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Abstract: [Objective] The research was made to provide scientific guidance for the sustainable development of ecological
restoration and the evaluation of soil quality by studying fractal features of rhizosphere soil microaggregate and particle-size
distribution under different vegetation types on abandoned slope cropland in the hilly-gully region of Loess Plateau. [Method] In
this paper, the fractal theory was applied to analyze the fractal features of rhizosphere soil microaggregate and particle-size
distribution under natural grassland, artificial grassland and artificial shrubland in Dunshan watershed through experimental analysis.

[Result] The results showed that the effect of different plants on the soil microaggregate and particles was different after slope
cropland was abandoned. Whatever in rhizosphere or non-rhizosphere soil, 0.25-0.05 mm, 0.05-0.01 mm class size microaggregate,
aggregate state and aggregate degree in natural grassland was higher than that in artificial shrubland and artificial grassland, the
content of 0.25-0.05 mm, 0.05-0.01 mm particle, dispersion coefficient and dispersion rate was lower than that in artificial shrubland
and artificial grassland. With the exception of Panicum virgatum, a higher aggregate state and aggregate degree was found in

rhizosphere compared with non-rhizosphere soil where the dispersion coefficient and dispersion rate was observed. Microaggregate
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and particle fractal dimension in rhizosphere was lower than that in non-rhizosphere soil. Correlation analysis indicated a more
significant correlation between rhizosphere microaggregate, particle fractal dimension and soil physico-chemical properties than
non-rhizosphere soil. [ Conclusion] In the hilly-gully region of Loess Plateau, the improvement of natural grassland of soil
microaggregate is more significant than artificial shrubland and artificial grassland after slope cropland was abandoned. Compared to

the non-rhizosphere soil, the aggregate structure in rhizosphere is more favorable and the fractal feature can better reflect the change

of soil properties, thus it can be used for evaluating the soil quality during the revegetation in this region.
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Table 1 Description of sampling plots
LiEk T~ B2 ] R R R £~ Hre kit
Types Main vegetation Slope aspect ~ Slope degree  Altitude (m) Soil type Minor herbaceous
NTHEAR ¥4 Caragana korshinskii, CK N 20° 1257 #Wi4h+ Loessal soil 2k ¥ 1 Artemisia sacrorum
Artificial shrubland o g Hippophaer rhamnoides, HR N 22° 1220 W4h 1 Loessal soil & Artemisia argyi;
KT:% Stipa bungeana
AT Hih VPATHE Astragalus adsurgens, AD NE 10° 20° 1235 P41 Loessal soil %Ik Lespedeza davurica,
Artificial grassland 2K Lactuca indic
MR R Panicum virgatum, PV NW 25° 24° 1282 P4+ Loessal soil 52K Poa annua; B /R &M
1€ Heteropappus altaicus
RARFHh R 7R Ze A Ak NW10° 24° 1311 41 Loessal soil  KT=HE Stipa bungeana;
Natural grassland  Heteropappus altaicus, HA BRFF B Artemisia sacrorum
B Artemisia capillaries, AC N 27° 1298 W45t Loessal soil  #H% T Lespedeza davurica;

—RTIEK Potentilla bifurca
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SIEIERETE) 5 R Olsen i, FEASHALYE R
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Table 2 Soil physico-chemical properties under revegetated plants
[iEaE 3 BB e K R AR AR pH i E
Vegetation Organic C Total N Total P Available P Available N Available K Bulk density

(gkgh (gkgh (gkgh (mg-kg™) (mgkg™) (mgkg™) (gem?)
F4 CK 1.87+0.24 0.14+0.02 0.47+0.01 0.270.02 15.61+2.21 76.48+0.52 8.81+0.02 1.32+0.08
YWl HR 2.77+0.20 0.33+0.02 0.510.01 1.95+0.13 25.48+3.15  106.55+2.40 8.76=0.07 1.27+0.02
WHTHE AD 2.64+0.11 0.27+0.04 0.46=0.01 0.42+0.04 23.28+1.91 73.86£1.13 8.810.02 1.46+0.09
Wik # PV 3.11£0.13 0.3620.02 0.5120.01 3.25£0.10 25.48+1.39 84.68+0.74 8.85+0.01 1.21+0.03
BT /RZEMEEAE HA - 3.83+0.09 0.48+0.01 0.530.02 3.23+0.02 37.53£1.22 80.66+0.55 8.76+0.01 1.21+0.06
BT AC 3.16+£0.06 0.38+0.02 0.52+0.02 3.34+0.05 34.17+1.55 78.36£2.05 8.84+0.02 1.14+0.03
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Table 3 Microaggregate distribution and fractal dimension in rhizosphere and non-rhizosphere soil under revegetated plants

L HBAL TR AAZL IR Microaggregate distribution (%) I TEYERL
Vegetation  Position 1—025mm  025—0.05mm  0.05—0.0l mm 0.01—0.002 mm 0.002—0.00l mm  <0.001 mm D
¥4 CK #kr R 2.44+0.25b 35.57+3.86¢ 53.73+5.77b 2.62+0.34d 1.39+0.17d 4.26+0.43d 2.43+0.02d
JEARFF NR 1.06+0..19d 32.99+4.27d 52.69+4.57b 3.74+0.42b 2.2540.21¢ 7.27+0.58b 2.53+0.01b
Y HR - fiBF R 0.75+0.12de 34.19+2.86d 55.41+6.01a 3.05+0.27¢ 1.67+0.32¢ 4.93+0.27¢ 2.46+0.01c
JEARFF NR 1.910.35b 30.12+2.98¢ 54.38+7.23a 4.02+0.51a 2.3540.15b 7.2240.33b 2.53+0.02b
WITHE AD  #RFR R 1.36+0.26¢ 38.00+5.24a 53.16+4.30b 2.32+0.28¢ 1.33+0.35d 3.83+0.17¢ 2.4140.02¢
AR NR 1.48+0.22¢ 33.79+4.25¢ 51.78+3.78bc 3.56+0.42¢ 2.20+0.32¢ 7.2140.63b 2.53+0.01b
MBI PV MR R 0.97+0.14d 35.55+2.57¢ 51.59+3.55¢ 3.68+0.25a 2.19+0.19a 6.03+0.43a 2.48+0.02b
AR NR 1.41£0.25¢ 35.4942.98b 51.54+5.69bc 3.42+0.20d 2.06+0.26d 6.07+-0.55¢ 2.50+0.02¢
[OFeS HFR R 3.9742.17a 36.92+4.25b 48.66+6.02d 3.31£0.33b 1.86+0.41b 5.29+0.87b 2.50+0.02a
AL HA AR PR NR 2.45+2.28a 35.60+4.64ab 47.91+5.11¢ 3.90+0.48ab 2.48+-25a 7.67+£0.67a 2.55+0.01a
BEE AC MRBR R 2.49+2 47b 37.89+4.56a 50.80+4.68¢c 3.48+0.52ab 2.00+£0.12ab 5.44+0.38b 2.48+0.02b
AR NR 1.89:0.18b 36.01+5.47a 48.68+6.26d 3.41+0.28d 2.05+0.32d 5.97+0.60c 2.50+0.01c

ANFFRRIRE P<0.05 /K FZER T  Different letters in the same column represent statistic significance at 0.05 level. R: Rhizosphere; NR:

Non-rhizosphere
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Table 4 Particle distribution and fractal dimension in rhizosphere and non-rhizosphere soil under revegetated plants
i) A Wik ZHpY Particle distribution (%) VaRIA 3
Vegetation Position 1—025mm  0.25—0.05mm 0.05—0.0l mm 0.01—0.002 mm 0.002—0.00l mm  <<0.001 mm D
Fi4 CK kxR 0.34+0.03d 32.23+4.12bc  52.37+6.01a 4.30+0.36¢ 2.58+0.34d 8.18+0.64d  2.55+0.01¢
AR NR 0.97+0.07d 31.13+3.19ab  51.34+4.34b 4.39+0.50¢ 2.81+0.28d 9.36+1.44c  2.58+0.01d
W HR PR R 0.69+0.70¢ 29.24+3.79% 53.20+5.65a 4.70+0.30c 2.87+0.32¢ 9.2940.63c  2.57+0.01d
bR NR 1.26+0.09¢ 26.1242.99¢ 53.3043.79a 5.284+0.37b 3.37+0.40b 10.68+1.21ab  2.60+0.02b
WITHE AD  HEER 1.48+0.20b 33.79+2.69a 51.78+7.21b 3.56+0.34f 2.20+0.29¢ 721+0.42¢  2.53+0.02f
JEAR PR NR 2.77+0.34a 30.06+4.02b 49.33+6.24d 4.50£0.46d 2.99+0.38¢ 10.36£1.78b  2.60£0.01b
Wik PV HRF7 R 1.57£0.14ab  32.98+3.05b 48.94+4.03d 4.39+0.50d 2.85+0.16¢ 9.28+1.21c  2.58+0.01c
JERRFr NR 0.79+0.08¢ 32.11+2.45a 49.3243.78d 4.55+0.29d 3.06+0.27¢ 10.1840.89 b  2.59+0.02¢c
R IR 2R Bz R 0.73+0.04¢c 29.54+4.08¢ 49.56+4.69¢cd 5.60+0.43a 3.54+0.47a 11.03+1.0la  2.61+0.01a
ML HA B FR NR 1.51+0.02b 29.24+4.11¢ 48.47+5.64e 5.52+0.56a 3.68+0.43a 11.59+0.63a  2.62+0.01a
PR AC PR R 1.64+0.24a 30.43+3.03d 49.96+3.58¢ 5.03£0.62b 3.18+0.43b 9.76+£0.67b  2.59+0.01b
bR NR 1.66+0.19b 29.3843.67¢c 50.07+6.21c 5.1120.49¢ 3.35+0.32b 10.43+1.64b  2.60+0.01b
A[FFRERIRTE P<0.05 7KV 7 57 123 Different letters in the same column represent statistic significance at 0.05 level
120 _
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Fig. Aggregate structure in rhizosphere and non-rhizosphere soil under revegetated plants
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Table 5 Correlation among fractal dimension, physico-chemical properties and aggregate structure in rhizosphere and non-
rhizosphere under revegetated plants

I R B R A 5 T 4 R B UKL 23 T 4 K AR BRI AT SR 443 T 4 AR B UKL 43 T 4 5
Indicators R-MD R-PD NR-MD NR-PD
HRBR 415 74K 23 TE 4 R-MD 1.000 0.871%* -598%* 0.373
R IR0 43 T 44 R-PD 0.871%* 1.000 -0.193 0.614%*
2RI Aggregate state 0.689** 0.874** -0.119 0.787**
[ Aggregate degree 0.667** 0.846** -0.081 0.779%*
Sy HUFR S Dispersion coefficient -0.872%* -0.667** 0.725%* -0.408
/MR Dispersion rate -0.845%* -0.825%* 0.440 -0.677%*
HHUiK Organic C 0.668%* 0.896%* -0.024 0.816%*
4% Total N 0.733%* 0.809%* -0.050 0.890%*
42T Total P 0.851%* 0.905%* -0.332 0.586*
H%E Available P 0.956%* 0.894%* -0.493* 0.586%
TfF A Available N 0.624%% 0.778%* -0.051 0.856%*

PRNFEFIE R (P<0.05) , **FREFIEWEZEKF (P<0.01)
*Correlation is significant at the P<<0.05 level (2-tailed); **Correlation is significant at the P<<0.05 level (2-tailed)
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