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Abstract: This study was aimed to explore the impact mechanism of long-term different land use patterns on the physi-
cal and chemical properties and aggregate stability of tropical soils, thereby providing a scientific foundation for en-
hancing soil fertility and improving soil structure in tropical regions. For this purpose, three land use types with a his-
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tory of nearly 30 years were selected as the research objects, namely artificially managed rubber plantation (MR), natu-
rally managed rubber plantations (NR), and low human-disturbed longan orchards (NL). The basic physical and chemi-
cal properties of soil, the distribution of water-stable aggregates, and the characteristics of aggregate stability in the
0-20 cm, 20—40 cm, and 40-60 cm soil layers were specifically analyzed. With the increase of soil depth, the soil pH in
both MR and NL patterns showed a decreasing trend. In different profile layers, the pH of MR was lower than that of
NL and NR. Under each soil layer, the contents of large soil aggregates (>2 mm, 1-2 mm) in the NR pattern were sig-
nificantly higher than those in MR and NL. Conversely, the contents of small soil aggregates (<0.25 mm, 0.25-0.5 mm)
were significantly lower than those in MR and NL patterns. Both the Mean Weight Diameter (MWD) and Geometric
Mean Diameter (GMD) of soil water-stable aggregates in the NR pattern were significantly higher than those in MR and
NL, and the fractal dimension (D) value was significantly lower than that in MR and NL. This indicates that the soil
aggregates under the natural management pattern are more stable. Analysis of variance showed that land use patterns
had an extremely significant impact on soil particle size distribution and aggregate stability. Soil depth significantly
influenced the distribution of aggregates in the <0.25 mm, 0.25-0.5 mm, 0.5—1 mm, and 1-2 mm particle size fractions,
with the intensity of the impact increasing as aggregate size decreased. The interaction effect between land use pattern
and soil depth significantly affected soil aggregates (>2 mm, 1-2 mm) and the fractal dimension (D) value. Correlation
analysis revealed that the soil aggregate stability indices (content of aggregates >2 mm, MWD, GMD) were negatively
correlated with soil available phosphorus and positively correlated with soil organic matter (SOM); the fractal dimen-
sion (D) was negatively correlated with the content of soil aggregates (>2 mm) and significantly positively correlated
with the content of soil aggregates (<0.25 mm). In conclusion, land use pattern is the most critical factor affecting soil
aggregate stability. The naturally managed rubber plantation pattern can significantly increase the content of soil ag-
gregates, enhance soil aggregate stability, and thereby improve soil structure.
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Fig. 2 Content of soil pH, organic matter, total nitrogen, available phosphorus, and available
potassium under different land use patterns
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x1 ARLMAAFTXTLEHEER

Tab. 1  Soil physical properties soil layer for different land use patterns

1 )2 Soil layer/cm Qb3 Treatment %S H BD/(g-em ™) SALBREE Tp/% EBEILHE Cp/%  AEBAFFLBE Nep/%
0~20 MR 1.460.075° 37.17£1.514 35.96£1.434° 1.22+0.174
NR 1.55£0.024° 37.64+1.88%%® 36.59+1.84" 1.05£0.16"°
NL 1.59+0.024° 33.29+0.915¢ 32.17+0.96%¢ 1.12+0.15%
20~40 MR 1.47+0.7982 36.35+3.65"° 35.57+3.94"° 1.04+0.145°
NR 1.60+0.06%* 33.66+3.304° 31.58+3.534° 2.08+0.82"°
NL 1.51£0.0548° 37.83+1.524° 36.50+1.474° 1.33+0.10%"
40~60 MR 1.41+0.045 39.59+1.10% 38.30+0.85" 1.29+0.06""
NR 1.55£0.07*° 39.23+2.35% 37.79+2.34" 1.4440.19
NL 1.40+0.035¢ 40.68+1.06" 39.57+1.11% 1.11+0.17%

E: ARKREFRFERMAELZE AR AT N2 ZREE (P<0.05) , AFE/NG FRERA E LA H 7 3208 A L
B 2R B (P<0.05) .

Note: Different capital letters represent significant difference among different land use types within the same soil layer (P<0.05);
whereas lowercase letters indicate significant difference among different soil layers within the same land use type (P<0.05).

FR2 ARALHAAAFRNMLERERLERNAZSH

Tab. 2 Analysis of variance of physical and chemical properties under different land use patterns and soil depths

78 S oA R sk FI H ¥r Fd PH
Source of variation Index Degree of freedom Mean square F value P value
S F) TR pH 2 0.453 14.576 <0.001
SOM & & 2 1.187 0.514 0.605
TN 4 & 2 0.006 1.236 0.306
AP & 2 334.044 97.831 <0.001
AK & 2 3395.311 13.278 <0.001
BD 2 0.043 15.987 <0.001
Pt 2 2.232 0.489 0.619
Cp 2 5.014 1.027 0.372
Ncp 2 0.452 4.807 0.016
+ REE pH 2 0.221 7.117 <0.001
SOM & & 2 178.063 77.083 <0.001
TN & & 2 0.265 55.229 <0.001
AP & 2 220.878 64.688 <0.001
AK & 2 10317.288 40.349 <0.001
BD 2 0.025 9.088 0.001
Pt 2 59.057 12.929 <0.001
Cp 2 58.904 12.067 <0.001
Ncp 2 0.374 3.969 0.031
LRI T X< LRI pH 4 0.144 4.637 0.006
SOM & & 4 7.899 3.419 0.025
TN & & 4 0.012 2.417 0.073
AP & & 4 84.701 24.806 <0.001
AK &8 4 1295.628 5.067 0.001
BD 4 0.011 4.070 0.01
Pt 4 20.374 4.461 0.007
Cp 4 24.258 4.969 0.004
Ncp 4 0.416 4.425 0.007
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Fig. 3 Distribution characteristics of soil water-stable
aggregates under different land-use patterns

C MR —= NRmm NL

2.0 1.5 30 A
e A An ap A2 oAb A2 A2
2 Aa 25 B
1.5+ Aa B
g g 10 Aa Ae o 20} i
% 1.0+ g %g 151+
Ba Bab S}
B 0.5 | B 0+
05l Ca P Ba [Bb Bl B Ba [ Bi |Bb 10
0.5
0 1 1 0 1 1 0
0~20 20~40 40~60 0~20 20~40 40~60 0~20 20~40 40~60
+ 2 Soil layer/cm +JZ Soil layer/cm + 2 Soil layer/cm

B4 ARIFAAATXTLEAREARKE MWD, GMD # D &
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Tab. 3  Analysis of variance of aggregate particle sizes and stability indices under different land use patterns and soil depths

75 S o Y Eiz87) H ¥or F1E PE
Source of variation Index Degree of freedom Mean square F value P value
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MWD 2 3.622 338.851 <0.001

GMD 2 1.316 144.300 <0.001

D 2 1.180 81.926 <0.001
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D 4 0.057 3.949 0.012
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Fig. 5 Correlation analysis between soil physicochemical
properties of different soil layers and
soil aggregate stabilityer
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