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Abstract. Electrostatic precipitator (ESP) fly asihtained from a thermal power plant was
mixed with a slightly alkaline soil on w/w basis fase as a potting mixture for poplar nursery and
investigated for its influence on microbial actyvand physical properties. Application of fly ash a
an amendment @ 10% was found to be optimum forebatpopulation, soil dehydrogenase activ-
ity and microbial biomass. Water holding capacityflp ash amended soil increased and bulk den-
sity decreased as result of fly ash addition aspased to unamended soil. The suitability of fly ash
to be used as a soil ameliorant in nursery plaiatattains significance from the point of view of
eco-friendly disposal of fly ash.
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INTRODUCTION

Fly ash has been reported to be a repository ofentg which helps in reclama-
tion of alkaline and saline soils and also improset properties for plant growth
(Keshet al. 2003). Fly ash application can alter the watedingl capacity (Pathan
et al. 2003) and available water content of soils (Adsiand Weber, 2001) . Pres-
ence of organic matter in soil has an additiveotfées it reduces the concentration
of toxic metals through sorption, lowers the C/Narand provides organic com-
pounds, which promote microbial proliferation angegsity (Wong and Wong
1986, Pitchel and Hayes 1990). Increased micrautity was reported for ash-
amended soils containing sewage sludge (Pitchdd,1B&chel and Hayes 1990).
Fly ash-sludge mixtures containing 10% ash hadtipeseffect on soil micro-
organisms in terms of enzyme activity, N and Pingcand reducing the availabil-



328 S.J. KOHLI, D. GOYAL

ity of heavy metals (Ladét al. 1999). Microbial biomass is commonly used to char-
acterize the microbiological status of soil (Nammiggt al. 1990) and to study the
effect of soil management practices (Perb#l. 1992). Soil microbial biomass is a
sound indicator of soil health since it regulatasiant cycling and acts as a highly
labile source of plant available nutrients (Jenkimand Ladd 1981).

The objective of the present investigation wasvaliate the effect of fly ash
addition on some soil physical properties and nhiadoactivities when it is dis-
posed off by soil application as an amendment.

MATERIALS AND METHODS

Electrostatic precipitator (ESP) fly ash in bulksa@llected using random sam-
pling procedure from a fly ash dump near Guru Galdmgh Thermal Power Plant
(GGSTPP), Ropar, Punjab in Northern India and aé&dd Soil was also collected in
bulk using random sampling procedure from a fiald hapar Technology Campus,
Patiala, Punjab, India, from3D cm depth, analysed and used in the present. study
The fly ash and soil were analysed for basic gayshemical characteristics such as
pH and electrical conductivity using 1:2 fly asli/savater suspension, water holding
capacity using Keen’'s boxes (Black 1965) and bwgksdty using core sampler
(Black, 1965). Fly ash was found to be acidic with5.82, electrical conductivity of
0.05 dS rit, water holding capacity of 73 % and bulk densit9.86 Mg n+*. The soil
was slightly alkaline with pH of 7.6, electricalrmuctivity of 0.06 dS M water
holding capacity of 33.6 % and bulk density of 1\¢ m*. The texture of the soil
determined using hydrometer method (Bouyoucos 1@&8)found to be loamy sand.
Fly ash was mixed with soil on a w/w basis at catre¢ions of 0, 5, 10, 20 and 30%
and used for growing stem cuttingsRafpulus deltoides for a period of four months
in polythene bags (0.8 cm diameter and 15 cm I¢mugHorated at the bottom in a
net house. There were 20 replications for eaclntezat. After four months, the soil
from each bag was analysed for bulk density (BlE@&5), water holding capacity
(w/w) (Black 1965), bacterial count (Cappuccino &fetrman 1987), dehydrogenase
activity (Cassida 1977) and microbial biomass (\set@l. 1987). The mean values
of the soil physical and microbiological parametersach of the treatments were
compared using regression analysis with respetietoates of fly ash application.
Fly ash addition to soil also modifies bulk dens#gil porosity, surface encrusta-
tion, saturated hydraulic conductivity, pH and &ieal conductivity of soil (EI-
seewiet al 1980, Hartmanret al. 2009). Several workers have reported a direct
influence of microbial activity on soil physical guerties thereby providing an
early sign of improvement or warning of soil degran (Doran and Parkin
1994, Sparling 1997). Micro-organisms invariablyjpidto the stresses of the soil.
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RESULTS

Mean bulk density of soil in the treatments recegwno fly ash application was
1.24 Mg ni® which decreased linearly with fly ash additiorf €R0.99) (Fig. 1a) to
a level of 1.10 Mg min the treatments receiving 30% fly ash. Mean whitsd-
ing capacity (w/w) of soil in the treatments redeivno fly ash application was
39.8 % which increased linearly {R 0.97) (Figure 1b) with fly ash addition to
a level of 61.3 % when fly ash application rate waseased to 30%.
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Fig. 1. Effect of fly ash addition on (a) soil bulk deys#nd (b) water holding capacity
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Fig. 2. Effect of fly ash addition on number of bactedahydrogenase activity and microbial bio-
mass in soil
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The bacterial number, soil dehydrogenase acti8yA) and microbial bio-
mass responded in a parabolic manner to incredsirggs of fly ash addition
(Fig. 2) (R = 0.62, 0.54 and 0.49 respectively). The mean raurnbsoil bacte-
ria in the treatments receiving no fly ash applaatwas 2.75-10cfu g* soil
which increased to 11.6-16fu g'soil at 10% level of fly ash amendment and
finally decreased to 0.43 cfu'goil at 30% level of fly ash amendment. Simi-
larly, SDA increased from a level of 0.5 pug TPFgpil day' in the treatment
receiving no fly ash application to a peak valuafs ug TPFg soil day" in
response to 10 percent level of fly ash amendmadt fanally decreased to
0.37 ug TPFg soil day" as the level of fly ash was increased to 30%case
of soil microbial biomass, an increase of 143% whserved from 148 pgy
soil in the treatment receiving no fly ash appiicatto 359.3 pg g soil in soil
amended with 10% fly ash. As the rate of fly asbligation was increased to
30%, the soil microbial biomass decreased to 119.TPFg" soil day".

DISCUSSION

Bulk density decreased linearly with increasingdih addition. Decrease in
bulk density with increasing fly ash addition hésoabeen reported in other stud-
ies (Changet al. 1977, Changet al. 1989) and leads to improved soil porosity,
better workability, easier root penetration andeased moisture retention capac-
ity of the soil (Paget al. 1979). As expected, water holding capacity ofdbi
increased linearly with fly ash addition. Additiohfly ash decreases bulk density
and improves water holding capacity due to domigawmicsilt-sized particles in
fly ash (Campbelét al. 1983). Salest al. (1996) have also reported that fly ash is
composed predominantly of silt-sized particles aen added to a soil high in
clay, the soil texture and other associated phisicaracteristics, such as bulk
density, can be altered to be more desirable famtpggrowth. For a fine textured
soil such as clay, addition of fly ash will increabe soil bulk density whereas for
a coarse textured soil such as the sandy loanused in the present study, addi-
tion of fly ash is expected to reduce the bulk dgn&ly ash addition to the soil
also promotes soil aggregation (Sel@l.1996). Due to the fine nature of fly ash,
it improves the water holding capacity of sandyssand removes the compaction
of clay soils (Sharma and Kalra, 2006). Furtherdfieral effects are envisaged
with plant growth in the fly ash amended soils tlu¢he nutritional advantage to
be gained from association with plant roots anddaies in addition to ameliora-
tion of the soil physical environment. Nutrient iehment of soil due to fly ash
amendment up to a certain level would be expedetdiulate root growth and
excretion of root exudates in the soil. This haydic effect; the addition of exu-
dates and root biomass not only ameliorates tHephgsical conditions further,
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but also brings the added nutrients into the bickgnutrient cycle, making the
soil resurgent and verdant.

This is evident as the number of bacteria increasattedly up to 11.6-2@fu g*
soil with 10% fly ash addition. Rippon and Wood 759 attributed the increased
microbial population with fly ash addition to thelease of nutrients from fly ash
with time. Surridgeet al. (2009) have reported that fly ash addition &dsning
effect on the soil leading to increased mobilityocafcium and hydroxide ions,
ultimately causing an increase in bacterial spetimess. However, fly ash also
has a high content of toxic heavy metals (Peige. 1979) which can hinder nor-
mal microbial metabolic processes when added instikat higher concentra-
tions. Application of fly ash, particularly unweatled one, shows a tendency of
accumulating elements like B, Mo, Se and Al (Shaamd Kalra, 2006). Soil de-
hydrogenase activity and microbial biomass weratgist at 10% level of fly ash
amendment since fly ash amendment at moderateslpvelides nutrients to the
micro-organisms for carrying out various metabalitivities without any adverse
effect (Wong and Wong 1986, Saffigeaal. 1989). The rhizosphere of plants
creates a more aerobic environment in soil thahwugtites microbial activity
which enhances oxidation of organic chemical ressd(Andersoret al.1993,
Schnooret al. 1995, Narayanasat al. 1998, Jonest al. 2004, Kirket al. 2005).
When fly ash is added at levels more than 10%,ctirgein microbial activity
was observed. This could have been due to a decirasubstrate availability
associated with accumulation of persistent ligdiggived organic carbon com-
pounds (Rumpekt al. 1998). Gaind and Gaur (2004) found tiabtobacter
chroococcum, Azospirillum brasilense andBacillus circulans showed their maxi-
mum viability in fly ash alone where&seudomonas striata proliferated most in
soil-fly ash (1:1) combination. Schutter and Fuhmm§2001) have indicated that
fly ash amendment may benefit fungi and gram-negdiacteria relative to other
components of the soil microbial community. OnwWiele, the effects of the lev-
el of fly ash application on soil aggregation caaplith the influence of the
growing plants effects on soil microbial diversitguld be favourable for plant
growth and soil resurgence.

CONCLUSIONS

1. Fly ash application led to a linear decrease ihtadk density and a lin-
ear increase in soil water holding capacity.

2. Fly ash application at 10% level was found to benapm for soil micro-
biological parameters such as number of bacteeiydtogenase activity and mi-
crobial biomass.
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Streszczenie. Lotny pyt otrzymany z filtrow elelgtatycznych (ESP) w elektrowni cieplnej
zmieszano z wysoce zasadpglely w stosunku wagowym i zastosowano jako mieszamkzono-
wa w szkoétce topoli w celu zbadania jego wptywu néyakiosé mikrobiologiczra oraz widciwosci
fizyczne gleby. Stwierdzonage dodatek 10% pytu lotnego jest optymalny w odeiaisi do liczeb-
nosci bakterii, aktywnéci dehydrogenaz w glebie oraz biomasy mikroorgadiemPojemné¢
wodna gleby nawimnej pytem lotnym wzrosta, a zmalata jejsgps¢ objetosciowa w poréwnaniu
do gleby bez dodatku pytu lotnego. Przydatnaytow lotnych stosowanych jakwodek ulepszaj
cy glele w plantacjach szkotkarskich ma znaczenie z pumkitizenia zagospodarowania takich
pytdw w sposo6b przyjazny disodowiska naturalnego.

Stowa kluczowe: rnorodnd¢ mikrobiologiczna gleby, tekstura gleby, struktgieby,
agregacja gleby, daginas¢ sktadnikéw pokarmowych, fizyczrieodowisko glebowe



