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Evaluation of Forage Productivity and Environmental 
Benefits of Meadow Bromegrass in Various Mixtures with 
Popular Legumes under Irrigation
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Introduction
Forage grass-legume mixtures have been associated 
with relatively higher forage production and quality, 
as well as reduced use of nitrogen (N) fertilizers. The 
latter is beneficial because N can give rise to pollution 
of the environment. High quality hay and pastures in 
such mixtures further contribute to desirable livestock 
performance and product quality; as a result, more 
profits can be realized. Common mixtures comprising 
popular N-fixing leguminous species include alfalfa, 
sainfoin, and bird’s-foot trefoil (BFT) in varied ratios 
with carbohydrate-rich, cool-season grasses such as 
meadow bromegrass. The success of such production 
systems, however, lies in consistent yields, quality, and 
lengthened crop lifespan. Furthermore, forage mixtures 
that exploit natural sources of nutrients can signifi-
cantly reduce reliance on the application of inorganic N 
fertilizers. 

Objectives
The objectives of this study are to determine N fixa-
tion by irrigated alfalfa, sainfoin, and bird’s-foot trefoil 
in varied mixtures with meadow bromegrass and how 
this influences forage yield profitability and trace gas 
emissions. 

Materials and Methods
The field experiment was established at the Sheridan 
Research and Extension Center (ShREC) in September 
2013. There are 15 treatments consisting of unfertil-
ized alfalfa (cultivar ‘WL363HQ’), sainfoin (cultivar 
‘Shoshone’), and BFT (cultivar ‘Norcen’) monocrops as 
well as meadow bromegrass (cultivar ‘Fleet’). The treat-
ments were supplied with 0, 50, and 100 pounds of N 
per acre as urea. In addition, meadow bromegrass is in a 

50:50 and 70:30 percent-ratio combination with each of 
the above-stated legume species. The other set of treat-
ments constitutes 50% grass combined with 25% each 
of two alternative legumes (alfalfa with BFT, alfalfa 
with sainfoin, and sainfoin with BFT). Lastly, meadow 
bromegrass (50%) is entirely mixed with the three 
legumes, each accounting for a 16.7% ratio. The amount 
of N fixed by respective legumes in monoculture and 
mixtures will be monitored along with yield and quality 
parameters at four different growth stages, beginning 
mid-April, mid-June before first cut, mid-July during 
growth initiation, and early September. Economic 
benefits will be determined using partial budgets based 
on costs of inputs and prevailing market value for hay. 
Trace gas samples will be collected with soil samples for 
moisture and microbial biomass quantification during 
different crop-management phases in early season 
before N application, mid-season after N application, 
and, ultimately, end-season following final harvest.

Results and Discussion
Preliminary results indicate that dry matter yield 
increased from 1,619 to 2,033 pounds per acre (lbs/ac) 
for 50:50 and 70:30 grass-alfalfa mixtures, respectively. 
Yields obtained from mixing these two crops were simi-
lar to grass monocrop (1,583 to 1,997 lbs/ac) regardless 
of the amount of N supplied. Similarly, sainfoin-grass 
mixtures had dry matter yields ranging from 1,439 to 
1,529 lbs/ac, which were similar to those from grass 
monocrops. Alfalfa monocrop contributed to greater 
crude protein in forage mixtures, which were 322.7 
to 354.8 lbs/ac for 50:50 and 30:70 ratios with grass, 
respectively, compared to similar crop mixtures incor-
porated with sainfoin (177 to 193.5 lbs/ac). 
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The above-mentioned alfalfa-grass mixtures gave forage 
biomass that was superior in protein content compared 
to grass monocrops that received N fertilizer (199.4 to 
305.8 lbs/ac). Overall, BFT produced the least yields 
and protein contents in mixtures as well as monocrops. 
Grass-legume mixtures and N fertilizer application had 
significant (p=0.0022) effects on shoot biomass total N 
measured in lbs/ac. As shown in Table. 1, alfalfa mono-
crop had highest shoot N content of 7.33 lbs/ac, which 
was similar to that for meadow bromegrass mono-
crop (5.23 lbs/ac) when supplied with 100 lbs/ac of 
N fertilizer. N content for alfalfa in 50:50 and 30:70 
mixtures were 2.80 and 2.85 lbs/ac, respectively, which 
were comparable to 3.03 lbs/ac for grass fertilized with 
50 lbs/ac of N. 

These results confirm that inclusion of legumes in 
grass swards promotes yields and forage nutritive value 
compared to monocrops. In addition, meadow brome-
grass biomass supplied with moderate amounts of N 
fertilizer accumulates similar amounts of N as when 
grown in mixtures with alfalfa. This indicates that 
grass-legume mixtures may give rise to more profitable 

forage production and, at the same time, minimize the 
consequences of using highly soluble N fertilizers to 
the environment. These beneficial aspects will be eval-
uated further through 2018 while considering key plant 
microbe interactions and trace gas emissions alongside 
irrigation. 
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Table 1. Nitrogen (N) yield for meadow bromegrass and alfalfa in different ratios.

Treatment Shoot Nitrogen Content (lbs/ac)

Alfalfa monocrop 7.33a

Alfalfa constituting 50% in grass mixture 2.80c

Meadow bromegrass constituting 50% in alfalfa 
mixture 

2.43c

Alfalfa constituting 30% in grass mixture 2.85c

Meadow bromegrass constituting 70% in alfalfa 
mixture 

2.68c

Meadow bromegrass monocrop without N 2.63c

Meadow bromegrass monocrop with 50 lbs N/ac 3.03bc

Meadow bromegrass monocrop with 100 lbs N/ac 5.23ab
 
Values followed by the same letter in the same column are not significantly different at p≤0.05.


