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Extended Abstract

Introduction

The amount of available water in the soil for crop use, called available water (AW), is described as the capacity of
the soil to retain water and make it available for root uptake. Irrigation management, agricultural projects, and soil
water balance are some of the well-known practical applications related to AW. It is generally accepted that matric
potentials at -33 kPa and -1500 kPa represent FC and PWP, respectively. An attractive alternative to direct and
often laborious measurements of these soil hydraulic properties is their estimation using soil pedotransfer functions
(PTFs). The efficiency of PTFs is not the same in different locations and conditions, so the performance of each
PTF should be evaluated according to the soil characteristics of each region. The Sistan Plain is one of the strategic
border areas of eastern Iran and the edge of the desert. The main objective of this study is to evaluate the
performance of 23 different PTF models in predicting soil water retention at matric potentials of -33 kPa and -
1500 kPa in the Sistan Plain. In order to determine the best PTF that is appropriate for the conditions of the study
area, 100 soil samples from the Sistan region were used.

Materials and Methods

In order to conduct this study, 100 soil samples were collected from a part of the Sistan Plain for laboratory analysis
and transported to the laboratory. Particle size distribution (sand, silt, and clay) was measured by the hydrometric
method, organic carbon by the Walkey-Black method, and bulk density by the cylinder method. Twenty-three PTFs
were evaluated to predict water content (gravimetric and volumetric), including twelve functions for a matric
potential of -33 kPa and eleven functions for a matric potential of -1500 kPa. PTFs can also be categorized based
on the type of prediction, namely point and continuous PTFs, and in this study, point PTFs were evaluated. The
selection of PTFs is limited to PTFs that use soil properties that are present in the dataset of the present study. The
sum of squared error method was used to calibrate the models under study. In this study, NRMSE, ME, r, and RES
criteria were used to fully evaluate the models.

Results and Discussion

The results showed that the changes in the amounts of sand, silt, and clay ranged from 14 to 56, 27 to 52, and 14
to 57 percent, respectively, which resulted in the creation of textural classes of loam, clay loam, sandy clay loam,
clay, silty loam, and sandy loam. The function developed by Aina and Periaswamy (1985) with NRMSE, ME, r,
and RES values 0f 0.61, 0.15, 1.48, and -0.148, respectively, had the least closeness to the measured values of 633.
The results also show that among the PTFs examined for estimating 633, the PTF developed by dos Reis et al.
(2024) with NRMSE, ME, r and RES values of 0.10, 0.01, 1.04 and -0.012, respectively, and in the next rank and
with a slight difference, the PTFs developed by Oliveira et al. (2002) and Minasny and Hartemink (2011) with
NRMSE, ME and r values of 0.10, 0.02 and 0.05 (same for both functions) had the best agreement with the
measured values of 833. Meanwhile the function developed by Aina and Periaswamy (1985) with NRMSE, ME,
1, and RES values of 0.61, 0.15, 1.48, and -0.148, respectively, had the least closeness to the measured values of
033. The summary of the evaluation of eleven PTFs for estimating 61500 shows that the Dijkerman (1988) and
Aina and Periaswamy (1985) functions provided the best performance among the functions studied, with ME of
0.00 and -0.01, NRMSE values of 0.15 and 0.16, and r of 1.02 and 0.95, respectively. The function developed by
Oliveira et al. (2002) showed good performance for estimating 633, but it was the least close to the measured
values of 01500 with NRMSE, ME, r, and RES values of 0.84, 0.14, 1.83, and -0.138, respectively. Then, with the
aim of improvement, the high-performance economic functions were selected and recalibrated. In estimating 633,
the performance of both the dos Reis et al. (2024) and Oliveira et al. (2002) functions improved (albeit only
slightly) by reducing NRMSE (0.08) and ME (0.00) to reach r of 1.00. The Dijkerman (1988) and dos Reis et al.
(2024) functions also improved the estimation of 01500 with NRMSE, ME, and r of 0.14, 0.00, and 1.00,
respectively.
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Conclusion

The results showed that among the PTFs used to estimate 033, the functions developed by dos Reis et al. (2024)
and Oliveira et al. (2002) demonstrate the best agreement with the measured values. The functions developed by
Dijkerman (1988) and Aina and Periaswamy (1985) also provide the highest performance in estimating 61500.
The results of this study also show that some of the new functions presented in this field can provide good
performance compared to the basic functions in predicting soil moisture content. The performance of PTFs for the
study area is not affected by the number of their input components, and PTFs that require fewer inputs will not
necessarily have lower performance. This is because PTFs depend on the location where they are developed and
also on the soil structure. In order to improve the results of the functions of dos Reis et al. (2024) and Oliveira et
al. (2002) were recalibrated to estimate 633, and the functions of Dijkerman (1988) and dos Reis et al. (2024) were
recalibrated to estimate 61500. The selection of the aforementioned PTFs was based on high performance and
minimum required input components, or in other words, the economy of the function. Recalibration further
improved the performance of the aforementioned functions. 633, 61500 and AW are key components in a wide
range of studies such as crop modeling, hydrological modeling, water resources management, soil nutrient cycle
modeling and soil pollution modeling, therefore the results presented in this study can be used in predicting soil
moisture content and AW for the study area, using the soil pedotransfer function technique as an input parameter

in various modeling.
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Fig 1. Geographical location of the Sistan Plain in Sistan and Baluchestan Province of Iran
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Table 1. List of the selected PTFs used for evaluating 633 and 01500 of Sistan Plain soil

Pedotransfer functionst Source
Ws3(%) = (7-38+0-165I+0-3CL+1-50M —3-77)0-957! .
Wys00(%) = —4-19 + 01951 + 0 - 39CL + 0 - 90M Pidgeon (1972)
Ws3(g/g) = 0-065+ 0-004CL Lal (1978)

Wis00(g/g) = 0-006 + 0 - 003CL

W33(%) = 67-88+ 05554 — 0 - 13BD
Wisgo(%) =2-134+0-31CL

Aina and Periaswamy (1985)

Wy5(%) =9-93+0-29(CL + SI)
Wis0o(%) =1-07 +0-27(CL + SI)

Arruda et al. (1987)

W,3(%) = 3697 — 0 - 3554
Wic00(%) =0-74+40-39CL

Dijkerman (1988)

Was(Kg/Kg) = 0-00333SI + 0 - 00387CL

Wisoo(Kg/Kg) = 00003854 + 0 - 0015381 + 0 - 00341CL + 0 - 03086BD

Oliveira et al. (2002)

033(%) =56-37 —0-51SA — 0-27SI
01500(%) =071+ 0- 44CL

Adhikary et al. (2008)

033(%) =56-5—7-49BD — 0 - 34SA

01200(%) =795+ 0-860C + 0-4CL — 0 - 004(CL — 37 - 7)?

Minasny and Hartemink (2011)

Ws3(g9/g9) = 0-4193 —0-0035S4

Wise0(g/g) = 0-0841—0-0015954 4 0-0021CL 4+ 0-0779BD

Botula (2013)

01500(m3/m3) = 0-0112BD X CLY755

Tian et al. (2021)

033(m3/m®) = 0-30488 — 6- 228 X 107*SA> + 0 - 0073864SA%>LnSA

0,200(m3/m?) = 0-0302 4+ 0- 0066CL — 6 - 12 x 10~7CL?

dos Reis et al. (2024)

B2(cm®/cm®) = —0 - 001254 + 0 - 00215] + 0 - 3350 (Linear)
02:(cm®/cm®) = —0:013¢ + 0 - 271CL"°°* (Nonlinear)

Jaefarzade Andabili et al. (2025)

+ Wi3, Wiseo, 033, 01500, SA, SI, CL, OM (OM=1.7240C), BD, ¢: gravimetric and volumetric soil-water retention at matric potential of —
33 kPa and —1500 kPa, sand (%), silt (%), clay (%), soil organic matter (%), soil bulk density (g/cm?), total porosity (cm’/cm?)
respectively.
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3 Residual
4 relation between predicted and measured 0

byl syl €-Y-Y

i) sl ohSdngsy by il bl iy cuaz
Ol 9 sl o dlpsiiy g bl by Jae 5, Slee ( oxinw lzel)
&y ddny Slee | daJae JolS 251 jslatedr gy
s Sle o (NRMSE) 15 Jloy slollss 5l
polie oy ciglis [y a8 3(RES) oxile B o)le] *(ME)
Egome (0 Cod rt b)Loi 9 0D d);ojlbl 9 04 gyl
2o & (B) (w)p 2y90 st I odd opiey polie
Willmott, 1984; ) 13,5 okl ccul (M;) 0ids (5 pS03l]
y3lis .(Bellocchi et al., 2010; Haghverdi et al., 2012
5 DglneS Bl i Sl St g SeS T
5 e ME jlie (pzen s alsi 0005 25l ot
¥ 0205 slnoia 5 sleeS Sl e 5 cute
il 00 &) 5 SYolee O ygods joSde (slavo,lol it

v ?:1(Pi - Mi)z/n )

NRMSE =
n M
ME = =1 (P — M) ™)
n
A P
== )
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! Normalized root mean square error
2 Mean error
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Table 2. Summary of the selected descriptive statistics for the studied 100 soil samples

Sand (%) Silt (%) Clay (%) BD (gr/em’) OM (%) 03 01500
min 14 27 14 1.35 033 0.18 0.11
max 56 52 57 1.60 3.20 0.38 0.27
avg 30 34 35 1.45 1.40 0.28 0.14
SD 8.12 6.02 8.60 0.11 0.74 0.04 0.04
cV 31.40 15.96 30.51 5.49 45 13.40 24.20

T min, max, avg, SD, CV: minimum value, maximum value, average, standard deviation, coefficient of variation respectively.

“Y00 e 5 JRWlshS TV G5l Juiily 5 SB Cagb) diuly S yaiio o (551300 g (1) gy (Sansod al o —Y Jgor
S G oo g (JISCwlygls

Table 3. Pearson’s correlation coefficients (r) and significance between dependent variables (soil moisture at -33 kPa and -1500 kPa
matric potentials) and independent variables

Matric potential Sand (%) Silt (%) Clay (%) BD (gr/cm?®) OM (%)
033 r -0.95%* 0.83* 0.94* -0.87* 0.72*
01500 r -0.95* 0.86* 0.94* -0.87* 0.72*

*Significant at 1% probability

S ol bl e b wlg ple b dwlie o 1, SuisTy,
L dos Reis et al. (2024) lwgy 4Bl dawgi ol & cunl
/Y Ve ply cwiya RES g1 ME NRMSE ,5lis
ol (s pSojll polio U1y sllail oy 5yt =</ g V/+¥
dos Reis et al. xb a5 cusl S5 4 p3Y ol aily 033
ol )l dinej cpl 0 &S Cawl (il o Saas 3l (2024)
Wilgi e 5 aige ol 53 0ad &) s @lgi 5l (S Wl
Cugby St 2 Sk @lp b oamlie 3 068 5Sles
MR L gt 4y 50 aled &) Calises (gl sl (o S
QOliveira et al. (2002) lwy 4Bl axwg PTF Sl
L Pidgeon (1972) ¢ Minasny and Hartemink (2011)
el ply e e RES g (+/+Y) oLy ME
Ayl odds (6 So3lul ysolde 1) 5y Shas oy ying <[4V 5 +/+3Y
@ ol 38V JSE Sbabges (SaSly (oyp b )S
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ME U Adhikary et al. (2008) ¢ Lal (1978) lawgi azdly
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&b 85143l 59l i wlgs ol 9 263,55l od (5,50 5s)
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Table 4. Statistical performance indices for the evaluated pedotransfer functions (PTFs) in estimating 033

PTFs NRMSE ME r RES
Pidgeon (1972) 0.12 0.02 1.06 -0.019

Lal (1978) 0.20 -0.05 0.84 0.051
Aina and Periaswamy (1985) 0.61 0.15 1.48 -0.148
Arruda et al. (1987) 0.34 0.10 1.33 -0.101
Dijkerman (1988) 0.15 0.04 1.12 -0.038
Oliveira et al. (2002) 0.10 0.02 1.05 -0.016
Adhikary et al. (2008) 0.13 -0.03 0.89 0.032
Minasny and Hartemink (2011) 0.10 0.02 1.05 -0.017
Botula (2013) 0.37 0.11 1.36 -0.111
Dos Reis et al. (2024) 0.10 0.01 1.04 -0.012
Jaefarzade Andabili et al., (2025)-L 0.20 0.05 1.17 -0.053
Jaefarzade Andabili et al., (2025)-N 0.22 0.06 1.19 -0.058
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Figuer 2. Measured versus predicted soil volumetric water content at —33 kPa
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Table 5. Statistical performance indices for the evaluated pedotransfer functions (PTFs) in estimating 0,500

PTFs NRMSE ME r RES
Pidgeon (1972) 0.39 0.06 1.36 -0.060

Lal (1978) 0.26 -0.04 0.79 0.035

Aina and Periaswamy (1985) 0.16 -0.01 0.95 0.009
Arruda et al. (1987) 0.60 0.10 1.58 -0.095
Dijkerman (1988) 0.15 0.00 1.02 -0.003
Oliveira et al. (2002) 0.84 0.14 1.83 -0.138
Adhikary et al. (2008) 0.27 -0.04 0.77 0.037
Minasny and Hartemink (2011) 0.23 0.03 1.18 -0.030
Botula (2013) 0.76 0.12 1.74 -0.122
Tian et al., (2021) 0.26 0.03 1.21 -0.034
Dos Reis et al. (2024) 0.23 0.03 1.18 -0.030

2 Nonlinear ! Linear
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Figure 3. Measured versus predicted soil volumetric water content at —1500 kPa
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Table 6. Statistical performance indices of the original pedotransfer functions compared with the recalibrated pedotransfer functions
for predicting soil water content

PTFs

NRMSE ME r RES

033(m3/m3) = 030488 — 6- 228 x 10-*SALS

igi 1 01 1.04 N
Dos Reisetal,  Original PTF +0-0073864SA°5LnSA 01000 0.012
(2024) Recalibrated  035(m3/m3) = 0-40842 — 4 - 354 x 10~*SAS
PTF +0-0002274SA%5LnSA 008 000 1.00°0.000
Oliveira et al. Orlgln'al PTF Ws3(Kg/Kg) = 0-00333S1 4+ 0-00387CL 0.10 0.02 105 6
(2002) Rec‘g‘ﬁfated Wss(Kg/Kg) = 0 - 0034551 + 0 - 00329CL 008 000 100 0.001
Dijkerman Original PTF Wis00(%) =0-74+ 0-39CL 0.15 0.00 1.02 0.0'03
(1988) Rec‘g‘ﬁfated Wisoo(%) = 3-15 4 0+ 29CL 014 000 1.00 0.000
. B1500(m3/m3) = 0-0302 + 0 - 0066CL — 6 ;
dos Reis ef al. Original PTF 12 % 10-7CL3 0.23 0.03 1.18 0.030
(2024) Recalibrated B1500(m3/m?) = 0- 0314 + 0 - 0051CL — 2
oTF 68 % 10-7CL? 014 000 100 0.000
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