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Outline of presentation  

 What is soil organic matter (SOM) and why is it so 
important 
 

 Past management 
 Forest clearing and cropping effects on soil organic 

matter levels 
 

 Present management: Long-term studies of 
decomposition of crop residues and C stabilization 
in soil (soil C sequestration) 
 Tillage practices 
 Cropping practices 

 

 Future management: Implications of crop residue 
removal for: 
 Biofuels, bioproducts 
 Biochar 



SOM improves all soil properties 

 Physical 

 

 Chemical 

        

 Biological 

SOM: inherited from the past 10,000 yr of soil 
formation;  
f (climate, parent material, vegetation, 
topography, time) (Hans Jenny, 1941) 



SOM improves soil properties for plants 

 Physical:  
 Central role in aggregation and soil structure: 

enhances soil tilth and resilience to compaction 

 Reduces bulk density and increases porosity 

 Increases water infiltration rates, aeration status 
and water holding capacity 

 

Soils from organic (right) 
and conventional (left) 
research plots are very 
different in appearance 
due to the increase in SOM 



 Chemical:  

 Storehouse of plant 
nutrients  

 Macronutrients in 
organic form (N, P, S)
  

 Cation (+) anion (-) 
exchange capacity 

(4X more than clay) 
    
     

 Organo-mineral 
complexes 

(SOM stuck to minerals) 

 

SOM improves soil properties for plants 

100-200 kg N/ha/yr 
10-20 kg P/ha/yr 



SOM improves soil properties for plants 

 Biological: 

  Provides substrates (energy and nutrients) 
to support a large, biomass of soil 
organisms  

 

 

 

 



Soil Food Web 



Global Carbon Reservoirs 

Carbon 
reservoirs 

ppm 109 Mg carbon 

Atmosphere 

   1850 260 560 

   1986 360 760 

   2010 388 820 

October 2016 401.6 864.5 

Ocean  

   Carbonates 20 x 106 

   Organics 3,600 

Land 

   Biota 500 

   SOM 1,500 

   Fossil fuel 10,000 



Soil organic matter (SOM) levels: 1 - 5% 

 How much organic 
matter is in soil in the 
surface 30 cm of a 
hectare? 

 At a 4% SOM content 
= 160,000 kg ha-1 

 

 Given that SOM is 
~58% SOC, then 
quantity of SOC =  

 93,000 kg ha-1 
 

  [Assumes that the mass of 
soil = 4,000,000 kg/ha] 

 

 
 

 

 



Soil organic matter (SOM) 

‘Average’ soil (ha-1): 

100,000 kg organic C 

10,000 kg organic N 

 2,000 kg organic P 

 

 

 

 

 



What is SOM in mineral soils? 

SOM is: 
 Anything that is or once was living- 

recognizable structures: 
Plant and animal residues in various 
stages of decay  (10-15%)   
  

Cells and tissues of soil organisms, the 
soil microbial biomass  (5-8%)  
  

 Plant residues measured by hand picking, 
sieving, sedimentation (light fraction)  
  

 Microbial biomass by fumigation extraction- 
biomass C, N, P, S     
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What is SOM in mineral soils? 

SOM is: 

 Biopolymers released during decay of plant 
and microbial residue  

 Plant and microbial carbohydrates, proteins, 
lipids, lignins, etc.  

         
         
  

 
 

 
 

 



What is SOM in mineral soils? 

SOM is: 

 Biopolymers released during decay of plant 
and microbial residue  

 Plant and microbial carbohydrates, proteins, 
lipids, lignins, etc.  
 
 stabilized by adsorption to        

surfaces of soil minerals 
 stabilized by protection     

 within soil aggregates 
 soil matrix slows reactions 

 

         
         
  

 
 

 
 

 

Tisdale and Oades (1982) 



What is SOM in mineral soils? 

SOM is: 

 Biopolymers released during decay of plant 

and microbial residues   

 40- 100% of total soil organic matter 

 

 Chemistries of these biopolymers and their 

degradation products are well understood 
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What is SOM in mineral soils? 

SOM is: 

 Humic substances formed abiotically from 

the products of microbial decay (0 – 50%) 

 Brown - black coloured, spongy 
amorphous material  

 High molecular weight (1000 Da) 

 Chemically-complex 

 1000s yr mean residence time   
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Roth C model 

 

 
Pool Proportion 

of total % 
Decay 
rate yr-1 

T1/2 yr 

Microbial 
biomass 

1.1 0.41 1.69 

Physical 
stab.  

47.5 0.014 49.5 

Chemical 
stab. 

51.3 0.00035 1980 

(Jenkinson and Rayner, 1977) 



Past management in southern Ontario 

 Forest clearing and cropping effects 

 Land cleared in mid-1800s and planted to 
pastures, for dairy, and for cereal production 

 Soil organic matter levels not an important 
concern 

 

 



Why don’t we hear more about SOM levels 

in southern Ontario 

 

 Effects of losses of SOM are not as 
dramatic as those resulting in prairie dust 
storms  

(There were dust storms during the ’30s on the 
tobacco sands) 

  

 Southern Ontario has a favourable climate 
for crop production 



Long-term studies of tillage and cropping effects 

 on crop residue decay and SOC turnover 

 Changes in soil organic matter levels 

 SOM is relatively large pool  

 Difficult to detect changes due to soil variability 

 Changes in SOM distribution in profile 

 Changes in soil bulk density 
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 Measure total N instead! 

 



Long-term studies of tillage and cropping effects 

 on crop residue decay and SOC turnover 

 Changes in soil organic matter levels 

 SOM is relatively large pool, therefore difficult to 
detect changes due to soil variability 

 Changes in SOM distribution in profile 

 Changes in soil bulk density 

 

 Delta 13C studies (switch from C3 crop to C4 
crop) 

 Delta 13C/ 12C of C3  = -26; C4 = -12 

 

 



Long-term studies of tillage and cropping effects 

 on crop residue decay and SOC turnover 

 Changes in soil organic matter levels 

 SOM is relatively large pool, therefore difficult to 
detect changes due to soil variability 

 Changes in SOM distribution in profile 

 Changes in soil bulk density 

 

 Delta 13C studies (switch from C3 crop to C4 
crop) 

 Delta 13C/ 12C of C3  = -26; C4 = -12 
 


14C enrichment studies 

 



Long-term tillage and cropping experiment 

at Delhi, Ontario set out in 1990 



14C-labelled crop residues were prepared in situ by applying repeated  

pulses of 14C-CO2 to the plants 12 times over the growing season  



Hypothesis #1: ‘Tillage fuels the fires of 
decay’ 

alters: 
 
  decay rate of crop residues 

 
  proportion of residue becoming stabilized 

SOM 
 

  decay rate of stabilized SOM 
 

                                  



Hypothesis #1: ‘Tillage fuels the fires of 
decay’ 

alters: 
 
  decay rate of crop residues 

 
  proportion of residue becoming stabilized 

SOM 
 

  decay rate of stabilized SOM 
 

                 Different mechanisms 
controlling each process                 



Hypothesis #2: Conservation tillage ‘per se’ 
increases SOM levels 

Good reasons to adopt conservation tillage 
methods: 

 erosion control 

 conservation of soil moisture  

 less fuel consumption 

 timeliness of farming operations 



Total SOC at Delhi, ON under continuous corn 

cropping after 6 yr of no-tillage (g m-2 ) 

Soil 
depth                           
(cm) 

Tobacco/ 

rye 
Corn CT 

Corn 
NT 

Forest 

0 - 5 456 427 465 2083 

5 - 10 427 402 382 420 

10 - 15 405 420 378 244 

15 - 30 633 778 681 524 

30 - 50 402 310 305 397 

Total 2324 2338 2211 3668 

38% decline 



Total SOC at Elora, ON under continuous corn 

cropping after 29 yr of minimal-tillage (g m-2) 

  

 

Soil depth                           
(cm) 

CT MT Forest 

0 - 5 1224 1347 2784 

5 - 10 1251 1385 1982 

10 - 15 1245 1469 1921 

15 - 30 2366 2159 3798 

30 - 50 1131 806 2698 

Total 7217 7167 13184 

45% decline 



Congreves et al., 2014  

Forest conversion to cropland 



Congreves et al., 2014 

Tillage vs no-tillage 



Congreves et al., 2014 

Rotational cropping vs continuous corn 



Crop inputs* (Mg C ha-1) at Delhi, ON 

Crop Above-
ground  

residues 

Roots 

 

Extra-
root 

(soil) 

Total 
annual C 

input 

Corn 2.78 1.50 0.20 4.48 

Winter 
wheat 

1.47 1.06 0.37 2.90 

Soybeans 1.60 1.45 0.29 3.34 

Winter 
rye 

1.63 1.33 0.44 3.40 

Tobacco 0.68 0.87 0.12 1.67 

*Estimated from the distribution of assimilated 14C-CO2 at harvest 



Decay of 14C-labelled above- and -below ground 

crop residues during the first 3 yr at Delhi, ON 

Location Labile  Corn Soy 

bean 

Winter 
wheat 

Fall 
rye 

Tobacco Mean 

Above- 

ground 

% 72 77 75 77 72 75 

T½ 
(yr) 

 

0.48 0.39 0.36 0.36 0.55 0.43 

Below- 

ground 

% 73 65 71 73 66 70 

T½ 
(yr) 

 

0.52 0.34 0.53 0.52 0.50 0.48 

Below-ground labile-C: 7% smaller; decay rate 12% slower 



Corn Stover Decomposition
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Decay of the labile component of  

above-ground crop residues 

Tillage Labile  Corn Soy 

beans 

Winter 
wheat 

Fall 
Rye 

Tobacco Mean 

CT % 84 82 81 80 79 81 

T½ (yr) 

 

0.49 0.20 0.43 0.48 0.45 0.41 

RT % 75 75 70 70 71 72 

T½ (yr) 

 

0.52 0.30 0.57 0.64 0.64 0.53 

Under RT: labile-C 11% smaller; decay rate 29% slower 



Decay of the resistant component of  

above-ground crop residues 

Tillage Resistant  Corn Soy 

beans 

Winter 
wheat 

Fall 
Rye 

Tobacco Mean 

CT % 16 18 19 20 21 19 

T½ (yr) 

 

10.3 8.7 9.4 7.7 8.6 8.9 

RT % 25 25 30 30 29 28 

T½ (yr) 

 

9.0 7.2 7.7 6.7 7.1 7.5 

Under RT: resistant-C 47% larger; decay rate 16% faster 



Changes in SOC content (0-50 cm) at Delhi, ON 

after 15 yr due to changes in crop C inputs 

Tobacco
/w. rye 

Soybeans/
w. wheat 

 

Cont. 
corn 

Annual crop 
residue inputs 

(Mg C ha-1) 

2.54 3.12 4.48 

Soil organic C 29.68 31.13 33.22 

C input/SOC 0.08 0.10 0.13 



Soil profile δ13C of 

SOM after 11 yr 

continuous corn 

following 

tobacco/rye under 

CT and NT 



Corn-derived C in SOC (g m-2) at Delhi, 

ON after 11 yr continuous corn cropping 

Soil depth (cm) CT NT 

0 – 5 162 361* 

5 – 10 156 * 80 

10 – 15 163 * 41 

15 – 20 95 * 29 

20 – 30 40 51 

30 – 50 30 22 

Total 646 585 



Tillage effect on the decay rates of C3-

derived C in SOC after 11 yr corn cropping 

CT NT 

A0 (Mg ha-1)  19.8 

A11 (Mg ha-1)  15.2 15.0 

k (yr-1) 0.024 0.025 

T½ (yr) 28.6 27.8 



Corn-derived C in SOC (Mg ha-1) at Elora after 

29 yr continuous corn cropping 

Soil depth (cm) CT MT 

0 – 5 3.2 4.4* 

5 – 10 3.3 3.9* 

10 – 15 3.3 3.5 

15 – 30 6.0* 4.4 

30 – 50 3.0 1.6 

Total 18.9 17.8 



Relic C3-derived C in SOC (Mg ha-1) at Elora, 

ON after 29 yr continuous corn cropping 

Soil depth (cm) CT MT 

0 – 5 9.0 9.1 

5 – 10 9.2 9.9 

10 – 15 9.2 11.2 

15 – 30 17.6 17.2 

30 – 50 8.4 6.5 

Total 53.3 53.9 



Organic C and N content of whole soil and 

light fraction (LF) after 6 yr at Elora, ON 

 

C/N ~20 

Ramnarine et al. 2015 



Conclusions 

 Conservation tillage reduces the size and 
slows the decay rate of the labile 
component of crop residues 

 % labile and half-life 

CT = ~81%  T½ = 0.41 yr 

RT = ~72%  T½ = 0.53 yr 

      

 



Conclusions 

 Conservation tillage reduces the size and 
slowa the decay rate of the labile 
component of crop residues 

 % labile and half-life 

CT = ~81%  T½ = 0.41 yr 

 RT = ~72%  T½ = 0.53 yr 

 Conservation tillage increases the size of 
the resistant component derived from crop 
residues but its decay rate is faster 

 % resistant and half-life 

CT = ~19%  T½ = 8.9 yr 

RT = ~28%  T½ = 7.5 yr 

 

 

      

 



Conclusions 

 Proportion of crop residues becoming 
stabilized in soil, 5-8% of added, is 
significantly affected by annual crop 
type  

 corn ~50-60% less than SBWW=TWR
   

 



How much crop residue can be removed 

for bio-products or biochar? 



How much crop residue can be removed 

for bio-products or biochar? 

None! 



Thank you for your attention 
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Humification Emerging view 



Microbial 

Efficiency- 

Matrix 

Stabilization 

(MEMS) 

framework 

Cotrufo et al. (2013). Global Change Biology 19(4):988-995. 


