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Prediction of Soil Hydraulic Conductivity of a Skeletal Soil from Cumulative Water
Infiltration Rate: A Case Study at Bo-Wi Village, Suan Phueng District,

Ratchaburi Province
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Abstract

Soil hydraulic conductivity is a key factor for efficiency soil and water conservation for agriculture
especially in mountainous area that soil usually contains many rock fragments. The objective of this study
was to investigate the influence of volumetric rock fragment content on saturated hydraulic conductivity
using inverse method by determining the cumulative infiltration and optimizing with water retention data
on a loamy skeletal soil. The results showed that precision indices of the inverse method (&, RMSE and
ME) were low between observed and predict values indicating that this method had high precision
in prediction of soil hydraulic conductivity. Additionally, the differences of average Ksa[ values were of
1.46-1.73 times as compared to Ksa[ values by the Wooding's method. The result of a study on influence
of rock fragment content on Ksa[ revealed that KSat decreased with increasing of rock fragment content in
the range less than 35 % vol., where Ksa[ value decreased from soil with 0-5% of rock fragments equal to
1.30 time for the soil with 5-15 % of rock fragment (mean<11.80 % vol.) and equal to 1.92 time for the soil

with 15-35 % of rock fragment (mean<25.95 % vol.).
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1. 44N19 Richards’ equation (Richards, 1931)

2 - 2[00 (B2) 1]+ 2 (0 22)

A oA ¥ - a - = P a A A
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8(r,z,t) = 0;(2) t=0 (2]
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h(r,z,t) = hy(z) 0<r<r,, z=0 [3a]
% - r>To. z=0 [30]
% =0 Z =00 [3c]
% = r = o0 [3d]
R2E2Y — 0 r=0 [3e]
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2. 44N19 VGM (Mualem, 1976 and van Genuchten, 1980)
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FINANNITANAULLLANADS pore-size distribution 484 Mualem (1976)
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Figure 1 Sampling and infiltration measurement points in the field.
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K(hp) = Ksa:€XP(Kh) [17]
WA K(h, ) naunis 17 asluaunis 9

2.78n17 inverse
sz K,
n, a Lae K,

uaz K, Aqelilsunsu DISC (Simiinek and van Genuchten, 2000) Tagldwisainas,
all v =® d’l a 1 3| ° L2
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Auua Al K, SAnUas AN (1v2)
3. msvagauluiasdiisinig

ﬁﬁmﬁmﬂmwQmﬁmﬂ'Jm%ummﬁuluﬁq@ﬂwﬁuﬁiﬂgﬂiumu@'hmu 54 Fiaating Tmﬂﬁmm’f}mﬁ@
AMAINNAY (pressure plate apparatus) fussduTaans 10, 30, 100, 300, 500, 1,000 waz 1,500 Alanna
AR (Klute, 1986) LaaN1sdszilunimiimasnisraraniuasnulagdiuma Dual porosity Analilsunsa
RETC (van Genuchten et al., 1991) LL@%mmzﬁmmimmﬁwmmwmmﬁuﬁ'ﬁLﬁumu@uﬂ’ﬂmaﬁ@ﬁndﬁ
2 Nadlns Anedstlilm (Gee and Bauder, 1986) uarAunmniasalnalinnnsueaasiu Ineldifesay
Tnetinuin AU AL L eamsdiulae | auntsTiauelag Possen and Lavee (1994) UAMIINITULNGN
wsivaaniuiesas 0-5, 5-15, 15-35 Lazu1nNnan 35 tneilFumg
4. NIIATISRTRYRNNADA

Futls Tl s BeudiansrAnsnateednaniTunsnant HEann LN (predicted) 1ag
lilsngs DISC ﬁ”ura“mmmmmﬂ%mﬁﬁﬁiﬁ@mmiwm@@ﬂmmu (observed) azldfn R-Squared (%), AN
parameter Optimization () (éqﬁﬂ"]f;ﬁ@'\iﬁm’mgnrﬁ”vamamw’hummn), A1 Root mean square error (RMSE),
Fin Mean error (M E) La23tA31¥4 Pearson correlation () Aaalilsunan SPSS lunnsifFauiiauamanuuanmng
drafunazANNLANANgTee LAz TuwsagAs IneA RMSE kay ME Auateldannasnnis 18 uag 19 AMuaiaL

RMSE = /1/N 3 (¥,1 — ¥2)? [18]
ME = 1/N lev=1(yzl = YZZ) [19]

\Ha N Aednuaudaya, y,, Aedeyatanvilias y,, Aedeyalutaiass (Beatens et al., 2009)
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1. mmwﬁflﬁﬂuauﬁiﬁ'mnms‘l.lfa""Lﬁu‘imﬂmmi’mn'\ﬂmsn%uﬁﬁm.n_lLteqﬁqnﬁ'u

memimmmmmwmmwmwummmmumnmqnu (0,-30, -60 WAz -120 mmum) mn@mm
maumnmuﬂuumvaﬁma (Figure 2) i1 FuasdusaraaRAYINAL 0 HaALumAs mﬂmm@ummmm
£ gnnmaingi ( K, 1431 IV1 JAngegatyiniu 257.57x10* iusiums/und Tmmummm’nﬁ AN, LJ uasis
V2 whﬁu 173, 1.46 uay 173 Wimnuan s Tuansidie isedusa aan AR <30 a1fa -120 Taluas
ANWENTN Ko Ko K 12050833 LJ NAUTAIG3E R iU 50.76x 107, 5.92x10° ua 1. 33x10 [IURNAT/UNT
ANNANAL Imﬂmmmmmﬁ AN, IV UaZa% 1V2 34 3.65, 2.82 uag 182 Wi Ausadusaransivinfy -30
TAALAT LARENlsARUT LT LA ANEA SN -60 Uaz -120 BaRILAT anniininlaedd L HANGININTD

AN, IV1 BaZa V2 winiu 1.53 , 1.79, 1.28 W1 WAz 1.36, 1.69 way 1.43 Win ANNATAL
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Figure 2 Box plots of mean hydraulic conductivities in different pressure heads (0, -30, -60 and -120 mm)

measured by the tension infiltrometer and in different calculation methods of Ankeny et al. (1991)
(AN method), Logsdon and Jaynes (1993) (LJ), Simt@inek and van Genuchten (1996). Boxes

represent the mean and the 25" and 75" percentiles, while the whiskers (error bars) indicate the

10" and 90" percentiles.

1 o a s o ,DJ 1 o/ & 1 dl v o 1 1 1 lﬂl v a
AduUsz@ng nsunun luus azussdutarianfiduailaainnizaniuans 1aldAnfuiasa
(Verbist et al., 2009) 4Tl ALARIAIANLANANIRIANINTIUN WAz uITUTAAI 4518993 AN, V1 WAE

IV2 gingiAn ME waz RMSE (Table 1) i3auiiisuniuis L) T9Ralun13maaaeaiuananeaannuan1smaaeded

Verbist et al. (2009) AL AnNTIAE VA {Agan31a8 AN uay LI lunnussdutarians uidanndas
AUHANNIMAREU04 Simiinek ef al, (1998) NLI9N AAUMANNISA LI IL0Y Wooding's §1A144n4133 Inverse
%'\rﬁ@LLmﬂ&mﬁum@L‘fimmmnﬁnﬁmzwzﬁvmgmmmﬁuumzﬁ“ﬂwmmmLﬂ?:mﬁ@ﬁt,mﬂﬁmﬁu (Angulo-Ja-
ramillo et al. 2000) usagnelafinng anENAlEArAE Inverse (IV1 ez IV2) Lazds Wooding’s (AN LAz
LJ) Iumawmamﬁﬂ”\imﬁmfag”lmmﬁmﬁu‘imL@Wﬁﬁ@ﬂﬁﬁﬁ% V1 §UA% AN S9ganAdadiuEanImaaes

2489 Ramos et al. (2006)
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Table 1 Indices for the hydraulic conductivity for different pressure head (0, -30, -60 and -120 mm)
calculation methods of Ankeny et al. (1991) (AN), Simtinek and van Genuchten (1996) with K,
as a free parameter (IV1) and Simtinek and van Genuchten (1996) with K_, fixed at AN method
(IV2) relative to the method of Logsdon and Jaynes (1993) (LJ).

sat

ME RMSE

Method Saturated -30mm  -60mm -120 mm Saturated -30 mm -60mm -120 mm

(cm/min x 107)

AN 0.273 0.368 0.021 0.004 1.157 1.563 0.087 0.015
V1 -0.812 0.328 0.026 0.005 3.447 1.391 0.111 0.023
V2 0.273 0.228 0.013 0.004 1.1567 0.967 0.055 0.017

2. Use&NBuA2R995 Inverse

HANNTAN AN LN UEN LA U AN EN NI UL NI T AT UNINTNUN NS A b asariUS R
WNTNTNUNNU ARSIV wag V2 wuqn fiauds ( P, RMSE way ME ) fusueniailsz@nsuavesnns
MUNLNATDIFAIINTUNINTNUNVBINIED998 Ld ALY BRIIN1TUNINTNENN FaInANune A Ing
P v o = 3 vy ; —== % = % vy
WeAusmsnsunsndNsing lsannnismaaed g (Figure 3) (Table 2) Inefgmanasunsndsuing lsann
NININERAIGININERINITUNINTNEIN LA NNNINAsBNANTRY TeaxnsnNasunliaandl ME iy
19N TR0 ARFBINUNIINARDIT93 Beatens et al. (2009) Mldasiatiulunisilsuiingnianiinieaadans
aspuuLAediu Tuanusinafansan lunaaz3anis wudd a3 V1 Jensauilstauanialsdnsuaraanis
VNWEAINGTE V2 Ynsauls ansieieainensanseudnadnanIsunsnanunazany liannsnaseie Ly
FRIINITUNINTNUNGZANN LHRINNNINTUILNUIINITNIZABFIURININE RPN TUNINTNLNG=AN 113D V1
o o v 1 aal = o Syn B [y - . i i & N Yo =
anwuzaesdudeyataundalids v2 Daudilullsadayandnadasuulianunuannnasedraiulédn (35
V1 I ALNUANNINFTBINTINNINNINAT IV2)

Table 2 Results of mean evaluated indices of observed vs. predicted cumulative infiltrations obtained by
method of Simlinek and van Genuchten (1996) with K

by AN method (1V2) using DISC program with initial parameters from water retention measurement.

as a free parameter (IV1) and fixed K,

sat

RMSE ME
Dataset @ (x107) N' r’ P
(cm)
V1 4.326 36 0.999 0.261 0.168 0.996
V2 8.869 36 0.995 0.420 0.227 0.996

"Number of cumulative infiltration measurement plus number of water retention measurement.
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Figure 3 Scatter plot between observed cumulative infiltration value (y-axis) and predicted cumulative

infiltration (x-axis) by method of Simlinek and van Genuchten (1996) with K_,, as a free
parameter V1) and fixed K. by AN method using DISC program (IV2).

3. AMNANWUSARILT I LA UALENI WL ARIAY
HANNFRLATIZITANANTR TR BN ABAUTIAN NN IeAUNanaxFasewn (K, ) Taanis

MANNANAUS (Pearson’s correlation: p) (Table 3) wuan K, luusazaan1slanduiusludeauiuBun

a 1 1l o o o aa 1 A dl a A =§I é‘ a o U a édl
wediu adeliidedAyneada narmne WelRunoudsiudAndinuiniudnainld K, Jaanas Inaf
3% V1 wanvanduiusgegn (p =0.169) dailunsiznistmsziBuiniasiiugatnszuaniiufaat19Aud
Funsdaudnndn lugninase M IFRUTuiunuanssllananiwauan (Sauer and Logsdon, 2002;
Verbist et al., 2009 and Novak et al., 2011)

Table 3 Pearson’s correlation between volumetric rock fragment content for K. in different calculation

sat

techniques of Ankeny et al. (1991) (AN), Logsdon and Jaynes (1993) (LJ), Simlinek and van
Genuchten (1996) (1V).

Method AN LJ %

Pearson correlation -0.012 -.047 -.169

Number of sample (n) 18




66 NTATNBATNIZABNINGN

450

400 +

350 A

i

300 A

250 A

K5 {cm/minx10

200 A

150 A

100 T T T T T T

0 10 20 30 40 50 60
Volumetric rock fragment content (%)

Figure 4 Mean hydraulic conductivities by varying pressure heads (0, -30, -60 and -120 mm) of the IV
technique (Simtinek and van Genuchten, 1996) related to different volumetric rock fragment
content (0-5, 5-15, 15-35 and >35 %). The whiskers indicate standard error of rock fragment
content(lateral direction) and standard error of hydraulic conductivities (vertical direction)
exceptin Rv>35 %.
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