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primisulfuron. Primisulfuron at 5 g/ha applied alone reduced downy brome dry

weights by 5%, whereas, when an adjuvant was added, dry weights were

reduced by 52 to 83%. Primisulfuron was more phytotoxic to downy brome at

alternating temperatures of 8-16 C and 16-24 C than at 0-8 C. Phytotoxicity of
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Response of Downy Brome (Bromus tectorum) and
 
Kentucky Bluegrass (Poa pratensis) to Primisulfuron
 

INTRODUCTION
 

Weeds are part of an agriculturist's everyday life. Downy brome (Bromus 

tectorum L.) is a serious weed problem in several agricultural systems. The 

name bromus comes from a Greek word meaning a kind of oat and from broma, 

meaning food. The word tectorum came from the Latin word tector meaning one 

who overlays, and from tectum, meaning roof. Downy brome was introduced to 

North America from the Mediterranean area of Europe (Upadhyaya et al. 1986). 

It was first identified in the United States in 1861 in New York and Pennsylvania 

(Morrow and Stahlman 1984). It was possibly introduced into parts of the 

western United States by a peddler selling a 100-day grass. By approximately 

1914, downy brome had spread throughout most of North America. By 1916, 

downy brome seed had been found in harvested wheat. In the Pacific 

Northwest, it initially became established on overgrazed land and then spread 

into agricultural systems (Morrow and Stahlman 1984). 

Downy brome is a winter annual that generally germinates in the fall or early 

spring over a wide range of moisture and temperature conditions. It has specific 

photoperiod and temperature requirements for panicle differentiation. 

Vernalization or short days prior to exposure to long days is essential for 

flowering (Thill et al. 1984). Downy brome is easily established; has a shallow, 

dense root system; and grows quickly. Roots of downy brome continue to grow 
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during the winter allowing it to gain control of a site before seedlings of other 

species become established. Downy brome is capable of producing over 450 

kg/ha of seed with about 330,000 seeds/kg (Morrow and Stahlman, 1984). 

The reduction of competition from other weeds, notably wild oats and 

ryegrass, by the use of herbicides has created an opportunity for Bromus spp. to 

replace the controlled species. "New, reliable and economically feasible 

controls of downy brome must be forthcoming" (Peeper 1984). Downy brome 

can be controlled in numerous crops, but there is a need for further research to 

control downy brome in Kentucky bluegrass grown for seed. 

Primisulfuron (Beacon) is a sulfonylurea herbicide that controls many 

broadleaf and grass weeds when applied postemergence. Residual 

preemergence control of certain weeds may also be achieved (Anonymous 

1989). Sulfonylurea herbicides are taken up by plant roots and foliage and are 

translocated to the growing points of shoots and roots (Brown 1990). 

Suffometuron was absorbed into centipedegrass (Eremochloa ophiuroides) and 

bahiagrass (Paspalum notatum) by the roots and foliage. Foliar or foliar plus 

soil applications of sulfometuron prevented regrowth of bahiagrass while 

centipedegrass was tolerant of all methods of application (Baird et al. 1989). 

Chlorsulfuron and metsulfuron phytotoxicity to wild garlic was greater when 

applied to the foliage or to the foliage and soil than when applied to the soil only 

(Leys and Slife 1988). 

The mechanism of action of sulfonylurea herbicides is inhibition of 

acetolactate synthase, which blocks the biosynthesis of the branched chain 
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amino acids valine, leucine, and isoleucine. This inhibition stops plant cell 

division and growth (Brown 1990). 

Sulfonylurea herbicides are effective at very low rates. There is a wide range 

of sensitivity among crops to these herbicides. Degradation in the soil occurs 

primarily by chemical hydrolysis with a limited amount of microbial breakdown. 

The rate of degradation increases with increasing temperature, increasing soil 

moisture content, and decreasing pH. Primisulfuron has a short to moderate soil 

persistence, and has a half-life of 25-30 days under laboratory conditions and 

about 1 to 8 weeks in field conditions (Anonymous 1989; Brown 1990). 

Adjuvants increase the performance of most herbicides. The crop, weed 

species to be controlled, and the environment will influence which adjuvant is 

needed in each situation. Environmental conditions play an important role in the 

decision of which to use. "An adjuvant must be applied with Beacon for most 

consistent results. Add either a nonionic surfactant with a minimum of 80% of 

the constituents effective as a spray adjuvant (e.g., X-77) at a spray volume of 

0.25% v/v or a petroleum- or vegetable-based crop oil concentrate containing 

not less than 15% emulsifier at 1 to 4 pints per acre as specified on the oil 

adjuvant label. The concentration of the oil adjuvant should not exceed 2.5% 

(Ciba-Geigy 1989)." Hart et al. (1992) reported that replacing a non-ionic 

surfactant with a methylated seed oil (MSO) and organosilicone adjuvant 

increased giant foxtail control with primisulfuron. Absorption of primisulfuron 

was enhanced more by MSO than the organosilicone adjuvant, but foliar spray 

retention was greater for the organosilicone adjuvant than with the MSO. Green 
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foxtail control by nicosulfuron also was increased more by MSO than the other 

adjuvants tested (Nalewaja et al. 1991). 

Environmental conditions influence the efficacy of many postemergence 

herbicides (Nalewaja and Woznica 1985). Primisulfuron was more phytotoxic to 

giant foxtail and quackgrass under cool-moist than hot-dry conditions (Morton 

and Harvey 1994). Imazethapyr phytotoxicity to kochia (Kochia scoparia) was 

generally highest at 20 C, intermediate at 30 C, and lowest at 10 C. The kochia 

plants also were injured less by postemergence applications of imazethapyr 

when water stressed (Nalewaja et al. 1990). Chlorsulfuron phytotoxicity to green 

foxtail and kochia was greater when plants were not stressed or only stressed 

before treatment than when plants were water stressed after treatment (Nalewaja 

et al. 1985). 

Primisulfuron is currently being tested for control of downy brome in Kentucky 

bluegrass fields. When applied to established stands of Kentucky bluegrass, 

primisulfuron did not improve clean seed yield over the untreated control or the 

standard treatment of oxyfluorfen plus metribuzin. Primisulfuron did provide 

good downy brome control, increasing the purity of the Kentucky bluegrass 

sample. Primisulfuron also did not affect germination resulting in a higher 

percentage of pure live seed, when compared to the standard herbicide 

treatment and the untreated control (Ball and Walenta 1996). 

The objectives of this research were to determine the influence of adjuvants 

and environmental conditions on primisulfuron phytotoxicity to downy brome and 

Kentucky bluegrass. 
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ABSTRACT
 

Glasshouse experiments were conducted to evaluate primisulfuron 

phytotoxicity and the influence of adjuvants on downy brome and Kentucky 

bluegrass. Dose-response experiments were conducted to evaluate the 

phytotoxicity of primisulfuron applied at rates of 0.94 to 80 g ai/ha. GR50 values 

were 0.97 + 0.57 and 8.07 + 1.85 g/ha for downy brome and Kentucky 

bluegrass, respectively. Primisulfuron at 5 and 20 g ai/ha was applied to downy 

brome and Kentucky bluegrass, respectively, at 3 placement sites; foliar, soil, 

and foliar plus soil. Foliar or foliar plus soil applications of primisulfuron were 

more effective at reducing downy brome dry weights than the soil application. 

Kentucky bluegrass was injured more from the soil or foliar plus soil applications 

than from the foliar application of primisulfuron. Primisulfuron at 1.25, 2.5, and 5 

g/ha was applied alone or with adjuvants. Primisulfuron at 5 g/ha applied alone 

reduced downy brome dry weights by 5%, whereas, when an adjuvant was 

added, dry weights were reduced by 52 to 83%. Nomenclature: Primisulfuron, 

2-[[[[[4,6-bis(difluoromethoxy)-2-pyrimidinyl]amino]carbonyl]amino]sulfonyl] 

benzoic acid; downy brome, Bromus tectorum L. BROTE; Kentucky bluegrass, 

Poa pratensis L. 

Additional index words. adjuvant, herbicide placement, BROTE. 

Abbreviations. COC, crop oil concentrate; MSO, methylated seed oil; GR50, 

50% growth reduction. 
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INTRODUCTION
 

Downy brome is a serious weed problem in several agricultural systems. It 

was introduced to North America from the Mediterranean area of Europe and 

was first identified in the United States in 1861 in New York and Pennsylvania 

(Upadhyaya et al. 1986; Morrow and Stahlman 1984). In the Pacific Northwest, 

it initially became established on overgrazed lands and then spread into 

agricultural systems (Morrow and Stahlman 1984). 

The reduction of competition from other weeds, notably wild oats and ryegrass, 

by the use of herbicides has created an opportunity for the Bromus spp. to 

replace the controlled species (Peeper 1984). Downy brome can be controlled 

in numerous crops, but there is a need for further research for downy brome 

control in Kentucky bluegrass grown for seed. 

Primisulfuron is a sulfonylurea herbicide that controls many broadleaf and 

grass weeds when applied postemergence. Residual preemergence control of 

certain weeds may also be achieved (Anonymous 1989). Sulfonylurea 

herbicides are taken up by plant roots and foliage (Brown 1990). Sulfometuron 

was absorbed into centipedegrass (Eremochloa ophiuroides) and bahiagrass 

(Paspalum notatum) by the roots and foliage. Foliar and/or soil applications of 

sulfometuron prevented regrowth of bahiagrass while centipedegrass was 

tolerant of all methods of application (Baird et al. 1989). 

Adjuvants increase the activity of herbicides primarily by increasing foliar 

absorption (Wanamarta and Penner 1989). Hart, et al. (1992) reported that 
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replacing a non-ionic surfactant with a methylated seed oil (MSO) or an 

organosilicone adjuvant increased giant foxtail control with primisulfuron. 

Absorption of primisulfuron was enhanced more by MSO than the organosilicone 

adjuvant, but foliar spray retention was greater for the organosilicone adjuvant 

than for the MSO. Green foxtail control by nicosulfuron also was increased more 

by MSO than the other adjuvants tested (Nalewaja et al. 1991). 

Research was conducted to evaluate the response of downy brome and 

Kentucky bluegrass to primisulfuron when applied to the soil, foliage, or foliage 

plus soil, and to compare the effects of adjuvants on downy brome control with 

primisulfuron. 

MATERIALS AND METHODS 

For all studies, downy brome and Kentucky bluegrass seeds were planted in 

Sunshine Mix #11 in 560-ml pots. After emergence, downy brome plants were 

thinned to one plant per pot and Kentucky bluegrass plants were thinned to two 

plants per pot. The plants were grown in a glasshouse at 28/18 C day/night 

temperature with supplemental lighting. Herbicide treatments were applied 

postemergence with an overhead compressed-air glasshouse sprayer calibrated 

to deliver 187 Uha at 225 kPa. Downy brome and Kentucky bluegrass plants 

were treated at the four-leaf growth stage. 

Sunshine Mix #1, Sun Gro Horticulture, Inc 110 110th Ave. NE Suite 490, 
Belleveue, WA 98004. 
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Response to primisulfuron was determined by clipping the plants from each pot 

at the soil surface 3 wk after treatment. Harvested plants were dried at 65 C for 

a minimum of 48 h and weighed. 

Dose response experiments. In separate experiments, downy brome and 

Kentucky bluegrass, common variety, were treated with primisulfuron at: 0.94, 

1.25, 1.87, 2.5, 3.75, 5, 7.5, 10, 15, 20, 30, 40, 60, and 80 g/ha. Crop oil 

concentrate at 1% (v/v) was added to all rates. Each experiment was a 

randomized complete block with eight replications. The experiments were 

repeated. Dry weights were transformed to percent of the control within each 

replication. 

Data from the two studies were combined because the variances were 

homogeneous, based on Bartlett's test of homogeneity of variance. The rates 

that caused 50% growth reduction (GR50) were computed using the log-logistic 

analysis as described by Seefeldt, et al. (1995). For both studies, percent of the 

control was log transformed prior to analysis to produce a near normal 

distribution. The data are presented as a percent of the control while the mean 

separation procedures reflect the differences observed with the transformed 

data. For each experiment, data were subjected to analysis of variance and 

means separated using Fisher's protected LSD at p<0.05. 

Placement experiments. In separate experiments, downy brome and two 

varieties of Kentucky bluegrass, `Abbey' and `Bristol', were treated with 

primisulfuron. Primisulfuron at 5 and 20 g ai/ha was applied to downy brome 

and Kentucky bluegrass, respectively, at 3 placement sites; foliar, soil, and foliar 
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plus soil. The foliar treatment was accomplished by protecting the soil prior to 

spraying, limiting adsorption to foliar uptake. The soil-applied treatment was 

achieved by adding the proper amount of primisulfuron to 10 ml of water and 

pouring the mixture directly onto the soil surface. The foliar plus soil application 

was obtained by spraying the plants and not protecting the soil. 

A randomized complete block design with 6 replications was used. The 

experiments were repeated. Dry weights were transformed to percent reduction 

in dry weight based on the control within each replication. Data from the two 

studies were combined because the variances were homogeneous, as 

determined by Bartlett's test. Data were subjected to analysis of variance for 

downy brome, and a variety by herbicide placement factorial arrangement for 

Kentucky bluegrass. Means for each experiment were separated using Fisher's 

protected LSD at p < 0.05. 

Adjuvant experiments. In separate experiments, downy brome and two 

varieties of Kentucky bluegrass, 'Abbey' and 'Bristol', were treated with 

primisulfuron. Primisulfuron was applied at: 1.25, 2.5, 5 and 1.25, 5, and 20 

g/ha for downy brome and Kentucky bluegrass, respectively. Primisulfuron was 

applied alone and in combination with the adjuvants listed in Table 1-1. The soil 

was protected prior to herbicide application, limiting absorption to foliar uptake. 
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Table I-1. 

Adiuvant Adjuvant constituents Rate Manufacturer 

Crop Oil Paraffin-based petroleum oil, polyol fatty acid esters 1% vN Monterey 

Concentrate and polyethoxylated derivatives (99%) Chemical 

Company 

Sylgard 309 2-(3hydroxypropyl)heptamethyltrisilicone, ethoxylated, 0.25% v/v Wilbur-Ellis 

acetate (80%), polyethelyne glycoldiacetate (2%), Company 

polyethylene glycol monoallyl ether acetate (18%) 

MSO Methylated seed oil 0.75 L/ha Loveland 

Concentrate Industries 

Inc. 

R-11 Alkyl aryl polyethoxylates and compounded silicone 0.25% v/v Wilbur-Ellis 

Company 
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A randomized complete block design with six replications was used. The 

experiments were repeated. Dry weights were transformed to percent reduction 

in dry weight based on the control within each replication. Data from the two 

studies were combined because the variances were homogeneous, as 

determined by Bartlett's test. For the downy brome experiment, percent 

reduction in dry weight was log transformed prior to analysis to produce a near 

normal distribution. The data are presented as a percent reduction in dry weight 

while the mean separation procedures reflect differences observed with the 

transformed data. Data were subjected to analysis of variance with a herbicide 

by adjuvant factorial arrangement for downy brome, and a variety by herbicide 

by adjuvant factorial arrangement for Kentucky bluegrass. Means for each 

experiment were separated using Fisher's protected LSD at p < 0.05. 

RESULTS AND DISCUSSION 

Dose response experiments. All herbicide application rates reduced the 

biomass of downy brome. GR50 values calculated using the log-logistic analysis 

were 0.97 + 0.57 and 8.07 + 1.85 g/ha for downy brome and Kentucky 

bluegrass, respectively. From 3.75 to 5 g/ha of primisulfuron resulted in an 80% 

reduction in downy brome dry weights, while Kentucky bluegrass required 40 to 

60 g/ha to achieve the same reduction (Table 1-2). 
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Table 1-2. Downy brome and Kentucky bluegrass dry weights expressed as a 
percent of the control 3 wk after treatment with primisulfuron. 

Primisulfuron' Downy Brome Kentucky Bluegrass 

g/ha % of the untreated controlb 

0 100 a 100 a 

0.94 56 b 92 ab 

1.25 42 c 83 ab 

1.87 38 cd 82 bc 

2.5 30 d 81 bc 

3.75 21 e 66 cd 

5 18 e 63 d 

7.5 10 f 56 de 

10 9 f 52 e 

15 7 gh 39 f 

20 7 gh 32 g 

30 7 gh 26 gh 

40 7 gh 24 hi 

60 6 h 19 ij 

80 7.5 fah 15 i 

a) Primisulfuron was applied with crop oil concentrate at 1% v/v. 

b) Means within an experiment followed by the same letter are not significantly 
different according to Fisher's Protected LSD test at p < 0.05. 



14 

Placement experiments. For downy brome, biomass was reduced more from 

the foliar and foliar plus soil placement than from the soil placement of 

primisulfuron (Table 1-3). This is in agreement with greenhouse studies 

conducted by O'Sullivan (1982) on tartary buckwheat (Fagopyrum tataricum L.) 

control with chiorsulfuron. Leys and Slife (1988) also found that control of wild 

garlic (Allium vineale L.)with chiorsulfuron and metsulfuron was better when it 

was applied to the foliage or foliage plus soil than when applied to the soil only. 

For Kentucky bluegrass, there was no variety by placement interaction, p = 

0.3754. There also was no difference between the two Kentucky bluegrass 

varieties tested, p = 0.4891, therefore, the results are averaged over varieties. 

When averaged over Kentucky bluegrass varieties, there was more injury from 

the soil and foliar plus soil placement than from the foliar placement of the 

herbicide (Table 1-3). This increased injury of Kentucky bluegrass from the soil 

only placement cannot be explained by this study. 

Adjuvant experiments. For downy brome, there was an interaction between 

the primisulfuron rates and the adjuvants tested, p = 0.0107 (Table 1-4). 

Primisulfuron applied at 5 g/ha with MSO provided better downy brome control 

than all other treatments tested. Downy brome control with primisulfuron at 1.25 

g/ha plus MSO exceeded that of primisulfuron applied alone or with the other 

adjuvants. Control with primisulfuron applied at this rate with MSO exceeded 

that of primisulfuron applied at 2.5 g/ha with R-11 and Sylgard 309, and 

primisulfuron applied alone at 5 g/ha. 
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Table 1-3. Downy brome and Kentucky Bluegrass reduction in dry weight 3 wk 
after treatment with primisulfuron. 

Primisulfurona 

placement Downy Brome Kentucky Bluegrass 

% reduction in dry weightb 

soil only 10 a 37 b 

foliar only 89 b 9 a 

soil + foliar 91 b 43 b
 

a) Primisulfuron was applied at 5 and 20 g/ha with crop oil concentrate at 1%
 
v/v to downy brome and Kentucky bluegrass, respectively.
 

b) Means within each experiment followed by the same letter are not 
significantly different according to Fisher's Protected LSD test at p < 0.05. 
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Table 1-4. Downy brome and Kentucky Bluegrass reduction in dry weight 3 wk 
after treatment with primisulfuron plus adjuvantsa. 

Primisulfuron Adjuvant Downy Brome Kentucky Bluegrass 

Abbey Bristol 

g/ha % reduction in dry weight 

1.25 no adjuvant 0 a 5 a 24 a 

1.25 Sylgard 309 10 ab 0 a 15 a 

1.25 R-11 26 be 0 a 19 a 

1.25 COC 48 de 0 a 16 a 

1.25 MSO 61 fgh 8 a 15 a 

2.5 no adjuvant 0 a 

2.5 Sylgard 309 37 cd 

2.5 R-11 50 de 

2.5 COC 63 ghi 

2.5 MSO 70 hi 

5 no adjuvant 5 ab 0 a 20 a 

5 Sylgard 309 52 def 0 a 18 a 

5 R-11 58 efg 10 a 24 a 

5 COC 72 i 7 a 23 a 

5 MSO 83 j 5 a 18 a 

20 no adjuvant 8 a 20 a 

20 Sylgard 309 11 a 24 a 

20 R-11 8 a 21 a 

20 COC 9 a 25 a 

20 MSO 7 a 27 a 

a) Means within each experiment followed by the same letter are not 
significantly different according to Fisher's Protected LSD test at p < 0.05. 
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When averaged over adjuvant treatments, primisulfuron reduced downy brome 

dry weights by 29, 44, and 54% for 1.25, 2.5, and 5 g/ha, respectively (LSD = 6). 

For Kentucky bluegrass, there was no interaction between the varieties, the 

primisulfuron rates, or the adjuvants tested, p = 0.9904. None of the adjuvants 

increased primisulfuron injury to either Kentucky bluegrass variety (Table 1-4). 

Primisulfuron reduced dry weights of Abbey and Bristol by 6% and 19%, 

respectively (LSD=5), when averaged over herbicide rates and adjuvants. 

The differential response between downy brome and Kentucky bluegrass 

demonstrates the potential for selective control of downy brome in Kentucky 

bluegrass seed fields. The use of appropriate adjuvants may further increase 

efficacy. 
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ABSTRACT
 

Glasshouse and growth-chamber experiments were conducted to evaluate the 

influence of temperature and soil moisture on primisulfuron phytotoxicity to 

downy brome. Primisulfuron was more phytotoxic to downy brome at alternating 

temperatures of 8/16 C and 16/24 C than at 0/-8 C. Phytotoxicity of 

primisulfuron was less when downy brome plants were stressed for soil moisture 

after herbicide treatments than when the plants were not stressed or only 

stressed before treatment. Nomenclature: Primisulfuron, 2-[[[[[4,6

bis(difluoromethoxy)-2-pyrimidinyl]amino]carbonyliamino]sulfonyl]benzoic acid; 

downy brome, Bromus tectorum L. BROTE; Kentucky bluegrass, Poa pratensis 

L.
 

Additional index words. Poa pratensis, BROTE.
 

INTRODUCTION 

Downy brome is a winter annual that generally germinates in the fall or early 

spring over a wide range of moisture and temperature conditions. It has specific 

photoperiod and temperature requirements for panicle differentiation (Thill et al. 

1984). Vernalization or short days prior to exposure to long days is essential for 

flowering. Downy brome is easily established, has a shallow, dense root system, 

and grows quickly. Roots of downy brome continue to grow during the winter 

allowing it to gain control of a site before seedlings of other species are 

established (Morrow and Stahlman 1984). 
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Environmental conditions influence the efficacy of many postemergence 

herbicides (Nalewaja and Woznica 1985). Primisulfuron was more phytotoxic to 

giant foxtail (Setaria faberi Herrm.) and quackgrass (Elytrigia repens L.) under 

cool-moist than hot-dry conditions (Morton and Harvey 1994). lmazethapyr 

phytotoxicity to kochia (Kochia scoparia) was generally highest at 20 C, 

intermediate at 30 C , and lowest at 10 C. Kochia plants also were injured less 

by postemergence applications of imazethapyr when water stressed (Nalewaja 

et al. 1990). Data from field studies in Oregon indicated that downy brome 

control in seedling and established Kentucky bluegrass (Poa pratensis) varied 

with primisulfuron application timings (Ball and Walenta 1996; Walenta and Ball 

1997). 

Objectives of this research were to determine the effect of temperature and soil 

moisture on primisulfuron control of downy brome. 

MATERIALS AND METHODS 

Temperature Experiments. In separate experiments, downy brome and 

Kentucky bluegrass, variety 'Abbey', seeds were planted in Sunshine Mix #11 in 

560-m1 pots. After emergence, downy brome plants were thinned to one plant 

per pot and Kentucky bluegrass plants were thinned to two plants per pot. The 

plants were grown in a glasshouse at 18/28 C night/day temperature with 

supplemental lighting. Two days prior to herbicide treatments, the plants were 
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placed in growth chambers with alternating temperatures of 0/8 C, 8/16 C, and 

16/24 C with a 12-h night/12-h day cycle. The plants were taken outside of the 

growth chambers for 3 to 5 min for the herbicide application. After application, 

the plants were returned to their designated temperature regime for the 

remainder of the experiment. 

Primisulfuron was applied at: 1.25, 2.5, 5 g/ha and 1.25, 5, and 20 g/ha to 

downy brome and Kentucky bluegrass, respectively. Crop oil concentrate at 1% 

(v/v) was added to all herbicide treatments. Herbicide treatments were applied 

postemergence with an overhead compressed-air glasshouse sprayer calibrated 

to deliver 187 Uha at 225 kPa. Downy brome and Kentucky bluegrass plants 

were treated at the four-leaf growth stage. 

Response to primisulfuron was determined by clipping the plants from each pot 

at the soil surface 3 wk after treatment. Harvested plants were dried at 65 C for 

a minimum of 48 h and weighed. 

A randomized complete block design with four replications was used. The 

experiments were repeated. Dry weights were transformed to percent reduction 

in dry weight based on the control within each replication for each temperature 

regime. Data from the two studies were combined since the variances were 

homogeneous, based on Bartlett's test of homogeneity of variance. For the 

downy brome experiment, data were log transformed prior to analysis to produce 

a near normal distribution. The data are presented as dry weights in . 

Sunshine Mix #1, Sun Gro Horticulture, Inc., 110 110th Ave. NE Suite 490, 
Bellevue WA 98004. 
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nontransformed percentages while the mean separation procedures reflect the 

differences observed with the transformed data. Data were subjected to analysis 

of variance with a herbicide by temperature factorial arrangement for downy 

brome and Kentucky bluegrass. Means for each experiment were separated 

using Fisher's protected LSD at p < 0.05. 

Soil moisture stress experiments. Downy brome seeds were planted in a 

gravelly loam soil (Madras loam; fine-loamy, mixed, mesic, Xerollic Durargid) 

collected from the OSU research station at Madras, OR. After emergence, 

downy brome plants were thinned to one plant per pot. The plants were grown 

in a glasshouse at 18/28 C night/day temperature with supplemental lighting. 

Four soil moisture conditions were used; a wet-soil, a dry-soil, a dry-soil before 

primisulfuron treatment, and a dry-soil after primisulfuron treatment. The wet-

soil condition was watered by weight to field capacity. The dry-soil condition 

was watered to 10% of field capacity. The dry-soil condition before primisulfuron 

treatment was achieved by withholding water 5 to 7 days before treatment, and 

watering to field capacity 12 h after treatment. The dry-soil condition after 

primisulfuron treatment began after the herbicide treatment and continued until 

the plants were harvested. The plants were harvested 2 weeks after treatment. 

Primisulfuron was applied at 5 g/ha plus crop oil concentrate at 1% (v/v). 

Herbicide treatments were applied postemergence with an overhead 

compressed-air glasshouse sprayer calibrated to deliver 187 Uha at 225 kPa. 

Downy brome plants were treated at the four leaf-growth stage. 
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Response to primisulfuron was determined by clipping the plants from each pot 

at the soil surface. Harvested plants were dried at 65 C for a minimum of 48 h 

and weighed. 

A randomized complete block design with four replications was used, and the 

experiments were repeated. Dry weights were transformed to percent reduction 

in dry weight based on the control within each replication. Data from the two 

studies were combined since the variances were homogeneous, as determined 

by Bartlett's test. Data were subjected to analysis of variance and means were 

separated using Fisher's protected LSD at p < 0.05. 

RESULTS AND DISCUSSION 

Temperature Experiments. For downy brome, there was an interaction 

between temperature treatments and primisulfuron rates, p=.0001 (Table 11-1). 

As temperature increased, dry weights of the control plants also increased. 

Primisulfuron was more phytotoxic to plants grown in 8/16 C and 16/24 C 

environments than in the 0/8 C environment. Increasing the herbicide rate within 

each temperature regime reduced downy brome dry weights slightly. 

For Kentucky bluegrass, there was an interaction between the temperate 

treatments and the primisulfuron rates, p=.0001 (Table 11-1). As the temperature 

decreased, the phytotoxicity of primisulfuron also decreased. 
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Table 11-1. Downy brome and Kentucky Bluegrass reduction in dry weight 3 wk 
after treatment with primisulfuron. 

Temperature Primisulfurona Downy brome Kentucky bluegrass 

Abbey 

C g/ha % reduction in dry weightb 

0-8 1.25 16 a 0 a 

8-16 1.25 71 bc 0 a 

16-24 1.25 66 b 9 ab 

0-8 2.5 24 a 

8-16 2.5 69 bc 

16-24 2.5 72 bc 

0-8 5 29 a 7 ab 

8-16 5 78 c 22 bc 

16-24 5 77 bc 29 bcd 

0-8 20 24 bc 

8-16 20 36 bcd 

16-24 20 46 d 

a) Primisulfuron was applied with crop oil concentrate at 1% v/v. 

b) Means within each experiment followed by the same letter are not 
significantly different according to Fisher's Protected LSD test at p < 0.05. 
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Soil moisture stress experiments. Primisulfuron phytotoxicity was less when 

downy brome plants were stressed for soil moisture after treatment than when 

the plants were not stressed or only stressed before treatment (Table 11-2). The 

greater phytotoxicity of primisulfuron when plants were not stressed is in 

agreement with that of chlorsulfuron for green foxtail and kochia control 

(Nalewaja et al. 1985). 

The results of these experiments indicate that primisulfuron phytotoxicity to 

downy brome may be reduced by environmental stresses after herbicide 

application. Therefore, growers may be able to improve downy brome control by 

applying primisulfuron when cold temperatures are not predicted to occur and 

when sufficient moisture is available. Many Kentucky bluegrass growers also 

have the option to irrigate in the fall with primisulfuron treatments. 
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Table 11-2. Downy brome reduction in dry weight 3 wk after treatment with 
primisulfurona. 

Soil Moisture relative 

to primisulfuron treatment Downy Brome 

Before After 

% reduction in dry weight 

Wet Wet 66 b 

Dry Wet 78 b 

Wet Dry 16 a 

Dry Dry 19 a 

a) Means followed by the same letter are not significantly different according to 
Fisher's Protected LSD test at p < 0.05. Primisulfuron was applied at 5 g/ha with 
crop oil concentrate at 1% v/v. 



28 

LITERATURE CITED
 

Ball, D. A. And D. L. Walenta. 1996. Preliminary evaluation of primisulfuron for 
downy brome control in eastern Oregon grass seed production. Seed 
Production Research at Oregon State University. Ext/CrS 106. p. 66-67. 

Morrow, L. A. and P. W. Stahlman. 1984. The history and distribution of downy 
brome (Bromus tectorum) in North America. Weed Sci. 32, Supplement 1:2
6. 

Morton, C. A. and R. G. Harvey. 1994. Simulated environments influence 
primisulfuron efficacy. Weed Sci. 42:424-429. 

Nalewaja, J. D., J. Palczynski, and F. A. Manthey. 1990. Imazethapyr efficacy 
with adjuvants and environment. Weed Technol. 4:765-770. 

Nalewaja, J. D. and Z. Woznica. 1985. Environment and chlorsulfuron 
phytotoxicity. Weed Sci. 33:395-399. 

Thill, D. C., K. G. Beck, and R. H. Callihan. 1984. The biology of downy brome 
(Bromus tectorum). Weed Sci. 32, Supplement 1:7-12. 

Walenta, D. L. and D. A. Ball. 1997. Downy brome control and seedling 
Kentucky bluegrass tolerance to primisulfuron application. West. Soc. Weed 
Sci. Prog. Rpt. p. 67. 



29 

SUMMARY AND CONCLUSIONS 

Downy brome is a serious problem in Kentucky bluegrass production in 

Oregon. In seedling Kentucky bluegrass, there are very few resources available 

for controlling this weed. Primisulfuron is currently being tested for downy 

brome control in seedling and established Kentucky bluegrass. Greenhouse 

studies were conducted to evaluate the response of downy brome and Kentucky 

bluegrass to applications of primisulfuron. 

Dose response experiments indicate that primisulfuron has the potential to 

provide selective control of downy brome in Kentucky bluegrass seed fields. 

Sulfonylurea herbicides are taken up by plant roots and foliage and are 

translocated to the growing points of shoots and roots. Downy brome was 

injured more from the foliar and foliar plus soil applications of primisulfuron than 

from the soil application. The soil and foliar plus soil applications of 

primisulfuron injured Kentucky bluegrass more than the foliar application. The 

increased Kentucky bluegrass injury from the soil applied primisulfuron cannot 

be explained by this study. 

Adjuvants influence the effectiveness of downy brome control with 

primisulfuron. In the greenhouse, methylated seed oil provided better downy 

brome control than the other adjuvants tested. 

Primisulfuron phytotoxicity to downy brome may be reduced by environmental 

stresses following herbicide application. The result of reducing soil moisture 

and reducing temperature to near freezing decreases the efficacy of 
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primisulfuron. Control of downy brome may be improved by applying 

primisulfuron when cold temperatures are not predicted to occur and when 

sufficient moisture is available. Kentucky bluegrass growers also have the 

option to irrigate in the fall with primisulfuron treatments to improve downy brome 

control. 

Field studies with adjuvants need to be conducted to determine if similar 

results will be observed under natural conditions. Currently, crop oil concentrate 

is used by most farmers in central Oregon; however, better downy brome control 

may be achieved with methylated seed oil. 

Downy brome and Kentucky bluegrass responded differently to foliar and soil 

placement of primisulfuron. Root measurements were not recorded during this 

study. Future studies need to concentrate on both above and below ground 

development of the plants. Absorption, translocation and metabolism studies 

similar to those conducted by Baird et al. (1989) may explain the differences 

found in this study. 
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