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and enhancing the quality of the ecological environment. However, while serving as a barrier to agricultural ecosystems, farmland
shelterbelts also compete with crops for nutrients and moisture resources, resulting in both positive and negative environmental
effects. Therefore, exploring the factors influencing the spatiotemporal variations of moisture and carbon conditions within
farmland shelterbelts with typical configuration is essential to effectively enhance the ecological benefits of farmland shelterbelt
systems, scientifically constructing shelterbelt forests, and improving the ecological environment. In this study, we selected
typical configurations of farmland shelterbelt systems, including two-row, four-row, five-row, and eight-row forest belts in the
Hetao Irrigation Area. We measured the soil moisture storage (SMS) and soil carbon stocks (SCS) across various spatial positions
at different horizontal distances from the shelterbelts (0.3H, 1H, 2H, 3H, 4H, where H represents the height of mature trees) and
at different depths (0-20 cm, 20-40 cm, 40—-60 cm, 60—80 cm, 80—100 cm), as well as at different temporal scales (early, mid, and
late growing seasons across various months). Additionally, the study examined ecological environmental factors, including soil
properties, vegetation attributes, and microclimatic factors, to investigate the key factors influencing soil moisture storage and soil
carbon stocks within farmland shelterbelt systems. The results showed that: (1) SMS and SCS were highest in the four-row forest
belts, with 240.2 mm and 26.7 kg-m 2, respectively, and lowest in the two-row forest belts, with 195.4 mm and 16.1 kg'm?,
respectively. Overall, the general pattern of soil moisture storage and soil carbon stocks across different shelterbelt configurations
was four-row > eight-row > five-row > two-row. (2) For the temporal scale, the highest mean SMS (277.7 mm) was recorded in
May, while the highest mean SCS (22.04 kg'm?) was recorded in October. Regarding the horizontal distance, SMS exhibited an
increasing trend with distance from the shelterbelt, whereas SCS displayed a decreasing trend. In terms of vertical depth, SMS
increased with depth, while SCS gradually decreased as depth increased. (3) Farmland shelterbelts significantly reduce wind
speed, solar radiation, and air temperature while enhancing relative humidity and minimizing soil evaporation, with the four-row
forest belts exhibiting optimal microclimatic regulation and overall benefits. (4) The ranking of ecological environmental factors
affecting soil moisture storage and soil carbon stocks was as follows: soil properties > microclimate factors > vegetation attributes.
By analyzing and evaluating the effects of each environmental factor on SMS and SCS under different patterns of farmland
shelterbelt systems, this study provides a theoretical basis and scientific foundation for constructing farmland shelterbelt
ecosystems.

Key words: Farmland shelterbelt system; Soil moisture storage; Soil carbon stock; Soil properties; Vegetation attributes;
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Fig. 6 Spatial and temporal variation of soil carbon stocks in different farmland shelterbelt systems at vertical depth, growing season, and

horizontal distance
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Fig. 7 Differences in 0~ 1 m soil properties of different farmland shelterbelt systems ((a) soil electrical conductivity; (b) soil pH; (¢ ) soil

bulk density; (d) sand ;
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Fig. 8 Differences in vegetation attributes of different farmland shelterbelt systems ( ( a ) plant height; ( b ) diameter at breast height; ( ¢ ) canopy

size; (d) canopy volume; ( e ) height under branches; ( f) fine root biomass; ( g ) vegetation coverage; ( h) individual crop height; (i) crop
yield )
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Table 2 Differences in microclimate characteristics of different farmland shelterbelt systems
IKF-FEES NSRS
AR e
Horizontal Microclimate factor
Shelterbelt patterns
distance  Sw/ (ms™) SR/Lux RH/% Ta/C Ev/mm
ZAThRAl 0.3H 1.45+£0.33Bb  64986.62+10883.47Bc¢ 37+11.15Aa 19.53+5.73Ba 0.69+0.07Ba
Two-row forest belts 1H 1.33+0.33Bb  89251.05+15325.9Bbc 38.27+11.52Aa 19.87+5.96Ba 0.6+0.14Bb
2H 1.53+0.43Bb  95027.96+13994.6Bab 37.53£11.76Aa 20.07+5.86Ba 0.59+0.18Bb
3H 1.6+0.48Ba  94462.49+13631.33Ba 37.1£11.48Aa 19.93+5.77Ba 0.59+0.18Bb
4H 1.58+0.41Ba  79211.22+16483.76Bbc 37.2+11.05Aa 19.745.72Ba 0.57+0.17Bb
¥ Mean 1.5+0.41 84587.87+£18155.31 37.42+11.4 19.82+5.81 0.61+0.16
PUATARAT 0.3H 0.76+£0.12Cb  48190.96+5668.49Bc¢ 37.57+10.5Aa 19.44+4.65Ba 0.45+0.09Ba
Four-row forest belts IH 0.45+0.03Cb 72247.5+18863.69Bbc 40.07+10.9Aa 19.5+4.82Ba 0.39+0.12Bb
2H 0.56+0.1Cb 82452.53+17243.5Ba 38.97+10.95Aa 20.07+£5.06Ba 0.48+0.15Ba
3H 0.82+0.2Ca 80917.49+£17907.11Bab 38.47+11.23Aa 19.63+5.31Ba 0.45+0.12Ba
4H 1+0.28Ca 65151.83+24314.48Bbc 38.6+£10.37Aa 19.47+5.02Ba 0.42+0.08Bb
-5 Mean 0.72+0.26 69792.06+21796.32 38.73+£10.83 19.61+4.98 0.44+0.12
FATHRH 0.3H 1.23+£0.27Ca  48398.41+6068.33Bc 37.73+10.42Aa 19.3+4.74Ba 0.5+0.07Ba
Five-row forest belts IH 0.63+£0.24Cb  76598.35£16193.37Bb 39.37+10.9Aa 19.37+4.99Ba 0.454+0.14Bb
2H 0.87+0.18Cb  82960.74+16914.74Ba 38.73+10.86Aa 20.03+5.24Ba 0.524+0.17Ba
3H 1.06+0.34Ca  82553.48+17715.15Bab 38.77+£11.43Aa 19.53+5.72Ba 0.52+0.18Ba
4H 1.2840.46Ca  69121.07+17598.01Bbc 38.6+11.76Aa 19.67+4.7Ba 0.5+0.11Ba
F-# Mean 1.02+0.39 71926.41+£20132.71 38.64+11.1 19.58+5.1 0.5+0.14
ARy i 0.3H 1.13£0.27Ca  49828.62+2978.53Bc 38.5+11.02Aa 19.03+4.75Ba 0.47+0.05Ba
Eight-row forest belts 1H 0.6£0.13Cb  69780.57+19384.55Bb 39.87+10.67Aa 19.3+4.86Ba 0.36+0.1Bb
2H 0.6£0.19Cb  80777.39+£17620.61Ba 39.27+£10.45Aa 19.7+£5.15Ba 0.42+0.13Bb
3H 0.99+0.25Ca  83084.94+15458.13Ba 38.9+11.27Aa 19.8+5.03Ba 0.44+0.05Ba
4H 1.17+0.3Ca 66489.97+18493.09Bb 39.1+£10.09Aa 19.57+4.99Ba 0.41+0.07Bb
F5) Mean 0.9+0.35 69992.3+19913.25 39.13£10.72 19.48+4.97 0.424+0.09
X8 Contrast 2.52+0.63Aa  110333.63+28211.74Aa 34.93+£10.74Aa 21.9147.53Aa 1.58+0.68Aa

¥: Sw, SR, RH, Ta, EvZp5l X . KIHGEGSRE | AXHRE . SR LHEZE LR, ARKS FhRRA R B 1 & H B
bk S X B2 0] 25 5 3, AN [R)/NG SRR IR [ — & FH B 4P oM BC b B B AR A [R) PR S 2 8] 2 5 W3 (BRI R 7 22401, P<<0.05 ).
Note: Sw, SR, RH, Ta, Ev are wind speed, solar radiation intensity, relative humidity, air temperature, soil evaporation. Different uppercase
letters indicate significant differences between different patterns of farmland shelterbelts and the control, and different lowercase letters
indicate significant differences between different distances from the forest belt in the same farmland shelterbelt configuration ( one-way
ANOVA, P<0.05) .

B E RS, T OKBRAH A B B DUAT B>
JNAT AT > AT IRA > AT AR, ST DU AT ARy I
14 BB B vy (R K S0 A7 AR BR BE 7 o S A O34
A RE -5 DU AT MRS FOAR B 45 A B HL X A R B 1 Bl o
RORA K o

3 3 ®
31 FAEMSERESMNHEKBEEEKTE. B8

OB B = T R
TEAS FIARAHS BC BT A K R i 2 I 23 0 A A
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RH. Ta. Ev 735l XU . RBHFRSOREE | AHXIREE | SR 1328 % i, Note: SMS and SCS refer to soil moisture storage and soil carbon
storage, respectively. EC, pH, Clay, Slit, and Sand refer to soil electrical conductivity, pH, clay content, silt content, and sand content. Height,
DBH, CS, CV, HBB, FRBD, and Coverage refer to height, DBH, crown width, crown volume, under branch height, fine root biomass,

and coverage. Sw, SR, RH, Ta, and Ev refer to wind speed, solar radiation, relative humidity, temperature, and evaporation.
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Fig.9 PCA of ecological environmental factors within different farmland shelterbelt systems on SMS and SCS ((a ) two-row forest belts; (b ) four-row
forest belts; (¢ ) five-row forest belts; (d) eight-row forest belts )
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