






Projected	  impact	  of	  climate	  change	  on	  
apple	  produc4on	  in	  the	  US.	  

•  For	  the	  NE-‐	  2010-‐2039	  
–  	  5-‐10	  day	  increase	  in	  number	  of	  July	  heat	  stress	  
days.	  

– Short	  term	  droughts	  will	  occur	  annually	  
– 1000	  or	  more	  chill	  hours	  met	  only	  50%	  of	  the	  4me	  
– High	  precipita4on	  events	  will	  increase	  8%	  



Projected	  impact	  of	  climate	  change	  on	  
apple	  produc4on	  in	  the	  US.	  

•  For	  the	  PNW-‐	  2010-‐2039	  
–  	  3%	  reduc4on	  to	  9%	  increase	  in	  produc4on	  
– Flowering	  will	  occur	  3-‐4	  days	  earlier	  
– Codling	  moth	  flights	  will	  begin	  9	  days	  earlier	  and	  
egg	  hatch	  will	  accelerate	  8-‐14	  days	  resul4ng	  in	  a	  
consistent	  third	  genera4on.	  

– Snow	  water	  equivalents	  will	  decrease	  50-‐58%	  
– Peak	  runoff	  is	  moved	  to	  early	  March.	  
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Technology	  to	  measuring	  plant	  stress:	  
•  Reflectance	  of	  radia4on	  (visible,	  NIR)	  
– A	  measure	  of	  photosynthesis	  efficiency	  

•  Plant	  temperature	  (absorbance	  of	  IR)	  
– A	  measure	  of	  transpira4on	  supply	  to	  meet	  
environmental	  demand	  for	  water	  

Problem:	  How	  can	  the	  status	  of	  plant	  stress	  be	  
measured	  rapidly	  and	  accurately?	  



Spectral	  Image	  Response	  of	  Apple	  	  	  

Chlorophyll	  
absorbance	  



Transpira4on	  cooling-‐the	  evapora4on	  of	  water	  from	  a	  
surface	  reduces	  the	  surface	  temperature	  

Canopy	  temperature	  
reduced	  up	  to	  8˚C.	  

Water	  stressed	  l	  26.0	  ˚C	  

Non-‐stressed	  control	  24.4	  ˚	  C	  
Transpira4on	  cooling	  is	  
driven	  by	  the	  vapor	  
pressure	  deficit	  (ƒ	  [RH,	  
light	  and	  air	  
temperature])	  



Trimble’s	  GreenSeeker-‐an	  ‘ac4ve’	  NDVI	  sensor	  



Plant	  Stress	  Detec4on	  (Greenhouse	  Test)	  

Thermal	  imager	  

Mul4spectral	  camera	  

NDVI	  sensor	  

Color	  camera	  

Range	  finder	  



-‐1	  

0	  

1	  

2	  

3	  

4	  

5	  

6	  

7	  

0	   0.2	   0.4	   0.6	   0.8	   1	  

Ph
ot
os
yn
th
es
is
	  (u

m
ol
/m

2/
s)
	  

NDVI	  

0%	  

20%	  

40%	  

60%	  

80%	  

100%	  

100%	   75%	   65%	   55%	   45%	  

%
	  P
ho

to
sy
nt
eh

si
s	  r
ed

uc
Ao

n	  

Water	  treatment	  

0.5	  

0.6	  

0.7	  

0.8	  

0.9	  

0%	   20%	   40%	   60%	   80%	   100%	  

N
DV

I	  (
G
re
en

se
ek
er
)	  

Photosynthesis	  reducAon	  

5/13	  

5/14	  

5/25	  

6/8	  

6/11	  

6/15	  

6/18	  

• NDVI	  values	  alone	  do	  not	  
reflect	  the	  photosynthe4c	  
rate	  
• Expressing	  the	  
photosynthe4c	  rate	  as	  a	  %	  of	  
maximum	  	  does	  not	  
overcome	  sampling	  date	  
varia4on	  
• However,	  varia4on	  
diminishes	  in	  NDVI	  as	  stress	  is	  
reduced.	  
• Growers	  are	  most	  concerned	  
about	  	  iden4fying	  ini4al	  stress	  
where	  NDVI	  	  >0.8	  



Mul4-‐modal	  Sensor	  System	  



Irrigated	  

Non-‐Irrigated	  



The	  next	  step?	  
Integrate	  spectral	  and	  thermal	  data	  with	  whole	  tree	  photosynthesis	  to	  

develop	  an	  absolute	  measurement	  of	  plant	  stress	  status	  



Summary	  
•  What	  we	  know:	  

–  Environmental	  condi4ons	  change	  diurnally	  
–  Varying	  degrees	  of	  plant	  stress	  can	  be	  iden4fied	  with	  NDVI	  and	  canopy	  
temperature	  

–  Neither	  NDVI	  or	  canopy	  temperature	  provide	  an	  absolute	  measurement	  
of	  plant	  stress	  

–  NDVI	  and	  canopy	  temperature	  both	  provide	  independent	  informa4on	  
on	  plant	  stress	  but	  have	  not	  been	  integrated.	  

•  What	  we	  need:	  
–  Reliable,	  non-‐contact,	  sensor	  array	  to	  measure	  absolute	  plant	  stress	  
status	  	  

–  A	  sensor	  system	  that	  will	  integrate	  environment,	  NDVI,	  and	  canopy	  
temperature	  with	  photosynthesis	  data	  measured	  in	  short	  4me	  frames	  
and	  integrated	  into	  a	  daily	  response.	  


