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Abstract: The Sodium Adsorption Ratio (SAR) is a critical indicator for characterizing the hazard of sodium ions
and the degree of soil sodification in saline-alkali soils. However, in the coastal region of Hebei, the characteristics
and key influencing factors of soil SAR remain unclear due to unique processes of salt formation and accumulation,
as well as complex physicochemical interactions, which hinders its accurate prediction. [ Objective] This study
aims to elucidate the spatial distribution and profile variation patterns of SAR in representative coastal saline-alkali
soils of Cangzhou, Hebei; to identify and quantify the key soil physicochemical factors influencing SAR dynamics.
Also, the study seeks to develop and select an optimal machine learning model for accurately predicting SAR based
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on easily measurable parameters. [ Method] Taking typical coastal saline-alkali land in Cangzhou City, Hebei
Province as the research area, soil samples were collected from two layers (0-20 cm and 20-40 cm). A
comprehensive set of properties was measured, including ionic composition, bulk density (BD), soil water content
(SWC), soil organic matter (SOM), total porosity (STP), capillary porosity (SCP), saturated hydraulic conductivity
(Ks), electrical conductivity (EC), and pH. The characteristics of SAR were analyzed, its main influencing factors
were explored, and four machine learning models: Linear Regression (LR), Decision Tree (DT), Random Forest
(RF), and K-Nearest Neighbors (KNN), were used to predict SAR. Model performance was evaluated using the
coefficient of determination (R?) and Root Mean Square Error (RMSE). [Result] The mean SAR values in the
upper (0-20 cm) and lower (20-40 cm) layers were 22.23 and 28.02, respectively, with no significant difference (P
=0.126). The soil in the study area was classified as moderately saline-sodic soil. Correlation analysis revealed that
SAR was significantly correlated with K*, CI-, SO+*~, EC, pH, BD, HCOs~, SOM, SWC, STP, SCP, and Ks. Among
these, the correlations with Cl-, SO4*", and EC were the strongest, identifying them as the primary influencing factors.
In the comparison of SAR prediction models, a model using both EC and pH as predictors achieved higher accuracy,
and the RF model demonstrated the best predictive performance, with soil EC being the most significant feature.

[ Conclusion] The RF model can achieve robust prediction of SAR in the coastal saline-alkali soils of Hebei based
on easily measurable indicators such as EC and pH. This study identified the key driving factors of SAR in the
region and developed an effective predictive framework, providing a scientific basis and practical tools for the
precise reclamation and sustainable utilization of local saline-alkali lands.

Key words: Soil salinization; Sodium adsorption ratio; Salt ion; Coastal saline-alkali land; Machine learning
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Fig.1 Map of the location of the study area and sampling points (Picture a shows the geographical location of Cangzhou, and Picture b
shows the Nandagang Coastal Ecological Experiment Station of the Chinese Academy of Sciences)
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Table 1 Soil physicochemical properties at different soil layer

T HERURI 4 AX Soil particle si
12 Soil L P MALER BEIL MASKE SKE FERUNL oil particle size

S E EC composition /%
layer pH SOM J¥ STP & SCP Ks SwWC
/(g-em) /(mS-cm™)
/cm Ng-kgh) /% 1% /(cm3-hl) 1% ) . i
WKL Sand  BiHL Slit kL Clay

0-20 833+ 13.33+ 1.30+ 4426+ 4027+ 0.56+ 33.01+  1.22+ 0.87+ 46.29+  52.84+

0.44a 2.56a 0.95a 5.86a 5.79a 0.33a 10.3a 1.14a 0.26a 4.24a 4.24a
5040 837+ 11.51+ 1.40+ 41.65+ 38.72+ 0.34+ 31.52+ 1.38+ 0.86+ 46.10+&  53.05+

0.42ab  3.29b 1.09  5.35b 5.85b 0.23b 15.87ab  0.96ab 0.26ab 2.86ab  2.86ab

VE: REVNG FRERRANE E R E 2 53 5.3 (P<0.05). T, Note : Different lowercase letters indicate significant differences among levels (P<0.05).The
same below.
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28.61%, ARG 7k, ZHh X 3 b R -



*® 2 PRBXRTIRESS 2B RIARMIL
Table 2 Soil salt content and SAR at different soil layer

+/Z Soil layer ~ Na* K Mg?*  Ca** Cl SO4* NOs COs* HCOz 4x#h Total salt  #NWFftEL
/em SAR
/(mg-kg")
0~20 74551+  102.88+ 46.29+ 107.96+ 861.59+ 232.98+ 26.83+ 813.21+ 2937.24+ 22.23+
926.19a 114.44a 42.24a 56.64a 135533a 271.44a 25.03a 0 214.82a 2602.95a 20.27a
20~40 892.55+ 9435+ 46.33+ 106.43+ 1032.65+ 262.13+ 35.30+ 0 835.12+  3304.86+ 28.02+
818.70ab 109.99ab 34.96ab 53.84ab 1168.99ab 213.27ab 24.73b 207.64ab  2206.40ab 22.86ab
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Fig. 2 Spatial distribution of soil sodium adsorption ratio in the study area ((a) and (b) are the upper and lower soils,

respectively)
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Fig. 3 Correlation graph of soil SAR with soil salinity and physicochemical properties
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Table 3 Prediction accuracy of the Linear Regression Model

T EbR Tz Bz PHgIHRZE PRI E
H4fi4E Dataset ¥J7iR % MSE WE R R2

Predictive indicators Soil layer/cm RMSE MAE LbiRZ MAPE
EC. pH 0~20 YIZEEE Train set 92.785 9.632 7.519 56.253 0.740
WREE Test set 162.427 12.745 7.597 55.998 0.653
20~40 YIZREE Train set 84.40 9.200 7.505 46.572 0.795
REE Test set 101.982 10.246 7.656 46.084 0.838
EC 0~20 YIZREE Train set 136.807 11.696 9.418 65.282 0.616
REE Test set 219.739 14.824 10.810 79.564 0.531
20~40 YIZREE Train set 174.873 13.224 11.209 67.349 0.676
REE Test set 213.913 14.626 11777 63.521 0.671

(2) FEHLARARIENEAA (RF) TS E . FROF B ZL M H 23 bR R B AR AR 38R X [R] P xof S
Sy HT BB TR (Y DT RAR . EC pH E2N SAR TR, b2 T3 EC HITTHA &t =iy 90.80%, K HH
H I B R RSB TIASAE, pH & EE N 9.20%, TTERFE N B AMEAE — E I . 78 T2 IR E
X[, EC K MEREE N 86.50%, pH HITTHRIE N, 1A% 13.50%.

TERSRIVERE TS TH, EC. pH LRI TR 254 KRB BT LA SR FIRAR IR 2, 24 R?
790793, NEMALE R? 9 0.798 (R 4), LREVHMTIIR ST EC PMTRIEAY . M2 R, EC Bl
MR G R — M, R, FEWRASE R? 5 0.584, FEMHASE R4 0.668 (£ 4).

4 BEFLARARENEBA (RF) TR

Table4 Prediction accuracy of the Random Forest Regression Model

T FbrR + 2 VIR 2 SPIYaRR 2 PIgLN E 4T
Hi 4 Dataset B177 %% MSE R RH R=
Predictive indicators Soil layer /cm RMSE MAE %7 MAPE

EC. pH 0~20 I Train set 19.284 4391 2.954 16.542 0.960

PHREE Test set 59.790 7.732 5.730 43.993 0.793

20~40 k4 Train set 14.835 3.852 3.064 14.908 0.974

PHREE Test set 73.308 8.562 6.301 45.146 0.798

EC 0~20 YIZREE Train set 24.219 4.921 3.014 19.051 0.948

PHREE Test set 132.020 11.490 9.107 56.915 0.584

20~40 k4 Train set 23.8689 4.886 3.181 11.804 0.959

WA Test set 136.815 11.697 8.957 48.767 0.668

(3) WIEM BN (DT) TRE . ERFIEE M, B2 ISR o, BC &t
49 96.90%, T1fi pH 5 LEARAR, 4 3.10%, TTERIR/N. T2 EC HE 4B 5 FEKA 79.10%, pH B4R T k4
KN 20.90%.
TERERUERETT T, EC. pH FLFRI TR RN GREE F G BER— M, HAEMRE 1zt RE )1
559, FJEENNRE R2 5 0,557, FELIENNASE R? 4 0.501 (R 5). ZEATEUTEA S m T EC S Fti]
SAR iR ZEFEFr. EC MM TRIIAL IR IMIBAR SR & R BRI & RO B %, wERRRE, FENNS
£ R* N 0.424, TJZMEREE R? N 0.395 (K 5).
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Table 5 Prediction accuracy of the Decision Tree Regression Model

TRMAEFR o ok A o
T2 o YIiRiR % P4t  RERH
Predictive indicators ¥ 4E Dataset Y052 MSE Iy Ebigzs
Soil layer /cm RMSE % MAE R=
MAPE

EC. pH 0~20 WIZRAE Train set 0 0 0 0 1
PR Test set 160.68 12.68 8.50 61.61 0.557

20~40 IR Train set 0 0 0 0 1
PR Test set 274576 16.57 10.835 33.876 0.501

EC 0~20 WIZRAE Train set 0 0 0 0 1
PR Test set 125.286 7.231 7.908 52.294 0.424

20~40 IR Train set 0 0 0 0 1
PR Test set 218.094 14.768 10.514 45.970 0.395

(4) K- &R 1A AR (CKNIND PRS2 o 128 A R DU e AL 33925 (200 UGEAD 34T 2850,
RAHE by R PR IR e T SR E (K AED ¥909 5. BIMEIR ZFeAR R B Y ZREE SRR —
fi, AHAEMNASE LRI A, LEIHREE R2 5 0.631, FEMIRE R?24 0.656 (£ 6), LZETFIIE ST
EC T SAR iR ZEFE AR 1 EC B PRI R0 5 RORAVE iR 248 n 0, LRI R? 9 0.276,
TR R* 05 0.507 (3R 6).

R 6 K- ABEARE (KNND Fitilis
Table 6 Prediction accuracy of the K-Nearest Neighbor Regression Model
ST += VoriiRz PR PR E > g 2R

H4i4E Dataset ¥1J5 % MSE
Predictive indicators Soil layer /cm RMSE % MAE  [LiRZ%E MAPE R=
EC. pH 0~20 YIZREE Train set 74.113 8.609 6.029 33.378 0.726
PHREE Test set 216.037 14.698 9.519 51.698 0.631
20~40 k4 Train set 64.666 8.041 5.288 23.202 0.883
WA Test set 148.425 12.183 8.748 51.901 0.656
EC 0~20 YIZREE Train set 94.677 9.730 5.716 32.157 0.764
WA Test set 247.566 15.734 12.441 42.019 0.276
20~40 YIZREE Train set 92.734 9.630 7.155 31.107 0.851
WA Test set 139.294 11.802 8.459 51.834 0.507

(5) SAR FRIMBAKSEEXFEL . EC. pH /EN SAR TRIFEFR B B4 T EC BH4E N SAR FRIFEH5 -
XFF BEC. pH fEN SAR Tiiillfeds, WiEk 3~k 6 K 4 Fox, AFEFES (LR, RF. DT. KNN) [l
PP R EIR, RE BARENASE AR, 213 RF FIH4E R (0.793) BE ST LR
(0.653). DT (0.557) Al KNN (0.631), HIH MSE (59.790) F1 MAE (5.730) ¥ N#&Ak. /=13 RF

) R2 (0.898) =T LR (0.838), {H&ET DT (0.501) 1 KNN (0.656),
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