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The challenge of modern agriculture



Why Site-Specific Weed 
Management?
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• Weed infestations are spatially heterogeneous

• We need to improve the APPLICATION EFFICIENCY 
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• Why apply herbicide uniformly across the entire field? 
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Despite the technological progress…
The adoption of Site-Specific Weed Management (SSWM) is still very limited

How can we make SSWM simpler and more accessible to the farmer 

6 %
EU farms use Site Specific 

herbicide application

Pitsyk et al., 2026, Precision 
Agriculture
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Our idea: SWIM
Smart Weed Impact Management: a DSS

• Simple
• Exportable
• Low-cost

DATA 
ACQUISITION WEED DETECTION

IMPACT 
ASSESSMENT

PRESCRIPTION 
MAP GENERATION

HERBICIDE 
APPLICATION

UAV images 
acquisition (RGB)

Weed Green Cover 
(WGC) mapping

Estimation of the weeds 
impact on the crop yield

PSA or VRA

Farmer is in the center of the process defining parameters and 
strategy 
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Weed Detection (WD):
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Total Green Cover (TGC) Maize Green Cover(MGC) 

Weed Green Cover (WGC) 

= +

CV = 0.137 

CV = 0.889 

Low variability

high variability

The crop component (MGC) is relatively stable, while the weed component 
(WGC) is highly variable across the field

MGC =WGC TGC -
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Weed Detection (WD):
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MGC = n°maize plants (NMP) Maize Plant Green cover (MPGC) x

SWIM calibration phase
Pre-cut (TGC) 

Calibration parameters 

Estimating MGC through site specific calibration:  

Post-cut (WGC) Maize Green Cover (MGC)

 Number of Maize Plants (NMP)

 

mMPGC = mMGC / mNMP
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Weed Detection (WD)
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IMPROVED METHOD 

MGC = mMPGC x mNMP  

Designed for skilled farmers  

Fixed value

WGC = TGC - mMGC 

Plants number detector:  

dMGC = mMPGC x rNMP  

real NMP 

WGC = TGC - dMGC 

Dynamic value

SIMPLE METHOD

Designed for beginner farmers  

Only calibrated parameters 

rNMP 
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The overlap problem:  
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CP VP

NON VISIBILE

VISIBILE

R-WGC = WGC + estimated hidden WGC 

R-WGC = WGC + hidden WGC 



Impact assessment 
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SIMPLE METHOD

IMPROVED METHOD 

YL =
WMR x q

1 + q − 1 WMR
x Yout

Goldsmith, A. et. al (2025) 
YL = Yield Loss
WMR = WGC/TGC
q = competition coefficient
Yout = max yield

YL = cost of the treatmentWMREIT

q = fixed value (1,0)
Yout = historical data or farmer 
experience q = calculated value (0,93)

Wedded Plots
Unwedded Plots

Yout
WGC
Final Yield

From weed pressure to expected yield loss :  

Site specific calibration
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Prescription map generation
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Patch Spray Application (PSA):

If WMRMZ ≥ WMREIT,
then chemical weeding (x l/ha);
else no chemical weeding (0 l/ha).

Variable Rate Application (VRA):

if W/TGMZ ≥ W/TGEIT:
• ΔW = W/GMZ − W/GEIT
• If ΔW ∈ [low] → x l/ha
• If ΔW ∈ [medium] → y l/ha
• If ΔW ∈ [high] → z l/ha

Else:
• no chemical weeding 

From economic intervention threshold to site specific herbicide application:  
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SWIM workflow:  



Some results :
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Maize Plants Number 
Improved Method 

Weed Green Cover 
Simple Method vs Improved Method 

R2 = 0.937 

SM R2 = 0.855

IM R2 =  0.857
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Some results :
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Some preliminary agronomic results…
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Prescription map for PSA (IM) Yield map 

- 38 % 

“Only where needed” Yield obtained in each MZs

HERBICIDE USE
Compared to uniform application
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Limits
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How to improve the applicability?
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SWIM - AFA
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Adapting a UAV-Based Weed Detection Method (SWIM) for a 
Tractor-Mounted Optical Sensor

SIMPLE METHOD
Calibration session  

mMGC = mMRGC x mNMR  
IMPROVED METHOD

dMGC = mMRGC x rNMR  

Dynamic Maize-row detector  
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SWIM - AFA
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SWIM seems to be exportable from UAV to tractor mounted sensor

Similar magnitude of performance to original SWIM

Promising first step towards real-time weed detection

Perspective distortion limits the usable field of view ( 6 m)

Validation across fields, growth stages and enviromental conditions

Integration into an on-the-go DSS
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High spatial resolution

Field monitoring even when
field access is limited

High accuracy in weed and 
crop metrics

No perspective distortion

Dedicated flight planning

Post processing

Complex and time 
consuming

UAV legislation

More User frendly

Interoperability

High accuracy in weed and 
crop metrics

Real time (work in progress)

Limited field of view (6 m)

Perspective distortion

Further developement
needed

Depending on weather
conditions



Thank you for your 
attention !

Leonardo Ercolini
University of Pisa
Department of Agriculture, Food and Environment 
(DAFE)
Via del Borghetto, 80
56124 Pisa (Italy)
E-mail: leonardo.ercolini@phd.unipi.it

Follow us !
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  YL =  (   WMR   x   q  1 +  ( q − 1 ) WMR ) x    Y out

