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PREFACE TO SOIL AND ENVIRONMENTAL 
BIOCHEMISTRY 
  

Traditionally biochemistry has been defined as the chemistry that deals with the life 

processes of plants and animals. The scientific discipline of soil biochemistry that has 

evolved follows this tradition. Many reactions and types of compounds investigated by a 

soil biochemist result from the activities of living tissue, e.g. microorganisms and plants. 

In addition, however, the study of soil organic matter, its origin and biochemical 

reactivities, are also included in the domain of soil biochemistry even though there may 

no longer be an association with any living system. The link between the biochemistry of 

a soil and its environmental impact is often very tight. To be a good steward of our soil 

resource requires us to integrate knowledge of soil, biochemistry and the environment.  

 

This course is designed to explore the concept that soil can be considered a tissue, 

containing many kinds of compounds to which biochemical techniques are applicable. J. 

H. Quastel proposed in 1946 that "the soil as a whole can be considered an organ 

comparable in some respects to a liver or a gland to which may be added various 

nutrients, pure or complex degraded plant materials, rain, air, and in which enzymatic 

reactions can occur. The products of these reactions are important steps in elemental 

cycles, in the percolation (movement) of iron and aluminum humates, in the formation of 



soil crumb structure, and in other processes. The notion here is that the soil biochemist is 

concerned more with what the microbes are doing in soil than with precisely what they 

are in respect to size and shape or the ingredients of taxonomic schemes" (In A. D. 

McLaren and G. H. Peterson, (eds.), Soil Biochemistry, Vol. 1, p. 2, Marcel Dekker, New 

York, 1967). 

 

Extensive literature exists concerning soil organic matter, reactions of the carbon, 

nitrogen, phosphorus, and sulfur cycles, inorganic biochemistry of soils, and the 

biochemistry of the plant-root rhizosphere. It is impossible to provide information 

concerning all aspects of soil biochemistry. Instead, specific topics are covered which are 

considered most important for a student of soil biochemistry to become familiar. Both 

introductory and in-depth material will be presented to stimulate the new student of soil 

biochemistry as well as those who may have already had more in-depth exposure to soils 

and biochemistry. Each section of this text begins with a short introduction stating the 

themes that will be covered along with a listing of classical papers or review articles that 

provide more detailed information on the topics to be discussed. 

 

The course is divided into eleven sections, the first of which provides a definition of soil 

biochemistry and its scope of influence. This section also introduces the important 

microsite or microenvironment concept. Section II discusses soil enzyme reactions and 

enzyme kinetics. The flow of nutrients through the soil is a result of the activity of the 

microbial biomass that is the topic of Section III. Sections IV through VII deal with the 

cycling of the major microbial and plant nutrients. The biochemistry of carbon (Section 

IV), nitrogen (Section V), and phosphorus and sulfur (Section VI) divide the material into 

logical units of study. Section VII focuses primarily on the oxidation-reduction reactions 

of metals in soils and the study of iron-binding siderophores. 

 



The last four sections deal with selected topics of interest to the soil biochemist. These 

topics currently receive much attention because of their relationship to critical 

environmental and technological issues. The degradation of xenobiotics in soil (Section 

VIII) will investigate the relationship between the structure of a chemical and its 

degradation in soil and some of the ecological aspects of applying xenobiotics to soil. 

Section IX describes the production of biologically active compounds in soil such as 

plant hormones, allelopathic compounds, and antibiotics. The activity and survival of 

these compounds greatly influences the overall biochemistry of the soil. The fate of 

genetic material (Section X) will address the sources and fate of nucleic acids in soil. 

Techniques to extract and probe soil DNA and RNA will be introduced. The last section 

(XI) will focus on the plant root rhizosphere and its influence in augmenting many 

important biochemical reactions as well as controlling the immediate environment in 

which a plant grows. 

 

Although prepared primarily for the soil scientist and students of biochemistry, 

microbiology, forestry, horticulture, plant pathology, organic geochemistry, and 

environmental science, others dealing with biochemical processes in soil will benefit 

from this text. My hope is that the information presented will provide a spark of interest 

in you, the reader, and will pave the way to better understanding of soil biochemistry and 

its impact on the environment. The goal is that you will be able to create a more 

productive soil and with a reduction in negative environmental impacts. 



 

 

 

 

 

 

 
I.  SOIL BIOCHEMISTRY: ITS DEFINITION AND 

SCOPE 
 

Required Reading: 
 
Sexstone, A.J., N.P. Revsbech, T.B. Parkin and J.M. Tiedje. 1985. Direct measurement of 
oxygen profiles and denitrification rates in soil aggregates. Soil Sci. Soc. Am. J. 49:645-651. 
 
Qureshi, R.H., D.A. Jenkins and R.I. Davies. 1978. Electron probe microanalytical studies of 
phosphorus distribution and soil fabric. Soil Sci. Soc. Am. J. 42:698-703 
 
 
Suggested Readings: 
  
McLaren, A. D. and G. H. Peterson. 1967. Introduction to the biochemistry of terrestrial soils. p. 
1-15. In A. D. McLaren and G. H. Peterson (eds.), Soil Biochemistry. Marcel Dekker, New 
York. 
 
Foster, R. C. 1981. Polysaccharides in soil fabrics. Science 214:665-667. 

 

The soil biochemist is concerned with the integration of two vast areas of study: soils and 

biochemistry. Physically a soil is a porous aggregate of mineral particles containing a small 

amount of organic material and living organisms. Contained within the soil pores are the soil 

gases and water. A silt loam surface soil has approximately 50% of its total volume as solids and 

50% as pore space. Only 5% of the total soil volume (10% of the solid volume) is made up of 

carbon-derived material that is the element upon which our biochemical system is built. 



However, the importance of this fraction is much greater than its size would first indicate. The 

majority of soil biochemical reactions deal primarily with the organic fraction. 

 

The organic fraction of soil serves as a storehouse of essential nutrients for plant and microbial 

growth, is a major source of energy for microorganisms, and plays an important role in 

determining soil structure. Soil organic matter consists of (i) newly deposited organic materials, 

(ii) partially decomposed organic materials, (iii) the more chemically resistant humus, and (iv) 

the microbial biomass. The biochemical reactions associated with the organic matter fraction are 

greatly affected by shifts in environmental factors. The environmental factors that affect the 

soil's biochemistry are described below. 

 

The pore space occupied by air and water will vary, but at optimum moisture for plant growth 

40% of the pore space contains water. As water interacts with the solid portion of the soil, it 

brings about various reactions resulting in the “soil solution”. It is from the soil solution that 

plants and microorganisms obtain their essential nutrients. The soil solution cannot be 

specifically defined because it is in a constant state of flux and large variations in the 

composition of water located in different places in soil occurs. Generally, it can be considered a 

rather weak salt solution on the order of approximately 0.01 molar in concentration. 

 

The soil pore volume not occupied by water is occupied by air with the larger pores being most 

important in controlling soil aeration. The composition of the soil air depends on the soil 

biological activity and the rate at which the air is exchanged with the atmosphere. The average 

atmospheric volume concentrations of N2, O2 and CO2 gases are approximately 79%, 21%, and 

0.03%, respectively. The soil atmosphere is often enriched in CO2 due to liberation of CO2 

during microbial respiration. Concentrations exceeding 100 times that of CO2 in the atmosphere 

have been reported. In waterlogged soils or in the center of large aggregates, O2 may be 

completely consumed and anaerobic (without oxygen) conditions exist. As a result, anaerobic 



processes may be considered in soils even though the soils are considered well aerated. 

 

Oxidation-reduction (redox) potentials, pH, and temperature are other physical and chemical 

properties of soil that affect its biochemistry. The redox potential (Eh) is the measure of a 

substance to donate or accept electrons. It is directly affected by oxygen concentration and is also 

correlated with pH. A redox reaction is really a composite of two separate half-reactions. One-

half of a redox reaction consists of a reducing agent that is an electron donor and transfers its 

electrons to an electron acceptor. The other half consists of an oxidizing agent that receives its 

electrons from the electron donor. In soil only a narrow range of redox potentials are possible 

because of the instability of water in strong oxidizing or reducing conditions. The redox potential 

of a soil as a whole is measured with an ordinary pH meter by combining the use of a platinum 

electrode with a glass electrode. Whole soil Eh values have little meaning, however, because 

redox potentials may vary widely over short distances. The presence of various reduced chemical 

species in soil is often a better indicator of the redox status of a soil than measured Eh values. 

 

The term pH is defined as the negative logarithm of the hydrogen ion activity in solution. It is the 

pH that controls many of the important variables in soil such as the size and nature of the 

microbial community, the composition of the soil solution, the composition of the soil organic 

matter, and the activity of enzymes. The measurement of soil pH is one of the most common and 

important analytical techniques in soil biochemistry. The pH of a soil can range from 

approximately 2 in very acid mine soils to greater than 8 in sodic soils. 

 

It has often been observed that the optimum pH of an enzyme is 0.5-2.0 units higher when 

assayed in soil as compared to that in solution. Hydrogen ions, as well as other positively 

charged ions, are attracted to the negatively charged surfaces of clay and organic matter. The net 

result of this increased hydrogen ion concentration is a lower pH for that microenvironment. This 

change in pH may extend from 50 to 150 x 10-10 meters into the soil solution. Since many of the 



biochemical reactions, such as enzyme reactions, occur near clay and organic matter surfaces, 

and the pH of this microenvironment is lower than the pH measured for the soil solution by glass 

electrode, a difference in optimum pH values for reactions occurring in soil or solution will be 

observed. 

 

Biological processes are also controlled, in part, by temperature. Temperature plays an important 

role in controlling the growth and activity of microorganisms, volumes of gases, redox 

potentials, and diffusion of solutes and gases. The temperature of the soil is controlled primarily 

by the amount of radiant energy which strikes the surface and soil moisture. The rate of any 

chemical reaction is increased when the temperature is raised. An equation which relates the rate 

of a chemical reaction to temperature was first proposed in 1889 by Svante' Arrhenius. 

Biological activity can occur in soils at greater temperature extremes than would be expected in 

studying isolated systems. For example, urease activity has been observed in laboratory studies 

in soils maintained at -20 C. This observation was explained on the basis of the reaction taking 

place in water films that had not been frozen and which surrounded the surface of soil particles. 

 

Microbial Component of Soil. The microbial biomass comprises approximately 1 to 4 percent of 

the total organic matter in soil. The microbial cell in soil can be viewed as being in a dynamic 

state, adapting to shifts in the environment. The environmental accommodations are frequently 

less than optimal for microbial growth resulting in small round cells that may be viable but not 

actively dividing. This nongrowing population has an increased ability to survive the starvation 

conditions commonly found in soils and functions at a very low metabolic rate. This low but 

relatively constant background level of activity is very important as it defines a vast array of 

different biochemical reactions that may be expressed in the soil. 

 

The majority (80% or more) of microorganisms cannot survive the transfer from the soil onto 

culture medium making it difficult to assign a specific function to a specific organism in the soil. 



The soil biochemist, therefore, is not so much interested in an accurate description of each of the 

species of microorganisms in the soil but the biochemical activity that they express. Therefore a 

major theme throughout this book is to understand the distinction between microbial presence 

and microbial activity. Microbial presence is highly localized in soil. The soil physical and 

environmental factors that define a specific locality bring about activity that cannot be duplicated 

in a replicated laboratory experiment. 

 

Microsite Concept. Soil chemical, physical and biological properties can vary considerably 

between soil samples. This occurs not only between soils from different mapping units but soils 

collected from within a small unit area. What generally is measured when a soil is investigated is 

the sum of reactions at individual locations, or microsites, within the soil volume. However, to 

obtain an understanding of soil biochemistry, one must have an understanding of the variation of 

activity that can occur from one microsite to another. Two examples may help to illustrate this 

point. Carbohydrates constitute between 5 and 10 percent of the soil organic matter. Yet it has 

been shown that carbohydrate that is added to soil is rapidly degraded. How then is the 

carbohydrate content maintained in the soil? Also the process of denitrification, which is the 

production of nitrogen gases from nitrate, is considered an anaerobic process. Yet it can often be 

observed in soils that are not waterlogged. Protection of compounds, such as carbohydrates and 

specific biochemical reactions may occur at microsites within the soil volume that cannot be 

studied as isolated occurrences. 

 

Many biochemically active microsites are contained within soil aggregates. Within and 

continuous to the surface of an aggregate is a network of pores of various sizes. The larger pores 

may contain microbial cells and, if continuous to the aggregate exterior, may be greatly 

influenced by exterior conditions such as oxygen and water content. In smaller pores organic 

matter in the interior of the aggregate may be protected from being degraded because it is 

physically separated from the microorganisms that act as the breakdown agents. It is only upon 



mechanical disruption of the aggregate that the organic matter becomes exposed and may be 

degraded. Electron micrographs have also shown that microorganisms are not evenly distributed 

within the soil matrix but tend to congregate around plant roots and old plant remnants. Thus 

even within a larger pore, all the necessary prerequisites for a particular biological reaction to 

occur may exist but, because of a lack of microorganisms at the microsite, the reaction will not 

take place. 

 

Nutrient Cycling Concept. "From ashes to ashes, dust to dust" is as old as Genesis. The cycling 

of nutrients within nature must occur to prohibit the eventual formation of large pools of 

compounds containing one or more of the life-giving nutrients. Of foundational importance is the 

cycling of carbon. Microorganisms are constantly releasing the energy tied up in the carbon-

hydrogen bond so that they can harness this energy for their own growth and reproduction. 

Although not exclusively dependent on the carbon cycle, the cycling of nitrogen, phosphorus, 

sulfur, and several metals are often based on the transformations of carbon. 

 

Cycling of nutrients can be considered on a global scale. Here we consider the flow of the 

nutrient through all the various environments; soil, water, and air. We will restrict ourselves in 

this discussion, however, to the cycling of nutrients within or affected by soil. Several factors 

affect the cycling of nutrients in soil. Parent material composition, climate, and activities of man 

(cultivation, fertilizer additions, pollution, etc) all perturb the system causing changes in the rate 

of cycling and in pool sizes of individual compounds of each nutrient. 

 

Approaches on how to study nutrient cycling can also be varied. One approach is to measure 

sizes of each of the individual pools in which a nutrient may reside and to evaluate how various 

factors affect the size of the pools and the transfer of nutrients from one pool to another. The use 

of computer models is a valuable aid in integrating all the processes involved. A second 

approach is to study the mechanisms of the individual reactions, themselves. Whatever the 



approach used, the goal remains the same and that is to better understand how nutrients behave 

in soil so that they can be better managed for production of food and fiber and to improve the 

overall quality of life. 


