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Study of Near-Infrared spectroscopy potential
to predict soil N and OM content and it’s
combination with GIS and Precision Farming
applications

El potencial del estudio de la espectroscopia
para predecir el contenido de nitrógeno
y materia orgánica en el suelo
con la combinación del GIS y las
aplicaciones de la Agricultura de Precisión

Annia García Pereira11,2, Antihus Hernández Gómez1y He Yong2

ABSTRACT. NIR spectroscopy appears as a rapid, convenient and simple nondestructive technique that can be useful to quantify several soil
properties. This method was used to estimate soil N and OM content in a Dark soil of Zhejiang Province, Hangzhou county. A total of 125
samples were taken from the field. A total of ninety-eight samples spectra were used during the calibration and the validation stage to validate
the calibration equation produced. Twenty-seven sample spectra were used to determine N and OM concentration. NIR spectra of these samples
were correlated using partial least square regression. Correlation coefficients higher than 0,83 (r2>0,83) where obtained during the calibration
stage and validation stage validation analysis. Statistic for predicted N and OM is shown in Table 2, Fig. 3. The r2 between measured and predicted
values in both constituents N and OM, 0,82 and 0,84, as well as RMSEP, 3,67 and 0,06, SEP, 0,07 and 0,06, respectively, demonstrated that NIRS
method have potential to predict accurately this constituents in soil. On the other hand, has been demonstrated that NIRS is one of the only
technologies suitable to be combined with Precision farming during field monitoring of soil constituents.

Key words: NIR spectroscopy, nitrogen, organic matter, soil, precision farming.

RESUMEN. La espectroscopía (NIR) aparece como una técnica no destructiva simple, rápida y conveniente, que puede ser usada para cuantificar
varias propiedades del suelo. Este método fue usado para estimar el contenido de nitrógeno y materia orgánica en un suelo oscuro plástico de la
provincia de Zhejiang, en el área de Hangzhou. Un total de 125 muestras fueron tomadas del campo. De ellas un total de 98 muestras espectrales
fueron usadas durante la etapa de calibración y validación de la propia ecuación de calibración producida. Las restantes 27 muestras espectrales
fueron usadas para estimar la concentración de nitrógeno y materia orgánica. Todas las muestras espectrales fueron correlacionadas usando la
técnica de regresión PLS (Partial Least Square). Durante ambas etapas, calibración y validación, fueron obtenidos coeficientes de correlación
superiores a 0,83. Todos los parámetros estadísticos obtenidos de la predicción del nitrógeno y la materia orgánica son mostrados en la Tabla2,
Fig. 3. El valor de r2 obtenido entre los valores determinados (laboratorio) y predecido (NIR) para ambos constituyentes, nitrógeno y materia
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orgánica fue 0,82 y 0.84, así como una raíz media cuadrática del error de predicción (RMSEP) 3,67 y 0,06, y un error estándar de predicción
(SEP) igual a 0,07 y 0,06, respectivamente, demostrando que el método de espectroscopia tiene potencial para predecir con bastante exactitud
estos constituyentes es este tipo de suelo. Por otro lado queda demostrado que la espectroscopia es una de las pocas tecnologías factibles para ser
combinada con agricultura de precisión durante el monitoreo de los constituyentes del suelo.

Palabras clave: espectroscopía (NIR), nitrógeno, materia orgánica, suelo, agricultura de precisión.

INTRODUCTION

The actual technological development in positioning,
sensing and control system has open a new era, where
practices traditionally used in agriculture are staying
behind. Precision farming is a term used to describe the
management of variability within field, applying agronomic
inputs in the right place, at the right time and in the right
quantity to improve the economic efficiency and diminish
the environmental impact of crop production (Earl, et al.,
2000). The study and understanding of the soil spatial
variability is very important due to it is the responsible
that crops yield distributed unevenly within the field what
forces in some occasions to an excessive use of fertilizers
(Schmidt M. et al., 1993 and Liu, G and J. Kuang, 2000) and
it’s the soil spatial variability the first step to develop a
Site Specific Crop Management program (SSCM) that will
help to improve soil quality through treatments practical
and economically efficient, but to study soil constituents
composition, an exhaustive process have to be dedicated
to laboratory analysis where time and economic indicators
appear as drawback.

On the other hand in testing materials field, Visible-NIR
spectroscopy has appear as a rapid and nondestructive
analytical technique that correlates diffusely reflected near-
infrared radiation with the chemical and physical properties
of materials. (Chang Ch., and Laird D. A., 2002; Stark, E.,
1986). It has been used for assessing grain and soil
qualities (Morra M. J., 1991; Ben-Dor E. and A. Banin, 1995;
Kawamura S., 1999; Delwiche S. R. and W. R. Hruschka,
2000; Barton F. E., 2000 and Chang Ch. and Laird D. A.,
2002) and has been demonstrated this method its rapidity,
convenience, simplicity, accuracy and ability to analyze
many constituents at the same time.

The goal of this study is to analyze NIR spectroscopy
potential to estimate N and OM content in soil as well as to
combine these predicted macronutrients concentration with
Geographic Information System (GIS) and statistic using
N and OM spatial variability within the field to obtain it’s
distribution maps and the correlation among them.

MATERIAL AND METHODS

Test field condition

The experimental site is located in Hangzhou county,
China, at longitude 12011 E, latitude 616705 N, the field is
relatively flat; the main monthly temperature fluctuates
from 3,5 0C in January to 26,8 0C in July with an annual
average temperature of 16,2 0C and rainfall of 279 mm. It
has a wet climate, with a long frost-free period and
relatively high summer temperatures. The soil is normally

not mechanized, penetrating and easy to cultivate and it
has a previous crop rotation with corn.

Soil sampling

The test field boundary was performed with Trimble
AgGPS 132 equipment. The normal grid method was used
to sample the soil. Measurements were taken at 30 sample
plots, at a depth of 20 cm and grid interval 5m (two sample
plots were taken in the diagonal of the south-east grid). A
composite sample was obtained by mixing 5 soil samples
(equal volume basis), 1 central plot and the remaining 4,
separated 1 m away from each sampling point. Other
98 samples were taken randomized from the field to com-
plete the 125 samples to be analyzed with spectroscopy.
The collected soil in each sample was divided in two
portions, each portion was place in a bag properly close to
vacuum and was classified in A or B. Two boxes (one per
group), once with the samples inside were properly sealed
and then carefully transported to their destination place.

Soil analysis

Group A was taken to the Soil Science laboratory in
Zhejiang University and was tested for N and OM. All
samples were air dried and sieved <2 mm. According to the
lab report, the fallowing analytical methods were used:
Kjeldahl method for total nitrogen determination (Kjeldahl,
1982); K2Cr2O7 – H2SO4 extraction and determination by
oil bath for organic mater. Group B was taken to Remote
Sensing laboratory to be analyzed by NIR spectroscopy,
the samples were also air dried and sieved <2 mm.

Soil spectral data measurement

The soil data collection was performed with a spectropho-
tometer (FieldSpec Pro FR (350–2500 nm)/ A110070,
Trademarks of Analytical Spectral Devices, Inc. (ASD). A
total of 125 samples were analyzed. The soil was set in a
petri dish and then was flushed the superficies. From each
sample, reflectance measurements of monochromatic light
were complete from 350–2500 nm, wavelength increment
0,1 nm, three reflectance spectra were taken over the cen-
tral area of the petri dish rotating the sample in between
each scan approximately 120º, for each reflectance spectra
the scan number were 20 at exactly the same position,
a total scan for each sample were 60, fixed scanning time
0,1 s (see Fig. 1). All spectra recoded were checked visually
and averaged using ViewSpec pro version 2,14 (from ASD)
and exported to multivariate analysis software, The
Unscrambler 8,0 (CAMO ASA, Norway).
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Spectral analysis

NIR spectroscopy is basically an empirical method,
and the completed procedure requires two stages:
calibration stage where the prediction equation is
developed and validation stage where the previous stage
is validated. In the calibration stage, from the total of 125
spectra recoded, 78 were used. Calibration equations were
developed using Principal Component Analysis (PCA) and
Partial Least Square (PLS) regression techniques what
permitted to relate the near-infrared reflectance spectra
(1100-2300 nm) to measured values of N and OM in the
soil. The spectral reflectance data, in units of log (1/R)
were smoothed over 9 wavelength points to reduce the
effect of scattering (it wasn’t necessary to practice first
and second derivate).

Table 1. Calibration statistic for N and OM content

RESULTS AND DISCUSSION

Soil reference values

The results obtained from the N and OM analysis of a
total of 125 samples classified into group A conformed the
set of referential parameters used to evaluate the accuracy
of NIR testing these parameters in soil. Ranges of N and
OM in all the samples were 57,88 – 94,35 mg kg-1 and 1,06 –
1,79 %, respectively (table 2), with 0,92 as correlation
coefficient between both constituents. The statistic of
reference soil parameters was characterized as fallow: N
mean ± SD of 80.51 ± 9,84 mg kg-1 and OM mean ± SD of
1,33 ± 0,18 % (Table 2). The SD values show a high
variability in both constituents within the field what is a
consequence of the analysis of many samples not very
separated each others.

Spectral properties and prediction

Examples of representative spectra are shown in Figura
1. The reflectance spectra data collected were similar. All
the spectra have three large absorption peaks (log 1/R) in
the near infrared region (700-2500 nm) around 1400, 1900
and 2200 nm (see fig 2), what correspond with the highest
absorbance peaks obtained by Chang and Laird, (2002)
and Fidencio et al. (2002) testing soil, and some few small
peaks in the region between 1000 – 1100 nm and 2200 –
2300 nm.

Table 1 shows the wavelength in where was found the
best correlation with soil Nitrogen during the calibration
stage (2177, 1364, 1826 and 2136 nm), only 1826 nm
correspond to similar wavelength selected by Mora et al.
(1991). Krishnan et al. (1980) found the Best correlation
with soil organic matter to occur with both 1136 and 1398
nm or 1080 and 2212 nm; only 1080 correspond with the
wavelength selected by him. For the OM analysis were
used (1814, 1080, 1417, and 1755 nm). In the previous
selected wavelength no one repeats in both constituents.

Figura 1. Representative reflectance soil spectra (Visible/NIR 250-2500 nm) of ten samples.

Soil element R2 RMSEP SEC Wavelength 
N 0,86 4,77 4,86 2 177,1 364, 

2 136,1 6.48 
OM 0,87 0,08 0,08 1 814,1074, 

1 417,1755 
 

The pretreated data produced 134 new data points that
were then used for PLS analysis. Twenty spectra were used
in the validation stage to validate the calibration equation
produced in the previous stage and the remained 27 were
used to determine N and OM concen tra tion. The
concentration of N and OM were predicted through these
equations and following very carefully the same analysis
procedure as were the spectra that provided the prediction
equation. The r2, RMSEP (Root Mean Square Error of
Prediction), and SEC (Standard Error of Calibration)
between the predicted and measured values of N and OM
were used to evaluate the prediction ability of NIR
spectroscopy technique.
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Table 2. Statistic for predicted N and OM obtained using NIR spectroscopy

r2 between measured and predicted values in both
constituents N and OM, 0,82 and 0,84, as well as RMSEP,
3,67 and 0,06, SEP (Standard Error of Prediction), 0,07 and
0,06, respectively, demonstrated that NIRS method have
potential to predict accurately this constituents in soil. A
slight better correlation was found in the organic matter
prediction although the difference is not quite significant.

Figura 2. Representative absorbance spectra (log 1/R) of ten samples in the analyzed region (1000-2300 nm).

The validation set demonstrate that NIR is able to predict
N and OM in soil coinciding with Ben-Dor and Banin (1995);
Fidencio et al. (2002); Suddut and Hummel (1991) and
Chang and Laird, (2002), correlation coefficients higher
than 0,83 (r2>0,83) where obtained during the calibration
stage and validation stage validation analysis. Statistic
for predicted N and OM is shown in Table 2 and fig 3. The

Soil 
Parameter 

R2 RMSEP SEP Predicted  
Mean SD Range 

Measured 
Mean SD Range 

N 0,82 3,67 0,07 80,92 8,55 56,31-93,08 80,51 9,84 57,88-94,35 
OM 0,84 0,06 0,06 1,34 0,16 1,05-1,68 1,33 0,18 1,06-1,79 

 

Soil N and OM spatial variability

Once obtained N and OM values measured (as reference parameters) and predicted both constituents spatial variability
was analyzed. (See Table 2 for measured values) The tested field can be considered as fairly productive according N
average composition 80,51 mg kg-1 and a range of values from 57,88 to 93,08 mg kg-1 whereas it present good OM
composition with average of 1,33 % and a range of values from 1,06 to 1,79 %. A significant negative correlation (0,89)
was found between both predicted constituents.

Predicted and Measured (reference) N and OM spatial distribution was interpolated by ArcView GIS 3,1 software
using spline method, the spatial distribution maps were generated and are shown in Fig. 4.

Figura 3. Correlation between measured and predicted values of N and OM.

 

60 70 80 90 

Measured N 

70 

80 

90 

Pr
ed

ict
ed

 N
 

       

 

1,2 1,4 1,6 

       Measured OM 

1,2 

1,4 

1,6 

   
   

   
   

Pr
ed

ict
ed

 O
M

 

 
 



Revista Ciencias Técnicas Agropecuarias, Vol. 14, No. 1, 2005

31

The reference maps for the predicted and measured
(reference) values of N and OM were almost the same. The
variability of N changes from east to west with a diminution
of this nutrient concentration fallowing this direction. This
variability most be mainly caused by management practices
including tillage and irrigation whereas a quite similar
variability is observed in the OM concentration within the
field. Through the range of concentration and colors
represented in each map, a slight few difference can be
found between predicted and reference parameters. In both
constituents predicted parameters are illustrated with slight
color attenuation what means a few less concentration.

CONCLUSION

• According this investigation results, NIR infrared
spectroscopy is a technique that can be considered with
good potential to assess soil nitrogen and Organic mater
content. It is considered for many specialists accurate to
predict other several properties in soil and in products with
high or low moisture whenever the measured components
appear with concentrations greater than 0,1 %.

• The speed, easy operation and portability of NIR
instruments make NIRS one of the only technologies
suitable for field monitoring of soil parameters. NIRS
could be useful in situ as a rapid technique that can be
combined with Geographic Information System (GIS)
and Precision Farming principles application.

Figura 4. Spatial distribution maps of predicted and measured (reference) N and OM content.
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