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Abstract

Soil salinity is one of the most important factors affecting
agricultural productivity. Electrical conductivity of the saturated paste
extract (ECe) is considered as the accepted internationally standard
method. This method is labor-intensive and time-consuming. Thus,
reliable monitoring of soil salinity based on a less laborious method
than the soil saturated paste (SP) extract methodology is required. The
electrical conductivity (EC) of soil-water extracts is commonly used as
an alternative method to measure EC. However, this approach requires
to convert into equivalent of saturated paste extract salinity (ECe)
values. Hence, this study aimed to establish relationships between ECe
and EC values measured in soil-water extracts at ratios of 1:1, 1:2.5,
1:5, and 1:10. Soil samples were collected from eight locations in
western Libya, representing a range of soil textures from sandy loam to
silty clay loam. The results revealed strong linear relationships between
ECe and the EC values of the different soil-water extracts, with
coefficients of determination (R?) ranging from 0.94 to 0.97. Similarly,
highly significant relationships (R* = 0.99) were observed between the
concentrations of sodium and chloride ions measured in the saturated
paste extract and those measured in the soil-water extracts. Validation
of the developed models demonstrated that the electrical conductivity
of the 1:1 soil-water extract (EC1:1) provided the most accurate
prediction of ECe values, yielding the lowest root mean square error

(RMSE). This was followed by the 1:2.5 and 1:5 extracts, respectively.

Keywords: Soil salinity, electrical conductivity, saturated paste extract,
soil-water extracts
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S5 (5 sinally Galahy Lo Aala dulll o ill 3y i) Ailasll ailiasdl)
Y Cagall die Allas <l s ) o 8 S olsdll Asad # 3V
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Wil clisall i | byl 3 gl o3l s i i) (5 Al e (LS
Ju e plaaiuly clady cuada 2348 5300 551 ja da o Y (Air-drying)
c‘é_"\Lu‘é.ajac‘;lq‘)‘é.akcwﬂ\e\ﬂ\wgﬁ\j@\ﬁjﬁeﬁ.ﬁ2o#
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podgnall (Al 35S G ABYall Maal) Jalaa g Aadd jlaaiy) cYalaa, (4) Jgi>
Aatidall Agilal) claliieal) g desdial) ddaal) Galdiue (e dliall 4y gl8l)

. (Regression (il jlaady) dlsaa aadll Jalaa
G Equation) (R?)
(1:1) aliin
Na® [Na' sp] = 1.8405 (1:1)+ 1.0922 0.99
cr [CI sp] =2.201 (1:1)+ 2.6693 0.99
(1:2.5) paliius
Na* [Na* sp] = 5.0022 (1:2.5) + 1.0997 0.99
_ [CI sp] = 53196 (1:2.5) +
Cl 13674 0.99
(1:5) paliiua
Na* [Na* sp] = 8.8007 (1:.5) - 0.0768 0.99
cr [CI sp] = 10.376 (1:.5) + 1.4166
(1:10) paliiua
Na* [Na* sp] = 15.59 (1:.10) - 1.4721 0.99
cr [CI sp] = 20.028 (1:.10) - 0.6749 0.99
O dapdiall dlpall o Sl Jaa gl A o Gibead dii&al) gz Malll anl
duilal) clalitiu)

Aad giall 5 A uliall agdll ()1 (2) JSilly Aza 5 el i) o

(R?= 3l Jaleal Alle ol Jinas e 101 (ol Y1 Jadd) (e 3y it

O 43850 48301 028 (5) Jsanl 530 o)) Glilll ST LS 0.91-0.98)

-1.43 ¢ (RMSE) Wadll a jedaigin jia o Con gl 55 G ol &l

Uoaall 0 5eSh) Jo—a sl A ) A8 i) ol o ) 0 138 52,11
Al ) e S 2] d8Uaie ECe dandiall
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dapdial) Aipall  jgS) a6 A 3 (e A8, (2) JSEN(ECe) A 29 dualial)
Al cilaliionall Aiiial) dpcaly )1 7 3ail) Cya A guanall Aspdiall diall o 541 Jnaa 5

16 (1:1) patiias 16 (1:2.5) paliiens

14 R=09219 14 | Ri-09613 .

Measured ECe (dS m-1)

16 0o 2 4 6 8 10 12 14 16

1:10) paliiea
R*=0.9142 ( )

*

Measured ECe (dS m-")

Predicted ECe (dS m-T) Predicted ECe (dS m-")

dapdial) Adpall s S0 Jaua 511 A 3 bl (luaal) Judadll il (5) Jga
Al Gua 4ad gial) dapdiall Aispall o gl Jaa sill A 43 s (ECe) dsliall
dl ) 0dg ABIEA)

iyl Aslas saadl) Jalaa §IY AT
. . ) Standard RMSE
Regression Equation R e
division

ECq. C¢° f'gggf (1) 0.92 1.5 1.43
EC | ECe=4.4007EC (125 +

(125 05576 0.89 1.87 2.11
ECas DC¢7° '?%%‘;EC 15+ 0.98 178 | 1.84

EC | ECe=15.163EC (1.10)—

(1:10) 01555 0.91 1.55 1.92



Apaall (e Auliall ECe p (g 4832l (ia yaa (31 (3) JSll Aslaiua¥
Akl claliiiall HlasaV) ciVolea Gadai (e 4 giall agil) Gl g dayiiall
@llia o Jaadl (s AV o gandl (any (& Caeadiul Al @lli g Al jall s3g)
A a8 CaBUAY 5 (38 gl 138 5 a8 giall g A uliall ECe ad O (S
USDA, ) e yill &ilaasll 5 dymlal) (ailiadll ey CaNERY Ll S5 LS

(1954

(7.3 S dad giall ECe aff Jas sial Al jall 238 (1 lgdle Juaniall milail)
ECi.25, ECia dlall clalaiul) Chu Gk (e dSm! 6.98 ¢<6.88
Wil a4 gina <l 5 5 o ol 2l 028 (6 Js2n) il e ECys ¢
Ledy (R2=0.96)x il Jalzad lle Lo cir —aj S dS m! 7.33
O el Lol JY) (sae (&3 Al s (RMSE) Uadl) haws gia jial dinisie
Aliall g dad giall Al Jass gia

Dl Y alaa aladd il (e dad giall (o eI Jiia sl i Ja s gie el
ol el oS Jaom il e da s gy Ll g AR s g
plaat Ll 428 giall ECe aif ¢ JUall Js (A28 (6) Js2alb Lyl da g 20
228 5 dS m! 8.89 <l (USDA, 1954) (3 48 &all ECyy laasy) dalas
Auiall el Qi sl dad 2ie (P>0.05) Liloan!  sine Calias Aol
g 9 AY @b (5 jay By (ECe sp) daadiall dinall (aldi e (1 Liled
Al

ECe asf Lo sia Cilac] (2017) Aboukila (e dediall 4aly )l Y alaal)
OS Cua Ml Jde ECI:5 <BC1:2.5 z3kdll 7.99 ¢6.33 dxd sidll
Z3saill (ha dnd giall 5 Aiall Al (ps (P>0.05) Lilbian (5 sina (5 8 llia
zladll aladi ) s gaas Je Ju &G o2 ECs 73l (P>0.05)
s aad) i e Wi sl LIS Calias (il o AT fialy Ui (e 330l
Caad) 1aa b

71 (



dafy (ECe sp)asdial) dipaall (o (ullall (1 ¢S] Jea gl G A8l (3) Jsl)
CrAT el a9 Al jall oda & ABIEAY) laad¥) i alaa aladiu (e 4ad giall ECe

32 e
2 L Line (1:1) paliis ’ — 111 Line (1:2.5) paliis
A Zha 2 5 28
28 Zhang et al (2005) + Ozcan et al (2006)
+ Ozcan et al (2006) 2 o
E 24 - Hong and Henry (1954) - - Sonmez et al (2008)
+
% 20 = USDA (1954) 20 O E. Aboukila (2017).
o 16 © This study 16 ¢ This study
O
w
o 12 12
2
=2
o 8 8
e
o 4 4
0 [
-3 . 2 7 12 17 n 27 32 0 4 8 1216 20 24 28 32
Measured EC dS m'
32
—1:1 Line (1:5) palites
2
% + Ozcan et al. (2006)
. 24 Sonmez et al. (2008)
E .
@ 2 O E. Aboukila (2017).
;’ © This study o
Q 16
w
o
212
R
H]
d-. 8
4
0
0# 4 8 12 16 20 24 28 32
4

Measured ECe (dS m-1)



(e A ganal Agilal &y i) cilaliioeal Jadl) laai¥) e alas A3 Jlia (6) Jgia
A Al o2 geiliii g Gl il
i) | dxdgiall | Jalae | Jagia yda
sl el 1) 3 gall ECe ECe | il | Usdll gy
dSm'! dSm’! R? RMSE

USDA B ;
(1954) ECe=3 (EC1y) | 7.38 889" | 0.96 3.66
ECe=1.93 (EC1.1)- 7.38  5.15° | 0.96 2.67
0.57 738 | 4.62° | 0.94 3.72
Ozcanet | ECe=3.3 (ECi25) -
al (2006) 0.2 ;
ECe=5.97 (ECis)_ 138 488 094 3.13
1.17
Zhang et | ECe=1.79 (EC1.) +
a1 (2005) 46 738 | 677 | 0.96 1.80
Hong and _
Henry ECC‘1'36O(6EC“) T 738 456 096 @ 3.59
(1984) '

ECe=3.73 (ECi25)+ 7.38 @ 623" | 0.94 2.35
Aboukila 0.78

(2017). | ECe=7.46 (ECi5)+ 738 | 7.99 @ 0.94 3.32

0.43

" ECe=3.34 (ECi25)+ 738 @ 6517  0.94 1.91

onmez 017

et al o Ay

(2008) ECe—8.§24§EC1;5)- 738 | 8.00 | 0.94 1.41

ECe=2.05 (ECr.)) | 738 = 7.3 | 0.96 1.37

+1.26 738 | 6.88 @ 0.96 1.72

This ECCZZJlr.(é)l(; gl;Cl;z.s)

study | £ s 0304 (EC15) 738 | 6.79 @ 0.96 1.91
+1.95

lid) ECe s 4 jlia Lilian! (5 yina C3GA cllia ¥

76 (



2026 oinw - Jobl <jl - pibtelt 3200l QAQ ( (2

LAY

Jrasill ad Gu (R2=0.94-.97 ) dosall A8l Al jall oda iy
O 5sall il s (ECe sp) dasdial) inall Galiiiue (pe dulial) 2 5eS)
48l Layl cilss WS ¢ ECyy0, ECy: 5, EC1as, ECr Anilall cilaliivgll
eI Ol siae aaead 3l a i gall Sl S 5 el Lewss
Jonm sl ity il 8 Alle 83 (3aat AlSa) 3 3m3 gl o3 s yaal)
I (EC) S daasill a8 alasindy (ECe) Anpdiall dimall o 5eS))
EC1.10, EC1: 5, ECras, ECpy Akl 45l Clialifiiue & el Jew
Gl il e 2l s Al _jall o3 8 Aaaioual) dpaly ) z3laill alasinly
23g) A all gl Ol iy Caaall 3 8 AsA pilll Aaa (e
ECe Y disaill BCI:l paldiudd (A Sl Juasill af a8 ¢l 5l
EC1:10 galiiuwall aladiul 3 ol (pa A <EC1:5 EC1:2.5 Clbaldiugll
il Al (e 2y 30 A dals @llia o ¢ SAL sl s AV Gl Al
il clalatiall aladiuly dual )l 3l Gl il 48y st (gl
b Adlida (5 AT Bhalie e Al il GG (e 2 all Ala) g 4 il
AU

aalall daild

1. Aboukila, E. & Abdelaty, E. (2017) ‘Assessment of saturated soil
paste salinity from 1: 2.5 and 1: 5 soil-water extracts for coarse
textured soils’, Alexandria Science Exchange Journal, 38(October-

December), pp. 722-732.

2. Aboukila, E.F. & Norton, J.B. (2017) ‘Estimation of saturated soil
paste salinity from soil-water extracts’, Soil Science, 182(3), pp.
107-113.

3. Demo, A.H., Gemeda, M.K., Abdo, D.R., Guluma, T.N. & Adugna,

D.B. (2025) ‘Impact of soil salinity, sodicity, and irrigation water
salinity on crop production and coping mechanism in areas of



dryland farming’, Agrosystems, Geosciences & Environment, 8(1),
p. €70072.

4. Fadl, M.E., Jalhoum, M.E., AbdelRahman, M.A., Ali, E.A., Zahra,
W.R., Abuzaid, A.S., Fiorentino, C., D’Antonio, P., Belal, A.A. &

Scopa, A. (2023) “Soil salinity assessing and mapping using several
statistical and distribution techniques in arid and semi-arid

ecosystems, Egypt’, Agronomy, 13(2), p. 583.
5. FAO, 2021a. Global Map of Salt Affected Soils Version 1.0.

https://www.fao.org/soils-po rtal/data-hub/soil-maps-and-
databases/global-map-of-salt-affected-soils/en/. Accessed December
2021.

6. He, Y., DeSutter, T., Hopkins, D., Jia, X. & Wysocki, D.A. (2013)
‘Predicting ECe of the saturated paste extract from value of EC1:5°,

Canadian Journal of Soil Science, 93(5), pp. 585-594.

7. Hogg, T.J. & Henry, J.L. (1984) ‘Comparison of 1:1 and 1:2
suspensions and extracts with the saturation extract in estimating
salinity in Saskatchewan soils’, Canadian Journal of Soil Science,

64(4), pp. 699-704.

8. Husson, O., Brunet, A., Babre, D., Charpentier, H., Durand, M. &
Sarthou, J.-P. (2018) ‘Conservation agriculture systems alter the
electrical characteristics (Eh, pH and EC) of four soil types in

France’, Soil and Tillage Research, 176pp. 57-68.

9. Ismayilov, A.l., Mamedov, A.L, Fujimaki, H., Tsunekawa, A. &
Levy, G.J. (2021) ‘Soil salinity type effects on the relationship
between the electrical conductivity and salt content for 1: 5 soil-to-

water extract’, Sustainability, 13(6), p. 3395.

10. Kargas, G., Chatzigiakoumis, 1., Kollias, A., Spiliotis, D., Massas, 1.
& Kerkides, P. (2018a) ‘Soil salinity assessment using saturated paste
and mass soil: water 1: 1 and 1: 5 ratios extracts’, Water, 10(11), p.

1589.

8 (



2026 poiuw - Joll sjll - pibtelt 30l Loslec)

11.

12.

13.

14.

15.

16.

17.

18.

Kargas, G., Chatzigiakoumis, 1., Kollias, A., Spiliotis, D., Massas, 1.
& Kerkides, P. (2018b) ‘Soil salinity assessment using saturated
paste and mass soil: water 1: 1 and 1: 5 ratios extracts’, Water, 10(11),

p. 1589.
Kargas, G., Londra, P. & Sotirakoglou, K. (2022a) ‘The effect of soil

texture on the conversion factor of 1: 5 soil/water extract electrical
conductivity (EC 1: 5) to soil saturated paste extract electrical

conductivity (ECe)’, Water, 14(4), p. 642.
Kargas, G., Londra, P. & Sotirakoglou, K. (2022b) ‘The Effect of Soil

Texture on the Conversion Factor of 1:5 Soil/Water Extract Electrical
Conductivity (EC1:5) to Soil Saturated Paste Extract Electrical

Conductivity (ECe)’, Water, 14(4), p. 642.
Khorsandi, F. & Yazdi, F.A. (2011) ‘Estimation of Saturated Paste

Extracts’ Electrical Conductivity from 1:5 Soil/Water Suspension
and Gypsum’, Communications in Soil Science and Plant Analysis,

42(3), pp. 315-321.
Klaustermeier, A., Tomlinson, H., Daigh, A.LM., Limb, R.,
DeSutter, T. & Sedivec, K. (2016) ‘Comparison of soil-to-water

suspension ratios for determining electrical conductivity of oil-
production-water-contaminated soils’ Francis Zvomuya (ed.),

Canadian Journal of Soil Science, 96(2), pp. 233-243.
McKENZIE, R.C., Sprout, C.H. & Clark, N.F. (1983) ‘THE

RELATIONSHIP OF THE YIELD OF IRRIGATED BARLEY TO
SOIL SALINITY AS MEASURED BY SEVERAL METHODS’,

Canadian Journal of Soil Science, 63(3), pp. 519-528.

Ouzemou, J.-E., Laamrani, A., El Battay, A. & Whalen, J.K. (2025)
‘Predicting Soil Salinity Based on Soil/Water Extracts in a Semi-Arid
Region of Morocco’, Soil Systems, 9(1), p. 3.

Ozcan, H., Ekinci, H., Yigini, Y. & Yuksel, O. (2006) ‘Comparison
of four soil salinity extraction methods’, In Proceedings of 18th



International Soil Meeting of" Soil Sustaining Life on Earth,
Managing Soil and Technology, pp. 697-703.

19. Rhoades, J.D. (1996) ‘Salinity: Electrical Conductivity and Total
Dissolved Solids’, in D.L. Sparks, A.L. Page, P.A. Helmke, R.H.

Loeppert, P. N. Soltanpour, M. A. Tabatabai, C. T. Johnston, & M. E.
Sumner (eds) SSSA Book Series. 1st edition [Online]. Wiley. pp.

417-435.
20. Rhoades, J.D., Chanduvi, F. & Lesch, S.M. (1999) Soil salinity
assessment: Methods and interpretation of electrical conductivity

measurements. Vol. 57. Food & Agriculture Org.

21. Richards, L.A. (1954) Diagnosis and improvement of saline and
alkali soils. 60. US Government Printing Office.

22. Rukadi, K., Phontusang, P. & Sriprachote, A. (2025) ‘Soil ECe
Prediction from Different EC Water Ratios and Sample Sizes in Salt-
affected Soils.”, EnvironmentAsia, 18. ,(2)

23. Shirokova, Y., Forkutsa, I. & Sharafutdinova, N. (2000) ‘Use of

Electrical Conductivity Instead of Soluble Salts for Soil Salinity
Monitoring in Central Asia’, Irrigation and Drainage Systems, 14(3),

pp- 199-206.

24. Sonmez, S., Buyuktas, D., Okturen, F. & Citak, S. (2008)
‘Assessment of different soil to water ratios (1: 1, 1: 2.5, 1: 5) in soil
salinity studies’, Geoderma, 144(1-2), pp. 361-369.

25. Spiteri, K. & Sacco, A.T. (2024) ‘Estimating the -electrical
conductivity of a saturated soil paste extract (ECe ) from 1:1(EC1:1
), 1:2(EC1:2 ) and 1:5(ECI1:5 ) soil:water suspension ratios, in
calcareous soils from the Mediterranean Islands of Malta’,
Communications in Soil Science and Plant Analysis, 55(9), pp.

1302-1312.

26. USDA (1954) Diagnoses and improvement of saline and alkali soils.
Agric. Hand Book NO. 60. USSL, Riverside, CA, USA.

80 (



2026 oinw - Jobl <jl - pibtelt 3200l Qg (

27. Wang, Y., Wang, Z.X., Lian, X.J., Xiao, H., Wang, L.Y. & He, H.D.
(2011) ‘Measurement of soil electrical conductivity and relationship
between soluble salt content and electrical conductivity in Tianjin

coastal area’, Tianjin Agric. Sci, 17pp. 18-21.

28. Zhang, H., Schroder, J.L., Pittman, J.J., Wang, J.J. & Payton, M.E.
(2005) “Soil Salinity Using Saturated Paste and 1:1 Soil to Water
Extracts’, Soil Science Society of America Journal, 69(4), pp. 1146—
1151.





