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ABSTRACT 

Gypsophila paniculata L., commonly known as baby's breath, is a highly adaptive, perennial 
plant introduced to No1th Ame1ica for ornamental pmposes as early as 1887. While still used 
extensively in the floral industiy, G. paniculata has high reproductive and dispersal potential, is 
considered a naturalized garden escape, and is listed as a noxious weed in some states and 
Canadian provinces. The invasion of G. paniculata in rangeland, pasture, Conservation Reserve 
Program (CRP) acres, and haylands throughout nmtheastem Montana has adverse ecological and 
economic implications. Precipitation events and the increase in CRP acres are believed to have 
advanced the spread of G. paniculata. This study investigates herbicide and mowing options in 
perennial acres nmth of Peerless, Montana, near the Canadian-US. border, using a split plot 
randomized complete block design with three replicates. Three different herbicides applied in the 
fall, spring, or fall and spring, and a non-sprayed control were applied for a total of 10 
ti·eatments. The herbicides tested included imazethapyr (Pmsuit®); dicamba (Opti-DGA™); and 
metsulfuron methyl (Omni® Brand MSM 60 DF). The split plot included non-mowed or mowed 
to simulate d1y land haying operations utilized by producers in the region. Herbicide ti·eatments 
containing the active ingredient metsulfuron methyl significantly reduced the density of G. 
paniculata at the end of the study, sti·ongly indicating that active ingredient is more important 
than timing. Mowing had no effect on density of G. paniculata and did not interact with 
herbicide treatment. Perennial grass cover was not affected by herbicide treatment. Perennial 
grass cover did not differ among herbicide treatments, indicating that there was no collateral 
damage of grass associated with herbicide applications. Based on the results of this study, I 
recommend the spring application of metsulfuron methyl used in this study to reduce the density 
of G. paniculata in rangeland, pasture, CRP acres, and haylands. I do not recommend mowing or 
haying as standalone ti·eatments for G. paniculata, as mowing does not affect the density of G. 
paniculata. Fmthe1more, if admissible for the site, mowing or haying operations should take 
place before the flowering stage to effectively inhibit seed production. 
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CHAP1ERONE 

INTRODUCTION 

Gypsophila paniculata L., commonly known as baby's breath, is a highly adaptive, 

invasive perennial plant that prefers coarse textured soils, allowing it to thrive across the semi­

arid landscape of nmtheastern Montana. The invasion of G. paniculata has adverse ecological 

and economic implications for producers in the region (Beck et al., 2008; USGS). Gypsophila 

paniculata causes shifts in plant community composition, displaces desirable native and forage 

species, and disrnpts ecosystem function (Baskett et al., 2011 ; Daiwent & Coupland, 1966; 

Brnsati, 201 6). Originally introduced as an ornamental for the floral industJ.y , G. paniculata is 

now considered a naturalized garden escape, and has invaded rangeland, pasture, Conservation 

Reserve Program (CRP), waste areas, and hayland hectares. In Daniels County, Montana, G. 

paniculata has invaded an estimated 2700 ha. 

Origin and Distribution 

Gypsophila paniculata originated in Eurasia and occurs from Eastern Europe across 

Central Asia to as far east as China (Pringle, 2005, as cited in Olmstead, 2019). Gypsophila 

paniculata was first intJ.·oduced to Nmth America in 1887 as a garden ornainental in Manitoba, 

Canada (Darwent & Coupland, 1966; Macoun, 1888). Escaped plants have been reported 

throughout the Canadian provinces and teITitmies, but the largest infestations occur in the most 

southern portions of Saskatchewan, Albe1ta, and British Columbia (Darwent, 1975). Gypsophila 

paniculata has repmtedly formed sizeable populations in eastern, cenu-al, and western regions of 

North America (Figure 1). 
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fu the U.S., G. paniculata is listed as a B-list noxious weed in California and a Class C 

noxious weed in Washington (DiTomaso et al., 2013; fuvasive.org, 2018; Olmstead, 2019). 

Although G. paniculata is not listed as a state noxious weed in Montana, the species has been 

repo1ied in 22 of 56 counties since 1934, and it has been listed as a county noxious weed in the 

following 14 counties: Blaine, Broadwater, Chouteau, Daniels, Deer Lodge, Flathead, Jefferson, 

Ravalli, Richland, Roosevelt, Sanders, Sheridan, Silver Bow, and Valley (Montana Department 

of Agriculture, 2020; Montana State University Extension, 2015). 

--=) 

Figure 1: Map of repmied Gypsophila paniculata distribution in Nmih America. Image provided 
by EDDMapS, 2023. 

Sharing their northern borders with Saskatchewan, landowners, and county agencies in 

nmiheastern Montana (Daniels, Sheridan, Richland, and Valley) have been trying to manage G. 

https://Invasive.org
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paniculata infestations for the last two decades. Persons in Daniels County have been actively 

attempting to control G. paniculata for more than 20 years, where it has invaded about 2,700 ha 

of CRP, rangeland, pasture, and hayland. Conse1vation Rese1ve Program is a land conse1vation 

program administered by Fa1m Se1vice Agency (FSA) that encomages eligible producers to 

remove environmentally sensitive land from crop production and conve1i it to valuable land 

cover (Daniels County Long Range Plan, 2019). Daniels County records indicate that G. 

paniculata has been present in the county for nearly 40 years. Gypsophila paniculata is believed 

to have been introduced to the area by homesteaders who brought the species with them for use 

as a hardy ornamental (Daniels County, Montana State University Extension Agent: Bobbie 

Roos (retired); Daniels County, Weed Coordinator: Connie Wittak, personal communication). 

Gypsophila paniculata seed can ripen in cut flower airnngements left in cemeteries and other 

locations, allowing the species to spread; the tumbling nature of mature G. paniculata facilitates 

dispersal (Washington State Noxious Weed, 2021). Invaded acres can be found adjacent or 

downwind of cemeteries and abandoned homesteads within Daniels County. 

Biology 

Gypsophila paniculata is a dicotyledonous, herbaceous perennial plant of the 

Caiyophyllaceae family (Da1went & Coupland, 1966). Plants can reach approximately 1 m (3 ft) 

to 120 cm (4 ft) in height and width (Di.Tomaso et al., 2013; Olmstead, 2019). The leaves are 

linear-lanceolate, gradually tapering to a point, and are one-nerved; both sides are covered with 

dense, glandular hairs (Daiwent, 1975; Lesica, 2022, p. 141). The leaves have an opposite 

arrangement, are 2.5 to 10 cm (1 to 4 in.) long, and ai·e blue-green to grey-green (Saskatchewan 

Forage Council, 2018). The slender stems of the plant are similarly colored and are swollen at 



the nodes (Da1went, 1975). The leaves on the top portion of the plant are smaller than those on 

the lower po1tion; as the plant develops flowers buds in early to mid-June, the plant foliage 

becomes sparse (Da1went & Coupland, 1966). 

The inflorescence of G. paniculata is an open, panicle-like compound dichasium that is 

characterized by alternate branching and an abundance of small, 5-petaled flowers that range in 

color from white to purple, to grey bloom (Figure 2a.; Daiwent & Coupland, 1966). Flowers 

measure 6 to 8 mm wide and pedicels measure 5 to 12 mm (DiTomaso, 2013; Darwent, 1975). 

Plants have a globe-like growth form and a cloud-like appearance (Figure 2b.; Montana State 

University Extension, 2015; Saskatchewan Forage Council, 2018). Under n01mal field 

conditions, G. paniculata does not become reproductive until the third year; obse1vations 

indicate that inte1mediate aged plants do not flower eve1y year (Da1went and Copeland, 1966). 

Flower buds break Inid-June through August in n01theastem Montana (Figure 2c.). Insects seem 

to affect pollination but cross and self-pollination ai·e also likely (Darwent & Coupland, 1966; 

Saskatchewan Forage Council, 2018). Gypsophila paniculata increases the diversity and 

abundance of pollinators in an area along with an increase in arthropod predators resulting in an 

overall reduction in pollinator visits to native plants, impacting reproduction and overall native 

plant-pollinator interactions (Baskett et al., 2011; Eme1y & Doran, 2013). 

The fruit of G. paniculata is a globose capsule comprised of 4 valves in which as many as 

4 seeds develop. The frnit reaches maturity 4 to 5 weeks after the first buds open. Mature plants 

tend to have a multitude of flowers at various stages of development (Daiwent & Coupland, 

1966). Bean-shaped seeds are red-brown to black and 1 to 2 mm long (Figure 2d.; Olmstead, 

2019; Da1went & Coupland, 1966; Daiwent, 1975). As a polycarpic species, reproduction is 
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dependent on seed production, with a single mature plant annually producing nearly 14,000 

seeds (Da1went, 1975). Under nonnal field conditions, wind is the most important agent of seed 

dispersal. Turning reddish-brown later in the season (mid-August through September), the 

hollow plant stems become &y and blittle; strong winds cause the entirety of the inte1woven 

stems to break off at the base and tumble across the landscape (Figure 2e.). Although most seeds 

are &·opped near the parent plant, seed that is still contained in capsules can be canied for 

distances of 1 km or greater. This species-specific behavior likens G. paniculata to tumbleweed, 

resulting in infestations commonly found along roadsides, ditches, and fence lines (Figure 2f.). 

Seeds may be viable in the soil for 1 to 2 years (DiTomaso et al. , 2013). 

Soil texture, air temperature, and seed depth greatly affect gennination and seedling 

development. Although G. paniculata can grow in all soil textures, gernlination is significantly 

higher in sandy loam soil (Darwent & Coupland, 1966). Fine-textured soils are noted to retard 

root development in G. paniculata (Tucakov, 1958, as cited in Da1went, 1975). Seeds exllibit 

little to no do1mancy, prompting high rates of ge1mination when temperature and moisture 

conditions allow (Da1went & Coupland, 1966). Da1went and Coupland (1966) reported total 

maximum ge1mination to be greatest at 20 °C with 97% ge1mination; total emergence of 

seedlings was llighest with 95% in sandy loam soil at a buried depth of 0.25 cm (0.10 in; 

Daiwent & Coupland, 1966). Increased seeding depth resulted in reduced seedling emergence, 

and light availability did not affect ge1mination (Daiwent, 1975). Under normal field conditions, 

seeds ge1minate in May to early June. 
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Figure 2: Gypsophila paniculata ( a) flowers and capsules, (b) mature plant in hayfield, ( c) flower 
buds breaking, (d) frnit and seed(s), (e) mature plant late in the season, and (f) broken plants 
caught in fence along roadside. Photos: Inga Hawbaker 
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Stems are ascending at the base and va1y in number depending on plant maturity 

(Druwent & Coupland, 1966). Shoots usually appear above ground in late April, elongate 

rapidly, and develop lateral branches through late May (Figure 3a.; Darwent & Coupland, 1966). 

As plants mature, a thick, woody caudex, or crown, forms with the upper po1tion of the taproot, 

comprising of single to several stem bases from 

which shoots develop. Plants in their second year 

of growth usually produce a minimum of two 

shoots and often exceed 30 in mature plants 

(Figure 3b.; Darwent & Coupland, 1966). If a 

stem breaks off at the base before reaching 

maturity, the stem will resprout from the caudex. 

A strong variation in rainfall does not significantly 

affect the number of stems nor the height of 

mature G. paniculata plants (Da1went & 

Coupland, 1966). The growth of additional shoots 

is the only observed type of vegetative 

reproduction which results in the expanding 

diameter of the caudex; the caudex can reach 25 

cm (10 in) in diameter (Darwent & Coupland, 

1966). 

A mature root system is characterized by a 

thick tap root below the caudex. fu its entirety, the 

Figure 3: (a) Gypsophila paniculata shoots 
in eru·ly spring, (b) numerous shoots 
produced by a single mature plant, ( c) the 
caudex and top 14" of taproots from two 
fused mature plants. Photos: fuga Hawbaker 
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rapid growing root system reaches approximately 4 meters (13 ft) in depth, allowing access to 

moisture and other resources at depths below other plants (Figure 3c.; Da1went & Coupland, 

1966). A rapid rate of root penetration is exhibited by seedlings in the first two years of growth 

(Druwent & Coupland, 1967). The root system is especially advantageous during petiods of 

drought, allowing G. paniculata to withstand considerable variation in both temperature and 

moisture (Druwent & Coupland, 1966; Olmstead, 2019). Gypsophila paniculata produces 

saponin in its roots; saponin is a highly glycosylated triterpenoid compound that has 

antimicrobial propeliies that may protect G. paniculata from disease and herbivo1y (Fons et al., 

2003; Korkmaz & Ozcelik, 2013) Saponin from G. paniculata is allelopathic, influencing soil 

processes stemming from changes in soil microbial composition; this trait likely plays an indirect 

role in the displacement of interspecific forage and native plants (Fons et al. , 2003; Wolfe & 

Klironomos, 2005). 

Habitat and Invasive Potential 

Gypsophila paniculata most aggressively colonizes ru·eas with coarse textured soils and 

can withstand considerable variation in both moisture and temperature (Da1went, 1975). 

Gypsophila paniculata occurs in areas above 5.56 °C where mean annual precipitation ranges 

between 0.25 to 1 m and the mean number of degree days range between 832 and 2,220 

(Druwent, 1975). The species' natural range in Eurasia is characterized by dty climates with 

stony, sandy, and often calcareous soil (Olmstead, 2019). Gypsophila paniculata does not 

tolerate acidic soils and is one of the few perennial ornamentals that is recommended for gardens 

located on pennafrost (Nau, 1996, as cited in Alaska Natural Heritage; Da1went, 1975). 
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Although G. paniculata is highly adapted to semiarid climates, specific seasonal 

conditions can accelerate invasion. Daniels County records indicate that deep, heavy snow may 

increase the invasion potential of G. paniculata. High snowfall can facilitate invasion, with G. 

paniculata responding more strongly than native species (Blumenthal et al. , 2008). High snow 

fall may favor G. paniculata by increasing the availability of deep relative to shallow soil 

moisture; the deep taproot of G. paniculata can access water not available to shallow rooted 

species (Blumenthal et al., 2008). Gypsophila paniculata is often not found until the species is in 

bloom, confinning that it has already been growing for at least two seasons. Throughout its 

vegetative stages, G. paniculata can easily be confused with alfalfa and other broadleaves. 

Gypsophila paniculata has been studied extensively in the sandy soils of southern 

Saskatchewan, where invaded habitats include roadsides, raikoad ballasts, vacant lots, and 

prairie slopes dominated by native grasses. Populations are also found in protected slopes and 

ravines where tumbling stems become trapped (Daiwent et al., 1967). Escaped plants from home 

gai·dens are considered a likely route of introduction (Daiwent, 1975; Olmstead, 2019). Serious 

infestations are confined to habitats where heavy, continual grazing, or regular, intense 

cultivation are not practiced (Daiwent et al. , 1967). The introduction and increase in CRP acres 

in Daniels County have led to an increase in invaded acres. While some CRP acres are grazed or 

hayed in accordance with contract requirements, thousands of acres throughout the county that 

were once used as fannland, now sit idle in CRP; as a result, G. paniculata invaded acres have 

exponentially increased. Absentee landowners present a challenge in Daniels County as their 

land is either enrolled in CRP or was enrolled in CRP and is now utilized for chyland forage 

production (USDA, 2019). The USDA Natural Resources Conse1vation Se1vice (NRCS) Scobey 
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Field Office states that "We are getting into the third-generation land managers that have never 

nor have any desire to ever physically see the land in their control. This poses a larger issue with 

noxious weed control and land stewardship accountability" (USDA, 2019). Daniels County was 

ranked third in the state in 2014 for total number of acres emolled in CRP (USDA, 2019). 

Impacts 

Gypsophila paniculata has been associated with shifts in plant community composition 

and stmcture and displacement of desirable native and forage species thus dismpting ecosystem 

function (Baskett et al., 201 1; Darwent, & Coupland, 1966; Bmsati, 2016). The presence of G. 

paniculata reduces protein of desirable grass hay species (Darwent et al., 1967; Emery & Doran, 

2013; Alaska Natural Heritage Program, 201 1). Native plants contain higher cmde protein than 

G. paniculata but are outcompeted (Darwent et al., 1967). Gypsophila paniculata also reduces 

the nutrients and other resources available to native plants and co-occun-ing grass species 

(Robson 2004; Wisconsin DNR 2004, as cited in Alaska Natural Heritage Program; Da1went, 

1975). Cattle tend not to graze on G. paniculata beyond its vegetative stage, so it is of little 

forage value (Darwent, 1975). 

Gypsophila paniculata can negatively impact soil morphology. At maturity stems break 

off at the base and tumble in the wind, often resulting in off-site accumulation of plant litter. 

Plant litter is a major source of car·bon; therefore, this behavior adversely affects soil cover and 

soil organic matter. Low soil cover increases the susceptibility of soil loss to wind and water 

erosion, impacting water holding capacity, cation exchange capacity, and other soil processes 

(DiTomaso et al., 2013; Chapin et al., 2012; Wolfe & Klironomos, 2005). Low soil cover also 

affects habitat quality for wildlife (Masters & Sheley, 2001). The phloem of G. paniculata 
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synthesize the allelopathic saponins (Herold & Herny, 2001). After synthesis, the compounds 

move throughout the plant and are present in root exudates, leachates, and litter, eventually 

affecting the chemical composition of soil organic matter (Herny et al., 1990; Korkmaz & 

Ozcelik, 2011 ; Weidenhamer and Callaway, 2009). 

Figure 4: Gypsophila paniculata infestation in Conse1vation Reserve Program field in Daniels 
County, Montana. Photos: Inga Hawbaker 

Current Management 

Mechanical, cultural, and chemical control methods are utilized in managing G. 

paniculata, often delivering vaiied results. No form of biological control is available for the 

species (DiTomaso et al., 2013). 

Mechanical. Gypsophila paniculata has been known to tolerate shallow and infrequent 

tillage; however, frequent, deep tillage in annual cropping systems tends to stave off 

establishment and smvival of G. paniculata (Da1went et al., 1967; DiTomaso et al., 2013). Land 

comprised of sandy, coarse textured soils is usually tilled less intensively, and many producers in 
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n01iheastern Montana have adopted conservation tillage practices, therefore G. paniculata 

occasionally survives (Figme 5; Druwent et al., 1967). In perennial landscapes, deep cultivation 

controls G. paniculata, although it is critical that the plant is severed 15-30 cm (6-12 in) below 

the crown to decrease the likelihood of plant regeneration (DiTomaso et al. , 2013). Although 

cultivation effectively controls G. paniculata, it negatively impacts the soil by causing 

compaction, reduced hydraulic conductivity, nutrient depletion, increased runoff, and erosion 

(Kasper et al., 2009; Seitz et al. , 2019). 

Figme 5: Gypsophilapaniculata in a wheat field in Daniels County, 
Montana; field was in the second year of annual crop production. 
Photo: Inga Hawbaker 

On a small scale, hand pulling can control young plants but becomes difficult as plants 

matme. Severing the taproot below the caudex with a sharp tool will kill the plant (DiTomaso et 

al., 2013; Eme1y & Doran, 2013). Below the caudex, there ru·e no buds to reestablish the plant if 

tilled or severed (Agriculture Knowledge Centre, 2023). Spot-burning has been advocated as an 

effective control method by flruning the crown of the plant; initial treatments are often sufficient 
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to remove most seedlings and young plants, but repeated treatments are necessaiy to stress 

resprouting plants (Agriculture Knowledge Centre, 2023; McGowan-Stinski, J. & Gostomski, T.; 

Eme1y & Doran, 2013). 

Mowing is another mechanical control method and can be used to decrease annual seed 

set and to increase the availability of light and resources for desirable plant species (Di Tomaso et 

al., 2013; Sheley et al., 2017). The timing of mowing is critical as reseai·ch indicates that G. 

paniculata seeds continue to ripen when discarded in cut floral bouquets, suggesting mowing 

before flowering is required (Washington State Noxious Weed, 2021). While mowing depletes 

root reserves, reduce seed production, and the subsequent spread of the plant, it does not have a 

noticeable effect on the vigor or abundance of existing G. paniculata plants (DiTomaso et al. , 

2013; Agriculture Knowledge Centre, 2023; Sheley et al. , 2017). Mowing can be most effective 

when used with other management methods (Flint, 2012). Integrating mowing with herbicides 

enhances control of perennial weeds (Sheley et al., 2017). Mowing or haying operations on 

invaded CRP acres are prohibited May 15 to July 15 to allow for the primary bird nesting period, 

thus limiting the feasibility of mowing as a management tool. 

Cultural. Research suggests that heavy, continuous grazing can be used to control G. 

paniculata in perennial landscapes when plants are in vegetative stages, inhibiting plant vigor, 

seed production, and seedling development. Light or inconsistent grazing has little effect on 

plant growth or seedling development and has even increased populations (Daiwent et al., 1967; 

DiTomaso et al. , 2013). As the plant nears flowering, nutritional value, and palatability of the 

plant decrease; the shoots become brittle and fibrous and are no longer of vegetative value to 

livestock (Da1went et al., 1967). 
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Chemical. Herbicides with vaiying modes of action have been used to manage G. 

paniculata (DiTomaso, 2013). The foliage of G. p aniculata becomes sparse as plants mature, 

reducing herbicide effectiveness as there are fewer leaves for droplets to adhere to. The herbicide 

active ingredients, application timing, application rate, and integration of other control methods 

are factors that affect treatment results. Most herbicide treatments are recommended when G. 

paniculata is post-emergent, during the bolt to pre-flower stages (DiTomaso, 2013; Montana 

State University Extension, 2015). 

Growth regulators, which are systemic, synthetic auxin herbicides selective for broadleaf 

species, ai·e often used for chemical control of G. paniculata. These herbicides mimic auxin, a 

plant growth ho1mone, resulting in many growth-related effects in the plant (Orloff et al. , 

2020b ). The following growth regulator herbicides or tank mixed products containing a growth 

regulator herbicide are recommended for G. paniculata: (l) 2,4-D at 2242 to 4483 g ha-1 (32 to 

64 oz ac-1); (2) aminopyralid + metsulfuron at 175 to 210 g ha-1 (2.5 to 3 oz ac-1; Opensight®); 

and (3) dicamba at 3363 to 6725 g ha-1 (48 to 96 oz product ac-1; Banvel®; DiTomaso, 2013; 

Prather & Peachey, 2022). Research indicates that 2,4-D only provides suppression, therefore 

adding chlorsulfuron to the tank mix results in improved control. Aminopyralid and metsulfuron 

methyl are recommended at preemergence in the fall or postemergence in the spring when plants 

ai·e at the seedling or rosette stage; metsulfuron is an amino acid inhibitor and is effective in the 

tank mix given its soil residual activity. Dicamba is most effective at higher rates, is broadleaf­

selective, and is safe on most grasses (DiTomaso, 2013; Prather & Peachey, 2022). 

Amino acid synthesis inhibitors are another type of chemical mode of action that are 

often used to control G. paniculata. When applied to young actively growing plants, amino acid 
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synthesis inhibitors bind to enzymes and prevent the development of key amino acids essential to 

protein development and plant growth (Orloff et al., 2020a). Recommendations include: (1) 

glyphosate at 4483 g ha1 (64 oz product ac-1; Roundup Pro Max®); (2) chlorsulfuron at 7 to 182 

g ha-1 (1 to 3 oz product ac-1; Telar®); (3) imazapic at 560 to 841 g ha-1 (8 to 12 oz product ac-1
; 

Plateau®); and (4) metsulfuron methyl at 70 to 140 g ha-1 (I to 2 oz product ac-1; Esco1t®; 

DiTomaso, 2013; Prather & Peachey, 2022). All herbicides are recommended as post emergent 

treatments when plants are rosettes or are bolting (DiTomaso, 2013; Prather & Peachey, 2022). 

Glyphosate is often used when reseeding is to closely follow treatment as glyphosate has no soil 

activity and will not injure seedlings emerging after application (DiTomaso, 2013). However, 

glyphosate is non-selective and will injure non-target plants. Imazapic is selective, has soil 

residual, and can be used in combination with glyphosate, or 2,4-D, to aid in bumdown. A non­

ionic surfactant improves metsulfuron methyl applications (DiTomaso, 2013). Peer reviewed 

research is limited regarding effectiveness or long-tem1 results of these treatments. Like mowing 

or haying operations, landowners with G. paniculata invaded CRP acres must consider the 

prima1y nesting peiiod (May 15 to July 15) when implementing herbicide control methods. 

According to the document "Montana Implementation Requirement Sheet, Conservation Rese1ve 

Program (CRP), Cover Establishment and Maintenance Requirements" (MT-IR-14A), herbicide 

control methods are often confined to spot spraying and tinling outside of the prima1y bird 

nesting period to reduce the impacts to wildlife habitat. 

Our understanding of the invasive potential of G. paniculata and the ecological and 

economic consequences stemming from G. paniculata infested environments has progressed in 

recent years. However, there is a continued lack of info1mation concerning management of the 



22 

invasive species using chemical control in CRP acres, rangelands, pasture, and haylands. The 

objective of this study was to improve G. paniculata management by addressing the following: 

1) identify a treatment regime that provided effective control of G. paniculata; 2) determine 

whether herbicide application timing, or mowing as a treatment, lends value to an herbicide 

management program; and 3) identify a treatment regime with minimal injmy to desirable 

vegetation, specifically perennial grasses. The herbicides selected as treatments in this project 

included imazethapyr (Pursuit®), metsulfuron methyl (Omni® Brand MSM 60 DF), and 

dicamba (Opti-DGA™). The use of brand names in the description of the herbicides is only for 

clarification and a broader understanding. Like metsulfuron methyl and imazapic, imazethapyr is 

a group 2 amino acid synthesis inhibitor and can be used in managing broadleaf weeds in alfalfa 

(Orloff et al., 2020a). Herbicides were chosen based on previous literature, product label 

requirements, and alignment with overall project objectives to obtain effective control of G. 

paniculata with minimal damage to desirable vegetation. I hypothesized that the spring 

metsulfuron methyl treatments would result in the greatest reduction in density of G. paniculata 

compared to other herbicides and herbicides would not affect the density of G. paniculata. I also 

predicted that mowing would not affect the density of G. paniculata. 
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CHAPTER TWO 

MATERIALS AND MEIHODS 

Site Description 

The field trial was conducted from the fall of 2020 to the summer of 2023 on a fo1merly 

renovated (10 yr) 32.6 ha CRP field (hereafter refened to as the study site) approximately 32 km 

no1ih of Peerless, Montana, and 1 km south of the Saskatchewan border (48° 47' 21.62 N, 105° 

24' 43.60 W) (Figure 6). Peerless is in Daniels County. 

MONTANA Study Site 

Figure 6: The study site was in Daniels County, Montana, north of Peerless. Map from Yellow 
Maps World Atlas, retrieved from https://www.yellowmaps.com/map/montana-labeled-map-
118.htm. 

https://www.yellowmaps.com/map/montana-labeled-map
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The experiment was conducted on sandy-loam soil in the frigid Typic Argiustolls class, 

containing very deep, well drained soils that formed in alluvium and have ve1y gravelly, loamy 

coarse sand at a depth of 50.8 to 101.6 cm (20 to 40 in; National Cooperative Soil Survey). Soils 

in the area are primarily of the Truner series, a series found primarily on the plains of central and 

eastern Montana and used for dry land and inigated crops and as rangeland (National 

Cooperative Soil Survey; Soil Survey Staff). Cation exchange capacity for these soils is 11.3 

milliequivalents per 100 g with 3% organic matter; the soils are comprised of 17.5% clay, 64.2% 

sand, and 18.3% silt (Soil Survey Staff). 

Some of the dominant plant species at the study site were G. paniculata (baby's breath), 

Agropyron cristatum (L.) Gaertn. (crested wheatgrass), Bromus inermis Leyss. (smooth brome), 

Mediago sativa L. (alfalfa), Andropogon gerardii Vitman (big bluestem), Elymus smithii Rydb. 

(western wheatgrass), Koeleria macrantha Ledeb. (prairie June grass), Dalea purpurea Vent. 

(purple prairie clover), andArtemisiafrigida Willd. (fringed sage) (Table 1). The average annual 

precipitation for the area is 320 mm (12.6 in) with the majority falling in May, June, and July 

(Western Regional Climate Center, 2023). 



25 

Table 1: Dominant plant species present at the study site in Daniels County, Montana. 

Plant functional group Scientific Name Common Name Origin 

Perennial forbs Gypsophila paniculata L. Baby's breath Non-nat ive 
Mediago sativa L. Alfalfa Non-nat ive 

Melilotus officinalis Yellow sweetclover Non-nat ive 

Solidago canadensis L. Canada goldenrod Native 

Daleo purpurea Vent. Purple pra irie clover Native 

Unum lewisii Parsh var. lewisii Prairie flax Native 

Gaura coccinea {Oenothera suffrutescens {Ser.) W.L. Scarlet ga u ra Native 

Pediomelum argophyllum {Pursh) J.W. Grimes Silvery scurfpea Native 

Artemisia frigida Willd. Fringed sage Native 

Antennaria neglecta Greene Field pussytoes Native 

Heterotheca vil/osa var. minor Hairy goldenaster Native 

Achillea millefolium L. Western yarrow Native 

Sphaeralcea coccinea (Nutt.) Rydb. Scarlet globemallow Native 

Vicia americana Muhl. Ex Willd. American purple vetch Native 

Thermopsis rhombifolia (Nutt. ex Pursh) Nutt. ex Roundleaf thermopsis Native 

Potentilla pensy/vanica L. Pennsylvania cinquefoil Native 

Penstemon graci/is Nutt. Slender beardtongue Native 

Selaginel/a densa Rydb. Clubmoss Native 

Perennial grass Agropyron cristatum (L.) Gaertn. Crested wheatgrass Non-nat ive 

Bromus inermis Leyss. Smooth brome Non-nat ive 

Boute/oua graci/is Willd. Blue grama Native 

Koeleria macrantha Ledeb. Prairie Junegrass Native 

Stipa comata Trin. & Rupr. Needle and thread grass Native 

Andropogon gerardii Vitman Big bluestem Native 

Schizachyrium scoparium (Michx) Nash Little bl uestem Native 

Oryzopsis hymenoides Indian ricegrass Native 

Elymus smithii Rydb. Western wheatgrass Native 

Annual forb Crepis tectorum Narrowleaf Hawksbeard Non-nat ive 

Conyza canadensis (L.) Cronquist Canada horseweed Native 

Experimental Design 

The field trial used a split-plot randomized complete block design with three blocks 

(replicates). Blocks were positioned at the study site based on availability of contiguous G. 

paniculata plants. Each block was divided in half and one side was determined at random to 

receive a mowing treatment (split-plot). Each whole plot measured 3 m by 9 m and each split 

plot measured 3 m by 4.5 m. 
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Three different herbicides applied in the fall, spring, or fall and spring, and a non­

sprayed control were applied for a total of 10 treatments. The split plot included non-mowed or 

mowed to simulate chyland haying operations used by producers in the region (Table 2). 

Herbicide applications were made using a handheld CO2 -powered boom sprayer with flat fan 

nozzles, and included the following: 1) imazethapyr (Pursuit®) at 210.2 g ha-1 (3 oz ac-1); 2) 

metsulfuron methyl (Omni® Brand MSM 60 DF) at 46.9 g ha-1 (0.67 oz ac-1); and 3) dican1ba 

(Opti-DGA™) at 280.2 g ha-1 (4 oz ac-1
) . All herbicides were applied with a nonionic surfactant 

at 0.25% v/v herbicide solution. Fall herbicide treatments were applied on 16 September 2020, 

16 September 2021 , and 29 September 2022. Spring herbicide treatments were applied 15 May 

2021, 2 June 2022, and 17 June 2023. Split-plots were mowed to 8 cm (3 in.) with an 18hp DR® 

(DR Power Equipment Vergennes, Ve1mont) field and bmsh mower on 5 August 2020, 13 

August 2021, and 31 August 2022. 

Table 1: Ten treatments, including a control (non-sprayed), were applied to Gypsophila 
paniculata; three different herbicide timings were tested including fall, spring, and fall and 
spnng. 

Herbicide treatments 

1. lmazethapyr (Pursuit®) 
2. Metsulfuron methyl (Omni® Brand MSM 60 DF) 

3. Dicamba (Opti-DGA ™) 

4. Control - Non-sprayed 

s. lmazethapyr (Pursuit®) 

6. Metsulfuron methyl (Omni® Brand MSM 60 DF) 

7. Dicamba (Opti-DGA ™) 

8. lmazethapyr (Pursuit®) 

9. Metsulfuron methyl (Omni® Brand MSM 60 DF) 

10. Dicamba (Opti-DGA ™) 

Season 

Spring 
Spring 

Spring 

Fall 

Fall 

Fall 

Fall, Spring 

Fall, Spring 

Fall, Spring 

Year Spray rate 

2021 , 2022, 2023 210.2 g ha-1 (3 oz ac-1) 

2021,2022, 2023 46.9 g ha-1 (0.67 oz ac-1) 

2021,2022, 2023 280.2 g ha-1 (4 oz ac-1) 

2020,2021 , 2022 210.2 g ha-1 (3 oz ac-1) 

2020,2021 , 2022 46.9 g ha-1 (0.67 oz ac-1) 

2020,2021 , 2022 280.2 g ha-1 (4 oz ac-1) 

2020,2021 , 2022, 2023 210.2 g ha-1 (3 oz ac-1) 

2020,2021 , 2022, 2023 46.9 g ha-1 (0.67 oz ac-1) 

2020,2021 , 2022, 2023 280.2 g ha-1 (4 oz ac-1) 
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Vegetation Sampling 

Data collection occmTed on 28 July 2021, 17 August 2022, and 28 August 2023. To limit 

subjectivity, field teams consisted of two experienced persons that made measurements, and two 

recorders. In the field we: (1) counted the number of individual G. paniculata plants per split 

plot; (2) measured plant height from the base to tallest point of canopy); (3) counted the number 

of stems (shoots) per plant; (4) measured diameter of plants (across top of canopy); and (5) noted 

if plant was flowering/not flowering. 

Canopy cover was evaluated based on the following functional groups: (1) perennial 

forbs; (2) perennial grasses; (3) annual forbs; (4) annual grasses; (5) litter; and (6) bare ground. 

A 20 cm x 50 cm Daubenmire (1959) frame was used to estimate cover; three frames were 

randomly placed in the center of each split-plot and cover to the nearest 1 % of each functional 

group was recorded. A 0.61-m (2-ft) buffer between adjacent plots within whole blocks was 

excluded to avoid edge effects. 

Statistical Analysis 

We assessed changes in G. paniculata plant density and perennial grass cover annually 

over a three-year period following herbicide treatments, sta1ting with data collection at the end of 

the 2021 field season and culminating with data collection at the end of the 2023 field season. 

Density of G. paniculata was analyzed using a linear mixed effects model (' lmer' in R package 

' lme4'; Bates et al., 2015). The random effect was plot identity, which was used to account for 

repeated measures of the same plots over the three-year period. To assess the impact of herbicide 

treatment and mowing, backwards model selection was used starting with the full model and 

removing the interactive te1ms first. The full model had fixed effects of mowing, year, and 
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herbicide, the 3-way interaction between the 3 effects, and the 2-way comparisons of the effects. 

To simplify models a criterion of alpha=0.05 derived from an F-test ratio was used to justify 

removal ofte1ms, and type-III analysis of variance (ANOVA) using the Satterthwaite's method 

was used to estimate degrees of freedom. Using the most parsimonious model, estimated 

marginal means of G. paniculata density was calculated and compared using the Tukey post-hoc 

('emmeans ' in R package 'emmeans '; Lenth, 2021). Perennial grass cover was also analyzed 

using the same backward analysis of variance (ANOV A) procedure. All statistical analyses and 

graphics were perfo1med and produced using R, version 4.3 .2 (2023-10-31 ucrt). Differences 

between all explanatory and response variables for the models were analyzed at the P < 0.05 

level. 
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CHAPTER THREE 

RESULTS 

The density of G. panicu lat a was significantly affected by herbicide treatments (P=0.001 ; 

Table 3), and year (P=0.0043; Table 3), but not by mowing (P=0.3930, Table 3). Mowing did not 

interact with herbicide to affect the density of G. paniculata (P=0.3067; Table 3). Also, mowing 

did not affect the density of G. paniculata in the non-sprayed control (P=0.3930; Table 3). After 

model selection, the main effect from herbicide treatments and the main effect from the year 

affected the density of G. paniculata. Year significantly affected G. paniculata density 

(P=0.0043). However, herbicide and year did not interact to affect G. paniculata density 

(P=0.4018). 

Table 2: Analysis of variance (ANOVA) for a linear mixed effects model of Gypsophila 
paniculata relative density in response to herbicide treatment (Herbie); mowing treatment 
(Mow); over years (Year), and their 2- and 3-way interactions. Significant P-values are in bold 
type (a = 0.05). 

Predictor Sum Sq. Mean Sq. NumDF DenDF F-value Pr(>F) 

Herbie 192.5 21.4 9 165 65.3 <0.001 

Mow 0.2 0.2 1 164 0.7 0.3930 

Year 3.7 1.8 2 165 5.6 0.0043 

Herbie: Mow 3.5 0.4 9 155 1.2 0.3067 

Herbie: Year 6.1 0.3 18 137 1.1 0.4018 

Mow: Year 0.2 0.1 2 135 0.2 0.7965 

Herbie: Mow: Year 3.8 0.2 18 117 0.6 0.8786 

ANOVA table using type ill analysis of variance with Satte1ihwaite' s method. 
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Herbicide active ingredient was more important than timing of the application. 

Metsulfuron methyl treatments resulted in the lowest density of G. paniculata (Fig. 7) after three 

years. All herbicides reduced G. paniculata density compared to the non-sprayed control ( 4.8 

plants/13.5 m2), but the imazethapyr and dicamba treatments had a higher density of G. 

paniculata than treatments that contained metsulfuron methyl (Fig. 7). 
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Figme 7: Effects of herbicide treatments on mean density of Gypsophila paniculata per sample 
unit over a three-year period with 95% confidence intervals. Different grouping letters indicate 
differing means among the 10 herbicide treatments; identical grouping letters indicate similar 
means. The herbicide treatments included the following: 1: imazethapyr at 210.2 g ha-1, spring 
application; 2: metsulfuron methyl at 46.9 g ha-1

, spring application; 3: dicamba at 280.2 g ha-1
, 

spring application; 4: non-sprayed control; 5: imazethapyr at 210.2 g ha-1, fall application; 6: 
metsulfuron methyl at 46.9 g ha-1

, fall application; 7: dicamba at 280.2 g ha-1
, fall application; 8: 

imazethapyr at 210.2 g ha-1, spring and fall application; 9: metsulfuron methyl at 46.9 g ha-1, 
spring and fall application; 10: dicamba at 280.2 g ha-1

, spring and fall application. 
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Timing of metsulfuron methyl treatments affected G. paniculata density, with combined 

sp1ing and fall application (0.1 plants/13.5 m2) and spring-only application (1.4 plants/13.5 m2) 

being significantly lower than the fall-only application (2.7 plants/13.5 m2; Fig. 7). Timing of 

dicamba and imazethapyr treatments did not matter. 

Perennial Grass Response 

Perennial grass cover was not affected by the interaction between year and herbicide 

treatment (P=0.9695). Perennial grass cover was not affected by year (P=0.1138), nor was it 

affected over the three years by herbicide treatment (P=0.6101). 
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Figure 8: Perennial grass cover over three years according to herbicide treatment. Perennial grass 
cover was not affected by the interaction between year and herbicide treatment (P=0.9695). The 
herbicide treatments included the following: 1 : imazethapyr at 210.2 g ha-1, spring application; 2: 
metsulfuron methyl at 46.9 g ha-1, spring application; 3: dicamba at 280.2 g ha-1, spring 
application; 4: non-sprayed control; 5: imazethapyr at 210.2 g ha-1, fall application; 6: 
metsulfuron methyl at 46.9 g ha-1, fall application; 7: dicamba at 280.2 g ha-1, fall application; 8: 
imazethapyr at 210.2 g ha-1, spring and fall application; 9: metsulfuron methyl at 46.9 g ha-1, 
spring and fall application; 10: dicamba at 280.2 g ha-1, spring and fall application. 
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CHAPTER FOUR 

DISCUSSION 

In this study, we compared methods of management of G. paniculata, a highly adaptive 

and problematic perennial weed in rangeland, pasture, Conservation Rese1ve Program (CRP) 

acres, and haylands. Ce1iain herbicide treatments reduced G. paniculata after initial treatment 

compared to the control and other herbicide treatments. Mowing had no effect on G. paniculata 

and did not interact with the herbicide treatment. Perennial grass cover was not affected by 

herbicide treatment. Herbicide treatments containing the active ingredient metsulfuron methyl 

had the lowest amount of G. paniculata and application conducted in spring or in spring and fall 

had the lowest amount of G. paniculata at the end of the study. Perennial grass cover did not 

differ among treatments, indicating that there was no collateral damage of grass associated with 

herbicide applications. 

Effects of herbicide treatments 

Metsulfuron methyl treatment which was applied in the spring and fall were the most 

effective in reducing the density of G. paniculata. The effect of spring and fall treatments of 

metsulfuron methyl (Omni® Brand MSM 60 DF) applied at 46.9 g ha-1 was closely followed by 

the spring-only treatment of metsulfuron methyl (Omni® Brand MSM 60 DF) applied at 46.9 g 

ha-1 and were different from the fall-applied metsulfuron methyl treatment. However, the fall­

applied metsulfuron methyl treatment was significantly more effective than the spring-applied 

imazethapyr and dicamba treatments, which strongly indicates that herbicide active ingredient is 

more impmiant than timing. It also indicates that canyover of fall-applied metsulfuron methyl 

inhibits G. paniculata spring growth. Herbicide canyover occurs when the active ingredient in a 
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fmmulated product remains in the soil for a period depending on the persistence of the active 

ingredient (Orloff et al.,2020c). According to the Omni® Brand 60 DF product label, under 

certain conditions, metsulfuron methyl can remain active in the soil for up to 34 months. 

Nonetheless, the results from the metsulfuron treatments strongly suggest that spring applications 

are the catalyst for effective control of the species. The success of these findings aligns with 

previous work conducted on managing G. paniculata (DiTomaso, 2013; Montana State 

University Extension, 2015). From an economic perspective, the similar efficacy of the spring 

metsulfuron methyl treatments indicates that producers can put less chemical into the 

environment and spend less money by applying the spring-only treatment. 

Like metsulfuron methyl, imazethapyr is a group 2 amino acid inhibitor, but imazethapyr 

treatments did not perform as well as metsulfuron methyl treatments even though they did reduce 

G. paniculata compared to the non-sprayed control. The timing of imazethapyr treatments did 

not matter. Dicamba, a group 4 synthetic auxin growth regulator, had a mean density of G. 

paniculata that was similar to the imazethapyr treatments, reducing G. paniculata density below 

that of the non-sprayed control regardless of timing of application. Nonetheless, dicamba 

treatments did not reduce the density of G. paniculata as low as metsulfuron methyl treatments. 

Effects of Mowing 

Mowing did not affect the density of G. paniculata in the non-sprayed control which 

aligned with previous work (DiTomaso et al. , 2013; Agriculture Knowledge Centre, 2023). The 

results of this study did not confirm this, but some evidence suggests that combining mowing 

with herbicides can enhance perennial weed control (Sheley et al., 2017). However, the results 

suggest that mowing or haying during the tested period does not lend value to a management 
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program as a stand-alone treatment, especially if applied when plants are beyond the early 

flowering stages (Sheley et al. , 2017; Flint, 2012). Proper timing of mowing is critical and 

should be tailored depending on the growth and flowering pattern of the weed present (Flint, 

2012). If properly timed, mowing undesired plants will decrease reproductive potential and 

competitive abilities and favor desired plants (Sheley et al., 2017). 

Over the three-year study, G. paniculata was in the inte1mediate to late stages of 

flowering when mowing was applied at the study site (August 5, 2020; August 13, 2021; and 

August 31, 2022, respectively) and it is possible the mowing treatment was applied too late in the 

season to effectively inhibit seed production. Mature plants tend to have a multitude of flowers at 

various stages of development (Daiwent & Coupland, 1966). In no1theastern Montana, G. 

paniculata develops flowers buds in eai·ly to mid-June; flower buds break stait ing in mid-June; 

sta1ting in mid-August through September, plants stems become dry and brittle, break off at the 

base and tumble across the landscape (Daiwent & Coupland, 1966). 

Gypsophila paniculata seeds continue to ripen when discarded in floral an-angements, 

implying that G. paniculata plants in infested acres will do the same if mowed or ha1vested when 

plants ai·e in full bloom or beyond (Washington State Noxious Weed, 2021). Therefore, whether 

G. paniculata is ha1vested as forage and moved off-site, if conditions allow, seeds will reach 

viability and germinate in subsequent years (Darwent & Coupland, 1966; Washington State 

Noxious Weed, 2021). CmTently, the benefit for land managers and producers in haying infested 

acres when G. paniculata is in flower can be viewed as a reduction in seeds deposited on site; 

however, mowing or haying operations may spread G. paniculata seed by blowing seeds from 

the site or transpo1ting them on equipment (Hooks & Joseph, 2022). Mowing or haying 
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operations on invaded CRP acres are prohibited until July 15 to allow for the primaiy nesting 

period, thus limiting the feasibility of mowing as a management tool. 

Effects on perennial grass cover 

Perennial grass cover was not affected by the interaction between year and herbicide 

treatment. Overt collateral damage to perennial grasses was not observed, despite cautiona1y 

statements on the metsulfuron methyl (Omni® Brand MSM 60 DF) and imazethapyr (Pursuit®) 

product labels stating that injmy to perennial grasses may occur. Surprisingly, ove1t collateral 

damage to non-tai·get perennial forbs and Medicago sativa (alfalfa), was also not observed. 

Metsulfuron methyl (Omni® Brand MSM 60 DF) and dicamba (Omni®-DGA) herbicide labels 

both refened to the sensitivity of alfalfa, clover, and other legumes, and noted that the species 

may be severely stunted or injured by the products. Perennial forb cover data were convoluted as 

it included G. paniculata, therefore they were not statistically evaluated. Given the effectiveness 

of metsulfuron methyl in reducing G. paniculata density, the herbicide deserves fuither research 

to determine if it provides long-term control of G. paniculata without sacrificing perennial forbs. 

Recommending spring herbicide treatments to reduce G. paniculata density in infested 

areas could potentially conflict with agronomic activities in the region; historically, it has been 

common for herbicide treatment not to occur until after spring fa1ming activities have subsided, 

often when G. paniculata was in bloom (Daniels County, Weed Coordinator, Connie Wittak, 

personal conversation). Gypsophila paniculata is also easier to locate and identify when plants 

are flowering. Fmthermore, landowners with G. paniculata invaded CRP acres must consider the 

primary nesting period (May 15-July 15) when implementing herbicide control methods. 

Herbicide control methods are often confined to spot spraying and timing outside of the primary 
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bird nesting period to reduce the impacts to wildlife habitat. Whether spraying is allowed within 

the primaiy nesting period is to be evaluated on a case-by-case basis by Farm Service Agency 

(FSA) and Natural Resources Conservation Se1vice (NRCS), with timing and scope of the 

infestation being contributing factors (District Conse1vationist, USDA-NRCS, GaITett Larson, 

personal communication). 

Overall, G. paniculata invaded acres pose a significant problem for land managers and 

producers in northeastern Montana. My paper presents results from nine different herbicide 

tr·eatment regimens evaluated over a three-year period. Metsulfuron methyl treatments applied in 

the spring were the most effective in reducing the density of G. paniculata. Prior research 

conducted regarding long-te1m contr"ol of G. paniculata in Montana is limited, therefore 

additional years of monito1ing will occur to determine the long-te1m effects of the herbicide 

tr·eatments. Long term in1pacts will be studied to refine management decisions. 

Based on the results of this study, I recommend the spring application of metsulfuron 

methyl used in this study to reduce the density of G. paniculata in rangeland, pasture, CRP acres, 

and haylands throughout no11heastern Montana. Perennial grass cover was not affected by 

herbicide tr"eatment, and ove1t collateral damage to perennial grasses and perennial forbs was not 

obse1ved. Metsulfuron methyl dese1ves further reseai·ch to dete1mine if the herbicide provides 

long-te1m contr"ol of G. paniculata without sacrificing perennial forbs. I do not recommend 

mowing or haying as standalone tr·eatments for G. paniculata, as mowing does not affect the 

density of G. paniculata. Fmthe1more, if admissible for the site, mowing or haying operations 

should take place before the flowering stage to effectively inhibit seed production. 
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