same letters represent similarities (a<0.05)
among treatments.
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* crop, than in 2,4-D treateci plots drilled thh a cover crop and non herbicide treated plots
broadcast without a cover crop. |
The effect of seeding rate and cover crop on soil moisture depended on herbicide
(p=0.001). Within the 2;4—]5 treatment, plots seeded at the lowest rate without a cover
crop had lower soil moisture than plots seeded at the intermediate rate without a cover
crop and plots seeded at the highest rate with a cover crop (Figure 2.6C). Also within the
2,4-D treatnient, plots seeded at the highest rate withoﬁt a cover crop had lower soil
moisture than plots seeded at the highest rate with a cover crop. Within picloram
treatments, soil moisture was lower in plots seeded at the highest rate without a cover
- crol.) than in pl"ots seeded at the 'intermediate rate with or without a cover crop. There
were no differences among _seeding rate/éover crop combinations within the non
herbicide treated plots. When a cover crop was included at fhe intermediate seeding rate,
soil moisture wés lower in t‘he 2,4-D treated plots than in the picloram treated plots.
When i)lots were seeded at the intermediate rate without a cover crop, soil moisture was
lower in plots that did not receive'a herbicicie treatment than in 2,4-D treated plots.

* Time of sampling was highly significant for soil moisture. Seeding rate, herbicide,
and time of sampiing iﬁteracted‘ to influence soil moisture (p<0.00i). Soil moisture was
highest at the first sampling period gnd lowest for the last sampling period for all seeding
ratg/herbicide combinationé (Figure 2.7A).‘ Within the lowest seeding rate, soil moisture
in plots treated with éicloram (0.094)- was lower than in non treated plots (0.095) duﬁng
the second sampling phase. Soil moisture did not differ among seeding. rates within

sampling periods.
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Figure 2.7. Volumetric soil moisture as influenced by A) herbicide, sampling time, and
seeding rate, B) seeding method, sampling time, and seeding rate, and C) sampling time
and cover crop. Means followed by the same letters represent similarities (a<0.05)
among treatments.
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Seeding method also interacted with seeding rate and time of sampling to influence
soil moisture (p=0.027). Again, soil moisture was highest at the first sampling period and
lowest for the last sampling period for all seeding rate/method combinations (Figure
2.7B). There were no differences among seeding rate/method combinations within the
middle and ﬂnal- sampling periods. During the first sampling period, soil r.noisture in
piots broadcast at the intermediate rate was similar to plots broadcast at the highest rate,
and higher than ploté broadcast at the lowesf rate and drill seeded at any rafe.

The effect of cover crop on soil moisture depended on time of sampling.(p<0.'()01).
Soil moisture was highest during the first sampling period and lowest during the final
sampling period (Figure 2.7C). Within the ﬁrét sampling period, soil moisture was
higher.when a cover crop was seeded than when a cover crop was not seeded. There

J

were no differences between cover crop treatments within the midc%le and final sampling

periods.

S(_)il Nitrate
Differences in soil nitrate concentrations were not always greater than lab acduracy
_ Iénding soﬁle risk to the interpretations of results. The effect of seeding method on soil
nitrate concentrations depended on cover crop treatments. When a cover crop was not
seeded, soil nitrafe concentrations were higher in plots that were broadcast seeded (0.96
E ﬁg ké'l NO;-N) tﬁan plots that were drill seeded (0.70 mg kg™’ NOs-N) (Figure 2.8).
" -Nitrate concentrations were similar between broadcast and drﬂl seeded plbts with a cover

crop. Nitrate concentrations were also similar within broadcast and drill seeded plots. ,i
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Figure 2.8. The influence of cover crop and seeding method on soil nitrate
concentrations. Means followed by the same letters represent similarities (a<0.05)

among treatments.

Seeding rate, cover crop, and herbicide interacted to influence soil nitrate
concentrations. Nitrate concentrations did not differ among herbicide treatments within
any given seeding rate/cover crop combination (Figure 2.9). Seeding at the lowest rate
without a cover crop and treating with picloram, resulted in higher nitrate concentrations,
than seeding at the intermediate rate without a cover crop and treating with 2,4-D or
nothing, seeding at the highest rate with a cover crop and no herbicide, seeding at the
highest rate without a cover crop and applying 2,4-D, and seeding at the intermediate rate
with a cover crop and applying 2,4-D. There were no differences in soil nitrate

concentrations within herbicide treatments among seeding rate/cover crop combinations.
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Figure 2.9. The influence of seeding rate, cover crop, and herbicide on soil nitrate
concentrations. Means followed by the same letters represent similarities (a«3.05)
among treatments.

Discussion

Successful invasive plant management must consider the attributes of an invaded
system and modify the mechanisms of succession to catalyze a change in species
composition rather than focusing solely on controlling invasive species (Sheley et al.
1996, Luken 1997). By modifying the three general causes of succession, site
availability, species availability, and species performance (Pickett et al. 1987a, Sheley et
al. 1996), three late serai native grasses, P. spicata, F. scabrella, and F. idahoensis, were
established. In our study, colonization and disturbance interacted to influence successful
establishment of these grass species. Drill seeding increased the likelihood of the seeds
finding sites suitable for germination and emergence. As seeding rate increased, more

seeds were available to take advantage of suitable safe sites. Doerr and Redente (1983),
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Jackson (1999), and Montalvo et al. (2002) also found drill seeding to be more effective
than broadcas’; seeding for establishing native grasses. |

In broadcast seeded plots, establishment did not i?crease as seeding rate increased.
This suggests the depressions made on tl;e soil surface pridr to broadcasting did not
provide the appropriate adequate safe sites to accommodate th;: establishment of these
species. Chambers (2000a) found that small holes, similar in size to thoée made in this
experiment, were effective in trapping wind-blown seed, but quickly filled with topsoil
and supported fewer seedlings than larger holgs. |

Treatments intended fo inﬂueﬁce species perfon’nance did not have the same-
. over\';vhelming effects on emergence of seeded grasses as those designed to modify
colonization and disturbance. The basis for adding a cover crop was to modify species
performance by utilizing excess nitrogen that' would have otherwise been psed by early
sgfal invasive species, providing a competitive adv'aritage to late seral native grasses that
tend to have a higher affinity for soil nitrogen (Herron etal. 2001).. The iny difference
. in establishment between cover crop treatments was fof P. spicata seeded at the highest
rate ‘and. treatéd with 2,4-D. Soil rﬁpisture tended to be higher with a cover crop, But soil
NOs-N concentrations did nof, differ among 2,4-D tréated plots. I'would havé expected -
P. Spicaté density to be higher, ratﬁef thaﬁ lower, if the difference in soil fnoisture had
influenced this result, because higher soil moisture has been shown to i.mprove‘
establishmeﬁt’ (Davis and Pelsér 2001, Abbott and Roundy 2003, Bakker et al. 2003). If1 |
had gampled s0il NOs-N in the spring during germination and émergence; I may have

détected a difference. During and one month following spring carbon amendment
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treatmeni:s, Reever Morghan and Seastedt (1999) fqund differences in soil NOs;-N
concentrations, but two months following application (July), there were no differences
. between treatments. Similarly, Pokorny (2002) found season to inﬂuence NOs3-N
concentrations in an F. idahoensis/P. spicata grassiaﬁd in southwestern Montana. |
Herbicide treatments were also iritgnded to modify species performance. The only
'difference among herbicide treatmenté was between 2,4-D and picloram in the
establishment of F. idahoensis, which was due pﬁmarﬂy to the sensitivity.of F
idahoensis seedlings smaller than the SLIeaf stage to 2,4-D (Bussan et al. 2001). Sheley
et al. (2001) also reported no differences in 'establishment of desired grasses among
broadleaf herbicide treatments within the first year, even when knapweed density was
reduced by 70 to 90%. While the treatments intended to modify species performance did
.' not appear to influence the germination aﬂd emergence of the desired grasses, many
s;tudies illustrate their importaﬂce during 'the second and third years of establishment
(Sheley et al. 2000, Davis and Pelsor 2001, Sheley et al. 2001, Anderson et al. 2002).
Picloram only provided 50% contrc').l of C. maculosa and P. recta, less thaﬁ that
previously reported for fall application at 0.28 kg a.i. ha™ (Sheley et al. 2000a, Shgley et
al. 2001). Studies have shown picloram is most effective when applied during moist
‘condition;c, (Watson et al. 1989, Sterling et al. 1996). Picloram is also degraded by
sunlight within the first seven days followihg abplicaﬁion if there is no pregipitation to
incorperate the chemical into tﬂe soil (Rice 1989, Watson et al. 1989). The fall of 2001
was drier than normal, This stpdy site received 10.7 mm of precipitation between 2'4-31

October' 2001. It was not until 18 November 2001, that it rained again, 17 days following
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the picloram application. While 2,4-D provided about 90% control of both C. maculosa

and P. recta, it does not offer long term control (Lacey 1995) and due to grass sensitivity,

it can not be applied early in the seéson when it '§V0uld be most effective in reducing
: competitidn between emerging désired grasses and exotib forbs.

.The exotic grass on the site did not effect the establishment of the desired species,

. but its density did increase with picloram and drill seeding. Poa pratensis and Poa
compressa, both rhizomatous, were the dominant exotic gr;asses. The shaliow disking by
the no-till drill may have severed rhizomes stin‘;ulating grc;wth in these grass species
(Chandler et al. 1994). Picloram may have released the perennial exotic grasses from
competition with C. maculosa and P. recta (Renney and Hughies 1969). Davis (1990),
Sheley and Jacobs (1997), and She_ley et al. (2000) observed similar respor;ses.

It is clear from thé ANCOVA and 'regrcssions that establishment of P. spicata, F.
scabrélla, and F. idahoensis were not inﬂﬁenced by pretreatment cover of C. maculosa
and P. recta, or densities of C. maculosa, P. recta, and exotic grasses. In a greenhouse
study, Jacobs and Sheley (1999a) found C. maculosa does not compete with P. spicata
during establishment, perhaps due to niche partitioning. It may also be argued ;[hat
resources required t;or plant establishment were not limited during the spring of 2002;
facilitating successful gefmination and survival of seeded grasses (Davis et al. 2000).
While soil moisture did not differ consistently among treatment combinations, the spring
(2002) following planting was.wetter than average. Davis and Pelsor (2001) found native
tallgrass prairie forbs seeded into an old field dominated by non native grasses

established better under wet conditions than dry conditions, regardless of whether or not
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exotic grasses were controlled. Chambers (QOOOa, 2000b, 2001) found in semi-arid and
arid environments, seedling establishment and suwinal improves with higher soil
moisture. In a mine reclamation study in Colorado, Doetr and Redente (1983) found soil -
moisture was more ef a limiting factor in grass biomass nroduction than fertilizer.
While there is ample evidence supporting the practice of maximizing native plant

diversity to resist weed invasiens (Pyke and Archer 1991, Tilman 1997, Stohlgren et al.

1999, Naeem et al. 2000, Dukes 2001, Blumentnal et al. 2003), the true challenge lies in
| actuall}f reestablishing competitive native species after -invasive species have dominated a
community ( Velagala et al. 1997, Jaeobs et al. 1998). ‘Luken (1997) emphasizes the
need for land managers to have a sound understanding of the attributes of the invaded
system and the necessity to move away from focusing on invasive spe’cies in order to
achieve the goal of a diverse, native nlant dominated community. By considering and
modifying the three general causes of succession duiing revegetatien, rather than simply
trying to control C. maculosa and P. recta, I was able to establish three native grasses,
and hopefully redirect the successional pathway of this invasi\te plant dominated
community toward one of diverse native species. To this end, I emphasize that
successional management is a dynamic process and requires continued monitoring and
possibly: repeating species performanee or disturbance treatments in order to maintain a

desired trajectory (Sheley et al. 1996).
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CHAPTER 3

USING SUCCESSIONAL THEORY TO GUIDE RESTORATION OF INVASIVE
PLANT DOMINATED RANGELAND: IMPACTS ON EXISTING NATIVE SPECIES

" Introduction

Millions of hec&ares of rangeland throughout the western United States are
dominated by non-indigenous plants (Sheley and Petroff 1999). In Montana alone, it is
estimated that Centaurea maculosa Lam cos‘;s‘ the livestock industry $11 million a yeaf, .
and if allowed to sbread to its potential range could cost as much as $155 million
annually (Hirsch and Leitch 1996). Managing invasive plants on rangeland generélly
fc;cuses on increasing f.orage; production by controlling native and non-native forbs
(Sheley and Petroff 1999). This may, however, exacerbate the weed problem,.by creaﬁng
plant communiﬁes that lack functional diversity thereby increasing their susceptibility to
invasion ( Levine and D‘Antonio 1999, Naeem et al. 2000, Dukes 2001, Pokorny 2002).

Ecologists emphasize the importange of spec;ies richness and diversity ip.maintaining
ecosystem functior_l, producti{/ity, and sustainabﬂity ( McNaughton 1977, Chapin et al..
1997, Hooper-and Vitousek 1997, Tifman and Knops 1_997,' Naeem 1998). Working ina

Minnesota grassland, Tilman et al. (1996) found plant productivity and resource
utilization to improve as species richness increased. When manipulating microbial |
commuqities, Naeem and Li (1997) observed h{gher stability in biomass and density -
measures when .more tﬁan one species per functional group was present. Frank and

McNaughton (1991) compared the response to drought of eight grasslands in ‘




49.
Yellowstone National Park and found greater stability in communities with higher plant
diversity. | |

There is substantial evidence suggesting plant communities possessing high species
richness aﬁd diversity are better able to resist invasion. Tilman (1997) seeded up to 54
species into an existing oak savanﬁa and fqund establishment of the seeded species to be
negatively; correlated witﬁ initial sp.ecies richness. I;l sm.all gfassland plots, Kenneciy et
al. (2002) found establishment of exotié plant species was reduced by increasing épecies
richness. In a. California grassland, invasion by the annual Centaurea solstitialis L. was
reduced by increasing functional diversity which reduced resource availaﬁility (Dukes
'. 2001).

Increasiﬁgly, restoring invasive plant dominated communities to functionally diverse _
systems is proposed as a means of controlling weeds (Berger 1993, Jacobs and Sheléy
1999a). Research by quorny (2002) found grassland communities with a diverse forb
" .component were better able to résis’g invasioﬁ by C. maculosa than communities
compoéed of grasses alone. ' Cafpinelli (2000) was able to create a relatively weed
resistant commuﬁity by increasing niche occupation using grasses and forbs. Blumenthal
et al. (2003) found weed biomass and stem number to be significantly reduced seven
years after reseeding a weed infested prairie with 18 native species. Despite the evidence
that forbs are critical in developing a weed resistant plant community, most restoration of
Weéd infested rangeland focuses on the successful establishment of grasses (Sheley et al.

2001, Bakker et al. 2003). Where desirable forbs are present, séeding grasses using
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techniques that minimize riegative impacts on forbs woula'improve our.'ability to restore
-~ these systems.

Successional managerﬁent provides land managers an ecological framework to base
restoration efforts (Sheley et al. 1996). Successional management uses Pickett et al.’s
(1987) three general cau;c,es' of succession—site availability, species availability, species
performance—as a framework for de'veloﬁing inanagement strategies to direct anl
invasive plant. dominated'conﬁnﬁnity toward one that is ﬁmcﬁonain diverse (Sheley et al.
1996). This theory' uses current technology to manipulate the processes driving the three
general causes of succession in order to predictably direct succession (Sheley et al. 1996).

In a companion study (Chapter 2), I tested the potential for-using successional
management to guide the restoration of native grass'és on rangeland dominated by C.
maculosa and Potentilla recta L. 1hypothesized as the three general causes of succession

‘were increasinglly Aaddressed, establishment of the seeded grasses would increase.
Treatmerits intended to influence site availability, no-till drill seeding and bfoadéast
s;eeding over small holes, and species availability, seeding at three different rates,
interacted to influence grass establishment. These data indicated grass establishment was
éeatest when species were drill seeded at the highest rate. Treatments intended to

- manipulate species performance, herbicides and the addition of cover crop, did not

influence grass establishment, but the broadleaf selective herbicides significantly reduced _

the density of C. maculosa and P. recta below ;that of the control. I anticipate the control
‘of the invasive species provided by picloram and 2,4-D will influence grass establishment

" in subsequent years. I concluded that by considering and modifying the three general
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causes of succession during revegetation, rather tha.tn simply trying to control C.
maculosa and P. recta, I was able to establish three native grasses, and possibly redirect
| the successional pathway of this invasive plant dominated community toward one of '
diverse native species.

The overall objective of this study was to quantify thé response of the pre-existing:
native plant community to successsionally based restoration of invasive plant dominated -
rangeland. My underlying hypothesis was that as integrated weed management strategies
‘increasingly modify the three general causes of succession in a complimentary manner,
the successional.traj ectory tox;vard a desired plant community would be initiated (Sheley
et al. 1996). My first specific objective was to determine the influence of no-till drilling
and broadcast seeding ovef small holes on the density '6f native plants and the Simpson’s
diversity and richness of the plant commu;Lity. I hypothesized that the disturbance
a;sociated with the éeeding methods would not ﬁegatively impact the plant community.
This objective attempted to manipulate site availability by disturbing the soil surface in a,
manner that would maximize grass establishmént without disrupting existing vegetation.
The second objective was to determine the influence of three seeding rates of native
grassés on the density of native plants and diveréity and richness of the plant community.
Three rates were used based on.research by Velegala (1996) that suggests the rate of ‘
grass establishment, when seeding iﬁto existing vegetation, is improved by iﬁcreasing
seeding rate. I hypothesized that the plant comﬁmiw would not be influenced by tﬁe
differences in seediﬁg rates. The third objective was to determiné the effect picloram (4-

amino-3,5,6 trichloropicolinic acid) and 2,4-D amine (2,4-dichlorophenoxyacetic acid,
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dimethylamine salt) on the density of native species and the diversity and richness of the
plant community. These treatments‘attempted to manipulate species performance by
confrolling the invasive species C. maculosa and P. recta and reducing competition with
the seeded grasseé. I hypothesized that both picloram and 2,4-D would reduce forb
density, species richness, and divérsity. Finally, I determined the influence 6f a cover
crop on the density of native species and the diversity and richness of the plant
community. This treaﬁnent also attempted to ménipulate species performance by seeding
. an early seral species that would preemptively use available soil nitrogen. I hypothesized

the cover crop would have no effect on the plant cdmmunity.

Methods

Study Site

This study was conducted on the Kicking Horse Wildlife Mitigation Area south of
Ronan, Montana; (47° 29N, 114° 5° W)‘. The site was a Festuca |
scabrella/Pseudoroegneria spicata habitat type interspersed with ephemeral prairie
pothole wetlands (Mueggler aﬁd Stewaﬁ 1980). It waé dominated by various non-native -
plant species including Centaurea ma-culosa Lam. and Potentilla recta L. The most
cbmmon exotic grasses were Poa compressa L., Poa pratensis L., Bromus te.ctorum‘ L., )
and Dactylis glomerata L. There were remnant stands of native plant species, including
Achillea millifolium (L.), Anemohe cylindrica Gray, Antennaria spp., Arnica sororia

Greené, Castilleja pallescens (Gray) Greene, Danthonia intermedia Vasey, Festuca

idahoensis Elmer., Geum triflorum Pursh, Koeleria cristata Pers., Lomatium triternatum
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(Pursh) Coult. & Rose, and Poa sandbergii Vaéey. Historical disturbances 'associated
with this site were grazing by cattle, those as'sociated with limited agricultural practices,
and intense meadow vole (Microtis pennsylvanicus) activity. The more palatable species
of this habitat type, F. scabrella and P. spicata, were far less common than the less
" palatable species, F. idahoensis, P. sanbérgi?’, aﬂd Danthonia intermed;'.a Vasey.
The soil i; a Post-Ronan-Water complex. It is a deep, well drained silt loam and silty
" clay loam (glaciolacustrine deposits) with sodic properties within the top 76 cm. The
siope varies from 2 to 15 percent and the elevation is 940 m. The average annual '

- precipitation ranges from 350-450 mm per year and the average temberature.is 7.6° C.

Experimental Design

The study was conducted as a factorially .(3 herbicides x 2 cover crops x 3 seeding
rates x 2 seeding methods=36) arranged randomized complete block. Replications Were
located in three locations across the landscape, with one location containing two blocks.

I established 144, ll.b x 36.6 m plots, 36 in each of four blocks. The 36 treatment'
combinations were randomly assigned and-applied as whole piot treatments. The three
herbicide treatments were picloram at 0.28 kg a.i. ha!, 2,4-D at 2.2_kg aiha’l anda
control with no herbicide. Cover crop treatments included seeding with and without a
cover crop of winter wheat (Triticum aestivum L.). 1seeded a mix of three native grasses
(biuebunch wheatgrass [Pseudoroegneria spicata (Pursh) Scribn. and Smith], Idaho
fescue [Festuca idahoenS.iS Elmer], rough fescue [Festuca scabrella Torrey ex Hook.]) at

three rates; low (977 pure live seed (PLS) m™?), intermediate (1322 PLS m), and high
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(1557 PLS'm™). The two different seeding methods utilized were no-till ‘dr.ill seeding and

broadcast seeding following soil surface disturbance. .

Procedures

In August 2001, plots were established in areas dominated by C. maculosa and/or P.
recta. Replications were distributed wifhin 152 ha, encompassing three pastures and
blocked by pasture. The largest pasture was divided into tv;/o blocks.

~ During the first week of November 2001, picloram was applied using a pick-up @uck
mounted with a chemical injection sprayer having a boom width of 12.0 m.
Approximately 241 L ha™ of solution was applied with a singlé pass ovér the plot.
Conditions were overcast, wind <8 km hrl, 70% humidity, and a temﬁerature of 6.4 °C.
Because of the lack of precipitation during August and September (F igﬁre 2.1), very few
adult C. maculosa or P. recta plants initiated fall regrowth. Since these were target weed |
species, the 2,4-D treatment was postponed until the following summer. When the
seeded grass species reached the 3- to 6-leaf growth stage in the second week of July'
2003, 2,4-D amine was-applied using an ATV mounted pressurized spraye'r With a spray
Width of 3;.6 m. The unit delivered ap;;roximately 210 L ha' of solution. Conditions
v;/ere clear, wind <8 km ﬁr‘l, 52% humidity, and a temperatﬁre of 26 °C.

.Plots were. seeded iﬁmediately following the application of picloram in November
2001. The native seed mix was blended to ensure the same number of live seeds of each
.species, P. spicata,'F " idahoensis, and F. scabrella, per kilogram of the sged mix. A
Truax® native seed no-till range drill was used for all seeding. The drill was calibrated °

to dispense roughly 977, 1322, and 1557 PLS m™ for the seeding rates. The cover crop
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was placed in a separate box of the seed drill designed speciﬁcally fqr smaller hard seeds.
This box was calibrated to dispense the cover.crop at a rate of roughly 54 seeds m™.

To disturb the soil, an AerWay® was pulled behind a tractor méking approximately
18-9x9x10 cm hc;Ies per squar;a meter of soil to collect moisture during spring rains.
Seeds were then broa'dcast'oyer the plots. Th'e drill was modified to broadcast seeds by
disconnecting the feed tﬁbes between the seed box and discs just above the discs, Using
hose clamps, 15ucr.n lengths of metal pipe ’were attached to 'thé hose ends. The weight of

. the pipe prevented the tubes from bouncing and directed seeds toward the ground. The
no-till drill planted seeds to a depth of 6 to 12 mm by opening a furrow, dropping seeds
into the furrow, then rolling it clc;sed. Within a see-dingi method, plots without the cover

".crop were seeded first, followed by plots receiving the cover crop.

Sampling

. . For sémpling purposes, plots were divided into three equal subplots in an attempt to
capture variation within the pl‘ot, Density of all species was sampled two times, each
time progressing block by block to minimize the influence of the time required to sample
these larger jplots; The first sampling period was 2-26 June 2002. We started vyhen
Balsamorhiza sagittata (Push) Nutt. and Camassia quamash (Pursﬁ) Greene were
flowering in an effort to capture early season forbs. The second sampling period wés 15-
27 July 2002, during peak staﬁding crob of native grasses. Density was determined by
" randomly placing-two 0.2 m x 0.5 m Daubenmire frames in each subplot. All species

within each frame were counted. Grass density was determined by counting each tiller.




56

Analysis
Species richness is defined as the number of species found in each plot, not including
the three seeded grasses, P. spicéta, F. scabrella, and F. idahoensis, and C. maculosa and

P. recta. Density and equitability were calculated using Simpson’s diversity index;

Simpson’s index, D = , Equitability, E = 1 X —1—, where R is ﬁchness and P; is

R
p R

R
2B
5

)

‘the proportion; for each species, of individuals that contribute to the entire samplé.
| (Begon et al. 1996)

A five-way analysis of variance was used to determine the effects of block, seeding
method, .seeding rate, herbicide, and cover crop on spring and summer density of the
existing native grasses, native forbs, richness, Simpson’s diversity and equitability. Since

“plots were divided into subplots for sampling and plots were randémly Iocated on the
landscape, subplqts were treated as random effects and all treatments were nested within
‘subplots. The complete ANOVA model inciuded ail main effects, two- and three-way ‘
interactions. To meet the'éssumptions of homogeneity of variance and normality, square
.root transfoﬁnations were performed on spring and summer native forb density and
spring native grass density. We were not able to normalize summer residuals for native
grass density due to a high number of zeroes within the data set. The response variables
were divided iﬁto two groups for analysié, nati\}e grasses and native forbs were analyzed
- by one model, and richness, diversity and equitability by another. After analyzing the
complete model f(;r each group, three-way interactioﬁs that were not signiﬁcant for any

v R .o
response variables within a group were removed. The Bonferroni multiple comparison
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- test for pairwise comparisons was used to. compare means associated with main effects

and interactions using o=0.05. All statistical analyses were perférmed using SAS (SAS
2001). Non-transformed means will be presented with statistical comparisons based on

transformed data.
Results
Native Forbs

Spring. The effect of herbicide on spring native forb density was dependent on
seeding rate and method (p=0.041). When picloram was applied in combination with

drill seeding at the highest rate (58.4 forb m™), native forb density was lower than in

'treatment combinations involving 2,4-D or no herbicide and was similar to all other -

picloram treatments (Figure 3.1). Forb density in plots treated with picloram was lower

“than in plots drill seeded at the lowest rate without an herbicide (166.7 plants m™) and

broadcast seeded at the intermediate rate with a summer 2,4-D herbicide application

(174.2 forb m™).

Summer. The effect of herbicide on summer forb density depended on seeding rate
(p=0.001). Forb density was reduced the most by 2,4-D (3.1 to 22.i plants m™) (Figure
3.‘2A). In herbicide control plots, forb density was Ipwer, in plots seeded at the ﬁigh_est
rate (46.7 plants m™) than plots seeded at the lowest r,afe (74.2 pla'nts m'z)'and was _‘s'imilar
to plots seeded at the intermediate rate (65.8 plants m?). Wighin picloram treatments,

seeding at the lowest and highest rates reduced native forb density more than seedihg at
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| | Broadcast
No-Till

f Intermediate

2,4-D None Picloram

Herbicide

Figure 3.1. The influence of seeding method, seeding rate, and herbicide on spring native
forb density. Means followed by the same letters represent similarities (a<0.05) among
treatments.
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| | Low
V/I/A Intermediate
RS&SI High
None Picloram
| I Cover Crop
Y/I/IA No Cover Crop
None Picloram
Herbicide

Figure 3.2. The effect of herbicide on summer native forb density as influenced by A)
seeding rate and B) cover crop. Means followed by the same letters represent similarities

(a<0.05) among treatments.
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‘the inférmediat_e rate. Forb densities were similar among plots séedéd at the low and
intermediate rates with no-herbicide‘ and at the intermediate rate with picloram. Séediné
at the highest rate without an herbicide yielded‘simﬂar forb densities to all seeding-
rate/picloram combinations.

Covgr crop aﬁd herbicide interacted to influence r'iative forb density (p=0.010). The
2,4-D treatment reduced forb den.fsity more than the other hchicide treatments (Figure
3,2B). Summer forb density increased from 51.3 to 73.1 plants m™ with the presence of a
éover.crop in non herbicide treated plots. The density of forbs in piélofam treated plots

was similar to the density in non treated plots without a cover Ccrop.

Native Perennial Grasses

Spring. Spring density of perennial native grasses was influenced by the intéraction
of cover crop, seeding method, and herbicide (p=0.033): Drill seeding witﬂ a cover crop
and no herbicide (42.4 tillers m™) yielded more perénnial ﬁative grasses than broadcast
seeding without a cover cfop and treating‘with 2;4—D 4.3 tilleré m™?) (Figure 3.3). All

other treatment combinations resulted in similar spring density of native grasses.

Species Richness

vSpring. Spring species richness was affected by seeding rate and herbicide (p=0.009).
Picloram reduced richness more thén either of the other herbicide treatments ('Figu‘re.
3.4A). Within 2,4-D piots (summer treatment), the higher seeding rate (10.4 species m™)

. . . : . . ) .
increased species richness over the lowest seeding rate (9.0 species m™). Richness was
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With a Cover Crop Without a Cover Crop
| | Broadcast
viiiia - No-Till
None Picloram None Picloram
Herbicide Herbicide

Figure 3.3. The influence of cover crop, seeding method, and herbicide on spring native
perennial grass density. Means followed by the same letters represent similarities
(a<0.05) among treatments.

similar among seeding rates in non herbicide treated plots, but the highest seeding rate
increased richness over the lowest seeding rate in the 2,4-D plots.

The effect of seeding method and cover crop on spring species richness was
influenced by herbicide (p=0.026). Richness was reduced more by picloram than by the
other herbicide treatments, except when applied in combination with drill seeding with a
cover crop which yielded species richness similar to broadcast seeding without a cover
crop for both the control and 2,4-D treated plots (Figure 3.46). All seeding method/cover

crop combinations within and between 2,4-D and control plots had similar effects on

species richness.
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11.0
A
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V' 100 ¢ Intermediate
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D 95 - ¢ be
(0}
9.0 - .
v b
é 8.5 -
Q. 8.0 .
V)
7.0 -
2,4-D None Picloram
Herbicide
105 - ¢ Broadcast with Cover Crop
10.0 O  No-till with Cover Crop
o . Broadcast without Cover Crop
95 - O  No-till without Cover Crop
9.0 -
8.5 -
8.0 -
7.5 -
2,4-D None Picloram
Herbicide
. Low with Cover Crop
9.5 - O Low without Cover Crop
A Intermediate with Cover Crop
9.0 - A Intermediate without Cover Crop
. High with Cover Crop
O  High without Cover Crop
8.5 -
8.0 .

Broadcast No-Till
Seeding Method

Figure 3.4. Spring species richness as affected by A) seeding rate and herbicide, B)
seeding method, cover crop and herbicide, and C) seeding rate, cover crop, and seeding
method. Means followed by the same letters represent similarities (a<0.05) among
treatments.
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Seediﬁg rate, method, and cover croﬁ interacted to havé an effect-on species richness
(p=0.001). Broadcast seeding at the lowest rate with ;1 cover crop and at the highest rate
without a cover crop increased species richness over broadcast seeding at the lowest rate
without a cover crop (Figure 3.4C). Species richness in plots that were broadcast at the
lowest rate without a covef crop was also lower than in plots drill seeded at the lowest
rate without a cover crop, at the intermediate rate without a cover crop, and at the highest
rate with and without a cove-r crop. Species richness was similar among all seeding

rate/cover crop combinations within drill seeded plots.

Summer. Summer species richness was affec’;ed by the interaction of c-over crop,
seeding method, and herbicide (p=0.0105. Richness was reduced the most by 2,4-D
(Figure 3.5A). Within fhé 2,4-D treatment, drillh seeding without a cover crop increased
species richness over broadcast-seeding without a cover crop. Drill seeding without a
cover crop also increased richness over broédcast seeding without a cover crop within the
herbicide control plots. Species richness was similar among all éeeding method/cover
‘crop combinations within the picloram treatment. Richness was lower in piclorafh plots
than in non treated plots whén drill seeded with a cover crop. Richness was 'redﬁced from
6.8 species m™ in pldts without an herbicide, to 6.1 s'pecies.m'2 in picloram plots, whén
broadcast seeded with a cover crop.

The effect of seeding method aﬁd herbicide oﬁ summer richness was also dependant

on seéding rate (p=0.021). The application of 2,4-D reduced richness more than picloram
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Figure 3.5. Summer species richness as affected by A) seeding method, cover crop, and

herbicide, B) seeding method, seeding rate, and herbicide, and C) seeding rate, cover
crop, and seeding method. Means followed by the same letters represent similarities

(a<0.05) among treatments.
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or NO hérbici.de' (Figure 3.5B). The one exception was drill seeding at the highest rate in
combination with 2,4-D, which was similar to broadcast seeding ét the lowest rate in |
combination with picloram. Within non hqrbi_cide treated plots, richness was higher
when drill seeded ét the.highest rate than when broadcasf at the highest rate. Withiri_ the
‘picloram treatment, richness was higher in plots drill seeded ét the intérmédiate rate and
broadcés.t at the highest rate than in plots broadcast at the lowest rate. Other than. |
broadcast seeding at the lowest rate, all seeding‘raté)r.nethod combinations with picloram
were similar to all seeding rate/method combinations without an herbicide.

Seeding rate, cover crop, and éeeding method interactéd to affect summer species
- richness (p=0.010). Richness in plots broadcast at tﬁe lowest rate without a cover crop
was lower than in plots broadcast at the intefmedia'te. rate with a covér crop and lower
than in all drill seeded plots other than those seeded ét the lowest rate with a cover cr_dp
(Figure 3.5C). Drill seeding yielded similar richness values among all seeding rate/cover
crop combinations. Species richness .increased from broadcast to drill seeding in plots

seeded at the highest rate with a cover crop.

Simpson’s Diversity and Equitability

Spring. The effect of seeding rate on spring diversity was influenced by cover crop
(p=0.035). Diversity did not differ among seed‘ing‘ rates when a cover crop was included
(Figure 3.6A). Howéver, without the addition of a cover crop, diversity was higher at the

intermediate seeding rate (3.2 species) than at the lowest seeding rate (2.8 species).
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Figure 3.6. A) The effect of seeding rate and cover crop on spring Simpson’s diversity.
B) The effect of cover crop and herbicide on spring Simpson’s diversity and spring
equitability. Means followed by the same letters represent similarities (a<0.05) among

treatments.
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Diversity was similar between cover crop and no cover crob treatments for all seeding
rates.

Sprmg diversity and equitability were both influenced by the interaction of cover
_crop and herbicide (p=0.020 diversity;, p=0.026 equltablhty) Diversity and equltablhty
values were similar between cover crop and no cover crop within all herbicide treatments
(Figure 3.6B). With or without a cover crop, diversity was lower when picloram was
applied than when no herbicide was applieci. Diversity was also higher in the 2,4-D plots
thaﬁ in the picloram plots, with the exception of 2,4-D With a cover crop and picloram
without a cover crop, which yielded similar diversity \.Ialues. In addition, the diversity of
plots treated with 2,4-D and a cover crop was less than the diversity of non herbicide
treated plots with a cover crop.. Equitability did not differ among herbicide treatments
. with the addition of a cover crop. Howevef, equitability was higher in picloram treated
plots without a cover crop (0.375 than in non her‘bicide éreated plots without a cover crop

(0.32) and 2,4-D treated plots with a cover crop (0.34).

Summer. Cover crop, seeding method, and herbicide interacted to influence summer
diVefsity (p=0.01'8). Diversity was. lower when treated with ‘2,4‘-D than either of the other
- two herbicide treatrﬁents, with the exceptién of piots treated with picloram and drilled
without a cover crop and broadcast with a cover crop, which had density values similar to
plots drill seeded without a cover crop and treated with 2,4-D (Figure 3.7). The diversity
in plots drill seeded without a cover crop and no herbicide was similar to the diversity in
picloram treated plots that had been broadcast seeded without a cover crop, but was

higher than all other seeding method/cover crop combinations within the picloram
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Figure 3.7. Summer Simpson’s diversity as affected by seeding method, cover crop, and
herbicide. Means followed by the same letters represent similarities (a<0.05) among
treatments.
treatment. Picloram treatments including broadcast seeding without a cover crop and
drill seeding with a cover crop yielded density values comparable to drill seeding with a
cover crop and no herbicide. Density was similar among seeding method/cover crop
combinations within herbicide treatments.

Diversity was affected by seeding rate (p=0.021). Seeding at the highest rate yielded
higher diversity (2.25) than seeding at the lowest rate (2.07), but diversity when seeding

at the intermediate rate (2.21) was no different than the diversity at either the lowest or

highest rates.
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Summer equitability was influenced only by herbicide (p<0.001). Equitability was
highest when plots were treated with 2,4-D (0.46). Picloram (0.40) and the control (0.41)

yielded similar equitability values.
Discussion

The goal of successional management is to set an invasive plant QOminated plant
éommunity on a trajectory toward one that is composed of desirable species and
functionally diverse (Sheley et al. 1996). Existing nativé forbs and grasses play an
essential role in developing a diverse system, so it is important to understand how
su,cce‘ssioﬁal management strategies impact tﬁeée spécies tPokomy 2002). S'pecies'
perfoi'mancé practices lfke broadleaf selective herbicides can negatively impéct forbs,-

'while enhancing native grﬁsses. In this stud?, density of native perennial grasses was not
. improved by thg herbicic_le treatments, but density of native forbs, species richness, and
Simpson’s diversity were reduced by picloram applied in the spring or 2,4-D in the
summer. Previous studies have found decreases in non-target forb density and cover
following an application of picloram (Denny 2003, Rice et al. 1997), but picloram has
also been found to have little effect on non-target forb density (Bedunaﬁ and Carpenter
1989). In my study, the early season forbs appeafed to be more sensitive to picloram than
the summer forbs, while 2,4-D dramatically reduced the density of sﬁminer forbs. On the
coﬂtrary, one year following treatment, Jacobs and Shéley (1999b) and Denny (2003)
found native forb deﬂsity to be unaffected by a summer 2,4-D applicaﬁon. Because 2,4~

D does not remain active in the soil for an extended period of time, it is possible that I
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would have observed results similar to those of Jacobs and Sheley .(1999b) and Denny'

- (2003) had sampling occurred one year following application.

Sevéral studies reported increased density, cover, and biomass of perennial gfaéses 1
to 3 years following herbicide application (Rice and Toney 1998, Jacobs and Sheley
19990, Sheley et al. 2000, Denny 2003). I speculateuthe limited effect herbicides had on
native perennial grass density was a result pf there being very few grasses on the site |
prior to treatment.

The effect of picloram and 2,4-D on richness and Simpson’s diversity was similar to

the forb dénsity observations, suggesting that some of the early spring forbs were more

sensitive to picloram than were the summef forbs. In the first year following herbicide

application, Rice et al. (1997) found-a decrease in species richness and Shannon diversity
with i)icloram, while Demiy‘(2003) did not find a de.cline in richness or Shannon-Weiner
diversity with either 2,4-D or picloram. ‘Species diversity and richness have been
documented to recover to pretreatment levels 3 sfears following herbicide application, but
the target invasive species also recovered (Rice et al. 1997). Continued monitoring will

be required to determine the longevity of herbicide _effecté on diversity and richness of

- both native and invasive forbs.

The other successional management practices employed in this study did not affect

the existing native plant community as strongly as the herbicide treatments. The addition

of the cover crop, also a species performance treatment, increased summer forb density in

the absence of an herbicide application, but did not consistently influence richness or

Simpson’s diversity. It is possible that the cover croIS served as a nurse crop as winter
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wheat has béen shown to act as a nurse crop for strawberries (Newenhouse and Dana
1989). In a companion study, I found soil moisture tended to be higher, especially in
early spring, when a cover crop was present. Davis et al. (2000) found soil moisture
~ improved forb establishment and growth. Disturbance treatmeﬁts, no-till drill seeding
and broadcast seeding over ciepressions in the soil had only subtle influences on the plant
community. Species richnéss during the summer tended to be higher with drilling than
broadcasting, but there were not always significant differences. The disks of the drill
cpuld have stimulated the growtﬁ of sor-ne rhizomatous species that otherwise remained
undisturbed with the broadcast treatment (Chandler et al. 19-94). 'Seeding rate, or
colonization, also had liﬁlited influence on the existing plant cofnmunity. At the lowest
seeding rate, summér Simpson’s diversity was less than at the higﬁer seeding rates, which
is interesting considering the seeded species were not included in the calculation of
richness and di.versity. This could also be a nurse crop respons‘eA (Newenhouse and Dana
- 1989).

| Adopting techniques that minimize negative impacts on existing native communities
will i_mprove oﬁr ability to restore degraded rangeland. The successional management
practices employed in this study ﬁad varying effect's on the existing native plant
community. As expected, hérbiqicies hmost drarﬁatically affected the forbs, .but whether or
‘not this can be considered a long term negative impact requires continued sampling.
" There is the possibility that niches opened by weed control procedures will simply be.
reoccupied by invaders, especially without continued management (Levine and

D'Antonio 1999; Dukes 2001, Pokorny 2002). Enhancing and preserving species .
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diversity is a significant part of creating a weed resistant plant corﬁmunity“through
..successional manaéement. Continued monitoring and possibly repeating species
~ performance or disturb;clnCe practices will play an impoﬁant role in rﬁaintaining diversity

and the desired successional trajectory (Sheley et al. 1996).
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CHAPTER 4
SUMMARY

This stud.}; investigated the potentiél for using successional management strategies
on invagive plant dominated rangeland. The underlying hypothesis was that as weed
management strategies increasingly addfess the three general causes of succession—site
a'vailabili’;y, species a‘wailabil‘ity, species performance—in a complerrientary.manner, the
" successional trajectc;ry vs./il'l be accelerate\d toward a desired plant community (Pickett et
al. 1987, Sheley et al. 1996). The four overall dbjectives of the research were to: 1) use
" two different seeding methods to rﬂanipulate_ site availability and test their effects on -
seeded grass establishment and e};isting species density, diversity, and richness; 2) use
three different seediné rates to manipulate species availébility and tes;t their effec;ts on
_ _seeded grass establishment and existing species density, diversity, and richness; 3) use
three different herbicide treatments to manipulate species perfofmance and test their
influence on seeded grass establishment and existing native species degsity, diversity,
and richness; and 4) manipulate spécies performance by including a CO\IIGI‘ crop and
testing_i‘;s-effect on seeded grass estaBl.ishment and exiéting 'sﬁecies density, diversity, and
_ richness.

In Chapter 2,.I investigated the effects of seeding method, seeding rate, herbicide,
and cover crop on the establishment of tﬁree seeded native grasses. I hypotﬁesized that

. no-till drill seeding at the highest rate, including a cover crop and following a fall

picloram application, would yield the highest density of seeded native grasses. The
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highest rate of establishment for each species occurred when seeds were drilled ét the
highest rate, however, the h'erbicide‘and cover crop treatments did not influence
establishment.

It was specui'ate(i establishment would improve by reducing the competition between
the invasive species and the seeded grasses, but this first ‘year of data suggests that
competition was not a factor. Herbicide treatmenfs reduced the density of the two target
invasive species, Centaurea maculosa Lam. and Potentilla recta L. The gréatest

"reduc.tion in densjty for both species resulted from the summer 2,4-D applicatioﬁ, with
the fall picloram appliéation providing about 50 % control. It may take more time to
determine the differehces among herbicide treatments. Ihad also spelculated that a cover
érop would reduce soil nitrogen, thereby giving the‘ competitive,,advantage to the late
seral seeded grasses. There was no difference in soil nitréte concentrations between

“cover crop treatments at tﬁe time we sampleci, but this does not mean that earlier in the .

' season nitrate concentrations did not diffef, or that it may take more time to observe
differences bet\Néen the treatments.

The goal of successional management is to de\-'e‘:lop Ia functionally diverse, relativély
weed resistaﬁt, i)lant community. My study site had a relatively diverse native forb
community, although suppressed in areas heavily dominated by C. maculosa and P.
recta, that was important in developing a diverse plant community: So, Chapter 3
addressed the effect of th(;, managément techn'iciues used to establish seeded grasses, on
the density, divérsity, and richness of the exisﬁng native fc;rbs and grasses. I |

hypothesized that seeding method, seeding raté, and cover crop treatments would not
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affect the éxisting plant comimunity, but the herbicide treagrr_lents would reduce native
forb density, as well as overall species richnéss and diversity. F 61" the fnost part, these
data supported this hypothesis. However, density, diversity, and ricﬁness tended to be
higher with drill seeding, but there were not always differences, and in the absence of a
. herbicide application, summer forb density was highér when a cover crop was included.
These treatments did not'cons_i;stently affect the blant community so generalizations about
their influence could not be made from these data. |

As expected, the herbicide treatments had significant éffects on the exiéting plant
commﬁnity. Spriﬁg forb density, diversity, and richness were all reducéd by the fall
picloram application, while summer forb density, diversity, and richness were reduced
' the greatest by the sumnﬁer 2,4-D appliqation. Summer forb density, dive.rsi'ty, aﬁd
richness did not always differ between the untreated control and ;;icloram treatments,
suggesting early spring forbs may have been more sensitive to picloram than later season
forbs. Since the herbicide treatments éppeared to affect different forb species, and the
herbicides themselve:;; differ considerably in longevity of ‘éffectiveness, picloram having a
2 to 3 year soil residual and 2,4-D having a short soil residual, continued monitoring
- would provide more information about the long term effects of these techniques on' '
existing species. |

This research suggests that establishment of seeded native grésses improves as
management techniques increasingly address Picket et al.’s (198&). three general causes of

succession—site availability, species availability, and species performance. However,

the variation in species’ response to management techniques, especially the existing plant
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community, emphasizes the importance of monitoring invasive plant dominated
rangeland throughout the restoration process. It takes time for plant communities to \
équilibrate o the removal or reduction of invasive species which may not be captured
after one growiﬁg season. Successional manégement recognizes plant communities as
dyﬂamic systems and relies on continued monitoring‘ to maintain a desired trajectory, .
keeping in mind that it may be necessary to repeat species performance ’or site availability

" {reatments.
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