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Abstract

BACKGROUND: During the winter, the use of deicers was
rapidly increased for reduction of traffic accidents as well as
injuries in Korea, whose components are largely comprised
of calcium chloride and sodium chloride. Recently, to
reduce the adverse effects of chloride-deciers such as
pollution of water and soil, and decrease of agricultural
productivity, the attention of eco-friendly deciers have been
increased. This study aimed to investigate biological effects
of magnesium chloride deicer (PC-10) and organic acid
deicer (EFD-1) against wheat, barley, and spinach.

METHODS AND RESULTS: We examined the effect of
two deciers, PC-10 and EFD-1 on the seed germination and
growth of wheat, barley and spinach. EFD-1 showed higher
suppression of the germination than PC-10 among tested
crop seeds. In demage index of the seedlings of the crops,
there was no symptoms in spinach such as spotting and
color change of leaves. EFD-1 showed much stronger
inhibitory effect on the germination of tested crop seeds
than PC-10 when crops were exposed continuously to tested
deciers in soils. The growth and shoot and root in examined
crops was relatively higher in PC-10 treatment than in
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EFD-1 treatment when compared to the control. The
biomass decrease was found in all examined conditions of
deciers. PC-10 showed 23-35% reduction of biomass
whereas EFD-1 exhibited 39-84% loss in all examined
crops at over 2% concentration.

CONCLUSION: These results suggest that the effects of
deicers used in this study by inputting into soil against
growing tested crops cause the reduction of germination of
seeds, growth, and biomass compared to the control.
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Table 1. The effect of deicers against the germination of wheat seeds (n=3)
Conc. Mean+SE, %
Material
(%) 1 DAT 2 DAT 3 DAT 4 DAT 5 DAT 6 DAT 7 DAT
0 0.0+0.0 ¢ 52.0+6.4 a 67.0+24 a 79.0£2.0 a 84.0+2.7 a 84.0+29 a 85.0+2.7 a
0.1 0.0+0.0 ¢ 10.0£3.1 ¢ 30.0+1.2 ¢ 37.0+£1.8 ¢ 43.0+1.8 ¢ 48.0+2.3 bc 51.0+2.7 bc
0.2 0.0£0.0 ¢ 5.0+0.7 ¢ 15.0+1.3 d 19.0£1.8 d 28.0+2.3 d 33.0+1.8 cd  39.0+2.4 cde
EFD-1 0.5 0.0£0.0 ¢ 1.0+0.7 ¢ 7.0+1.8 d 9.0+0.7 e 14.0£1.2 e 17.0£0.7 e 25.0+2.4 e
1 0.0£0.0 ¢ 0.0+0.0 d 0.0£0.0 e 0.0£0.0 f 0.0£00 g 0.0+0.0 f 0.0£0.0 f
2 0.0+0.0 ¢ 0.0+0.0 d 0.0£0.0 e 0.0£0.0 f 0.0£0.0 g 0.0+0.0 f 0.0£0.0 f
3 0.0£0.0 ¢ 0.0£0.0 d 0.0£0.0 e 0.0£0.0 f 0.0£0.0 g 0.0+0.0 f 0.0£0.0 f
5 0.0£0.0 ¢ 0.0£0.0 d 0.0£0.0 e 0.0£0.0 f 0.0£0.0 g 0.0+0.0 f 0.0£0.0 f
0 16.0£2.3 a 56.0+4.6 a 70.0£1.2 a 80.0+2.3 a 82.0+2.6 a 84.0£25 a 85.0+2.6 a
1 8.0+1.2 b 29.0+24 b 56.0+4.2 b 52.0+1.8 b 70.0:2.3 b 76.0+19 ab  80.0+1.7 ab
PC-10 2 1.0+£1.3 ¢ 10.0+3.1 ¢ 14.0+23 d 12.045.7 de  34.0+2.1 ¢ 51.0+6.7 b 60.0+5.3 b
3 0.0+0.0 ¢ 0.0£00 d 3.0£0.7 de 4.0+1.7 e 21.0+5.0 fg 34.042.8 cd  49.0+3.5 bed
5 0.0+0.0 ¢ 0.0£00 d 0.0+£0.0 e 0.0£2.6 f 7.0+4.0 fg 20.0+2.5 ef 36.0£2.5 de
Table 2. The effect of deicers against the germination of barley seeds (n=3)
) Conc. Mean=SE, %
Material
(%) 1 DAT 2 DAT 3 DAT 4 DAT 5 DAT 6 DAT 7 DAT
0 13.0+24 a 51.0+£3.7 a 67.0£24 a 80.0£1.8 a 85.0+24 a 85.0+2.6 a 86.0+2.4 a
0.1 0.0+£0.0 ¢ 16.0+3.1 bc 26.0+35 cd  37.0£35 b 43.0+35 b 47.0+£35 b 51.0+6.4 bc
0.2 0.0+£0.0 ¢ 12.0+4.0 bc 16.0+2.3 de  23.0+4.8 ¢ 25.0+29 cd  31.0+0.7 ¢ 35.0+2.4 cde
EFD-1 0.5 0.0+£0.0 ¢ 20+1.2 d 7.0+1.8 def 7.0+24 d 11.0£24 def 17.029 d 22.0+4.2 e
1 0.0+£0.0 ¢ 0.0£0.0 d 0.0+0.0 f 0.0£0.0 d 0.0+0.0 f 0.0£0.0 e 0.0+0.0 f
2 0.0+£0.0 ¢ 0.0£0.0 d 0.0+0.0 f 0.0£0.0 d 0.0+0.0 f 0.0£0.0 e 0.0+0.0 f
3 0.0+£0.0 ¢ 0.0£0.0 d 0.0+0.0 f 0.0£0.0 d 0.0+0.0 f 0.0+£0.0 e 0.0+0.0 f
5 0.0£0.0 ¢ 0.0£0.0 d 0.0+0.0 f 0.0£0.0 d 0.0£0.0 f 0.0£0.0 e 0.0£0.0 f
0 13.0+2.4 a 46.0£2.3 a 65.0+3.7 a 84.0+2.2 a 86.0+2.6 a 88.0+2.6 a 88.0£2.6 a
1 7018 b 29.0£35 b 40.0+4.2 b 64.0+6.3 a 71.0+4.6 a 75.0+4.8 a 77.0+5.1 a
PC-10 2 5.0+1.3 b 220435 bc  30.0#4.1 bc  30.0#69 bc  40.0+27 bc  57.0+35 b 63.0£33 b
3 0.0+£0.0 ¢ 0.0£0.0 d 1.0£0.7 £ 3.0+16 d 10.0+4.7 de  35.044.8 cd  48.0+4.4 bcd
5 0.0+£0.0 ¢ 0.0£0.0 d 0.0+£0.0 f 0.0£0.0 d 50426 ef 140438 cd  30.0£6.5 de
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Table 3. The effect of deicers against the germination of spinach seeds (n=3)

.. Conc. Mean+SE, %
Material

(%) 1 DAT 2 DAT 3 DAT 4 DAT 5 DAT 6 DAT 7 DAT

0 170£20a 310431 a 440424 a 470448 a 60.0+35 a 65.0+4.2 a 77.0425 a

01  70+£13bc  250+18 a 39.0¢18 ab 50012 a 540+24 ab 62020 a 71.0+1.8 b

02 3007 c 130227 bc 270457 bc  370£29 b 43029 bc 470435 b 520+1.2 ¢

EFDL 0.0+0.0 ¢ 2000 def  80+12de  13.0£27 de  250+29d  300s#31 cd  360+23 d

1 0.0+0.0 ¢ 1.0+04 ef 2008 e 4014 ef 6.0+1.6 ef 90+15 ef 15040 e

2 0.0£0.0 ¢ 0.0£00 f 0.000 e 1.0+0.7 f 20+12 f 30+13 f 50+1.8 f

3 0.0£0.0 ¢ 0.0£00 f 0.000 e 0.0+00 f 0.0+0.0 f 20+12 f 3024 f

5 0.0£0.0 ¢ 0.0£00 f 0.000 e 0.0£00 f 0.0£00 f 0.0+00 f 0.0+0.0 f
0 190+18 a 36.0+4.6 a 450437 a 400481 a 540450 ab  57.0+44 a 72.0+2.3 ab

1  130x13ab 220+12ab 34020ab  360+40Db 460431 bc 480431 Db 50.042.0 ¢

PC-10 2 50+1.8 ¢ 120431 bed 290424 abed  31.0+0.7 bc  39.0+18 ¢ 37029 bc  39.0+1.8 d
3 3.0£1.3 ¢ 11.0£29 cde 180212 cd  220+12cd 27018 d  300+12 dc  31.0+13 de

5 1.0+0.7 ¢ 90429 cdef 90437 de  13.0x1.8 de  19.0:0.7 de 240423 de 26012 e

Table 4. The damage index of wheat, barley and spinach seedling exposed to the mist of deicers (n=3)

Index*, Mean+SE

Material Conc. (%)

Wheat Barley Spinach

0 0.0+0.0 c 0.0+0.0 d 0.0£0.0 a

1 1.0£0.0 b 1.0£0.0 cd 0.0£0.0 a

PC-10 2 1.3+0.2 ab 1.3+0.2 cd 0.0£0.0 a
3 1.5+0.3 ab 1.8+0.2 ab 0.0£0.0 a

5 2.0+0.0 a 2.0+0.0 a 0.0+0.0 a

1 1.3+0.2 ab 1.0£0.0 cd 0.0+0.0 a

EFD1 2 2.0+0.0 a 2.0+0.0 a 0.0+0.0 a
3 2.0£0.0 a 2.0£0.0 a 0.0£0.0 a

5 2.0£0.0 a 23+0.2 a 0.0£0.0 a

"The damage index of tested crops by deicers was based on the Korean Pesticide Control Act. 0, no damage; 1, slightly
weak spot or the change of leaf color is observed, but not different from control; 2, spot, the change of leaf color or
the elongation inhibition of leaf is slightly observed but there is no effect on the growth of an exposed crop after rapid
recovering; and 3, spot, the change of leaf color or the elongation inhibition of leaf is distinctly observed but when we
expect that there is no effect on the gross production of an exposed crop.
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Table 5. The effect of deicers in soil against the germination of wheat, barley and spinach seeds (n=3)
Mean=SE, %
Material C(‘n’fo‘)c' SDAT* 10DAT 15DAT 20DAT 25DAT 30DAT
we B St w B S w B S w B S w B S w B S
Control 0 400:9.1a  400:9.1a 375:32a 65.0:45a 55.0£6.5a 575:01a  75.0:29a  725:85a 67.526.0a 85.0£5.0a 800+41a  825:14a  85.0:50a  825:48a  863:24a  85.0¢5.0ab  825:48a  86.3+24a
1 225:63ab 275:25ab 300:dla 425:11.1ab  37.5:4.8ab 488:0.1a  675¢63ab  65.0¢6.5ab  53.8+24ab  80.0:4.1ab 80.0+4.1a 725:3.2a 875:2.5a 825+48a  825:14ab  87.5:25a 825482 86.3:1.3a
175:48bc  25.0:65abc  63+47b  275:25bc  35.0+6.5abc  475:03a  50.0:41bc 525:85abc  525:6.3ab  725:48ab  70.0:7.Jab  675:43ab  825:25ab  825:48a  838:13ab  85.0:29ab  825:48a  838:l3a
e 75:25bc  75:48bed  13:13b  175:48bed  25.0:29bed  40.0:04a  300:4.1cd  400:4.labc 525:tl4ab  70.0+d.labc  70.0:4lab  563:13bc  775:25abc  75.0:29ab  76.3:24ab  77.5:25ab  75.0:29ab  763:24ab
5 75¢25bc  5.0:29cd  0.0:00b  150#65cd 175:48bcde 350:02ab  25.0:29d  275:85¢d  425:6.6b  55.0+65bcd  50.0:82b  51.3+43cd 75.0:29abed 67.5:48ab  70.0+d6b  775:25ab  675:48ab  725:4.3ab
1 0.0£0.0¢ 00:00d  63:00b  150£29cd  125:48cde  113:08bc 30.0:4.led 35.0:65bcd  18.8+3.8¢ 450:65c¢d  575:48ab  36.3:43de  625:48dc  65.0:29ab  525:5.20c  80.0:4lab  65.0:29ab  6635.9b
00£00c  00£00d  0.0£00b  5.0+29cd 75+4.8de 38:10c  275¢85cd 425:103abc  113#13c  60.0¢7.1abed  57.5:6.3ab  22.5:32ef  65.0:29bcd  60.0+41ab  338:13d  70.0:4.lab  60.0:4.1ab  375:1dc
D 0.0£0.0¢ 00:0.0d  0.0:0.0b 0.0:0.0d 0.0£0.0e 63:05c  25.0:50d  175:4.8cd 751 4c 375:4.8de 475:63b  125:14fg  575:48dc  55.0:65b  213:24de  675:48bc  55.0:65b  313:38c
5 00£00c  00£00d  0.0:00b  0.0:0.0d 0.0£0.0e 0.0£0.0c 0.0£0.0e 0.0£0.0d 0.0£0.0¢ 12525 17.5:48¢ 0.0+0.0g 300:41e  250:65c  88+3.2e 500+41c  250:65c  10.0£2.0d

**DAT, days after treatment.

**W, wheat (Triticum aestivum L.); B, barley (Hordeum vulgare var. hexastichon (L.) Asch.), and S, Spinach (Spinacia oleracea L.).
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olgl Hz] oM FART 87%3) Hlsdt ol 5A4&
BT, 5% ATV}t 76%=E thah FES e A 0E UE
WK Table 5). EFD-1° &% AlFA] FAF 9A] wlgHo]
U AERRY FAE vlsesh e ol S4S Bk
SEARE 2% o)) AEEelME 38% mINEe] wig-
Wolg-g Hol WMoy AMERRYET ¥ A dFS
wolt), oAk A= Fdtel] B, PC-102} EFD-1 #1414
0] FYE FAE B Fe E, By I8 AleA|
A= PC-10 BUb= EFD-19] Athalo® o 73k dolg
oA AES Bt} o)A EFD-10] £Alek= 3kl <
St ZoF FdEn, AAL 98 AskE] %t AE
A} ol Ao thet Bal(Shin e al, 2012)9F LSk

B ol 919 AAIEe wEE wiey, AEdne 1
Y AFA 52 w=F AL Y wF s BTl gEHql

AES B 1% AwL £330 =9 A8 FES

wad

1
-

d

AT vlEl] Aol freletAl Aekou 1% Gl
M tha destA R 9FEe] F9- PC10 A
YTE BT 159714 Aol 93-S W ZoE Yed
a1, Akl AuE A gl vl o] td ZoFE o
EFStt EFD-1S Wobs 59 &) o] il S

T AYAo R 9 st 93-S vAtHFig. 1A). 1% %
JME =F 30U F, FA Tl vlE oF 10 cm o] o
A= ek

AMEzEE oA W vlsssiAl PC-10 9 EFD-1 Al
AAEY BEY U =E2 4 v Zoz ehth
PC-10 1% =Z77} 30 ¥ A4 A% 24 em Hoh 25
g 2k 21 am? ASS HSATKFig. 1B). 2% °1¥e &
TFoA= ASo]l dASH A oF 17 cm 714 A5
< B3, 3%} 5% ETOME ok 16 em S-S YE
Witk WhH EFD-1 1, 2, 3, 5% %7+ 309 & 7247+ 15
cm, 13 cm, 12 cm, 10 cm &S Ho] PC-10 A&+Hoh
AA A o] oAE AeES Bk PC-10 AAAQ &
F &Q)ol mE AlEA] A 1% =Tl T d
U 2lolE YERIA 49k, 2% =ET- AL ARl Au

XL,
oy e

A Ao vl A 54 Bl W, 3%
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Fig. 1. Inside view of the kale greenhouse before (left)
and after (right) supplementary radiation provided by
three wave lamps, sodium lamps, and red LEDs.

ETelAE oFthe] A% Zﬂsﬂ o] = KFig. 10).
EFD-19] E¢F Z9o =59 AluAle dAAdes Be A
g FrellA] FAE A vlE **73} A7F dofwket 1%2] A
EEolA 304 ¥ 9 em?] AtE Hol FAT 12 emel H]
8H HNABFAIL 2% o1 mETelAE 8 em ©l3ke] A3
A(])Jx} E/do Eoﬂ‘:}(lzlg 1C) ;q]/d;q]ﬂ. % ZHHHX] Eo]:
of F=] FAEUE B2 75t 30 1 B wF
W, AR, AleA Y] AE Y
F& ARSI (Fig. 2). 7L A%, PC-102
1% ol3te] AE% JEMW zrt 3y 2 AolE HolA] ok
o1}, 2% o] FE FEME o= AL IS HAE
RO Yt Bgt E“ﬁa WG RS A A xS

] T, w23
HLO‘/]Oﬂ

LIBON

Shoot Root

Shoot Root

Length{cm)

Shoot Root

Fig. 2. The length of the shoot and root of wheat (A), barley
(B), and spinach (C) exposed to deicers in soil at 30 days after
treatment. The asterisk indicates statistically significant
difference from the control (n=3).

% WStk EFD-1 A5 AT 9
% PC-10 A87=3 AR A3ds Bl
S, —E“']«] 3T 5% AelTrellA A dF Bk
] ks o] Ao R Hxl sl vERsth K
785, dell digh o] S s —)F—%O]U%(Greenway
and Munns, 1980)% %4 $la1, W] A%, ofdA|7]el
v Gk g =2 A4S Holw(Mass and Poss,
1989), AlaA& G0l 5 EoFol| o]A x| AY7kA s
7} Ak Willson ef al, 2000)= HolA & JAF4T=
719 Hasd frAketth
Bkl A9 AMAZE d, Bel, AlaA Al n]A|
T 9T A 304 & Ax FAE Zﬂé}oﬂ 4% vlaLst
otk AdAl B £910% 30% wet wE3E WFY, AE
FRY, ATA 59 A3 YAZFES vugls o, dHFow
gzl nls] A2l vk &R oR A AES Bk
53] A e EFD-1 HE|TEolx] @A Jerstt
(Fig. 3). o]z ofnbie 7AES] S41 2Ato] Eokel 74
Al pH Bigkel A7HEE Fol d3Fs nFlV] Wios F
FE o] Ak Aol wet AFe HEdo]

oo
10 ox

L rfr T 48 o
o
x
)
>
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Fig. 3. Biomass of wheat (A), barley (B), and spinach (C)
exposed to deicers in soil at 30 days after treatment. The
asterisk statistically significant difference from the
control (n=3).

D7) wel, AEelA o 2Alg
of whel gebd ¢ Qlar, ofe]l o A&
4+ 9lal(Wilson et al., 2000), %ol tidt A He
ojuA = A%, A A So] Btk Bael o
$tHTaiz and Ceiger, 2002).

ole] Aukg goks, AMA PC-10& EFD-19] bl
A Atd o g 2] wolgl A Holx Jeke W F=
2 ARk AW AYAL EPARS A%H wFe
TIHOE ABe ol U Y, YAF T JFL 7]
wEol, AR AHGALC] AHE] BYS Seld A guol
s ojof & Zlojrk

o OF
o 5
B 4 Sl JVIRaE Qs ARAY Aol %
sk gla, WEA ot A E8e Az 9
3 olgEk AAY FHRoRE dHUEY dHIEF
q
(e}

o] qlt}y. FHTol| +4e9%, T
AA ] FAE-E

o] olxa gtk E v W, ®y, AEX] ths] PC
-10%} EFD-1 A4 A19] 938 ZARISIth PC-102F EFD-1
ALAE ARgate] B, W, AlaRe] A Wl RS
ZAFFSITE EFD-1-> A=l tisl PC-10 K.th 'HololA]
7F o] stk AldA Gl tidt thsEARlA AlEA=

2 Azl vdl A TS DX dskey Bk ol AA
iz EFD-12 PC-100] w8l LoloiA|lasr} =9k
AR 7] 9O A% EFD-1A4E AT
PC-10 A7} tiz=7-9} vlusigls o Ay o st
Atk AEA L] AT A S A ZW & oA
tzetel] wls] wgkom, 2% o)) Aulw el PC-10
23-35%, EFD-12 39-84%2] A A%k %}ii B3Itk o]e]
APRELS YAAEAQ PC-100] EFD-1 H|&l| ZARRMEES
Wol, A%, AR Fhiel ¥ @ T AR dekEch
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