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control when applied in either single or split applications at rates within the range

suggested by the manufacturers for increased crop yield. Controlled environment trials

also were conducted to evaluate the growth regulating properties of trinexepac-ethyl on

annual bluegrass plants. Results of dose response experiments were similar to those of

tield trials. Annual bluegrass biomass was not consistently decreased with increasing

rates of trinexepac-ethyl. Treated plants had fewer spikelets per panicle and fertile florets

per spikelet compared to untreated controls. Although spikelets per panicle and fertile

florets per spikelet were reduced, increased seed production may be obtained due to

increased numbers of panicles per plant.
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CHAPTER 1

Literature Review



LITERATURE REVIEW

Plant growth regulators (PGRs) have been used successfully in a large number of

agricultural applications since their introduction in the 1960's. Plant growth regulators

represent the most commercially important group of bioregulators, although when

compared to other pesticides, they play a minor role in worldwide sales of crop-

protection chemicals (Rademacher 2000). The use of plant growth regulators has become

common practice in intensive cereal production regions of Europe for prevention of

lodging, in tree fruits and nuts for improved tree canopy management, in ornamental

production where compact plants produce more while reducing costs, and in turf where

the use for various aspects of landscape management has steadily increased over the last

20 years. Since introduction, the various direct and indirect effects of their use have been

studied on several species. This review provides a general history of plant growth

regulator use in turfgrass management, an overview of growth regulator types and

classes, and a summary of past research concentrating on the effects of specific GA

inhibiting compounds and their effects on grasses.

History. The earliest uses of PGRs were for growth and flower suppression of low value

grasses on roadside rights-of-way. A reduction in costs associated with continued

maintenance of these sites was the primary motivation for their use. Furthermore, a

reduction in the maintenance of hazardous slopes or congested areas increased worker

safety. While plant growth and seedhead suppression were achieved, often high levels of

phytotoxicity and reduced rooting of treated plants were observed. Although some
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degree of damage was acceptable because of maintenance cost reductions, adaptation of

PGR use in areas where damage could often not be tolerated was limited. The

introduction of mitotic inhibitors, which were less effective at growth suppression but

caused less phytotoxicity, greatly increased the use of PGRs in the turfgrass environment.

Interest in the use of these compounds turned toward the control of annual bluegrass in

golf course fairways and greens. Initially, it was thought that suppression of seed

production in annual bluegrass would result in increased populations of more desirable

turfgrass species (Watschke 1996). Finally, growth regulating compounds that inhibit the

gibberellin biosynthetic pathway were developed in the last twenty years and are now

widely used in turfgrass management for improved stress tolerance and management of

desired turfgrass species, as well as presumed suppression of annual bluegrass seedhead

formation.

PGR Types. PGRs have been classified as one of two types, depending on their activity

in plants. Type I growth regulators inhibit cell division in treated plants and suppress

both growth and physiological development. Amidochlor (Limit), EPTC (Eptam),

mefluidide (Embark), chiorfiurenol (CF 125), and maleic hydrazide (Maintain 3) are

Type I compounds. As an example of Type I mode of action, mefluidide is absorbed by

leaves and exhibits little translocation to roots or lateral meristems (Watschke et al.

1992). It rapidly inhibits cell division and differentiation in meristematic areas

(Kaufmann 1986). Difficulty with proper application timing due to the variability of

weather and annual bluegrass usually resulted in an increase in the amount of annual

bluegrass present within a stand (Watscbke 1996). Subsequently, use and research of



Type I PGRs (mefluidide) is now mainly centered on improving the quality of annual

bluegrass in fine turf areas of the cool climatic zones. Other Type I compounds include

those herbicides with growth regulating activity when applied at non-lethal rates, such as

acetolactate synthase (ALS) and 5-enolpyruval-skimate-3-phosphate synthase (EPSPS)

inhibitors.

Type II growth regulators affect the production of various precursors necessary for the

production of gibberellic acid (GA) or inhibit the conversion of less active GA to more

active compounds, thereby suppressing plant growth but not development. The main

hormonal functions of gibberellins are the promotion of shoot growth, enzyme induction

in seed germination, induction of bolting in long-day plants, and the promotion of fruit

set and development (Rademacher 2000). There are four groups of GA inhibitors, each

with a unique site of activity within the GA biosynthetic pathway. Two groups are

important with respect to plant growth regulation and turf management. Paclobutrazol

(Clipper) and flurprimidol (Cutless) are root-absorbed compounds that inhibit the

conversion of ent-kaurene to ent-kaurenoic acid early in the GA pathway. Trinexepac-

ethyl (Palisade, Primo) and prohexadione-calcium (Apogee) are foliar absorbed

compounds that limit conversion of biologically less active GA20 to GA1 through

inhibition of 3-hydroxy1ation (Rademacher 2000).

Reclassification of PGR types was recently suggested by Watschke and DiPaola

(1995), based on site of uptake and site of inhibition. Compounds such as prohexadione-

calcium and trinexepac-ethyl that are active in the very late stages of conversion of GA20

to GA1 and are absorbed through the foliage are classified as Class A. Class B inhibitors

are those such as paclobutrazol and flurprimidol that inhibit GA formation earlier in the
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biosynthetic pathway and are primarily root absorbed. Compounds that were previously

classified as non-herbicide Type I inhibitors are now known as Class C. Class D includes

chemicals with herbicidal activity applied at non-lethal rates (Fagerness and Penner

1998).

Research. Research on plant response to PGR application in turf has concentrated

mainly on morphological effects (Hanson et al. 1987). Root growth, seedhead

suppression, and annual bluegrass quality were evaluated by Cooper et al. (1987), while a

growing degree day model was constructed for timing of mefluidide application by

Danneberger et al. (1987). GA-inhibiting compounds reduce plant height in turfgrasses,

however rates of root growth, tillering, and rhizome production vary with compound and

species (Hanson and Branham 1987). In Kentucky bluegrass (Poapratensis L.),

mefluidide depressed root growth and tiller number, but increased rhizome length

(Hanson and Branham 1987). Conversely, paclobutrazol stimulated root dry matter

accumulation in seed producing perennial ryegrass (Loliumperenne L.) (Hampton et al.

1985). Effects of PGRs on tall fescue (Festuca arundinacea Schreb.) and other cool

season grasses were investigated for several years in the northern regions of the United

States and in the southeast by Johnston (Johnston 1993). Ethephon had detrimental

effects on tall fescue root depth, length, density, and water extraction from soil, while the

same effects were not consistent with paclobutrazol, mefluidide, or trinexepac-ethyl,

although all growth regulators reduced shoot elongation rate and clipping weight

(Marcum and HongFei 1997). Research into the effects of PGRs on warm season grasses

suggested that trinexepac-ethyl can delay the onset of dormancy in bermudagrass
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(Cynodon dactylon L.) when applied during active growth but reduced turfgrass quality

when applied at cooler temperatures (Fagerness et al. 2002). Lowe and Whitwell (1999)

found reduced clipping weight of bermudagrass hybrids due to trinexepac-ethyl

application; however, growth of purple nutsedge (Cyperus rotundus L.), goosegrass

(Eleusine indica L.), and bahiagrass (Paspalum notatum L.) were not as suppressed,

suggesting turfgrass stands may be adversely affected by PGR applications under weedy

conditions. Trinexepac-ethyl increased zoysiagrass (Zoysiajaponica Steudel.) shade

tolerance up to 77% light restriction (Ervin et al. 2002) and increased low light tolerance

of shade tolerant zoysiagrass (Zoysia matrella (L.) Merrill.) up to 88% light reduction

(Qian and Engelke 1999).

Turfgrass physiological response to plant growth regulators has been investigated

extensively. Ritchie et al. (2001) investigated the total nonstructural carbohydrate levels

in leaves, crowns, and roots of tall fescue and found no difference due to trinexepac-ethyl

application when compared to an untreated control. Leaf elongation rate (LER), tiller

number, and root mass were measured in response to successive applications of

trinexepac-ethyl in greenhouse and growth chamber experiments on perennial ryegrass.

Although LER was reduced by approximately 35%, shoot mass and root mass were

unaffected (Ervin and Koski 1998). Ervin and Koski (2001) reported that Kentucky

bluegrass leaf cell density and chlorophyll concentration were greater after trinexepac-

ethyl application than in untreated leaves, but structural carbohydrate content was not

affected. Trinexepac-ethyl was found to be deleterious on Kentucky bluegrass cell

membrane thermostability and heat tolerance (Heckman et al. 2001), while reports of

increased perennial ryegrass turf quality under drought stress was reported by Jaing and
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Fry (1998). Treatment with trinexepac-ethyl induced accumulation of an extracellular

leaf protein identical to those induced by cold acclimation (Hwang 1999). Enhanced

frost resistance is likely due to accumulation of this protein.

Response of cool season grasses grown for seed in the Willamette Valley, Oregon, to

prohexadione-calcium and trinexepac-ethyl growth regulators, was investigated

beginning in 1997 on third and fourth year perennial ryegrass production fields

(Silberstein and Young I 998a, I 998b). Research was expanded to newly established

stands of perennial ryegrass, tall fescue, creeping red fescue (Festuca rubra L.), and

Chewings fescue (Festuca rubra ssp. commutata Thuill.) in 1999 (Silberstein et al.

1 999a, 1 999b). All four species were responsive to treatment of both trinexepac-ethyl

and prohexadione-calcium, with the greatest response in perennial ryegrass and

Chewings fescue and least response in creeping red fescue and tall fescue. Evaluation of

trinexepac-ethyl and prohexadione-calcium on Kentucky bluegrass and rough bluegrass

(Poa trivialis L.) were investigated by Butler and Campbell (2001a, 2001b). Treatment

to Kentucky bluegrass increased yield 7 to 10% when applied before anthesis, while yield

response of rough bluegrass varied depending on compound and application timing

(Butler and Campbell 2001a, 2001b). Germination and thousand seed weight were

unaffected by treatment with PGRs in either species.

Research was conducted to evaluate the effect of trinexepac-ethyl and prohexadione-

calcium applied at various rates and growth stages on annual bluegrass (Brewster et al.

2001). Preliminary results indicated that the growth regulators had no effect when

applied prior to flowering but hastened senescence if applied during late flowering.

Hastened senescence may reduce contamination of the seed crop, but annual bluegrass
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seed production may not have been affected. Based on these observations, the objective

of this study was to determine the effect of PGRs applied at several rates and timings on

annual bluegrass in grass seed production fields of the Willamette Valley.



CHAPTER 2

Effects of Trinexepac-ethyl and Prohexadione-calcium on Growth and Reproduction of

Annual Bluegrass (Poa annua) in Five Field Experiments
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Abstract: Field experiments were conducted in 2002 and 2003 in the Willamette Valley

of Oregon to investigate the effects of two plant growth regulators on the growth and

reproduction of annual bluegrass. Previous research suggested that prohexadione-

calcium was effective at hastening senescence of annual bluegrass. Trinexepac-ethyl has

been used for suppression of annual bluegrass seedheads in turf Plant growth regulators

were applied in either split or single applications in March, April or May at five field

sites. Annual bluegrass plant biomass, seed yield, thousand seed weight, seed

germination, panicles per plant, and crop yield were measured. No treatment provided

satisfactory control of annual bluegrass when applied in either single or split applications

within labeled rates.

Nomenclature: Prohexadione-calcium, (calcium 3-oxido-5-oxo-4-propionycicyclohes-

3-enecarboxylate); trinexepac-ethyl, (4-(cyclopropyl-a-hydroxymethylene)-3, 5-dioxo-

cyclohexanecarboxylic acid ethylester); annual bluegrass, Poa annua L. POANN.

Additional index words: Gibberellins.

Abbreviations: AOSA, American Organization of Seed Analysts; GA, gibberellic acid;

PGR, plant growth regulator; WAT, weeks after treatment.
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INTRODUCTION

Plant growth regulators (PGRs) have been successfully used in a number of agricultural

applications since their introduction in the 1960's. However, deleterious side effects,

such as phytotoxicity and reduced rooting potential, limited their use mainly to roadside

rights of way and low value areas where human safety and maintenance costs were a

concern. Over time, the discovery of new compounds that controlled plant growth with

reduced phytotoxic or other undesirable effects increased their use. Within the last

twenty years, compounds that inhibit late stages of gibberellic acid (GA) formation have

been widely used and adopted in many aspects of agricultural production. These

compounds cause little to no phytotoxicity and reduce growth but not plant development.

Currently, GA inhibiting compounds are used for lodging control in intensive cereal

producing regions of Europe, for improved canopy management in tree fruit and nut

crops, in horticultural production where small compact plants save space and conserve

resources (Rademacher 2000), and for growth management of desired species and

presumed aimual bluegrass seed head suppression (Poa annua L.) in turf (M. T. Faletti,

personal observation, 2004).

Recently, GA inhibiting plant growth regulators have been investigated as a means to

increase yield in grass seed crop production systems of the Pacific Northwest.

Preliminary research results suggested that application ofeither trinexepac-ethyl or

prohexadione calcium were effective in increasing seed yields of Kentucky bluegrass,

perennial ryegrass (Lolium perenne L.), tall fescue (Festuca arundinaceae Schreb.)

creeping red (Festuca rubra L.), and chewings fescue (Festuca rubra var. commutata
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Thuill) (Butler and Campbell 2001; Silberstein et al. 1999). In perennial ryegrass,

increased seed yields were obtained as a result of increased seed weight, increased seed

yield potential, and improved seed set (Silberstein et al. 2002).

Research trial observations and commercial use suggested that the weed annual

bluegrass may also be affected. Research was conducted to evaluate the effects of both

prohexadione-calcium and trinexepac-ethyl, applied at various rates and growth stages,

on annual bluegrass (Brewster et al. 2001). Results indicated that growth regulators

caused a hastening of senescence if applied during flowering, and contamination of the

seed crop may be reduced, but annual bluegrass seed production may not be affected.

The objective of this research was to determine the effects oftrinexepac-ethyl and

prohexadione-calcium on annual bluegrass when applied at various rates and application

timings.
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MATERIALS AND METHODS

Field Experiments. Field experiments were conducted at three sites in2002 and two

sites in 2003. Sites 1, 2, 3 and 4 were on a Woodburn silt loam (fine-silty, mixed, mesic

Aquultic Argixerolls). Site 5 was on a Conser silty clay loam (fine, mixed, mesic Typic

Argiaquolls) (2003). Treatments were 0, 0.2 + 0.2, 0.3 + 0.3, 0.3, and 0.4 kg ai/ha of

prohexadione-calcium and trinexepac-ethyl applied in either split or single applications.

Application dates were March/April or April/May for split applications and March, April,

or May for single applications. The herbicide glufosinate was evaluated in a single

application at 0.42 kg ai/ha in March, April, and May. The factorial set of treatments was

arranged in a randomized complete block with four replications. Individual plot size was

2.43 m by 9.14 m.

Each site differed in number of years ofcrop establishment. In trial year 2002, Site 1

and Site 2 were established perennial ryegrass fields. Site 1 was in the third year of crop

production, while Site 2 was in a second year of production. Site 3 was tall fescue that

was established in fall 2001. In trial year 2003, Sites 4 and 5 were established perennial

ryegrass fields. Site 4 was in the third year of crop production, and Site 5 was in the

second year of crop production.

Annual bluegrass biomass was measured 4 wk after treatment (WAT) in a 0.093 m2

quadrat and dried at 60 C for 48 hr. Individual annual bluegrass plants were isolated

within each plot in order to measure flowering and seed production. The bottom of an

aluminum baking plate that measured 0.0314 m2 was removed and replaced with a porous

fabric. Small incisions were made into the fabric and the plate was placed over the plant.
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The entire plant rested above the fabric, which was on the soil surface. Plates were

secured to prevent movement.

Annual bluegrass plants were collected 8 WAT, except for the last timing in 2002,

which was collected 7 WAT. Panicles from each plant sample were separated from the

vegetative biomass, counted, and hand threshed to obtain seed. Seed that had fallen into

each plate was collected and combined with seed threshed from individual panicles. Seed

and debris were separated using hand screens. Remaining seed samples were blown for 2

minutes on a South Dakota vertical column blower to obtain a pure annual bluegrass seed

sample. Seeds per plate were counted.

Grass was swathed at approximately 35% moisture and allowed to dry. Tall fescue at

Site 3 was spring planted and did not produce a crop due to lack of proper vernalization

for seed production. Grass was threshed on July 24 (Site 2), and July 25 (Site I) in 2002

and on July 22 in 2003 (Site 4, 5) using a research plot combine. A representative 50 g

sample was collected from seed harvested from each plot. Seeds of each 50 g sub-sample

that were obtained prior to cleaning were separated using appropriate sized hand screens

in 2002. A Carter seed cleaner with a drum number of 6.5 was used for separation of

annual bluegrass from crop seed in 2003. The remaining crop seed was cleaned using a

Clipper brand M2B seed cleaner with appropriate screens. Air volume was set to remove

unwanted debris. Crop yield (kg/ha) was determined from clean seed weight. Annual

bluegrass and perennial ryegrass germination were measured according to American

Organization of Seed Analysts (AOSA) standards.

Data were subjected to analysis of variance using PROC MIXED in SAS with product,

rate, and timing as fixed effects and blocks as a random effect (SAS 2000). Data were
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transformed using the natural logarithm when necessary to address non-constant variance

but are presented as non-transformed data. Treatments were compared to the

corresponding untreated control within application timing. Split applications were

compared to the untreated control that corresponded to the time when the second half of

the application was complete. Contrasts were used where applicable to compare

differences between application timings. Statistical analyses were performed using SAS

(SAS 2000).
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RESULTS AND DISCUSSION

Annual Bluegrass Biomass.

Trinexepac-ethyl.

2002. March applications of trinexepac-ethyl did not affect biomass at Site I but reduced

biomass when compared to the untreated control at Site 2 (Table 2.1, 2.2). Single

applications in April did not affect biomass at Site I or Site 2. The single application of

0.4 kg aifha applied in May increased biomass at Site 2 in 2002 (Table 2.1). March +

April split applications had no effect on biomass at Site 1 but decreased biomass at Site 2

with the 0.3 kg ai!ha rate (Table 2.1, 2.2). April + May split applications increased

biomass at Site 1 with the 0.3 kg ai/ha rate, but had no effect at Site 2 (Table 2.1, 2.2).

There were no differences between annual bluegrass biomass of treated plants and

untreated controls at Site 3 in 2002 (Table 2.3). Significant interaction between rate and

application timing at Site 1 and 2 did not allow for use of all contrasts. Biomass response

to trinexepac-ethyl was site dependent, with late applications more effective at Site I and

earlier applications more effective at Site 2 (Table 2.2). The varied biomass response to

trinexepac-ethyl between sites was probably due to differences between stand age, weed

density, and level of competition within the stand.

2003. Single applications in March or April did not affect biomass at either site in 2003

(Table 2.4). A single application in May at the 0.4 kg ai/ha rate increased biomass at Site

4 in 2003 (Table 2.4). Biomass response differed depending on whether treatments were

applied as either single or split applications and by application timing at both sites in



Table 2.1. Annual bluegrass biomass, seed yield per plot, thousand seed weight, germination, and panicles per plant as affected by trinexepac-ethyl rate and timing at
Site 1 and Site 2 in 2002.1

Site I Site2

R.nnuai Annual
bluegrass Seed Thousand bluegrass Seed Thousand

Timing Treatment biomass yield seed weight Germination Panicles biomass yield seed weight . Germination Panicles

kg ai/ha g/m2 - g - no/plant g/m2 - g % no./plant
March Untreated 10.87 0.87 0.3516 86.25 48.74 420.22 20.71 0.3663 81,75 19.71

March 0.3 19.91 0.72 0.3171 81.75 60.15 249.83* 28.60 0.3744 84.00 39.63

March 0.4 3.44 NA2 NA 77.66 42.78 172,44* 19.61 0.3181* 77.00 5957*

April Untreated 7.86 1.13 0.4139 85.25 15.42 551.11 30.09 0.4088 88.50 12.23

March + April 0.2 + 0.2 12.38 0,59* 0.2852 68,00* 33,34* 437,98 12.13* 0,3525* 73,50 27.09*

March + April 0.3 + 0.3 18.30 0.62* 0,1254* 55,75* 54.11* 278.35* 11.63* 0.3800 70.75 38,41*

April 0.3 22.28 0.88 0.3251 55.00* 34.84* 390,51 19.96 0.4031 74.00 30.88*

April 0.4 28.09 0.86 0.3561 50.75* 30,68* 418.93 11,66* 0.4300 68.25 30.29*

May Untreated 4.20 1.18 0.3891 81.75 5.42 214.31 37.57 0.3794 95.00 8.93

April+ May 0.2+0.2 9.15 1.05 0.3739 63,50* 10.01* 240.04 32,92 0.4044 69.06* 11.49

April + May 0.3 + 0.3 22.50* 1,50 0.3494 43.50* 10,23* 224.32 14.95* 0.4188 57,00* 14.56

May 0,3 13.45* 1.45 0.4313 68.00 11.12* 269.64 23.64 0.3981 63.00* 13.45

May 0.4 35.52* 2,80 0.3848 53.25* 6.05 363.07* 35.31 0.4081 55,50* 14.08

An * denotes significant difference (p = 0.01) between treatment and untreated check within an application timing.
2 Not estimated due to missing data.



:rable 2.2. Contrasts of trinexepac-ethyl and prohexadione-calcium treatment effects on annual bluegrass biomass for all sites in 2002 and 2003.

Trinexepac-ethyl Prohexadione-calcium

Contrast Site 1 Site 2 Site 3 Site 4 Site 5 Site I Site 2 Site 3 Site 4 Site 5

Treated vs. Untreated
sV SI NS NS NS SI SI NS NS NS

Single vs. Split applications
NS <0.000i3 0.0 174 SI SI NS NS NS

Early split vs. Late Split
SI SI NS NS NS SI SI NS NS NS

March vs. April and May
SI SI 0.0432 <0.0001 NS SI SI 0.0432 <0.0001 0.0328

April vs. May
SI SI NS NS 0.0004 SI SI NS NS 0.0001

March Untreated vs. March Treated
NS 0.0023 NS NS NS NA4 0.0012 NS NS 0.0350

April Untreated vs. April Treated
NS 0.0381 NS NS NS NS 0,0292 NS NS NS

April Single vs. April Split Application
NS NS NS NS NS NS 0.0067 NS NS NS

May Untreated vs. May Treated
0.0049 NS NS NS NS NS 0.0171 NS NS NS

May Single vs. May Split Application
NS NS NS NS NS NS NA 0.0070 0.0208 NS

Significant interaction did not allow for use of all contrasts,
2 significant at p = 0.05.

P-value.
Not applicable due to missing data.



Table 2,3. Annual bluegrass biomass and panicles per plant as affected by trinexepac-ethyl and prohexadione-calcium at Site 3 in 2002.'

Trinexepac-ethyl Prohexadione-calcium

Timing Treatment Biomass Panicles Biomass Panicles

kg ai/ha g/m2 no.Iplant g/m2 no./plant

March Untreated 210.65 129.54 210.65 129.54

March 0.3 147.14 81.41* 198.70 134.33

March 0.4 170.07 110.60 97.63* 98,75

April Untreated 288.80 82.28 288.80 82,30

March+April 0,2+0.2 195.47 114.17 273.19 111.46

March + April 0.3 + 0.3 255.64 100.24 158.55 109.22

April 0.3 218.29 130.52* 250.80 96.81

April 0.4 353.70 110.51 178.68 113.27

May Untreated 253.27 44.30 253.27 44.30

April + May 0.2 + 0.2 148.86 50,68 148.00 57.45

April + May 0.3 + 0.3 160.17 53,36 136.70 92.61*

May 0.3 205.38 62,48 313.34 69.20*

May 0.4 225.61 41.42 323.99 129.54*

An * denotes significant difference (p = 0.01) between treatment and untreated check within an application timing.



Table 2.4. Annual bluegrass biomass, seed yield, thousand seed weight, germination, and panicles per plant as affected by trinexepac-ethyl rate and timing at Site 4 and

Site 5 in 2003.1

Site 4 Site 5

Annual Annual
bluegrass Seed Thousand bluegrass Seed Thousand Germinatio

Timing Treatment biomass yield seed weight Germination les biomass yield seed weight n Panicles

kg ai/ha gIm2 - g % no./plant g/m2 - g - % no./plant

March Untreated 14933 46.46 0.4200 92.75 27.70 70.34 6,85 0.33 12 57.50 10.67

March 0.3 114.77 52.27 0.3781* 69.25 83.58* 60.47 509* 0.2891* 51.25 33.83*

March 0.4 118.47 60.86 0.3731* 89.50 93,92* 39.49 5.98* 0.2829* 39.50 44ØØ*

April Untreated 299.89 44.91 0.4412 92.50 33.39 85.15 6.73 0.3433 37.25 7.00

March+April 0.2+0.2 32.86 46.53 0.4219 81.25 84.14* 81.45 4,94* 0.2875* 55,75 26.13*

March+April 0.3 +0.3 315.93 42.80 0.4006* 82.00 86.17* 114.77 6.46* 0.3102 59.25 30.83*

April 0.3 356.66 44,80 0.4256 90.25 67.42* 81.45 7.81 0.3588 46.00 17.63

April 0.4 329.51 38.87 0.4506 89.50 62.61* 66.64 7.92 0.3483 41.25 14.50

May Untreated 233.25 55.23 0.4250 92.00 16.37 30.85 6.53 0.3362 40.25 3.67

April + May 0.2 + 0.2 281,38 43.37 0.4431 81,50 53.00* 45.66 7.68 0.3637 48,00 7.18

April + May 0.3 + 0.3 259,16 46.22 0,4594* 73.00 69,67* 54.30 6.70 0.3569 52.00 20.75*

May 0.3 197,46 47.39 0.4537* 76.50 28.83 34.56 7.96* 0.3481 42.50 8.17

May 0.4 367.77* 50.97 0.4756* 74.75 30.75 33.32 7.58 0.3356 45.00 4.90

An * denotes significant difference (p = 0.01) between treatment and untreated check within an application timing.
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2003 (Table 2.2). Again, variation between sites with respect to stand age, competitive

ability, and weed density may have contributed to differences in biomass response.

Prohexadione-calcium.

2002. Annual bluegrass biomass response to prohexadione-calcium was similar to

trinexepac-ethyl. The March application had no effect on biomass at Site 1, but both

rates reduced biomass at Site 2 in 2002 (Table 2.2,2.5). A single application at the 0.4

kg ailha rate in April increased biomass at Site 1 but not at Site 2, compared to the

untreated control (Table 2.5). Late, single applications in May did not affect biomass at

Site I but increased biomass at Site 2 at the 0.4 kg ailha rate (Table 2.2, 2.5). March +

April split applications did not affect biomass at Site 1, but all split applications reduced

biomass at Site 2 (Table 2.5). Significant interaction between prohexadione-calcium rate

and application timing at Site I and 2 prevented use of all contrasts. Biomass response to

prohexadione-calcium differed among sites in 2002 (Table 2.2). At Site 2 biomass

response was influenced by application timing and application method in April compared

to untreated controls (Table 2.2). Biomass was reduced at the 0.4 kg ai/ha rate in March

at Site 3 (Table 2.3). Biomass response to prohexadione-calcium treatments in March

differed from treatments made in April and May at Site 3 (Table 2.2). Response also

varied depending whether treatments were made in a single or split application in May at

Site 3 (Table 2.2).

2003. No differences were obtained with single applications in March 2003 at Site 4,

while biomass was reduced by the high rate at Site 5 (Table 2.2, 2.6). Single applications

in April did not affect biomass at either site in 2003. A single application at the high rate

in May increased biomass at Site 4 but had no effect on biomass at Site 5 (Table 2.6).



Table 2.5. Annual bluegrass biomass, seed yield per plot, thousand seed weight, germination, and panicles per plant as affected by prohexadione-calciuin rate and timing

at Site 1 and Site 2 in 2002.'

Site 1 Site2

Weed Seed Thousand Weed Seed Thousand

Timing Treatment biomass yield seed weight Germination Panicles biomass yield seed weight Germination Panicles

kg ai/ha g/m2 - g - % no./plant g/m2
-

g
- no./plant

March Untreated 10.87 0.87 0.3516 86.25 47.86 420.22 20.71 0.3662 81.75 18.49

March 0.3 16.47 0.85 0.3328 80.75 49.86 161.78* 27.81 0.3206 90.00 39.38*

March 0.4 NA2 NA NA 79.75 NA 209.79* 20.26 0.3419 89.50 52.54*

April Untreated 7.86 0.1,13 0.4139 85.25 15.31 551.11 30.09 0.4088 88.50 11.92

March + April 0.2 + 0.2 9,90 0.51* 0.1153* 79.25 27.71 283.63* NA NA NA 17.25

March +April 0.3 +0.3 8.50 0.60 0.1938* 58.50* 38,70 243.48* 8.67* 0.3838 7350* 19.52

April 0,3 3.55 1.19 0.3450 80.75 34,22 482.98 13.73* 0,3975 84.75 23.79*

April 0.4 21,20* 1.06 0.3227 69.00 24.94 440.57 NA NA 88.22 29.05*

May Untreated 4.20 1.18 0.3891 81.75 5.29 214.31 37.57 0.3794 95.00 9.12

April+May 0.2+0.2 4.31 1.18 0.3664 73.25 7.52 356.18* 32.58 0.4188* 77.50* 11.18

April+ May 0.3 +0.3 4.84 1.50 0.3160 63.50 6.16 362.96* 16.33* 0.4025* 75,75* 11.66

May 0.3 20.99 2.65 0.4798 60.00 4.67 264.58 22.10 0.3925* 81.75 16.76

May 0.4 4,47 1.55 0.4076 82.50 56.94* 47759* 18.24* 0.4175* 7350* 7.66

An * denotes significant difference (p 0.01) between treatment and i.mtreated check within an application timing.
2 Not estimated due to missing data.



Table 2.6. Annual bluegrass plant biomass, seed yield, thousand seed weight, germination, and panicles per plant as affected by prohexadione-calcium rate and timing at
Site 4 and Site 5 in 2003)

Site 4 Site 5

Weed Seed Thousand Weed Seed Thousand
Timing Treatment biomass yield seed weight Germination biomass yield seed weight Germination Panicles

kg ai/ha g/m2
-

g % no/plant g/m2
-

g
- % no./plant

March Untreated 149.33 46.46 0.4200 92.75 27.70 70.34 6.85 0.33 13 57.50 10.67

March 0.3 130.82 38.97 0.3763* 92,00 66.43* 48.13 4.51* 0.2881 58.50 50.36*

March 0,4 108.60 40.95 0.3669* 91.50 88.79* 35,79* 4.75 0,3083* 43.25 37.91*

April Untreated 299.89 44.91 0.4413 92.50 33.39 85.15 6.73 0.3433 37.25 6.25

March + April 0.2 + 0.2 285.08 38.85 0,3775* 92.25 77.42* 102.43 5.84* 0.3 125 45,25 37.42*

March + April 0.3 + 0,3 280.14 49.41 0.3844* 90.00 92.33* 92.56 5,77* 0,2728* 37.50 28.50*

April 0.3 287.55 52.37 0.4269* 94.50 53.08* 78.98 8.26 0.3525 41.50 9.63

April 0.4 345.55 33.41 0.4319 94,25 59.67* 120.94 8.55 0.3538 32,75 15.17

May Untreated 233.25 523 0.4250 92.00 16.37 30.85 6.53 0.3363 40.25 3.67

April + May 0.2 + 0.2 227.08 55.29 0.4762* 89.25 46.70* 40.73 7.12 0.3400 26.75 10.10

April + May 0.3 + 0.3 238.18 50.07 0.4600 90.25 57.25* 54.30 7.82 0.3450 44.75 8.67

May 0.3 288.78 63.41 0.4369 90.75 27.33 44.43 7.28 0.41 19* 53.25 4.08

May 0.4 324.57* 52,63 0.4562 90,50 32.00 37.02 8.22 0.3319 43.25 6.83

An * denotes significant difference (p = 0.01) between treatment and untreated check within an application timing.
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Biomass response varied due to application timing at both sites in 2003 (Table 2.2). At

Site 4, increased biomass from a single application in May was responsible for

differences in contrasts of applications timing and application type (Table 2.6). At Site 5,

a reduction in biomass from a single application in March at Site 5 was responsible for

differences in contrasts between treatments in March, April, and May (Table 2.2).

Glufosinate ammonium. Biomass data for glufosinate treatments were not collected in

2002 (Table 2.7). There were no differences in biomass between untreated plots and

plots receiving glufosinate ammonium at either site in 2003 (Table 2.8).

Discussion. Annual bluegrass populations varied dramatically across sites in 2002 and

2003. Among fields of perennial ryegrass, Sites 2 and 4 had unusually high levels of

annual bluegrass infestations, while Sites I and 5 were more representative of typical

field conditions. The amount of annual bluegrass at Site 3 was more than Site 1 and Site

5 but less than Site 2 and Site 4. Trinexepac-ethyl and prohexadione-calcium affected

biomass more as annual bluegrass density increased among sites, probably due to

increased competition for limited resources. In 2002, early single applications in March

at Site 2 reduced biomass, while late applications in May increased biomass (Tables 2.2,

2.3). Early applications preceded a period of rapid annual bluegrass shoot elongation.

While the vertical growth of treated plants was inhibited, untreated plants continued to

elongate. The reduced shoot elongation of treated plants coupled with high levels of

weed crop competition caused a decrease in biomass compared to untreated controls.

Late applications were made at or near physiological maturity of annual bluegrass. May

applications tended to prolong the growth of treated plants when compared to untreated

controls. Increased biomass accumulation continued at Site 4 in 2003 (Tables 2.4, 2.6).



Table 2.7, Perennial ryegrass crop yield, annual bluegrass seed yield, thousand seed weight, and germination as affected by glufosinate ammonium rate and

timing at Site 1 and Site 2 in 2002.1

Site 1 Site 2

Annual
Annual

Annual Annual Annual
Annual

Timing Treatment Crop bluegrass seed bluegrass
bluegrass

Crop
bluegrass bluegrass bluegrassYield

yield
thousand seed

germination
Yield

seed yield
thousand seed

germinationweight weight

kg al/ha kg/ha g % kg/ha g/m2 - - g %g/m2 -
March Untreated 1245 0.87 0.3516 86.25 959 20.71 0.3663 81.75

March 0.42 1435 NA2 0.4010 87,25 1148 4.94 0.3743 88.89*

April Untreated 1159 1.13 0.4139 85.25 1309 30.09 0.4088 88.50

April 0.42 1076 0.38 0.1239* 50.00 1038* 2.19* 0.3950 66.50*

May Untreated 1031 1,18 0.3891 81.75 1326 37.57 0.3794 95.00

May 0.42 342* 1.50 0.3319 45,75 595* 4,29* 0.3575 54.00*

An * denotes significant difference (p = 0.01) between treatment and untreated check within an application timing.
2 Not estimated due to missing data.



Table 2.8. Annual bluegrass plant biomass, seed yield, thousand seed weight, germination, and paniclesper plant as affected by glufosinate ammonium rate and timing at
Site 4 and Site 5 in 2003.'

Site 4 Site 5

Annual Annual
bluegrass Seed Thousand bluegrass Seed Thousand Germinatio

Timing Treatment biomass yield seed weight Germination Panicles biomass yield seed weight n Panicles

kg ai/ha g!m2 g % no/plant g/m2 g % no/plant- - -
March Untreated 149.33 46.46 0.4200 92.75 27.70 70.34 6.85 0.3312 57.50 10.67

March 0.42 119.83 32.62 0.3800 92.00 16.25 190.05 4.20 0.2816 46,00 5.43

April Untreated 299.89 17,20 0.4412 92.50 33.39 85.15 6.73 0.3433 37.25 7.00

April 0.42 277,67 44,91 0.4044 88.00 14.08* 238.18 2.64 0.3342 51.25 3.67

May Untreated 233.25 55.23 0.4250 92,00 16.37 30.85 6.53 0.3362 40.25 3.67

May 0.42 334.44 15,90 0.3975 69.25 26.00 161.67 4.80* 0.3400 33.25 4.91

An * denotes significant difference (p = 0.01) between treatment and untreated check within an application timing.
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Split applications also were more effective at reducing biomass under highly

competitive conditions, probably due to reduced growth over a prolonged period of time.

Although an increased level of annual bluegrass was present at Site 3, neither growth

regulator effectively reduced biomass due to lack of competition from the poorly

established crop. Research observations by Brewster suggested that plant growth

regulator application may cause a hastening of senescence if applied during flowering

(Brewster et al. 2001); however, these data suggest otherwise. Based on these

experiments, annual bluegrass biomass was not likely to be reduced by application of

plant growth regulator except under extremely competitive conditions, and even then not

to levels that provide satisfactory control. In some cases, applications made at or near

reproductive maturity may prolong the growth of annual bluegrass present within a stand.

Annual Bluegrass Panicles.

Trinexepac-ethyl.

2002. Panicle number per plant were similar to the untreated check for March

applications at Site 1 (Table 2.1). Panicles per plant increased with 0.4 kg ailha rate in

March at Site 2 (Table 2.1, 2.9). April applications increased the number of panicles per

plant when compared to the untreated control at both sites in 2002 (Table 2.1, 2.9). May

treatments increased the number of panicles per plant up to the highest single application

rate at Site 1 but had no effect at Site 2 (Table 2.1, 2.9). At Site 3 in 2002, panicle

number was reduced by the 0.3 kg aii'ha rate applied in March and increased by the same

rate in April (Table 2.3, 2.9). May treatments did not affect panicle number at Site 3 in

2002 (Table 2.3). In 2002, single and split applications induced the same response when



Table 2.9. Contrasts of trinexepac-ethyl and prohexadione-calcium treatment effects on annual bluegrass panicles per plant for all sites in 2002 and 2003.

Contrast Site 1

Treated vs. Untreated 0.00711

Single vs. Split applications
NS

Early split vs. Late Split
<0.0001

March vs. April and May
<0.0001

April vs. May
<0.0001

March Untreated vs. March Treated
NS

April Untreated vs. April Treated
<0.0001

April Single vs. April Split Application
NS

May Untreated vs. May Treated
0.0 160

May Single vs. May Split Application
NS

P-value.
2 Significant interaction did not allow use of all contrasts.

Not significant at p = 0.05.
"Not applicable due to missing data.

Trinexepac-ethyl

Site 2 Site 3 Site 4 Site 5

).0002 j2
si si

).0354 SI SI SI

NS SI SI SI

0.0001 Si SI SI

0.0001 ST SI ST

).0032 0.0735 <0.0001 0.0001

).0004 0.0462 <0.0001 0.0025

NS NS 0.0018 0,0013

NS NS 0.0017 NS

NS NS <0.0001 NS

Prohexadione-calcium

Site 1 Site 2 Site 3 Site 4 Site 5

NS3 0.0016 0.0750

NS 0.0009 NS

0.0221 0.0052 0.0068

NS <0.0001 0.0147

0.0268 <0.0001 0.0001

NA4 0,0010 NS

NS 0.0012 NS

NS NS NS

NS NS 0.0041

NS NS NS

SI SI

SI SI

SI SI

SI SI

SI SI

<0.0001 <0.0001

<0.0001 0.0027

<0,0001 <0.0001

0.0018 NS

0.0010 NS
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compared within application timing (Table 2.9). However, response varied by site

between single and split applications, early or late split applications, and across

application timing (Table 2.9).

2003. March applications increased panicle number at both sites (Table 2.4, 2.9). Single

applications in April increased panicle number at Site 4,.but not at Site 5 (Table 2.4).

Single applications in May had no effect on panicle number (Table 2.4). March + April

split applications increased the number of panicles per plant at both sites in 2003 (Table

2.4). Split applications in May increased panicle number at Site 4, and were responsible

for differences obtained with the untreated control (Table 2.4, 2.9). At Site 5, only the

high rate split application increased panicle number (Table 2.4). Significant interaction

between rate and application timing at Site 4 and 5 did not allow for use of all contrasts.

Panicle response differed depending on application type at both sites in April, but not in

May (Table 2.9). May applications had a greater impact on panicle number at Site 4 than

at Site 5 (Table 2.9).

Prohexadione-calcium.

2002. Panicle number was not affected by March applications at Site 1 in 2002 and was

increased at Site 2 (Table 2.5, 2.9). April single applications had no effect on panicle

number at Site I in 2002, but increased panicle number at Site 2 (Table 2.5). May

application increased panicle number at the high rate at Site 1, but not at Site 2 (Table

2.5). Except for the May single application, prohexadione-calcium didnot affect panicle

number at Site 1; however, differences between split application timing and treatments in

April and May were obtained (Table 2.5, 2.9). Significant interaction between rate and

application timing at Site 4 and 5 did not allow for use of all contrasts. Application type
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and timing had an impact on panicle response to prohexadione-calcium at Site 2 in 2002

(Table 2.9). Single applications in May and the 0.3 kg ai/ha split application of

prohexadione-calcium in April + May increased the number of annual bluegrass panicles

per plant at Site 3 (Table 2.3). Those same late applications were responsible for

differences between contrasts (Table 2.9).

2003. Plants treated with single applications in March or April produced more panicles

than untreated controls at Site 4 (Table 2.9). Only the single application at the high rate

in March increased panicles at Site 5 (Table 2.9). April split applications increased

panicle number at both sites (Table 2.9). May split applications increased panicle

number at Site 4, but not at Site 5 (Table 2.9).

Glufosinate ammonium. Data were not collected for glufosinate ammonium effectson

annual bluegrass in 2002. Glufosinate reduced panicle number when applied in April at

the Site 1 in 2003 (Table 2.8).

Discussion. These data suggest that applications of plant growth regulators made prior to

the onset of reproductive maturity tended to increase annual bluegrass panicle number.

As a result, seed production may be increased. Although plant growth regulators slowed

vertical growth, lateral shoot production (tillering) was not inhibited. This lack of

inhibition of lateral growth coupled with increased light penetration of the canopy

increased the number of vegetative tillers per plant that would later fonn reproductive

panicles after PGR release. These findings are in contrast with the current practice of

plant growth regulator applications for suppression of annual bluegrass seedheads in turf.

These results support the view of Watschke (1996), that although GA inhibiting

compounds affect growth of particular species differently, their use for the purpose of
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seedhead suppression in turf has been unsuccessful. Increased panicle number due to

PRG applications could potentially increase annual bluegrass seed production, making it

a more troublesome weed in future crops.

Annual bluegrass seed yield.

Trinexepac-ethyl.

2002. No single application had an effect on annual bluegrass seed yield at Site I (Table

2.1). Annual bluegrass seed yield at Site 1 was reduced when plants were treated with

split applications at either rate in April (Table 2.1). March applications had no effect on

seed yield at Site 2 (Table 2.1). Seed yield was reduced by a single application of 0.4 kg

ai/ha in April and by both split applications (Table 2.1). The April + May split

application at the high rate also reduced annual bluegrass seed yield at Site 2 (Table 2.1).

Annual bluegrass seed yield data was not collected for Site 3 because the tall fescue seed

crop was not harvested. Annual bluegrass seed yield response varied depending on site

(Table 2.10). Differences were obtained between contrasts of single and split

applications for both sites, with split applications more effectivly reducing annual

bluegrass seed yield (Table 2.1, 2.10). Seed yield also differed depending on whether

split applications were applied in March + April or April + May at Site I (Table 2.10).

Early split applications were more effective that those in April + May (Table 2.1, 2.10).

Treatments applied in April had a greater impact on seed yield compared to those in May

(Table 2.10).

2003. Annual bluegrass seed yield was similar among all treatments at Site 4 in 2003

(Table 2.4). However, a contrast of application timing for annual bluegrass seed yield



Table 2.10. Contrasts of trinexepac-ethyl and prohexadione-calcium treatment effects on annual bluegrass seed yield per plot for all sites in 2002 and

2003.

Trinexepac-ethyl Prohexadione-calcium

Contrast Site 1 Site 2 Site 3 Site 4 Site 5 Site 1 Site 2 Site 3 Site 4 Site 5

Treated vs. Untreated
NS1 O.O048 NA3 NS j4 NS 0.0009 NA NS NS

Single vs. Split applications
0.01 58 0.0072 NA NS SI 0.0 170 NS NA NS 0.0190

Early split vs. Late Split
0.0344 NS NA NS SI 0.0221 0.0011 NA NS NS

March vs. April and May
NS NS NA 0.0124 SI NS NS NA NS 0.0001

April vs. May
0.0003 0.0049 NA NS SI 0.0054 0.0010 NA NS NS

March Untreated vs. March Treated
N/A NS NA NS 0.0106 NA NS NA NS 0.0209

April Untreated vs. April Treated
0.0230 0.0027 NA NS 0.02 13 NS NS NA NS NS

April Single vs. April Split Application
NS NS NA NS 0.0001 0.0363 NS NA NS <0.0001

May Untreated vs. May Treated
NS NS NA NS NS NS 0.0338 NA NS NS

May Single vs. May Split Application
0.0 100 NS NA NS 0.0 108 NS NS NA NS NS

Not significant at p 0.05.
P-value.
Not applicable due to missing data.

' Significant interaction did not allow use of all contrasts.
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suggested otherwise. Although no differences in annual bluegrass seed yield were

obtained, a trend of increased yield does exist for March applications compared to those

in April and May (Table 2.4,2.10). Differences in annual bluegrass seed yield were

obtained at Site 5, which like Site 1 had an annual bluegrass density that was more

representative of typical field conditions (Table 2.4, 2.10). Annual bluegrass seed yield

at Site 5 was reduced by March applications, and by both March + April split applications

(Table 2.4). Annual bluegrass seed yield increased due to a single application in May at

the 0.4 kg ai/ha rate of trinexepac-ethyl (Table 2.4). Significant interaction between rate

and application timing did not allow for use of all contrasts on data from Site 5. Annual

bluegrass seed yield was dependent on application timing. Treatments in March and

April were different than the corresponding untreated controls, and split applications also

differed from single applications in April and May (Table 2.10).

Prohexadione-calcium.

2002. At Site 1, prohexadione-calcium reduced annual bluegrass seed yield only when

applied in a March + April split applications at the 0.2 kg ailha rate (Table 2.5). The

reduction in seed yield was responsible for differences in application timing (Table 2.10).

At Site 2, a single application at the 0.3 kg ai/ha rate in April reduced seed yield (Table

2.5). Seed yield was also reduced by a single application at the 0.4 kg ai/ha rate in May

(Table 2.5). Both March + April and April + May split applications at the 0.3 kg aifha

rate reduced seed yield when compared to untreated controls (Table 2.5). Annual

bluegrass seed yield data were not collected for Site 3 due to lack of a tall fescue seed

crop. Late split applications differed compared to early split applications as Site 2, with

the earlier application producing less seed (Table 2.5, 2.10). Treatments made in both
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April and May reduced seed yield compared to untreated controls, and there were

differences between application timings (Table 2.5, 2.10).

2003. Seed yield was not affected by prohexadione-calcium at Site 4 (Table 2.6). Seed

yield was reduced at Site 5 by a single application of 0.30 kg al/ha in March and by both

March + April split applications (Table 2.6). These treatments account for differences

between contrasts of application timing for Site 5 in 2003 (Table 2.10).

Glufosinate ammonium. Annual bluegrass seed yield was not impacted by glufosinate

ammonium at either Site in 2002 (Table 2.7). Annual bluegrass seed yield data was not

collected for Site 3 due to lack of a tall fescue seed crop. Annual bluegrass seed yield

was not impacted by glufosinate ammonium at Site 4 in 2003, but was reduced by the

May application at Site 5 (Table 2.8).

Discussion. Annual bluegrass seed yield varied by site in all trials in 2002 and 2003,

again probably due to weed density. Weed density at Site 2 in 2002 and Site 4 in 2003

was much greater than that of any other site in either year. In general, split applications

more effectively reduced weed seed yield than single applications at most sites. Under

normal field conditions, split applications may reduce seed crop contamination due to

prolonged reduction of plant growth. Brewster et al. (2001) concluded that seed crop

contamination might be reduced due to the potential impact of plant growth regulator

application on annual bluegrass. Reductions in contamination were likely caused by

reduced plant stature and increased competitive ability of the crop, rather than control.

Reduced plant stature limited the number of panicles that were removed from the field

during swathing and threshing. This statement is supported by personal observations

after harvest. Although there was potential for reduced crop contamination, seed that
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remained in the field after harvest could contribute to the soil seedbank and potentially

increase weed presence in following years. The lack of any response at Site 4 was

probably due to very high levels of contamination that could not be overcome by plant

growth regulator application. This again suggests that site and level ofannual bluegrass

contamination strongly influence the impact plant growth regulators have on annual

bluegrass response, and that at some critical plant density, reduced stature has no effect.

The fact that seed was obtained from treated plots further supports the idea that plant

growth regulators did not adequately control annual bluegrass when applied for the

purpose of increased crop yield.

Thousand Seed Weight.

Trinexepac-ethyl.

2002. Annual bluegrass thousand seed weight was less affected by application of plant

growth regulators in 2002 than in 2003. Single applications in March, April, or May had

no effect on thousand seed weight at Site 1 (Table 2.1). Thousand seed weight was

reduced by a single application at OA kg ailha in March at Site 2, but was not affected by

any other single application (Table 2.1). The March + April split application of 0.3 kg

ai/ha was the only treatment to effect thousand seed weight at Site 1 and also accounts for

differences in contrasts of application timing (Table 2.1, 2.11). The low rate split

application in March + April reduced thousand seed weight at Site 2 (Table 2.1). The

difference between April single vs. April split application was due to this treatment

(Table 2.11). Annual bluegrass seed yield data was not collected for Site 3 due to lack of

a tall fescue seed crop.



Table 2.11. Contrasts of trinexepac-ethyl and prohexadione-calcium treatment effects on annual bluegrass thousand seed weight for all sites in 2002
and 2003.

Trinexepac-ethyl Prohexadione-calcium

Contrast Site 1 Site 2 Site 3 Site 4 Site 5 Site 1 Site 2 Site 3 Site 4 Site 5

Treated vs. Untreated
NS' SI2 NA3 SI SI 0.0308 NS NA SI SI

Single vs. Split applications
NS SI NA SI SI <0.0001 0.03 54 NA SI SI

Early split vs. Late Split
0.0 189 SI NA SI SI <0.0001 NS NA SI SI

March vs. April and May
NS SI NA SI SI NS <0.0001 NA SI SI

April vs. May
0.0 176 SI NA SI SI <0.0001 NS NA SI SI

March Untreated vs. March Treated
NA NS NA 0.0029 0.0094 NA NS NA 0.0048 NS

April Untreated vs. April Treated
NS NS NA NS NS 0.00 17 NS NA 0.0191 NS

April Single vs. April Split Application
0.0401 0.0043 NA 0.0231 0.0004 <0.0001 NS NA 0.0008 0.0049

May Untreated vs. May Treated
NS NS NA 0.0133 NS NS NS NA 0.0345 NS

May Single vs. May Split Application
NS NS NA NS NS NS NS NA NS NS

Not significant at p 0.05.
2

Significant interaction did not allow use of all contrasts.
Not applicable due to missing data.

"P-value.
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2003. March applications of trinexepac-ethyl reduced thousand seed weight at both sites

(Table 2.4, 2.11). Single applications in April had no effect at either site (Table 2.4).

Single applications in May increased thousand seed weight at Site 4 but had no effect at

Site 5 (Table 2.4, 2.11). The March + April split application of 0.3 kg ailha decreased

thousand seed weight at Site 4 while the same rate of application applied in April + May

increased thousand seed weight (Table 2.4). The 0.2 kg ailha split application rate in

March + April treatments decreased thousand seed weight when compared to the

untreated control at Site 5 (Table 2.4). Split applications in March + April reduced

thousand seed weight compared to single applications in April at both sites (Table 2.11).

Prohexadione-calcium.

2002. Single applications did not affect thousand seed weight at Site I (Table 2.5).

Thousand seed weight was affected by split applications applied in April at Site 1 (Table

2.5, 2.11). Thousand seed weight was similar to controls for all treatments in March and

April at Site 2 (Table 2.5, 2.11). In May, split applications increased thousand seed

weight, as did a single application at the 0.3 kg ailha rate (Table 2.5). Annual bluegrass

seed yield data was not collected for Site 3 due to lack of a tall fescue seed crop.

2003. Prohexadione-calcium reduced thousand seed weight when applied in March and

April and increased thousand seed weight when applied in May at Site 4 (Table 2.6).

Seed weight was reduced by a single application at the high rate in March and by a split

application at the high rate in March + April at Site 5 (Table 2.6). Thousand seed weight

was increased by a single application of 0.3 kg aifha in May at Site 5 (Table 2.6). There

was a prohexadione-calcium rate by application timing interaction for data on thousand

seed weight at both sites. Results of contrast show that thousand seed weight was
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different for applications in March, April, and May when compared to untreated controls

at Site 4 (Table 2.11). Split applications in April differed from single applications at the

same time at both sites in 2003 (Table 2.11).

Glufosinate ammonium. Annual bluegrass thousand seed weight was reduced by a single

application of glufosinate in April at Site 1 in 2002 (Table 2.7). No differences were

observed between treated plots receiving glufosinate ammonium and untreated controls at

either site in 2003 (Table 2.8).

Discussion. Although no consistent pattern across sites existed between thousand seed

weight response and treatment, these data suggest that annual bluegrass density, weed

crop competition, and plant growth regulator contribute to reduced thousand seed weight.

Differences in seed weight between treated and untreated seeds was greater at sites where

annual bluegrass density was very high, probably due to increased competition for

resources that can impact seed filling and seed weight. Some evidence suggested that

assimilates were preferentially transported to seeds rather than roots in annual bluegrass,

making it more sensitive to stress (Cooper et al. 1987). Any of these factors, coupled

with increased numbers of panicles per plant could reduce the amount of resources being

allocated to each seed, thus reducing seed weight. The lack of reduction in seed weight

due to plant growth regulator application suggested that adequate reductions in plant

growth were not obtained with these compounds.



39

Annual Bluegrass Seed Germination.

Trinexepac-ethyl.

2002. Single applications in March had no effect on germination at either site (Table 2.1,

2.12). Single applications in April at Site 1 reduced germination percentage, but not at

Site 2 (Table 2.1). However, contrast differences for the April Untreated vs. April

Treated suggested that overall, April treatments did affect germination (Table 2.12). May

single applications reduced seed germination at Site 1 and Site 2 (Table 2.1, 2.12).Split

applications in April reduced germination at Site 1, but not at Site 2 (Table 2.1). May

split applications reduced germination at Site 2, but not at Site I (Table 2.1). Annual

bluegrass germination data were not collected for Site 3 due to lack of a tall fescue seed

crop.

2003. Germination was not affected by any treatment at either site in 2003, although a

contrast of treated and untreated data for Site 4 suggests otherwise (Table 2.1, 2.12).

Prohexadione-calcium.

2002. Prohexadione calcium had no effect on germination when applied in single

applications in March, April, or May at Site I nor by March or April applications at Site

2 (Table 2.5). A single application of 0.4 kg ai/ha in May reduced germination at Site 2

(Table 2.5). April split applications reduced germination at the 0.3 kg ai/ha rate at Site 1

and at both the 0.2 kg ai/ha and 0.3 kg ai/ha rates at Site 2 (Table 2.5). May split

applications were not effective at Site 1, but decreased germination at Site 2 (Table 2.5).

Germination was not affected at any site in 2003 (Table 2.6).

Glufosinate ammonium. Glufosinate application did not reduce seed germination at Site

I in 2002 (Table 2.7). Germination increased due to March applications and was



Table 2.12. Contrasts of trinexepac-ethyl and prohexadione-calcium treatment effects on annual bluegrass germination for all sites in 2002 and

2003.

Trinexepac-ethyl Prohexadione-calcium

Contrast Site 1 Site 2 Site 3 Site 4 Site 5 Site I Site 2 Site 3 Site 4 Site 5

Treated vs. Untreated
0.0001' SI2 NA3 0.0196 NS4 0.0104 NS NA NS NS

Single vs. Split applications
NS ST NA NS NS NS 0.0 166 NA NS NS

Early split vs. Late Split
NS SI NA NS NS NS NS NA NS NS

March vs. April and May
0.0001 ST NA NS NS NS NS NA NS NS

April vs. May
NS SI NA NS NS NS NS NA NS NS

March Untreated vs. March Treated
NS NS NA NS NS NS NS NA NS NS

April Untreated vs. April Treated
0.0001 0.0007 NA NS NS NS NS NA NS NS

April Single vs. April Split Application
NS NS NA NS NS NS 0.0489 NA NS NS

May Untreated vs. May Treated
0.0003 <0.0001 NA NS NS NS NS NA NS NS

May Single vs. May Split Application
NS NS NA NS NS NS NS NA NS NS

P-value.
2 Significant interaction did not allow use of all contrasts.

Not applicable due to missing data.
' Not significant at p 0.05.
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decreased by April and May applications at Site 2 (Table 2.7). Glufosinate treatments did

not reduce weed seed germination at either site in 2003 (Table 2.8).

Discussion. Prohexadione inhibits gibberellin biosynthesis in cell free systems of

immature seeds (Nakayama et al. 1990). Preliminary results of germination tests

conducted in 2002 suggested that GA inhibiting compounds impacted germinability when

applied at or near reproductive maturity. However, this conclusion was not valid after

conducting similar tests on seed obtained in 2003. Based on these results, the impact of

GA inhibiting compounds on germination of annual bluegrass was inconclusive. Seed

tests in 2002 were conducted six months after seed harvest compared to almost

immediately after seed was obtained in 2003. The increased time frame before testing in

2002 might have contributed to reduced germination of treated seed even though periods

of after-ripening usually serve to increase germination and mitigate any effects of

dormancy. Requirements of dormancy and after ripening vary widely in annual bluegrass

(Standifer and Wilson 1988). The reduced germination among all annual bluegrass seed

obtained from Site 5 suggests that differences in after ripening and dormancy

requirements do exist in local grass seed production fields.

Crop Yield.

Trinexepac-ethyl.

2002. Trinexepac-ethyl at 0.3 kg ai/ha had no effect on crop yield when applied at either

site in March 2002 (Table 2.13). Single applications at either rate in April increased crop

yield at Site 1, but not at Site 2 in 2002 (Table 2.13). Single applications at either rate in

May had no effect at either site (Table 2.13). Split applications in March + April



Table 2.13. Perennial ryegrass crop yield as affected by trinexepac-ethyl and prohexadione-calcium at Site 1 and Site 2 in 2002.1

Site I Site 2

Timing Treatment Trinexepac-ethyl Prohexadione-calcium Trinexepac-ethyl Prohexadione-calcium

kg ailha kg/ha kg/ha
March Untreated 1245 1245 959 959

March 0.3 1262 1160 1415 1206*

March 0.4 NA2 NA 1429 1060*

April Untreated 1156 1156 1309 1309

March + April 0.2+0.2 1397 1537* 1595 1348

March + April 0.3 +0.3 1890* 1432 1508* 1660

April 0.3 1505* 1593* 1323 1478

April 0.4 1668* 1442* 1415 1429

May Untreated 1031 1031 1326 1326

April+May 0.2+0.2 1617* 1565* 1727 1553

April+May 0.3+0.3 1937* 1789* 1256 1454

May 0.3 1301 1593* 1171 1260

May 0.4 1279 1353* 1206 1225

'An * denotes significant difference (p = 0.01) between treatment and untreated check within an application timing.2 estimated due to missing data.



Table 2.14. Perennial ryegrass crop yield response to trinexepac-ethyl and prohexadione-calcium at Site 4 and Site 5 in 2003.1

Site4 Site5

Timing Treatment Trinexepac-ethyl Prohexadione-calcium Trinexepac-ethyl Prohexadione-calcium

kg al/ha

March Untreated

March 0,3

March 0.4

kg/ha kg/ha

925 925 1025 1025

1011 1006 976 815*

1028 935 1005 871

April Untreated 933 933 918 912

March + April 0.2 + 0.2 1037 933 957 1166*

March +April 0.3 +0.3 989 931 1313* 1051

April 0.3 993 1070 1154* 1192*

April 0,4 1094 945 1142 1154*

May Untreated 1025 1025 918 918

April+May 0.2+0.2 1089 1170 923 1099

April+May 0.3+0.3 1096 1148 1051 1113

May 0.3 1079 1132 887 953

May 0.4 1179 1137 955 965

An * denotes significant difference (p = 0.01) between treatment and untreated check within an application timing.
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increased seed yield at the 0.3 kg/ha rate at Site 1 and Site 2 in 2002 (Table 2.13). April

+ May split applications increased crop yield at Site 1, but had no effect at Site 2 (Table

2.13).

2003. Yield was similar among treatments at Site 4 in 2003 (Table 2.14). At Site 5, yield

was increased by a single application in April at the 0.3 kg ailha rate as well as with a

split application in March + April at the 0.3 kg ailha rate (Table 2.14).

Prohexadione-calcium.

2002. Prohexadione-calcium did not increase crop yield when applied in March at Site 1

but did at Site 2 (Table 2.13). Single applications in April and May increased yield at

Site 1, but were ineffective at Site 2 (Table 2.13). The split application of the low rate in

March + April increased crop yield (Table 2.13). Yield was also increased by both split

applications in April + May (Table 2.13). No split application increased crop yield at

Site 2 (Table 2.13).

2003. Single applications in March reduced crop yield at Site 5 in 2003, while single

applications in April increased crop yield (Table 2.14). Single applications in May had

no effect (Table 2.14). A split application in April at the 0.2 kg ai/ha rate also increased

crop yield at Site 5 in 2003 (Table 2.14).

Glufosinate ammonium. Glufosinate-ammonium applied in May 2002 at Site I and in

April and May of 2002 at Site 2 reduced crop yield (Table 2.15). Yield was not impacted

by application of glufosinate at Site 4 in 2003, but was reduced at Site 5 (Table 2.15).

Discussion. Variation in crop yield response was site dependent. The maximum increase

in crop yield was obtained when PGRs were applied to a competitive crop that was

grown with low annual bluegrass density. The negligible increases in seed yield at sites
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where weed density was very high supports the assertion that neither plant growth

regulator was able to reduce growth of annual bluegrass to levels that provide an

economic benefit to the end user.



Table 2.15. Perennial ryegrass crop yield as affected by glufosinate animonium at Site 4 and Site 5 in 2003.1

Timing Treatment Site 4 Site 5

kg ai / ha

March Untreated

March 0.42

kg/ha

1036 1148

992 827*

April Untreated 1045 1021

April 0.42 644 553*

May Untreated 1148 1028

May 0.42 386 142*

An * denotes significant difference (p = 0.01) between treatment and untreated check within an
application timing.
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CONCLUSIONS

Detailed experiments at five field sites were conducted to determine the effects of two

plant growth regulators on annual bluegrass growth and reproduction. Annual bluegrass

biomass, seed yield, thousand seed weight, germination, panicles per plant, and crop

yield were measured. Results suggest that trinexepac-ethyl and prohexadione-calcium do

not adequately and consistently reduce plant growth or impact seed characteristics at a

level high enough to warrant use of either compound as a tool for annual bluegrass

control in seed crop production. In fact, these compounds have the potential to increase

the weediness of annual bluegrass by increased panicle production that could result in

increased seed production. Future experiments aimed at obtaining a more thorough

understanding of how the components of seed yield are affected by GA inhibiting

compounds and how these inhibitors affect endogenous GA levels in treated seeds are

needed. Germination tests of annual bluegrass seed that is sorted by size class could also

reveal differences between treated and untreated seeds due to application of GA

inhibiting compounds. Results were strongly influenced by the level of annual bluegrass

present at each field site.
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CHAPTER 3

Dose Response and Yield Potential of Annual Bluegrass (Poa annua) Treated with

Trinexepac-ethyl.
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Abstract: Controlled environment trials were conducted to evaluate annual bluegrass

growth and reproduction when treated with trinexepac-ethyl. Results of dose response

experiments were similar to those of field trials. Response to plant growth regulator

varied, and biomass was not consistently decreased with increasing rates of trinexepac

ethyl. Two experiments were conducted to investigate the effect of the plant growth

regulator on seed yield potential of annual bluegrass. Spikelets per panicle and fertile

florets per spikelet were reduced when treated with trinexepac-ethyl compared to

untreated controls. Although field experiments showed that annual bluegrass panicle

number was increased by application of plant growth regulator, growth chamber trials

suggest that seed production was affected by a reduction in the number of spikelets per

panicle and fertile florets per spikelet.

Nomenclature: AOSA, American Organization of Seed Analysts; trinexepac-ethyl, (4-

(cyclopropyl-a-hydroxymethylene)-3, 5-dioxo-cyclohexanecarboxylic acid ethylester);

annual bluegrass, Poa annua L. POANN.

Additional index words: dose response, yield components.

Abbreviations: Plant Growth Regulator, (PGR).
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INTRODUCTION

Plant growth regulators (PGRs) have been successfully used in a large number of

agricultural applications since their introduction in the 1960's. Within the last twenty

years, compounds that inhibit late stages of gibberellic acid (GA) formation have been

widely used and adopted in many aspects of agricultural production. These compounds

cause little to no phytotoxicity and reduce growth but not plant development. Currently,

GA inhibiting compounds are used for lodging control in intensive cereal producing

regions of Europe, for improved canopy management in tree fruit and nut crops, in

horticultural production where small compact plants save space and conserve resources,

and for growth management of desired species and presumed annual bluegrass (Poa

annua L.) seed head suppression in turf.

Recently, GA inhibiting plant growth regulators have been investigated as a means to

increase yield in grass seed crops of the Pacific Northwest. Research results suggested

that application of either trinexepac-ethyl or prohexadione calcium were effective in

increasing seed yields of Kentucky bluegrass (Poa pratensis L), perennial ryegrass

(Lolium perenne L.), tall fescue (Festuca arundinaceae Schreb.), creeping red (Festuca

rubra L.), and chewings fescues (Festuca rubra var. commutata Thuill) (Butler and

Campbell 2001a, 2001b; Silberstein et al. 1999a, 1999b). In perennial ryegrass,

increased seed yields were obtained as a result of increased seed weight, increased seed

yield potential, and improved seed set (Silberstein et al. 2002).

Research trial observations and commercial use suggested that the weed annual

bluegrass also may be affected. Research was conducted to evaluate the effects of both
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prohexadione-calcium and trinexepac-ethyl, applied at various rates and growth stages,

on annual bluegrass (Brewster et al. 2001). Preliminary results indicated that growth

regulators caused a hastening of senescence if applied during flowering, and that

contamination of the seed crop may be reduced, but annual bluegrass seed production

may not be affected. Field experiments conducted in 2002 and 2003 showed an increase

in the number of annual bluegrass panicles per plant due to application of trinexepac-

ethyl or prohexadione-calcium (Chapter 2 p.) Although the flowering response of

individual plants increased due to plant growth regulator (PGR) application in the field,

other components of yield were not measured.

The objectives of these studies were to determine the effect of increasing rates of

trinexepac-ethyl under optimum conditions on annual bluegrass biomass and to determine

if components of yield other than flowers per plant were being affected due to application

of PGR.
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MATERIALS AND METHODS

Controlled Environment Trials. Seeds obtained from previous field trials were

germinated according to American Organization of Seed Analysts (AOSA) standards.

Seedlings were transplanted into 98 cell flats filled with potting media and grown under

constant temperature of 18 C with supplemental lighting. Twenty-five days after

germination, seedlings were placed in a growth chamber at 8 C with an 8 h photo-period

for 10 wk. After vernalization, plants were removed from the chamber. Two hundred-

eighty plants were transplanted to 10.16 cm square pots filled with potting media. Eighty

plants were placed in growth chambers with day/night temperatures of 20/10 C with a 16

h photoperiod and allowed to flower. The remaining two hundred plants were used in

greenhouse experiments.

Greenhouse trials. Two dose response experiments were conducted simultaneously in

separate greenhouses using 100 plants in each trial. Five plants were used per treatment

with 4 replications. Two of the 5 plants were harvested the day of application and dried

in order to determine pre-treatment biomass. The remaining 3 plants received an

assigned rate of trinexepac-ethyl. Rates were 0, 0.1, 0.2, 0.4, and 0.8 kg ai/ha. Plants

were fertilized on a weekly basis with 1.3 g MiracleGroTM per L of water for the

duration of the experiments. Plants were harvested 4 wk after treatment (WAT) dried at

60 C for 48 h. Average pre-treatment biomass was subtracted from biomass of treated

plants to determine the response to trinexepac-ethyl.

Data from dose response experiments were combined to determine if an experiment by

treatment interaction existed. Differences were obtained; therefore, experiments were
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analyzed separately using ANOVA. All statistical analyses were performed using SAS

(SAS 2000).

Growth Chamber Trials. Forty plants were placed in a growth chamber to evaluate seed

yield potential and seed production with either 0 or 0.4 kg ailha trinexepac-ethyl. Five

plants per treatment were used in each of four replications. Three panicles per plant were

marked prior to complete emergence and tracked to maturity. All plants were irrigated

by soil drench on a weekly basis and fertilized with 1.3 g MiracleGroTM IL of water for

the duration of the experiments. Day/night temperatures were 15.5/4.5 C with a 12 hr

photoperiod. Temperatures were increased in each chamber by 5 C 4 WAT in order to

speed maturation. The experiment was conducted twice.

Seed yield potential (number of spikelets per panicle and fertile florets per panicle) was

determined prior to maturity but after application of the growth regulator. Fertile florets

were defined as those having anthers and being capable of pollen production. Fertile

florets per panicle data from treated plants did not fit a normal distribution. Floret data

analyses were conducted using the non-parametric Wilcoxon Rank-Sum test. Levene's

test for homogeneity of variance of fertile florets per spikelet data between experiments

was not significant (p = 0.3060); therefore, data were combined. Spikelets per panicle

data did fit a normal distribution and were combined after testing for homogeneity (p =

0.8376). Spikelet data were analyzed using a two sample t-test. All statistical analyses

were performed using SAS (SAS 2000).



RESULTS AND DISCUSSION

Greenhouse Experiments
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Dose Response Experiment. Annual bluegrass biomass response varied between dose

response experiments. Mean annual bluegrass biomass prior to treatment was 1.29

g/plant in Experiment 1 and 0.92 g/plant in Experiment 2. In Experiment 1, the only

treatment that was different than the untreated control was 0.2 kg aifha (Table 3.1). The

0.2, 0.4,0.8 kg ailha rates reduced biomass compared to the untreated control in

Experiment 2 (Table 3.1). The 0.1 kg ailha rate did not differ from the untreated control

or 0.2 kg ailha rate, but was different than 0.4 kg ai!ha and 0.8 kg ai/ha rates. Biomass

was reduced with increasing rates of plant growth regulator in Experiment 2. Similar

results of varied biomass response to plant growth regulator were obtained in field trials,

where reduction in biomass did not necessarily correspond with increased rate. The

variable response of annual bluegrass to trinexepac-ethyl and a lack of control even at

twice the maximum use rate preclude its use for annual bluegrass control.

Growth Chamber Experiments

Annual Bluegrass Seed Yield Potential. Mature panicles were harvested individually,

but the use of glassine bags to contain seed resulted in very poor seed set. Therefore,

measurements of seed characteristics were not possible. Fertile spikelets per panicle

were reduced due to application of 0.4 kg ai/ha trinexepac ethyl (p <0.0001). Mean

spikelets per panicle for untreated plants was 52, while mean spikelets per panicle for

treated plants was 41. Although the compact nature of treated panicles suggests that



Table 3.1. Annual bluegrass dose response to trinexepac-ethyl application under greenhouse conditions.

Biomass

Rate

kg ai I ha

Untreated

0.1

0.2

0.4

0.8

LSD

Experiment I

4.38

3.70

2.82

3.82

3.94

1.27

g/plant

Experiment 2

4.23

3.41

3.39

2.57

2.50

0.67

57
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fewer spikelets were formed, there is no direct evidence as to how spikelet number might

be reduced by trinexepac-ethyl application. Fertile florets per spikelet were also reduced

(p <0.0001). Mean number of fertile florets per panicle for untreated plants was 185.

Mean number of fertile florets per panicle for treated plants was 119. Reduced panicle

exertion caused by trinexepac-ethyl decreased the number of fertile florets that were able

to develop. This combined decrease in both spikelet per panicle and fertile florets per

spikelet accounts for an average potential reduction of about 242 seeds per panicle.

However, increased numbers of panicle per plant can result from application of

trinexepac-ethyl.

Future research to determine the number of panicles per plant that produce seed rather

than measuring total panicle production would provide a more accurate measure of actual

numbers of seeds produced when treated with plant growth regulators. Although

spikelets per panicle and fertile florets per spikelet were reduced by trinexepac-ethyl

application, total seed production may be increased due to more panicles per plant being

formed due to plant growth regulator application. Furthermore, research to determine

how location of seed on the panicle is affected and how seed size is affected by PGRs is

needed to more completely understand how annual bluegrass responds to growth

regulator applications.



CONCLUSIONS

Controlled environment trials were conducted to determine plant response to increasing

rates of trinexepac-ethyl under optimum conditions. Annual bluegrass biomass was not

consistently reduced by rates up to twice the label rate.

Experiments were conducted to determine how trinexepac-ethyl affected spikelet

number per panicle and fertile florets per spikelet. Spikelet number and fertile florets per

spikelet were affected due to application of trinexepac-ethyl. Results of these

experiments strengthen the case against use of Class A plant growth regulators for control

of annual bluegrass in grass seed production due to lack of consistent reduction in

biomass and seed formation.
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Over the last several years, GA inhibiting compounds have been successfully integrated

into several areas of agriculture, including wheat production in Europe, the management

of turf in the United States, and in grass seed production areas of the Pacific Northwest.

Since introduction, these new tools have allowed grass seed producers to increase yields

and also improve the ease with which seed is harvested by taking advantage of the

reduced leaf and stem elongation that results from their use. The rapid adoption of these

chemicals, along with subjective observations by consumers of the effect each had on

annual bluegrass suggested another potentially beneficial use. Therefore, preliminary

trials were conducted in 2001, and results suggested that growth regulators caused a

hastening of senescence and possible reductions in seed crop contamination (Brewster et

al. 2001). More detailed experiments to investigate the effects of two plant growth

regulators on the growth and reproduction of annual bluegrass were conducted at five

sites during 2002 and 2003.

Results of those trials indicate that trinexepac-ethyl and prohexadione-calcium do not

control annual bluegrass at rates and stages of application suggested by the

manufacturers. Plant biomass, thousand seed weight, seed germination, seed yield per

plot, and crop yield varied substantially among years, sites, application timing, and rate.

Although some variation in plant response did exist, the number of panicles per plant was

most consistent in response to treatment. The application of either trinexepac-ethyl or

prohexadione-calcium tended to increase the number of panicles per plant when applied

in March, April, or May in either single or spilt applications. Even though both

compounds are useful tools for increased crop yield, neither provides satisfactory control

of annual bluegrass.
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Greenhouse dose response experiments that were conducted in 2004 produced similar

results to those of field trials in terms of annual bluegrass biomass response to treatment

with growth regulator. No single treatment was identified as being able to suppress

growth and development of annual bluegrass at a satisfactory level.

Two experiments to investigate the impact of PGR application on the yield potential of

annual bluegrass were carried out in 2003. Results showed that both spikelets per panicle

and fertile florets per spikelet were reduced compared to untreated controls, suggesting

some impact on seed production. Although spikelets per panicle and fertile florets per

spikelet were reduced in these experiments, the increase in total panicle number per plant

allows for an increase in seed production with the use of these compounds. Future

research to determine the number of viable panicles per plant rather than total panicle

number would serve to clarify the direct impact plant growth regulators have on annual

bluegrass seed production.

Recently, several reports of a reduction in the amount of annual bluegrass present in the

crop after harvest have encouraged the use of PGRs among growers. Field observations

of annual bluegrass after harvest suggested that reduced plant stature caused fewer

numbers of panicles to be cut with the crop during swathing. However, after crop

removal, many panicles with viable seed remained in the field and contributed to seed

rain. Although crop contamination may be reduced, the amount of seed being

contributed to the soil seed bank may serve to increase annual bluegrass populations in

treated fields. Future research to evaluate the number of panicles that contain viable seed

after harvest compared to untreated controls would answer this question.
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