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Abstract

BACKGROUND: Deicers such as calcium chloride
(CaCly) and sodium chloride (NaCl) in Korea have been
commonly used to reduce traffic accidents as well as
injuries. However there have been adverse effects of
deciders such as pollution of water and soil, and reduced
productivity of agriculture as well as forest. This study
aimed to investigate biological effects of the deicers against
wheat, barley, and spinach.

METHODS AND RESULTS: The germination of tested
crop seeds exposed to chloride-deicers, CaCl, and NaCl was
significantly reduced at over 3% concentration of
chloride-deicers compared to the control. In spraying
deicers to the seedlings of the crops, there was no symptom
such as inhibition of growth rate or leaf elongation.
However the germination of tested crop seeds was affected
at 2% concentration of deicers when they were exposed
continuously to deicers in soils. The growth of the shoot
against CaCl, and NaCl treatments was very similar in
wheat and barley whereas the shoot of spinach was the most
susceptible. Based on these results, the sensitivity of the
crops to the tested deicers was as follows: NaCl > CaCl, >
mixture (CaCl, + NaCl). The length of shoots and roots of
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the seedlings grown in 1% treated soil was decreased. The
biomass of all the seedlings decreased 1.5 to 4 times at 1%.
CONCLUSION: These results indicate that the effects of
salt deicers by inputting into soil against growing tested
crops are more severe in germination and growth inhibition
as well as biomass decrease.
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Table 1. The effect of calcium chloride and sodium chloride deicers against the germination of wheat and barley seeds

meantSE, %

Conc.,

Material 7%

1DAT”

2DAT

3DAT

4DAT

5DAT

s

W

B

W

B

w

B

W B

w

B

36.0.+1.2Db|

73.0+0.6a

81.0+2.4ab

77.0+0.64]

84.0+1.2ab

84.0+0.6a

85.0+2.4ab

85.0+0.6a

86.0+3.1ab

88.0+0.6a

4.0+£2.3c

15.04£5.3cd

45.0£7.7cdf

68.0+£3.74

85.045.3ab

79.0+3.5ab

85.04+5.7ab

79.0+4.1ab

86.0+3.1ab

80.0+2.0abc

CaCl, 10.0+3.1¢

10.0+3.3cde

59.0+0.7bcd

69.0+2.04|

79.0+4.4abc

76.0+0.7ab

80.0+5.0ab

78.0+0.7ab

82.0+5.0ab

81.0+2.0ab

8.0+2.3¢

5.0+1.2de

34.0+11.0cdf]

66.0£5.54

73.0+4.4abc

74.0+2.0abc

76.0+4.0ab|

75.0+2.0abcd|

77.0+£3.7b

78.0+1.8abc

0.0+£0.0c

0.0+0.0e

0.0+0.0g

0.0+0c

9.0+4.8d

55.0+2.3c

13.048.7¢c

56.0+1.8d

20.0+5.0c

67.0+2.0bcd

78.0+6.1a

51.0£2.7b

91.04£3.7a

77.0+£3.74)

91.0+£3.7a

72.0+2.0abc

94.0+1.2a

74.0+1.2abcd

97.0£0.7a

75.0+1.8abc

5.0£2.9¢

49.0+1.8b

44.0+7.6cdf

67.0+3.74)

73.0+5.8abc

68.0+2.0c

73.0+£5.8ab

73.0+1.8abcd

73.0£5.2b

74.0+2.0abcd

NaCl 0.04£0.0c

3.0+1.8de

23.0+2.9gf

40.0+2.3Db|

65.0+1.8bc

55.04£2.9¢c

68.0+2.0b

57.042.9cd

69.0£1.8b

58.0+4.2d

0.0£0.0c

0.0+0.0e

0.0+0.0g

0.0£0.0c

0.0+0.0d

16.0+£5.3d

3.0+£2.4c

17.045.8f

15.0+£3.7cd

20.044.2ef

0.0£0.0c

0.0+0.0e

0.0+0.0g

0.0£0.0c

0.0+0.0d

7.0£1.3d

0.0£0.0c

7.0+0.7f

2.0+2.0cd

9.0+£1.8f

39.0+7.0b

50.045.0b

76.0+8.1abc

78.04+5.04]

85.0+2.9ab

83.0+1.8a

85.0+3.5ab

84.0+2.0a

88.0+2.3ab

85.0+1.3a

31.045.5b

42.0£2.3b

76.0+6.4abc

67.0+£5.74

83.0+2.9ab

75.0+2.7ab

83.0+2.9ab

75.0+2.7abc

87.0+2.9ab

77.0+1.8abc

Mix 8.0+3.1¢c

21.04£1.3c

52.0+4.2cde

69.0+2.94

83.0+1.3ab

79.0+2.9ab

81.0+2.9ab

79.0+2.9ab

82.0+2.0ab

80.0+3.6abc

WQIN|R [V [IN|R[C|U|W|N|~=]|O

1.0+1.3c

1.0+£1.3de

26.04+2.3efg

44.042.3Db|

59.048.7c

63.0+2.9bc

65.0+9.4ab

65.0+2.9bcd

70.0£5.0b

65.04£2.0cd

9]

0.0£0.0.c

0.0£0.0e

0.0+0.0g

0.0+0.0c

1.0£0.7d

9.0+2.9d

1.0+0.7¢c

37.0+4.7f

1.0+0.7d

33.0+£3.7e

"Mixture was prepared by mixing NaCl :

"DAT, days after treatment.
"W, wheat (Triticum aestivum L.); B, barley (Hordeum vulgare var. hexastichon (L.) Asch.).

CaCl, with 7:3 (w/w)in 30% CaCl, solution.

Table 2. The effect of calcium chloride and sodium chloride deicers against the germination of spinach seeds

meantSE, %
Material | Conc. »
3DAT 4DAT 6DAT 7DAT 8DAT 9DAT 10DAT 11DAT
Control | 0% 43.0+1.0a | 49.0£2.5a | 58.0+4.2a | 72.0£2.3a | 72.0+2.3a | 76.0+1.7a | 78.0+2.1a | 79.0+0.8a
1% | 12.0+2.8b | 14.0+2.3b | 18.0+2.5b | 44.0+2.3b | 51.045.0b | 60.0+5.1abc| 65.0+4.6ab | 66.0+4.2ab
CaCl, 2% | 5.0+l.6c | 7.0+1.4bcd | 10.0+1.0cd | 27.0+4.6c | 38.0+6.4bc | 45.046.6cd | 58.0+4.7bc | 61.0+4.1bc
3% 0.0£00c | 3.0+1.6cd | 6.0+l.5cde | 8.0+1.1d | 26.0+4.8cd | 37.0+5.9d | 44.0+7.0cd | 48.0+6.8¢c
5% 0.0£0.0c 0.0+0.0d 0.0£0.0e 0.0+0.0d 0.0£0.0e 0.0£0.0e 0.0£0.0f 0.0£0.0e
1% 12.042.7b | 14.042.7b | 19.0+14b | 53.0+3.8b | 55.0+4.4ab | 64.0+1.7ab | 69.0+4.1ab | 71.0+3.9ab
NaCl 2% 2.0+1.0c 2.041.0cd | 2.0£1.0de | 10.0+2.5d | 11.0+2.7de | 12.0+3.7e | 28.0£3.7de | 28.0+3.7d
3% 0.0£0.0c 0.0+0.0d 0.0£0.0e 0.0+0.0d 0.0£0.0e 0.0£0.0e 1.0+0.8f 1.0+0.8e
5% 0.0+0.0c 0.0+0.0d 0.0+0.0e 0.0+0.0d 0.0+0.0e 0.0£0.0e 0.0+0.0f 0.0+0.0e
1% | 6.0£1.7bc | 10.0+3.5bc | 14.0+2.5bc | 31.0+1.4c | 48.0+4.5b | 57.0+4.8bc | 69.0+2.4ab | 68.0+3.2ab
Mix 2% 1.0+0.5¢ 2.0+1.0cd | 2.041.0de 4.0£1.5d 7.0£1.2e 8.0£1.5e 13.0+1.0ef | 14.0+1.3de
3% 0.0£0.0c 1.0+0.8cd 1.0£0.8e 2.0+1.7d 2.0+£1.2e 3.0£1.0e 4.0+0.6f 5.0£1.0e
5% 0.0£0.0c 0.0+0.0d 0.0£0.0e 0.0+0.0d 0.0£0.0e 0.0£0.0e 0.0£0.0f 0.0£0.0e
"Mixture was prepared by mixing NaCl : CaCl, with 7:3 (w/w) in 30% CaCl, solution.
“DAT, days after treatment.
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Table 3. The damage index of wheat, barley, and spinach seedlings exposed to the mist of deicers

Index’, mean+SE
Material Conc.
Wheat Barley Spinach
Control 0% 0.0+0.0d 0.0+£0.0b 0.0+0.0c
1% 0.44+0.3d 0.0+0.0b 0.6+0.3bc
2% 0.640.3cd 0.2+0.2b 1.4+0.3b
CaCl,
3% 1.4+0.3bc 0.6+0.3ab 1.4+0.3b
5% 2.4+0.3a 1.2+0.2a 2.4+0.3a
1% 0.0+£0.0d 0.0+0.0b 0.0+0.0c
2% 0.2+0.2d 0.2+0.2b 0.0+0.0c
NaCl
3% 0.4+0.3d 0.2+0.2b 0.2+0.2¢
5% 0.840.2cd 0.6+0.3ab 0.2+0.2¢
1% 0.0+0.0d 0.0+0.0b 0.0+£0.0c
Mi 2% 0.0+0.0d 0.2+0.2b 0.2+0.2¢
ix.
3% 0.44+0.3d 0.2+0.2b 0.2+0.2¢
5% 1.8+0.2ab 0.4+0.3ab 0.4+0.3¢

"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 4. The effect of potassium chloride and sodium chloride deicers in soil against the germination of spinach seeds

mean+SE, %
Material| Conc. 5DAT™ 7DAT 9DAT 12DAT 14DAT
W™ | B™ S Y B S Y% B S W B S w B S

Control| 0% 5.0+ | 20.0+| 25.0+ | 25.0+| 80.0+| 61.0+| 43.0+| 88.0+| 89.0+| 60.0+| 90.0+| 89.0+| 70.0+| 90.0+| 89.0+

ontro 1 29a| 41a| 65a | 5.0a | 41a | 14.8a| 95a | 48ab| 34a | 41a | 4.1a | 3.8a | 5.8a | 4.1ab| 3.4a

1% 0.0+ | 0.0+ | 0.0+ | 13.0+| 40.0&| 0.0+ | 33.0&| 90.0&| 16.0%| 53.0%| 90.0+| 50.0+| 58.0+| 93.0+| 51.0+

° 1 00a| 00b| 0.0b |4.8ab| 10.8b| 0.0b | 6.3ab| 4.1a | 52b | 4.8ab| 4.1a | 54b | 4.7a | 4.8a | 4.7b

2% 0.0+ | 0.0+ | 0.0+ | 0.0+ | 0.0+ | 0.0+ | 0.0+ | 13.0&| 0.0+ | 0.0+ | 35.0+| 0.0+ | 0.0+ | 40.0+| 0.0+

Cacl 1 00a| 00b| 00b| 00b| 00d]| 0.0b| 00c| 63c| 0.0c| 0.0c| 29b | 0.0d | 0.0b | 4.1c | 0.0d
al

’ 3% 0.0£ | 0.0£ | 0.0£ | 0.0+ | 0.0+ | 0.0+| 0.0+ | 0.0+ | 0.0+ | 0.0 | 0.0£| 0.0 | 0.0+ | 0.0+ | 0.0

1 00a| 00b| 00b| 00b| 00d]| 0.0b| 00c| 0.0c| 0.0c| 0.0c| 0.0c| 0.0d | 0.0b| 0.0d | 0.0d

5% 0.0£ | 0.0£ | 0.0£ | 0.0+ | 0.0+ | 0.0+| 0.0+ | 0.0+ | 0.0+ | 0.0+ | 0.0 | 0.0+ | 0.0+ | 0.0+ | 0.0

°1 00a| 00b| 00b| 00b]| 00d]| 0.0b]| 00c| 0.0c| 0.0c| 0.0c| 0.0c| 0.0d]| 0.0b| 0.0d | 0.0d

1% 0.0+ | 0.0+ | 0.0+ | 3.0+ | 18.0&| 1.0+ | 20.0&| 73.0&| 5.0+ | 43.0+| 83.0%| 33.0+| 65.0+| 60.0+| 38.0+

° 1 00a| 00b| 0.0b| 25b | 48cd| 1.3b | 4.1bc| 8.6ab| 3.5¢c | 4.8b | 6.3a | 6.0c | 6.5a |16.8bc| 7.5bc

2% 0.0+ | 0.0£| 0.0£ | 0.0+ | 0.0+ | 0.0+| 0.0+ | 0.0+ | 0.0+ | 0.0+ | 28.0+| 0.0+ | 0.0+ | 40.0+| 0.0+

NaCl 1 00al| 00b| 00b| 00b| 00d]| 0.0b| 00c| 0.0c| 0.0c| 0.0c| 48b | 0.0d | 0.0b| 7.1c | 0.0d
a

3% 0.0£ | 0.0£| 0.0£| 0.0+ | 0.0+ | 0.0+| 0.0+| 0.0+ | 0.0+ | 0.0+ | 0.0+ | 0.0 | 0.0 | 0.0+ | 0.0+

1 00al| 00b| 00b| 00b| 00d]| 0.0b| 00c| 0.0c| 0.0c| 0.0c| 0.0c| 0.0d | 0.0b| 0.0d | 0.0d

5% 0.0+ | 0.0+ | 0.0£ | 0.0+ | 0.0+ | 0.0+| 0.0+ | 0.0+ | 0.0+ | 0.0+ | 0.0+ | 0.0+ | 0.0+ | 0.0+ | 0.0

°1 00a| 00b| 00b| 00b| 00d]| 0.0b]| 00c| 0.0c| 0.0c| 00c| 0.0c| 0.0d| 0.0b| 0.0d | 0.0d

1% 3.0+ | 0.0+ | 0.0+ | 18.0+| 28.0+| 0.0+ | 38.0+| 68.0+| 1.0+ | 53.0+| 85.0+| 29.0+| 68.0+| 85.0+| 35.0+

°| 25a| 0.0b| 0.0b| 6.3a | 4.8bc| 0.0b | 6.3ab| 6.3b | 1.3c | 4.8ab| 2.9a | 3.2c | 4.8a | 2.9ab| 2.0c

2% 0.0+£ | 0.0+ | 0.0+ | 3.0+ | 0.0+ | 0.0&| 8.0+ | 0.0+ | 0.0+ | 10.0+| 23.0+| 1.0+ | 18.0+| 30.0+| 4.0+

Mi °1 00a| 00b| 00b| 25b]| 00d]| 00b| 48¢c | 0.0c| 0.0c | 41c| 75b| 1.3d | 7.5b | 7.1cd | 2.4d
ix

3% 0.0£ | 0.0£| 0.0£| 0.0+ | 0.0+ | 0.0+| 0.0+| 0.0+ | 0.0+ | 0.0+ | 0.0+ | 0.0 | 0.0+ | 0.0+ | 0.0

1 00a| 00b| 00b| 00b| 00d]| 0.0b| 00c| 0.0c| 0.0c| 0.0c| 0.0c| 0.0d | 0.0b| 0.0d | 0.0d

5% 0.0+ | 0.0£ | 0.0+£| 0.0+ | 0.0+ | 0.0+| 0.0+| 0.0+ | 0.0+ | 0.0+ | 0.0 | 0.0 | 0.0+ | 0.0+ | 0.0

1 00a| 00b| 00b| 00b| 00d]| 0.0b| 00c| 0.0c| 0.0c| 0.0c| 0.0c| 0.0d | 0.0b| 0.0d | 0.0d

‘Mixture was prepared by mixing NaCl: CaCl, with 7:3 (w/w) in 30% CaCl, solution.
"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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Table 5. Growth rate of the shoots of wheat, barley, and spinach exposed to deicers in soil for 31 days

Material| Conc. mean+SD, cm

5DAT” 10DAT 15DAT 20DAT 25DAT 31DAT
W7 B”| ST | W B S \V B S ' B S Y B S Y B S
3.9+| 5.6+ | 2.6+|14.0416.04 6.0+ |17.0416.04 6.0+ |25.9420.54 6.2+|30.54 24.2+H 6.9+|31.6426.84 7.1+

Control| 0% | 5"\ 16| 02| 54| 27| 10| 58| 27| 09| 84| 45| 10| 65| 59| 13| 61| 29| 11
Cacl, | 19 | L1E| 265] 0.65( 7.24[10.04 0.8+ 8.0+ 1204 1.0+ |11.4412.54 2.1+ | 1384 13.14 2.4%|19.517.4% 2.8+
ath 1081302 41|27 05| 44]30]09]|63]|29|15]|59]| 26/ 1.6/ 82| 46/ 25
1o | 09%] 3+ [ 06%| 73 |12.04 205 9.0+ 13,04 20412241454 3.0+ | 1654 15,64 3.1+ 1994 2104 36+
©107109]02]34]29|15| 40| 33| 14]|54]|30]| 15| 62| 34| 15|55/ 37/ 1.2
NaCl | 29, | 00%| 0.0%| 005 0.0+ 0.0+ 0.0+ 0.0 | 0.0+ | 0.0+ | 0.0%( 3.0%| 0.0 | 0.0+ 2.5+ | 0.0+( 0.0+ | 38%| 0.0+
° 100]00]00]00]00]00]00]00][00]00]|00]00]|00]|21]00]00]18] 00
5, | 00%| 00| 0.05| 0.0+ 0.0+ 0.0+ 0.0 | 0.0+| 0.0+ | 0.0+( 0.8%] 0.0 | 0.0+ 0.8+ | 0.0%( 0.0% | 07| 0.0+

00{00|00|00|00O|00|00O0|00O|O00O|00O|O04(00|0O00]| 04| 00| 00]|03] 00

1% 14+| 2.4+ 0.5¢| 7.5+ | 9.2+ | 1.8+ 9.0+ |10.04 2.0+ |11.7H13.34 2.9+|18.3413.64| 3.0+ |23.9417.7H 2.8+
1 11[11]00[39|35|13|53| 44| 13| 70(38]| 10| 88| 38| 10| 58] 66/ 1.0

0.5t | 0.5+ | 0.0+ | 6.5+| 3.5+| 1.5+| 7.0£| 8.0£| 2.0£| 9.9+ | 7.1+ | 2.7+ |11.84 7.8+| 2.0£|15.54 9.6+ | 2.3+
0000|0025 19| 0 |38|37| 21|49 | 42| 15|56| 42| 15| 74| 34| 15

‘Mixture was prepared by mixing NaCl: CaCl, with 7:3 (w/w) in 30% CaCl, solution.

"DAT, days after treatment.

"W, wheat (Triticum aestivum L.); B, barley (Hordeum vulgare var. hexastichon (L.) Asch.), and S, Spinach (Spinacia
oleracea L.).

Mix"
2%

Table 6. The length of the shoots and biomass of wheat, batley, and spinach exposed to deicers in soil at 31 days after
treatment

) Length (mean+SE, cm) i X
Crop | Material | Conc. Shoot ;t Root RT dry weig}]?’zo(xiii,\iSE, mg) BI
Control 0% 34.4+1.3 1.00 14.341.6 1.00 223.7+26.6 1.00
Ca(Cl, 1% 22.7+1.8 0.34 4.6+0.5 0.68 94.8+13.6 0.58
Wheat NaCl 1% 20.7+1.4 0.40 6.4+0.4 0.55 76.849.3 0.66
Mix 1% 26.3+1.4 0.24 7.2+0.6 0.50 113.9+16.2 0.49
Control 0% 27.4+0.9 1.00 15.1+1.1 1.00 233.7+17.7 1.00
CaCl, 1% 18.5+3.5 0.33 6.311.1 0.58 82.2+6.4 0.68
1% 20.8+3.2 0.24 7.1+1.3 0.53 109.4+7.1 0.56
Barley NaCl 2% 5.0£0.6 0.82 5.7+0.8 0.62 37.243.5 0.88
3% 1.3+0.3 0.95 2.8+0.7 0.82 31.948.0 0.86
) 1% 14.0+5.0 0.50 5.9+0.5 0.61 94.9+7.5 0.59
Mix 2% - - - - 50.6+5.0" 0.78
Control 0% 7.310.2 1.00 5.4+0.5 >1.0 115.1£10.0 1.00
CaCl, 1% 4.740.5 0.36 6.4+0.6 >1.0 36.9+6.3 0.68
Spinach| NaCl 1% 3.4+0.3 0.53 6.5+0.8 >1.0 32.947.5 0.71
Mix 1% 49404 0.33 5.5+1.0 >1.0 23.448.3 0.80
2%" 3.5 0.52 7 >1.0 12.9+0 0.89

"SI, RI, and BI was calculated by the formula; index = (the mean length of shoot or root and biomass of seedlings in
control - the mean length of shoot or root and biomass of seedlings in treatment)/ the mean length of shoot or root
and biomass of seedlings in control.

“The data of one seedling only was shown.

"“No observation in shoot.
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