
 

 

 

 

 

 

 

EFFECT OF FORAGE SPECIES AS MONOCULTURE OR IN BINARY MIXTURES 

ON FORAGE CHARACTERISTICS, ANIMAL PREFERENCE, AND GRAZING 

BEHAVIOUR 

 

 

 

A Thesis Submitted to the  

College of Graduate and Postdoctoral Studies  

in Partial Fulfillment of the Requirements 

for the Degree of Master of Science 

 in the Department of Animal and Poultry Science 

University of Saskatchewan  

Saskatoon 

 

 

By 

Cassidy Sim 

 

 

© Copyright Cassidy Sim, June 2022. All rights reserved.  

Unless otherwise noted, copyright of the material in this thesis belongs to the 

author 



 

ii 

 

Permission to Use Statement 

In presenting this thesis in partial fulfillment of the requirements for a Master of 

Science degree from the University of Saskatchewan, I agree that the Libraries of this University 

may make it freely available for inspection. I further agree that permission for copying of this 

thesis in any manner, in whole or in part, for scholarly purposes may be granted by the professor 

or professors who supervised my thesis work, or in their absence, by the Head of the Department 

or Dean of the College in which my thesis work was done. It is understood that any copying or 

publication or use of this thesis or parts of thereof for financial gain shall not be allowed without 

my written permission. It is also understood that due recognition shall be given to me and the 

University of Saskatchewan in any scholarly use which may be made of any materials in my 

thesis. 

Request for permission to copy or make other use of the material in this 

thesis in whole or in part should be addressed to: 

Head of the Department of Animal and Poultry Science 

University of Saskatchewan 

51 Campus Drive 

Saskatoon, Saskatchewan S7N 5A8 

Canada 

OR 

Dean 

College of Graduate and Postdoctoral Studies 

University of Saskatchewan 

116 Thorvaldson Building, 110 Science Place 

Saskatoon, Saskatchewan S7N 5C9 

Canada 



 

iii 

 

Abstract 

In Canada, new forage varieties need not undergo grazing trials before registration and 

sale. As such, little is known about forage performance under grazing, or how animal preference 

and temperament affect grazing behaviour. To determine these effects, eight cool-season forage 

species/varieties including meadow bromegrass (Bromus riparius Rehm.), orchardgrass (Dactylis 

glomerata L.), sainfoin (Onobrychis viciifoila Scop. ssp. Viciifolia), cicer milkvetch (Astralagus 

cicer L.), birdsfoot trefoil (Lotus corniculatus L.), and three alfalfa varieties (Medicago sativa 

L.) were established in monoculture and grass-legume binary mixtures (20 treatments) at the 

Livestock and Forage Centre of Excellence (Saskatchewan, Canada) in 2018. Forages were 

seeded in randomized adjacent 0.3 ha (21 × 125 m) strips within each of three, 5 ha paddock 

replicates. Cicer milkvetch and birdsfoot trefoil failed to establish. In 2019, sixty-nine Bos taurus 

crossbred steers (396 ± 34 kg BW), and in 2020 one hundred and forty-nine (362 ± 28 kg BW) of 

the same, were homogenously allocated to the three paddocks for grazing observations. 

Individual steer temperament was characterized via novel object, corridor, human approach, 

flight speed, and pen score tests. The animals showing the most bold and shy temperaments were 

labelled for identification while grazing (2019 n = 18; 2020 n = 48). There was one grazing 

period in 2019 lasting 19 d, and two grazing periods in 2020: 19 d and 9 d. Grazing observations 

took place over the first 3 to 10 d of grazing. Observers determined forage preference based upon 

the number of animals grazing each forage type every 30 min for 2 h in the morning and 2 h in 

the evening. Animal preference differed (P<0.05) among forage treatments in the first grazing 

periods of 2019 and 2020 as follows: alfalfa monocultures ≥ sainfoin monoculture ≥ binary 

mixtures and meadow bromegrass (MBG) ≥ orchardgrass (OG). Forage preference was 

positively correlated with dry matter yield, protein, energy, fiber, and Ca content (P<0.05). 
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Forage yield differed (P<0.05) among treatments in all grazing events (1384 ± 455 kg DM ha-1), 

where alfalfa monocultures ≥ sainfoin monoculture ≥ MBG = binary mixtures ≥ OG. Grass 

component yield was higher (P<0.05) in MBG-legume mixtures than OG-legume mixtures in the 

first grazing period of 2020. Legume component yield did not differ (P>0.05) between 

monocultures or binary mixtures. Botanical composition did not change throughout the study 

(P>0.05). Leaf area index (1.93 ± 0.92) was greater in alfalfa monocultures than all other 

treatments (P<0.01). Estimated ME (2.23 ± 0.08 Mcal kg-1) was highest in sainfoin; crude 

protein (11.6 ± 2.57 g kg-1 DM) in the alfalfas, and ADF (34.2 ± 3.1 g kg-1 DM) and NDF (47.7 

± 8.1 g kg-1 DM) highest in MBG. Etiolated growth (27.2 ± 7.7 g DM cm-2) differed (P<0.05) 

among binary mixtures but not monocultures. An economic analysis indicated that legume 

monocultures were the only treatments to generate positive net returns after two years, with 

alfalfas being the most profitable. Steer temperament tended to affect (P=0.06) animal 

distribution, with bold steers travelling further from the center of the paddock than shy steers or 

average herd animals. These results indicate that differences in grazing behaviour may be more 

related to individual animal temperament than forage preference or performance. This study 

found limited benefit of Killarney OG in western Canada but demonstrated promise for the 

increased use of newly registered alfalfa varieties under intensive grazing. In summation, the 

forages tested in this study demonstrated that alfalfa monocultures had greater forage yields and 

quality than sainfoin monocultures, simple grass-legume binary mixtures, or grass monocultures. 

Therefore, alfalfa monocultures led to the greatest profitability and greater animal preference 

than for other forage treatments due to the positive correlation between increasing forage quality 

and grazing preference. However, forage preference and quality were not related to the grazing 

distribution of the animals, which was therefore attributed to differences in animal temperament. 
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1.0 Introduction  

Perennial forages are an integral part of cattle producers’ forage systems as they 

provide low-input feeds for cattle whilst optimizing the use of marginal land not suitable for 

annual cropping (Beacom 1991). Grass-legume mixtures are common in western Canadian 

pastures because of their ability to produce higher forage yields and withstand greater 

environmental variation than monocultures (Bélanger et al. 2017), but to remain profitable these 

forage stands need to be persistent, nutrient dense, and palatable (Beacom 1991). As profit 

margins narrow for cow-calf producers (FCC Ag Economics 2019), having long-lasting forage 

stands to support the production of several calf crops is crucial to maintaining a return on 

investment. The upfront cost of establishing a stand is significant, and producers on the Canadian 

prairies invest in forage seed expecting an average 6.5 years of use (Entz et al. 1995) with many 

exceeding 11 years (Rothwell 2005; University of Saskatchewan 2017), making this a relatively 

long-term purchase decision. The rising popularity of high stocking density grazing systems also 

increases the risk of this decision because intensive grazing relies on the ability of plants to 

regrow and persist despite >75% defoliation, whereas traditional rotational grazing removes only 

50% of aboveground biomass (Reed et al. 2018). Providing producers with accurate grazing data 

is pertinent so that they can make informed forage variety selections for profitable pastures. 

However, under current regulations forage breeders are not required to perform grazing 

trials as a component of variety testing (Government of Canada 2019) as there is initially limited 

seed available. Instead, most variety testing involves small plot trials and mechanical harvesting 

which does not accurately assess forage performance under grazing pressure (McCartney and 

Bittman 1994). Livestock introduce unique stressors to the plant community that mechanical 
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harvesting cannot simulate, including trampling, nutrient deposition, irregular defoliation 

frequency, and plant selection. Without considering these factors, both the forages’ actual 

persistence under grazing and the producers’ return on investment may be overestimated by 

forage breeders.   

Few of the forage varieties currently on the commercial market in Canada have been 

evaluated under grazing conditions within the last 20 years, if at all. Animal performance 

measures found in forage guides are often outdated, having been determined by industry-funded 

researchers in the 1990’s and early 2000’s. For example, in their 2015 Forage Guide, Crop 

Production Services cite steer performance research released in 2001 from the Western Beef 

Development Centre Termuende Research Ranch (Crop Production Services Canada 

Incorporated 2015). Furthermore, since those studies took place, newer varieties of the same 

species have been released without comparable evaluations of animal performance. In other 

cases, forage seed companies make claims about grazing tolerance and animal performance 

based on indirect measures like leaf pubescence and plant fibre content (Brett-Young Seeds 

Limited 2020).  

There is also limited data available on varietal forage preference ranking, despite clear 

preferences having been observed in cattle (Rutter et al. 2004; Soder et al. 2009). Grazers 

discriminate between plant species and plant parts based upon palatability, nutrient density, and 

spatial distribution of plant communities (Miller 1968; Okine et al. 1996; Popp et al. 1999; 

Rutter et al. 2004). This selection can lead to overgrazing of individual species within a mixture 

and underutilization of others (Beacom 1991; McCartney and Bittman 1994). Several studies 

have reported clear or partial preference for legumes over grasses amongst grazing cattle (Popp 

et al. 1999; Rutter et al. 2004; Gesshe and Walton 1981; Villalba et al. 2015), but varietal 
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preferences within a species or complex sward have not been explored. Developing a more 

robust understanding of cattle forage preference will allow forage breeders and cattle producers 

to target the most palatable species mixes to improve feed intake and optimize utilization of 

forage mixtures.  

The effect of individual animal temperament on grazing behaviour and forage 

preference is also largely unknown (Soder et al. 2009). Previous studies have demonstrated that 

boldness in cattle encourages greater use of pasture space (Bailey et al. 2004, 2013), and in sheep 

promotes more explorative behaviour and a greater willingness to break off from the main 

grazing herd and move towards new forage patches (Michelena et al. 2009). Similarly, 

correlations between browsing behaviour and sheep breed have been demonstrated (Gallardo et 

al. 2014), suggesting that forage preference may have a genetic component. Should temperament 

affect forage selection and grazing behaviour, it is conceivable that genetic selection could yield 

animals predisposed to more efficient pasture utilization and rapid adaptation to novel mixtures.  

This study assesses the performance and economic value of eight cool-season forage 

species/varieties in monoculture and in binary legume-grass mixtures under high intensity 

grazing to address information gaps by providing the industry with direct grazing performance 

data on recently released cool-season forage varieties. Forage preference of the grazing steers 

and the effect of animal temperament on grazing behaviour are also characterized via visual 

grazing observations.  

  



 

4 

 

2.0 Literature review 

2.1 Grazing management and programs 

The Western Canadian Cow-Calf Survey (WCCCS) reports that 11% of producers in 

western Canada employ intensive grazing programs, while 70% rotationally graze (University of 

Saskatchewan 2017). The remainder employ continuous grazing. Continuous grazing allows 

animals unrestricted access to one pasture space throughout the season, while rotational grazing 

involves moving the animals from pasture-to-pasture multiple times in one season. Both grazing 

systems are low- to moderate-intensity, targeting ≤ 50% defoliation (Reed et al. 2018). However, 

low intensity systems lead to preferential grazing where some plant communities are better 

utilized than others. As stocking rate increases grazing becomes more uniform across the pasture 

area, but individual animal performance declines; optimizing pasture productivity is therefore a 

balancing act between forage utilization and animal gain (Walton et al. 1981; Beacom 1991). 

The grazing optimization hypothesis predicts that aboveground net primary productivity (ANPP) 

increases with increasing grazing intensity until the optimum point is reached, after which ANPP 

declines (Williamson et al. 1989). This occurs because defoliation stimulates compensatory 

ANPP, and grazing itself promotes nitrogen cycling in the soil (Leriche et al. 2003). Taking 

advantage of this response has led to the development of intensive grazing techniques, which are 

characterized by their high degree of pasture utilization in a short amount of time. Although 

these techniques are not novel (Mercer and Carr 1932), their potential to increase grazing 

efficiency is attractive to modern producers as pasture area declines nationally and land values 

increase (Dartt et al. 1999; Statistics Canada 2017; Farm Credit Canada 2021a).  
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2.1.1 Intensive grazing techniques 

Intensive grazing management is defined by Allen et al. (2011) as using “high levels of 

labour, resources, or capital to increase production per unit area or per animal, through a relative 

increase in stocking rates, grazing pressure and forage utilization.” Many terms have been coined 

for variations of intensive grazing, including “mob,” “high intensity-low frequency,” “time 

controlled” and “short duration” grazing. In general, these systems aim to maintain plants in a 

vegetative state and remove herbage quickly and uniformly, minimizing the opportunity for 

selective grazing (McAllister et al. 2020). These rapid bouts of grazing are followed by long 

regrowth periods that take advantage of compensatory growth (Tracy and Bauer 2019). 

Agriculture and Agri-Food Canada (2008) suggests that intensively grazed plants need to retain 

10 to 15 cm of standing residue for proper regrowth; forage utilization in intensive systems 

depends on management goals, but is often >75% (Reed et al. 2018). Although there is no 

defined stocking density for intensive grazing, suggested values range from 50,000 to 

≥1,000,000 kg live weight per hectare (Redden 2014; Reed et al. 2018; Tracy and Bauer 2019; 

Billman et al. 2020). 

Intensive grazing systems have been shown to reduce overall production costs on farms 

by increasing land use efficiency (Dartt et al. 1999; Phillip et al. 2001; Fredeen et al. 2002). 

Using an intensive grazing system may be advantageous to Canadian cow-calf producers that are 

aiming to optimize resource usage.  

2.2 Perennial forage species and management 

Perennial forages are integral to western Canadian livestock production because they 

provide low-input feed for grazing animals and add economic value to otherwise undesirable 

land.  Conversion of cropland to pastureland also has environmental benefits by preventing soil 
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erosion, rejuvenating soil quality, sequestering carbon, and increasing the biodiversity of the 

ecosystem (Beacom 1991; Taylor et al. 2013). Input costs for perennial forages, while hefty in 

the establishment year, are less than those for annual forages which must be reseeded each year. 

Granted, perennial forage production declines as the stand ages and reseeding or rejuvenation is 

necessary to maintain adequate yield (Beacom 1991). A 1995 survey of Saskatchewanian and 

Manitoban forage producers showed that the average time to rejuvenate forage stands after 

establishment was 6.5 years, with drier zones in southern Saskatchewan waiting up to 9 years 

before rejuvenation (Entz 1995). Similarly, both Rothwell (2005) and the University of 

Saskatchewan (2017) reported that 25-30% of Canadian farmers rejuvenate tame forage stands 

after 5 to 10 years of use, with 38% waiting >11 years to reseed (University of Saskatchewan 

2017).  

As of 2016, 5.7 M ha of land was seeded to tame hay or fodder crop in Canada  – 17% 

less than in 2011 (Statistics Canada 2017), and total pasture area (tame or native forage) 

decreased 4.4% from 20.2 M ha in 2011 to 19.3 M ha in 2016 (Statistics Canada 2022). Farm 

input costs also increased by 0.2% in 2019, and Alberta fed steer prices for 2021 are forecast to 

decrease 9% from the 5-year average, with feed barley costing nearly 49% more (Farm Credit 

Canada 2021b; Roberts 2021). With pasture area declining, profit margins narrowing, and forage 

stands maturing, developing persistent perennial forage varieties that will increase pasture 

productivity is essential to maintain the profitability of the beef cattle industry in western 

Canada. The forages evaluated in this study were alfalfa (Medicago sativa L.), birdsfoot trefoil 

(Lotus cornicalatus L.), cicer milkvetch (Astragala cicer L.), sainfoin (Onobrychis viciifoila 

Scop. ssp. Viciifolia), meadow bromegrass (Bromus riparius Rehm.), and orchardgrass (Dactylis 
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glomerata L.). All of these are cool-season perennial forage species commonly found in western 

Canada.  

2.2.1 Legumes 

2.2.1.1 Alfalfa 

Alfalfa is the most common perennial legume used in Canada, making up over 65% of 

all tame hay and fodder crops by area, with over 3.7 M ha seeded as of 2016 (Statistics Canada 

2017). However, alfalfa is widely underutilized for grazing due to bloat risk and poor grazing 

tolerance (Katepa-Mupondwa et al. 2002; Khatiwada et al. 2020a). Determining which alfalfa 

varieties are most persistent under intense grazing pressure will increase use of this forage. The 

alfalfa varieties evaluated in this study are “3006,” “Cronus,” and “Foothold.” 

Among those three varieties, 3006 alfalfa is the oldest, having been registered in 1999 

as a highly persistent dual-purpose alfalfa (Canadian Food Inspection Agency 2019; DLF 

Pickseed 2019). DLF Pickseed (2019) reports 3006 alfalfa having a score of 2 (very dormant) for 

fall dormancy, and 1.5 (good) for winter survivability, both ranked on a 5-point scale from most 

dormant or survivable (1) to least (5). This variety is moderately multifoliate (21-40%) with a 

wide medium-set crown and creeping root system (DLF Pickseed 2019). Creeping-rooted 

alfalfas have a greater number of lateral shoots coming off of the main taproot than traditional 

tap-rooted varieties, and are thereby more resistant to winterkill, soil heaving and pullout 

(Perfect et al. 1987; Johnson et al. 1998; Yang et al. 2021).  

Cronus alfalfa was registered in 2018 as a high-yielding alfalfa with superior winter 

survivability and regrowth than older varieties (Canadian Food Inspection Agency 2019; 

Performance Seed 2019). It is a tap-rooted variety, with an industry-leading winter survivability 

score of 1.0, and a fall dormancy score of 3.9 (Forage Genetics International 2021).  
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Foothold alfalfa was nationally registered in 2016 and is marketed as a long-lived 

highly multifoliate (73%) alfalfa with an oversized deep-set crown to bolster grazing tolerance 

(Canadian Food Inspection Agency 2019; Brett-Young Seeds Limited 2020). This variety has a 

creeping root type, fall dormancy score of 2, and winter survival score of 1.7 (Brett-Young Seeds 

Limited 2020). 

2.2.1.2 Birdsfoot trefoil 

Birdsfoot trefoil seed makes up 0.61% of forage seed sold in Canada by weight, with 

approximately 86,300 kg sold each year, though 83% of birdsfoot trefoil is sold in eastern 

Canada (Statistics Canada 2020). The presence of condensed tannins in birdsfoot trefoil makes it 

a non-bloat legume, which is advantageous over alfalfa in a grazing system. It has also been 

suggested that these tannins can reduce rumen methanogenesis relative to alfalfa (Saminathan et 

al. 2016; Lagrange and Villalba 2019). Birdsfoot trefoil also enhances protein utilization due to 

condensed tannins biding  forage protein and reducing ruminal protein degradation to ammonia, 

which promotes a shift in nitrogen excretion from urine to the feces, reducing the nitrous oxide 

production and the consequent impact on the environment (Ghelichkhan et al. 2018).  

A known disadvantage of birdsfoot trefoil is its poor persistence. In Missouri, USA, 

Wen et al. (2004) reported a 73% decrease in pasture birdsfoot trefoil populations after just one 

year. Similarly, Sanderson et al. (2016) in Pennsylvania, USA, found birdsfoot trefoil was unable 

to persist in 3-forage mixtures over grazed six times a year for three years. 

The birdsfoot trefoil cultivar seeded in this study was “Exact.” Exact birdsfoot trefoil 

(Lotus cornicalatus L.) was registered in 1998 with excellent performance in acidic soils and 

ability to produce high quality hay (Canadian Food Inspection Agency 2019). Grabber et al. 

(2014) quantified condensed tannins in Exact birdsfoot trefoil and found them to be lowest 
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amongst the thirteen cultivars tested, at 19.6 g kg-1 dry matter (DM); this is advantageous 

because at high levels condensed tannins become deleterious and reduce voluntary dry matter 

intake (DMI) (Min et al. 2003). 

2.2.1.3 Cicer milkvetch 

Cicer milkvetch is a hardy, long-lived legume that produces nutrient dense herbage into 

the fall (Beacom 1991). It is also a bloat-free legume due to its reticulate leaf structure, which 

slows ruminal digestion and prevents excessive gas buildup.  

Establishing cicer milkvetch is slow due to its impermeable seed coat (Townsend 

1993). Yet, once established cicer milkvetch is competitive and becomes the dominant species in 

a sward; Foster et al. (2019) observed the proportion of cicer milkvetch consistently increase 

over 3 years until it comprised 57 to 69% of grass-legume binary mixtures. The exception to this 

is when drought conditions early in establishment allow grass species to outcompete young cicer 

milkvetch stands (Biligetu et al. 2014).  

There are mixed thoughts on the palatability of cicer milkvetch. Beacom (1991) 

suggests that its palatability increases into the fall relative to other forages, but that early spring 

growth is less attractive to grazers. Townsend (1986, 1993) reports that cicer milkvetch is 

significantly less palatable than other forage species, with great variation in palatability between 

varieties. Contrasting results from Lardner et al. (2019) showed that beef cattle selected cicer 

milkvetch over other legumes, and Acharya et al. (2006) noted that cicer milkvetch has hollow 

and succulent stems which are traits usually associated with high palatability.  

The most recently registered variety of cicer milkvetch in Canada is “Veldt,” developed 

by the Agriculture and Agri-Food Canada Research Centre in Lethbridge, AB, Canada (2009). 

Although Veldt was developed to adapt to the western Canadian climate, there is little to no 
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evidence of Veldt establishing more quickly than other cicer milkvetch varieties (Khatiwada et 

al. 2020a). In non-irrigated plots, Veldt produces 115% of the herbage yield of its predecessor, 

Oxley (Acharya 2009). It is a deep-rooted rhizomatous legume and is considered very winter 

hardy. Lardner et al. (2019) determined that beef cows preferred Veldt cicer milkvetch over 

alfalfa, as Veldt DMI exceeded that of alfalfa by 18%. This study also found Veldt to have had 

16% higher total digestible nutrients (TDN) than alfalfa on average.  

2.2.1.4 Sainfoin 

Sainfoin is a legume that contains condensed tannins, making it bloat-free in the same 

way as birdsfoot trefoil (Saminathan et al. 2016). It is also quick to establish and provides high 

quality forage with yields comparable to alfalfa (Sheppard et al. 2019).  

Persistence is a significant limitation of sainfoin. Many studies have reported sainfoin 

production declines drastically following drought or >70% defoliation (Smoliak 1956; Townsend 

et al. 1975; Mowrey and Matches 1991; Mowrey and Volesky 1993); sainfoin is also poorly 

competitive in mixed swards, often being suppressed by its partner species (Malisch et al. 2017; 

Sheppard et al. 2019). Some theorize that sainfoin dies out in grass-legume mixtures because it 

must compete for nitrogen even when appropriate rhizobia are present (Hume et al. 1985; 

Mowrey and Volesky 1993). Thus, identifying more persistent strains of sainfoin is a focus of 

forage breeders today.  

The cultivar examined in this study, “AC Mountainview,” was developed in Alberta, 

Canada, by S.N. Acharya with improved persistence over its predecessors (2015). Subsequent 

performance trials also found AC Mountainview to have greater plant density than AC Glenview 

or Nova sainfoins when seeded into alfalfa or grass pastures (Khatiwada et al. 2020a), making 

AC Mountainview an attractive alternative to other legumes. That being said, a recent in vitro 
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comparison of AC Mountainview digestion versus alfalfa resulted in greater methane emissions 

from the sainfoin, suggesting that the condensed tannins in AC Mountainview are not effective 

against methane production (Cerilli-Stankevicius et al. 2018). 

2.2.2 Grasses 

2.2.2.1 Meadow bromegrass (MBG) 

Meadow bromegrass makes up 1.5% of the total forage seed used in Canada by weight, 

and is sold primarily in western Canada (Statistics Canada 2020). It is a cool-season bunch grass 

mainly used for pasture grazing because of its rapid regrowth after defoliation; this species 

retains 66% more below-ground biomass than smooth bromegrass (Bromus inermis) after 

defoliation and has more basal leaf growth near the crown, thereby regrowing nearly twice as 

many tillers as smooth bromegrass (Thompson et al. 2003; Biligetu and Coulman 2010). 

Meadow bromegrass also has reduced creeping habit relative to smooth bromegrass which 

prevents it from overtaking forage mixtures (Thompson et al. 2003), and it maintains forage 

yield and crude protein levels later into the grazing season (Beacom 1991; Glover et al. 2004). 

Still, previous studies have criticized meadow bromegrass’ persistence under cold stress and 

flooding (Beacom 1991; Glover et al. 2004). 

“AC Armada” meadow bromegrass was developed in Saskatchewan, Canada, and 

registered in 2009. AC Armada produced 3-4% more biomass than Fleet or AC Admiral meadow 

bromegrasses in the dark brown soil zone (McArton et al. 2020), with larger leaves than other 

meadow bromegrass varieties (SeCan 2007).  
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2.2.2.2 Orchardgrass (OG) 

Orchardgrass, sometimes called cocksfoot, is a cool-season bunchgrass known for its 

versatility and high forage quality. Orchardgrass is an economically important forage in Canada; 

its seed makes up 2.3% of forage seed sold by weight with 69% of that sold in western Canada 

(Statistics Canada 2020).  

Many informally consider orchardgrass highly palatable to cattle, though evidence to 

support this claim is scarce. Deer have demonstrated a preference for orchardgrass, while horses 

have shown aversion to it (Austin et al. 1994; DeBoer et al. 2020). Early varieties of 

orchardgrass were criticized for having sharp silicious dentations upon leaf margins that repelled 

grazers, which led research to focus on developing varieties with soft leaves (Van Dijk 1959; 

Stone 1994; Rancane et al. 2016). Whether this research has been successful is unclear.  

Historically, orchardgrass was not recommended for use on the Canadian prairies 

because it was not winter hardy (Gudleiffson et al. 1986; Beacom 1991; Robins et al. 2018). 

“Killarney” orchardgrass was developed from winter hardy lines in Manitoba, Canada (2007) to 

address this concern. Performance trials in Saskatchewan’s dark brown soil zone showed 

Killarney yielding 108% of Kay orchardgrass (McArton et al. 2020). If Killarney is indeed more 

winter hardy than previous lines, this grass may expand the options for forage producers in 

western Canada.  

2.2.3 Forage mixtures 

It is generally agreed that diverse forage mixtures are more robust than monocultures. 

Previous studies have shown that mixed stands produce higher forage yields and withstand 

greater environmental variation than monocultures (Sturludóttir et al. 2014; Bélanger et al. 2017; 

Khatiwada et al. 2020b). For example, Vasileva and Vasilev (2012) found that pairing birdsfoot 
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trefoil or sainfoin with orchardgrass increased yield 43 to 44% over legume monocultures, and a 

study conducted in Alberta by Bork et al. (2017) found that dry matter yield (DMY) and crude 

protein (CP) yield were optimized in grass-legume mixtures containing 11 to 33% legume. 

Furthermore, variation in root depth between forage types enhances resource extraction from the 

soil, and competition between root types causes roots to travel to deeper soil horizons (Mueller et 

al. 2013) reaching more water and ameliorating soil compaction.  

Including legumes in grass swards is popular due to legumes’ ability to fix nitrogen, 

which increases both soil and plant nitrogen content, reducing the need for fertilizer application 

or protein supplementation on pasture (Schipanski and Drinkwater 2012; Sturludóttir et al. 

2014). This is advantageous from an environmental stance as fewer nitrogenous compounds are 

released into the atmosphere, and it is economically beneficial for producers. Including legumes 

in grass-based forage stands has also been shown to increase animal performance and average 

daily gain (Waldron et al. 2020). Both Wen et al. (2004) and Waldron et al. (2020) reported 

greater BW gains in beef steers grazing mixtures of grass and birdsfoot trefoil than for those 

grazing grass monoculture.  

Grasses make the most substantial contribution to soil stability by sequestering carbon, 

increasing soil organic matter, and preventing soil erosion or compaction with their spreading 

root systems (Li et al. 2009).  

Some suggest that complex forage mixtures minimize production variability (Deak et 

al. 2010), however, the additive effect of using multiple species from one functional group 

within a mixture is inconsistent (Brink et al. 2015); that is to say, including multiple legumes or 

grasses in a forage stand may not increase the value of the stand. This is likely because the 

dominant species in a mixture affect sward productivity more than species richness (Deak et al. 
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2007; Ren et al. 2016). Planting two or three well-matched forage species in mixture is therefore 

sufficient to achieve sward stability (Tracy and Sanderson 2004). Hence, the present study 

explores plant performance within simple grass-legume binary mixtures, rather than complex 

multi-species mixtures.  

2.2.4 Variety testing and registration 

To register a new forage variety under the Seeds Regulations of Canada (Government 

of Canada 2019), the variety must introduce a characteristic of merit that meets or exceeds those 

demonstrated by its cohorts. Typically, the application to register a new crop variety is reviewed 

by a recommending committee prior to submission to the Canadian Food Inspection Agency 

(CFIA) Variety Registration Office (VRO). These committees are appointed by the Minister of 

Agriculture to determine whether the applicants’ testing of the new variety was appropriate and 

whether the variety has a trait of merit. Recommending committees put forth operating 

procedures that describe how certain crops should be tested for merit. Historically, all forage 

cultivars went through this process, and the prairie provinces established the Western Forage 

Testing system (WFtest) in 1994 to coordinate variety testing across Alberta, Saskatchewan, and 

Manitoba. However, amendments to the Seeds Regulations in 2014 listed most forage crops 

under Part III of Schedule III to be registered without review by a recommending committee 

prior to submission (Government of Canada 2019), leading to the dissolution of WFTest. 

Consequently, there are no regulations stating that forage varieties be tested in a certain way 

before they are registered for sale in Canada.  

Some publicly funded groups such as the Saskatchewan Forage Testing system 

(SFTest) continue to perform varietal comparisons for new forage lines but this testing is done 

post-registration (McArton et al. 2020). New forage varieties are commonly tested in small plot 
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trials in which the plants are mechanically harvested to report forage yield and nutritive value. 

This does not accurately simulate plant performance under grazing pressure which challenges 

plants with animal trampling, selection pressure, irregular defoliation patterns, and urine and 

feces deposition (McCartney and Bittman 1994; McArton et al. 2020). For example, Counce et 

al. (1984) found that difference in alfalfa persistence were evident under grazing, but not when 

plants were mechanically harvested. Likewise, Papadopoulos et al. (1995) reported that 

orchardgrass cultivar ranking under hay management was different from the ranking under 

pasture management, and Katepa-Mupondwa et al. (2002) recommend intensive continuous 

grazing to identify graze tolerant alfalfas. Bélanger et al. (2017) also noted differences in the 

performance of grass-legume mixtures under grazing versus mechanical harvesting. Therefore, 

incorporating grazing into forage variety testing would provide more accurate performance 

information to the forage industry by demonstrating traits of merit under actual usage conditions.  

2.3 Forage evaluation techniques 

Evaluating forages in the context of the livestock industry means determining which 

forages will produce the greatest economic returns. Forages generate economic value by being 

high yielding, vigorous, persistent, low-input, nutritional, and desirable to the target grazers. 

These qualities can be measured using estimations of forage weight, area, and volume, plant 

frequency and diversity, vigour, chemical composition, digestibility, and palatability.  

2.3.1 Forage yield  

Cow-calf operations in western Canada attribute 28% of total production costs to 

pasture expenses (Alberta Agriculture and Forestry 2020). Maximizing forage production and 

use from the area available therefore offsets feed costs by increasing animal gain per unit of 
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grazed area. As such, optimizing forage yield is a priority in forage breeding. Forage yield can be 

estimated by weight, height, volume, area, or indirect predictors.  

2.3.1.1 Direct measurement 

The most common, accurate, and direct method of measuring forage yield is by quadrat 

clipping. This method involves harvesting plants in a predefined area (0.5 × 0.5 m) using hand 

clippers or with mechanical harvesters and weighing the resultant clippings (Sanderson et al. 

2001). Small plot trials often harvest the complete forage stand and weigh it to provide the most 

accurate estimation of forage yield, but this is impractical on a large scale (Sanderson et al. 2001; 

Smith et al. 2001). Rather, quadrats are placed randomly within the sward area and clipped to 

give a representative sample. This method is advantageous because it presents the opportunity to 

use clipped samples for other measurements like botanical composition via hand separation, and 

nutritional quality analyses (Sollenberger and Cherney 1995).  

Harvesting the forage can be hindered by swards that have accumulated a great amount 

of litter, which physically prevents one from collecting the current growth; separating dead plant 

matter from the clippings is necessary to avoid overestimating live forage yield (Sollenberger 

and Cherney 1995).  

2.3.1.2 Compressed sward height 

Compressed sward height is another common way to estimate forage yield. In this 

method, a rising plate mounted on a cane compresses the sward to estimate herbage mass. 

Modern rising plate meters (RPM) are electronic and automatically calculate forage yield based 

upon customizable calibration equations. Forage yield estimates using a RPM are consistent 

across grazing systems and have an average calibration error of 13 to 31% (Laca et al. 1989; 
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Klootwijk et al. 2019). The accuracy of the RPM varies with season and sward composition, and 

declines as herbage mass exceeds 4000 kg per hectare (Lile et al. 2001; Murphy et al. 2021). 

There are no industry standard operating procedures for the RPM which contributes to variability 

in RPM estimates; the number of readings taken per hectare is subjective and depends on the 

stride length and sampling pattern of the operator (Laca et al. 1989; Lile et al. 2001; Murphy et 

al. 2021). Therefore, this method is widely recommended for on-farm use to guide grazing 

decisions rather than in research settings where measurement accuracy is necessary. 

2.3.1.3 Ocular estimation 

Ocular estimation is an indirect method of quantifying forage yield; the technique is 

often referred to as “double sampling,” which was first introduced by Pechanec and Pickford in 

1937. Double sampling involves clipping only a portion of quadrat samples and visually 

estimating the forage yield in the others based upon the weight of those clipped. The estimator 

must mentally establish “units” of forage within a quadrat and their associated weights 

(Pechanec and Pickford 1937). This method requires an experienced observer and extensive 

training to calibrate one’s visual estimates. The accuracy of ocular estimation varies because it 

relies on experience and consistency between estimators. Laca et al. (1989) found ocular 

estimation to be 24% more precise than the RPM, and Lile et al. (2001) reported differences of ± 

1500 kg ha-1 between ocular and RPM forage yield estimates. Martin et al. (2005) found that 

both ocular estimation and RPM correlated similarly with direct measurement (R2 = 0.58 and 

0.55, respectively). However, Martin et al. (2005) also noted that the relationship between ocular 

estimation and actual herbage mass was quadratic rather than linear, which makes prediction of 

herbage mass from ocular estimates challenging (Martin et al. 2005).  
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2.3.1.4 Canopy density 

Canopy density has also been used as an indicator of herbage mass in pasture and is 

determined by measuring light intercepted by plant leaves. The leaves are the most 

photosynthetically active tissues in plants and are therefore the greatest determinant of the 

plant’s photosynthetic capacity (Sheehy and Peacock 1975). As such, larger leaf area is 

associated with greater plant growth and thereby increased forage mass (Watson 1947; Sheehy 

and Peacock 1975). Spectrometry is a popular non-destructive method of measuring the canopy 

density of a sward. Light transmittance and reflectance through the canopy are quantified 

through a ceptometer probe and compared to the baseline of light intensity from the sun without 

plant obstruction, and the resulting difference is used to calculate the leaf area index (LAI) of the 

sward. The LAI is the leaf area per unit of ground area (Watson 1947). Species-specific 

coefficients, called leaf distribution parameters, are applied to the LAI calculation to account for 

differences in plant morphology and growth habit. However, few leaf distribution parameter 

values have been defined for pasture crops (Garrigues et al. 2008), and a value of 1.0 is 

commonly used (Harmoney et al. 1997; Peri et al. 2007; Ryan et al. 2010). Perhaps for this 

reason, the correlation coefficient between LAI and actual yield is reported as being anywhere 

from 0.32 and 0.93 in forage crops. 

2.3.1.5 Precipitation 

Precipitation has a significant effect on forage yield (Smoliak 1956). Many equations 

have been put forward in an attempt to estimate forage yield from precipitation but their success 

has been sporadic (Sneva and Hyder 1962; Murphy 1970; Sneva 1982; Wisiol 1984).  
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2.3.2 Botanical composition  

Changes in botanical composition of a sward give an estimate of differences in 

competitiveness and persistence of the species there. Plants may be categorized on the basis of 

their response to grazing. Some plants, known as “decreasers,” may be outcompeted or 

preferentially grazed such that they decrease in prevalence over time (Saskatchewan Forage 

Council 2006; Agriculture Food and Rural Development 2016). “Increasers” tend to be less 

palatable and increase in relative abundance with grazing, while others (“invaders”) take over the 

pasture area by displacing other species, often due to pasture mismanagement or overgrazing 

(Saskatchewan Forage Council 2006; Agriculture Food and Rural Development 2016). Non-

native invaders may be called “exotic invaders,” but whether the plant is native to a region’s 

original vegetation does not determine its categorization (Saskatchewan Forage Council 2006).  

2.3.2.1 Hand separation 

The hand separation method determines botanical composition of a forage mixture by 

weight; as the name suggests, species are manually separated, and the resulting proportions of 

the total forage mass reported. This method is the gold standard for reporting botanical 

composition (VanKeuren and Ahlgren 1957). Although it is a tedious process, hand separation 

allows one to determine forage yield and botanical composition from the same sample 

(Sollenberger and Cherney 1995).  

2.3.2.2 Ocular estimation 

Multiple authors have reported that visual estimation of botanical composition is an 

acceptable substitute for the hand separation method (Tanner et al. 1960; Marten 1964; Society 

for Range Management 1986).   
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The Daubenmire frame often facilitates ocular estimations of botanical composition 

(Stohlgren et al. 1998; Booth et al. 2006). This frame is 20 × 50 cm in dimension, with 

demarcations indicating each 5 to 25% parcel of the frame. It is then placed within a sward and 

an observer visually estimates the botanical composition of the space within the frame from 

above. As with any visual estimation, precision varies between observers; a contiguous frame 

containing five Daubenmire frames has been proposed to minimize this error (Bonham et al. 

2004), but the practicality of the larger equipment may be a hindrance for range research. 

Less common methods to visually estimate botanical composition include the weight-

rank method (’t Mannetje and Haydock 1963) and digital image analysis (Booth et al. 2006; 

Baxter et al. 2017). 

2.3.2.3 Plant frequency 

Plant frequency is the number of plants per sampling site, and is often used in 

conjunction with cover: the percentage of each plant type per sampling area (Society for Range 

Management 1986; Allen et al. 2011). The point frame method was proposed by Levy and 

Madden (1933) as a simple way to record plant frequency. The point frame itself holds 10 

vertical or inclined pins spaced 5 cm apart. These pins are lowered at a sampling site until they 

reach a plant, and said plant is recorded. The botanical composition of a stand is then determined 

based upon the ratio of plants recorded using the frame. VanKeuren and Ahlgren (1957) found 

this method reliable in comparison to hand separation, and studies requiring a high degree of 

sensitivity in botanical composition analysis without the intensive labour of hand sampling may 

opt for the point-frame technique (Lardner et al. 2001). A modification of this technique was 

introduced by Evans and Love (1957) as the “point-step method” which removes the need for a 
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frame. Rather, an observer uses a single pin positioned at the tip of their foot and records the 

frequency of plants encountered that way.   

The line-point intercept method is similar to the point-frame method, except plant 

frequency is recorded along a transect rather than in a vertical frame (Society for Range 

Management 1986; Stohlgren et al. 1998; Booth et al. 2006). Heady et al. (1959) found the line 

intercept method more reliable than the point-frame method, however, the limitation of either 

method is that species present in patches or small numbers are often missed (Heady et al. 1959; 

Stohlgren et al. 1998). 

2.3.3 Forage quality  

A plant’s chemical composition, digestibility, and palatability are the main factors 

affecting forage quality. High forage quality increases animal gains and can reduce the cost of 

nutrient supplementation.  

2.3.3.1 Energy determination 

The gross energy (GE) of feeds can be found via combustion, but this value does not 

represent the energy available to the animal because of fecal energy losses. Digestible energy 

(DE) is a more accurate estimate than GE because it considers the digestibility of feeds; DE and 

TDN are similar expressions of energy value, but energy values are traditionally discussed in 

terms of TDN rather than DE. Metabolizable energy (ME) and net energy (NE) are further 

fractionations of the DE of feeds and are more common expressions of energy value than TDN 

or DE in the beef industry.  

The energy content of feeds is typically estimated based upon the value of 

macronutrient feed components like carbohydrates, protein, and lipids. These values are 
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determined analytically and used in summative energy equations previously developed based 

upon direct measurements of energy consumption and loss. Such measurements are attained by 

recording the GE of material provided to the animal minus the energy lost in feces, urine, 

gaseous emissions, and heat production (NASEM 2016). All energy calculations rely on 

theoretical assumptions of energy use and availability which vary considerably depending upon 

the animal, DMI, and feed.  

The Ohio Agricultural Research and Development Center (OARDC) summative energy 

equation developed by Weiss et al. (1992) is a popular energy model (see Appendix Equation 

A1). This model estimates TDN based upon CP, non-fiber carbohydrates (NFC), ether extract 

(EE), and neutral detergent fiber (NDF) with a low margin of error (2.5 TDN units) (Weiss et al. 

1992; Weiss 1993). Metabolizable and net energy values are often extrapolated based upon these 

TDN models, where 1 kg of TDN is equal to 4.4 Mcal of DE, and 0.82 Mcal of DE equals 1 

Mcal ME (NASEM 2016). 

2.3.3.2 Protein determination 

Methods of crude protein determination have existed since the 19th century. Two such 

methods, the Dumas procedure (1831) and Kjeldahl method (1883) are commonly used in 

agricultural science. Crude protein determinations from these methods are comparable (R2 = 

0.99) (Etheridge et al. 1998). The Dumas procedure involves combusting small feed samples, 

converting the nitrogen within the sample into nitrogen gas (N2) which is quantified via gas 

chromatography (Etheridge et al. 1998). A modified Dumas procedure is used by modern 

nitrogen analyzers which employ the combustion method 990.3 of the Association of Analytical 

Chemists (AOAC, 2000). The Kjeldahl method digests feed samples in sulfuric acid with a 

catalyst (potassium sulfate, copper sulfate), followed by neutralization, distillation, and titration 
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(Kjeldahl 1883, Sáez-Plaza et al. 2013). The amount of nitrogen remaining is multiplied by a 

factor of 6.25 to determine crude protein content. This factor is based upon the assumption that 

all protein is 16% nitrogen, and that all the nitrogen present in the sample is protein. Of course, 

this leads to overestimation of CP, but the combustion method similarly fails to account for 

nonprotein nitrogen (Etheridge et al. 1998; Krul 2019).    

2.3.3.3 Fiber determination 

Neutral detergent fiber and acid detergent fiber are structural carbohydrates that impact 

digestibility and energy content of forages. Neutral detergent fiber is the portion of the plant cell 

wall that is insoluble after digestion in a neutral (pH = 7.0) detergent solution (Van Soest et al. 

1991); this fraction contains cellulose, hemicellulose, and lignin. The acid detergent fiber is then 

extracted using an acidic detergent (sulfuric acid) which hydrolyzes the hemicellulose leaving 

the cellulose and lignin behind [Van Soest et al. 1991; National Academies of Sciences 

Engineering and Medicine (NASEM) 2016].  

2.3.3.4 Digestibility 

Ruminal forage digestibility is a function of digestion rate and the rate at which digesta 

passes from the rumen. Digestion rate is often measured using in situ or in vitro methods. 

Fistulated animals are required for in situ determination of digestibility, where a porous bag 

containing a test feed sample is placed within the rumen and later retrieved to measure feed 

disappearance. The advantage of the in situ method is that it removes the issue of accurately 

simulating the complexity of the rumen environment (Nocek 1988, NASEM 2016). In vitro 

determination of ruminal digestibility uses a simulated rumen environment to incubate feed 

samples and subsequently measure feed disappearance (NASEM 2016). The Tilley and Terry 
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method (1963) for in vitro analysis is widely used in the agriculture industry, though other types 

of simulated rumen systems exist, including the Ankom Daisy II batch incubator (Ankom 

Technology 2022, Macedon, NY, USA) and rumen simulation technique (RUSITEC) 

(Czerkawski and Breckenridge 1977).  

Total-tract digestibility is measured in vivo either via total fecal collections or via fecal 

markers. Total fecal collection involves recovering the complete fecal output of an animal 

consuming the test forage and comparing DM offered to DM excreted. Fecal markers are 

substances associated with the feed component of interest. Digestibility is determined using the 

passage rate of said markers from the time of feeding to fecal collection, and the quantity of the 

marker in the feed offered versus the feces (NASEM 2016).  

2.3.3.5 Palatability 

Palatability describes the properties of a plant that make it desirable for consumption by 

a grazer. Factors affecting palatability include physical properties such as leaf pubescence and 

succulence, and organoleptic properties like mineral, protein, sugar, or tannin content (Heady 

1964, Scharenburg et al. 2007).  

Forage guides often extrapolate palatability from physical traits alone, noting such 

characteristics as “decreased leaf pubescence” as evidence of palatability (Brett-Young Seeds 

Limited 2020), but determining plant palatability is complex and dependent upon the target 

grazer. After a principal component analysis of factors affecting plant palatability, Raufirad et al. 

(2016) recommended that plant morphological characteristics, forage quality traits, and 

secondary compounds all be considered together before a plant is classified as palatable or not.  
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2.3.4 Etiolated growth 

Etiolated growth is plant growth in the absence of light; this measurement is performed 

by defoliating the plant, covering it with a lightproof chamber, and quantifying the resulting 

regrowth. This provides an indirect estimation of the total non-structural carbohydrates (TNC) 

stored in the root system, which are soluble sugars and starch used for cellular respiration. These 

TNC act as a reservoir for spring growth, with the majority of TNC being mobilized during the 

plant’s vegetative stage (Smith and Marten 1970). Trlica and Cook (1972) found that 50 to 60% 

of TNC accumulated in the previous growing season were used for spring regrowth by crested 

wheatgrass (Agropyron cristatum) and Russian wildrye (Elymus junceus), and that fall 

defoliation reduced TNC available for spring regrowth. Several studies have also reported that 

fall dormant alfalfas accumulate significantly greater concentrations of TNC in the fall than non-

dormant varieties (Boyce and Volenec 1992; Cunningham and Volenec 1998; Lu et al. 2018). 

Hence, etiolated growth is considered a suitable method of estimating root reserves across 

multiple species, and provides an indication of their resilience following defoliation and winter 

freezing (Moriyama et al. 2003). 

2.4 Grazing preference 

Forage preference by grazing animals is a “measure of relative intake of alternative 

forages or forage constituents, where access to forage is unrestricted” (Allen et al. 2011). 

Preference describes an animal response to forage but does not describe the factors leading to 

that response. It is also a relative term, meaning that the animal must be given free choice 

amongst two or more forages to express a preference (Heady 1964).  
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2.4.1 Determining forage preference 

Forage preference can be expressed on the basis of grazing frequency, grazing time per 

forage type, percent diet composition, percent utilization, or the proportion of animals grazing 

each forage type per observation (Heady 1964).  

Multiple authors have designed relative preference indices based on diet composition, 

considering the frequency of each species in the diet relative to range plant composition (Krueger 

1972; Jacobs 1974; Ellis et al. 1976; Wen et al. 2004). These equations rely heavily on 

selectivity ratios, and often require esophageal fistulation of the grazing animals to determine 

diet composition. Loehle and Rittenhouse (1982) criticized these indices for failing to consider 

confounding factors like sward heterogeneity and distance to water, and noted that a reliance on 

esophageal sampling leads to short sampling periods that are not representative of a full day of 

grazing. Some researchers have used fecal analysis to determine diet composition rather than 

fistula sampling (Soder et al. 2009). Microhistological analysis of feces is a suitable alternative 

to esophageal sampling that does not require surgery and reduces interference with animal 

grazing behaviour (Vavra et al. 1978; McInnis et al. 1983; Mphinyane et al. 2015; Sowers et al. 

2019). However, differences in the degradability of forage species causes epidermal erosion to 

vary by 10 to 25% in digested forages, which leads to significant error (Bartolomé et al. 1995; 

Garnick et al. 2018).  

Residence time and visit frequency in plots of different forage types is another common 

metric used to determine forage preference. Visual observations are taken at regular intervals and 

the time each animal spends grazing each forage is recorded, under the assumption that the 

animal will spend the most time grazing its most preferred forage (Fehmi et al. 2002; Beck et al. 

2021).  
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The bite-count technique was first described by Reppert (1960) who inferred forage 

preferences from the number of mouthfuls of each forage taken by grazing heifers. Bite-count 

and fecal microhistology give similar estimates of forage selection, but variation between 

animals is significantly less in results from fecal analysis than from bite-count analysis (Sanders 

et al. 1980). Ganskopp et al. (1997) reported a very strong correlation between total time grazing 

and total bites taken (r = 0.98), and consequently recommended that less tedious observations 

than bite-count be used to estimate preference. Recent technological advances have led to the 

development of bite-count halters and collars which use pendulums or microswitches to monitor 

jaw movements and thereby approximate bite frequency (Umemura et al. 2009; Oudshoorn et al. 

2013). The R2 correlation between manually observed bite-count and that recorded by such 

devices has been estimated at >0.70 (Umemura et al. 2009). However, Oudshoorn et al. (2013) 

reported that some could not distinguish between prehension and other jaw movements and that 

individual cattle had different bite “rhythms” for which the device’s models could not account.  

Current research suggests that global positioning system collars and accelerometers can 

be used to monitor forage selection. Brennan et al. (2021) used a random forest model algorithm 

in conjunction with collar data to accurately predict grazing steer behaviour 88% of the time. 

Advancements in this technology could allow researchers to remotely track grazing activity and 

selection.  

2.4.2 Factors affecting forage preference 

Forage preference is the result of a complex interaction of many factors, including plant 

palatability, accessibility, animal experience, epigenetics, and post-ingestive feedback.  
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2.4.2.1 Plant factors 

Morphological characteristics are substantial factors affecting forage preference. 

Grazers select against plants that are unpleasant to apprehend, including those with thorns, 

woody stems, or pubescence (t’Mannetje 1978); these characteristics are evolutionary 

adaptations of the plant meant to discourage defoliation and promote its own proliferation, 

particularly in environments with harsh growing conditions (Cheeke 1998).  

The spatial configuration of a sward can affect forage preference by altering the 

animal’s ability to find and select a variety of forages. Heitschmidt and Stuth (1991) devised a 

system to categorize the regions of a pasture by preference. Their system considers topography, 

physical barriers to grazing, and areas of attraction to predict the relative preference that animals 

will have for difference zones in their pasture. Four regions are defined, where (1) grazing is 

preferred, (2) grazing is avoided, (3) terrain constrains grazing, and (4) high impact grazing sites 

surrounding pasture foci like water and mineral sources. According to this model, occupancy 

time and forage utilization are the main indicators of forage preference. For example, areas 

covered in brush fall under category 3, where barriers to grazing reduce preference.  

Sward composition also affects forage preference; several studies have demonstrated 

that grazing ruminants prefer heterogenous swards over monocultures (Gesshe and Walton 1981; 

Newman et al. 1995; Lagrange and Villalba 2019). Species diversity is described to encourage 

the grazer to explore and discriminate between forage options, which drives feed intake. 

Niderkorn et al. (2017) observed sheep overall consumption being greater when both grass and 

legume were offered rather than one or the other, despite the forages being equally digestible. It 

is theorized that grass-legume mixtures offer the animals a greater opportunity to balance rumen 

fill via fibrous forages like grasses with the increased degradation rate of legumes (Newman et 
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al. 1995; Villalba et al. 2015) – a phenomenon otherwise known as associative digestibility 

(Lagrange and Villalba 2019). In other words, the digestibility of the legumes enhances the 

digestibility of the grasses.  

Connecting the nutrient composition of plants to their preference ranking amongst 

grazers has been an interest of researchers since forage preference was first recognized. 

Correlations have been made between preference and plant fiber, moisture, protein, and non-

structural carbohydrate content.  

Chemical composition may be more important than other factors that contribute to 

determining preference as plants mature and become more physically aversive (Gallardo et al. 

2014; Maxwell et al. 2016). By maintaining a vegetative state of development in grasses, 

Billman et al. (2017) demonstrated that neither ADF nor NDF content negatively affected 

preference, as is the existing belief. Rather, the authors suggested that grazers simply consumed 

more of the plants high in fiber because they needed a greater amount to meet their energy 

requirements. Maxwell et al. (2016) supported this theory with clover; no significant preferences 

were established until the swards reached their reproductive phases, at which point ADF, NDF, 

and CP became major determinants of preference. Gesshe and Walton (2007) added that plant 

moisture positively affects forage preference late in the grazing season. Gallardo et al. (2014) 

also found that sheep grazing selectivity was significantly affected by month (P<0.01), 

presumably due to the greater variation in nutrient composition and relative succulence of 

species available. 
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2.4.2.2 Animal factors 

Ruminants have demonstrated a remarkable ability to learn and retain knowledge of the 

consequences of their actions (t’Mannetje 1978). Provenza (1995b) defined three types of animal 

memory that affect forage preference: (1) transgenerational memory, (2) the collective memory 

of a species which is transferred through evolution and anatomy, which Villalba et al. (2015b) 

later referred to as “affective” post-ingestive feedback, and (3) individual memory, or 

“cognitive” post-ingestive feedback according to Villalba et al. (2015b).  

Transgenerational memory is the knowledge passed from mother to offspring in the 

early stages of development (Provenza 1995b); this information becomes imprinted in the 

offspring’s mind. Immelmann (1975) describes the importance of imprinting early in life on 

development of preferences; an evolutionary adaptation, imprinting teaches offspring feeding 

behaviours that have been advantageous to their predecessors. This imprinting affects gene 

expression in the offspring such that the cognitive mechanisms behind feed selection are altered 

permanently (Distel and Villalba 2018). Accordingly, animals have demonstrated strong 

preferences for feeds to which they were accustomed early in life. Lobato et al. (1980) and Green 

et al. (1984) demonstrated that lambs reared beside their dams express the same feed preferences 

later in life, while other lambs did not. In a later study, Thorhallsdottir et al. (1987) offered 

subtoxic rabbit pellets, a novel feed, to ewe-lamb pairs, and orphaned lambs. After sampling the 

poisoned pellets, ewes and their lambs become more neophobic of offered feeds while orphaned 

lambs did not, suggesting that the presence of a mother to learn from affected lamb feeding 

behaviour.  

The second and third types of memory defined by Provenza (1995b) are collective and 

individual memory, which dictate forage preference through affective or cognitive post-ingestive 
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feedback, respectively (Villalba et al. 2015). Affective feedback is the response of the cells and 

organs to chemical components of the feed, whereas cognitive feedback involve the animal 

memorizing feeds by their associated appearance, taste and odour (Villalba et al. 2015). 

Collective memory can affect forage preference through prey behaviour (Newman et al. 1995); 

grazers exhibit diurnal variation in preference. Grasses are preferred in the evening when rumen 

fill is desired to minimize grazing throughout the night when it is safer for the animal to stay 

close to their cohorts and ruminate (Newman et al. 1995; Rutter et al. 2004). Furthermore, Pfister 

et al. (1990) demonstrated that affective and cognitive discrimination can be separated. Cattle fed 

subtoxic larkspur pellets decreased intake relative to the control pellets while cattle fed sham-

larkspur pellets maintained their consumption rate of each, indicating that affective 

discrimination alone altered their preference (Pfister et al. 1990).  

Whether animals possess nutritional wisdom has been a question in research for 

decades (Provenza 1995a). The existence of collective memory and affective post-ingestive 

feedback suggests that animals may be able to sense what nutrients are in feed, and which feeds 

are most valuable to them. Provenza (1995a) postulated that this is possible via neural 

interactions between olfactory senses and the gut. Villalba and Provenza (1999) observed that 

lambs preferred feeds whose flavour was associated with intraruminal infusions of starch as 

opposed to those associated with sham infusions. Similarly, Moya et al. (2011) observed beef 

steers self-regulating free choice grain intake. The authors theorized that the steers voluntarily 

adapted to high concentrate diets in response to post-ingestive feedback as well as changing 

nutritional demands as the animals matured (Moya et al. 2011).  

Recent research has found that nutrient-sensing structures exist in cattle. Mielenz 

(2016) discusses the evidence of bovine hydroxycarboxylic acid receptors that stimulate or 
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inhibit lipolysis and ghrelin release in the presence of lactate or β-hydroxybutyrate, which are 

indicators of glucose deficiency. Similarly, Mann et al. (2018) and Sipka et al. (2020) found that 

cows experiencing nutrient deficiency during the postpartum period suffer from impaired 

responsiveness of the mammalian target of rapamycin (mTOR) pathway. This pathway uses 

nutrient-sensing kinases to mediate intracellular nutrient balance, and the reduction in efficacy 

following parturition causes a decrease in glycogen storage in bovine tissues. To date, it is 

unknown whether cellular nutrient-sensing can be tied to cattle actively altering their grazing 

preferences, though mineral deficient cattle sometimes exhibit pica behaviours: ingesting non-

nutritional substances like wood, bone, or metal (Nikvand et al. 2018).   

2.4.3 Evidence of preference rankings 

The relative preference ranking of different forage species is of interest to ruminant 

producers because it could provide some basis for which forages species should be fed to 

optimize utilization. Colebrook et al. (1987) suggested that relative preference rankings between 

plant species could be quantified in such a way that a scoring system could be used to develop 

absolute preference rankings amongst a grazer species. Such rankings have yet to be defined. 

However, it is widely reported that legumes are preferred over grasses (Gesshe and Walton 1981; 

Popp et al. 1999; Rutter et al. 2004; Boland et al. 2011). Many suggest that the greater nutrient 

density, succulence, and less fibrous nature attract animals to legumes (Rutter et al. 2004). Parker 

and Moss (1981) reported that heifers preferred sainfoin hay over alfalfa hay, and (Smoliak and 

Hanna (1975) observed sheep grazing sainfoin before alfalfa and cicer milkvetch in pasture. 

Conversely, Gesshe and Walton (1981) reported that cattle avoided sainfoin altogether, opting 

for alfalfa instead. Sottie et al. (2014) also found that grazing beef steers preferred alfalfa over 

sainfoin in Alberta, Canada. Multiple studies have found sainfoin to be preferred over birdsfoot 
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trefoil when condensed tannin concentration is low (Aufrère et al. 2008; Aufrere et al. 2013; 

Lagrange and Villalba 2019). When condensed tannins reach 5-6% DM or greater, voluntary 

DMI is reduced due to the aversive flavour of the condensed tannins and reduced ruminal 

digestion (Min et al. 2003; Scharenberg et al. 2007). However, Scharenberg et al. (2007) 

observed that sainfoin with high concentrations of condensed tannins was still more palatable to 

grazing sheep than birdsfoot trefoil with low condensed tannins, suggesting that species traits 

make birdsfoot trefoil a less palatable species regardless of condensed tannin content. This is 

supported by Lagrange and Villalba (2019) who observed beef heifers selecting sainfoin over 

birdsfoot trefoil when condensed tannin concentrations averaged 59 and 17 g kg-1 of DM, 

respectively. Conversely, Wen et al. (2004) reported that grazing beef heifers reduced their 

birdsfoot trefoil intake by only 22% despite a 73% reduction in birdsfoot trefoil availability in a 

grass-legume mixture. 

Few studies have ranked bovine preferences for meadow bromegrass or orchardgrass 

against other grasses. Scholl et al. (1957) reported that smooth bromegrass was considerably 

more preferred by lambs than meadow bromegrass. Gesshe and Walton (1981) found that 

bromegrass was somewhat preferred by cattle over red fescue (Festuca rubra), crested 

wheatgrass (Agropyron cristatum), redtop (Agrostis gigantia) and Russian wild ryegrass 

(Psathyrostachys junceus), but the authors did not specify which species of bromegrass was 

studied. Orchardgrass, on the other hand, tends to be the least preferred grass under cattle grazing 

when compared to tall fescue (Festuca arundinacaea) and perennial ryegrass (Lolium perenne) 

(Catalano et al. 2020).   
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2.5 Animal temperament 

Animal temperament is defined as a set of behavioral traits that are consistent over time 

and that determine how the animal will respond in any given situation (Muller et al. 2005). 

Temperament is a moderately heritable trait that indirectly affects animal production and 

profitability (Haskell et al. 2014; Walkom et al. 2018). For example, the dairy industry has 

already incorporated milking temperament into its genetic selection indexes because positive 

milking temperament is associated with improved udder health and milk production (Chang et al. 

2020). Beef cattle temperament is usually discussed in the context of animal handling, however, 

temperament affects many other aspects of a cow’s life, including their grazing behaviour 

(Haskell et al. 2014). With grazing accounting for nearly 30% of total feed costs on a cow-calf 

operation, finding ways to improve grazing efficiency will improve farm profitability (Alberta 

Agriculture and Forestry 2020). Therefore, genetically selecting for cow temperaments that 

promote efficient grazing behaviour would be advantageous to cow-calf producers.    

2.5.1 Development of individual temperament 

Individual animal temperament is a complex interaction of genetic factors and previous 

experiences (Grandin 1997). In a study of 3,690 animals, Vann et al. (2017) characterized 

docility and estimated the heritability (h2) of docility score from cow to calf was at 0.58 ± 0.09. 

Beckman et al. (2007) reported lower estimates for the heritability of docility traits, ranging from 

0.29 to 0.38 ± 0.02. There are also breed differences: Morris et al. (1994) found Hereford cattle 

more docile than Angus cattle, while Lauber et al (2009) found Jersey cows more explorative 

than Friesians.  

Early experiences and social exposure also affect the development of temperament; 

calves have been shown to modify startle responses and neophobia to match their counterparts’ 
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when raised alongside older peers (Veissier et al. 1998; Lauber et al. 2009), indicating that 

maternal imprinting affects calf temperament to a degree (Morris et al. 1994).  

2.5.2 Characterizing animal temperament 

Temperament itself cannot be directly observed. Rather, the way an animal conducts 

itself is observed and interpreted as being a result of its temperament (Wemelsfelder et al. 2001). 

Methods to characterize temperament can be objective or subjective, with many users combining 

multiple approaches. Quantitative measures of animal temperament usually rely on numeric 

measurements or systematically coded behaviours (Gosling 2001). Coded behaviours are specific 

actions laid out in an ethogram and are often scored on a present/absent binary scale. Flight 

speed is an example of an objective measure that evaluates an animal’s disposition during 

handling (Beef Improvement Federation 2018). Qualitative behaviour assessments (QBA) are 

evaluations of animal behaviour that rely on observer ratings (Meagher 2009). Chute scoring, 

pen scoring, and novel object tests are examples of QBA (Parham et al. 2019). The advantage of 

QBA in characterizing animal temperament is that an experienced observer is able to interpret 

multiple behavioural details at once and express them in a single score (Meagher 2009). 

Behaviour scores can be linked to set descriptors, or free choice profiling can be used, which 

allows observers to choose their own descriptive words for behaviours (Wemelsfelder et al. 

2001). This method interprets behavioural context and subtle postural cues beyond what is 

captured in a quantitative analysis (Wemelsfelder et al. 2001). Although QBA are subjective by 

nature, many researchers have demonstrated a high degree of inter- and intra-observer 

consistency in QBA scoring, making this a suitable approach to characterizing animal 

temperament (Gosling 2001; Wemelsfelder et al. 2001; Hirata and Arimoto 2018; Parham et al. 

2019).  
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Animal temperament scores are often characterized on a continuum. Behaviour 

continuums previously used in beef research include dominate-subordinate (Šárová et al. 2010), 

fast-slow eaters (Wesley et al. 2012), bottom dweller-hill climber (Bailey et al. 2004, 2015), and 

shy-bold (Hirata and Arimoto 2018). The shy-bold continuum is recognized in both humans and 

animals as an important axis of behavioural variation (Sloan Wilson et al. 1994). Bold 

individuals are risk-takers that exhibit less neophobia and flightiness than shy individuals, but 

boldness is not synonymous with social dominance (Sloan Wilson et al. 1994; Michelena et al. 

2009; Sibbald et al. 2009).  

2.5.3 Effect of temperament on grazing behaviour 

While grazing behaviour itself has been extensively documented, few have quantified 

the effect of individual animal temperament on grazing behaviour (Searle et al. 2010). Yet 

animal temperament is an important production factor that could be manipulated through 

selection to enhance the efficiency of grazing programs (Michelena et al. 2009; Bailey et al. 

2013; Moreno García et al. 2020). For example, temperament has been shown to affect spatial 

distribution amongst grazing sheep (Michelena et al. 2009) as well as terrain use by grazing 

cattle (Bailey et al. 2004, 2013). Understanding these effects is key to developing temperament-

based selection. In fact, some attempts have already been made to design “grazing personality 

models” for predicting which animals should be placed together in “behaviour-customized” 

groups (Moreno García et al. 2020). Theoretically, these groups would be structured such that 

animals with differing patterns of pasture use compliment each other to increase grazing 

uniformity.  

It is well known that neophobia reduces feed intake in young animals (Beck et al. 

2021). Therefore, it follows that bold-tempered animals that demonstrate reduced neophobia 
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should have higher feed intakes, making more effective use of the pasture space and adapting 

more quickly to new forages. This theory is supported by Michelena et al. (2009) and Sibbald et 

al. (2009), who both demonstrated that boldness in sheep promotes more explorative behaviour 

and greater willingness to break off from the main herd in search of new forage patches. Cows of 

statistically different behavioural types also have distinct rangeland use patterns, with “go-

getters” exploring larger pasture areas than other cattle (Wesley et al. 2012; Goodman et al. 

2016). Furthermore, shy-bold temperament is maintained throughout development in cattle, 

becoming more stable after puberty (Neave et al. 2020), suggesting that temperament-based 

selection is possible early in life. The present study compares the gregariousness of bold and shy-

tempered steers in pasture to determine whether bold steers are more explorative than shy steers.   

2.6 Summary of Literature Review 

As profit margins narrow in the cow-calf industry, producers are moving towards 

increased adoption of intensive grazing programs. This shift in grazing management means that 

the forages are being used in a different way than they were historically, and producers need 

updated information to inform their management decisions going forward. New forage varieties 

are designed to meet the demand for hardier plants that can withstand heavier grazing pressure. 

However, there is a lack of scientific evidence to support claims about the performance of these 

new varieties under actual grazing conditions. Most western Canadian producers utilize legume-

grass mixtures in their grazing programs. As such, six new legume cultivars and two grasses that 

have been recently registered with improved persistence traits have been evaluated in this thesis. 

The forage evaluation techniques used in this study were the direct measure of biomass and 

botanical composition, spectrometry of canopy density, and chemical composition (CP, NDF, 

ADF, energy).  
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In the interest of optimizing the economic returns from the forage variety selected by 

producers, grazing animal preference must also be considered. Preference affects the efficiency 

of grazing by altering the relative intake of different plant types within the pasture. Providing the 

grazing animals with more preferred forages could increase the uniformity of grazing and overall 

dry matter intake. Further, animal temperament may affect their behaviour within the pasture 

space. Bold animals are known to be less neophobic than shy animals, and ultimately, selecting 

for bold temperament may increase the efficiency of pasture use.  

To address these questions, this study was developed consisting of three main 

objectives: (1) the evaluation of eight newly registered cool-season forage species and varieties 

in monoculture and binary grass-legume mixtures under intensive grazing conditions, (2) 

determining the effect of animal temperament on grazing behaviour, and (3) characterizing the 

forage preference of grazing steers via visual grazing observations.  

3.0 Evaluation of new cool-season perennial forage varieties as monoculture and grass-

legume binary mixtures under intensive grazing conditions 

3.1 Introduction 

This study was developed in response to livestock and forage producers needing more 

information about the performance of new forage varieties under grazed conditions. Perennial 

forages are integral to the livestock industry in western Canada, providing low-input feed for a 

decade or more, but establishment requires a sizable upfront investment. Which forage(s) to seed 

is a high-risk long-term decision that significantly affects the profit margin of livestock 

operations. For perennial forage stands to generate economic value they must be persistent, high 

in nutritive value, and high yielding (Beacom 1991). Current forage guides make a variety of 

claims about the quality of the forages they sell but the validity of these claims is rarely tested 
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under grazing, if at all (Bittman and McCartney 1994). Producers need updated information on 

the grazing performance of these newly registered varieties – particularly as intensive grazing 

practices become more widely used in western Canada.  

Six forages were evaluated in this study, including three alfalfas varieties, one sainfoin 

variety, and two varieties of cool-season grasses. The alfalfas were 3006 alfalfa, Cronus alfalfa, 

and Foothold alfalfa, with AC Mountainview sainfoin being used as the fourth legume in this 

study. The two grasses used were AC Armada meadow bromegrass and Killarney orchardgrass. 

The hypotheses were that forage performance and nutritive value would be similar among alfalfa 

monoculture treatments, with sainfoin monocultures producing slightly less forage yield than the 

alfalfas; performance of the grasses was hypothesized to be similar between treatments, with 

lower forage yield and nutritive value than legume monocultures. Binary grass-legume mixtures 

were expected to produce the highest yield and economic benefit, being relatively high in quality 

due to the symbiosis between grasses and legumes.  

This objectives of this study were to (1) assess the relative performance and persistence 

of newer legume and grass varieties under intensive grazing conditions, across consecutive 

grazing seasons, and (2) to estimate the cost of stand establishment on a per hectare basis and the 

economic benefit from the forages at market price for each treatment.  

3.2 Materials and methods 

3.2.1 Study site location and management 

This study took place at the University of Saskatchewan Livestock and Forage Centre 

of Excellence (LFCE) Cow-Calf Teaching Unit research site near Clavet, SK, Canada. Prior to 

this study, the research site was used for conventional annual crop production. In spring 2018, 

weeds were controlled with two pre-seed applications of glyphosate herbicide (1.9 L ha-1 and 2.5 
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L ha-1), and on June 6, 2018, the site was seeded to AC Rosser barley (Hordeum vulgare) at a 

rate of 54 kg ha-1 and seeding depth of 3.8 cm (1.5 inches), along with 46-0-0 nitrogen fertilizer 

applied at a rate of 56 kg per hectare. Treatment forages were then seeded the week following the 

barley using a 1.3 cm (0.5 in) seeding depth and recommended seeding rates for each forage in 

the dark brown soil zone (Appendix Table A1, Government of Saskatchewan 2021). The barley 

cover crop was harvested and baled as greenfeed in August 2018. 

Treatment forages were seeded into three 5 ha replicate blocks (Appendix Figure A1). 

The perimeter of each replicate block was fenced to create an individual paddock, leaving 18 m 

alleyways between paddocks. Water and minerals were provided ad libitum (Appendix Table 

A2), located along the fence line at the intersection of plots 7 and 8 within each block (Appendix 

Figure A1). 

Each replicate block contained 20 treatments seeded in randomized adjacent 0.3 ha (21 × 

125 m) plots. There was no fencing between treatment plots to allow free animal movement 

within a paddock.  

Eight forages were seeded: six legumes [3006, Cronus, and Foothold alfalfa (Medicago 

sativa), AC Mountainview sainfoin (Onobrychis viciifolia), Veldt cicer milkvetch (Astralagus 

cicer), and Exact birdsfoot trefoil (Lotus corniculatus)], and two grasses [AC Armada meadow 

bromegrass (Bromus riparius) and Killarney orchardgrass (Dactylis glomerata)], each in 

monoculture and in grass-legume binary mixtures (Appendix Figure A1). However, Veldt cicer 

milkvetch and Exact birdsfoot trefoil failed to emerge in the establishment year and following 

year and were therefore disregarded in this study. All cicer milkvetch and birdsfoot trefoil-

containing treatments were removed from analyses, leaving 14 viable treatments remaining. 
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3.2.2 Grazing management 

Yearling Bos taurus crossbred steers sourced from the Pound-Maker Agventures 

Feedlot at Lanigan, Saskatchewan were used for grazing each year of the trial. 

Plots were grazed three times over two years: one grazing period in 2019 and two periods 

in 2020. Steers were managed on an adjacent adaptation pasture 7 d prior to the start of trial. The 

adaptation pasture contained a grass-legume mixture of Kirk crested wheatgrass, AC Success 

hybrid bromegrass, 3006 alfalfa, AC Armada meadow bromegrass, and mixed common sainfoin.  

Sixty-nine steers (396 ± 34 kg BW) grazed in Year 1, and 149 in Year 2 (362 ± 28 kg 

BW in grazing period 1; 392 ± 28 kg BW in grazing period 2). Steers were homogenously and 

randomly allocated to each of the 3 trial paddocks for each grazing event, meaning that the same 

number of steers were allocated to each paddock 

In 2019 each of the three replicate blocks held 23 steers (4 AU ha-1): 3 bold labelled 

steers, 3 shy labelled steers, and 17 average herd animals. Dry conditions in 2019 allowed for 

only one grazing period lasting 19 d from July 27, 2019, to August 15, 2019. To minimize the 

effect of limited forage on forage preference, preference observations (see Section 5) were 

performed only the first 7 d of grazing, after which stocking density was increased to 12 AU ha-1 

with all 69 steers grazing each paddock sequentially. This reduced plant selection and uniformly 

grazed the forages to a uniform 5 cm stubble height. 

Two grazing periods occurred in 2020: grazing period 1 lasted 19 d from June 26, 2020, 

to July 14, 2020, and grazing period 2 lasted 9 d from August 27, 2020 to September 4, 2020. 

There were 45 d of rest for the forages between the two grazing events. The same group of 149 

steers were used for grazing periods 1 and 2. Each block contained 49 or 50 steers (8 AU ha-1 in 
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grazing period 1; 9 AU ha-1 in grazing period 2): 8 bold labelled steers, 8 shy labelled steers, and 

33 or 34 non-labelled steers. Similar to 2019, preference observations were performed for the 

first 7 d of grazing, and then the forages grazed until a uniform 5 cm stubble height was 

achieved.  

All steer groups had ad libitum access to a 2:1 mineral supplement (Performax Powermin 

Beef Cattle Premix, ADM Animal Nutrition, Lethbridge, AB, CAN) and cobalt-iodized salt 

(Saltec, Ceres Industries, Saskatoon, SK, CAN) over the course of the trial. See Appendix Tables 

A2 and A3 for details of supplement compositions. Water was supplied to each replicate block in 

a trough. 

3.2.3 Weather data 

Average monthly temperature and rainfall values were sourced from the LFCE weather 

stations on-site from 2018 to 2020. Long term 30-year averages were retrieved from the 

Saskatoon Saskatchewan Research Council weather station (Government of Canada 2021) for 

comparison.  

The monthly temperature at the research site was below average in January and February 

2019, preceding the first grazing season of this study (2019). Otherwise, temperatures were 

similar to the long-term average (Appendix Figure A2). Drought conditions existed in 2018, the 

year that all treatment forages were seeded, with less than 210 mm of total precipitation all year 

(Appendix Figure A4). The long-term average total precipitation for the Saskatoon region is 340 

mm. Below average snowfall and rainfall from January to May 2019 (26 mm versus the average 

97 mm for this time period) exacerbated dry conditions leading up to the first grazing event in 

2019 (Appendix Figures A3 and A4). After this initial drought, rainfall rose to well above the 30-
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yr average in June and July2019 (152 mm versus the average 117 mm; Appendix Figure A3). 

The year 2020 saw above-average rainfall during May and June (149 mm versus the average 100 

mm).     

3.2.4 Data collection 

3.2.4.1 Forage yield and botanical composition 

Each year, quadrat clips were taken immediately prior to grazing events to determine 

available forage (Sanderson et al. 2001). From each 0.3 ha treatment strip, four, 0.25 m2 quadrats 

were clipped to a 2.5 cm stubble height. Quadrat samples were hand-separated into their 

botanical components onsite at the time of clipping, with each component identified and stored 

in a paper bag for further analysis. The components were categorized as target legume (if 

applicable), target grass (if applicable), and “other.” The samples were stored at -17ºC and then 

dried at 55ºC for approximately 72 h. Botanical composition was determined on a dry matter 

basis as the average proportion of each component (by weight) per 0.25 m2 in each treatment 

(Van Keuren and Ahlgren 1957). After determining the botanical compositions, all quadrat 

clippings taken from each treatment strip were combined and ground to pass through a 1 mm 

screen using a Christy & Norris hammer mill (8 in lab mill, Christy Turner Ltd. Ipswich, Suffolk, 

ENG).  

3.2.4.2 Leaf area index 

Leaf area index measurements were taken immediately prior to grazing using an 

AccuPAR LP-80 LAI ceptometer (Decagon Devices, Pullman, Washington, USA) as an 

indicator of canopy density and forage yield. Three measurements of the light transmittance were 



 

44 

 

taken above and below the canopy for an averaged reading at five sites per treatment strip 

(Decagon Devices 2013).  

3.2.4.3 Maturity staging 

Pre-graze maturity staging was conducted for each of the two grazing periods in Year 

2. Four 0.25 m2 quadrats were thrown to randomly select plants in each treatment strip; all 

legume stems in each quadrat were staged according to the method described by Kalu and Fick 

(1981), and all grass tufts in each quadrat were staged using the method described by Moore and 

Moser (1995). 

3.2.4.4 Etiolated growth 

Non-structural carbohydrate reserves were determined for each treatment in 2020 using 

the etiolated growth measurement techniques described by Lardner et al. (2003) and Ward et al. 

(2012). Individual plant tufts were defoliated to a near-ground level and covered by lightproof 

terracotta pots, approximately 20 cm in diameter and 20 cm in height, and secured using 

polyethylene straps secured in the ground. Etiolated growth was sampled to a 2.5 cm stubble 

height every 14 d from May 11 to June 22, 2020, and then every 7 d until growth was exhausted. 

3.2.4.5 Chemical composition 

All components from the forage clippings were combined during grinding to create a 

single composite sample per plot for chemical analysis. As such, forage quality results reflect the 

total forage available for the steers to graze, including other species (weeds). Ground samples 

were analyzed in duplicate using standard wet chemistry by Cumberland Valley Analytical 

Services, Inc, according to methods approved by the Association of Official Analytical Chemists 

[(AOAC) 2000; Cumberland Valley Analytical Services, Inc. 2021 (Waynesboro PA )]. 
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According to Cumberland Valley Analytical Services’ basic forage test protocols, 

samples were heated to 105ºC for 3 h to analyze moisture content according to the 

recommendations of the National Forage Testing Association (NFTA method 2.1.4; Shreve et al. 

2002). Crude protein was quantified using a Leco FP-528 Nitrogen Combustion Analyzer (Leco 

Corporation, MI, USA) according to method 990.03 of the AOAC (2000). Method 973.18 of the 

AOAC (2000) was used to determine acid detergent fibre (ADF) content of the forages, and 

neutral detergent fiber (NDF) was quantified using the method described by Van Soest et al. 

(1991). Calcium, phosphorus, and other mineral contents were determined using a Perkin Elmer 

5300 DV ICP spectrometer (Perkin Elmer, CT, USA); samples were ashed at 535˚C for 1 h, 

digested in 155 nitric acid for 20 min, and diluted to 50 mL before being analyzed with the 

spectrometer (method 985.01; AOAC 2000). Total digestible nutrients and net energy (NE) 

estimations were calculated using the Ohio Agricultural Research and Development Centre 

(OARDC) summative energy equation (Appendix Equation A1; Weiss 1998). 

3.2.4.6 Available soil nutrients 

Post-graze soil samples were collected in October 2019 and 2020. Ten surface samples 

(0 to 15 cm depth) were taken per treatment plot using a Dutch auger. These samples were then 

combined to create a single composite subsample for each treatment plot. Available soil nitrogen 

(NO3) and phosphorus (PO4) were quantified from the dried subsamples.  

3.2.5 Statistical analysis 

Forage performance parameters including yield, LAI, stage of maturity, botanical 

composition, chemical composition, cumulative etiolated growth and available soil nutrients 

were analyzed using the PROC GLM function of SAS Studio Version 5.2 (2021; SAS Institute. 
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Inc., Cary NC). The UNIVARIATE procedure was used to determine that data was normally, 

identically, and independently distributed (NIID). The experiment was analyzed as a randomized 

complete block design replicated in three grazing periods (n = 3) nested within two years. Each 

paddock is a replicate block (n=3), and the experimental unit is the forage treatment plot (n = 

14). Replicate block and grazing period nested within year were considered random effects, with 

forage treatment the fixed effect to give the following model: 

𝑌𝑖𝑗𝑘𝑟 =  µ + 𝛼𝑖 +  𝛽𝑗 + 𝜌𝑘(𝑟) + 𝑒𝑖𝑗𝑘𝑟 

where µ is the overall mean, α is the effect of the i forage treatment, β is the effect of 

the j replicate block, ρ the random effect of the k grazing period nested within the r year, and e is 

the error of the i treatment within the j block and k grazing period of the r year.  

Differences between the 1st or 2nd grazing period of the year were also determined using 

PROC GLM. “Contrast” statements were used to isolate effects within-species that were 

otherwise masked in multi-treatment comparisons by large differences amongst species types. 

Etiolated growth data was tested two ways: the cumulative etiolated growth yields for 

each treatment were compared using PROC GLM, and the quadratic treatment × time 

interactions were analyzed using PROC MIXED. The same model was used for cumulative 

etiolated growth analyses as was used for other forage performance parameters, in PROC GLM. 

Changes in etiolated growth over time were analyzed in PROC MIXED using a nested design 

structure with repeated measures, because sampling day was a repeated factor and the 

experimental subject was etiolated growth chamber (n = 78) nested within forage treatment. 

Sampling day (n = 8), forage treatment (n = 18), and their interaction were fixed effects, and 

replicate block (n = 3) the random effect. Five covariance structures were tested for analysis, 

including: simple, compound symmetry, ante-dependence (1), unstructured, and heterogenous 
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compound symmetry. The Kenward Roger option was used to estimate denominator degrees of 

freedom. The simple covariance structure was selected, having the lowest Akaike and Bayesian 

information criterion (AIC and BIC) values. 

Pearson correlations and multiple regression analyses were performed using the PROC 

CORR and PROC REG procedures of SAS Studio Version 5.2 (2021; SAS Institute. Inc., Cary 

NC).  

Multi-treatment comparisons were conducted using the Duncan multiple range test; 

differences in treatment means were considered significant when P<0.05, and trending towards 

significance when 0.05<P<0.10.  

3.2.6 Economic evaluation 

An economic evaluation of the forages was prepared using the first two years of 

production data. This evaluation determines the total establishment cost per treatment, total 

revenues, and the 2-year net revenue.  

The cost to establish each treatment and returns generated are estimated on a per 

hectare basis. Pre-seeding applications of glyphosate costing $4.00 L-1 and $12.35 ha-1 for 

custom spraying. Barley was underseeded at 0.07 tonnes ha-1 with 56 kg of N ha-1 on June 16th, 

2018. Barley seed was valued at $0.37 kg-1, and N was valued at $510 tonne-1 of 46-0-0 fertilizer 

($1.11 kg-1 actual nitrogen).  

The research plots were seeded using a 3 m plot drill on June 9-13, 2018, but the cost of 

custom seeding was used for this economic analysis ($56.81 ha-1). Seeding rates are listed in 

Appendix Table A1. Seed costs varied by species, with 3006 alfalfa valued at $11.00 kg-1, 

Cronus alfalfa at $11.86 kg-1, Foothold alfalfa at $10.89 kg-1, AC Mountainview sainfoin at 



 

48 

 

$6.06 kg-1, Killarney orchardgrass at $17.49 kg-1, and Armada meadow bromegrass at $8.00 kg-1. 

Some seed was donated to this study; in those cases, the supplier provided suggested retail 

prices.  

The barley was cut and baled as greenfeed forage to provide revenue in the 

establishment year. The cost of cutting the greenfeed was estimated at $9.31 ha-1 as per the 

average rate for a self-propelled mower in the 2018-19 Saskatchewan Ministry of Agriculture 

custom rental rate guide (Government of Saskatchewan 2018), and the cost of baling was 

assumed to be $49.69 ha-1 per the average rates in the same guide.  

Land rental was valued at $106.51 ha-1 based upon the Saskatchewan Ministry of 

Agriculture’s Crop Planning Guide for the dark brown soil zone (Government of Saskatchewan 

2020).  

It was assumed that water and fencing must be established for this pasture. Perimeter 

and cross-fencing for a 4-strand barbed wire fence was valued at $3,626 km-1 per the 

Saskatchewan Ministry of Agriculture’s posted values from November 2018 (Government of 

Saskatchewan 2021). The cost per hectare ($135.17) is based on the assumption that 9.65 km of 

perimeter fencing will be required to create four 65 ha paddocks within one section of land. The 

useful life of fencing is assumed to be 20 years, making the up-front cost per the 10-year 

valuation of these forages $67.58 ha-1, or $6.76 ha-1 per year.  

Digging a dugout to supply one water trough to each of the four quarters of the section 

(260 ha) costs $40,000 (Alberta Agriculture 2015). Additional costs for the water system include 

troughs (one per quarter), pump, solar panels and trough floats for an estimated investment of 

$3,000. The total $43,000 water infrastructure investment ($166.03 ha-1) is also assumed to have 
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a useful life of 20 years. The upfront investment is halved given the 10 years of use for the 

forage stands, leading to an amortized cost of $16.60 ha-1 per year.  

Returns include the revenue generated through the greenfeed hay in the establishment 

year, and the forage yield of each treatment in the two years following. Baled greenfeed was 

valued at $137 tonne-1 based on the Saskatchewan Forage Council’s Forage Market Pricing 

Discovery Report (Saskatchewan Forage Council 2019). The forages were valued at the average 

market value for standing hay ($0.073 per kilogram). Since the steers grazed all treatments 

simultaneously, no animal performance data could be attributed to individual treatments. For this 

reason, no animal weights were collected and the value of steer weight gain cannot be used to 

estimate the value generated by each treatment. 

The 2-year net revenue from each treatment was calculated as the total establishment 

cost (cost of barley and forage seed + cost of preseeding applications + cost of greenfeed cutting 

and baling + cost of infrastructure and land rent) subtracted from the total revenue generated 

(greenfeed revenue + value of forage as standing hay).  

3.3 Results  

3.3.1 Forage performance 

Fourteen of the twenty forage treatments seeded were successfully established. Exact 

birdsfoot trefoil and Veldt cicer milkvetch failed to emerge, resulting in two blank plots per 

block, and four extra grass monocultures within each block; none of the data from these plots 

was included in final analyses.  
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3.3.1.1 Forage yield and leaf area index 

Pre-graze forage yield differed (P<0.05) among treatments in all grazing periods (Table 

3.1). Grazing period sequence had a significant effect on forage yield (P<0.01), with the first 

graze of the season supplying more forage overall than the second grazing period (Table 3.1). No 

significant interaction (P>0.05) was detected between treatment and grazing period.  

The 3006 alfalfa produced 2354 kg DM ha-1 on average across all three grazing events, 

followed by Foothold (2005 kg DM ha-1) and Cronus (1975 kg DM ha-1) alfalfas (P>0.05). AC 

Mountainview sainfoin yielded 1591 kg DM ha-1 on average, which is approximately 760 kg DM 

ha-1 less than 3006 alfalfa (P<0.05), but only 400 kg DM ha-1 less than the other alfalfas 

(P>0.05). Armada MBG yield was similar to AC Mountainview sainfoin yield at 1465 kg DM 

per hectare. Killarney OG monocultures consistently produced less forage than all other 

monocultures with an average pre-graze yield of 752 kg DM per hectare (Figure 3.1).  

Pre-graze yields of grass-legume binary mixtures were similar (P>0.05) across grazing 

events, ranging from a three-graze period average of 1387 kg DM ha-1 for Foothold alfalfa-MBG 

mixtures to 958 kg DM ha-1 for AC Mountainview sainfoin-OG mixtures (Figure 3.1). 

Grazing period had an effect on the grass component yield of grass-mixture treatments 

(P<0.01; Table 3.2), with grass yield declining from graze period one to graze period two. Grass 

yield was different (P<0.05) among treatments for the first grazing period of 2020, where mean 

contrasts show that Armada MBG treatments out-yielded Killarney OG treatments in mixtures 

with Cronus alfalfa or AC Mountainview sainfoin (P<0.05), while all other mixtures produced 

similar amounts of grass.  

Legume yield was similar (P=0.60) between grazing periods, with monoculture 

treatments consistently out-yielding binary mixtures (Table 3.2). The 3006 alfalfa monoculture 
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yielded 2081 kg DM ha-1, Cronus alfalfa 1631 kg DM ha-1, Foothold alfalfa 1722 kg DM ha-1, 

and AC Mountainview sainfoin 1262 kg DM ha-1 on average. Binary mixtures produced an 

average legume yield of 297 kg DM per hectare (Table 3.2). Despite the Duncan paired 

comparisons presented in Table 3.2, mean contrasts revealed that Killarney OG mixtures 

produced significantly greater legume component yields than Armada MBG mixtures (P<0.05). 

Cronus and Foothold alfalfas had similar leaf area indices, both greater than that of 

3006 alfalfa. Regardless, all three alfalfas had significantly more photosynthetic area than all 

other forages across all grazing events (P<0.01, Table 3.3). AC Mountainview sainfoin had a 

lower LAI than all three alfalfa varieties (P<0.01). Including grass in mixture with sainfoin did 

not increase the treatment’s leaf area index (P>0.05). All binary grass-legume mixtures had 

similar leaf area indices (P>0.05) and all were less than that of their legume components grown 

in monoculture. Lastly, the grass monocultures produced little photosynthetic area and fell 

towards the low end of the LAI measurements recorded in this study (Table 3.3).  

Although LAI is not a direct measure of biomass, cumulative DM yield and LAI were 

strongly correlated (P<0.01, r = 0.77). 

3.3.1.2 Botanical composition 

There was no effect (P>0.05) of year on botanical composition. Legume monocultures 

were 85.5% legume on average, ranging from 75% to 95% legume, with the remainder of the 

plot being weeds. Of the legume monocultures, 3006 alfalfa plots contained the fewest weeds by 

mass (Figure 3.2). AC Mountainview sainfoin monocultures had the highest proportion of weeds 

(24%) compared to all other treatments over two years and contained up to 20% less legume than 

alfalfa monocultures (Figure 3.2, Table 3.5). Both of the grass monoculture treatments contained 
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similar proportions of grass and weeds (P>0.05) with less than 3% “other” species making up 

either Killarney OG or Armada MBG plots (Table 3.4).  

Binary mixtures were 26% legume on average, ranging from 13 to 40%. The legume 

fraction was similar among binary mixtures containing Killarney OG with Cronus alfalfa, 

Foothold alfalfa, or AC Mountainview sainfoin (P>0.05), but 3006 alfalfa composed a 

significantly smaller portion of its binary mixtures with Killarney OG (P<0.05, Table 3.5). The 

proportion of legume in AC Armada MBG mixtures was consistent across legumes (P>0.05).  
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Table 3.1 Average pre-graze forage yield over two years, including all available herbage per treatment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1DM=dry matter, 2OG=orchardgrass, 3MBG=meadow bromegrass, 4SEM=standard error of the mean.  
a-f Means within a column with different letters are significantly different (P<0.05). 

  Cumulative Forage Yield (kg DM1 ha-1) 

Year 2019-2020 Mean 2019 2020 2020 

Grazing Period 1 1 1 2 

3006 alfalfa 2462a 2050a 2873a 2138a 

3006 alfalfa + Killarney OG2 1207def 1362bc 1052ef 577bc 

3006 alfalfa + AC Armada MBG3 1427cdef 1159c 1449bcde 716bc 

Cronus alfalfa 2094ab 1835ab 2353ab 1738ab 

Cronus alfalfa + Killarney OG 1318cdef 1349bc 1289cdef 825bc 

Cronus alfalfa + AC Armada MBG 1622bcde 1287bc 1956bcd 669bc 

Foothold alfalfa 2119ab 2070a 2169ab 1776ab 

Foothold alfalfa + Killarney OG 1262def 1304bc 1220def 734bc 

Foothold alfalfa + AC Armada MBG 1476cdef 1266bc 1686bcde 668bc 

AC Mountainview sainfoin  1842bc 1998a 1686bcde 1089abc 

AC Mountainview sainfoin + Killarney OG 1090ef 1156c 1025ef 693bc 

AC Mountainview sainfoin + AC Armada MBG 1539cde 1038c 2040bc 777bc 

Killarney OG 964f 1166c 761f 329c 

AC Armada MBG 1726bcd 1384bc 1668bc 944bc 

SEM4 175.8 188.1 239.4 352.9 

P-Value <0.01 0.002 <0.01 0.04 

Statistical Analysis P-Value    

Grazing Period 1 vs 2 <0.01    

Treatment × Grazing Period 0.99    
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Figure 3.1 Average pre-graze forage yield over two years. MBG = meadow bromegrass, OG = orchardgrass. 
a-e Columns with different letters are significantly different (P<0.05). 
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Table 3.2 Average pre-graze yield of grass and legume components over two years.  

1DM=dry matter, 2OG=orchardgrass, 3MBG=meadow bromegrass, 4SEM=standard error of the mean.  
a-c Means within a column with different letters are significantly different (P<0.05).

   Treatment Component Yield (kg DM1 ha-1) 

Component Grass  Legume 

Year 
2019-2020 

Mean 
2019 2020 2020  

2019-2020 

Mean 
2019 2020 2020 

Grazing Period 1 1 1 2  1 1 1 2 

3006 Alfalfa      2283a 1987a 2578a 1678a 

3006 Alfalfa + Killarney OG2 862c 1095 629b 333  384c 283b 485c 294b 

3006 Alfalfa + AC Armada MBG3 1250abc 1034 1467a 429  191c 111b 272c 286b 

Cronus Alfalfa      1722b 1663a 1781b 1448a 

Cronus Alfalfa + Killarney OG 921bc 1213 629b 244  379c 113b 645c 553b 

Cronus Alfalfa + AC Armada MBG 1493ab 1124 1861a 441  121c 145b 96c 231b 

Foothold Alfalfa      1695b 1791a 1598b 1776a 

Foothold Alfalfa + Killarney OG 846c 1114 579b 219  435c 229b 642c 514b 

Foothold Alfalfa + AC Armada MBG 1328abc 1197 1459a 432  167c 86b 248c 259b 

AC Mountainview Sainfoin       1433b 1542a 1324b 919ab 

AC Mountainview Sainfoin + Killarney OG 828c 970 686b 236  286c 183b 390c 457b 

AC Mountainview Sainfoin + AC Armada MBG 1355abc 840 1870a 466  143c 102b 183c 327b 

Killarney OG 943bc 1125 761b 326      

AC Armada MBG 1698a 1332 2063a 616      

SEM4 178.1 139.5 207.9 84.5  130.1 158.1 204.8 286.2 

P-Value 0.006 0.51 <0.01 0.07  <0.01 <0.01 <0.01 0.002 

 P-Value      

Statistical Analysis Grass Legume      

Grazing Period 1 vs 2 <0.01 0.60      

Treatment × Grazing Period 0.83 0.44      



 

56 

 

Table 3.3 Average leaf area index of forages over two years. 

 

 

 

 

 

 

 

 

 

 

1OG=orchardgrass, 2MBG=meadow bromegrass, 3SEM=standard error of the mean.  
a Means with different letters are significantly different (P<0.05). 

Table 3.4 Average percent grass of grass monocultures and binary mixtures over two years (DM 

basis). 

Forage Treatment % Forage Mass 

Killarney OG1 98.9a 

AC Armada MBG2 97.8a 

Cronus alfalfa + AC Armada MBG 86.4ab 

Foothold alfalfa + AC Armada MBG 81.8bc 

AC Mountainview sainfoin + AC Armada MBG 80.5bc 

3006 alfalfa + AC Armada MBG 77.4cd 

3006 alfalfa + Killarney OG 71.6cde 

AC Mountainview sainfoin + Killarney OG 67.1def 

Foothold alfalfa + Killarney OG 60.1ef 

Cronus alfalfa + Killarney OG 57.5f 

SEM3 4.31 

P-Value <0.01 

1OG=orchardgrass, 2MBG=meadow bromegrass, 3SEM=standard error of the mean.  
a-f Means with different letters are significantly different (P<0.05). 

Forage Treatment  Leaf Area Index 

Cronus alfalfa 3.85a 

Foothold alfalfa 3.77a 

3006 alfalfa 3.21b 

Cronus alfalfa + Killarney OG1 1.71c 

AC Mountainview sainfoin  1.56c 

AC Mountainview sainfoin + AC Armada MBG2 1.55c 

Foothold alfalfa + Killarney OG 1.55c 

3006 alfalfa + AC Armada MBG 1.51c 

AC Mountainview sainfoin + Killarney OG 1.43c 

Cronus alfalfa + AC Armada MBG 1.42c 

3006 alfalfa + Killarney OG 1.41c 

AC Armada MBG 1.39c 

Foothold alfalfa + AC Armada MBG 1.36c 

Killarney OG 1.36c 

SEM3 0.101 

P-Value <0.01 
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Table 3.5 Average percent legume of monocultures and binary mixtures over two years (DM 

basis). 

Forage Treatment % Forage mass 

3006 alfalfa 95.2a 

Cronus alfalfa 85.9ab 

Foothold alfalfa 85.2ab 

AC Mountainview sainfoin 75.7b 

Cronus alfalfa + Killarney OG1 39.9c 

Foothold alfalfa + Killarney OG 38.8cd 

AC Mountainview sainfoin + Killarney OG 32.3cde 

3006 alfalfa + Killarney OG 25.7def 

3006 alfalfa + AC Armada MBG2 21.6ef 

Foothold alfalfa + AC Armada MBG 18.1f 

AC Mountainview sainfoin + AC Armada MBG 17.3f 

Cronus alfalfa + AC Armada MBG 12.8f 

SEM3 4.72 

P-Value <0.01 

1OG=orchardgrass, 2MBG=meadow bromegrass, 3SEM=standard error of the mean.  
a-f Means with different letters are significantly different (P<0.05).  
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Figure 3.2 Average pre-graze botanical composition of forage treatments over two years.
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3.3.1.3 Chemical composition 

Forage energy content differed (P<0.01) among forage treatments over 2 years with TDN 

ranging from 63% for AC Mountainview sainfoin to 57% for Armada MBG, and metabolizable 

energy (ME) from 2.4 Mcal kg-1 to 2.1 Mcal kg-1 for the same forages (Table 3.6). Mean 

contrasts showed that legume monocultures and Killarney OG-mixtures had greater (P<0.01) 

energy content compared to grass monocultures or Armada MBG-mixtures.  

AC Mountainview sainfoin contained 1.8 to 4.3% lower CP than the other legume 

monocultures (P<0.01, Table 3.6), and Cronus alfalfa had 2% lower CP than the other alfalfas 

(P<0.05). Protein content was lower in Armada MBG mixtures than for Killarney OG mixtures, 

and lowest (8.3%) in the Armada MBG monoculture. Fiber content (NDF and ADF) was greatest 

for Armada MBG (P<0.01), and higher in Armada MBG mixtures than Killarney OG mixtures 

(P<0.01; Table 3.6).  

Phosphorus content was generally similar among binary mixtures (Table 3.6). Alfalfa 

monocultures had similar Ca levels, but AC Mountainview sainfoin monocultures contained 

significantly less (P<0.05) than the alfalfas. Armada MBG monocultures contained less P than 

Killarney OG monocultures (P<0.05), but their Ca content was similar (P>0.05; Table 3.6). 

In 2020, grazing period (being the first or second graze of the season) affected (P<0.05) 

the chemical composition of the forages. Crude protein was higher in binary mixtures (P<0.01) 

in the second grazing period compared to the first grazing period, but there was no difference in 

CP of legume or grass monoculture treatments. Acid detergent fiber was higher in grass 

monoculture treatments in the second grazing period than in the first (P<0.01) but no other 

differences were observed. Neutral detergent fiber content was not affected (P>0.05) by grazing 
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period for any treatment group. Total digestible nutrient content was similarly unaffected 

(P>0.05) by grazing period for any treatment group. Forage calcium content was higher in the 

second grazing period (P<0.01) for both binary mixture and grass monoculture treatments. All 

treatment types were higher in phosphorus (P<0.01) in the first grazing period of 2020.  There 

were no interactions between treatment and grazing period for TDN, CP, ADF, NDF, calcium or 

phosphorus (P>0.05).   

See Appendix Tables A4 to A7 for further detail on the forages’ chemical compositions. 
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Table 3.6 Chemical composition of forage treatments over two years (DM basis). 

  % DM1 

Forage Treatment  TDN2 CP3 ADF4 NDF5 Ca P 

3006 alfalfa  60.5bcd 16.6a 30.6ef 36.9ef 1.8a 0.2bcd 

3006 alfalfa + AC Armada MBG6  58.0e 9.6efg 37.5a 55.7ab 0.7def 0.2ef 

3006 alfalfa + Killarney OG7  60.5bcd 11.3cdef 34.2cd 48.7c 0.9cde 0.2bcd 

Cronus alfalfa  60.4bcd 14.1b 31.8def 42.3de 1.6a 0.2de 

Cronus alfalfa + AC Armada MBG  59.1de 12.0bcd 34.5bcd 48.9c 1.2bc 0.2cd 

Cronus alfalfa + Killarney OG  60.6bcd 12.1bcd 32.5cde 44.8cd 1.5ab 0.2bc 

Foothold alfalfa  62.1ab 16.3a 29.3f 35.4f 1.8a 0.2bcd 

Foothold alfalfa + AC Armada MBG  58.7de 9.8defg 37.3ab 55.2ab 0.6def 0.2d 

Foothold alfalfa + Killarney OG  61.3abc 11.8bcde 32.1def 44.7cd 1.2bc 0.2bc 

AC Mountainview sainfoin  63.0a 12.3bc 31.5def 36.3f 1.1cd 0.2bc 

AC Mountainview sainfoin + AC Armada MBG  59.4cde 9.2fg 37.7a 55.3ab 0.5ef 0.2ef 

AC Mountainview sainfoin + Killarney OG  61.4abc 9.9cdefg 33.5de 47.4cd 0.7def 0.2ab 

AC Armada MBG  57.6e 8.4g 39.6a 61.0a 0.4f 0.1f 

Killarney OG  59.1de 9.3fg 37.0abc 54.5b 0.4f 0.2a 

SEM8  0.67 0.75 0.96 1.98 0.14 0.007 

P-Value  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
1DM=dry matter, 2TDN=total digestible nutrients, 3CP=crude protein, 4ADF=acid detergent fiber, 5NDF=neutral detergent fiber, 
6MBG=meadow bromegrass, 7OG=orchardgrass, 8SEM=standard error of the mean.  
a Means within a column with different letters are significantly different (P<0.05). 
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3.3.1.4 Plant maturity 

Grass maturity differed (P=0.01) leading into grazing period 1 of 2020, but did not 

differ prior to grazing period 2 of 2020 (Table 3.7). Pre-grazing period 1, Armada MBG was in 

reproductive stage, while Killarney OG was at pre-boot emergence stage. Before the second 

graze all grasses were in vegetative stage (Table 3.7).  

The pre-graze maturity of legumes also differed (P<0.01) before grazing period 1 of 

2020, but not before grazing period 2. In grazing period 1 of 2020, all 3 alfalfa varieties were in 

the early bud stage, and AC Mountainview sainfoin had entered the late bud stage. By the start of 

the second graze, all legumes were flowering (Table 3.8). 

 



 

63 

 

Table 3.7 Pre-graze maturity of grass species. 

 Date Date Effect 

Item June 30, 2020 August 20, 2020 SEM1 P-Value 

AC Armada MBG2     

Stage Index 3.4a 1.5 0.05 <0.01 

Interpretation Reproductive Vegetative   

Killarney OG3     

Stage Index 2.4b 1.7 0.16 <0.01 

Interpretation Stem Elongation Vegetative   

SEM 0.13 0.10   

P-Value <0.01 0.11   

1SEM=standard error of the mean, 2MBG=meadow bromegrass, 3OG=orchardgrass. 
a-b Means within a column with different letters differ (P<0.05).  

 

Table 3.8 Pre-graze maturity of legume species. 

 Date Date Effect 

Item June 30, 2020 August 20, 2020 SEM1 P-Value 

3006 Alfalfa     

Stage Index 2.9b 5.8 0.60 <0.01 

Interpretation Early bud Late flower   

Cronus Alfalfa     

Stage Index 3.0b 5.1 0.45 0.004 

Interpretation Early bud Early flower   

Foothold Alfalfa     

Stage Index 2.7b 4.9 0.48 0.005 

Interpretation Early bud Early flower   

AC Mountainview Sainfoin     

Stage Index 4.4a 5.8 0.80 0.243 

Interpretation Late bud Late flower   

SEM 0.30 0.79   

P-Value 0.002 0.80   

 1SEM=standard error of the mean. 
a Means within a column with different letters differ (P<0.05)
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3.3.1.5 Etiolated growth  

Over 99% of etiolated growth occurred in the first 56 d after covering of the plant tufts 

to exclude sunlight, yet some additional growth occurred until all forages were fully exhausted at 

91 d (Tables 3.9 and 3.10). There was no difference (P>0.05) in cumulative growth among 

treatments for monoculture treatments (Table 3.10), but in grass-legume mixtures, Armada MBG 

had greater (P>0.05) etiolated growth compared to Killarney orchardgrass and AC 

Mountainview sainfoin (P<0.05, Table 3.9). AC Mountainview sainfoin produced more total 

etiolated growth as monoculture than in grass-legume mixtures, 41.4 versus 28.6 mg DM cm-2, 

respectively. The greatest etiolated growth yield was recorded at the second sampling date, May 

25, 2020 (d 28), with the least etiolated yields recorded June 29 (d 63) to August 3 2020 (Figure 

3.6). 

At the first sampling date 14 d after being covered, regrowth ranged from 6 to 19 mg 

DM cm-2, accounting for 38% of cumulative etiolated growth per treatment. AC Armada 

meadow bromegrass produced 205 and 211% greater etiolated growth than other monoculture 

and binary mixture forages, respectively (P<0.05, Figures 3.3 and 3.4). The legumes produced 

similar etiolated growth among monocultures and binary mixtures (Figures 3.3 and 3.4). As 

monoculture, Cronus alfalfa produced only 57% of the etiolated growth compared to the other 

two alfalfas, though the difference was not statistically significant (P=0.23). 

The second growth period (28 d after covering) accounted for 36% of the total 

regrowth, slightly less than the etiolated growth generated in the first 14 d of the study.  

A significant quadratic interaction (P<0.05) between time and treatment was observed 

for plants in monoculture and binary mixture (Figures 3.5 and 3.6).
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Table 3.9 Etiolated growth of species in grass-legume binary mixtures.  

 Etiolated Growth (mg DM1 cm-2)  

Sampling Date 3006 alfalfa Cronus alfalfa 

Foothold 

alfalfa 

AC 

Mountainview 

sainfoin 

AC Armada 

meadow 

bromegrass 

Killarney 

orchardgrass 

 

SEM2 

May 11 (14 d) 11.6 9.2 9.0 8.3 19.1 7.9 1.08 

May 25 (28 d) 9.2 12.6 11.3 10.7 16.8 6.6 1.87 

June 8 (42 d) 6.9 8.8 7.4 6.8 2.9 2.0 0.61 

June 22 (56 d) 3.5 2.7 2.8 2.8 0.6 0.3 0.29 

June 29 (63d) 0.1 0.1 0.0 0.0 0.1 0.0 0.02 

July 6 (70 d) 0.1 0.0 0.0 0.0 0.0 0.0 0.01 

July 13 (77 d) 0.3 0.5 0.1 0.0 0.0 0.0 0.07 

July 20 (84 d) 0.2 0.5 0.0 0.0 0.0 0.0 0.06 

July 27 (91 d) 0.0 0.1 0.0 0.0 0.0 0.0 0.01 

August 3 (98 d) 0.0 0.0 0.0 0.0 0.0 0.0 0.00 

Total 31.8ab 34.4ab 30.6ab 28.6b 39.5a 16.7c 3.01 
1DM=dry matter, 2SEM=standard error of the mean.  
a-c Means with different letters differ (P<0.05).  
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Table 3.10 Etiolated growth of species as monoculture. 

 Etiolated Growth (mg DM1 cm-2)  

Sampling Date 3006 alfalfa Cronus alfalfa 

Foothold 

alfalfa 

AC 

Mountainview 

sainfoin 

AC Armada 

meadow 

bromegrass 

Killarney 

orchardgrass 

 

SEM2 

May 11 (14 d) 11.8 6.3 10.6 10.9 17.3 6.5 1.23 

May 25 (28 d) 9.0 6.6 6.5 20.7 9.0 6.7 1.09 

June 8 (42 d) 3.5 5.5 7.6 6.7 2.4 4.1 0.60 

June 22 (56 d) 2.5 2.5 2.9 2.6 0.1 1.4 0.31 

June 29 (63 d) 0.0 0.1 0.0 0.2 0.1 0.0 0.05 

July 6 (70 d) 0.0 0.0 0.0 0.1 0.0 0.0 0.01 

July 13 (77 d) 0.0 0.0 0.2 0.1 0.0 0.0 0.01 

July 20 (84 d) 0.0 0.0 0.0 0.0 0.0 0.0 0.00 

Total 26.7 21.0 25.4 41.4 30.2 18.4 9.15 
1DM=dry matter, 2SEM=standard error of the mean.  
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Figure 3.3 Etiolated growth of species in binary mixtures at the first sampling, after 14 d of being covered.  
a-b Columns with different letters are significantly different (P<0.05).  
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Figure 3.4 Etiolated growth of species as monoculture at the first sampling, after 14 d of being covered.  

a-b Columns with different letters are significantly different (P<0.05).  
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Figure 3.5 Etiolated growth of species in grass-legume binary mixtures at each sampling date in 2020.  

DM=dry matter, MBG=meadow bromegrass, OG=orchardgrass. 
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Figure 3.6 Etiolated growth of species as monoculture at each sampling date in 2020.  

DM=dry matter, MBG=meadow bromegrass, OG=orchardgrass.
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3.3.1.6 Available soil nutrients  

Available soil nitrogen (NO3) ranged from 3.2 to 15.6 kg ha-1, with soil NO3 levels for 

legume monocultures averaging 10.32 kg ha-1 greater compared to other forage treatments 

(P<0.01, Table 3.11). Phosphorus (PO4) content was similar among treatments (P>0.05), ranging 

from 9.6 to 22.4 kg per hectare (Table 3.11). 

Table 3.11 Available soil nitrogen (NO3) and phosphorus (PO4) at a depth of 0-15cm in forage 

treatment strips following grazing over 2 yr. 

 kg ha-1 

Forage Treatment NO3 PO4 

3006 alfalfa 12.1a 17.1 

3006 alfalfa + AC Armada MBG1 3.5b 15.0 

3006 alfalfa + Killarney OG2 3.6b 22.4 

Cronus alfalfa 15.5a 19.9 

Cronus alfalfa + AC Armada MBG 3.3b 20.2 

Cronus alfalfa + Killarney OG 4.2b 19.0 

Foothold alfalfa 15.6a 14.6 

Foothold alfalfa + AC Armada MBG 3.6b 11.7 

Foothold alfalfa + Killarney OG 3.5b 13.8 

AC Armada MBG 3.4b 9.6 

Killarney OG 3.2b 20.1 

AC Mountainview sainfoin 12.6a 13.7 

AC Mountainview sainfoin + AC Armada MBG 3.9b 17.2 

AC Mountainview sainfoin + Killarney OG 4.1b 13.7 

Statistical Analysis   

SEM3 1.23 2.58 

P-Value <0.01 0.58 
1MBG=meadow bromegrass, 2OG=orchardgrass, 3SEM=standard error of the mean. 
a Means within a column with different letters are significantly different (P<0.05).  

 

Differences were observed for available NO3 and PO4 between years (Table 3.12), with 

average soil NO3 increasing between 2019 and 2020 (P<0.01), and average soil PO4 decreasing 

between years (P<0.01).  
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Table 3.12 Change in available soil nitrogen (NO3) and phosphorus (PO4) of the grazed forage 

plots from fall 2019 to fall 2020, following grazing.  

 Sampling Year Statistical Analysis 

Item 2019 2020 SEM1 P-Value 

NO3, kg ha-1 3.4b 5.2a 0.37 0.01 

PO4, kg ha-1 22.6a 18.9b 2.64 0.01 
1SEM=standard error of the mean. 
a Means within a row with different letters are significantly different (P<0.05).  

 

3.3.2 Economic evaluation  

3.3.2.1 Establishment costs 

A summary of establishment costs for all individual forage treatments is listed in Table 

3.14. The cost of forage seed ranged from $89.85 ha-1 to $298.55 ha-1, for the AC Armada 

meadow bromegrass monoculture and AC Mountainview Sainfoin + Killarney orchardgrass, 

respectively. Binary mixture seed was the most expensive on average, costing $211.84 ha-1, 

followed by grass monocultures at $162.92 ha-1, and finally legume monocultures at $146.63 per 

hectare (Table 3.13). The total machinery cost to seed each treatment was 113.67 ha-1, calculated 

as $57.00 ha-1 per pass, with two passes per treatment because greenfeed was seeded first in one 

pass followed by the plot’s respective forage treatment.  

Pre-seeding applications of glyphosate and N fertilizer cost $79.42 ha-1, barley 

greenfeed production $126.269 ha-1, infrastructure $150.58 ha-1 and land rent $106.55 ha-1 for all 

treatments (Table 3.14). The greenfeed production costs can be further divided into seed, cutting, 

baling, which cost $19.77, $56.83, and $49.69 per hectare, respectively. Infrastructure expenses 

include the cost to establish fencing ($61.58 ha-1) and water lines ($83.00 ha-1).  

Total establishment costs ranged from $691.08 ha-1 (AC Armada meadow bromegrass) 

to $899.78 ha-1 (AC Mountainview sainfoin + Killarney orchardgrass). Legume monocultures 
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cost the least on average ($728.10 ha-1), with grass monocultures costing 2% more ($744.38 ha-

1), and binary mixtures being the most expensive, costing 9% more than legume monocultures 

overall ($793.31 ha-1, Table 3.14).   

3.3.2.2 Revenues 

The barley greenfeed cover crop yielded 550 bales weighing approximately 635 kg 

each. Bales were valued at $137.00 per metric tonne, for a revenue of $417.55 per hectare of 

greenfeed which recoups nearly 331% its cost to produce. As such the barley greenfeed cover 

crop contributed more than 50% of the revenue recovered by the underseeded forage treatments 

in this study.  

The average net return after two years of production was -$16.02 per hectare (Table 

3.15). Killarney orchardgrass was the least economically viable option, with a net return of -

$227.21 ha-1 after two years, while 3006 alfalfa recovered $229.96 per hectare. The only 

treatments to yield enough forage to generate a positive net return after two years were 3006 

alfalfa, Cronus alfalfa, Foothold alfalfa, Foothold alfalfa + AC Armada meadow bromegrass, and 

the AC Armada meadow bromegrass monoculture (Table 3.15). On average, only the legume 

monoculture treatments had recouped their establishment costs after only two years of 

production (Table 3.13). AC Armada meadow bromegrass generated $427 ha-1 more net revenue 

than Killarney orchardgrass monocultures, and all Killarney orchardgrass treatments remained 

negative after two production years (Figures 3.7 and 3.8). 
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Table 3.13 Summary of establishment costs, returns, 2-yr net returns by treatment type ($ per 

hectare). 

 Treatment Type 

Item ($ ha-1) Legume Grass Binary Mixture 

Average Seed Costs    

Barley 19.77 19.77 19.77 

Legume 126.86 0.00 44.48 

Grass 0.00 143.15 147.60 

Total Seed Costs 146.63 162.92 211.84 

Pre-seed Application Costs    

Fertilizer 62.12 62.12 62.12 

Glyphosate 17.30 17.30 17.30 

Machinery Costs    

Seeding 113.67 113.67 113.67 

Spraying 24.71 24.71 24.71 

Cutting greenfeed 56.83 56.83 56.83 

Baling greenfeed 49.69 49.69 49.69 

Infrastructure & Land 

Costs    

Land Rent 106.55 106.55 106.55 

Fence 67.58 67.58 67.58 

Water 83.00 83.00 83.00 

Total Establishment Costs  728.10 744.38 793.31 

Amortized Over 10 Years 72.82 74.43 79.32 

2-Year Returns 883.65 730.60 686.50 

Net Returns 124.44 -13.78 -102.36 
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Table 3.14 Perennial forage establishment costs ($ per hectare), 2018. 

1MBG=meadow bromegrass, 2OG=orchardgrass 
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Establishment Costs ($ ha-1) 

Seed Costs   

Barley 19.77 19.77 19.77 19.77 19.77 19.77 19.77 19.77 19.77 19.77 19.77 19.77 19.77 19.77 

Legume 98.84 24.71 24.71 106.55 26.64 26.64 97.85 24.46 24.46 0 0 204.21 102.10 102.10 

Grass 0 125.38 196.45 0 89.85 196.45 0 89.85 196.45 89.85 196.45 0 89.85 196.45 

Total Seed Cost 118.61 169.86 240.93 126.32 136.25 242.85 117.62 134.08 240.68 109.62 216.22 223.98 211.72 318.32 

Pre-seed Applications 
              

Fertilizer 62.12 62.12 62.12 62.12 62.12 62.12 62.12 62.12 62.12 62.12 62.12 62.12 62.12 62.12 

Glyphosate 17.30 17.30 17.30 17.30 17.30 17.30 17.30 17.30 17.30 17.30 17.30 17.30 17.30 17.30 

Machinery Costs  
              

Seeding 113.67 113.67 113.67 113.67 113.67 113.67 113.67 113.67 113.67 113.67 113.67 113.67 113.67 113.67 

Spraying 24.71 24.71 24.71 24.71 24.71 24.71 24.71 24.71 24.71 24.71 24.71 24.71 24.71 24.71 

Cutting 56.83 56.83 56.83 56.83 56.83 56.83 56.83 56.83 56.83 56.83 56.83 56.83 56.83 56.83 

Baling 49.69 49.69 49.69 49.69 49.69 49.69 49.69 49.69 49.69 49.69 49.69 49.69 49.69 49.69 

Infrastructure & Land 
              

Land Rent 106.55 106.55 106.55 106.55 106.55 106.55 106.55 106.55 106.55 106.55 106.55 106.55 106.55 106.55 

Fence 67.58 67.58 67.58 67.58 67.58 67.58 67.58 67.58 67.58 67.58 67.58 67.58 67.58 67.58 

Water 83.00 83.00 83.00 83.00 83.00 83.00 83.00 83.00 83.00 83.00 83.00 83.00 83.00 83.00 

Total Establishment Costs 700.07 751.32 822.39 707.78 717.72 824.32 699.09 715.54 822.14 691.08 797.68 805.44 793.18 899.78 

Amortized Over 10 Years 70.01 75.13 82.24 70.78 71.77 82.43 69.91 71.55 82.21 69.10 79.77 80.54 79.32 89.98 
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Table 3.15 Two-year net returns from the forage treatments. 

1MBG=meadow bromegrass, 2OG=orchardgrass 

 
Item ($ ha-1) 

Treatment  
Establishment 

Costs 
2-Year Returns Net Returns 

3006 alfalfa 700.08 930.03 229.96 

3006 alfalfa + AC Armada MBG1 751.33 664.78 -51.02 

3006 alfalfa + Killarney OG2 822.39 668.14 -154.25 

Cronus alfalfa 707.79 925.14 217.35 

Cronus alfalfa + AC Armada MBG 717.73 711.86 -5.87 

Cronus alfalfa + Killarney OG 824.32 644.86 -179.46 

Foothold alfalfa 699.09 918.62 219.53 

Foothold alfalfa + AC Armada MBG 715.55 723.05 7.49 

Foothold alfalfa + Killarney OG 822.15 630.87 -191.28 

AC Armada MBG 691.09 890.73 199.64 

Killarney OG 797.68 570.48 -227.21 

AC Mountainview sainfoin 805.43 760.79 -44.64 

AC Mountainview sainfoin + AC Armada MBG 793.19 769.36 -23.83 

AC Mountainview sainfoin + Killarney OG 899.78 679.12 -220.66 

Average 767.69 749.13 -16.02 
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Figure 3.7 Establishment costs and returns over two years by treatment. 
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Figure 3.8 Summary of 2-year establishment costs, returns, and net returns for each forage treatment.
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3.4 Discussion 

3.4.1 Establishment 

“Exact” birdsfoot trefoil and “Veldt” cicer milkvetch failed to establish in this 

experiment. Cicer milkvetch is notoriously difficult to establish due to its impermeable seedcoat 

and poor seedling vigor (Acharya et al. 2006). Furthermore, the seeding depth used in this trial 

may not have been optimum for cicer milkvetch. All forages were seeded to a 1.3 cm depth, but 

Townsend (1972) determined that 2.5 cm seeding depth was ideal for cicer milkvetch seedling 

vigor, while 1.3 cm depth was sufficient only when the topsoil was moist. The establishment 

year was particularly hot and dry (Appendix Figures A2, A4), likely without enough moisture for 

successful germination of cicer milkvetch at the 1.3 cm seeding depth.  

Birdsfoot trefoil is similarly difficult to establish. It also has a hard seed coat and poor 

seedling vigor, and is uncompetitive with weeds or companion forages (Seaney and Henson 

1970). The recommended seeding depth for birdsfoot trefoil is 0.60 cm (0.25 in), beyond which 

successful germination declines rapidly (Seaney and Henson 1970; Hall and Cherney 1993); 

again, the 1.3 cm seeding depth used in this study was likely inappropriate for successful 

germination.  

3.4.2 Forage yield and leaf area index 

Climatic conditions (precipitation) allowed for only one grazing period in 2019, with 

two periods managed in 2020. With most of Saskatchewan’s forage production occurring within 

a 60 d window in early to mid-summer (Agriculture and Agri-Food Canada 2008), and the 42 d 

post-graze rest period recommended for western Canada by the Beef Cattle Research Council 

(2021), one to two grazing periods per season is typical for this region (dark brown soil zone). 
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Forage yield was similar in the first grazing period of each year, and lower in the second grazing 

period of 2020. This was expected, as the first cut of forages in the growing season is generally 

more productive than the second cut which is mostly vegetative (Foster et al. 2013). Vegetative 

plants do not have the yield potential of reproductive plants, which add DM through elongated 

stems and seed heads. No interaction between grazing period and treatment was observed, 

indicating that grazing period affected yield equally amongst the treatments. This suggests that 

overarching factors such as lack of rainfall and consistent forage removal across treatments may 

be the primary drivers of the decrease in herbage production in the second grazing period, as 

opposed to varietal differences.  

3.4.2.1 Binary mixture yields 

Legume monoculture treatments significantly out-yielded grass-legume mixtures, with 

pure alfalfa treatments producing twice the herbage biomass of alfalfa-grass mixtures. This is in 

contrast with past studies, which demonstrated similar yields between alfalfa and alfalfa-grass 

mixtures in the first two production years (Aponte et al. 2019). This may be explained by the 

proportion of grass and legume observed in the stand. In the current study, grass-legume 

mixtures were composed of 12 to 40% legume only, whereas Aponte et al. (2019) acknowledged 

that their alfalfa-grass mixtures were primarily alfalfa.  

Alfalfa-grass mixtures produced 100% the yield of grass monocultures, consistent with 

results from Sleugh et al. (2000), but lower than numbers reported by Aponte et al. (2019). 

Mixing alfalfa with a grass often increases forage yield (Sleugh et al. 2000; Bélanger et al. 

2017); this is likely because grass production is bolstered by alfalfa’s nitrogen fixation and deep-

rooted water access (Høgh-Jensen et al. 2004). Significantly higher forage yield in grass-legume 
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mixtures was not observed in the current study, although this may be because the legume 

composition of mixtures was lower than in other studies.  

3.4.2.2 Legume monoculture yields 

It is estimated that the average unirrigated alfalfa stand in Saskatchewan yields 3700 to 

4900 kg of dry matter per hectare (Mahli 2011; McArton 2020). Alfalfa monocultures in this trial 

yielded approximately half that amount per harvest. Foothold alfalfa produced 43% of the yield 

of Beaver (a common control variety) reported in Saskatoon, SK by McArton et al. (2020), 3006 

alfalfa 52%, and Cronus 41%. The same trial by McArton et al. (2020) also tested Foothold 

alfalfa specifically. These authors observed Foothold alfalfa yielding 3,675 kg DM ha-1, over 

1,600 kg DM ha-1 more than the same cultivar in the present study. It should be noted that the 

soil texture at the site used by McArton et al. (2020) is clay loam, whereas the present study site 

is a sandy soil (CHECK), but both trials took place in the dark brown soil zone. Neither 3006 nor 

Cronus alfalfa has previously been tested in Saskatchewan, nor under dryland conditions.  

Sainfoin yield in this study was moderate in comparison to values reported by other 

sainfoin trials in Saskatchewan. McArton et al. (2020) found that AC Mountainview yielded over 

4000 kg DM ha-1 near Saskatoon, whereas Biligetu et al. (2021) reported that sainfoin grown in 

Lanigan yielded 597 kg DM ha-1, only 47% of that produced in the present study. Sainfoin yield 

was also 520 kg ha-1 lower compared to the alfalfas’ on average. McArton et al. (2020) had 

similar results, with unirrigated AC Mountainview producing 333 kg DM ha-1 less than the check 

alfalfa. Though AC Mountainview sainfoin produced substantially more in the trial by McArton 

et al. (2020) than in the present study, the relationship between alfalfa yield and sainfoin yield is 

consistent.  
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3.4.2.3 Grass monoculture yields 

Armada meadow bromegrass yield was lower in this study than previously reported in 

western Canadian trials. Saskatchewan Forage Test trials in Saskatoon demonstrated an average 

yield of 2200 kg DM ha-1 amongst the four meadow bromegrass cultivars tested, including AC 

Armada meadow bromegrass (McArton et al. 2020). Similarly, Kopp et al. (2003) and 

McCartney et al. (2004) saw yields of nearly 2000 kg DM ha-1 in unfertilized meadow 

bromegrass. In contrast, AC Armada meadow bromegrass in the present study produced only 60 

and 67% of those amounts (1337 kg DM ha-1). An earlier study in Swift Current Saskatchewan 

reported yields closer to those observed in this study with Fleet meadow bromegrass producing 

1500 kg dry matter per hectare (Biligetu et al. 2014).  

Killarney orchardgrass also failed to meet expected yields based upon values reported 

by previous research. Acharya et al. (2005) demonstrated an average orchardgrass yield of 4022 

kg DM ha-1 across 4 dryland locations in Saskatchewan, and 6234 kg DM ha-1 in 28 locations 

throughout western Canada. A recent SFTest study found that Killarney orchardgrass yielded 

much less in Saskatoon, SK, at 1632 kg DM ha-1 (McArton et al. 2020).  Killarney orchardgrass 

yield in the present study was lower still, producing only 45% of the yields demonstrated by 

Killarney orchardgrass in SFTest trials.  

3.4.2.4 Leaf area index 

The LAI of grasses observed in the current study were considerably lower than those 

reported by others. Peri et al. (2007) and Biligetu and Coulman (2010) reported an LAI of 4.1 

and 4.2 for orchardgrass and meadow bromegrass, respectively, whereas grass species in the 

current study reached only 1.4 LAI units each. Similarly, Papadopoulos et al. (1995) did report a 
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LAI of 1.59 for orchardgrass under rotational grazing, though this was the lowest LAI reported 

in that study. The maximum light interception for these grasses rests around LAI 5.0 (Pearce et 

al. 1965). Poor tillering in orchardgrass has been noted when the grass is rested for long periods 

between defoliations (Morris 1969; Papadopoulos et al. 1995; Oates et al. 2011); frequent 

grazing of orchardgrass encourages prostrate leaf growth (Papadopoulos et al. 1995), which 

increases LAI available for recovery. Both grasses experienced limited regrowth after the first 

grazing period of 2020, likely due to water stress, but Killarney orchardgrass suffered to a 

greater extent suggesting that the 45 d rest period preceding the second graze of 2020 restricted 

effective tillering of Killarney orchardgrass. 

A minimum LAI of 2.4 is required for first-cut alfalfa to intercept 95% of incident light 

and optimize growth rate (Wilfong et al. 1967). All alfalfas exceeded this threshold. Reported 

LAI for sainfoin ranges from 2.8 to 5.0 (Cooper 1972; Sheehy and Popple 1981), but AC 

Mountainview sainfoin generated only 1.6 LAI units in this experiment. The leaf water potential 

of sainfoin is higher than that of alfalfa, which theoretically makes sainfoin more drought 

resistant (Sheehy and Popple 1981). Yet, all three alfalfa varieties exceeded the optimum LAI for 

growth while AC Mountainview sainfoin failed to meet previously reported LAI values under 

the same conditions. Meyer (1975) reported that this is caused by sainfoin’s inability to 

effectively fix nitrogen. Without substantial nitrogen fertilization, sainfoin yields are poor 

despite adequate rainfall (Meyer 1975).  

Yield and tiller production rely upon precipitation, particularly in the early months of 

the growing season (Smoliak 1956; White 1985), which was limiting in the year of establishment 

(2018), and the spring of both production years studied (Appendix Figures A3, A4). This 
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suggests the dry conditions combined with heavy grazing pressure may have limited production 

of the forages in the current study.  

3.4.3 Botanical composition 

There was no effect of year on botanical composition in this study, indicating that stand 

percent composition of legume and grass species did not change from 2019 to 2020, with no 

observed effect of competition or winterkill on treatment forages.  

Killarney orchardgrass made up approximately 60% of grass-legume mixtures, which is 

consistent with results from Bélanger et al. (2017) in eastern Canada. However, orchardgrass 

consistently decreased in all treatments from grazing period one to grazing period two, while the 

legume fraction of Killarney orchardgrass mixtures increased. This may be attributed to poor 

tillering of orchardgrass under frequent defoliation, as described in Section 3.4.1 of this thesis. 

Orchardgrass is known to regrow rapidly in comparison to other grasses, but exhausts its root 

reserves in the process, making itself susceptible to winterkill (Davidson and Milthorpe 1966; 

Lardner et al. 2002). If sufficient stubble is not left behind after grazing, inhibited photosynthesis 

combined with minimized root reserves will hinder regrowth (Davidson and Milthorpe 1966). As 

such, orchardgrass persistence is poor under intense grazing pressure, particularly in drought 

conditions (Beacom 1991; Avery et al. 2000). A combination of these factors was present here in 

current study, leading to poor regrowth and persistence of Killarney orchardgrass. 

Unlike orchardgrass, the proportion of Armada meadow bromegrass in binary mixtures 

increased from 2019 to 2020. Armada meadow bromegrass is a rhizomatous bunch grass, 

making it more competitive than other bunch grasses (Knowles et al. 1993). This species also 

displays a moderate rate of regrowth after defoliation which preserves root reserves (Lardner et 
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al. 2002). Despite this moderate rate of regrowth, meadow bromegrass regrowth is superior to 

many other grasses because its growth originates from existing tiller bases, further increasing 

persistence under grazing because it is not limited by removal of elevated apical meristems 

(Knowles et al. 1993; Pearen and Baron 1996; Biligetu and Coulman 2010). However, meadow 

bromegrass’ regrowth has been shown to reduce alfalfa persistence in rotationally grazed stands 

(Katepa-Mupondwa et al. 2002). Conversely, Billman et al. (2020) demonstrated that mob 

grazed paddocks favor alfalfa growth over grass, and Batbaatar et al. (2021) speculated that yield 

of grass constituents in forage mixtures is the most likely to decline under grazing pressure in dry 

years. No such changes in stand composition were observed over the two years of this study.  

Hakl et al. (2018) reported that alfalfa root morphology affects stand productivity. 

Alfalfa with a higher lateral root density (creeping or branching-rooted varieties) were positively 

correlated with greater grass proportions in alfalfa-grass mixtures. The present study found no 

differences in botanical composition of alfalfa-grass binary mixtures among alfalfa varieties or 

root types.  

Lastly, AC Mountainview sainfoin monoculture plots consisted of 24% other species or 

weeds, as inferior weed competitiveness is a well-known trait of sainfoin (Moyer 1985). The 

weed component of sainfoin stands in Saskatchewan is widely variable, ranging from 5 to 96% 

when left uncontrolled (Waddington et al. 1985). Weed control must be a consideration for 

producers interested in grazing pure sainfoin stands, or a grass should be seeded with the legume, 

as AC Mountainview + grass mixtures contained significantly fewer weeds than sainfoin as a 

monoculture stand.  
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3.4.4 Chemical composition 

Assuming that a 390 kg steer’s dry matter intake (DMI) is approximately 2.25% of 

body weight, DMI ranged from 8.15 kg to 8.91 kg d-1 (NASEM 2016). At this rate of DMI, 

NASEM (2016) suggests steer diets require 61 to 63% TDN to achieve a body weight gain of 0.9 

kg per day. Forage treatments that met or exceeded this requirement include Foothold alfalfa 

monocultures, Foothold alfalfa + Killarney orchardgrass mixtures, AC Mountainview sainfoin 

monocultures, and AC Mountainview sainfoin + Killarney orchardgrass mixtures. All other 

forage treatments were within 2% of the 61% TDN recommendation, but failed to reach this 

threshold nonetheless.  

Steers of this weight class also require diets containing 9 to 10% CP to gain 0.9 kg of 

body weight per day (NASEM 2016). All forage treatments met or exceeded this threshold with 

the exception of AC Armada meadow bromegrass monocultures which contained 8.4% CP on 

average.  

All three alfalfa varieties examined had similar chemical compositions. The energy and 

fiber content of alfalfa was similar to those reported by Bélanger et al. (2017) in eastern Canada, 

and by McArton et al. (2020) in Saskatchewan. The CP content of Foothold alfalfa was 

approximately 3% lower in the current study than in previous Saskatoon trials (McArton et al. 

2020), but the available soil N at Clavet study site was also nearly 60% lower than was reported 

for the Saskatoon site. Cronus alfalfa contained 2% lower protein than 3006 or Foothold despite 

having equal or greater soil N levels at study site and being of the same maturity, suggesting that 

genetic differences make Cronus less efficient at assimilating N into its plant protein (Wery et al. 

1986). The protein content of Cronus alfalfa was similar to that of an older bloat-reduced alfalfa 

variety, AC Grazeland Br alfalfa (Lardner et al. 2019).  
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The energy and protein content of AC Mountainview sainfoin were equivalent to that 

of common sainfoin studied by Khalilvandi-Behroozyar et al. (2010), and fiber values were 

similar to those reported by McArton et al. (2020) for AC Mountainview. Several studies have 

found protein levels to be 3% greater in other sainfoin varieties of a similar maturity (Chung et 

al. 2013; McArton et al. 2020). Acid detergent fiber and NDF components were similar between 

the alfalfas and sainfoin, as others have noted (Chung et al. 2013; Bhattarai et al. 2016; McArton 

et al. 2020).  

Killarney OG was generally more nutrient dense compared to AC Armada meadow 

bromegrass. Yet the energy and protein content of both Killarney OG and AC Armada MBG 

were lower than values previously observed for these species (Bélanger et al 2017; McArton et 

al. 2020; Rose et al. 2021) and their fiber content higher (Ferdinandez and Coulman 2001; 

Billman et al. 2017; Bélanger et al. 2017; McArton et al. 2020). In particular, the ADF portion of 

both grasses was high, indicating a high degree of lignification in plant tissues. This lignification 

inhibits digestibility of the grass and reduces saccharification, causing the digestible energy of 

the forage to decline (Oliveira et al. 2020). High lignin is associated with environmental stressors 

such as water and nitrogen deficiency (Moura et al. 2010), both of which existed in this study.  

The chemical composition of binary mixtures was dependent upon their proportion of 

grass and legume, with higher legume content conducive to better quality forage. Killarney OG 

mixtures were also higher quality than mixtures of the same legume paired with AC Armada 

MBG, because Killarney OG mixtures contained more legume and the OG itself lent to greater 

nutrient density to the mixture than meadow bromegrass.  

Differences in forage quality between the first and second grazing periods of 2020 were 

anticipated, as plant maturity had changed and forage nutritive value is known to vary between 
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stages, harvests, and years (Zhang et al. 2018). Crude protein was higher in binary mixtures in 

grazing period 2 than in grazing period 1. This agrees with other authors’ findings that crude 

protein content is generally higher in vegetative plants than mature plants (Ferdinandez and 

Coulman 2001, Yu et al. 2004), and that immature grass regrowth is higher in CP than in the 

initial mature grass stand (Baron et al. 2000). The difference in CP content was likely more 

affected by the grasses in the binary mixtures than the legumes due to the treatments’ botanical 

compositions. Despite the legume components of the binary mixture treatments in this study 

being in the latter stages of maturity by grazing period 2, the binary mixtures were composed 

primarily of grass (either meadow bromegrass or orchardgrass) which were both in vegetative 

stages of development at that time. Furthermore, the grasses in the binary mixtures had access to 

greater amounts of soil NO3 due to nitrogen fixation from their legume counterparts. The lack of 

enhanced nitrogen availability may be why the grass monoculture treatments failed to produce 

similarly elevated CP in comparison to grass monocultures in grazing period 1. Additionally, 

some suggest that the decline in soil PO4 limits the forage’s ability to synthesis protein, but 

attempts to illustrate this effect are variable and inconsistent (Zhang et al. 2018) 

Some studies have shown that the Ca concentration of temperate grasses increases with 

increasing plant maturity (Casler et al. 1987, Brink et al. 2006). In the present experiment, 

calcium concentration was higher in binary mixtures and grass monocultures in grazing period 2 

than in grazing period 1. As previously described, the binary mixtures were primarily composed 

of grasses, which were less mature in the second grazing period than the first due to the 

defoliation of the first grazing period. This increase in plant Ca concentration following 

defoliation and regrowth has been reported previously in orchardgrass and perennial ryegrass 

(Wilman et al. 1994, Rawnsley et al. 2002). Schlegel et al. (2016) also observed that temperate 
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grass’ mineral concentrations generally increased with the number of harvests, but that Ca 

content remained stable through harvests and grass maturity stages. In contrast, Zhang et al. 

(2018) noted that forage Ca was inconsistent between grass species, seasons and years, with no 

discernible trends. This inconsistency between studies suggests that factors other than plant 

maturity play a greater role in determining the Ca concentration of forages (Lkhagvasuren et al. 

2004, Zhang et al. 2018).   

Phosphorus concentration was greater in all forage treatments at the beginning of 

grazing period 1 than in the same treatments following defoliation and regrowth for grazing 

period 2. This is consistent with results reported by Wilman et al. (1994) and Rawnsley et al. 

(2002) for orchardgrass and other temperate grass and legume species. Soil phosphorus depletion 

likely contributes to the generalized decrease in forage P from the first grazing period to the 

second (Lkhagvsarun et al. 2004).  

Vegetative grasses are generally lower in fiber content than mature grasses (Sanderson 

and Wedin 1989, Ferdinandez and Coulman 2001, Rawnsley et al. 2002). Yet the meadow 

bromegrass and orchardgrass in this study contained more ADF in their vegetative regrowth than 

they had when initially harvested in the reproductive stages of maturity, while NDF remained 

unchanged. This suggests that the changes in fiber content are due to cellulose and lignin 

changes rather than all fibrous components altogether. Water stress may have contributed to this 

effect. For example, a study by Baron et al. in the Canadian parklands (2000) reported that ADF 

was lower in meadow bromegrass and orchardgrass after regrowth, however, the authors note 

that the grasses experienced above average rainfall during regrowth (Baron et al. 2000). 

Conversely, the present study experienced dry conditions throughout. Water stress can increase 

lignin and/or cellulose proportions in plants (Lee et al. 2007, Le Gall et al. 2015, Ferriera et al. 
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2021), perhaps due to changes in cell wall thickness that enhance water retention and withstand 

rehydration turgor (Lee et al. 2007, Le Gall et al. 2015). As such it is possible that the grasses in 

the present study contained greater ADF in the second grazing period of the season due to the 

dry conditions experienced by central Saskatchewan in 2020, despite these grasses being less 

mature in grazing period 2 than in grazing period 1. 

3.4.5 Etiolated growth 

Etiolated growth lasted 84 d before growth ceased, consistent with the timeframe 

reported by past studies (Lardner et al. 2003; Ward et al. 2012).  

Thirty-eight percent of cumulative etiolated growth occurred within the first 14 d after 

plants were covered, making this the period with the greatest rate of TNC mobilization. Richards 

and Caldwell (1985) also demonstrated this effect in several Agropyron species, as reported in 

their study, rate of root carbon utilization was greatest in the first 7 days. The significant 

quadratic effect of time × treatment in the current study indicates that growth rate was different 

among forages.  

Cronus alfalfa was the only tap-rooted variety evaluated in this study. Although 

differences among the alfalfa performances were slight, Cronus struggled to produce etiolated 

growth in the monoculture plots compared to 3006 and Foothold alfalfa varieties. Fibrous root 

mass is significantly correlated with fall dormancy (Johnson et al. 1998) which may explain why 

Cronus alfalfa produced less etiolated growth than either 3006 or Foothold alfalfas which have 

more branching root mass. The presence of grass also promotes branching of alfalfa roots (Hakl 

et al. 2018) with the absence of grass as competition in the alfalfa monoculture treatments likely 
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further limited Cronus’ number of lateral roots, making its poorer regrowth more evident in 

monoculture than in binary mixture. 

The etiolated growth of AC Mountainview sainfoin was comparable to that of the 

alfalfa varieties, which was unexpected in light of sainfoin’s poor persistence. Cooper and 

Watson (1968) suggest that sainfoin’s larger crown allows it to store more TNC reserves than 

alfalfa. However, sainfoin only begins storing NFC in the crown in the fall, shortly before winter 

(Mowrey and Volesky 1993). The late start in combination with its poor competitiveness likely 

caused the poor persistence of sainfoin despite having the capacity for adequate regrowth. As 

evidenced, the cumulative etiolated growth of AC Mountainview sainfoin in monoculture was 

55% greater than etiolated growth in binary mixtures, supporting the theory of Vasileva and 

Vasilev (2012) that sainfoin root matter is constricted by competition with grasses.  

AC Armada meadow bromegrass produced approximately 10 mg DM cm2 more 

etiolated growth than “Paddock” meadow bromegrass in a similar study by Ward et al. (2012). 

However, there is no indication of whether meadow bromegrass rhizomes were severed prior to 

covering the plant tufts in that study. Rhizomes were also not severed in the present experiment. 

To prevent underground rhizomes from creating an overestimation of root carbon reserves 

relative to isolated plant tufts, some researchers drive a spade into the soil surrounding the 

etiolated growth chamber (to a 20 cm depth), severing any rhizomes present (Biligetu and 

Coulman 2010). It is possible that the AC Armada meadow bromegrass in the present study had 

rhizomes extending beyond the intended lightproof area, leading to an overestimation of root 

carbon reserves relative to the other forage species being studied. If this is not the case, varietal 

improvements may account for the increase in root reserves from Paddock meadow bromegrass 

to AC Armada meadow bromegrass. 
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Killarney orchardgrass generated slightly greater than 50% of the total etiolated growth 

produced from AC Armada meadow bromegrass. These results agree with those of Lardner et al. 

(2003), who also observed that meadow bromegrass produced significantly more etiolated 

growth than orchardgrass and other grass species. Orchardgrass’ habit of expending all its root 

TNC rapidly after defoliation is most likely responsible for its poor etiolated growth following 

intensive grazing in the previous year (Davidson and Milthorpe 1966). Finally, forage varieties 

able to maintain energy reserves, overwinter, and then produce adequate spring growth may be 

advantageous in the subsequent grazing season. 

3.4.6 Available soil nutrients 

Across Alberta, Saskatchewan, and Manitoba, surface soil NO3 levels average 9.0 kg 

ha-1, and soil phosphorus 11.0 kg per hectare (Crittenden et al. 2020). The study site in the 

current study averaged 6.6 kg ha-1 of available NO3, with 16.2 kg ha-1 phosphorus. Soil nitrogen 

is often the first limiting macronutrient for forage production in north America (Lemus 2012; 

Azimi et al. 2021) as nitrogen deficiency reduces leafy tiller production and overall yield (Azimi 

et al. 2021). Both legumes and grasses are affected by soil nitrogen deficiency, but legumes to a 

lesser extent due to nitrogen fixation. Soil nitrogen levels in grass and grass-legume mixtures 

(which were composed predominantly of grass) was considerably below average (3.6 kg N per 

hectare). Although legume plots contained above-average nitrogen levels (14.4 kg ha-1), alfalfa 

plants will take up 26 kg of N per tonne of yield (Government of Saskatchewan 1995), a 

requirement not met by the available soil nutrients in this study. As such, the combination of 

drought conditions and inadequate soil fertility are likely causes of the lower forage yields 

reported in this study. 
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3.4.7 Economic evaluation 

The legume monocultures were the only treatments to recoup their upfront investment 

after two years of production. This is primarily due to the alfalfa treatments having a higher 

forage yield than other treatments. The treatment to recover the most upfront investment after 

two years was 3006 alfalfa, followed by Foothold and Cronus alfalfa. The latter had the highest 

seed cost of the alfalfa varieties at $11.86 per kilogram.  

The Killarney orchardgrass monoculture was the lowest ranked treatment overall with 

the most negative net return after two years caused by poor yield and high seed cost. The next 

lowest ranked treatment was AC Mountainview sainfoin + Killarney orchardgrass for the same 

reasons. As the sainfoin seed added to the establishment expense and did not increase forage 

yield sufficiently to recover the input costs of seeding. Sainfoin seed cost was only $6.06 kg-1, 

but sainfoin seed is large and heavy (Acharya 2015). At a seeding rate three times that of alfalfa 

(Appendix Table A1), the establishment cost of sainfoin is significantly greater. At Swift 

Current, Saskatchewan, Iwaasa et al. (2020) found that the breakeven yield for “Eski” sainfoin 

was 2.7 tonnes per ha at a bale price of $110 per tonne. The yield generated by AC 

Mountainview in this study was not sufficient to meet this breakeven yield.  

AC Armada meadow bromegrass was the least expensive forage to establish at a seed 

cost of only $89.85 ha-1 and recovered $199.64 ha-1 after two years. The negative 2-year net 

return of Killarney orchardgrass was greater than the positive net return of AC Armada meadow 

bromegrass, which is why the average of the grass treatments failed to break even. Otherwise, 

AC Armada meadow bromegrass produced only $30.00 ha-1 less in net returns than the leading 

forage, 3006 alfalfa. Foothold alfalfa + AC Armada meadow bromegrass is the binary mixture 
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that performed best in this economic evaluation and was the only binary mixture to break even 

after two years.  

Fence and water were included in the establishment costs under the assumption that 

these forages are being seeded into a new pasture. These costs amount to an additional $150.58 

per hectare. Without consideration for those expenses, all forage treatments generated positive 

net returns after two years except those containing Killarney orchardgrass.  

The data presented here encompasses the first two years of a three-year study. 

However, it is acknowledged that forage stands provide multi-year returns throughout their 

lifespan. Continuing data collection will further support the current findings and provide 

increasingly accurate information for producers.  

3.5 Conclusions 

Overall, the hypothesis that legume monocultures would outperform grass 

monocultures was confirmed, however, grass-legume binary mixtures did not out-yield the other 

treatments as anticipated.  

The three alfalfa cultivars, 3006, Cronus, and Foothold exhibited similar performance 

characteristics. Differences were slight, however, 3006 and Foothold alfalfas were more 

productive than Cronus alfalfa and cost an average of $8.20 per ha less to establish. Long-term 

evaluations of forage persistence are needed to draw further conclusions about these alfalfas and 

isolate a superior variety. The current data suggests that producers choosing between these three 

alfalfa varieties for production in western Canada will find them equally effective, with 3006 and 

Foothold being the most economically beneficial compared to Cronus alfalfa.   
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In comparison with the alfalfa varieties, AC Mountainview sainfoin was expensive to 

establish and poor yielding under dry conditions and in the absence of heavy nitrogen 

fertilization. Sainfoin is a high-quality forage but its persistence under intensive grazing 

challenges is poor, which outweighs this benefit in terms of economic value.  

AC Armada meadow bromegrass was of average quality for a pasture grass but 

produced higher yields than Killarney orchardgrass in the current study. The high etiolated 

growth of meadow bromegrass indicates that it is persistent under intensive grazing challenges, 

and well-suited for pasture use in western Canada. In contrast, Killarney orchardgrass was poorly 

adapted to the same challenge. While high in feed value, Killarney orchardgrass was the least 

productive and least preferred forage evaluated in this study. This in combination with the high 

cost of establishment make it the least attractive option of those presented for intensive grazing 

in western Canada.  

Under the conditions of this study, legumes paired with Killarney orchardgrass 

produced higher quality forage compared to the legume-meadow bromegrass mixtures. However, 

legume-meadow bromegrass mixtures were considerably more economical – particularly alfalfa-

meadow bromegrass mixtures. In light of current agricultural market conditions with narrowing 

profit margins, producers may experience the greatest benefit from alfalfa + AC Armada 

meadow bromegrass mixtures as opposed to the other grass-legume mixtures evaluated in this 

study. 
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4.0 Effect of animal temperament on grazing behaviour  

4.1 Introduction 

Animal temperament is a moderately heritable trait, but its effect on grazing behaviour 

has yet to be utilized (Soder et al. 2009). Understanding the role that cattle temperament has on 

grazing behaviour may be another possible avenue for increasing pasture use efficiency, whereby 

more explorative cattle may make better use of the space than neophobic cattle (Haskell et al. 

2014; Gallardo et al. 2014). Producers could consider characterizing animal temperament on-

farm and strategize grazing groups to enhance pasture use. Other industries, like dairy, have 

already incorporated temperament selection into their breeding programs whereas the beef 

industry has traditionally prioritized physical performance traits (Chang et al. 2020).  

The bold-shy continuum is a widely recognized behavioural axis in multiple species 

(Sloan Wilson et al. 1994). Bold temperament is associated with risk-taking, exploration, and 

docility, while shy temperament is associated with neophobia and general agitation (Sloan 

Wilson et al. 1994; Michelena et al. 2009; Hirata and Arimoto 2018). Therefore, we 

hypothesized that bold-tempered steers would be more explorative and less gregarious in the 

pasture than shy-tempered steers.  

Thus, the objective of this experiment was to determine whether there is an effect of 

individual animal temperament on grazing behaviour.  
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4.2 Materials and methods 

4.2.1 Temperament characterization 

Several behavioural tests were conducted on all steers described in Section 3.0 to 

characterize their temperament on the basis of the shy-bold continuum. A scoring system was 

then used to combine the test results and rank animals from most bold to most shy. Numbered 

adhesive labels were applied to the backs of the most polarized animals to identify them in the 

field. In 2019 the 9 most bold and 9 most shy steers (n = 18; 26% of steers) were labelled, and in 

2020 twenty-four of each type were labelled (n = 48; 32% of steers). Labelled steers were 

distributed evenly and randomly amongst the three replicate blocks. 

 In 2019, a corridor test and a novel object test (NOT) were used to rank animals. The 

corridor test was a modified forced approach test (Romeyer and Bouissou 1992, Hemsworth et 

al. 1996) and assessed the animals’ willingness to move past a human standing along the edge of 

a 4 m wide alleyway to rejoin the herd in their home pen. The behaviour of each individual steer 

as it was forced to pass by the human observer was recorded as follows: each instance of turning 

around was recorded as a score of 1, a score of 1 (no snorting) to 2 (snorting) was recorded for 

their reaction to the human, and each steer was assigned a score of 1 to 3 based on their speed 

through the corridor (1=maintained regular pace, 2=accelerated down alleyway, 3=sprinting). 

The NOT was performed in a group setting, where the animals were presented with one novel 

object at a time (beach ball, plastic tub, grain bucket), and the identities of the steers in the front 

row of the group were recorded every 60 s for 5 minutes (modified Krugmann et al. 2019). Each 

instance of a steer being in the front row during the NOT was recorded as 1 point towards that 

steer. The overall behaviour score was then calculated using Equation 4.1.  
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Equation 4.1 2019 behaviour score equation. 

𝐵𝑒ℎ𝑎𝑣𝑖𝑜𝑢𝑟 𝑠𝑐𝑜𝑟𝑒 =  
𝐶𝑜𝑟𝑟𝑖𝑑𝑜𝑟 𝑠𝑐𝑜𝑟𝑒

𝑁𝑂𝑇 𝑝𝑜𝑖𝑛𝑡𝑠2
=  

(𝑇𝑢𝑟𝑛𝑠 ∗ 𝑆𝑛𝑜𝑟𝑡𝑖𝑛𝑔 𝑠𝑐𝑜𝑟𝑒 ∗ 𝑆𝑝𝑒𝑒𝑑 𝑠𝑐𝑜𝑟𝑒)

𝑁𝑂𝑇 𝑝𝑜𝑖𝑛𝑡𝑠2
 

The temperament characterization method was modified in 2020 due to logistical 

constraints; the facility available to perform testing did not provide enough space to conduct a 

NOT test. The NOT was therefore replaced with a pen observation score, and chute scoring, 

human reactivity scoring, and flight speed measurements were added to the testing. Pen 

observations scored animals on a scale of 1 (docile) to 5 (very aggressive) based upon animal 

behaviour as a single human observer entered the pen (Daigle et al. 2020). The observer 

advanced one step towards the centre of the pen every 5 s until arriving in the centre, where they 

stood for 30 s, assigning each animal a score. Chute scores were given on a scale of 1 (docile) to 

6 (very aggressive) based upon the behaviour of the animal caught in a headgate for 10 s (Daigle 

et al. 2020). The human reactivity test was conducted immediately following chute scoring while 

the animal was still restrained in the headgate. A human observer then stepped out from a hidden 

location approximately 5 steps from the head of the steer and approached the steer at a speed of 

one step per second (Johnson 2019). The number of steps taken before the animal startled was 

recorded as the human reactivity score. Flight speed was measured using electronic beam timers 

placed 1.3 m and 3.3 m in front of the handling chute, recording the time taken for the animal to 

travel the distance between the beams upon release from the chute (Burrow 1988). The corridor 

test then took place as described for 2019. The overall behaviour score in 2020 was calculated 

using Equation 4.2. 
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Equation 4.2 2020 behaviour score equation. 

𝐵𝑒ℎ𝑎𝑣𝑖𝑜𝑢𝑟 𝑠𝑐𝑜𝑟𝑒 =  
(𝐶ℎ𝑢𝑡𝑒 𝑠𝑐𝑜𝑟𝑒 + 𝐶𝑜𝑟𝑟𝑖𝑑𝑜𝑟 𝑠𝑐𝑜𝑟𝑒 + 𝑃𝑒𝑛 𝑠𝑐𝑜𝑟𝑒)

(𝐹𝑙𝑖𝑔ℎ𝑡 𝑠𝑝𝑒𝑒𝑑 + 𝐻𝑢𝑚𝑎𝑛 𝑟𝑒𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑠𝑐𝑜𝑟𝑒)
 

In both years, low behaviour scores indicated bold animals.  

4.2.2 Grazing observations 

Behaviour observations and forage preference observations took place simultaneously, 

using the instantaneous scan sampling technique visually from a vehicle driving along paddock 

fence lines, and via aerial drone footage (Mufford et al. 2019). Two-hour observation periods 

occurred twice per day during peak grazing times beginning at 0600 and 1900 h. Five scans were 

performed at 30 min intervals in each 2 h observation period (10 total scans per day). At each 

scan the number of animals present per plot and the number of labelled animals per plot was 

recorded. It was not possible to record the position of individual animals by animal ID, but the 

frequency of bold and shy-labelled animals per plot was recorded.  

4.2.3 Statistical analysis 

The distance of steers from the centre of the herd was calculated by determining the 

distance of each plot from the block midpoint and subsequently determining the distance of each 

animal from the block midpoint based upon which plot they were recorded as residing in at an 

observation time. The average across all animals within a block was considered the “centre of the 

herd.” Deviation from the center of the herd was calculated for each of the temperament groups 

again dependent upon where the labelled animals were recorded as residing at the observation 

time.  
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The UNIVARIATE procedure was used to determine that data was normally, 

identically, and independently distributed (NIID). The effect of steer temperament on their 

distance from the centre of the herd was analyzed as a repeated measure in PROC MIXED of 

SAS Studio Version 5.2 (2021; SAS Institute. Inc., Cary NC). Block was the experimental unit 

because measurements were not taken by individual animals but by the dispersion of the whole 

herd within a block. Observation day was the repeated factor, temperament characterization 

(bold or shy) was the fixed effect, and the random factor was block nested within grazing period. 

The Kenward Roger option was used to estimate denominator degrees of freedom. The 

compound symmetry covariance structure was as it had the lowest AIC and BIC values. 

Experiment years were analyzed separately because of the change in methodology from Year 1 

to Year 2. 

Pearson correlation and multiple regression analyses were performed using the PROC 

CORR and PROC REG procedures of SAS Studio Version 5.2 (2021; SAS Institute. Inc., Cary 

NC).  

Multi-treatment comparisons were done using the Tukey-Kramer method; differences 

in treatment means were considered significant when P<0.05, and trending towards significance 

when 0.05<P<0.10.  

4.3 Results 

There was significant variation in temperament score amongst the animals sampled in 

both years (P<0.01, Figure 4.1). Temperament score regression coefficients differed (P<0.01) 

between 2019 (R2 = 0.65) and 2020 (R2 = 0.88).  
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Figure 4.1 Results of temperament characterization in Years 1 (2019) and 2 (2020), with 

temperament scores expressed as their percent of the highest recorded score in that year. 

 

Steer temperament tended to affect the distance animals travelled from the centre of 

their herd (P=0.06), with bold steers residing an average 1.7 m further away than shy steers 

(Table 4.1). This was consistent across years, with average measurements differing between 

years by only 0.2 to 0.5 m for shy and bold steers, respectively. Therefore, no year effect is 

reported (P>0.05) and their averages have been pooled (Table 4.1).  

Table 4.1 Effect of steer temperament on distance travelled from centre of the herd over 2 years.  

Steer Temperament Distance from Centre of Herd (m) 

Bold  6.3 

Shy 4.6 

SEM1 0.65 

P-Value 0.06 

 1SEM=standard error of the mean 

R² = 0.6515

R² = 0.8794
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4.4 Discussion 

Temperament score varied significantly amongst steers from the same herd, which was 

desirable for this study as greater polarization of bold and shy temperament increases the chance 

of isolating temperament effects during the experiment. The polarization was more obvious after 

characterizations in 2019 than in 2020, but in each year approximately 30% of the herd was 

labelled for further observation during grazing. The exponential distribution of temperament 

scores within each herd indicates that the average herd temperament was skewed toward shyness, 

suggesting that bold animals are atypical. 

The difference in grazing behaviour between bold and shy animals was consistent 

between years even though the selection methodology was adjusted and different steers were 

used in 2019 and 2020, demonstrating that the shy-bold continuum is a fundamental behavioural 

axis in cattle as it is in other species (Sloan Wilson et al. 1994; Michelena et al. 2009; Sibbald et 

al. 2009). 

Few similar studies exist, but Sibbald et al. (2009) observed the same differences in 

grazing behaviour amongst sheep, where bold sheep were less gregarious and more explorative 

than shy sheep. The present study found only a statistical trend towards bold steers being less 

gregarious than shy steers. The greater distinction between bold and shy sheep may explain the 

more obvious difference in their grazing behaviour than was demonstrated by steers in this 

experiment, as sheep are more gregarious animals than cattle (Napolitano et al. 2011), and 

therefore willingness to break off from the flock a more noticeable trait (Sibbald and Hooper 

2004).  
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Each forage plot in this study was 21 m in width; with the average bold steer residing 

6.3 m away from the center of the herd, anytime the herd is centered 4.2 m or further from the 

plot midline the bold steer is likely to cross over into a new plot, thereby exploring a new forage 

type. Sixty percent of the plot falls within 6.3 m of the plot border, further increasing the 

probability that the center of the herd would be within the range at which bold steers cross into a 

new plot.  

No differences in forage preference between the bold and shy steers was notable in this 

study, therefore further examination of forage preferences in general is needed in future studies.  

4.5 Conclusions 

The results of this experiment indicate that temperament affects pasture exploration by 

beef steers, whereby bold steers tend to be less neophobic than shy steers. Further research is 

needed to characterize the differences between bold and shy steer exploration, and whether these 

differences affect forage preference or animal performance in the long term.  

5.0 Grazing preference of cool-season perennial forages as monoculture and grass-legume 

binary mixtures 

 

5.1 Introduction 

Global beef demand is predicted to rise over the next five years, and land available to 

establish perennial forages continues to decline in Canada (Statistics Canada 2017; McAllister et 

al. 2020). Therefore producers are being forced to innovate to increase pasture use efficiency in 

order to maintain profitable beef production on less pasture space (Fredeen et al. 2002; 

McAllister et al. 2020).  
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Cattle exhibit increased DMI of preferred forages relative to other forages (Rutter et al. 

2004; Lardner et al. 2019). Thus providing pasture space composed of preferred species may 

increase animal gain and improve the uniformity of grazing, which is valuable from an economic 

standpoint (Ganskopp et al. 1997; Rutter et al. 2004). However, little is known about the relative 

forage preferences of beef cattle grazing the many cool-season forages used in western Canada 

(Rutter et al. 2004; Soder et al. 2009). 

The objectives of this experiment were to (1) characterize the forage preferences of the 

grazing animals, and (2) determine whether forage preference was related to forage performance 

and nutritive value. The hypotheses were that legume monoculture treatments would be most 

preferred by grazing steers due to their high protein, high energy, and low fiber content, with 

grass monocultures being the least preferred because of higher fiber content than the other 

treatments on offer. Consequently, it was hypothesized that the binary mixtures would rank 

intermediate, being moderately preferred.  

5.2 Materials and methods 

5.2.1 Grazing management  

The preference experiment took place concurrently with the forage performance 

experiment described in Section 3.0. Forage preference observations were conducted over the 

first 3 to 10 d following steer turnout and ceased when forage availability became limiting in one 

or more treatments. In Year 1, observations lasted 6 d from July 28 to August 2, 2019. In Year 2, 

observations lasted 10 d from June 29 to July 6, 2020, and 7 d from August 28 to September 4 

2020. Steers were removed from replicate block 3 four days earlier than steers in blocks 1 and 2, 

because available forage ran out earlier. A total of 69 steers grazed in 2019, and 149 in 2020.  
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Treatment forages were seeded into three 5 ha replicate blocks with 20 randomized adjacent 

treatment plots in each as described in Section 3.2.1 (Appendix Figure A1). No fencing was 

established between forage treatments to facilitate free animal movement between forages as an 

expression of preference. Water and mineral were provided ad libitum in a consistent location 

between blocks and years (see Appendix Table A2). 

5.2.2 Data collection 

5.2.2.1 Preference observations 

Forage preference observations used the instantaneous scan sampling technique, both 

visually from a vehicle driving along paddock fence lines and via aerial drone footage (Mufford 

et al. 2019). Two-hour observation periods occurred twice per day during peak grazing times 

beginning at 0600 and 1900 h. Five scans were performed at 30 min intervals in each 2 h 

observation period (10 total scans per day). At each scan the number of animals present per plot 

was recorded. Steer behaviour was also recorded at this time by counting the number of steers 

per plot exhibiting each of the following activities: grazing, walking to travel, laying while 

ruminating, standing while ruminating, alert only, drinking, and “other.”  These behaviours are 

further described in Table 5.1. Recording animal behaviour allowed preference calculations to 

consider grazing animals only. Therefore, forage preference was calculated as the proportion of 

animals actively grazing a given treatment at each scan (Equation 5.4). 
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Table 5.1 Ethogram of steer behaviours.  

Behaviour Description  

Grazing Steer is using its mouth to gather forage for consumption. The 

steer has its head lowered to the forage level. The head may 

raise to a neutral position intermittently, but quickly returns to 

the lowered position for foraging. The steer may take several 

steps between feeding stations.  

Walking to travel Steer taking many consecutive steps with the head raised or in a 

neutral position. Differs from steps taken during “Grazing” 

because the steer does not stop locomoting intermittently to 

forage. 

Laying while ruminating Steer in sternal recumbency, with visible jaw movement 

associated with chewing cud.  

Standing while ruminating Steer is maintaining a static, neutral standing position with 

visible jaw movement associated with chewing cud.  

Alert only Steers displaying vigilant behaviour in the presence of an 

observer, with no other discernable behaviours ± 30 s from the 

time of observation. 

Drinking Steer is actively placing its muzzle in the water trough. 

Other Category used to describe any behaviour not listed above. This 

may include animal-animal interactions, loafing, sleeping, or 

animals that are actively consuming mineral supplement.  

 

Equation 5.4 Forage preference equation. 

𝑃𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑖𝑛𝑑𝑒𝑥 𝑓𝑜𝑟 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 "𝑋" =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑒𝑒𝑟𝑠 𝑔𝑟𝑎𝑧𝑖𝑛𝑔 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 "𝑋"

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑒𝑒𝑟𝑠 𝑔𝑟𝑎𝑧𝑖𝑛𝑔
 

5.2.3 Statistical analysis 

The UNIVARIATE procedure was used to determine that data was normally, 

identically, and independently distributed (NIID). Forage preference data was transformed into 
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natural log values for normality prior to statistical analysis using the PROC GLM function of 

SAS Studio Version 5.2 (2021; SAS Institute. Inc., Cary NC). The experiment was analyzed as a 

randomized complete block design replicated in three grazing periods (n = 3) nested within two 

years. Each paddock is a replicate block (n = 3), and the experimental unit is the forage treatment 

plot (n = 14). Replicate block and grazing period nested within year were considered random 

effects, with forage treatment the fixed effect to give the following model: 

𝑌𝑖𝑗𝑘𝑟 =  µ + 𝛼𝑖 +  𝛽𝑗 + 𝜌𝑘(𝑟) + 𝑒𝑖𝑗𝑘𝑟 

where µ is the overall mean, α is the effect of the i forage treatment, β is the effect of 

the j replicate block, ρ the random effect of the k grazing period nested within the r year, and e is 

the error of the i treatment within the j block and k grazing period of the r year.  

Differences between the 1st or 2nd grazing period of the year were also determined using 

PROC GLM. “Contrast” statements were used to isolate effects within-species that were 

otherwise masked in multi-treatment comparisons by large differences amongst species types. 

Pearson correlations and multiple regression analyses were performed using the PROC 

CORR and PROC REG procedures of SAS Studio Version 5.2 (2021; SAS Institute. Inc., Cary 

NC).  

Multi-treatment comparisons were conducted using the Duncan multiple range test 

where differences in treatment means were considered significant when P<0.05, and trending 

towards significance when 0.05<P<0.10.  

The distance of each treatment from the paddock water source or mineral tubs and 

forages’ stages of maturity were analyzed as covariates to forage preference.  
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5.3 Results  

Overall, more than 70% of animals were actively grazing during observation times 

(Table 5.2). In the morning observations, nearly 25% of steers were ruminating at any one time, 

while 70% of steers were observed grazing. Fifteen percent more steers were found grazing 

during the evening observations than during the morning observations (P<0.01).  

Table 5.2 Animal behaviour by observation time over two years. 

 

 

1SEM=Standard error of the mean.  
a Means within a column with different letters are significantly different (P<0.05).  

 

The treatment × grazing period interaction was not significant (P>0.05), indicating that 

treatment affected preference equally regardless of grazing period (Table 5.3). The distance of 

treatments from water sources or mineral tubs also had no effect (P>0.05) on forage preference, 

nor did the stage of maturity of the forages (P>0.05).  

Grazing period had a significant effect on preference (P=0.05), where steers 

demonstrated preferences amongst forage treatments in the first grazing periods of 2019 and 

2020, but not in the second grazing period (Table 5.3). Steers tended (P=0.06) to prefer legume 

monoculture treatments in 2019, and in the first grazing period of 2020 Cronus alfalfa was most 

preferred, with 8.1% of steers grazing it at any one time, and Killarney orchardgrass least 

preferred with 3.6% of the same (P=0.02; Table 5.4). In the second grazing period of 2020 no 

preferences were observed (P>0.05).  

 Steers exhibiting behaviour per observation (%) 

Item Grazing Ruminating Other 

AM 70.2b 24.5a 4.5 

PM 85.3a 8.6b 5.5 

SEM1 1.90 1.89 0.67 

P-Value <0.01 <0.01 0.31 
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Pooled averages from the first grazing periods of 2019 and 2020 show that the three 

alfalfa varieties were the most preferred forages (P<0.01; Table 5.3). AC Armada meadow 

bromegrass was significantly less (P<0.05) preferred than Foothold and 3006 alfalfas, but not 

different from Cronus alfalfa. Killarney orchardgrass was the least preferred forage, significantly 

less preferred than all four legumes (P<0.05) (Table 5.3). The remaining forage treatments (all 

binary mixtures, AC Mountainview sainfoin monoculture, and AC Armada meadow bromegrass) 

had similar preference values.  

Forage preference was positively correlated (P<0.01) with dry matter yield, protein and 

Ca content, but negatively correlated with fiber (Table 5.5).      
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Table 5.3 Duncan grouping of forage treatments by preference, from most to least preferred.  

Duncan Grouping Treatment 

A Foothold alfalfa 

 3006 alfalfa 

AB Cronus alfalfa 

ABC Cronus alfalfa + AC Armada MBG1 

 AC Mountainview sainfoin 

ABCD Foothold alfalfa + AC Armada MBG 

BCD AC Armada MBG 

 3006 alfalfa + Killarney OG2 

CD AC Mountainview sainfoin + Killarney OG 

 AC Mountainview sainfoin + AC Armada MBG 

 3006 alfalfa + AC Armada MBG 

 Foothold alfalfa + Killarney OG 

 Cronus alfalfa + Killarney OG 

D Killarney OG 
1MBG=meadow bromegrass, 2OG=orchardgrass.
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Table 5.4 Forage preference of the grazing steers over two years. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1OG=orchardgrass, 2MBG=meadow bromegrass, 3SEM=standard error of the mean.  
a Means within a column with different letters are significantly different (P<0.05).  

 

 Steers Grazing per Observation (%)  

Year 2019-2020 Mean 2019 2020 2020 

Grazing Period 1 1 1 2 

3006 alfalfa 6.2a 5.1 7.6ab 4.8 

3006 alfalfa + Killarney OG1 3.9bcd 3.6 4.3ab 4.3 

3006 alfalfa + AC Armada MBG2 3.3cd 2.9 3.7de 5.5 

Cronus alfalfa 5.8ab 4.2 8.1a 7.2 

Cronus alfalfa + Killarney OG 3.3cd 2.3 4.6cde 3.1 

Cronus alfalfa + AC Armada MBG 5.1abc 4.5 5.7abcde 5.1 

Foothold alfalfa 6.4a 6.3 6.4abc 7.4 

Foothold alfalfa + Killarney OG 3.4cd 2.7 4.3ab 5.4 

Foothold alfalfa + AC Armada MBG 4.6abcd 3.6 5.9abcd 3.3 

AC Mountainview sainfoin  4.9abc 4.9 4.8bcde 3.8 

AC Mountainview sainfoin + Killarney OG 3.6cd 2.5 5.1abcde 5.7 

AC Mountainview sainfoin + AC Armada MBG 3.5cd 2.2 5.5abcde 5.8 

Killarney OG 3.1d 2.7 3.6e 3.5 

AC Armada MBG 4.0bcd 2.9 5.4abcde 5.2 

SEM3 1.14 1.26 1.15 1.28 

P-Value 0.0003 0.06 0.02 0.32 

Statistical Analysis P-Value    

Grazing Period 1 vs 2 0.05    

Treatment × Grazing Period 0.19    
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Table 5.5 Correlations between forage components and forage preference of the grazing steers.  

Item Pearson Coefficient (r) P-Value 

DMY1 0.33 <0.01 

CP2 0.33 <0.01 

RDP3 0.37 <0.01 

TDN4 0.21 0.019 

ADF5 -0.31 <0.01 

NDF6 -0.37 <0.01 

Ca 0.38 <0.01 

P -0.11 0.248 
1DMY=dry matter yield, 2CP=crude protein, 3RDP=rumen degradable protein, 4TDN=total 

digestible nutrients, 5ADF=acid detergent fiber, 6NDF=neutral detergent fiber. 

 

5.4 Discussion 

Preference observations successfully occurred when the majority of steers were grazing 

in the morning and evening (Brennan et al. 2021), allowing for an accurate estimate of forage 

preference.  

The lack of a significant interaction between treatment and grazing period indicates that 

forage preference was consistent among treatments over time, even with different steers. There 

was a statistical trend (P=0.06) towards a forage preference ranking in 2019. No effect of forage 

on preference was observed in the second grazing period of 2020. At this time, both grass species 

were vegetative and the legumes were all flowering. Previous studies have shown that forage 

preferences are absent when the plants are vegetative (Gesshe and Walton 1981; Billman et al. 

2017), and ten of the fourteen treatments were primarily composed of vegetative grasses during 

this period.  
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The results of this experiment confirm the hypothesis that legume monoculture forages 

are most preferred by grazing beef steers, and that binary mixtures are moderately preferred 

(Gesshe and Walton 1981; Popp et al. 1999; Rutter et al. 2004; Boland et al. 2011).  

The alfalfas and sainfoin were equally preferred by grazing steers (P>0.05), contrary to 

results from Smoliak and Hanna (1975) and Parker and Moss (1981) who found animals strongly 

preferred sainfoin over alfalfa, and also unlike the findings of Gesshe and Walton (1981) and 

Sottie et al. (2014) who reported that cattle demonstrated a strong aversion to sainfoin. 

Interestingly, AC Mountainview sainfoin was selected as much as alfalfa despite being 

significantly more mature than the alfalfas. The legume monoculture treatments were the highest 

yielding, most nutrient dense, and lowest in fiber, presumably making them the most attractive 

and selected to the grazing steers. Consequently, forage preference was highly positively 

correlated with DMY, high protein, and high Ca content, and negatively correlated with fiber 

content.  

The hypothesis that grasses are least preferred when compared with legumes was partly 

true, as Killarney orchardgrass was the least preferred forage on offer, whereas AC Armada 

meadow bromegrass did not differ in preference compared to other forages, except 3006 and 

Foothold alfalfas. The finding that Killarney orchardgrass was the least preferred forage 

treatment contradicts the results of other studies, which determined that grazers are strongly 

attracted to grazing orchardgrass over other forages (Billman et al. 2017; Catalano et al. 2020). 

In the current study, forage preference was strongly correlated with DMY and CP, with Killarney 

orchardgrass producing the least forage yield and ranking lower than the other treatments in 

terms of protein content. Despite similar fiber content between AC Armada meadow bromegrass 

and Killarney orchardgrass, the meadow bromegrass was grazed more often by steers. Low fiber 
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content was correlated with higher preference ranking, but it has been demonstrated that high 

fiber is not necessarily a deterrent in all cases (Billman et al. 2017).  

 

5.5 Conclusions 

This study demonstrated that grazing beef steers exhibit consistent preferences across 

grazing periods when plants are beyond the vegetative stage. The steers preferred pure alfalfa 

stands over grass monocultures and most grass-legume mixtures, are more reluctant to graze 

orchardgrass than other species, and do not prefer or avoid sainfoin relative to alfalfa. Nutritive 

value is correlated to forage preference but does not dictate relative preference in all cases. 

Livestock producers may profit from more effective pasture use when grazing preferred forages, 

which also have the added benefit of providing high feed value to the animals. Being the most 

preferred, straight alfalfa pasture could be better managed and utilized in intensive grazing 

programs.   

6.0 General Conclusions 

Drought conditions significantly limited forage performance in this study, as herbage 

yield and nutritive value of the treatments were lower than usually reported for these species.  

Nonetheless, legume monocultures out yielded grass monocultures and grass-legume binary 

mixtures throughout the grazing periods. In general, the three alfalfa cultivars outperformed the 

other forage treatments in terms of DM yield, nutritive value, and grazing animal preference. 

Foothold and 3006 alfalfas were marginally more productive, preferred, and nutritive compared 

to Cronus alfalfa, but no significant differences were observed. Both Foothold and 3006 are 

creeping-rooted alfalfas whereas Cronus is a taprooted variety. Therefore, it is likely that the 
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creeping root type is more persistent under intensive grazing than the taproot, contributing to 

superior forage yield and nutrient acquisition.  

The other legume evaluated, AC Mountainview sainfoin, produced 75% of alfalfa yield 

on average. Sainfoin had high estimated energy content (63% TDN) but was unable to compete 

with weeds and not notably preferred or avoided. Lastly, Killarney orchardgrass produced higher 

quality forage than AC Armada meadow bromegrass, but orchardgrass produced the lowest yield 

of all forage treatments. AC Armada meadow bromegrass was of low to moderate nutritive value 

but produced more forage than the orchardgrass. Furthermore, the steers preferred Killarney 

orchardgrass least of all forages tested.  

The etiolated growth of legumes was similar, and AC Mountainview sainfoin regrew 

more effectively in monoculture where competition with grass roots was absent. AC Armada 

meadow bromegrass generated the most etiolated growth, and Killarney orchardgrass the least, 

indicating that meadow bromegrass is well-suited to providing suitable spring forage in western 

Canada, whereas Killarney orchardgrass may not.  

The economic evaluation indicated that 3006 alfalfa was the highest ranked forage; the 

market value of the forage yield (greenfeed + perennial) exceeded the establishment costs by 

33% after only two years of production. Cronus alfalfa was the highest cost alfalfa to establish 

and yielded the least, but nonetheless recovered all of its investment costs after two years. AC 

Mountainview sainfoin cost $103 ha-1 (15%) more to seed than alfalfa but still recouped 94% of 

establishment costs after two years. Of the grasses, AC Armada meadow bromegrass generated 

two-year net returns of nearly $200 per hectare (29% above establishment costs), while Killarney 

orchardgrass only recovered 72% of establishment costs. The binary mixtures were influenced 

accordingly, with alfalfa-meadow bromegrass treatments averaging 96% cost recovery after two 
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years compared to sainfoin (86%) or orchardgrass (79%) mixtures. Remaining mindful that 

many producers use forage stands longer than 11 years (Rothwell 2005, University of 

Saskatchewan 2017), future studies should monitor the yields of these forages for multiple years 

to provide valuable economic insight for producers on their long-term profitability.  

Ultimately, the results of this thesis indicate that 3006, Foothold, and Cronus alfalfa 

monocultures are economically viable and preferred by grazing beef steers, and intense grazing 

did not affect forage performance in the first two production years. Increasing the utilization of 

these alfalfas in western Canadian forage programs will improve pasture use efficiency relative 

to other available options. In addition, AC Armada meadow bromegrass is a hardy, economical 

option to pair with the alfalfas in binary mixtures.  

This thesis has also demonstrated that steer temperament tends to affect grazing 

behaviour. Bold-tempered steers are more likely to travel away from the main herd to explore the 

forage options than shy-tempered steers. Whether this influences steer performance remains 

unknown.  

The livestock industry currently faces declining pasture resources and narrowing profit 

margins. To remain profitable, producers must innovate and consider new alternatives of 

optimizing their grazing efficiency. Increasing the use of preferred forages that are persistent 

under heavy grazing pressure such as 3006, Foothold, and Cronus alfalfa or AC Armada meadow 

bromegrass has the potential to meet these objectives. In the future, selecting animals on the 

basis of boldness may also prove valuable for livestock producers.   
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8.0 Appendix  

Table A1. 2018 seeding rates for all treatment forages and binary mixtures, based on 

Government of Saskatchewan Forage Guide recommendations (2021).  

 Seeding rate, kg ha-1 

Forage Treatment Legume Grass 

3006 alfalfa 9.0  

3006 alfalfa + AC Armada MBG1 2.2 11.2 

3006 alfalfa + Killarney OG2 2.2 11.2 

Cronus alfalfa 9.0  

Cronus alfalfa + AC Armada MBG 2.2 11.2 

Cronus alfalfa + Killarney OG 2.2 11.2 

Foothold alfalfa 9.0  

Foothold alfalfa + AC Armada MBG 2.2 11.2 

Foothold alfalfa + Killarney OG 2.2 11.2 

AC Mountainview sainfoin 33.6  

AC Mountainview sainfoin + AC Armada MBG 16.8 11.2 

AC Mountainview sainfoin + Killarney OG 16.8 9.0 

Exact birdsfoot trefoil 9.0  

Exact birdsfoot trefoil + AC Armada MBG 5.6 11.2 

Exact birdsfoot trefoil + Killarney OG 5.6 9.0 

Veldt cicer milkvetch 20.2  

Veldt cicer milkvetch +AC Armada MBG 10.1 11.2 

Veldt cicer milkvetch + Killarney OG 10.1 9.0 

AC Armada MBG  11.2 

Killarney OG  11.2 
1MBG=meadow bromegrass, 2OG=orchardgrass. 
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Figure A1. Layout of the research site with forage treatments seeded in randomized adjacent 0.3 ha strips (21 × 125 m) within three 5 ha replicate 

blocks. (BFT=birdsfoot trefoil, MBG=meadow bromegrass, OG=orchardgrass, CMV=cicer milkvetch). 
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Table A2. Composition of range mineral fed ad libitum to grazing steers (Performax Powermin 

Beef Cattle Premix, ADM Animal Nutrition, Lethbridge, AB, CAN). 

Item Concentration 

Calcium 16.0% 

Phosphorus 6.0% 

Magnesium 3.0% 

Sodium 8.0% 

Sulphur 0.24% 

Potassium 0.17% 

Iodine 232 mg kg-1 

Iron 6859 mg kg-1 

Copper 1906 mg kg-1 

Manganese 5836 mg kg-1 

Zinc 5827 mg kg-1 

Selenium 30 mg kg-1 

Cobalt 46 mg kg-1 

Fluorine 1000 mg kg-1 

Vitamin A 995,000 IU kg-1 

Vitamin D 57,000 IU kg-1 

Vitamin E 2,500 IU kg-1 

 

Table A3. Composition of the cobalt-iodine salt blocks offered ad libitum to grazing steers 

(Saltec, Ceres Industries, Saskatoon, SK, CAN). 

Item Concentration 

Salt 98.0 – 99.5% 

Iodine 200 mg kg-1 

Cobalt 100 mg kg-1 
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Equation A1. Ohio Agricultural Research and Development Centre summative energy equation 

(Weiss 1998). 

 

TDN = 0.98 ∗ (100 − NDFn − CP − Ash − EE) +  e−0.012∗ADIN ∗ CP + 2.25 ∗ (EE − 1) + 0.75

∗ (NDFn − Lignin) ∗ [1 − (
Lignin

NDF
)

0.667

] − 7 

 

where, 

Total digestible nutrients (TDN) 

Crude protein (CP) 

Ether extract (EE) 

Nitrogen-free neutral detergent fibre (NDFn) = NDF – NDICP 

Neutral detergent insoluble crude protein (NDICP) = NDIN * 6.25 

Neutral detergent insoluble nitrogen (NDIN) 

Acid detergent insoluble nitrogen (ADIN) is expressed as a percent of total nitrogen, 

and, 

All other values are expressed as a percent of dry matter.  
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Table A4. Chemical composition of forage treatments over two years (DM basis).  

1DM=dry matter, 2TDN=total digestible nutrients, 3ME=metabolizable energy, 4NEl=net energy of lactation, 5NEm=net energy of 

maintenance, 6NEg=net energy of growth, 7OG=orchardgrass, 8MBG=meadow bromegrass, 9SEM=standard error of the mean. 
a Means within a column with different letters are significantly different (P<0.05).  

 

 

 

 

 % DM1  Mcal kg-1 

Forage Treatment TDN2  ME3 NEl
4 NEm

5 NEg
6 

AC Mountainview Sainfoin 63.0a  2.4a 1.4a 1.5a 0.9a 

Foothold Alfalfa 62.1ab  2.3ab 1.4ab 1.4ab 0.9ab 

AC Mountainview Sainfoin + Killarney OG7 61.4abc  2.3bcd 1.4bc 1.4bc 0.9abc 

Foothold Alfalfa + Killarney OG 61.3abc  2.3abc 1.4bc 1.4bc 0.9abc 

Cronus Alfalfa + Killarney OG 60.6bcd  2.2bcd 1.4bcd 1.4bcd 0.8bcd 

3006 Alfalfa 60.5bcd  2.3bcd 1.4bcd 1.4bcd 0.8bcd 

3006 Alfalfa + Killarney OG 60.5bcd  2.2bcd 1.4bcd 1.4bcd 0.8bcd 

Cronus Alfalfa 60.4bcd  2.2bcd 1.4bc 1.4bc 0.8abc 

AC Mountainview Sainfoin + AC Armada MBG8 59.4cde  2.2cde 1.3cde 1.3cde 0.8cde 

Cronus Alfalfa + AC Armada MBG 59.1de  2.2de 1.3e 1.3de 0.7e 

Killarney OG 59.1de  2.2de 1.4cd 1.4bcde 0.8de 

Foothold Alfalfa + AC Armada MBG 58.7de  2.2de 1.3de 1.3def 0.7de 

3006 Alfalfa + AC Armada MBG 58.0e  2.1e 1.3e 1.3ef 0.7e 

AC Armada MBG 57.6e  2.1e 1.3e 1.3f 0.7e 

SEM9 0.67  0.03 0.02 0.03 0.02 

P-Value <0.01  <0.01 <0.01 <0.01 <0.01 
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Table A5. Chemical composition of forage treatments over two years.  

 % DM1 

Forage Treatment CP2 RDP3 ADF4 NDF5 

3006 Alfalfa 16.6a 11.7a 30.6ef 36.9ef 

Foothold Alfalfa 16.3a 11.4a 29.3f 35.4f 

Cronus Alfalfa 14.1b 9.7b 31.8def 42.3de 

AC Mountainview Sainfoin 12.3bc 7.5cde 31.5def 36.3f 

Cronus Alfalfa + Killarney OG6 12.1bcd 8.1bc 32.5cde 44.8cd 

Cronus Alfalfa + AC Armada MBG7 12.0bcd 8.1bc 34.5bcd 48.9c 

Foothold Alfalfa + Killarney OG 11.8bcde 7.9cd 32.1def 44.7cd 

3006 Alfalfa + Killarney OG 11.3cdef 7.4cde 34.2cd 48.7c 

AC Mountainview Sainfoin + Killarney OG 9.9cdefg 6.3def 33.5de 47.4cd 

Foothold Alfalfa + AC Armada MBG 9.8defg 6.4cdef 37.3ab 55.2ab 

3006 Alfalfa + AC Armada MBG 9.6efg 6.3def 37.5a 55.7ab 

Killarney OG 9.3fg 6.0ef 37.0abc 54.5b 

AC Mountainview Sainfoin + AC Armada MBG 9.2fg 5.8ef 37.7a 55.3ab 

AC Armada MBG 8.4g 5.5f 39.6a 61.0a 

SEM8 0.75 0.55 0.96 1.98 

P-Value <0.01 <0.01 <0.01 <0.01 

1DM=dry matter, 2CP=crude protein, 3RDP=rumen degradable protein, 4ADF=acid detergent fiber, 5NDF=neutral detergent fiber, 
6OG=orchardgrass, 7MBG=meadow bromegrass, 8SEM=standard error of the mean. 
a Means within a column with different letters are significantly different (P<0.05). 
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Table A6. Chemical composition of forage treatments over two years.  

 % DM1 

Forage Treatment Ash Ca P Mg K Na 

3006 Alfalfa 10.7bc 1.8a 0.2bcd 0.3ab 2.5ab 0.02abc 

3006 Alfalfa + AC Armada MBG2 10.5bcd 0.7def 0.2ef 0.2cd 2.1c 0.02cd 

3006 Alfalfa + Killarney OG3 11.1bc 0.9cde 0.2bcd 0.3ab 2.4ab 0.02bc 

Cronus Alfalfa 10.4bcd 1.6a 0.2de 0.3ab 2.2bc 0.02a 

Cronus Alfalfa + AC Armada MBG 10.3bcd 1.2bc 0.2cd 0.3bc 2.3bc 0.02bcd 

Cronus Alfalfa + Killarney OG 11.9ab 1.5ab 0.2bc 0.3a 2.4abcd 0.02bcd 

Foothold Alfalfa 10.2cd 1.8a 0.2bcd 0.3ab 2.3bc 0.02ab 

Foothold Alfalfa + AC Armada MBG 10.2cd 0.6def 0.2d 0.2cd 2.1c 0.02bcd 

Foothold Alfalfa + Killarney OG 11.0bc 1.2bc 0.2bc 0.3ab 2.5ab 0.02bc 

AC Mountainview Sainfoin 7.8e 1.1cd 0.2bc 0.4a 1.6d 0.02bcd 

AC Mountainview Sainfoin + AC Armada MBG 8.9de 0.5ef 0.2ef 0.2cd 2.0c 0.01d 

AC Mountainview Sainfoin + Killarney OG 10.3bcd 0.7def 0.2ab 0.3ab 2.3bc 0.02bc 

AC Armada MBG 9.8cd 0.4f 0.1f 0.2d 2.1c 0.02bcd 

Killarney OG 12.6a 0.4f 0.2a 0.3bc 2.6a 0.02bcd 

SEM4 0.50 0.14 0.007 0.02 0.08 0.001 

P-Value <0.01 <0.01 <0.01 <0.01 <0.01 0.001 

1DM=dry matter, 2MBG=meadow bromegrass, 3OG=orchardgrass, 4SEM=standard error of the mean. 
a-e Means within a column with different letters are significantly different (P<0.05). 
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Table A7. Chemical composition of forage treatments over two years (DM basis). 

 mg kg-1 

Forage Treatment Fe Mn Zn Cu 

3006 Alfalfa 234.7b 48.7e 17.3a 8.6ab 

3006 Alfalfa + AC Armada MBG1 313.9ab 89.6cd 9.3d 6.0ef 

3006 Alfalfa + Killarney OG2 333.1ab 138.8b 12.4bcd 7.9abc 

Cronus Alfalfa 205.0b 70.8de 14.2abc 8.4ab 

Cronus Alfalfa + AC Armada MBG 237.0b 78.4de 14.9ab 6.9cdef 

Cronus Alfalfa + Killarney OG 238.6b 113.1bc 12.0bcd 7.7abcd 

Foothold Alfalfa 232.7b 48.2e 16.2a 8.7a 

Foothold Alfalfa + AC Armada MBG 290.0b 88.4cd 10.2d 5.8f 

Foothold Alfalfa + Killarney OG 258.9b 129.7b 11.9bcd 7.3abcde 

AC Mountainview Sainfoin 186.4b 53.9e 16.1a 7.2bcde 

AC Mountainview Sainfoin + AC Armada MBG 214.0b 91.1cd 10.0d 6.2ef 

AC Mountainview Sainfoin + Killarney OG 262.7b 137.0b 11.1cd 6.9cdef 

AC Armada MBG 325.0ab 93.4cd 8.8d 5.6f 

Killarney OG 482.6a 188.3a 12.3bcd 6.3def 

SEM3 61.37 9.77 1.13 0.45 

P-Value 0.05 <0.01 <0.01 <0.01 

1MBG=meadow bromegrass, 2OG=orchardgrass, 3SEM=standard error of the mean. 
a Means within a column with different letters are significantly different (P<0.05). 
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Figure A2. Average monthly temperature at the research site in the year prior to data collection (2018), Years 1 and 2 of the trial 

(2019, 2020), and the long-term average (1981-2010).  
1Historical data retrieved from Government of Canada (2020) records for Saskatoon Saskatchewan Research Council weather station.   
2Missing values for November and December 2018 due to coyotes damaging LFCE weather station wires.  
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Figure A3. Monthly rainfall at the research site in the year prior to data collection (2018), Years 1 and 2 of the trial (2019, 2020), and 

a long-term average (1981-2010).  
1Historical data retrieved from Government of Canada (2020) records for Saskatoon Saskatchewan Research Council weather station. 
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Figure A4. Total precipitation in Saskatoon, SK, in the year prior to data collection (2018), Years 1 and 2 of the trial (2019, 2020), 

and a long-term average (1981-2010).  
1Historical data retrieved from Government of Canada (2020) records for Saskatoon Saskatchewan Research Council weather station. 
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