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Evaluation on the Effects of Deicing Salts on Crop using Seedling Emergence Assay
of Oilseed Rape (Brassica napus)
Soo-Hyun Lim', Hyejin Yu'"?, Chan-Young Lee®, Yu-Seok Gong®, Byung-Duk Lee*, and Do-Soon Kim®'

ABSTRACT The increasing use of deicing salts has caused various environmental problems, including crop damage along the
motorway where deicing salts are sprayed during winter. Deicing salts used on roads have been reported to negatively affect crops,
but little information is known about their impact on crops. A seedling emergence assay was conducted to evaluate the effects of
deicing salts on crops using oilseed rape (Brassica napus) as a model plant. We tested five chloride deicing salts consisting of
NaCl, CaCl,, or MgCl; and 1 non-chloride deicing salt (SM-3) at a range of concentrations (25, 50, 100, 200, and 400 mM), and
untreated control. Regardless of deicing salts, they significantly delayed and reduced seedling emergence of oilseed rape with
increasing salt concentration. Non-linear regression analysis of seedling emergence with a range of salt concentrations by fitting
to the log-logistic model revealed that the chloride deicing salts reduced seedling emergence more than the non-chloride deicing
salt SM-3. The GRs value, the concentration causing 50% seedling emergence, of SM-3 was 47.1 mM, while those of the chloride
deicing salts ranged from 30.7 mM (PC-10) to 37.5 mM (ES-1), showing approximately 10 mM difference between non-chloride
and chloride deicing salts. Our findings suggest that seedling emergence assay is a useful tool to estimate the potential damage
caused by deicing salts on crops.

Keywords : Brassica napus, crop damage, deicing salts, NaCl, oilseed rape, seedling emergence assay

HENME £ Solx £ oede 33 5 o
A T AR GAGES o BHoR A%
I m2o ARGE AL Qlom] T ARGRIES} ARG
7Vel= Ao th(Lee et al., 2015a; Lee et al., 2018). A|
Al darol2o] Ti-E dok=A AldAel gaolo]
FEA 2 HHsEA AEAR FEsh, tEA QL
kA Al AlE SFUHEFNaC), g3bd#(CaCl),
stokdleMgCh)ol Stk il &8 A AAdLe=

& go] AR AdAlE oA ALAI ASRHES
QY| o] 7hzo] AYsla 27] §Ao] ey AZto] 7
N2 AslaaHT §4 ALETTF 27 glEoz &
E o TR =7l Ashdar de) ARSE A

AthLee et al., 2015a). YBPIEFS A2 HFS 714
7 frdshs 8002 FHA Qlo] APARZA AREA]
Fo7h Aot dobdae HRRE ARGEO| 2= 1]
Ae dFo] AjHoR A2 Aoz A ok 2eu

N uR n& o o L2

DAetista g atetds g yEatetd 1Y ALY (Senior Researcher, Department of Agriculture, Forestry and Bioresources,
Research Institute of Agriculture and Life Sciences, College of Agriculture and Life Sciences, Seoul National University, Seoul 08826, Korea)

NF) B3y ZEHTHATLAL A9 (Senior, FarmHannong Co., Ltd., Nonsan 33010, Korea)

VAR IA T2 HEATLY AAALY (Principal Researcher, Korea Expressway Corporation, Korea Expressway Corporation Research
Institute, Hwaseong 18489, Korea)

VAR I ERAEATLY ALY (Chief Researcher, Korea Expressway Corporation, Korea Expressway Corporation Research
Institute, Hwaseong 18489, Korea)

Vet A HIE S Ay ALY W= (Professor, Department of Agriculture, Forestry and Bioresources, Research Institute
of Agriculture and Life Sciences, College of Agriculture and Life Sciences, Seoul National University, Seoul 08826, Korea)

"Corresponding author: Do-Soon Kim; (Phone) +82-2-880-4542; (E-mail) dosoonkim@snu.ac.kr
<Received 25 November, 2020; Revised 29 January, 2021; Accepted 3 February, 2021>

© £ treix|o] HEHL gREBolelR|o] oD, olo] REETL =2HE S
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



A SO0t DXz MExMe Fgt 73

4
iAs
lo
Y
9‘15
£l
N

o
s

el Pekase He
Hl ALg el A7 %7ts
Sl ZAlole. olejt 7}
Bol7] 9l gofegs

6‘6}01 A1 )

Ty 2
b

o

o2
s
i) 1 HU o

2

o X
2
1o

—~
e
w

N

N

O
og o
é% I
@ 2o 2
o i, Sk
© ke
ox H1
I )
Mo o 2 3o

_EL
lu
ol
o2
ot
v
|m
i
L
I
3
g
>,
fob fu etz R

i
N
o 32

N
)
)
1o
oo o
&ll
b
> ox |o

H
=
w R
b
K1
U
2

fr o &

o2

fo

%

)Y

2
of,
tlo
do
i) M
uicAe
LR
RO -/
:;

kA Xﬂ“Xﬂ«l Ag2
o] =2 FHo EFH 4E ol

; Hl R o
ol > 12
= oz
N oy =2
ol
X “ﬁ
ok 29;
T

It U_Q o
E N
A
Hr O,
o L
ofN &

1_
L
lru
o{x
nlJ
1B
J;
_\ﬁ
EU
b
o
Y

g b= Ho] Oh:}(Le et al., 2015b) S

© Z7hR EoF QRS Z7M7|I AREUAS A
7|7 =™ (Lee et al., 2015b) o]= B W dsh=A A4
AolA H1ZH ol& e kol AEo] *ﬂ:‘”&fiﬁz}
Z7jo] o wo| Yot dth. A% Aol @
AElo] 54 =7t AAA] oo EEetH *ﬂi W IS
49 Fgo| vk 5o] Folet AlBo] A HrkGibbs
& Burdekin, 1983; Shin et al., 2010). A ZHU] A4 o]
o) 22 A 4= A U AFS A AN 5
et dsizel A ERFW ARSA Yehte
ol @4 FAo] o3t Ao] 2 ¢l F shtetn &
\TH(Shin ef al., 2010). F3pzd& W 29 o4 IF
PHoR ARG Gb oL B kol YA
g0l 7hssto] ol vl W WS e v
<oz} ek ABA o] Tk G o] & FEE Al
S5 fut|s s, 28 U B et o
H

lﬂo_‘>: ;o

StA SRRl AujSel 2z AT Sk
Qlth(Lee, 2013; Ahn et al., 2019). FIEA ALA 2
A siashr] sl 7189 dekeA skEl dEE
013 74k SRRt Al A e ‘ﬁﬂ%?ﬂl ohgheEe] A3
HlAeEA AQATE A8 AQAR 55
ok 22 7]ES] %‘ﬁ}ﬁﬁl AdAE= =
18H7d AEA7E 2ol od S&= 1l
il gHajolojd Aed
%Zhi %?J l“xﬂﬂ HA A 2ol v
& AAolt. 11 F 3 ALA
= ¥ die F= aEF H
Aoz *‘/\151"* o A4
Al Il Wid A= A9 3
al 2015b). ufebA] B A1= I
A AskEA AlA, A AA
z 554 %‘i}%ﬁ | v oA AdAE dde=
Ao} Zotell mAls YF= Bt ALA FF & 2=
o mAlE F&& st FAA v i 7=
wG7staAt et okx® AldA S Azl vAle
e 27]o] B & e Yo RA FA 9] Eof
- B/ E87s e BrkstaAk skt

il
=
bl
)
=
=
O_L, l‘ﬂ ;9, =
rN‘

=
ol

It

£

N\

ofi

o)

N

Mo 2

o & w
h=

i+

1

T

N[

e
U hu
= ~
it ;ﬂz 1>

N
b
i
==

=2

m

N

52 o
S
vo U
o
8 =

b8
O

o &

A

ANA AHEE= EH

BAl M2 ¥ ZEMHH

FAVIKE AGR ARA $AAR FYso] B
e A5 st sAAER wWol AujEa
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Table 1. Composition and product source of deicing salts tested in this study.

Deicing salts Composition Manufacturer

NaCl NaCl 100% Chemicals Duksan Corp, Korea
CaCl, CaCl, 100% Chemicals Duksan Corp, Korea
NaCl+CaCl, NaCl 70%, CaCl, 30% Chemicals Duksan Corp, Korea
ES-1 NaCl 41.5%, CaCl, 48.5%, Na;PO, 1.0%, Naz;CsHsO; 2.0%, Molasses 7.0%  Sindo Chemical Ltd., Korea
PC-10 NaCl 60%, MgCl, 36%, H-200 4% Hankook Chem. Ltd., Korea

SM-3 Starch extracted from Corn

Rotor Ltd., Korea
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NaCl

CaCl,

NaCl+CaCl,

ES-1

PC-10

SM-3

50

100

Deicing salt concentration (mM)

Fig. 1. Brassica napus plants at 15 days after sowing and treatment of deicing salts, NaCl, CaCl,, NaCl+CaCl,, ES-1, PC-10,
and SM-3, at a range of concentrations, 0, 25, 50, 100, 200, and 400 mM.
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Fig. 2. Cumulative seedling emergence (%) of Brassica napus treated with deicing salts, NaCl (A), CaCl, (B), NaCl+CaCl, (C),
ES-1 (D), PC-10 (E), and SM-3 (F), at a range of concentrations, 0, 25, 50, 100, 200, and 400 mM. The linear lines,
symbols, and vertical lines represent fitted values by the Gompertz model, observed values, and standard errors with

3 replications, respectively.

12
@ NaCl
10{ ¢ CacCl
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£ 8 @ ES1
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(6]
= 47
@
21 & -
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Deicing salt concentation (mM)
Fig. 3. Electrical conductivity (EC) of soil treated with deicing
salts, NaCl, CaCl,, NaCl+CaCl,, ES-1, PC-10, and SM-
3, at a range of concentrations, 0, 25, 50, 100, 200,
and 400 mM. Measurement was made at one day after

deicing salt treatment. Vertical line indicates standard
error of 3 replicates.
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mMoj A 1.05 dS/mo]ith(Fig. 3). Yuba o0& EoF EC7}

¢ dSmolel 35 dREGeR LR & AT
QeHEA AMA w7}

478 ds/mol Lot fH7k A %o}~ ShA] 3T, £
EC 1.57 ~ 2.26 dS/m 4232l 50 mM A 2o A= A Zst
FotelAsk Aol fHe] Zobk AMA S W)
A MSEE BT 5 otk FAVIG AN BHo= A
28 AMATE Bl ok o2 AR BAAR 3UH 7

A=

o B AREEE S ARENAS AN
Ol A3 Ao} B G A ek, 55 £
2ol P 27710l Be] Fvt BEHAE 4R BE S
712 Qls) Bo) §47t s Ae Foh ¥ 27 Aol 4]
2151 AsfE= Aoz A2A QlthFarhoudi ef al., 2007;
Rauf et al., 2007; Mohammadi, 2009). S-u|&A = H] s}
=A AEAQ SM-39] 9 A=A AdA o Hls| B
EC7} @orout f419] Zof oA =7 211, 53] B
EC7} 1.05 dS/m?] 100 mMoj| A &ol&-9] 7.8%, 1.34 dS/m
0] 200 mMojA AE ZolE T3t AL 1T w u=E
SM-37} S5 2EAHROR 24E ARt st §
AL A gk oz wegc

Aol et A

2

H&xM7L | Sols=0 DlXl= I&

A SAE HEe & A FHEoHES Gompertz
et v E2AS ol EAskL A&k
50%0] =Ddhs dRME Adsrich Mgk A9 &
of £} TAE A=A AHA A FE STt wet

Z7¥stg =t ol AAAIZE 449 ol £EE XA



76 SHAX|(KOREAN J. CROP SCl.), 66(1), 2021

(A)

qil

1l

(B) (C)

1

(D)

Parameter M (day)

il

(E) (F)

10k

50 100 200 400

50 100 200 400

1l

50 100 200 400

Delcmg salt concentration (mM)

Fig. 4. Parameter M, the time required for 50% of the maximum cumulative seedling emergence rate of Brassica napus treated
with deicing salts, NaCl (A), CaCl, (B), NaCl+CaCl, (C), ES-1 (D), PC-10 (E), and SM-3 (F), at a range of concentrations,
0, 25, 50, 100, 200, and 400 mM. Vertical line indicates standard error of 3 replicates.

Table 2. Analysis of variance (ANOVA) for the parameter M, the time required for 50% of the maximum cumulative seedling
emergence rate of Brassica napus treated with deicing salts at a range of concentration.

Source of variation DF SS MS VR F prob.
Deicing salts 5 38.844 7.769 1.55 0.211
Concentrations 5 388.432 77.686 15.48 <0.001
Residual 25 125.453 5.018

Total 35 552.729
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Aok AEA s 7ol ©E Eok& e AEE log-
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Fig. 5. Seedling emergence (%) of Brassica napus in response to deicing salts, NaCl (A), CaCl, (B), NaCl+CaCl, (C), ES-1
(D), PC-10 (E), and SM-3 (F), at a range of concentrations, 0, 25, 50, 100, 200, and 400 mM. Vertical line indicates

standard error of 3 replicates.

Table 3. Estimated parameters of non-linear regression analyses
in germination rate for Brassica napus seeds treated
with deicing salts. The values in parentheses indicate
standard errors.

Parameter estimates

Deicing salts R?
GRso (mM) B
NaCl 36.6 (1.82)  2.73 (0.35) 0.988
CaCl, 35.2 (3.38) 4.42 (1.22) 0.992
NaCl+CaCl, 31.8 (1.97)  2.51 (0.40) 0.997
ES-1 37.5 (0.77)  3.13 (0.17) 0.998
PC-10 30.7 (1.65)  4.59 (0.91) 0.997
SM-3 47.1 (6.99)  2.16 (0.67) 0.954
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