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Studies were conducted from September 2000 through July 2003 to evaluate

glyphosate resistant and susceptible creeping bentgrass seeds and plants. A two-year

study was conducted at two locations to determine the effect of three pereimial

ryegrass (Lolium perenne L.) row spacings on creeping bentgrass (Agrostis stolonifera

L.) biomass and seed production. In 2002 at Location 1, the creeping bentgrass

biomass in the 7.62 cm row spacing was lower than in either the 15.24 cm or the 30.48

cm row spacing. By May 28, 2002, both the 7.68 cm and 15 24 cm row spacings at

Location 1 had less creeping bentgrass biomass than the 30.48 cm row spacing. At

Location 2 at the April 20, 2002 biomass harvest, the 7.62 and 15.24 cm perennial

ryegrass row spacings reduced creeping bentgrass biomass by 44 and 45 g m2,
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respectively, when compared to the 30.48 cm row spacing. The 7.62 cm and 15.24 cm

row spacings at Location 2 reduced creeping bentgrass biomass at the May 28, 2002

harvest. There was no difference in perennial ryegrass seed yield in 2002 among the

three row spacings at Location 1. Perennial ryegrass seed yield in the 7.62 cm and

15.24 cm row spacings was greater than the yield from 30.48 cm row spacing at

location 2 in 2002. At both locations in 2002, viable creeping bentgrass seeds were

collected at perennial ryegrass seed harvest. In 2003, creeping bentgrass biomass

harvested from the two narrower spaced rows was less than the 30.48 cm row spacing

on the May 15, 2003 biomass harvest. Perennial ryegrass seed yield was similar

among row spacings at both locations in 2003. However, viable creeping bentgrass

seeds were produced in all treatments at both locations. Seed burial experiments were

initiated in 2000 at Corvallis and Hermiston, Oregon. Seeds from three transgenic

lines of creeping bentgrass (Agrostis stolon,fera L.) (ASR68, 48-10 and 48-13) and

two nontransgenic (SRi 020 and Highland) bentgrass lines were used. Bentgrass seeds

were suspended at depths of 2.54, 17.78 and 30.48 cm in the soil. Seeds were

removed every six months from both locations: May and November 2001 and 2002 at

Corvallis, and June and December 2001 and 2002 at Hermiston. Lines ASR368 and

SRi 020 maintained a high level of germination throughout the first three seed

removals at Corvallis. No differences were observed among lines at 24 months.



ASR368 had gennination rates of 82% (6 mo), 53% (12 mo), 62% (18 mo) and 60%

(24 mo) at Hermiston, which were greater than all other lines of bentgrass at each

timing. Deterioration varied between lines at Corvallis for the 6, 12, and 18 mo

removals but at the 24 mo removal no difference was detected between any of the

lines, with >75% of the buried seeds deteriorated in all lines of bentgrass. At

Hermiston, deterioration of ASR368 increased from 2% at the 6 mo removal to 15% at

the 24 mo removal. In Highland and SRi 020, the two susceptible lines of bentgrass,

deterioration increased from 8% and 14% at the 6 mo removal to 51% and 57%,

respectively, at the 24 mo removal. Field and greenhouse experiments were

conducted to determine if an alternative herbicide to glypho sate could remove

glyphosate susceptible creeping bentgrass stands from production and the response of

glyphosate resistant and susceptible creeping bentgrass to the herbicide sethoxydim.

Field studies were established in December 2001 and January 2003. Herbicide

treatments included glyphosate, glufosinate, paraquat, fluazifop, sethoxydim,

quizalofop and clethodim. A single application did not provide satisfactory control of

creeping bentgrass by the July visual rating for either year. Split-herbicide

applications controlled greater than 70% of the creeping bentgrass in both studies with

the exception of glufosinate plus clethodim in 2002, which provided only 57% control.

The biomass collected from the split application treatments ranged from 0 to 32% of



the check. Studies were conducted to examine the response of glyphosate resistant

and susceptible creeping bentgrass to the herbicide sethoxydim. The resistant and

susceptible biotypes of creeping bentgrass responded differently to sethoxydim. The

level of tolerance calculated by the estimated LD50 values showed that the glyphosate

susceptible biotype was 3.7 times more tolerant to the sethoxydim herbicide than the

glyphosate resistant biotype.
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Biology and Management of Glyphosate-Resistant Creeping Bentgrass

INTRODUCTION

Golf courses have used Agrostis spp. as playing surfaces on fairways and

putting greens in North America for over 100 years (Duich 1985). These species are

well adapted to the high maintenance requirements of golf courses, due to tolerance

for close mowing and its ability to spread by stolons. The earliest creeping bentgrass

(Agrostis stolonfera L.) used on golf courses was introduced from a South German

bentgrass mix which consisted of a mixture of Agrostis species, including colonial

bentgrass (A. tenuis Sibth.), redtop (A. gigantea L.), velvet bentgrass (A. canina L.),

and creeping bentgrass. I-Jolt and Payne (1952) indicate that creeping bentgrass

selections were made from mature greens of South German bentgrass and vegetatively

propagated as early as 1917.

The Willamette Valley in Western Oregon started the production of certified

creeping bentgrass in 1926 with the production of the variety Seaside (Hyslop 1930).

Production has continued to expand in the Willamette Valley. Oregon State

University reported that between 1996 and 2001 creeping bentgrass seed production

averaged between 2000 and 2800 hectares in Oregon (Oregon Agriculture Information

Service 2001).

Plant breeding of turf grass has progressed from early practices of selecting

mature plants from putting greens and fairways (bit and Payne 1952) to the

production of genetically modified varieties (Gardner et al. 2003). Current

commercial varieties are created from a selection of parents that are allowed to cross



pollinate in isolation, for development of a desired variety. The desired variety can

be a single line of creeping bentgrass or it may be multiple lines of bentgrass that are

blended in the field.

Over the past several years, Scotts Company and Monsanto have developed a

glyphosate resistant creeping bentgrass variety for use on golf course fairways and

putting greens. The glyphosate resistance would allow for the control of a broad-

spectrum of weeds, including difficult to control annual grasses. However, concerns

have been raised over the release of an outcrossing, stoloniferous, perennial plant and

the potential for seed and stolon escapes, as well as pollen flow to related species.

Herbicide Resistant Crops

The introduction of genetically modified crops (GMC) over the past two

decades has led to new options for agriculture. Modifications include resistance to

herbicides, diseases, and insects. Barton and Dracup (2000) divide the traits added to

crops into two categories, an output trait (a value enhancing trait for the end user, e.g.,

high methionine protein seed production in lupins) or an input trait (agronomic traits

which benefit the growers, e.g., herbicide tolerance). The use of molecular biological

techniques for the manipulation of DNA provides farmers with alternative

management strategies for weeds, pests, and diseases (James 1998).

Discovery of herbicides that are more economical or provide better control

than compounds currently available is difficult and expensive. An alternative to

developing herbicides is to develop crops that are resistant to existing herbicides.
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Herbicide- resistant crops (HRC) provide multiple advantages to growers. Growers

can design simpler weed management strategies based on fewer herbicides (Duke

1998). HRC allows control of difficult weeds that could not be controlled in

conventional crops. The HRC may increase the period of time that weeds can be

controlled without injury to the crop. HRC are being developed to be resistant to

currently registered herbicides that may have comparatively lower impact on the

environment.

A glyphosate-resistant gene was patented by Monsanto and has been placed

into multiple crops including soybeans (Glycine max L.), corn (Zea mays L.), wheat

(Triticum aestivum), cotton (Gossypium hirsutum L.), and turf grasses. Glyphosate

resistant crops have been developed, in part, because of glyphosate's broad-spectrum

weed control. Glyphosate is rapidly translocated from the treated leaves of the plant to

the roots, rhizomes, and apical tissues (Franz et al. 1997). This movement allows

glyphosate to control many grasses and forbs, including difficult to control perennials

such as Canada thistle (Cirsium arvense (L.) Scop.) (Selleck and Baird 1981) and field

bindweed (Convolvulus arvensis L.) (Weise and Lavake 1986).

The environmental benefits and risks of GMC have been debated at great

length (Brill 1985; Colwell et al. 1985; Boulter 1993; 1-larlander 1990; Raybould et al.

1999). Nevertheless, farmers have quickly utilized this technology. The Economic

Research Service of the U.S. Department of Agriculture reported that herbicide-

resistant soybeans expanded from 17% of the total soybean acreage in 1997 to 81% in

2003. Herbicide-resistant cotton plantings increased from 10% of the U.S. acreage in
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1997 to 59% in 2003. Herbicide resistant corn was planted on 15% of the total U.S.

corn acreage in 2003.

Global acceptance of GMC has varied by country. The importation or

production of GMC often requires a risk-benefit analysis. Benefit and risk

assessments include: effects on human health; effects on nontarget organisms;

potential for gene escapes to wild and/or weed relatives; and the likelihood that a crop

could become a weed in a farming system. The Environmental Protection Agency

(EPA), Food and Drug Administration (FDA), and the United States Department of

Agriculture (USDA) regulate the development and release of transgenic crops in the

United States. Human and environmental safety of GMCs must meet standards set by

regulatory agencies to be approved for release as a commercial crop (Gardner et al.

2003).

Cultural Practices

Cultural methods remain an important part of managing crops and weeds. The

cultural practices of altering row spacing, seeding rate, and planting date can increase

crop yield and suppress weeds, in cool season grasses, winter wheat, spring barley,

soybeans, and canola (Barton et al. 1992; Conley et al. 2001; Johnson et al. 1998;

Lindquist et al. 1998; Otis and Oliver 1987; Weiner et al. 2001).

Reduction in the row spacing of several crops without the presence of weeds

has either resulted in an increase or no change in crop yield. Perennial ryegrass yield

was similar when the crop was grown in 35.56 cm and 15.24 cm row spacing

(Chastain 2001). Reducing the row spacing from 18 cm or 20 cm to 4 cm or 6 cm of



soft red winter wheat increased yield by 5 to 13% (Johnson et al. 1988; Joseph et al.

1985; Koscelny et al. 1990). Cereal grain yields increased about 8% when rows were

narrowed from 20 cm to 10 cm (Holiday 1963).

In addition, reducing row spacing from the standard row spacing in several

crops resulted in increased crop yields when weeds were present. Weed seed

production and biomass also can be reduced when the standard crop row spacing is

reduced. The reduction of wheat row spacing increased wheat yield over a range of

cheat grass (Bromus secalinus L.) infestation levels (Koscelny et al. 1991). In

Oklahoma, wheat yield increased in six of ten experiments with cheat infestations

when row spacing was narrowed from 22.5 to 7.5cm (Koscelny et al. 1990). A

reduction from 18 to 6 cm row spacing in barley reduced weed weight by 15%

(Andersson 1986). Wild oat growth and seed set were decreased when row spacing

was narrowed and seeding rate increased (Bate 1970). Howe and Oliver (1987)

showed that narrow row spacing in soybeans did not reduce yield in weed free checks

and that narrower rows had higher yields than the wider rows under the presence of

pitted morningglory (Ipomoea lacunose L.). Narrow row soybeans also reduced the

total seed production of pitted morningglory by an average of 90% and 68% at pitted

morningglory densities of 3.3 and 40 plants per m2, respectively.

Seed Survival

Herbicide-resistant crop seed left in the soil seed bank after GMC production

can be difficult to manage. Seed banks have been described as the "memory" of a

population because seeds remain from previous generations (Carver 1994). Seed



longevity and carry-over of viable seeds in the soil from previous years can buffer

the effects of weed control and hence maintain the weed problem (Barralis and

Chadoeuf 1987). Information about seed dormancy, viability and longevity in the soil

is important in developing strategies for weed management (Mennan 2003).

Seed viability in many species is affected by soil depth (Conn and Farris 1987;

Egley and Chandler 1978; Stoller and Wax 1974); however, colonial bentgrass

(Agrostis tenuis) seeds were unaffected by burial depth (Rampton and Ching 1970).

Seed bank studies revealed that colonial bentgrass seeds were dormant (Harris, 1961),

and seeds were viable seven years after burial (Rampton and Ching 1970). Rampton

and Ching recommended that the seed certification requirement of a five-year interval

between production of Agrostis spp. in a single field be increased. Current

requirements in Oregon for seed certification as of December 2003 remain at a five-

year interval between Agrostis spp. production in the same field (OSCS 2003), which

is two years shorter than colonial bentgrass seed persistence in Rampton and Ching's

study.

Current Research

Creeping bentgrass potentially could be the first deregulated perennial,

outcrossing, wind pollinated transgenic crop (Wipff and Fricker 2001). These traits

can increase the risk of outcrossing with native and cultivated bentgrass species.

Studies on gene flow from transgenic creeping bentgrass to nontransgenic bentgrasses

were conducted by Belanger et al. (2002), Wipff and Fricker (2001), and Christoffer

(2003). Belanger et al. (2002) studied gene flow from transgenic progeny of creeping
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bentgrass to nontransgenic creeping bentgrass, redtop, velvet bentgrass, colonial

bentgrass and dryland bentgrass (A. castellana). Pollen flow to creeping bentgrass

was successful through the furthest pollen reception point at 15 m. In 1999, transgenic

creeping bentgrass outcrossed at a rate of 0.137% and 0.63 1% with nontransgenic

creeping bentgrass. Transgenic creeping bentgrass also crossed with colonial and

dryland bentgrass at a rate of 0.044% and 0.0015%, respectively, in 2000. Wipff and

Fricker (2001) studied gene flow from transgenic creeping bentgrass. In 1998, pollen

movement from transgenic to nontransgenic creeping bentgrass was predicted at

>1000 m and just under 600 m in 1999. Showing that transgenic pollen can compete

with nontransgenic pollen.

Plant and seed escapes are also of concern. The persistence of seeds and plants

increase the opportunity for the contamination of future seed lots of bentgrass and the

movement of a glyphosate-resistant gene into related species. Some of the

characteristics that allow for persistence of creeping bentgrass include: a) perennial

plants; b) creeping, spreading nature of the stoloniferous plant and the production of

clones from nodes under favorable conditions; c) seeds that are produced in large

numbers and can persist more than a year; and d) small seeds that can easily be

distributed by wind and machinery.

Currently European markets do not accept all GMC products. The accidental

contamination of nontransgenic seed lots with transgenic seeds could result in a

decrease in the demand for creeping bentgrass seed in those markets. Export sales of

creeping bentgrass ranged between 1.8 million to 2.0 million dollars between 2000

and 2002 (USDA 2003).
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The risk of escape of glyphosate-resistant genes into wild relatives and future

production fields of nonglyphosate resistant creeping bentgrass exists. The potential

introduction of glyphosate-resistant creeping bentgrass will require steps to mitigate

the risk of gene flow. The use of a rotation crops and herbicides will need to be

explored further, along with an understanding of the seed longevity of glyphosate

resistant creeping bentgrass.



The Effect of Perennial Ryegrass

Row Spacing on Creeping Bentgrass Suppression
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Abstract

A two year study was conducted at two locations to determine the effect of

three perennial ryegrass (Lolium perenne L.) row spacings on creeping bentgrass

(Agrostis stolonfera L.) biomass and seed production. At Location 1 in 2002, the

creeping bentgrass biomass within the 7.62 cm row spacing was less than in either the

15.24 cm or the 30.48 cm row spacing. By May 28, 2002 at Location 1, there was less

creeping bentgrass biomass in both the 7.62 cm and 15.24 cm row spacings than in the

30.48 cm row spacing. At Location 2 on the April 20, 2002 biomass harvest,

perennial ryegrass row spacings of 7.62 cm and 15.24 cm reduced creeping bentgrass

biomass by 44 and 45 g m2, respectively, when compared to the 30.48 cm row. The

7.62 cm and 15.24 cm row spacings at Location 2 reduced creeping bentgrass biomass

at the May 28, 2002 harvest. There was no difference in perennial ryegrass seed yield

in 2002 among the three row spacings in Location 1. Perennial ryegrass seed yield in

the 7.62 cm and 15.24 cm row spacings was greater than the yield from 30.48 cm row

spacing at Location 2 in 2002. At both locations in 2002, viable creeping bentgrass

seeds were collected at perennial ryegrass seed harvest. In 2003, creeping bentgrass

biomass harvested from the two narrower spaced rows was less than the 30.48 cm row

spacing on the May 15, 2003 biomass harvest. Reducing the row spacing from the

standard 30.48 cm to either 15.24 cm or 7.62 cm did not affect perennial ryegrass seed

yield at either location in 2003. However, viable creeping bentgrass seeds were

produced in all treatments at both locations.
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Nomenclature: Carfentrazone-ethyl; pendimethalin; flufenacet; metribuzin;

creeping bentgrass, Agrostis stolonjfera L.; perennial ryegrass, Lolium perenne L.

Key words: narrow rows; seed contamination.

Introduction

Conventional breeding has been used to add or improve traits such as color

and tolerance to disease, drought, and insects. Over the past two decades, recombinant

DNA techniques have been developed for use in crop breeding. These techniques

involve the transfer of genes from one species into another. With these techniques,

traits such as disease, insect, or herbicide resistance can be introduced relatively easily

into a crop (Wang et al., 2001). Scotts Company and Monsanto have developed

genetically modified creeping bentgrass (Agrostis stolonfera L.) cultivar that is

resistant to glyphosate. Glyphosate resistant creeping bentgrass would allow for the

control of a broad spectrum of weeds, including difficult to control annual and

perennial grasses, as well as broadleaf and sedge species on golf courses (Gardner et

al. 2003).

The development of a glyphosate resistant creeping bentgrass requires an

evaluation of the current creeping bentgrass production and post-production practices

to determine whether the current management systems can remove creeping bentgrass

from production and control escapes and volunteers without the use of glyphosate.

Concerns have been raised over the potential escape of herbicide resistant plants or
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genes into a field of conventionally bred creeping bentgrass or the transfer of genes

into wild bentgrass populations.

Minimal information on creeping bentgrass production is available other than

through personal communication with growers. Creeping bentgrass is generally

removed from production in the late summer to early fall with herbicide application

plus tillage or tillage alone, with the majority of the creeping bentgrass fields being

tilled only. The majority of creeping bentgrass fields removed from production are

rotated into another grass seed crop. Control of creeping bentgrass in a grass-to-grass

rotation has relied heavily upon preemergent and early postemergent herbicide

applications in the rotation crop. Control of established creeping bentgrass in

rotational grass crops is difficult and limited to spot spraying with glyphosate. There

is limited information available on the use of cultural practices to control or suppress

creeping bentgrass.

Competition between a crop and weed can be manipulated by row spacing.

Multiple articles have been published on the effects of crop spacing on weeds and crop

yield (Barton et al. 1992; Conley et al. 2001; Johnson et al. 1998; Lindquist et al.

1998; Otis and Oliver 1987; Weiner et al. 2001). Wild oat growth and seed set were

decreased when row spacing of barley was narrowed and seeding rate increased (Bate

1970). Narrow row spacing in soybeans (Glycine max L.) did not significantly reduce

yield in weed free checks, and narrow rows had greater yields than wider rows with

the presence of pitted morninglory (Jpomoea lacunose L.) (Howe and Oliver 1987). In

narrow row soybeans, the total seed production of pitted mominglory was reduced by

an average of 90% and 68% at pitted morninglory densities of 3.3 and 40 plants m2,
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respectively. Further, row spacing in perennial ryegrass, a crop often grown after

creeping bentgrass production, can be reduced from the recommended 30.48 cm row

to 15.24 cm with no effect on yield (Chastain et al. 2001).

The objective of this research was to determine the effect of three perennial

ryegrass (Lolium perenne L.) row spacings on creeping bentgrass biomass and to

determine the potential contamination of creeping bentgrass seed in the perennial

ryegrass seed at harvest.

Materials and Method

Field experiments were conducted at Hyslop (Location 1) and Schmidt

Research Farms (Location 2) near Corvallis, OR. The experiments were arranged in a

split plot design with perennial ryegrass row spacing treatments planted perpendicular

to creeping bentgrass seeding rate treatments. Each factor was a randomized complete

block. The soil at Location 1 was a Woodburn silt loam with a pH of 5.8, and at

Location 2 the soil was a Willamette silt loam with a pH of 5.6.

In August 2001, both Locations were fumigated with methyl-bromide to

prepare a clean seedbed. The plots were tilled with a Danish spring tooth harrow

twice after fumigation at a depth of 10 to 14 cm, and then harrowed in preparation for

planting. "Providence" creeping bentgrass treatments of 5.6, 11.2, 16.8 and 22.4 kg

seed ha' were broadcast-seeded using a 70 cm wide drop spreader. The plots were

tilled to an approximate depth of 5 cm using a Danish spring tooth harrow and roller.

'Linn' perennial ryegrass was planted with a disc seeder set at 7.62, 15.24 and 30.48

cm row spacings. All row spacings were seeded at 11.2 kg ha'. The plots were 4.9 m
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wide and 4.6 m long.

Trials were irrigated for 6 h, once a wk, over a three wk period to ensure even

establishment of the grasses. Plots were hand-weeded until the first biomass sampling

to remove annual grass and broadleaf weeds. A broadcast application of 0.138 kg ai

ha1 of carfentrazone-ethyl was applied January 14, 2002 to control broadleaf weeds.

Pre-emergence treatments of pendimethalin at 2.76 kg ai ha' applied, September 29,

2002 and flufenacet + metribuzin at 0.429 kg ai ha1 applied November 15, 2002 after

the first year harvest to prevent establishment of volunteer perennial ryegrass and

creeping bentgrass plants.

Creeping bentgrass and perennial ryegrass aboveground biomass samples were

hand harvested in a 0.372 m2 quadrat at row closure of each row spacing: April 3,

2002 and April 3, 2003 (7.62 cm row closure); April 20, 2002 and April 18, 2003

(15.24 cm row closure); and May 28, 2002 and May 15, 2003 (30.48 cm row closure).

Creeping bentgrass and perennial rye grass plants were separated and dried at 35 C for

96 h and weighed. The data were subjected to analysis of variance and Fisher's

Protected Least Significant Difference test was used to separate means.

Perennial ryegrass was windrowed in preparation for harvest when seed

moisture was between 30 and 35%. Perennial ryegrass was swathed July 4, 2002 and

July 2, 2003. Perennial ryegrass seed was threshed July 16, 2002 and July 11, 2003

using a small plot combine. A 100 g subsample was removed from each plot and

hand-cleaned over a layered 1/20 and 1/25 circle screen, to separate out creeping

bentgrass seed from the perennial ryegrass seed. Collected creeping bentgrass seed

were germinated on germination media in the greenhouse at 65 C. Perennial ryegrass
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seed and other contaminants were returned to the field sample and cleaned over a

small seed cleaner and weighed. The data were subjected to analysis of variance and

Fisher's Protected Least Significant Differences test was used to separate means.

Results and Discussion

Results of 2002 Studies

In 2002, no differences were observed among creeping bentgrass seeding rates.

Therefore, creeping bentgrass biomass, perennial ryegrass biomass, and perennial

ryegrass seed yield were combined over creeping bentgrass seeding rates. An analysis

of variance showed that the studies differed and data could not be combined.

Creeping Bentgrass Biomass Production

Perennial ryegrass germinated and established early, while creeping bentgrass

emerged and established more slowly. In the 7.62 cm row spacing, the perennial

ryegrass canopy closed 17 days earlier than in the 15.24 cm row spacing and 55 days

earlier than in the 30.48 cm row spacing (Table 1.1). Perennial ryegrass planted at the

7.62 cm row spacing reduced creeping bentgrass biomass on the April 3 harvest

timing in both studies compared to the 15.24 cm and 30.48 cm row spacing (Table

1.1). In the 7.62 cm row spacing, creeping bentgrass biomass was 8 (Location 1) and

21 g m2 (Location 2) less than in the 30.46 cm rows. In both studies, the 15.24 cm

row did not reduce the creeping bentgrass biomass on the April 3 harvest compared to

the 30.48 cm row spacing. While the 15.24 cm row closure occurred 38 d prior to the
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closure of the 30.48 cm row, differences in creeping bentgrass biomass between

15.24 cm and 30.48 cm rows were observed only at Location 2.

At the April 20 harvest date, there was less creeping bentgrass biomass

produced in the 7.62 cm row spacing compared to the 15.24 cm and 30.48 cm row

spacings at Location 1. However at Location 2, perennial ryegrass row spacings of

7.62 cm and 15.24 cm both reduced creeping bentgrass biomass when compared to the

30.48 cm row.

The 7.68 cm and 15.24 cm row spacings at Location 1, at the May 28 biomass

harvest, had less creeping bentgrass biomass than the 30.48 cm row, a reduction of 90

g m2 and 65 g m2, respectively. At Location 2, the bentgrass biomass was reduced by

50 g m2 in the 7.62 cm row spacing compared to the 30.48 cm row, and in the 15.24

cm row spacing creeping bentgrass biomass was reduced by 42 g m2.

Creeping bentgrass biomass in the narrower row spacings responded similarly

between studies. The creeping bentgrass biomass in the 30.48 cm row at Location 2

reached a peak in biomass on April 20; however at Location I under the same row

spacings, creeping bentgrass biomass continued to increase. This difference in

creeping bentgrass biomass between the two studies may in part be due to the larger

increase of perennial ryegrass biomass in Location 2 compared to Location 1 between

the April 20 and May 28 harvests. Narrowing the row spacing of perennial ryegrass

from the standard 30.48 cm to either the 15.24 cm or the 7.62 cm row reduced

creeping bentgrass biomass compared to the 30.48 cm row spacing by the May 28

biomass harvest in both studies.
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Table 1.1. Effect of perennial ryegrass row spacing on creeping bentgrass biomass

production in 2002.

Creeping bentgrass biomass

April 3 April 20b May 28c

Row spacing Locd 1 Loc 2 Loc I Loc 2 Loc I Loc 2

-cm- ---------------------------------- g m2 ----------------------------------

7.62 14 20 44 49 52 44

15.24 22 32 66 50 77 52

30.48 22 41 82 94 142 94

LSD(O05) 5 9 22 20 41 16

a762 cm row closure, D1 5.24 cm row closure, C3048 cm row closure
dLoc Location

Perennial Ryegrass Biomass, Seed Yield and Bentgrass Seed Contamination

At Location 2, perennial ryegrass biomass was reduced in the 30.48 cm row

spacing compared to perennial ryegrass biomass in the 7.68 cm and 15.24 cm row

spacings at all harvest times (Table 1.2). Seed yield data were combined over seeding

rate and compared by row spacing for both studies. At Location 1, there was no

difference in seed yield in any of the row spacings. At Location 2, seed yield was

greater in the 15.24 cm row spacing (1662 kg h') and 7.68 cm (1723 kg ha') row

spacing than in the 30.48 cm (1406 kg ha') row spacing (Table 1.3). Viable creeping

bentgrass seeds were produced in all treatments (Table 1.4).
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Table 1.2. Effect of perennial ryegrass row spacing on perennial ryegrass biomass
in 2002.

Perennial ryegrass biomass

April3a April 20b May28C

Row spacing Loc' 1 Loc 2 Loc 1 Loc 2 Loc 1 Loc 2

-2-cm- ---------------------------------- gm -----------------------------------

7.62 170 314 609 490 1135 1261

15.24 192 274 614 532 1172 1249

30.48 169 213 627 456 1158 1120

LSD(005) 30 31 NS 47 NS 120

a762 cm row closure, D1524 cm row closure, C3048 cm row closure
dLoc = Location

Table 1.3. Perennial ryegrass seed yield for 2002 and 2003.
Perennial ryegrass seed yield

July 14, 2002 July 10, 2003

Row spacing LOCa 1 Loc 2 Loc 1 Loc 2

-cm- -------------------- kg ha' ------------------

7.62 1177 1723 1275 1273

15.24 1227 1662 1244 1347

30.48 1185 1406 1329 1331

LSD(O.05) NS 247 NS NS

a Loc = Location
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Table 1.4. Creeping bentgrass seed contamination and viable seed production in
harvested perennial ryegrass seed.

2002 2002 2003

Row Loca 1 Loc 2 Loc I Loc 2 Loc 1 Loc 2

spacing

-cm- ----g samp1eb viable seedse viable seeds

7.62 1.38 0.44 yes yes yes yes

15.24 1.97 0.58 yes yes yes yes

30.48 2.12 0.47 yes yes yes yes

a Loc = Location
b A 100 g subsample was removed from each plot and hand-cleaned over a layered
1/20 and 1/25 circle screen, to separate out creeping bentgrass seed from harvested
perennial ryegrass seed.
CCreeping bentgrass seeds were planted in the greenhouse and evaluated for

germination.

Results of 2003 Studies

In 2003, no differences were observed among creeping bentgrass seeding rates.

Therefore, creeping bentgrass biomass, perennial ryegrass biomass, and perennial

ryegrass seed yield were combined over creeping bentgrass seeding rates. An analysis

of variance indicated that the studies differed and data could not be combined.

Creeping Bentgrass Biomass Production

Differences were only observed for the April 3 biomass harvest at Location 2

(Table 1.5). In the 30.48 cm row spacing, creeping bentgrass produced 29 g m2 more

biomass than in the 7.62 cm row spacing and 31 g m2 more biomass than in the 15.24
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cm row spacing. By the April 18 biomass harvest, the creeping bentgrass biomass

at both locations was greater in the 30.48 cm row spacing treatment than in the 7.62

cm and 15.24 cm row spacing. The difference continued to the May 15 biomass

harvest. At both locations, creeping bentgrass biomass was greater within the 30.48

cm row spacing than the other two row spacing treatments. Narrower rows were

effective at suppressing creeping bentgrass biomass in these two studies.

Table 1.5. Effect of perennial ryegrass row spacing on creeping bentgrass biomass in
2003.

Row spacing

-cm-

Creeping bentgrass biomass

April 3, 2003a April 18, 2003b

Locd 1 Loc 2 Loc 1 Loc 2

gm

May 15, 2003

Loci Loc2

7.62 3 6 3 16 3 6

15.24 7 4 12 11 5 5

30.48 7 35 29 53 44 51

LSD(O.OS) NS 9 11 16 18 17

a762 cm row closure, °15.24 cm row closure, C3048 cm row closure
d Loc = Location
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Perennial Ryegrass Biomass, Seed Yield and Bentgrass Seed Contamination

At Location 1, row spacing had no affect on perennial ryegrass biomass production

(Table 1.6). In Location 2, perennial ryegrass biomass was reduced when rows were

narrowed from 30.48 cm to either 15.24 cm or 7.62 cm rows at both the April 3 and

April 18 biomass harvest but this early reduction in perennial ryegrass biomass did not

translate into a perennial ryegrass seed yield loss (Table 1.3). Viable creeping

bentgrass seeds were produced in all treatments (Table 1.4).

Table 1.6. Effect of perennial ryegrass row spacing on perennial rye grass biomass in
2003.

Perennial ryegrass biomass

April 3, 2003a April 18, 2003b May 15, 2003c

Row spacing Locd 1 Loc 2 Loc 1 Loc 2 Loc 1 Loc 2

-cm- ---------------------------------- g m

7.62 305 498 668 936 1119 1173

15.24 282 532 742 967 1109 1297

30.48 312 395 706 1059 1024 1131

LSD(O.OS) NS 64 NS 159 NS NS

a762 cm row closure, 'l5.24 cm row closure, C30.48 cm row closure
dLoc Location

Comparison of 2002 and 2003 Research Results

This research determined the effects of three perennial ryegrass row spacings

on the suppression of creeping bentgrass biomass. Creeping bentgrass was suppressed
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by narrower row spacings in both the establishment year (2002) and the following

year (2003). Narrowing perennial ryegrass row spacing did not affect perennial

ryegrass seed production at Location 1 and increased seed yield in Location 2 in 2002.

In 2003, perennial ryegrass row spacing did not affect the seed yield of perennial

ryegrass. These data suggest that under similar growing conditions, growers could use

narrower row spacings to suppress creeping bentgrass without decreasing perennial

ryegrass seed yields. The cultural practice of narrowing the rows of perennial ryegrass

will suppress creeping bentgrass but will not prevent the production of viable creeping

bentgrass seeds and the potential contamination of the rotational crop.
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Response of Glyphosate Resistant and Susceptible

Lines of Bentgrass to Seed Burial Depth, Burial Time and Location



Abstract

Seed burial experiments were initiated in 2000 at Hermiston and Corvallis,

Oregon. Seeds from three transgenic lines of creeping bentgrass (Agrostis stolonfera

L.) (ASR68, 48-10 and 48-13) and two nontransgenic (SR1O2O and Highland)

bentgrass lines were used. Bentgrass seeds were suspended at depths of 2.54, 17.78

and 30.48 cm in the soil. Seeds were removed every six months from both locations:

May and November 2001 and 2002 at Corvallis, and June and December 2001 and

2002 at Hermiston. Lines ASR368 and SR1O2O maintained a high level of

germination throughout the first three seed removals at Corvallis. No differences were

observed among lines at 24 months. ASR368 had germination rates of 82% (6 mo),

53% (12 mo), 62% (18 mo) and 60% (24 mo) at J-lermiston, which were significantly

greater than all other lines of bentgrass. Deterioration varied between lines at

Corvallis for the 6, 12, and 18 mo removals but at the 24 mo removal no difference

was detected between any of the lines, with >75% of the buried seeds deteriorated in

all lines of bentgrass. At Hermiston, deterioration of ASR368 increased from 2% at

the 6 mo removal to 15% at the 24 mo removal. In Highland and SRi 020, the two

susceptible lines of bentgrass, deterioration increased from 8% and 14% at the 6 mo

removal to 51% and 57%, respectively, at the 24 mo removal.

Nomenclature: Glyphosate; creeping bentgrass, Agrostis stolonfera and Agrostis

palustris; Colonial bentgrass, Agrostis tenuis.

Key words: seed burial, germination, deterioration, seed survival, burial depth,

glyphosate-resistant creeping bentgrass.



27
Introduction

The introduction of herbicide resistant seed that persist in the seed bank for

more than a single year is a management concern for growers. Seed banks have been

described as being the "memory" of a population, because seeds may remain from

plants that have been previously removed from the landscape (Carver 1994).

Herbicide resistant seeds that remain viable for many years can increase the risk of

plant escapes at a future time. Carryover of viable seeds in the soil from previous

years can buffer the effects of weed control, and hence maintain the weed problem

(Barralis and Chadoeuf 1987). Herbicide resistant seed remaining in the seed bank

after the removal of the herbicide resistant crops present a similar problem.

Information about seed dormancy, viability, and longevity in the soil is important in

developing strategies for weed and herbicide resistant crop volunteer management

(Mennan, 2003).

Seed viability in many species is affected by burial depth in the soil (Conn and

Farris 1987; Egley and Chandler 1983; Stoller and Wax 1974). However, viability of

colonial bentgrass (Agrostis tenuis Sibth.) seed was unaffected by burial depth

(Rampton and Ching 1970). Seed bank studies revealed that colonial bentgrass seeds

were dormant (Harris 1961), and that seeds were viable after seven years of burial

(Rampton and Ching 1970). Rampton and Ching recommended that seed certification

requirements should be revised for colonial bentgrass to increase the interval between

the production of an Agrostis spp. in a single field from the 5-year interval

requirement Current requirements for seed certification as of December 2003 remain

at a five-year interval between the growing of an Agrostis spp. in the same field



(OSCS 2003), two years shorter than the time colonial bentgrass seeds persisted in

Rampton and Ching's study.

There is currently no information available on the persistence of creeping

bentgrass in the soil seed bank. The Rampton and Ching study (1970) used an older

colonial bentgrass cultivar called 'Highland'. However, many of the current creeping

bentgrass lines have been bred to increase germination and decrease dormancy in

order to achieve a quick and even establishment on playing surfaces. Therefore,

current creeping bentgrass varieties may differ from Highland colonial bentgrass.

The objectives of this study were to determine: 1) the effects of soil depth,

duration of burial, and climate on 'SR1O2O'creeping bentgrass, glyphosate resistant

creeping bentgrass, and 'Highland' colonial bentgrass; and 2) the persistence of

transgenic creeping bentgrass and nontransgenic creeping and colonial bentgrasses.

Materials and Methods

Seed burial experiments were initiated in 2000 at the Hermiston Agriculture

Experiment Station, Hermiston, Oregon and at Lewis Brown Horticulture Research

Farm, Corvallis, Oregon. The soil type at Hermiston was an Adkins fine sandy loam

and the soil type at Corvallis was a Malabon silty clay loam. Climatic conditions for

the two locations are presented in Figures 2.1 and 2.2.



Figure 2.1 Corvallis, OR maximum (.) and minimum (A) air temperatures and
precipitation (.).
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Seed Burial Preparations

Scotts Seed Company provided seed from three transgenic creeping bentgrass

lines and two nontransgenic lines, one creeping bentgrass and one colonial bentgrass.

The three transgenic lines of creeping bentgrass, resistant to glyphosate were

harvested from nursery plots in western Oregon (Line ASR368) and in eastern

Washington (Lines 48-10 and 48-13). The seeds from western Oregon were hand

harvested and hand cleaned, while seed from eastern Washington were hand harvested

and cleaned using a hammer mill. The two non-transgenic bentgrass lines (Highland

and SRI 020) were from western Oregon, and were machine harvested and cleaned.

Transgenic and non-transgenic bentgrass seed, 100 seeds per line, were placed

in 3.5 ml sample vial. Bentgrass seeds were poured from the sample vial into a 5-cm

square, 60-micron' nylon mesh packet, with a plastic bead color coded for each line

and secured to a number 18 mason line2using a miller knot. The openings in the mesh

were large enough to allow the movement of air, water and microorganisms. The

mason line was secured perpendicular to a wooden stake, with packets suspended at

2.54, 17.78 and 30.48 cm from the underside of the stake. Holes at both locations

were spaced 60 cm apart and dug to a depth of approximately 38 cm. Stakes were

placed perpendicular to the hole, allowing the mason lines to hang freely. The holes

were then filled until level with the underside of the stake. Four removal dates were

replicated three times at each location. Control samples were maintained at 20 ± 5 C

in the laboratory in dark conditions.

Two other lines of glyphosate resistant creeping bentgrass, ASR365 and

ASR8O1 collected from Western Oregon were buried with this study. However,
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ASR365 seed was buried at a single depth at both locations while ASR8O1 seed was

buried at a single depth only at the Corvallis location. These data are included in the

appendix.

Seed Removal and Testing

Seeds were exhumed every six months: Corvallis, May 18 and November 13,

2001, and May 14 and November 18, 2002; Hermiston, June 4 and December 10,

2001, and June 12 and December 8, 2002. A hole was dug 10 to 16 cm to the side of

the original hole to a depth of 46 cm. Soil was removed by hand from around the

mason lines. The Mason line with packets attached was removed from the stake,

placed into a tub of water, and rubbed gently to remove excess soil and debris. Mason

lines and packets were then allowed to air-dry for 0.5 to 1 h prior to counting and

planting. The seeds were separated from remaining soil and debris within the packet.

Whole seeds were counted and planted into water soaked 18 by 42 mm Jiffy Forestry

Pellets®3. The laboratory sample was used to observe the effects of time on

germination without the environmental and burial factors.

Seeds were germinated in a growth chamber set for optimal bentgrass

germination at a temperature of 25 C day (8 h) and 15 C night (16 h). Germinated

seed were counted every 7 d for 21 d. Germination was defined as the emergence of a

coleoptile from the seed. An analysis of variance was performed and Fisher's

Protected LSD was used for mean separation. An attempt was made to locate

ungerminated seeds in the Jiffy Pots after the final germinated seed count, 21 d after

planting, to perform a tetrazolium test, but was unsuccessful due to the small seed size

and the type of growing medium in the pellets. At the 24 mo removal date, additional
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seed samples were removed and germinated in petri dishes under the same growth

chamber conditions as listed above. After 21 days the ungerminated seeds were tested

for viability with a tetrazolium test.

After 21 d in the growth chamber, creeping bentgrass seedlings from resistant

lines were moved to the greenhouse. The emerging seedlings were grown for 14 d and

sprayed with glypho sate at a rate of 1.12 kg ha'. The number of dead and alive

plants was counted 28 d after application. The living plant counts were divided by

dead plant counts to obtain a ratio of resistance to susceptible plants. The ratio test

was performed because at the time of seed burial the glyphosate resistant lines seed

were heterozygous at a 1:1 resistant to susceptible ratio.

RESULTS AND DISCUSSION

Germination of Shelf Samples

Seed germination differences were observed in all lines except ASR368 (Table

2.1). Differences were observed among bentgrass lines at each of the seed

germination dates (Table 2.2). At 12, 18, and 24 mo, seed germination of ASR368,

Highland and SR1O2O were equivalent and were greater than germination of Lines 48-

13 and 48-10 (Table 2.2).
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Table 2.1. A comparison of shelf samples seed germination among dates.

Seed germination

MAEa ASR368" 48-10 48-13 Highland SR1O2O

% --------------------------------------

6 88 76 82 80 91

12 89 76 58 95 93

18 90 74 49 91 91

24 95 69 51 94 95

LSD (p=O.O5) NS 5 5 10 3

a MAE months after establishment of the study.
b Lines ASR365, ASR368, 48-10, and 48-13 are glyphosate resistant creeping
bentgrass cultivars; Highland and SR1O2O are glyphosate susceptible bentgrass
cultivars.
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Table 2.2. A comparison of shelf samples mean germination of each line by date.
Lines 6 months 12 months 18 months 24 months

------------------------- % germination ------------------------------

ASR368a 88 89 90 95

48-10 76 76 74 69

48-13 82 58 49 51

Highland 80 95 91 94

SR1O2O 91 93 91 95

LSD (p = 0.05) 10 7 4 7

a Lines ASR 368, 48-10, and 48-13 are glyphosate resistant creeping bentgrass
cultivars; Highland and SRi 020 are glyphosate susceptible bentgrass cultivars.

Germination and Deterioration of Field Samples

Differences in germination or deterioration were not detected among burial

depths at either location. Therefore, germination and deterioration were combined

over burial depths at both locations.

Germination at Corvallis

Seed germination at Corvallis decreased in all the creeping bentgrass lines

from the 6 mo seed removal to the 12 mo seed removal (Table 2.3). There was no

difference in germination of Highland from the 6 to 12 mo removal. Germination of

lines 48-10 and 48-13 and Highland was lower than ASR368 and SR1O2O at the 6 mo

seed removal (Table 2.4). By the 24 mo seed removal there were no differences in
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germination among the lines. Seed germination ranged from 2% to 8% at the 24 mo

removal.

No change was observed in the ratio test for the transgenic bentgrass lines from

the pre-burial test to the 24 mo removal (Table 2.5).

Table 2.3. A comparison of seed germination among removal dates at Corvallis, OR.
Seed germination

MABa ASR368 b 48-10 48-13 Highland SR1O2O

0/

6 76 40 31 28 78

12 36 23 14 17 36

18 36 16 7 9 25

24 2 3 2 5 8

LSD (p=O.O5) 27 14 13 17 23

a MAB months after burial of the seeds.
b Lines ASR368, 48-10, and 48-13 are glyphosate resistant creeping bentgrass
cultivars; Highland and SR1Q2O are glyphosate susceptible bentgrass cultivars.
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Table 2.4. A comparison of mean germination of each line by removal date at
Corvallis, OR.
Lines 6 months 12 months 18 months 24 months

-------------------------- % germination ------------------------------

ASR368a 76 36 36 2

48-10 40 23 16 3

48-13 31 14 7 2

Highland 28 17 9 5

SR1O2O 78 36 25 8

LSD (p0.05) 15 22 20 NS

a Lines ASR368, 48-10, and 48-13 are glyphosate resistant creeping bentgrass
cultivars; Highland and SRi 020 are glyphosate susceptible creeping bentgrass
cultivars.

Table 2.5. The ratio tests for resistant versus susceptible seeds preburial and at the 24
mo removal.

Seed burial ratio test

Corvallis, OR Hermiston, OR

Linea Nov 2000 Nov 2002 Dec 2000 Dec 2002

ratio

48-10 1.03 0.96 1.07 1.01

48-13 1.10 0.93 1.12 0.76

ASR368 1.01 1.13 1.09 1.01

LSD (p=005) NS NS NS NS

a Lines are glyphosate resistant creeping bentgrass cultivars
b Ratio is the number of alive plants (glyphosate resistant) divided by dead plants
(glyphosate susceptible) 14 d after the glypho sate application, post germination
counts.



37
Deterioration at Corvallis

As germination decreased with time, deterioration increased over the same

period. In two of the resistant lines, 48-10 and 48-13, at least 50% of the seeds were

deteriorated by the 12 mo seed removal (Table 2.6). Highland, SR1O2O, and ASR368

had 30% or less deterioration at l2mo. Highland, SR1O2O and ASR368 had less than

45% deterioration, and 48-10 and 48-13 had 74% and 70% deterioration, respectively,

at the 18 mo removal. At the 24 mo removal, there was no difference among the lines,

with >75% of the buried seeds deteriorated in all lines (Table 2.7).

Table 2.6. A comparison of seed deterioration among removal dates at Corvallis, OR.
Seed deterioration

MABa ASR368 48-10 48-13 Highland SR1O2O

% ----------

6 5 19 39 12 9

12 22 51 67 30 24

18 25 74 70 41 27

24 77 90 88 85 89

LSD(p0.05) 26 15 21 19 14

a MAB months after burial of the seeds.
b Lines ASR368, 48-10, and 48-13 are glyphosate resistant creeping bentgrass
cultivars; Highland and SRi 020 are glyphosate susceptible bentgrass cultivars.
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Table 2.7. A comparison of mean deterioration of each line by removal date at
Corvallis, OR.
Lines 6 months 12 months 18 months 24 months

-------------------------- % germination ---------------- ----

ASR368a 5 22 25 77

48-10 19 51 74 90

48-13 39 67 70 88

Highland 12 30 41 85

SR1O2O 9 24 27 89

LSD (p = 0.05) 13 18 22 NS

a Lines ASR368, 48-10, and 48-13 are glyphosate resistant creeping bentgrass
cultivars; Highland and SR1O2O are glyphosate susceptible bentgrass cultivars.

Germination at Hermiston

Seed germination at Hermiston decreased in all creeping bentgrass lines (Table

2.8) from the 6 mo seed removal to the 12 mo seed removal. However, ASR368 seed

germination was not different between the 6 mo and 24 mo seed removal. ASR368

had a germination rate greater than all lines at each removal date (Table 2.9). Line 48-

13 had lower germination than SR1O2O and ASR368 at each removal date. Line

SR1O2O germination was greater than Highland only at the 6 mo removal date.

No change was observed for the ratio test. The number of resistant to

susceptible seeds remained at a 1:1 ratio at the 24 mo removal (Table 2.5).
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Table 2.8. A comparison of seed germination among removal dates at Hermiston,
OR.

Seed germination

MABa ASR368b 48-10 48-13 Highland SR1O2O

0/

6 82 50 25 38 58

12 53 26 10 20 31

18 62 17 6 32 32

24 60 16 6 19 30

LSD (p=O.05) 25 14 8 16 25

a MAB months after burial of the seeds.
b Lines ASR368, 48-10, and 48-13 are glyphosate resistant creeping bentgrass
cultivars; Highland and SRi 020 are glyphosate susceptible creeping bentgrass
cultivars.



Table 2.9. A comparison of mean germination of each line by removal date at
Hermiston, OR.
Lines 6 months 12 months 18 months 24 months

------------------------- % germination ---------------------------

ASR368a 82 53 62 60

48-10 50 26 17 16

48-13 25 10 6 6

Highland 38 20 32 19

SR1O2O 58 31 32 30

LSD(p=o.05) 15 17 19 18

a Lines ASR 368, 48-10, and 48-13 are glyphosate resistant creeping bentgrass
cultivars; Highland and SR1O2O are glyphosate susceptible creeping bentgrass
cultivars.

Deterioration at Hermiston

At each removal date, differences were observed between seed deterioration

of the bentgrass lines (Table 2.10). Also as time increased, seed deterioration

increased within each line of bentgrass. ASR368 had lower seed deterioration at 18,

and 24 mo than any other bentgrass line (Table 2.11). ASR368 seed deterioration

increased from 2% at the 6 mo removal to 15% at the 24 mo removal. 11148-10 and

48-13, the two other resistant lines, seed deterioration increased from 11% and 27%

at the 6 mo removal to 70% and 91% by the 24 mo removal, respectively. In

Highland and SRi 020, the two susceptible lines, seed deterioration increased from
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8% and 14% at the 6 mo removal to 51% and 57%, respectively, at the 24 mo

removal. ASR368 had> 35% more whole seeds exhumed from the soil at the 24 mo

removal.

Table 2.10. A comparison of seed deterioration among removal dates at Hermiston,
OR.

MABa ASR368b 48-10

Seed deterioration

48-13 Highland SR1O2O

0/

6 2 11 27 8 14

12 24 56 72 30 35

18 11 67 90 35 47

24 15 70 91 51 57

LSD (p=O.O5) 17 17 14 20 24

a MAB months after burial of the seeds.
b Lines ASR368, 48-10, and 48-13 are glyphosate resistant creeping bentgrass
cultivars; Highland and SRi 020 are glyphosate susceptible creeping bentgrass
cultivars.
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Table 2.11. A comparison of mean deterioration of each line by removal date at
Corvallis, OR.
Lines 6 months 12 months 18 months 24 months

-------------------------- % germination ------------------------------

ASR368a 2 24 11 15

48-10 11 56 67 70

48-13 27 72 90 91

Highland 8 30 35 51

SR1O2O 15 35 47 57

LSD(p=O.05) 13 18 17 21

a Lines ASR368, 48-10, and 48-13 are glyphosate resistant creeping bentgrass
cultivars; Highland and SRI 020 are glyphosate susceptible bentgrass cultivars.

Comparison of Response at Corvallis and Hermiston

Location and time both had an effect on the persistence of the buried bentgrass

seeds. At both locations, the number of germinated seeds decreased over time, with

germination between 2% and 8% at the Corvallis location and between 6% and 60%

germination at Hermiston at the 24 mo removal. The greater germination observed at

Hermiston may in part be attributed to climate. When weather data are compared at

the two locations, Corvallis had higher yearly precipitation and cooler summer and

warmer winter air temperatures than Hermiston. The higher precipitation led to wet

soils for much of the winter months at Corvallis. The high precipitation and above

freezing air temperatures provided the potential for an environment conducive to soil

microbes and seed pathogens. The data indicated that under the moist conditions
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found in Corvallis, transgenic creeping bentgrass and nontransgenic creeping and

colonial bentgrass seed germination and deterioration did not differ by the 24 mo

removal.

However under the conditions found at Hermiston, the resistant line ASR368

had higher germination than any other lines. The data suggest that under those

conditions ASR368 seed persist longer than the nontransgenic cultivars of creeping

and Colonial bentgrass.

Differences in germination and deterioration were observed among ASR368

and the other bentgrass lines at Hermiston. Differences among transgenic line

ASR368 and other transgenic lines may be attributed to poor seed quality of 48-10 and

48-13. Seeds from line 48-10 and 48-13 from the shelf had a lower germination than

all other lines of bentgrass at 12, 18, and 24 mo germination testing (Table 2.2). Lines

48-10 and 48-13 were subjected to an alternative seed cleaning process. The

alternative seed cleaning process may have damaged the seed making them more

susceptible to deterioration. Second, the differences between the non-resistant

bentgrass lines appear to be attributed to a line by environmental interaction and not

the glyphosate resistance gene. The ratio between the heterozygous resistant and

susceptible seed within the glyphosate resistant lines had not changed from the pre-

burial seed ratio test to the 24 mo test (Table 2.5). The ratio remained a 1 to 1

resistant to susceptible seed ratio. The ratio had not changed, thus a greater portion of

seeds that were viable were not resistant as would be expected if the glyphosate

resistance gene was a factor. The persistence of a glyphosate resistance seed needs to

be taken into account with future management of bentgrass and other rotational crops



used in bentgrass production.

Sources of Materials

'Lab Pak® is a Nitex® nylon fabric produced by the Se far America Inc. Sefar

America Inc., H.R. Williams Div., 4221 NE 34th St., Kansas City, MO 64117.

2LeJjgh #18 mason line, The Lehigh Group, 2834 Schoeneck Road,

Macungie, PA 18062

3Jiffy Forestry Pellets®, Jiffy Products of America Inc., 1119 Lyon Rd,

Batavia, IL 60510.
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with Herbicides and Response to Sethoxydim
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Abstract

Field and greenhouse experiments were conducted to determine if herbicides

other than glyphosate could remove creeping bentgrass (Agrostis stolinfera L.) stands

from production and determine the response of glyphosate resistant and susceptible

creeping bentgrass to the herbicide sethoxydim. Field studies were established in

December 2001 and January 2003. Herbicide treatments included glyphosate,

glufosinate, paraquat, fluazifop, sethoxydim, quizalofop and clethodim. A single

application did not provide satisfactory control. Split-herbicide applications controlled

greater than 70% of the creeping bentgrass in both years of the study with the

exception of glufosinate followed by clethodim in 2002, which provided only 57%

control. The biomass collected from the split application treatments ranged from 0 to

32% of the check. Glyphosate-resistant and -susceptible biotypes of creeping

bentgrass responded differently to sethoxydim. The level of tolerance calculated by

the estimated LD50 values showed that the glyphosate-susceptible biotype was 3.7

times more tolerant to sethoxydim than the glyphosate-resistant biotype.

Nomenclature: Clethodim; fluazifop; glufosinate; glyphosate; paraquat; quizalofop;

sethoxydim; creeping bentgrass, Agrostis stolonfera L.

Key words: LD50, lethal dose, glyphosate resistant, dose response, stolon, bentgrass

control.
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Introduction

A glyphosate-resistance gene was patented by Monsanto and placed into

multiple crops including soybeans, corn, wheat, cotton, and turf grass. Glyphosate-

resistant crops have been developed in part because of glyphosate' s broad spectrum

weed control, tight binding to soil particles decreasing movement with water through

the soil profile (Gustafson 1989), and low toxicity to mammals, birds, and fish

(Gardner et al. 2003). Glyphosate is rapidly translocated from the leaves of treated

plant to the roots, rhizomes, and apical tissues through the symplast (Franz et al.

1997). This movement through the plant allows glyphosate to control many grasses

and forbs including difficult to control perennials such as Canada thistle (Cirsium

arvense (L.) Scop.) (Selleck and Baird 1981), and field bindweed (Convolvulus

arvensis L.) (Weise and Lavake 1986).

The environmental benefits and risks of genetically modified plants have been

debated at great length (Bril! 1985; Coiwell et al. 1985; Boulter 1993; Harlander 1990;

Raybould 1999); nonetheless, farmers have quickly utilized the technology. The

Economic Research Service of the United States Department of Agriculture (2003)

reported that herbicide resistant soybean (Glycine max L.) expanded from 17% of the

total soybean acreage in 1997 to 81% in 2003. Herbicide resistant cotton (Gossypium

hirsutum L.) plantings increased from 10% of the U.S.A. acreage in 1997 to 59% in

2003. Corn (Zea mays L.) with herbicide resistance has not been as quickly adopted

with only 15% of the total acreage being planted in 2003.

The introduction of a glyphosate resistant creeping bentgrass by Monsanto and

the Scoits Company increased the interest in current production methods and stand



removal of creeping bentgrass after production. Creeping bentgrass is a

stoloniferous, perennial grass that can remain in production for more than 4 years.

Tillage and/or herbicides are used to remove this perennial grass from production.

Herbicides such as glyphosate and paraquat are currently being used to remove

creeping bentgrass from production. Glyphosate also is used to spot spray weeds and

volunteer crop plants in certified grass seed fields. With the introduction of a

glyphosate-resistant creeping bentgrass, concerns have been raised over the

availability of alternatives to glyphosate that would be effective for creeping bentgrass

control.

The objectives of these studies were to determine: 1) if an alternative herbicide

to glyphosate could effectively remove creeping bentgrass stands at the end of

production; and 2) the response of glyphosate-resistant and -susceptible creeping

bentgrass to the herbicide sethoxydim.

Materials and Methods

Removal of Creeping Bentgrass Fields

Field studies were established in December 2001 and January 2003 near

Woodburn, Oregon. Studies were initiated post harvest on mature stands of creeping

bentgrass. Herbicides were applied when greater than 75% of the plants had new

growth. In Study 1, herbicide applications were made December 20, 2001 and April

25, 2002. In Study 2, herbicide applications were made January 3 and May 7, 2003.

Applications were delayed in 2003 because creeping bentgrass regrowth was slow due

to low precipitation in October and November. Herbicide applications were made



with a single wheeled compressed air, plot sprayer, which delivered 187 L/ha at 138

kPa.
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Creeping bentgrass control was evaluated visually March 18 and July 8, 2002

in Study 1 and March 7 and July 15, 2003 in Study 2. Control was rated on a scale of

0 (no visual control) to 100 (complete control). Biomass was collected July 8, 2002

and July 15, 2003. Biomass was dried at 70 C for 48 hand weighed.

The experimental design was a randomized complete block with three

replications. Percent control and biomass data were subjected to analysis of variance,

and means separated using Fisher's protected least significant difference test (p

0.05). There were significant year by treatment interactions for control and biomass;

therefore, the data are presented by year.

Creeping Bentgrass Response to Sethoxydim

Two studies were conducted in the greenhouse to examine the response of a

transgenic glyphosate-resistant creeping bentgrass line (1 5-2-5r) and a glyphosate-

susceptible creeping bentgrass line (1 5-2-5s) to 5 rates of the herbicide sethoxydim.

The studies were a completely randomized design replicated 3 times, 4 plants per

replication.

Nodes were clipped from mature bentgrass plants and one node was planted in

a 10 cm pot. The stems were clipped 1.5 cm above and below the node. The stem

end, below the node, was inserted into the soil until the node was just below the soil

surface. Plants were grown for 4 wk and then sprayed with sethoxydim at 0.08, 0.16,

0.32, 0.65, and 1.29 kg ai h* Above ground biomass was harvested 3 wk after the
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herbicide application and again 6 wk after harvest. Harvested biomass was dried at

72 C for 48 h. Live versus dead plant counts were taken 6 wk after the herbicide

application prior to final biomass harvest.

Biomass data were inconsistent and could not be used for the dose response

curves. The inconsistencies with biomass were related to the use of stolons for our

plant source. The time for shoots to emerge from the stolon would range from 1 to 6 d

after planting. After a single shoot had emerged from each stolon, all shoots were

clipped back to 2 cm. However, secondary shoot emergence spanned from 1 to 5 d

and was again unequal. Thus, the plant biomasses varied greatly within a replication.

Dose response curves for the live versus the dead plant counts from the

greenhouse studies were obtained by a nonlinear regression using log-logistic

equations (Streibig, 1988; Seefeldt et al., 1995):

DCy=C+
I + exp[b(log(x) - log(GR50 ))}

where y represents live plant counts at herbicide rate x and C, D, b, and LD50 are

empirically derived constants. C is the lower limit, D is the upper limit, b is the slope

at the LD50, and LD50 is herbicide rate required for 50% of the plants to die. Analysis

of variance for the greenhouse studies showed no significant interaction among

treatment and experiment, so data from the two experiments were pooled and

analyzed. Statistical computations were carried out using SAS/STAT NL1N (SAS,

1987).
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Results and Discussion

Removal of Creeping Bentgrass Fields

2002 Study. A single application of any of the herbicides was not sufficient to control

>70% of the creeping bentgrass plants by July 8 (Table 3.1). Glyphosate, paraquat,

fluazifop, and sethoxydim provided 67, 63, 65, and 65% control, respectively.

Glufosinate provided only 30% control of the creeping bentgrass. A single application

of glyphosate, fluazifop, and sethoxydim reduced creeping bentgrass biomass by 86,

80, and 89% of the check (Table 3.1). Quizalofop only reduced creeping bentgrass

biomass by 59%.

Split applications controlled greater than 70% of the creeping bentgrass with

the exception glufosinate plus quizalofop of which provided 58% control (Table 3.1).

Paraquat plus fluazifop provided 100% control of the creeping bentgrass. All split

treatments with sethoxydim and fluazifop provided greater than 90% control. Mean

biomass from the split applications was less than 6% of the untreated check with the

exception of glufosinate plus clethodim which was 25% of the check (Table 3.1).
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Table 3.1. Visual control ratings of creeping bentgrass and biomass as percent of the
untreated control for the 2002 and 2003 field studies.

Treatmenta

Visual Control

July 8, 2002 July 15,20 03

Biomass

July 8, 2002 July 15, 2003

kg ai hi1 % control % of untreated control

untreated 0.00 0 0 100 100

glyphosate 1.12 67 48 14 47

glufosinate 1.68 30 0 34 94

paraquat 0.7 63 55 39 62

fluazifop 0.42 65 48 20 43

sethoxydim 0.43 65 45 11 56

quizalofop 0.038 48 0 41 89

clethodim 0.14 38 0 29 73

glyphosate / 1.12 I
95 94 0 13

glyphosate 1.12

glufosinate! 1.68 /

95 72 1 32
fluazifop 0.42

glufosinate! 1.68!
93 76 1 26

sethoxydim 0.43

glufosinate! 1.68/
58 76 6 19

quizalofop 0.03 8

glufosinate/ 1.68!
70 71 25 28

clethodim 0.14

paraquat! 0.7!
100 97 0 4

fluazifop 0.42
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paraquat / 0.7 /

98 100 0 0
sethoxydim 0.43

paraquat/ 0.7/
98 86 0 11

quizalofop 0.038

paraquat / 0.7 /

80 90 4 15
clethodim 0.14

glyphosate I 1.12 /

97 98 0 5
glufosinate 1.68

glyphosate / 1.12 /

82 97 1 5
paraquat 0.7

LSD's (0.05) 14 9 15 17

a single treatments and 1st treatments of split applications were applied December 20,
2001 in Study 1 and January 3, 2003 in Study 2. The second herbicide applications
were made April 25, 2002 in Study 1 and May 7, 2003 in Study 2.

2003 Study. A single application of any herbicide did not control creeping bentgrass.

By July 15 creeping bentgrass control was 55% or less for all single applications

(Table 3.1). Paraquat had the greatest percent control at 55%. There was no control

or biomass reduction with glufosinate, quizalofop and clethodim (Table 3.1).

Fluazifop reduced creeping bentgrass biomass by 57%, the greatest reduction of any

single application.

All split applications had provided more than 70% control (Table 3.1). Split

applications with an early treatment of glyphosate had control ratings of 94% or

higher. Split treatments with an early application of glufosinate had the poorest

control, ranging between 71 to 76% control. Control with paraquat plus sethoxydim
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was 100%, the greatest control of any herbicide treatment. Split applications

reduced creeping bentgrass biomass by 68% or greater (Table 3.1).

2002 and 2003 Summary. Single application of fluazifop, paraquat and sethoxydim

provided similar control of creeping bentgrass to that provided by glyphosate.

However, no single application provided satisfactory control of creeping bentgrass.

Split applications with an early application of glyphosate or paraquat can effectively

be used to remove creeping bentgrass from production. Paraquat in a split application

with other herbicides could be used as a substitute for glyphosate if the herbicides

were labeled for this use.

Response of Creeping Bentgrass to Sethoxydim

Glyphosate susceptible and glyphosate resistant biotypes responded differently

to sethoxydim (Fig. 3.1). There were 8 control plants for each line. At the middle

dose of 0.32 kg ai h&1, 6 of the susceptible plants survived compared to 1 of the

resistant plants. The level of tolerance calculated by the estimated LD50 values

showed that the glyphosate susceptible biotype was 3.7 times more tolerant of the

sethoxydim herbicide than the glyphosate resistant biotype (Table 3.2).



Figure 3.1. The effect of sethoxydim on live plant counts of susceptible (- A)

and resistant (- -. -) biotypes. Data were analyzed using the log-logistic equation.
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Table 3.2. Herbicide rates required to kill 50 % of the plants.

LD50

Herbicide glyphosate glyphosate s/ra
susceptible resistant

---- kgaiha ----------

sethoxydim 0.56 0.15 3.7

standard error' 0.22 0.05

aThe level of tolerance was calculated from the ratio of LD50
of the susceptible biotype to the resistant biotype.
bAsymptotic standard errors for estimated LD50.

The resistant and susceptible biotypes of creeping bentgrass responded differently

to sethoxydim. It is possible that sethoxydim could be an effective tool to control the

glyphosate resistant biotype. The lower tolerance of the resistant biotype was not

expected. Because of the observed differences, future studies should be conducted to

evaluate the tolerance of the susceptible and resistant biotypes from seedlings instead

of clones to determine if a similar pattern emerges. If a similar pattern emerges, then

future studies will need to be undertaken to determine if the change in tolerance is due

to the glyphosate resistance gene or another genetic or environmental factor not

accounted for in this study.
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SUMMARY AND CONCLUSIONS

Over the past several years, Scotts Company and Monsanto have been working

to develop and release a glyphosate-resistant line of creeping bentgrass for use on golf

course fairways and putting greens. Glyphosate resistance would allow for the control

of a broad spectrum of weeds, including difficult to control annual grasses. However,

concerns have been raised over the release of an out-crossing, stoloniferous, perennial

plant and the potential for seed and stolon escapes, as well as pollen flow to related

species. There is a potential for escape of glyphosate-resistance genes into wild

relatives and future production fields of non-glyphosate-resistant creeping bentgrass.

With the introduction of a glypho sate-resistant creeping bentgrass, steps will need to

be taken to limit or prevent gene flow into other crops and wild relatives. These

studies have outlined the potential for using rotational crops and herbicides to control

or suppress creeping bentgrass, as well as providing more specific data about the seed

longevity of glyphosate-resistant creeping bentgrass.

The perennial ryegrass row spacing study determined the effects of three

perennial rye grass row spacings on the suppression of creeping bentgrass biomass.

Creeping bentgrass was suppressed by narrow row spacing (7.62 and 15.24 cm) in

both the establishment year (2002) and the following year (2003). Narrowing

perennial ryegrass row spacing (7.62 and 15.24 cm) did not affect perennial ryegrass

seed production at Location 1 and increased seed yield at Location 2 in 2002. In 2003,

perennial ryegrass row spacing did not affect the seed yield of perennial ryegrass.

These data suggest that under similar growing conditions, growers could use narrower

row spacings to suppress creeping bentgrass volunteer plants without decreasing



61
perennial ryegrass seed yields. While, the cultural practice of narrowing the row

spacing of perennial ryegrass will suppress creeping bentgrass, it will not prevent the

production of viable creeping bentgrass seeds and the potential contamination of the

rotational crop.

Herbicide studies were conducted in 2002 and 2003 to determine if alternative

herbicides to glyphosate could be used to remove creeping bentgrass stands. A single

application of fluazifop, paraquat and sethoxydim provided control similar to

glypho sate. However, single applications of the herbicides used in this study were not

an effective tool to remove creeping bentgrass stands from production. Split

applications, with an early application of glyphosate or paraquat, effectively removed

creeping bentgrass from production. Paraquat used in a split application could be used

as a substitute for glyphosate under the conditions of this study.

The split applications with paraquat and glyphosate provided good control;

however, current labels only allow the use of glyphosate for stand removal, all other

herbicides applied in this study would require special labeling for this use. The time

required to apply the split application may be of concern to growers trying to establish

a new grass crop. The new grass crop could not be established until the following

spring, losing a year of seed production from that field. Future studies should evaluate

the control of creeping bentgrass with a single application of glyphosate, paraquat,

fluazifop, or sethoxydim in combination with tillage. If effective, it would allow for

the planting of a fall crop without the loss of a year of seed production.

The resistant and susceptible biotypes of creeping bentgrass responded differently

to sethoxydim. The level of tolerance calculated by the estimated LD50 values showed



62
that the glyphosate susceptible biotype was 3.7 times more tolerant to sethoxydim

than was the glyphosate-resistant biotype. Sethoxydim might be an effective tool in

the control of glyphosate-resistant creeping bentgrass. However, these results may

only apply to the specific resistant line used in this study so more lines should be

evaluated to see if they react in the same way. The lower tolerance of the resistant

biotype was not expected. Because of the observed differences, future studies should

be conducted to evaluate the tolerance of the susceptible and resistant biotypes from

seedlings to determine if a similar pattern emerges. If a similar pattern does emerge

then future studies will be needed to determine if the change in tolerance is due to the

glyphosate resistance gene, or if it is due to another genetic or environmental factor

not accounted for in this study.

Seed burial studies were conducted from November 2000 through November

2003. Location and time both had an affect on the persistence of the buried bentgrass

seeds. At both locations, the number of germinating seeds decreased over time, with

the Corvallis location having between 2% and 8% germination and the Hermiston

location having between 6% and 60% germination at the 24 mo removal. The greater

germination observed at Hermiston may in part be attributed to climate. When

weather data are compared at the two locations, Corvallis had higher yearly

precipitation and cooler summer and warmer winter air temperatures than Hermiston.

The higher precipitation led to wet soils for much of the winter months at Corvallis.

The high precipitation and above freezing air temperatures provided the potential for

an environment conducive to soil microbes and seed pathogens. Under the conditions

found in Corvallis, transgenic creeping bentgrass and nontransgenic creeping and
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colonial bentgrass seed had germination and deterioration rates that were not

different by the 24 mo removal.

However at Hermiston, the resistant line, ASR368, had higher germination

than any other line. The data suggest that under those conditions ASR368 seed will

have higher viability than the nontransgenic cultivars of creeping and colonial

bentgrass.

Differences in germination and deterioration were observed among ASR368

and the other bentgrass lines at Hermiston. Differences among transgenic line

ASR368 and other transgenic lines may be attributed to poor seed quaiity of 48-10 and

48-13. Seeds from line 48-10 and 48-13 from the shelf had a lower germination than

all other lines of bentgrass at 12, 18, and 24 mo germination testing (Table 2.2). Lines

48-10 and 48-13 were cleaned using an alternative seed cleaning process which may

have damaged the seed making them more susceptible to deterioration. The

differences between the non-resistant bentgrass lines and ASR368 appear to be

attributed to a line by environmental interaction and not the glyphosate resistance

gene. The ratio between the heterozygous resistant and susceptible seed within the

glyphosate resistant lines had not changed from the pre-burial seed ratio test to the 24

mo test (Table 2.5). Since the ratio remained a 1 to 1 resistant to susceptible seed, the

glyphosate-resistance gene was not a factor.

The persistence of a glyphosate resistance seed needs to be taken into account with

future management of bentgrass and other rotational crops used in bentgrass

production. Growers will need to manage volunteer bentgrass seeds in a field for

greater than 24 mo. Growers will also need to be aware of the persistence of a



glyphosate resistance seed under the conditions found at Henniston, OR. Future

studies should include an evaluation of the persistence of glyphosate resistant

bentgrass seeds under irrigation at a climate similar to Hermiston. The current site had

no irrigation and remains dry for most of the year. The increase in moisture from

irrigation may increase deterioration, similar to that found at Corvallis.
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Appendix

I!eA. 1. A comparison of seed germination among removal dates at Corvallis, OR.
Seed germination Seed deterioration

MAW ASR8O1b ASR365 ASR8OI ASR365

0/ %

6 56 83 11 2

12 20 81 18 3

18 1 27 92 3

24 0 3 100 95

LSD (p=O.O5) 13' 47 17 11

a MAB months after burial of the seeds.
b Lines ASR8O 1, and ASR365are glyphosate resistant creeping bentgrass cultivars
C Mean separation was detected using Fishers protected least significant differences

Table A.2. A comparison of seed germination and deterioration among removal dates
at Hermiston, OR.

ASR 365

MABa Seed germination Seed deterioration

% ------------------

6 95 2

12 59 5

18 72 23

24 70 38

LSD (p=Q.O5) NS NS

a MAB months after burial of the seeds.
b Lines ASR8OI, and ASR365are glyphosate resistant creeping bentgrass cultivars
C Mean separation was detected using Fishers protected least significant differences
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A.3. Results of seed germination and corresponding TZ test conducted on
ungerminated seeds on a second group of seed removed from Corvallis and
Hermiston, OR, 24 months after burial.

Seed germination and viability

Corvallis Hermiston

germinationa viableb germination viable

Lines 0/ %

ASR368 32.0 0.1 14.3 0.1

48-10 12.6 0.3 6.9 0.3

48-13 6.6 0.1 8.1 0.1

Highland 4.4 0.6 12.1 4.0

SR1O2O 14.3 0.3 27.0 0.3

LSD(O.05) 19.3c NS 14.9 2.3

a Seeds were germinated for 21 d in growth chambers in Petri dishes
b After the 21 d for germination a TZ test was performed on ungerminated seeds
C Means separation was detected using Fishers protected least significant differences




