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Background and Objectives: Estimating soil hydraulic properties using

pedotransfer functions is both feasible and commonly practiced, leveraging
readily measurable soil properties as input data in soil and water research.
These estimated properties are essential for evaluating water and solute
movement, as well as for managing water and salinity at various scales. The
accurate description and estimation of soil water retention curves have been a
primary focus of research for over six decades. However, estimating
coefficients in empirical models remains challenging and time-consuming.
Consequently, pedotransfer functions (PTFs), including neural network
analysis and texture-based tables, have been employed to predict SWRC
coefficients. The ROSETTA software package estimates soil hydraulic
properties such as van Genuchten model parameters using a combination of
bootstrap and artificial neural networks. Despite the use of pedotransfer
functions for predicting soil hydraulic parameters in Iran, no study has
specifically examined the application of these functions in estimating
hydraulic parameters across different soil profile layers, particularly in salt-
affected soils. The objective of this study was to evaluate the performance of
the ROSETTA pedotransfer functions in estimating the hydraulic parameters
of the Van Genuchten model across different layers of soil profiles in the salt-
affected soils of the Sistan Plain, assessing these as preliminary input data for
water management and salinity evaluation.

Materials and Methods: A total of 312 profiles was excavated in the Sistan Plain.

Based on field observations and morphological characteristics (including
color, texture, structure, presence of carbonates, gypsum, and roots),
pedogenic (genetic) horizons were identified in each profile (ranging from 3
to 5 horizons per 100 cm profile). For statistical analysis and modeling
purposes, the identified horizons were grouped into three pedogenic layers:
surface (first), middle (second), and subsurface (third). Physical soil
characteristics, including the sand, clay, and silt content, as well as bulk
density and saturated hydraulic conductivity, were measured for each profile
layer. Soil hydraulic properties, including Ks and the parameters of the van
Genuchten model (residual (0r) and saturated (0s) soil water content, inverse
of air entry pressure (a)) and soil pore distribution (n)) were estimated by the
ROSETTA software package. In order to evaluate the results, statistical
indices of root mean square error (RMSE) and Nash-Sutcliffe coefficient
(NSE) were used to compare the measured saturated hydraulic conductivity
and saturated moisture with their estimated values.

Results: According to the results, the highest standard deviation among the

estimated hydraulic properties occurred for Ks in all three examined layers.
The estimated Ks values were significantly highest in the third layer,
followed by the second and first layers. In contrast, the estimated 0s and 6r
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values showed a significant decrease with increasing depth from the soil
surface, while the n parameter showed a significant increase with depth. No
significant difference was observed for a between the profile layers. A
significant correlation was obtained between the estimated hydraulic
properties and the measured soil properties, including bulk density, and the
percentages of sand, silt, and clay. The measured values of saturated water
content (0s), field capacity (FC), permanent wilting point (PWP), and plant
available water (PAW) showed positive and significant correlations with clay
and silt content. There was no significant correlation between the measured
and estimated Ks values. Furthermore, the RMSE and NSE values from the
regression relationship between measured and estimated Ks were 16.41 and
-0.11, respectively. The RMSE and NSE values for the regression
relationship between measured and estimated saturated water content were
0.06 and -1.11, respectively. The negative NSE values indicate that the mean
of the measured data provides better predictions than the ROSETTA
estimates, confirming the high uncertainty of the ROSETTA model in these
salt-affected soils.

Conclusion: Analysis of the RMSE and NSE values from the regression
relationship between measured and estimated Ks revealed high uncertainty
in ROSETTA estimates for salt-affected soils, indicating a potential need for
the development of regional pedotransfer functions that incorporate soil
chemical properties (such as salinity and sodium content) as input variables.
Also, more detailed considerations are suggested for soil and water
management in the region.
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ROSETTA (g)l38lpy atun jl (395 09 Jao sloyiel)l
S r9ealS doliyy (2001) Schaap et al .. eslawwl (Uj4))
Sl g oS g5 3l J als iy Jolis a5 |, ROSETTA
CullbaSS oo dud pesd slp |y casl egins uac
313 dmgs (gLl pt g glusl (Sgpmn colan 9 S
byl Gogte el Jusl @y sl dluds
S8 L) 35000 (53555 soosls jl oslitul L (Slg)a
pPgae (g « S C8L) o3 S (639)9 ol b (8L
LS o walp 1) (O cslsaSs aats 93 b S (s pmlls
S Shy w35 pgalear Glaoh ol 2
059 9 SB el il Sl bg5 sbeodly ( Sdgyun
sd (Sgpher G Shy (e lp b pogate
S GaY ol sl 4 dsgi b .ad)S )8 ealawl 540
Zhang and Schaap lewg a4l Rosetta-v3beta aseus

sl 00 Uw;yd«ob)) uy;b )])Slf)a Jel &S (2017)

e o ly el (VG) &5»5‘_',5 &b ad ealawl
S g Siw 5 glil e slaS o SB Ol sl

S (S0 sla Sy @S0l

S5 s 9 S g2 14l 03 )93 Cawd (sladiges
Jols SB  SO5d ol Shg ad 03d joue o Juo 93
Gee) 03)95 Cuwd sladiges )3 (5 yiag e yhg) 4 S 8L
Blake and Hartge, ) ¢ ,2lb JIX> (and Bauder, 1982
byl eyl eolawl b glusl (Sgyim colan o (1982
(Us) glsl cogb, (Amoozegar and Warrick, 1982)
(PWP) ls (S350 Cagl 5 (FC) 40530 Cubyls Cagb
Cusd gladises y> (Veihmeyer and Hendrickson, 1949)
BAS (680l (eSo e il Voo (o318 ilgial) 639508
Jaie Lolis j (PAW) 2lS (gl S5 oolisl LB f e
b dpaloes 0l Bl g de)je Cud)bo Cagbs,

SB (SJgymd s ol )b 3,91
Colin a5 (Sgyam (slaodls luad 4 ax g L
polie Cuabad pie ioan g S Gl gladyY (Sg)an
Wil B Sgyid el Sig oy glyt 0dd (4 y:S0jll
9 bl (Sdgyn cobin wile Jb Cusb; bl cugh

5 Plant available water



YEALY ojlad / Fr Ml /) S gla iagh ke i

ojlul glusl (Sdgpd colin Sko Hlade M abasly oyl
Gl pxin VB Culpg o (oo INSE jlade ol odd (65
g odd dyglp e o Jle bls,l 5ol NSE =\ liis
dle a5 o i NSE =+ lide .cuwl o (5,80l
ol (65505l ooly ko o3l 4y e b Hlas 5y50  (Sg
08 (5550318l . Sle NSE <+ oS Sloj bilds 3 .l 3,85
Ol & a3 g £y bl Bl Jao 4y S 50 (St
Cuwl 048 0313 s g8 puuS O ygu0 50 &S 085ko Bl il jlg LS50

Gl gy 50 bodly il lg I i

SB sa¥ (Sdgyus b Sy
Sapien 5 (Soid sl Shg 4 by sloobel
boadlas )90 saJidgn o SB il b oy
Jolia 53 ol sy Sl o ROSETTA Juo jl eolal
ols Ve Jgl &Y Ges p S Cuol oads edly lis YUY

il YA Glyoms aield ¢ yio Bl YA 4 jlade oy i e
so ol by gt lsp 9 Sl 5 lame Jelgs g yio
Olyesd 1085 )3 S50 Jelge 5l 0l g0 liams 09y s
s 355 G b Al ol 1A s &Y ac
Sis ol Joy @ 5Nk (gos " (Sutl Bl 5t Sz polie
St SRy on 2 BSE Jol aY 5 e Jdl 4Y »
35 sl (1980 pas b Olyess dbely op e ((Sgyen
@ ag b el cana (Ks) glsl (Sdgpan colia lp
il 01 (s ySoil s 5 oy cipd 3 palie pSilie
ol Cand 4y pg) adlbas 3y50 sla fdgp Jol 4Y S
VEUY jlcduw jlage b g o AV U5 5l i jlade oS a0
e Byl g (Sl o Sgo polie (o) 92 yise 1oy
g Lodly 39 Jlo i Sle &Y el 3 () 9 S ¢ @)
5 el (Sdgen colan () Jgaz) 092 o] o pSoslul e
Mo o ey 392 oy yef @iy b Ol @jg padls
boiye 3 ol &Y (Sdgpnen oSy om 53 sline Sl
Gl ool i ik 2292 (DISFA) glusi] Sl pien Colim &,
Gloss 4 Giltee i) g buwg osd 5,5 Ko jlaro
ool 033 535 WY B YS/Y ) by 5o 505 5 oo
3y Se goi o yimgly wlel » (Borek et al., 2021)
ool SB Sanls d Ko b bls)) 5 S5 sl 3l oy

* Skewness
* Kurtosis

van ) cul s odly L (3 daly) 0 &b opl gy 00 48

:(Genuchten, 1980
_ O=b (V) &
[1+ (ah)n="n

=0,
elsl Cogby Slade Bs (em® cm?) sxilo Bl cugb, lade
slayiel,bm g naem) S Ol Jewsls h oem® em®)
OMMP&E)b]%Jﬁ)?U:&AO&a d.fo.)yd)?d'
(U5) glsl cogb,y cla il ol ply ol S5 38lie o5l
55 (K)ol (Sigyien Colan () oxlo Bl Cosh,
Y ANWA Gl (@) lg» 39)9 (iSe (S g () ke @jy
3,5 35005 Ldgp YVY 5l SK

buog  (Sdokn sloShy aple 1w
039 b SRy pl om g (Steser ROSETTA
5 4P jshied Groxes D anlbxe SPSS 16 I3l
ilize oY o (Sdgke o Shy bl Jdoo
5 03lizsl SAS J33le 5 5l o Lide s
glesl Cagb) 9 gl (Sgpam colia s (b))l jolateds
bl cugby g gl (Sgyad colan b oa b (g5l
—u,u) W)_.o 9 (RMSE) ;ulx;)n wi)‘u..ﬂ )J.> LgUa>
) > RMSE deuloxs 055 .5 o3lisl (NSE) ¥ aplSiles

il o 03l L (¥

(V) ksl

1 n
RMSE = |- (m; = p)?
i=1

ojlul glusl (Sdgydn colan jlade My alayly -yl 4o
Losd 29l el (Sgyam colia ude Pi g osd ()5
o)lyen RMSE ,3lie .ol clanlie slas n g ROSETTA
RMSE=+ & 5)50)> 4l o5 b (See b U g (i o8
BT 00l (6 0jlasl sloodls b e prses Mol 35151 a3y
Lol 038l
05 oolizel (¥ dlaily) I NSE asloes 4l

NSE =1-— (—Z,f_: 1((2_1'__::{))2) (") &

* Root-mean-square deviation
¥ Nash-Sutcliffe efficiency



ERETE PN FRTF= R N AT I S SN WPIE SPRIRY) r

S ol 1y @ <O < Ts <n gy el )b plo hae Gl sl
Ks ojuga ss53e (Sdgpn loyially Jlne Sliosl ot
bl Sliguy Cani Gazmen S Jolge | Sl Wl 0
ok Dyl pdlie ke (2024) Wang et al jiagh zuls
coi al 53950 Us 5 O e (S oS
-/fay cmiem3 4 o/-vs cmicm® AT /VoA cm?
oS 4 bgye e Blyol b lade friomen 3508 3155
Ol b5 s S ole 58 595 de (gl )3 19 39)9 S

D92 yiall

e 1y soby v Jie 5l oolinul b Ks (i i Sls5 oo oS
Sing et al. iag5 b .(Rezaei et al., 2016a) .S
e Cal (Sho cond g Al Sl 208 (5 3 dme 5k 4
e gla S g9 cov SB ol cuS 5 S e
25 [y K Jold (Sdgyien sla Sy cowl (S 55 4s) 50
Colie Gloj apdimd 4 N glagpiagl e
b Jlo g (b ol b (il3l dex ) sl (Sdgyum
Slodges oyLsl (x5 ol dbml 5 S (555l )
Sdsn sl S5 plely (Abu-hashim et al., 2022)
Mo )l ploj 5 e Dl s 4 (3L (Kianly Ks alo ]

Table 1. Descriptive statistics of soil physical and hydraulic properties of the first layer in the Sistan plain.
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Table 2. Descriptive statistics of soil physical and hydraulic properties of the second layer in the Sistan Plain.
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Table 3. Descriptive statistics of soil physical and hydraulic properties of the third layer in the Sistan Plain.
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Figure 2. (a) Regression relationship between measured (Ksm) and estimated (Ks) saturated hydraulic conductivity. (b)
Regression relationship between measured () and estimated () saturated water content.
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Table 4. Pearson correlation coefficients between estimated soil hydraulic properties and key physical properties

across all layers.
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Table 5. Pearson correlation coefficients between measured soils hydraulic in the laboratory.

i (6 50311 gLl (SS9 i Colaa o 391 1 00ile L Cugb, o 3 )91y glal Cugh L yuiie
Ksm 0, 0. Variables
-0/355* -0/212* 0/217* o yid B ]
~0/49** -0/242% -0/257% ae 30 a5 gl
-0/445% -0/205* -0/224% I3 53505 Ao g
- 0/017"™ -0/216* -0/223* ok (6 eSojlal gludl Cush)

2 foesine 5 Ll 3l (5 o sine S S by s
Sgpdep (Shy i odaliie O (lyy S pgd 9 Jol &Y
@Y O P ine ©olis () (595 g Isp 39)5 i S
syl Sl i Sy e 4 Jbys sl S la
pow &Y 3> s fogine sy (1) ROSETTA Lawgs ok

Loord 29l (Sgyaen la Shy @l (oyp

polie oS ab ol S i sy 40 ROSETTA
Bl Al 5l e psbods Bos il b oxile Bb Cugb)
JBon Ges GBI L o gldl cugb) plie (p < +/-0)
po g sl &Y oy 05 Jlaie &5 glaisSay il ials S



YVEIY olad / Fr s/ S gl s ke i

—Se g S e 3 ony (nl 45 098 (Slgyie Colus a0l
23,5 o3 bbd )50

S 5 A

09 JAe Sdgpn s Shy Gieek ol 2
Ol €83 )3 S lafdgp cilizee glad¥ > (s S
15 15 03 (32a55 ROSSETA (6,l33l .5 s ) o3litol
Ok Jlde oy i adllas Dyg0 slaasY > &S ol L
S Calan & byyo w0ad 3005 (Sdgyu sla S
Sgphen Colin e (SB Ly Bes GIEIL g gl
polie 5 il el il gyl gme LinlEl o gludl
S i Sole gledl (Sgree Culin jle Sl
5 (Ssz o)Ll (g2 sl (Sdgyin Sty cnl Goj 9
aSob i S gl Y j0 (Sdoyun (sl gyl Sl )l
bl glusl cugb) 9 @IS o3l @ joi ledl (Sgyin colia
Ld (Bl J) Sb asdl ol s Jlog jé mjg
S Shy ool bysie ol a5 I Gl cds (LS1)
023l g 01ile Bl Cagb) gLl Caglo) 005 390 (Slgyuem
9o sadden baY om b Oyl Gl wjg
odnlivo a (gly LY o (o) dre igles Lol wiily dalllas
S S Shg clp lodls oGl (ingh ol ) s
Sy ST o tingsy )3 Blgie 45 tol ey S
pie 4 dogi b 0yS )8 eolitul 3)90 (gilo e 9 (SGolgyen
s pSojlul gledl (Sgyam Colin plie (o (Ko 3929
abl, 5l Jeols RMSD sl s 35 g osd 3yl 5 008
W g o3 o5 Waayslyy )3 upalad pie Kse 5 Ksm (g S,
Olyedr gde by dilaie ohy JUnl plp sy
9 05l 5T b le o8 38 0)l3l b (imgl ol Cudgicne
Comd ipozdes (§)90 yelad SB pleord sl o)y 425 LB
1 (CEC) ool ol cubsls 5 (SAR) ot s
&b @bl p e cpl ol 3505 ((Sdgpin o Shy
45 ol 0351 S50 clo Sy oll » ROSETTA Jlas
Jolse JUS 5 obend Jolge ol Ll pas sy oS
oges JE @b Cudbge pae Lol LY 5l (o o S
ddlaio > (Sdgyin sl Shg 355 0,9l PROSETTA
Lol lagingyy 3 dsdiee iy «) cnl j 8k
3979 9 S olend 9 (K038 S Shy Olejed 5505l
36 L9 03l dnwgs (sladlaie 039 @loy ¢ Jlas] wles 4 Lyl
by a8l gl

adllas 3)90 dilaio a2 b Gy > 4 22 5]
YIV) oad jis claddyn Vb sl 5 (JiSa F7er- )

N9y g Jol Y g ped 4l it ead adlas (la LS
ook sdeyn > Jgl &Y <pgd 4V<pgw 4Y 1N ke
Syl el (Sgyun colan Jlade )y A odalin psls
P Ks Hlase :Ske a8 ol lis 55 SB oY o 3 0ud
psd &Yl i g)bsne sy (VI -CM day™) g Y
Y () gme JSB 4 5 ped Y )3 5 (VV/AY cmday™?)
Borek et al., .(p < +/+0) 54 (MY) cm day™) Jgl 4V jl
GBS s fltl Sgyin colia oSike ke (2021)
cm day? ac)ie ,3 ¢ ¥V cm day™? oSislejl )5 1) (oxaw
oBislojl (g, 4 1) e plai 1o Ky (pSSle jlade ¢ AD
I me glis S imgs ol 50 y5) cawsay YY cmdayt
o g o o olStilofl )3 0 (650}l K ylaio 5
Bl Jgyy 5wy

oyt 9 Sluye (1:0ke o glad mls 4 a2 g5 L
3903 Ol OlFee g (Sred alpd (o) 5 5 NSE
eluil (Sdgysun colan 35l 3o ;0 ROSETTA cualad pic oS
S @b g 039 35 adlllae 390 adlate ) gludl Cush)
sl 0395 sge iz diaie oyl > (ROSETTA)sjs,
O Sl g oy S e s wiils Jlelge Yl ioan
Sy ddllas 350 sy Jidgy Cilize s
i g Ylotn] yol oyl sl 00 S das |y g S
b ol (Ston pas 5 SB gy )3 ebdl (Sdgyun colie
Sl Sle @l (IS jobar ol 0nd (5550l 0l
S (Sdgyir Sl Shy obj b (es g (aw Sl
o oPer Geae Ll S glil (Sgpe colan ofga
Sl o (Sdgyad o Ihg SLIL Oy ol jordy S
Al gl €D SB 5 O g e 53 cloaiiSsgame Jole
aibio Ol 9 SB copre ly b OlasMe cplpls
D9 0 Sodin

SSisp Bl p odle o cud S5 s
wegae iy 9 S Cdl) Giagg ol ) 0dd (5 Sl
8 SB 39 (o 9 598 S olend Jelos (5 a5
Py o ohd Sl (SK il p bes ol
guidl (Sdgyien colin plai (Sdgpa o Shy «woles
44 L (Rezaei et al., 2021; Leuther et al., 2019) %l
cds S 5L o Sh Sl me g gd Sl 4
Olysa bl ool bld pas gl o Cguine Gl
ROSETTALL oges Jsl alss 55 (3955 ccoosls
ol slod sl 55 Vb sl pis Lol Y5 5 S Wlgi e
s> (Jle lyisdy Al adlae 5)9e dilate > sl &
Sl g Ly o Sy el wlge YU L pude



K 31 s a5 U gl b o5l Sl pden sla S 32 3l PVO

References

1.

Abu-hashim, M., Lilientha, H., Schnug, E.,
Kucher, D., and Mohamed, E. S. (2022).
Tempo-Spatial Variations in Soil Hydraulic
Properties under Long-Term Organic Farming.
Land, 11: 1655.
https://doi.org/10.3390/land11101655

. Acevedo, S.E., Martinez, S.1., Contreras, C.P.,

and Bonilla, C.A. (2023). Effect of data
availability and pedotransfer estimates on
water flow modelling in wildfire-affected soils.
Journal of Hydrology, 617, Part B, 128919.
https://doi.org/10.1016/j.jhydrol.2022.128919
Amoozegar, A and Warrick, AW. (1982).
Hydraulic conductivity of saturated soils: field
methods. In: Page, A.L., Miller, R.H., Keeney,
D.R., (Eds.), Methods of Soil Analysis, Part 1:
Physical and  Mineralogical  Methods.
American Society of Agronomy, Inc. Soil
Science of America, Inc. Madison, Wisconsin,
USA. pp. 735-768.

Bai, X., Shao, M., Jia, X., Zhao, C. (2022).
Prediction of the van Genuchten model soil
hydraulic parameters for the 5-m soil profile in
China’s Loess Plateau. CATENA, 210, 105889.
https://doi.org/10.1016/j.catena.2021.10
5889

Benson, C.H. Chiang, I. Chalermyanont, T.,
and Sawangsuriya, A. (2014). Estimating van
Genuchten Parameters o and n for Clean Sands
from Particle Size Distribution Data.
Conference Paper in Geotechnical Special
Publication, 2-24.

Blake, G.R., Hartge, K.H., 1982. Bulk Density.
In: Page, A.L., Miller, R.H., Keeney, D.R.,

pd8 51 imgss oyl (slodls oL o Slyes a4l NV jd fudg

cu.’xw:]? u9.b dJoL.a );L» EY) LX) ))51).3 w]).qo WM W
SB e g wlidime) (oodldl il > gl Lo
ol ) G b iy gy opl b s ply Sl
Judosi g Jo 1 eolais] oSl (63 paiges ol dalllas
&y s 3 Slas e IS dom iomen g Cuslad pae
cpxio scdl g YU (g)eb b s SB > L eges Jlaul
Sizs sblie plo glp Gliis 68 S Glgiea wlg o
SrS S b alg oo pliie g 5,5 )18 Jlaine Siiddes g
adlae 590 adlaie > JUl plg B> b5l 4 by, (n

I SWILPES

QLo o,
D)8 05 B ai g lawg xdlie (o)l 45 zun

(Eds.), Methods of Soil Analysis, Part 1:
Physical and  Mineralogical  Methods.
American Society of Agronomy, Inc. Soil
Science of America, Inc. Madison, Wisconsin,
USA. pp. 363-375.

7. Borek, L., Bogdal, A., and Kowalik, T. (2021).
Use of Pedotransfer Functions in the Rosetta
Model to Determine Saturated Hydraulic
Conductivity (Ks) of Arable Soils: A Case
Study. Land, 10: 959.
https://doi.org/10.3390/Iand10090959

8. Dexter, A.R. (1988). Advances in
characterization of soil structure. Soil Tillage

Research, 11:199-238.
https://doi.org/10.1016/0167-1987(88)90002-
5

9. Gee, G.W., and Bauder, J.W. (1982). Particle
size Analysis. In: Page, A.L., Miller, R.H,,
Keeney, D.R., (Eds.), Methods of Soil
Analysis, Part 2 Chemical and
Microbiological Properties. American Society
of Agronomy, Inc. Soil Science of America,
Inc. Madison, Wisconsin, USA. pp. 404-408.

10. Leuther, F., Schliter, S., Wallach, R., and
Vogel, H.J. (2019). Structure and hydraulic
properties in soils under long-term irrigation
with treated wastewater. Geoderma, 333: 90-
98.
https://doi.org/10.1016/j.geoderma.2018.07.0
15

11.Niu, L., Jia, X., Li, X., Zhao, C., Ren, L., Hu,
W., Zhu, P., Li, D., Zhang, B., and Shao, M.
(2024). Developing novel ensemble models for
predicting soil hydraulic properties in China’s



YVELY ojlad / Fr M/ S gla s ke i

arid region. Journal of Hydrology, 636: 31354,
https://doi.org/10.1016/j.jhydrol.2024.131354

12.Razavi, S., Rasoolzadeh, A., and Neyshabori,
M R. (2014). Evaluation of Pedotransfer
Functions for Estimating Soil Water
Characteristic Curve in Nagadeh County.
Journal of Water Research in Agriculture,
28(3), 613-624. (In Persian)
10.22092/JWRA.2014.100011

13.Rezaei, M., Saey, T.; Seuntjens, P., Joris, 1.,
Boenne, W., Van Meirvenne, M., and Cornelis,
W. (2016b). Predicting saturated hydraulic
conductivity in a sandy grassland using
proximally — sensed  apparent electrical
conductivity. Journal of Applied Geophysics,
126, 35-41.
https://doi.org/10.1016/j.jappgeo.2016.01.012

14.Rezaei, M., Seuntjens, P., Joris, I., Wesley
Boenne, W., Van Hoey, S., Campling, P., and
Cornelis, W. (2016a). Sensitivity of water
stress in a two-layered sandy grassland soil to
variations in groundwater depth and soil
hydraulic parameters. Hydrology and Earth
System Sciences 20, 487-503.
https://doi.org/10.5194/hess-20-487-2016

15.Rezaei, M., Shahbazi, K., Shahidi, R.,
Davatgar, N., Bazargan, K., Rezaei, H., Saadat,
S., Seuntjens, P., and Cornelis, W. (2021).
How to relevantly characterize hydraulic
properties of saline and sodic soils for water
and solute transport simulations. Journal of
Hydrology, 598: 125777.
https://doi.org/10.1016/j.jhydrol.2021.125777

16.Schaap, M.G., Leij, F.J. and van Genuchten,
M.Th. (2001). Rosetta: A computer program
for estimating soil hydraulic parameters with
hierarchical pedotransfer functions. Journal of
Hydrology, 251: 163-176.
https://doi.org/10.1016/S0022-
1694(01)00466-8

17.Singh, D., Mishra, A. K., Patra, S., Mariappan,
S., Sngh, N., and Kar, S. K. (2023). Spatial
variability of soil hydraulic and physical
properties in erosive sloping agricultural fields.
Water Science and Engineering, 16(1):57-66.
https://doi.org/10.1016/j.wse.2022.07.004

18.Van Genuchten, M.Th. (1980). A closed form
equation predicting the hydraulic conductivity
of unsaturated soils. Soil Science Society of
American Journal, 44, 892-898.
https://doi.org/10.2136/sss2j1980.0361599500
4400050002x

19.Veihmeyer, F.J., and Hendrickson, A.H.
(1949). Methods of measuring field capacity
and wilting percentages of soils. Soil Sci. 68:
75-94. https://doi.org/10.1097/00010694-
194907000-00007

20.Vereecken, H., Weynants, M., Javaux, M.,
Pachepsky, Y., Schaap, M.G., and van
Genuchten, M.Th. (2010). Using Pedotransfer

Functions to Estimate the van Genuchten—
Mualem Soil Hydraulic Properties: A Review.
Vados Zone Journal, 9(4): 795- 820.
https://doi.org/10.2136/vzj2010.0045
21.Wang, Z., Huang, L., and Shao, M. (2024)
Development of pedotransfer functions for
predicting hydraulic parameters of van
Genuchten model by  incorporating
environmental variables on the Qinghai-Tibet
Plateau. Soil and Tillage Research, 236,
105952.
https://doi.org/10.1016/j.still.2023.105952
22.Zhang, Y., and Schaap, M. G. (2017).
Weighted recalibration of the Rosetta
pedotransfer model with improved estimates of
hydraulic ~ parameter  distributions  and
summary statistics (Rosetta3). Journal of
Hydrology, 547, 39-53.
https://doi.org/10.1016/j.jhydrol.2017.01.004
23.Zhao, C.; Shao, M.; Jia, X.; Nasir, M.; and
Zhang, C. (2016). Using pedotransfer
functions to estimate soil hydraulic
conductivity in the Loess Plateau of China.
CATENA, 143, 1-6.
https://doi.org/10.1016/j.catena.2016.04.003


https://doi.org/10.22092/jwra.2014.100011
https://www.researchgate.net/profile/Karim-Shahbazi-3?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.sciencedirect.com/journal/water-science-and-engineering
https://acsess.onlinelibrary.wiley.com/authored-by/Genuchten/M.Th.
https://acsess.onlinelibrary.wiley.com/authored-by/Genuchten/M.Th.

