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Effects of Application of Fly Ash on Tobacco Growth and on
Accumulation of Heavy Metal in Soil
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ABSTRACT : Pot experiment was conducted to investigate the effects of fly ash on growth
responses and on accumulation of the heavy metals in soil. Two kinds of fly ash, anthracite and
bituminous coal, were treated with different levels of 0, 0.4, 0.8, and 1.2 kg/pot(20L). Tobacco
growth was better by application of fly ash than that by the confrol. However, the early stage of
growth by application of bituminous coal, 1.2 kg/pot, was decreased due to the horon toxicity
occurred by fly ash. Generally, tobacco yield was significantly increased with applying fly ash,
showing the highest yield at 1.2 kg/pot for anthracite and at 0.8 kg/pot for bituminous coal. The
content of total nitrogen in leaves was higher with fly ash than that of the control, while the
content of calcium in leaves was low. Contents of heavy metal and the other minerals were not
significantly different between the control and the treatment of fly ash. Soil pH after experiment
was linearly increased with application level of fly ash, indicating that the application of
bituminous coal was more effective than that of anthracite. Contents of available phosphate,
exchangeable Ca’* and Mg™ in soil were increased by application of fly ash, especially with
bituminous coal. Contents of Cu, Cr, and Ni were increased with application level of bituminous
coal, even if the contents were still lower than critical levels for farming land. The other heavy
metals were similar between the control and the application of fly ash.
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Table 1. Chemical properties of experimental soil
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(z/kg)  (mg/kg) cmol/kg
Sandy Loam 4.90 8.2 301.1 1.54 1.73 0.70 6.82 5.30

Table 2. Physico-chemical properties of fly ash

: Texture Water Holding Capacity
Fly Ash Sand Silt Clay 0.01 0.1 0.3 atm
(%)
Anthracite 154 79.0 5.6 34.0 33.7 29.1
Bituminous 14.0 734 12.6 51.2 50.4 49.0
Table 2. Continued.
Fly Ash pH P:0s By0Os Ca0 MgO Si0; Alkalinity
(1:5) (g/kg) (mg/kg) (g/kg)
Anthracite 8.90 0.3 1475 7.3 0.8 11.5 9.0
Bituminous 9.48 0.2 1484 24.3 1.2 18.5 254
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Table 2. Continued.

Fly Ash Cd Cu Fb Zn Ni Cr Fe Mn
(mg/kg)
Anthracite 0.127 4.72 1.09 3.78 3.21 6.77 315.5 22.34
Bituminous 0.157 9.11 0.72 4,75 3.45 5.96 292.5 15.33

* PaOs 5 2 % citric acid soluble, B:0O; ; water soluble, CaQ, MgQ, Si0: ; 0.5N HCI soluble

I E5Ee Faushd fduizl | ok
a3l Gy oz pH/t FA83Hel foeka)
7t ol Etes vkl FUIAEET £5450
TiElo] A 5u] vakd4d 40 o i
Eeo] At .

AxFE 49 304 EEo) o]4lsldm AHull7]
7Het TEE EE EUE Ax|sle] oA
THEHEE slgck i AFzAE o]4F 10

Aoz FHuige] A 5 FHsle] Ak
g vlazsia o)Al 60U HElrd 334
2AE AR AAe AESTE 2Asla
A g2 24 et gl sE2 UeA] 3
o] FERRE A5dE 69 309%H 79 15
B7A 3ol X RSl 4% Wz Azz|2
Az sksich

Bk @ul e wrIed+AE T
B71Ed) EFIShEAH(1988)0) Fule] E4s)
gk dekdle] A EHA FH TS IN Sod-
iumacetate(pH 4.0) o2 HEAA uvjiHoz
FEEAE Curcumin B]YRHe s oeln £3&
< DTPA ZalolEglez F4A slgcHEAF
1994). AEAH 4L 70°CoA A=E Balgd A
25 A BH2A(HCIO, ¢ H:S0s = 10:1).23 54
Hellste] RAAALE Kjeldahl Be2, 942 Van-
adate o2, gy F£3%53 K, Ca, Mg & 9
AFREA o2 3 stgch ,

2> e o

E‘.HE

g 1€ dx o4& 109 Aoz 50¢AIt
A Huigde A F2 3¢ duHes 43EE
vhebd Aelet. o 43 30U7HA dds) 27)4
2 fAd=3] 0.8kg/pot ol AT Alsle

1400 |

1200 |-

1000

800 ——Coat.0
ceeg .. ABLDd
eedenr ABLOS -

ceeo. ARGLD

600

400 e BitO4

200 —a—Bit0

Max. Lesf Lengih x Widih (em plant)

a— B2
0 " ) )
10-May 20-May 30-May 09-Jun 19-Jun

Date

Fig. 1. Growth rate of maximum leaf area (length x

" width) of tobacco applied a different levels of ash.
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Table 3. Fresh and dry weight of tobacco plants- at the 60th day after transplanting
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Treatment Apblication Fresh Weight Dry Weight
Level Leaves Stem  Root  Total Leaves Stem Root Total
(kg/pot) (g/plant)
Control 0 253.3 104.0 29.1 386.4 35.7 12.7 4.6 53.0
Anthracite 0.4 266.5 114.1 35.7 416.3 377 13.8 9.7 57.2
0.8 272.0 1053 377 4150 38.6 134 59 579
1.2 282.9 101.6 35.6 420.1 39.6 12.2 5.6 574
Bituminous 04 263.0 109.7 .1 406.8 37.0 13.6 5.3 55.9
0.8 317.9 137.4 40.1 495.4 44.8 16.5 6.4 67.7
1.2 285.7 42.3 42.3 370.3 40.8 5.2 6.7 2.7
LSD (0.05) 3.8
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Table 4. Fresh and dry weight of tobacco leaves at the harvesting time
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Treatment Application Fresh Weight Dry Weight

Level Upper Middle Lower Total Upper Middle Lower Total
(kg/pot) (g/plant)

Control 0 210.1 110.2 73.7 394.0 36.5 18.4 85 63.4
Anthracite 04 127.3 1114 151.6 390.2 24.8 19.2 22.0 66.0
0.8 132.9 149.0 122.1 404.0 25.6 25.5 17.6 68.6
1.2 180.3 137.0 108.8 426.2 34.1 23.4 15.9 734
Bituminous 0.4 126.1 105.2 129.2 360.5 25.9 18.3 18.7 63.0
0.8 148.0 132.7 147.1 4277 29.5 23.0 21.5 73.9
1.2 117.0 110.6 133.0 360.5 23.6 19.4 19.3 62.3
LSD (0.05) 4.2

Harvesting time : Lower leaves ; June 30, Middle leaves ; July 4, Upper leaves ; July 15
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Table 5. Chemical components in flue-cured leaves
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Treatment  Application Stalk T-N P0Os KO Ca0 MgO Total Reducing
Level Position Alkaloid  Sugar
(kg/pot) (g/kg)
Control 0 Upper 161 5.7 40.2 36 -39 10.1 106
Middle 104 45 434 8.6 44 6.3 170
Lower 108 35 56.9 12.8 7.8 6.6 12.0
Anthracite 0.4 Upper 134 59 35.0 5.0 3.9 9.8 75
Middle 86 47 35.0 5.4 34 4.2 150
Lower 7.6 44 52.1 9.1 5.8 5.2 142
0.8 Upper 139 63 384 45 3.0 9.4 93
Middle 95 49 40.9 6.3 4.3 38 194
Lower 75 4.6 46.9 11.6 5.9 3.1 125
1.2 Upper 133 63 38.0 5.0 4.0 11.5 106
Middle 85 4.3 34.7 3.5 3.1 3.5 140
Lower 73 44 4.3 10.7 5.0 2.8 90
Bituminous 0.4 Upper 14.7 7.7 37.0 5.7 5.1 15.0 64
Middle 95 59 37.0 7.3 4.9 6.6 135
Lower 77 39 42,5 12.1 6.3 4.2 93
0.8 Upper 148 75 38.0 7.2 5.5 9.1 59
Middle 95 65 39.8 7.2 4.8 38 166
Lower 7.1 6.6 43.5 15.2 6.5 35 126
1.2 Upper 137 57 398 9.5 6.0 87 67
Middle 99 4.0 42.5 11.8 6.0 4.9 136
Lower 74 40 47.3 19.2 7.3 35 113
Control 0 Upper 5.94 9.37 608 389 64 75 210 1345
Middle 6.91 7.64 528 464 40 58 230 8.33
Lower 5.98 10.41 662 767 42 8 290 6.81
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Table 5. Continued.
Treatment  Application Stalk Pb Cr Fe Mn Cu Zn Cd Co
Level Position
(g/pot) (mg/kg)

Anthracite 04 Upper 5.22 9.67 510 313 5.5 55 2.10 11.31
Middle 5.73 7.97 47 225 36 45 210 6.21

Lower 5.81 11.96 538 36 43 79 250 9.03

0.8 Upper 5.18 7.06 441 253 74 57 200 842

Middle 6.27 3.94 456 242 40 49 220 8.13

Lower 597 10.61 607 324 44 58 240 8.40

1.2 Upper 5.46 6.42 392 232 47 55 200 842

Middle 6.42 7.74 499 229 42 43 210 931

Lower 6.31 15.15 653 313 44 60 240 11.05

Bituminous 04 Upper 5.57 7.06 389 176 44 48 190 17.03
Middle 5.79 21.78 517 145 40 36 190 1589

Lower 5.83 9.49 599 157 39 42 210 8.78

0.8 Upper 5.52 7.67 394 119 59 45 190 753

Middle 5.87 10.17 494 100 46 28 190 9.32

Lower 543 10.20 684 124 4.1 3B 210 836

1.2 Upper 5.69 7.96 432 92 57 71 19 874

Middle 6.70 10.73 517 97 44 28 200 885

Lower 6.24 13.39 667 109 54 30 210 10.32
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Table 6. Chemical properties of soils after harvest of tobacco applied with fly ash

Treatment Application  pH EC T-N Available OM. Exchangeable Cations
level P10 K Ca Mg
(kg/pot) (1:5)  (ds/m) (g/kg) (mg/kg) (g/kg) —— (cmolkg) —————
Control 0 4.45 0.90 1.50 103 1.75 2.71 0.56 1.23
Anthracite 0.4 4,57 1.05 140 131 1.50 2.89 2.13 1.20
0.8 4.73 075 170 124 1.66 2.36 2.40 1.10
1.2 4.84 0.70 150 130 1.75 2.81 2.50 0.93
Bituminous 0.4 5.03 1.50 1.50 172 1.68 2.69 5.22 1.79
0.8 6.10 095 120 220 1.84 2.79 5.74 2.26
1.2 7.21 0.60 1.40 245 1.95 2.56 5.43 2.37
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Table 6. Continued.

'.Cu

Treatment  Application Zn Mn Fe Cd Pb Cr Ni
' level
(kg/pot) (mg/kg)
Control 0 L.15 3.25 634 147.0 0.10 4.50 030 0.93
Anthracite 04 1.32 3.12 54.7 172.5 0.10 4.04 045 056
0.8 1.48 291 43.2 164.0 0.06 3.60 030 L1
1.2 1.65 2.65 46.1 144.2 0.10 3.82 030 093
Bituminous 04 1.65 3.08 44.6 158.3 0.13 4.50 090  0.93
0.8 2.63 3.85 44.6 147.0 0.13 4.05 .05 130
1.2 3.13 4.02 41.8 1414 0.13 4.05 120 1.67
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