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ABSTRACT : This article presents an effect of deicer such as CaCly(calcium chloride) and EFD(Eco-Friendly Deicer)
composed by organic acids on the survival and growth of plant. Pine and bush clover which are main natural species on the
road side, and young radish and kidney bean which are cultivation species used in this test that responses of survival and
growth were analyzed as grade concentration of deicers. Bush clover showed the most sensitive survival response among 4
species to the deicer. Pine growth didn't have statistical significance as the kind of deicers and concentration variation, but
growths of bush clover and kidney bean showed growth inhibition in concentration more than 3% of CaCl, and EFD1. The
results of survival and growth for CaCl,(calcium chloride) demonstrated that young radish and pine are tolerant species and
bush clover and kidney bean are sensitive species. Although EFD1 manufactured by chemical showed the negative effect on
the survival and growth of plants, EFD2 made with waste compost was confirmed that it has the positive influence to the
survival and growth of the both sensitive and tolerant plant species for chloride.

Key Words : Eco-friendly deicer, Calcium chloride, Pine(Pinus densiflora), Bush clover (Lespedeza cyrtobotrya), Young

radish, Kidney bean
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Table 1. Composition and ratio of mixed chemicals to manufacture

deicer, EFD1

Mixed Weight Ratio
chemicals (9) (%)
KOH 1,030 27.91
Acetic acid 1,400 37.94
Propionic acid 700 18.97
NaCl 385 10.43
H20 175 474
Total 3,690 100.00

Table 2. Composition and ratio of chemical component to
Eco—Fridendly Deicer, EFD2 (ICP and IC)

Chemical Concentration Ratio
components (mg/L) (%)
Na 3,754.27 27.28
NH4 978.78 7.1
K 3,161.60 22.97
Ca 735.79 5.35
Mg 170.60 1.24
Cl 3,899.52 28.33
S04 833.18 6.05
NOs 17.63 0.13
POa4 197.84 1.44
Mn ND -
Fe 2.76 0.02
Al 0.42 0.00
Pb 0.05 0.00
Cu ND -
Cd ND -
Zn 9.77 0.07
Ni 0.63 0.00
Cr ND -
Total 13,762.84 100.00
ND : not detected({0.05 mg/L)
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Table 3. Physico—chemical properties of vermiculite for the plant growth experiment

Characteristics ltem Unit Guarantee range
Water content % 40-55
Physical properties Water holding capacity % 55-65
Density kg/L 0.2-0.4
pH(1:5, v/v) - 5.5-7.0
E.C.(1:5, v/v) ds/m below 1.2
Chamical properties Nitrogen (Ammonite +Nitrate) mg/L 200-300
Phosphorus(P20s) mg/L 200-300
Cation Exchange Capacity(CEC) mg/L above 10
Toxic substance As, Cd, Hg, Pb, Cr, Cu mg/L less than the standard amount
Herbicide component - Non detection
Biological properties Disease germ - Nothing

Fig. 1. Condition of pine(Pinus densifiora), bush colver(Lespedeza cyrtobotrya), young radish and kindney after first spraying of deciers.
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Fig. 2. Changes of the survival rate of the pine(Pinus densifiora) according to elapsed time with different doses of deicers.
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Fig. 3. Changes of the survival rate of the bush clover(Lespedeza cyrtobotrya) according to elapsed time with different doses of deicers.
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Fig. 4. Changes of the survival rate of the young radish according to elapsed time with different doses of deicers.
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Fig. 5. Changes of the survival rate of the kidney bean according to elapsed time with different doses of deicers.
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Table 4. Growth response of the shoot and root of young pine(Pinus densifiora) according to the concentration gradient of the deicers.
Numerals represent average =+ standard deviation

Measured items

Parts of Plant

Deicer types

Concentration

0% 1% 2% 3% 5%

CaCl, 539+246% 753+378% 1010+556" 516+293° 5714365

Shoot EFD1 721+475° 823+582° 721+595° 858+509° 544+ 246°

Biomass EFD2 784+613® 1284+422° 8814997 535+262° 486 +280°
(D.W. mg) CaCl, 244+135° 442 +403° 500+270° 294+113° 566+307°
Root EFD1 519+237° 477+2817 470+229° 467+201° 372+273°

EFD2 538+303% 689+273° 394+155° 378+168° 312+129°

CaCl 141 +24% 145+24% 150+39° 111+18° 131+18%

Shoot EFD1 124+33° 135+ 24° 129+21° 125+22° 119+18°

Length EFD2 128+28° 167 +28° 125+23° 119+18° 102+21°
(mm) CaCl, 141 +34% 188+73% 212+47° 168+50% 160+39%

Root EFD1 199+ 47° 169+51° 155+57° 192+ 48° 154+ 44°

EFD2 222+61° 207 +36° 176+ 46° 166+ 40° 167 £50°
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Fig. 6. Growth response of the total plant of young pine(Pinus densifiora) according to the concentration gradient of the deicers.

Table 5. Growth response of the shoot and root of bush clover(Lespedeza cyrioboirya) according to the concentration gradient of the
deicers. Numerals represent average * standard deviation

Measured Concentration
. Parts of Plant | Deicer types
items 0% 1% 2% 3% 5%
CaCl, 51+23° 19+31° 1+4° 142° 0+0°
Shoot EFD1 27+22° 15+17° 0+0° 0+0° 0+0°
Biomass EFD2 75+54° 55+37%° 44+32° 4624 36+25°
(D.W. mg) CaCly 81%20° 27+39° 4+16° 3+13° 0+0°
Root EFD1 42+23° 19+19° 0%0° 0+0° 0%0°
EFD2 72+47° 56+34° 62+40° 50+35° 58+37°
CaCl, 78+16° 35+36° 4+17° 3+12° 0+0°
Shoot EFD1 58+22° 29+25° 0+0° 0+0° 0+0°
Length EFD2 82+30° 74+22° 64+22° 70+13° 63+21°
(mm) CaCly 140+33° 53+54° 6+25° 5+23° 0+0°
Root EFD1 105+36° 67 +58° 0+0° 0£0° 0+0°
EFD2 130+35° 115+31%° 119+33%° 122+34%° 98+24°
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a a
a
250 250 [ ab a6 ab
% £ :
£ £ b
= 200 3 é 200 ~ b b l
= a : =
@ o
2 150 I , ’ 5 10
= @
B ol 2
2 100 E 100
g b = c c
- 50
c c
c c cc 1 c L C Cc
1 0 . . ;

Concentration of deicers (%)

=

CaCl2 WEFD1

DEFD2

1 2

Concentration of deicers (%)

% CaCl2 mEFD1 CJEFD2

Fig. 7. Growth response of the total plant of bush clover(Lespedeza cyrtobotrya) according to the concentration gradient of the deicers.
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Table 6. Growth response of the shoot and root of young

represent average = standard deviation

radish according to the concentration gradient of the deicers. Numerals

Measured Concentration
. Parts of Plant | Deicer types
items 0% 1% 2% 3% 5%
CaCl 1133+£174° 107442627 1109+ 168 1063+318% 831+281°
Shoot EFD1 95642047 783+330% 572+398% 484+442° 3+10°
Biomass EFD2 1004 +288° 1251+£289% 11154273 1142+ 265° 1184+325°
(D.W. mg) CaCl, 521+182° 435+1512 351+85% 276+96" 233+86°
Root EFD1 375+80° 328+1517 181+117° 159+ 138° 145°
EFD2 567 +156" 44441297 365+69° 445+116™ 478+95%
CaCl, 133+11%° 146+16™ 147 £12%° 153+19° 128+19°
Shoot EFD1 127+16° 110+39° 91+48° 66+54° 3+11°
Length EFD2 123+10° 133+ 15° 136+ 147 135+21° 128+12°
(mm) CaClp 14636 159+36% 177 +£41° 1614427 125+28°
Root EFD1 149+37° 162+58° 127 +67° 98+83° 8+30°
EFD2 151+33° 147 +35° 164+43° 145+37° 133+21°
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Fig. 8. Growth response of the total plant of young radish according to the concentration gradient of the deicers.

Table 7. Growth response of the shoot and root of kidney bean according

Concentration of deicers (%)

% CaCl2 mEFD1 OEFD2

represent average £ standard deviation

Concentration of deicers (%)

% CaCl2 mEFD1 CJEFD2

to the concentration gradient of the deicers. Numerals

Méasured Parts of Plant | Deicer types Concentration
items 0% 1% 2% 3% 5%
CaCl 1073293 786+318° 7244228 538+229° 101+135°
Shoot EFD1 996+208° 1059+ 258 82242447 806+413° 169+274°
Biomass EFD2 941+292° 938+181° 1088+233° 911+325° 852+412°
(D.W, mg) CaCl, 399+ 106% 439+303° 251+91° 161+70 83+110°
Root EFD1 395+118° 438+123° 311+111° 326+195° 59+ 115°
EFD2 411%£115° 431+134° 458+ 143° 397+161° 379+194°
CaCl 242+32° 230+23° 219+30° 186+£57° 61+73°
Shoot EFD1 2524347 2424227 237+23° 197 +84° 55+85°
Length EFD2 2404297 244+ 25 268+19° 241435 212+67°
(mm) CaCl 169+33° 1714357 189+26" 159+67° 67+81°
Root EFD1 174435 199+43° 177+43° 153+75° 46+74°
EFD2 163+42° 175+30° 193+41° 178+40° 171+66°
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