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ABSTRACT

Due to its biological activities, adsorption andsatption properties, the soil can function as amieg
system for many industrial pollutants in moderab@aentrations. Because of the microelement cordént
ash, it can be used for improvement of acid sailsvith microelement deficit. The present paper déess

the possibilities of using thermal power statiolh @ amendment and source of microelements for two
gramineous species, used as forage and energatitspFor the experiment design we used randomized
blocks with 3 repetitions. The ash was incorporatedoil before sowing ofestuca arundinacea and
Festuca pratensis species. Experimental variants were the followig:= O t/ha non-treated control; ¥ 1
t/ha, \, — 3 t/ha and Y- 5 t/ha ash. Plant samples were collected framattove-ground organs, one year
after sowing. Heavy metal content was determinéagustomic absorption spectroscopy method. Reggrdin
the metal content, the data show that the appticaif ashes in different dosages had similar effeatboth

of the gramineous species. The zinc content deeseslghtly with the increase of ash dosage at bbthe
species. Compared to control variant, the coppetet increases directly with the amount of appést at
Festuca arundinacea and decreases #&testuca pratensis. Cobalt, nickel and manganese concentrations
presented an increase due to higher ash concensatt both of the plant species compared to coffrom

all of the assessed metal contents, manganesenf@ds¢he highest concentrations in plants. The
concentrations are low compared to non-treatedrabnius there was no toxicity effect of the sadliheavy
metals from thermal power station ashes.
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INTRODUCTION

The problems of using ashes from thermal powerosimthas been discussed worldwide,
especially in countries which use since a long tooal as fuel in thermal power stations
and dispose of huge quantities of ashes. Utilimatd ashes in agriculture for treating
different categories of soils, can be a way to higgn quantities of this waste product
(Oros 2002). Due to its biological activities, adsooptiand absorption properties, the soil
can function as a cleaning system for many indaistpollutants in moderate
concentrations. Because of the microelement conténtash, it can be used for
improvement of acid soils or with microelement defiBesides there is the unburned coal,
which could determine a certain increase of organittent of some extremely poor soils.
Due to its natural alkalinity and very high actisarface, ash has a great capacity of
neutralizing acidity (@rPITANU, 1999, RETHMAN, 2001). Though these materials can be
used as amendment on some soils, when appliedymduantities, some types of ashes,
especially those with increased heavy metal contesnt be harmful to plants. In this
framework, the present paper approaches the pligsgobf using ashes from ash pits as
amendment and source of microelements for two graouis species important as forage
and energy culture, without determining a signiitcaccumulation of heavy metals in
these plants.
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MATERIAL AND METHOD

For researches we used eumezobasic brown soil tic,venoderately gleic, with
alkalization in depth, strongly cogged up on medfura river deposits, medium
clay/medium clay-loam, with low pH on the supeiayer (pH = 5.20). Humus content of
the soil profile shows low values (2.42% in the38-cm layer). For the experiment design
we used randomised blocks with 3 repetitions. Teenbal power station ash (pH = 8.10)
was collected from the 0-30 cm layer of Utvin ashgb the Southern Thermal Power
Station of Timisoara, “CET Timisoara Sud”, whichsiguated in an area not covered by
vegetation, containing recently deposited ash.astewas applied before sowing and after
a disc harrowing. The ash was applied manually theorporated in the soil with drill. No
herbicides were used. 5 days after ash applicaamng was realized in rows. Plant
material consisted ifrestuca arundinacea Schreb., Brio variety ané&estuca pratensis
Huds., Tampa variety. For each plant species, @rpeatal variants were the following:;V
— 0 t/ha non-treated control; ¥ 1 t/ha, M — 3 t/ha and Y- 5 t/ha ash. Plant samples were
collected from the above-ground organs (leavessaémms), one year after sowing. Heavy
metal content was determined from homogenized sssnpising atomic absorption
spectroscopy method (with flame), at Banat Universif Agricultural Sciences and
Veterinary Medicine of Timisoara, Romania. Afterdoiaation to raw ash in porcelain
capsules at 525+25°C in a calcinatory with theromadtrol, the samples were dissolved in
HCI. The solution was sprayed into the air-acetyldlame of an atomic absorption
spectrophotometer. The absorbance of radiationmessured at the specific wavelength
for each element. The data were subjected to araf/sariance using ANOVA.

RESULTS

Regarding the heavy metal content, statisticalysmabf data shows that the application of
ashes in different dosages had similar effects oth lof the gramineous species. At
Festuca arundinacea the concentration of zinc decreased with 2.97%nmwhé&ha ash was
applied, with 4.38% at 3 t/ha and with 5.56% atha tash treatment compared to control
variant (Table 1).

Table 1. Effect of asheson the zinc content in Festuca arundinacea Schreb. plants

(mg/kg D.M.)
Variant Content Differences Differences Significance
(mg/kg S.U.) (mg) %
Control (0t/haash) 18.51 - 100
1t/haash 17.96 -0.55 97.03
3t/haash 17.70 -0.81 95.62
5t/haash 17.48 -1.03 94.44 -
LSD 5% = 1.27 LSD 1% = 1.93 LSD 0.1% = 3.09 mg]

Table 2. Effect of ashes on the copper content in Festuca arundinacea Schreb. plants

(mg/kg D.M.)
Variant Content Differences Differences Significance
(mg/kg S.U.) (mg) %
Control (0t/haash) 11.00 - 100
1t/haash 11.27 0.27 102.45 -
3t/haash 11.47 0.47 104.27 *
5t/haash 11.70 0.70 106.36 o
LSD 5% = 0.43 LSD 1% = 0.65 LSD 0.1% =1.05 mg]
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The copper concentration increased with 2.45% whe&ha ash was applied, with 4.27%

at 3 t/ha and with 6.36% at 5 t/ha ash treatmemipeged to control varianTéble 2).

Table 3. Effect of ashes on the cobalt content in Festuca arundinacea Schreb. plants

(mg/kg D.M.)
Variant Content Differences Differences Significance
(mg/kg S.U.) (mg) %
Control (0t/haash) 2.43 - 100
1t/haash 2.46 0.03 101.23 -
3t/haash 2.47 0.04 101.65 -
5t/haash 2.50 0.07 102.88 -
LSD 5% =0.19 LSD 1% =0.28 LSD 0.1% = 0.45 mg]

The other metal contents also increased, as follatvé t/ha ash treatment cobalt content
increased with 1.23%, nickel with 6.43% and manganeith 3.72%; at 3 t/ha, cobalt
content increased with 1.65%, nickel with 8.19% amghganese with 4.15%; at variants
where we applied 5 t/ha ash, cobalt content ineckaath 2.88%, nickel with 9.36% and
manganese content increased with 9.74%, compareohtool non-treated variantdbles
3,4 and 5).

Table 4. Effect of asheson the nickel content in Festuca arundinacea Schreb. plants

(mg/kg D.M.)
Variant Content Differences Differences Significance
(mg/kg S.U.) (mg) %
Control (0t/haash) 1.71 - 100
1t/haash 1.82 0.11 106.43 -
3t/haash 1.85 0.14 108.19 *
5t/haash 1.87 0.16 109.36 *
LSD 5% =0.11 LSD 1% = 0.17 LSD 0.1% =0.27 mg]

Tableb. Effect of ashes on the manganese content in Festuca arundinacea Schreb.

plants (mg/kg D.M.)

Variant Content Differences Differences Significance
(mg/kg S.U.) (mg) %
Control (0t/ha ash) 153.11 - 100
1t/haash 158.80 5.69 103.72 *
3t/haash 159.47 6.36 104.15 *
5t/haash 168.03 14.92 109.74 ok
LSD 5% = 3.45 LSD 1% =5.23 LSD 0.1% = 8.40 mg]

The concentration of heavy metals in Meadow fesnaeeased with the increase of ash
dosages, with the exception of zinc and copperthritifferences between variants were
low or even extremely low in case of some elements.

Table 6. Effect of ashes on the zinc content in Festuca pratensis Huds. plants (mg/kg

D.M))
Variant Content Differences Differences Significance
(mg/kg S.U.) (mg) %
Control (0t/ha ash) 18.58 - 100
1t/haash 18.03 -0.55 97.04 -
3t/haash 17.70 -0.88 95.26 -
5t/haash 17.17 -1.41 92.41 0
LSD 5% = 1.14 LSD 1% =1.73 LSD 0.1% =2.78 mg]
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Compared to control variant, the zinc concentratiecreases with 2.96% at 1 t/ha ash
variant, with 4.74% in case of 3 t/ha variant anthw.59% when 5 t/ha ash was applied

(Table 6).

The copper concentration in plants also decreasethllows: with 1.55% at 1 t/ha variant,
with 3.82% at 3 t/ha variant and with 3.91% atHatariant compared to contrdlaple

7).
Table 7. Effect of ashes on the copper content in Festuca pratensis Huds. plants
(mg/kg D.M.)
Variant Content Differences Differences Significance
(mg/kg S.U.) (mg) %
Control (0t/ha ash) 11.00 - 100
1t/haash 10.83 -0.17 98.45 -
3t/haash 10.58 -0.42 96.18 -
5t/haash 10.57 -0.43 96.09 -
LSD 5% = 1.11 LSD 1% = 1.68 LSD 0.1% = 2.70 mg]

Table 8. Effect of ashes on the cobalt content in Festuca pratensis Huds. plants (mg/kg

D.M))
Variant Content Differences Differences Significance
(mg/kg S.U.) (mg) %
Control (0t/haash) 2.33 - 100
1t/haash 2.37 0.04 101.72 -
3t/haash 2.42 0.09 103.86 -
5t/haash 2.47 0.14 106.01 *
LSD 5% =0.11 LSD 1% = 0.17 LSD 0.1% =0.28 mg]

Table 9. Effect of ashes on the nickel content in Festuca pratensis Huds. plants (mg/kg

D.M))
Variant Content Differences Differences Significance
(mg/kg S.U.) (mg) %
Control (0t/ha ash) 3.24 - 100
1t/haash 3.29 0.05 101.54 -
3t/haash 331 0.07 102.16 -
5t/haash 3.33 0.09 102.78 -
LSD 5% = 0.32 LSD 1% = 0.48 LSD 0.1% =0.77 mg]
Table 10. Effect of ashes on the manganese content in Festuca pratensis Huds. plants
(mg/kg D.M.)
Variant Content Differences Differences Significance
(mg/kg S.U.) (mg) %
Control (0t/haash) 146.44 - 100
1t/haash 151.80 5.36 103.66 *
3t/haash 153.45 7.01 104.79 %
5t/haash 161.60 15.16 110.35 ok
LSD 5% = 4.44 LSD 1% = 6.72 LSD 0,1% = 10.80 mg]

The other metal contents presented an increadellass: compared to control, at 1 t/ha
variant the cobalt concentration increased with2%y the nickel with 1.54% and the
manganese with 3.66%; at 3 t/ha variant, the cotmaitent increased with 3.86%, the
nickel with 2.16% and the manganese with 4.79%;n&ha ash was applied, the cobalt
content increased with 6.01%, the nickel with 2.78%@ the manganese with 10.35%
compared to control varianTdbles 8, 9 and 10). The manganese concentrations in all
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variants are also high compared thosd-@stuca arundinacea. The manganese content
reached 161.6 mg/kg dry matter at variant treatiéal Svt/ha ash.

CONCLUSIONS

The analysis of data showed that the two graminepesies presented the same reaction
to different dosages of thermal power station asheboth species, the zinc concentration
decreased only slightly with the increase of astages. Compared to control variant, the
copper concentration increasedrastuca arundinacea and decreased Bestuca pratensis
with the application of ash treatments. The cobaltkel and manganese concentrations
increased compared to control with the increasasbf dosages at both species. Of the
analyzed heavy metals, the manganese presentetighest concentrations. The low
differences in heavy metal content compared to tnested control plants there was no
problem with toxicity at the dosages we testedatt be concluded that both of thestuca
species resist without difficulties to dosages of/fta (and even more) thermal power
station ash, with the condition to be applied ofsseith the same properties as used in our
experiment. These two species are tolerant to évgimer heavy metal concentrations,
accumulating concentrations of 418.18 mg/kg zinshnots ofFestuca arundinacea and
average concentrations of 354.66 mg/kg zinc, ots gmlluted with zinc salts (MG,
2008, SvioN, 2005).
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