Roots and Mycorrhizae
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Roots
Belowground resource acquisition is complicated.  What are some of the differences and similarities between acquisition of nutrients by roots and c-fixation by foliage?  How do these differences alter how we study roots versus leaves?

Differences:

· Roots need to acquire many resources, compared with just CO2 and light for leaves.  Resources have different availabilities and ease of movement.

· Resources are easily depleted near the root, and bulk flow is more difficult and less common in the soil.

· Direction of the resource is 1D for leaves, 3D for roots.

Similarities:

· Both leaves and fine roots are metabolically very active (similar N contents).

· Both turn over rapidly relative to other plant parts.

· Discarded in areas of low resources?

· They are connected and both rely on water and nutrients picked up by roots.

Diffusion is slow, so roots have to be everywhere.  What are the advantages and disadvantages to having very small root hairs versus not?  Advantages: low metabolic cost, large absorbing surface area (large surface area:volume ratio).  Disadvantages: more susceptible to herbivory and loss with soil movement, possibly more susceptible to infection.

Roots will proliferate in areas of high nutrient concentration.  Small pockets of nutrients can supply all of the plant’s nutrient needs.  How are roots distributed in a forest with soil depth?  In most forests, roots are concentrated in the upper soil layers (generally >80% in top 50 cm).  FIne root density generally decreases with soil depth.

The turnover of very small roots is very rapid (< months).  However, 14C data suggests that average lifespan (by weight) is 6-7 years! 

Nutrition alters the standing crop and annual flux of C to fine roots.  How might this work?

Coarse roots provide structure and represent ~20% of woody biomass.  May vary with resource availability (water and nutrients), and may vary with wind loading.

Rhizosphere

The rhizosphere is a zone in the soil that is influenced by roots and a site of active microbial activity.  The rhizosphere has much higher microbial activity and nutrient availability than bulk soil.  Why?  Does it make sense to talk about a rhizosphere in a closed canopy forest?

· Exchange of citrate to free phosphorus.

· Exudation of other organic compounds.

· Active sloughing and turnover of fine roots and mycorrhizae.

Mycorrhizae

Mycorrhizal symbionts form associations with the roots of most higher plants.  These associations cost the plant considerable carbon and the fungi considerable nutrients.  Why are mycorrhizae so prevalent?

Two types of mycorrhizae, depending on the primary location of the infection: ectomycorrhizae (mostly external, found on many temperate and boreal conifers) and endomycorrhizae (invades the root cortical cells, found on many herbaceous plants, but also on trees, especially in the tropics).  Vesicular arbuscular mycorrhiza (VAM) are endos and the most ancient of the mycorrhizae—they are associated with ~80% of all plant species. 

· Mycorrhizae form a dense network that can explore the soil at a very low cost/area.

· Mycorrhizal length is >> than that of roots of an equivalent biomass.

· Nutrients can pass through the cytoplasm of mycorrhizae at a rate much greater than diffusion without requiring wet enough conditions for bulk flow.

· Mycorrhizae may also enhance water uptake.

· Mycorrhizal infection drops when nutrient availability is high, perhaps because the plants suppress infection.

· Ectos can take up organic N, but VAM can’t. 

What is the carbon cost of this symbiosis?

~4-20% of GPP, but based on very limited study. 

