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Estimation of total N, total P, pH and electrical conductivity in soil by near-infrared reflectance 
spectroscopy

1   1 2 1M.Todorova *, S. Atanassova , H. Lange , D. Pavlov

1 Department of Plant Production, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
2 Norwegian Forest and Landscape Institute, Ås, Norway

Abstract. There is a great demand for involving rapid, non destructive and less time consuming methods for quick control and prediction of soil quality, 
environmental monitoring, and other precision measurements in agriculture. Near infrared reflectance spectroscopy(NIRS)is considered as an appropriate 
alternative method to conventional analytical methods for large scale measurements. The objective of this study was to investigate the possibilities of NIRS for 
prediction of some chemical properties of soil samples. A total of 97 samples from Stara Zagora, Kazanlak and  Gurkovo region  taken from the 0-40 cm layer 
were collected. Soil types were  Luvisols, Vertisols, Fluvisols and Rankers. The samples were analyzed for total phosphorus by spectrometric determination of 
phosphorus soluble in sodium hydrogen carbonate solution, total nitrogen by Kjeldahl method, pH (H O)-potentiometrically and electrical conductivity (EC).  2

The spectral data of all air dried samples were measured using an Perkin Elmer Spectrum One NTS, FT-NIR Spectrometer, within the range from 700 to 2500 
nm. Partial Least Squares (PLS) regression was used to built models to determine  soil chemical parameters from the NIR spectra. Two-third of the samples 
were used as a calibration set and the remaining samples as independent validation test set. The best model was obtained for total nitrogen with a coefficient of 
determination r=0,91, standard error of calibration SEP=336 mg/kg, and the ratio of the standard variation of the reference data to the SEP, indicating the 
performance of the calibration, of  RPD=2,3. The accuracy of prediction was poor for electrical conductivity. The results obtained clearly indicated that NIRS 
had the potential to predict some soil components rapidly and without sample preparation.

Keywords: near infrared reflectance spectroscopy, soil, N, P, pH, calibration, correlations

Abbreviations: NIRS – Near infrared reflectance spectroscopy, PLS – Partial Least Squares, NPP – nitrogen, phosphorus and potassium, EC – electrical 
conductivity, SEC – standard error of calibration, SEP – standard error of prediction, SOM – soil organic matter
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instance Zornoza et al. (2008) reported the excellent prediction of Introduction
2total nitrogen with r =0.96 and RPD=4.88 using 393 soil samples, 

mostly from non-disturbed forest soils, collected from 0-10 cm depth.  The macronutrients nitrogen, phosphorus and potassium 
Reported results for determination of total phosphorus, pH and (NPP), represent three of the most important nutrients in agriculture 
electrical conductivity (EC) values in the soil by NIRS are and are the prime ingredients in almost all fertilizers. The pH is 
controversial. Yong He et al. (2006) reported poor prediction of probably the most important soil parameter, which governs most of 
phosphorus using NIRS with values for r=0.65 and 0.54, the soil physicochemical properties such as nutrient availability, 
respectively, for calibration and test set. Bogrecki and Lee (2007) microbial activity, organic matter transformations, soil micro 

2obtained a high correlation of r =0.93 between P content and structural properties and many others. Thus, it is not surprising that 
spectral absorbance in the region from 175 to 2550 nm. According to the determination of NPP and pH are the most commonly performed 
Zornoza et al. (2008) soil parameters, like pH and EC were not soil tests (Jozefaciuk et al., 2004; Zaprjanova et al., 2006; Moron and 
correlated with soil organic matter, and this may be one reason for Cozzolino, 2007; Ivanov et al., 2010; Sinfield et al., 2010). There is a 
their poor prediction via NIRS, particularly for EC determination. For great demand for involving rapid, non destructive and less time 

2
consuming methods for quick control and prediction of soil quality, instance, these authors obtained r =0.57 and RPD=1.73 for 

2environmental monitoring, and other precision measurements in prediction of  EC values and r =0.72  and RPD=1.90 for the pH 
2agriculture. values. Mouazen et al. (2006) found higher correlation  r =0.77 and a  

Near infrared reflectance spectroscopy (NIRS) is considered as value of RPD=2.08 for pH values determination in dry soil samples 
an appropriate alternative method to conventional analytical using full wavelength range (FWR) instrument in the range from 451 
methods for measurements involving  many samples. The soil to 2459 nm.
properties which were most strongly correlated with soil reflectance The objective of this study was to investigate the possibilities of 
properties were soil organic matter and total nitrogen, as often NIRS for prediction of total nitrogen, total phosphorus, pH and EC- 
reported in literature (Chang et al., 2001; Fidencio et al., 2002; Waes electrical conductivity in soil.
et al., 2005; Viscarra Rossel et al., 2006; Mouazen et al., 2006) For 
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Table 1. Range, mean and standard deviation (SD) of tested parameters content in the examined samples. 

Parameter

Total N, mg/kg

Total P, mg/kg

pH (H O)2

EC, µS/cm

Test set 

min

345

244

5.6

29

max

3363

5011

8.3

230

mean

1608

812

7.3

116

SD

789

1077

0.86

58

Calibration set 

min

670

117

4.9

21

max

5220

5247

8.3

385

mean

1932

963

7.2

131

SD

930

1240

0.87

74

Table 2. Statistical data of the calibration equations and validation statistics for NIRS prediction of tested parameters' 
content in examined samples

SEC – standard error of calibration, SEP – standard error of prediction, R – coefficient of multiple correlation,  r-correlation 
coefficient  between actual and NIRS predicted values, RPD – ratio between SD and SEC or SEP.

Parameter

Total N, mg/kg

Total P, mg/kg

pH (H O)2

EC, µS/cm

Test set 

31

32

33

31

336

544

0.38

40

0.91

0.89

0.91

0.74

2.3

2.0

2.3

1.5

Calibration set 

62

62

64

62

175

406

0.28

34

0.98

0.94

0.95

0.89

n SEC R RPD n SEC r RPD

5.3

3.1

3.1

2.2
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of calibration or prediction and value of RPD- the ratio of standard Material and methods
deviation of data set SD to the SEC/SEP. According to Viscarra 
Rossel (2007) the RPD values were classified in the following way: Soil samples
RPDs between 1.5 and 2.0 indicate poor predictions; RPDs between A total of  97 soil samples from Stara Zagora, Kazanlak and 
2.0 and 2.5 indicate good prediction and RPDs>2.5 very good Gurkovo region  taken from the 0-40 cm layer were collected. Soil 
/excellent model/ prediction.types were  Luvisols, Vertisols, Fluvisols and Rankers (World 

Reference Base for Soil Resources,1998).The samples were 
analyzed for total nitrogen by Kjeldahl method; total phosphorus by 
spectrometric determination of phosphorus soluble in sodium Results and discussion
hydrogen carbonate solution; for pH (H O) by potentiometrical 2

method  and and for electrical conductivity (EC) by WTW Multi 340i The results for the range, mean values and standard deviation 
conductometer. of total nitrogen, total phosphorus, pH and electrical conductivity 

Spectral analysis (EC) values of soil samples determined by reference chemical 
The spectral data of all air dried soil samples were measured methods in the respective calibration and test sets are presented in 

using a Perkin Elmer Spectrum One NTS, FT-NIR Spectrometer, Table 1. 
within the range from 700 to 2500 nm. Measurements were Soil samples are characterized from low to very high nitrogen 
performed at the Norwegian Forest and Landscape Institute in Ås, and phosphorus content, according to Gorbanov et al. (2005). The 
Norway. The absorbance was recorded as a log 1/R, where R is analyzed samples were from different soil types and different soil 
diffuse reflectance. The region from 700 to 1000 nm was obviously depth and that could explained the large range of nitrogen and 
noise contaminated and thus was removed in order to avoid biased phosphorus content. The studied soils were non salinization with 
predictions. Thus, the spectral range used finally extended from values of EC less than 385 µS/cm and with from acid to alkaline 
1001 to 2500 nm. PLS regression was used model building relating reaction - pH values ranged from 4.9 to 8.3. 
tested parameters to the spectra. Spectral data were numerically The results of the quantitative determination of total nitrogen, 
differentiated once using the Savitsky-Golay transformation. PLS total phosphorus, pH and electrical conductivity-(EC) values in 
regression was carried out by Unscrambler 9.7 (CAMO Software AS, tested soil samples by PLS regression are presented in Table 2. 
Norway). The correlation coefficients between the measured and NIRS 

Two-third of the samples were used as calibration set (n=64) predicted values for tested soil parameters  were larger than 0.74 for 
and the remaining samples as independent validation test set both calibration and test set. The best accuracy of determination was 
(n=33). The accuracy of each calibration equation was evaluated obtained for total nitrogen content with correlation coefficient R=0.98 
based on correlation coefficient between the values of the soil and  RPD=5.3 for the calibration set and  r=0.91 and RPD=2.3 for 
chemical parameter and soil spectra (R), r-coefficient of the test data. Figure 1 graphically illustrate the relationships 
determination between chemical measured soil parameters and between determined and NIR spectroscopy predicted values of total 
NIRS predicted values of test set samples, SEC/SEP- standard error nitrogen in soil. The value of regression line slope was 0.96 for 
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calibration sample set and 0.88 for test set. The small deviation of regression procedure. The standard error of calibration for pH 
slope values for calibration and test set showed potential of obtained values determination was SEC=0.28 and correlation coefficient 
equation for determination of total nitrogen content in independent R=0.95 for calibration set and standard error of prediction SEP=0.38 
test set of samples. Similar results were obtained by Reeves and and r=0.91 for independed test set of samples. The respective 
McCarty (2001) using first derivative of soil spectra into the region values for total phosphorus  determination were SEC=406 mg/kg, 

2 R=0.94, r=0.89 and SEP=544 mg/kg, respectively. The ratio 1100-2300 nm, with R = 0.95. The high coefficient of determination 
2 SD/SEC and SD/SEP for these two parameters was bigger than 2.0. R = 0.965, between the total Kjeldal nitrogen and NIRS predicted 

Similar results reported Cohen et al. (2005) for NIRS determination data was also pointed by Butkutke and Slepetiene (2006) using only 
of pH values with bigger number of soil samples of Histosols with Cambisols soils. 
high organic content.  Figure 2 graphically illustrate the relationships Good model of prediction for pH and total phosphorus values 
between determined and NIR spectroscopy predicted values of total were obtained, according to the statistical parameters from the 
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Figure 1. Relation between actual and NIRS predicted values of total nitrogen, mg/kg in the  tested samples.

 

Calibration set Test set Linear (Calibration set) Linear (Test set)

Total phosphourus, mg/kg

 

 

 

 

   

 
 

 

   

 
 
 
 

 
 

 

0,00E+00

 

1,00E+03
 

2,00E+03  

3,00E+03

 

4,00E+03

 

5,00E+03

 

6,00E+03

 

0,00E+00

 

1,00E+03

 

2,00E+03

 

3,00E+03

 

4,00E+03

 

5,00E+03

 

6,00E+03

 

     

Figure 2. Relation between actual and NIRS predicted values of total phosphorus in the  tested   samples.
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phosphorus in soil samples. 2208, and 2255 nm. The NIR absorption from 2200 to 2300 nm could 
The results obtained for determination of EC via near-infrared be connected with the combination of the Al-OH bend plus O-H 

spectroscopy showed poor prediction with r=0,74 and RPD=1,5 for stretch vibrations in clay minerals (Rossel, 2006; Onions, 2009). The 
test set, according to used statistical criteria. Unsuccessful spectral information in calibration equations for P and pH showed 
prediction of EC via NIRS method reported also Islam et al (2004). that their determination was indirect and based on relationship 
Nevertheless, figure 3 showed existing relationships between between phosphorus and clay minerals in soils. 
determined and NIR spectroscopy predicted values of EC in soil 
samples.

Figure 1 graphically illustrate the relationships between 
Conclusionconventionally measured  and NIRS-based predicted values of total 

nitrogen in soil. Figure 2 and 3 graphically illustrate the relationships 
The successful NIRS prediction of total nitrogen, total between determined and NIR spectroscopy predicted values of total 

phosphorus and pH values in tested samples were obtained, phosphorus and EC in soil samples
although four different soil units with different soil genesis and parent Soil organic matter (SOM), particularly humic substances, acts 
material were involved in the study.  The best accuracy of as a storehouse and supplier of N for plant roots and 
determination was found for total nitrogen content. microorganisms. Almost 95% of total soil N is closely associated with 

Analysis of important spectral information in calibration SOM (Shulten and Schnitzer,1998). The soil organic compounds 
equations showed that determination of total nitrogen was based on contained aliphatic hydroxyl O-H, aromatic and aliphatic C-H, 
NIR spectra of organic matter and humic-clay complex in the soil. carboxyl COOH, N-H etc. groups (Naidja et al., 2002). The spectral 
The determination of total phosphorus was indirect and based on basis of predicting of total nitrogen content would be absorption by 
relationship between phosphorus and clay minerals in soils. these groups. 

The results in the present study demonstrate potential of near The most important spectral information for determination of 
infrared spectroscopy in combination with multivariate total nitrogen content in the tested  soil samples in the NIR region 
chemometrics for a fast and cost-effective analysis of total nitrogen, were found at 1389, 2206, 2262 and 2346 nm. The NIR absorption 
total phosphorus and pH values in soil.from 2310 to 2350 nm is due to the OH vibration in humic acids and 

absorption near 2348 nm is connected with the combination of C-H 
and C-C in organic components (Onions, 2009).  According to 
Viscarra Rossel (2009) absorption at 2206 nm is connected with Acknowledgement
smectite  minerals, which are the main clay minerals in the tested 
samples. 
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