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Introduction 

Ice damage to annual bluegrass (Poa annua; ABG) and creeping bentgrass (Agrostis 

stolonifera; CBG) golf course putting greens is a significant problem in many parts of the world 

and climate change may increase ice incidence. ABG and CBG are both susceptible to ice cover, 

with ABG being more susceptible (killed at approximately 45 to 70 d) and CBG being more 

tolerant (killed after 100+ days) (Tompkins et al ; 2004). The primary cause of death to turfgrass 

under ice sheets is most likely from oxygen depletion and toxic gas accumulation (Pessarakli, 

2008). ABG was shown to have toxic gas accumulation and metabolic activity resulting in toxic 

gases (Aamlid, et al., 2009). CBG and ABG are known to be differential in production of the 

gaseous hormone ethylene; ABG produces a lot of ethylene but is not sensitive to the hormone, 

whereas CBG produces less with greater sensitivity (Fioriani et al., 2002). Ethylene improves 

plant tolerance of freezing stress by increasing antifreeze protein expression in winter rye plants 

(Yu et al., 2001) but reduces freeze tolerance in other species (Shi et al., 2012). Ethephon 

application (effective ethylene) was deleterious to warm season turfgrasses for winter survival 

(Munshaw et al., 2010). To our knowledge, whether ethylene may be associated with the 

difference in tolerance to various winterkill stresses, particularly ice stress, of cool-season 

turfgrasses has yet to be investigated. Since ABG is less tolerant of ice stress, we hypothesize 

that high levels of ethylene production may have negative effects on ice stress survival and 

treatments that inhibit ethylene production may improve survival under ice stress. This study 

aimed to investigate the effects of ethylene regulation on ABG and CBG survival of ice cover. 

Discussion 

Ethephon is a commonly used chemical in turfgrass management for annual bluegrass flowering 

and seed head control. Turfgrass managers that may be using ethephon for control of annual 

bluegrass flowering, particularly as a replacement for mefluidide, may see a decrease in turf 

quality depending on environmental conditions and concentration of ethephon applied. The novel 

finding here is that ethephon treatments could significantly reduce spring recovery following 

winter conditions either under no ice or ice-covered conditions at the rates used in our study. 

Through antioxidant and lipid peroxidation analysis we found that ethephon treated annual 

bluegrass had decreased antioxidant activity and increased lipid peroxidation when compare to 

the untreated control in both leaf and crown tissues. This decrease in antioxidant activity may be 

correlated with a decrease in annual bluegrass recovery after -4
o
C treatment. Suggesting that 

lower antioxidant activity and increased lipid peroxidation may result in decreased annual 

bluegrass recovery.  

One indication of turfgrass acclimation is the changes in cell membrane fatty acid content. 

During acclimation, plants that are cold tolerant may increase concentrations of unsaturated fatty 

acids while reducing saturated fatty acids in their cell membranes (Shang et al., 2006). Ethylene 

inhibitory treatments generally increased unsaturated fatty acids and decreased saturated fatty 



acid concentrations when compared to the untreated controls.  Specific types of change in 

individual FAs may also play a role in cold tolerance. Retain treated annual bluegrass had greater 

linolenic concentrations when compared to the untreated control after 80 day at -4
o
C. Linolenic 

acid has been found to be involved in lipid based signaling involving jasmonic acid in response 

to insect and pathogen attack (Farmer et al., 1992). This shows that changes in plant cell 

membrane fatty acid composition may alter other plant defense mechanisms which could help a 

plant survive winter conditions. Research observing cold tolerance in plants shows that increases 

in linolenic acid also increase cold tolerance of plants during early growth stages (Iba, 2002). 

Ethephon is an effective ethylene treatment. Fatty acid analysis of annual bluegrass treated with 

ethephon resulted in ethephon having greater saturated fatty acid content when compared to the 

untreated control. This could be an indication that effective ethylene applications may decrease 

the ability of annual bluegrass to acclimate to winter conditions decreasing the ability of 

recovery during the spring. 

Ethylene inhibition treatments influenced turfgrass recovery from winter conditions and 

were found to influence FA composition of annual bluegrass tissues. Our results indicate that 

Retain increased annual bluegrass recovery after low temperature treatment at -4
o
C after 40 and 

80 days of treatment when compared to an untreated control. Ethylene inhibition products Retain 

and AVG were observed to increase unsaturated fatty acid concentrations and decreasing 

saturated fatty acids. Retain is commercially available in the produce industry for reducing or 

inhibiting ethylene production in fruits (Clayton et al., 2000). Retain, has been tested previously 

on creeping bentgrass in Arkansas to determine the maximum concentration prior to 

phytotoxicity (Strunk et al., 2010). Their research showed that applying a concentration of 91.5 g 

A
-1 

Retain or less did not decrease turf quality. Our research also supports this in that Retain did 

not decrease turf quality when compared to the untreated control. However, to date, no research 

has evaluated ethylene production from annual bluegrass or creeping bentgrass under ethylene 

inhibition treatment. Our research showed that Retain did not have a measurable effect on 

ethylene production in the field when compared to the untreated control.  

One plant defense against ice formation is the accumulation of antifreeze proteins. 

Antifreeze proteins accumulate in the apoplast making them available to bind to the surface of 

ice formation changing the rate at which ice may accumulate in plant tissue (Griffith et al., 1992) 

Retain and AVG treated annual bluegrass were observed to have greater antifreeze protein in leaf 

tissue when compared to the untreated control. This is contrary to what researchers have found in 

winter rye leaves where ethylene inhibitory treatments had lower apoplastic protein 

concentrations (Yu et al., 2001).  

These results indicate that ethephon treatment as an effective ethylene application of 

annual bluegrass may be detrimental to spring recovery by increasing lipid peroxidation, 

increasing saturated fatty acid content, and decreasing antioxidant activity when compared to 

untreated annual bluegrass after winter conditions. Products that are ethylene inhibitors could 

potentially be beneficial to annual bluegrass survival during the winter through increases in 

antioxidant activity and increases in plant cell membrane unsaturated fatty acid contents when 

compared to untreated annual bluegrass. Thus, turfgrass managers in northern climates need to 



be cautious of recommendations for annual bluegrass seedhead control and should use caution 

with using ethephon during the fall, since a reduction in annual bluegrass survival over winter 

may occur.  

In conclusion, ethephon applications made weekly from the beginning of October through mid-

November can be detrimental to annual bluegrass spring recovery depending on the severity of 

winter conditions. Ethephon was found to have decreased recovery after 0 and 20 days of -4
o
C 

treatment. However, after 40 and 80 days of -4
o
C treatment, it was no different from the 

untreated control. Measuring antioxidant activity of annual bluegrass after low temperature 

treatment at -4
o
C under ice and no ice cover suggests that ethephon applications reduces activity 

of antioxidant enzymes and increases lipid peroxidation which may result in a decrease in 

regrowth during the spring. Ethylene inhibitory products, such as Retain, may serve as a means 

of increasing annual bluegrass spring recovery in low temperatures and ice cover persist for 

greater than 40 days during the winter. This suggests that effective ethylene applications alter 

annual bluegrass physiology reducing the percent of recovery occurring in the spring while 

ethylene inhibitor treatment may increase annual bluegrass recovery during extended periods of 

below freezing temperatures and ice cover.   
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