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Abstract This study aimed to investigate the cultivated land quality and identify key obstacle factors in Lishu
County, a typical black soil area of Northeast China. A comprehensive evaluation index system was established
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based on incorporating site conditions, profile characteristics, physicochemical properties, nutrient status, and
management practices. To mitigate the bias of single-weighting methods, this study combined the experience-
based Analytic Hierarchy Process with the data-driven entropy weight method to determine the indicators’ weights
more comprehensively and objectively. Subsequently, the Topsis model was used to quantitatively assess the
spatiotemporal differentiation in cultivated land quality from 2017 to 2021, while an obstacle factor model was
introduced to identify key limiting factors. The results indicate that: Temporally, the grade structure of cultivated
land quality improved, shifting from predominantly low to medium grade to medium-to-high grade. The average
grade improved from 2. 97 (dominated by grades 3 to 4) in 2017 to 2. 91 (dominated by grades 2 to 3) in 2021,
representing an overall increase of 0. 06. Spatially, a quality degradation was observed in the southwestern
region, whereas the northeastern and central regions increased significantly. Notably, the area of improvement
exceeded the area of decline. The results of obstacle factor analysis identified that irrigation capacity, soil texture,
and terrain position were core limiting factors, and the secondary obstacles included drainage capability, pH,
arable layer thickness, and organic matter content. In conclusion, the integration of multi-dimension indicators
with a combined weighting method effectively reveals the spatiotemporal evolution and limiting factors of cultivated
land quality and provides a scientific basis for implementing differentiated conservation strategies.

Keywords Lishu County; cultivated land quality; analytic hierarchy process; entropy weight method; Topsis

model; obstacle factor model
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Fig. 1 Schematic map of the location of Lishu County
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Fig. 2 Distribution map of sampling points of Lishu County in 2017 and 2021
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Table 1 Weights of cultivated land evaluation index of Lishu County
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i b 78 C
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Texture configuration
Cultivated land Soil bulk density 0.05 0.05 0.05
quality in Lishu BHZ B PER(C3) |
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C33
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Table 2 The area and proportion of cultivated land quality grade of Lishu County in 2017 and 2021

HEHb T a2 o 2017 4 2021 4E

Cultivated land quality gt /g2 W1/ % i A /km’ W1/ %
grade Area Percentage Area Percentage

14 1st grade 272.69 8.88 51.61 1.68
2% 2nd grade 611.22 19.91 950. 16 30.95
3 4% 3rd grade 1225.01 39.90 1376.09 44.82
4 % Ath grade 849. 60 27.67 615.79 20. 06
54§ 5th grade 111. 50 3.63 76.37 2.49
A i 46 4
R 2.97 2.91

Average quality grade
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Fig. 3 Spatial distribution map of cultivated land quality grade of Lishu County in 2017 (a) and 2021 (b)
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Table 3 Changes in the area of different cultivated land quality grades of Lishu County from 2017 to 2021
Ei=E 1% 2% 3% 4% 5%
Index 1st grade 2nd grade 3rd grade 4th grade 5th grade
s Ap 2 2
H AR LR /km —221.08 338.94 151.08 —233.81 —35.12
Area change amount
i A 0
EAE /% —7.20 11.04 4.92 —7.62 —1.14

Change percentage
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A5 A b A5 978 Al 1 3 A I 0, FRATT AT DA EEAT TR A
() B H o3 BT RN 5T o 3 RE AT DLE 4 M T A B OF
M B8 TT 1 B b BT 5 45 G0 AR Ak R A OF X AL By
A [ A b 25 5 1 4 A1 155 D0 AR B4R T

FIH ArcGIS XF 2021 4F 5 2017 4F # # i %5
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Table 4 Change area and proportion of cultivated land

quality grade in Lishu County

F AL i 1 /km” e & He i/ %%
Grade change Area Proportion

—3 8.20 0.27
—2 315.94 10. 29
—1 404. 56 13.18
0 1181.73 38.49
1 990. 64 32.27
2 167. 64 5. 46
3 1.32 0.04

T EEARRELRT AERRFR TR 0RBELAE.
T

Note: Positive value represents grade increase, negative value
represents grade decrease, and O represents grade
unchanged. The same below.
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Fig.4 The grading change distribution map of cultivated land quality of Lishu County
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P RAR

Evaluation indicator

C11.C12.C21.€22,€23,C31.C32.C33,C41,C42 . C51 Fl C52 43 AR A UMK W A b IE 0% AT 20 4 R R HFZ R B Al 2 28

pH il A LT AR08 HEKBE T RIEERE 1 . Rl

Cl11,C12,C21,C22,C23,C31,C32,C33,C41,C42,C51 and C52 represent the degree of field forest network, terrain position, effective soil
layer thickness, arable layer thickness, texture configuration, soil bulk density, pH, arable layer texture, soil organic matter, available P, drainage

capability, irrigation capacity. The same below.

Es5 RAE#HRETNIERESE

Fig. 5 Obstacle degree of cultivated land quality evaluation indicators of Lishu County
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Fig. 6 Proportion of obstacle areas with different indicators in Lishu County in 2017
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Fig.7 Obstacle degree area and proportion of different indicators of Lishu County in 2021
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