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INTRODUCTION

The Nitrogen cycle. Source: OECD (2001) Environmental Indicators for Agriculture-Volume 3: Methods and Results, Publication Service, Paris, France

Plant Uptake
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NC = 5.35 if WR  1 t.ha-1

NC = 5.35. WR0.442 if WR 1 t.ha-1

Deficit of N

NNI 𝐷𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑙𝑒𝑠𝑠 =
𝑁𝑅(  
𝑔
100 𝑔 𝑡𝑜𝑡𝑎𝑙 𝑏𝑖𝑜𝑚𝑎𝑠𝑠)

𝑁𝐶(  
𝑔
100 𝑔 𝑡𝑜𝑡𝑎𝑙 𝑏𝑖𝑜𝑚𝑎𝑠𝑠

N Nutrition Index

𝑁𝑅  
𝑔
100 𝑔 𝑡𝑜𝑡𝑎𝑙 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 =

𝑸𝐍
𝒈
𝒎𝟐

𝑩𝒊𝒐𝒎𝒂𝒔𝒔 (  
𝒈
𝒎𝟐
)

Villodre et al., Mapping Optimum Nitrogen Crop Uptake, ECPA (2017) –

Monday 17th, July, Session 2

Campos et al., (2017)
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𝑵𝑫𝑹𝑬 =  
𝑹𝟕𝟗𝟎 − 𝑹𝟕𝟐𝟎

(𝑹𝟕𝟗𝟎 + 𝑹𝟕𝟐𝟎)

𝑹𝑬𝑷 = 𝟕𝟎𝟎+40·
𝑹𝟔𝟕𝟎+𝑹𝟕𝟖𝟎 /𝟐−𝑹𝟕𝟎𝟎

𝑹𝟕𝟒𝟎−𝑹𝟕𝟎𝟎

CI=
𝑹𝟕𝟗𝟎

𝑹𝟕𝟐𝟎
− 𝟏
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Vegetation Index Formula Use Reference

Normalized

difference red edge

index (NDRE)

 
𝑅790 − 𝑅720

(𝑅790 + 𝑅720)
Sensitive in

variations of

Clorophyll and N.

Fitzgerald et al.

(2010)

Red edge

chlorophyll index

(CIred edge)

𝑅790
𝑅720

− 1
Estimation of N

plant uptake.

Gitelson et al.

(2005)

MERIS terrestrial

chlorophyll index

(MTCI)

 
𝑅750 − 𝑅710

𝑅710 − 𝑅680

N uptake before

heading.

Dash and Curran

(2004)

Canopy chlorophyll

content index

(CCCI)

 
𝑁𝐷𝑅𝐸 − 𝑁𝐷𝑅𝐸𝑀𝐼𝑁

𝑁𝐷𝑅𝐸𝑀𝐴𝑋 − 𝑁𝐷𝑅𝐸𝑀𝐼𝑁

N uptake across

growth stages.

Fitzgerald et al.

(2010)

REP
700+40·

𝑅670+𝑅780 /2−𝑅700

𝑅740−𝑅700

Sensitive in

variations of

Clorophyll and N.

Guyot et al.

(1988)

Angular

Insensitivity

Vegetation Index

(AIVI)

𝑅445 · 𝑅720 + 𝑅735 − 𝑅573 · 𝑅720 − 𝑅735
𝑅720 · 𝑅573 + 𝑅445

N at different view

zenith angles.

He et al- (2016)
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OBJECTIVES

o Map the nitrogen content in the crop 
using remote Sensing techniques.

o Derive NNI (Nitrogen Nutrition Index)
maps for variable rate fertilization.

Field Spectroscopy to Support Precision Agriculture
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FIELD WORK STRATEGY
Field Spectroscopy to Support Precision Agriculture
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Wheat, year 2016

FIELD WORK STRATEGY
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FIELD WORK STRATEGY
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Measurements at Field

Biomass Sampling

Dry Biomass

Oven (48 h. 60ºC)

Dumas Method

N Concentration

Spectral Reflectance
ASD Hi-Res®

FIELD WORK: METHODOLOGY
Field Spectroscopy to Support Precision Agriculture
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FIELD WORK: AT FIELD CROP MONITORING
Field Spectroscopy to Support Precision Agriculture

González-Piqueras et al., 2017
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Field Spectroscopy to Support Precision Agriculture

DATA STORE: ACQUISITION PROTOCOL
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Análisis Matlab
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DATA STORE: SPEC. LIBRARIES CROP
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DATA STORE: SPEC. LIBRARIES CROP
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DATA STORE: SPEC. LIBRARIES CROP
Field Spectroscopy to Support Precision Agriculture
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DATA PROCESS
Field Spectroscopy to Support Precision Agriculture

Análisis Matlab
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FIELD WORK: N UPTAKE CALIBRATION
Field Spectroscopy to Support Precision Agriculture

González-Piqueras et al., 2017

NARROW BAND

WHEAT YEAR

2015 & 2016
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Field Spectroscopy to Support Precision Agriculture
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WHEAT 2016 
SPATIAL
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Adrián Moncholí, 2016

Atmospheric correction (sen2cor)

FIELD WORK: S2 ATMOSPHERIC CORRECTION
Field Spectroscopy to Support Precision Agriculture
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FIELD WORK: S2 NNI MAP
Field Spectroscopy to Support Precision Agriculture
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Resultados del ajuste en Casa Jara de los índices

red-edge obtenidos de las imágenes de Sentinel 2A

frente a QN medido en campo.

Index Slope (m) Intercept 

(n)

R2

REP 1.37 ±0.06 -980 ±40 0.87

MTCI 4.9 ±0.2 -6.3 ±0.8 0.89

CIRE 3.0 ±0.5 -3.0 ±0.6 0.84

NDRE 27 ±2 -4 ±1 0.81

AIVI - - -

CCCI 26.7 ±1.2 -9.0 ±0.5 0.87

FIELD WORK: S2 NNI MAP
Field Spectroscopy to Support Precision Agriculture
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Indirect Nitrogen Nutrition Index (NNI) map on wheat 21st May 2016, from
Red-Edge Sentinel 2A bands
Albacete (Casa Jara), Spain

Soil Potential Productivity



Protocolos y Librerías espectrales en Espectroscopía de campo: de las buenas prácticas a una mayor utilidad de los datos 
Madrid, Instituto Nacional de Técnica Aeroespacial (INTA) - 7 de marzo de 2019 

NDVI NNI

NNI

FIELD WORK: NNI MAP DECISION SUPPORT
Field Spectroscopy to Support Precision Agriculture
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Barley

FIELD WORK: SOIL
Field Spectroscopy to Support Precision Agriculture

Pareja Serrano, Elena, 2018
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DATA PROCESS: SOIL
Field Spectroscopy to Support Precision Agriculture

ʎ (nm)

Pareja Serrano, Elena, 2018



Protocolos y Librerías espectrales en Espectroscopía de campo: de las buenas prácticas a una mayor utilidad de los datos 
Madrid, Instituto Nacional de Técnica Aeroespacial (INTA) - 7 de marzo de 2019 

DATA PROCESS: SOIL
Field Spectroscopy to Support Precision Agriculture
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Pareja Serrano, Elena, 2018
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Field Spectroscopy to Support Precision Agriculture

Clay– transpiration

barley

corn

Pareja Serrano, Elena, 2018

DATA PROCESS: SOIL
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CONCLUSIONS
ESTIMACIÓN NNI BANDAS RED EDGE

o Provide reliable (guarantee quality) data 
to users (UAV & Satellite).

o Instruments at field are operational.
o Radiometry is implemented in the

information supplied to the users.
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