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Detection of Soil Total Nitrogen, Phosphorus and Potassium
Content Based on the Spectral Information of Citrus Canopy
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Abstract: The content of total nitrogen, phosphorus and potassium in the
soil is an important basis for calculating the best fertilization amount and
realizing the reasonable fertilization of the orange planting soil in time and
accurately. In this research, hyper-spectral technology is applied to detect
the three soil nutrient elements in the cultivated soil of citrus trees. Four
spectral bands with central wavelengths of 660, 780, 870 and 970 nm and
width of 20 nm are selected to measure the spectral reflectance of the
potted kumquats canopy by hand-held spectrometer. At the same time, the
content of total nitrogen, phosphorus and potassium in the cultivated soil of
kumquat is determined using traditional methods. The correlation between
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the spectral information of kumquat canopy and the content of soil nutrient
elements is analyzed by correlation coefficient method. The prediction
model of soil nutrient element content based on the spectral information is
established by multiple linear regression method. The results showed that
the total potassium content of soil is significantly correlated with the
spectral reflectance at 660 nm wave band and significantly correlated with
the spectral indexes of Rgso/R7s0, Reso/Rs7o and Reso/Rovo. R? of the
prediction model of total potassium content established on the basis of
spectral reflectance and ratio spectral index of the selected band is 0.756

and 0.857 respectively, which shows good prediction effect of the model.
There is no significant correlation between the spectral reflectance and ratio
spectral index of the selected band towards the total soil nitrogen and
phosphorus content and it cannot be used for the rapid measurement of total
nitrogen and phosphorus content. Further study is needed to select suitable
spectral band and spectral index.

Keywords: Citrus, Spectrometer, Nutrient Elements, Spectral Analysis,
Fine Agriculture

rapid, large-scale and real-time monitoring. The spectral
analysis method based on visible light or near-infrared has
the advantages of fast detection speed, low cost and no
damage to the sample, which provides a new and effective
way for the detection of soil parameters. Ding et al.
(2011) found that 570 nm, 600 nm and 610 nm spectral
bands have good indicators for soil organic matter and
fertility. Musadji et al. (2012) found that the spectra near
700 nm and 1050 nm were closely related to the content of
soil organic matter and clay minerals. Chen et al. (2008)
showed that the near-infrared spectroscopy technology
can accurately detect the total nitrogen content and
roughly estimate the total P in soil. Yi et al. (2011) found
that near-infrared spectroscopy can be used to predict the

Introduction

China is a big country of citrus production, with the
largest planting area and output in the world (Li, 2011).
Nitrogen (N), phosphorus (P) and potassium (K) in the
soil of citrus cultivation area are the main nutrient
elements for the growth and development of citrus. The
content of total nitrogen, phosphorus and potassium is
the key index to evaluate soil quality and calculate the
amount of fertilizer.

Although the results of traditional chemical analysis
methods of soil total nitrogen, phosphorus and potassium
content are relatively accurate (Song et al., 2012), the
long measurement cycle and high cost cannot achieve
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content of Fe/Mn/Zn in purple soil of citrus orchard.
Other studies have also shown that spectral techniques can
be used to detect soil fertility (Xie et al., 2004; Li et al.,
2012; Wamelink et al., 2018; Sophie et al., 2019). On the
basis of theoretical research, the researchers developed a
rapid soil parameter measurement equipment and system
based on spectral technology, which further improved
the efficiency of soil parameter measurement and
reduced the detection cost (Li et al., 2007; Li and Li,
2008; Zheng et al., 2009).

Even though the spectral analysis method can directly
detect the soil parameters, it is difficult to directly obtain
the spectral characteristics of the soil under the
vegetation coverage when the plant coverage area is
large. In the similar natural environment, the difference
of plant growth reflects the difference of soil nutrients.
Therefore, the soil parameters can be calculated by
measuring the plant canopy spectrum and soil fertility
can be measured indirectly. Pan et al. (2010) showed that
the total nitrogen content of soil was negatively
correlated with the reflectance of cotton canopy at 400-
700 nm band and positively correlated with the
reflectance at 700-1300 nm band. Xu et al. (2007)
showed that the normalized spectral index of rice canopy
remote sensing Hyperspectral Information had
significant correlation with soil nutrients such as soil
available N and organic matter.

A new method is proposed in this paper to measure
the content of soil nutrient elements quickly and
indirectly by measuring the spectral reflectance index of
citrus canopy. The purpose of this study is to investigate
the correlation between the canopy spectra of citrus and
the contents of total nitrogen (TN), total phosphorus
(TP) and total potassium (TK) in soil. The prediction
model of TN, TP and TK content in soil based on the
spectral information of citrus canopy will be established.
The rapid measurement methodology of soil nutrient
element content based on the spectral information of
citrus canopy will be studied.

In this article, methods of soil sample collection and
soil nutrient content measurement is firstly presented.
Next, method of citrus canopy spectral data collection is
introduced. In the third step, we presented that The
Pearson correlation coefficient is used to study the
correlation between the spectral reflectance of four bands
and six ratio spectral indices and the contents. Also, we
used the method of multiple linear regressions, the
spectral reflectance of four bands and the spectral index
of six ratios in each data set of the modeling group are
taken as independent variables. In the after, the
correlation analysis is carried out both between the soil
nutrient element content and the citrus tree canopy
spectral reflectance and between the ratio spectral index
and soil nutrient element content.
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Fig. 1: The flowchart of this research

The flowchart of this research is as shown in Fig. 1.

Materials and Methods

Soil Sample Collection and Analysis

The soil samples and spectral data of this study are
collected from March to May in the experimental citrus
orchard of the Mechanical Research Office of the
national citrus industry technology system of South
China Agricultural University. In this experimental
citrus orchard, 30 potted kumquats were selected in the
spring shoot stage with good growth. Two samples
were collected from the planting soil of each citrus
orchard, 60 soil samples in total. At the same time of
collecting soil samples, the canopy reflectance
spectrum of the orange tree was measured to ensure the
synchronization of soil samples and canopy spectral
information collection in time. The two soil sampling
points corresponding to each Kumquat tree are
respectively 180° on both sides of the middle point of
the main Kumquat tree and 5-10 cm from the middle
point of the main Kumquat tree. During sampling,
weeds, dead branches and leaves on the surface of the
soil were removed first and the soil 5-10 cm below the
surface of the ground shall be taken as the experimental
soil sample and the mass of each sample is about 1 kg.
Grind the soil sample properly after natural air drying,
remove the sundries and place it in a plastic film bag
for sealing and preservation.

The traditional analysis of TN, TP and TK contents
in soil was carried out in the School of Resources and
Environment, South China Agricultural University.
Kelvin -distillation  titration is used for TN
determination, sodium hydroxide melting-molybdenum
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antimony anti colorimetric method is used for TP
determination and sodium hydroxide melting-flame
atomic absorption spectrophotometry is used for TK
determination. The main equipment used is the Z-2300
flame atomic absorption spectrophotometer of Hitachi.
After the determination of soil parameters, average the
parameters of two soil samples from the same citrus as
the nutrient element content of the citrus planting soil.

Data Collection of Reflection Spectrum of Citrus
Canopy

When (Yi et al.,, 2010) measured the nitrogen
content in the leaves of Jincheng, it was found that
there was a significant difference between the
reflectance of each nitrogen treatment in 750-1000 nm.
Therefore, in this study, four bands with the central
wavelengths of 660, 780, 870 and 970 nm and the
width of 20 nm were selected from the visible and near-
infrared bands to measure the spectral reflectance of
citrus canopy to the above four bands, which were
labeled Reso, R7so, Rezo and Ro7o respectively. The
spectrum was measured by a hand-held spectrometer
developed by Oklahoma State University. The main
characteristics of the equipment are as follows: a. the
measurement range is 480-1200 nm and the sampling
interval is 10 nm; b. active light source, optical
modulation and demodulation, double light differential
detection and other technologies are used to effectively
eliminate the influence of natural light intensity on the
measurement results; c. changing the installed filter and
light-emitting element can change the measured spectral
band; d. The normalized spectral reflectance is output
through RS-232 interface with 45° luminous angle and
25° visual angle of the photodetector. The luminous lens
is parallel to the axis of the detection filter, the distance
between the axes is about 5 cm and the height difference
of the vertical axis is about 3 cm.

The spectral measurement method of this study is
shown in Fig. 2 and the spectral determination time is
10:00-14:00. The distance from the light probe of the
spectrometer to the ground is the height corresponding
to the maximum diameter (Dmax) Of the canopy of each
citrus. The light-emitting probe of the spectrometer
faces the citrus horizontally, with a distance of 30 cm
from the outer edge of the citrus canopy. Samples are
taken in the East, South and North directions of each
citrus respectively. Each sampling point is measured
three times, with time interval of each measurement
no less than 20s. The average value of nine
measurements is taken as the spectral reflection value
of the citrus canopy. Because the detector angle of the
spectrometer is small and the citrus branches and leaves
were dense, the main measurement background is the
citrus leaves (Wang et al., 2010).
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Fig. 2: Schematic diagram of spectral data acquisition; 1.
Optical probe and lens 2. Spectrometer host 3.
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Data Analysis Method

After data collection, a total of 30 data sets are
obtained, each data set is corresponding to a citrus and
its cultivated soil. In each data set, the data includes:
(1) The spectral reflectance of a single citrus tree
canopy at 660(Reso), 780(R7s0), 870(Rs70) and
970(Rg70) nm; (2) The spectral indexes of Reso/R7so,
Reso/Rs70, Reso/Ro70, R780/Rs70, R780/Ro70 and Rgzo/Reo
of single citrus canopy; (3) TN, TP and TK contents of
the cultivated soil where the citrus tree is located. In
the 30 data sets, 22 were randomly selected as the
modeling group and the remaining 8 as the validation
group. SPSS (version 14.0, SPSS Inc, Chicago, USA)
software is used for data analysis as follows:

Correlation Analysis

The Pearson correlation coefficient (r) is used to study:

a. The correlation between the spectral reflectance of
four bands and the contents of TN, TP and TK in soil
b. The correlation between the six ratio spectral indices

and the contents of TN, TP and TK in soil

Where, 0.8<|r|<1l represents a strong correlation,
0.6<|r|<0.8 represents correlation, 0.4<|r|<0.6 represents
moderate correlation, 0.2<|r|<0.4 represents weak
correlation and 0.0<|r|<0.2 represents extremely weak
correlation.

Multiple Linear Regression

The method of multiple linear regressions is used to
study:
a. To obtain the prediction model of soil nutrient
element content based on spectral reflectance. The
spectral reflectance of four bands in each data set of
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the modeling group are taken as independent
variables. TN, TP and TK contents of soil are
dependent variables. Through the significance test,
the applicability of the selected spectrum to the
prediction of soil total nitrogen, phosphorus and
potassium content is analyzed. The spectral
information in each data set of the validation group
is substituted into the prediction model and the test
standard deviation between the predicted value and
the actual value of TN, TP and TK content is
calculated. By comparing the difference between the
prediction standard deviation and the detection
standard deviation, the prediction ability of the
detection model is tested (Satapute et al., 2019)

To obtain the prediction model of soil nutrient
element content based on ratio spectral index. The
spectral index of six ratios in each data set of the
modeling group are taken as independent variables.
TN, TP and TK contents of soil are dependent
variables. Through the significance test, the
applicability of the selected spectral index to the
prediction of soil total nitrogen, phosphorus and
potassium content is analyzed. The spectral index in
each data set of the validation group is substituted
into the prediction model and the test standard
deviation between the predicted value and the actual
value of TN, TP and TK content is calculated

Result and Analysis

Correlation Analysis of Spectral Reflectance and
Soil Nutrient Element Content

The correlation analysis results between the spectral
reflectance of Reso, R7s0, Rs7o and Rgzgas well as TN, TP
and TK contents are shown in Table 1.

According to Table 1, the correlation coefficient
between Rego and TK content is -0.661. Sig value of the
significant analysis result is less than 0.001, which is
significantly correlated at the level of 0.01. The results
show that the correlation between total potassium content
and spectral reflectance at 660 nm was significant. The sig
value of other spectral reflectance and soil nutrient
element content is greater than 0.05, indicating that the
correlation between other spectral reflectance and soil
nutrient element content is not significant.

Correlation Analysis of Ratio Spectral Index and
Soil Nutrient Element Content

The correlation analysis results between the spectral
reflectance of Reso/R7s0, Reso/Rs70, Reso/Roe70, R7s0/Rs7o,
R7g0/Ro70 and Rs7o/Re7o and TN, TP and TK contents is
shown in Table 2.

According to Table 2, the correlation coefficients
between Resso/R780, Reso/Rs70 and Reso/Ro7o and soil TK
content are -0.663, - 0.631 and -0.645 respectively and
the sig value of significance analysis is less than 0.001.
The correlation is significant at 0.01 level, indicating that
the total potassium content in soil is significantly related
to the above three ratio spectral indexes. The sig value of
other ratio spectral indexes and soil nutrient element
content is greater than 0.05, indicating that the
correlation between other spectral indexes and soil
nutrient element content is not significant.

Prediction Model of Soil Nutrient Element Content
Based on Spectral Reflectance

The prediction model of TN, TP and TK content in
soil is established based on the spectral reflectance of
Reso, R7so, Rs7o and Rg7o and the prediction ability of the
model was tested. The results are shown in Table 3:

Table 1: Result of correlation analysis between spectral reflectance and soil nutrient element content

Relationship of TN content

Relationship of TP content

Relationship of TK content

Spectral

band Correlation coefficient Sig value Correlation coefficient Sig value Correlation coefficient Sig value
Reeo -0.332 0.073 -0.096 0.613 -0.661 0.000™
R7so -0.079 0.677 -0.035 0.855 -0.249 0.184
Ra7o -0.169 0.372 0.007 0.970 -0.346 0.061
Ro7o -0.145 0.445 0.058 0.761 -0.321 0.084

** means that the results of significance analysis are significantly correlated at the level of 0.01

Table 2: Result of correlation analysis between spectral ration index and soil nutrient element content

Relationship of TN content

Relationship of TP content

Relationship of TK content

Ratio spectral

index Correlation coefficient Sig value Correlation coefficient Sig value Correlation coefficient Sig value
Reso/R7s0 -0.326 0.079 -0.106 0.579 -0.663 0.000™
Reso/Rs70 -0.316 0.089 -0.121 0.523 -0.631 0.000™
Reso/Ra70 -0.320 0.085 -0.159 0.402 -0.645 0.000™
R7s0/Rs70 0.198 0.295 -0.008 0.968 0.340 0.066
R7s0/Ro70 0.153 0.420 -0.070 0.712 0.286 0.125
Rs70/Ro70 -0.043 0.821 -0.244 0.194 -0.007 0.970

** means that the results of significance analysis are significantly correlated at the level of 0.01
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Table 3: Prediction model of soil nutrient element content based on spectral reflectance

Coefficient of each variable

Dependent Prediction standard Test standard  Sig
Variable Reso R7so Rs7o R0 Constant R? derivation deviation value
TN -4.429 3.371 -15.293 7.950 1.301 0.217 0.416 0.354 0.355
TP -7.480 -1.014 -16.790 20.548 3.382 0.256 0.616 0.490 0.875
TK -90.788 -13.352  -2.588 41.705 24.531 0.756 1.217 1.069 0.005™

** means that the results of significance analysis are significantly correlated at the level of 0.01

Table 4: Prediction model of soil nutrient element content based on ratio spectral index

Coefficient of each variable

Prediction Test

Dependent standard standard Sig
variable Reag/Rmo Raeo/Ram Reeg/Rgm R750/R870 R780/Rg70 Rs7o/Rg70 Constant RZ derivation deviation value
TN 0.958 -8.182 9.360 -1.911 2.039 -12.489 11.589 0.467 0.458 0.351 0.777
TP 34.682 35.760 -39.015 0.510 0.019 2.959 -3.073 0.408 0.619 0.488 0.800
TK -3.828 43.004 -49.135 -13.709 11.585 -55.878 85.951 0.857 1.288 1.050 0.003™

** means that the results of significance analysis are significantly correlated at the level of 0.01

According to Table 3, the determination coefficient of
the model for predicting the total potassium content of
soil based on the spectral reflectance is the highest (R? =
0.756) and the sig value of the significance analysis
result is 0.005. It indicates that the model independent
variable and dependent variable have significant
correlation. In TK prediction model, the Rgso band
reflectance takes the largest weight, which is consistent
with the most significant correlation between Rego band
reflectance and soil TK content in Table 1. The model
test results show that the standard deviation of TK
content prediction model based on spectral reflectance is
close to the test standard deviation. The model can
predict soil TK content optimally.

Prediction Model of Soil Nutrient Element Content
Based on Ratio Spectral Index

The prediction model of TN, TP and TK content in
soil is established based on six ratio spectral indexes of
Reso/R780, Reso/Rs0, Reso/Rero, R7go/Rero, R7so/Re7o and
Re7o/Rg7 and the prediction ability of the model was
tested. The results are shown in Table 4.

According to Table 4, the determination coefficient
of the model for predicting soil total potassium
content based on the ratio spectral index is the highest
(R?=0.857). The Sig value of significance analysis is
0.003, which indicates that there is a significant
correlation between the ratio spectral index and TK
content. Although the determination coefficients of TP
and TK prediction models are 0.467 and 0.408
respectively, Sig values of significance analysis
results are 0.777 and 0.800 respectively and the
correlation between independent variables and
dependent variables is not significant. The model test
results show that the standard deviation of TK content
prediction model based on ratio spectral index is close
to the test standard deviation. The model can predict
soil TK content better.

Discussion

It was found that the correlation between the
selected spectral band and ratio spectral index and soil
TN and TP content, as well as the determination
coefficient of the prediction model are both low. As a
result, the selected spectral band and ratio spectral
index cannot be used for the rapid measurement of
total nitrogen and phosphorus content.

Further research will include:

1. Selecting more suitable spectral band and spectral
index to accurately predict TN and TP content in soil

2. More citrus varieties should be included in this
study as the spectral measurement object rather
except for the kumquat tree

Analyzing the indication effect of spectral information
of citrus canopy on soil total nitrogen, total phosphorus and
total potassium content in different growth periods.

Conclusion

In this study, the spectral reflectance of citrus canopy
is applied to indirectly measure the potting soil nutrient
content. It is a new method to detect the content of soil
nutrients. The correlation between at 660, 780, 870 and
970 nm and the spectral indexes of Reso/R7s0, Reso/Rsro,
Ress0/Ro70, R780/Rs70, R780/R970, Rs70/Rg70 and the contents
of TN, TP and TK is analyzed. Two kinds of prediction
models of soil nutrient element content based on the
spectral reflectance and ratio spectral indexes of citrus
canopy are established. The results show that:

1. Soil TK content is significantly correlated with
660nm spectral reflectance and Reso/R7s0, Reso/Rs7o
and Reso/Re7o

2. The determination coefficients of TK content
prediction model based on spectral reflectance and
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ratio spectral index are 0.756 and 0.857
respectively. The model has a high correlation
between independent variables and dependent
variables and the prediction effect is optimal. The
results show that the method based on the spectral
information of citrus canopy is feasible
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