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W h a t  Challenges  d o  a g r i c u l t u r e  fa c e  to d ay ?  

A  g r o w i n g  b o d y  o f  evidence 
  



Sources: UN population division; FAO 
News Feature Food: Nature, Vol 466:29 July 2010 

W a t e r  s c a r c i t y  

A r a b l e  l a n d  s h o r t a g e  

News Feature Food: Nature, Vol 466:29 July 2010 

P o p u l a t i o n  g r o w t h  

Source: FAO/OECD 
News Feature Food: Nature, Vol 466:29 July 

2010 

To p  c l i m a t e  c h a n g e  c o n c e r n s  b y  r e g i o n  



C l i m a t e  c h a n g e  i m p a c t s  w i l l  b e  u n e v e n  

• W h a t  c o u l d  
w e  d o  t o  
p r e p a r e  f o r  
t h e  i m p a c t s  
o f  c l i m a t e  
c h a n g e   

• W h a t  s t e p s  
w e  a r e  
t a k i n g  t o  
s l o w  i t  
d o w n  
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W h a t  Solutions a r e  ava i l a b l e   

to  fa c e  t h e s e  c h a l l e n g e s ?  

H o w  t h e  Sience i s  d o n e ?  



W h a t  a r e  w e  up to? 



Ludovisi R, Tauro F, Salvati R,  Khoury S,  Scarascia Mugnozza G, Harfouche A. (2017). Front Plant Sci. 2017 Sep 27;8:1681. doi: 10.3389/fpls.2017.01681. eCollection 2017. 

U AV - b a s e d  t h e r m a l  i m a g i n g  f o r  h i g h - t h r o u g h p u t   
f i e l d  p h e n o t y p i n g  o f  b l a c k  p o p l a r  r e s p o n s e  t o  d r o u g h t  

Workflow of the high-throughput field phenotyping (HTFP) methodology 





Data extraction  
Statistical analysis of field-truth/UAV data correlations 

Map desired variables of plant trait or status  
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Analysis of multiple data types 

Phenomics 
data 

repository 

Transcriptomics 
data repository 

Genome data 
repository Specialized analysis  

by expert users 



C a n o p y  t e m p e r a t u r e  ( T c )  e x t r a c t e d  f r o m   
s e g m e n t e d  r a d i o m e t r i c  m o s a i c s  

B r e e d i n g  s e l e c t i o n  
B i p l o t  o f  g e n o t y p e  p e r f o r m a n c e  

i n  r e s p o n s e  t o  d r o u g h t  s t r e s s  
 

P h e n o D r o n e T M :  A  U A V - b a s e d  t h e r m a l   
+  R G B  p h e n o m i c s  p l a t f o r m   



H y p e r s p e c t r a l  i m a g i n g  i n  V I S - N I R  f o r  t h e  d e t e c t i o n  o f  
d r o u g h t  s t r e s s  i n  t h e  b i o e n e r g y  c r o p  A r u n d o  d o n a x  

P C 1  M a p  

Harfouche et al., manuscript in preparation 

P h e n o D r o n e T M :  A  U A V - b a s e d  
h y p e r s p e c t r a l  +  L i D A R  p h e n o m i c s  

p l a t f o r m  



H i g h - t h r o u g h p u t  p h e n o t y p i n g  o f  
A r u n d o  d o n a x  p l a n t  h e i g h t  a n d  e s t i m a t i o n  o f  b i o m a s s  u s i n g  

P h e n o D r o n e - b a s e d  L i D A R  s c a n n i n g  

3 D - p o i n t  c l o u d s  o f  A r u n d o  d o n a x  p l o t  

 
L i D A R  r e m o t e  s e n s i n g  i s  e x p e c t e d  t o  p l a y  a  
k e y  r o l e  i n  f o r e s t  e c o s y s t e m ,  b i o m a s s ,  a n d  
b i o d i v e r s i t y  s t u d i e s  o v e r  t h e  c o m i n g  y e a r s  

Harfouche et al., manuscript in preparation 
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