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Short communication 

Separation of Microbial and Root Respiration 

E.A. Paul & F.L. Warembourg 

Tracers, such as 14c, which can be used to follow the fate of photo­
synthesized carbon through the plant-soil-system should make feasible 
the separation of root and microbial respiration without unduly disturb­
ing the system. There is a slight delay in respiration of 14co2 by roots 
after pulse labelling above ground plant portions, with a longer delay be­
fore microbial evolution of 14co2 from exudates or sloughed root mate­
rials becomes important. Labelling above ground portions by exposure to 
14co2 in a temperature controlled canopy with a silicone-sealed parti­
tion to exclude soil or root C02 (Warembourg & Paul, 1973) results in 
translocation of the photosynthate to the roots . Here it may be respired, 
laid down during growth or exuded. Exudates, sloughed materials and 
dead roots will be decomposed at varying rates resulting in a slow ex­
tended liberation of 14c. Organisms feeding directly on labelled internal 
solutes probably could not be differentiated. 

The time course of 14co2 evolution after pulse labelling (F . Warem­
bourg, unpublished data) indicated a 4-6 hour delay between initial expo­
sure and active evolution of the tracer by the roots. The 14c is evolved 
in increasing proportions during the labelling period. At cessation of 
14C exposure and reexposure to 12c, the 14c content of respired co2 
drops in a curve analogous to its rise resulting in a bell shaped curve for 
activity. The presence of microorganisms or exposure to plants in soil 
yields extended periods of 14C evolution which can be quantified. 

The above concept was tested by comparison of sterile and non-ster­
ile root systems and by addition of exudate from sterile plants exposed 
to 14co2 to non-sterile plants growing in a 12c atmosphere. The time 
sequence of root and microbial respiration was demonstrated with the in­
creased activity over longer periods, or a second peak of activity being 
attributed to microbial respiration. 

In the field, differentiation is more difficult for the above and below 
ground plant parts can not be so easily separated . However, sampling 
wells can be inserted at various depths in the soil. The air in these 
wells is analyzed for total co2 by gas chromatography and 14co2 by 
scintillation counting, this makes it possible to utilize the time sequence 
of 14co2 evolution to estimate the source of the respired co2. 

Reference 

Warembourg F.L. & Paul E.A. 1973. The use of 14co2 canopy techniques for measuring carbon 
transfer through the plant-root-soil system. Plant & Soil (in press). 

274 

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 274

	Issue Table of Contents
	Bulletins from the Ecological Research Committee, No. 17, Modern Methods in the Study of Microbial Ecology (1973), pp. 1-512
	Front Matter
	Preface [pp. 9-10]
	Introductory Session
	Problems and Perspectives in Microbial Ecology [pp. 13-16]
	Techniques to Study Interactions between Microorganisms and Clay Minerals in vivo and In vitro [pp. 17-28]
	Techniques for the Study of Soil Fungi [pp. 29-36]
	Parasitic Soil Microorganisms [pp. 37-44]

	Techniques for the Observation of Microorganisms in Soil and Water
	The Use of Capillary Techniques in Ecological Studies of Microorganisms [pp. 47-52]
	The Use of Fluorescence Microscopy for Counting Soil Microorganisms [pp. 53-59]
	Microbial Ecology as Studied by Luminiscence Microscopy in Incident Light [pp. 61-65]
	Fluorescent Antibody Techniques for the Study of Microbial Ecology [pp. 67-76]
	A Spectrophotofluorometric Method for Studying Algae in Soil [pp. 77-84]
	Direct Electron Microscopic Techniques for the Observation of Microorganisms in Soil [pp. 85-92]
	The Rhizosphere of Wheat Roots Studied by Electron Microscopy of Ultra-Thin Sections [pp. 93-102]
	A Method to Study Microorganisms on Surface Films from Soil Particles with the Aid of the Transmission Electron Microscope [pp. 103-108]
	Scanning Electron Microscopy in the Study of Terrestrial Microbial Ecology [pp. 109-118]

	Short Communication
	The Use of the Fluorescent-Antibody Technique to Study the Ecology of Bacillus subtilis in Soil [p. 119-119]

	Isolation and Characterization of Microorganisms
	The Roll-Tube Method for Cultivation of Strict Anaerobes [pp. 123-126]
	Numerical Methods in Automatic Identification of Microorganisms [pp. 127-133]
	Description and Comparison of Microbial Populations in Ecological Studies with the Aid of Factor Analysis [pp. 135-141]
	Submicroscopic Forms in Marine Muds Isolated by a Density Gradient Method and Studied by Electronmicroscopy [pp. 143-149]
	A Two-Dimensional Steady-State Diffusion Gradient for Ecological Studies [pp. 151-158]

	Short Communication
	Ecology and Isolation of Bacteria Growing on Natural Hydrocarbon Gases [pp. 159-165]
	Isolation of Chemoautotrophic Nitrifiers from Moroccan Soils [pp. 166-167]
	Estimation of Actinomycete Spores in Air [pp. 168-169]
	The Use of Spontaneous Antibiotic Resistant Mutants for the Ecological Study of Rhizobium [pp. 170-171]
	Importance of the Temperature Factor in the Study of Cold Soils Microbiology [pp. 172-173]
	Linear Cultivation in Automation of Identification Procedures in Microbiology [pp. 174-175]

	Techniques for the Determination of Microbial Activity in Relation to Ecological Investigations
	Compatibility of Microbial Measurements [pp. 179-188]
	Microcalorimetry in the Study of the Activity of Microorganisms [pp. 189-197]
	Radiorespirometric Methods in Measurement of Metabolic Activities in Soil [pp. 199-206]
	Using Kinetic Analyses of Uptake of Carbon-14 to Measure Rates of Movement of Individual Organic Compounds into Aquatic Bacteria [pp. 207-214]
	The Use of ATP Determinations in Ecological Studies [pp. 215-222]
	The Use of the ATP Assay in Terrestrial Decomposition Studies [pp. 223-234]
	Dehydrogenase: An Indicator of Biological Activities in Arid Soils [pp. 235-241]
	An Isotopic Technique for Measuring the Autotrophic Activity of Soil Microorganisms in situ [pp. 243-246]
	Assaying Nitrogenase (C₂H₂) Activity in the Field [pp. 247-254]
	Kinetics of Nitrogen Fixation and Acetylene Reduction, and Effects of Oxygen and of Acetylene on These Processes, in a Soil System [pp. 255-262]
	The Use of Gas Chromatography for Studies of Denitrification in Ecosystems [pp. 263-268]

	Short Communication
	Seasonal Variation in Microbial Activity [pp. 269-270]
	Investigations on the Extraction of Adenosine Triphosphate from Soils [pp. 271-273]
	Separation of Microbial and Root Respiration [p. 274-274]
	An Autoradiographic Technique to Observe Uptake and Utilization by Microorganisms of Carbon-14 Derived from Labelled Herbicides in Soil [pp. 275-276]
	Comparison of Two Techniques for Assessing Denitrification in Terrestrial Ecosystems [pp. 277-278]
	Autoradiographic Techniques in Studies on the Decomposition of Plant Residues Labelled with Carbon-14 [pp. 279-280]
	Selective Inhibition as a Method for Estimation of the Relative Activities of Microbial Populations in Soils [pp. 281-282]

	The Estimation of Microbial Growth Rates under Natural Conditions
	Microbial Growth Rates in Nature [p. 285-285]
	The Viability of Very Slow-Growing Populations: A Model for the Natural Ecosystem [pp. 287-292]
	Turnover of Microbial Populations and Their Metabolites in Soil [pp. 293-301]
	Determination of Bacterial Growth Rates in Tundra Soils [pp. 303-309]
	An Attempt to Measure the Growth of Indigenous Aquatic Bacteria by the Technique of Semi-Continuous Cultures on Membrane Filters [pp. 311-315]
	Autoradiographic Techniques to Detect Active Microbial-Cells in Natural Habitats [pp. 317-322]
	Estimation of Mycelial Growth during Decomposition of Plant Litter [pp. 323-328]
	The Use of a Selective Medium to Study the Ecology of Pseudomonas spp. in Soil [pp. 329-335]

	Short Communication
	A Fluorescent Antibody Technique for Determination of Growth Rates of Bacteria in Soil [pp. 336-338]
	A Culture-Chamber for the Observation of Cell Growth [p. 339-339]
	An Apparatus for Measuring the Growth of Bacteria in a River [pp. 340-341]
	Some Precautionary Comments on the Romanenko Technique for Estimating Heterotrophic Bacterial Production [pp. 342-344]

	Models Systems
	The Chemostat as a Model System for Ecological Studies [pp. 347-355]
	The Microstructure of the Elementary Microbial Ecosystems [pp. 357-365]
	Ochromonas: A Model System for the Study of Phytoflagellate and Algal Secretion into the Environment [pp. 367-370]
	Continuous Cultures of an Alga and Its Grazer [pp. 371-377]
	Population Dynamics of Bacteria and Protozoa Associated with the Decay of Organic Matter [pp. 379-386]
	Educing the Functional Relationships among the Diatom Assemblages within Sublittoral Salt Marsh Epiphytic Communities [pp. 387-397]

	Short Communication
	Microbial Oxidation of Ammonium in a Continuous Flow System [pp. 398-399]
	On the Question of Growth Yields of Natural Heterotrophic Populations [pp. 400-401]
	A Laboratory Model for the Study of the Ecological Significance of Extracellular Enzymes [pp. 402-404]

	Mathematical Models and Systems Analysis in Microbial Ecology
	Decomposition: Models and the Real World [pp. 407-415]
	Mathematical Modelling of Microbial Populations [pp. 417-426]
	A Vector Biochemical Approach to Consecutive Reactions of Nitrogen in Soil [pp. 427-431]
	Measures of Rank Distances Followed by Repeated Clustering and Tests of Rank Correlations in the Study of Biological and Chemical Data from Tropical Forest Soils (Ivory Coast) [pp. 433-442]
	Are Modelling Approaches Useful in Rhizosphere Biology? [pp. 443-450]

	The Traditional Plate Count Technique among Modern Methods
	Chairman's Summary [pp. 453-454]

	Problems of Assessing the Effect of Pollutants on Microorganisms
	Problems of Assessing the Effect of Pollutants on Microbial Activity [pp. 457-463]

	Short Communication
	Effect of Selected Pollutants on the Specific Growth Rate and Extracellular Enzyme Synthesis of Aeromonas proteolytica [pp. 464-466]
	Detection of Micropollutant-Accumulating Microbes by Autoradiography [pp. 467-469]
	A System for Evaluating Effects of Pesticides on Soil Microbial Activity [pp. 470-472]
	Rapid Techniques for the Assessment of the Effect of Herbicides on Soil Microorganisms and Cellulolytic Activity [pp. 473-474]
	The Effect of Different Pollutants on Microbial Activity Studied in Soil Model System [pp. 475-476]
	Sulphate Reduction in Pollution Processes [p. 477-477]
	Chairman's Summary of the Panel Discussion [pp. 478-479]

	Problems in Extraterrestrial Life Detection
	Problems in Extraterrestrial Life Detection [p. 483-483]
	Life Detection by Gas Chromatography-Mass Spectrometry of Microbial Metabolites [pp. 485-488]
	Martian Life Detection Based on in situ Gas Analysis [pp. 489-497]

	Back Matter



