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Properties and Disalinization of Salt-affected Soil

Son, Jae-Kwon - Song, Jae-Do - Shin, Won-Tae -
Lee, Su-Hwan - Ryu, Jin-Hee - Cho, Jae-Young

Accumulation of excessive salt in Reclaimed coastal tidelands can reduce crop
yields, reduce the effectiveness of irrigation, degradation of soil structure, and
affect other soil properties. These salts has shown to cause specific ions in the
plant over a period of time leads to ion toxicity or ion imbalance and a continuous
osmotic phase that prevents water uptake by plants due to osmotic pressure of
saline soil solution. This review focuses on the characteristics of salt-affected soils,
mechanisms of salt-tolerance plants, desalinization technology, and soil manage-
ment to maintain sustainable agro-ecosystem in salt-affected soils.
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3 F420]- 2% E(potential of hydrogen, pH)
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IEoe 7H84 ARTHS HostA
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(exchangeable sodium percentage, ESP) 15% 1L
855 7IF L=, ol F T 7HA ool 7]
EYS A EYeE FYsta Q)
= UFE(saline soil), 7144 EF 5

7] E % (saline-sodic soil, saline-alkali soil) 18] 23 YEFWS Ho}shA
st = vl 77 E Y (non-saline alkali soil, non-saline sodic soil) 2.2 #F3}1L
HEFS A weta] 7148d 84, AP a4 Efyx 8o AP
ZEZQ o]z} & 4= AT, US Salinity Staff (1954)2] EFiHel <
zr & AFL7Ie] E(saline-sodic soil, saline-alkali soil)ol] <3}
Aoz FARE S 1]‘451 A THMinistry of Agriculture and Forestry, 2001).
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Table 1. Conditions of saline, sodic, and saline-sodic soils (US Salinity Staff, 1954)

Soil pH EC (dS m™) ESP (%) SAR (%)
Normal <8.5 <4 <15 0-12
Saline <8.5 >4 <15 0-12
Sodic >8.5 <4 >15 >12

Saline-sodic <8.5 >4 >15 >12

SAR : Sodium adsorption ratio

Table 10 #AAE dsjEde] 54 Hoh As] dotEd 53 ZtH(Ministry of
Agriculture and Forestry, 2001).

(1) ¥FE Y (saline soil)
7

o 7H84 AR7F BT TR0 o), EeFgele] RSl 43| k.

o WY GEFS FHFS A gk EFUAT} $HHY] 41 Lu B R
Hste] Fgol &

e UEEF ole(Na)ol 7184 Folee] 12 ol4he AXshe A7h A1, Ca¥ o} Mg
o) ool rjHOE &

A0l (CNF Fto] 2(8045)0lth

E¢follxe= SO E HlwE golatA 7H8A AFE AAst B
2 NF T F Jdrh

(2) 952 E(saline-sodic soil, saline-alkali soil)

o 7H&A AF7F Hud Afole B 540 AREYT FAIA pH #hel BE
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e EJEN F AFFETI YoM YEF v Eo] & A n¥AH YEFH o4kt
EA(COy)2l WO A E NaCOs2| 2Hgol oJal| pHYF 8.5 o4 Z7Fe 4= Sl
5 5o 2am A9, R8Y UEEY Arelgol S7kshe) mo

[]

o] pH7} 8.5 o]de] A3 G| d o R M, EGYATL B4Rl BgAdo] ¥
okl = -¢7F A

o AFLZYESFE M) Y= 43 (gypsum, CaSO,-2H,0) 53 £ B
FAE EY Fa5¢H Ao 2HE Wdste Zo] nighA st

(3) Bl FLL e EY(non-saline alkali soil, non-saline sodic soil)

o W3 YEFO FiFo] HYJo g FUIgtel met EGS E4bE7] &olg Aol A
I 7HEFA pH Fkol 10744 F71gkot

o Ho}stA FhrEol e e HEFo|] BEYY &8 F-518h2] ol dAA A B
39 72

o HPFLZES ] FHE Jeu F2 dol&& NaolH Ca’'9} Mg™ 5o] &
ShrEo] AT

o HARIZAYEY}S MFsl7] AaliAe A 53 22 ENEAY 534 &

FAol AR 2 SYWe Wase Zo] v,

o

X

Koo et al. (1998)°] S-&ube} A3t XHHAE hF o & 3068 ANEE A =
g3ed 548 AR Ay, SEvet 1A EYe] EA(soil texture)S THF-E AL
GilHE oz g-Fala A= U ALEGIl soil) == U AR S E(ilt loam soil)? Ao ZE
Bl A7 A EEE 20-30 dS m'Ql EoFo] A9l 63% 1]l 30~40 dS m'Ql EYo] A
A 23%<] FEF JERAT 113 A Ee] pHe AAZH SR 6.5~7.9 A Weol £x5
of a1, AAF A 722 YEFGTE E9FS] ESPE ESP 30~40% 8 917F FA|] 38% 1
2] 1 ESP 4o~50%7} A 2] 58%E Afrsted A oF 90%°]/do] ESP 30~50% H$loll &
23T} Koo et al. (1998)2] d??éﬂr—a— EgE $gve} 1HE A EFS US Salinity Staff
(1954)9] HBEYFEFHOZ EF3AS o IFLZ e EY(saline-sodic soil, saline-alkali
soil) .2 UERST

I. 2% Aol HRE olst Alg malo|s
2EH 2 82072 2835ty k. 7 dukro g

7 %
ARAL Aeh HEAIA 2 AL A $HE OF AN 2 07 012
3 Yoy

= Ao d#HA 9
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ot o] & o]t E&, Na' o] 22 2 &4 4 SAFE oid AP =R 2EFH O
Z o] 2-Eo] &£X(ion-specific damage) 5 A=2ZQ FEFS 7| XA, CI o] 2L 2 EA 9]
=71 FH = FFAELS Adlsts 2540 YIS 71X]7] W] T(Tester and Davenport,
2003). EF= o A7EAIY ARE Fall AEAY Ao dFS 7AA " 1) EYS
vt_'—%— £ A5l A FE H(osmotic effects), 2) =3 Na* o] 23} CI” 9]

3l 3) Na' o] 28] &7} S5o]|d 0 & ZolxlS u, 2 &4
A T2 A EFE] F4E A3 Tth(Tester and Davenport, 2003).
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= $K(Cramer®} Bowman, 1991). Ao tigk <
Ao =9 F 2 F7F A Fo Yehr] AlFbskeET], R0 2
(salt—sensitive plants)S Yz Ujol] AF7E A= O] o]FAo] HAsHA F2 o] 35d
TV AFo] A E] AZFSTHKarley et al., 2000). /434 2] E(salt-tolerant plants)
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Table 2. Soil salinity classes in terms of ECe (US Salinity Staff, 1954)

Salinity class ECe (dS/m) Salinity effects of crops
Non-saline <2 Salinity effects are negligible
Slightly saline 2-4 Yields of very sensitive crops may be restricted
Moderately saline 4-8 Yields of many crops restricted
Very saline 8-16 Only tolerant crops yield satisfactory
Extremely saline >16 Only a few very tolerant crops yield satisfactory

2. Na* o] & 54

Na® o] &o] A=ale] AlZAuol HEas] o] o] ol A9 oL =
Ed 27k dehdAl Ak o] 3pgel A ol FehsEapoplash©] FHERA
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ThBinzel et al., 1988). EY% FF5E7} S716H =W, G472 A5 802 Q3 4
=AW AHF A3l(osmotic damage)7t UEFA T Na® o] 22 ¥ElE T3l AEAE F
FHAE W, EFxylem)S 53] £712 W24 o]PHATE Na" o] 2] Il 2] EA Ao
Na" o] FZ37 FH=o] glom, Qo] Fusiel AEA IAE st HFHoZ 2
Eo] A2k S ASAZ1A DT (Munns, 1993). 21 &A= BAH FERESFE A 74
& Far) Aok AEAI AxU AN SHAEH] A 2 Az 733} 750l itk
M, Na” 0] &9 53 FFe HEY EFFo R o) AES5AS 264 2 AHolth &
T olyel, EYF E2 Na' 0] 29 5t o]2 ukAle] &Aslo] Y& 714 & o]
59 FFE AT = 3

Cl o] & 154 E o] B rlFFd it CI o] 22 FFAolA AAank-3-3 B4
o] 2] ©™(Olesen and Andreasson, 2003), Al 92 S 33t= 3= =
stal, el AzAYA AEYS - 7sE st A
AG CI o9 A =43 Ftd Asl difo] vehA |
2o A5 AEollA= Na' o] 22 Qo ro] o] Aol WAL CI o] A&
2 2EA ol SHETh i o g AEA WA Na® o]0] CI' o] 2ETh
Ao g2 dHA AR gYH o2 o]F A F A= CI ©]2°] Na’ o|2HT}h
A Yepd= Z97F Ao Munns and Tester 2008).
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DASHR] E3F HAdE o= Ylo] FHQadir and Schubert, 2002). Oé-‘?r%_"?]-ﬁl
EYe Wil 5% 497 dele 284 E4b B8-S AFIHA S8 371,
A8y S 18 fFH AAA e 22 B3 d4e] vEhAl "ok Eook?/] =24,
518t2 i Elehd EAdo tid dF dFS EYY FEHS EA, ESEYH EY
HEFES A7) oFo]-2(monovalent cations)™ ©]7} Fo]L(divalent cations)e] =9} &2
geFst Mol o) JEgFe T AFSINEESS EYFE-ESFTESTY] 43t
BT A4S 2AAY 75 Ja, TFFHCE EYFTE 9 2 FAHC] tiFEI
o BT AW 24k EYTxe B E JHA A Ha, EFY 5714E HAaAl



278 EAA - FAZ - AAH - o5 F- FA - =AY

711, EF =5 SVMA71A B thRengasamy, 2006). Sl EFe] E3A Q1 FEl= ol
&F HellA & o o] s 2o gt o]sfyt ofye} Ef7x9] WIE

T EYERES EYdvtE =] FsdA e thgt olal 7t AdAE ook gk (Rengasamy and

Sumner, 1998).

I19E 2EH st A AEAY WA 712 ot o o] 471A] 8l =3 A

) AEe} e AT Ho2 AF Ha E3(James et al., 2006), 2) °]L9 &
24, iE 183 289 22 PR HEH G7HA 97 o5 2 (Xiong and Zhu, 2002), 3)
o} B A 2~4H(abscisic acid, ABA)¥} ol & F(ethylene) ¥} 22 21 E35 2 & (phytohormones)2] A3
2HXiong and Zhu, 2002) 1213 4) 2 EA] tiAbA] Ao Q3 ZZH(proline)} 2
AE ‘j@(osmolytes)«] A AHUeda et al., 2007). L EE 2EH 28104 A& WA # 7}
< Table 30 8°F Attt A=A 7/ 2EH 20 7P 282 0= tAsh=
4ol e 242 mAEa Bad o] 2AEATE A EA ¢oE MygHoz
Fshe Aolth #E3 Na’ o] 0] 21&EA4 WREE FY=HAES o, 152 dx =
4 Y A 2HlES A5 fl8 AEA Az dzo AFETH Na* o] 9] o]
Na' o] &4 Z(diffusion channel), Na" ©]& 3 Z(ion pump), 12|31 Na'/H" &
“(antiporters) S F3| A o] F] ZITH Apse et al., 1999; Blumwald et al., 2000). 12|31 <} 3Eu)

Na' o] 29 3& MEzdy AFEZd8y Az FFxeldo] #3-& o|Fo|oft 715
sttt ol AL ZEH(proline)?} G~ 2 X(sucrose)t B2 71822 I FH ol 23| A
o] Fo]Zth(Ueda et al., 2007; Xiong and Zhu, 2002). 171202 353 AFHH LS izt
E(superoxide), 48} 2x(hydrogen peroxide, H,0,), 3}o]=FA] 2t Z(hyrdoxyl radical,
OH)¥ U ZF &4t (singlet oxygen)2} &2 HH-5-4 4FAF(reactive oxygen species, ROS)<
=3 A AR OZR AEA A 4Hstd 2EHAE AFsts dle]l "ok HiHe, of
223 2 H AKascorbic acid), & FEFA|-2(glutathione), E] 2854l (thioredoxin)¥} 7}ZE] o)==
(carotenoids)®} - FASIEH L 252 WHEAE S SHAZIAL ©]F ROSE &2AE &+

TH(Xiong and Zhu, 2002).
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Table 3. Tolerance mechanisms of halophytes on saline-sodic soil (Alberta Agriculture,
1995)

1. Growth only during favourable seasons
Avoidance 2. Grow only in favourable areas

(98]

. Limitation of root growth to selected soil horizons

. Selectivity against Na" and CI
. Exclusion of salt from shoots
. . Diversion of salt out of assimilating tissues
Adaptation process . . .
Compartmentalization of salt within plant, tissue, and cells

. Synthesis of organic solutes and osmolytes

S R I R R A

. Disposal of older plant parts (“salt-filled organs™)

Ju—

. Increase salt tolerance of tissues, cells, and organelles
2. Increase in halo-succulence

Tolerance .
- Increase in leaf-succulence

- Increase in stem-succulence, reduction of leaves

V. ZHEX| As 22| | H(desalinization) 71'H
L £94 A4

HH2 A EF =2A Ad WHoR 7P gy ol 8HE AL =2 ol &3 FAY
(rinsing method)i’f} Z & ¥ (leaching method) 18|31 717]% 2 813 (electrokinetics) W |}
TAET A=W 04?4 wRoA ZEH o AFsia JleuR A= A7]EH st
g AFAAZIEE LNt A dok - A GRSl M5 A Te

AR A= BA 2], KRCIST (2H471<€A 73], 2013)014 ¢-2luet Aldda=

¥ HHA] A EGFS HEoR o] Ves EYstY I AFATE A vt Aok
715882 E7]&(electrokinetic remediation technique, EK)S &3] HAFE AFA|t
ol Aol FEAA Tl o] &4 ZIeEA, EY el B Y=i(anode)
& AR F F mAem’ T2 AFHARTE I 5T Abolddl EHFE
o 2ZX EY YA Atolo] MlF fAlol 7] o] (electromigration), 7|5+ F(electro osmosis)
2 @ﬂ%‘%(electrophoresis)ﬂ 2o 71533 & (electrokinetic phenomena)S LAY A7
HE 59 APESY 22 AT EGOZRE 5% 59 L9=2< AAS, BEY
o] pHe} 22 3384 EA4E Aojatr] At A A (in-siv) B3| Eolth. FF9 = A
olo] AFHFE 7Istd F A= Alolol] AAHH A9 Full(potential gradient)e] F S o}

o

_4
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A oFoleo eFog Lol kT 7 o|FdA HER YAEES HA AAL + A
A7 1%

THKRCIST, 2013). A7]% 3 84 (electrokinetic) ¥H8-7] E2]%& Fig. 10 AA= o] Aot

Data Acquisition System

DC power supply
(+) Anode Cathode (=)

! Effluent
i ) tank
- To] |

i Anolyte | Toom J| Catholyte

Pump
22cm 1

Fig. 1. Schematic diagram of electrokinetic remediation technique (KRCIST, 2013).

147 A EFS o Y5t AAV|eL Hew A, A T Na ol LL
E=ofo] Aol Folelxl UOM(3% o), 7] Na’ e 678907} HE4E B A

A, &5 szl AR o} Ytk o] AFH= Na+ o] £o] Eepozre 47
AAS M, A7)0 534 ANFEAYe 23] SFFFO2 ol Fste]l fE5% I WS
9082 BefFE Avtelnt. CI o] &9 FF= EFORHE A AAHIH97% o],
o5 TREE FF Asle] EFo] YNUTh o] M Cr ool SFFFOT P
A7 HEEE ols) WelE weAtE Hrlol Sl ojs) $F PFOR o] FHUS L

b A G- F2 A3 (gypsum, CaSO, - 2H,0) Ei= 7] EAHA)
FZOF, Son et al. (2001)°] A e o7 XA EF] AA
TE, Ryu et al. (2010)°0] A1 Egfol| & HHAEY] Yol &5 H
2o gk AFE, Oh (1990)= A13]9] TR} sl A Bk Alde g d+5 1
2]l Koo (1989)7F THHAEFE] A S 913 AnAYERE HAES v} ot o] Hrol=
A2 A EFAA FtAAE Z&3 AD7IE Aol ts) o] =&e] BiFol
ATk ZhEEsi et AaAged mE AFdAAH A dHE ASE Ministry of Agriculture and
Forestry (2001)01 4] F-& &5t <183t T
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1) 7ol ofg 222

Na' o] &3} Ca** o] & F3la e FEYAV 7F-E8] = Na* o] &0] H' o]22
2 A8H a3 A8t 298 A NaOHE A4 37 Sl ol e Coe BT
ol =okA H,COs 2 A48l H =Tl o= NaOHSF 47 W58l Na,COs 5 A AIZI T
=l o8 Na,COsE AAAZIE EFUARS Na™ o2 thilel] H' o2& 2t Ho H
o] 2o F7FEER pH fho] wolxint.

Ca — Clay =Na + H,0 — Ca - Clay =—H + NaOH

H.CO; + 2ZNaOH — NaCO; + 2H;0

2) M1 A2 ofet 2 EE

FREFA A3(CasS0s-2H0)E A3t HEJA F2E] A= Na' o] o] A1
9] Ca’* o] 222 X3 NaS0, 5 B4 H=dl, ©] NapSOs= S=ol o34 AAT
& Atk weEtx s AlE3te] §EAR 2 A EFYAE Na™ o] tialel Ca* o] &
ZH o] B T2 HIAA BEFAE 53 T 5 o B dLYAE BE

=~
PN
_,_ol

Ca = C[a}' =Na + CESD42HJD — Ca=| C[a}' =Ca + Na;50; + 2H.0

stk Ao & AFEHRE 7S
of AAF7IES MEHOE HElste ARG o]& F
A5t long-term A& XPetHS o X 2Hr} Fotthe AFA AT Hard bt
ThFig. 2)(Son et al., 2016).
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35 m Control ®mGypsum [ Gypsum+Rice straw compost ORice straw compost

30 4
T
25 4 TT
g 90 -
)
=
3 15
=
10
5 T T
0 4 L1 -
Initial 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Year
50 m Control ®Gypsum 0 Gypsum+Rice straw compost ORice straw compost
45 A TT TT
40 I
35 r BT
S 30
A
@ 25

0 = L1 - - - -
Initial 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Year

Fig. 2. Effect of different amendments on ECe and ESP in soils during long-term leaching
cycles (Son et al., 2016).

AETH AL gutygo g wAE 9%k A (biodesalinization) 2 & o|gF A<
(phytodesalinization) & %33t o] 2 o] &5 . /MEH o7 BFd, nyES ol &
gk Ao A A FA A (biodesalinization)?t WEF2 =S o] &3 A A HFAA
(phytodesalinzation, vegetative desalinization)@ &% ojoF & Ao|t} 18} dAH O Z =
-2l A=A Ade =8 e ZZHOE ‘vegetative desalinization’©] 2= &7}
= =t *}‘G'LQ ATk ol 7FUF, FINES o83 ‘biodesalinization’ > 1 A0 E0]

dgso] Qa, AdEst 9A vlulshrle] oy B A7t AYHA @ ejols]

Rolth, B 4 =R FFAoR A&l A AV AT A2 A

471 My AHE ARE AFshed 3o AlE}

AR Eope] ol AW AL NG TS &I Zlo] AR
| A7E el wLE_L oF 1,560%2] W g4 Bl —-—xﬂo}u:] o] = 46.8%7}F Hobz3},

S|

2
%3}, 3}, F3A Eo|th(Zhao and Li, 1999). webA Thaksk YA A EELS dafA &
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AN F& ALo g2 &8E F Ut WEHANES EYST 985 F55taL A EAY
o] AE-& FZHAI7]E Biological pump €& o} AT AAA T = FEFS AE T
Fol E¢F SHHEE thefalitth AaliA Y GAAELS I S0 H-Sete i, S W3t
AZ1I715 gt} A28 s EYY A4S BASH, EY dsEe dasty, fUE 3
& ZI13t) =3 Boko] B et MEEH 1 EYNYE B35S 2460, 25 &
5, 28-S 2435 JA Ao HEA AES HE Ao AAEtE AL @A EAA BIE
A2 ER S HIlE 7HEA7|H A Y-S ZAANZIT 1A 9] FHA|sk= Ade] dAAE
7363% o O]EOV%]E st IFH A9 A=A ENFS AdliAe A= WAl

rJ
{:9.
-
N
-
2
o
i
2
[
-

$HH(Lee et al., 2007).

VI. dsllE2 52l 7jo| =z}l(guide line)

7t W EFS2] Environmental Protection and Enhancement Act (Alberta, 1992)°] A A =
ol A& FHEYGS Edo gt 7tol=gielS A et o33 2t dWEF9 Ttol=
gelo] BE dAEY JUdFow H8d v ARL v 13 A dfEYS A
gl ZlolEeRl o2 A &5t TAl= §le Aotk 7H, 279 T3 22 RV
g e AujA|oll= ot 43 dRdAe7E 2o AolANk G Eolv WA E
< Bo o LA Ttel=dkle] A8d ¢ S Zolth Table 30+ FHEFS] Lnt
%l 7hol=gelo] AA|E o] STt

£~

Table 4. Generic guidelines for salt contaminated soil (The Canadian Environmental
Quality Guidelines, 1999)

Generic Guidelines for Salt

. . Comments
Contaminated Soil

The primary guidelines for assessing salt and sodium status of

. . . salt contaminated soil are adapted from the “Soil Quality
Soil Quality Relative to

Disturbance and Reclamation
(adapted from Alberta
Agriculture, 1987)

Criteria Relative to Disturbance and Reclamation”. These
guidelines were developed to provide physical, chemical, and
biological guidelines for evaluation of the suitability of soil
materials for revegetation. Application of the guidelines requires

comparison with representative off-site controls.

Canadian Council of Ministers . . o
“CCME Industrial/Commercial Criteria” for EC and SAR may

of the Environment Commercial/ . . . .
be used at sites zoned for commercial or industrial use.

Industrial Criteria (CCME, 1991)
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Table 40 AANE RE} HEF AVHEES} HEFNEES T5FY 45 EA L
S8 Ak A g ZA=Au 7t 7hs et

AEE Ev THE EAY EF 7Fol=8iRl2 Canadian Council of Ministers of the
Environment (CCME)®] ‘Interim Canadian Environmental Quality Criteria for Contaminated

Sites’ol A TFASL QJEd AVAEE 4 dS m?! 228l JEFF 2] 12% o] 3o tiTable 5).

Table 5. Soil quality guidelines for unrestricted land use (The Canadian Environmental
Quality Guidelines, 1999)

Rating Categories
Parameter
Good Fair Poor Unsuitable
EC dS m™ (salinity) <2 2-4 4-8 >8
Top soil
SAR (sodicity) <4 4-8 8-12 >12
EC dS m" (salinity) <3 3-5 5-10 >10
Sub soil
SAR (sodicity) <4 4-8 8-12 >12
Vi. & =
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T

v
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