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Abstract. Fly-ash is largely alkaline in nature and contains many essential elements for plant
growth along with toxic metals. Therefore, fly-ash is frequently applied for improving soil
fertility. In this experiment, we studied growth performance of rice grown in three different
soils (swampland, peatland, and irrigated-rice soils) amended with 20 ton fly-ash per hectare
in the green-house experiment. The concentrations of metals in rice straw and grain were also
measured at the end of the experiment. Result of soil analyses showed that the most distinctive
property of soils used this experiment was the content of organic carbon (OC). The experiment
also showed that fly-ash application significantly increased the number of rice tiller and dried-
rice straw weight in peatland soils and rice production in swampland and peatland soils.
Concentrations of aluminium (Al), lead (Pb), nickel (Ni), cadmium (Cd) and chromium (Cr) in
the rice straw and grain of peatland soil were not influenced by fly-ash application. Results
obtained in this study suggest that the effect of low level of fly-ash application on the growth
performance and toxic element concentrations of rice cultivated in different soils is controlled
by the OC contents of those soils.

1. Introduction

Main problem in rice cultivation in acid sulphate soils is low productivity. One of the factors limiting
the growth of rice in acid sulphate soils is low soil pH. The observations in the province of South
nalimantan showed that the pH (H,0) of the acid sulphate soils ranged between 3.96 and 4.88 [1].
Low soil pH re@lits in low availability of soil phosphorus, calcium, magnesium, potassium and
sodium [2, 3, 4], and this condition eventually result in unhealthy plant growth [5]. Improvements soil
properties could be done by adding ameliorant material into the soil to increase soil pH and
simultaneously improve the content of some nutrients such as Na, Ca, K and Mg [6,7].

Fly ash. a byproduct of the utilization of coal as an energy source in steam power plants, contains a
relatively high amounts of nutrients such as Ca, Mg, Na and K, and P in smaller amount [8, 9, 10].
Flay ash also encompasses relatively high contents of base and metal oxides [11, 12]. Therefore, fly
ash is regularly applied to soils to improved soil properties such increasing the availability of soil
nutrients [13, 14, 15] and counteract the soil acidity [16, 17]. Results of these studfk show the
important role of fly ash which is often considered as a waste material for improving soil quality.
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Toxic elements such as Pb, Cr, Cd and Al are observed in high concentration in fly ash [18, 19].
Therefore, the application of fly ash as ameliorant materials for improving agricultural soils will
faced with the worry of the accumulation of toxic elements in plants. Several studies have §own an
increase in the concentrations of metals in plants following fly ash application [18, 20]. However,
there is a lack of inffrmation on the effect of fly-ash on plant growth and the accumulation of metals
in biomass plant. In this study, we examined the effect of fly-ash application on the growth
[ERrformance and the metal concentration of rice grown in three different soils amended with fly ash.
2. Materials and Methods
2.1. Sampling and characterization of soil and fly ash
Three differerfffpoils: swampland, irrigated-rice and peat soils were used in this study. Swampland soil
was sampled from the Desa Tinggirian II, Sub-district of Tamban, District of Barito Kuala, South
Kalimantan Province, Indonesia. Irrigated-rice soil was collected from the Desa Timbaan, Sub-
district of Tapin Selatan, District of Tapin, South Kalimantan Province, Indonesia. Meanwhile, the
peat was soil sampled from the Desa Kalampangan, Sub-distrfi} of Sebangau, District of
Palangkaraya, Central Kalimant#§J) Province, Indonesia. Each type of soil was sampled at a depth of
0-30 cm using 3 inch PVC pipe at several different points. and then the samples were homogenized.
Plant debris was carefully removed from the collected samples and then the samples were stored in
polyethylene vessels at 5 °C.

All three soils were characterized for soil physical and chemical properties. Determination of soil
bulk density for all soils was carried out by the core method [21]. Particle size analysis for mineral
soil was carried out using the hydrometer method [22]. Degrees of decomposition of peat were
determined using the method of rubbed fibre content and pyrophosphate index [23]. Soil pH of all
soils was determined using a glass electrode pH meter [24], organic carbon content determination was
carried out by the Walkley and Black method [25], and total nitrogen was determined using the micro
Kjehdahl method [26]. Determination of soil phosphorous contents was done by the method of
perchloric acid [27]. Exchangeable bases (Na, K, Ca and Mg) of the soils were extracted using the
ammonium acetate pH 7.0 and then quantified using atomic absorption spectroscopy (AAS) [28, 29].
Estimation of the cation exchangeable capacity (CEC) of soils was done by the ammonium acetate
(pHERY .0) method [30].

Fly-ash used for the experiment was collected from the Asam-Asam Steam Power Plant, South
Kalimantan Province, Indonesia. Dried fly ash was digested with a mixture of nitric, sulphuric, and
perchloric acid (6:1:2 by volume) for 2 h at 100 °C and then subsequent digestion up to 120 “C until
obtaining the white residue. Three replicates were prepared for digestion and analysis purposes. The
solution was filtered through Whatman filter paper No. 41 and then was diluted with 50 mL deionized
water. The concentration of nutrients and metals in the solution were determined using a Perkin
Elmer 2380 atomic absorption spectrophotometer (AAS).

2.2. Greenhouse experiment

Ten kilograms of each soil (peat, swdlipland and irrigated-rice soils) was placed in a 15-L pot, then
fly ash in equal to the amount of 20 Mg ha" was added to the pots, swirled gently until the fly ash
evenly distributed to the soils. Water was added into each pot to obtain a 2-cm of water surface height
in each pot. Soils in the pots without fly ash addition was also prepared in a similar procedure. The
pots were then incubated for 15 days in the greenhouse. For each combination of soil and fly ash, four
replicated p@$ were prepared and incubated. During the incubation period, tap water was added
periodically to compensate for evaporative losses and ensure constant water surface height in each
pot.

Rice varieties used for this experiment was the Ciherang. Rice plant was transferred to the pots
after one month in the nursery. Urea was added into each pot gradually (25% at the time of planting,
25% was added 3 weeks after planting and 50% was added 5 weeks after planting. The amount of
added nitrogen fertilizer to each p@is equivalent to the amount of urea for rice plant in Indonesia of
92 kg N ha'. Phosphorous (TSP) and potassium (KCI) fertilizers were also added to each pot with a
dose of 100 kg ha™'. Pot without fertilizers also prepared as control.

[
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Observations on the plant height, the number of tillers, plant dry weight, root dry weight, and dry
weight of rice grains were conducted at harvesting time. Harvested shoot and grain of rice were
thoroughly washed and oven dried at 70 °C for 48 h, and the dried plant parts were ground to
powders; lots of 1 g of the powders were digested with a mixture of nitric, sulphuric, and perchloric
acid (6:1:2 by volume). Concentrations of aluminium (Al), lead (Pb), chromium (Cr), cadmium (Cd)
and nickel (Ni) of digested plant samples were measured using an atomic absorption
spectrophotometer (Perkin Elmer 2380).

2.3. Statistical analysis

Data of growth, productiorfand metal contents in shoot and grain of rice was analyzed for
variance to determine the influence of fly ash application on the growth performance and the
metal contents of rice grown in different sails. In the case of variance anglysis showed that
the treatment had a significant effect, a different mean value was tested using the Least
Significance Differences (LSD) Test at P<0.05. The statistical test was conducted using the
GenStat 11" Edition [31].

3. Results and Discussion

3.1. Soil characteristics

Soils used for this study had significantly different characteristics. SwamplanJsoil had a clay loam
texture with a relatively low bulk density (0.54 g cm’), while irrigated rice soil had a clay texture with
a high bulk density (1.07 g em™). Differences in characteristics of soils used in this study were
observed in available P, total K, CEC, total P and soluble Fe. All three soils has a similar soil pH
(slightly acid). Results of soil analysis also showed that peatlands contained the highest organic
carbon (OC), 75 times higher than that of irrigated rice soil and 7 times higher than that of swampland
soil (Table 1). Therefore, it can be assumed that soils used for this study had a significantly different
characteristics.

Table 1. Soil characteristics used in this experiment

Irrigated Rice

Soil Characteristics Swampland Peatland L
Soils
Soil texture (%)

Sand 099 - 19.97
Loam 54.83 - 27.86
Clay 4418 - 52.17
Bulk Density (g em™) 054 0.28 1.07
Soil pH (H,O 1 :5) 441 327 4.10
Organic C(gC kg") 2230 163.50 2.60
Total (g N kg") 1.70 2.60 0.80
Available P (mg P kg™") 8.05 22958 7.95
Total P (g P k!zj) 106 054 453
Total K (g kg'T) 4.86 097 0.08
CEC (cmol kg™ 903 80.17 8.33
Soluble Fe (mg kg") 183.04 60.93 891.03

3.2. Growth and production of rice in response to fly ash application 1
Analysis of variance results showed that among the parameters observed in this study, number of
tillers, shoot dried-weight and production were influenced by fly-ash application. Application of 20
Mg fly-ash on peatland soil increased the number of tillers from 3.92 to 6.17 (Figurel). However,
application of fly-ash to swampland and irrigated-rice soils did not result in changes in the number of
tillers (Figure 1). Similar response is also observed for shoot dried-weight. Fly-ash application only
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improved shoot dried-weight in peatland. These results indicating that the gfect of fly-ash
application on rice growth varied with the OC contents of soils used for the experiment.
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Figure 1. Changes in plant height (A),?umber of tillers (B), shoot dried-weight (C), and rice
production per pot (D) of peatland, swampland and irrigated-rice sgils applied with 20 Mg ha™ fly
ash. Vertical bar indicate standard error of the treatment (n=4). Similar letters above columns
indicate no statistical difference between the treatments based on the LSD test at P<0.05.

Rice production of peatland also increased with fly-ash application. Rice production [l peatland
without fly-ash application only reached 21.56 gram per pot, increased 58% with 20 Mg ha™ fly-ash
application (Figure 1). Similar result was also observed for swanfland in which fly-ash application
was able to improve rice production as much as 115%. However, $y-ash applicatio irrigated rice
soils did not result in improvement in rice production. These results demonstrate that effect of fly-ash
application on rice production also controlled by the types of rice soils.

Improvements of tiller number, shoot dried-weight and rice production were attributed to the
improvement of soil characteristics with fly-ash application. Ash application to soils increases
mineralization of organic matter [32, 33], thereby increasing available nitrogen in soils [34]. Previous
study showed that increase in available P of soils with fly ash application related to improvement of
soil pH, the amount of silica and P supply from fly ash [13]. Fly ash application to soils increases
106-149% of nutrient adsorption [35]. Improvement of rice growth and production also related to
larger access of rice root for nutrients. A relatively large of fly ash particles compared to soil particles
results in larger soil pores (decreases in bulk density) when fly ash was applied to soils. Decrease in
bulk density will make root easier to penetrate soils when fly-ash was applied to soils. Fly ash
appliBation to rice soils lead to reduction in bulk density from 1.65 g em” to 1.59 gem™ [35].

3.3. Growth and production of rice in response to fly ash application

Results of the experiment showed that the application of 20 Mg ha™' of fly-ash led to increase in the
concentrations of metals in rice shoot. The concentration of metals of swampflhd and irrigated rice
soils increased by 14-60% and 24-255% with fly-ash application. However, fly-ash application on
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peatland, soil containing the hillest organic matter in this study, produced similar amount of metals
in rice shoots to those without fly-ash application (Figure 2). Similar results were also observed for
metal concentration in rice grain. Amount of metals in rice grain of swampland and irrigated rice
soils increased significantly with fly-ash application (Figure 3).
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Figure 2. The amounts of aluminium (A), lead (B), nickel (C), cadmium (D) and chromium (E) in
rice shoot of peuand, swampland and irrigated-rice soils applied with 20 Mg ha™ fly-ash. Vertical
bar indicate standard error of the treatment (n=4). Similar letters above columns indicate no
statistical difference between the treatments based on the LSD test at P<0.05.
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Figure 3. The amounts of aluminium (A), lead (B), nickel (C), cadmium (D) and chromium (E) in
rice grain of peatlau, swampland and irrigated-rice soils applied with 20 Mg fly-ash per hectare.
Vertical bar indicate standard error of the treatment (n=4). Similar letters above columns indicate no
statistical difference between the treatments based on the LSD test at P<0.05.

Increased metal contents in rice shoot and grain of swampland and irrigated rice soils is due to the
increased solubility of metals derived from fly ash. Low amount of fly ash (< 10 Mg ha™) application
to soils does not lead to accumulation of metal in plant tissue [36]. No significant differences in metal
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contents of peatland with and without fly-ash application are related to the high content of organic
matter of peatland causes chemical reaction between organic matter functional groups of peat material
with cations of metals from fly ash. The formation of chemical bonds between functional groups of
organic materials with metal cations decreases the amount@pf metals absorbed by the rice [16, 37].

Increased metal contents in rice shoot and rice grain with fly-ash application is also reported in
other studies. Previous study reported an increase in metal contents of 12-21% on rice shoot and 15-
21% on rice grain by the application of 200 Mg fly-ash per hectare to soils [38]. Various studies
reported that fly-ash application increase metals accumulation in rice plants [36, 39, 40]. Study
conducted by Vijayan [38] showed that increasing metal content in rice by fly-ash application
remained in critical limits of metals in plants. In this study, an increase of metals in rice grains with
the addition of fly-ash also remained below the critical limits of metals in plants [41, 42].

4. Conclusion
Observations on Ee wth and production of rice in paddy soils with different organic matter
contents showed that the application of fly-ash increases the growth ofrice in peatland and increase
the production of rice in swampland and peatland. Concentrations of aluminium (Al), lead (Pb), nickel
(Ni), cadmium (Cd) and chromium (Cr) in the gge straw and grain of peatland soil were not
influenced by fly-ash application. Results obtained 1n this study suggest that the effect of low level of
fly-ash application on the growth performance and toxic element concentrations of rice cultivated in
different soils is controlled by the OC contents of those soils.
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