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Article Info ABSTRACT

Article type: Background and Objectives: Recently, pseudo-continuous transfer
Full Length Research Paper functions (PC-PTFs) have been introduced for estimating soil water
retention curve (SWRC). The M5 tree method is similar to regression
trees, where linear functions are located in its leaves, and it has a high

Article history:

Received: 04.09.2024 capability in creating transfer functions. These functions are highly
Revised: 05.20.2024 sensitive to the power of machine learning algorithms. However, so far,
Accepted: 05.20.2024 the powerful M5 tree method has not been used to develop PC-PTFs for

a wide range of soil textures. Additionally, the effectiveness of some soil

structural variables in improving PC-PTFs has not been investigated, so
Keywords: far. Furthermore, the dependency of the error distribution of PC-PTFs
Estimation error map, . . .
Field capacity moisture content, O™ soil textural triangles to various factors has not been deeply
Non-linear regression, " examined. Therefore, the objectives of this study were to develop
Organic matter, PC-PTFs using the M5 method, investigate the effect of soil structural
Saturated hydraulic conductivity ~ variables on the performance of these functions, and examine the error

dependence of these functions on different factors.

Materials and Methods: A total of 120 soil samples were collected
from depths of 10 to 60 centimeters, with agricultural, orchard, and
pastureland uses of Tehran and Hamedan provinces, and soil texture,
bulk density (BD), SWRC, saturated hydraulic conductivity (Ks),
organic matter (OM), mean weight diameter (MWD) of soil aggregates,
and penetration resistance at 300 hectopascals (PR300) were measured.
Thirteen PC-PTFs, in three groups of inputs, were developed to estimate
SWRC, using M5 tree and non-linear regression methods. The error
distribution of all PC-PTFs was plotted on the soil texture triangle,
according to root mean square error (RMSE).

Results: In the first function, soil suction was used as the only
estimator. A non-linear regression model produced an acceptable model
for the first function with a R* of 0.718. In PC-PTFs 3 to 6, components
of soil texture, BD, and FC (at 300 hPa matric suction) and PWP
(at 15000 hPa matric suction) moisture contents were used to estimate
SWRC. The R for these functions ranged from 0.719 to 0.990,
indicating an improvement in the performance of SWRC estimation. In
the M5 method, the use of FC significantly improved the model
performance and created an optimal model, resulting in RMSE of 0.015
and 0.020 cmPcm™, and R? of 0.987 and 0.973 in the training and
validation stages, respectively. In the M5 method, any function using Ks
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and MWD as estimators showed significant improvement compared to
PC-PTF4, which used soil texture components and BD as estimators.
The AIC values in both training and validation stages in the M5 method
were 37% to 283% and 111% to 157% lower compared to non-linear
regression, respectively. The error distribution on the soil texture
triangle showed no dependence on soil texture but was related to the
method of creating PC-PTFs and relevant input variables.

Conclusion: A powerful artificial intelligence methods can be employed
to create a comprehensive model for SWRC. This would eliminate the
need for users to rely on various SWRC models such as van Genuchten
for different soils. Incorporating a set of soil texture and structure
variables increases the accuracy of SWRC estimation. However, among
structural variables, those indicating pore size distribution were more
suitable for SWRC estimation. The greater impact of FC compared to
PWP demonstrated the higher efficiency of moisture in intermediate
matric suctions for SWRC estimation. The robust algorithm of the M5
tree method identified some patterns of relationships between input and
output variables that were not detectable by non-linear regression.
Considering the dependence of error distribution on the soil texture
triangle to the method of creating PC-PTFs and input variables,
categorizing error distribution maps should be done based on the
mentioned factors.
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4- Bulk density
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Table 1. Grouping and inputs for thirteen pseudo-continuous pedotransfer functions in estimating soil water
retention curve.

Lo, el 055
Inputs PTF Group
h' 1 (First) J
hTexture 2 (Second) ¢ 5>
hSC 3
hSCBD 4
hSCBDFC 5
hSCBDFCPWP 6
hSCBDOM 7
hSCBDKs 8 (Third) ¢ ;..
hSCBDOMKs 9
hSCBDMWD 10
hSCBDPR300 11
hSCBDMWDPR300 12
hSCBDOMKsMWDPR300 13

Sk Solia Ks N asle OM (s alb o pase o BD (opdlie S oy Jlhe € Sk O K sle (2K th 358 Jpr 55 f
ok o T15000 (PWP)- TO 5 SISl s ¥ov 28 53 (5,53 woslie PR300 dasilasls Jla3 555 Sle MWD gL
15 (S35 il Cusby PWP (Ul pSa Yo 280 53 cugby) o5 cod b cosby FC (Il pSa Vorns b 286 55 oo

(ISl 5Sa V00 v r (2S6 55 b y)

T, In the above Table: h: soil water matric suction, C: clay, S: sand, BD: bulk density, OM: organic matter, Ks: saturated
hydraulic conductivity, MWD: mean weight diameter of soil aggregates, PR300: penetration resistance at 300 hectopascals,
TO - T15000 (PWP): volumetric moisture content at 0 to 15000 hectopascals., FC: field capacity (moisture content at 300
hPa matric suction) and PWP: permanent wilting point (moisture content at 15000 hPa matric suction)

1- Penetration resistance
2- Kolmogorov-Smirnov
3- Variance inflation factor
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1- Classification and regression trees
2- Accuracy
3- Reliability
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Figure 1. Distribution of soil texture of the studied samples on the USDA soil texture triangle.
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Table 2. Statistical characteristics of the studied variables.

T10 TO PR300 MWD Ks OM (%) BD S ol
(cm3cm'3) (cm3cm'3) (kPa) (mm) (cm h'l) o (gcm&) (%) (%)
Sk
0.34 0.36 742 0.76 1.14 1.59 1.44 48 21 TR
Mean
<le
0.34 0.36 745 0.74 1.09 1.61 1.43 44 20 j
Median
31kl Sl il
0.07 0.07 45 0.36 0.31 0.65 0.07 17 11 Standard
Deviation
5|
0.16 0.19 626 0.15 0.66 0.27 1.28 13 3 Sl
Minimum
S|
0.50 0.52 853 1.63 1.87 2.69 1.58 89 44 Al
Maximum
>0.15 >0.15 0.718 0.023 0.022 <0.01 0.092 <0.01 <0.01 p-value
MWD "3 ] ] NS NS s
Transformation
TIIJ%(\)/(;O, T5000 T3000 T1000 T300, FC T60 T40 T20
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Sk
0.08 0.10 0.17 0.19 0.22 0.27 0.29 0.32 T
Mean
<le
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Median
3 1kl Sl il
0.03 0.04 0.06 0.07 0.07 0.07 0.07 0.07 Standard
Deviation
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s
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Yorus Ur 5S35 ez Cusby o 4y T15000 (PWP)- TO 5 JICul 588 Yor o 255 55 (S5, Cuslis PR300 (aailusl Jlas
osle u}.vw‘—u};}.als gj,ojp-value p Lol H:u‘ g.,JJv:a )‘7’1€f BE )}g.w‘ JLnf Ji).lo )‘ J{.\J NS E) \)}.w.b Ji_u J ‘Jl&wli}:.ia
i Jle s 5 dse L T
J(OM)=-0.0633132 + 0.636356 x Ln ((OM - 0.231063) / (2.78399 - OM))
i db s Jsep bpldl (Sdssdes colis
J (Ks)=0.360800 + 0.707555 x Ln ((Ks - 0.641147) / (1.90489 - Ks))
"In the above Table: C: clay, S: sand, BD: bulk density, OM: organic matter, Ks: saturated hydraulic conductivity, MWD:
mean weight diameter of soil aggregates, PR300: penetration resistance at 300 hectopascals, TO - T15000 (PWP):

volumetric moisture content at 0 to 15000 hectopascals, J: Johnson transformation, NS: transformation via Normal Score in
MiniTab software, p: p-value of Kolmogorov-Smirnov test. Organic matter was normalized with the following formula:

J(OM)=-0.0633132 + 0.636356 x Ln ((OM - 0.231063) / (2.78399 - OM))
Saturated hydraulic conductivity was normalized using the following formula:
T (Ks)=0.360800 + 0.707555 x Ln ((Ks - 0.641147) / (1.90489 - Ks))

1
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Table 3. Correlation between input and output variables (moisture content at different matric suctions).

T15000 T300

(pwp) 15000 T3000  TI000 (FO) T60 T40 T20 T10 TOf

02657 04507  0.409" 04777 04677 04717 04567 04437 0429™ 0430”7 C
-0.07 0.185"  -0340" 04007 -0374" -0378" -0364" 03597 03527 -0369" S
0.11 0.13 0.201" 0.17 0.15 0.17 0.16 0.16 0.18 0.201° Si

02497 03737 05967  -0.6127  -0.607"  -0.566" -0.547" 05257 04977 -0.489" BD
-0.09 0.00 02537 03287 03267 03547 03557 03767 03947 0407”7 OM
-0.04  -0295" -0.443" 05517 -0.532"  -0.5347  -0.520"  0.520"  -0.507" -0.502" Ks
0.17 0221 0230 0.16 0.15 0.11 0.10 0.07 0.04 0.04 MWD
-0.06 -0.05  -0.193"  -0.06 -0.07 -0.07 -0.08 -0.08 -0.09 -0.10 PR300

0.493™  0.6967  0.906™ 0992  1.000" 0978 09617 0.930™ 09047 0877 T300 (FC)

1.000”  0.833"  0.548" 04637 04937 05217 05267 0.5027 04917  0.481™  T15000 (PWP)

BRI PRVIRRPRYAY- Cl:wg)u_;,.a;;,w%;ﬁ*,”
il (Sdasdes coaa Ks (T esle OM s Al o pasin o BD oo Slie Si iyl S s i € G36 Jpr 557
oz Casby o ja T15000 (PWP)- TO 5 JSul S Yov 25 55 ($53,% Cwslis PR300 (el s S5y - Kle MWD
I gSaton s B e i 5s

* and ** indicate significant correlation at the 0.05 and 0.01 levels, respectively
T In the above Table: C: clay, S: sand, Si: silt, BD: bulk density, OM: organic matter, Ks: saturated hydraulic conductivity,

MWD: mean weight diameter of soil aggregates, PR300: penetration resistance at 300 hectopascals, TO - T15000 (PWP):
volumetric moisture content at 0 to 15000 hectopascals

T
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Table 4. Results of non-linear regression (NLR) method for thirteen semi-continuous pedotransfer functions in
estimating soil water retention curve.

el s
ok yhanylie Jke Validation Training Cj‘):
Comparing model PTF
AIC R%;  RMSE (cm’em™) AIC Ry RMSE (cm’em™)
61 0.716 0.066 1950 0.727 0.065 1
1 62 0715 0.066 1973 0.714 0.066 2
2 74 0.736 0.063 1851 0.739 0.063 3
3 88 0.757 0.060 1733 0.762 0.060 4
4 -155  0.859 0.047 1108 0.858 0.046 5
5 -156  0.859 0.046 1095  0.859 0.046 6
4 -89 0.759 0.060 1720 0.763 0.060 7
4 -89 0.760 0.060 1717 0.763 0.060 8
4 90 0.759 0.060 1705  0.764 0.059 9
4 87 0.757 0.060 1731 0.761 0.060 10
4 87  0.757 0.060 1732 0.760 0.060 11
4 87  0.755 0.060 1730 0.759 0.060 12
4 90 0.755 0.060 1694  0.761 0.059 13

Clalse s Sy glacadbls (ST Sledbl ae AIC (s o R dlas Sl o ke 5 sdome RMSE G4 Jsdr 7

Ans o OLE 1) o dmlie i b abgy o i Sl e sl (ST

. In the above Table: RMSE: root mean square error, R%: coefficient of determination, AIC: Akaike’s information
criterion. Colored highlights in the AIC column show the significant differences of that PTF with comparing PTF
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Figure 2. Distribution of estimated versus measured moisture contents for the validation stage of
semi-continuous pedotransfer functions 1 (a) and 2 (b) created using non-linear regression (NLR) method.
¥, h: soil water matric suction.
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Table 5. Results of M5 tree method for thirteen semi-continuous pedotransfer functions in estimating soil
water retention curve.

el gl

Validation Training e

Comparing model PTF
AIC Ry RMSE (cm’cm™) AIC R’ RMSE (cm’cm™)

a.u},.ix.ﬁ\.i» JJ.A

1 -131  0.830 0.051 1237 0.846 0.049 2
2 -160  0.862 0.046 584 0.911 0.037 3
3 -200 0.89%4 0.040 31 0.944 0.029 4
4 -376  0.972 0.020 -1635  0.986 0.015 5
5 -400  0.977 0.019 -1940  0.989 0.013 6
4 -203  0.897 0.039 15 0.944 0.029 7
4 0.904 0.038 0.951 0.027 8
4 0.904 0.037 0.953 0.027 9
4 -204  0.899 0.039 0.946 0.029 10
4 -198  0.8%4 0.040 33 0.944 0.029 11
4 -201  0.897 0.039 0.947 0.028 12
4 - 0.907 0.037 0.956 0.025 13

Clalse s Sy glaeadbls ST Sledbl ae AIC (s o R dlax Sl e ke 5 sdome RMSE G4 Jsdr 7
Ans e DL 1) o dmlie Wl b a0 wli Sl e sl (ST

T, In the above Table: RMSE: root mean square error, R%: coefficient of determination, AIC: Akaike’s information
criterion. Colored highlights in the AIC column show the significant differences of that PTF with comparing PTF

"



Ol G 9 (U L) [ o 3y91 2 (g1t JUT &ls Sl

S Y mb L awlie 53 L3S eslisel SWRC
S eslinal S e Olpea S Sl W08
Bl5 s Gl il gla b, e STl Ol
sy ciliie slagag,s elul s SWRC i i
5 el 3l Ol SWRC s iy Lol eyl
Gl S S5 00 ol S5 g
L mls S ssm (V00T) O 5 50, (88)
4 o |y S eess Ol gea Sl (slizl Sl esliza
I, SWRC 5,51 5 3 St sl IS 5 esbiza]
5 (VYY) OLen 5 Saly (£0) L5 S 5,158
oslil Ao 3.0V W S 5158 1) elin ams
Gl ize Olge 4 St Olale gl jaxls
<Ll & 55 SWRC 5,50 5 <ds 2l 55 6355
BD | esladd cle eaa () ol si
35l sbezel S LB 5 CEs s e S5 o se
(0 5t sbadsix) L3, SWRC
S 53 gk FC sk, O
Dy Bl o3l x5 4 bgiies (Il 550

Yoo

Olge a4 o sl SWRC I dhis & 5 o3
o par 4 3, 5 sl 3 S
2,5 dde bzl CllB 5 23 s s
S dilesls GLES (BA &Y 0) (ol OIS Zass
el bprass 53 SWRC abais 3 L G Sl eslizul
Aal = SWRC s slazel @bl 5 s il 53

L

3,80, 3se 5> PWP 25 fags ol s

FSeS atgmad ) &ls sk 5l SWRC
g S5 sy o3 O Sl eslizal &S1> s
Ao 5o ot Slaye S0k sodoms (o 5
Y5 e ooia hi bzl 5 il

Loy 0 VY ;M.?JSA.: M5 Ui')) BERNE S W )

1y

sadsds 53 A6 Y o guad cl‘,s) £ 09 S
AScw\eMM.uddﬁchpcuﬁo_}i
odd enls QLA by e Oste 53 o gdanslie GU
wu“?;\ycw;@nmc\j;.w\
LYY w5 5 (0 5 sladsts) Lo
oolol plal 5 (oI5 gme dnslie Llodis aslis &
ol sy Dosend el el plxdl AIC
el s oMl ST w4 by e J ke s ns

3l Sl eslinal e 8 O S5 R, U3
LS b 2 Sopess Olgee S
oSl K ke a8 Jadr) 5SS sl ) 1
sl Bl s S ocusb, e polie
iy (b o) ¥ &b s of el 5, Sesll
)'\ng.s\sohi;(\‘adi.i)\ GUA{W\)L;J;.@__,
Sy 95 hag el sl Y @U A @U
Py @b ks MS 5 et 0 S
Wl a8 e Jas ails L Sl o508 Sl
(EY) sl ais g @\js S FeS S G\‘)S 3
3035 oIS 1B Dolas 5 SEags ol Y mb
NENPPTIS I KPR c)

L g ol sl 0 U Y ats guad &l eles o
e b s e S el S Ay e e
53 3 6ol sas 350 FC 5 (68l 0 sa5ve
S [ I VIV [ ISVC IR R
35 PWP 5l eslaad (0 5 & sladsas) sl olis
55 SWRC s 50 g s cxpe A L
B U5 S5 o 03 s s SMS i,
5,55 sl (6550

53 (05t ladslr) lass ol @B
F S LTVEY w gt wls VL slezsl Sl



AEXA N D)Loa:} NE 5)95‘),-\,’.L.f. .ngSQJst).’.\odarw

o3lizel SWRC el )b 5 (slabais 551 sl
b o f OS5 & Sl MS (550 5 58
5 dwds odwdplil Ks (YY) g cdalis
Ll o3l &35 aiasly 5 odg Jblae LS:.NJ:.:
el cle amay (00) Conl S s 54 e
.Uﬂj.g slazel LB 5 35 s pme 3 g o 50 of
o (8 OLas 5 b 43,8 SWRC
5o e oo K 05381 4S5 s S 5158
R e

(0V) 555 0
e s Ks o bl sla e Ol 510
SWRC 3,51, ;5 oS b 30 MWD 5 o,
MS sy Lossel d e o3 hais &S il
ol ks S SWRC s 40, D3 gms Sgg g
)Jwﬁ)duwc’bbwh;@@@
(Y Jsd=) cedl MWD 5 Ks U calises gl 28
SWRC :)ﬂﬁ 53 Sols gae S PR300 5 OM ¥
SWRC 5,51, <35 » PR300 i ..sli ol
oA i b0l (Shees mlo L Gl
Casbs b e s Caglie Sals oo
5 S gl ez ol OLS Sass by St
opl 2o (0Y) ol slis S SIS W(YerA) Ssls
P05 G0sp Suslas wdd 5018 Ll elal
OF 5l Olgie 5 ol S Cusby 5l e o 2
Cle bl sl eslizal St Cusby e sl
03 S Coslis Sl eslanal candlas pl s aS oyl
i s B b Sl Ol e s 5,50,
oSl el Jle glas sl s o
S Il oS Yoo 5 s (g95s,8 Cwslin
Sosp Saslie 52U 5 oS G pdi e ol ) s
Sl (OY) el St (S gla S s S

A

PWP LS sl S 3l amgS cpl 3ls halS
S Shils s s 3l s SWRC 550, 55
s e 0LE 1y beesls Ol (g S gl 55 M5
Spt et 2 (V8AY) e oS5 oo
51 eslizal L SWRC 3l bl glas,sl . cds

(F4) K505 A8 1) St O, PWP
03,5 ol 53 O B Y i gmad wl5) p o 03 5
Ol sla,in 3 OM 5l diss slacS 5
S edle Lol e Suss Olypen S
e 2)ls gl oo o2 5 ) S
mwuﬁzcu@upuoigu,x,m
(b 8 O SH Sras 2 (0 5t sladsas)
05,5 ol Blol sla e Sl S Sl eslizd
o500 wgmand JUE mlg 53 olsne s
S b a MS iy, 5 bl 5SS sl SWRC
Sp A eslizal S Olgea Ks 3 0T s
5 Shisel A e 53 a5t b 4 Sl (Gl e
o sldie Sl sl Ol e lael
A o (8 Ll e mU sl a4 el
405 o3litul S s Olgeas MWD 5l &S &b
B @ o3 e s sl Al e s i
s:le5e PR300 5 OM 1 sslizal Lol ols oL23 ¢
A2l b 4 Cond SWRC 3550 3 6350
Lo 4 Ol Saor ol @B bl 2l
o oslinal glatle gl e ) 5 sed oLl S
3l sla e 5l 508 e s s Sl 53
oeenn dzils SWRC 5,40, 53 BD 5 Sk
KB o O S5 s s o) e
250 68w EMS i) Wlass jasis
SIY) Sanly oy o8 568l arids 4 536
B 8 O S5 s MS aher Sl ks gla g,



Ol G 9 (U L) [ o 3y91 2 (g1t JUT &ls Sl

A 5o a0 S biess slazel CLB
s pmn sbar M5 5s, 55 amsliel 5 55 el
Byt b O SH 5l e s B
S Jde 65 s (TVE) OLKes 5 5 300 dens
Siledds 55 05 Ol sroaal b anlie ;s MS
L S15.(00) wa S SIS 1, Sk s of oS >~
S8l ly M5 iy, 5l 5o (OYAY) L
Sass ol alie il g ASe 5 usb)
2508 Sl b al s (l s a0l s S el
PR ST U R e Pl R S EPg F
VAL /MY 5 o/AYA /AU L Ll RMSE
Sl A e =k Seias &S izl Cewsas
s sk ol ksl A e s doles
&b e Slexr S (T YY) 0L 5 Saul, (V)
Co e g 500 Glanadile (elad al
Sl 3800 @l p M5 s 5 Laesls S
e b oo alie s She 5 L5 S el SWRC
13,8 GlS b b, s 4 s MS e s
()
e S gl oS cl I MS Jue g5 e
S le o b C eSS 5 b s S
Sy oS o sleesls & |y ot 0w S, Jue
Dbae S o oanle | et lade 5 oesls A5
oL oS o s b Ol bl Ol
Glal b by Sl eslinad (s cole @
Sl st 555, K CML“’ plie 3ls bl
MS o w01 ol e S ks
i e 5l gl malS Ll
Sl |y 508 Lol (o Sas  Dlla
s K Ly, opl b aSipla a5 L (0V) uS e

sy sl poie Jeiml S apd e sl S

1- Splits

By

23S Casby Sl 3yl sl embie L
St s ey il b
3ok 53 S by Sl b OT Sl e
S o Al 1y o ol 35 (F Jsr) e 2Se
oS dols ens OM osas 5 Js
Sl e 55 asby b Ol s e 5 W (Saean
OM Sepl & a9 L (Y Jods) conl il
Gl i 53 cusb, Locite (Shewes Ll
Olatles s ygr womge 5 (7 Jodr) o35 il
el ((07) 53 8 e gslualasls nlnl s S
a3 350 1, SWRC 5,515 &5 ol ol Uizl
28 S 6K e b 0T Saes WL
S OM sl s ) ole (ls 555 Je
BD 5 (-+/¥Y8™) (L s pme 5 e (Stras
Olgeas S BD 5 58 0y 5y (—0/810Y7)
3 eslizal e pents (Klokd Jde 355 S e
S 5 03,55 de syly dlal okl OM
55 3,55 skl SWRC 5,51 s 3 (gols s
selin 425 SWRC s, OM b 54
sl iS50 (VoY) OLes 5 Mleys Lo
Sl 5 (YOIA) Ol 5 63,505 (08) el
s bl wgmad JEEl lg s S WS
53515 35 3 b b 2 5eS OM ol Law s
(VW) il SWRC
95 LSWRC 3,50 5 sbezel colilB 5 o5 amslis
M5 5,5 3 NLR) ks & Ogm 5, s,
L SWRC 5,51 - slazel ol 5 b5 anslis gl
Sty DS (2505 Sla e b mls (s 52
LA alie SSBT bl ulel 0 sas
s g5 MS g, (05t glad i)

5 3y &Sl ol O aspas @U \Y <=L:.J



AEXA N D)Loa:} NE 5)95‘),-\,’.L.f. .ngSQJst).’.\odarw

S35 7 Sdstesr Do part 3550 glas w55
s S 0l 4 ]y S 5L s
sl S s 55 alie w5 s e 55 X
il s S 2 5l s Y &b Jbs Olsea 5
(ol 03 S o3lazul SWRC :)ﬂﬁ Gl S sl
RN TR P SR T
CLAWA{QSJ}Q@)JM{);\:QLL}\)U”L
S SRy s Fe sl el et e
Sy el s g oS e o sl s MS
S b e et M it g b
RN U YRR
fos w s sl i) G eaasols e
AL e cile 8L gl IS s e

s wlie o0y Sl Sy A o
mis bl Gl s el elis sl
g S Ll Sl ) ekl slml mls las
G wls Jols Jsl o3 S ap ol LU o5 S anr
bl wslits bS5 mls opl 0 S op t
S Olgea BD 5 Sl of (2K (bl
FC jlas wsp 50 &l s 05,5 LA esliz
05,5 L3S eslital S s Olgsa 50 PWP
PEFCEICH I A IPCORTIVRY TRV
(’JN L3 S esleal caslae Lgbjf&:&s;, Ol g
o 35 A 3 shuey S pl S cl S5 ow
e (6wl G‘}; 03 Py ep sesmis LB
S b mis el s B By s 0o
3 S Sl £ 4l S il

el il sl B

Ve

.:ﬁ&uﬂﬁ&ﬁp:d}f):m%ﬁ): ayls
S Col pl MS Cx s By Cupe S L
O 5SS () cxgs S e slaws
Cse a0 oS s3le o CART 050 S5 Ol s
! s b e Sl ol Jold b
o Sl M5 2p s 5385 adis g5
S S5 @Bl s a8 K s 1y a0 e e
e O S5 b oS penad &3 (6,550
.(O/\).,\:S&a.slegi\

e 555 2 wsmad JE wlg st m5 8
sl Slaye Kl jodome i 1S 3L
5 b b D SH s amlzel A
05 e S sl G gy o MS e s
S 0303 OLE AT 50 mly sl 5T sl S
Sues S wlul o Y 50 X aly ol el
Jodor) L alsil (63555 Sla e ¢ 50 Sloe il 5
lroab S opls 05,5 2 Al 2 0
o3 QLS gl o sl st e g bl
i 55 0 o Sl e (:Kle Hsdome 55 oS
sl a8 S S 5 SIS bl S sl
:)ﬂﬁ W gmacs  Jld! &5 sl SLAN
ol Saly S il Edie g5, » SWRC
Do 3 A s eles 5 ol Ol S il 4
e 51 26 Ly, o A il Sb S s
ple e liasolls Sl s Ol &l el o
Cgtd g slot Ol Sosil b
35 SWRC 5,515 6l iass cpl 5 odd sl

WS L3S oS 5 (YY ) (6558 ol S ks



Ol G 9 (U L) [ o 3y91 2 (g1t JUT &ls Sl

NLR-SC NLR-SCBDFC NLR-SCBDOMKsMWDPR300

- x X
R EIE R 5% 3% 3% % % 3 5 % 3 5 BB B B B
[%] Sand 50-2000 ym [%] Sand 50-2000 um [%] Sand 50-2000 um

3L e 55, (NLR) s 18 e S, o, v, il d o (emPem™) slas Sla o 5Kk ) gdone [SERUNS
g M s F Gy (o VF baidie s 55 A 50 0 (Cl) 4 o 51 o F0) dgmand ol 5 6l 5 S

(AL jo gz p o BD (d e S (e e Cilacdie (YL 35S ol e i3 :1C ) Jaw g MF
A 53 59595 Caglie PRI00 (ulasts s S35 oKile MWD gLl (S50 olia Ks ( JI sl :OM

(Il g8 ¥or 256) o)) b b casb, FC (JISul g5 Yo

Figure 3. Distribution of mean squared error (cm3cm'3) of non-linear regression (NLR) method at the validation
stage on soil texture triangle for semi-continuous pedotransfer functions of 3, 5 and 13, from left to right,
respectively. Inside the triangles, VF: Very Fine, F: Fine, M: Medium, MF: Medium Fine, and C: Coarse.

The abbreviations mentioned at the top of the triangles; C: clay, S: sand, BD: bulk density, OM: organic matter,

Ks: saturated hydraulic conductivity, MWD: mean weight diameter of soil aggregates, PR300: penetration
resistance at 300 hectopascals, FC: volumetric moisture content at field capacity (300 hectopascals).
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Figure 4. Distribution of mean squared error (ecm*em™) of M5 tree method at the validation stage on soil
texture triangle for semi-continuous pedotransfer functions of 3, 5 and 13, from left to right, respectively.
Inside the triangles, VF: Very Fine, F: Fine, M: Medium, MF: Medium Fine, and C: Coarse. The

abbreviations mentioned at the top of the triangles; C: clay, S: sand, BD: bulk density, OM: organic matter,

Ks: saturated hydraulic conductivity, MWD: mean weight diameter of soil aggregates, PR300: penetration
resistance at 300 hectopascals, FC: volumetric moisture content at field capacity (300 hectopascals).
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