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Abstract; [ Objective] The particle size distributions (PSD) of different soils measured by scanning electron
microscopy (SEM) and by the pipette method (PM) in the water erosion region of China was compared in
order to provide a reference for the determination of typical soil PSDs and their applications in soil erosion

models. [ Methods ] Five typical soils corresponding to the five water erosion subregions of China (i.e., black
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soil, cinnamon soil, loess, purple soil, and red soil) were collected and analyzed by PM and SEM. Specifically,
soil suspensions of different size classes obtained by PM (i.e., < 100, <C 53, < 20, << 10, << 5 and << 2 pm)
were measured using SEM. The PSD results determined by PM and SEM were compared and the causes for
their difference were determined. [ Results ] For most soil suspensions obtained by PM, particles larger than
the corresponding size classes of the suspensions were detected by SEM. As the size classes of soil suspensions
decreased, both the count and volume fractions of the corresponding sizes, as measured by SEM, decreased.
For the suspensions <C 100 um, the particles of the black, cinnamon, and purple soils fell mainly in the 20—
53 pm class, resulting in relatively lower values of SEM-derived mean volume diameter (MVD). In contrast,
the primary size classes of the loess and red soil were 20—53 and 53—100 pum, leading to larger MVD. Little
difference was observed in the PSDs of loess between PM and SEM for the suspension <C 100 pm. Compared
with SEM, PM overestimated the clay fractions < 2 pm of the other soil samples, and underestimated the
size [ractions of 20—53 pm for the black, cinnamon, and purple soils, as well as the {ractions of 20—100 pm
for the red soil. As a result, the PM-derived mean weight diameters (MWD) were smaller than the SEM-
derived MVD for all of the investigated soils. Additionally, the PSD discrepancies between the two analytical
methods shifted the textural classes of 84.6% of the total soil samples. Converting the PM-derived PSD with
the optimal S-curve models, the proportion of the samples with different textural classes due to PSD analytical
method decreased to 61.5%. [ Conclusion] Based on the SEM results, PM tended to misestimate the PSDs of
all of the five typical soils in the water erosion region. The PSD differences between the two methods varied
with soil type and were mainly related to soil mineral composition and clay mineral types.

Keywords: soil particle size distribution; pipette method; scanning electron microscopy; water erosion region of China
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Table 1 Basic information of soil samples

N +HERAR A/ %
TR T2k Y5 i;gﬁyﬁ **if';’g/ ok Bk ok T
(<2 pm) (2~53 pm) (53~2 000 pm)
B Bk Hb 58—80 19.91 31.69 48.40 %+
B, B b 46—60 29.21 38.83 31.96 FIEL
+ i 0 PR A B, Bk Ho 18—32 31.82 40.85 27.33 R+
B, M 1830 33.14 44.02 22.83 FhiE+
B; b 18—35 37.67 48.99 13.34 RGN
C, M 50—60 26.36 51.07 22.57 M+
C, M 70—80 27.20 57.17 15.62 WG+
‘ - Cs Bl st 90—100 27.89 55.45 16.66 ik
et ECEEES C, M 80—90 28.64 57.81 13.55 MR+
Cs M 90—100 28.99 59.42 11.58 WG+
Cs HE 60—70 31.92 37.90 30.18 FIE+
L, i 0—20 2.52 61.11 36.38 i +
L, i 0—20 10.95 36.02 53.03 b1 1
B IR IEES 1 L, i 0—20 11.74 38.87 49.38 e+
L, O 0—20 12.48 40.06 47.45 %+
Ls O 0—20 15.55 44.41 40.04 %+
P, i 0—20 1.11 4.67 94.22 W+
P, M 0—20 12.01 28.16 59.83 W+
g£ot+  AxMEZL6et P el 0—20 14.71 30.40 54.90 W+
P, kb 0—20 20.78 39.44 39.78 e+
P; el st 0—20 23.65 42.72 33.64 %+
R, b 0—20 14.03 18.80 67.17 i+
R, T 0—20 17.46 27.31 55.23 g+
FANE: i A 27 35 R, B b 0—20 19.65 28.90 51.46 %+
R, b, 0—20 29.41 22.80 47.79 Wi+
R; R 0—20 33.16 23.35 43.49 Fie 1+
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Fig.1 Scanning electron microscopy (SEM) images of particles in suspensions <<2 pm of
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Fig.2 Scanning electron microscopy (SEM) images of particles in the suspension <<2 pm of

black soil sample B, and in the suspension <10 pm of loess sample L,
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Fig.3 Count and volume fractions of corresponding size classes measured by scanning

electron microscopy (SEM) for different suspensions of each soil
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Fig.4 Mean particle size distributions (PSD) measured by scanning electron microscopy (SEM) for different suspensions of each soil
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Al T+ 8L+ 20~53 pm K H & LK
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391k 38.0% ~43.4%,29.7% ~43.2% F 24.7% ~
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XFT LI, PM 5 SEM Tl 45 3 i 22 S £ 2 I AE

20~100,<C2 pm K (& 6e) ,PM % SEM EAR(KAE
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Fig.5 Mean volume diameters (MVD) measured by scanning electron microscopy (SEM) for suspensions of each soil
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PSD, 23535 MWD 1 MVD, 3 78 it 2 fill F 15 %)
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2.3 PM 5 SEM Frill +#EFRih Tk
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&2 PM 5 SEM BTl £ 358 o th % 7% 46
Table 2 Transition matrix for soil texture change between pipette

method (PM) and scanning electron microscopy (SEM)

T R W - B Bt Bt SEM At
HEL 4 0 1 0 0 5
WE%EL o 5 0 0 0 5
WEEL 0 0 0 0 1 1
e 6 0 0 1 0 7
i+ 0 1 1 0 0 2
Wi+ 1 0 3 1 0 5
L 0 0 0 0 1 1
PM A3t 11 6 5 2 2 26
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Fig.6 Comparison of particle size distributions (PSD) measured by pipette method (PM) and
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scanning electron microscopy (SEM) for suspensions <<100 pm of each soil
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Fig.7 Relative error of mean particle diameter estimated by pipette

method (PM) for suspensions <100 pm of each soil
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&3 SEM 5 PMPFTill L ERM M FRb A & B
HIEB R HERERH(R?)

Regression equations between scanning electron
microscopy (SEM) and pipette method (PM) for
clay, silt and sand contents and corresponding

Table 3

coefficients of determination (R?)

RE? e i iR R*

B (<2 pm) In(SEM) = —3.282—8.302/PM  0.644
R (2~53 pm) In(SEM) =4.527—21.393/PM 0.653
WL (53~2 000 pm)  In(SEM) =4.686—35.590/PM 0.777

3 W
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