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A Method for Quantifying the Ped Shape Based on Digital Image Technology

WEI Xihao, LI Jiangwen, ZHONG ShouqinT, CI En, MENG Xunxun, WEI Chaofu
(College of Resource and Environment, Southwest University, Chongqing 400715, China)

Abstract: [ Objective ] Soil structure is the physical framework for various processes in soils and is of great importance for
quantitative studies of soil physical, chemical and biochemical processes. Existing methods for quantifying soil structure are
overly dependent on laboratory techniques, resulting in them being limited by factors such as sample size, resolution and cost.
[ Method ] To overcome these limitations, this study utilizes digital imaging techniques to quantify ped shapes using
high-resolution soil profile images. [ Result] The results show that typical structural classifications and subjective descriptions
can be transformed into quantitative morphometric(circularity, roundness, major-axis ellipse angle, aspect ratio, solidtity,
width-to-height ratio)data.Also, the average circularity, roundness, and width-to-height ratio of ped in the topsoil layer in the nine
soil profiles (0.79, 0.74, and 1.05) were higher than those in the heart soil layer and the parent soil layer (0.64, 0.68, and 0.94),
and their average aspect ratio and major-axis ellipse angle (1.35 and 42.73) were lower than those of the heart soil and parent

material layers (1.79 and 49.33). [ Conclusion ] Therefore, the use of digital imaging techniques can accurately quantify and
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visually characterize the morphology of ped shape, and the technology elucidates the law that the shape of ped gradually

transforms from blocky structure to granular structure in the process of soil formation.

Key words: Ped; Digital morphometrics; Ped shape; Profile morphology
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Table 1 Information of the test soil profile
A EEiIR 3
T 5 ) T b A LR SPRE WMoY RA)Z 8 T Organic
Parent Terrain Potential
Profile No. Location Plantor crop ~ Horizon  Soil texture carbon/
material features of hydrogen (gke')
® ERWHMX KD RETH R LY, T KAH Apl it 8.1 11.1
WK RA AR ales BWESYh Ap2 b g 8.2 9.4
140 ALY gk, B Brl K+ 8.1 5.0
Ef] Br2 bisE: e 8.4 2.2
Br3 bisE: e 8.3 2.6
Bg Mt 7.6 23
@ ERATEMX =FRMEE UL SRR Apl B RE L 7.0 18.0
FREUNGH Al XS EAL, B Ap2 U5ie: SN 6.9 14.5
44t e I3 G Brl WAL 6.7 12.4
e, #hH E et 6.8 8.8
Br2 WL 7.1 52
Bgl H+ 7.0 4.6
Bg2 %t 6.9 3.9
® WERATEX KPP RPDEE R0, &SR 85F Ap ML 4.7 8.5
TR E N AR EIEN B HR S Bwl et 4.6 8.4
8 41 LIRS g Bw2 g 4.6 5.4
@ TRHAILNE =ZFFRAKE Pl LA Bk, D4H Ap AN L 5.8 14.6
LIRS RIER KRR LT %, b Bwl FyiE+ 6.4 11.6
54t G2ty B, BeRE WS Bw2 bioE 6.7 12.3
ok e Bw3 Bt 6.8 11.9
Ab HyigE 6.8 20.2
Bw4 Hy s 6.9 14.5
® WRTTPIFHE SBINRLHE R D8%E &k Ap e+ 7.7 15.4
NENEES REE T R URUIZALY] e Brl bsE: 7.8 10.8
14 Br2 bise: 8.1 7.3
Bg i+ 8.0 6.2
Cgl Bt 7.8 4.7
Cr Wt 7.9 4.8
Cg2 Mt 7.8 8.3
© HEWRIDE =FROEKRA HITH, FR(EaH) Ap Mg+ 5.9 8.0
BWBUKER FORTE.  BWESHRN MRKSEK- Bwl e+t 6.1 5.1
5S4 et WAL 3R 3 i mREAE Bw2 g 6.4 4.0
¥ C FEL 6.5 4.7
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x2 EERUVIMTIFFAEFHLIBEMH LR
Table 2 Soil Structure Classification Table of the U.S. Department of Agriculture Soil Survey

HolR—Z T AR —BRBR I — 509 = Al R B0 45

ok, KF BeERR, KT SR B BROR-Z AR, S5 IR R T
A——2A0 . S e HA PRARZIIIR, SR s, 5 RSSOk R AN g
PRRBRFHS] K, HkF i SRR UrE
i1 1 5] P F e
TG T3 A IR T3 SRR, AW LERRILIRD A IRLERZ
iRl
B—%: #ifik
b ) AR HeAR etk W APUR Zik 3 ZiE°N
1 AR 20 AR 3 <1 <10 <10 <5 <5 <1 1
2 gk 1~2 10~20 10~20 5~10 5~10 1~2 1~2
3 g 2~5 20~50 20~50 10~20 10~20 2~5 2~5
4 MR 5~10 50~100 50~100 20~50 20~50 5~10
5 AR AR S >10 100 100 >50 >50 >10
0. &5ty TR 1 1 HES
L SRR E 2, AR, SRR, SRR R G R R NS AR, R A SR B IR 14 /NG R A A
C——Ji s Ltk AR
R e e 2, g SRR EL, hERE, BURERERIE, GBS 2 N NGRS — RN
Fafds, TR A SR
3: iR SRR EIE, RRE, FUUVEMG, DCUCEIEES , WG JL TR R R 1N R A
*3 BFURLEIEPEMEILREERIT
Table 3 Classification and quantity statistics of ped in the digitized soil profile
) T 2 5 fHetk [FIEERN ZikTEIN [ ZERN VG TN Y8
Profile No. Angular blocky Columnar Granular Prismatic Subangular blocky Number
@® 17 3 23 11 22 76
18 7 58 13 29 125
® 20 0 93 3 29 145
@ 16 3 48 10 32 109
® 12 0 50 4 36 102
© 13 0 62 2 30 107
@ 15 2 54 3 28 102
® 23 1 54 2 30 110
©@ 21 2 41 3 24 91
S Total 155 18 483 51 260 967

HREE A 50% 7. TETLFEHZERp IR R, PP HDRRIR B9-F 2 IE R 5N 81%, TR
MEFE L O A BOARS U SRS B AE RS BAE AR>S PR A BRI R IE R R 58%.
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6 11 BRIR AT
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C_10~7
17~15
0.9 [ 15~22
3 I 22~30
0.8 >30
0.7
0.6
. L
¥ 205
gf 7|
E2 04 _
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0.2
0.1
0.0 N L L R n n R
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T A FRERAR TAEERR 25 2% (P<0.05),
Note: Different letters indicate significant differences between

years of service ( P<0.05) .

K3 A TARAR RS L5 (R 70 2R IE 0 R 1
Fig. 3 The relationship between time spent working with soils and
the correct classification of ped
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Fig. 4 Box line diagram of ped shape and digital morphometrics
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Table 4 Comparison of morphometric parameters of ped shape in layer A and layer B of the soil profile
A 14 £/ Fiw
wEgs  RER Bk GIFEES 13 KIgH [ A i
Major-axis ellipse ~ Width-to-height
Profile No. Horizon  Number  Circularity Roundness Aspect ratio Solidity
angle/° ratio
® AR 35 0.771+0.13a  0.74£0.19a  1.53+0.83a 48.84+28.69a 0.94+0.27a 0.931+0.03a
B2 41 0.70+0.13a  0.61£0.21b  1.95+1.00b 56.74+30.34a 0.901+0.42b 0.934+0.02a
@ AR 75 0.75+0.11a 0.74%0.13a 1.41+0.41la 38.71+£27.09a 1.10+0.27a 0.934+0.02a
B2 50 0.63+0.14b 0.60+0.22b  2.01+0.98b 62.64+26.73b 0.824+0.37b 0.931+0.03b
® AR 68 0.83+0.07a 0.76+0.11a  1.33+0.20a 41.25+27.46a 1.06+0.25a 0.93+0.01a
B2 77 0.774+0.10a  0.73%0.14a 1.45+0.42a 42.67+27.64a 1.041+0.29a 0.931+0.02b
@ AR 73 0.84+0.07a 0.79+0.12a 1.30%0.27a 44.72+27.14a 1.03+0.21a 0.94+0.02a
B2 36 0.69+0.14b 0.60+0.24b  2.06+1.10b 67.72£28.00a 0.72+0.32b 0.94+0.02a
® AR 81 0.81+0.14a 0.78*0.11a 1.31%£0.21a 46.351+26.70a 1.04+0.24a 0.94+0.02a
B2 21 0.59+0.12a 0.66+0.18b  1.67£0.67b 56.87128.64b 0.97+0.36a 0.94+0.02a
©® AR 70 0.79+0.11a 0.78+0.10a  1.31%0.19a 40.24+29.71a 1.11+0.24a 0.93+0.02a
B2 37 0.75+£0.09p 0.78+0.14a  1.36%0.50a 43.14+30.25a 1.00+0.24a 0.93%0.02a
©) AR 65 0.75%0.12a 0.78%0.10a  1.31%0.16a 36.17+£27.45a 1.12+0.25a 0.93%0.02a
B2 37 0.72+£0.10a  0.74£0.19a  1.53%0.70a 43.64+33.26b 0.98+0.32a 0.95+0.02a
® A)Z 46 0.87+£0.06a 0.78+0.10a  1.30%0.18a 46.071+30.20a 1.02+0.24a 0.93%0.01a
B2 45 0.81%£0.10a 0.73+0.18a  1.53£0.70b 46.81+3291a 0.97£0.32b 0.95+0.02a
© AR 57 0.66+0.17a 0.75%0.12a  1.38%0.12a 38.12+£25.65a 1.09+0.25a 0.90+0.03a
B 53 0.6210.12b 0.74+0.13a  1.74£0.13b 39.09+£29.34a 1.08£0.29a 0.94+0.03a

1 AR PR R AN &4 20 257 B 3% (P<0.05) . Note: Different letters in the same column indicate significant differences

between different horizons ( P<0.05) .
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WE s 9 ANHIHRIZ LRSS HIR AT 2158 B Y
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(AP 357 [ {5 0 4 23 &5 4 1RO 2 I M 2 5 W
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EMERTLLE, HhilEQ., &, OrRLZELH
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FE; 9 DHIHRE LA 50 LY
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Table 5 Comparison of the number of ped shapes in layer A and layer B of the soil profile

8 2 B2 ZiETRIN PR AR [ LERIN [ZEIRN B
Profile No. Horizon Granular Angular blocky Subangular blocky Prismatic Columnar Number
D A)Z 19 4 9 3 0 35
BJZ 4 13 13 8 3 41
) AZ 48 10 16 1 0 75
BJZ 10 8 13 12 7 50
® AZ 58 10 0 0 0 68
BJZ 35 19 20 3 0 77
@ AZ 46 11 16 0 0 73
B2 2 5 16 10 3 36
® AR 49 22 10 0 0 81
B2 1 14 3 3 0 21
©® AR 53 6 11 0 0 70
B2 9 7 19 2 0 37
@ A2 49 5 11 0 0 65
BZ 5 10 17 3 2 37
® A2 36 6 4 0 0 46
B2 5 15 20 3 2 45
© A2 48 4 5 0 0 57
B2 6 19 25 2 1 53
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