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Field experimenls were conducted in villages around National Capital Power Project (NCPP). Dadri. Uttar Pradesh , India 
during 1995 to evaluate llyash incorporat ion effects on .;oil health and growth and yield of mai ze (Zea 1110\ '.1' L.) and ri ce (Orr:o 
sativa L.) . Flyash app li cati on leve ls (up to I Ot/ha) wer decided on the bas is of an ash/dust fa ll range of 5 to 12 t/ha/y in the 
vill ages adjoining thermal power station. The grain yield of maize increased in llyash added plots, whereas rice yield was si milar 
to ll yash treated plots. Flyash added plots had marginall y higher uptake ofZn, Cu, Fe, Mn , and Cd. but va lues were insignifi cant. 
Flyash application in soi l resulted in lower hulk density. Fl yash addit;on also reduced hyd rau lic conductivit y and improved 
moisture retention at field capacity and permanent wi lting point. These changes in the soil characteristics might have been due to 

modifications in the macro- and micro-pore size di stribution which also contributed to increased yield of maize in light and 

medium textured so il s. 

Introduction 
The impact of flyash on environment depends on it s 

propert ies in terms of phys ical , chemical , and phys ico­
chemical properties and elemental compos ition . But the 
characteri stics vary cons iderab ly, according to the geo­
graphical origin of the coa l, conditi on during combus­
tion of the coal and sampling position wi thin the power 
plant. Disposal of the huge amount of fl yas h prod uced 
by therma l power plant is of major concern . This mate­
ri al finds use in civi l construction activ ities, but is eco­
nomica ll y un avoidable. It may also be used as landfill 
act ivities or depending on its pH for reclaiming acid/ 
, od ic so il s. But these producers do not uti li ze major por­
tion of ash, and thus therma l power stati ons have to man­
age for its storage but with minimal air, water, and so il 
pollution associated with it. Trace elements in fl yash ex­
hibit concentrati ons hi gher th an in coa l and concen tra­
tions of biologically toxic elements like B, Mo, and Se 
great ly exceed to their concentrati on in so i 11

• Various 
studies in the past evaluated impact of fl yas h on soil 
characteri stics and growth and yield of agricultural crops, 
but most of them were confined in the laboratories or 
experimental farms 2.x . The paper deals wi th flyash addi-
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li on effects on growth and yield of ma ize and rice crops 
and so il hea lth in farmers' fie lds at Muthiani and 
Gu lawathi villages around Nationa l Cap ital Power 
Project (NCPP). Dadri, Ghaziabad, Uttar Prades h. In­
dia. 

Materials and Methods 
Fie ld experiments were conducted durin g 1995 wi th 

maize (Zea nwvs L.) and rice (Orvza sativa L.) grown 
und er var ious leve ls of flyash added in th e so il at 
Muthiani and Gulawathi villages around NCPP, Dadri , 
Ghaziabad. Soils of the experimental s ites and flyash 
used in the study were analyzed for the ir physical and 
chem ica l characteris ti cs as suggested by Hanway and 
He i dal ~ and Jackson 10 Surface. soi l samples (0-JO em) 
of each location were collected, anal yzed, and averaged 
fo r sites ' charac teri zation. The flyash application le,·els 
(on oven dry basis) were selected on the basis or ash/ 
dust fa ll range of 5- 12t/ha!y in the vill ages adjoining 
NCPP. Maize cultivar (Ganga Sa f'ed-2 (GS-2)] was te~tecl 

for two levels of flyash , i.e., no ash added ( FA ). and 
FA at I 0 t/ha applied in the soil at sowing at location I 
of both Muth iani and Gulawathi villages. Flyash was 
mixed with the so il at the time of ~owi n g, i.e .. first two 
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Table I -Soil characteristi cs (lop layer soil , 0-30 em) of ex perimental sites before sowing maize and rice crop 

Parameters Muthiani Gulawathi 

I* 2* I* 2* 

Soil texture Sandy loam Sandy clay loam Sandy loam Sandy clay loam 

Bulk density (Mg/m 1) 

Field capacity (per cent w/w) 

Wilting point (per cent w/w) 

Available water (mm/cm) 

pH 

EC (mmhos/cm) 

Organic carbon (per cent) 

Nitrogen (ppm) 

Potassium (ppm) 

Phosphorous (kg/ha) 

* I and 2 indicate two different locat ions in a vill age 

1.48 

16. 1 

5.2 

1. 6 1 

8.74 

0.203 

0.446 

84 

106 

2.67 

weeks of June. Rice (cv. Pusa 677) was transplanted 
(one month old seedlings) on I 5 Jul y at location 2 in 
both villages with two levels fl yash, i.e., NFA and FA at 
I Ot/ha app lied to the soil one week before transp lant­
mg. 

Fertilizers (N, P 0 and K 0), irri gat ion scheduling, 
spacing, inter-culttire5operadons were foll owed as per 
normal agronom ic practices. Above ground biomass and 
grain yield were recorded at harvest for all treatments. 
Trace elements (Zn, Cu, Fe, Mn, and Cd) uptake by 
grains was analyzed by fo ll owing standard techniques 
of digestion and using Atomic Absorption Spectropho­
tometer10. At harvest, bulk density, saturated hydrauli c 
conductivity, moisture retained at field capac ity and per­
manent wil ting point, pH, electrica l conducti vity, organic 
carbon, sodium, calcium, and available . P, K were 
determined for the surface soil under all trea tments, fol­
lowing the standard methods 11

•
14. Statist ica l anal yses 

were ca rried out to establi sh the effects of tl yash addi­
tion on soil characteristics and mai ze and rice yie lds. 

Results and Discussion 

Flyash and Soil Characteristics 
Flyash used in the study compri sed abou t 69 per cent 

si It and clay size fracti ons. Low value of its partic le den-

1.46 1.49 1.47 

17.8 16.7 18. 1 

6.6 5.1 6.4 

1.62 1.73 1.72 

9.05 9.09 9.09 

0.437 0.298 0.233 

0.338 0.450 0.340 

89 108 88 

133 268 123 

1.84 3.78 2. 12 

sity establi shed its potenti al for dust formati on. Hi gh 
water holding capac ity of ash was clue to silt and clay 
size fract ion dominance. Flyash contained about 93 per 
cent of silica, AI 0 , and Fe 0 . In the remaining por­
tion , Ca was the ~c/mi na nt citi bn fo ll owed by Mg, 'a. 
and K. The bulk density or fl yash was 1.01 mg/m1

. Wa­
ter movement was slower in ash shown by saturated hy­
drauli c conducti vity va lue of 3.57 em/d . Organi c carbon 
content in the as h was 0. 36 per cent. Water holding ca­
pac ity of tl yash was 56.9 per cent (on weight bas is). pH, 
and electrical conductivity va lues were 6.98 and 0.65 
mmhos/cm, respectively. Concentration of Zn , Cu. Fe. 
Mn, and Ccl in flyash, expressed in ppm, averaged to 88.2. 
77 .6, 63237, 2 19.2, and 23.8 , respecti vely. 

Ph ys ical and chemica l characteri sti cs of topsoil laye r 
(0-30 em) at diffe rent loca ti o ns of Muthia ni and 
Gulawathi villages are given in Table I . 

Crop Growth Response 
At Muthiani , grain yield and biomass of maize at har­

vest increased sign ificantly 2.58 t/ha to 2.78t/ha anJ 5. 6t/ 
ha to 6.24 t/h J, respectively, (NFA ). The maize yield and 
biomass showed insignifica nt differences between NFA 
and FA at I Ot/ha in Gul awathi vill age (Table 2) . At 
Muthi ani , the grain yie ld of ri ce increased by 1.3 per 
cent in flyas h treated plots compared with NFA val ue 
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Table 2- Maize yields, above ground biomass (TDM ) and attributes under diffe rent fl y ash 
application treatments at Muthiani and Gulawathi villages 

Treatment Grain yield TDM HI 1000 grain Plant height 
(t/ha) (t/ha) weight (g) (em) 

Muthiani 

No flyash 2.50 5.86 .43 221 249 (2 1.5) 
Fly as h 2. 78 6.24 0.45 ' 217 258 (23.2) 
(@ IOt/ha) 
CD, 5 per cent level 0.25 0.47 0.02 1 6.5 5.6 

Gulawathi 

No flyash 2.70 6.6 1 0.41 180 281 ( 15 .7) 
Fly ash 2.67 6.67 0.40 188 250 (42.9) 
(@ IOt/ha) 
CD, 5 per cent level 0.1 5 0.37 0.01 9 6.2 5.4 

* Figure in the parenthesis is standard deviation 

Table 3- Rice yield, above ground biomass (TDM ) and att1ibutes under different llyash 
application treatments at Muthi ani and Gulawathi villages 

Treatment Grain yield TDM HI I 000 grain Plant height 
(t/h a) (t/ha) weight (g) (e m) 

Muthiani 

6.83 17.63 0.387 23.5 120 (5.4) No tl yash 
Fly ash 6.<)2 18.40 0. 376 24.3 117 (5.9) 
(@ IOt/ha) 
CD, 5 per cent level 
Gulawathi 

0.23 0.75 

No flyash 6.91 16.83 
Fly ash 6.92 16.53 
(@ IOt/ha) 
CD, 5 per cent level 0.13 

* Figure in the parenthesis is standard deviation 

6 .83 of t/ha. The above ground biomass showed 4.4 per 
cent higher than the control (NFA) value of 17 .6 r/ha 
(Table 3). At Gulawathi village, grain yield of ri ce and 
biomass were observed more or less simil ar between 
control (NFA) and FA at I Ot/ha, i.e., around 6.9 t/ha and 
16.8 t/ha, respectively. The increased maize yield ob­
ta ined under ash incorporation was primarily due to in­
creased tillers , sp ike length, and grai ns per spi ke and 

test weight. 

Trace Elements Uptake 
Trace elements, like Zn , Cu, Fe, Mn , and Cd were 

used as heavy meta l indicators by crop grown unde r 

0.29 

0.023 0.75 5.4 

0.410 25.3 121 (7.9) 
0.4 18 25.6 120 (8.7) 

0. 01 3 0.37 3.2 

flyash added soil. The trace e lements uptake by grains 
during harvesting of maize and rice under different treat­
ment is reported in Table 4. Fly ash added plots had mar­
ginally higher uptake of trace element , but values were 
ins ignificant. In significant higher uptake of these met­
a ls in flyash treated plots was due to their presence in 
oxide form and so insoluble in water for becoming readily 
avail able for their uptake' :\ 

Modifications in Soil Physical and Chemical 
Environment 

F lyash treated plots tended to have lower bulk den­
s ity (BD) of surface so il (0-30 c: m), though the differ-
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Table 4- Metal upt ake by maize and ri ce grains under different fl yash application treatmen t ~ 

Locati on Flyash level Concentration (ppm) 
(t/ha) Zn Cu Fe Mn Cd 

Maize 
Gul awat hi 0 684 2.7 362.3 15.8 N.D. 

10 67. 1 3.3 396.6 15.9 0.5 

Muthiani 0 764 3.0 2 12.1 7.9 0.3 
10 75.6 3.7 232.3 7.5 0.6 

Rice 
Gulawathi 0 22.4 2. 1 262.3 25.8 0.4 

10 26.5 2.3 248 .1 3 1.6 0.6 

Muthi ani 0 36.4 2.0 3 12.1 134 0.5 
10 37.2 2.7 388.3 20.0 0.9 

ote: CD at 5 per cent levels is non-s ignifi cant 

Tab le 5- Soi l physical properties a~ inlluenccd by tl yash additi on at Muthiani and Gulawathi vill ages 

Ash level BD HC FC WP Avai l. Water 
(t/ha) (Mg/m') (em/d) (per cent. w/w) (per cent , w/w) (m m/cm) 

Muthiani village 
Location 1 
At maize ha rvest 

0 1.47 7.54 15 .9 5. 1 1.587 
10 1.46 7.43 16.4 5.4 1.6 17 
CD, 5 per cent level 0.09 0.10 0.53 0.43 0.012 

Location 2 
At rice harvest 

0 1.45 7.63 17.8 6.5 1.638 
10 1.44 745 18.3 6.7 1.670 
CD, 5 per cent level 0.1 3 0.25 0.43 0.25 0.0 14 

Gulawathi village 

Location I 
At 111aize harvest 
0 1.48 6.72 16.X 5.0 1.746 
10 147 6.53 17.0 5.3 1.729 
CD, 5 per cent level 0. 14 0.35 0.34 045 0016 

Location 2 
At rice harvest 
0 1.47 5.46 18.0 6.7 1.66 1 
10 1.42 5.41 18.4 6.8 1.647 
CD, 5 per cent level 0.12 0.32 0.37 0.23 0.011 
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Table 6-- Soi l chemical properties as influenced by llyash additi on at Muthiani and Gulawath: vi ll ages 

Ash level pH EC oc 
(tlh a) (mmhos/cm) (per cent ) 

Muthiani village 

Loca tion 1 
At maize harvest 
0 8.73 0.202 0.3 1 I 
10 8.72 0.22 1 0.339 
CD, 5 per cent level 0. 18 0 .0 17 0 .02 1 

Location 2 
At rice harvest 
0 9.05 0.437 0 .335 

10 8.93 0.475 0.352 
CD, 5 per cent level 0.23 0.02 1 0.0 18 

Gulawathi village 

Location I 
At maize harvest 
0 9.5 1 0.3 14 0.316 

10 9.2 1 0.375 0.337 
CD, 5 per cent level 0 .3 1 0.043 O.D2 1 

Location 2 
At rice harvest 
0 9. 12 0.232 0.343 

10 8.97 0.254 0. 346 

CD, 5 per cent level 0 .1 8 0.021 0.01 1 

ences over NFA were insignifi cant at all the loca ti ons 
(Table 5) . At harvest of rice in Gulawathi vill age, BD 
values reduced over NFA by 3.4 per cent under FA at I 0 
t/ha treatment. This might be due to the changes in total 
porosity as well as modifications in pore size distribu­
ti on.1 r,·17 . Saturated hydrauli c conducti vity (HC) was sig­
nificantly reduced in flya sh treated plots at all the loca­
tions, primarily due to increased macro-pores even when 
small amount of fl yash was added in the so il. Modi fica­
ti ons in the pore size di stribution by add ing fl yash had 
pronounced influence on field capacity (FC) and wilt­
ing point (WP). At all the locations, FC and WP values 
increased in accordance with the amount of ash added 
in the soil. Since both FC and WP values got elevated 
by nyash addition , the ava ilable water va lues wer more 
or less similar under different treatments. pH va lue de­
creased, whereas electri ca l conductivity (EC), organi c 
carbon (OC) and sodi um increased in accordance with 

Na Ca K N p 
(ppm ) (ppm) (ppm) (ppm) (kg/ha) 

518 204 1 97 84 3.35 
575 1875 94 85 3. 18 
36 11 9 II 9 0 .1 4 

580 1985 135 79 2.95 
582 1980 136 85 2.83 
12 95 13 II 0.15 

93 1 2023 224 11 2 3. 19 
975 2025 198 11 5 2.9:1 
30 105 26 13 0. 1-1 

860 2040 240 11 2 3.7-1 
860 1975 235 11 5 3.58 
12 107 18 13 0.1 8 

the ash added in the so il (Tab le 6). Phosphorous, potas­
sium, and calci um decreased in flyash treated plots. The 
response varies depending upon so il as well as h amount 
and characteristics. Keeping in view the hi gh buffering 
capac ity of so il , it also becomes important to work out 
time up to which any characteristics change persists. 

Condusions 
Fly ash application in , andy loam soi I influenced soi I 

characteristics and producti vity of maize . At prevailing 
ash/dust fall rates in vi ll ages around NCPP, growth and 
yie ld of maize crop increased, but the results need to be 
establi shed in a well des igned long-term ex periment. 
Relat ive contributions of so il and canopy environment 
fac tors r sponsible for changes in growth and yield of 
whe· t crop by nyash addition in so il have to be eva lu­
ated. Fate of heavy metals in so il-water-pl ant system by 
fl yash add ition needs to be investigated. 
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