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Conflicting functions of agricultural production and nature conservation
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Research questions

Sustainable 
Agriculture

To what extent do 
substance properties 
influence pesticide 
transport?

Wendell, A.-K., Guse, B., Ulrich, U., Wagner, P.D., Fohrer, N. (2026). 
Understanding pesticide fate and transport processes in eco-hydrological 
modelling through temporal parameter sensitivity analysis. Journal of 
Environmental Management 401, 128995.
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Research questions

To what extent do 
substance properties 
influence pesticide 
transport?

Transport? What measures can be 
taken to reduce the 
transport of pesticides 
and their TPs?

Measures?

Wendell, A.-K., Ulrich, U., Guse, B.,  Loose, L.P., Wagner, P.D., Fohrer, N. 
(2026). Assessing management strategies to reduce pesticide transport via 
subsurface drainage systems. Agricultural Water Management, Under Review
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Research questions

To what extent do 
substance properties 
influence pesticide 
transport?

Transport? What measures can be 
taken to reduce the 
transport of pesticides 
and their TPs?

Measures? Can the retention 
potential be enhanced 
through field-specific 
management adaptation?

Field-specific management combinations?

Wendell, A.-K., Ulrich, U., Guse, B.,  Loose, L.P., Wagner, P.D., Fohrer, N. 
(2026). Assessing management strategies to reduce pesticide transport via 
subsurface drainage systems. Agricultural Water Management, Under Review
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Study area and pesticide use

ÅAverage-ǎƛȊŜŘ ŦŀǊƳ ǿƛǘƘ ŀƴ ŀǊŜŀ ƻŦ млл Ƙŀ

ÅDrainage network:   6.3 km (     : 13%;     : 87%) 

ÅDaily mixed samples after application            
(2016 - 2020) 
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Dry year 2016/17 
38,9 mm precipitation in the first 

month after application

Applications 2016
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ÅAverage-ǎƛȊŜŘ ŦŀǊƳ ǿƛǘƘ ŀƴ ŀǊŜŀ ƻŦ млл Ƙŀ

ÅDrainage network:   6.3 km (     : 13%;     : 87%) 

ÅDaily mixed samples after application            
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F: 1,12 kg
D: 0,50 kg

F: 1,88 kg
D: 0,54 kg

F: 1,49 kg
D: 0,43 kg

Wet year 2017/18 
132,5 mm of precipitation in the first 

month after application
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ÅAverage-ǎƛȊŜŘ ŦŀǊƳ ǿƛǘƘ ŀƴ ŀǊŜŀ ƻŦ млл Ƙŀ

ÅDrainage network:   6.3 km (     : 13%;     : 87%) 

ÅDaily mixed samples after application            
(2016 - 2020) 
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23 model parameters
sensitivity test* & calibration
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23 model parameters
sensitivity test* & calibration

online database of the 
University of Hertfordshire 
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*FAST, Fourier Amplitude Sensitivity Test
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sphere

model structureҦ 9¦-Dossiers7

diflufenican

flufenacet

TP

Fourier Amplitude Sensitivity Test (FAST) SWAT-Parameter

Pesticide percolation: 
pestperc

Pesticide resuspension: 
pestresus

Pesticide burial:       
pestburial

Pesticide settlement:   
pestsettle

Pesticide wash-off:   
pestwash

Pest groundwater factor:   
pestgw
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Results
daily sensitivity test (FAST)
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What influence do the pesticide properties have on transport?
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mean loads variation of the model results 

What influence do the pesticide properties have on transport?

wet year 2017/18
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Sep.: Persistent pesticides can 
remain in the system for more 
ǘƘŀƴ ŀ ȅŜŀǊ Ҧ 5ƛǎǇŜǊǎƛƻƴ

loads loads

sensitivity

What influence do the pesticide properties have on transport?

adsorption coefficient
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mean loads variation of the model results 
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Oct.: Loads are increasing, but 
sensitivities stays low

Sep.: Persistent pesticides can 
remain in the system for more 
ǘƘŀƴ ŀ ȅŜŀǊ Ҧ 5ƛǎǇŜǊǎƛƻƴ

loads loads

sensitivity

What influence do the pesticide properties have on transport?

adsorption coefficient

Koc

half-life

DT50

mean loads variation of the model results 
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Oct.: Loads are increasing, but 
sensitivities stays low

Nov.-Jan.: For less persistent 
pesticides, the importance of 

DT50ҧ ŘǳŜ ǘƻ ŀƴ Ҩ ƛƴ ǘƘŜ 
availability

Sep.: Persistent pesticides can 
remain in the system for more 
ǘƘŀƴ ŀ ȅŜŀǊ Ҧ 5ƛǎǇŜǊǎƛƻƴ

loads loads

sensitivity

What influence do the pesticide properties have on transport?

adsorption coefficient

Koc

half-life

DT50

mean loads variation of the model results 
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Oct.: Loads are increasing, but 
sensitivities stays low

Nov.-Jan.: For less persistent 
pesticides, the importance of 

DT50ҧ ŘǳŜ ǘƻ ŀƴ Ҩ ƛƴ ǘƘŜ 
availability

Feb.-Aug.: Stabilisation of 
sensitivities at low loads 
Ҧ .ŀǎŜ ǘǊŀƴǎǇƻǊǘ

Sep.: Persistent pesticides can 
remain in the system for more 
ǘƘŀƴ ŀ ȅŜŀǊ Ҧ 5ƛǎǇŜǊǎƛƻƴ

loads loads

sensitivity

What influence do the pesticide properties have on transport?

adsorption coefficient

Koc

half-life

DT50

mean loads variation of the model results 
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Feb.-Aug.: Stabilisation of 
sensitivities at low loads 
Ҧ .ŀǎŜ ǘǊŀƴǎǇƻǊǘ

August
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Oct.: Loads are increasing, but 
sensitivities stays low

Nov.-Jan.: For less persistent 
pesticides, the importance of 

DT50ҧ ŘǳŜ ǘƻ ŀƴ Ҩ ƛƴ ǘƘŜ 
availability

Sep.: Persistent pesticides can 
remain in the system for more 
ǘƘŀƴ ŀ ȅŜŀǊ Ҧ 5ƛǎǇŜǊǎƛƻƴ

What influence do the pesticide properties have on transport?

adsorption coefficient

Koc

half-life

DT50

sensitivitymean loads variation of the model results 
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Feb.-Aug.: Stabilisation of 
sensitivities at low loads 
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Oct.: Loads are increasing, but 
sensitivities stays low

Nov.-Jan.: For less persistent 
pesticides, the importance of 

DT50ҧ ŘǳŜ ǘƻ ŀƴ Ҩ ƛƴ ǘƘŜ 
availability

Sep.: Persistent pesticides can 
remain in the system for more 
ǘƘŀƴ ŀ ȅŜŀǊ Ҧ 5ƛǎǇŜǊǎƛƻƴ

What influence do the pesticide properties have on transport?

adsorption coefficient

Koc

half-life

DT50

sensitivitymean loads variation of the model results 
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Base transport
Substance properties influence base transport. 

Specifically, Koc governs the transport quantity, while 
DT50 controls availability.

Peak transport
DT50 and Koc lose importance, as transport peaks are 
hydrologically controlled. However, they determine 

which substances are available for transport.
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ÅHalf-life has a dominant influence

ÅThe importance of half-life decreases during peak transport

ÅHalf-life is becoming increasingly important with time
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Results
Drainage management
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Sustainable 
Agriculture

Szenarios?

Drainage management

7-Days: Closure of tile drains for 7 
days following an application

Soil Moisture: Opening based on soil 
moisture thresholds

Spring: Closure at the end of March
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7-Day drainage closure 

closure with pesticide application
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2016 - 2020

-0,016-0,005- -0,014-0,004- -7,352-0,271-

surface runoff lateral flow percolationdrainage flow

F
a

zi
t

M
e

th
o
d
e
n

M
e

th
o
d
e
n

R
e
su

lt
s



7-Day drainage closure 
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opening at elevated soil moisture spring closure

dry year
2016/17

wet year
2017/18

total sum
2016 - 2020

dry year
2016/17

wet year
2017/18

total sum
2016 - 2020

dry year
2016/17

wet year
2017/18

total sum
2016 - 2020

+9,494
+10,025

-0,262

-2,399

-0,803

-0,611

-18,074
-1,355

-5,351

increase in transport caused 
during the wet year

increase in the net reduction of TP 
transport

surface runoff lateral flow percolationdrainage flow

closure with pesticide application

predecessor scenarios
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flufenacet FOA FESA

Re-closure of the drainage systems in the spring (March 31)

opening at elevated soil moisture spring closure

dry year
2016/17

wet year
2017/18

total sum
2016 - 2020

dry year
2016/17

wet year
2017/18

total sum
2016 - 2020

dry year
2016/17

wet year
2017/18

total sum
2016 - 2020

+9,494
+10,025

-0,262

-2,399

-0,803

-0,611

-18,074
-1,355

-5,351

increase in transport caused 
during the wet year

increase in the net reduction of TP 
transport

surface runoff lateral flow percolationdrainage flow

closure with pesticide application

predecessor scenarios
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A compromise in management practices is 
necessary to reduce pesticide transport sensible.
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Transport?

F
a

zi
t

M
e

th
o
d
e
n

M
e

th
o
d
e
n

R
e
su

lt
s

Sustainable 
Agriculture

Combination?

Results
Field-specific drainage management
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Reduction potential of the best management combination

Ҧ no ultimate 
protection
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Dry year
Substantial reduction in 

transport

Wet year
Indifferent reaction 

pattern

flufenacet: -0.69 g; FESA: -18.05 g; FOA: -1.59 g
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F
a
zi

t

Key Findings of the Study

The pesticide properties determine the magnitudeof base 
transport, and to a lesser extent, that of peak transport.

During peak loads, hydrologicalinfluences play a predominant 
role. However, pesticide properties determine availability.

The effectiveness of measures is determined by field- and 
substance-specific characteristics.

Field-adaptedand weather-dependent management, as a 
compromise between substances, can improve net reduction.

Sustainable 
Agriculture 
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Entwicklung der Sensitivität unter trockenen Bedingungen (2016/17)



7-Day drainage closure 
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dry year
2016/17

wet year
2017/18

total sum
2016 - 2020

dry year
2016/17

wet year
2017/18

total sum
2016 - 2020

dry year
2016/17

wet year
2017/18

total sum
2016 - 2020

-0,016-0,005- -0,014-0,004- -7,352-0,271-

surface runoff lateral flow percolationdrainage flow

closure with pesticide application
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As mobility increases, the effectiveness of short closure periods also 
increases. ainly due to a reduction in Transport via lateral flow and drainage 

flow. However, this measure proves ineffective during dry years.
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flufenacet FOA FESA

dry year
2016/17

wet year
2017/18

total sum
2016 - 2020

dry year
2016/17

wet year
2017/18

total sum
2016 - 2020

dry year
2016/17

wet year
2017/18

total sum
2016 - 2020

Opening of the drainage system due to soil water thresholds

-0,178
-0,032

-0,033 -0,420-0,009-0,154 -9,327-0,941-0,824

surface runoff lateral flow percolationdrainage flow predecessor scenario

closure with pesticide application opening at elevated soil moisture

F
a

zi
t

M
e

th
o
d
e
n

M
e

th
o
d
e
n

R
e
su

lt
s

Situation-adapted management reduces drainage transport 
for all substances.



Entwicklung der Sensitivität unter trockenen und nassen 

Bedingungen für Frachten und Konzentrationen
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