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Introduction and objectives
Nitrogen is the most important macronutrient for the majority of 
crops, strongly influencing crop growth and the quantity and quality of 
yields. A key aspect of nitrogen application is using the appropriate 
amounts at the right time and in the right place. This approach plays a 
crucial role in sustainable agriculture by reducing fertilization costs and 
limiting the impact of fertilization on the environment.

Productivity zones

• Application of multitemporal (multi-annual) Sentinel-2 imagery
• Productivity analyzed based on yield maps collected by combine harvesters
• Analysis of relation between vegetation indices (VIs) and yield maps – selection 

of the most correlated VI
• K-Means clustering of VIs maps and productivity class assignment

Field experiments

Conclusions and remarks

• Reliable method for productivity zones delineation based on 
multitemporal satellite observations

• Adjustable number of zones – depending on field variability
• Effective vegetation index used – MTCI 2
• A multi-field experiment
• Reliable variable nitrogen application strategy that reduces 

fertilizer use and negative environmental impact
• Result: fertilization reduction (5-10%)  maintained yield

Experiment results

The objective was to develop operational methods for variable nitrogen 
use for winter wheat with an emphasis on fertilization at the early stage 
of crop development (first seasonal application). Due to problematic 
measurement of nitrogen content at this stage of crop development, the 
proposed method uses field productivity as an indicator of nitrogen 
distribution and productivity zones to differentiate fertilization rates. 

Vegetation index Abb. Formula
Sentinel-2 

bands
Green Chlorophyll Index ClGreen (NIR/Green) − 1 B08, B03

Green Normalized Difference 

Vegetation Index
GNDVI (NIR – Green) / (NIR + Green) B08, B03

Inverted Red-Edge Chlorophyll Index IRECI (NIR-Red)/(RedEdge1/RedEdge2) B08, B04, B5, B6

Meris Terrestrial Chlorophyll Index 1 MTCI 1 (NIR – Red-Edge) / (Red-Edge - Red) B08, B05, B04

Meris Terrestrial Chlorophyll Index 2 MTCI 2 (NIR – Red-Edge) / (Red-Edge - Red) B06, B05, B04

Normalized Differential Red-Edge 

Index
NDRE (NIR – Red-Edge) / (NIR + Red-Edge) B08, B05

Normalized Difference Vegetation 

Index
NDVI (NIR – Red) / (NIR + Red) B08, B04

Normalized Difference Water Index NDWI (NIR – SWIR) / (NIR + SWIR) B08, B11

Normalized Difference Water Index 2 NDWI 2 (NIR – SWIR) / (NIR + SWIR) B08, B12

Near Infrared band NIR B08

NIR to NIR ratio NIRNIR NIR/NIR B07, B06

Red-Edge Chlorophyll Index 1 ClRE1 (NIR/Red-Edge) − 1 B08, B05

Red-Edge Chlorophyll Index 2 ClRE2 (NIR/Red-Edge) − 1 B08, B06

Relative Normalized Difference 

Vegetation Index
RNDVI (NIR-Red)/(√NIR+Red) B08, B04

Visible Atmospherically Resistant 

Index
VARI (Green – Red) / (Green + Red + Blue) B03, B04, B02

MTCI 2 zones

K-Means

June – July Sentinel-2 data Winter wheat yield data

• Strip-trials experiments performed on production field 
(20 ha)

• Productivity zones – three classes (high, medium and 
low productivity)

• N min from soil samples (0 – 60cm) and Kjeldahl 
method – reference for fertilization doses estimation 

• Two fertilization strategies compared:
• Fixed-rates fertilization – average value from N min
• Variable-rate: 
• Low productivity zone - reference rate:   190 kg/ha
• Medium productivity zone (-10%):          171 kg/ha
• High productivity zone (-20%):          152 kg/ha

• 3 fertilization applications: 1st – BBCH 25 (40%), 2nd and 
3rd (fixed-rates)

• Winter wheat yield vs. fertilization doses:
N 190 kg/ha: yield 9.98 t/ha
N 171 kg/ha: yield 9.97 t/ha
N 152 kg/ha: yield 10.48 t/ha
• Winter wheat yield vs. fertilization strategy:
Reference rate: yield 9.98 t/ha
Reduced rate: yield 10.31 t/ha

• Statistical test indicated differences in analyzed groups
• Higher yield achieved in areas of variable fertilization 

and reduced rates
• At field scale 7% reduction of N fertilizer
• Diagnosis and Recommendation Integrated System 

(DRIS) results – Nitrogen not found as limiting factor for 
crop growth 

Fertilization 

strategy

LAI

[m2/m-2] 

(BBCH32)

Nitrogen 
Nutrition 

Index 
(BBCH32)

NDVI 

(BBCH32)

LAI 

[m2/m-2]

(BBCH39) 

NDVI 

(BBCH39)

Reference 

rate
2.47 1.24 0.77 4.78 0.86

Variable – reduced 

rate
2.42 1.22 0.77 4.94 0.86

Analysis of plant material/LAI after 1st N application (stem elongation stage)
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