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ABSTRACT

Tifway 419 Bermudagrass is widely used on athletic fields, requiring irrigation and fertilization for its maintenance;
however little information is available for Bermudagrass management in tropical countries, as Bragil this
study aimed to evaluate the effect of irrigation frequency and nitrogen (N) fertilization on the development of
Tifway 419 Bermudagras3.he experiment was carried in 2019, applying two irrigation frequencies (daily and
every two days) and five N concentrations of 0, 42.19, 63.28, 105.47 and 126.56 kgiMdhed into three 30-day
increments. Photosynthetic pigments, grass height, accumulated dry mass, relative chlorophyll index, regeneration
rate, root length, and dry mass of root, rhizome and stolon were analyzed. The best result was observed in between
63.28 and 105.47 kg N hg15% N) and irrigated every two days. The treatment maintains the green color of the
grass. Maximum Bermudagrass regeneration rate was observed within this interval, and the root length and dry mass
of roots, rhizomes and stolons were higher compared to the highest concentration.
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INTRODUCTION with intense green cot and fine texture, providing
The ornamental and sporting turfgrass markeioftness to Bermudagrass, providing consistent ball rolls

experienced an economic rise over the last decade, @fk the field and reducing the impact of the players

to the introduction of new hybrids and technologies, d&0doyet al, 2012; Christianet al, 2016;Amaral et

well as increased production and, better maintenance g 2019).

development of turfgrass areas (Kuhn, 2015). Areas covered by turfgrass need adequate fertilization
BermudagrassQynodonspp.) has assumed an importanfind irrigation to maintain the attributes noted previously
position in this scenario been used on athletic fields (Saff=arrow 2012; Candogaet al, 2015; Zhanget al,

tos & Castilho, 2018). The genus represents warm seagéhL8). Nitrogen is the nutrient most required by turfgrass
grasses native tafrica and naturalized in the Bermuda(Gazolaet al, 2019), and the correct application of
Islands. Bermudagrass is known for the fast growth arttrogen fertilization is necessary (Dinadlt al, 2015)
excellent mowing recovery (Christiams al, 2016). to maintain both the aesthetic quality (intense green) of
Several hybrids, from the crossing@fdactylonandC. turfgrass and the recovery of damage caused by athletes
transvaalensiswere introduced to Brazilian soccer(Santoset al, 2019; Mateuset al, 2020). However
fields mainly theTifway 419 cultivar (Godoyet al, little is known about nitrogen fertilization of
2012; Santos & Castilho, 2018). This hybrid has Bermudagrass (Godat al, 2012; Gazolat al, 2019),
rhizomatous and stoloniferous growth habit, whictmainly in sport fields (Mateust al, 2020; Santogt
provides high trampling resistance. It has narrow leaves, 202).
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Irrigation and nitrogen fertilization are required toabundant precipitation throughout the year (Cfa). The
preserve turfgrass green color and quality (Lee, 201dyerage temperature was 18.9 °C (24.7 °C maximum and
Zhanget al, 2018). The ideal irrigation frequency should13.9 °C minimum), average relative humidity of 69.9%
maintain moisture at the root zone to avoid water stre85.40% maximum and 87.47% minimum) and 161.01
and leaching (Lee, 2014). Howeyer reduced amount mm of accumulated precipitation during the experimen-
of irrigation can stimulate deep root growth (Padebn tal period.The soil (Bble 1) is classified as Dystrophic
al., 2015), resulting in a better quality turfgrass, lesRed Latosol (Oxisol) and soil acidity correction with
recovery time, and higher capacity to uptake water amblomitic limestone to raise the base saturation to 65%
nutrients. Irrigation management is especially importarfMateuset al, 2017). Prior to the start of the studlye
during the winter in tropical countries with seasonallBermudagrass was mown to a height of 15 mm.
lower temperatures, rainfall and solar radiation, reducing Irrigations were differentiated by frequency as daily
grass development. Thus, the objective of our study wésl), replacing the evapotranspirated blade from the
to evaluate the developmefifway 419 Bermudagrass previous dayor every two days (F2), replacing the sum
under different irrigation management and nitrogenf the evapotranspirated blades from the previous two
fertilization. days. The irrigation blades were calculated using data

obtained from a meteorological station located next to
MATERIAL AND METHODS the experimental area. The sprinkler irrigation system

The field experiment was conducted from Jun& 23was automated with four sprinklers (retractable rotor
to September 21 2019 (90 days) in an experimentaltype), one at each end of the plot, irrigating sectorally at
area withTifway 419 Bermudagrass established in 2014 90° angle. The system featured a rain sensor to interrupt
(Faculdade de Ciéncidgrronémicas (UNESP) Botuca- scheduled irrigation after 5 mm of precipitation.
tu, Sao Paulo t&te, Brazil).According to the Kdppen The nitrogen (ammonium sulfate, 21% N) fertiliza-
climate classification, the regional climate is consideretibn treatments were 0 kg N -h&Control), 42.19 kg N
as humid subtropical climate with a well distributed antia?, 63.28 kg N ha, 105.47 kg N hadand 126.56 kg N

Table 1: Soil chemical analysis result of the the experimental area. O.Mgan@rMatter SB = Sum of Bases, CEC = Cation
Exchange, V = Capacity Base Saturation

Layer pH O.M. P oin H+AI K Ca Mg BS CEC \%
cm CaCl, gdm® mgdm? mmol  dm* %
0-10 51 19 80 19 3.2 16 5 24 43 56
10-20 51 10 32 17 31 13 3 19 35 53

Supplemental Tables:

S1: ANOVA table for photosynthetic pigmentsTifway 419 Bermudagrass as a function ofatiént nitrogen concentrations and
irrigation frequencies

Concentration Chlorophyll a Chlorophyll b Carotenoids
(kg N hatt) Mg g* FW
0.00 186.15 101.49 95.42
42.19 208.03 105.16 102.46
63.28 249.47 131.42 102.17
105.47 283.43 151.43 104.01
126.56 289.32 185.87 103.71
Irrigation frequency
F1- Daily 243.40 136.00 102.48
F2 - Every 2 days 243.16 134.14 100.62
CcvC 4.47 4.22 291
oncentration 345.07** 229.06** 4.871**
requency 0.013¢ 0.812¢ 1.695°
Fo 3.585* 0.62%° 0.143°
CV (%) 2.85 4.83 4.44

** - Significant at 1%, * - Significant at 5%, ns - Not significant.
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ha'. The fertilization was splitted into three parts andlata were collected on the 27, 55 anél BAI (July 20,
applied at 0, 30 and 60 days (June 23, July 2Ragdst August 17 and September 18, 2019), and the final data
23, 2019) after the start of the research (DAI). were an average of the three measurements. Dry mass
The parameters evaluated were chloroptgltsand  of clippings was carried out on the same dates, and data
carotenoids (photosynthetic pigments), according to tiveere the sum of the three dates, i.e., total accumulation.
methodology described by Lichtenthaler (1987)Roots, rhizomes and stolons were collected at 90 DAI
Relative chlorophyll index (RCI) was determined with §September 21, 2019) to analyze root length and roots,
FieldScout CM 1000 Chlorophyll Meter (Spectrunmrhizomes and stolons dry mass (60 °C for 72 hin a forced-
TechnologiesAurora, IL, USA), taking readings parallel air oven).
to the Bermudagrass surface at a height of 1.0 m. To simulate the éct of an athletic competition, a
Bermudagrass height was determined with a HGPRISN}ug (6 cm in diameter and 5 cm in length) from each
G - Height of Cut Prism Gauge deviceu(T-Tec experimental plot (on July 23, 2019) of the same size
InternationalTallahassee, FL, USAThe Bermudagrass was removed with an aug&@hirty days after removal of
was mowed 3 times (every 30 days), at a height of he plug (August 23, 2019), images of the hole were taken
mm, and measurements were always made before the ngith a “light box”, similar to the device produced by
mowing. To measure dry mass accumulated from theetersoret al. (2011). The images were analyzed with
clippings, grass was mowed every 30 days with @anope6 software to calculate the Bermudagrass
GreenMaster 1000 mower (ThBoro Company coverage rate and damage recovery (Karateal,,
Bloomington, MN, USA), and the clippings were dried2005).
in an oven with forced air at 60 °C for 72 h. The experimental design adopted was a factorial
Photosynthetic pigments, RCI and Bermudagrass heigitheme (2x5) with two irrigation management frequen-

320 , A 220 4 B
® R
- v=-0.0023x" + 1.19x + 178.20 z 200 - s
- 280 - R” E i 4.8:107x" + 0.03x + 100.96
e =180 R’=96.48%**
= 260 - fo
g 2 160
= 240 - a
z Z 140 |
B 220 - 4
2 £
i 200 - F1 f 120
o y=0.88x + 184.09 o
180 - R’=92.26%* 100 |
160 g T y - y - - 80 . . . . . . \
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Kg N ha’' Kg N ha”
110 C
~ 105
-
-
-"Bo
oo 100 -
3
z
s o571 ¢
2
L 4 3
o 90 | = 9407x" + 0.17x + 95.67
R’=05.74%**
85

0 20 40 60 80 100 120 140
Kg N ha'
Figure1: Photosynthetic pigments inifivay 419'Bermudagrass as a function of nitrogen concentrations (Kg)Na)ahlorophyle.
b) chlorophyllb. c) carotenoids. ** - Significant at 1%; * - Significant at 5%. F1 - Irrigation frequency daily; F2 - Irrigation every 2 days.
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cies and five N concentrations, with four replicationsadjusted as a quadratic curve, according to N concentra-
totaling 40 experimental plots. Each plot was composéibns, and reached maximum value 225 kg N h&.
of a 5.0 x 5.0 m (25 M plot with 1.0 m of bordeiThe These results are similar to those observed by Sentos
data were evaluated by variance analysisTah@y’s test al. (2019) forTifway 419 Bermudagrass and lower than
(p < 0.05) at 5% for frequency and regression fothe values observed by Barbost al. (2017) for
concentration, using “Statistix 10” for data analysis anBahiagrass RPaspalum notatuin The increase of
“Sigma Plot” for graphics. pigments concentrations can be explained by the fact that
chlorophylls are molecules formed by complexes
RESULTSAND DISCUSSION derived from porphyrin, with magnesium as the central
A significant interaction was observed betweemtom, linked to four others of nitrogend(Z et al.,
irrigation and fertilization for chlorophyl& (Supple- 2017).Additionally, 50 to 70% of total foliar N consists
mentalTable S1), with a linear increase in the F1 regief enzymes associated with chloroplastaifTet al,
me, maximum value obtained at the highest concentrati@017; Santost al, 2019). Thus, a high correlation exists
of N, and quadratic adjustment in the F2 regime (Figutgetween photosynthetic pigments and grass nutrition
la). For chlorophyllb and carotenoids, significant (Santos & Castilho, 2015; Oliveirt al, 2018; Santos
difference was only observed for fertilizer concentraet al, 2019). Higher pigment concentrations are
tions, indicating that the concentration of these pigmenitsiportant for plant development because they play a
continued the same, regardless the irrigation regime (Fignificant role in Bermudagrass photosynthetic rates.
gures 1b and 1c). Carotenoid concentrations wek®hile chlorophylla plays a key role in the light
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Figure 2: Green Color Index (GCI) (a), leaf height (b) and dry mass clippings (c)faiay 419’ Bermudagrass as a function of

different nitrogen concentratiofiég N hat). ** - Significant at 1%; * - Significant at 5%. F1 - Irrigation frequency daily; F2 - Irrigation
every 2 days.
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bioconversion process, chlorophylland carotenoids, physiological processes in the presence of low water
also called accessory pigments, are able to dissipated light stress @iz et al, 2017; Santost al, 2019).
excess engy (Taiz et al, 2017). Bermudagrass was taller in the F1 regime in all N
There was a linear increase in relative chlorophytioncentrations, except for 42.19 kg Nth&ermuda-
index (RCI), as a function of N concentration (Figurgrass height increased linearly in both F1 and F2,
2a). RCI was also unigfcted by irrigation frequency according to the concentration of N (Figure 2b). The
indicating that the green color of leaves can be preservedcumulated dry mass of clippings showed a quadratic
irrespective of irrigation frequencyhether daily or curve and maximum value at the highest N concentration
every other day (Supplementéhble S2).The results (Figure 2c). No interaction occurred between height and
were within the range of 150 to 600 units, as observealty mass of clippings and less dry mass in the F2 regi-
by Lima et al. (2012) in Celebration Bermudagrassme. Increasing N concentration correlated with an
fertilized with nitrogenA fast and easy way to maintainincrease in dry mass, as observed by Lanal. (2015)
athletic fields is using a portable equipment for indireadn Celebration Bermudagrass, and Dinellial. (2015)
color evaluation of Bermudagrass by relative chlorophybn Emerald grass. Height and dry mass clippings in
indices.After all, one of the main objectives is therelation to irrigation frequency were the two main factors
aesthetic appeal of Bermudagrass with good density aimdour study Daily irrigation showed grass with greater
intense green color (Limat al, 2012). Particularly in height and dry mass, while irrigating Bermudagrass every
winter in Brazil, with shortage of rainfall and solartwo days reduced shoot development. Daily irrigation
radiation, greener Bermudagrass can perform itgas shown to maintain moisture in the root zone, without
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Figure3: Recovery rate (a), root length (b) and dry mass (root + rhizome + stolon) (fjafy B19’'Bermudagrass as a function of

different nitrogen concentratio(l§g N hat). ** - Significant at 1%; * - Significant at 5%. F1 - Irrigation frequency daily; F2 - Irrigation
every 2 days.
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causing water stress, promoting shoot development (Lebe lack of N in the soil makes it harder and slower for
2014), as observed for F1. Howevan increase in either Bermudagrass to recover from an injury caused by
height or dry mass accumulation is not necessarily ahletic activity However very high concentrations of
desirable result for Bermudagrass used in athletic field can be lost in fertilization. For example, the
because of the corresponding need for more mowimgncentration with the highest RR value derived from
(Santos & Castilho, 2018, Gazada al, 2019). the regression was 102.27 kg Nthand it would be
Bermudagrass recovery rate (Figure 3a) showed thextough to recover from the damage cause by athletic
only N concentration changed positively the percent @ictivity, irrespective of irrigation frequendy significant
coverage (Supplementgble S2)The lowest result for interaction between irrigation and root length was
irrigation frequency was observed in the controbbserved with polynomial regression decreasing to 1%
treatment (without fertilization). This result implies that(Figure 3b). The increase of N concentration decreased

S2: ANOVA table for relative Chlorophyll Index (RCI), height and dry mass dfifia@y 419 Bermudagrass clippings as a function of
different nitrogen concentrations and irrigation frequencies

Concentration Height Dry mass
(kg N ha?) RCI mm Kg ha?
0.00 196 18 267.43
42.19 228 20 329.57
63.28 277 22 359.24
105.47 306 24 435.78
126.56 307 26 544.77
Irrigation frequency
F1- Daily 265 23a 410.50 a
F2 - Every 2 days 260 21b 364.21b
CcvC 6 1 18.54
oncentration 210.80** 53.229** 110.78**
requency 1.655° 12.736** 26.01**
ot 0.331¢ 4.564* 2.398
CV (%) 3.65 6.03 7.41

Averages followed by the same letter in the column do rfet éij Tukey’s test at 5% probabilit§* - Significant at 1%, * - Significant at 5%, ns - Not
significant.

S3: ANOVA table recovery rate, root length and dry mass (root + rhizome + stolonivedy™ 19’ Bermudagrass as a function of
different nitrogen concentrations and irrigation frequencies

Concentration Recovery rate Root length Dry mass(root + rhizome + stolon)
(kg N ha?) % cm kg m= sail
0.00 74.61 19.3 27.79
42.19 81.90 19.3 23.65
63.28 83.23 19.1 21.42
105.47 85.59 175 19.35
126.56 84.61 14.9 17.31
Irrigation frequency
F1- Daily 82.10 17.6b 21.28b
F2 - Every 2 days 81.88 184 a 2252a
CcvC 131 0.2 0.53
oncentration 36.62** 279.801** 194.661**
requency 0.113 4467+ 22.93**
ot 1.631¢ 3.080* 1.098
CV (%) 2.48 1.96 3.75

Averages followed by the same letter in the column do ret éij Tukey’s test at 5% probabilit§* - Significant at 1%, * - Significant at 5%, ns - Not
significant.
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