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Which	  soil	  is	  a	  be=er	  environment	  for	  	  
root	  growth	  and	  funcBon?	  



WHY??	  
More	  ques;ons	  than	  

answers	  for	  many	  fields	  	  

Varia;on	  in	  
inherent	  soil	  
proper;es?	  

Varia;on	  in	  
dynamic	  soil	  
proper;es?	  



of	  variability	  in	  root	  growth	  and	  funcBon	  

Root	  performance	  =	  GeneBcs	  x	  Environment	  





The	  decade	  since	  the	  publica;on	  
of	  the	  third	  edi;on	  of	  this	  volume	  
has	  been	  an	  era	  of	  great	  progress	  
in	  biology	  in	  general	  and	  the	  plant	  

sciences	  in	  par;cular.	  This	  is	  
especially	  true	  with	  the	  

advancements	  brought	  on	  by	  the	  
sequencing	  of	  whole	  genomes	  of	  

model	  organisms	  and	  the	  
development	  of	  “genomic"	  

techniques.	  	  
	  

This	  fourth	  edi;on	  of	  Plant	  Roots:	  
The	  Hidden	  Half	  reflects	  these	  

developments	  that	  have	  
transformed	  not	  only	  the	  field	  of	  
biology,	  but	  also	  the	  many	  facets	  

of	  root	  science.	  



STEEP,	  CHEAP	  AND	  DEEP	  
Breeding	  goals	  proposed	  by	  

Dr.	  Jonathan	  Lynch	  

RCA	  =	  Root	  corBcal	  aerenchyma	  



Root phenes associated with genotypic differences in 
adaptation to low phosphorus (from Lynch, 2007). 

Lynch J P Plant Physiol. 2011;156:1041-1049 



Three	  primary	  factors	  affec;ng	  flooding	  tolerance	  in	  plants	  have	  been	  reported:	  
(1)	  the	  ability	  to	  grow	  adven;;ous	  roots	  	  

at	  the	  soil	  surface	  during	  flooding;	  (2)	  the	  capacity	  to	  form	  root	  aerenchyma;	  
and	  (3)	  tolerance	  to	  toxins	  (e.g.,	  Fe	  2+,	  H2S)	  under	  reducing	  soil	  condi;ons.	  By	  

analyzing	  these	  components	  separately,	  it	  could	  be	  possible	  to	  perform	  
selec;ons	  for	  genotypes	  exhibi;ng	  varying	  degrees	  of	  flooding	  tolerance.	  	  



Despite	  minimal	  corn	  rootworm	  feeding	  pressure	  on	  roots,	  
the	  Bt	  hybrids	  produced	  an	  average	  of	  nearly	  1.1	  Mg	  ha−1	  
more	  grain	  than	  their	  RR2	  counterparts.	  In	  the	  comparison	  

of	  DKC61-‐72	  RR2	  and	  DKC61-‐69	  VT3,	  Bt	  protec;on	  
promoted	  increased	  grain	  yield	  at	  low	  N	  (+1.0	  Mg	  ha−1;	  P	  ≤	  

0.01)	  and	  a	  31%	  greater	  response	  to	  ferBlizer	  N.	  



Increased	  efficacy	  of	  symbioBc	  N	  fixaBon	  can	  be	  achieved	  
by	  selecBng	  not	  only	  the	  best	  host	  genotypes	  but	  by	  selecBng	  the	  

best	  combinaBon	  of	  host	  genotype	  and	  nodule	  bacteria.	  
	  

…targeted	  efforts	  to	  breed	  genotypes	  for	  improved	  N	  fixaBon	  and	  
mycorrhizal	  symbiosis	  will	  bring	  benefits	  in	  increased	  yields	  of	  
crops	  under	  a	  wide	  range	  of	  environmental	  condiBons	  and	  will	  
contribute	  toward	  sustainability	  of	  agricultural	  ecosystems	  in	  
which	  soil-‐plant-‐microbe	  interacBons	  will	  be	  be=er	  exploited	  



Do	  your	  bean	  roots	  
look	  like	  this?	  













Opening	  the	  black	  box	  

Decomposi;on	  

soil	  structure	  forma;on	  
and	  stabiliza;on	  

Nutrient	  cycling	  
Bio-‐control	  of	  
pests	  and	  
pathogens	  



When	  are	  biological	  products	  most	  likely	  
to	  result	  in	  Return	  On	  Investment?	  

hhp://www.scivit.de/blog/wp-‐content/uploads/2010/11/Slide124.jpg	  



ADVERSE	  CONDITIONS	  



VOTiVO	  contains	  a	  naturally	  occurring	  soil	  rhizobacteria	  (Bacillus	  firmus),	  that	  live	  
and	  grow	  on	  crop	  root	  systems.	  The	  bacteria	  crea;ng	  a	  biofilm	  that	  becomes	  a	  living	  
barrier	  limi;ng	  the	  number	  of	  receptor	  sites	  which	  could	  otherwise	  be	  occupied	  by	  

plant	  pathogens	  such	  as	  nematodes.	  Nematodes	  use	  gaseous	  and	  solid	  exudates	  from	  
the	  root	  as	  means	  to	  detect	  a	  root’s	  proximity,	  so	  reduced	  levels	  of	  exudates	  can	  
decrease	  the	  ability	  of	  the	  nematodes	  to	  locate	  the	  receptor	  sites	  on	  the	  roots.	  The	  

bacteria	  further	  reduce	  viable	  nematode	  popula;ons	  by	  consuming	  exudates,	  
depriving	  nematodes	  of	  an	  addi;onal	  source	  of	  energy	  and	  nutrients.	  	  



	  	  	  	  	  	  	  	  	  	  	  
www.lacek.com/inthefieldofdiscovery/download.cfm?	  

The	  effects	  of	  Poncho	  and	  VOTiVO	  can	  not	  be	  isolated	  	  
when	  the	  products	  are	  applied	  together	  



Long	  term	  no-‐Bll	  
(w/	  healthy	  soil	  biology)	  	  	  	  	  	  	  	  Intensive	  Bllage	  

Ontario Ministry of Ag and Food 

Plow	  pan	  
Network	  
of	  cracks	  

and	  
biopores	  



ContrasBng	  stands	  of	  corn	  in	  the	  NC	  9	  Bllage	  systems	  experiment	  

ConBnuous	  
No-‐Bll	  

Fall	  plow/	  
spring	  disk	  

<	  1%OM	  >	  3%OM	  



Many	  soils	  in	  IL	  can	  take	  a	  lot	  of	  abuse	  !	  



Long	  term	  sod	   crop	  field	  

Physical	  changes	  are	  happening	  in	  flat	  black	  soils…	  

Same	  soil	  type	  –	  very	  different	  water	  holding	  capacity	  



Changes in air and water dynamics 
impact root growth and function 



Least Limiting Water Range 
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      LLWR for loose well-aggregated soil      
LLWR for compacted  soil Not 

enough O2 
for root 
respiration 

Soil too 
hard for 
roots to 
penetrate 

From Weil, 2003 Ray Weil 



You	  really	  won’t	  know	  what	  is	  happening	  
underground	  unless	  you	  take	  a	  look…	  



All	  you	  need	  is	  a	  
shop-‐vac	  and	  a	  

hose	  :-‐>	  !	  

Its	  just	  like	  going	  to	  the	  den;st!	  



How	  ohen	  do	  you	  look	  
at	  crop	  roots?	  



"One	  of	  our	  primary	  goals	  is	  to	  get	  the	  first	  
three	  sets	  of	  crown	  roots	  deep	  into	  the	  soil…	  	  
In	  ver;cal-‐;llage,	  no-‐;ll	  or	  strip-‐;ll	  condi;ons,	  
the	  first	  set	  of	  crown	  roots	  will	  go	  down.	  But,	  
when	  we	  do	  horizontal	  ;llage	  before	  plan;ng,	  
except	  in	  a	  few	  condi;ons	  like	  sand,	  no	  maher	  
what	  we	  did	  in	  the	  fall,	  the	  first	  two	  sets	  of	  
crown	  roots	  almost	  always	  turn	  on	  the	  dense	  
layer.	  Hopefully,	  with	  fall	  ver;cal	  ;llage,	  the	  

third	  set	  will	  penetrate.“	  
	  

Ken	  Ferrie	  –	  Farm	  Journal,	  September	  2006	  	  



Healthy	  shoot	  
growth	  and	  
high	  yields	  

white	  color	  

proliferate	  
in	  all	  

direc;ons	  

extensive	  
growth	  into	  
the	  sub-‐soil	  

minimal	  
evidence	  of	  
deformi;es	  

Efficient	  use	  
of	  soil	  

resources	  

What	  else	  should	  you	  look	  for?	  



Not	  all	  healthy	  roots	  are	  white	  in	  color!!	  



hhp://www.agry.purdue.edu/ext/corn/news/;meless/Roots.html	  



The	  nodal	  root	  system	  becomes	  visible	  
at	  ~	  V1.	  The	  nodal	  root	  system	  

becomes	  the	  dominant	  system	  by	  V6.	  

Understanding	  corn	  root	  
development	  

The	  seed	  roots	  
stop	  growing	  

shortly	  aoer	  the	  
coleop;le	  

emerges	  from	  
the	  soil	  surface.	  



Have	  you	  ever	  heard	  of	  “floppy	  corn”	  	  
or	  “rootless	  corn”	  syndrome?	  	  

Where	  are	  the	  nodal	  roots?	  



“Floppy	  corn”	  or	  “rootless	  corn”	  occurs	  when	  surface	  
soil	  is	  too	  dry	  for	  healthy	  elongaBon	  of	  roots	  from	  the	  
first	  node	  (V2	  to	  V4).	  Young	  roots	  emerging	  from	  the	  

first	  node	  will	  die	  if	  the	  meristemaBc	  Bssue	  
desiccates	  prior	  to	  extension	  into	  moist	  soil.	  



4	  weeks	  

8	  weeks	  

16	  weeks	  

7	  feet	  deep	  !!	  

Corn	  root	  development	  
	  documented	  in	  the	  1920s	  

If	  this	  was	  possible	  90	  
years	  ago,	  just	  think	  

what	  is	  possible	  today?	  

Crops	  grown	  on	  modern	  row	  
spacings	  generally	  do	  not	  grow	  

such	  wide	  root	  systems	  



Wading	  pool	  gardens	  in	  
my	  back	  yard	  

How	  is	  it	  possible	  for	  healthy	  crops	  to	  grow	  
with	  such	  a	  limited	  rooBng	  volume?	  



Acute	  root	  
disease	  

Chronic	  root	  
malfuncBon	  

VS.	  

This	  unfortunately	  
is	  the	  norm	  in	  
agriculture	  

Chemical,	  physical	  and	  biological	  
factors	  can	  cause	  CRM!	  



Aluminum	  
toxicity	  

Aluminum	  
toxicity	  

Chemical	  toxiciBes	  	  
inhibit	  root	  growth	  &	  funcBon	  

Al	  toxicity	  is	  very	  common	  in	  the	  
SE	  US	  and	  in	  tropical	  countries	  

like	  Brazil	  



Understanding	  aluminum	  toxicity	  

Toxic	  forms	  	  
of	  Al	  are	  	  

bioavailable	  
at	  pHs	  <	  5.5	  

Aluminum	  toxicity	  is	  
minimal	  above	  	  

	  a	  water	  pH	  of	  5.5	  

hhp://www2.ctahr.hawaii.edu/tpss/research_extension/rxsoil/alroot.gif	  

Fe	  and	  Mn	  toxiciBes	  also	  occur	  at	  
lower	  pHs	  







What	  damaged	  these	  corn	  roots?	  

Boron	  was	  included	  in	  
starter	  fer;lizer	  



hhp://www.sdstate.edu/ps/soil-‐lab/loader.cfm?csModule=security/gerile&PageID=788496	  

On-‐line	  tool	  for	  esBmaBng	  	  
maximum	  rates	  of	  in-‐row	  ferBlizer	  

Damage	  is	  most	  likely	  in	  dry	  
coarse	  textured	  soils	  



N	  and	  P	  promote	  root	  branching	  and	  prolifera;on	  



Ontario Ministry of Ag and Food 

Why	  do	  crops	  on	  Bled-‐drained	  land	  tend	  
to	  be	  more	  drought	  resistant	  ?	  



Ontario Ministry of Ag and Food 

Do	  crop	  roots	  grow	  toward	  water?	  

Roots	  elongate	  directed	  by	  gravity	  in	  AEROBIC	  soil!	  



Soil	  can	  
get	  too	  
hot	  for	  
opBmal	  
root	  

growth!	  

Soil	  aera;on	  affects	  soil	  temperature	  which	  
strongly	  affects	  root	  growth	  rate	  	  



Brady	  and	  Weil	  (2002)	  Brady	  and	  Weil	  (2002)	  

Sub-‐soil	  water	  
and	  nutrients	  

CompacBon	  strongly	  impacts	  root	  growth	  and	  funcBon	  



What	  causes	  sidewall	  
compac;on?	  	  

WaiBng	  for	  drier	  soil	  	  
is	  the	  most	  important	  soluBon	  



Roots	  perform	  
many	  valuable	  
funcBons	  !	  

Why	  are	  healthy	  roots	  so	  
important?	  



§ Carbon	  pumps	  that	  feed	  soil	  organisms	  and	  contribute	  
to	  soil	  organic	  maher	  	  

	  
§ Energy	  and	  nutrient	  storage	  organs	  

	  	  
§ Chemical	  factories	  that	  change	  soil	  pH,	  poison	  
compe;tors,	  filter	  out	  toxins,	  concentrate	  rare	  

elements,	  etc.	  	  

§ A	  sensor	  network	  that	  helps	  regulate	  plant	  growth	  
	  	  
	  

In	  addiBon	  to	  the	  most	  obvious	  funcBons	  	  
physical	  support	  and	  uptake	  of	  water	  and	  nutrients	  

ROOTS	  are:	  



Roots	  review	  their	  
environment	  and	  
make	  ‘choices’	  
about	  what	  
parts	  of	  it	  is	  
profitable	  to	  

explore,	  and	  what	  
parts	  should	  be	  

avoided.	  

(P.	  Barlow,	  2009)	  



What	  is	  the	  funcBon	  	  
of	  the	  root	  cap?	  

Physical	  protecBon	  	  
source	  of	  lubricaBon,	  	  
&	  sensor	  of	  gravity	  



What	  is	  the	  funcBon	  of	  root	  hairs?	  



The	  cell	  wall	  of	  the	  endodermis	  (pink	  inner	  strip	  of	  cells)	  is	  waterproofed	  by	  the	  
Casparian	  strip,	  which	  forces	  water	  to	  enter	  the	  symplast	  before	  it	  can	  enter	  the	  root	  
xylem	  	  

cortex	  

epidermis	  
endodermis	  

root	  hair	  
phloem	  

xylem	  



The	  ins	  and	  outs	  of	  plant	  nutriBon	  	  

TranspiraBonal	  
stream	  

	  

H20	  

H20	  

Root	  exudates	  
acBvate	  soil	  microbes	   Root	  grow

th	  

N,	  S,	  P	  

	  
Diffusion	  

Microorganisms	  produce	  most	  
but	  not	  all	  of	  the	  enzymes	  need	  

to	  digest	  OM	  	  



Rhizosphere	  

Zone	  of	  root	  
influence	  

The	  rhizosphere	  is	  normally	  
<<	  10	  %	  of	  topsoil	  volume	  	  

Roots	  normally	  occupy	  <	  
1%	  of	  topsoil	  volume	  	  



	  	  	  NavigaBng	  the	  rhizosphere	   

Rhizoplane	  
Endo-‐

Rhizosphere	   Ecto-‐Rhizosphere	  

End	  of	  the	  
rhizosphere	  

(Lavelle	  and	  Spain,	  2001)	  

<	  10%	  of	  soil	  
volume	  

>	  90%	  of	  
soil	  

volume	  

M
ic
ro
bi
al
	  a
cB
vi
ty
	  

A	  few	  millimeters	  



Mycorrhizae	  -‐	  internet	  of	  the	  soil	  



3	  main	  
strategies	  for	  
managing	  soil	  

biology	  

Ac;va;on	  

Augmenta;on	  Conserva;on	  

Suppression	  







compeBBon	   parasiBsm	  

anBbiosis	   	  induced	  resistance	  

4	  main	  types	  of	  microbial	  interacBons	  that	  
promote	  root	  health	  



The	  root	  systems	  of	  natural	  vegetaBon	  ohen	  inhibit	  nitrificaBon	  

This	  trait	  could	  be	  transferred	  to	  
crop	  or	  cover	  crop	  roots	  



Suppression	  of	  soybean	  diseases	  
through	  the	  use	  of	  cover	  crops	  

•   University	  of	  Illinois	  
•   Western	  Illinois	  University	  
•   Southern	  Illinois	  University	  

Champaign- 
Urbana Macomb 

Carbondale 



Fallow Rape Cereal	  rye 

Soybean	  Stands	  in	  Rhizoctonia	  inoculated	  
plots	  UIUC	  2011	  

2011	  was	  a	  very	  good	  year	  for	  Rhizoctonia	  development,	  and	  in	  
the	  fallow	  plots	  we	  saw	  very	  lihle	  seedling	  emergence	  in	  the	  

plots	  inoculated	  with	  Rhizoctonia.	  The	  stand	  in	  the	  inoculated	  rye	  
plots	  were	  almost	  the	  same	  as	  those	  in	  the	  non-‐inoculated	  plots,	  

with	  the	  stands	  in	  the	  rape	  plots	  being	  intermediate.	  



Rhizoctonia	  root	  rot,	  UIUC	  2012	  
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Rhizoctonia	  root	  rot,	  UIUC	  2013	  
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Cereal	  rye	  and	  rape	  resulted	  in	  the	  highest	  soybean	  
stands,	  but	  results	  were	  not	  consistent	  among	  

loca;ons.	  
	  

Cereal	  rye	  has	  the	  poten;al	  to	  induce	  soil	  
suppressiveness	  to	  Rhizoctonia	  root	  rot	  and	  SDS.	  

	  
Cereal	  rye,	  rape,	  and	  canola	  can	  significantly	  decrease	  

SCN	  egg	  counts.	  

Conclusions	  







Use precision planting 
	  



Precision	  planted	  cover	  crops	  in	  Indiana	  



Precision	  planted	  radishes	  	  
at	  the	  WIU	  Organic	  research	  farm	  





BUILD	  IT	  AND	  THEY	  WILL	  COME	  	  
should	  be	  your	  foundaBonal	  strategy	  for	  

managing	  soil	  biology!	  



DEAN	  GLENNEY	  of	  Dunville,	  Ontario	  plants	  his	  corn	  and	  
soybeans	  on	  exactly	  the	  same	  rows,	  drives	  on	  the	  same	  tracks,	  
and	  never	  ;lls	  his	  fields.	  His	  Fencerow	  Farming	  systems	  has	  	  
produced	  corn	  yields	  averaging	  275	  bu/ac	  and	  soybeans	  

averaging	  around	  60	  bu/ac.	  	  





“One	  of	  the	  things	  that	  pops	  up	  immediately	  in	  
our	  analysis	  is	  that	  Mr.	  Glenney’s	  plants	  use	  up	  all	  

of	  the	  ferFlizer	  almost	  within	  70	  days	  aIer	  
planFng.	  So	  some	  way	  this	  plant	  is	  sucking	  up	  all	  
of	  the	  nutrients,	  but	  we’re	  not	  sure	  why	  yet”	  “The	  

other	  field	  sFll	  has	  quite	  a	  lot	  of	  ferFlizer	  
remaining	  even	  at	  the	  end	  of	  the	  season.	  It	  just	  
doesn’t	  get	  used.	  One	  of	  the	  fundamental	  things	  
that’s	  happening	  is	  in	  one	  field	  the	  root	  system	  

must	  be	  more	  efficient	  in	  taking	  up	  the	  nutrients.”	  
Dr.	  George	  Lazarovits	  	  

	  



“We’re	  finding	  huge	  numbers	  of	  bacteria	  inside	  corn	  plants;	  
and	  the	  bacteria	  that	  are	  inside	  Mr.	  Glenney’s	  corn	  plants	  are	  
completely	  different	  than	  the	  bacteria	  typically	  found	  in	  corn.	  

Dr.	  George	  Lazarovits	  	  


