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Abstract: [Objective] This study investigates the regulatory effects of grass-planting management on soil carbon
and nitrogen storage in apple orchards in Gansu Province and its spatial differentiation patterns, thereby providing
a scientific basis for carbon and nitrogen sequestration in orchard ecosystems and soil quality improvement in the
semi-arid region of the Loess Plateau. [ Methods ] 22 fruit-producing counties in the hilly-gully region of the Loess
Plateau, Gansu Province were selected as the research objects. Field sampling, soil physicochemical analysis,
inverse distance weighted (IDW) spatial interpolation, and redundancy analysis (RDA) were used to
systematically compare the differences in soil organic carbon (SOC) content, total nitrogen (TN) content,
texture characteristics, and their spatial distributions under grass planting and clean tillage practices, and to
estimate regional carbon and nitrogen stocks. [ Results ] (1) In grass-planting orchards, the SOC and TN contents
in the 0—20 cm soil layer increased by 31.7% and 10.8%, respectively, compared with those of clean-tillage
orchards, and the soil bulk density (BD) increased by an average of 1.60% , with varying performances across
different regions. (2) The sand content in the soil decreased by 7.03% , while the contents of silt and clay
increased by 0.15% and 2.65% , respectively. However, the influence on orchard planting areas varied at different
county scales. (3) The average densities of SOC and TN in grass-planting orchards were 2.24 kg/m?and 0.39 kg/m?,
respectively, which were 25.84% and 8.33% higher than those in clean-tillage orchards, with greater increases in
hydrothermally favorable areas such as Lingtai and Jingchuan. (4) Redundancy analysis indicated that the clay
variation rate (explaining 20.90%), annual precipitation (11.50% ), and grass-planting duration (8.10%) were the
key factors driving variations in carbon and nitrogen density. (5) Regional stock estimation showed that total SOC
and TN stocks in grass-planting orchards were 8 449.44 kt and 1 422.59 kt, respectively, which were 26.40% and
7.37% higher than those in clean-tillage orchards. The cities of Pingliang, Tianshui, and Qingyang were the core
regions for stock increase. [Conclusion] Grass planting improves soil texture and enhances the organic matter
adsorption and microbial activity, thereby increasing the density and storage of soil carbon and nitrogen in apple
orchards in Gansu Province. However, its effects are regulated by the coordinated control of the climate-soil
system. It is recommended to develop differentiated grassing-planting strategies based on regional hydrothermal
conditions and soil types to achieve sustainable development of orchard ecosystems in the Loess Plateau.
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Table 1 Descriptive statistics of soil nutrient contents
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Fig. 1 Spatial distribution of soil nutrient variation rates
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Fig. 2 Spatial distribution of soil texture variation rates
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Table 2 Soil SOC and TN densities and stocks in grass-planting and clean-tillage orchards
SOC % & TN % Ji
MR HK mR/km (ke ) gt SOCHi Kt N
B kR B kR i i b e

T 545.34 1.79 2.31 0.37 0.42 978.23 1258.48 202.72 229.05
IR 243.33 1.83 1.73 0.60 0.31 445.92 421.52 146.27 74.31
. w 121.33 1.87 2.01 0.46 0.41 226.72 304.18 56.36 50.21
i REB 63.33 1.98 3.48 0.42 0.52 125.35 220.46 26.65 32.68
I Ui 18.67 1.87 2.01 0.46 0.41 34.88 46.80 8.67 7.72
fF 15.33 1.87 2.01 0.46 0.41 28.65 38.44 7.12 6.35
BaS 409.34 1.91 3.19 0.33 0.47 783.11 1304.52 134.44 191.75
#H 276.00 1.66 2.10 0.31 0.35 459.00 580.68 84.31 97.12
T4 240.00 1.09 1.54 0.23 0.27 261.61 370.00 54.72 65.75
Tk Z= M 207.33 2.13 2.07 0.34 0.34 441.98 429.09 70.37 70.27
K 110.67 1.66 2.10 0.31 0.35 184.05 232.83 33.80 38.94
®il 26.67 1.52 1.62 0.33 0.33 40.46 43.13 8.69 8.70
TH 300.00 2.22 2.42 0.41 0.42 666.21 727.33 122.17 127.23
PRI 166.67 1.67 2.46 0.31 0.41 278.34 410.54 51.91 68.11
K 7 0 166.67 1.95 2.44 0.36 0.42 324.23 407.31 59.89 69.40
iy 93.33 1.95 2.44 0.36 0.42 181.57 228.09 33.54 38.86
ET 73.33 1.95 2.44 0.36 0.42 142.66 179.22 26.35 30.53
Ak 73.33 1.95 2.44 0.36 0.42 142.66 179.22 26.35 30.53
. L& 406.67 1.67 1.94 0.30 0.34 678.98 787.25 123.58 136.49
Pt gl 29.33 1.67 1.94 0.30 0.34 48.98 56.79 8.91 9.85
E T BRI 102.67 1.47 1.59 0.27 0.27 151.30 163.42 27.71 28.12
H4R =T 38.67 1.55 1.56 0.27 0.27 59.86 60.14 10.41 10.61
Hit 3728.02 6684.73 8449.44 1324.95 1422.59
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Fig. 4 Redundancy analysis (RDA) of
environmental factors and soil texture on
variations in soil SOC and TN densities
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