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Abstract

Object: Soil nutrients are the main source of nutrients needed for cotton growth and the key indicators
to measure soil fertility in cotton fields. In order to quickly and accurately monitor soil nutrient content and
fertility changes in large-scale cotton fields, this study fused ground hyperspectral data and satellite remote
sensing data (Sentinel-2) by non-negative matrix factorization (NMF) method, deeply analyzed the spectral
response mechanism between ground hyperspectrum, Sentinel-2 spectrum and the fusion spectrum and soil
nutrients, constructed a soil nutrient estimation model, and evaluated the application effect of fusion
spectrum in large-scale cotton fields. In addition, this study incorporated trace elements into the soil
fertility evaluation index of cotton fields to construct a more scientific and comprehensive soil fertility
evaluation system, and estimated the comprehensive soil fertility index (IFI) through satellite-ground
remote sensing data fusion, aiming at improving the estimation accuracy and efficiency of soil fertility on a
large scale. On this basis, a comprehensive management and fertility evaluation system of soil nutrients in
cotton fields is constructed. Through the synergy of various modules of the system, rapid monitoring,
transmission, analysis and evaluation of soil nutrients and fertility in cotton fields are realized, and
reasonable fertilization management strategies are formulated, which is of great significance to promote the
sustainable utilization of soil resources and promote the high-quality development of smart agriculture.

Methods: In this study, 1047 soil samples were collected from October to November 2021 in the main
cotton planting areas in northern Xinjiang, and the soil organic matter, alkali-hydrolyzable nitrogen,
available phosphorus, available potassium, available iron, available copper, available manganese, available
zinc and available molybdenum contents were determined. The soil hyperspectral data was obtained
indoors by a ground object spectrometer, and the Sentinel-2 spectral data with the same time as the field
sampling time was obtained on the Google Earth Engine (GEE) cloud platform according to the coordinates
of sampling points, and the characteristic variables were screened by competitive adaptive weight sampling
(CARS). The spectral response function is used to construct the simulation spectrum based on the ground
hyperspectral data, and the characteristic variables in the Sentinel-2 spectrum and the simulation spectrum
are alternately decomposed by non-negative matrix factorization (NMF) method, so the spectral
characteristic basis matrix of the ground hyperspectrum and the sample difference coefficient correction
matrix of the Sentinel-2 spectrum are extracted, and the fusion spectrum is obtained by multiplying them
together. The soil nutrient estimation model of ground hyperspectrum, Sentinel-2 spectrum and fusion
spectrum was constructed by Kolmogorov-Arnold network (KAN), multi-layer perceptron (MLP) and
random forest model (RF), and the optimal modeling strategy was determined. In addition, the

comprehensive soil fertility index (IFI) was used to evaluate and analyze the soil fertility of cotton fields,



and the accuracy and reliability of satellite-ground remote sensing data fusion in direct and indirect
estimation of IFI were compared. On this basis, a comprehensive management and fertility evaluation
system of cotton fields was constructed.

Results:(1) The spatial variation characteristics and abundance and deficiency status of soil nutrients
in cotton fields in northern Xinjiang were explored. Statistical analysis showed that the content of available
potassium was 360.3 mg/kg, which was higher than the background value of Xinjiang soil. Moran index
values of all nutrient indexes are greater than 0, showing positive correlation in space, among which
alkali-hydrolyzable nitrogen has the strongest spatial aggregation, and available phosphorus has the
weakest spatial aggregation. The nugget ratio of alkaline nitrogen is 0.061, which shows strong spatial
correlation, while the nugget ratio of organic matter is 0.797, which shows weak spatial correlation. The
order of abundance and deficiency evaluation of each index is as follows: available potassium and available
molybdenum are at extremely abundant level, organic matter and available zinc are at abundant level,
available phosphorus and available iron are at medium level, available copper and available manganese are
at deficient level, and alkali-hydrolyzable nitrogen is at extremely deficient level.

(2) Based on NMF method, ground hyperspectral and satellite remote sensing data were fused, and
the optimal modeling strategy suitable for soil nutrient estimation was determined. The results show that
the simulation spectrum and Sentinel-2 spectrum have a very high similarity (correlation greater than 0.9)
between the basis matrix and coefficient matrix obtained after NMF decomposition, which indicates that
the fusion of the two spectrum is feasible. At the same time, the fusion spectrum and Sentinel-2 spectrum
have a high correlation in the corresponding band, indicating that the fusion spectrum can more truly reflect
soil nutrient information, provide richer eigenvectors and spectral information, and significantly enhance
the relationship between satellite spectral variables and soil nutrients. The correlation effectively improves
the estimation accuracy of soil nutrient content in large-scale cotton fields, especially in the KAN model,
the accuracy (R?) is increased by 11% ~ 65%. Spatial distribution showed that the organic matter content
was higher in the central and western regions. The content of alkaline nitrogen was higher in the west and
central regions and lower in the southeast. The content of available phosphorus is higher in the northern
region. The spatial distribution trends of available potassium and available iron are similar, with higher
contents in the west and east and lower in the middle. The content of available manganese is high in the
middle area, while the content of available zinc is opposite. The spatial distribution of available copper and
available molybdenum is similar, and the areas with high content are the most widely distributed.

(3) A more comprehensive and accurate soil fertility evaluation system of cotton fields was
constructed, and a new soil fertility evaluation method based on satellite-ground remote sensing data fusion
was proposed. Trace elements were incorporated into the evaluation index of soil fertility, and the

comprehensiveness and authenticity of soil fertility in cotton fields were realized. Direct estimation of IFI
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by fusion spectrum is more accurate than indirect estimation of IFI, and its model accuracy (R?) is
improved by 41%. The soil fertility of cotton fields in northern Xinjiang is mainly at a low level, and soil
samples account for the highest proportion of the total samples (52.4%). Areas with higher fertility are
scarce and scattered in various regions. There are more areas of moderate fertility, which are distributed in
the central region. Areas with lower fertility are the most, concentrated in the central and central western
regions. There are few areas with low fertility, and they are scattered in the western, southern and
southeastern regions.

(4) A comprehensive management system of soil nutrients and fertility evaluation in cotton field was
designed and constructed. Through system requirements and feasibility analysis, a database and model base
are established, which provides users with efficient and convenient soil fertility evaluation tools. The
system integrates functional modules such as user management, remote sensing monitoring, data
management and analysis, fertility evaluation and decision support, and comprehensive service to meet the
needs of users. Combining remote sensing technology and data mining technology, it can quickly monitor
the changes of soil nutrients and fertility in cotton fields and obtain the latest soil information. The
evaluation model in the system can deeply analyze and evaluate soil fertility, and realize visual display.
After preliminary testing, the system has stable performance and high accuracy, which meets the actual
needs, and provides an effective basis for precise fertilization in this area.

Conclusions:(1) The NMF method effectively fuses ground hyperspectral and satellite remote sensing
data, which significantly improves the model accuracy of satellite remote sensing in soil nutrient estimation
in large-scale cotton fields. (2) A comprehensive soil fertility evaluation system covering trace elements
was constructed, and a new soil fertility evaluation method based on satellite-ground remote sensing data
fusion was proposed, which improved the accuracy and efficiency of soil fertility evaluation in cotton fields.
(3) A comprehensive management and fertility evaluation system of cotton field soil nutrients was
established, which integrated functional modules such as data management and analysis, remote sensing
monitoring, fertility evaluation and decision support. The research results provide effective scientific basis
and technical support for accurate monitoring of soil nutrients and efficient evaluation of fertility in
large-scale cotton fields, and are of great significance to refined soil management, rational fertilization and
sustainable agricultural development in Xinjiang.

Key words: Cotton fields; Soil nutrients; Soil fertility; Remote sensing data fusion; Comprehensive

evaluation
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A (Shukla and Kot, 2016) o ey il F A i ze #F B Jgkn H Fs 0 B0 S i Bl H £ 4
W, AFEAT WOCAILLAME B, S BARRIS R ) (Wan et al., 2022) , iZHR LIRS
fl 7y 2, AL A I AR IR H AR5 B, AR AT SEBR TR Sk, i #EEA [FF
B AL AR SR BUAS [A] R i H bR (5 8. (Hinel et al., 2019) o /&% Kot 38 405
B ETROLEREER, BALES RS (Ravikanth et al,, 2017) , HE%H
BRI e B B e A T AL PR TR (A S AR AL, T DASZ IS A ) PR X 43 5 4
(PRzigss, 20200 , ALIEE. B BIEFRDCR SR EIRAL T o) 58 15 2Lk
CEMEMREE, 2016) , 75 T3R5y 8 B IS I o R FE ok B B L E . MEOCHIE AL
R, ISR RS RN L BT BT B P AR R P AR R SR A B
AR LI s 22 5, AR SRS A (NHL OH A CO S5k [HD =4
th B IRS), 38 RAS R B Y6 AE 5 BRI B S RFIEAS [, AT AR BT 8 TE S
() 3 [ B 6% (Shen et al., 2020) .

BT Hb T 1y DG UG ) L 38 R 23 B A WU DG VR AR (1) 438 e S A S e T A
PRI, AR LR SR S ISR S R BMFAE IR R, AN R Gt @ 7 v
HAIEFE LA (Viscarra et al., 2022) . 1993 £, (@ #5046 A i HEAE KK
He3h T EIEEDLIS I AR, KESEEX LA R IR 0 R PR E ST A
sRESE (2018) BFFU R I L3R40 & & 5 motil SO R AE AT WOt IX (400 ~ 760 nm) Al
WLLLAMX (760~1100 nm) FHICVER Ry, 5T SR AR HOE RE R AIE i) 4 1 S HF
[ei) EE ALASE 2R LA T P A R S RS B2 i AL . A SR (2022) it SE 4+ 1 34 B 50
BURAE (CARS) fiitide th HIEA MR IRHE R B, IR 2B H R4 R 16%LL T, [#
KD B A E B, 15 TG ). E30kE (2015) HT
JEAR T SO L IR S B R R WU IS Wi s IR e S
il BRI, T 30 1 i S A il A DS MRS T, TR R AUAE 0.657 ~ 0.805. Wang 45(2022)



