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Some strains of rhizobia
cheat and do not fix nitrogen.
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Rhizobia are a mutualistic 
bacteria that fix nitrogen for 

legumes in exchange for nutrients.
(Sinorhizobium meliloti) 
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We performed a greenhouse experiment on A17 Medicago truncatula with
5 rhizobia treatments (4 with both rhizobia and nematodes and 1 with just 
nematodes) with 3 nitrogen treatments (defined by the percent nitrogen in 
the fertilizer used).
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Nematodes are 
parasitic worms that 

steal nutrients. 
(Meloidogyne hapla)
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A145 and Rm41
are cheating 
rhizobia strains 
that form white 
non-fixing 
nodules.2

Em1021 and 
Em1022 are 
mutualistic 
rhizobia strains 
that form pink 
nitrogen-fixing 
nodules on roots.

Nematodes infect 
the roots and 
form nutrient 
stealing galls in 
root junctions.

N = 120 
(8 repetitions per rhizobia 
treatment per nitrogen treatment)
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Fig. 2 shows the nodules per .05g shoot mass in order to 
adjust for the differences between plant health between 
nitrogen treatments.

Fig. 3 shows the relationship between treatment and the 
resulting shoot mass. 
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A145 and Rm41 cheat more than Em1021 
and Em1022.

Plants with a sufficient nitrogen content 
are less open to mutualism.

Rhizobia treatment may affect plant 
growth. 

Abstract Methodology

Fig. 1 shows the ratio of white non-fixing nodules to total 
nodules for each strain of rhizobia. 
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