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Figure S1. Variable importance in the projection (VIP) scores for the prediction of (a) pH, (b)
CEC, (c) SOM, (d) TN, (e) TP, and (f) TK using PLSR model.
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Figure S2. Scatterplots of measured values versus predicted values of soil available P (a, b) and
available K contents (c, d) using the PLSR model based on the full and characteristic LIBS
spectra.



18 Table S1. The detailed information of the sampling sites.

Soil type

Sampling position

Land usages

Climatic conditions

Fluvo-aquic
soil

Paddy soil

Red soil

Black soil

116°22'-116°45" E, 36°40'-37°12' N

119°22'-121°00" E, 30°54'-32°01' N

116°20'-116°51'E, 28°2'-28°30" N;
117°26'-118°00" E, 27°48'-28°24' N

126°14'-127°45" E, 46°58'-47°52" N;
126°16'-127°53" E, 47°35'-48°33' N

Wheat-corn crop rotation

Rice-rapeseed crop rotation

Paddy fields, forests, orchards, and
tea plantation

Crop corn and soybean

Monsoonal climate, with mean annual temperature and precipitation of
13.1 °C and 593 mm

Subtropical humid monsoon climate, with mean annual temperature
and precipitation of 15.7 °C and 1100 mm

Subtropical humid monsoon climate, with mean annual temperature
and precipitation of 17.7 °C and 1712 mm

Temperate continental monsoon climate, with mean annual
temperature and precipitation of 1-2 °C and 500-600 mm
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Table S2. Identification of the LIBS emission lines based on the NIST Atomic Spectra Database and previous literatures.

Elements Observed wavelength (nm) References
C 247.8 (247.5-249.5) 247.8 nm in soil [1, 2]
247.9 nm in soil [3] and fly ash [4]

(©) 777.1 (773.4-782.9) 777.00 nm according to NIST Atomic Spectra Database [5]

794.6 (791.6-801.6) 794.717 nm in silicon wafer [6]

655.6 (649.7-664.3), 844.6 (840.2-848.3) 844.625 and 655.6068 nm according to NIST Atomic Spectra Database [5]
N 343.75 (343.2-344.6); 343.72 and 460.72 nm in sand [7]

460.5 (459.8-460.9)

742.3,744.2, 746.8 (739.4-755.3) 742.36, 744.23, 746.83 nm in sand [7] and soil [8]

818.25, 819.3, 821.7, 824.3 (815.6-828.0) 818.4, 818.8, 821, 824 nm in N-rich molecules [9]
P 253.7 (253.1-254.4) 253.6 and 255.5 nm in gel [10] and soil [11]

440.2 (439.4-440.6) 440.2104 nm according to NIST Atomic Spectra Database [5]
K 766.3,769.8 (762.6-772.8) 766.49 and 769.95 nm in cement powder [12] and mars soil [13]
Na 588.7, 589.3 (587.60-591.10) 588.99 and 589.59 nm in water [14], vegetables [15] and steel [16]
Ca 422.5 (420.3-423.9) 422.672 nm in meat [17]

445.3 (443.6-446.1) 445.48 nm in vegetables [15]

487.5 (487.2-488.0) 487.81 nm in cigarette [18]

558.55 (557.7-560.6)
315.7, 317.7 (314.3-320.5)
373.5 (372.8-376.9)
393.0, 396.5 (391.5-399.5)

558.88 nm in cigarette [18]

315.887 and 317.933 nm in cigarette [18]
373.69 nm in cigarette (Ahmed et al. 2017)
393.367 nm in engine oils [19]
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Mg

Al

Si

Fe

866 (861-867)
849.6 (848.0-850.4)
854.0 (852.1-856.2)
279.3, 280.0 (276.90-282.60)

285.0 (284.20-285.70)

382.9, 383.50 (380.8-384.4)
517.0 (516.7-517.6)

518.10 (517.6-519.6)

257.40 (256.9-257.8)

309.2 (303.9-312.2)

250.55, 251.45 (249.5-255.2)

287.90 (286.2-290.1)

259.7, 260.5 (254.4-263.3)

866.214 nm according to NIST Atomic Spectra Database [5]
849.802 nm in cigarette [18]

854.209 nm in cigarette [18]

279.553 nm in milk [20];

279.55 nm in cement powder [12];

279.5 nm in residue [21];

280.2 nm in engine oils [19]

285.218 nm in mars surface [22];

285.21 nm in aluminum sample [23];

285.213 nm in metallic [24]

383.829 nm in aluminum alloys [25, 26]

517.268 nm according to NIST Atomic Spectra Database [5]
518.37 nm in vegetables [15]

257.51 nm in residue [21]

309.27 nm in engine oils [19] and cement powder [12],
250.69 nm in water [27];

251.61 nm in vegetables [15]

288.16 nm in cement powder [12] and aluminum sample [23]
288.158 nm in metallic [24];

288.2 nm in residue [21]

259.936 nm in engine oils [19];

259.940 nm in metallic [24]
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Table S3. Summarized prediction ability of soil available P and available K by various spectroscopic technique in previous studies.

Reference Model Spectroscopic technique Extraction method Prediction ability
[28] PLSR Vis-NIR NH4F-HCl extractable-P Rv2=0.29; RMSEv=19.33 mg/kg; RPDv=1.17
NH:OAC extractable-K Rv2=0.07; RMSEv = 20.82 mg/kg; RPDv=0.77
[29] RF MIR Mehlich-3 extractable-P R?=0.51; RMSE = 0.4 cmolc/kg
Mehlich-3 extractable-K R?=0.49; RMSE = 0.4 cmolc/kg
TXRF Mehlich-3 extractable-P R?=0.10; RMSE = 966 mg/kg
Mehlich-3 extractable-K R?=0.16; RMSE = 895 mg/kg
[30] PLSR Vis/NIR-DRF CAL extractable-P Rev? = 0.54; RMSEcv=0.05 g/kg
CAL extractable-K Rev? =0.15; RMSEcv=0.05 g/kg
[31] PLSR VIS Colwell (P) Rev? =0.06; RMSEcv=4.94 mg/kg
NH4OAC extractable-K Rev? =0.29; RMSEcv=2.02 mg/kg
NIR Colwell P Rev? =0.01; RMSEcv=4.91 mg/kg
NH4OAC extractable-K Rev? =0.47; RMSEcv=1.82 mg/kg
MIR Colwell P Rev? =0.20; RMSEcv=5.24 mg/kg
NH4OAC extractable-K Rev? =0.38; RMSEcv=1.92 mg/kg
[32] SAM-PLSR  PAS NH4OAC extractable-P Rv2=(0.45; RMSEv=40.45 mg/kg; RPDv=0.82
ATR NH4+OAC extractable-P Rv2=0.49; RMSEv = 34.75 mg/kg; RPDv=0.97
DRF NH4+OAC extractable-P Rv2=0.50; RMSEv = 48.79 mg/kg; RPDv=0.81
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