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Millennium goals and challenges for agriculture 

Health and nutrition

Food security

Biobased Economy

Biodiversity

Climate change

Agri-Food
system



Development of agriculture (in nutshell)

 12.000 years of innovation

● First revolution (10.000 BC) start of cultivation of land

● Arab (800-1300) and British (1750-1900) agricultural revolutions

● Green revolution (1930-1960)

● Fourth revolution

● Precision agriculture first mentioned around 1990

● Later on also digital farming/smart farming/IoT/Robotics

 Note: 1-2 out of 400 generations of farmers apply digital technologies so far 
on there farms (1 generation is 30 years)
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Technological developments

Van Tuijl (2013) based on Da Vinci (ca. 1490)



Precision Farming / Smart Farming / Digital farming ....

 A farming management concept based on measuring and 
responding to temporal and  spatial variability in crops, livestock 
and the environment

● Sensing -> decision making ->implementation

● Operational, tactical, strategical operations

 Many enabling technologies are available:

● GNSS, sensors, ICT, autonomous platforms, robotics

 Expected benefits (in short): More with Less & Better
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• Right time
• Right place
• Right input
• Right amount



PA Infographic National Geographic
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EU study: STOA report 2016 “PA Impact on EU Policy”

++
 Business development in agri-food 

chains

 Food security & food safety

 Transparency of agri-food chains

 Sustainable production

+
 Competitiveness of EU-farming

 Skilled workforces

 Demographic and rural 

development

 Climate change and action

=
 Farm holding size and number

 Multi-functional agriculture

_
 Jobs on farms in primary 

production



Barriers

• Skills needed

• Independent data on cost-benefit

• Implementation of technologies in farming practices

• Interoperability

• Standardization

• Smart use of sensor data (adding value to data by generic 

models and local calibration)



Where is the PF 

business case in

potato?

2. More 

precise

crop 

Management

Total: 1900 €/ha 

3. Less labour and 

advisory

costs

Quantitative Information French Fries Potato Production in 

Flevoland, NL, clay soil (Source: KWIN of WUR, 2015)

1.Closing the yield 

gap, still ca. 40% 4. Others



Frame work for analysis of crop yields
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Ya in NL arable farming is ca ½- ¾ of Yp



PA 1.0: Global Navigation Satellite systems (GNSS) and 

Controlled Traffic Farming (CTF)



PA 1.0+ Use of GAOS module for route planning 



PA 2.0: yield maps



PA 2.0: Crop biomass data from light reflection sensor 

systems, delivering crop biomass maps



PA 2.0 monitoring: Satellite image of (potato) crops



PA 2.0: Soil sensors systems for mapping of soil 

properties



Potato production cycle: 
VRA haulm killing



PA 2.0: Variable rate application (VRA) using data and 

decision support (simple):

PHK case
Weather data, 
soil moisture

Model for Biomass 
dependent 

minimum effective 
dosing

Use of data and 
model in 

spraying  on the 
go               

or task map

FMIS: 
management data

Herbicide data

Biomass data 
(NDVI, WDVI, S1)

Crop and variety 
data

Others, e.g. weed



Reglone 
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VRA algorithm Reglone (standard) for potato haulm killing



VRA on the go (2009)

 Leipzig, potato crop, Yara N-Sensor

Reglone herbicide, standard situation

 Pictures below 4 days after spraying

Uniform dose (flat rate): 2,5 L 
Reglone/ha @ 300 L water per ha

Variable rate application: gem. 1,5 L 
Reglone/ha @ 200 L water per ha



VRA task map from drone sensor system (2012)

(Reglone task map (av. rate 0.9 L/ha))

Acknowledge
ment:
TerraSphere, 
Vd Borne



My Akkerweb



Selection of field, biomass data, VRA algorithm and 

machine gives task map 



High resolution biomass map from drone
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Drone image and dosing map (2017) (reduction over 50%)
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Other examples of PA 2.0+ (monitoring and VRA)

 Grip on Grass

 GAOS route navigation

 VRA Lime

 VRA Topdress Nitrogen

 VRA Soil herbicides

 VRA planting

 Late blight control (here infection risk assessment/timing control most 
important)

 Nematode control (here population dynamics most important)



Potato production cycle: 
VRA Topdress N
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From Chlorophyl index map to N-topdress task map 
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Soil maps input for soil herbicide task maps



33

Image: Howard F. Schwartz, Colorado State University

Phytophthora infestans (“late blight”)



Potato late blight DSS and VRA maps

Weather data and 

prediction

WUR Blight 

infection risk and 

minimum 

effective dosing 

models

Blight 

App on 

Akkerweb

FMIS: Farm and 

crop management 

data

Fungicide data and 

degradation 

prediction

Biomass data and 

prediction

Crop and variety 

data

Others, e.g. 

disease monitoring



The NemaDecide Geo supply chain
Potato cyst nematodes, root knot nematodes, root lesion nematodes

NemaDecide
Geo

Potato 
info

Cropping scheme

RVO Crop 
polygons

Generating 
sampling units

Digital sampling 
request

Database 
soil sampler

Sampling 
result

Laboratory result

NemaDecide
advice

Taskmap
nematostats



Four PA 2.0 applications in potato
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Soil herbicides Late blight fungicide

Sidedress N Potato haulm killing

• Reduction pesticides: 23%

• Reduction N use: 15% 

• Increase gross margin: 20%

• Increase sustainability: 23%

Van Evert et al. (2017). 
https://doi.org/10.3390/su9101863

Kempenaar et al. (2017)

https://link.springer.com/article/10.1007%2Fs11540-018-9357-4

https://doi.org/10.3390/su9101863
https://link.springer.com/article/10.1007/s11540-018-9357-4


National Fieldlab Precision Agriculture (NPPL)

The project will run 4 years

The project is initiated by ProAgrica and WUR. Financial resources are mainly 
from Ministry of Agriculture (LNV).

NPPL aims to achieve “more sustainble agriculture” by stimulation of adoption 
of Precision Agriculture applications. 

We aim at farmers in the early adopters and early majority groups
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Selection process of six farmers in NPPL in 2018
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NPPL website 

www.proeftuinprecisielandbouw.nl
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http://www.proeftuinprecisielandbouw.nl/


NPPL farmers 2018

● Six farms
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New applications 

in 2019 NPPL

 Dairy farming

● Fertilizer use

● Irrigation

● Weed detection

● Birds protection

● Route planning

● VRA fungicides 
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Towards PA 3.0 and 4.0 

 PA 3.0

● More ‘on the go’ applications

● More and better sensing at high resolution

● Crop condition and quality, soil quality, biodiversity

● Better decision making based on site specific data and models

● More robotics / autonomous machines / mixed cropping 

 PA 4.0

● Data sharing between farmers and chain partners

● Better decision making based on shared data (less field experiments)
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PA 3.0 in autonomous machine platforms and actions on-the-go
https://www.wur.nl/en/Research-Results/Projects-and-programmes/Agro-Food-Robotics.htm

45



Robotics assisting in food production chain

https://www.wur.nl/en/Research-Results/Projects-and-programmes/Agro-Food-Robotics.htm

https://www.wur.nl/en/Research-Results/Projects-and-programmes/Agro-Food-Robotics.htm


Ongoing PP R&D projects boosting PA

PPS PL 4.0 



Challenge: yield gap at field level                                        

 Method

● Data-set of group of farmers in a region (>20)

● Crop management data

● Link with environmental (open) data

● Study at crop rotation level

● Calculate crop yields with mechanistic model (Yp, Yn, Yw, Ywn) 

● Compare with actual yield

● Factor and frontier analysis to rank yield determining factors

http://www.precisielandbouw-openteelten.nl/disac/44-nederlandstalige-content/pl20



Decision support system for farmers to rank yielding

factors
Weather data

Crop yield
models Yp, 
Yw, Yn, Ywn

etc.

Factor and
frontier 
analysis 

To determine
key factors

FMIS: Farm and
crop management 
data: sowing date, 

harvest date

Crop and
variety data

Outcome: yield
gap per crop per 
field: srategic
advice

Measure
d Yield
data

Soil data



In conclusion

 PA is changing agriculture, food production and landscape (4e revolution?)

 Adoption of guidance systems in modern agriculture is high (PA 1.0), but 
adoption of variable rate applications at 10-50 m2 is still low (PA 2.0, but 
increasing)

 Adoption of variable rate at 1 m2 / plant level requires R&D/innovations on 
sensing, robotics and ICT (PA 3.0, on the go systems) to become 
mainstream

 Data-driven ag. (PA 4.0) requires besides R&D/innovations on data analytics 
also trust in data sharing and compliance to FAIR                                                 
by aligned parties  
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Will analytics replace the farmer at the end ......... ?
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Thank you for your attention

www.precisielandbouw.eu

http://precisielandbouw-openteelten.nl/

www.proeftuinprecisielandbouw.nl

Email1: corne.kempenaar@wur.nl

Email2:c.kempenaar@aeres.nl

Tel.: +31654954413

Skype: corne.kempenaar

mailto:corne.kempenaar@wur.nl
mailto:corne.kempenaar@wur.nl
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