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Effects of Compound Sand Control Measures on Soil Carbon and Nitrogen Storage
XIE Gazangzhuoma', MA Rui', ZHANG Fu', LIU Teng', ZHANG Ruijie', XIE Aiping’
(1.College of Forestry, Gansu Agricultural University, Lanzhou 730070, China;
2.Gansu Forestry Voctech University, Tianshui, Gansu 741020, China)
Abstract: [ Objective ] "Mechanical sand barrier+ Haloxylon ammodendron" is a widely used composite sand-
fixing measure in desert regions. This study aims to investigate the variation characteristics of soil carbon and
nitrogen stocks in areas under five different measures: ecological barriers+ Haloxylon ammodendron (EI+H) ,
plastic net barriers+ Haloxylon ammodendron (Pc+H) , woven bag barriers+ Haloxylon ammodendron (Wn—
H> , straw checkerboard barriers+ Haloxylon ammodendron (Gs+H) , and clay barriers+ Haloxylon
ammodendron (Cy-+H). [Methods] Soil samples collected from areas under five different measures in Minqin
Shazuidun precision sand-fixing afforestation demonstration area were selected as the research objects. The soil in
mobile sand dune+ Haloxylon ammodendron plantation was used as the control (CK). Soil carbon and nitrogen
stocks and their correlation with physicochemical properties such as electrical conductivity, pH, bulk density, and
soil moisture content were measured and analyzed. [Results] 1) The five sand-fixing measures significantly

affected soil electrical conductivity, soil moisture content, and bulk density (»<C0.05), but showed no significant
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effect on soil pH (»=>0.05). Significant differences existed in soil physicochemical properties among different soil
layers (p<C0.05). 2) The mass fraction of soil organic carbon (SOC) gradually decreased with increasing soil
depth, reaching its maximum in the 0— 10 cm layer. The mass fraction of total nitrogen showed an initial increase
followed by decrease, peaking in the 40 — 60 cm soil layer. 3) All five sand-fixing measures significantly affected
SOC and total nitrogen storage (p<Z0.05). The carbon sequestration rate showed an increasing trend, with the
Gs+H measure achieving the highest rate. The nitrogen sequestration rate initially increased then
decreased. 4) The effects of sand-fixing measures on SOC storage, total nitrogen storage, and carbon and
nitrogen sequestration rates were extremely significant (p<Z0.01). Additionally, soil depth significantly affected
these parameters (p<<0.05). The interaction between sand-fixing measures and soil depth had a significant effect
on SOC storage, total nitrogen storage, and carbon and nitrogen sequestration rate. Significant correlations existed
among all measured indicators. [Conclusion] The sand-fixing measure of Gs+H demonstrates optimal
performance in improving soil properties and carbon-related indicators, which provides crucial scientific evidence
and practical guidance for ecological restoration and management of desertified lands in arid and semi-arid regions.

Keywords: desert soil; area under sand-fixing measures; soil carbon and nitrogen stock; soil carbon and nitrogen

sequestration rate
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Fig.1 Location of the study area and sample plots
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CK 103°26740" 38°44'52" - - 2.0X2.0 124.15+6.35b 35
El+H 10327 03" 38°45'07" 2.0X2.0 - 2.0X4.0 144.56+9.35a 28
Pc+H 103°26"55" 38°44'43" 1.0X1.0 10 2.0X2.0 135.71+£8.37a 36

Wn-+H 103°27702" 38°44'52" 1.5X 1.5 10 3.0X3.0 147.31+£10.51a 33
Gs+H 103°26'45" 3844 22" 1.0X1.0 15 2.0X2.0 151.58+11.24a 30
Cy+H 103°26' 52" 38°44'01” 2.0X2.0 10 2.0X4.0 132.33+8.87a 25
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Table 2 Soil physicochemical properties in soil layers of 0-100 cm under different sand-fixing measures

bERAELERi +EWE/cm 5%/ (pS-em ™ pH KRR E/ (gokg D HIERBURHE/(goem™)
0~10 235.67+20.65BChc 8.68+0.02Aa 0.19+0.02Dd 1.51£0.01Cc
10~20 226.67+14.57BCbcd 8.55+0.03BChb 0.2140.01CDcd 1.564+0.01Bb
CK 20~40 292.67+9.29Aa 8.594+0.02Bb 0.2440.02Cc 1.57+0.02ABb
} 40~60 246.33+12.09Bb 8.554+0.02BCh 0.354+0.02Aa 1.57+0.01ABb
60~80 222.33+6.11BCcd 8.47+0.03Cc 0.294+0.03Bb 1.574+0.01ABb
80~100 209.67+t4.16Cd 8.35+0.04Dd 0.22£0.01CDc 1.5940.01Aa
0~10 464.67+12.34Bb 8.41+0.07Aa 0.45+0.02BCc 1.51£0.02ABCab
10~20 394.33£32.32B¢ 8.41+0.03Aa 0.31+£0.02Dd 1.564+0.01Aa
ElLCH 20~40 406.33+43.66Bc¢ 8.33+0.02Ab 0.33+0.02Dd 1.4840.04BCbc
40~60 626.00£38.69Aa 8.23+0.01Bc¢ 0.574+0.03Aa 1.454+0.01Cc
60~80 652.67+5.69Aa 8.174+0.04Bcd 0.5040.02Bb 1.52+0.02ABab
80~100 640.33+3.06Aa 8.14+0.02Bd 0.44+0.03Cc 1.54+0.03ABa
0~10 347.33+3.79Aa 8.68+0.02ABbc 0.32+0.03Bb 1.5940.03Aab
10~20 347.67+t13.28Aa 8.81t0.11Aa 0.26£0.02Ac¢ 1.614+0.04Aab
PetH 20~40 336.67t21.08Aa 8.77+t0.11Aab 0.33+0.02Bb 1.59+£0.03Aab
40~60 336.33+14.15Aa 8.66£0.03ABbc 0.42+0.02Aa 1.614+0.03Aa
60~80 336.01+4.58Aa 8.57+0.05Bcd 0.414+0.02Aa 1.594+0.02Aab
80~100 329.33+2.08Aa 8.534+0.03Bd 0.3340.02Bb 1.56£0.01Ab
0~10 321.33+2.08Bb 8.374+0.06Ce 0.354+0.02Dd 1.56+0.01Cc
10~20 254.67+3.79Cc 8.94+0.06Aa 0.29+0 Ee 1.614+0.01Bb
Wi H 20~40 434.67+54.88Aa 8.49+0.08Cd 0.36+0.01Dd 1.56+0.01Cc
40~60 232.67£6.66Cc 8.81£0.03Bb 0.55+0.02Aa 1.61£0.01Bb
60~80 235.67£5.03Cc 8.79+0.04Bb 0.49+0.02Bb 1.59+£0.01BCb
80~100 224.67+4.04Cc 8.69+0.03B¢ 0.43+0.02Cc 1.664+0.02Aa
0~10 265.02+2.01De 8.28+0.03ABb 0.354+0.02ABab 1.714+0.01Aa
10~20 294.67-+25.58Dd 8.344+0.03Aa 0.2940.03Bc 1.67+0.04ABbc
GstH 20~40 514.33+11.49Aa 8.224+0.01BCc 0.314+0.01Bbc 1.70£0.01Aab
40~60 406.33+18.61Bb 8.19+0.02CDcd 0.37+0.01Aa 1.64+0.01Bd
60~80 368.99£8.54Cc 8.16£0.03Dd 0.32+0.04ABbc 1.674+0.01ABcd
80~100 350.33£6.66Cc 8.09+0.03 Ee 0.24+0.01Cd 1.69£0.01Aab
0~10 892.00+4.58Bb 8.24+0.06Bd 0.23+0.02Dd 1.6240.01Cc
10~20 942.33+46.31Aa 8.31+0.04Bcd 0.24+0.01Dd 1.60£0.02Cc
Cy+H 20~40 234.67+3.06Cc 8.59+0.06Ab 0.2840.01Cc 1.654+0.01Bb
40~60 234.67+7.23Cc 8.59+0.03Aa 0.414+0.02Aa 1.62+0.01Cc
60~80 235.33+0.58Cc 8.49+0.03Aa 0.37+0.02Bb 1.684+0.01Aa
80~100 232.98+5.29Cc 8.36+£0.06Bc¢ 0.31+0.02Cc 1.654+0.01ABb
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Fig.2 Variation trends of soil carbon and nitrogen mass fraction in different soil layers
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Table 4 Correlation between soil carbon and nitrogen stock, sequestration rate, and physicochemical factors in areas under

composite sand-fixing measures
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