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Distribution characteristics and stability of water-stable soil aggregates
in different alfalfa growth years in Loess Hilly-Gully Region
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Abstract: In order to explore the effects of alfalfa planting on soil quality, a range of different lengths of
growth years (3,7,12 a, and 18 a) and a tract of farmland nearby were selected in loess hilly-gully region as ob-
jects for investigating soil aggregates size distribution in 0~ 60 cm soil layer. Soil samples were analyzed for fraction-
ation of soil aggregates with wet-sieving methods. The results showed that the proportion of water-stable soil aggre-
gates increased by 1.22% ~61.43% with the decrease of particle size in studied area, and the dominant particle size
was 60.83% ~79.72% with micro aggregates (<0.25 mm). The topsoil (0~20 cm) in alfalfa grassland displayed a
pronounced aggregation trend with the planting age to 12 a, which embodied the proportion of >2, 1~2, 0.5~1 mm,
and 0.25~0.5 mm water-stable aggregates of grassland soil was 2.03~2.75 times, 1.98~2.72 times, 1.31~1.65 times,
and 1.15~1.36 times of farmland soil, respectively. Both mean weight diameter (MWD) and geometric mean diameter
(GMD) in 0~20 cm soil were 12 a>18 a>7 a>3 a>CK, and the variation ranges were 0.34~0.70 and 0.18~0.26, re-
spectively. Compared with farmland ,alfalfa grassland fractal dimension (D) decreased significantly in 0~20 c¢m soil ,
ranging from 2.31 to 2.43. Correlation analysis showed that the proportion of >0.25 mm water-stable aggregates
(WSAP,,s) , mean weight diameter (MWD) , and geometric mean diameter (GMD) were positively correlated with soil
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total organic carbon (TOC). While there were no significant correlation between soil clay, CaCO, content and indexes of

soil aggregates. Our results confirmed that organic matter was the main cementing material for soil aggregation and alfalfa

plantation could promote soil aggregation and increase the stability of soil aggregates in loess hilly-gully region.

Keywords: alfalfa grassland; growth years; soil water-stable aggregates; particle size distribution; stability;

soil physical and chemical properties; Loess Hilly-Gully Region
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Table 1  Composition of water-stable aggregates in alfalfa field with different growth years

+)=/cm Kb 3 T HOKFEFI R KL K Composition of the water-stable soil aggregates/%

Soil layer Treatment >2 mm 1~2 mm 0.5~1 mm 0.25~0.5 mm <0.25 mm
CK 1.79+0.43C 2.94+0.85C 6.16+0.69C 11.06+0.58C 78.05+4.21A
3a 3.63+0.72B 5.80+0.67B 8.05+0.33B 12.73+0.60B 69.79+3.57B

0~20 7a 4.18+0.64B 6.03+0.56B 8.88+0.41A 13.07+0.94AB 67.84+3.09B
12 a 6.03+1.17A 7.98+0.91A 10.16+2.20A 15.00+1.50A 60.83+2.13C
18 a 4.91+0.85AB 6.39+0.47B 9.50+1.37A 13.40+0.49A 65.80+2.56B
CK 2.32+0.62B 3.11+£0.52C 6.73+0.56B 12.10+0.72B 75.72+3.04A
3a 2.53+0.50B 3.55+£0.40C 7.14+0.39B 12.07+0.87B 74.68+2.30A
20~40 7a 2.67+0.41B 4.06+0.39B 7.83+0.32A 12.37+0.71B 73.07+2.66A
12 a 3.29+0.24A 4.59+0.27A 8.64+£0.68A 13.34+0.48A 70.15+1.19B
18 a 2.88+0.52B 4.16+0.13B 8.11+0.41A 12.59+0.64B 72.26+1.57A
CK 1.94+0.76A 2.72+1.29A 6.19+0.88A 10.69+1.81A 78.45+4.62A
3a 1.74+£0.32A 2.35+0.55A 6.03+1.57A 10.06+2.03A 79.72+3.74A
40~60 7 a 2.00+£0.60A 2.84+1.02A 6.16+1.32A 11.08+1.72A 77.91+5.03A
12 a 1.91£0.59A 2.51+0.37A 6.06+2.07A 10.97+2.20A 78.55+3.18A
18 a 1.71+0.61 A 2.72+1.40A 5.86+0.78A 10.31+1.06A 79.41+2.47A

T [ S AH ] L B AN R B 3R AR B R] 22 5 | 35 (P<0.05) . Rl

Note : Different letters in the same column represent significant difference at P<0.05 between different treatments within the same soil layer. The same

below.
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size under different growth years in 0~60 cm soil depth
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Table 2 Stability of water-stable aggregates in alfalfa
field with different growth years

+B/em LbE IKEEME AT R R Water-stable aggregate/mm

Soil layer  Treatment

MWD GMD D

CK 0.34£0.06D  0.18+0.02B  2.42+0.01A
3a 0.50+£0.04C  0.22+0.02A  2.37+0.03B
0~20 7a 0.55+£0.02C  0.23+0.02A  2.35+0.02B
12 a 0.70+£0.04A  0.26+0.03A  2.31+0.04B
18 a 0.60+£0.03B  0.24+0.03A  2.33+0.04B
CK 0.38+0.03B  0.21+0.02A  2.40+0.03A
3a 0.40+0.02B  0.20+0.03A  2.41+0.02A
20~40 7a 0.42+0.03AB 0.20+0.02A  2.41+0.05A
12 a 0.47+0.03A  0.21+0.02A  2.39+0.02A
18 a 0.44£0.03A  0.20+0.03A  2.42+0.03A
CK 0.36+£0.05A  0.18+0.03A  2.44+0.02A
3a 0.34+0.04A 0.18+0.02A  2.45+0.04A
40~60 7a 0.36£0.04A  0.19+0.04A  2.43+0.03A
12 a 0.35+0.05A  0.19+0.03A  2.43+0.02A
18 a 0.34+0.07A°  0.19+£0.02A  2.44+0.03A




s i TS R B I AR O R AR R M K AR SR A M A R B AR E PRI 55

R3 TRMEFRETEMTIENESH EANBRMKRGESE

Table 3 Soil particle-size distribution, TOC, and CaCO, concentrations in alfalfa field with different growth years

+)2/em  AbEH A2 45340 Particle-size distribution/% B PR WRRES
Soil layer Treatment FJi Sand(0.02~2 mm) KL Silt(0.002~0.02 mm) Fiki Clay(<0.002 mm)  TOC/(g-kg™')  CaCOs/(g-kg™")
CK 10.06+1.24A 69.56+1.83A 20.38+2.47A 7.37+0.39C 82.64+5.89A
3a 9.72+0.57A 69.22+£2.47A 21.06£1.77A 8.02+0.17B 81.83+6.25A
0~20 7a 10.01+1.01A 69.25+3.88A 20.74+2.16A 8.41+0.32B 81.27+3.99A
12 a 9.97+0.97A 68.89:+1.88A 21.14£1.19A 9.17+0.20A 81.55+4.14A
18 a 10.16+0.82A 67.74+2.99A 22.09+1.10A 8.82+0.24AB 81.14+6.14A
CK 10.10+1.50A 68.05+1.66A 21.85+£0.96A 5.67+0.25B 84.24+4.12A
3a 9.36+0.97A 68.44+3.14A 22.20£2.11A 5.88+0.15B 81.61+5.35A
20~40 7a 9.78+0.43A 69.98+4.01A 20.24+0.88A 6.04+0.32AB 83.17+5.46A
12 a 10.28+0.34A 68.45+2.69A 21.28+2.57A 6.32+0.20A 85.03+4.60A
18 a 9.81+0.99A 69.69+1.49A 20.50+1.63A 6.19+0.26AB 83.12+5.71A
CK 10.02£1.16A 67.8+2.37A 22.18+1.40A 4.86+0.18A 90.16+5.11A
3a 10.1+0.56A 67.44£2.47A 22.45+0.96A 4.93+0.17A 86.43+4.72A
40~60 7a 9.72+0.95A 67.51+£3.40A 22.77+1.55A 4.85+0.25A 88.43+5.78A
12a 9.83+0.39A 69.24+3.41A 20.93+1.71A 5.01+0.28A 88.85+4.06A
18 a 9.93+0.59A 69.43+3.42A 20.65+1.68A 5.13+0.21A 87.19+5.16A
F4 TEABRGREHEERS T EBAEROEXE ZERIFAEL,

Table 4  Correlation between soil aggregate stability indexes

and soil physicochemical properties

+ K Rk A B AR TS R FHEFRIL B Soil physicochemical properties
Soil water-stable AR BPRL Bk MWL BRIRES

aggregate indexes Sand  Silt  Clay TOC CaCo0,
>2 mm -0083 0.154 0019 03%2° -0211
1~2 mm 0.037 0287 -0.028 0476** -0.205
0.5~1 mm 0.085 0205 -0.031  0541** -0.255
0.25~0.5 mm -0.106 0.02 0013 0327* -0.182
<025 mm 0.115-0.178 -0.114 -0403**  0.251
WSAP, 55 -0.091 0.006 0.107 0419** -0.026
MWD -0.108 0.16 -0.011  0392** -0.152
GMD -0072 0.118 0023 0314* -0.067

D 0.035-0.055 0.031 -0.237 0.151
e x FoRAMCHER BEKT (P<0.05), * * KRB

2K (P<0.01)

Note: * and * * mean significant difference at P<0.05 and P<

0.01, respectively.

HRAEPUIFIR A R —E, LA>0.25 mm KRR B ik
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