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GK12	  INSIGHT	  

Advances	  in	  Phenotyping	  
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Plant	  Breeding	  –	  It’s	  a	  numbers	  game	  
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Bulk	  popula)ons	  

Small	  plot	  yield	  test	  

Prelim	  yield	  trial	  

Advanced	  yield	  trial	  

Kansas	  Interstate	  Nursery	  
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Increasing	  selecLon	  intensity	  =	  more	  to	  chose	  from	  
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The	  need	  for	  phenotypes:	  

1.  more	  efficient	  selec)on	  (breeding)	  
2.  understanding	  the	  parts	  (gene)cs)	  	  

June	  18,	  2014	  	   4	  
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Phenotype	  

G2P:	  connecLng	  genotype	  to	  phenotype	  
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Trending:	  	  Phenotyping	  vs	  Genotyping	  

May	  7,	  2014	  	   6	  

$0.01	  	  

$0.10	  	  

$1.00	  	  

$10.00	  	  

$100.00	  	  

$1,000.00	  	  

$10,000.00	  	  

$0.00	  

$1.00	  

$2.00	  

$3.00	  

$4.00	  

$5.00	  

$6.00	  

$7.00	  

$8.00	  

2001	   2002	   2003	   2004	   2005	   2006	   2007	   2008	   2009	   2010	   2011	   2012	  

Se
qu

en
ci
ng
	  c
os
t	  (
$/
M
b)
	  

min.	  wage	  ($)	  

farmland	  ($/acre	  x1000)	  

DNA	  sequencing	  ($/Mb)	  



KANSAS STATE 
U N I V E R S I T Y 

Field-‐based	  high	  throughput	  phenotyping	  

Defining	  “field-‐based	  high	  throughput”	  	  

ü Fully-‐	  (or	  mostly)	  automated	  data	  collec)on	  

ü 	  <1	  second	  per	  plot	  (3h	  for	  10,000	  plots)	  
ü 	  Data	  analysis	  must	  be	  “pipelined”	  

ü 	  High-‐resolu)on	  ≠	  high-‐throughput	  

ü 	  Field	  condi)ons	  targe)ng	  produc)on	  systems	  

ü Automated	  data	  processing	  

May	  7,	  2014	  	   7	  
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A	  mulL-‐disciplinary	  approach	  
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Plant	  Breeding	  &	  
GeneLcs	   Physiology	  

Engineering	  

BioinformaLcs	  

HTP	  
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Phenotyping	  vehicle	  
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-‐  Can	  not	  assay	  whole	  field	  
simultaneously	  

-‐  Not	  completely	  automated	  

+	  Carry	  lots	  of	  equipment	  
+	  flexible	  deployment	  
+	  easy	  to	  operate	  
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Precision	  Ag	  meets	  Plant	  GeneLcs	  
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“Geo-‐referenced	  proximal	  sensing”	  
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GPS	  
Data	  logger	  

Sensors	  

Sensors	  	  
-‐	  GreenSeeker	  =	  NDVI	  
-‐	  IRT	  =	  canopy	  temperature	  
-‐	  SONAR	  =	  plant	  height	  

Physiologically	  define	  
proximal	  measurements	  

RTK-‐GPS	  	  
(cm	  level	  accuracy)	  
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HTP:	  Plajorm	  configuraLon	  
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GreenSeeker	  
CropCircle	   SONAR	  

IRT	  

GPS	  GPS	  

sensors	  

computer	  

LabView	  program	  
ü  10	  Hz	  sampling	  
ü  Real-‐Lme	  feedback	  
ü  Flat	  file	  output	  
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HTP:	  MulLple	  sensor	  orientaLon	  
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NDVI	  –	  raw	  data	  
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Assigning	  data	  to	  
field	  entries	  
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HTP:	  Plant	  Height	  
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NDVI:	  MulL-‐temporal	  measurements	  
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DATE
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Advanced	  Yield	  Nursery	  

IdenLfy	  dynamic	  
differences	  among	  

genotypes	  
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Phenotyper:	  Increased	  accuracy	  

Plant	  Height	  w/	  SONAR	  
	  
-‐  40	  varieLes	  	  
-‐  3	  reps	  
-‐  1.3m	  x	  3m	  plots	  
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PheMU	  
Phenotyping	  Mobile	  Unit	  

May	  7,	  2014	  	   20	  

Phenocorn	  
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Phenocorn:	  
ü Global	  Deployment	  
ü Low(er)	  cost	  

May	  7,	  2014	  	   21	  
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HTP	  plajorms	  of	  all	  shapes	  and	  sizes…	  
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HTP:	  Imaging	  
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GreenSeeker	  
CropCircle	   SONAR	  
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HTP:	  small	  Unmanned	  Aerial	  Systems	  (sUAS)	  

-‐	  Need	  trained	  pilot	  
-‐	  FAA	  restricLons?	  	  
-‐	  Limited	  payload	  (<1kg)	  
-‐	  Crashes	  

+	  Not	  too	  expensive	  
+	  flexible	  deployment	  
+	  Image	  whole	  field	  

May	  7,	  2014	  	   24	  

IRIS+	  Quadrotor	  with	  custom	  KSU	  Gimbal	  
Cannon	  S100	  NDVI	  camera	  
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UAS:	  mission	  planner	  

Feb	  17,	  2014	  	   25	  

Flight	  planning	  and	  field	  survey	  of	  wheat	  field	  nursery	  (Oct	  2014)	  
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•  Ortho	  mosaic	  from	  mul)ple	  images	  

HTP:	  sUAS	  plajorm	  and	  3D	  modeling	  	  

Camera	  posi)ons	  

Common	  Points	  

May	  7,	  2014	  	   26	  



KANSAS STATE 
U N I V E R S I T Y 

Time-Series 3D models for High-Throughput Phenotyping 

May	  14	  2013	  	  
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BISA, Ludhiana, India

January 27, 2015

Phenocart	  design,	  Obregon	  Mexico	  

NDVI	  map	  -‐	  BISA,	  Ludhiana	  

	  BISA,	  Ludhiana,	  India	  -‐	  Feb	  2015	  
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HTP	  via	  UAV	  

3DR	  IRIS+	  |	  NDVI	  converted	  Cannon	  S100	  	  

NDVI	  image	  -‐	  BISA,	  Ludhiana,	  INDIA,	  Jan	  2015	  
NDVI	  map	  -‐	  BISA,	  Jabalapur	  
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HTP:	  The	  future	  is	  here…	  

Implementa)on	  of	  exis)ng	  technology	  
ü Commercial	  and	  exis)ng	  sensors	  
ü Imaging	  
ü Low-‐cost,	  modular	  ‘nodes’	  
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How MultispeQ and PhotosynQ work

Figure  1:  MultispeQ  current  design,  with  leaf  clamp  attached.    Figure  2:  a  prototype  version  measuring
pulse  modulated  fluorescence  of  an  arabidopsis  leaf.

MultispeQ  uses  bluetooth  to  wirelessly  send  data  to  a  user's  cell  phone  to  an  Android  app.    The  app
displays  the  results  both  in  absolute  terms  and  in  comparison  to  previously  collected  data  in  the  same
Research  Project.

The  data  is  then  automatically  synchronized  with  an  online  database  where  anyone  can  see  and
analyze  it.    The  website  includes  a  variety  of  graphing  analytical  tools  so  most  analysis  can  be
performed  through  the  web  interface  itself,  though  the  data  is  also  downloadable  as  a  standard  text
(.csv)  file.

Within  the  online  database,  users  can  organize  data  around  research  groups  of  any  size  and  type:  a
decentralized  group  of  unaffiliated  collaborators  studying  global  climate  change,  or  members  of  a  single
organization  (like  a  group  of  extension  agents  or  graduate  students)  performing  breeding  trials.

MultispeQ measurements types

The  PhotosynQ  platform  can  be  equipped  a  wide  range  of  sensors.  In  the  pilot  project,  we  focus  on
sensors  and  protocols  that  will  be  immediately  useful  for  extension  agents  and  breeders  in  the
developing  world,  as  described  in  the  following.

Plant  chlorophyll  content
Chlorophyll  content  is  used  in  a  variety  of  plants  to  identify  plant  stress  and  indicate  the  need  for
additional  fertilization.     MultispeQ  will  estimate  chlorophyll  content  using  transmission  spectroscopy.3

Dedicated  commercial  instruments  are  available  which  make  similar  measurements,  but  are  expensive
(from  $250  to  $2,200  per  unit),  proprietary  and  lack  the  linked  data  stream  of  PhotosynQ.  PhotosynQ
technology  will  be  sufficiently  distinct  to  avoid  IP  issues.

Soil  health  -  biological  activity

3  http://www.regional.org.au/au/asa/2012/precision-agriculture/7979_alim.htm
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Interac)ve	  data	  collec)on	  and	  analysis	  
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How MultispeQ and PhotosynQ work

Figure  1:  MultispeQ  current  design,  with  leaf  clamp  attached.    Figure  2:  a  prototype  version  measuring
pulse  modulated  fluorescence  of  an  arabidopsis  leaf.

MultispeQ  uses  bluetooth  to  wirelessly  send  data  to  a  user's  cell  phone  to  an  Android  app.    The  app
displays  the  results  both  in  absolute  terms  and  in  comparison  to  previously  collected  data  in  the  same
Research  Project.

The  data  is  then  automatically  synchronized  with  an  online  database  where  anyone  can  see  and
analyze  it.    The  website  includes  a  variety  of  graphing  analytical  tools  so  most  analysis  can  be
performed  through  the  web  interface  itself,  though  the  data  is  also  downloadable  as  a  standard  text
(.csv)  file.

Within  the  online  database,  users  can  organize  data  around  research  groups  of  any  size  and  type:  a
decentralized  group  of  unaffiliated  collaborators  studying  global  climate  change,  or  members  of  a  single
organization  (like  a  group  of  extension  agents  or  graduate  students)  performing  breeding  trials.

MultispeQ measurements types

The  PhotosynQ  platform  can  be  equipped  a  wide  range  of  sensors.  In  the  pilot  project,  we  focus  on
sensors  and  protocols  that  will  be  immediately  useful  for  extension  agents  and  breeders  in  the
developing  world,  as  described  in  the  following.

Plant  chlorophyll  content
Chlorophyll  content  is  used  in  a  variety  of  plants  to  identify  plant  stress  and  indicate  the  need  for
additional  fertilization.     MultispeQ  will  estimate  chlorophyll  content  using  transmission  spectroscopy.3

Dedicated  commercial  instruments  are  available  which  make  similar  measurements,  but  are  expensive
(from  $250  to  $2,200  per  unit),  proprietary  and  lack  the  linked  data  stream  of  PhotosynQ.  PhotosynQ
technology  will  be  sufficiently  distinct  to  avoid  IP  issues.

Soil  health  -  biological  activity

3  http://www.regional.org.au/au/asa/2012/precision-agriculture/7979_alim.htm
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Pedro Andrade-Sanchez ★ 
John Heun 
 
 

Shuangye Wu 
Josh Sharon ★ 
Ryan Steeves ★ 
Jared Crain ★ 
Sandra Dunckel 
Trevor Rife 
Daljit Singh 
Narinder Singh 
Traci Viinanen 
Xu (Kevin) Wang 
Lisa Borello 
Erena Edae 
 
Allan Fritz 
Andy Auld 
Shaun Winnie 
 
Naiqian Zhang 
Jed Barker ★ 
Spencer Kepley 
Yong (Ike) Wei 
Randy Price 
Kevin Price  
 

www.wheatgenetics.org 

Ravi Singh 
Susanne Dreisigacker 
Matthew Reynolds 
David Bonnett 
Rick Ward 
 

Jeffery White ★ 
Kelly Thorp ★ 
Andrew French ★ 
Mike Salvucci ★ 

Michael Gore ★ 

www.fieldphenomics.org 

Steve Welch 
Nan An★ 
Dale Schinstock 

If	  we	  knew	  what	  it	  was	  we	  were	  doing,	  it	  
would	  not	  be	  called	  research,	  would	  it?	  
-‐	  Albert	  Einstein	  


