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ABSTRACT

A 2-year experiment was conducted to investigate the effects of different irrigation levels and nitrogen rates on
visual turfgrass colour and quality and clipping yield of tall fescue (Festuca arundinacea Schreb.) under sub-
humid climatic conditions. The treatments consisted of five levels of irrigation, 25% (l1), 50% (I2), 75% (I3),
100% (14) and 125% (Is), of the evaporation measured from a Class A pan and two rates of nitrogen, 25 kg N
ha? (N1) and 50 kg N ha’(N2). The N rates were applied as a monthly rate during growing seasons (May-
September). The experimental area was irrigated by a pop-up sprinkler irrigation system. The irrigation was
applied at 3-day intervals during May-September for both years. The seasonal crop evapotranspiration (ETc)
under the treatments ranged from 315 to 1154 mm in 2007 and from 363 to 1100 mm in 2008. The ET.
increased with increasing the both N rate and irrigation level, and the best seasonal turf quality of tall fescue
was obtained for the l4 and Is treatments under N2 rate. This study demonstrated that, when the level of
irrigation and nitrogen rate were evaluated together, the Nzl4 treatment ensured sufficiently dark turf colour
and quality. Based on the results of this study, it is concluded that an acceptable turf quality can be sustained
under the Nil1 treatment in May, Nilz treatment in June, July and August and Nils treatment in September
(or Nzl2 treatment in September) according to water conservation. When rainfall amountis high (132.2 mm) in
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September, the Nil1 treatment may sustain acceptable turf quality for this month.
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INTRODUCTION

In regions with a sub-humid climate, the frequency
and amount of rainfall during the summer season are often
quite variable. Under these conditions, drought or heat
stress alone causes a severe decline in the turf quality of
cool-season grasses (Wehner and Watschke, 1984; Huang
et al., 1998). Consequently, the dry weather and variable
rain events in the summer make irrigation necessary to
ensure high quality turf. Indeed, the irrigation of
residential, commercial, industrial, and recreational turf
areas is commonly employed to ensure acceptable turf
quality (Cardenas-Lailhacar et al., 2008).

The irrigation of recreational sites or sporting areas is
necessary to provide the desired functional and aesthetic
properties (Kneebone et al., 1992). However, water
requirements are considerable, and it is expensive to
maintain a good turfgrass quality during the summer
season. Therefore, prudent irrigation greatly influences
both the management cost and environmental impact of
turfgrasses (Cereti et al., 2009), and turfgrass scientists
and managers desire to develop strategies for maintaining

a certain level of turf quality while considerably reducing
irrigation inputs (Ervin and Koski, 1998).

The results of studies on cool-season turfgrass
evapotranspiration (ET¢) showed that the ET, rates ranged
from 3 mm d! for hard fescue (Festuca longifolia Thuill.)
to 12 mm d? for Kentucky bluegrass (Poapratensis
L.).This high variability was found to be the result of the
many factors, especially the soil moisture conditions
(Romero and Dukes, 2009). Deficit irrigation, which wets
most of the zone where capillary roots absorb water, even
though they are shallow, can conserve water by taking
advantage of the tolerance of turfgrass to short periods of
drought between irrigation events (Kneebone et al., 1992).
‘Rebel’ tall fescue visual quality was reduced by about
10% when irrigated at a deficit level of 27% of actual
evapotranspiration (ET.) deficit in Colarado (Feldhake et
al., 1984). In another study conducted in Colarado, tall
fescue irrigated every 2 d at 50% ET, exhibited only small
reductions in turf quality (Fry and Butler, 1989). Qian and
Engelke (1999) observed that irrigation required to
maintain acceptable turf quality ranged from about 35% of
evaporation from Class A pan (Epa) for ‘Tifway’
Bermuda to 67% Epan for ‘Rebel II tall fescue. Gibeault et
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al. (1985) reported that turf quality in blends of Kentucky
bluegrass (Poa pratensis L.) and perennial ryegrass
(Lolium perenne L.) cultivars, and ‘Kentucky 31’ tall
fescue, declined slightly when irrigation was reduced by
20% of calculated ET in southern California. Tall fescue
irrigated 4 d weekly in Nevada required 80%of calculated
reference ET tomaintain cover and colour (Dean et al.,
1996). Applying irrigation to 80% of field capacity
reduced water use of Kentucky bluegrass by 20% and only
reduced quality by 10% (Danielson et al., 1981). In
Kansas, tall fescue and bermudagrass [Cynodon dactylon
(L.) Pers.] maintained similar quality levels at 60 and 40%
of ET., respectively, compared with the same species
under full-irrigated conditions (Fu et al., 2004).

Applying nitrogen (N) fertilizer is an integral part of
turfgrass production to ensure a fast and uniform growth,
an acceptable colour, a high shoot density and an adequate
strength for harvesting (Beard, 1973). Furthermore, N
management is an important factor in water conservation
and is often overlooked (Brown et al., 2004), though most
of the research investigating the influence of soil fertility
on turfgrass ET has focused on N. N applied at a total of
211 and 420 kg N ha'* over 2 years increased the ET rate
of a mixture of orchard grass (Dactylis glomerata L.),
smooth bromegrass (Bromus inermis Leyss.), and
creeping red fescue (Festuca rubra var. rubra) (Krogman,
1967). However, the water use efficiency also increased
with nitrogen applications. In a greenhouse study,
nitrogen-deficient ‘Merion” Kentucky bluegrass used 14%
less water than turf receiving supplemental nitrogen
fertilization (Sills and Carrow, 1983). Nitrogen-deficient
turf also has been shown to decline more rapidly in quality
when subjected to moisture stress compared to adequately
fertilized turf (Feldhake, 1981).

Turf quality is of fundamental importance in turfgrass
evaluation and includes aesthetic and functional aspects.

Turf colour is one of the major components of the
aesthetic quality, and it is often evaluated in field studies,
as it is a good indicator of water and nutrient status
(Beard, 1973). The aim of this study was to determine the
effects of different irrigation and nitrogen levels for
maintaining acceptable turf quality of tall fescue under
sub-humid climatic conditions. Such information might
help turfgrass managers to sustain acceptable turf quality
of tall fescue and to provide water conservation, especially
in sub-humid conditions.

MATERIALS AND METHODS

The field studies were conducted on experimental
turfgrass plots at the Research and Training Centre of the
Agriculture Faculty, Uludag University, Bursa, Turkey
(40°15'29" N, 28°53'39" E, and altitude 72 m), between
May and September in 2007 and 2008. The soil of the
experimental area is characterized by an average clay
content of 50%. The gravimetrically average field
capacity (FC) was 39.1%, the permanently wilting point
(PWP) was 27.1%, the bulk density was 1.36 Mg m™, and
the total available moisture (TAM) was 98.0 mm for a O-
60 cm soil profile. The average amount of organic matter
and electrical conductivity (EC) were also 0.58% and 50
mS m?, respectively. Some physical and chemical
properties of the experimental site soil are given in Table
1. The region climate is temperate, the summers are hot
and dry, and the winters are mild and humid (Candogan
and Yazgan, 2010; Candogan et al., 2013). The long-term
(1975-2003) annual rainfall, temperature and relative
humidity are 675.9 mm, +14.5°C and 66.0%, respectively.
According to the annual rainfall amount, climate is sub-
humid (from 600 to 700 mm of annual precipitation)
(Jensen, 1980). Most of the precipitation occurs during the
winter and early spring. In the study region, late spring
and summer rains are limited and erratic.

Table 1. Selected measured soil properties of the experimental site.

Soil . Bulk Field Wilting Organic
Depth S('i%j (‘E}I; (E,Ol/a 3/ Té)l(;lsjsre Density  Capacity Point pH (mgfn'l) Matter
(cm) vovw Mgm?) (%) (%) (%)
0-30 24.3 26.2 495 Clay 1.35 38.2 27.1 6.1 50 0.72
30-60 233 262 505 Clay 1.36 40.0 27.0 6.4 50 0.43

The daily meteorological data were measured via an
automated meteorological station (Watch Dog, Spectrum
Technologies, Inc., Plainfield, USA) installed near the
research area during experimental years. The monthly
averages of meteorological data that were measured daily
in the study area during the 2007 and 2008 experimental
seasons are provided in Table 2. The total amount of
rainfall during the 2007 and 2008 seasons were 77.1 and
180.3 mm, respectively (Table 2).

Tall fescuecv Comfort was used as plant material.In
the field trial, the treatments were arranged in a split plot

design with four replications. The nitrogen rates were
placed into the main plots, the irrigation levels into the
subplots. The sub plot size was 1 x 2 =2 m? The nitrogen
application rates were monthly: 25 kg ha™ (N) and 50 kg
ha*(Nz) during growing seasons (May-September) for
both  years. Nitrogen was applied in 33%
ammoniumnitrate form.The irrigation treatments were
based on US Weather Bureau Class A pan evaporation
(Epan, mm), and five irrigation treatments were selected as
follows: 11 = 0.25 Epan, 12 = 0.50 Epan, 13 = 0.75 Epan, la =
1.00 Epan and Is = 1.25 Epan. Irrigation treatments were
applied at 3-day intervals.
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Table 2.Monthly averages of the meteorological data for the study area in 2007 and 2008.

Average Average Relative  Average Wind Average Solar Total
Year Month Temperature Humidity Speed Intensity Rainfall
(9] (%) (ms?) (MJ m? day™) (mm)
2007 May 19.9 61.9 2.0 20.1 12.1
June 24.4 56.6 1.8 23.1 47.2
July 26.1 51.7 2.2 24.7 134
August 26.4 545 2.1 22.1 1.0
September 20.9 60.0 1.9 15.8 3.4
2008 May 18.0 61.4 1.7 19.6 22.1
June 23.8 55.1 2.0 22.1 28.8
July 25.1 51.6 2.2 23.1 0.2
August 26.7 53.4 2.3 22.6 0.0
September 20.4 70.1 1.7 14.0 132.2

The soil was tilled, levelled, and rolled during the
summer months of 2006. Prior to seeding, 200kg P ha?
and 100kg K ha™! were incorporated into the seedbed.
Turf grass was established on October 17, 2006 using a
seeding rate of 400kg ha*.The seeds were broadcast and
top-dressed with a mixture of soil and peat and were
irrigated as necessary to keep the soil surface moist until
complete seedling emergence. The experimental area was
irrigated by a pop-up sprinkler irrigation system, with
sprinkler heads established in the corners of plots (4x4 m
in size); a wetting pattern with an angle of 90° was used
for the experiment. In addition, the infiltration rate of the
soils and sprinkling rate were determined as 8.0 mm h!
and 7.5 mm h?, respectively.

The soil water content was measured at 0.15 m and
0.45 m depths using a neutron probe (model 503 DR,
Campbell Pacific Nuclear Intl., Inc., USA) prior to the
irrigation applications. The soil moisture content at 0.15 m
depth was also monitored using tensiometers. Aluminium
access tubes were installed in the centre of the plots of two
replicationsfor the neutron counts.

The crop evapotranspiration (ET;) was calculated as
the soil water-balance residual for the time periods
between the dates of two successive soil water content
measurements (Jensen et al., 1990):

ETc =1+ P + AS — R — D, where | is the depth of
irrigation water (mm), P is the precipitation (mm), AS is
the change in the soil water content (mm), R is the depth
of runoff (mm) and D is the drainage below the root zone
(mm). For the calculation, I was measured using water
meters, and P was observed at the meteorological station.
Because the sprinkling rate did not exceed the infiltration
rate, run off did not occur in the experimental plots. Doty
et al. (1990) noted that a large portion of grass water
uptake was at the 0-25 cm soil profile. Therefore, the
effective rooting depth was regarded as 0.3 m in our
calculations. In order to consider the percolation, moisture
measurements related to the 0.6 m soil profile were used
for soil water budget calculations.

The plots were mowed to a height of 4 cm when the
plants reached a height 6 to 8 cm. At each clipping
date(on 18 May, on 15 June, on 12 July, on 20 August and
on 18 September in 2007 and on 14 May, on 10 June, 17
July, 26 August and on September 24 in 2008) for each
experimental season in both years, a 0.5 m x 1.0 m strip
was cut through the centre of each plot, removed and dried
at 70°C for 24 h, and then weighed according to Bilgili
and Acikgoz (2005) and Bilgili et al. (2011).During each
experimental season, visual turfgrass colour ratings were
obtained on each clipping date prior to mowing. A scale of
1 to 9 was employed in which 1 = completely yellow and
9 = dark green (Karcher and Richardson, 2003, 2005).
Based on the colour, density, and uniformity of the grass,
the turf quality was rated at each clipping date throughout
each experimental season (1 = poorest; 9 = excellent). In
the present study, a rating of 6.0 or higher indicated that
the quality of the turf was minimally acceptable.

Turf colour, quality ratings and clipping yield values
for individual dates within each month were averaged.
Data were subjected to an analysis of variance. In the
analysis, months were considered fixed and treated as a
repeated measure were considered random. When main or
interaction effects were significant (P < 0.05), the means
were separated using Fisher’s least significant difference
test at the 0.05 level.

RESULTS AND DISCUSSION

The total amount of water applied and the seasonal
ET. determined under the irrigation and nitrogen
treatments for the 2007 and 2008 experimental periods are
presented in Table 3. The applied amount of irrigation
water varied between 204.8 and 1023.8 mm in 2007 and
175.9 and 879.4 mm in 2008. The total rainfall during the
2007 season was 77.1 mm, whereas this amount was
180.3 mm in 2008. Our results showed that the amount of
irrigation water applied in both years differed due to
differences in the amount and distribution of rainfall
between years (Tables 2 and 3). Sign et al. (2010) stated
that differences in rainfall amount and distribution
resulted in different irrigation need.
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Table 3.Total amount of irrigation water, rainfall and seasonal crop evapotranspiration of tall fescue in 2007 and 2008.

Irrigation Irrigation Rainfall Seasonal

Nitrogen Rates Water Applied Evapotranspiration
Levels (mm)

(mm) (mm)
2007

N1 I1 204.8 77.1 315
12 409.5 77.1 499
I3 614.3 77.1 718
ls 819.0 77.1 939
Is 1023.8 77.1 1118

N2 I1 204.8 77.1 340
12 409.5 77.1 533
I3 614.3 77.1 755
la 819.0 77.1 978
Is 1023.8 77.1 1154

2008

N1 I1 175.9 180.3 363
12 351.8 180.3 555
I3 527.6 180.3 722
la 703.5 180.3 889
Is 879.4 180.3 1065

N2 I1 175.9 180.3 403
12 351.8 180.3 594
I3 527.6 180.3 754
ls 703.5 180.3 941
Is 879.4 180.3 1100

Based on the soil water content, irrigation water
amounts, and precipitation data, the seasonal ET. values
were calculated to be ranged from 315mm to 1154 mm in
2007 and from 363 mm to 1100 mm in 2008. In a 2-year
study, for cool-season turfgrass irrigated at a level of
100% of the Class A pan evaporation, Meyer and Gibeault
(1986) applied 1097 mm of irrigation water in the first
year and 983 mm in the second year, whereas they applied
864 mm in the first year and 838 mm in the second year
using warm-season turfgrass. Under Mediterranean
climatic conditions, Bastug and Buyuktas (2003) reported
that the total amount of water applied and the total ET of
golf course turfgrass were found as 780.3 mm and 896
mm, respectively, under an irrigation treatment in which
ko was set to 1.00. In a Mediterranean climate, Emekli et
al. (2007) found that the total irrigation water and amount
of seasonal water used for bermudagrass at 100% of the
Class A pan were 1168.2 mm and 1186 mm, respectively.
Although our study was conducted under a sub-humid
climatic condition, the applied irrigation water and ET.
values were close to the values obtained in studies
conducted under arid climatic conditions. The reason for
this result was due to the longer irrigation period in our
study, which was a month longer than the studies of
Bastug and Buyuktas (2003) and Emekli et al. (2007).

The seasonal ET. increased with the increase at N rate
and irrigation level (Table 3). Barton et al. (2009) reported
that increasing the N application rate increased the
evapotranspiration of Kikuyu turfgrass [Pennisetum
clandestinum (Hochst. ex Chiov)] under a Mediterranean-

type climate. The water use by turfgrass increases as
nitrogen fertilization rate increases due to the increased
growth stimulated by the fertilizer (Carrow and Duncan,
2003). Additionally, in Nevada, Devitt et al. (1992) found
differences in ET rate of bermudagrass between a park site
and two golf course sites, which was attributed to cultural
management, in particular fertilizer input. Some
researchers have reported that decreasing the N fertilizer
rate can reduce turfgrass ET under a nonlimiting water
supply; however, these studies have not always included
quantitative information on how the N rate has also
affected the turfgrass quality (Shearman and Beard, 1973;
Feldhake et al., 1983). As a consequence, the extent of the
water savings by adjusting the N fertilizer rates has not
necessarily been clear. Notably, Ebdon et al. (1999)
demonstrated that, although decreasing the N fertilizer
rate decreased the ET of Kentucky bluegrass, the effect
was not significant within the range of the N fertilizer
rates that are required to maintain the turfgrass with
acceptable quality. Including measures of turfgrass quality
is essential for assessing the extent to which the
adjustment of N fertilizer rates can be used as a means of
decreasing turfgrass water use.

Visual turfgrass colour and quality and clipping yield
were significantly affected by the N rates, irrigation levels
and monthsduring the 2007 and 2008 experimental
seasons. Additionally, all two- and three-factor
interactions were significant in both years, with few
exceptions. The data were analyzed separately for each
year regardless of the effect of the year (Table 4).

145



Table 4. Results of the variance analysis of tall fescue colour, quality and clipping yield under different nitrogen rates (NR, kg ha?),
irrigation levels (IL, %) and months (M) in the 2007 and 2008 experimental seasons.

Variation 2007 2008

sources Colour Quality 5:5)5"”9 Colour Quality s:gl)glng
BLOCK 0.6000" 7.4666M 0.9819m 2.3065"™ 1.5272" 1.0175"
NR 27.2997" 55.9249™ 68.4429™ 61.4990™ 18.3956" 128.2527*"
IL 48.7771" 103.2508™ 116.9202™ 26.0323™ 36.7872"" 40.7112*
M 54.3451*" 34.1386™ 106.8419™ 36.7983™ 59.0692*" 77.1116™
NR x IL 1.1836* 1.9363* 5.2410™ 0.5807" 2.2647" 14,5671
NR xM 1.7036" 3.1777" 5.8940™ 1.2172" 1.6336" 15.7278™
ILxM 19.1485™ 9.0140™ 9.3098™ 12.2354™ 16.2685™ 6.6164™
NRxILxM 0.8971" 2.7700™ 3.1361™ 3.4026™ 1.1113" 2.9932™

NR: nitrogen rates, IL: irrigation levels, M: Months, ns: not significant, ™ significant at P< 0.05, ™: significant at P< 0.01.

All of the measured parameters were affected by the N
rates, irrigation levels and months (Table 5). The N rates
greatly affected all of the turf responses (colour, quality,
and clipping vyield) and the differences were found
statistically significant between the N rates. However, for
both experimental years, these differences were not large
for any of the parameters measured. Overall, the N> (50 kg
N ha™) treatment produced higher valuesfor turf colour
and quality and clipping yields than the N; (25 kg N ha™)

treatment. In this study, the N, rates resulted in a dark-
green and high-quality turf and provided the highest
clipping yields throughout both of the seasons; in contrast,
the N; rates produced the lowest ratings of turf colour and
quality and the lowest clipping yields. Bilgili and Acikgoz
(2011) reported that increasing the rate of N application
consistently enhanced the colour, quality ratings and
clipping yields of the turf.

Table 5. Average tall fescue colour and quality ratings (1-9) and clipping yields (g m2) under different nitrogen rates (NR, kg ha%),
irrigation levels (IL, %) and months (M) in the 2007 and 2008 experimental seasons.

Factors 2007 2008

Colour Quality s:gﬁlgmg Colour Quality Clipping Yield
NR
N1 6.9 b? 6.6b 25.1b 7.1b 6.9b 17.1b
N2 7.6a 7.2a 35.6a 8.0a 76a 33.6a
IL
Iy 5.6d 50e 12.2¢ 6.5d 5.8d 128¢
I2 7.2¢ 6.6d 22.2d 7.3c¢C 70c 19.3b
I3 7.6 bc 71c 30.0c 7.9ab 75b 30.6 a
la 7.9ab 77b 415b 7.9ab 7.8 ab 326a
Is 8.3a 8.2a 458 a 8la 8.0a 3l.7a
M
May 8.la 75a 35.4b 8.0b 7.6b 26.2b
June 7.3b 7.3a 9.8d 7.3cd 6.8¢ 13.3c
July 7.2¢c 6.8b 40.8 a 7.3c 6.7c¢ 15.7c
August 7.0¢c 6.7b 409 a 7.0d 6.8¢ 295b
September  6.4d 6.3¢ 24.8 ¢ 8.3a 8.2a 423 a

1 mean values in the same column followed by the same letter are not significantly different between the treatments at the 0.05 level using the LSD

test.

Throughout the experiment, the lowest colour, quality
and clipping yield resulted from the lowest irrigation level
(1) (Table 5). In general, the highest colour, quality and
clipping yield were obtained from full (l4) and excessive
(Is) irrigation treatments. In a similar study conducted
using lysimeters in which colour was considered a
primary quality criterion, a decrease in the ET rate was
associated with a decrease in quality (Feldhake et al.,
1984).For tall fescue, a cool season grass, Fry and Butler
(1989) also reported that the colour quality decreased
when irrigation declined from 100% to 75%, and 50% of
the potential ET. In our study, an acceptable turfgrass

colour and quality were sustained under I, irrigation
treatment for the each experimental season. Fry and Butler
(1989) demonstrated that field-grown ‘Rebel’ tall fescue
maintained an acceptable quality when irrigated every 2
days at 50% of the tall fescue’s potential ET. In a similar
study conducted in Nevada, Dean et al. (1996) reported
that tall fescue required 80% of the potential ET to
maintain an acceptable turf quality. Although it should be
noted that, variations in drought resistance have been
reported among the cultivars of tall fescue, which were
attributed mainly to differences in the total root length
density and rooting depth (Carrow, 1996; Huang and Gao,
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2000). Additionally, Fu et al. (2004) found that tall fescue
irrigated twice weekly maintained an acceptable quality
between June and September at deficit irrigation levels of
40% or 60% ET, (actual evapotranspiration), assuming the
turf management could tolerate a period of slight decline
in quality.

A gradually decreasing trend in colour and quality was
observed from May to September for both of the N rates
in the 2007 (Table 5). The colour and quality ratings and
clipping yields obtained in September of 2007 for both of
the N rates were lower than in September of 2008 due to
lower amount of rainfall (3.4 mm) in September 2007 in
comparison to that amount of September 2008 (132.2
mm).

The N rates x irrigation levels interactions clearly
showed that the colour, quality ratings, and clipping yields
significantly increased with the N rate under all of the
irrigation treatments for both two years (Table 6). The I4
and Is treatments under the N rate produced significantly
higher ratings of colour and quality and clipping yields for
tall fescue during both seasons. Feldhake (1981) stated
that the quality of nitrogen-deficient turf has showed to
decline more rapidly when subjected to moisture stress
compared to adequately fertilized. In general, several
studies indicated that the turf colour and quality ratings
ranged from 1 to 9, with an acceptable minimum visual
quality number of 6 (Kopp and Guillard, 2002; Bilgili and
Acikgoz, 2005). In this study, an acceptable turf grass
colour and quality were sustained under the Nil; treatment
throughout of the each experimental season.

Table 6. Colour and quality ratings (1-9) and clipping yields (g m™?) of tall fescue for the nitrogen rates (NR) x irrigation levels (IL)

interactions in the 2007 and 2008experimental seasons.

NR IL (%) 2007 2008
ki ha‘l " " " B
(kg ) Colour Quality s:éﬁ)glng Colour Quality \C(:L;I)gmg
N1 I 5.2¢g! 50f 109¢g 6.3d 5.8d 11.1¢f
I2 6.7e 6.1e 175f 6.9¢c 6.7¢c 14.2 ef
I3 7.0d 6.7d 24.8¢ 75b 7.3bc 23.3¢c
l4 7.6¢C 75¢ 3l.1cd 75b 7.3bc 20.5cd
Is 8.1b 79b 41.0b 76Db 74Db 16.8 de
N2 I 59f 51f 13.41g 6.8¢c 5.9d 145 d-f
I 76¢C 7.0d 26.8 de 78b 74Db 244 ¢
I3 8.1b 76¢C 35.3¢c 8.4ab 7.8b 379D
l4 8.1b 8.0b 519a 8.4 ab 8.3ab 448 a
Is 8.4a 84a 50.5a 8.6a 8.6a 46.6 a

1 mean values in the same column followed by the same letter are not significantly different between the treatments at the 0.05 level using the LSD test.

The N rates x months interactions indicated that the
colour, quality ratings, and clipping yields significantly
increased with the N rate for both years (Table 7). While
the highest turf colour and quality were obtained in the N2
treatment and May, clipping yield was obtained in the N;
treatment and May, July and August in 2007. In 2008,
highest turf colour was obtained in the N, treatment for
both May and September. However, the highest quality
and clipping yield were obtained in the N treatment for
only September due to higher amount of rainfall (132.2
mm).

The irrigation levels x months interactions in 2007 and
2008 gave statistically significant colour and quality
ratings and clipping yields (Table 8). The interactions
showed that the colour and quality ratings decreased from
May to September in all irrigation levels for bothyears. In
generally, highest turf colour, quality and clipping yield
were obtained from Is irrigation level in all months. When
irrigation level increased, significant differences in colour
and quality ratings and clipping yield soccurred in each
month for each year. In particular, the Is irrigation level
provided the darkest gren and highest-quality turf
throughout the growing seasons. The |y x September
month interaction produced lowest turf colour, quality and
clipping yield in two years.

Interactions of N rates, irrigation levels and months for
both study years were statistically significant in terms of
the turf colour and quality rating sand clipping yields. In
generally, significant increases in the colour and quality
ratings and clipping yields occurred, with increasing N
rate under all of the irrigation treatments in each month
for both years (Tables 9 and 10). However, those increases
varied significantly with irrigation levels. In generally, the
irrigation levels under both N rates in May gave higher
colour and quality ratings than other months for both
years, with exception of September 2008 due to rainfall
(132.2 mm) and high soil moisture. According to water
conservation, acceptable turfgrass colour and quality were
sustained under the Nil; treatment in May, Nil, treatment
in June (or Nzl treatment in June), July and August and
N1lstreatment (or Nl teratment) in September throughout
the 2007 experimental season. Similarly in 2008,
acceptable turf grass colour and quality were sustained
under the Nil; treatment in May and June, Nil, treatment
in July (with the exception of quality rating fells lightly
below acceptable level) and August and Nil; treatment in
September (due to rainfall of 132.2 mm and high soil
moisture in September 2008) throughout the experimental
season.
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Table 7. Colour and quality ratings (1-9) and clipping yields (g m™) of tall fescue for the nitrogen rates (NR) x months (M)
interactions in the 2007 and 2008 experimental seasons.

NR M 2007 2008

ki ha.l N " N N

(kg ) Colour Quality $:£§mg Colour Quality $:g:|)5)|ng

N1 May 7.9 ab? 7.2 bc 24.8 cd 76b 75b 23.2d
June 75b 7.1cd 55f 7.0c 6.5d 96¢g
July 6.7c¢ 6.5f 37.7b 6.8¢c 6.3d 9.7¢
August 6.6 ¢ 6.6 ef 36.7b 6.5¢ 6.3d 13.2fg
September 6.0d 58¢ 20.6d 7.8b 79b 30.0c

N2 May 8.4a 7.8a 46.0 a 8.4a 7.8b 29.2¢
June 8.0ab 7.5ab 140¢e 76b 7.1c 16.9 ef
July 7.7ab 6.9 de 43.8a 7.8b 7.1c 21.7 de
August 7.4b 6.9 c-e 45.1a 75b 7.3bc 45.7b
September 6.7c¢ 6.9 de 29.1c 8.8a 8.6a 54.7 a

1 mean values in the same column followed by the same letter are not significantly different between the treatments at the 0.05 level using the LSD
test.

Table 8. Colour and quality ratings (1-9) and clipping yields (g m™2) of tall fescue for the irrigation levels (IL)xmonths (M)
interactions in the 2007 and 2008 experimental seasons.

IL (%) M 2007 2008
Colour Quality \C(::arl)gmg Colour Quality 5:'&5"”9
I1 May 8.3 a-c! 6.6 gh 27.0fg 8.3a-c 6.6 gh 21.7 fg
June 6.5gh 6.0 2.0 mn 6.5 gh 6.0 ij 9.7 hi
July 53i 4.6 k 14.0 i-k 53i 46k 4.2i
August 49i 4.3k 17.8 h-j 49i 43k 3.5i
September 29] 351 0.0n 29j 351 25.0 ef
I2 May 85a 7.3 cf 30.4 ef 85a 7.3 c-f 243 ef
June 7.4 ef 6.8 f-h 5.81I-n 7.4 ef 6.8 f-h 13.1h
July 7.0 fg 6.5 hi 36.7 de 7.0fg 6.5 hi 7.9 hi
August 6.6 gh 6.5 hi 345 ef 6.6 gh 6.5 hi 14.3 gh
September 6.3h 58] 3.61-n 6.3h 58] 36.7 cd
I3 May 8.3ab 7.bc 31.9ef 8.3ab 7.6 bc 25.7 ef
June 8.1ad 7.4 c-e 8.0 k-m 8.1 a-d 7.4 c-e 13.9gh
July 7.6 c-f 7.1eqg 46.5 bc 7.6 c-f 7.1le-g 15.3 gh
August 7.5 ef 7.2 d-f 43.4 cd 7.5 ef 7.2d-f 419c
September 6.4 gh 3.5 hi 20.5 ghi 6.4 gh 6.4 hi 56.3 a
la May 7.5d-f 8.0ab 44.0 cd 7.5 d-f 8.0ab 28.3 ef
June 8.4a 8.0 ab 10.5 j-I 8.4a 8.0 ab 14.5 gh
July 79a-e 7.2 ¢c-g 53.7 ab 7.9 ab-e 7.2¢cg 249 ef
August 7.9 b-f 7.9 a-e 54.6 a-c 7.9 a-f 7.9 a-e 45.4 a-c
September 7.8 b-e 7.6 b-d 448 ¢ 7.8 b-e 7.6 b-d 50.0 ab
Is May 8.0 a-e 8.1lab 43.8 cd 8.0 a-e 8.0 ab 31.1de
June 8.3a-c 8.3a 22.5gh 8.3a-c 8.3a 15.2 gh
July 8.3a-c 8.1lab 53.0 ab 8.3a-c 8.0ab 26.1 ef
August 8.3a-c 8.1lab 543 a 8.3a-c 8.1ab 42.3 bc
September 85a 8.4a 55.3 a 85a 8.4a 43.6 bc

1 mean values in the same column followed by the same letter are not significantly different between the treatments at the 0.05 level using the LSD
test.
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Table 9. Colour and quality ratings (1-9) and clipping yields (g m™) of tall fescue for the the nitrogen rates (NR) x irrigation levels
(IL) x months (M) interactions in the 2007.

NR (kg hal) IL (%) May June July August September
Colour
N1 I1 8.0 ab? 6.3 cd 45e 45e 28 f
I2 8.0 ab 7.3 bc 6.3 cd 6.0 cd 6.0 cd
I3 7.8b 7.8b 7.0cd 6.5¢C 55d
Iy 75b 8.0ab 75b 75b 75D
Is 8.0 ab 8.3ab 8.0 ab 8.0 ab 8.3ab
N2 I 85a 6.8¢c 6.0 cd 5.3 de 30f
I 9.0a 75b 78b 7.3 bc 6.5¢
I3 8.8a 85a 8.0 ab 8.0 ab 7.3 bc
ls 75b 8.8a 8.3ab 8.3ab 8.0 ab
Is 8.0 ab 8.3ab 85a 85a 8.8a
Quality
N1 1 6.5 k-m 55n-p 45qr 48q 35s
I2 7.0f-k 6.5 k-m 6.31-n 6.0 m-o 4.8 pq
I3 7.3 e-k 7.3e-k 7.0g-l 6.7 j-I 5.3 0-q
ls 7.5 d-i 7.8 b-f 7.0 f-l 7.9 a-j 7.5 d-i
Is 7.8 b-f 8.3ad 7.8 b-f 7.8 b-f 8.0 a-e
N2 1 6.8 h-m 6.5 k-m 4.8 pq 3.8rs 35s
I2 7.5d-h 7.0 f-l 6.8 i-m 7.0 f-l 6.8 i-m
I3 8.0 a-e 7.5 d-i 7.2k 7.6 d-g 7.5 d-i
ls 8.5ab 8.3a-d 7.4 e 7.9 a- 7.8 c-f
Is 8.3 a-d 8.3 a-d 8.3 a-d 8.5a-c 8.8a
Clipping Yield
N1 I 16.3 r-w 201\ 14.4 sy 21.9 p-t 0.0\
I2 19.9¢g-u 4.0y-\ 31.21-p 29.3m-q 3.4z-\
I3 26.4 n-r 5.0 x-\ 41.0 h-l 33.9k-n 17.7r-v
ls 30.81-q 6.0 w-\ 46.9 e-j 38.5fp 33.3k-0
Is 30.7 1q 10.5 u-\ 55.1 a-f 60.1 a-c 48.6 d-i
N2 I 37.8i-m 201\ 13.6 5-z 13.6s-z 0.0\
I2 40.9 h-l 7.5v-\ 42.2 g-k 39.7 i-m 3.8y-\
I3 37.4j-n 11.0t-[ 51.9 b-g 52.9 b-f 23.30-s
ls 57.3 a-e 15.0 s-x 60.5 a-d 70.7a 56.2 a-e
Is 56.9 a-e 34.5k-n 50.9 ¢c-h 48.4 e-i 62.0 ab

1 mean values in the same column followed by the same letter are not significantly different between the treatments at the 0.05 level using the LSD

test.
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Table 10. Colour and quality ratings (1-9) and clipping yields (g m2) of tall fescue for the the nitrogen rates (NR) x irrigation levels

(IL) x months (M) interactions in the 2008.

NR (kg hal) IL (%) May June July August September
Colour
N1 Iy 7.0 j-o* 6.8 I-q 6.3 p-q 431 7.0 j-0
12 7.5 f-m 7.0j-p 6.3 0-q 6.3 0-q 7.5 f-m
I3 7.5 fm 6.81-q 7.2j-n 8.1b-h 7.8 d-k
la 7.8 d-j 7.0k-p 7.49-n 6.9 h-q 8.3 a-f
Is 8.3a-g 7.3i-n 7.0j-p 7.0j-p 8.3a-g
N2 I1 7.8 e-k 7.3i-n 6.0q 457 8.5 a-d
12 8.8 a-c 7.0j-p 7.5 f-m 6.5 n-q 9.0a
I3 8.8ab 7.5 f-m 8.0 c-i 8.7 ab 9.0a
ls 8.5a-e 8.0 b-i 8.4 a-e 8.8 a-f 8.5a-e
Is 8.0 b-i 8.0 b-i 9.0a 9.0a 9.0a
Quality
N1 I1 7.0bc 6.3cd 50e 3.3f 75b
12 7.3bc 6.0cd 5.8d 6.5¢ 7.8b
I3 7.3bc 6.3 cd 6.8¢c 8.0ab 8.0ab
la 7.8b 7.0bc 7.0 bc 78b 8.0ab
Is 8.0ab 7.0 bc 7.0 bc 7.0 bc 8.0ab
N2 I1 7.3bc 5.8d 50e€ 35f 7.8b
12 7.8b 6.8¢ 6.8¢ 6.8¢ 8.8a
I3 75b 7.0bc 7.0 bc 78b 9.0a
la 8.0ab 78b 8.0 ab 9.0a 85a
Is 8.5a 8.0 ab 8.8a 8.8a 9.0a
Clipping Yield
N1 I1 19.2 j-s 5.7 u-v 3.7u-v 13v 25.6 g-I
12 22.1j-p 10.8 p-v 6.4 t-v 8.2 s-v 23.41i-n
I3 22.81i-0 10.2 g-v 11.9 0-v 27.8g-k 43.7de
la 26.4 g-l 9.3r-v 149 1-u 16.2 i-v 35.9¢e-h
Is 25.7 g 11.9n-v 11.8 n-v 12.9 m-v 215j-q
N2 I1 24.2 h-m 13.6 m-u 4.8 uv 5.6 uv 24.5 h-m
I2 26.6 g-I 153 1-u 9.5r-v 20.4 j-r 50.0 cd
I3 28.6 g-k 17.6 k-t 18.7 k-s 55.9 bc 68.9a
la 30.3f+j 19.7 j-s 35.0 e-i 74.7 a 64.4 ab
Is 36.5e-g 18.6 k-s 40.4 d-f 71.7 a 65.7 ab

! mean values in the same column followed by the same letter are not significantly different between the treatments at the 0.05 level using the LSD

test.

CONCLUSIONS

A 2-year study was conducted to investigate the visual
turfgrass colour and quality and clipping yield responses
of tall fescue to different irrigation levels and nitrogen
rates under sub-humid climatic conditions. The treatments
consisted of five levels of irrigation, 25% (l1), 50% (l2),
75% (l3), 100% (ls) and 125% (Is), of the evaporation
measured from a Class A pan and two rates of nitrogen,
25 kg N ha (N1) and 50 kg N ha* (N). The N rates were
applied as a monthly rate during May-September for both
years.The irrigation was applied at 3-day intervals during
May-September for both years. The following conclusions
could be extracted from presented results.

1. The results of this study showed that the 1, and Is
treatments under the N, rate produced significantly higher

ratings of colour, quality and, clipping yields during the
both years.

2. The N2ls4 treatment resulted in a sufficiently dark
turf colour and quality; to achieve better seasonal turf
quality under sub-humid conditions, this schedule can be
adapted by evaluating the level of irrigation and N rate.

3. Based on the results of this study, it is concluded
that an acceptable turf quality can be sustained under the
Nail1 treatment in May, Nil, treatment in June, July and
August and Nil4 treatment in September (or Nal, treatment
in September) according to water conservation. When
rainfall amount is high (132.2 mm) in September, the Nil,
treatment may sustain acceptable turf quality for this
month.
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