Intense competition between arbuscular mycorrhizal mutualists
in an in vitro root microbiome negatively affects total fungal
abundance
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Mean abundance of both R. irregularis and G. aggregatum is significantly lower in mixed cultures during intraradical colonization (F1, 32 =
4.51, P =0.04), but not during extraradical colonization (F1, 32 = 3.50, P =
0.07). Both intraradically and extraradically, R. irregularis is the most
abundant competitor in the mixed culture, but G. aggregatum and R. irregularis were equally abundant in monoculture. * = P<0.05, **=P<0.01
and ns = not significant. N=11 for mixed cultures and N=10 for monocultures. Error bars are SE of the mean
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A major question in rhizosphere research is how species in root microbiome communities interact with each other, and their host1. In the nutrient
mutualism between host plants and arbuscular mycorhizal fungi (AMF),
competition often leads to certain species dominating host colonization,
with the outcome being dependent on environmental conditions2,3,4. In
the past it has been difficult to quantify the abundance of closely related
species and track competitive interactions in different regions of the
rhizosphere specifically within and outside the host5,6. Here we used an artificial root system (in vitro root organ cultures) to investigate intraradical
(within the root) and extraradical (outside the root) competitive interactions between two closely related AMF species, Rhizophagus irregularis
and Glomus aggregatum.
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Investment ratios (i.e. extraradical copy#/interaradical copy#) are
significantly different between R. irregularis and G. aggregatum (F1, 32 =
351.00, P <0.01). These investment ratios are significantly affected by
whether the fungal species are grown in mixed or monocultures (F1, 32 =
5.93, P = 0.02). The investment ratio of R. irregularis changes from an intraradical bias in monocultures to no significant bias in a mixed culture.
The investment ratio of G. aggregatum changes in opposite direction.
**=P<0.01 and ns = not significant. N=11 for mixed cultures and N=10
for monocultures. Error bars are SE of the mean.

Conclusion
Statistical analysis was done using a linear mixed model to take the
interaction of the two species within the mixed cultures into
account7
Background data:
There is a strong correlation between extraradical fungal copy number
and fungal dry weight (Pearson’s r=0.807, P<0.01).
The root dry weight is not significantly different between fungal treatments (F2,17=0.458, P=0.64).
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We found that competitive interactions between AMF species reduced
overall fungal abundance. R. irregularis was consistently the most abundant symbiont for both intraradical and extraradical colonization. Competition was the most intense for resources within the host, where both
species negatively affected each other’s abundance. We found the investment ratio (i.e. extraradical abundance/intraradical abundance)
shifted for both species depending on whether competitors were
present or not. Our results suggest that studies on competitive interactions should focus on intraradical colonization dynamics, and consider
how changes in investment ratio are mediated by fungal species interactions.
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