o558 % 41 + ¥ o R Vol. 58, No. 1
202141 H ACTA PEDOLOGICA SINICA Jan., 2021

DOI: 10.11766/trxb202003250399

EER, MR, B, B0, R, M. SE RSO LK R AR K R AL R AT T[] LR, 2021, 58 (1):
128-139.

GAO Pengfei, RAN Zhuoling, HAN Zhen, LI Jiangwen, LI Lanting, WEI Chaofu. Hydraulic Properties and Saturated Hydraulic Conductivity

Pedo-Transfer Function of Rocky Purple Soil[J]. Acta Pedologica Sinica, 2021, 58 (1): 128-139.

EEBEAITKNBFERIEMSKESREETAR
BTG, BER, # B, FIX, 2, ANE

(PR R IR A 2458, B 400715)

\1
\

B

B OE. O PR A A TR 26 A K PR R AR AN KR | IR AMEAE 2= A B R . LA RTOR )RR R & R
T (CEETUAMEEIRE ) IPIFAE, WE 025~2, 2~5, 5~10 mm =EBRAAKFE, 0. 30%. 50%. 70%. 100%
TAEEERKE, R IR AE K Sk 2 2350 0 5 K 3Rl 2 A T3t A SOk 3R, FIH] BP MREEmZs, e b
B BT+ R 5K 4558 s AL PTF1 H PTF2 (PTFI MM AR B A A JE & i . AR . WG I F AR A AL,
PTF2 (I A SR A B frt . A BRI . VIR T . BB . SRS S $841 ( 3K M FRIE i 2 457 a5 Ak Ao
MIZEXA ) )o SRR BIa B 1 RR SRS S $54k, JF HEEA B S pbshmmsgin, Mz w, #5
FETI B R B & a0, AN ACR A RS A i N, A SRR 0.25~2 mm HHIE 5~10 mm, (A
SRR T 2.3 £, AR BRI ER S F8ECGE /N, PTF1 A PTF2 MU ER% ., JUbRifdn 25 . $975 R
RZELL K AIC F88y 90 1.27, 5,57, 0.16, 2.94 Ml 1.17. 1.70. 0.06. —53.28, PTF2 [IHIR(EYI/NF PTF1, B PTF2
BRI TSR AT . 287 FRTR, A8 AR W 1588 1 0k RebE, (R A28 6 1 oK BB 138 inmi oK 8 71 9aiss
TR 25 T 45 JTAL) 2 1) A2 326 pREIC PTF2 ARG SR 5525 6 3 AR N S /K SR 1 T
KER: Bt 7E; HHOKSRHEZ; HEREIIME; S
FESES: S152.7 XERFRETE: A

Hydraulic Properties and Saturated Hydraulic Conductivity Pedo-Transfer
Function of Rocky Purple Soil

GAO Pengfei, RAN Zhuoling, HAN Zhen, LI Jiangwen, LI Lanting, WEI Chaofu’
(College of Resources and Environment, Southwest University, Chongqing 400715, China)

Abstract: [ Objective] The knowledge about soil hydraulic characteristics plays an important role in optimal soil water
management and conservation practices, and hence is essential to evaluation of soil water storage capacity and prediction of water
and solute fluxes in soil, which may affect crop yield, fate of agrochemicals, and eventually groundwater quality. Rock fragments

are the main factor in rocky purple soils affecting hydraulic properties, such as saturated hydraulic conductivity and water
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characteristic curve. [ Method] Two soils derived from different parent materials, i.e. purple shale and purple mudstone,
separately, were studied in this paper. The soils were divided into groups, separately, different in rock fragment size (0.25~2, 2~5
and 5~10 mm) and in rock fragment content (0, 30%, 50%, 70% and 100%) for test. Soil particle size composition was measured
with the pipette method. Microscopic morphologies of the purple shale, the purple mudstone, and the groups of soils were
observed with a ZEISS EVO 18 scanning electron microscope. Water characteristic curves and saturated hydraulic conductivities
of the soils were measured with the pressure film method and constant head method, respectively. Two transfer functions (PTF1
and PTF2) were established to predict saturated hydraulic conductivity with the aid of the BP neural network. PTF1 consisted of
four input variables (rock fragment content, rock fragment size, initial soil bulk density, and texture), while PTF2 did of two more
input variables (air entry value and S index (absolute value of the slope at the inflection point of water characteristic curve) in
addition to the four in PTF1. [ Result] Results show that saturated hydraulic conductivity was significantly related to rock
fragments content, S index, and air entry value. Saturated hydraulic conductivity and S index of the soil improved with increasing
rock fragments content, while air entry value did reversely. Moreover, with increasing rock fragment size from 0.25~2 to 5~10
mm, saturated hydraulic conductivity increased by 2.3 times on average. Rock fragment size had little effects on air entry value
and S index. The maximum error between predicted and measured values was 0.2225 and 0.1058, and the average error, 0.0756
and 0.0422, respectively for PTF1 and PTF2. The regression coefficients of PTF1 and PTF2 was 0.9416 and 0.9873, respectively.
The geometric mean, geometric standard deviation, root mean square error, and AIC index of PTF1 and PTF2 was 1.27 and 1.17,
5.57 and 1.70, 0.16 and 0.06, 2.94, and —53.28, respectively, and the correlation value of PTF2 was lower than that of PTF1.
indicating that PTF2 performed better than of PTF1 in predicting saturated hydraulic conductivity. [ Conclusion] In summary,
the presence of rock fragments significantly affects the hydraulic properties of the purple soil, thus improving water conductivity
and decreasing water holding capacity of the saturated purple soil. The transfer function PTF2 based on the neural network
performs well in predicting saturated hydraulic conductivity of rock-containing soils.

Key words: Purple soils; Rock fragments; Soil water characteristic curve; Air intake pressure value; S index
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Table 1 Physical properties of tested soils

- KE (A Bk Bk
AR KR
Bulk density/ Sand/% Silt/% Clay/%
Soil type Water content/%
(grem?) (0.05~2 mm) (0.002~0.05 mm ) (<0.002 mm )
PIE=S St 1.21 21.24 29.01 37.88 33.11
I =n- S 1.25 21.20 20.28 42.29 37.43

(DPurple shale-derived soil , @Purple mudstone-derived soil

e P IT 5 1 bR 2R 0 b A S
ALK 70%LA_E o BERAE AIRE A0 43 i 0.25~2, 2~5
I 5~10 mm =Rl B MR @+ 505 545
7 A B AT A BT 0,30% . 50% . 70% . 100%
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H1100% A AN 025 T8 RN &2 T8 435+ 1 5 R 65 )
FA 52 K S R U T A A KR,
R 7 BEASC R VO 5 o T R 0 - A K O R 2K
AR EESE 3 K. WEKFIEII50R 101.9.
305.9. 509.8, 713.8, 1019.7. 2 039.4, 3 059.1,
5098.6. 6118.3 cm.
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RN N R DKk RS R KR, O
TESCILA B X S {H#EF 7oK f# . 11 Guimardes Santos
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0=0,+(0,-6,)/[1+@ny']" (1)
H,, =1/a (2)
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H WA EIKE (em’em ™), o 5 HEHSEA
X Cem™), n Fl m RFRAE 3K M ERAE M 2R T AR Y
ZH, A RETC FA4XT il £5 = 5K 43 FrAiE il 28
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Table 2 Pearson coefficient between saturated hydraulic conductivity and input variables of transfer functions

. N S &%k . kL Kk Rk
WRIFKEY  AERREY HEERY W EFE
S-index Sand Silt Clay
WA RY 1
BBk 0.138 1
HIB AR 0.699 0.000 1
S #54X S-index 0.665" ~0.090 0.545" 1
PR 0.630" -0.128 0.537" 0.984™ 1
i Sand -0.166 0.000 0.000 -0.077 -0.053 1
BB Silt 0.166 0.000 0.000 0.077 0.053 -1.000" 1
Fhhi Clay 0.166 0.000 0.000 0.077 0.053 -1.000" 1.000" 1

e ) 2RI R 3 (P<0.01) A1 3% ( P<0.05) #H5% . Note: **, * represents extremely significant ( P<0.01 ) and significant
( P<0.05 ), respectively. (DSaturated hydraulic conductivity, @Rock fragments size, @Rock fragments content, @Air intake pressure value
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Fig. 1 Effect of rock fragments on saturated hydraulic conductivity of purple soil relative to particle size and content of the rock fragment
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Fig. 2 Micromorphologies of purple shale, purple mudstone, purple shale-derived soil and purple mudstone-derived soil
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Fig. 3 Effect of rock fragment on air intake pressure and S index relative to particle size and content of the rock fragment
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B RIEP RSN ROR, RILBEEKZ ).
AR E 2~5 mm AN 5~10 mm B}, A8
X L IEEER K, BEA DA S R S5 R IEAS
PR b AL PR ) R R, H S 8%
AR JMETC I B AR L LA
23 SEBERITEMSKESDEETN

1E. MATLAB  H R P SR REAS 1 57 A% 385 R
PTF1 #1 PTF2, H PTF1 Y Z:4EREAR MSE ( Mean
Squared Error )24 0.023 6, 52 2 %04 0.983 2, epoch

BN GRAR W I R0 00 Iy k8 ) IRk 89,
PTF2 lIZ8EREA MSE (S 0.003 1, HEREH
0.989 9, epoch YA A 94, F| FHMIKLE 10 2 FmIFE
AN BT RE AL 33 B B PTE1 A1 PTF2 BEATAG G, T
AR 3.

i 3% 3 A4, PTF1 S0I{E A fe KR 2528 0.222 5,
SRR N 0.075 6, PTF2 FINAE i KiR2%E N
0.105 8, FHIRZEH 0.042 2, A8 S EH R . A
SIKRBUEE AT, PTFL 5 PTF2 B UM RUR R 4,

*3 RBRYTMER

Table 3 Predictions with the transfer functions

Ly e 2 (58} |=) ) i N v
HIBRAR HIE AR K S — 7 X R 2
B | K TJ»U\H.E
Rock fragments Rock fragments Measured K,/ . Absolute error/
Soil type Predicted K,/
size/mm content/% (em'min ') . (cmmin ')
(cmmin™")
F 0.25~2 0 0.007 0 0.229 5 0.2225
F 0.25~2 70 0.2952 0.4249 0.1297
F 2~5 70 0.423 4 0.553 0 0.129 6
F 5~10 70 0.717 4 0.7322 0.014 8
S 2~5 50 0.379 1 0.3297 0.049 4
PTF1
S 5~10 50 24.111 8 24.002 2 0.109 6
S 5~10 70 2.8802 2.8837 0.003 5
S 0.25~2 0 0.005 2 0.056 4 0.0512
S 0.25~2 50 0.263 0 0.246 0 0.0170
S 0.25~2 30 0.1132 0.084 8 0.028 4
(58] At 4 by ISiay N
Bk HESE K, S T A 2 X152
K K, e
Rock fragments Rock fragments Measured K,/ Absolute error/
Soil type Predicted K/
size/mm content/% (cm'min™) . (cm'min™)
(cm'min™")
S 2~5 50 0.379 1 0.273 3 0.105 8
S 0.25~2 100 11.895 1 11.892°5 0.002 6
S 2~5 30 0.113 2 0.113 6 0.000 4
F 0.25~2 30 0.050 9 0.070 9 0.020 0
F 0.25~2 70 0.2952 0.308 7 0.013 5
PTF2
F 0.25~2 100 7.098 1 7.1223 0.034 2
S 0.25~2 0 0.005 2 0.004 7 0.000 5
S 5~10 70 2.8802 3.0292 0.149 0
S 5~10 50 0.409 9 0.410 7 0.000 8
S 2~5 100 18.308 9 18.3107 0.001 8

W FARETUESE AL, SRR A% @1, Note: F stands for Purple shale-derived soil, and S for Purple mudstone-derived soil.
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B fm =, PTF1 Ay fm A2 K, PTF1 Y RMSE,
AIC. GSDER f{H¥ KT PTF2, HH PTF2 [ AIC
Bt/NF PTEL, 60, PTF2 14156 e84 PTF1 141
PRIEIC 0 I A5 SR 4, A R - K SRR AE il R R

= PTF1
g RMSE=0.157 0
g AIC=2.941 5
s GMER=1.270 3
£ 10} GSDER=5.578 6
m g R=0.9716
=E
8 5 N
%2 A
¥
5 05}f
Z B
= a
g A
£ A 28
g 0.01¢
° , ' i '
2 0.01 0.5 2 10
A~ R T K RS

Measured saturated hydraulic conductivity/(cm-min™")

RN TR FR T
Predicted saturated hydraulic conductivity/(cm-min™")

HISE (VG HESE a. S 1650, BEREST
B R R K R A 3 PR A TS B, (H
F— LR E P ERR VG TS a. S 154
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Fig. 4 Comparison between measured values and predicted values of PTF1 and PTF2
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MFLBRZE R, TR AL = R AL . oA TE S R
I, B TE SR AN, R FLBR A Bt pl 2 5
, AERALB Z (B BB . 2 T8
INBHE— R, R LB 2 (8] A4 i 1 5 4R
FERORALBRIE I , R R LB IE N R AR LS, 7K

SRS SN, Sk R R ER T LA
R E R CHBRARE A SE, R
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AR SRR M etk s i SR 11 B S FeE0m A
L R E R AAS JE T, 57 T PTF2. MR A
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Guarracino®” (&, (10)). Mishra Al Parker ** (5
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Ks :le(czf) (12)
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