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Jimmy,	  this	  farm’s	  
yields	  have	  tripled!



Grandpa,	  has	  
our	  SOM	  tripled?



grain,	  stover and	  roots	  each comprise	  
~1/3rd of	  the	  total	  biomass	  

Current	  
corn	  yields
add	  ~	  10	  t/a	  
of	  biomass	  
each	  year,	  
equivalent	  
to	  ~	  1	  %	  of	  
the	  weight	  
of	  an	  acre	  
plow	  layer

?
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often	  >	  75%

Within
1	  

year

Most	  of	  the	  C	  in	  
crop	  residues	  

quickly	  returns	  to	  
the	  atmosphere

Plant	  compoundsSO
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Veenstra and	  Burras resampled and	  analyzed	  82	  pedons in	  
IA	  with	  historical	  descriptions	  in	  IA	  and	  classified	  the	  soils	  
according	  to	  the	  US,	  Canadian	  and	  FAO-‐WRB	  taxonomic	  
systems.	  	  11	  to	  33%	  of	  the	  pedons originally	  classified	  as	  

Black	  soils	  (e.g.,	  Mollisols)	  no	  longer classified	  as	  Black	  soils.



(Bouma et	  al.,	  2016)

Genoform vs.	  Phenoform



The	  current	  amount	  of	  OM	  in	  a	  soil	  
=>	  the	  long-‐term	  balance	  between	  
organic	  matter	  inputs	  and	  outputs	  

grown	  in	  place,
redistributed	  on-‐farm,	  
imported	  from	  off-‐farm

harvested,
decomposed,
lost	  to	  erosion



Have	  you	  read	  this	  classic	  commentary?
Journal	  of	  Soil	  and	  Water	  Conservation	  -‐ 1995

It	  appears	  that	  the	  demand	  for	  synthetic	  
fertilizers	  and	  pesticides	  may	  be	  a	  

symptom	  of	  the	  poor	  diet	  that	  the	  soils	  
have	  been	  given	  over	  the	  last	  100	  years



Phil	  Brookes

Practices	  that	  enhance	  crop	  yield	  also	  
impact	  the	  soil	  stomach/body!!

When	  there	  is	  
more	  grass,	  I	  eat	  

more!!



Biologically	  
active	  	  	  	  	  SOM

SOM	  is	  a	  complex	  mixture	  of	  
living,	  dead	  and	  very	  dead	  OM

Living	  organisms

Recent	  residues

Stabilized
SOM

Adapted	  from	  Magdoff	  and	  Weil	   (2003)

Historically	  often	  
called	  HUMUS



Early	  research	  based	  on	  an	  extraction	  method	  
assumed	  that	  a	  ‘humification’	  process	  creates	  
recalcitrant	  and	  large	  ‘humic substances’	  to	  

make	  up	  the	  majority	  of	  soil	  ‘humus’	  however,	  
these	  ‘humic substances’	  have	  not	  been
observed	  by	  modern	  analytic	  techniques



At	  the	  next	  SSSA	  conference	  (January	  2019	  in	  San	  
Diego),	  there	  will	  be	  a	  day-‐long	  special	   session	  

on	  whether	  soil	  humic research	  has	  any	  
meaning/value.	   There	  will	  be	  a	  morning	  debate	  
between	  proponents	  and	  opponents	  of	  humic
acid	  extraction	  and	  characterization	  and	  

afternoon	  poster	  session	  and	  oral	  session	   for	  
volunteered	  presentations. The	  two	  sides	  will	  

each	  write	  a	  review	  paper	  using	  a	  shared	  theme	  
for	  publication	   in	  Journal	  of	  Environmental	  
Quality	  this	  summer,	  and	  likely	  more	  review	  
papers	  will	  follow	  from	  the	  SSSA	  conference.



Articles	  about	  SOM!



Highlights
•	  We	  analysed data	  from	  60	  published	  studies	  
and	  global	  databases	  with	  more	  than	  50,000	  
measurements.
•	  A	  1%	  mass	  increase	  in	  soil	  OC	  on	  average	  
increased	  available	  water	  capacity	  by	  1.16%,	  
volumetrically.

European	  Journal	  of	  Soil	  Science	  -‐ 2017



Sandy	  soils	  and	  macropores are	  most	  enhanced	  by	  SOM
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Modelled	  response	  of	  the	  rate	  of	  increase	  in	  AWC	  (mm	  100	  mm−1)	  
with	  an	  increase	  in	  OC	  content	  from	  5	  to	  15	  g	  kg−1	  as	  a	  function	  of	  
sand	  and	  clay	  contents.	  The	  model	  was	  trained	  on	  the	  NSSC	  dataset.





+	  10%
+	  150%



Functionally	  diverse	  perennial	  and	  cover	  
cropped	  rotations	  increased	  both	  C	  input	  
and	  SOC	  concentrations,	  potentially	  by	  
exploiting	  niches	  in	  time	  that	  would	  
otherwise	  be	  unproductive,	  that	  is,	  
increasing	  the	  “perenniality”	  of	  crop	  

rotations.



…we use the conceptual framework of the soil ‘microbial 
carbon pump’ (MCP) to demonstrate how microorganisms 

are an active player in soil C storage. The MCP couples 
microbial production of organic compounds to their further 
stabilization, which we define as the entombing effect (EE). 

Nature	  Microbiology	  -‐ 2017



The	  microbial	  C	  pump	  (MCP)	  and	  entombing	  effect	  (EE)

in	  vivo	  turnover
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2	  major	  pathways	  by	  which	  microorganisms	  
influence	  SOM	  stabilization

ex	  vivo	  (extracellular)	  modification,	  in	  which	  extracellular	  
enzymes	  attack	  and	  transform	  plant	  residues,	  resulting	   in	  
deposition	   of	  plant-‐derived	   C	  that	  is	  not	  readily	  assimilated	  

by	  microorganisms	  

in	  vivo	  turnover	  of	  organic	  substrates	  via	  cell	  uptake–
biosynthesis–growth–death,	  resulting	  in	  deposition	  of	  

microbial-‐derived	   C	  

Through these 2 pathways, compounds are produced that are  
more resistant to further degradation or more readily stabilized.



Net	  stabilization	  of	  C	  when	  EE	  >	  PE



Our	  study	  demonstrates	  that	  soil	  fungi	  
can	  form	  mineral-‐stabilized	  SOM	  not	  only	  
by	  oxidative	  conversion	  of	  the	  SOM	  but	  
also	  by	  synthesizing	  mineral	  surface	  

reactive	  metabolites



Geoderma -‐ 2016	  

We	  conclude	  that	  the	  proportion	  of	  
residues	  physically	  protected	  within	  

aggregates	  decreases	  and	  priming	  effects	  
increase	  with	  increasing	  C	  input	  leading	  

to	  decreasing	  rate	  of	  long-‐term	  C	  
stabilization	  within	  SOM	  by	  increasing	  

residue	  addition.



High above ground residue inputs = low efficiency of SOM stabilization

(Shahbaz et	  al.,	  2016)



We	  believe	  the	  industry	  will	  indeed	  become	  more	  knowledge-‐
based	  and	  the	  credibility	  of	  humic products	  will	  improve	  as	  (i)	  
we	  learn	  more	  about	  their	  field	  efficacy	  across	  ranges	  of	  field	  
conditions	  for	  improving	  crop	  yield	  and	  soil	  health,	  (ii)	  we	  gain	  
further	  insights	  into	  possible	  mechanistic	  explanations,	  and	  (iii)	  
the	  consumer	  gains	  the	  ability	  to	  discern	  genuine	  products	  

from	  fraudulent	  materials.



Descriptions	  of	  humate	  products	  often	  
refer	  to	  humic	  and	  fulvic	  acid	  content

Fulvic
acid Humic

acid

Fulvic	  acid	  =	  soluble	  in	  strong	  base	  and	  still	  soluble	  when	  pH	  =>	  7
Humic	  acid	  =	  soluble	  in	  strong	  base	  but	  precipitates	  when	  pH	  =>	  7

HA	  &	  FA	  are	  
solubility	  
fractions	  

NOT specific	  
compounds



TIDIC	  acid	  production	  system	  ☺



Reputable	  companies	  should	  be	  able	  to	  
provide	  analytical	  results	  obtained	  using	  

this	  new	  standardized	  method



Humate products are not a substitute for good soil organic matter management



POXC	  better	  reflected	  practices	  that	  
promote	  organic	  matter	  accumulation	  or	  

stabilization	  and	  therefore	  can	  be	  a	  
useful	  indicator	  of	  long-‐term	  soil	  C	  

sequestration.	  Conversely,	  mineralizable
C	  better	  reflected	  practices	  that	  promote	  

organic	  matter	  mineralization	  and	  
therefore	  can	  be	  a	  useful	  indicator	  of	  
short-‐term	  soil	  nutrient	  availability.





This past fall, students in my Soil Properties class brought in paired 
(Crop field & Fence Row) soils from their family’s farm. In all cases, the 

fence row soils had higher soil respiration in 24 hrs after wetting.



The	  SituRespmethod	  is	  therefore	  a	  
reliable	  method	  for	  performing	  a	  cheap,	  

rapid	  and	  efficient	  assessment	  of	  
microbial	  activity	  in	  the	  field	  which	  could	  
be	  included	  in	  soil	  quality	  monitoring.



(Thoumazeau et	  al,	  2017)

Cuvettes containing	  pH	  indicator	  Cresol	  Red	  in	  agar	  gel	  
provide	  a	  cheap	  sensitive	  measurement	  of	  respiration



Go	  beyond	  T	  -‐Manage	  for	  C!

http://soils.usda.gov/sqi/concepts/soil_organic_matter/som.html



Is	  this
really	  

possible?	  



Saturation	  deficit

Saturation	  of	  capacity

Actual	  C

Practically	  
attainable	  C

Potential	  C

(Dick	  and	  Gregorich,	  2004)

Disturbance	  factors

Input	  factors

capacity	  factors

m
anagem

ent

=	   opportunity

Residue yield



Fields	  or	  parts	  of	  fields	  with	  the	  lowest	  OM	  
content	  (relative	  to	  their	  potential)	  will	  benefit	  

the	  most	  from	  practices	  that	  build	  SOM.



Some	  effects	  
of	  	  higher	  

OM	  quantity
and/or	  

quality	  occur	  
relatively	  
quickly	  

Other	  
effects	  
take	  
longer	  

Crop	  yield	  increases	  
when	  limiting	  factors	  

are	  reduced	  


