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(1 PHICAHRBIL AR 2E B, BRPIRAYE 7121005 2 P EIRFEBE IR 2 15 SR IR AFSE BT 8] — A E A Al TR 930, Jbat 1001015
3 P EBEEBERFR IR SRR, dbat 100190)

M OE: AW LA R R A RS R, MBI T 4 A0, 11, 12, 1.3 glem?®), FIHELLHLEL
M5 L3R, DU SRS Jobmife , S EEAR I 7 A 7K ST E AT van Genuchten BRI HAY 225, 455K,
B - HEAF AN, B UL AE 3K SRR 2 b B S e i, FRECE £ A+ 19 van Genuchten RIS o U
T RE R 73504 38.46% ~ 83.08% Hi1 56.38% ~ 95.75% B UoHLELINAE 38K 73R AE i £ () v M P8 26 AS ) g B SR BN I+
ITHRLRTBE(0 ~ 10 kPa) B OB B MG AR, T 5 W 7 B (10 ~ 1 500 KPa) s {Ei i e, L e W& 7 BE B OoML I S v A1
55 7 RS 22 (A B 35 22 7 (P<0.01) £ LRTIR, A T 4R R B OMLIE I E K A FRAE i 2R O MERf I, H e i
FHF R AN AT BT & i 3

IR THUKMRERIL; HEATE,; BONLEE; R EIGE

FESES: S152.7 XEkPREARD: A

Effects of Soil Type and Bulk Density on Determining Water Retention Curve by Centrifuge
ZHANG Pengfei', JIA Xiaoxu®*, REN Lidong®*, ZHAO Chunlei**, SHAO Ming’an'??

(1 College of Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China; 2 Yellow River Delta
Modern Agricultural Engineering Laboratory, Institute of Geographic Sciences and Natural Resources Research, Chinese
Academy of Sciences, Beijing 100101, China; 3 College of Resources and Environment, University of Chinese Academy of
Sciences, Beijing 100190, China)

Abstract: In this study, Lou soil in Yangling and Mollisol in Nenjiang were selected, and four gradients of soil bulk density
(1.0, 1.1, 1.2, 1.3 g/em®) were set, centrifuge and pressure plate methods were used to determine soil water retention curve
(SWRC), and the van Genuchten (VG) model was used to fit SWRC. The results showed that with the increase of bulk
density, the accuracy of centrifuge method gradually increased, and the accuracy of obtained parameter a of van Genuchten
model increased by 38.46%-83.08% in Mollisol and 56.38%-95.70% in Lou soil. Centrifuge method had different
performances in different suction sections, the measured value was lower near saturation suction (0—10 kPa), but higher in
the high suction (10—1 500 kPa) with low accuracy, which was significantly (P<0.01) different with pressure plate method.
In conclusion, centrifuge method is recommended to determine SWRC for soils with large bulk density and high organic
matter content.

Key words: Soil water retention curves; Soil bulk density; Centrifuge method; Pressure plate method
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g TiEK Mk R, B0k EY H
Briggs il McLane P& 20 tHZZ#1H2 T, {H il T B0 AL
A5 5y 32 B Ot R B AR A AR AR 52 e,
YERAPEZ BB SN, WS, Russell F1 Richards!' '
ELOHLEENS S EFE AR A L B O LR A
AL PR T R ORI BCA R R, T
BB A TR B S T AR 3 A R I A 7K B {H pR T
O HIL T P T A R X LA 3R B A A 25 3 0 R Y
HENg 7, iX{#i1% Richards FI Fireman™H42 & 7 54X
TR KRR 2 S, O AL B e
o H 20 et 70 AEACHT IR, BT RO R A B = R
Vo VRSO HLIR A 22V, =z R T RS I 52 1t
Z18 ) BLOHIE BT R R E A AR e
XA [] A= ESE AT Y Ay 20 1 1 3K S AR Ak it
e B AERR AT T 0120 LR 5T, R B 1 BEAY
0 A HEK A RRAE th 2 IR AR 5 - HE AT AR A
M2 RBHAT , (HELOHLENNE S T i T s &
SRR, RS IR 2 Rl N —E W21 . Khanzode
ZEISVRD Reatto S5O IT K BT O AR 7 A
BTSRRI 2 22 R0 N B O ML RS AR A
Mo AR AN, s JE . R e S R
B LR AR ) BEAGEM 2 A+ | sas | 20 5%
0 R4 KRR 4R 1Y 22 R AT T LR &
PR, b AL B 53 A1 2 S e AN (] - S A o 2

S R E A AR, 5 R AR RAS I 25 AR
T B O AL I BSOS B R S R AR
A58 N BT SR AN R 1500 ML I i 245 2% 14) T 1
Al o WA, LARERGRFSE BLAR ST HL AT T RO HLEE
JE 7 REASE B A - 38K A RRIE 2k i 22 5, (AR XA
]+ 28 R B O ML RN 7 RS  5E + 39 7K o
FHAE 2622 5 A CRIFFE /b o JETF I, ARHIF9E BE L
PR [RI R - HECR ), s 4 AN
WIHRECE FIEATE(1.0, 1.1, 1.2, 1.3 glem®), @i
B AL R R 7 REEASCI 0 5 AN [] Ab B - HEOK 43
TR, LU 7 IS0 0 22 235 SR b, X EE S 0L
TR g BRASC T T A5 S [) - 39 28 R 25 B (1] 7K 404
fIE i 2E & van Genuchten BRI E %5, LRt
2 R R 25 F G 3 Do LR D A2 = 387K 43 RRAE il £k
B (R S0

1 MRS

1.1 ki

AT 356 BB PG A 1 18 - R DR R VT T R 4R
Btk I, PR IR A 0~ 30 em +2, Hr,
BAEH R, BEEARHEKR)., P gEsA
SRIAT 5 428 2 mm 07, 1) FH R A8 30 0 - 3 A0k 4 L
458 5 b R T 5 I 800 S0 o o A A - SRR A
il 1.

F1 I TR BERBUMER

Table 1 Basic physicochemical properties of tested soils

T+ s LI (g/kg) k(%) HHRL(%) B (%) - M
LS 48.80 22.72 4433 32.95 FEL
it 5.36 15.10 59.90 25.00 Mg+

1.2 #WRAZE

B ML E RIS T 2020 4F 12 A 16 E RN B
IR AR BT HEAT o 1 S0 A B AT 1) A4
MECEWIRATREA.0, 1.1, 1.2, 1.3 glem’) B
50 mm ., 4% 50.46 mm, {RFZ)H 100 em’® FYFE ],
SN AR — M, X REE TR R, 2+
PRI SE R X R BT N TATES , DMARIIEA 2 1
ez la) H AR HE o SRS R R R B AL (H ST
CR21G)IM%E +HEK A FRAE MR, T2 MR 0L
WHBIRBERREAE 20 °C, MEAFM (. 10, 20,
40, 60, 80, 100, 200, 400, 600 F1 800 kPa)--3%
R AL P 38 57K i BN W T R ) 5 LA
39k 310, 981, 1387, 1961, 2402, 2774, 3101,
4385, 6202, 7596 Fl18 771 r/min, FH:E mfa] 53

WIh 10, 26, 36, 45, 51, 55, 58, 68, 77. 83 i
87 min,

JE AL (GEE 1500F2) 0 %2 3056 F 2021 4F 3
A TEVG AR} 2% 0 U5 PR b 2 B - S5 4 B S 56
FE T, TS A 100, 300 F1 500 kPa 3 Fof
& T REEA , PRt A a0 i e R HE7K W T 2Ry 400
kPa. T SRR AL BT Y R e IR 25 R AR AR
53 mm. & 10 mm IR A4 RIERE AL IR
BUH S R AR R 24 h, SRS H T HERE RS B
FEIIREAR b, A2, 83 15 AH R 14 38K %
J3(10., 20, 50, 80, 100, 200 FI 400 kPa)#:A 7 E
ek 24 h Jo/KAHHEH BRI RT ARS8 B . 4
AW B e 255, o R ERE SRR, TR
BN 3855 K o BRI 7 AN X v
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PR , T i W 3 BE AR 52 (] 1B ~ 1D), 34 1.2 g/em’
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Fig. 1 Measured and fitted soil water retention curves by centrifuge and pressure plate methods of Mollisol under different bulk densities
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Fig. 2 Measured and fitted soil water retention curves by centrifuge and pressure plate methods of Lou soil under different bulk densities
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Fig.3 Comparison of soil water contents measured by centrifuge
and pressure plate methods
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Table 2 Differences in water contents measured by centrifuge and pressure plate methods

F ek WA E 0~ 10 kPa 10 ~ 1 500 kPa 0~ 1500 kPa

(g/em’) RMSE MAE RMSE MAE RMSE MAE

"y 1.0 0.019 6 0.018 7 0.0123 0.010 6 0.016 5 0.0149
1.1 0.015 6 0.014 1 0.0359 0.0355 0.027 2 0.024 3

1.2 0.009 0 0.007 8 0.0229 0.022 3 0.017 1 0.014 7

1.3 0.008 0 0.006 7 0.011 1 0.0100 0.009 6 0.008 3

o 1.0 0.048 2 0.039 7 0.029 0 0.028 8 0.040 2 0.034 5
1.1 0.0198 0.016 7 0.046 9 0.020 3 0.0355 0.018 4

1.2 0.020 8 0.018 5 0.018 2 0.0169 0.019 6 0.017 8

1.3 0.013 1 0.010 8 0.014 9 0.014 4 0.014 0 0.0125
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Table 3 Paired samples t test of soil water contents measured by centrifuge and pressure plate methods

+ e WG 7 (g/em’) 0~ 10 kPa 10 ~ 1 500 kPa 0~ 1500kPa
t P t P t P
B 1.0 -10.64 0.000 -5.56 0.000 -9.70 0.000
1.1 -0.06 0.952 23.59 0.000 3.70 0.001
12 -5.53 0.000 13.94 0.000 1.97 0.061
1.3 -5.22 0.000 6.64 0.000 0.62 0.540
b 1.0 —4.18 0.002 26.81 0.000 -0.70 0.492
1.1 -4.23 0.001 2238 0.000 0.37 0.715
12 6.43 0.000 8.10 0.000 10.02 0.000
1.3 4.83 0.001 11.51 0.000 9.36 0.000

B HLYE R g BRAS T e A5 P8 R K
(2% LM 15 FR RMSE FI MAE YR %5 28 5 B34 5%
/0N, BB A 7 T O LY R g RS i
FE 25 TN, B O ML E TR B R, ]
U, Z5EE 6 B ML I S Y B A AR R
2.3 BOWUEFENRNGE VG BESHERS

K ATNG 553 0N B O HLIE R BRAG: s+
HOKAPFHIEMZE VG BIRIZEL o FI n MRG0T
BT o B O ML R 7 RS i A - 7K SRR AIE e A7
fE—E25(E 1. Bl 2), #mSEE O]
AL Pt K RrE 4 VG BRI S AT 2=
S A Rl 2 E A B R RO LIS A
TIEAGE Y VG BEARIZEL o Fl n BO4EX] 25 5 3R
Hpe ASHEA D RIELOHLER VG RIS o
Al on BMER AL S Rm R LhiE, X5
A [R) A 18 25 Ak $ AN () 218 78 - 458 ) B WLV A R
PRSP AS - 8K o R it 2 22 S 4 SR — 35 MR -
BN [m) 75 4 BT B O AL R e g A i A
T HOKIMFIERRZE VG B S FE M 2R &
1.0 glem® BEHNF] 1.3 g/em® F R, BLOHLEER

ODHUESRI VG RIS EL o HOERR RN, B+
N5 TR PSR 38.46% ~ 83.08%, 1+ 56.38% ~
95.75%. Ifii VG B SHL n (1) 22 W6 25 5 A AR AL 7E
Ff SR FoAR TR, b, B4 VG RRRISE n 192
SRR, B HLRIREL VG RS E n 1 ERG
BN, RN 36.70% ~ 85.51%; Til#+ VG
RISH n 125 SEREZS BRIz B/, A HA B
FE2F(P<0.05), B UYL VG BIEISE n (11
BRI, IR R 41.67% ~ 90.62%. Al UL, +
BRI FEXTELOHLIEIRI VG BB o Al n
IR TREAff 2 A7 TS

3 ihie

e SRR g S R B s T AN BT A K
T ELOALE, e BOWARR (8 1, & 2 FiiE
3), %5 A A RS R 2 ORI
B, 3 K 3 252 RALBRRCR P, 1ER 0
TIVERTR L3R AN, RALBEC SR P
A R PR T R, S EOLE K I E R T R )
FRASE R0 5 Ao T A e W ) B, B WLVR DN s i e v

FE I BEASGE BTG VG BB EL o 1922 57 1B Wi/, 7

x4 BOVUERMENBESCERST V6 BRESH « ZRHFRIT DT

Table 4 Differences in model parameters o obtained by centrifuge and pressure plate methods

A A S LR RN, B T R

e 45 % (g/em’) EOHLE R I EARE Y 3] 25 5
2+ 1.0 0.116 1 £0.001 5a 0.064 1+£0.0224b 0.052 0
1.1 0.1274 +£0.0072 a 0.0373+£0.0028b 0.090 1
1.2 0.060 0 £ 0.000 4 a 0.0300+0.0143Db 0.0300
1.3 0.0376 +0.0012a 0.0228+0.0125a 0.008 8
w1 1.0 0.3488+£0.0110a 0.0993+0.0810b 0.249 5
1.1 0.1457+0.0057 a 0.0501+0.0191b 0.095 6
1.2 0.1433+0.0049 a 0.1190+0.096 4 a 0.024 3
1.3 0.0962+0.0001a 0.0856+0.0313a 0.010 6

T AT B/ NG A R 375 B AL RS g I 9] 22 7 (.35 (P<0.05), T[] o
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Table 5 Differences in model parameters n obtained by centrifuge and pressure plate methods

diEZen ) 4 %5 i (g/cm”) BB JE 3 A He XS 225
[LER 1.0 12378 +0.0098 a 1207 1+0.061 62 0.030 7
11 1489 1£0.0228a 13493 +0.097 7a 0.1398
1.2 1256 5+0.000 1 b 13450£0.0044 2 0.088 5
1.3 13134£0.0142a 1.5252+0.186 3 a 0.2118
Wt 1.0 1360 3+0.003 2 a 1.1695+0.018 1b 0.190 8
11 1297 4 +0.000 8 a 1.186 1+ 0.0239 b 0.1113
1.2 12144001232 1.1757+0.048 2 a 0.038 7
13 1.179 5 £0.004 9 a 1.1616+0.0207 a 0.0179
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