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Soil quality is a term created in the last 5 or so years to attempt to refocus on conditions in the soil previously couched under the term soil tilth.  The term “tilth” has been used since ancient times.  Farmers have long had a sense that “good tilth” was required for good production.  They noted the soil’s quality by subjectively assessing such properties as acidity and alkalinity in terms of whether the soil was  “sour” or “sweet” (obviously from the taste of it) respectively.  Terms such as “loam” were derived from that textural and structural condition (probably aided by the presence of organic matter) that made the soil easy to till, fertile and productive. 





There was always a problem with the term and concept of “tilth” in that it was poorly defined or rather qualitative.  The advent of the concept of and term “soil quality” is therefore not new but coined with the intent of quantifying those qualities desired when the soil has “good tilth”.





The properties important to soil quality include organic matter content, soil structure, mineralogy, pH, nutrient status, toxic element content, biological activity, amount, size and type of pores, bulk density and compaction.  The condition of these properties lead to the degree of permeability of water, air, and roots; plant vigor, ability of the soil to function as a carbon and nutrient sink, and erodibility.





Organic matter has many roles in the soil.  These roles are almost always beneficial to plants, humans and the rest of the ecosystem both locally and globally.  Fresh organic material from plants, microbes, invertebrates and so on can be well supplied with plant nutrients.  This is not always the case however.  If, for example, a plant is adapted to growing in an acid, low fertility site, its litter will be poor in most plant nutrients.  The humified product, whether it is via composting or in-situ decomposition, will also be of poor quality.  As insects and other invertebrates first break down the litter, then microbes metabolize it, nutrients are released so that plants may absorb them.  After a period of several years, the organic matter (OM) does not function as a nutrient source any longer but rather as a “glue that stabilizes flocculated soil aggregates into more stable structural units.  Additionally, The complex humus molecules are negatively charged and serve to add to the soil’s cation exchange capacity (CEC).  This CEC is pH dependent and is low at acid pH’s and higher as pH increases.  OM also complexes with aluminum and can decrease that toxic element’s availability in acid environments.





The soil is responsible for storing carbon in the form of organic matter.  The source of this carbon is from atmospheric CO2 which has been metabolized into the plant’s tissue.  Hawaii’s soils have been depleted in organic matter through many years of agricultural practices that depleted OM rather than maximizing replenishment.  Hawaiian farmers and conservationists can play a role in helping to sequester carbon by emphasizing the return of residues, cover crops, and planting of perennials.





Invertebrates and aerobic microorganisms also contribute to the soil OM pool with their own dead cell material and by metabolizing plant and other animal material.  Microbes are essential in pesticide breakdown, nutrient mineralization and increasing nutrient availability and converting organic inputs into “glues” that help stabilize our oxidic fine aggregates of clays into larger more stable structural aggregates.





Soil structure takes on many forms.  In surface layers, soil structure in a Hawaiian Oxisol can range from strongly expressed medium sized subangular blocks and granules in a non-cultivated setting to very fine granules that appear as dust but are actually silt and sand sized aggregates of oxide and kaolinite clays.  Where the surface layers are mismanaged by excessive tillage and loss of OM, structure is destroyed, dust or silt and very fine sand sized aggregates dominate and the soil is subject to blowing or erosion by water to a much greater degree than if the soil were well structured.  If the soil is tilled when too moist, massive clods can form.  Additional disking may be required to prepare a seedbed.  Even after being broken up, these clods do not readily allow root penetration within the clods.  Water and nutrient diffusion to the clod surface is reduced as well.





In the subsoil, structure is normally more blocky than in the surface layer.  Heavy equipment can compact the layer directly below the plow layer especially when the soil is moist, creating tillage pans.  These pans have been observed in a wide variety of soils in Hawaii.  The presence of degraded surface structure coupled with the presence of a tillage pan creates a severe hazard of sheet and rill erosion.  Severe soil losses have been seen in soils ranging from Wahiawa series (an Oxisol) to Honokaa series (an Andisol).





Mineralogy of the clays (Hawaiian basalts and volcanic ash do not weather to sands and silt.  Only aeolian sands, fresh ash and alluvium can exhibit sand presence.) affects the charge and ability to retain nutrients, fix phosphorous and sulfur, promote aggregation, affect erodibility, buffer pH, and retain water.  Hawaiian soils have the well known crystalline iron and aluminum oxide clays and kaolinite, or the unique volcanic ash derived ferrihydrite and imogolite semi-gel or non-crystaline minerals of very high surface area and P fixation.  These volcanic ash derived minerals are much less present on the mainland.  We also have Vertisols or high shrink-swell soils composed of smectite clays mixed with other clays.   In the valleys, the clays are a mixure of several of the above mentioned clays.  Most clays, except for the smectites (montmorillonite) found in the Vertisols, have lower negative and higher positive charge at low pH and higher negative with lower positive charge as pH increases.  Oxides and particularly volcanic ash minerals fix high to very high amounts of phosphorous.  At low pH’s, nitrate leaching can be slowed.





Reaction or soil pH also affects nutrient availability and crop performance.  Crop vigor is not only essential to the farmer, it is also of importance to NRCS and erosion control.  A well fertilized crop provides ground cover faster, thereby reducing the erosion hazard.  Soil reaction affects the availability of toxic elements such as aluminum (Al+3) and manganese (Mn+2).  As pH decreases below 5.5, Al and Mn become increasingly available and toxic, and calcium and magnesium are in shorter supply.  Alerting the farmer to acid pH conditions and recommending sampling and analysis that results in lime applications, directly affects the rate of ground coverage, erosion reduction, and nutrient uptake efficiency therefore reduced leaching and runnoff of nutrients.





Part 2 of this technical note is the Soil Quality Checklist which may be used to assess soil quality properties during field resource assessments.  Also included is a filled-out example checklist for your information.


 




















May 1999	Page 2 of 2	Soil Quality Properties


		Soils Technical Note - No. 4 - Part 1





Soil Quality Checklist	Page 1 of 2	May 1999


Hawaii Technical Notes - Inventory Tool - No. 5





Soil Quality Properties	Page � PAGE �1� of 2	May 1999


Soils Technical  Note - No. 4 - Part 1 











