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ABSTRACT

This study was carried out to check the possibility of substituting bottom ash from the
Seosan power plant for sand as growing media for creeping bentgrass (Agrostis stolonifera
L.) under saline irrigation condition. Characteristics of growing media were evaluated by
using column and leaching method. Creeping bentgrass cv. Pen-Al was grown in pots
with dredged up sand (DS) and bottom ash (BA) media those were amended using 1%,
2%, and 3 % OM rates in a green house. The plants were irrigated with 1.5 dSm™ saline
water. Results showed that visual quality, plant height and shoot dry weight from DS
treatment were higher than those of BA treatment. Even though BA contained more salts,
repeated leaching could decrease ECe efficiently. In case of no OM amendment, the
visual quality, plant height and shoot dry weight were similar between in BA and DS.
Amendment of 2% OM increased the height of creeping bentgrass in DS, while decreased
the plant growth in BA.
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INTRODUCTION

Construction of golf course using sand base growth media has become a part of
modern golf course, but sand require amendment to provide adequate water holding
capacity and nutrient retentions. Constructing largegolf course area using sand is
expensive when the sand is moved from other places (Waltz and McCarty, 2000). The
principal motivationsfor high sand content root zone are to resist soil compaction from
frequent foot traffic, to induce deep rooting, to minimize pathogenic factors and to
protect against salt problem (McCoy, 2006). Even though it provided rapid drainage,
promotion of aeration for root growth, inefficiency in retaining moisture and nutrient
is expected (Freddie et al., 2003). The possibility for substituting the sand with other
material which can hold water and nutrients better with less expense may be
obtained by using bottom ash (BA). Bottom ash is the waste of coal bed in many
industries, and it can improve the quality of soil and increase plant growth (Buck and
LaBuz, 2005). Physical characteristics of the material are near similar to soils,
representing 13 - 20 % of the total ash remaining in the bottom of a coal-fired
boiler after combustion, relatively coarse, gritty material, with particle sizesgenerally
within the range 0.1 - 10 mm (Mukhtar et al., 2003).

Organic and inorganic amendment had significant effect on establishment and turf
quality of creeping bentgrass (Agrostis stolonifera L.) in a puttinggreen (Bigelow et al.,
2001). Tejada et al. (2006) reported five years investigation of organic amendment in
saline soil using cotton gin crushed compost and poultry manure resultingboth organic
wastes had a positive effect on the physical, chemical and biological properties of the
soil, but the exchangeable sodium percentage (ESP) decreased more significantly in
the cotton gin crushed compost. Peat is the most frequently used amendment material
in sand base construction, since peat can not only hold water more but also supply
the nutrient through its decomposition (Bigelow et al., 1999). Peat also reduced soil
bulk density, improved rootzone aeration, increased soil moisture retention, and
allowed gradual release of plant available water (Freddie et al., 2003).

For maintaining high quality turf for golf,the quality and quantity of irrigation
water are also limiting factor (Silverstooth, 2005). Irrigation water being used is often
primary source of soluble salts, thus not only the quantity of available irrigation
water is important, but also the quality of the water is crucial (Kjelgren et al., 2000 ;
Marcum, 2005). Water containing salt (480 ppm) or ECw (0.75 dSm™) can cause salt
accumulation, physiological drought, element toxicity, nutrient imbalance, and sodium
permeability hazard (Miyamoto et al., 2005), and it may result in high soil ECe over

time (Carrow and Duncan, 1998). Duncan et al. (1999) reported that sea water is
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feasible for turfgrass irrigation when the turf species is highly salt-tolerant, grown in
sandy soil profile with the irrigation strategies of keepingsalts moving with regular
leaching events and keeping the soil profile uniformly moist with good surface
drainage design and careful nutrient management.

The objective of this research is to testthe possibility of susbstituting sand as

growth media by bottom ash under saline water condition.

MATERIALS AND METHODS

Soil material analysis

Growing media used in this research are dredged up sand (DS) from Bhunam Lake,
Tae- ahn South Korea and bottom ash (BA) of coal bed obtained from nuclear power
plant in Seosan. Organic matter for soil amendment was peat that has 85.1 % water
content and 91.9 % OM content. Saline water for irrigation was obtained from
Tae-ahn stream at Tae-ahn region. The chemical and physical characteristics of DS
and BA were summarized as Tables 1 and 2.

Soil Texture was measured by simplified method for soil particle size determination
(Ketter et al., 2001). Water retention at field capacity was measured by column
method. The growing media in dry condition was placed on the gravel with 4 cm
depth in the column. Spread water up to 3 ecm depth from the top of layer, covered
column using aluminium foil to prevent evaporation for 48 hours.Soil moisture content
of top 3 cm was measured using dry oven at 100°Cfor 24 hour (Poerwowidodo, 1992).
Wilting point was calculated using soil particle content with equation of Middleton
(1920); wiltingpoint = [0.063 (% sand) + 0.291(% silt) + 0.426 (% clay))/1.84. Water
availability was estimated by following equation; WA= FC-WP (field capacity minus
wilting point).

Soil pH (1:5) and ECp were measured by using pH meter (pH-220L) and conductive
meter (cond 720), respectively. ECe was calculated using texture class conversion
factor from ECp data(Carrow and Duncan, 1998). Total porosity was calculated by
equation (1- bulk density/particle density) x 100% (Klute. 1986; Kurnia et al., 2006),
where bulk density was measured using column methods and the particle density be
measured by pycnometer method (Klute, 1986). Cation exchange capacity (CEC) was
measured using 1 M ammonium acetate (pH 7.0) to remove cations fromthe exchange
complex of soil then the soil was leached using NaCl 10%, and NaOH was added in
the ammonium solution followed by distillation (Tan, 1995). The ammonia was

accommodated in 3% of boric acid solution and titrated using H2SOs (Pengampu,
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2006). Height of capillary raise was measured using transparent column. The column
was covered by net at the bottom and then was kept in water. The height of upward
water movement in the column was measured daily forl0 days. Particle size

distribution was measured by using dry sieving standard method (Klute, 1986).

Table 1. Chemical and physical characteristics of dredged up sand and bottom ash used in this study.

Sand Silt Clay Soil Water retention Wilting Water
Growing media content content content text at field point availability
ORI ORI ) T capadity®) (%) %)
Dredged up sand 98.1 1.8 0.2 Sand 11.7 3.7 8.0
Bottom ash 70.7  26.3 3.1 Loamy sand 18.8 7.3 11.5
Continued table 1.
High of capillary rise
. . H ECe OM Total CEC
Growing media P . 1 . water after treatment 10
(1:5) (dSm™) (%) porosity (%) (me/100g) days(cm)
Dredged up sand 6.6 1.4 0.2 37.9 1.3 40.7
Bottom ash 7.8 8.4 0.3 29.3 - 54.5
Table 2. Soil particle size distribution of dredged up sand and bottom ash.
Growi & Particle size distribution (mm)
rowing media >4 4-2 21 105 05025 025-0.15 <0.15
Dredged up sand (%) 0.2 4.2 24.7 34.6 19.8 11.3 5.2
Bottom ash (%) 23.3 16.6 22.3 16.9 8.6 4.7 7.4

To investigate the leachate, growing mediaamended by organic matter was put in
the column with holes at the bottom. Vacant cup was attached at the bottom of the
column to accommodate the leachate. The growing media in column were leached
using 1.5 dSm™ saline water with the same volume as soil for two times by 2 days
interval. Electric conductivity and pH of leachate accommodatedin the cup were
measured twice. Calcium and Mgwere removed from the soil complex by 1 M
ammonium acetate at pH 7 with ratio 1:10 between soil: solution to get extract
solution (Tan, 1995). Total hardness (Ca + Mg) was analyzed from 10ml extract
solution and then was added by 5 ml ammoniac buffer (pH 10). The buffered solution
was added by eriochrome black T solution indicator and followed by titration using
EDTA. For Ca analysis, 2 ml of 3 M NaOH was used for 2 ml solution extract,
addition of several drips of calcon indicator and then titrated by EDTA solution.
Magnesium concentration was calculatedby substracting Ca in ppm from total
hardness, and then multipliedby the ratio of atomic masses to determine the

concentration of Mg in meq/liter (Hach, 1996; Austin, 2005). Sodium concentration was
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calculated by soil conductivity (ECe) data in dSm™multiplied by 10 and then
substracted by Ca and Mg content (Hach, 1996).

Plant growth and root media analysis

Researchwas conducted from September to November in 2008 in a green house.
Oneliter pots were filled with DS and BA growth media up to 90 % in volume.
Dredged up sand and BA were mixed with OM : 0%, 1%, 2% and 3%, respectively.
Creeping bentgrass cv. Pen Al was seeded by rate of 10 g.m? and irrigated using 1.5
dSm'saline water. Irrigation rate was 12 mm with 2 days interval. Pots were arranged
by completely randomized design. Plant height, visual quality, shoot dry weight, and
root length were measured. After harvesting the grass, the growing media were

obtained from root area and below root area for checking ECe, pH,Ca, Mg and SAR.

Statistical analysis
Data were analyzed by SAS to provide the statistical significance.

RESULTS AND DISCUSSION

Creeping bentgrass growth
Growth of creeping bentgrass was generally better in DS than in BA growth media.
But when OM was not added, plant height, shoot dry weight and visual quality were

Table 3. Effects of growth media and organic matter on creeping bentgrass cv. Penn Al height under
saline irrigation condition.

Growi Content of Creeping bentgrass height (cm)
rowing .
media Orgz’};lc matter 5 war 6 WAT 7 WAT 8 WAT 9 WAT
b, W/W)
0 23 +047 3.3 02 3.6 £ 04 39 £+ 0.3 40 + 04
Dredged 1 36 £ 0.1 41+ 0.1 41 + 0.1 44 + 0.1 47 + 0.1
up sand 2 46 £ 0.2 49 £ 03 51 + 04 56 + 0.6 6.0 =+ 0.6
3 48 + 0.1 51 + 0.2 51 + 0.1 58 £ 0.1 6.1 £ 0.3
Mean 38 £ 0.2 44 + 02 45 + 0.3 49 + 0.3 52 + 04
0 3.2 + 0.1 3.4 £ 0.2 39 + 0.1 41 £ 0.1 44 £ 0.1
Bottom 1 34 £ 0.1 35 £ 0.1 35 £ 0.1 43 + 03 43 + 03
ash 2 2.3 £ 0.2 2.3 £ 0.2 2.3 £ 0.2 25 + 0.1 26 + 02
3 20 + 0.2 2.1 £ 0.2 21+ 02 22+ 02 22 + 02
Mean 2.7 + 0.2 2.8 £ 0.2 3.0 £ 02 3.3+ 02 34 £ 04
Significance X ** o ** o

* WAT = week after treatment.
Y Mean * standard deviation.
* Significantly different at P=0.01 between dredged up sand and bottom ash.
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similar in DS and BA. Organic matter 1 % rate showedno significant effect in height,
visual quality and shoot dry weight of creeping bentgrass compared with no
amendment in DS and BA growth media. Amendments of 2 % and 3 % OM showed
different effects in DS and BA, where OMincreased plant height in DS but decreased
plant height, visual quality and shoot dry weight in BA. Factorial analysis data
showed that visual quality, plant height and shoot dry weight were significantly
different with higher OM in DS compared with in BA. This result showed that type
of growing media as well as the organic matter rate affected plant growth differently.

Growth of creeping bentgrass was increased with increasing OM in DS, but tended
to decrease in BA with increasing OM rate. In BA, increase of OM rate caused
stagnancy ofplant growth (Table 4.). Bottom ash contain metals that is toxic to plants
(Zang et al, 2002), and presence of dissolved organic matter, metal and OM form
ligand complexes. Ligand complex formation may force desorption of metal, resulting
in the total metal concentration increase in the leachate (Olsson et al., 2009). High

concentration of metal in the leachate may be absorbed by plants.

Table 4. Effects of growing media and organic matter on visual quality and shoot dry weight of
creeping bentgrass.

Growing Coqtent of Visual quality (1: very bad- 9 very good) Shoot dry weight
. organic matter 2
media "% " ) 5 WAT * 6 WAT 7 WAT (/100 em’)
0 57 + 097 57 + 0.9 6.7 £ 0.8 1.1 + 0.2
Dredged 1 8.1 + 0.6 82 £ 03 78 + 04 15 £ 02
up sand 2 78 £ 0.3 78 £ 0.3 82 + 0.3 1.1 +0.1
3 83 + 0.2 8.3 £ 0.2 8.3 £ 0.2 14 £ 0.2
Mean 75 + 0.6 75 + 0.6 78 £ 04 1.2 + 0.2
0 6.7 + 0.3 6.7 £ 0.3 6.7 £ 0.3 09 = 0.1
Bottom 1 62 * 1.1 6.3 + 0.7 7.0 £ 0.6 1.0 + 0.1
ash 2 43 £ 03 4.0 £ 0.1 47 £ 03 04 0.1
3 4.0 £ 0.1 4.0 £ 0.1 4.3 £ 0.3 0.5 £ 0.1
Mean 53 + 0.7 53 = 0.7 57 + 0.7 0.7 + 0.1

Significance *E X o o o

* WAT = week after treatment.
¥ Mean * standard deviation.
* Significantly different at P=0.01 between dredged up sand and bottom ash.

Growing media characteristics

When growing media were leached by 1.5 dSm’ saline water with the same
volume of media, ECw of leachate was significantly higher in BA than in DS. In
second leaching, the ECw of BA leachate was 41% lower than first leaching. This

may indicate that BA contains more salts but easy to be leached resulting in lower
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ECw. In second leaching of DS, ECw of second leachate was similar to first leaching,
and the ECw was not different from ECw of control water leachate. High ECw at
first leaching of BA agreed with Maima and Comans (1997), that BA may be
weathered before or during column experiments, with carbonation by the absorption
of COq, leading to calcite formation (CaCOs) and decrease of pH values and the trace
metal leachate concentration decreased with increasing liquid/solid ratio (Olsson et al.,
2009). Thus in this study ECw of the second leaching was lower than first leaching,
which may be caused by removing salts at first leaching or weathering during
column experiment. In DS, addition of OM decreased ECw of leachate at first and
second leaching. This result may due to the peat commonly containing humic
substance, that is able to decrease the dissolution rate of metal oxides by forming bi
or polynuclear surface complexes (Ochs, 1996). In the first leaching, pH of BA
leachate was higher than DS, but there was no difference in pH in second leaching.
In DS, higher OM amendment decreased the pH of leachates only in first leaching,
but not in second leaching. Organic matter increase significantly decreased the pH in

BA at first and second leaching.

Table 5. ECw and pH of leachate after two irrigations with 1.5 dSm" saline water.

Growing Content of ECW_l pH
media organic matter (dS m™) (1:5)
(%, w/w) 1st 2 nd 1st 2 nd
0 1.92" 1.7a 7.1a 7.8a
Dredged up 1 1.6b 1.5b 6.8a 6.9a
sand 2 1.5¢ 1.5b 5.8b 7.9a
3 1.5¢ 1.5b 5.9b 6.8a
Mean 16 + 01 16 £ 0.1 6.6 = 0.3 6.8 = 0.3.
0 8.1a 3.5ab 7.7a 8.0a
1 6.9a 3.7ab 7.5b T4c
Bottom ash 2 7.4a 3.8a 7.4bc 7.6¢b
3 7.2a 2.8b 7.3c 7.7
Mean 74 + 0.3 3.5 £ 02 75 £ 0.1 77 £ 0.1
Significance Y o o ns

* Mean with the same letter within column are not significantly different at P=0.05 with LSD test.
Y "** No significant and significantly different at P=0.01 between dredged up sand and
bottom ash, respectively.

Bottom ash has higher ECe and pH than DS at before and after planting. The
ECe of BA after planting was 40 % and 30 % lower than before planting in root
area and below root area, respectively. However, in both growing media, the ECe of
root area was higher than the deeper root zone. Organic amendment with higher

rates resulted in the higher ECe of root area than below root area of DS and BA,
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which may indicate salt holding role of OM. Lower ratesof OM have no significant
effect to the ECe of DS and BA compared to no OM amendment.

Organic matter addition increased the pH of BA in root area but did not increase
the pH in deeper root area. Before planting, addition of OM decreased pH of both
BA and DS. Plants grow better with higher rates of OM in DS, because peat may
hold the salt from the irrigation water. This result agreed with Brown et al. (2000)
that peat has a polar characteristic, thus has quite high specific adsorption potential
for dissolved solids such as metal and polar organic molecules. Higher OM
amendment in DS may supply nutrient more as the OM solubility increase due to
salinity. This was reported by Wong et al. (2006) that salinity can caused easy loss
of soil OM due to OM solubility, decomposability and accessibility increase, resulting
in the increase of dissolved organic carbon, providing additional substrates which can
be easily decomposed by microbial population.

Different trend in BA with DS was due to the different characteristics of the
rootzone, where the ECe of BA before planting was higher than after planting. This
opposite trend between DS and BA was also shown with plant growth (Table 3),
where the plant growth decreased as the OM rate increased. Bottom ash with higher
OM amendment may release more metals to the solution and absorption by plant
causing decreased plant growth. Decomposition of OM produce acid, thus make the

solution more acidic, and acidity of solution can increase the solubility of trace metals

Table 6. Changes of soil pH and ECe of growing media before planting and after 3 months growing of
creeping bentgrass under 1.5 dSm™ saline water irrigation.

Content of pH ECe(dSm™)

Growing organic Before 3 MAP* SMAP 3MAP

. Before 3 MAP
media (O/Islatvt;zv ) planting (Root area) (Below ) (Below root

planting (Root area

root area) area)
0 6.5a 6.3ab 6.2bc 1.1a 1.6¢c 1.1b°
Dredged 1 5.6b 6.2b 6.0c 1.5a 2.0bc 1.4b
up sand
2 5.5b 6.3ab 6.2b 1.5a 2.4ab 1.8ab
3 5.7b 6.4a 6.4a 1.5a 2.8a 2.3a
Mean 5.8#0.2  6.3x0.1 6.2+0.1 1.4£0.1 2.2+0.3 1.7£0.3
0 7.8a 6.6¢ 6.8a 8.4ab 2.9a 2.7a
Bottom 1 7.2b 68ab  6.8a 9.8a 2.9a 2,52
2 6.9¢ 6.9a 6.8a 8.1 be 3.6a 2.4a
3 6.7c 6.8b 6.8a 6.4c 3.8a 2.3a
Mean 7.1+0.2  6.8+0.1 6.8£0.0 8.2+0.7 3.3+0.1 2.5+0.1
Significance *% Y %k * %k %k * %k

Z -

MAP : months after planting.
¥ Mean with the same letter within column are not significantly different at P=0.05 with LSD test.
** Significantly different at P=0.01 between dredged up sand and bottom ash.
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due to the pKa character of the metal ions (Sutanto, 1995). In root area, ECe was
increased when the OM was 2 %. Amendment by 1% OM has no effect on increasing
ECe in DS and also BA root area. However, all OM amendment increased the ECe
of DS in root area. Organic matter amendment tended to reduce the ECe of BA in
deeper root area.

Calcium content in root area was similar between BA and DS. In DS amendment
with 2% OMincreased the Ca content. In BA the Ca content was not increased with
the increase of organic matter. Magnesium content was significantly dependent on the
type of growing media. Content of Mg in BA was higher than DS. Organic matter
with 1 % rate increased the Mg content in DS but there was no effect in BA.
Sodium content of root area was not significantly different in both DS and BA. In
DS amendment with 2% or more OM, Na content was increased, but in BA the OM
had no significant effect on Na content. Sodium adsorption ratio (SAR) was not
significantly different in both growth media, even though the SAR of BA was
slightly higher than that of DS. Organic matter amendment has no significant effect
to the SAR of BA and DS. Fard et al. (2007) reported that irrigation using saline
water in sandy loam soil increased the soil salinity and SAR, and the increase in
irrigation water salinity decreased the leaching efficiency of soils.

Water retention of BA at field capacity was significantly higher than that of DS.
Amendment with 1 % OMincreased the water retention in DS and BA. Increasing
the OM rate could increase the water retention in both growth media, even though

2% was not significantly different from 3%.

Table 7. Three exchangeable bases and water retention of dredged up sand and bottom ash by organic
matter content at 3 months after cultivated creeping bentgrass cultivation using saline water.

Water retention

Growin, Content of Ca M Na . .
mediag organic matter(%) (ppm) (ppré;l) (ppm) SAR  at fleld(o;;?pamty
0 103.4b 35.7b 176.8b 3.8a 11.7¢*
Dredged 1 106.7b 73.9a 195.8b 3.5a 16.1b
2 126.2a 69.3a 297.0ab 5.3a 19.6a
up sand
3 125.6a 83.9a 348.8a 5.9a 20.8a
Mean 1155 + 6.1 65.7 = 10.4 2546 + 41.0 46 + 0.6 17.1 + 2.0
0 116.7ab 125.7a 284.2a 4.3a 18.8¢
Bottom 1 111.4ab 107.5a 340.6a 5.5a 24.0b
ash 2 109.3b 126.1a 460.5a 7.2a 25.5ab
3 127.0a 99.3a 261.8a 4.2a 29.7a
Mean 116.1 + 4.0 114.7 + 6.7 336.8 + 444 53 + 0.7 245 £ 2.3
Significance ns o ns ns o

“ Mean with the same letter within column are not significantly different at P=0.05 with LSD test.
" Non significant and significantly different at P=0.01 between dredged up sand and bottom
ash, respectively.
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CONCLUSION

Waste ashes can be used as growing media for turfgrass due to low expense and
some desirable characteristics. This study was carried out to examine the
characteristics of bottom ash compared to dredged-up sand. Generally sand was better
as growing media when amended properly. However, when proper organic matter
amendment is not available, BA could have potential for substitution with proper
leaching procedure of salt and metal ions with benefits of low expense and waste

reuse.
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