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C e s a r  F e r n a n d e z -Q u in t a n i l la



•  D e f in in g  lo w -in p u t a g r ic u l t u r e

• S e a r c h in g  in t o  t h e  to o lb o x

• C a s e  s tu d y : s i t e -s p e c i f ic  w e e d  m a n a g e m e n t

• O th e r  o p p o r t u n i t ie s

• N e e d  o f a  C O S T  a c t io n



•  I s  i t w o r t h y  w a s t in g  o u r  t im e  d is c u s s in g  d e f in i t io n s ?

• L o w -in p u t a g r ic u l t u r e  =  O r g a n ic  a g r ic u l t u r e ?

• T h e y  m a y  h a v e  d if f e r e n t o b je c t iv e s  a n d  m e th o d s

• I f t h e y  a r e  n o t t h e  s a m e , th e ir  r e s e a r c h  n e e d s  m a y  b e  
d i f f e r e n t

• In t r o d u c in g  th e  L IA  c o n c e p t



 “Low input farming systems seek: 
to optimize the management and use of internal production inputs and 
to minimize the use of external production inputs, such as purchased 
fertilizers and pesticides, wherever and whenever feasible and 
practicable, 
to lower production costs, to avoid pollution of surface and 
groundwater, to reduce pesticide residues in food, to reduce a 
farmer̀ s overall risk, and to increase both short- and long-term farm 
profitability” (P a r r  e t a l., 1 9 9 0)
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• A lt h o u g h  lo w -in p u t  a g r ic u l t u r e  (L IA ) is  m a in ly  f o c u s e d  o n  
r e d u c in g  th e  u s e  o f p u r c h a s e d  a g r o c h e m ic a ls , i t d o e s  n o t 
e x c lu d e  a n y  t y p e  o f in p u t

 “Low input farming systems seek: 
to optimize the management and use of internal production inputs and 
to minimize the use of external production inputs, such as purchased 
fertilizers and pesticides, wherever and whenever feasible and 
practicable, 
to lower production costs, to avoid pollution of surface and 
groundwater, to reduce pesticide residues in food, to reduce a 
farmer̀ s overall risk, and to increase both short- and long-term farm 
profitability” (P a r r  e t a l., 1 9 9 0)

• T h e  te c h n o lo g ic a l t o o l b o x  fo r  L IA  m a y  b e  m u c h  la r g e r  t h a n  
fo r  o r g a n ic  a g r ic u l t u r e



T o o ls  a v a i la b le :

•  G lo b a l P o s i t io n in g  S y s t e m  (G P S )

•  G e o g r a p h ic  In f o rm a t io n  S y s t e m s  (G IS )

•  R e m o te  a n d  p r o x im a l s e n s in g

•  V a r ia b le  R a t e  T e c h n o lo g y  (V R T )

•  In f o rm a t io n  a n d  C o m m u n ic a t io n  T e c h s  (IC T )

•  M o d e l l in g ; D e c is io n  S u p p o r t S y s t e m s  (D S S )

•  R o b o t ic s

•  B io t e c h n o lo g y



W e e d s  a r e  g e n e r a l ly  p a t c h y



 H o w  p a t c h y  a r e  w e e d s ?

 P e r c e n ta g e s  o f th e  f ie ld s  th a t a r e  in fe s te d  

w it h  v a r io u s  w e e d  s p e c ie s

Weed C rop Fields  
s ample

d

%  area  
infes ted

R ang e

Alopecurus (U K ) W h e a t 2 4 4 1 4 -8 5

Avena (U K ) W h e a t 1 2 1 7 2 -5 7

Avena (E ) B a r le y 3 1 2 2 3 -9 7

Cirsium (U K ) W h e a t 4 2 3 9 -3 7

S orghum (E ) M a iz e 3 8 1 6 1 -4 6

Tota l / 
Averag e

109 24 4-64



 H o w  b ig  a r e  w e e d  p a t c h e s ?

 S iz e  d is t r ib u t io n  o f p a t c h e s  o f Avena sterilis  
in  c o m m e r c ia l b a r le y  f ie ld s

Patc h s ize n Area  
infes ted 

(ha )

%   n %  area

S m a l l 
(< 1 0 0  m 2)

4 06 1 .7 5 8 3

M e d iu m  
(1 0 0  -5 00m 2)

2 09 4 .8 3 0 9

L a r g e
(5 00 -5 0 0 0 m 2)

6 4 9 .1 9 1 7

V e r y  la r g e
(>5 0 0 0 m 2)

2 1 3 1 .0 3 7 2
89%



 P a t c h  d e te c t io n  is  te c h n ic a l ly  f e a s ib le

 G r o u n d  b a s e d  d e te c t io n  u s in g  b i-s p e c t r a l 

c a m e r a s  (O e b e l &  G e r h a r d s , 2 0 0 6 ) 



 G e n e r a t io n  o f w e e d  m a p s  b a s e d  o n  im a g e  a n a ly s is  

s o f tw a r e  th a t d i f f e r e n t ia t e s  p la n t s  b y  s h a p e  (O e b e l &  
G e r h a r d s , 2 0 0 6 ) 

 P a t c h  d e te c t io n  is  te c h n ic a l ly  f e a s ib le



 P a t c h  s p r a y e r s  a r e  a lr e a d y  a v a i la b le

 E x p e r im e n ta l p r o t o t y p e  p a t c h  s p r a y e r  th a t d e l iv e r s  3  

s e p a r a t e  t r e a tm e n t s  (G e r h a r d s  &  O e b e l, 2 0 0 6 )

Broadleaves

Grasses

Galium



 Experimental prototype patch sprayer that delivers 3 
separate treatments (Gerhards & Oebel, 2006)

 P a t c h  s p r a y e r s  a r e  a lr e a d y  a v a i la b le



 P a t c h  s p r a y in g  m a y  b e  p r o f i t a b le  e c o n o m ic a l ly

Average costs (€/ha) for weed control in various crops using 
uniform and site-specific treatments (Gerhards & Sokefeld, 2003)

C rop N umbe
r of 

fields

U niform S ite-
s pec ific  1

S ite-
s pec ific  

2

Winter wheat/barley 1 8 6 8 4 7 3 2

S ugar beet 2 1 1 4 8 1 5 1 6 9

Maize 7 1 0 3 1 1 3 9 5

Average 106 104 65

S i t e -s p e c i f ic  1  (3 -s e c t io n   s p r a y e r)… … … … .... 1 4 .8  
€ /h a
S i t e -s p e c i f ic  2  (d ir e c t in je c t io n  s p r a y e r)… … . 1 8 .7  € /h a



 P a t c h  s p r a y in g  m a y  s a v e  s u b s t a n t ia l h e r b ic id e  v o lu m e s

 Savings (%) for grass and broad-leaved herbicides using 
patch spraying (Gerhards & Oebel, 2006)

C rop Fields  
s ize 
(ha )

G ras s es B road-
leaved

S p r in g  b a r le y 8 .4 7 1 2 6

S p r in g  b a r le y 1 7 .5 4 2 1 8

W in t e r  w h e a t 2 0 .0 6 5 5 8

W in t e r  w h e a t 5 .3 7 9 8 1

S u g a r  b e e t 5 .8 4 6 5 7

M a iz e 4 .6 6 4 6

Averag e 10.8 51.5 47.7



•  M in im iz in g   th e  u s e  o f p e s t ic id e s          
P r e c is io n  c r o p  p r o t e c t io n ; G M  c r o p s

 

•  M in im iz in g  th e  u s e  o f f e r t i l iz e r s S i t e -s p e c i f ic  
n u t r ie n t m a n a g e m e n t

•  M in im iz in g  th e  u s e  o f f u e l     C o n s e r v a t io n  
t i l la g e

•  M in im iz in g  th e  u s e  o f w a te r D r ip  
ir r ig a t io n ; P r e c is io n  w a te r  m a n a g e m e n t



 M in im iz in g  th e  u s e  o f p e s t ic id e s : c u r r e n t r e s e a r c h  a c t iv i t ie s

• Spatial ecology of insects, plant pathogens and weeds

• Detection of pest organisms: remote sensing and ground sensors

• Site-specific spraying techniques

• IPM strategies

• Decision support systems

• Non chemical tactics: biological control, habitat manipulation,  
cultural and mechanical control, plant resistance



• T o  in t e g r a t e  th e s e  to o ls  in t o  c u r r e n t a n d  f u t u r e  lo w  
in p u t s y s t e m s

A lt h o u g h  a v a i la b le  te c h n o lo g ic a l t o o ls  c a n  c o n t r ib u t e  
s ig n i f ic a n t ly  t o  m in im iz e  th e  u s e  o f e x t e r n a l in p u t s , i t is  
n e c e s s a r y :

• T o  id e n t i f y  t h e  g a p s  th a t e x is t in  th e  d e v e lo p m e n t / 
c o m m e r c ia l u p t a k e  o f t h e s e  s y s t e m s

• T o  e x p lo r e  th e  o p p o r t u n i t ie s  to  u s e  th e s e  to o ls  in  
o r g a n ic  a g r ic u l t u r e

• T o  d e v is e  IC P S  th a t t a c k le  th e  o v e r a l l p r o b le m  r a t h e r  
t h a n  p r o v id in g  p a r t ia l s o lu t io n s
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