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Abstract

Nowadays, it is illegal to apply ashes, fly ashes and their mixtures on arable soil in
Slovakia although it is allowed in many countries. The reasons why the Slovak law prohi-
bits using these substances in agriculture are not explicitly stated but most probably it is
so because of the variable and often high content of heavy metals as well as the residual
radioactivity in soil treated with such mixtures. However, ashes and fly ashes are signifi-
cantly different in parameters, therefore they should be classified individually. It is irratio-
nal to ignore some positive effects of ashes and fly ashes on plants if they do not pose
a threat of increased input of heavy metals and residual radioactivity into soil and, subse-
quently, in crops. The aim of this experiment has been to find out the effect of ash-fly ash
mixture (AFAM) on some soil yielding parameters and to clarify opinions on using ashes
and fly ashes in agriculture.

A pot experiment was carried out in a vegetation cage located in the premises of the
SAU in Nitra. Pots of the capacity of 30 kilos were filled with 24 kg of anthropogenic soil
prepared by mixing two portions of Haplic Luvisol with one portion of siliceous sand. The
ash-fly ash and/or NPK fertilizers were applied into the whole soil profile. The experimen-
tal design comprised 6 treatments (0, AFAM,;, NPK, NPK+ AFAM,;, NPK+ AFAM,, NPK+
+AFAM,), each in four replications, as follows: 1 — control treatment, 2 — AFAM in a dose
of 3 t ha!, 3 — NPK mineral fertilizer, 4 — NPK mineral fertilizer + AFAM in a dose of 3 t
ha=l, 5 — NPK mineral fertilizer + AFAM in a dose of 30 t ha™!, 6 — NPK mineral fertilizer
+ AFAM in a dose of 150 t ha=l. The soil samples were analysed in the whole soil profile
after harvest of spring barley.

The ash-fly ash mixture in the basic dose of 3 t ha! positively influenced several soil
parameters. Statistically significant increase of both pHy~ and pHH20 as well as the con-
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tent of available calcium were noted. The total carbon content (C ), carbon of humic sub-
stances (Cpg), carbon of humic acids (Cgp), carbon of fulvic acids (Cp,) and available K
also increased but not significantly. Sorption capacity (CEC)did not change. The sum
of exchangeable base cations (EBC), base saturation (BS), conductivity (EC) and content
of N;, and Mg were not significantly influenced. The AFAM with NPK combination signifi-
cantly decreased the bulk density of soil (BD). Addition of AFAM to mineral NPK fertilizers
at the rates of 3, 30 and 150 t ha™l, respectively, influenced positively the content of Coxo
Cygs Cga, Mg and the values of CEC, EBC, BS, BD, pHyyo and pHyy. This addition had
a negative effect ob just two parameters: EC and content of mineral nitrogen. Application
of ash-fly ash mixture alone or with NPK fertilizers improved soil parameters, which en-
hanced the soil productivity and its resistance against depressed fertility caused by unidi-
rectional industrial nutrition.

Key words: ash-fly ash mixture, soil fertility, total carbon, humic acids, bulk density of soil.

WPLYW STOSOWANIA POPIOLOW, POPIOLOW LOTNYCH
I ICH MIESZANEK NA ZYZNOSC GLEBY

Abstrakt

Aplikacja popiotéw, popioléw lotnych i ich mieszanek w glebach Stowacji nie jest do-
zwolona przez prawo, mimo ze niektore panstwa pozwalaja na takie wykorzystanie. Mozna
przypuszczaé, ze jest to spowodowane glownie niestabilng i czesto wysoka zawartoscig me-
tali ciezkich oraz zwigzkow promieniotworczych w glebie. Poszczegolne popioty i popioty lot-
ne znacznie roznig sie powyzszymi parametrami, z tego powodu konieczna jest indywidual-
na ocena wykorzystania popiotéw w Stowacji. Korzystnego wplywu popiotéw i popiotéw
lotnych na rosliny nie mozna pomingé w przypadku surowcow nie stwarzajacych zagroze-
nia zwigzanego ze zwiekszong iloScig metali ciezkich i zwigzkéw radioaktywnych. Celem
eksperymentu bylto okreslenie wplywu mieszanki popiotu z popiolem lotnym (AFAM) na
niektére parametry glebowe oraz sprecyzowanie pogladéw na wykorzystanie popiotéw i po-
piotow lotnych w rolnictwie.

Eksperyment przeprowadzono w wegetacyjnej klatce znajdujacej si¢ na terenie Sto-
wackiego Uniwersytetu Rolniczego w Nitrze, w 30 kg pojemnikach z 24 kg antropogenicz-
nej gleby, ktéra powstala po zmieszaniu 2 czesci brunatno-modalnej gleby i 1 czeSci piasku
krzemionkowego. Do calego profilu glebowego powyzszych pojemnikéw aplikowano mie-
szanke popiotow i popiotow lotnych lub nawozéw NPK w 4 powtérzeniach. Eksperyment
mial 6 wariantéw (0, AFAM,, NPK, NPK+ AFAM,;, NPK+ AFAM,, NPK+ AFAM;): 1 — wa-
riant kontrolny, 2 — mieszanka popiotu i popiotu lotnego w ilosci 3 t hal, 3 — nawozy
sztuczne NPK, 4 — nawozy NPK + AFAM w iloéci 3 t ha™l, 5 — nawozy NPK + AFAM
wilosci 30 t ha™1, 6 — nawozy NPK + AFAM w iloci 150 t ha™1.

Mieszanka popiolu i popiotu lotnego (AFAM) stosowana w iloéci 3 t ha—! miala pozy-
tywny wplyw na kilka parametrow glebowych. Istotnie statystycznie zwiekszyta wartosé
PHgqy, PHpyo i dostepnych zasobéw Ca. W przypadku zawartosci wegla catkowitego (C,,),
wegla substancji humusowych (Cgg), wegla kwaséw huminowych (Cygp), kwaséw fulvia
(Cyp) i dostepnego K reakcja na wzrost byla niejednoznaczna. Gesto$¢ objetoSciowa gleby
(BD) sie zmniejszyta. Absorpcja (CEC) nie ulegla zmianie. Statystycznie nieistotny, ale ne-
gatywny wplyw miata na ilo§¢ kationéw podstawowych (EBC), stopien nasycenia kationa-
mi bazowymi (BS), przewodnos¢ (EC), zawartos¢ N, i Mg.

Dodanie AFAM do nawozéw NPK w dawkach 3, 30 i 150 t ha=! miato pozytywny
wplyw na ilosci C_,, Cg, Cya i Mg, na wartosci CEC, EBC, BS, pHgq i pHHzO, BD gle-
by. Negatywnie wplynelo tylko na EC i zawarto$¢ N;,. Wykorzystanie mieszanki popiotu
i popiotéw lotnych oraz mieszanki w polaczeniu z nawozami NPK poprawito gtéwnie te pa-
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rametry gleby, ktore zwiekszaja jej wydajnosé, odpornosé na spadek plonéw spowodowany
jednostronnym sztucznym nawozeniem roslin.

Stowa kluczowe: mieszanka popiotéw i popioléw lotnych, zyznosé gleby, wegiel catkowity,
kwasy huminowe, gestosé gleby.

INTRODUCTION

Thermal power stations produce approximately 500 million tons of ash
and 100 million tons of fly ash annually all over the world. About 15-20% of
ash and about 20-40% of fly ash are recycled (WRIGHT et al. 1998, KikucHI
1999). In Slovakia, however, only about 10-15% of ash and fly ash are used
again and with their annual production of about 1.1-1.2 million tons it means
a growing pressure for new storage space, which should be used more ap-
propriately and ecologically. Therefore, Slovak researchers are looking for
possibilities of using ashes, fly ashes and their mixtures in the building
industry, mining and metallurgical industry and automobile industry (FLORE-
KovA et al. 2001). It seems that agriculture could be another possible recipi-
ent of these substances but the Slovak law does not allow it. The negative
approach to ashes, fly ashes and their mixture in Slovakia remains in con-
trast to the substantial international experience of using these substances
in agriculture (AMRHEIN et al. 1995, LiN et al. 1998, Kikucuar 1999, MATsI,
Kerammas 1999, Jara, GovaL 2006, JEzERSKA-TYS, Frac 2008, ANTONKIEWICZ 2010).
The cause of negative attitudes to using ashes and fly ashes in Slovakia has
never been explicitly stated but apparently it is so due to their unstable
nature, frequently high content of heavy metals, high salinity and reduction
of solubility of some nutrients by their high pH values as well as the resid-
ual radioactivity (AITKEN et al. 1984, KaRANGELOS et al. 2004, Basu et al. 2009).
It is therefore inevitable to classify specific ashes and fly ashes individually
in Slovakia, on the basis of exactly defined chemical and radiological criteria
(parameters) and agrochemical and environmental influence on soil and
plants. It is wrong to ignore considerable qualitative differences among par-
ticular ashes and fly ashes with respect to their positive influence on crops
and soil.

The aim of this experiment has been to find out the effect of AFAM (in
which the content of heavy metals and also residual radioactivity were low-
er than the limits set by the Slovak law, KovAc¢ik, Misik 2008) on the soil
yielding parameters, and to clarify opinions on using ashes and fly ashes in
agriculture.
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MATERIAL AND METHODS

A pot experiment was carried out in 2005 and 2006 in a vegetation cage
located in the premises of the SAU in Nitra (48°18” N, 18°05" E). The exper-
imental pots were filled with a mixture of 16 kg of soil (Haplic Luvisol) and
8 kg of siliceous sand; the agrochemical characteristics of the soil material
are presented in Table 1. The chemical parameters of N-NH, were deter-
mined by Nessler’s colorimetric method; N-NO3 was assayed by the colori-
metric method with phenol — 2,4 disulphonic acid and N, was calculated as
the sum N-NH, + N-NO;. The content of available P, K, Ca and Mg was
determined by Mehlich III extraction procedure (MEHLICH 1984). The content
of P was determined by the colorimetric method while K and Ca were meas-
ured by flame photometry; the content of Mg was assessed by atomic ab-
sorption spectrophotometry and pHH20 and pHgq (in solution of 1.0 mol
KCl dm=3) were determined potentiometrically. The total N content (N} was
determined according to Kjeldahl’s method (BREMNER 1960); total carbon con-
tent (C,,) was evaluated spectrophotometrically after oxidation (TJURIN 1966);
exchangeable base cations (EBC), cation exchange capacity (CEC) and base
of saturation (BS) were tested according to Kappen’s method (MySLINSKA 1998).
Soil electrical conductivity (EC) was also determined (CorwiN, LEscH 2005).

The hygienic, toxicological and agrochemical parameters of the material
are presented in Tables 2 and 3. The detected metal content was lower than
the permitted limits for soil additives used in arable soil. The total forms of
metals in the soil were determined by the means of an AAS Pye Unicam
(mineralization in HF + HCIO,).

In the ash-fly ash mixture applied, the presence of radioactive substanc-
es was analyzed by semiconductor gamma-spectrometry using a high purity
germanium detector (Canberra). The whole assembly of a detector, modular
spectrometer (EG&G Ortec, Canberra) and software (GammaVision + modi-
fied modules of Nuclear Data software) passed relevant comparison tests
organized by the International Atomic Energy Agency. No activity (MDA <
0.29 Bq kg1) of environmentally important man-made radionuclides (137Cs,
134Cg, 60Co) was found in the ash-fly ash substrate. The levels of natural
U and Ra in ash-fly ash mixture exceeded the levels in soil by a factor < 2.0,
but were more than 4.1-fold lower than the most active natural isotope 4°K
found (382 + 31) Bq kg~1. Those levels of radioactivity are well in the range
of the usual variability of natural isotopes in soils (MazziLL1 et al. 2000) and
therefore no build-up of radioactivity in soil and plants could be produced by
introducing the ash-fly ash mixture to soil at the suggested application rate.

Into each pot, 100 spring barley grains (Express c.v.) was seeded. After
germination, the seedlings was thinned to 75 plants per pot. Moisture of the
soil in the pots was maintained at 60% of full water capacity by regular
irrigation.
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The experiment consisted of 6 treatments (0, AFAM,, NPK, NPK+ AFAM,,
NPK+ AFAM,, NPK+ AFAM,;). Each treatment was conducted in four replica-
tions. The basic rate of ash-fly ash mixture (AFAM,;) was applied in treat-
ments 2 and 4 and represented 0.1% of the total weight of soil in a pot (24 g
pot~l, i.e. 3 t ha™l). The rate of ash-fly ash mixture applied in treatment 5
(AFAM,) was 10—fold (240 g pot~l, that is 30 t ha!) and in treatment 6
(AFAM;) 50-fold (1200 g pot~1, that is 150 t ha™l) higher than the basic rate.

The rates of NPK nutrients were calculated on the basis of the content
of N;, and available P and K in soil and the plant requirement for these
nutrients to achieve planned yield. Nitrogen was applied in the form of DAM-
-390 fertilizer; P was added in the form of single superphosphate and potas-
sium was introduced to soil as 60% KCIl.

Spring barley was harvested at the growth stage of DC 91. After har-
vest, a soil sample of the whole profile from the each pot was taken and the
following parameters were determined: C_  — total carbon, Cyg — carbon of
humic substances, Cz, — carbon of humic acids, Cy, — carbon of fulvic acids,
soil reaction — pHy;, BD — bulk density. The parameters Cyg, Cpya and Cyy
were detected according to the methods described by Kononova and BELTCHIK-
ova (SHVIDENKO et al. 1997). The results were evaluated by analysis of vari-
ance, using Statgraphics, version 5 software.

RESULTS AND DISCUSSION

Application of ash-fly ash mixture (AFAM, treatment 2) at the rate of 3 t
ha=1 positively influenced several pedological and agrochemical soil charac-
teristics (Tables 4 and 5). The application caused statistically significant in-
crease of both pHy and pHy o as well as the content of available calcium.
Owing to this attribute, KovACik and SraMka (2008) recommend to use shes
and fly ashes for adjustment of pH in acid soils. The only exception is acid
ashes, which lost their alkaline elements in the process of weathering and
leaching (DosskEy, ADRIANO 1993).

After application of AFAM, the content of total carbon (C,), carbon of
humic substances (Cyg), carbon of humic acids (Cyp), carbon of fulvic acids
(Cgp) and available K increased. However, this increase was not statistically
significant. On the other hand, significant increase of carbon content was
reported by CERVELLI et al. (1987) and Sajwan et al. (2003).

After AFAM application, the soil bulk density (BD) decreased, which
agrees with the findings of PERkINS and VANN (1997) but is in contrast to the
report by CHaNG et al. (1977). Sorption capacity (SC) was nearly unchanged.

The base saturation (BS), exchangeable base cations (EBC), conductivity
(EC) and content of N; and Mg were negatively affected, but the influence
was negligible and statistically insignificant (Tables 4, 5).
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Table 4

The effect of ash fly-ash mixture on some agrochemical parameters

Treatment EC Nin | P | K | Ca | Mg

No. | designation PHxor | PHiy0 (mS cm™1) (mg kg1)

1|0 5.63% | 6.80% | 0.06¢ |1255%| 52.5° | 2107 | 900¢ | 262

2 |AFAM, 5.93% | 7.00° 0.07¢ | 11.15¢| 322 | 220° | 1401¢| 253¢

3 |NPK 5.60¢ | 6.71¢ | 0.14°> |38.837| 61.5%¢ | 200¢ | 1310¢| 241¢

4 |NPK+AFAM,; | 5.92° | 6.81¢ | 0.14% | 34.48° | 57.60c| 200¢ | 1173%| 241¢

5 |NPK+AFAM, | 6.25¢ | 7.08® | 0.17¢ |27.48°| 65.7° | 2187 | 1401°| 292°

6 |NPK+AFAM; | 6.90d | 7.40¢ | 0249 |2539°| 91.3¢ | 255¢ | 1538¢| 443¢
LSD o5 0.271 | 0.103 | 0.025 | 3.503 | 10.85 | 20.0 | 101.6 | 385
LSDy o, 0.366 | 0.139 | 0.033 | 6.365 | 1458 | 26.9 | 139.7 | 465

LSD — limit of significant difference at the level = 0.05 and = 0.01.

The degree of soil salinity and deterioration of the BS and EBC parame-
ters were considerably lower after an application of 3 t ha=l AFAM than
after a standard rate of mineral NPK fertilizers. Application of NPK fertiliz-
ers (treat.3) deteriorated most of the examined pedological and agrochemical
parameters (Cox, Cyg, Cya, Cga, ratio of Cya:Cpy, CEC, EBC, BS, pHy(,
pHHzO, EC) not only in comparison with the unfertilized treatment 1, but
also with treatment 2 (AFAM,). In contrast, addition of AFAM at the rates
of 3, 30 and 150 t ha!, respectively to mineral NPK fertilizers (treatments
4, 5, 6 versus treatment 3) not only mitigated the demonstrated negative
effect of NPK fertilizers on the majority of the parameters, but many affected
positively (C_,, Cyg, Cga, ratio of Cy:Chxp, CEC, EBC, BS, pHyy o, PHis
BD). The gradually increasing rates of AFAM added to NPK fer%ilizers in-
creased the values of the above parameters, except soil bulk density, which
decreased with the increasing rates of AFAM, but this was considered as
a positive development (Table 5).

When 150 t ha=! of AFAM was applied (treatment 6), the ratio of
C11a:Cpa was lowered and the conductivity increased significantly. From this
viewpoint, this rate could be considered risky but only if such rates of AFAM
are applied in short time intervals. The recorded conductivity of 0.24 mS
cm™1 (treatment 6) was much below 2 mS cm™!, which classifies soil as
slightly salinated. Increased EC values after application of fly-ash rates over
40 t ha™! are cited by several authors (CLARK et al. 1999, Matsi, KERAMIDAS
1999). Our findings prove that it is unreasonable to perceive the AFAM rate
used in the experiment as “material hazardously increasing the content of
salts in soil”.
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The C:N ratios fluctuated in the range from 11.4:1 to 37.7:1 in individu-
al treatments. The lowest value of the ratio was calculated in the treatment
with NPK fertilizers application, which is in accordance with the findings of
KovAcik and Wisniowska-KieLIaN (2009), who stated that mineral fertilizers
intensify the mineralization process, causing a decline in the carbon content
in soil on but increasing the content of available nutrients. This effect of
mineral fertilizers is evaluated positively by farmers. However, in the long
run, intense mineralization of organic matter is negative for its mainte-
nance in the soil (SIMANSKY et al. 2008).

The latest findings by RasooL et al. (2008) indicate that soils poor in
organic matter, when treated with mineral fertilizers in proper rates, may
be enriched in carbon released through more roots growing in that soil.

The highest C:N ratio was found in treatment 6, where — beside the
application of mineral fertilizers that lowered the C:N ratio — AFAM at a rate
of 150 t ha=! was added. This indirectly confirms that ashes produce an
inhibitory effect on microflora involved in the mineralization processes.

Application of AFAM in all the treatments and combinations (treatment
2 versus 1 and treatments 4, 5, 6 versus 3) caused reduction of the N,
level in soil. Increasing rates of AFAM proportionally decreased the N, con-
tent in soil (Table 4). These findings verify the hypothesis on possible inhibi-
tion caused of AFAM on the mineralization microflora. Nearly the same
conclusions were reached by PatHan et al. (2002).

CONCLUSIONS

The results show that AFAM applied 2 weeks before barley sowing at
the rate of 3 t ha™! positively influenced several soil parameters. The val-
ues of pHyqp, pPHy, o and the content of available Ca were significantly
increased. The content of total carbon (C_,), carbon of humic substances
(Cyg)» carbon of humic acids (Cyp), carbon of fulvic acids (Cpy) and available
K also increased but not significantly. The soil bulk density (BD) decreased
and the cation exchange capacity (CEC) showed no change. The following
characteristics were not significantly influenced: exchangeable base cations
(EBC), base saturation (BS), conductivity (EC) and the content of N; and Mg.

Application of AFAM in all the treatments and combinations caused re-
duction of the N; level in soil and N; content decreased proportionally
with the increasing rates of AFAM.
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