
Effects ofSmart Fertilization on Soil Quality
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Welcome to the seminar

·Bram de Vos

·General Director

·Alterra

·WageningenUniversity & Research centre
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PotentialGainsfrom Smart 
Distribution of N fertiliser

·Hein ten Berge

·Plant Research International B.V

·WageningenUniversity & Research centre
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Potential Gains from 

Smart Distribution of N fertiliser

Hein ten Berge & Wim van Dijk

Wageningen Seminar on Soil Quality and Smart Fertilization

27 November  2015



Variable Rate Application of N fertiliser
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Model study based on N response trials

ÂWare potato (n=32) 

ÂWinter wheat (n=27)

Â Spring wheat (n=10)

Â Spring barley (n=13)

Â Silage maize (n=80)

Â Seed-onion (n=14)

Â Sugar beet (n=37)



Two keys to N use efficiency

YieldDM = [ UptakeN,soil + Recovery * Nfertiliser ] * Ec

R is uptake efficiency

conversion efficiency is 1/A, 

where A is N content in crop product



Two site properties governing NUE keys 

Fertiliser-N recovery R

R = a - b Napp + c Yatt - d UN,soil

Conversion efficiency Ec = 1/A

A is N content in crop product

A = a + b Napp - c Yatt + d UN,soil

Attainable yield (Yatt) 

Attainable yield (Yatt)

R

EC

low UN,soil

high UN,soil

high UN,soil

low UN,soil
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óSpotsô with contrasting site properties

Low 

Yatt
Medium Yatt

High 

Yatt

Low UN,soil
LL LM LH

Medium UN,soil

ML MM MH

High UN,soil HL HM HH

Mean 

practice
+25%-25%

mean data

+1 s.d.

-1 s.d.



Scenarios

ÂñUNIFORMò: all spots same N rate (70% of N-App Std)

ÂñMax Yieldò: VRA for max. yield, Nsurplus as UNIFORM

ÂñMin N surplusò: VRA for min. surplus, yield as 

UNIFORM 

Gains from VRA expressed in (relative to UNIFORM)

×avoided yield lossin ñMax Yieldò  

×avoidedN surplus in ñMin N surplusò



Results: optimal N rates (ware potato)
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Results: yield loss avoided by VRA
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Results: N surplus avoided by VRA

0

5

10

15

20

25

ware
potato

winter
wheat

spring
wheat

spring
barley

silage
maize

seed
onion

sugar
beet

a
vo

id
e

d
 N

 s
u

rp
lu

s
 (

kg
 N

/h
a

)
VRA optimised for N surplus 



ñPrecisionò is more than in-field VRA

Â Minimize N losses: choose fitting

o N form

o N application technique/placement

o N timing

o N rate

Â Increase Yattóoverallô (breeding, cultural practices)

Â Soil N supplyïup or down ??? Optimizeñwhole-systemò 

NUE



In conclusion ïon VRA

Â VRA to maximise yield: 1.5 % to 5.2 % extra yield

Â VRA to reduce N surplus: 6 to 23 kg N/ha lower surplus

Â Optimal N rates differ by up to 200 kg N/ha, 

depending on site properties (Yatt and UN,soil) 



Thank you for your attention

© Wageningen UR



Spot property values in all scenarios

Yatt (t/ha) UN,soil (kgN/ha)

Low Mid High Low Mid High

Ware potato 37,5 50,0 62,5 55 85 115

Winter wheat 5,85 7,80 9,75 50 71 92

Spring wheat 4,80 6,40 8,00 45 63 81

Spring barley 4,50 6,00 7,50 45 68 91

Silage maize 11,6 15,5 19,4 50 90 130

Seed-onion 41,2 55,0 68,7 48 83 118

Sugar beet 7,0 9,3 11,6 35 46 57



Mean N rate (%of N-App Standards 2014-2017 Sand)

ÂWare potato 73% 171

Â Starch potato 70% 161

ÂWinter wheat 70% 112

Â Spring wheat 70% 98

Â Spring barley 70% 56

Â Silage maize 75% 105

Â Seed-onion 70% 84

Â Sugar beet 70% 101
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Robots for Fertilization and 
Improvement of Soil Quality 

·Eldert van Henten

·Chairholder Farm Technology group

·WageningenUniversity & Research centre
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Big Data Use: On Trends in Soil 
Fertility & New Services 

·Arjan Reijneveld

·Eurofins Agro
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Developments in 

Soil Fertility in 

The Netherlands

November 27, 2015

Dr. J.A. Reijneveld



Whatdo 
we want ?



ÅHigh yield!

ÅHigh crop quality

ÅPrudent use of nutrient and water

ÅC-sequestration

Åé



Whatdo 
we need? 



High soil fertility!
high nutrient and water supplying

and retaining capacity of the soil



Soil fertility

Chemical

N, S, P, K, Mg, Ca

Mn, Cu, B, Feé

Physical

texture

Organic matter

CEC, pH, 

soil structure

é

Biological

Soil nematodes

Fungi

Bacterial

é



How to
establish

soil
fertility?



Soil test

Routine soil tests: from the beginning of 20th century



Do we 
expect

changes ? 



Legislation
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Canwe 
establish
changes?



Large data base

Soil

Å< 1984: medians, averages on paper/in reports

Å> 1984: invidual records digitally stored: >3,000,000 results

Manure

Å< 1984: a few reports

Å> 1984: invidual records digitally stored: mostly N and P 

Crop quality

ÅHerbage: < 1984: a few reports

ÅHerbage: > 1984: invidual records digitally stored: >3,000,000 results

ÅFood (nutrient content): no routine analyses



I only looked at

a few characteritics

in a few regions

More information 

Reijneveld J.A., PhD study 2013, Unravelling changes in soil fertility

For nowé



Whatdo 
we see?



Soil


