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Root interactions :competition and facilitation

CHEN Wei', XUE Li'?* (1. College of Forestry, South China Agricultural University, Guangzhou 510642, China; 2. Huitong
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Abstract; Interactions among plants underground include both competition and facilitation, constituting an important
determinant of the dynamics and structure of plant communities. Although positive interactions (facilitation) among roots
exist, resource competition underground is of paramount importance in many plant communities. Plant root competition
includes inter-plant root competition and intra-plant root competition, the former is easily manipulated than the latter through
management practices in agroforestry-systems. The relationship between competitive abilities of roots and plant traits such as
root growth rate, tissue turnover, growth form and root architecture is explored in the paper. Species from high-resource
environments exhibit high relative growth rate (RGR) , whereas species from low-resource environments will compete most
effectively by minimizing tissue loss (greater tissue longevity) more than by maximizing resource gain. Woody plants may have
larger competitive effects than grasses, because the former reduces the light availability of grasses. A complex root architecture
is only required for the acquisition of immobile resources, such as phosphate and mobile ions, notably nitrate, which can be
effectively taken up by very restricted root systems. The distribution of absorbing roots determines the location of water and
nutrients extraction in the soil. In addition, plants compete with each other for water and at least 20 essential mineral nutrients
in two forms—— depletion and contest competitions. Many factors combine to affect nutrients uptake, including root
architecture, the spatial configuration of a root system, depletion zone and the interactions between nutrient and water
availability, etc. The two-layer model assumes that woody and herbaceous growth forms compete for resources in the upper
and lower soil layers, respectively, while woody plants have a larger proportion of roots in deeper layers, taking up

significantly more soil water and nutrients.
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Recent evidence suggests that roots are able to detect and avoid the presence of neighboring roots, and to segregate
spatially in ’territories’ and the possible mechanisms are listed afterward. Other examples of facilitation include establishment
of N-fixing species,oxygenation of soils,stabilization of soils and plant-microbial symbiosis.

There are various limiting factors that affect root interactions. Heterogeneity (resource-rich or resource-poor ) in soil
resources directly alters the dynamics of root interactions. Furthermore, it may result in spatial aggregation of competing root
systems, potentially intensifying belowground competition, since roots can proliferate and make physiological changes in
nutrient-rich patches. Because plants often maintain larger root systems and allocate more of their carbon to root systems under
elevated atmospheric CO, than they do at lower CO; concentrations, root-root interactions can play an increasingly important
role in determining competitive outcomes among individuals and plant species as global CO, concentration continues to rise. The
limited researches that exist indicate that root herbivory directly reduces a plant’s ability to absorb water and nutrients by
decreasing the root surface area and the volume of soil that the root system occupies, thus leading to more intense competition
for soil resource uptake to some degree. It has been shown frequently that plants are able to proliferate roots as a result of
morphological changes, and to increase their nutrient uptake rate per unit root biomass or length, as a result of physiological
changes. The shallow —shallow combination shows the most intense competition, followed by the combination of two deep
roots, whereas the deep-shallow combination is the least plant root competition. Soil diffusion and distance among plants both
tend to affect root interactions as well, it’s suggested that plant root competition increases as soil diffusivity increases and the
distance among plants decreases.

With advances in science and other different disciplines , future root research will focus on optimization of plant
interactions in agroforestry-systems, the relationship between competition and global change, mechanisms for resource
competition and upgrading research methods as well as tools.

Key words :roots; interactions; competition; facilitation
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