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• Producing harvestable C is the main goal of agriculture 
• Crop residues are the major source of new C in agricultural 

soils 
 
 

Introduction 

 
 

Sustain long-term soil productivity 
 
 • rates and mechanisms of 

residue C decomposition 
• microbial regulation 
 
 

Presenter
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Producing harvestable C is our main goal, but it requires mining nutrients from the soil. Because crop residues provide the majority of C input in agricultural soils, understanding how management affects their decomposition and thus their contribution to soil organic matter is important for sustaining long term soil productivity. Decompositon is primarily regulated by microorganisms and thus studying microbial dynamics during crop residue decomposition will lead to a better understanding of how to promote susatinable soil management. 



 
 
 
 
 
 
 
 

• By manipulating residue placement we can alter the rate 
and perhaps pathway of C decomposition 

Introduction 
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C storage = C input – decomposition  

H. Janzen  

Presenter
Presentation Notes
We know that many of our agricultural soils have the capacity for additional C storage. The equation is simple, input-output = storage. By manipulating residue management, in the case of this particular study residue placement, we can alter the rate and perhaps the pathways of C decompositon.



Microbes are primary regulators of litter decay, but pathways 
of decomposition are only vaguely understood and poorly 
quantified 
 
 
 
 
 
 
Use of 13C enriched plant material allows us to track fate of C 
in various physical, chemical and biological pools 
         “stable isotope probing” 

Introduction 

 
 

Breton: triticale Swift Current: lentil 
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Presentation Notes
We know that microbes are primary regulators of residue dedcay, however the pathways that C follows during decomposition are not well understood.  What we do know is that how microorgnisms process residues affects not only the quantity but also the form (and perhaps quality) of C retained in the soil. The use of 13C in enriched plant material, we can track the fate of residue in various fractions of the soil organic matter as well as in the microbial biomass. This is known as stable isotope probing.



Background: Stable Isotope Probing 

• What is a stable isotope? 
 Common carbon isotopes: 12C, 13C, 14C 
 6 protons (6, 7 and 8 neutrons) 
 
 

• 12C and 13C are stable (non-radioactive) and occur 
naturally at a ratio of ca. 99:1 

 
 
 
 
 

 
• For our purposes 13C acts as a tracer. 

http://wordpress.mrreid.org/2011/03/23/ 

Presenter
Presentation Notes
A brief bit of information about stable isotope probing then, A stable isotope is an atom, in this case Carbon which has the same number of protons, but a different number of neutrons. Common carbon isotopes include 12C, 13C and 14C.  Perhaps the most familar of the C isotopes is c14 as it is radioactive and has often been used in teh past as a tracer. 12C and 13C however are stable (that is non-radioactive) isotopes which naturally occur at a ratio of approximately 99 to 1. So, 1 out of every 100 C molecules is 13C. We can manipulate or enrich the amount of 13c in an experiment, giving us the capacity to use it as a tracer to track the fate of C from one pont in time or space to another, which is what we have done in this experiment. 



Background: Stable Isotope Probing 

  
 
 Soil 

13CO2 

Extraction of PLFAs 

Quantification by GC-FID 

 13C/12C ratios by GC-IRMS 

assimilation of 13C into 
cellular components 

e.g. PLFA 

12CO2 + 
13CO2 

 

Whole soil 
13C/12C analysis 

Physical 
fractionation 

Chemical 
fractionation 

decomposition 

photosynthesis 

Presenter
Presentation Notes
Specifically, we grew barley plants to maturity in the greenhouse in these highly instrumented chambers. Periodically, we injected 99% enriched 13C CO2 into these chambers, at a concentration proportional to the rate of photosynthesis. Through photosynthesis the plants then incorporated the 13C into their tissues giving use a final concentration of about 10% 13C. We then add this enriched plant material to the soil and as it decomposes, some is incorporated into the biomass of soil biota, some is respired and lost as CO2. Eventually, the 13C tracer moves through the biomass and into different soil fractions and it is these pathways and pools that we are analyzing. In order to look at which microbes are using and retaining the 13C from the added residues, we tracked it into phospholipid fatty acids. 



SIP/Phospholipid fatty acid analysis 
Active populations: 
1. abundance 

2. microbial community structure 

 
http://www.emc.maricopa.edu/faculty/farabee/biobk/Bio
BookCELL2.html#The%20Cell%20Membrane 

Microorganisms metabolize C obtained from their 
environment (12C + 13C) 

Coupled with 13C-SIP, PLFA indicates functionally active 
components of the soil microbial community 
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PLFA are components of the cell membrane which can be used to indicate relative abundance and community structure of major functional groups within the microbial biomass in soil. By tracking the 13C label into the PLFA, we get a fingerprint of the functionally active decomposer community. This may include both primary decomposers of the crop residues as well as secondary orgnaisms that are utlizing the necromass or dead cells of other organisms. 



Objective:  
 
to determine the effect of residue placement on 
retention of 13C in the microbial biomass in humid 
and semi-arid climates  

Microbial utilization of residue carbon 
depends on placement and differs in humid 
and semi-arid climates 
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So now, getting to our experimental design. Our objective was to determine how residue placement (that is, surface placement vs. Incorporation) affects microbial utilization and retention of C in humid and semi-arid climates at Ottawa and Lethbridge.



Experimental Design 

 
Fall 2007, microcosms set up in transects  
     
Each transect (n=4) has 10 microcosms 
 
 
Barley residue (13C at ca. 10 atom %) added at a 

rate of 2 Mg C ha-1, either: 
 
a. incorporated (0-10cm) 
b. surface applied 
 
 

mixed residue surface applied residue



Experimental design 

Fall 
2007 

13C residue 
added 

20 yr? 

**Microcosms are 
amended annually in fall 
with non-labeled barley 
residue 

Spring 
2008 

Fall 
2008 

Fall 
2009 

Fall 
2010 

Microcosm 
destructive sampling 



Microcosm sampling 

• Microcosms (n=4) destructively sampled: 
 6 mo (spring 2008) 
 12 mo (fall 2008) 
 24 mo (fall 2009) 
 
• Cores divided into 2 depths: 
 0-5cm 
 5-10cm 
 
• PLFA analysis:  
 GC-FID, MIDI (quantitative) 
 GC-IRMS (13C/12C of 26 individual PLFAs) 



Experimental design: 

Basic Site characteristics: 
Ottawa:       humid 
            fine sandy loam 
                   MAP: 882mm; MAT: 5.8ºC  
 
 
Lethbridge: semi-arid 
            sandy clay loam  
            MAP: 386mm; MAT: 5.7ºC 
 

Spring 2008 

Spring 2008 
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Some very basic site characteristics include slight differences in soil texture, similar mean annual temperature, but very different levels of annual precipitation. 



Experimental design 

Spring 2008 

Basic Site characteristics: 
- similar mean annual 

temperature 
- very different temporal 

patterns of soil 
temperature 
 
 

- very different precipitation 
patterns 
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What this spedific temperature and moisture data from the experimental period reveal that MAT and MAP do nt necessarily is how different the climates are temporally. For example the top figure shows soil temperature at 10cm. During the winter period at Ottawa, they get a substantial snowfall early in winter which insulates the soil and temperature is maintained at around 0 degrees celsius. At Lethbridge however, snow cover is much less reliable due to lower levels of winter precipitation and frequent chinooks which blow in and melt the snow. As a result, soil temperatures dip well below freezing. Similarly, the precipation figure shows the accumulation of precip in the winter at Ottawa. By the end of the two year period, there was more than twice the cumulative precip at Ottawa compared to Lethbridge. 



Microbial abundance – 12C + 13C PLFA  

Ottawa Lethbridge 

• Higher fall biomass at Lethbridge than Ottawa 

• Significant biomass at 0-5 and 5-10 cm depths 

Presenter
Presentation Notes
Moving now to microbial biomas data we can see that there are some small differences between residue placment treatments. We have total PLFA (roughly equatable to biomass) on the y-axis and incorporated and surface applied treatments at the three different sampling times on the x-axis. So remember that residues were applied in fall and here we have microbial abundance the following spring, one and two years later in the fall at 0-5 and 5-10 cm depths. What is noticible is that biomass is somewhat surprizingly higher in the fall at the drier site and also thinking about the next slide, it is important to not appreciable biomass at the 5-10cm depth. 



Community structure – 12C + 13C PLFA  
Ottawa Lethbridge 

Ottawa: communities similar in season 1, major shift  by 24 mo. 
 
Lethbridge: strongest effects of season and depth 
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Presentation Notes
Same MRPP – Date at Ottawa, Date and Depth at Lethbridge



13C recovery in the microbial biomass  

Ottawa Lethbridge 

Incorporated: Highest recovery at 6 mo. 
     Little difference between sites  
 
Surface applied: Only 50% as much13C recovered 
         Negligible 13C recovery below 5 cm after 2 yr 
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Presentation Notes
Moving on to 13C labelled biomass (which is only a tiny fraction of the overall biomass, around one percent of total PLFA C), we can see that the highest recovery occurred at 6 months  and this recovery rate was approximately equal at both sites when residues were incorporated. However, when residues were left on the soil surface, recovery at Ottawa was consistently 50% of that in the mixed treatment while at Lethbridge decompositon appeared to proceed at a delayed rate with more of the 13C tracer in the following fall. Also very important to note was that even after 2 years, there was negligible recovery of the 13C from teh surface applied resiudes below 5 cm, indicating the the C remains very near to the surface, despite the presence of signficant bioamss at this depth. Therefore, they are not getting their C from residues. 



13C recovery in the microbial biomass  

• Initially, 13C labelled community structure highly variable 
• Stronger effect of depth at Lethbridge than at Ottawa  

Final stress = 11.4 Final stress = 11.8 

Presenter
Presentation Notes
Date was sig. at Ottawa, Date and Depth at Lethbridge.



13C PLFA Community structure: 24 mo. 

2 years after the application of the 13C label:  
• distinct community structure reflected earlier residue 

placement 
• there was a strong effect of depth at Lethbridge 

Ottawa Lethbridge 



Conclusion 

The effect of residue placement was: 
 
 site-specific with, 

 
 a gradual shift toward a defined community structure of 

the labeled microbial biomass that reflected whether 
residues had been incorporated into the soil or applied to 
the surface two years earlier. 

 



Conclusion 

13C 

12C0 

12C + 13C 

13C2mixed 

12C2mixed 

  
12C2surface 

13C2surface 

12C0 



Conclusion 

12C0 

12C + 13C 

12C2mixed 

  
12C2surface 

12C0 

13C 

13C2surface 

13C2mixed 



Implication 

Climate has a greater influence on microbial utilization of 
residues when they are placed on the surface than when 
they are mixed into the soil. 
 
• Consequently, residue C dynamics may show much 

higher-site-to-site variability in no-tillage systems than in 
conventionally tilled systems 
 

• This may explain why NT increases soil C in some cases, 
but not in others 
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