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Abstract 
The traditional analysis of soil total nitrogen content - Kjeldahl nitrogen analyzer is time-
consuming and laborious. How to find a convenient and fast method to predict soil total 
nitrogen content is becoming more and more crucial to precision agriculture. This study 
proposed a new, convenient and affordable method to predict soil total nitrogen content. 
In this study, smart phones and customized darkrooms were used to obtain soil sample 
images, Python and OpenCV were used to process the images and obtain soil RGB three-
channel values, and kjeldahl nitrogen analyzer was used to obtain soil total nitrogen 
content data. After quantitative analysis, a rapid prediction model of soil total nitrogen 
content based on machine vision was finally established. The results showed that there 
was a significant negative correlation between soil total nitrogen content and RGB three-
channel values, and the highest correlation between total nitrogen content and RGB 
value was R (Red channel) (correlation coefficient -0.82). Although the model built in 
this study has not yet realized the prediction of total nitrogen content for all types of soil, 
the research results of soil samples in this experiment show that the model established 
by using smart phones to obtain soil RGB three-channel values and processing graphics 
by machine vision has the potential to achieve rapid prediction of total nitrogen content 
in soil. 
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1. Introduction 

Soil is a kind of natural resource with high ecological and economic value. As the society is facing 
increasing environmental pressure, it is of great public interest to preserve soil quality. Nitrogen is 
the most important component of soil in its solid phase and one of the main sources of plant nutrition. 
It can promote the growth and development of plants, improve the physical properties of soil, and is 
also one of the main indexes to evaluate soil quality [1]. Existing methods of soil total nitrogen 
detection are mostly chemical experiments through manual operation, and kjeldahl nitrogen 
determination apparatus is generally adopted by researchers. However, this experimental method has 
complicated steps and requires experimenters with adept skills, which cannot meet the standards of 
modern precision agriculture in the process of informatization development [2]. 

In recent years, the application of Artificial Intelligence technology in rapid soil testing is still in its 
infancy at home and abroad. More and more researches are exploring its application value in the fields 
of testing and geographical mapping. Different soil maps contain rich information, but finding a 
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suitable model to analyze the relationship between them and their target features is still an unsolved 
issue for rapid prediction of soil characteristics. Wu Caiwu et al. put forward an idea that it can quickly 
predict the soil organic matter content by analyzing the digital image color information under visible 
light [3]. In their study, a digital camera was used to obtain soil surface color, analyze soil surface 
composition characteristics, determine the optimal sampling area, and compare the correlation 
between different standards of soil sample preparation and organic matter. At the same time, the color 
variables with high correlation metrics were selected and the prediction model of organic matter was 
established by regression analysis [3]. Yassine Bouslihim et al. suggested to use multiple linear 
regression model to model, predict and evaluate the stability of soil aggregates in the Setat-ben-
Ahmed Plateau of Morocco [4]. Lei Zhang et al. used the camera in the smart phone to predict the 
texture of soil samples after they had been dried, ground and screened. The results show that smart 
phones can be used as near-end sensors for fast, economic and environmentally friendly soil texture 
analysis using computer vision and deep learning [5]. 

Therefore, based on machine vision and machine learning technology, the prediction of soil texture 
and other aspects has been carried out. But the prediction of soil total nitrogen content is not involved 
for the time being. Nowadays, the rapid development of digital technology not only provides a 
convenient method for the quantitative description of soil color, but also supplies an optional scheme 
for the detection of soil total nitrogen content. Some studies have shown that soil organic matter or 
total nitrogen content is the main reason for soil color darkening [6]. Therefore, this study sampled 
different types of soil, used smart phones as portable tools to obtain soil surface color information, 
analyzed different soil appearances through machine vision and machine learning, studied the 
quantitative relationship between soil total nitrogen content and soil color, and established a 
prediction model for total nitrogen content. Compared to conventional methods of soil surface color 
determination, such as laboratory spectrometers, smart phones have the advantages of being 
affordable, simple to operate and suitable for the shooting environment. Besides, in this study, 
OpenCV was used for image recognition and image preprocessing, the optimal sampling area was 
intercepted and the mean value of soil RGB three channels was calculated to establish a total nitrogen 
prediction model. This model may shorten the period of soil data processing and analysis so as to 
provide auxiliary data collection and technical support for the implementation of precision agriculture. 

2. Materials and Methods 

2.1 Study Area Introduction 

The research area is located in Wenzhou, Zhejiang Province, in the southeast of China. The whole 
territory is between 27°03 'to 28°36' N, 119°37 'to 121°18' E. The altitude ranges from 0.86m to 
1610.02m above sea level. The terrain of Wenzhou city is affected by geological structure, which is 
inclined from west to east. The west of the city belongs to the central mountainous area of south 
Zhejiang and the height gradually decreases to hilly land to east. The east of the city is coastal plain. 
Wenzhou is considered as central subtropical monsoon climate zone, with evident alternation of 
winter and summer winds, moderate temperature, distinct four seasons and abundant rainfall. The 
annual average temperature is 17.3-19.4 degrees Celsius, with the average temperature in January 
being 4.9-9.9 degrees Celsius and 26.7-29.6 degrees Celsius in July. 

The soil in this study is mainly collected in Lucheng District, Ouhai District, Dongtou District and 
Cangnan County of Wenzhou. Most of the above areas are valley plains, and some are mountainous 
areas. The main soil types are paddy soil, tidal soil, coastal saline soil, red soil, yellow soil and so on. 

2.2 Soil Sample Collection 

During May 2021 to October 2021, 10 soil sample collection sites were selected for collection, as 
shown in Table 1. After GPS point location, five-point method was used.  The method is conducted 
as follows: firstly surface litter was removed, and then ring knife was used to collect the surface soil 
with depth of 0~15cm at the point site in the study area. Then the stones and litter in the soil were 
removed, and after being mixed evenly, they were divided into marked cloth bags by quartering 
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method and brought back to the laboratory for processing [7]. A total of 100 soil samples were 
collected from 10 sites in this experiment. 

 

Table 1. Location distribution of soil sampling sites 

Sampling 
points 

Longitude Latitude Area Terrain Sampling 
number 

1 East 
longitude 

120.72 

North 
latitude 

28.00 

Lucheng 
District 

river valley plain 10 

2 East 
longitude 

120.70 

North 
latitude 

28.00 

Lucheng 
District 

river valley plain 10 

3 East 
longitude 

120.64 

North 
latitude 

27.97 

Lucheng 
District 

river valley plain 10 

4 East 
longitude 

120.61 

North 
latitude 

28.02 

Ouhai District river valley plain 10 

5 East 
longitude 

120.69 

North 
latitude 

27.92 

Ouhai District  river valley 
plain 

10 

6 East 
longitude 

121.12 

North 
latitude 

27.83 

Dongtou 
District 

river valley plain 10 

7 East 
longitude 

121.17 

North 
latitude 

27.82 

Dongtou 
District 

 river valley 
plain 

10 

8 East 
longitude 

120.30 

North 
latitude 

27.51 

Cangnan 
county 

mountains 10 

9 East 
longitude 

120.35 

North 
latitude 

27.48 

Cangnan 
county 

mountains 10 

10 East 
longitude 

120.43 

North 
latitude 

27.50 

Cangnan 
county 

mountains 10 

2.3 Pretreatment of Soil Samples 

The collected soil samples were removed from the cloth bag in the laboratory.The soil was spread on 
petri dishes and dried naturally. After physical tapping and grinding, the soil was screened through 
60 mesh. Then, the soil samples were divided into two parts: one half was used as modeling group to 
establish the prediction model of soil total nitrogen through machine vision color determination and 
Kjeldahl nitrogen determination instrument. The remaining half of the samples were used as 
validation group. Their nitrogen content was detected by Kjeldahl apparatus, and experimental model 
verification was carried out in subsequent experiments. 
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2.4 Soil Sample Photo Acquisition 

The pre-treated soil samples were put back into the petri dish and spread evenly. The soil was 
photographed in the laboratory using the built-in camera of smart phone Huawei Mate 40 Pro. The 
soil samples were placed directly below the camera lens to ensure that the soil samples were in the 
center of the picture as far as possible, and the distance from the lens to the soil was 0.3m. Huawei 
Mate 40 Pro has the following camera coefficients: ISO125, EV0, 1/100s, AF-A, F1.9, focal length 
of 42mm (equivalent to 35mm film focal length), model noH-AL10, and shooting mode of ordinary 
shooting without flash. The photo size is 3072 x 4096 pixels. In order to facilitate image processing 
and machine vision recognition and analysis, jpeg format was selected as the image storage format 
for all photos. 

2.5 Soil Photo Pretreatment 

When digital images of soil sample surface are obtained through smart phones, due to the 
heterogeneity of soil sample surface, different soil particles have certain differences in light reflection, 
resulting in huge fluctuations in RGB three-channel values of different pixels [8,9]. Therefore, if the 
single point measurement of digital image of soil sample surface is taken by Photoshop or other 
software, there will be a large margin of error, which is not conducive to the determination of soil 
sample surface color. In order to improve the accuracy of the sample data, this study adopts Python 
plus OpenCV technology to detect, cut and calculate the edge of 50 images taken in the dark box, as 
well as process the RGB three-channel values of the trimmed images in the way of mean value. The 
specific experimental steps are as follows: (1) The edge detection algorithm is used to identify the 
evenly tiled soil part in the photo petri dish. (2) Due to the diversity of surface composition of soil 
samples, there will be many uncertain factors affecting the value. In the case of large area sampling, 
the value accuracy of RGB three channels of soil samples will be affected [3]. In order to ensure that 
the image sampling can properly and stably reflect the real RGB channel values of soil, this study 
used OpenCV to intercept 400*400 pixels photos in the center of the petri dish image for subsequent 
experimental research. 

2.6 Soil Sample Data Measurement 

2.6.1 Soil Total Nitrogen Content Measurement 

The measurement of soil total nitrogen content (mass fraction in this paper) was realized by Kjeldahl 
method. Specific steps can be found in the measurement section of Comparison of Methods for 
Determination of Soil Total Nitrogen [10]. Each sample should be measured five times and the mean 
value of five measurements should be taken as soil total nitrogen content. 

2.6.2 Extraction of RGB Three-channel Values from Soil Sample Surface 

In this study, the mean method of Numpy library in Python was used to calculate the average value 
of RGB three channels after the interception of soil sample images , so as to reduce the local color 
fluctuation caused by sampling at a single pixel point. 

2.6.3 Calculation of Surface Brightness of Soil Samples 

The soil brightness value can be calculated by the following conversion formula between brightness 
and average value of RGB three channels:  

 

L(brightness)= (0.299*R) + (0.587*G) + (0.114*B)         (1) 

 

In the equation, R is the mean value of red channel components; G is the mean value of green channel 
component; B is the mean value of blue channel components. 

In summary, the data used in this study includes: (1) Total nitrogen content of soil samples obtained 
by Kjeldahl nitrogen determination test. (2) RGB three-channel values of soil sample surface obtained 
by machine vision. (3) Surface brightness values of soil samples. 



International Core Journal of Engineering Volume 8 Issue 5, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202205_8(5).0015

 

119 

2.7 Data Processing 

Python was used to collect and automate the data information such as the mean values of RGB three 
channels and the brightness of soil samples. The data was stored in Excel documents for data analysis. 

2.8 Data Modeling and Validation 

In this study, python, SPSS, Excel were used for variance analysis and regression analysis of the three 
types of data mentioned above, and statistical models were finally established. 

The determination coefficient R2 and root mean Square error (RMSE) were used to evaluate the 
stability and accuracy of the prediction model. If the prediction ability of the model is good, the model 
will have a higher R2 and a lower RMSE. The larger the R2 is, the more stable the model will be, and 
the smaller the RMSE is, the more accurate the prediction result will be. 

3. Results and Discussion 

3.1 Correlation between Soil Total Nitrogen Content and Mean Value of Soil RGB Channels 

For RGB channel values, the three channels showed high correlation with total nitrogen content, 
among which Red channel had the highest correlation with total nitrogen content (correlation 
coefficient was -0.818), followed by Blue channel with correlation coefficient -0.799, and Green 
channel had the lowest correlation with total nitrogen content (correlation coefficient was -0.766). 

3.2 Regression Analysis of Soil Total Nitrogen Content and SOIL RGB Channel 

Excel data documents obtained by Python and OpenCV image recognition processing were used to 
analyze soil total nitrogen content and soil RBG three-channel values. The three-channel values 
obtained in this study are as follows: R channel values range from 158 to 203, G channel values from 
144 to 175, and B channel values from 111 to 150. The predicted total nitrogen content of samples 
was between 0.025% and 0.296% by Kjeldahl apparatus. The analysis showed that the soil total 
nitrogen content of samples decreased with the increase of RGB channel sum. A separate regression 
analysis of soil total nitrogen content and RGB three-channel scores showed that soil total nitrogen 
content was negatively correlated with each score of RGB channels (as shown in Fig. 1), that is, when 
the percentage of soil total nitrogen content increased, soil RGB three-channel value decreased. 

 

 
Fig.1 Relationship between RGB value of soil surface color and soil total nitrogen content 

 

By analyzing the relationship between soil total nitrogen content and soil RGB three-channel values, 
the following multiple linear regression formula can be obtained: 
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N(total nitrogen content (10-4)) =118.587- (0.348*R) + (0.044*G) - (0.346*B)  (2) 

 

(R represents red channel value; G represents green channel value; B represents  blue channel value.) 

R2=0.751, RMSE=3.92, SIG F<0.05. 

In the multiple linear regression formula, the negative correlation between R value and B value and 
soil total nitrogen content is large, resulting in the illusion that there is  positive correlation between 
G value and total nitrogen content. A separate analysis of the relationship between each RGB score 
and total nitrogen content has found that in fact, soil total nitrogen content is negatively correlated 
with the trichromatic RGB channel. 

In this study, the data of soil surface color was obtained by smart phone to establish prediction model 
of soil total nitrogen, and good prediction results were achieved. The correlation between Red channel 
and nitrogen content is relatively higher, which is consistent with the research results of Sun Ning et 
al., that is, in the soil spectrum, the band that has a greater impact on total nitrogen content is 600-
800nm [11]. When the distance to smart phone is fixed and the parameters are set, the color of the 
soil will be affected by the uneven distribution of total nitrogen content and particles on the soil 
surface. Due to the difference in particle size, the reflection degree of light will also be different, 
which will cause the local RGB channel value of the soil sample to change within a certain range, 
directly affecting the measurement accuracy of this experiment [12]. Therefore, this experiment can 
make the value relatively stable and the result relatively reliable by obtaining the mean value of 
regional RGB three channels from pictures with the size of 400*400 pixels. 

3.3 Regression Analysis of Total Nitrogen Content and Soil Brightness 

The percentage of total nitrogen content in soil and soil brightness were analyzed by linear regression. 
The analysis showed that there was a significant linear relationship between the brightness value of 
soil samples, that is, the reflection of soil to light, and the total nitrogen content of soil, as shown in 
Fig. 2. The regression model is expressed by the following formula: 

 

N (total nitrogen content (10-4)) = 144- (0.77*L (brightness))    (3) 

R2=0.698, RMSE=4.23, SIG F<0.001. 

 

 
Fig. 2 Relationship between soil surface light and soil total nitrogen content 

 

Rossel, R. A. V. et al., found that the increase of total nitrogen content in soil may reduce the 
reflectivity of soil, making the soil with higher nitrogen content present a darker tone on the whole 
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[13]. This study verified the findings of Rossel, R. A. V. Experimental data showed that soil 
brightness value had significant negative correlation with total nitrogen content, that is, with the 
increase of total nitrogen content in soil, soil brightness decreased, which means the higher the total 
nitrogen content is, the darker the soil color will be. 

3.4 Validation of experimental model 

The remaining half of the samples were tested for validation of the regression model. The test results 
were R2=0.751 and RMSEval =3.92 (as shown in Fig. 3). The polynomial regression prediction 
formula for soil total nitrogen content in this study was as follows: 

 

 N (total nitrogen content (10-4)) =118.587- (0.348*R) + (0.044*G) - (0.346*B)    (4) 

 

This formula can well predict the total nitrogen content of samples. 

 

 
Fig. 3 Comparison between predicted value and measured value of total nitrogen content 

4. Conclusion 

In this study, smart phones and customized darkrooms were used as soil image acquisition devices. 
Python and OpenCV were used as image processing techniques to extract soil RGB three-channel 
values. Statistical analysis software SPSS 26.0 and Excel were used for quantitative data analysis. A 
fast prediction model of soil total nitrogen content based on machine vision and machine learning 
was established. Through the model established by the study, it could be noted that soil total nitrogen 
content shows a significant negative correlation relationship with soil RGB three-channel values, and 
Red band is the sensitive band of soil total nitrogen content detection. There is a significant negative 
correlation relationship between soil total nitrogen content and soil surface brightness, that is, the 
higher soil total nitrogen content is, the lower soil brightness can be. In this study, machine vision 
was used to process and predict soil total nitrogen content, which was cheap and easy to operate. By 
obtaining three channels of soil surface RGB color, it could provide an alternative method for 
studying soil total nitrogen content prediction. Soil samples collected in this experiment came from 
10 sampling sites in Wenzhou, Zhejiang Province. The sample size was small, and other factors such 
as soil particle size were not considered in detail. Future research can select a larger sample size, 
establish different prediction models for different types of soil, and further explore the relationship 
between soil total nitrogen content and soil texture with the help of machine vision and machine 
learning technology. 
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