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Abstract: This present study aimed to apply and compare three different spectra data correction methods to the overall prediction performance of near 
infrared calibration models used to determine soil macro nutrients. Those three spectra correction methods are: de-trending (DT), mean centering (MC) 
and Savitzky-Golay smoothing (SGS). Near infrared spectra data of soil samples were measured and recorded in wavelength range from 1000 to 2500 
nm. Soil samples were collected in 5 and 20 cm depth respectively in rice field area in Aceh Besar district, Aceh Province. Moreover, calibration models 
were built to predict soil macro nutrients in form of Nitrogen (N) and Calcium (Ca). Partial least square (PLS) regression was employed to construct 
those models. The results showed that spectra corrections provided a better prediction performance compared to un-corrected spectra (raw). The 
maximum determination coefficient achieved were 0.94 for N prediction, and 0.97 for Ca prediction respectively. Thus, it may conclude that spectra 
corrections definitely affected to the overall prediction performances of soil macro nutrient contents.  
 
Index Terms: Spectra, NIRS, Soil, Agriculture, Macro nutrient, prediction, technology.  
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1. INTRODUCTION 
In many agricultural practices, soil is an important media for 
plants to grow. They need a complete package of macro and 
micro nutrients for their sustainable growth. If this requirement 
is met, they can produce high quality agricultural products. 
Fulfillment of plant nutrient needs is an absolute thing to do, 
because the availability of nutrients in nature is very limited, 
and decreases because it has been absorbed by plants [1], 
[2]. The nitrogen is a macro nutrient, and absolutely needed by 
plants. It stimulates the overall vegetative growth of plants, 
especially the growth of roots, stems and leaves. Nitrogen also 
play an important role in the formation of leaf green 
substances (chlorophyll) which is very important to carry out 
the process of photosynthesis [3]. In addition, nitrogen also 
involved in the formation of protein, fat and various other 
organic compounds. On the other hand, calcium Serves to 
stimulate the formation of root hairs, harden plant stems and 
stimulate seed formation. Calcium in stems and leaves is 
useful for neutralizing compounds or conditions that are 
unfavorable to the soil. Both calcium and nitrogen must be 
provided in an optimum amount, because lack or excessive 
amount of macro nutrient contents can also affect to the plant 
growth [4]. 
Symptoms of plants that lack of nitrogen content: plant growth 
is slow, thin and stunted plants, yellowish green leaves, short, 
small and upright, old leaves are light green, then turn yellow, 
wither and the fruit will be stunted. On the other hand, if soil 
have an excessive amount of nitrogen, it will produce young 
and weak plants, grain production is reduced, slows in ripening 
of fruit and seeds [5]. Furthermore, several symptoms caused 
due to lack of calcium content in soil are: the edges of young 
leaves will turn yellow due to chlorosis, which then radiates to 
the leaf bone. Young buds will die because the roots are less 

than perfect. If a leaf grows, the color will change and some of 
the tissue in the leaf will die [6]. Based on this point of view, 
soil macro nutrients must be monitored and controlled 
precisely. They need to be determined rapidly in a real-time 
sequence, in order to maintain soil quality in a fertile condition 
[7]. Normally, soil quality either as macro or micro nutrient 
contents, were determined and measured using several 
standard laboratory procedures which are time consuming, 
laborious, involved chemical materials and thus can cause 
environmental pollutions [8], [9]. The development of non-
destructive and rapid method in a real time situation in 
agricultural field is more attractive and gaining more 
attentions. These methods can be used to predict and 
determine several quality attributes in a short time and without 
involving chemical materials [10]. One of those methods is the 
application of near infrared reflectance spectroscopy or NIRS. 
This method can predict several parameters simultaneously 
with one spectra acquisition [11]. The NIRS was widely applied 
in many fields including in agriculture like fruit and horticulture 
products [12], [13], feed and animal products [14], [15], crops 
and agricultural products [16]–[18], and also for soil quality 
determination [8], [19]. A major consideration in NIRS 
application is obtained spectra data used to construct 
calibration models. Technically, raw spectra data can directly 
be used to develop those models for prediction purposes. 
However, based on previous studies, the prediction 
performances, accuracy and robustness are sometimes below 
expectations. Therefore, spectra data needs to be corrected 
and enhanced in order to improve overall prediction 
performances. There widely spectra correction methods used 
to enhance near infrared spectra datasets like smoothing, 
normalization, shifting, centering and scaling, and spectra 
transformations [20]. Numerous studies reported that spectra 
corrections and pre-processing before calibration models can 
improve prediction accuracy and robustness of several quality 
attributes of agricultural products [21], [22]. Thus, the main 
purpose of this present study is to apply and compare the 
impact of several spectra correction algorithms to the 
prediction of nitrogen and calcium contents of agricultural soil.  
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2 MATERIALS AND METHODS 
 
2.1 Soil samples 
Soil samples were obtained from rice filed in several area of 
Aceh Besar district, Aceh Province, Indonesia. Soil samples 
were collected as top soil at 5 cm and 20 cm depth.   
 
2.2 Near infrared spectra data 
The near infrared spectra data of collected soil samples were 
acquired and recorded using a portable sensing device (PSD) 
infrared spectroscopy NIRS i16 in wavelength range from 
1000 to 2500 nm with an increment of 0.2 nm and optical gain 
4x. Spectra data were recorded as absorbance and saved in 
local computer for further analysis [23].  
 
2.3 Soil macro nutrients measurement 
Soil nitrogen content was measured and determined using the 
Kjeldahl method with digestion by H2SO4 and expressed in 
percentage of their weight to the total weight of dry soil 
sample. Furthermore, soil macro nutrient as calcium content 
wss measured and determined using absorption flame with an 
acid digestion method and coupled inductive plasma [24].  

 
2.4 Spectra correction 
To study the impact of spectra correction to the prediction 
performance, spectra data were corrected and enhanced 
using three different spectra correction methods and 
algorithms namely: de-trending (DT), mean centering (MC) 
and Savitzky-Golay smoothing (SGS) [6], [25].  
 
2.5 Prediction models 
The core step in near infrared spectroscopy application is to 
construct calibration models used to predict and determine 
several quality parameters of studied object. In this study, 
prediction models were developed to determine nitrogen and 
calcium contents of soil samples using raw and corrected 
spectra data. Prediction models were developed using partial 
least square (PLS) regression approach followed with 
leverage cross validation [6], [26].   Prediction models 
performance were evaluated and justified based on their 
accuracy and robustness in determining soil macro nutrient 
contents by means of these following statistical parameters: 
correlation coefficient (r) or coefficient of determination (R

2
) 

between the prediction results and actual measurement and 
the ratio prediction to deviation (RPD) [27], [28]. 
 

3 RESULTS AND DISCUSSION 
The spectra feature of soil samples in near infrared region 
consisted of absorption bands in certain wavelengths 
corresponds to specific soil quality attributes such as macro 
and micro nutrients, moisture content and mineals. The 
absorbance spectrum of soil samples in 5 cm and 20 cm depth 
is presented in Fig.1.  
 
 
 
 
 
 
 
 
 

 

 
The portion of absorbance spectrum in NIR region reflected 
the amount of light absorbed by the chemical constituent of 
soil samples where in this case soil macro and micro nutrients. 
The moisture contents of soil samples normally absorbed 
more light in wavelength 1460 and 1920 nm [7], [26]. On the 
other hand, soil macro nutrients generally absorbed more light 
in wavelength 1827 – 2100 nm. Descriptive statistics of actual 
soil macro nutrients is presented in Table 1.   First of all, 
prediction models were developed using raw original un-
corrected spectra data. They were used to predict both 
nitrogen and calcium contents simultaneously using the partial 
least square (PLS) regression approach. The prediction 
performance of N and Ca predictions was presented in Fig. 2.  
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As shown in that figure, the prediction performance using raw 
spectra data provide quire robust and accurate prediction 
results. The coefficient of determination (R

2
) for N prediction 

reach 0.8744 while for Ca prediction the R
2
 coefficient achieve 

0.9344. It shows that NIRS has the ability to determine those 
both soil macro nutrients rapidly and simultaneously. In order 
to achieve more robust and accurate prediction results, 
calibration models were also established using corrected 
spectra data. Smoothing was chosen as the first method to 
correct spectra data since this method is simply and correct 
some noises due to minor light scattering and amplifications. 
The prediction performance using smoothing spectra data 
proven to be more accurate and robust in predicting N and Ca 
as presented in Fig.3.  

 
 
 
 
 
 
 
 
 

 
The prediction performance clearly was improved when the 
models are constructed using corrected spectral data where in 
this case by means of smoothing algorithm. The R

2
 coefficient 

was increased to 0.8866 for N, and 0.9517 for Ca prediction. 
Moreover, the models were also established using another 
corrected spectra data using mean centering (MC). The mean 
centering algorithm seek to remove amplifications and 
additives effect of light scattering by centered spectra data to 
its ideal spectrum which is normally mean spectra data. 
Acquired spectra data from studied samples sometimes may 
contain irrelevant background information and noises which 
can affect and interfere soil fertility properties such as soil 
macro nutrients or other contents. Prediction performance of N 
and Ca of soil samples using mean centering (MC) spectra 
data is presented in Fig. 4.  

 
Interfering spectra data such as light scattering and other 
random noises due to light scattering, overheated sensors, 
other NIRS instrument parts and physical sample changes. 
Prediction performance of soil macro nutrients were improved 

TABLE 1 
DESCRIPTIVE DATA OF ACTUAL SOIL MACRO NUTRIENTS 

Descriptive statistics  N Ca 

Mean 0.15 7.45 

Max 0.52 20.18 

Min 0.02 0.39 

Range 0.50 19.79 

Std. Deviation 0.14 6.41 

Skewness 1.25 0.68 

Kurtosis 0.47 -0.95 

Median 0.09 5.55 

 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 08, AUGUST 2020       ISSN 2277-8616 

127 
IJSTR©2020 
www.ijstr.org 

when the models is established using mean centering spectra 
data. It generated more accurate and robust prediction 
performance with R

2
 coefficient 0.9179 for N content 

prediction, while for Ca prediction, the R
2
 coefficient was 

0.9666 respectively. Furthermore, calibration models was also 
developed using de-trending spectra data. It attempted to 
remove several noises due to light scattering, curvature effect 
and other temperature effects. The prediction performance of 
N and Ca contents using de-trending spectra data is presented 
in Fig. 5. 

 

 
Based on obtained results, the de-trending spectra correction 
generated most robust and accurate prediction results both for 
N and Ca contents of soil samples. The maximum 
determination coefficient for nitrogen prediction is 0.9467, and 
for calcium prediction is 0.9706. It showed that proper spectra 
algorithms can affect overall prediction performance of near 
infrared spectroscopic calibration models. 

 

4 CONCLUSION 
The impact of different spectra correction algorithms to the 
prediction performance is investigated. The models are 
established using raw and corrected spectra data namely: 
smoothing, mean centering and de-trending to determine soil 
macro nutrients in form of N and Ca content using partial least 
square regression approach. Based on obtained results, it may 
conclude that NIR spectroscopy is feasible to be used for soil 
quality parameters prediction. Moreover, spectra corrections 
are highly affected to the prediction performance.  
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