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ABSTRACT. Water shortage is becoming a serious problem of turfgrass management on sand green. Many superintendents in
golf course in Korea have interested in use of irrigation of recycled water for turfgrass water management. This study was
conducted to investigate the effect of greywater as an irrigation source on the growth and quality of creeping bentgrass green.
Turfgrass was irrigated with tap water (TW) and greywater (GW), under with or without compound fertilizer application (non-
fertilizer + TW, N-TW; non-fertilizer + GW, N-GW; fertilizer + TW, E-TW; fertilizer + GW, F-GW). The chemical properties of
the green sand soil were not changed by irrigation. Turf color index, chlorophyll index, root length, clipping yield and nutrient
uptake of GW treatment were similar to TW treatment. The growth and quality of turfgrass were more likely related with the
fertilizer application than irrigation source or quality. These results indicated that GW could be used as alternative irrigation
source on the sand greens of golf courses.
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Table 1. The water quality properties of irrigation water used in this study.

EC T-N PO,-P K Ca Mg Na
Irrigation water pH
dSm™ mgL™
Tap water (TW) 7.43 0.10 1.20 0.005 2.5 11.6 0.7 32
Greywater (GW) 9.52 0.68 3.00 0.241 11.1 272 8.5 91.3
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Table 2. The change of chemical properties of soil with treatments.

Av- Exchangeable cations
, pH EC oM T-N P.O CEC
Treatments (1:5) 25 K Ca Mg Na
dS m' % mg kg™ cmol, kg™
Before 7.28a" 0.28a 0.39b  0.007a 29a 0.26a 0.55a 0.56a 0.22a 2.00a
N-TW 7.04a 0.24a 0.55a  0.005a 26a 0.19a 1.17a 0.23a 0.17a 2.40a
After N-GW 7.03a 0.24a 0.63a  0.007a 25a 0.17a 1.15a 0.24a 0.14a 2.05a
F-TW 6.91a 0.24a 0.54a  0.005a 28a 0.16a 0.94a 0.41a 0.13a 2.30a
F-GW 7.25a 0.26a 0.65a  0.008a 24a 0.17a 1.07a 0.26a 0.19a 2.15a
TW x FW* ns ns ns ns ns ns ns ns ns ns
N x F¥ ns ns ns ns ns ns ns ns ns ns

“Treatments were classified by the kind of irrigation water. TW and GW represented tap water and greywater, respectively. Compound fertilizer
(N-P,05-K,0 = 21-17-17) was applied 3 g N m™ with three times on June 30, July 23 and September 9. TW and GW were irrigated 100 L m™
day ' and at two times on nine oclock and eighteen o’clock everyday.

YMeans with same letters within a column are not significantly different by Duncan’s multiple range test 5% level.

‘N-TW + F-TW vs. N-GW + F-GW.

"N-TW + N-GW vs. E-TW + F-GW.

ns represents not significant.

Table 3. The change of turf color index and chlorophyll index in creeping bentgrass after irrigation of tap water (TW) and greywater (GW).

Investigation item  Treatments® June July August September October
N-TW 6.86a" 6.98a 6.14c 5.66b 5.74b
N-GW 6.91a 6.84ab 6.45b 5.70b 5.23b
I(l)lll;)fr F-TW 6.87a 6.99a 6.81a 6.46a 6.42a
index E-GW 6.96a 6.77b 6.63ab 6.24a 6.34a
TW x GW* * * ns ns ns
N x F¥ ns ns o o o
N-TW 186a 178ab 111b 110b 9%
N-GW 191a 178ab 120ab 122b 87b
Chlorophyll index F-TW 189a 203a 144a 165a 134a
F-GW 184a 155b 134a 149a 131a
TW x GW ns ns ns ns ns
NxF ns ns a . >

“Treatments were classified by the kind of irrigation water. TW and GW represented tap water and greywater, respectively. Compound fertilizer
(N-P,05-K,0 = 21-17-17) was applied 3 g N m ™ with three times on June 30, July 23 and September 9. TW and GW were irrigated 100 L m™
day ™ and at two times on nine oclock and eighteen o’clock everyday.

"Means with same letters within a column are not significantly different by Duncan’s multiple range test 5% level.

N-TW + E-TW vs. N-GW + F-GW.

"N-TW + N-GW vs. F-TW + F-GW.

ns, * and **represent not significant, significant at the 0.05 and 0.01 probability level, respectively.

91, 89 o|Fol BAA £014S LerhA 219tth @ Hameed and Ashraf, 2008), 53] 4o HET 4% 4
a4 A AA7IE 5ot AR oS ‘4’51'14']7{] % O 3t 9 =4 R ATt T3 UERd Tt (Mathowa
ottt dubd o g Zhr o] fgAloluy HEa kel Y et al, 2012). & Ao A= Zhrje]o] FLgE o) A
A AEHAY pRAEY S W R Ysf § —E‘.— |55 AHES7] dzell GWEE TWE] Zfolof &f3t %h
271 A= HA e =1 (Mohesenzadeh et al, 2006, T]EZFE Zjo]E &<l T 4= ¢id AR dokET) ESL

ot rIl‘
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Fig. 1. The root length in creeping bentgrass by irrigation of
GW and TW. “Treatments were follows. N-TW: non-fertilizer
+ tap water irrigation; N-GW: non-fertilizer + greywater irrigation;
F-TW: fertilizer + tap water irrigation; F-GW: fertilizer + greywater
irrigation. Compound fertilizer (N-P,05-K,0 =21-17-17) was
applied 3g N m™ with three times on June 30, July 23 and
September 9. TW and GW were irrigated 100 L m™ day ™' and at
two times on nine o’clock and eighteen o’clock everyday. The root
length of creeping bentgrass was investigated on October 15.
Error bars indicated standard deviation and different letters
indicated significant different at=0.05 level according to
DMRT test. "N-TW + F-TW vs. N-GW + F-GW. *N-TW + N-
GW vs. F-TW + F-GW. ns represents not significant.

o] AH|EEH AlZte] 289 %7] Hlwloz HekEn
(Kim et al., 2008).

Ald 5 5 At 2y BejdolE AR Axf,
31.8~372 cm®] WIS UER L, A2+ 2ol UE
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Table 4. The clipping yield (dry weight, g m™) in creeping bentgrass by irrigation of tap water (TW) and greywater (GW).

Treatments® June 30 July 23 September 2 October 15 Total
N-TW 49.9a" 45.5a 22.2b 72.1b 189.7¢
N-GW 36.0ab 48.1a 29.5ab 72.8b 186.4c
F-TW 44.4ab 51.0a 49.1a 132.3a 276.9a
F-GW 33.9b 42.6a 28.8ab 121.4a 226.6b

TW x GW* ns ns ns ns ns
N x FY ns ns ns o o

“Treatments were follows. N-TW: non-fertilizer + tap water irrigation; N-GW: non-fertilizer + greywater irrigation; F—TW: fertilizer + tap water
irrigation; F-GW: fertilizer + greywater irrigation. Compound fertilizer (N- P205 K,O =21-17-17) was applied 3 g N m™ with three times on

June 30, July 23 and September 9. TW and GW were irrigated 100 L m~ day

"and at two times on nine oclock and eighteen o’clock everyday.

"Means with same letters within a column are not significantly different by Duncans multiple range test 5% level.

N-TW + F-TW vs. N-GW + F-GW.
"N-TW + N-GW vs. F-TW + F-GW.

ns, * and ** represent not significant, significant at the 0.05 and 0.01 probability level, respectively.
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Table 5. The nutrient content (%) in the tissue of creeping bentgrass by tap water (TW) and greywater (GW).

Treatments” N P K Ca Mg Na
N-TW 0.71a" 0.12b 0.44b 0.57a 0.14b 0.06b
N-GW 0.85a 0.12b 0.55b 0.55a 0.16b 0.07b
F-TW 1.02a 0.12b 0.53b 0.56a 0.17b 0.07b
F-GW 0.99a 0.21a 0.70a 0.58a 0.20a 0.10a

TW x GW* * ns * ns bl ns
N x F¥ * ns ns * ns ns

"Treatments were follows. N-TW: non-fertilizer + tap water irrigation; N-GW: non-fertilizer + greywater irrigation; F-TW: fertilizer + tap water
irrigation; F-GW: fertilizer + greywater irrigation. Compound fertilizer (N-P,05-K,0 = 21-17-17) was applied 3 g N m™ with three times on
June 30, July 23 and September 9. TW and GW were irrigated 100 L m™ day ™" and at two times on nine o’clock and eighteen o’clock everyday.

YMeans with same letters within a column are not significantly different by Duncan’s multiple range test 5% level.

‘N-TW + F-TW vs. N-GW + F-GW.

“N-TW + N-GW vs. F-TW + F-GW.

ns, * and ** represent not significant, significant at the 0.05 and 0.01 probability level, respectively.

Table 6. The nutrient uptake (g m™) of creeping bentgrass by irrigating tap water (TW) and greywater (GW).

Treatments® N P K Ca Mg Na
N-TW 1.32b" 0.23b 0.83b 1.10a 0.27b 0.12b
N-GW 1.59b 0.23b 1.02b 1.02a 0.30b 0.12b
F-TW 2.81a 0.34b 1.49a 1.54a 0.46a 0.18ab
F-GW 2.28ab 0.48a 1.58a 1.34a 0.45a 0.23a

TW x GW* ns ns ns ns ns ns
N x F¥ - ot ot * - ot

“Treatments were follows. N-TW: non-fertilizer + tap water irrigation; N-GW: non-fertilizer + greywater irrigation; F-TW: fertilizer + tap water
irrigation; F-GW: fertilizer + greywater irrigation. Compound fertilizer (N-P,0;-K,0 = 21-17-17) was applied 3 g N m™ with three times on
June 30, July 23 and September 9. TW and GW were irrigated 100 L m ™ day ' and at two times on nine oclock and eighteen o’clock everyday.
The sample to analyze tissue was sampled on October 15. Nutrient uptake (g m™) = dry weight (g m™) X nutrient content (%)

YMeans with same letters within a column are not significantly different by Duncan’s multiple range test 5% level.

‘N-TW + F-TW vs. N-GW + F-GW.

“N-TW + N-GW vs. F-TW + F-GW.

ns, * and ** represent not significant, significant at the 0.05 and 0.01 probability level, respectively.

Gt Fr olgol ST A ZXAZI7] ee o fllE v GWolA = T HEF ol TWH

& A Eth(Kussow et al,, 2012). CF oF 48ufjef 2uj 4] Z42f =347] wfoll W= E
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AH] 2 AN E SRl AeolA Az <l ZE,
ndlg 9 UEE SRS EGWAE T 7 A b 2 9%

P, Aol 24 AT Aol LA gkt
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