
Introduction
Soil degradation due to erosion, nutrient depletion, and 
decreases in soil organic matter has occurred on 40 percent 
of agricultural soils worldwide.1 Also referred to as “soil 
fatigue” this degradation causes a decrease in agricultural 
yields and environmental consequences such as siltation 
and movement of nutrients to waterways. The concept of 
‘soil quality’ emerged as researchers acknowledged the 
importance of assessing the sustainability of management 
practices in agricultural ecosystems and preserving 
important functions of the soil for environmental health and 
stability as well as crop productivity. Improving soil quality 
in the Skagit Valley and northwestern counties will be the 
focus of future research at the WSU Mount Vernon  NW 
Research Center.

Field Assessment
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These two soil samples could have 
similar nutrient levels, but the 
difference in soil quality will affect 
their ability to grow crops.2

The ability of soil aggregates to hold 
together in water is one physical 
indicator of soil quality.(photo by F. 
Magdoff)

Soil organic matter
Soil organic matter (SOM) content is a relatively stable, 
integrating soil characteristic that reflects long-term land 
use and is an important indicator of soil quality.4 Soil 
organic matter is considered both an inherent and dynamic 
property of soil, since it is affected by both soil forming 
factors and by human management. Despite ongoing 
research, SOM is arguably the most complex and least 
understood part of the

Why are soils which in our 
father’s hands were 

productive now relatively 
impoverished?

-J.L. Hills, C.H. Jones, and C. 
Cutler, 1908 

Modified from USDA 1997

Biological soil indicators
Microbial activity There are many methods available for 
estimating microbial populations in soil including: 
measurement of a proxy (such as CO2 evolution or enzyme 
activity); use of radioactively labeled  substrates; direct 
plate counts; and molecular genetic techniques such as 
phospholipid fatty acid analysis (PLFA) and terminal 
restriction fragment length polymorphism (tRFLP). 

Type of organic matter Estimated turnover time
Organic matter in fractions years

Litter, crop residue 0.5–2
Microbial biomass 0.1–0.4
Macroorganic matter 1–8
Light fraction 1–15

Organic matter in aggregates
Nonaggregated soil 1-7
Macroaggregates a (>250 μm diam.) 1-23
Microaggregates (20-250 μm diam.) 3-80
Silt plus clay (<20 μm diam.) 5-1000

a Organic matter in macroaggregates, but external to microaggregates (i.e., interaggregate).
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have been identified 
that provide a more 
comprehensive 
measurement. The 
biological 
indicators are the 
most difficult to 
measure and 
evaluate. Most 
evaluations of soil 
biological activity 
measure a proxy
indicator, such as soil respiration, enzyme activity, or 
nitrogen mineralization. Others measure the quantity of 
organic matter that is presumed to be readily available to 
microorganisms such as particulate organic matter and 
active carbon. 

Soil quality indicators
Crop yield can serve as an integrated measurement of the 
combined physical, chemical and biological properties of 
soil, but is an incomplete measure because high inputs can 
mask the deterioration of soil quality. Instead, indicators

Active (easily oxidizable) carbon is a measure of the 
fraction of SOM oxidized by a solution of KMnO4. The 
oxidation reaction changes the color of the solution as the 
permanganate ion is reduced. The active carbon 
component of SOM consists of microbial biomass carbon, 
particulate organic matter, and soil carbohydrates. This 
relatively simple assay has shown sensitivity to soil 
management practices affecting soil quality.7

Particulate Organic Matter (POM) has been used as an 
indirect measure of the active (labile) pool of SOM and 
has also been identified as a particularly promising soil 
quality measure because of its sensitivity to management 
and its relationship to soil nutrient dynamics and 
structure.8

Particulate Organic Matter from a 
compost amended soil. (photo by K. 
Hills)

Estimated turnover time for organic matter fractions 6

soil ecosystem.5 The 
carbon pool in the soil 
is made up of a wide 
array of biochemical 
compounds. Total 
SOM levels are not 
easily changed. For 
example, there are 
43,500 lbs/acre of 
organic matter in the 
top six inches of soil
with 2.17% SOM. Since about 75% of carbon from liquid 
manure decomposes within the first year, it has been 
estimated that 20 tons (fresh weight) dairy manure at 13% 
dry matter need to be added per acre just to balance soil 
organic matter losses from conventionally tilled 
agricultural soils where no crop residues are returned to the 
soil.3

http://soils.usda.gov/sqi/soil_quality/soil_biology/soil_food_web.html

Management strategies

Using multiple 
management 
practices for 
improving soil 
quality is more 
effective than using 
a single practice 
alone. (Magdoff
and van Es, 2000) 

Healthier 
Crop

Better  
rotations

Reduce 
compaction

Reduce tillage

Add various 
sources of 

organic 
matter

Better 
nutrient 
timing, 

placement 
and amount

Control 
erosion

Cover crops

Modified from Magdoff and van Es 2000

All of these strategies preserve and enhance soil organic 
matter by minimizing SOM loss due to soil disturbances, 
adding organic residue to the soil in the form of crop 
residues, cover crops, manures or composts, and improving 
diversity and length of crop rotations. Multiple practices 
will have a more immediate effect on soil quality. The 
practices implemented should be determined by the 
constraints of the cropping system and the grower’s soil 
management goals.
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