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Abstract : This study was conducted to investigate the effect of fly ash on the yield and quality and
to determine the optimum application amount of fly ash for tobacco(Nicotiana tabacum L). Two Kkinds
of fly ash, anthracite and bituminous coal, were treated with different levels of 0, 20, 40, 60 MT/ha.
Dry weights of tobacco at middle and topping growth stage were increased with application of fly ash,
showing the highest dry weight at 40 MT/ha in both kinds of fly ash. It was showed that the bitu-
minous coal had a little more effective for yield than that of anthracite. Comparing with the control,
yields of tobacco applied with fly ash were significantly increased about 17.7% and 17.1% by the ap-
plication of bituminous coal and anthracite, respectively. Quality of flue-cured leaves was better by
application of fly ash than that of the control. The quality index was given the highest at 40 MT/ha
for bituminous coal increasing by 24.6% and at 60 MT/ha for anthracite increasing by 13.4% compa-
red with the control, The economical efficiency considered of the yield and quality of tobacco was the
highest at 40 MT/ha of bituminous. Soil pH, contents of available P:0;, organic matter, exchangeable
Ca*" and Mg2+ of soil during the growing season were increased by application of fly ash, showing
more effectiveness in bituminous than that in anthracite. By the application of fly ash, the nutrients
availability and the acidity of soil were reformed and they caused significantly the increase of growth,
yield, and quality of tobacco. By the application of lime reforming soil acidity, growth response, yield,
and quality of tobacco were not increased compared to the control, although the effect of reforming
soil pH was remarkable,
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Table 1. Chemical properties of experimental soil
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Soil Texture pH Available  Organic Exchangeable Cations CEC
(USDA) (1:5) P05 Matter K Ca Mg H

(mg/kg) (g/kg) cmol /kg
Sandy Loam 4.90 301.1 8.2 1.54 1,73 0.70 6.82 5.30
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Table 2. Chemical compositions of fly ash
Fly Ash pH Po0s B0 Ca0 MgO Si0y Alkalinity
(1:5) (g/kg) (mg/kg) (g/kg)
Anthracite 8.90 0.3 1475 7.3 1.2 11,5 9.0
Bituminous 9.48 0.2 1484 24.3 0.8 18.5 25h.4

* 05 5 2 % citric acid soluble
B:O; ; water soluble
Ca0, MgO, Si0: ; (.5N HCl soluble

A 3 3
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Table 3. Dry weight of tobacco leaves at the 46th day after transplanting.

Treatment Application Fresh weight Dry weight
Level Upper Lower Total Upper Lower Total
(MT/ha) (g/plant)

Control 0 80.4 231.4 3119 10.2 28.1 38.2
Lime 105.8 3211 426.9 12.9 35.8 48.7
Bituminous 20 114.9 271.9 386.8 14.6 38.3 529
40 137.8 344.6 482.3 17.4 38.1 55.5

60 134.9 338.5 473.4 16.1 429 59.0

Anthracite 20 91.6 275.2 366.8 11.7 328 44.5
40 114.6 277.0 3915 174 32,5 49.8

60 113.3 319.7 433.0 15.2 39.1 54.2
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Table 4. Growth characteristics of tobacco at the 67th day after transplanting

Treatment  Application No. of Stem Diameter Maximum leaf
Level Leaves  Height of Stem Position  Length  Width
(MT/ha) {ea/plant)  (cm) (cm) (No.) (cm) (cm)
Control 0 16.9 82.1 2.47 6.0 53.3 28.8
Lime 16.7 79.2 2.67 7.7 56.1 218
Bituminous 20 17.6 83.6 2.63 8.2 57.7 26.4
40 16.9 89.8 2.75 6.4 59.0 322
60 17.3 86.3 2.62 6.3 56.0 29.9
Anthracite 20 16.8 84.4 2.52 6.0 54.4 30.5
40 17.4 83.2 2.73 5.7 58.3 32.1
60 17.0 83.8 2.62 5.9 55.0 30.8

Table 4. Continued
Treatment Application Fresh weight Dry weight
Level Upper Lower Total Upper Lower Total
(MT/ha) (g/plant)

Control 0 207.3 423.3 630.6 43.9 69.2 113.1
Lime 231.9 374.2 606.1 45.3 58.2 103.5
Bituminous 20 168.9 4245 -593.5 346 73.1 107.7
40 239.1 520.7 759.9 51.3 86.0 137.3
60 196.8 481.8 678.6 46.6 84.1 130.7
Anthracite 20 193.9 382.1 576.0 40.2 65.1 105.2
40 193.3 442.3 635.6 41.1 71.8 1129
60 176.9 397.4 574.3 - 40.3 66.3 106.6
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Table 5. Yield and quality of flue-cured tobacco

Lk

Treatment Application Grade Yield Index *Quality Index

Level 1st 2nd 3rd 4th 5th

(MT/10a) {kg/ha) (%) (%)

Control 0 120 119 710 1147 265 2361 100.0 2.443  100.0
Lime 119 103 753 1092 277 2343 99,2 2443  100.0
Bituminous 20 199 242 1101 761 225 2528 107.1 2773  113.5

40 480 299 1078 684 239 2779 117.7 3.045 1246

60 316 333 955 783 159 2546 107.8 2947 1206
Anthracite 20 133 271 898 812 205 2319 98.2 2704 1107

40 212 353 961 886 353 2765 117.1 2.706 110.8

60 202 374 909 746 307 2539 107.5 2,770 1134
LSD o5 20.0 0.31
LSD o0 27.8 0.42

[Yield of 1st grade(kg)x5)+[(2nd)x4]+[(3rd)x3]+[(4th)x2]+[(5th)x1]
* Quality =
Total Yield (kg)

slch. &3l v 40MT/ha A1§79F 60MT /ha FAE3] 40 MT/ha AlETFe= 3 o F4004
A Aslel k] FRAGIL A 200% bt U sleleh 209 N84T WE FR

o} 20.6%4 Frlsle] 71 FEsiglon o E 4
23 AETEE 107-135%% F4o] 4 H
oh 2 A3 A&7 Aakalxgl wlEla)
2 FAz et A 22 ol F2E Bk

qail w9 FAe Fstel wlamel ¥ )

4000

©  Bituminous 4 Anthracite
L Bituminous Anthracite
3500
y=0.255" +19.02 x+2332.82
1000 R =055
Z §
——
< 2500 ¢ 3
= 2
& A
= /
2000

y= 0125 + 1190 £ +2303.25

1500 | R =038

1000 . -
20 30

Application le vel (MT/10n)

40 50 (2]

Fig. 1. Optimum application levels of fly ash on
tobacco yield
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Table 6. Nutrient contents in tobacco leaves at the 46th day after transplanting

Treatment  Application T-N P05 K0 Ca0 MgO
Level Up Low Up Low Up Low Up Low Up Low
(MT/ha) (g/kg)

Control 0 215 129 4.2 3.0 233 29.0 9.7 157 4.5 5.5

Lime 16.2 13.2 4.1 3.0 246 245 17.5 29.3 51 5.2

Bituminous 20 196 9.2 4.5 3.1 243 253 129 21.5 4.3 5.7
40 19.6 134 3.7 2.8 21.2  26.2 13.2 245 5.1 3.8
60 29.0 19.9 8.8 4.6 280 29.0 13.6 30.2 65 10.3

Anthracite 20 19.9 141 4.6 3.4 224 249 88 153 4.6 6.7
40 236 188 7.3 4.7 209 207 87 176 5.4 8.0
60 149 115 3.4 3.2 173 18.2 9.1 107 5.1 5.3
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Table 7. Chemical components in flue-cured leaves
Treatment Application Stalk T-N PO K:0 Ca0 MgO  Nicotine T-Sugar
Level Position
(MT/ha) (g/kg)
Control 0 Upper 16.3 4.5 18.5 11.9 6.4 25.0 193.6
Middle 15.3 4.1 22.6 11.8 7.9 13.0 183.7
Lower 11.8 3.1 19.8 12.6 8.9 7.5 216.5
Lime Upper 15.9 4.3 19.1 16.8 4.7 21.5 194.3
Middle 14.9 3.9 17.1 16.7 5.6 10.0 204.2
Lower 12.3 3.7 19.3 24.8 7.9 5.6 17.97
Bituminous 20 Upper 15.0 3.4 21.7 18.4 74 18.6 200.8
Middle 12.3 3.6 21.7 19.0 5.6 9.5 199.7
Lower 10.6 3.2 17.8 22.1 7.7 5.2 199.4
40 Upper 15.9 3.6 23.5 15.4 5.8 20.0 179.1
Middle 12.7 4.1 21.3 17.5 7.1 10.4 177.7
Lower 10.2 2.8 23.9 29.5 10.9 4.9 180.9
60 Upper 16.6 2.7 18.3 14.7 6.3 20.2 180.0
Middle 12.0 3.6 20.7 21.6 7.0 10.0 179.6
Lower 10.7 3.1 17.7 34.9 7.5 5.2 177.6
Anthracite 20 Upper 14.4 0.4 19.6 8.3 4.0 21.3 202.4
Middle 13.2 4.0 24.6 115 6.5 11.2 195.8
Lower 11.6 3.4 27.2 12.4 6.4 6.7 198.9
40 Upper 14.0 4.8 18.1 9.0 4.5 20.9 198.0
Middle 11.7 3.5 22.6 14.6 7.0 10.9 203.0
Lower 10.8 3.3 23.8 21.7 8.1 5.2 192.8
60 Upper 14.5 54 18.2 12.6 5.1 21.3 192.8
Middle 114 3.6 22.8 18.4 84 9.7 218.3
Lower 9.9 3.0 22.3 25.2 9.9 6.0 207.8
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Table 8. Chemical properties in soils at the 57th day after application of fly ash

Treatment Application pH Organic  Available Exchangeable Cations CEC
Level Matter P;0s K Ca Mg H
(MT/ha) (1:5) (g/keg) (mg/kg) ———— cmol'/kg

Control 0 4.97 85 348.3 1.90 187 0.80 4.69 8.7

Lime 6.97 8.3 415.0 1.54 1323 083 102 167

Bituminous 20 5.63 10.3 537.7 2.77 4.53 1.00 425 1.0
40 5.90 13.3 565.3 2.25 5.73 113 359 111
60 6.43 14.7 603.7 1.47 9.70 123 352 138

Anthracite 20 5.00 10.7 443.7 1.61 213 080 439 8.9
40 5.37 16.7 527.3 2.30 317 0480  3.89 9.6
60 5.50 22.0 5577 2.03 3.93 .07 39 103
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Table 9. Change of chemical properties in soil after harvest of tobacco (August 18)

Treatment Application pH Organic  Available Exchangeable Cations CEC
Level Matter P.Os K Ca Mg H
(MT/ha) (1:5) (g/kg)  (mg/kg) cmol '/kg
Control 0 4.81 10,7 364.0 1.21 1.27 0.43 4.84 5.5
Lime 7.53 11.3 301.7 0.86 9.40 0.50 0.00 10.8
Bituminous 20 5.10 12,7 378.3 1.08 3.00 0.57 3.15 6.9
40 6.00 16.3 408.7 0.99 447 0.63 3.43 7.4
60 6.33 18.0 417.7 1.28 5.00 0.80 3.45 7.9
Anthracite 20 4.82 15.0 337.0 1.00 1.57 0.43 4.18 5.4
40 4.87 18.3 17 1.05 1.93 0.53 3.96 5.7
60 4.90 20.3 359.0 1.10 2,23 0.63 4.47 6.3
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