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Alfalfa Growth Forms, Light Capture, and Nitrogen Fixation 
Interact to Influence Durability of Legume in Meadow 
Bromegrass Mixtures

D.S. Ashilenje1 and M.A. Islam1

Introduction
The role of legumes in symbiotic nitrogen (N) fixation 
and forage nutritive value is limited by their deprecia-
tion in mixtures with grasses, which are more compet-
itive for sunlight. In addition grasses exploit legumes 
by their tendency to absorb great amounts of mineral 
N from legume root zones. However, beneficial inter-
actions have been observed in similar mixtures. For 
example, the legume clover typically has enhanced 
growth because it fixes more N under conditions of low 
soil mineral N, which is increasingly taken up by the 
grass counterpart. In contrast, grasses typically expe-
rience greater relative growth when soil mineral N is 
high because legumes don’t take up as much of this form 
of N. Considering the contribution of forage legumes 
to overall feed value and fixed N, it is crucial that the 
density and biomass quality of legumes in mixtures be 
maintained along with grass stands in mixtures. This is 
possible by understanding interactions between legumes 
and grasses with respect to absorption of sunlight and N. 
As a result, it is important to analyze how plants process 
and distribute carbohydrate and protein compounds 
leading to maximum growth, high nutritive value, and 
elongated crop life span. 

Objectives
The aims of this experiment are to determine the 
growth and canopy formation of grass while relating 
this to shading of legumes, N fixation, and crop lifespan 
for a legume (alfalfa) growing in mixtures with meadow 
bromegrass.

Materials and Methods
In this study, a preliminary experiment was conducted 
from October to December 2015 at the Laramie 

Research and Extension Center (LREC) greenhouse 
complex. A continuation of the project has been under-
way since February 2016 and will run until September 
of this year. This is hand-in-hand with simulations in 
the field for the ongoing grass-legume mixture research 
at the Sheridan Research and Extension Center. (There 
is a separate article in this bulletin on the research at 
ShREC on pages 143–144). 

The experiment constitutes plants in a set of five pots 
arranged in a randomized complete block design 
with five treatments (Table 1) repeated four times. 
Treatments include meadow bromegrass at varied rates 
of N and in different ratios of mixture with alfalfa. 
Plants growing under greenhouse receive lower-light 
intensities for shorter periods than the natural condi-
tions in the field. Therefore, in this experiment plants are 
artificially supplied with wavelengths of light required 
by plants for active photosynthesis (2,000 mol m-2 s-1 
of photosynthetic photon flux density) for 16 hours a 
day using metal halide grow lamps. Alfalfa test plants 
were inoculated with N-fixing bacteria to ensure effec-
tive N fixation leading to desirable plant growth. Plant 
architectural characteristics being determined include 
shoot density, height of the primary axis, leaf count, 
and leaf area. Interactions between light absorption, N 
fixation, and distribution of carbohydrates and protein 
compounds at different plant canopy levels and their 
overall influence on forage performance and quality 
will be described. Measurements in the greenhouse 
study will be repeated in a related field experiment at 
ShREC in plots with 50:50 and 70:30 grass-alfalfa 
mixtures. Plant counts will be conducted to determine 
the number of individuals of each species in mixtures 
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along a 15-m (49.2-ft) transect line represented by 
scoring the occurrence of each plant species at the 
1-m (3.3-ft) mark of a tape measure. 

Results and Discussion
Results from the preliminary study showed that alfalfa 
responded to shading by grass in mixtures by baring less 
leaves despite larger leaflet area (0.9 inch2) compared 
to monocrop (0.6 inch2). Similarly, after eight weeks 
of growth, the average number of nodules per plant in 
alfalfa growing in a mixture was only seven (p=0.03), 
which was half that counted on plants in mono-
crop. Grasses displayed superior competitive ability in 
mixtures by positioning their largest leaf area at a higher 
level than alfalfa. N supplied at recommended rates 
of 50 lbs/ac significantly (p<0.05) increased individ-
ual leaf areas (1.8 to 2.0 inch2) in meadow bromegrass 
monocrop compared to control (1.4 inch2). These find-
ings show possible characteristics of grass in cropping 
mixtures to negatively influence light absorption and 
growth and nodulation for alfalfa, which has negative 
implications on the legume’s capacity to fix N, on stand 
persistence, and on forage quality. But it will be of great 
interest to understand the exact way by which these 
relationships in light use can sustain crop stands for 
both species in different mixtures as well as continued 

N fixation by legumes. This should be revealed at the 
end of the current greenhouse experiment. Since condi-
tions in the greenhouse may give different results than 
those expected from field conditions, the findings in the 
greenhouse study will be verified upon similar cropping 
patterns being tested at the ShREC field site. 
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Table 1. Treatment descriptions and codes for the greenhouse study at LREC greenhouse complex.

Treatment number Treatment description Treatment code

1 Meadow bromegrass without N MB100 N0

2 Meadow bromegrass with 50 lbs of N/ac MB100 N50

3 Alfalfa monocrop without inoculation A0Reference

4 Alfalfa monocrop inoculated A100

5 50:50 ratio alfalfa-meadow bromegrass mixture A50:MB50


