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Dormancy, Longevity of Seeds in Soil, and Management
of Annual Ryegrass as a Cover Crop in the Midwest
Sabry Elias and Mark Mellbye*
Issue 

Annual ryegrass, ARG, (Lolium multiflorum) is an annual cool season grass used as a cover crop in many regions of the US. It tolerates cold weather reasonable well in the presence of a good snow cover. Annual ryegrass builds soil tilth, captures residual nitrogen fertilizer, helps prevent erosion (Fig. 1), and improves rooting depth for subsequent crops. 
On farms in the Midwest, ARG has sometimes been observed in fields a year or more after the original seed was planted. There is a perception that when it is planted as a cover crop in the fall, it does not always germinate well if soil temperature or other environmental conditions are not suitable, instead it may grow in the spring or in the following fall, causing potential “grassy-weed” problems in corn, soybean, or wheat fields.  It is suspected that this phenomenon may be caused by dormancy of the original planted seed, which is known to some as “latent seed carryover”. The objective of this article is to discuss this phenomenon, shed light on the causes and suggest ways to control ARG in the spring.    
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Figure 1. Annual ryegrass is a good cover crop with fast stand establishment in suitable environmental  

                conditions (Photo courtesy of http://ryegrasscovercrop.com/portfolio-view/infoannualryegras/).
The magnitude of dormancy in annual ryegrass

In a germination study of ARG, Elias and Garay (2012) reported that after two months of harvest, ARG does not require pre-chilling treatment before conducting the standard germination test because seed dormancy has already diminished. 
____________________________________________________________________________________________
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The decline of dormancy over time is due to the naturally occurring phenomenon called ‘after-ripening’, where physiological changes occur in dormant seeds and make them capable of germination (Copeland and McDonald, 2001). This indicates that dormancy is short lived in ARG compared to other cool season grasses such as bentgrass and Kentucky bluegrass, KBG (Soares et al., 2016). 
Elias and Garay (2012) reported that most ARG samples reach maximum germination if they received pre-chilling treatment of 10ºC for 7d and afterwards germinated at 15-25ºC for 7d (AOSA Rules, 2016). This suggests that if ARG is planted in the Midwest at least two months after harvest in Oregon (in July), most of the dormancy would have disappeared.
	Table 1. Germination of four annual ryegrass varieties as a function of time after

	                harvest and year of production.


	Variety


	Year

 
	Pre-chill†       7 days

 
	Post-harvest  Aug. 1, 2017
	2-month post-harvest  Oct. 1, 2017

	
	
	
	 Germination % 

	1
	2017
	Yes 
	95
	98

	
	
	No
	78
	98

	
	 

	
	2016
	Yes
	95
	96

	
	
	No
	95
	95

	 

	2
	2017
	Yes 
	98
	98

	
	
	No
	91
	97

	
	 

	
	2016
	Yes
	98
	98

	
	
	No
	97
	99

	 

	3
	2017
	Yes 
	94
	98

	
	
	No
	81
	95

	
	 

	
	2011
	Yes
	97
	97

	
	
	No
	96
	96

	 

	4
	2017
	Yes 
	97
	99

	
	
	No
	92
	97

	
	 

	
	2016
	Yes
	96
	96

	
	
	No
	97
	98

	2017 mean (new crop)
	Yes 
	96
	98

	
	No
	86
	97

	2016 mean (1-year old crop)
	Yes
	97
	97

	
	No
	96
	97

	  † Germination tests conducted at Oregon State University Seed Laboratory according to 

	     the AOSA rules for testing seeds.


The finding by Elias and Garay (2012) was confirmed by a recent study by Mark Mellbye, Dan Towery, and Dan Perkins as shown in Table 1. 
Primary and secondary dormancy 

Primary dormancy is the condition when newly harvested, viable seed fail to germinate in the presence of suitable germination conditions. Physical (e.g., impermeable seed coat) and/or physiological (e.g., hormonal balance) factors contribute to this type of dormancy. 

Secondary dormancy (also called quiescence, induced dormancy, or latency) is the condition when viable seeds fail to germinate because of the absence of one or more factors required for germination. Extreme high or low temperatures and lack of moisture are among the factors responsible for secondary dormancy. This kind of dormancy occurs after the primary dormancy has been broken, but the environmental conditions have become unsuitable for germination. When the soil and the weather conditions have become suitable again, seeds resume germination. This phenomenon is not unique to ARG, and occurs for all types of seeds as a mechanism of survival under adverse environmental conditions. Induced dormancy is responsible for most soil-seed bank occurrences.
Longevity of seeds in soils

Seeds of all crops, including grasses, legumes, non-legumes such as brassicas and others have varying levels of longevity in soils. Annual ryegrass is no exception in that its seeds remain viable in soil for various periods of times like any other cover crop. Hard-seeded crops such as legumes may remain viable in soil for longer periods of time than non-legume seeds because of anatomical structure of the seed coat.

The longevity of seeds in soil depends on the species, soil, environmental condition, and tillage system. Murdoch and Ellis (2000) reported that the persistence of seed banks tends to decrease exponentially on a year-to-year basis over periods of at least five years. Justice and Bass (1978) suggested that 50% of the seeds expected to germinate after 3-5 years of storage. However, the potential germinability decreases in soil because of the environmental conditions, including soil microorganisms, insects, and extreme temperatures. 
Factors that contribute to poor germination of ARG in fall   
Among the challenges associated with no-till planting of cover crops is the proper seed-to-soil contact, which affects stand establishment (Buchholz, 2017). The seed-to-soil contact factor is more critical when planting small seeds like ARG. Buchholz (2017) suggested that driving the planter slow and using press wheel can improve seed-to-soil contact.  
Aerial seeding, broadcasting seeding, and an air-flow seeding are common methods of seeding annual ryegrass. These methods may leave the seed on top of the soil, which limit seed soil contact, affecting stand establishment. 

Planting late in the fall when soil temperature drops to below 10ºC (approximately 50F), and/or lack of moisture after planting affect the emergence and stand establishment negatively.  These conditions induce secondary dormancy; consequently, seeds may remain viable in the soil until conditions become suitable for germination in the spring for resumption of germination.  

Strategies to terminate cover crops in the spring
Various strategies are used to terminate cover crops in spring. Applying the appropriate chemical, mechanical, or integrated methods of control is specific for each crop. Any cover crop, including ARG, can be difficult to control if the method(s) of control is not effective or not applied properly. 

Glyphosate applied at 1.25 lbs. to 1.5 lbs. ae/A is commonly used to terminate annual ryegrass (Plumer, et.al, 2016; Legleiter, 2015).  They also reported that mixing 1 oz./A of Sharpen® with 1.25 lbs./A of glyphosate provided the most consistent control of annual ryegrass at all application timings. 
Excellent control of annual ryegrass can be achieved by paying careful attention to spraying practices. Plumer et al. (2016) provided detailed recommendations in their management guide to effective burn down practices, and control of ARG in corn, soybeans, and wheat. Wheat should be scouted for any volunteer annual ryegrass and cleaned up with products like PowerFlex, Axial, or Osprey. 

Conclusions

By the time of planting ARG in the fall, the level of primary dormancy is minimal and most seeds would emerge if the germination conditions in the field are suitable. When the environmental conditions are not appropriate for emergence in the fall, seeds go to “secondary dormancy”, where the seeds remain viable in the soil. They resume emergence in the spring or the next fall when conditions become suitable. This phenomenon is not unique to ARG, but it applies to all crops. 

Successful stand establishment of ARG in the fall using appropriate culture practices would reduce the carry over seeds in the spring. Planting cold tolerant ARG varieties would increase the probability of successful stand establishment under lower temperatures in the fall in the Midwest. 
Effective strategies for ARG termination in the spring should be developed depending on the magnitude of the carryover seeds on case-by-case basis. 
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