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Research on soil improvement effects of starch-based sand-fixing
agents on desertified farmland in Dalad Banner
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Abstract: [Objective] This study explores the effect of starch-based sand-fixing agents on the soil properties of
desertified farmland, thereby providing a theoretical basis and practical guidance for the restoration and quality
improvement of desertified land in arid and semi-arid regions. [Methods] A randomized block design was
adopted, and a control (CK) and three concentration treatments of 1: 35 (G35), 1:75 (G75), and 1:125 (G125
were set up in the desertified farmland of Dalad Banner, Inner Mongolia. Soil physicochemical and microbial
indicators in the 0—20 cm soil layer were measured, and the soil improvement effect was quantified by
constructing a minimum dataset (MDS). [ Results] After 120 days of G75 treatment, the contents of soil organic
carbon, total nitrogen, available phosphorus, and available potassium increased by 15.61%, 14.97%, 7.89%,
and 19.74% , respectively, compared with CK. The nutrient increase under the G35 treatment was higher. Soil

enzyme activity increased in a concentration-dependent manner, reaching a peak after the G35 treatment. Bacterial
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richness and evenness decreased by 11.9% and 2.2%, respectively, compared with CK, while the relative

abundance of Myxococcota increased to 5.15% , indicating significant differences in the microbial community

structure. The G75 treatment showed better ecological stability. The soil quality index (SQI) calculated from the
MDS was ranked as G35 (0.69) > G75 (0.48) > CK (0.41) > G125 (0.30), with no significant difference
between CK and G125, and G35 exhibiting the best soil improvement efficiency. [ Coneclusion] Starch-based

sand-fixing agents exert soil improvement effects through an “exogenous carbon-microorganisms-nutrient”

coupled mechanism. High concentrations increase SQI at the expense of microbial diversity, while medium

concentrations achieve a balance between soil improvement efficiency and ecological security. The findings provide

theoretical support for the optimal allocation of sand-fixing agents and the sustainable management of desertified

farmland in the region.

Keywords: soil improvement; starch-based sand-fixing agent; desertified farmland ; soil quality assessment
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Table 1 Initial physicochemical and biological
properties of 0—20 cm soil at test site
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level under different treatments
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Fig. 6 Mantel analysis of correlation between soil indicators and bacterial community structure
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Table 2 Variance and weight of common factors for soil indicators (full dataset vs minimum dataset)

. TDS TDS MDS MDS
b pel ez Pes Pes Nomfil T wE AWTHE KE
EC 0.668  —0.613 0.259 0.155 2.328 0.913 0.061
pH —0.035 0.932 —0.175 0.094 1.653 0.909 0.061
BD 0.606 0.060 —0.654 0.218 2.016 0.846 0.057 0.459 0.122
CP —0.364  —0.060 0.609 0.476 1.417 0.733 0.049
MWD 0.742 0.132 0.374 —0.078 2.317 0.715 0.048
SOC 0.960  —0.110 0.183 0.095 2.943 0.976 0.066 0.869 0.231
TN 0.931 0.270 0.161 0.017 2.884 0.967 0.065
AHN 0.701 0.607 —0.006 —0.076 2.389 0.865 0.058 0.536 0.142
AP 0.877 0.387 —0.082 —0.027 2.760 0.926 0.062
AK 0.396 —0.790 —0.083 —0.227 1.856 0.840 0.056
AA 0.842 —0.203 —0.139 —0.274 2.613 0.844 0.057
CAT 0.797 —0.126 —0.306 0.366 2.497 0.878 0.059
UA 0.919 —0.160 —0.020 0.229 2.827 0.924 0.062
SA 0.806 0.419 0.292 0.063 2.588 0.915 0.061
NPA 0.952 0.171 0.124 0.002 2.921 0.951 0.064 0.925 0.245
Pi —0.634 0.062 —0.127 0.667 2.069 0.867 0.058 0.491 0.130
Nsp —0.667 0.532 0.165 —0.235 2.259 0.811 0.055 0.489 0.130
LEROR( 9.295 3.072 1.366 1.147
FEBN/ % 54.674 18.069 8.033 6.747
SR Jr 2 BTk R/ % 54.674 72.744 80.777 87.524
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Fig. 8 Soil quality indices based on minimum dataset and full dataset
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Fig. 9 Fitting relationship of soil quality indices based on

minimum dataset and full dataset
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