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A high quality soil is a highly  
functioning soil that: 
 Supports plant growth  
 Recycles & buffers nutrients 
 Accepts & stores water 
 Exchanges gases with the 

atmosphere 
 Regulates temperature 
 Detoxifies & breaks down 

waste 
 Is a reservoir of micro organ-

isms & genetic diversity 
 
Adapted from BH Ellert, MJ 
Clapperton & DW Anderson. In 
EG Gregorich & MR Carter (eds) 
1997. Soil Quality for Crop Pro-
duction & Ecosystem Health 

Introduction  
These factsheets are designed as  a 
companion to the soil quality field test 
kits that were produced during the 
Interactive Soils & Forages courses. 
They are a brief glimpse into a 
subject that whole textbooks have 
been written about and many 
conferences have focussed on. 

 

What is soil quality or soil health?  
Ranchers often think of soil quality in 
terms of its capacity or fitness to 
support plant growth. An ecologist 

“Writing brief factsheets 
about soil quality  

is a bit like being the 
busker or ticket taker  

outside huge circus tents. 
We can only lift the flap 

and give you a peek.”  
Bill McGill,  

Univ. of Northern BC,  
Prince George, BC 

Modified diagram showing concept of soil quality from “What is Soil Health?” by Yamily Zavala, 
CARA at the Western Canada Conference on Soil Health in Edmonton, December, 2015. 

 

 
Biological 
Diversity 
Nutrient cycling 
Low pests & disease 

Chemical 
Available nutrients 
Organic matter 
Optimal pH  
Low toxicity & EC 

Physical 
Soil type 
Good structure 
Aeration 
Water infiltration 
Water retention 

Soil Health 

Soil field 
kit: 
O.M. 
pH  
EC 
nitrate 

Soil field kit: 
Soil type 
Texture 
Structure 
Bulk density 
Infiltration 
Aggregates 
Slaking 

Soil field kit: 
Soil depth 
Root growth 
Earthworms 
Respiration 

thinks how the soil functions to sustain 
biological activity and diversity. A 
reclamation specialist thinks of the soils 
abilities to filter and detoxify. The authors 
have adopted the definition to the left. 

 

The diagram below summarizes how 
indicators of soil functions are grouped 
into categories for discussion. This 
factsheet (Part I) will introduce physical, 
chemical and biological indicators of soil 
processes. Forage Fact #96 or Part II will 
describe the interactions and synergy 
between these indicator soil properties. 
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Part of a Series: This forage fact is one of a series produced during the Soils & Forages Courses Project .  

1. Chemical Indicators of Soil Health 
When we first think of soil health we most often think of its 
ability to supply nutrients for plant growth. Of the long list of 
possible soil chemical properties the soil quality field kit    
focusses on:  

 Soil organic matter (OM) 
 Soil nitrate 
 pH, acidity, alkalinity 
 Electrical conductivity (EC) & salinity 

  
Soil Organic Matter 
Soil organic matter is the source of available plant nutrients, 
which are released by decomposition by micro organisms. Soil 
organic matter plays a very important role in retaining nutrients 
and water in the rooting zone, rather than leaching down 
through the soil profile. A general measure of the organic mat-
ter can be estimated in the field using a soil color munsell chart. 

 
Soil Nitrate 
Soil nitrate or NO3

–  is the form of nitrogen that can be used or 
absorbed into the plant roots. The nitrate levels in the soil are a 
snapshot into a very dynamic, complex world of nitrogen      
cycling and soil microbial activity. Soil microbes convert organic 
matter from topsoil, crop residues or manure into this form of 
nitrogen. Spring soil nitrate tests can be useful to determine if 
management is effectively supplying enough N for growth. 

 
pH, Acidity & Alkalinity 
pH is the measure of the hydrogen ions or acidity (low pH) or 
alkalinity (high pH) of the soil.  It is important because it effects 
the activities of the microbes in the soil that convert plant nutri-
ents into forms available for the plant. Acid soils occur in the 
Peace where rainfall and moisture have moved the bases down 
through the soil profiles. Higher pHs occur when carbonates in 
the subsoil move up from lower down in the soil profile into the 
rooting zone. High pH soils also occur in the Peace closer to 
the mountains where limestone or dolomite have influenced the 
soil development. For more detail on the impact of pH, see  
Forage Fact 10: Field Liming Impacts Forages. 

 
EC,  Electrical Conductivity & Salinity 
EC or electrical conductivity is a measure of the amount of salts 
in the soil. While some salts are essential to plant growth, ex-
cess salts hinder plant growth. The more dissolved ions or salts 
that are in the soil water solution, the higher the EC, and the 
higher the salinity of the soil. The levels, that are considered 
acceptable for most plant growth and where few microbes are 
adversely effected, are from 0 to 0.8 dS/m. Grasses and leg-
umes vary in their tolerance to salts or salinity. Ratings can be 
found in the BC Rangeland Seeding Manual and in the Forage 
Seeding Webtool. 

Chemical Indicators in the Field 

   
 

Salt crystals in subsoil move up during drier periods. 

Carbonate smudges indicate a high pH in the subsoil. 

Organic matter % is higher in surface of profile. 

Various textures and colours of organic additions. 
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Part of a Series: This forage fact is one of a series produced during the Soils & Forages Courses Project .  

2. Physical Soil Properties Physical Indicators in the Field 

   
 The second thing we think of with a healthy soil, is its ability to 

receive and store water. Of all the soil physical properties, the 
soil quality field kit focusses on:  

 Soil texture 
 Soil structure 
 Bulk density 
 Infiltration 
 Soil aggregates 
 Slaking 

 

Soil Texture refers to the amounts of sand, silt and clay sized 
particles in the soil. It is important for water infiltration rates, 
water holding or storage and influences fertility. For example 
clay soils hold more moisture and nutrients. With practice and 
calibration, soil texture can be determined by hand in the field.  

 

Soil Structure is the arrangement of particles. It affects how 
roots penetrate and how water flows in the soil. Loose, friable 
and porous aggregates are the optimal for seed germination 
and root growth. Soil structure provides many clues about the 
processes that developed it such as wetting and drying, freez-
ing and thawing, rooting behaviour and soil animal activities.  

 

Bulk Density is the weight of a soil for a given volume. It is  
affected by particle sizes and how they are packed. High bulk 
density is an indication of compacted soils that restrict root 
growth and inhibit air and water movement. Typically soils in 
the Peace range from .9 to 1.7 g/cm2  (with .9 to 1.0 g/cm2 be-
ing ideal). Bulk density is required to convert nutrient lab results 
in ppm to lb/ac or % water by weight to % by volume or in/ foot. 

 

Infiltration is the ease and speed that water enters the soil. It is 
dependent on soil type, structure, moisture content and amount 
of aggregation. Tillage will often increase infiltration, while com-
paction and surface crusting will slow infiltration. Initial moisture 
content of the soil influences the rate that water enters the soil, 
so it is important that the initial test is done to bring the com-
pared soils to the same water %. 
  
Aggregate Stability refers to the vulnerability of several soil 
particles bound together (or soil aggregates) to external forces, 
such as water. Aggregation is important for improving water 
and air movement, improving physical environment for roots or 
microbes, protecting organic matter and decreasing erosion. 
Higher amounts of stable aggregates means higher soil quality. 
 
Slaking is the process of fragmenting when aggregates are 
immersed in water. It occurs when the aggregates are not 
strong or stable enough to withstand the stresses of rapid water 
intake. Slaking is affected by the soil moisture content, rate of 
wetting, texture, type of clay and organic matter content. The kit 
gives ratings of 0 to 6 with 0 to 3 being relatively unstable. 

Roots on outside coarse subangular blocky structures. 

Timing the rate of infiltration on a compacted soil. 

Selena Black demonstrates aggregate stability test. 

Slaking tests compare aggregates response to wetting. 



Compiled by:  Sandra Burton & Bill McGill in February 2016. 
With Contributions from: all station masters, mentors, participants of the soils & forages courses. 

Interactive Soils, Forages & Water Dynamics Courses Project Funded by:  
Shell Canada,  UNBC, Peace River Agriculture Development Fund 
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Key Messages 
Each of the soil properties in the Soil Quality Field Kit 
provides a relatively quick assessment of soil processes. 
The kit manual contains more detail about the methodology 
and interpreting the results. There are also several water 
quality tests that can be done to integrate the importance of 
the water into the agriculture ecosystem.  
 
The next factsheet in this series is Forage Fact #96: Soil 
Quality Field Kit Part II. It tackles the intricacies of the 
interactions amongst the soil property or indicators described 
here to get a more complete understanding of the processes 
and soil functions involved. 

Authors’ Favorites 

 
Or new photos from Bill 
McGill 

3. Biological Soil Properties 

Third but certainly not last are the biological soil properties that 
we need to consider. The soil quality field kit focusses on:  

 Topsoil depth & living organic matter 
 Rooting growth 
 Soil respiration 
 Earthworms 
 

Topsoil Depth is an indicator of nutrient supply and water stor-
age capacity for plant growth. Less topsoil or removal of topsoil 
causes soil fertility loss, decreasing water holding capacity and 
productivity. Smelling the topsoil as well gives an indication of 
health. An earthy smell is healthy while a sour or anaerobic 
smell is not. 
 
Rooting Growth is an indicator of the soil’s healthy functioning 
(revisit sidebar on page 1 for definition). Rooting depth can be 
influenced by compacted layers, solonetzic columnar structures, 
subsoil salinity, stony or bedrock layer, hard pan or frozen    
layers. Impeded roots indicate their stress by stunting, thicken-
ing and irregular shapes (see the photos to the left.) 
 
Soil Respiration is the production of carbon dioxide or CO2 
from biological activity by micro organisms, live roots, earth-
worms, nematods and insects in the soil. Biological activity in 
the soil is considered positive so high readings of CO2 indicate 
a lively healthy system; while 0 levels indicate no soil activity. 
 
Earthworms improve soil quality by increasing the availability 
of nutrients, accelerate the decomposition of organic matter, 
improve aggregation and porosity, suppress pests and diseas-
es, and enhance beneficial organisms. 10 earthworms or more 
per ft2of soil are considered good, and populations of up to 50 
per ft2 have been found in grasslands. 

Biological Indicators in the Field 

   
 

Bill McGill measuring soil respiration. 

Root growth with good & bad structure / compaction. 

Measuring topsoil depth during soils class 2012. 

Inside of an 
earthworm gut 

showing  
plant debris,  

soil particles & 
fungal hyphae. 


