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            Abstract
The accumulation of species-specific enemies around adults is hypothesized to maintain plant diversity by limiting the recruitment of conspecific seedlings relative to heterospecific seedlings1,2,3,4,5,6. Although previous studies in forested ecosystems have documented patterns consistent with the process of negative feedback7,8,9,10,11,12,13,14,15,16, these studies are unable to address which classes of enemies (for example, pathogens, invertebrates, mammals) exhibit species-specific effects strong enough to generate negative feedback17, and whether negative feedback at the level of the individual tree is sufficient to influence community-wide forest composition. Here we use fully reciprocal shade-house and field experiments to test whether the performance of conspecific tree seedlings (relative to heterospecific seedlings) is reduced when grown in the presence of enemies associated with adult trees. Both experiments provide strong evidence for negative plant–soil feedback mediated by soil biota. In contrast, above-ground enemies (mammals, foliar herbivores and foliar pathogens) contributed little to negative feedback observed in the field. In both experiments, we found that tree species that showed stronger negative feedback were less common as adults in the forest community, indicating that susceptibility to soil biota may determine species relative abundance in these tropical forests. Finally, our simulation models confirm that the strength of local negative feedback that we measured is sufficient to produce the observed community-wide patterns in tree-species relative abundance. Our findings indicate that plant–soil feedback is an important mechanism that can maintain species diversity and explain patterns of tree-species relative abundance in tropical forests.
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                    Figure 1: 
                        Strengths of negative plant–soil feedback measured in the shade-house experiment are correlated with adult tree species abundance of the BCI forest.
                      [image: ]


Figure 2: 
                        Strengths of negative feedback measured in the field experiment are correlated with adult tree species abundance of the Gigante forest.
                      [image: ]


Figure 3: 
                        Simulations indicate that variation in feedback strength predicts tree species abundance.
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The roots of plant diversity
One potential mechanism for maintaining biodiversity is negative feedback between a species and its specific enemies, allowing rival species to thrive in the vicinity in preference to individuals of the species in question. The effect of soil biota has often been overlooked in the past, with more attention being paid to factors such as above-ground herbivory and resource partitioning. But a series of shade-house and field experiments now shows that in a tropical forest, it is the soil biota that is the main cause of this feedback, and that this effect is sufficient to explain the diversity.
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