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Evaluating the Spatiotemporal Variations of Soil Salinity Using Remote
Sensing Technique (Case Study: Rudasht, Isfahan)
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Abstract

Remote sensing technique is an effective and reliable tool in management and monitoring soil salinity.
Saline lands can be assessed, mapped, and monitored in different regions using remote sensing
techniques. This study was conducted in the Rudasht Region of Isfahan with the aim of investigating
changes in soil salinity and its relationship with soil water, as well as the state of vegetation using
spectral ratio indices of remote sensing techniques in different years. To achieve this goal, multispectral
LANDSAT series of 1994, 1998, 2014, and 2017 were used and three spectral ratio indices were
calculated, including Normalized Difference Vegetation Index (NDVI), Normalized Difference Salinity
Index (NDSI), and Normalized Difference Water Index (NDWI). Also, 100 soil samples were taken
from a depth of 0-30 cm with appropriate spatial distribution from the Rudasht region to measure the
electrical conductivity (EC) to match the ground data and the results of the spectral ratio indices. The
results indicate that during these 23 years, salinity has increased and a large part of the studied area with
dense vegetation has turned into low density vegetation and saline lands. According to the results,
allocating fresh water with low EC to farmers in the second half of the year may be a good solution to
deal with salinity problems. Also, the findings show that the Rudasht region is exposed to severe salinity
and if not properly managed, there is a risk of turning agricultural lands into uncultivable saline lands.

Keywords: Rudasht region, NDVI, NDWI, NDSI

Jahanbazi L., Mirkhani R., Heidari A. and Ghavami M.S. 2024. Evaluating the Spatiotemporal Variations of Soil
Salinity Using Remote Sensing Technique (Case Study: Rudasht, Isfahan). Applied Soil Research, 12 (2): 64-78.

1-Post Doc, Department of Agroecology, Aarhus University, Denmark

2-Researcher, Nuclear Agriculture School, Nuclear Science and Technology Research Institute (NSTRI) (Corresponding Author)
3-Professor, Department of Soil Science and Engineering, Faculty of Agricultural Engineering & Technology, University of Tehran

4-Ph.D. Student., Department of Soil Science and Engineering, Faculty of Agricultural Engineering & Technology, Isfahan University of
Technology (IUT)

* Corresponding Author Email: rmirkhani@aeoi.org.ir

#f


mailto:rmirkhani@aeoi.org.ir

w598 5l Gromw Jleslaiul b (5558 Sloj- o6 Ol s ol

169y90 axlllan) 590 3l iomw ool b (5590 (Floj— (S0 Ol pudi' (puy
(C)LW‘ ‘ ‘C/.&.>3)

¥ o Y #Y e Y oo
sol88 Slw sz T gy dwa| T G g asul ) g5l S
OF e NVeYY il Gl VWAALY/F il &b

odS

loslital b plgi oo 1) Hod (Lol sl S (6558 (ol 5 Cupoe jo slozel LB 5 Soe )15l j90 5l Sromew SGSS
SE (5,58 St (o) Boo baddllas (pl 0,5 Sl 5 )l padds (b)) i Bblie 55 550 5l Gromiw S SSS
3390 3l G S5 il S laas Ly Sl esliial b (LS Adgy Comdy (pizen 3 SO L ol BLS )
ol sl aiz LANDSAT (clas pos jl ccdan o2l ay liiss (sl s plol lais] Culsng, dlao 4 cilises (sla Lo
(NDVI) o Jlo i calS idigy ool sasles ol il Cond Lol s g o olicsl T+ 1Y 5 Y+ VF 1494 ) Q4F
Ggai Voo paimad 0 duolee (NDWI o Jlay cogh, Jolis jasls o (NDSI) oad Jlay 5,90 Jblis asls
s 4 (BC) (sl colan (g pFojlal sl cudsg) adlate 1 canlie oldd @555 L e gl Yome o 3l S
S 6o e Jlo TY b a5 sl o 51 Sb gl i 6 yslans cinbs Cond (slopat L b 5 me; sloosls ks
s 595 U 5 0515 o8 LS by 4 oSt (AL sy b anline 0,90 ailas I (ool ik 5 il il
Slr sewbie J> oly Wlgioo Jlo pgo aes 10 05,0l 4 Gl BC L (n el OF arads (@l 4 azgi b el oud
Sygo 50 90,10 JI8 el (6y9d (B e 10 Culidg, dalaie 4GB0 o lid a8l risres abl (6)5d OISL L ablie
2,10 052y cuiS Jli s jod (Lol A (65)5laS (L) b JlaS e Co e poe

NDWI NDSI NDVI sy, dilaie 1 goadS ojlg

WSy 169,90 dsdllae) H90 I Liowiw leslaiul b (gyeh Sloj Se Dl ol NFeY e olgd g a0 S w o] sililes
VYA-FY iamin ¥ o)leds AV wl> S 50,8 Sladss (s

g2, olSails (65,58 (5 )5lid 5 witige 0uSiils (535l5ST5 ST 05,5 (5SS (355 -

(oS 45150) (glaud (1515 5 pole olKtingly (glatud (5,5liS 0uStmgly (S 5 T qwige 5 psle 095 Kdmgs, -
Ol oKl ¢(65,9LaS” (559l8 5 (smaipes 03SEINS (S cwdige 5 pole 09 5 colinl Y

Oleival (Staio oliils «5,5LaS (55518 5 (cwiige 0uSAS (S pwiign g pole 09,5 1555 (sozmasls -F
rmirkhani@aeoi.org.ir :Ssg xSl o™

0



\\C'\” UL.‘.»JL\ sY D)Lo.:J ‘\Y ‘.\.L’.>

S o) 5 wlido

oarls S 5l S mlis g wis,S eolawl glo,lgale
P52 (§ 55 Syt ooy 2 Sl b 55 e Sl
Lhissou et al., ) |,5e2 5 9—ucd (6,50 lasillas 4o
Cewdd o lgale TM sdizeis 5l Jol> slaosls 51 (2014
O S 5 S Slojm e Dl s aalllas sl
anlllae oyl 5l ol zulis a8 ais S solal g Lol e
3 o ) Jeols ozl ol oI5 g cds Sl
ool )0 (ye—b (S i uiiaiy slp 90
sleools 3l ool .l 1, (Scudiero et al., 2015)
° 6)9_....1 u‘]...uu = ‘5‘1) Cawdid o)‘}bl.o )l Juol}
R —in oyse |y Gloj 9 S il sl it
ools rpl (S Cds saimsylis allol> zuls a5 wols

D9 (69 Sl (omy 2 S0
@ slasdlas o (Asfaw et al., 2018) ), Ko g gl
ooliinl b (gl jo Siis ae 550 3 (598 Dl st (oo 2
ols oyl Ll ol g ozl cawad olsale slaosls
5l Jeols slaools Lawgs ool 8,90 p (598 Ol puas a5
o) My sloosls b oYL (San j50 iomiw
drwgi b OU5L sl p g0l laazls aails
J.aLm ué}LvJ LQH] PP alos> )l aS Wiloads ools
Ay Sels b bas cal oals Jloy oL il
G9% OlydS (o) 2 4 ol LS o (LS il
Ay 5o (ool Sldlas ax ST .55l 5 oo ol slasls o
G wdd Jy olS pbe Jol asls sl eslaul
5 GlSis adlas glp peins e arls S lsie
Liu & Kogan, 1996; ) & ls oSt asls cpl oI5 0
Heim, 2002; Wan et al, 2004; Spadoni et al, 2020;
ol eolaul pdize > Ll (Xie & Fan, 2021
AL eas Jlo g 6,58 Jols (asls wile 5,95 slo
Slalllas gly oas Jlo g oLS il Jolis jazls
Mombeni et al, 2014; ) wlails 5,98 ¢ JuSis
=l ol .(Jahanbazi et al, 2018; Ahmadi et al, 2021
W A G5 SlaedS Ganaiy lp 90 5l e
(e Jolee aile Slllae dilhie Lyl

3-Normalized Differential Salinity Index (NDSI)

55

doddo
g Sis Bl o ] je S Colun 5l elael yisn
il 5 (SNl o8 e Jdas a8 oy 8 Slasaas
oy LalS gmen o] 5l alol> slassly g (5,90 b
ol 0 S a5 2ol (ol B oS
Sl Sl Slpss aaz g Lol b 3blie
Ao Ol 4o 3280 Sledbl yiils (S (6,940 00 S
alol> CISCie 5 ()90 9 3l S sl Hokaie &

Hamzehpour & Bogaer, 2019; ) ol o (5,9, o) !
SleMbl a_gi g (5,5leez .(Jahanbazi et al., 2023
oz 5l S Lo Sy Slajm e i o)Ly
aiejles S s sy sla s, 5l ooliznl b (555
bosls slalais Comls .ol 3 o) 5 4 3e B0
@l S pos cu po— o bl 5l ol
e 5 S la Shy G Sld ganaiy
Sosls oSSl Jl> 058 o al_ol> gl coslad pae
S laz LS conle Lo 4 lojlsale yglai I Juol>
w2 ) S la Sy coleSs g GBSl W)l
Hamzehpour & Bogaer, 2019; Jiao et al., ) &3l oo
=L sy 6o Slalllas o3 sl JL 45 (2019
Jeol> slaools g 590 5l ioriw aiile o Sl SiSS
25 s Sledlbl a8 o g aze S Las o]
S sla Sy Gl e Slpedd (g 4ime)
J S @l e W ad 50,5 o wiS oo o0l
Abbas et al, 2013; ) ol oo S5 sl 0y 28

Allbed et al, 2014; Khaleghi et al, 2018; Jahanbazi
(etal, 2016 & 2018; Zheng et al, 2018

4o (Metternicht & Zink, 2003) S 5 C—iudyie
Slp @l godiziw SIS ) 0 4 slaslllae
@S g il p (6500 (Sloy (S Dl (o
Slosls (g9, p s g s o], aS ols Lis Lyl
3! Lej yebaie cpar .l (69,0 odudy gunadls
alol> gl ol o bl (655 S wiile oo b,
‘_}A>Lw doads JLO)J (SQL“? g J..aLaa UDL»J Ssle
Jo 5530 Jslis s Tons Jlos gl Jolis
ﬁ.sl_.aj )‘ J_.ob ‘al_‘? L5L°°‘>“> u.u)‘o).v QS‘)J. Yoa_5

1- Normalized Difference Vegetation Index (NDVI)
2-Normalized Differential Water Index (NDWI)



w590 5l o Jleslanl b (g0 Sloj- e Sl s 2ol

b (ole 13) Yo 5 gemadss 42 )3 O1F (Sl L GoLe
Sl oered Sl grnd 42 )3 TV (1Sl
Sao)l e a0 50 adaie o Sle Sl 5 Susb,
Boree adlate (ol Bmn; SILS_25 09 S
Sligy o2l oSS Slgs; wiile ooz 193 Shg)
5 S8l Sl wogld o wsensSl slaSal oyl 5
Blod jlaibge (o) Shg) mizmen 5 (Siwale
lgo a5 009y 28l s axlllac 590 ddlaie 315458
Sl 39 00515 09, Sbg, ol soims JSis
<l gyl boee Bl sl 59y oo JSis
O & 9 039 Culld 9 (6590 (slacasgaze 5 (S
4 polie &Y game Bes dilate ;5 i SYgame Jds
Erio el o9 a1yt g 4y g2 oS wile (6,95
O AT 009y 09 0005 aillBog, adlhie o Ol
Lol im0 Bl el ) o s 5 (mal
S aildsg, ol Ol e 4 azg b sl Jl
3 JlSis Ll e85 O yg 50 Ygene 5 sl oo

08,5 o0 5k olyyelaS slp )b ais Jlo

Caspian sea

L]
Telwan

Isfahan

Rudasht

Zayandehrud basm

m Persian Gulf _//{%
E N
. Lovandeta
Reseeven
Ixfaln
~ "”\\—\S Rudasht region
~ e
Zagros o
monntabns s
Gavkhuni | aw
swanp e
-
= maters

axlllas 590 ddlio (2 LSl o Coundgo —) SIS
Figure 1. Geographical location of the study area
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Table 1. Change of land area during the study years in April
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Figure 2. Changes in salinity, water and vegetation in April in the studied years
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Figure 3. The NDVI, NDSI and NDW!I maps extracted from Landsat satellite data in April in the studied years
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Figure 4. Changes in salinity, water and vegetation in June in the studied years
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Table 3. Change of land area during the study years in August

Land type/Land area (ha) 1998 (year) 2014 (year) 2017 (year)
Dry Lands 369923 380325 370623
Wet Lands 35645 25243 34946
High Salinity Lands 43892 23229 32436
Medium Salinity Lands 361687 382350 373143
Dense Vegetation Lands 27456 10589 19822
Bare Lands 376641 393509 384275
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Figure 5. The NDVI, NDSI and NDWI maps extracted from Landsat satellite data in June in the studied years
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Figure 6. Changes in salinity, water and vegetation in August in the studied years
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Figure 7. The NDVI, NDSI and NDW!I maps extracted from Landsat satellite data in August in the studied years
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