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[ Abstract] The western Songnen Plain is an important commodity grain base in China, but the issues of soil salinization and fertility
degradation jointly restrict agricultural development, and the spatial heterogeneity of nutrients increases the difficulty of farmland man-
agement. In response to the complex conditions of nutrient imbalance and coexisting salinization in this region, 61 surface soil samples
(0 ~20 cm) was collected, testing indicators such as pH, electrical conductivity (EC) , total nitrogen (TN) , total phosphorus (TP) ,
total organic carbon (TOC) , and moisture content (MC). The statistical analysis, geostatistics, and fuzzy C-means clustering ( FCM)
was integrated , determining the optimal number of zones through the fuzzy performance index (FPI) and normalized classification en-
tropy (NCE) , and validating the results using ANOVA and LSD tests. A scientific solution for regional precision fertilization and zon-
ing management was provided. The findings show follows. The soil is overall weakly alkaline, with a small variation in pH (CV =
8.7% ) , while other indicators exhibit moderate variation (CV = 50.3% ~76.5% ); pH is significantly negatively correlated with
TN, TP, and TOC (P < 0.01), while TN, TP, and TOC are significantly positively correlated with each other (P < 0.01) ; EC and
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MC show strong spatial correlation, controlled by structural factors, while pH and nutrient indicators exhibit moderate spatial correla-

tion, influenced by both structural and random factors. The study area is divided into four management zones ( MZ1 ~MZ4) , with bal-

anced areas (20.83% ~29.03% ) and significant differences in soil properties, showing a spatial pattern of increasing soil fertility and

decreasing salinization from southwest to northeast. MZ1 is located in the southern part of Songyuan and the western part of Baicheng,

implementing a combined strategy of precision fertilization and salinity improvement; MZ2 is located in the western part of Songyuan

and the western part of Changchun, implementing a balanced fertilization and water-fertilizer integration management strategy ; MZ3 is

located in Baicheng, following the strategy of first improving salinity, then enhancing fertility ; MZ4 is located in Changchun, promoting

precision fertilization and differentiated water-fertilizer management strategies.
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Fig. 1  Geographical location of the study area and soil sampling sites
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Table 1 Descriptive statistics of soil properties

+- 3 )E N e KAE LREIVR e ¥iE /4 brifi2 s £ W RE A5 5 R A %
pH 6.87 10.46 8.77 8.75 55 0.76 -0.16 1.22 8.7
5K/ (puseem ™) 66.90 673.00 116. 80 166. 82 L 127.55 2.52 6.49 76.5
4o/ (mg-kg™") 141.36  1274.68 362. 84 422.13 1 217.91 1.65 3.25 51.6
2%/ (mg-kg™") 270.68  1937.09 738.20 846. 88 i 425.73 0.82 -0.12 50.3
HAEMNER (g-kg™") 3.25 31.41 8.93 10.58 i 5.88 1.21 1.53 55.6
BIKE/ % 3.17 43.40 10.79 13.04 i 8.37 1.67 3.07 64.2
F2 TEEEMMNEXZRHEE (n=61)
Table 2 Correlation coefficients among measured soil properties (rn = 61)
4 )E pH GER S B0 Eoe R HLAR TKE
pH 1
GRS 0.548 ** 1
e -0.373*" -0.050 1
£ -0.460 " -0.238 0.735** 1
BA B -0.431*" -0.216 0.724** 0.963 ** 1
TIKFE -0.208 0.094 0.337** 0.323* 0.280" 1

" FRTE P < 0.05 KV R, ™ FIRTEP < 0.01 KF ERE,
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Fig. 2 Plot of semi-variance function
FI3 ITEEUTRAHERREXSE
Table 3 Variation function model and related parameters of soil properties
i el S0 R HeAE(Cy) THAME(C) BRI Cy/ (Cy +C) ] PREEEIE AR AR
pH FE Ry 0.534 4 0.670 9 0.259 0.036 5 0.996 7
R TR Hp A 0.601 8 0.398 2 0.027 0.0322 0.789 7
e [y il 0.686 0 0.377 8 0.350 0.004 1 1.048 3
£y Sy 0.541 8 0.5819 0.275 0.014 4 0.928 3
A B LR AR IR 0.509 8 0.556 9 0.272 0.012 2 0.895 1
KR TR 0.806 5 0.226 1 0.092 0.0203 0.899 4
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Fig. 3  Spatial distribution map of different soil property indicators
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Fig. 5 Soil nutrient management zones and their area

proportions in the study area (MZ1 ~ MZ4)
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ANOVA Zr#7 /s, i H 3 AE MZ1 ~ MZ4
SR AFAE B 22 5 (P < 0. 01) FWAR 3 X
fEtEEME FEAREES, @il LSD Z2H LK
PE—2LBIE T 43 X (0] A IR B 25 5 0 76 43 X PN Jg
— BT, 454 IX A JE T Y AR S AR B AR
(0.01 ~0. 14) , F I 443 X P 438 & M — Bk A e,
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HIH5(20. 83% ~29.03% ) , /3 #i 4 B, A I F 5 4k 52
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Table 4 Descriptive statistics of soil properties and results of ANOVA-LSD multiple comparisons for each management zone

4rIX At pH BSE/ (pseem™) 2%/ (mg-kg™) 2B/ (mgkg™) EIKFES % BAVR (g-kg™")
e/ IME 8.41 109.91 565.42 260. 59 8.38 7.07
L ONIEN 9.05 135.81 1032.28 426.62 13.66 13.45
MZ1 ¥l 8.77" 128.95° 763.22°¢ 352.04°¢ 10.79¢ 9.43¢
FrifE 2% 0.11 3.74 85.24 40.22 1.20 1.13
55 R 0.01 0.03 0.11 0.11 0.11 0.12
UNIED 8.19 117.23 672.38 320. 88 10.06 7.93
ENE] 8.96 134.77 1088. 81 558.21 15.58 14.19
MZ2 ¥fE 8.55¢ 118.96° 871.98" 460.76" 12.56" 10.75"
Frife 22 0.13 2.21 63.28 42.93 0.78 0.89
A5 5 R AL 0.01 0.02 0.07 0.09 0.06 0.08
e/ MAE 8.62 109.74 458.85 253.38 7.45 5.26
e KAE 9.58 141.19 773.63 390.39 13.15 9.32
MZ3 ¥ifH 9.1° 123.78" 579.44 303.95¢ 9.95¢ 7.17¢
bRifE 2 0.17 6.66 55.82 28.09 1.33 0.70
A5 RE 0.02 0.05 0.10 0.09 0.13 0.10
e/ IME 7.61 109.90 858.06 429.86 11.32 10.38
ENIEN 8.75 126.39 1.399.90 622.99 16.82 20.22
Mz4 ¥l 8.294 108. 434 1 057.36" 544.97° 13.42° 13.20°
R 0.19 3.49 100. 61 45.02 1.15 1.81
5 R 0.02 0.03 0.10 0.08 0.09 0.14
ANOVA P <0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01

NG R BEEMARIL AR F 4 X TOH R A RN AR B 22 5 (P <0.05) , M R AR R T B 3 2 5
U\j(@ MERARER a b.c.d,
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Fig. 7 Spatial distributions of topography, hydro-climatic factors, and aridity index in the study area
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Fig. 8 Distribution map of saline-alkali land in the study area
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