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Desalinization of Salt-affected Soil by Phytoremediation

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

Salted-affected soil is a major environmental constraint with severe negative
impacts on agricultural productivity and sustainability in reclaimed tidelands. This
review focuses on the phytoremediation of reclaimed tidelands. We address the
process of phytoremediation of these soils, comparison of phytoremediation with
other amelioration approaches, driving forces contributing to the process, selection
of phytoremediation crops, and the role of cropping in securing environmental
integrity under salt-affected soils.

Key words : phytoremediation, reclaimed tidelands, salinity, salt-affected soil,
sodicity
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Table 1. Advantages and disadvantages of phytoremediation technology

Advantages Disadvantages

® /n situ and ex situ e Take several years to remediate a contaminated

site

® Amenable to a variety of organic and inorganic |® Limited to shallow ground water, soils and

compounds sediments

Suited to remediation of large areas of soil ® Not as effective for sites with high contaminant

concentrations

Costs effective compared to conventional methods | ® Slower than conventional methods

Easy to implement and maintain & accepted by |® Toxicity and bioavailability of biodegradation

public products are not known

Fewer spread of contaminant via air and water |® Contaminants may be mobilized into the

groundwater

Conserves natural resources ® Influenced by soil and climate conditions of the

site. It does not work in the winter

Environmentally friendly and aesthetically ® Disposal of contaminants accumulated in plants

pleasing to the public after harvesting-pollution again

I3 Table 200+ 47104 =23 6714 A EEU7IHES U E A S vk 2}
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Table 2. Advantages and disadvantages of individual phytoremediation technology

Classification Advantages Disadvantages
® Cost is fairly inexpensive compared to | ® Metal bioavailability within the
conventional methods rhizosphere
® Amount of waste material that must |® Rate of metal uptake by roots
Phytoextraction be disposed of is decreased up to ® Proportion of metal ‘fixed’ within the
95% roots
® In some cases, contaminant can be |® Cellular tolerance to toxic metals
recycled
® No disposal of hazardous ® Contaminant remain in soil
materials/biomass is required ® Application of extensive fertilizaton/
Phytostabilization |® Very effective when rapid soil amendments
immobilization is needed to preserve |® Mandatory monitoring required
ground and surface waters
® Both economically and ® Requires more than one growing
environmentally friendly season to be efficient
Phytotransformation ® Contaminants may still reenter the

food chain through animals or

insects that eat plant material

Phytostimulation

® in situ practice resulting in no
disturbance

® No removal of contaminated materials

® Complete mineralization of the

contaminant can occur

® Development of extensive root zone
required-taked time

® Root depth limited due to physical
structure of soil

® Organic matter from plant may be
used as a carbon source instead of
contaminant — decrease amount of

contaminant biodegradation

Phytovolatilization

® The contaminant, mercuric ion, may
be transformed into a less toxic
substance

® The mercury released into the
atmosphere is likely to be recycled by
precipitation and then re-deposited

back into lakes and oceans

Rhizofiltration

® Ability to use both terrestrial and
aquatic plants for either in situ and ex
situ applications

® Contaminants do not have to be

translocated into shoots

® Constant need to adjust pH

® Plants may first need to be grown in
greenhouse/nursery

® There is periodic harvesting and plant

disposal
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Fig. 1. Schematic picture of individual phytoremediation technology (Pilon-Smits, 2005).
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1920~19309 = v]= AeZYolol A HESFS MIFst=ul Rel(Hordeum vulgare L.),
QYA 2=E S22 (Melilotus indicus L.). SO|E 2NE F2EW(M. albus Medik.), &2}
(Medicago sativa L) 1813 53K Gossypium hirsutum L)E ©]&3F AHg7} RuEo Qo)
(Qadir and Oster, 2002). Kelley(1937)2] X 1ol 23}, 193013 W F-th L2k 2~[Cynodon dactylon
(L. Pers.] 2@ Ajuf} - B2 1@ Anj - G2y} 49 ZHHH - ABl(4vena sativa L.) 1'd AH] 5
F 8d Bo AEEY FHEATS 3 Ay EF TEF(0-30 cm)o A ESP (exchangeable
sodium percientage)7} 57%°1 4 1%Z 734393, A EZS(0~120 cm)o A= ESP7} 73%°l 4]
6%= JAATE o] Z& Ades AERUr|Hel e e sska AR v o
FAA &S Bt oy}, EYF F9 WA E 124 AR/ AAHE 5
g ARE AT

Z7] AERY 7€ E o)F 1950~1960d el = AZAW A= thFolA Fx29
APRAES OO0 2 s A7 ISPk ojwf AHEE WA ES FE Hi

a2, 7P a8k~ {Karal grass, [Leptochloa fusca (L.) Kunth]}, 3£ A {fodder cane,
(Saccharum spontaneum L.)} T12]3L M| 228} O} Sesbania bispinosa (Jacq.) W. Wight] 5©] %}

o 25U ARt o A= Ao YFHASAE B, AA sHNES ¢
MEF MFA =84, 384 agla AESH AHeE Hdste 22 4 Aok |
AujAl B ARHANE HAsbslr] A AA 2 %/\Hﬂl 9 O 2 1) EYA
A5 g 7]Fsk] oF 10-15 Mg ha'e] 431 Az, 2) B o]YA 15209 &<t &
N S AA, 3) ArHE AU EA FASH] A8 AT AA], 4) HEd &
E A, 5) vid 9AFY] fU1E £ 28a 6) ¥ Auld Al znpyolel 22 i =
H]2+E A9l (Gupta and Abrol, 1990; Quirk, 2001).
3. | &%kl A phytoremediation =7t &

A EF] AEEY WrlUF a4 tigt A5 Qadir et al. (2007)Y] AEE FE3

© 2 st 7‘3313}3"3\‘:]'. HA =Y HE8dS EFEA T CO0 =71 5718l w
2 B8] 7+H(soil-root interface)oll Al EUE Ca’'e] &2 Z7HA71A o). o]
W7t S o3 2o £8€E 5 ok

Phytosaiine-sodic = Rpco2 + Rus + Rpny + Snar
Rpcor = TA@UIA cO*el £ 71 Rne TdolA WEE 718 &

A
e BT Sl 54 AN Pelel BUH B el S 4
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Salt and Na*
removal by
shoot harvest

Root physical effects
that help improve soil
structure

Root chemical effects
that help dissolve
calcite (CaCQOy,) in soil

-

Respiration

~ }f/-'— Decomposition -
Proton (H*) release CO;+H0

by plant roots

ﬁ Irrigati 1
HCO; + H+ <= H,CO,4 /

\ -~ H,0
<<

Na+ Na+ Ca2+

= = s

Leaching

Fig. 2. Schematic illustration of driving forces for phytoremediation of calcareous sodic
and saline-sodic SOilS: increased partial pressure of CO, within the root zone; enhanced proton
(H") release in the root zone in case of certain crops; physical effects of roots in improving soil
aggregation and hydraulic properties of the root zone; and salt and sodium (Na') content of shoot,
which is removed through harvest of aerial plant portion (Qadir et al., 2007).

1) 2L O|MSBIEIA(CO,) e 28
B ZH(CaC0o;)2 g3l9t AL 3822 Alxwlel 93] AAHTE 7 duka<d
B CaC0;9] £3l= THY €09 Etoll oj=351A Hot

=

CaCO; + CO, + H,O © Ca** + 2HCOy

A7) Aol A CaCOs7F CO9F HHS-31H EFgAZ0 2 (o> e} HCOy Y WEo] dojutA
o

Ak ol A= CaC0s9l €3 =7 W] W&ol Ca*7F &5 0] Na™ o] & X33 4 ¢l
o 37 EYNAM Peprs EWF TS o] 1%Y W ) 1 kPaZkA] Z7151A] E th(Nelson
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and Oades, 1998). o}&2 B9 P74 oAM= H7|S2E COo &S #alstr] o
o o Z718kAl Btk (Narteh and Sahrawat, 1999). ©]= & C0,2] EUF B34S SV
A 2 Aot vl Al ZHANA Peors AHEA M ZAS A HElagol o) o 718
4 2 ThH(Robbins, 1986). EYF F Ca’'2] o] @& EdoM = €09 F77F H o]&9
WES FX38t EY pH7 Ao E JE 5 JAT, EY] 9455 o] 2 9%
L OgA ZA FE Aotk ZEFHOE, a7t FH3I G EUNA Pepnd F7HE Ca?t

B =S ZVAA Ha, 719 Ca¥'E ESENESFHE FEF Na' o] &3} 28kt
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2) AMEHe|o ost QHEAHT) UE
A EFe] ZHWA FAAHH)Y WEES Ca¥'2F HCOs S A= EYE CaC0:9
= d

S =E S7HAZE Aolth. BB oA A Eol 3 FAEAHHY BES 1735t
312 7]-&7](electrochemical gradient)oll &]E3T) FAAH)= A EHE]Y &F 23} HCO;
EA BHIEE COyoll 938t 3ol /3], pH 5~69 A=5e] FHAA dojrk= CO9

&3} 7h2 Gake FAHANHNS] F7HE THA A A ol AL R X3S Yo
FTFEA Bk AL ALHos doslHu FARH)E EFENF <
o] el olate] FFol FAFAY, THE ol (Ca¥, Mg B K AF50] Bt

Table 3. Mean values for net Na® removal (*standard error) in various cropped and non-
cropped treatments as a function of partial pressure of CO, (Pcoz) in a lysimeter
experiment (Robbins, 1986)

Treatment Pcox (kPa)* Na' removal (mol)®
Controlc 0.9-4.3 1.0+0.1
Gypsumd 0.9-2.4 3.3£0.3
Manuree 3.1-6.0 1.6+0.2
Cotton (Gossypium hirsutum L.) 3.0-3.6 1.4+0.1
Alfalfa (Medicago sativa L.) 4.8-7.2 2.6+0.2
Sordan [Sorghum x drummondii (Steud.) x Millsp & Chase] 5.8-14.1 4.0+0.3

*The Pcop vales fluctuated during the experimental period. The highest values in the cropped treatments were
obtained during vigorous vegetative growth

" Initially there were 7.5 mol of Na' in each soil column

¢ Without crop or chemical amendment application

2

¢ Gypsum applied at 5 kg m™ soil and incorporated in 0-0.2m

° Fresh manure applied at 5 kg m™ soil and incorported in 0-0.2m
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B WA Na® o] &) TR 12% vl 57 it Ao BRIFAY. Aedoz daEd
oA AEEAL Ba AAHE AR Na' ol && AEA AR F4olHo| Na® of
2ol AARE Anches o] SUCERE 00,9 B3} PalolA FEH FAA)
o ol3t Na© o]} @Rel §¢o] B &7 olghe Zoltt.

HFAEL] AFE AASI] A% M oA AES DEEANA Aol dojof T
ol ol Al 9FE LEEE FHY 5 Qlojof s, & uloj o AAAES
ZHA AL glojof ok E/E AAS] fef A A TS At P Sl U
S g vinbe, 23 383 Hukgk EYAE WS 7 2 AT F e A9E
I GAAE FoA AEste slojth Ul HHESGS o R AERAVHEE
245 Atdle APtk sk Aol Bt} el d slolth A7k FE gt AT
7 A BEE AFF] 8l 7Fo] WE8AES] 487ts 8-S AR @Al H
£ 7] wEolth tEH O 2, Lee et al. (2007)°] HH A ESS MFEr] &) HAA
o] &HA U= 2%, ¥ 3% 9 Ve 3

T T 18T S R I 1HHA B¢ AEHU A&7}
Limonium, Atriplex, Barnyard grass, Sesbania % Bermuda grass7} A1

(2008)°] -Elvtet et H A o] Eef AR AYRE AR A= Table 40
Bl Ao
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Table 4. Plants species in Daeho reclaimed tidal flats of the west coast of Korea in 2002
(Kim et al., 2008)

Family Scientific Name Korean Name Habitat Distribution
Juncaceae Juncus gracillimus ETE Only one place Small clumped
Aster tripolium A= Z Random, clumped, zonation
Aster pilosus R N Only one place Small clumped
Compositae Aster subulatus B2 28} Mixed with the 4. tripolium
Erigeron canadensis ks Small clumped
Sonchus brachyotus ALEE Scattered, random
Polygonaceae | Rumex crispus agAol Quite few
Suaeda glauca A Mixed AV\-/lﬂ’l the S. europaea,
S. maritima
= Scattered, random a few
. Suaed: iti ssu= LT .
Chenopodiaceae waeda mrtima e Zonalion, mixed with the
S. glauca, S. europaea
Salicorni S5v
alicornia europea A naas Random, Zonation,
mixed with the S. maritima
Onagraceae Epibbium pyrricholophum s Individual
Asclepiadaceae | Metaplexis japonica u7he] Quite a few
Cyperus sanguinolentus WHEATIZ1E] | Wetted area A few, clumped
Cyperaceae Scirpus planiculmis A ) 2471 Wetted area Clumped
Scirpus wallichii g Zonalion
Caryophyllaceae | Spergularia marina AN A= A few
Plumbaginaceae | Limonium tetragonum 247 Clumped
Plantaginaceae | Plantago asiatica A7 o] Side by paddy soil | A few
Leguminosae Trifolium pratense ER=R=gekt Clumped
Alopecurus aequalis ENE One individual
Beckmannia syzigachne N3] Quite a few
Bromus tectorum SR Clumped
Calamagrostis pseudo-phragmites | AZZE All over the area | Clumped
Festuca arundinacea EHAF Clumped
Imperata cylindrica o Clumped
. Miscanthus sinensis A Mixed with the A few, clumped
Gramineae . .
Phragmites communis Z) S. brachyous, Clumped, random
red clover
Puccinellia nipponica A E Clumped, zonation
Setaria viridis LI Random, clumped
Trisetum bifidum A= Clumped
Zoycia japonica zHd Clumped
Halophyte :
12 Families 6 Families.
Total 27 Genera 9 Genera.
31 Species 12 Species
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414 2t Kang and Shim (1998)2] Aol w=m, 7H]
o] =8 - 2T oA UEA, AHE, fEUE, vt
Hu# & olglem, oo A AE, AAA, AEZE o] +HFAL, gHol Jayd
ol Fg, 2, AFenE 59 FEFH AEo] AT A K Table 5). AT
UHE} FoA AEEY AHEH YA 2 EF S Table 69 AA3] AA = ATt Gupta
9} Abrol(1990)¢] FHEFANA 2l =HAol AL 7Hsdt 21 &S ESPE 7|F o2 A AT A
S+ Table 70 YERY th =u] - & A3 AFolA AAA AFEAE 83t -y

g HHA AAEFOIN HERY HEFS AFeE BET AL Aolok

N

Table 5. Classification of herbaceous plants occurred in the reclaimed region by their
saline adaptability and life cycle (Kang and Shim, 1998)

Annual Biennial Perennial

High-saline region

Atriplex gmelini Aster tripolium
Salicornia herbacea
Suaeda asparagoides
Suaeda japonica

Suaeda maritima

Moderate-saline region

Chenopodium glaucum
Cyperus glomeratus
Kochia scoparia

var. littorea

Salsola collina

Limonium tetragonum
Puccinellia nipponica

Spergularai marina

Arundo donax
Eriochloa villosa
Phragmites communis
Scirpus planiculmis
Triglochin maritimum
Typha anguststa
Typha orientalis
Zinania latifolia

Zoysia sinica
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Annual

Biennial

Perennial

Low-saline region

Aeschynomene indica
Ambrosia artemisiifolia

var. elatior

Aster subulatus

Aster subulatus

var. sandwicensis

Bidens bipinnata

Bidens frondosa

Cassia mimosoides

Var. nomame

Cosmos bipinnatus

Cyperus difformis

Cyperus globosus

Cyperus iria

Cyperus microiria

Cyperus orthostachyus
Diodia teres

Echinochloa crus-galli

var. caudata

Echinochloa crus-galli

var. praticola

Eclipta prostrata

Erechtites hieracifolia

Mosla dianthera

Orobanche coerulescens Persicaria
hydropiper Persicaria nodosa
Polygonum aviculare Portulaca
oleracea Setaria glauca
Silene armeria

Solanum nigrum

Beckmannia syzigachne
Carpesium abrotanides
Erigeron canadensis
Lactuca scariola
Leonurus sibiricus
Melandryum firmum
Melandryum oldhamianum
for. roseum

Melilotus alba
Melilotus suaveolens
Ranunculus chinensis
Rorippa islandica
Senecio vulgaris
Sonchus asper

Artemisia fukudo
Asparagus cochinchinensis
Asparagus schoberioides
Carex pumila

Carex scabrifolia
Cyperus polystachyos
Ellymus mollis

Inula britannica

var. chinensis

Ixeris stolonifera
Juncus effusus

var. decipiens
Juncus haenkei
Kyllinga brevifolia
var. leiolepis

Lotus corniculatus
var. japonicus
Lythrum anceps
Phacelurus latifolius
Phalaris arundinacea
Phragmites japonica
Plantago asiatica
Prunella vulgaris
var. lilacina

Rorippa indica
Rumex crispus
Scirpus fluviatilis
Scirpus juncoides
Scirpus triqueter
Sonchus brachyotus

Table 6. Relative sensitivity to soil salinity of selected plants

Degree of salinity tolerated (EC)

Annual field crops

Forage crops

Non to slightly saline Peas - Timothy

(0-4 dS m™) Canola
Mustard - Reed canary
Oat - Meadow fi

Moderately saline as . OW‘ eseue
4 Safflower - Intermediate wheatgrass

(4-8 dS m™)

Sunflower - Brome grass

Row barely

- Sweet clover
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Degree of salinity tolerated (EC)

Annual field crops

Forage crops

Severely saline
(8-16 dS m™)

- Barley may produce some

tolerant forages

- Russian wild ryegrass

crop, but best suited plants are | - Slender wheatgrass

- Salt meadow grass

Very severely saline
(16-20 dS m™)

- Altai wild ryegrass
- Levonns alkaligrass
- Alkali sucaton

- Puccinellia distans

Adapted from Holm (1982) and Alberta Agriculture (1995)

Table 7. Ranges of ESP in soils indicating about 50% of the potential yields of different

Crops (Gupta and Abrol, 1990)

Crop
ESP range
Common name Botanical name

10-15 Safflower Carthamus tinctorius L.

Mash Vigna mungo (L.) Hepper

Pea Pisum sativum L.

Lentil Lens culinaris Medik.

Pigeon pea Cajanus cajan (L.) Millsp.

Urd-bean Phaseolus mungo L.
16-20 Bengal gram Cicer arietinum L.

Soybean Glycine max (L.) Merr.
20-25 Groundnut Apios americana Medik

Cowpea Vigna unguiculata (L.) Walp.

Onion Allium cepa L.

Pearl millet Pennistum glaucum (L.) R. Br.
25-30 Linseed Linum usitatissimum L.

Garlic Allium sativum L.

Guar Cyamopsis tetragonoloba (L.) Taub.
30-50 Indian mustard Brassica juncea (L.) Czern.

Wheat Triticum aestivum L.

Sunflower Helianthus annuus L.

Guinea grass Panicum maximum Jacq.
50-60 Barley Hordeum vulgare L.

Sesbania Sesbania bispinosa (Jacq.) W. Wight
60-70 Rice Oryza sativa L.

Para grass Brachiaria mutica (Forssk) Stapf.
70+ Bermuda grass Cynodon dactylon (L.) Pers

Kallair/Karnal grass Leptochloa fusca (L.) Kunth

Rhodes grass Chloris gayana Kunth
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