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Study on monitoring model for total nitrogen content in plow
layer of cotton field based on field in-situ spectroscopy

LI Gang'*, KONG Yacong'”, DAI Yuanshuai'”*, LV Xin'"
(1. Agricultural College of Shihezi University; Shihezi, Xinjiang, 832000, China; 2. Key Laboratory of Oasis Ecology Agriculture
of Xinjiang Production and Construction Corps, Shihezi, Xinjiang 832000, China; 3. Key Laboratory of Physiology and Germplasm
Utilization of Characteristic Fruits and Vegetables of Xinjiang Production and Construction Corps, Shihezi, Xinjiang 832000, China)

Abstract: In response to the challenge of weak penetration of visible and near-infrared light, which hinders
the detection of total nitrogen in the plow layer soil, this study focuses on pre-planting cotton soil in the Shihezi
Karez area. It aims to obtain in-situ spectral data of three different soil texture types and the total nitrogen content of
different plow layers. The soil in-situ spectra are preprocessed using Savitzky—Golay smoothing and maximum nor-
malization. Four modeling methods, namely Generalized Regression Neural Network ( GRNN) , Random Forest Re-
eression (RFR) , Support Vector Machine Regression (SVR) , and Least Squares Regression, are employed to es-
tablish and select the optimal monitoring models for cotton field soil content based on different soil texture types.
The results showed that; (1) Different modeling methods exhibit varying monitoring accuracies across the plow lay-
ers, with GRNN models consistently delivering the best performance in the shallow, medium, and deep layers, a-
chieving accuracies R* of 0.72, 0.68, and 0.63, respectively. (2) The optimized NGRO-GRANN model outper-
forms the GRNN model, with R* values increasing by 16.2% ~30.2% in the shallow, medium, and deep layers.
(3) The monitoring models for soil total nitrogen in different plow layers, established based on in-situ spectral da-

ta, demonstrate R* values greater than 0.6, indicating excellent monitoring performance and significant savings in
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the cumbersome steps of indoor spectral processing. This study provides a theoretical basis and technical support for

the rapid acquisition of nutrient information in different plow layers of pre-planting cotton soil using in-situ spectros-

copy, demonstrating feasibility and robustness.

Keywords: soil total nitrogen; in-situ spectroscopy; soil total nitrogen monitoring; soil texture; plow layer
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Fig.1 Ilustration of sampling in the study area
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Fig.2 In situ spectroscopic measurements in the field

F 1 EHEX YR SR-3500 S5
Table 1 Portable ground object spectrometer SR=3500 parameters

S FR Parameters ZHUH Values

5t Dimension /mm 216x279%89
FeIETEH Spectral range/nm 350~2500 nm

3 nm(350~ 10000 nm)
8 nm( 1500 nm)
6 nm(2100 nm)

eI EEEL Spectrometer type 2151

FeiE S HE# Spectral resolution/nm

A EEPE A Repeatability/nm 0.1 nm
A KSBE A precision/nm 0.5 nm
AR = Output format ASD
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Table 2 Statistics table of total nitrogen content at different levels in 0~3 c¢m soil surface layer

R 1 Y = B A i WRRR AR
Soil type Study area Grade Rich  Extremely rich Medium Low CV/ % SD
3 1;“211] 3 Number of sampling points 0 ? 13 0 353 0.15
rd Company, 1 . .
148th Regiment kit 7 0 0.42 0.48 0
Heph+ Quantity proportion
Loamy sand SR S B
5 f‘éﬁ 23k Number of sampling points 0 o 1 0 315 .12
nd Company, . .
Head field Bl 0 0.45 0.55 0
Quantity proportion
114117 (I;H 11 3E Number of sampling points 6 i 3 0 il 0.23
tl ompany , . .
; B 5 1
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andy
Y D b L
clay loam . R B
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Quantity proporti
‘ TR SR
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%fﬁdj: ° Quantity proportion 0 0.4 0.5 0.1
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150th Regiment B e 0.1 0.9 0 0

Quantity proportion
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Fig.3  Spectral reflection characteristics of soil after pretreatment
x3 HMH2ESESHREEHMEIEER (n=75)
Table 3  Regression model of nitrogen content and sensitive bands in cotton field (n=75)
B PLSR RFR GRNN SVR
Cultivated layer R? RMSE R? RMSE R? RMSE R? RMSE
&‘*}T‘E 0.46 0.36 0.67 0.03 0.72 0.04 0.52 0.14
Shallow soil layer
Hot =
Middle soil layer 0.02 1.67 0.65 0.03 0.68 0.02 0.63 0.12
ol 0.04 1.53 0.37 0.27 0.63 0.1 0.32 2.27

Deep soil layer
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Table 4 Regression model of cotton field nitrogen content and

sensitive bands based on NGO algorithm optimization (n=75)

B2 NGO-RFR  NGO- GRNN  NGO-SVR
Cultivated layer R* RMSE R* RMSE R®> RMSE
‘/35%}})2 0.66 0.08 0.84 0.03 0.65 0.06
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Fig.4 Accuracy test of nitrogen content estimation model in cotton field based on NGO algorithm
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