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ABSTRACT 

The introduction of cover crops as fallow replacement in the traditional cereal-based cropping 
system of the Northern Great Plains has the potential to decrease soil erosion, increase water 
infiltration, reduce weed pressure, and improve soil health. However, In the Northern Great 
Plains, there has been hesitation for the adoption of cover crops in rotation with wheat due to 
concerns regarding the potential negative effects on the following wheat crop yields. Crop-
livestock integration has demonstrated that cover crops can be terminated using livestock grazing 
with minimal negative impacts on soil health. Therefore, the potential for a reduction in wheat 
yields following a cover crop may be mitigated by using the cover crop as a forage source for 
livestock. However, the ability to use cover crops as a livestock forage source in dry-land 
systems is dependent on the cover crop mixture. A long-term research project conducted at the 
Northern Agricultural Research Center in Havre, MT evaluated 15 different cover crop mixtures 
(29 species) and 3 cover crop termination methods in a semi-arid wheat-fallow system in the 
Northern Great Plains over the course of 8-years.  This research suggests that individual mixtures 
had minimal effect on forage quality and biomass, however, whether the mixture was 
predominately cool- or warm-season species had a profound impact on the use of cover crops as 
a potential forage source for livestock. In general, in a dryland cover crop-wheat rotation that 
requires early-July termination to prevent volunteer cereal grains in the following wheat crop, 
cool-season cover crop mixtures should provide a suitable forage source for livestock grazing 
most years. Additionally, the potential for a reduction in wheat yields following a cool-season 
cover crop may be mitigated using the cool-season cover crop as a forage source for livestock. 
However, the relatively high and variable nitrate levels of the cover crop mixtures used suggests 
that forage should be tested for nitrates before grazing/haying. 

INTEGRATING COVER CROPS AND LIVESTOCK IN WHEAT-FALLOW 
SYSTEMS OF THE NORTHERN GREAT PLAINS 

Diversifying cropping systems by incorporating a cover crop in wheat-fallow systems, can 
reduce off-farm inputs while producing similar profits to more conventional systems (Davis et 
al., 2012). Additionally, the introduction of cover crop systems has been shown to improve soil 
organic C and N, which leads to retention of organically bound nutrients and improved soil 
hydrology (Franzluebbers and Stuedemann, 2008b). Moreover, increasing species and functional 
group diversity of cover crop mixtures can further increase soil organic C compared to a single-
species mix due to greater above and below-ground biomass production (Faé et al., 2009; 
Blanco‐Canqui et al., 2015). However, prior to the planting of commodity crops, cover crops 
must be terminated. Conventional cover crop termination typically includes tillage, herbicide, 
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crimper roller, or a combination of methods, all of which represents a cost with no immediate 
return, potentially limiting producer adoption of the practice.  

An integrated crop-livestock system approach utilizes livestock grazing and/or haying as a 
mechanism to terminate cover crops and is proposed as a mutually beneficial alternative for both 
livestock and crop producers (Franzluebbers and Stuedemann, 2008a; Tobin et al., 2020). Cover 
crops including annual grasses, small grains, and forage legumes following grain or fiber crops 
could provide a source of high-quality forage (Franzluebbers and Stuedemann, 2007; 
Franzluebbers and Stuedemann, 2008b). Livestock grazing of cover crops could provide a low 
input alternative for beef cattle nutrition requirements while delivering a low-input cover crop 
termination method. Additionally, integrating crops and livestock allows for a better coupling of 
nutrient demand and availability (Liebig et al., 2012; Russelle et al., 2007). Furthermore, grazing 
or selling cover crop hay would provide an economic return that could at least partially offset 
expenses and therefore encourage producers to adopt the practice, even if soil health benefits are 
not immediately apparent. Nevertheless, the benefits of incorporating a cover crop rotation in a 
semi-arid cereal-based system are highly variable compared to the humid environments that the 
bulk of cover crop research has been performed (Blanco-Canqui et al. 2015). 

In general, cover crops are promoted worldwide due to the conservation benefits including 
reduced soil erosion, greater water infiltration, and enhanced soil biological abundance and 
activity (Snapp et al., 2005; Myers and Watts, 2015; Sanderson et al., 2018). Although livestock 
grazing or haying of cover crops could provide a low input alternative for beef cattle nutrition 
requirements while delivering a low-input cover crop termination method, previous research 
evaluating the integration of livestock grazing on cover crops focuses mainly on the following 
crop production and soil attributes and evaluates little metric of the effects of cover crop 
mixtures on animal nutrition with the exception that grazing cover crops could expose livestock 
to toxic levels of nitrates (Brummer et al., 2018; Farney et al., 2018; Lenz et al., 2019b). The 
lack of information integrating the effects of cover crop mixtures on commodity crop yield, 
cover crop biomass and forage quality for livestock grazing or haying limits our understanding of 
the long-term sustainability of integrated crop-livestock systems involving cover crops for 
livestock forage in dryland cereal grain production systems in the Northern Great Plains.  

Recently, the Northern Agricultural Research Center in Havre, MT completed a long-term study 
(8-years) evaluating 15 different cover crop mixtures (29 species) and 3 cover crop termination 
methods in a semi-arid wheat-fallow system in the Northern Great Plains. Of the 15 cover crop 
mixtures, 5 of the mixtures were predominately cool-season, warm-season, or a mixture of cool- 
and warm-season species (mid-season). Cover crop seeding rates and planting dates were based 
on Montana Natural Resources Conservation Service recommendations to ensure each cover 
crop was planted at the respective rate and planting window (cool-season, early-April to mid-
May; warm-season, mid-May to mid-June; mid-season, May), mimicking general planting rates 
and dates of the region for each cover crop group (USDA-NRCS, 2021a & b). Cover crop 
mixtures were typically terminated from late June to early July to avoid volunteer cereal grains 
in the following wheat crop. Cover crops were either terminated by herbicide, swathing and 
bailing, or grazing. All crop fields were managed as no-till for over 25-years. Measurements of 



wheat production (Bourgault et al. 2021), soil bacterial communities (Eberly et al. 2021), and 
cover crop forage quality (Wyffels et al. 2021) in response to cover crop mixture and termination 
methods are described in detail in research manuscripts published in “Renewable Agriculture and 
Food Systems”.  

THE ROLE OF COVER CROP MIXTURE ON FORAGE QUALITY 

The forage quality and quantity research results from the aforementioned study (Wyffels et al. 
2021) suggests that individual mixtures within the cool-, warm- and mid-season groups had 
minimal effect on forage quality and biomass, with the exception that the addition of oat in a 
cool- or mid-season cover crops can increase overall biomass production, however, oats can 
reduce crude protein content in cool-season mixtures, most likely linked to maturity of the oats at 
termination. In general, warm- and mid-season cover crop mixtures were found to produce 
greater crude protein and total digestible nutrients than cool-season mixtures; however, they 
produced less biomass at the time of termination. Typically, the forage produced by the cover 
crops in the study met the nutritional requirements of beef cattle for most stages of production at 
the time of crop termination (National Research Council, 1996, 2016). However, it should be 
noted that the cool-season cover crop mixture did not fully meet the crude protein nutritional 
requirements for cattle one of the years in the study, likely related to below-average precipitation 
for that growing season. 

Although nutrient quality sets the upper limit of individual animal performance, forage quantity 
determines the proportion of the performance that is attained (Duble et al., 1971; Sollenberger 
and Vanzant, 2011). Thus, forage quality interacts with forage quantity in determining animal 
performance, where forages with greater nutrient quality require less forage quantity to reach 
maximum potential. Therefore, it is generally considered that moderate to high-quality forages 
require 670- to 890-lbs ∙ ac-1 of forage biomass to achieve optimum animal performance while 
grazing (Duble et al., 1971; Sollenberger and Vanzant, 2011). The cool- and mid-season cover 
crops produced adequate forage biomass to achieve optimum animal performance the majority of 
the years of the study. However, the warm-season cover crops never produced over 471 ± 34-lbs 
∙ ac-1. Of the years that cool- and mid-season cover crops did not produce adequate forage 
biomass (2017) was a severe drought, with precipitation during the growing season 4.7-in below 
average. Although severe drought can reduce overall biomass production, forage quality is often 
greater under drought stress compared to normal conditions (Grant et al. 2014), as seen in the 
study. When not limited by the nutritive quality of forage, cattle typically consume 1 – 3% of 
their body weight daily (Cordova et al., 1978). Thus, assuming an animal consumes 3% of its 
body weight per day, a 1200-lb cow will consume approximately 36-lbs ∙ d-1. Therefore, based 
on the assumption of 50% use, the cover crop mixtures used in the trial could support 
approximately 1.2-ac ∙ animal unit months (AUM)-1 for cool-season mixtures, 2.2-ac ∙ AUM-1 for 
mid-season mixtures, and 7.1-ac ∙ AUM-1 for warm-season mixtures. 

Species composition of the cover crop mixtures used in the study also did not influence nitrate 
contents. Both mid- and warm-season cover crop mixtures contained greater levels of nitrates 
than cool-season cover crop mixtures. These results are likely due to the stage of maturity as 
nitrate levels are negatively associated with plant maturity (Khorasani et al., 1997; Lenz et al., 



2019a). It is not recommended for pregnant cattle to graze forages with greater than 1500 ppm 
nitrates on a dry matter basis; however, 1500 to 5000 ppm on a dry matter basis is generally 
considered safe for non-pregnant livestock. (Cash et al., 2002). Nitrate levels between 5000 and 
10000 ppm on a dry matter basis are not suitable for livestock grazing but could be harvested and 
fed as hay to non-pregnant livestock, as long as feeding is limited to 25 – 50% of the ration 
(Cash et al., 2002). All cover crop mixtures used in the study contained between 1500 and 3500 
ppm nitrates on a dry matter basis on average. Additionally, each cover crop mixture produced 
nitrates at unsafe levels for livestock grazing for one year of the study, likely related to drought 
conditions. Thus, when evaluating the potential for nitrate toxicity associated with grazing cover 
crops, forages should be tested prior to grazing, especially during drought conditions. If nitrate 
levels of a cover crop are beyond the limits for livestock grazing, producers should consider 
postponing grazing till nitrate levels drop to a safe level or harvest the cover crop as hay. 

THE ROLE OF COVER CROP MIXTURE AND TERMINATION METHOD ON THE 
FOLLOWING WHEAT YEILD 

The wheat yield research results from the above-mentioned study (Bourgault et al. 2021) 
suggests that termination methods did not significantly impact the following years grain yield 
and cover crop biomass was a poor predictor of wheat yields. Although not consistent across 
years, wheat yields following cover crops as a replacement of fallow were reduced frequently 
and large enough to raise some concerns about the introduction of cover crops in semi-arid 
cropping systems in the Northern Great Plains. Maximum reductions were 19-bu ∙ ac-1 (60%) for 
winter-wheat and 15-bu ∙ ac-1 (35%) for spring-wheat; such reductions are likely to have 
important consequences on the economic margin of production. Warm-season cover crops may 
limit the effect on subsequent wheat yields and be a safer alternative, however, the low biomass 
accumulation generally, demonstrated a poor performance as cover, let alone as forage (Wyffels 
et al., 2021). It is also doubtful that such low productivity and the lack of consistent cover would 
lead to the expected long-term soil health benefits.  

BASIC CASH VALUE USING TWO YEAR PRODUCTION CYCLES OF WHEAT-
COVER CROP ROTATIONS AND TERMINATION METHODS 

Basic cash values were calculated using the above ground biomass plus the subsequent wheat 
crop value on a cash basis (Table 1). Full economic analysis for the 8-year projects is currently 
being modeled based on the published data from the above-described research. Cash value of the 
wheat-cover crop rotation to the enterprise was calculated by valuing the above ground biomass 
at $105.88 ∙ t-1 if cut then baled or valued as $30 ∙ AUM-1 if the above ground biomass was 
grazed. The cover crop treatment that was chemically treated as a termination step was valued as 
$0. These were added to the subsequent winter- and spring-wheat crop yields based on average 
price and protein bonus to establish a two-year cash return. Prices we collected from harvest 
averaged for Portland prices to standardize shipping for all areas of Montana. Data presented are 
not a full economic analysis with machinery and production costs. This data is presented to 
represent a value to the farm/ranch in comparison to a wheat-fallow production system, so 
producers could critically evaluate the value of the cover crop as a forage source. In general, all 
chemically terminated cover crops and warm-season cover crop mixtures provided no additional 



cash value compared to the traditional wheat-fallow system. Harvesting cool-season cover crops 
as hay produced the greatest value compared to all other rotations and terminations methods, 
producing approximately $394 ∙ ac-1 more than the traditional wheat-fallow system (Table 1). 
Harvesting mid-season cover crops or grazing cool- and mid-season cover crops also added 
greater value to the cropping system than the traditional wheat-fallow rotation. However, 
harvesting cover crops as hay would also likely increase production costs that may offset the 
differences in cash value between haying and grazing termination methods of cool- and mid-
season cover crops.   

Table 1. Total 2-year cash value ($ ∙ ac-1) averaged over 8-years of a wheat-
cover crop mix (spring and winter wheat; cool-, mid-, warm-season cover 
crop mixtures) rotation with 3 cover crop termination methods of a 
traditional wheat-fallow system at the Northern Agricultural Research 
Center, Havre, MT. 
 Termination Method   
Rotation1 Chemical Hay Graze Fallow SE2 
Spring-Wheat    1149.24a 85.77 

Cool-Season 1149.24ab 1542.97d 1397.15c  85.77 
Mid-Season3 1149.24ab 1356.45c 1279.71bc  85.77 
Warm-Season 1149.24ab 1212.60ab 1189.14ab  85.77 

      
Winter-Wheat    1218.90a 99.77 

Cool-Season 1218.90ab 1612.63d 1466.81c  99.77 
Mid-Season 1218.90ab 1426.11c 1349.36bc  99.77 
Warm-Season 1218.90ab 1282.26ab 1258.79ab  99.77 

1Wheat-cover crop rotation (cool-, mid-, warm-season mixtures) 
2Pooled standard error. 
3Mixture of cool- and warm-season species 
Basic cash values were calculated using the above ground biomass plus the 
subsequent wheat crop value on a cash basis. 
All variables within spring or winter wheat lacking a common superscript 
differs by P < 0.05. 

 

CONCLUSION 

Although warm-season cover crop mixtures had greater crude protein levels, total digestible 
nutrients and less of an impact on wheat yields compared to cool-season mixtures, warm-season 
species produced the least amount of biomass with the highest levels of nitrates. Additionally, 
warm-season cover crops added no additional cash value when compared to a wheat-fallow 
system. An integrated crop-livestock system approach that is mutually beneficial for livestock 
and crop producers necessitates a cover crop that produces an abundant source of forage that 
meets livestock nutrient requirements. Therefore, in a dryland cover crop-wheat rotation that 
requires early-July termination to prevent volunteer cereal grains in the following wheat crop, 
cool-season cover crop mixtures should provide a suitable forage source for livestock grazing 



most years. The potential for a reduction in wheat yields following a cool-season cover crop may 
be mitigated using the cool-season cover crop as a forage source for livestock. However, the 
relatively high and variable nitrate levels of all cover crop mixtures suggests that forage should 
be tested for nitrates before grazing/haying. Further economic analyses are required to determine 
if the integration of livestock is necessary to mitigate the risks associated with the introduction of 
cover crops in replacement of fallow in the Northern Great Plains. 
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