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ABSTRACT

This research was column pot experiment with turfgrass was Kentucky bluegrass (Poa pratensis) plant
irrigated saline irrigation and the column soaked in saline water. Rootzone profile consisted of 20 cm
using saline lake dredged up sand. The sand amendments of the root zone were soil, zeolite, bottom
ash, and peat. The mixtures of topsoil were; 90% sand + 10% peat moss, 80% sand + 10% soil + 10 %
bottom ash, 80% sand + 20% soil, 90% sand + 5% peat + 5% zeolite, and 80% sand + 20% bottom ash.
Interruption layer with coarse sand with diameters over 2 mm of 20 cm and 10 cm loamy soil as the
bottom layer of the column. The result showed that Kentucky bluegrass could grow in sand based
growing media amended by peat, sandy loam soils, bottom ash and zeolite being irrigated by 2 dS m-1
saline water. Sand-based growing media amended by peat resulted in the highest clipping weigh but
showed the highest salt accumulations. Sand amended by bottom ash and applied gypsum decreased
clipping weigh, decreased SAR and increased calcium (Ca) when compared to the soil + peat (SP). Sand
amended by zeolite and gypsum decreased clipping weight, decreased sodium adsorption ratio (SAR)
and higher Ca. Higher soil moisture retention of growing media promoted the growth of Kentucky
bluegrass in spring, and lower moisture content promoted the growth in summer and fall season.
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INTRODUCTION
Rapid urban population growth pressed
land and fresh-water usage, thus golf course
development was often pushed into non-fertile
land with limited potable water. Attention and
study on saline soil and saline water irrigation
became necessary for turfgrass establishment.
Many reports stated that turfgrass irrigation is
typically considered as a low priority on
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freshwater use (Kjelgren, Rupp, & Kilgren,
2000; Marcum, 2006), and reused water is
often the primary source of soluble salts
(Silvertooth, 2001). Miyamoto, Chacon,
Hossain, & Martinez (2005) reported that
water with the salinity of 1.3–1.5 dS m-1 can be
used for irrigation. Also, saline water with ECw
0.7 dS m-1 could be used for irrigation on saline
soil with ECe range from 1.3 to 1.5 dS m-1
(Mancino & Pepper, 1992). However, using
saline water caused many problems, such as
soil salinization, salt injury to the turf and
decreased salt leaching potential (Barrett-
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Lennard, 2003). Saline irrigation can cause the
loss of plant stand, limited water uptake by the
plant and specific ion toxicity and nutritional
unbalance (Corwin & Lesch, 2003). Irrigation
using saline water was reported to cause the
decline of turf quality (Qian, Wilhelm, &
Marcum, 2001). Salinity is an abiotic stress that
affects the plant’s ability to grow, develop, and
achieve its full genetic potential (Läuchli &
Grattan, 2014). Salinity can reduce the turgor
of epidermal cells in both mature and
expanding tissue and in the short term, salinity
reduces leaf elongation through osmotic
effects on the turgor of expanding tissue of
plant (Thiel, Lynch, & Läuchli, 1988). Salinity
decreases leaf water content, stomatal
conductance, leaf water potential, and turgor
potential. Under the saline condition, grass
with higher water content is more tolerant
than lower water content. Salinity reduced
osmotic and water potential thus plants escape
from dehydration and finally total dry matter
production of a plant (Ahmad, Azooz, & Prasad,
2013). Incorrect management in saline
condition will result in salt accumulation in
topsoil, causing the growth of the turfgrass to
be unsustainable and the turf quality to be
unacceptable. Commonly salt accumulation is
affected by volume of water, water movement
in infiltration, percolation and drainage, and
evapotranspiration pattern (Silvertooth, 2001).
Zeolite has become a common soil
ameliorate in sand based growing media.
Zeolite is the hydrated aluminosilicate
materials with high cation exchange capacity
from 100-230 me 100g-1 (Ok, Anderson, &
Ervin, 2003). Huang & Petrovic (1994) reported
that zeolite increased the water and nutrient
holding a capacity of sand-based media used in
golf course greens and sports fields. Zeolite
was also applied to sand based growing media
in saline condition. Soil also can be used as an
amendment to sand base rootzone when the
sand content should be ranged from 78 to 87%

by weight for acceptable saturated hydraulic
conductivity (McCoy, 2006). The other
abundant and cheap amendment materials are
bottom ash. Bottom ash (BA) is a waste of coal
in power plant that represents 13 – 20% of the
total ash remaining in the bottom of a coalfired boiler after combustion. The major
constituent of BA are Ca, Al, Fe, Mg, K, Si, Na
and Ti, where Ca, Fe, Mg, K, and Si are essential
to plant nutrients (Korcak, 1995). Gypsum
(CaSO4) has a role in improving flocculation,
enhancing aggregate stability, increasing
infiltration rate (Shainberg et al., 1989) and
increasing Ca2+ content and replacing Na+. For
sand based growing media, peat is the most
frequently used organic amendments in golf
course construction, because they have
benefits in reducing the soil bulk density,
improving rootzone aeration, increasing soil
moisture retention, and gradual release of
water available to plant (Bigelow, Bowman,
Cassel, & Rufty, 2001; Waltz, Quisenberry, &
McCarty, 2003). The growth of Kentucky
bluegrass showed high clipping dry weight in
June and low in August, while the weight of
rhizome, root, and thatch increased with
growth progressed in Korea (Yoon & Lee,
1992). Increase of salinity caused root/shoot
weight ratio to increase, where shoot growth
decreased linearly in all levels of salinity and
root growth was increased to a maximum point
and then declined (Harivandi, Butler, & Wu,
1992).
MATERIALS AND METHODS
This research was a column pot
experiment conducted in Cheonan, Korea for 16
months, from June to October 2010. Turfgrass
was Kentucky bluegrass (Poa pratensis) irrigated
by fresh water during first one month after
planting and then was followed by saline
irrigation. Salinity levels of irrigation water were
ECw of 2.0 dS m-1 Turfgrass be fertilized by
complete fertilizer (11-5-7) and was applied 3
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times per year with rate 4 g N m-2 per each
application. The column pot contained sandbased rootzone. Bottom of columns was soaked
in pond saline water with 5-10 cm depth with
ECw around 3-6 dS m-1. Rootzone profile
consisted of 20 cm using sand from the bottom of
the saline lake by dredged up way. The sand
amendments of the rootzone were soil, zeolite,
bottom ash, and peat. The amendments then are
compared by application gypsum and no gypsum
application. The mixtures of topsoil were; 90%
sand + 10% peat moss, 80% sand + 10% soil + 10
% bottom ash, 80% sand + 20% soil, 90% sand +
5% peat + 5% zeolite, and 80% sand + 20%
bottom ash. Interruption layer with coarse sand
with diameters over 2 mm of 20 cm and 10 cm
loamy soil as the bottom layer of the column. The
bottom layer of the column was saline soil with
pH 6.7 and ECe 5.1 dS m-1, with sand, silt and clay
contents of 63.8%, 32.0%, and 4.9%, respectively.
The bottom of the column was plastic net thus
the column was holly thus the pond water entry
capillary to the rootzone.
The clipping tissue water content, soil
moisture content, Magnesium and calcium,
and SAR was investigated. Moisture contents
were measured every 1 day, 2 days, and 3 days
after
irrigation
with
Time
Domain
Reflectometry (TDR). Calcium and magnesium
analyze were by using 2 steps. The first step
was to remove the Ca and Mg from the soil
complex. Ten grams of dry soil was mixed with

30 ml of ammonium acetate (1M pH 7) in a
flask and were shaken at 180 rpm for 30
minutes, then were filtered and leached by 70
ml of ammonium acetate to get extract
solution in the ratio 10:1 of ammonium acetate
and soil. Total hardness (Ca + Mg) was analyzed
by 10 ml of extract solution buffered by 5 ml
ammoniac buffer (pH 10). The color indicator
was eriochrome black T solution and titration
of the solution was by 0.01 M EDTA. Calcium
was analyzed by using 2 ml solution extract
buffered by 2 ml NaOH (2 M), colored by calcon
indicator and then titrated by EDTA 0.01 M
solution. Subtracting the Ca in ppm from total
hardness was the Mg in ppm.
RESULTS
In Table 1 the moisture retention was
increased significantly when soil and bottom
ash were mixed together to sand that showed
in SoBa and SSoBaGp. Soil material when
applied together with gypsum in sand growing
media increased the media moisture content,
that showed at SSo compared to SSoGp in the
first year of the experiment, moisture content
of SPZ at 3 days after irrigation was higher than
2 days after irrigation, suggesting that there
was a capillary rise of water movement. Table
1 showed also that soil moisture contents of SP
and SSo were higher than other treatments
when
gypsum
was
not
added.

Table 1. The soil moisture content of sand base growing media with various amendment materials in
saline condition
The first year (day)
1

Summer
2

SPz

8.6bcd

6.4 a-d

6.3 cd

8.5 b

SoBa
SSo
SPZ
SBa
SPGp
SSoBaGp
SSoGp
SPZGp
SBaGp

13.8ab
6.4d
12.8abc
8.4bcd
7.7 bcd
15.3 a
12.7a-d
6.9 cd
8.9 bcd

9.8 a
4.6 d
9.0abc
6.4 a-d
5.8 bcd
9.5 ab
9.5 ab
5.3 cd
6.0abcd

11.0 a
4.7 d
10.3ab
6.5bcd
5.6 d
11.9 a
9.9abc
5.1 d
6.1 cd

18.1 a
6.8 b
11.0 b
6.9 b
7.4 b
13.5ab
9.4b
6.8b
10.1b

Top Soil

3

1

Fall
2

3

1

7.1 bc

7.4 bc

14.8a

13.9 a
5.8 c
9.2abc
6.7 bc
6.8 bc
11.6ab
8.8abc
6.1c
8.0bc

11.4 a
5.9 c
10.1ab
6.7 bc
7.0 bc
11.5a
9.0bc
6.0c
7.5bc

9.7ab
8.9 ab
9.1ab
8.7 b
8.8 b
10.2ab
11.4ab
7.6b
9.5ab

Spring
2
(%)
11.9 a
9.2ab
8.8ab
8.5ab
8.1 ab
8.2 ab
10.0ab
10.3ab
7.3b
9.0ab

3

The second year (day)
Summer
1
2
3

1

Fall
2

3

9.3a

11.32a

10.83a

7.77 a

10.13 a

8.90 ab

8.77abx

7.5ab
6.6ab
7.2ab
6.6ab
6.5ab
8.1ab
.4ab
5.9 b
7.2ab

8.34ab
8.07ab
7.37ab
6.34ab
7.20b
8.18ab
9.70ab
6.52b
7.27ab

5.93 a
5.47 a
5.00 a
4.77 a
5.23 a
6.57 a
6.77 a
4.10 a
4.97 a

6.77 a
7.97 a
6.60 a
6.30 a
6.77 a
8.30 a
9.13 a
5.80 a
6.47 a

8.33 ab
10.58 a
7.40 ab
7.13 ab
9.05 ab
8.30 ab
9.37 ab
6.22 b
7.82 ab

7.85abc
10.43 a
6.90 bc
6.47 bc
8.65abc
8.07abc
8.65 ab
5.83 c
7.38 bc

8.33abc
10.00 a
7.13abc
6.78 bc
8.22abc
8.23abc
8.90 ab
5.63 c
6.93 bc

x

Means within a column followed by the same letter are not significantly different based on LSD.
day after irrigation.
z S= sand; P=peat; Ba= bottom ash; So= soil; Z= zeolite; Gp=gypsum
ydai=
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With gypsum application, SSoBaGp and SSoGp
have higher moisture content than the others.
Moisture contents of 3 days after irrigation
were 11.0, 10.4 and 11.9% in the first summer
(first year), but they were decreased to 6.77,
6.60 and 8.30% in the second summer (second
year).
Table 2 showed that the SSoGp growing
media showed higher pH at the end of summer,
fall, and also spring, where their pH values
were close to 7.0. SP and SPGp showed a lower
pH than the other growing media. Application
of gypsum generally increased the pH of most
growing media. Increased salinity from the fall
season to spring was paralleled with the
decrease of pH. The SSoGp growing media
showed higher pH at the end of summer, fall
and also spring. Application of gypsum
increased the pH of all treatments in the
summer of the first year and the spring of the
second year except the peat. Application of
gypsum in peat amendment decreased the pH
of media.
Table 3 showed that in the first year, the
Ca content of the soil was increased in growing
media when gypsum was applied. In the falls of
the first year and second year, SPZ and SPZGp
showed Ca contents higher than the other
treatments. In the spring of the second year,
SSo and SSoGp showed higher Ca content than
Table 2. The pH of sand base growing media
with various amendment materials in
saline condition.
First year
Second year
Summer
Fall
Spring
Summer
Fall
SPx
6.27 f
6.76 cd
6.68 b
6.0 f
6.2 f*
SSoBa
6.24 f
6.78 cd
6.50 e
6.5 e
6.2 f
SSo
6.42 ef
7.08 a
6.48 e
6.9 a
6.4 e
SPZ
6.56 de
6.95 b
6.53d e
6.7 cd
6.5 d
SBa
6.63 cde
6.74 d
6.54d e
6.6 d
6.7 bc
SPGp
6.51 de
6.62 e
6.58 cd
6.1 f
6.7 bc
SSo BaGp
6.70 bcd
6.85 c
6.65 bc
6.6 d
7.0 a
SSoGp
7.03 a
7.05 a
6.78 a
6.8 ab
6.8 b
SPZGp
6.86 ab
7.00 ab
6.83 a
6.6 d
6.6 c
SBaGp
6.79 bc
7.07 a
6.84 a
6.8 bc
6.6 c
* Means within a column followed by the same letter are not significantly
different based on LSD.
x S= sand; P=peat; Ba= bottom ash; So= soil; Z= zeolite; Gp=gypsum.
Topsoil

the other treatments. After one season from
the establishment, soil and zeolite showed a
higher Ca content than the other treatments.
During the excessive rain period of the summer
of the second year, the soil and zeolite showed
a higher Ca level than the other treatments.
Fine material in bottom ash also cannot hold Ca
in saline water irrigation condition, thus Ca
contents in SBa and SBaGp were lower than
any other treatments at the fall of the second
year. Ca content in SSoGp was lower than SSo,
suggesting that gypsum in soil may have
increased leaching of Ca.
Table 4 showed that irrigation water
with a high concentration of Na and Mg may
have caused the accumulation of Mg.
Table 3. The calcium content of sand base
growing
media
with
various
amendment materials in saline
condition.
Year second year
Spring
Summer
Fall
(ppm)
SPz
80.8 d
106.9 c
122.2 cd
83.5 d
169.7 aby
SSoBa
102.9 cd 113.6 bc 141.6 bcd 110.2 bc
161.0 ab
SSo
108.2 cd 114.2 bc 157.0 ab
140.3 a
173.7 ab
SPZ
105.5 cd 142.3 ab 130.3 bcd 117.6 abc 187.0 a
SBa
82.2 d
110.2 c
110.2 d
92.9 ab
151.0 b
SPGp
165.7 ab 110.9 c
110.9 d
98.2 cd
159.0 ab
SSo BaGp 175.7 ab 122.9 bc 141.6 bcd 126.9 ab
167.0 ab
SSoGp
192.4 a 123.6 bc 185.0 a
126.9 ab
167.0 ab
SPZGp
181.0 ab 165.7 a
148.3 bc
134.9 ab
184.4 a
SBaGp
140.9 bc 125.6 bc 127.6 bcd 127.6 ab
149.6 b
y Means within a column followed by the same letter are not significantly
different based on LSD.
z S= sand; P=peat; Ba= bottom ash; So= soil; Z= zeolite; Gp=gypsum.
Topsoil

Year first year
Summer
Fall

Table 4. The magnesium content of sand base
growing
media
with
various
amendment materials in saline
condition.
Topsoil

Year first year
Year second year
Summer Fall
Spring
Summer
Fall
SPz
143.4 a
26.3 a
147.7 a 64.8 de
198.9 bcy
SSoBa
174.6 a
10.1 ab 164.8 a 89.1 abcd 234.6 ab
SSo
112.6 a
17.8 ab 135.7 a 97.2 ab
247.2 ab
SPZ
175.0 a
10.9 ab 150.4 a 78.6 bcde 202.6 abc
SBa
185.2 a
4.1 b
159.5 a 59.2 e
194.1 bc
SPGp
140.6 a
7.7 b
165.2 a 68.1 cde
245.5 ab
SSo BaGp 144.6 a
14.6 ab 155.7 a 103.3 a
237.0 ab
SSoGp
136.5 a
14.2 ab 138.5 a 91.2 abc
156.0 c
SPZGp
173.8 a
8.9 b
148.6 a 78.2 bcde 250.8 ab
SBaGp
159.6 a
15.0 ab 133.8 a 72.5 cde
269.8 a
y Means within a column followed by the same letter are not significantly
different based on LSD.
z S= sand; P=peat; Ba= bottom ash; So= soil; Z= zeolite; Gp=gypsum.
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Decrease of Mg more than Ca in the fall of the
first year and the summer of the second year
may due to the different characteristic of both
cation. At the summer of the first year, the
application of gypsum did not increase the
content of Mg in growing media. Summer of
the second year was the period when most
leaching occurred by frequent rain. In peat +
zeolite modified soil, the Mg content was
relatively consistent in the soil with little effect
of gypsum addition. Figure 1 showed that SAR
was increased from the summer to the fall of
the first year, and decreased from the spring to
the summer of the second year. In the first year
of the experiment, SAR was generally higher in
the fall season of dry weather. However, SAR
was significantly decreased by high rainfall
during summer. Addition of gypsum generally
lowered SAR in most treatments.
Table 5 showed that total clipping fresh
weight of SSoGp was higher than SP and SPGp,
whereas the other treatments showed lower
clipping yield than SP. In dry condition, the SP,
SSo, SPGp, and SSoGp resulted in higher
clipping fresh weight than the other
treatments, while in wet condition SP, SPZ and
SPGp resulted in higher clipping fresh weight.
The SP, SSo, SPGp, and SSoGp resulted in higher

clipping fresh weight than other treatments
during fall and spring season. In the dry period,
soil and peat addition resulted in higher
clipping yield. Application of gypsum increased
the clipping fresh weight of SSo and decreased
the clipping dry weight of SPZGp. Application
of gypsum increased the average clipping fresh
weight of treatments such as SSo, SBa, and
SsoBa.
Table 6 showed that the average of the
tissue water content of Kentucky bluegrass was
higher in SP than the other treatments. The
tissue water content of Kentucky bluegrass
fluctuated in all of the treatment with range
160 to 250 %. At fall season, SPZGp and SPZ
have significantly lower tissue water content
than the control, while SSoBa, SSo, and SSoGp
showed higher tissue water content. This result
suggests that soil can improve tissue water
content, while zeolite declined tissue water
content of Kentucky bluegrass. However, at
spring season SPGp showed higher tissue water
content, while SSoBa and SPZ showed lower
tissue water content. Application of gypsum
was no effect in tissue water content of
Kentucky bluegrass. The maximum tissue
water content was shown at the end of spring
compare the other time of observation.

25

SPz

SSoBa

SAR (dS m-1)

20

SSo
15

SPZ

SBa

10

SPGp
SSo BaGp

5

SSoGp
0
Summer

Fall
year I

Spring

Summer

Fall

Year II

Figure 1. Sodium Adsorption ratio of soil.
z

S= sand; P=peat; Ba= bottom ash; So= soil; Z= zeolite; Gp=gypsum.
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Table 5. Clipping fresh weight of Kentucky bluegrass at various soil amendments growing media in
saline condition.
Topsoil

Sept

Oct

Nop

May

June

1
15
1
15
1
4
19
1
15
SP
57.4 a
24.3 a 24.3 ab 24.5 a 4.7 a 19.3 ab 38.0 a 55.8 a
27.1 abc
SSoBa
56.5 a
22.6 a 17.2 bc 21.5 a 4.9 a 13.9 b 30.9 a 43.7 abc 24.8 abc
SSo
41.8 ab 21.7 a 23.5 abc 25.4 a 4.8 a 25.3 a 35.3 a 45.9 abc 25.8 abc
SPZ
54.8 a
25.2 a 17.7 bc 22.6 a 3.1 a 14.4 b 29.7 a 35.9 c
23.4 c
SBa
51.1 ab 21.7 a 23.5abc 22.3 a 3.4 a 14.6 b 30.0 a 37.3 bc
23.2 c
SPGp
58.3 a
27.3 a 27.4 a
24.9 a 3.4 a 24.6 a 38.9 a 52.9 ab
30.3 a
SSoBaGp 50.0 ab 25.5 a 18.5 bc 18.8 a 3.8 a 15.2 b 36.2 a 44.7 abc 23.6 bc
SSoGp
57.8 a
26.0 a 20.4abc 27.9 a 4.9 a 17.2 b 33.4 a 53.3 a
29.1 ab
SPZGp
35.9 b
19.6 a 15.8 c
20.2 a 3.6 a 18.7 ab 32.4 a 45.3abc 25.1abc
SBaGp
51.5 ab* 23.2 a 20.0 abc 24.4 a 5.0 a 18.7 ab 37.6 a 51.5 abc 22.7 c
y Means within a column followed by the same letter are not significantly different based on LSD.
z S= sand; P=peat; Ba= bottom ash; So= soil; Z= zeolite; Gp=gypsum.

July
30
18.3 b
17.7 b
21.3 ab
21.5 ab
17.7 b
17.2 b
18.4 b
28.6 a
15.8 b
19.7 ab

20
60.5 ab
61.4 ab
60.6 ab
62.8 ab
56.4 ab
61.6 ab
53.5 b
66.2 a
60.3 ab
59.0 ab

Augus
t
4
68.6 a
53.8 bc
62.5 ab
57.4 bc
46.5 c
62.2 ab
51.3 bc
60.6ab
53.5 bc
55.0 bc

20
45.95a
37.79a
40.91a
43.64a
40.72a
39.07a
38.55a
35.90a
35.20a
40.10a

Table 6. The leaf water content of Kentucky bluegrass at various soil amendments growing media in
saline condition.
Sept
Oct
May
June
1
15
1
15
30
4
19
1
15
SP
250.6ab 207.3 a 201.4 a 211.6 a 184.5ab 201.4a 236.8a 217.9b 193.5 a
SSoBa
279.8 a 211.0 a 198.0 a 207.8 a 176.9ab 170.3a 227.8a 219.7b 178.3 d
SSo
257.6ab 192.6 a 198.5 a 212.3 a 177.6ab 199.6a 232.8a 219.4b 181.5bcd
SPZ
232.9ab 211.2 a 201.3 a 206.4 a 161.8 b 187.3a 233.0a 220.0b 190.5abc
SBa
250.4 ab 191.7 a 204.6 a 205.0 a 172.1 ab 164.4a 223.1a 219.6b 179.7 cd
SPGp
252.8ab 205.6 a 201.2 a 208.9 a 170.3ab 191.7a 236.0a 234.2a 191.8ab
SSoBaGp 254.5 ab 213.5 a 188.4 a 201.8 a 165.0 b 190.2a 228.7a 217.0b 182.0a-d
SSoGp
259.2ab 213.1 a 192.7 a 209.9 a 168.9ab 163.8a 227.4a 216.1b 193.5 a
SPZGp
214.1 b 189.1 a 190.6 a 199.1 a 171.9ab 201.1a 228.9a 218.7b 185.9bcd
SBaGpx 244.0ab 188.4 a 189.6 a 203.7 a 192.0 a 190.8a 240.8a 219.8b 181.0bcd
y Means within a column followed by the same letter are not significantly different based on LSD.
z S= sand; P=peat; Ba= bottom
Topsoil

DISCUSSION
Refer to Table 1 the amendment of soil
mixed with bottom ash and soil mixed to
gypsum increased sand based medium
moisture retention. This result correlates with
Buck, CPSSc, & Labuz (2005) that soil and
bottom ash has high silt content that can
increase soil moisture storage. Also, increased
salt accumulation can cause an increase in
water
content
(Thompson,
Gallardo,
Fernández, Valdez, & Martínez-Gaitán, 2007).
Table 1 also showed that zeolite amendment
increased the soil moisture content of growing
media, however soil moisture content was
decreased when zeolite was applied together
with gypsum. Al-Busaidi et al. (2008) reported
that application of zeolite enhanced water
content and water residence under saline
treatment and salt holding capacity of the soil.
The ability of zeolite in enhancing capillary rise

July
30
203.6ab
199.9ab
202.4 ab
205.8 ab
198.5 ab
234.9 a
197.8 ab
211.9 ab
170.7 b
204.6 ab

20
201.0a
197.7ab
196.3ab
199.1ab
195.4ab
201.0 a
200.4 a
205.8 a
197.9ab
184.9 b

Aug
4
210.1 a
201.4ab
201.1ab
203.4ab
189.0 b
202.7ab
196.6ab
203.2ab
196.0ab
192.2ab

19
287.2a
242.6a
250.9a
254.9a
213.8a
201.4a
228.9a
237.9a
205.6a
225.0a

movement was reported by Huang & Petrovic
(1994); Wasura & Petrovic (2001), where it was
deducted that zeolite can improve capillary
water movement. In Table 1 SSoBaGp and
SSoGp have higher moisture content than the
other treatment. Buck et al. (2005) reported
that bottom ash improves the permeability of
soils. Improved permeability of soil can reduce
the water content of the topsoil. Application of
gypsum may increase the rate of infiltration
and may increase field-saturated hydraulic
conductivities (Ilyas, Miller, & Qureshi, 1993).
Haisheng et al. (2008) reported that gypsum
can increase Ca2+ content and replace Na+ and
Mg2+ to improve soil permeability.
Increased salinity from the fall season to
spring was paralleled with the decrease of pH.
Wilhelm, Alshammary, & Qian (2010) reported
that soil pH was low with increased salinity by
saline water irrigation. Application of gypsum
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in peat amendment decreased the pH of
media. Applied gypsum increases conditions
such as infiltration rate (Shainberg et al., 1989),
soil permeability (Haisheng et al., 2008) and
supply of soluble calcium (Mzezewa, Gotosa, &
Nyamwanza, 2003). This enhanced condition
by applied gypsum may have increased the
decomposition of peat, resulting in the release
of organic acid into the soil solution, thus
decreasing the pH of the growing media (Table
1). Supply of Ca from gypsum addition may
have also acted in buffering the pH of bottom
ash from acidification by rainfall. Korean
bottom ash used in this research was reported
to contain high Ca level-up to 61% (Lim, Han,
Ahn, & You, 2010). Johnson & Furrer (2002)
also reported that bottom ash contains soluble
salt such as calcite, which plays a predominant
buffering constituent in time as soluble basic
Ca salts.
Base on Table 3, during the excessive
rain period, the soil and zeolite amendments
showed a higher Ca level in the sand media.
This result correlates with Al-Busaidi et al.
(2008) that states the zeolite restrict nutrient
and salt leaching. Bottom ash and peat resulted
in lower Ca content from the summer of the
first year to the summer of the second year.
Even though the bottom ash amendment
contains Ca, Mg and Na (Korcak, 1995), those
elements are still in the primer mineral, thus
bottom ash cannot work as an immediate
source. Table 3 showed that Ca content in
SSoGp was lower than SSo, suggesting that
gypsum in soil may have increased leaching of
Ca. Application of gypsum to soil increased the
solubilities of Ca and Mg and decreased the
solubility of Na. Since binding affinity is Na+ <
Mg2+ < Ca2+ with clay (Rytwo, Banin, & Nir,
1996), if the Ca was retained more by the clay,
then the calcium content of the soil would have
been higher. Haisheng et al. (2008) reported
that gypsum as chemical modifying agents is
the main component of saline-sodic soil

amelioration, which can increase Ca2+ content
and replace Na+ and Mg2+ from soil colloids to
improve soil condition and soil permeability.
Supply of Ca from gypsum may be the main
reason for lowering SAR. However,
amendments of peat + zeolite + gypsum
showed lower SAR than the other treatment in
the fall season of the second year, was showed
in Figure 1. At the summer of the second year
when the salt was leached out from root zone,
soil+ bottom ash + gypsum and peat +zeolite +
gypsum showed lower SAR than the others,
and significantly lower than the peat
amendments. The high clipping fresh weight
yield of SPZ and SPZGp in Table 5 showed that
the ability of zeolite to improve turfgrass
growth in a wet season. The effect of zeolite to
improve the turfgrass growth may be related to
CEC, nutrient retention and infiltration. Huang
& Petrovic (1994) reported that zeolite
increase nutrient holding capacity, CEC, and
reduced nutrient leaching potential of sand
based media (Wasura & Petrovic, 2001).
CONCLUSION
Soil, peat, and bottom ash showed
beneficiary as amendment of sand based
growing media in saline condition even though
soil and bottom ash amendment showed lower
clipping fresh wight. Peat as amendment
resulted in high clipping weigh of turfgrass
even though showed salt accumulations.
Gypsum can increase Ca content and reduce
SAR when added to bottom ash or zeolite
amendment. Higher soil moisture retention of
growing media promoted the growth of
Kentucky bluegrass in spring, and lower
moisture content promoted the growth in
summer and fall season.
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