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Meadow Bromegrass in Mixture with Alfalfa Affects Light 
and Nitrogen Acquisition, Forage Yield, and Nutritive Value

Dennis Ashilenje1 and Anowar Islam1

Introduction
For decades, forage legumes have remained attractive 
for inclusion in mixtures with grass crops because of 
their role in fixing atmospheric nitrogen (N). Compared 
to monocrops, grasses modify their growth to get more 
sunlight when growing in mixture with legumes. They 
do this by developing longer and thinner leaves with 
less amounts of tissue; thus, they store less carbon, 
but accumulate more N, the latter of which is used for 
photosynthesis. In such cases, grass absorbs more N from 
the soil. On the other hand, legumes fix more N when 
there are low amounts of this nutrient in the soil. In 
addition, alfalfa develops fewer branches when in mixtures 
compared to a monocrop. These changes in growth and 
tissue composition may translate to better forage quality, 
particularly greater protein and digestibility for mixed 
crops; however, a gradual reduction in alfalfa growth due 
to competition from grass eventually lessens the benefits 
from N fixation and crude protein in their shoots. 

Objectives
The aim of this experiment is to determine changes 
in light interception, growth, and N acquisition and 
their effects on forage yield and quality in a meadow 
bromegrass-alfalfa mixture compared to monocrops.

Materials and Methods
A greenhouse experiment was conducted at the Laramie 
Research and Extension Center (LREC) greenhouse 
complex from February to June 2016. The study involved 
four treatments: meadow bromegrass monocrops 
receiving 0 and 50 pounds of N per acre, alfalfa 
monocrop (inoculated), and a 50:50 ratio mixture of 
alfalfa and meadow bromegrass. At 8, 10, and 12 weeks 
after seedlings emerged, plant height, the number of 
branches, and the number of leaves were determined. 
During these stages of plant growth, the proportion of 

incoming sunlight that was absorbed by leaf surfaces for 
different crops was also measured. At harvest, forage 
dry weight from each pot (0.2 ft2) was converted to 
equivalent yield in tons/ac. Forage nutritive value was 
measured as crude protein (CP) and in vitro dry matter 
digestibility (IVDMD), which determines how much 
fiber in feeds is being digested in the rumen to provide 
energy for livestock growth and milk production. Fiber 
content was determined based on neutral detergent fiber 
(NDF) and acid detergent fiber (ADF), which, in low 
amounts, contributes to high relative feed value (RFV), 
a standard measure of forage quality. The treatments in 
the greenhouse study are replicated in a field study at the 
Sheridan Research and Extension Center (ShREC).

Results and Discussion
Treatments did not affect (p=0.092) forage dry matter 
yield, which ranged between 7.7 and 10.4 tons/ac 
(Table 1). However, the meadow bromegrass-alfalfa 
mixture (50:50) had 21% CP, which was significantly 
greater (p<0.05) than the 11% recorded in the meadow 
bromegrass monocrop. The mixture also gave higher 
forage IVDMD (80%) and RFV (170) compared to grass 
monocrop (68% and ~100, respectively). Both ADF 
(39 to 27%) and NDF (55 to 37%) reduced significantly 
in the mixed crop compared to the grass monocrop. The 
meadow bromegrass-alfalfa mix captured 25% of incoming 
light, which is significantly more than 16% in each of 
the meadow bromegrass and alfalfa monocrops. Meadow 
bromegrass shoots in mixture with alfalfa accumulated 
2% of N, which was more (p<0.05) than 1% recorded 
in the grass monocrop. Alfalfa fixed similar amounts 
(p=0.364) of N in monocrop (80%) as in mixture (93%). 
It is evident that meadow bromegrass and alfalfa in a 
mixed crop acquire more light and N, resulting in a forage 
rich in crude protein and digestibility. Our experiment 
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at ShREC is ongoing to ascertain how consistent these 
benefits are in a field situation.
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Table 1 . Dry matter (DM) yield, crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), in vitro dry matter 
digestibility (IVDMD), relative feed value (RFV), and light interception (LI) for meadow bromegrass and alfalfa monocrops 
compared to a 50:50 mixture (LREC in 2016).
Treatment DM ton/acre CP % NDF % ADF % IVDMD % RFV LI %
Meadow bromegrass monocrop 
without N

7.7 11 55 39 68 100 16

Meadow bromegrass monocrop  
+ 50lb N/ac‑1

7.7 11 54 38 68 102 24

Alfalfa monocrop 10.4 23 37 25 78 175 16

Meadow bromegrass‑alfalfa mixture 
(50:50)

9 21 37 27 80 170 26

Least significant difference (0.05) 2.4 9 15 13 15 7 8




