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Abstract — Nitrogen is the nutrient that provides the best grass growth responses, and proper nitrogen fertilization
can enable the formation of sod in less time and firm enough to be handled after harvest. The aim of this study was
to evaluate production and nutrient extraction of Emerald zoysiagrass (Zoysia japonica Steud.) according to the splitting
of nitrogen doses. Treatments consisted of five doses (0, 150, 300, 450 and 600 kg ha!) divided in three or six
applications., The N dose of 400 kg ha-!, divided in four applications, provided the formation of Emerald zoysiagrass
sods six months after the previous sod harvest. Nutrient extraction by Emerald zoysiagrass occurs in the descending

order, at kg ha': N (207) > K (57) > (Ca) > S (27) > P (14) = Mg (14).
Keywords - Turf, nitrogen fertilization, percent ground cover, Zoysia japonica Steud.

Resumo — O nitrogénio ¢ o nuttiente que proporciona as maiotes respostas no crescimento das gramas e a adubagio
nitrogenada adequada pode proporcionar a formacio do tapete em menor tempo e firme para ser manuseado apos a
colheita. Objetivou-se com o trabalho avaliar a produgio e a extragdo de nutrientes pelos tapetes da grama Esmeralda
em func¢io do parcelamento de doses de nitrogénio. O experimento foi realizado em fazenda de produgio de grama,
em Itapetininga, SP. Os tratamentos foram constituidos por cinco doses de N: 0, 150, 300, 450 e 600 kg ha'!, divididos
em trés ou seis aplicacdes. A dose de 400 kg ha! N, parcelada em quatro aplicagdes, proporcionou a formagio de
tapetes de grama Hsmeralda, seis meses apés a colheita do tapete anterior. A extracdo de nutrientes pela grama
esmeralda obedece a seguinte ordem decrescente, em kg ha'': N (207) > K (57) > Ca (45) > S (27) > P (14) = Mg (14).

Palavras-chave - Gramado, adubagio nitrogenada, taxa de cobertura do solo, Zoysia japonica Steud.
90s, occupying an estimated growing area of 12,000 ha, with

5,000 in Sao Paulo state, concentrated mainly in the region
of Itapetininga.

INTRODUCTION

Emerald zoysiagtass (Zoysia japonica Steud.) can

form high-quality turf because of its great tolerance to high
temperatures, drought, pests, and trampling, especially when
compared with cold-season grasses (PATTON; REICHER,
2007). According to Zanon and Pires (2010), in the state of
Sao Paulo, Brazil, Emerald zoysiagrass has become a
synonym for turfgrass, as once was Bahia grass in the mid-

The growing demand of the consumer market
regarding the final quality of turfs are two of the main
factors driving producing areas, especially those near great
consumer centers. Among other expansion factors are the
development of new varieties, release of specific products
and machinery for turfs, adaptation and improvement of
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production techniques, implementation and maintenance of
turfs, and mainly fertilization (GODOY; VILLAS BOAS,
2005).

Though there are no official recommendations
with respect to fertilization for grass production, studies
conducted in the state of Sdo Paulo have indicated that N
doses of 310 to 408 kg ha~! would allow for the production
of Emerald zoysiagrass sods with sufficient resistance to be
handled after harvest (GODOY etal., 2007; BACKES et al.,
2009). Nitrogen doses between 354 and 365 kg ha™!
increased the resistance of bermudagrass (Cynodon dactylon
(Pers.) L) sods and thus their liftability after harvest, which
may thus provide a greater yield for the area (LIMA et al.,
2010). A N dose of 430 kg ha™! allowed the production of
St. Augustine grass sods resistant to harvest and transport,
in the period of ten months (GODOY; VILLAS BOAS;
BACKES, 2012).

Higher N doses may reduce the production time
of grass sods; however, excessive doses force the growth of
shoots over toots, thereby reducing the sod’s liftability after
the harvest (BACKES et al.,, 2009). Nevertheless, in the
reported experiments, the authors did not investigate the
splitting of nitrogen fertilization, which was divided into six
(GODOY et al., 2007), three (LIMA et al., 2010), or a single
application (BACKES et al, 2009). In the last case, it
fertilization ~ was  performed  with  uncomposted
sewage sludge as the N source.

Splitting high N doses (300 to 400 kg ha™!) into
few applications may damage the turf shoots or, mainly,
reduce the use efficiency of the nitrogen fertilizer. Backes et
al. (2010) concluded that only 26 and 15.5% of the applied
N was accumulated by FEmerald zoysiagrass when
uncomposted sewage sludge was applied in a single
occasion, at the doses of 100 and 400 kg ha! N,
respectively. In the USA, the commonly recommended N
doses for Z. japonica production do not exceed 60 kg ha™!
pet application (CHRISTIANS, 2011; TURNER, 2003).

Knowing the nutrient extraction properties of a
grass may make it possible to understand factors related to
the mineral nutrition of its crop, and consequently to
calibrate fertilizer doses for each species, thereby preventing
losses during fertilization.

The aim of this study was to evaluate the
production and extraction of nutrients by Emerald
zoysiagrass sod according to the splitting of nitrogen
applications. The methods of percent ground cover of the
turfgrass determination were also evaluated through digital
image analysis.

MATERIAL AND METHODS

The experiment was conducted on Itograss
Agticola farm, located in Itapetininga-SP, Brazil (23°91” S
and 48°03” W, 636 m). The area had been used for the
previous four years for commercial production of grass
mechanically harvested as sods.

The soil in the experimental area is a dystrophic
red Latosol (Haplortox) with a highly clayey texture,
according to the nomenclature given by the Brazilian Soil
Classification System of Embrapa (SANTOS et al., 2013).

The soil properties before the implementation of the
experiment were pH (CaClp) 4.4; 28 g dm™ organic matter;
10 mg dm™3 P (resin); 53, 0.2, 16, and 5 mmol. dm™
H*+AI*3, K, Ca, and Mg, respectively; and 28% base
saturation. The soil particle analysis revealed 373, 735, and
46 g kg™! sand, clay, and silt, respectively.

In the experiment, we used Emerald zoysiagrass
(Zoysia japonica Steud), a rhizomatous, stoloniferous species
whose sods produced can be harvested from the entire area,
since the sub-superficial rhizomes will ensure regrowth and
formation of new sod.

Liming was performed 30 days after the harvest of
the previous sod (HPS), by manually applying 3.6 Mg ha™!
dolomitic line (91% PRNT) on the soil surface, aiming to
increase base saturation to 70%. Basic fertilization was also
applied, using 500 kg ha™! of the 04-14-08 formula, on
topsoil, At 75 HPS, 70 kg ha~! KoO were added in the form
of KCI, totaling 110 kg ha™! K;O.

The experimental plots measured 2.5 X 5 m plus a
0.5 m border on the four sides of the plot, leaving a usable
area of 1.5 X 4 m. A randomized-block experimental design
was adopted, with four replications and treatments set in a
factorial arrangement with five N doses (0, 150, 300, 450,
and 600 kg ha™1) split into three or six applications. The N
source utilized was urea (44% N), applied manually on
topsoil, which was irrigated with a water depth of 6 mm until
24 h after application. Nitrogen fertilization in the three
plots was performed at 60 (Jan), 124 (Mar), and 227 (May)
HPS, and the application in six plots occurred at 60 (Jan),
90 (Feb), 124 (Mar), 197 (Apr), 227 (May), and 296 (Jun)
HPS.

The turf was spray-irrigated by a central pivot.
Frequency and depths were determined based on the
rainfall, applying a depth of approximately 6 mm whenever
necessary (two days without rainfall). Weed control in the
experimental area was carried out manually. Precipitation (in
mm) and maximum, mean, and minimum air temperature
(degrees Celsius), and potential evapotranspiration (in mm)
data from the municipality of Itapetininga (Figures 1 and 2)
were provided by the Integrated Agro-Meteorological
Information Center belonging to the Agronomic Institute
of Campinas (CIIAGRO, 2016).

Four cuts (124, 192, 227 and 296 HPS) were
performed to maintain the turfgrass at the appropriate
height (3 cm) using a mini tractor with mower. The clippings
were not collected and deposited on the turf.

Sods were harvested mechanically by a harvester
coupled to the tractor. One day before the harvest, the area
was irrigated and a road roller was driven on the area twice,
which is a common practice adopted by producers to enable
the harvest of sods with characteristics for sale (whole,
unbroken). Six 62.5 X 40 cm (dimensions used for the sale
of open sod pilled on pallets) sods were harvested per
replication and piled up next to the plot from where they
were cut. Sods were visually assessed to examine those that
broke during the handling from harvest to piling.
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Figure 1. Precipitation, potential evapotranspiration, and

irrigation in the municipality of Itapetininga as a function of

days after the previous sod harvest at the beginning of the

experiment. Source: CITAGRO (2016).
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Figure 2. Maximum, minimum, and mean temperatures in

the municipality of Itapetininga according to days after the

previous sod harvest at the beginning of the experiment.

Source: CITAGRO (2016).

The percent ground cover of the turfgrass was
evaluated by digital image analysis at 90 (Feb), 124 (Mar),
192 (May), and 296 (Sep) HPS. Digital images were obtained
using a Fauji FinePix 4700 digital camera with 2.4 MP zoom
(Fuji Photo Film Co. LTD.) fixed at the extremity of the
structure in an inverted “L” shape so that images were
obtained parallel to the turf surface, at the same height (1.6
m), avoiding the shadow of the photographer or any part of
the camera. This procedure provided a digital image
corresponding to the area, approximately 2 m2 Fach picture
was analyzed on Corel Photo Paint software v. 10.410,
which determines the number of pixels of a certain color,
according to adapted methodology of Richardson, Karcher
and Purcell (2001). In this way, the turfgrass percent ground
cover was determined by the methods of selection of pixels
with green and straw colors (PGC) or selection of pixels
with the ground color (PGCy), while the percent green
ground cover was obtained by selecting the green pixels
PGGC).

To determine the biomass, three samples of
turfgrass sod were collected per plot, each measuring 36.3
cm?, using a stainless steel tube (50 cm length X 8 cm
diameter). Samples were washed to remove any adhering

soil. Subsequently, the material was separated with tweezers
into roots, stolons, and leaves + stems. Each part was dried
in a forced-air oven for 72 h at 65 °C and then weighed to
determine the dry biomass. The obtained values were
converted to t ha™!.

After the dry biomass was determined, each plant
material was ground and sent to the laboratory for
determining the nutrient concentration, according to the
method of Malavolta, Vitti and Oliveira (1997). Nutrient
accumulation was calculated by multiplying the dry biomass
by the nutrient concentration of each patt (leaves + stem,
rhizomes, stolons, and roots) of the turfgrass.

The Shapiro-Wilk normality test was applied.
Results were subjected to analysis of variance, according to
the F test at the 5% probability level, and regression
equations were adjusted using SISVAR software version 5.6
(FERREIRA, 2011).

RESULTS AND DISCUSSION

Percent ground cover

At 90 HPS, the percent ground cover of the
turfgrass (PGC, PGCa, and PGGC) was influenced by N
doses (p<<0.05). Only one application of nitrogen had been
performed to that date, and so there was no effect of split
fertilization.

The quadratic model explained the vatiation in
percent ground cover, and the estimated N doses of 157,
167, and 156 kg ha™! provided PGC, PGC,, and PGGC of
89.5, 88.4, and 89.0%, respectively (Figure 3). The similar
cover percentages indicate that, at the highest N doses
applied, practically all grass covering the soil was green.

There was no leaf injury problem with the use of
the highest dose (200 kg ha™1), because it would result in a
lower PGGC compared with PGC or PGC,. In the USA,
the recommended N dose for turf formed with Z. japonica
should not exceed 50 kg ha™! per application (CARROW,;
WADDINGTON; RIEKE, 2001).

Percent ground cover

20 °

PGC (y = 52,356 +0,4878***x- 0,00156***,¢: R? = 0954; Max= 157 kg ha™)
O PGC2(y = 46,803 +0511%**x - 000153**¢&; RZ=0,975; Max=167kg ha™))

¥ GGCR (y = 29,367 + 07630 - 0,00244%*+¢; RZ = 0,048; Max =157 kg ha))
0+ " " " T : ) }

0 25 50 75 100 125 150 175 200

N dose, kg ha'l
Figure 3. Percent ground cover (PGC and PGC;) and percent
green ground cover (PGGC) of Emerald zoysiagrass (Zoysia
Jjaponica) according to N doses, at 90 HPS. *** - significant
by ttest at p<0.001.
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By the moment the nitrogen fertilizer was applied,
the turfgrass covered around 41.9% of the soil, and this may
be the reason why there was no leaf injury problem, at the
highest dose. The use of lower doses per application may be
linked to reduced chances of losses through leaching and
may not provide fast shoot growth, requiring greater man
labor for mowing. At the lower N doses (0 and 25 kg ha™1),
the difference between PGC or PGC; and PGGC is related
to the N deficiency in these plots, which makes the leaves
yellowish and gives their ends a straw color, which are not
considered in PGGC.

Regarding the turfgrass that did not receive
nitrogen topdressing, there was a 41.4% increase with the
application of the highest N dose, which emphasizes the
importance of applying this nutrient during this phase of
rapid growth, with high temperatures (Figure 2) and good
rainfall rates (Figure 1). Godoy et al. (2007) did not obtain
an increase in PGC in Emerald zoysiagrass, from 71 to 116
HPS, due to the climatic conditions (low temperature and
shorter photoperiod). According to Wei, Zhou and Li
(2008), Zoysia must not be fertilized until the average night
temperature reaches 10 °C or more.

With this result, the decision for the N dose to be
utilized according to the speed of formation of the desired
sod can be adopted 60 days after the harvest according to
the market’s demand for turfgrass sods. If the demand is
high, up to 160 kg ha™' N can be applied, aiming to reach
85% to 90% ground cover, but at a low demand, 25 to 50
kg ha™! can be applied to reach a ground cover of 67 to 74%,
from 40% ground cover.

At 124 HPS, there was an effect of N doses
(p<0.05) on all percent ground covers (PGC, PGC,, and
PGGC) and of number of applications for PGC (p<0.05).
On that date, the turfgrass that would receive the N dose
split into six applications had received two, while the
turfgrass that was to receive the dose into three applications
had received only one. Additionally, on that day there was a
significant interaction between number of applications and
N doses, due mainly to the turfgrass that received 50 kg
ha™!, in which application divided into two occasions
allowed for a ground cover of 86.8% (PGC), while the same
dose applied in one single occasion allowed the turfgrass to
cover 79.1% of the ground (Figure 4). In the grasses from
the other treatments (which received more than 50 kg ha™!
N), the difference in percent ground cover was too small for
splitting the dose in one or two applications. The quadratic
adjustment allowed for the calculation of the N doses of 184
and 189 kg ha™! for PGC, at 124 HPS, for 3 and 6
applications, respectively (Figure 4). In the USA,
recommended N doses for Z. japonica production typically
do not exceed 60 kg ha™! per application (CHRISTIANS,
2011).

The quadratic adjustment of PGCzand PGGC as
a function of N doses allowed us to calculate the N doses of
167 and 170 ha™!, which provided the highest cover
percentages (Figure 5) at 124 HPS, which are slightly below
the values calculated for PGC and close to those adjusted at
90 HPS.

120

®  3x [y=66530 +0312%**x - 0,000828***x%; R = 0,096; Max = 189 kg ha™}]
110{ ¥ 6x[y= 68779 +0312%%* x - 0000846**x? ; R =0945; Max = 184 kg ha™' ]

100 -
90 -

80 -

Percent groun cover

70 A

60 -

50

o
o 4+
0

50 100 150 200
N dose, kg ha't
Figure 4. Percent ground cover (PGC) of Emerald
zoysiagrass (Zoysia japonica) according to N doses, at 124
HPS; 3x — N dose split in three times; 6x - N dose split in six
times; **, *** _ significant by ¢ test at p<0,01 and p<0,001,
respectively.

120
O PGC2[y = 5653+ 0514x - 0,00154***x% R = 098; Max = 167 kg ha™}]

100 ¥ OGCRI[y=3073+0795x- 0,00233***x2; R2 = 0,98; Max = 170 kg ha™}] L
80 |

60 -

40 4

Percent ground cover

20 A

0 50 100 150 200

N dose, kg ha'l
Figure 5. Percent ground cover (PGC;) and percent green
ground cover (GGCR) of Emerald zoysiagrass (Zoysia
japonica) according to N doses, at 124 HPS. *** - significant
by ¢test at p<0.001.

Although the turfgrass that received over 150 kg
ha™! covered 97 to 99% of the ground, with over 95.5%
green turfgrass, at 124 HPS it was not possible to harvest
the sods, because 100% coverage is required. Small flaws in
ground cover may lead to breakage of the sod structure
during harvest, or during handling for carrying, resulting in
a decline in yield (number of sods per hectare).

At 192 HPS, all cover percentages were influenced
by N doses (p<0.05), with a significant effect of split
applications (p<0.05) only on PGC,, in which application
split into four occasions provided a higher PGC, than when
the turfgrass received N in two applications (97.2%). The
accumulated N doses split into two or four applications, at
up to 192 HPS, were 100, 200, 300, and 400 kg ha~!. There
was no significant interaction between doses and splitting.

The quadratic adjustment of PGC, PGC,, and
PGGC as a function of N doses indicated N doses of 309,
290, and 301 kg ha~!, which made it possible to achieve the
highest cover percentages (Figure 6). In theory, at 192 HPS,
according to PGCy, the grasses fertilized with the highest
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doses (> 300 kg ha™!) could be cut into a sod, with a PGC»
of 99.6 to 99.9% and with 94.4 to 96.0% green cover, in the
turfgrass for which the dose was split into four applications.
Similarly, Backes et al. (2009) evaluated the use of sewage
sludge for production of Emerald zoysiagrass sod and found
that at 165 days after application of 31 Mg ha™! of sewage
sludge (corresponding to 300 kg ha™! available nitrogen) it
resulted in 99.9% of the ground covered, with sods ready
for harvest.

Therefore, the N dose of 400 kg ha™!, split into
four applications, at up to 196 HPS, allowed the harvest of
the Zoysia japonica cv. Esmeralda grass sod in six months
after the harvest of the previous sod. Pimenta (2003)
mentioned the average time of 12 months for the harvest of
Emerald zoysiagrass in Brazil, whereas Koske (1994)
reported a period of 11 to 18 months for the formation of
Zoysia grass in Louisiana State, South Central USA.
According to Turner (2003), the right management of N in
turfgrass production can reduce the harvest time and
increase the turfgrass density and its ability to withstand
invader plants and recover from stresses. However, as stated
by Koske (1994), the use of higher doses and the too fast
formation of the sod may compromise liftability (ability to
be handled) by reducing the growth of rhizomes, the main
factor responsible for the sod resistance (CHRISTIANS,
2011).

At 296 HPS, the effect of N doses on PGC, PGCo,,
and PGGC was significant (p<<0.05); however, no effect of
splitting was observed on percent ground cover (p>0.05).
Although there was a good quadratic adjustment of the
percentages in relation to N doses, the use of adjusted
equations may lead to mistaken conclusions, regarding the
higher doses utilized, because their increase in comparison
with those observed at 192 HPS was minimal (less than 2%)
for an N addition of 150 to 200 kg ha~! (Figure 7). The low
response can be explained by the fact that the turfgrass that
had received more than 300 kg ha™! had already covered
around 98% of the ground, and the maximum possible
increase could only be 2%. Therefore, the other N
applications in these plots, respectively, of the N doses of
450 and 600 kg ha™!, might have not been necessary, or a
lower dose could be adopted.

From 97.3 to 98.8% ground cover at 192 HPS, the
turfgrass fertilized with 200 kg ha™! N had covered 99.9%
of the ground at 296 HPS with the dose of 100 kg ha™1,
which was split into two applications or applied at once.
Therefore, for the turfgrass that had already covered 99.5%
of the ground (which received more than 300 kg ha™! up to
192 HPS), the necessary dose at 192 HPS did not need to
be greater than 100 kg ha™!. Splitting the dose into two 50
kg ha™! applications could be advantageous to reduce the
risks of leaf burning, since Zoysia_japonica grass production
becomes apparent at the percent ground cover (PGCy) of
66.1% at 296 HPS, and only 9.1% of green cover in the
turfgrass not fertilized with N.

At 311 HPS, sods were harvested and only the turf
that had not received topdressing was not able to form sod.
The turf that received 150 kg ha~! N split into three or six
applications, despite forming the sod, produced some that

wound up breaking during harvest and became unusable for
sale. The turf from the other treatments formed sods
without losses due to breakage.

140
®  PGC [y= 7507 +0,159%**x - 0,00026%**x% R? = 0,941; Max = 309 kg ha'}]

120 O PGC2 [y = 68,08 + 0,24***x - 0,00042***x2; R2 = 0,936; Max = 290 kg ha™1 ]

¥ GGCR [y= 1454 +055***x - 0,0009*** ; R?=0963; Max =301 kgha'l]

Percent ground cover

0 1(;0 2(;0 360 400

N dose, kg ha':L
Figure 6. Percent ground cover (PGC and PGC3) and percent
green ground cover (GGCR) of Emerald zoysiagrass (Zoysia
japonica) according to N doses, at 192 HPS. *** - significant
by ¢test at p<0.001.

140

®  PGC [y= 7214+ 0147+ - 000017***x2; R2 = 0,907; Max = 422 kg ha™]
120 |© PGCaIy=6980+0173%- 0,00021***x2; R2 = 0,868; Max = 407 kgha'1 ]
¥ GGCR [y = 11,20 + 0,35***x - 0,00034***x2; R = 0993; Max = 492 kg ha™1 |

100 4 )
80 -

60 - v

Percento ground cover
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0 150 300 450 600

N dose, kg ha'1
Figure 7. Percent ground cover (GCR) and percent green
ground cover (GGCR) of Emerald zoysiagrass (Zoysia
Jjaponica) according to N doses, at 296 HPS. *** _ significant
by ¢test at p<0.001.

As previously discussed, nitrogen fertilization is
determined by the market demand. Under regular sod
demand conditions, a N dose of 75 kg ha™! can be applied,
enabling the production of Zgysia japonica grass. When
demand is low, N topdressing can be performed with three
applications of 50 to 100 100 kg ha™!, but the sod
production time may be longer than 10 months.

Comparing the two methods for determining the
percent ground cover, using the coefficient of variation
(CV) — which, according to Zimmermann (2014), provides
an estimate of the method precision —, we can conclude that
at the beginning of the cycle, at 90 and 124 HPS, when the
grass has not entirely covered the ground, PGC seems to be
a little more precise (CV = 3.4%) than PGC, (CV = 4.4%)
and PGGC (CV = 9.4%). As for the other dates to evaluate
the percent ground cover, PGCais a little more precise (CV
= 0.4%). Addressing the other percent ground cover
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evaluation methods, Richardson, Karcher and Purcell
(2001) found that digital image analysis is 153 more times
more precise than the method of evaluation by visual rates
and 20 times more precise than the intersection method.

Dry biomass and macronutrient accumulation in
leaves + stems, rhizomes + stolons, and roots

For the dry biomass of the turf parts, only an
influence of N doses was detected (p<<0.05), and no effect
of N dose splitting was observed. The quadratic model
explained the variation in total, rhizome + stolon, and leaf
+ stem biomass according to N doses (Figure 8).

Because root and rhizome production in the
turfgrass sod production system is more important, as these
components provide greater structure and resistance for the
sod to be handled after harvest (CHRISTTIANS, 2011), we
can assume that the N dose of 400 kg ha™! is adequate, since
it provided maximum root an rhizome production (Figure
8). Backes et al. (2013) obtained maximum sod resistance
with the estimated composted sewage sludge dose of 46.9
Mg ha™! (corresponding to approximately 469 kg ha™! N).

Doses greater than 400 kg ha™' can result in
decreased production of rhizomes, stolons, and roots
(Figure 8) and an increase in leaf + stem production (up to
the dose of 450 kg ha~1), which, according to Nobile, Nunes
and Neves (2014), is not favorable from the economic
perspective, since there will be excess leaf growth, which
increase the need mowing and consequently nutrient
extraction.

The amount of macronutrients accumulated in
leaves + stems, rhizomes + stolons, and roots of Emerald

zoysiagrass varied according to N doses (p<0.05). Splitting
the doses into three applications provided the highest
amount of Ca in leaves + stems; P, K, and Ca in the
rhizomes + stolons; and P and Ca in the roots than when
the dose was split into six applications (Table 1).

The amount of N accumulated in the rhizomes +
stolons and leaves + stems increased linearly with the N
doses, whereas the quantity of other accumulated
macronutrients was adjusted according to the quadratic
model (Figure 9). Because this is the nutrient required in the
largest quantity by the crop, the higher amount applied
provided greater leaf growth, thereby increasing dry biomass
production and nutrient extraction.

®  Roots (y = 1,161+ 0,0048** x- 0,000006**x; R%= 0,716;Max=396 kg ha™L)
20 1 0 R (y=2286+00014** x- 0,000017+* R2=0885; Max=408kg ha'l)

¥ L+S(y = 1658+ 0,0026%**x- 0,000020**% ; RZ = 0.974:Méx=452 kg haL)
Total (y = 5,103+ 0,0449**x - 0,000052%** x4 R= 0,928; Méx=431 kg ha ™)

[
3
L

10 A

Dry matter, t ha'l

0 100 200 300 400 500 600

N dose, kg hal
Figure 8. Biomass of roots, rthizomes + stolons (R + S), leaves
+ stems (L + S), and total biomass accumulated by Emerald
zoysiagrass (Zoysia japonica) according to N doses, at 296
HPS. *** _ significant by ¢ test at p<0.001.

Table 1. Amount of macronutrients accumulated in Emerald zoysiagrass (Z. japonica) according to N doses, at 296 HPS.

Accumulated macronutrient

Treatment N P K Ca Mg S
kg ha™!
Rhizomes and stolons
3x 51.5 aA 3.82A 13.52A 8 aA 3.32A 6.2 aA
6x 46.5 aA 2.8 bA 10.9 bA 7 bA 2.8 aA 6.0 aA
Control 8.9B 1.8B 72B 3.5B 1.2B 21B
Roots
3x 13.8 aA 1.4 aA 3.52A 5aA 1.2 aA 2.3 aA
6x 11.1 aA 1.0 bB 3.0 2aA 4 bAB 1.0 aA 1.92A
Control 4.6 B 0.6 C 1.7B 34B 0.5B 0.9 B
Leaves and stems
3x 86.6 aA 8.7 aA 39.2 aA 32 aA 8.9 aA 17.5 aA
6x 80.7 aA 8.4 aA 35.1 aA 26 abA 8.1 aA 15.1 aA
Control 113 B 22B 104 B 7.8 B 1.4 B 2.7B
Total
3x 154.9 aA 13.9 aA 56.1 aA 46 aA 13.4 aA 25.9 aA
6x 138.3 aA 12.2 aA 48.9 aA 38 aA 11.9 aA 23.0 aA
Control 247 B 45B 19.2 B 147 B 32B 57B

Means followed by common lowercase letters in the column do not differ between the split applications, by Tukey’s test at 5%. Means followed by
common uppercase letters in the column do not differ between the split applications and control, by Tukey’s test at 5% significance.
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Figure 9. Accumulation of N, P, K, Ca, Mg, and S in roots, thizomes + stolons (R + S), and leaves + stems (L + S) of Emerald
zoysiagrass (Zoysia japonica) according to N doses. *, ** **¥* _ sionificant by ¢test at p<0,05, p<0,01 and p<0,001, respectively.

The total N accumulated in the plant parts was
215.3 kg ha™! with the maximum applied dose (600 kg ha™!
N). Lima et al. (2015) also found a linear increase in the
amount of N accumulated in the parts of bermudagrass as a
function of N doses, with a N accumulation of 184 kg ha™!
at the dose of 600 kg ha™! of this nutrient. Of the studied
doses (150, 300, 450, and 600 kg ha™! N), plants recovered
59, 43, 32, and 36%, respectively. It should be stressed that,
in our experiment, the clippings (from mowing) were not
quantified, although they also represent nutrient export,
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since they are taken from the area. Backes et al. (2010) found
that clippings exported 92 kg N ha~! when the sewage
sludge dose of 40 Mg ha™! was added. For bermudagtrass,
Lima et al. (2015) obtained 204 kg ha™! N after applying the
N dose of 600 kg ha™!. This greater extraction by
bermudagrass is explained by its greater growth and
consequent larger amount of accumulated biomass (5.567
kg ha™1).

According to the adjusted equation (444 kg ha™!
N), the maximum amount of P accumulated in the grass was
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14 kg ha"!. Higher N doses provided lower nutrient
accumulation, because they also reduced the dry biomass of
rhizomes, stolons, and roots. For bermudagrass, 16 kg ha™!
was extracted in the treatments that received 600 kg ha™!' N
and 80 kg ha™! P05 (LIMA et al,, 2015). According to
Vietor et al. (2004), the P transported with the sod can
improve the fixation rate, recovery, and quality of turfs
when the harvested sod is transplanted.

The maximum amount of K when the sod was
removed was 54 kg ha™!, at the estimated N dose of 390 kg
ha~!. Considering the amount of K applied, there was a 61%
use rate. Potassium is the second larger used nutrient by
grasses, and its importance in production, according to
Godoy et al. (2007), lies mainly in the economy of irrigation
water, since plants well-nourished with K lose less water by
transpiration.

The maximum Ca, Mg, and S values accumulated
and removed by Emerald zoysiagrass with the sod,
according to the adjusted equations, were 45, 14, and 27 kg
ha™1, at the N doses of 518, 450, and 497 kg ha™!
respectively.

CONCLUSIONS

The N dose of 400 kg ha™! split into four
applications monthly, provided the highest number of
Emerald zoysiagrass sods formed, six months after the
previous sod had been harvested.

Nutrient extraction by Emerald zoysiagrass occurs
in the following descending order, in kg ha™!: N (207) > K
(57) > Ca (45) > S (27) > P (14) = Mg (14).

The evaluation of percent ground cover by
turfgrass by digital image analysis was accurate.
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