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Abstract: [ Objective 1Green manure cultivation in orchards plays a positive role in improving soil physicochemical properties,

such as soil structure, and in reducing soil erosion. However, the mechanisms by which green manures mitigate soil erosion in
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sloping orchard systems remain unclear. [Method] This study was conducted using runoff plots in a citrus orchard to
systematically monitor runoff and sediment yield under natural rainfall conditions in plots planted with ryegrass (Lolium
perenne), hairy vetch (Vicia villosa), and white clover (Trifolium repens), compared with bare tilled (bare soil) control plots.
The effects of green manure plant characteristics, stem thickness, plant height, root length, and vegetation cover, on soil
structural properties (porosity, bulk density, average infiltration rate) and organic matter content, as well as their relationships
with runoff and sediment production, were analyzed. [Result] The results showed that (1) Green manure plant traits
significantly improved from initial to peak flowering. Hairy vetch exhibited the greatest plant height and root length, ryegrass
had the optimal stem thickness, and white clover achieved the highest vegetation cover. (2) Soil bulk density and porosity were
closely correlated with green manure root length: more developed root systems were associated with lower bulk density and
higher porosity (P < 0.05). At peak flowering, green manure plots showed a significant decrease in bulk density and notable
increases in porosity and average infiltration rate compared to the seedling stage, whereas the bare tilled control exhibited
opposite trends. Organic matter content increased in all plots from seedling to peak flowering, but the smallest increase occurred
in the bare control. Among treatments, hairy vetch showed the greatest reduction in bulk density (—8.69%) and the largest
increases in porosity (+8.22%) and organic matter (+45.88%). Also, ryegrass demonstrated the best infiltration performance,
followed by white clover. (3) Root length exerted strong influences on subsurface flow (effect strength = 0.66) and sediment
yield (0.71), while plant height and vegetation cover primarily affected surface runoff (0.62) and sediment yield (0.61) by
dissipating rainfall energy and resisting overland flow. Over a full annual cycle, including growth, residue decomposition, and
tillage periods, the average runoff and sediment yields followed the order: bare tillage > hairy vetch > white clover > ryegrass,
clearly indicating the superior overall erosion control by ryegrass. Although the hairy vetch plots recorded the lowest sediment
concentration in runoff, temporal analysis revealed distinct performance patterns. Specifically, white clover was most effective
in reducing runoff and sediment during the early growth stages (seedling/initial flowering) due to its rapid establishment,
whereas ryegrass performed best during peak flowering, decomposition, and the non-growing season, owing to its persistent
biomass and robust root system. [ Conclusion] Intercropping ryegrass and white clover in sloping citrus orchards provides
the most effective control of soil and water loss. These findings provide theoretical support for the strategic mixing and temporal
scheduling of green manure species, tailored to specific ecological functions in different agroecological zones.

Key words: Purple soil; Citrus orchard; Green manure; Plant characteristics; Runoff and sediment yield
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Table 1 Morphological index values of different green manure plants

Qb ¥R KA KL [A] 3= ESIS 254 Stem B
Treatment Growth stage Sampling Plant Root length/cm  diameter/mm Coverage/%
time height/cm
g B 2022/3 8.73£1.63Bb  11.17+0.76Bb  4.69+0.20Aa  87.44+1.50Bb
Ryegrass 2022/4 9.64+0.90Ba 14.42+0.97Ba  4.77+£0.13Aa  91.97+1.16Aa
BEAEH® 2022/5 9.83+1.11Ba  14.72+0.74ABa  5.030.16Aa  93.72%1.34Aa
JiS fpE 2022/6 / 10.95£0.30b  3.64+0.32b  86.83+2.43Bb
2022/7 / / / 81.2142.17Bc
PR 9.40+5.22 12.81+1.94 4.50+0.57 88.23+4.78
EHET HIAEH” 2022/3 13.36£5.46Ab  16.59+2.35Aa  2.61£0.16Cb  82.21%1.07Cd
Hairy 2022/4 18.3945.50Aa  16.79+0.96Aa  3.43x0.11Ba  95.81£1.95Ab
vetch BRAE® 2022/5 18.073+4.54Aa  17.29+2.01Aa  3.3120.31Ba  92.37+1.71Aa
JiS fpE 2022/6 / / / 88.38+1.96Bc
2022/7 / / / 80.54+1.70Bd
PR 16.6124.80 16.89+1.65 3.12+0.43 87.85+6.19
A=t HIAEH” 2022/3 236+0.35Cd  13.48+0.56Ba  3.22+0.12Ba  91.53+1.50Ab
White 2022/4 3.42+032Cab  13.73+0.45Ba  3.27+0.15Ba  94.42+1.15Aab
clover AL 2022/5 349+035Ca  13.96£0.31Ba  3.39+0.16Ba  96.52+2.04Aa
Ji% fpE 2022/6 3.42+0.14b 13.88+0.25a 3.18+0.20a  95.33+2.22Aa
2022/7 3.17+0.80¢ / / 85.514+2.12Ac¢
R 3.17+4.38 13.76+0.40 3.27+0.16 92.66+4.37

I ARKREFRRRFE—EREAEAR DX [ EZREE, N,

ANANGFRFRORFE —DMXAFE KA ZER 2 (P<0.05) .

Note: Different uppercase letters indicate significant differences between different plots within the same growth stage,the same below.While different

lowercase letters indicate significant differences between different growth stages within the same plot (P<0.05). (DInitial flowering stage,@Full

flowering stage, (®Decomposition stage,@Average value
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Table 2 Effects of different green manures on soil physicochemical properties
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Jb P2 Treatment K ] Sampling R FLBRE HHLR SEEINBHE
time Bulk density Porosity Organic matter Average infiltration rate/
/(grem™) /% N(gkg™") (mm-min")
TBHClear tillage QLY 1.35£0.05A 48.92+1.85A 17.78£1.5A 0.43+0.15A
Initial flowering stage

S HiRyegrass 1.35£0.07A 49.00+2.56A 16.91+3.36A 0.18+0.11A
E M THairy vetch 1.38+0.10A 47.97+3.92A 16.87+3.45A 0.24+0.22A
4 =IH-White clover 1.39:0.09A 4741+3.23A 16.8£0.68A 0.35+0.18A
#E#kClear tillage A 1.41+0.09A 46.8743.33A 22.71+321A 0.23+0.44A
S i Ryegrass Full flowering stage 1.32+0.19A 50.01+7.02A 2221£2.97A 0.75+0.79A

£ -3 7 Hairy vetch 1.260.15A 52.314£5.54A 24.61+1.87A 0.65+0.45A
{4 =IH-White clover 1.35£0.06A 49.17+2.28A 22.31+0.85A 0.72+0.09A
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Fig. 2 Erosive rainfall runoff during the growth period of different green manure treatments
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Fig. 3 Runoft yield from erosive rainfall during the non-growth period of different green manure treatments
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Fig. 6 Sediment concentration in runoff during the growth and non-growth periods of different green manure treatments
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