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Table 1  Soil porosity derived from digital images processed by different image filters and soil bulk density

FLERE
TR BEE 55X Soil porosity
Soil layer/cm  Tillage method Jipel — 8 PR IS PM JEH BMO JEH S
Blank control Median filter PM filter BMO filter Experimental data

BB CT 0.351+0.005b 0.350+0.005b 0.348+0.005b 0.356+0.006b 0.500+0.006a

0~5 JERF RT 0.345+0.007b 0.345+0.007b 0.344+0.006b 0.346+0.007b 0.493+0.004a
Gt NT 0.330+0.006b 0.329+0.007b 0.326+0.008b 0.329+0.001b 0.471+0.008a

H#ECT 0.332+0.004b 0.331+0.004b 0.332+0.004b 0.336+0.006b 0.459+0.005a

5~10 e RT 0.319+0.007b 0.318+0.007b 0.317+0.008b 0.320+0.008b 0.445+0.009a
Fbk NT 0.302+0.007b 0.300+0.007b 0.299+0.007b 0.306+0.007b 0.425+0.005a

P CT 0.292+0.006bc 0.289+0.007bc 0.285+0.008c 0.297+0.006b 0.389+0.008a

25~30 JERk RT 0.287+0.008b 0.284+0.009b 0.280+0.009b 0.292+0.006b 0.389+0.006a
Gt NT 0.290+0.006b 0.289+0.006b 0.287+0.005b 0.292+0.007b 0.382+0.006a

e AR FREOR I —HHE T U 2R TR EGIEBER M2 e 2, MR TR E R A RE (p<0.05) .
Note: Different letters represent soil porosity obtained from three image filters differ significantly in the same soil layers and tillage methods.
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Table 2  Soil porosity of various aperture ranges derived from digital images processed with four different image filters and
soil-water characteristic curve

GRS TR PG g T = LRI LRYL
Tillage method Soil layer/cm Image filter Aperture range
<5um 5~50 um >50 um
BMO 3% 0.027+0b 0.055+0.014b 0.274+0.011a
PM JEJ 0.008+0c 0.058+0.015b 0.282+0.013a
0~5 PR IR 0.011+0c 0.058+0.015b 0.280+0.013a
R 0.018+0bc 0.056+0.014b 0.277+0.013a
S K 0.233+0.017a 0.15020.005a 0.303+0.045a
BMO i 0.027+0.006b 0.0700.031b 0.239+0.036a
PM 3% 0.008+0.002d 0.073x0.031b 0.249+0.030a
Convﬁﬁg‘nﬂmage 5~10 P IE 0.011+0.002d 0.0740.031b 0.246+0.032a
B Al 0.018+0.004c 0.072+0.030b 0.243+0.033a
pallkieh 0.249+0.001a 0.142+0.003a 0.224+0.048a
BMO 3 0.032+0.002b 0.0830.039b 0.182+0.036a
PM i3 0.010+0.003b 0.087+0.039b 0.189+0.034a
25~30 IR 0.014+0.004b 0.088+0.040b 0.187+0.037a
JE ] A 0.022+0.003b 0.0860.041b 0.184+0.037a
S B 0.232+0.030a 0.1310.021a 0.190+0.048a
BMO & 0.024+0.002b 0.0770.018b 0.245+0.025a
PM JEB 0.008+0.001b 0.081+0.020b 0.255+0.026a
0~5 HRE S 0.011+0.001b 0.081+0.019b 0.252+0.026a
R 0.017+0.001b 0.080+0.019b 0.248+0.026a
S A A 0.236+0.022a 0.145+0.003a 0.259+0.042a
BMO i 0.027+0.001b 0.0910.009b 0.203+0.016a
) PM JE¥ 0.010z0d 0.0940.009b 0.213+0.017a
Ro’ﬁfj tﬁgge 5~10 P 0.0130d 0.09420.009b 0.211+0.016a
A 0.019+0c 0.0930.008b 0.207+0.015a
S E 0.292+0.005a 0.121+0.018a 0.237+0.049a
BMO 3% 0.033+0.002b 0.085+0.020b 0.174+0.015a
PM i3 0.0100c 0.092+0.020b 0.178+0.014a
25~30 PR IR 0.015+0c 0.091+0.019b 0.179+0.014a
JE e A 0.023x0.001bc 0.0880.019b 0.176+0.013a
S KA 0.285+0.018a 0.1590.013a 0.154+0.037a
BMO & 0.023+0.002b 0.079+0.029b 0.228+0.030a
PM i3 0.007+0.001b 0.080%0.026b 0.239+0.019a
0~5 HRE S 0.011+0.001b 0.081+0.026b 0.238+0.020a
Js Pl —AE 0.016+0.002b 0.079+0.026b 0.234+0.022a
S A A 0.305+0.029a 0.150+0.009a 0.254+0.048a
BMO 3 0.031+0.004b 0.1010.016b 0.173+0.022b
PM JE¥ 0.0100.002c 0.1060.015b 0.182+0.021b
’\%)ﬁ EgTe 5~10 B 0.015+0.002¢ 0.107+0.014b 0.179+0.020b
Ay 0.022+0.003bc 0.1050.016b 0.176+0.021b
S B 0.256+0.016a 0.1500.021a 0.224+0.045a
BMO 33 0.029+0.002b 0.115+0.004b 0.148+0.003b
PM JEJ 0.0100.001d 0.117+0.005b 0.159+0.002b
25~30 PR IR 0.014+0.001d 0.120+0.005b 0.154+0.005b
R Al 0.021+0.001c 0.117+0.002b 0.152+0.005b
SEIES 0.245+0.011a 0.16120.030a 0.174+0.040a

Ee ARTFERORFE —HHETT R, 2R SFURIEE R AR G BHOR ) (22 57 B35, AR 7 BEROR 22 57 A8 I35 (p<0.05) .
Note: Different letters represent soil porosity obtained from three image filters differ significantly in the same soil layerand tillage methods. (p<0.05).
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Fig.3 Digital images of soil section from different tillage
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Studying soil pore structure by using image filtering technology based
on partial differential equation model

Hua Shan, Chen Yan™, Liang Lutao, Ren Tusheng
(Key Laboratory of Plant-Soil Interactions, Ministry of Education, College of Resources and Environment, China Agricultural
University, Beijing 100193, China)

Abstract: In this paper, we applied an original image filter called BMO (bounded mean oscillation) and two other
common image filters, the PM filter (Perona-Malik PDE model), and the median filter, to remove the noise and
estimate the porosity and pore size distribution of digital images of a soil thin section obtained from three
contrasting tillage systems (conventional tillage, rotary tillage, and zero tillage) and soil layers. The BMO filter
uses a new derivative format to detect the boundary characteristics of images, and eliminates the influence of
image noise using the mathematical method of integral average. The results showed that the BMO filter
performed better than the other two filters in detecting image edges and detail characteristics. Compared with the
other two techniques, the BMO filter gave a significantly higher porosity for the soil pore with aperture < 5 um,
and the soil porosity obtained from the BMO filter was the closest to the experimental data. The PM filter
produced higher porosities for the pores with aperture 5 to 50 um and > 50 um than the other two filters, but no
significant differences were observed among them. It followed that the PM filter was a little better than the other
two filters in analyzing pores with aperture >5 um. There were no remarkable differences between the soil
porosities with aperture > 50 um obtained from the three image filters and experimental data. However, for soil
pores with aperture < 50 xm, porosities obtained from the image filters and experimental data were significantly
different. The main reason for that was that the two-dimensional soil slice could not completely represent a
three-dimensional structure of undisturbed soil samples. Image resolution may also impact on identifying small
soil pores. The advantage of a BMO filter on identifying small soil pores to some extent compensated the loss of
small soil pores caused by a preparation of soil section and image resolution. Our results also indicated that the
conventional and rotary tillage systems improved soil porosity and the ratio of transmission pores (pores with
aperture > 50 xzm) in a surface soil layer. Zero tillage decreased soil porosity due to the reduction of mechanical
disturbance on a surface soil layer, and showed beneficial effects on increasing the ratio of storage pores (with
apertures of 5 to 50 um).

Key words: soils; image processing; models; bounded mean oscillation; soil porosity; pore size distribution;
image filter
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