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Abstract
‘Barazur’ or DiscoveryTM (Cynodon dactylon) is a new variety of Bermuda grass that has slow vertical growth and a bluish-green 
colour, and the use of sewage sludge in implantation of this species may be an alternative for its sustainable cultivation, without need 
for chemical fertilizers. Thus, the objective was to evaluate the influence of sewage sludge compound on colour and development 
of Bermuda grass DiscoveryTM. The experiment was conducted in the field with sod  implanted in black plastic containers (volume 
8.46 L) filled with soil + sand (1:1) and added different dosages of sludge compost, being: 0 g L -1 (control), 30 g L-1, 60 g L-1 and 
120 g L-1. Digital image analysis, fresh and dry leaf mass, Nitrogen leaf and Nitrogen leaf accumulation were evaluated. It was 
observed that the sewage sludge influenced on turfgrass colouring and development, where 30 g L-1  showed excellent results for 
colouring with less mass production and N accumulation than the highest dose, showing that this treatment is sufficient for lawn 
development, without the need of using higher concentrations of compound. It is concluded that the use of composted sewage 
sludge at a dose of 30 g L-1 is recommended for use in implantation of Bermuda grass DiscoveryTM.
Keywords: Cynodon dactylon, ornamental lawn, organic fertilization, aesthetic quality.

Resumo
Composto de lodo de esgoto na coloração e desenvolvimento da grama bermuda 

‘Barazur’ ou DiscoveryTM (Cynodon dactylon) é uma nova variedade de grama bermuda que apresenta lento crescimento vertical e 
coloração verde-azulada, sendo que o uso de lodo de esgoto na implantação dessa espécie pode ser uma alternativa para seu cultivo 
sustentável, sem necessidade de uso de fertilizantes químicos. Assim, objetivou-se avaliar a influência do composto de lodo de 
esgoto na coloração e desenvolvimento da grama bermuda DiscoveryTM. O experimento foi conduzido a campo com tapetes de 
grama implantados em recipientes de plástico preto (volume 8,46 L) preenchidos com solo + areia (1:1) e adicionado diferentes 
dosagens de composto de lodo, sendo eles: 0 g L-1 (testemunha), 30 g L-1, 60 g L-1 e 120 g L-1. Avaliou-se análise por imagem digital, 
massa fresca e seca das folhas, N foliar e acúmulo de N nas folhas. Observou-se que o lodo de esgoto influenciou na coloração e 
desenvolvimento do gramado, onde 30 g L-1 apresentou excelentes resultados para coloração e sua produção de massa e acúmulo 
de N foi menor que a maior dose, mostrando que essa dose já é suficiente para desenvolvimento do gramado, sem necessidade de 
uso de maiores concentrações do composto. Conclui-se que o uso de lodo de esgoto compostodo na dose de 30 g L-1 é recomendado 
para uso na implantação de grama bermuda DiscoveryTM.
Palavras-chave: Cynodon dactylon, gramado ornamental, adubação orgânica, qualidade estética.
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Introduction

During the last few years, ornamental lawns have 
assumed a prominent place in the world, mainly due to 
their admirable aesthetic value (Oliveira et al., 2018). In 
this way, visual aspect, such as the intense green colour and 

density (closed lawn, without flaws) is vitally important for 
acceptance and choice of species to be implanted (Gazola 
et al., 2016; Santos et al., 2019).

In Brazil, the most cultivated and used grass for 
ornamental purposes is Zoysia grass (Zoysia japonica) 
(Godoy et al., 2012). However, due to great market 
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availability of new varieties, landscapers have been looking 
for alternative species to complement projects, mix shades 
of green and that require little maintenance (Souza et al., 
2016; Souza et al., 2020; Qually Grama, 2020).

Aiming this need, DiscoveryTM (or ‘Barazur’) is a new 
variety of Bermuda grass (Cynodon dactylon) (Bruijn, 2012; 
Khanal et al., 2017), recently launched in Brazil and has 
some specific characteristics. Its colouring is differentiated, 
presenting a bluish-green, which is attractive to ornamental 
sector; it has a slow growth rate, with pruning requirements 
75% less than conventional Bermuda grass and 50% less 
than Zoysia grass, which reduces maintenance costs. In 
addition, it has good cold tolerance and drought resistance, 
making it recommended for residential gardens, parks and 
commercial use (Qually Grama, 2020). By current scenario 
of sustainable cultivation, issues related to the use of 
organic compounds in lawns have become an alternative 
to mineral fertilization, especially the use of composted 
sewage sludge (Backes et al., 2017).

The installations of Sewage Treatment Plants 
(STPs) have proven to be a viable alternative to reduce 
environmental impact on water bodies in large cities. 
However, with population growth of urban centres, the 
generation of sewage sludge has increased considerably, 
compelling sanitation companies and authorities to search 
for alternatives for its use, as the disposal of sludge in 
landfills represents between 30% and 40% operating costs 
of sanitation companies (Gomes et al., 2017).

Thus, the use of sanitized sewage sludge has been an 
alternative, as this is a solid residue with high content 
of organic matter and considerable levels of macro and 
micronutrients that enable improvement of soil physical 
and chemical properties resulting in an agricultural input 
of good quality (Godoy et al., 2012; Backes et al., 2017; 
Mota et al., 2019). Due to its high nitrogen content (2-3%), 
it provides greater development for lawn, increasing green 
colour, resistance and soil cover rate (Godoy et al., 2012; 

Mota et al., 2019). However, the resolution of the National 
Environment Council – CONAMA n°. 375/2006 (Conama, 
2006) prohibits the use of sludge in crops whose edible 
part is in contact with the soil, being an option for turfgrass 
areas.

Nobili et al. (2014) obtained good responses for 
development of Bermuda grass with application of sewage 
sludge, and proved to be an alternative for waste disposal, 
as it fulfils environmental and economic requirements. 
Mota et al. (2019) in work with sewage sludge in Zoysia 
grass observed that it provided an adequate supply of 
nutrients to lawn, when applied in a single dose of 30 Mg 
ha-1. However, there are no indications of the best dose to 
be used in each cultivar of grass, so it is necessary to obtain 
research to supply this demand. Thus, the objective was 
to evaluate the influence of sewage sludge compound on 
colour and development of Bermuda grass DiscoveryTM.

Material and methods

The experiment was performed in full sun, in an 
experimental area, in the Northwest region of São Paulo 
state from May to August 2019. According to the Köppen 
classification, the climate of region is Aw type, characterized 
by rainy season in summer and dry in winter, defined 
as tropical humid. During evaluation period the mean 
temperature was 24.1 ºC, with mean relative humidity of 
64.15% and accumulated precipitation of 67.5 mm.

For experiment installation, DiscoveryTM Bermuda 
grass was acquired in rug form, cut and implanted in black 
polyethylene containers (47.5 cm x 17.5 cm of top part, 
41.5 cm x 11.3 cm of bottom, 15.5 cm of height, 8.46 
L of volume). They were filled with soil + sand (1:1) as 
substrate and added sewage sludge organic compost (when 
preparing the substrate) coming from a treatment station 
from the interior of São Paulo state. The chemical analysis 
of compost was shown in Table 1. 

Table 1. Chemical analysis of sewage sludge.

N P2O5 K2O Ca Mg S Humidity O.M. O.C.

----------------------- g kg-1 (in natura) -------------------- % g kg-1 dry

28 35 1.0 15 4.0 4.0 21 370 260

Na B Cu Fe Mn Zn C/N pH

---------------------- mg kg-1 (in natura) ---------------------- in natura

1,132 145 185 33,793 259 701 7/1 5.8

 
O.M. - Organic matter, O.C. – organic carbon

The Treatments were defined by dosages of sludge 
compound, being: 0 g L-1 (control), 30 g L-1, 60 g L-1 and 
120 g L-1 (corresponding to application in 0, 0.84, 1.68, 
3.36 g N L-1, respectively). The experimental design used 
was completely randomized with 5 replicates. Irrigation 

management was daily until substrate saturation, in order to 
ensure that the water factor did not interfere in the results.

On July 3th 2019 (45 days after installation), photographs 
of the area were taken with a 13 Mp camera at a distance 
of 1 m. The images were transferred to a computer and by 
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Adobe FireworksTM program RGB value (Red, Green and 
Blue) were generated.

As only green (G) component does not define green 
colour, depending also on red (R) and blue (B) components, 
the results were compiled into an electronic spreadsheet in 
MS ExcelTM and converted to HSB (hue, saturation and 
brightness), according to the methodology described by 
Godoy et al. (2012).

After obtaining HSB values, Dark Green Colour Index 
(DGCI) was calculated according methodology cited by 
Karcher and Richardson (2003). Through RGB values 
found, it was possible to identify the colour code, given by 
the hexadecimal colour system. This format is characterized 
by the code #RRGGBB, where RR is the value of red (using 
two hexadecimal digits), GG is the value of green and BB 
the value of blue, and the codes vary from 00 to FF

Fresh and dry mass of leaves was collected after cutting 
97 days after installation. The cut is carried out with 
scissors, manually, and the every leaves are removed from 
each treatment, and were packed in identified paper bags 
and weighed to determine fresh mass. And after allocating 
the samples in an oven at 60 ºC for 72 h, the dry mass was 
determined.

The nutritional analysis of nitrogen leaf was according 
to methodology of Malavolta et al. (1997) and later it 
was multiplied by dry mass to obtain the accumulation of 
nutrient in leaves.

The data were submitted to analysis of variance (F 
test), at 5% significance level. When relevant, the means 

were compared with the Tukey test at 5% significance 
or probability, using Sisvar program for data analysis 
(Ferreira, 2019), and Pearson’s correlation analysis 
between variables was performed.

Results and discussion

The results indicate that there was significant difference 
(1 and 5%) for all traits assessed by digital image analysis 
(Table 2), showing that doses of sewage sludge influenced 
the colour of Bermuda grass DiscoveryTM.

As each of three primary colours (RGB) may 
have values from 0 to 255 (256 probable results), the 
combination of them results in 16,777,216 of possible 
colours (Lima et al., 2012), with each component 
stands out in greater result depends on the main primary 
colour. In the present study, among RGB results, green 
showed higher values, followed by blue and lastly red, 
thus indicating that lawn is more bluish-green in colour, 
regardless of sludge dose used.

However, the value for green component was higher for 
control, differing from all other treatments, where 120 g L-1 
showed the lowest index. In this case, only green component 
does not present the actual lawn colour, depending also 
on values of blue and red (Godoy et al., 2012). Thus, the 
analysis by digital image only for the RGB values is not 
well represented, depending on the other variables of HSB 
colour system, as also observed by Gazola et al. (2016) in 
colour evaluation in Zoysia grass.

Table 2. Analysis by digital image of Bermuda grass DiscoveryTM as a function of concentrations of sewage sludge 
composted in substrate. R: Red, G: Green, B: Blue, DGCI: Dark Green Colour Index.

Treatments
R G B Hue Saturation Brightness DGCI

------------- Admin. --------- ( º ) --------- % ---------- Admin

0 g L-1 105 a 169 a 136 a 149 b 38.16 b 66.28 a 0.82 b

30 g L-1 52 b 128 b 97 b 155 a 59.73 a 50.20 b 0.83 ab

60 g L-1 51 b 106 c 80 b 153 ab 56.17 a 41.57 c 0.86 a

120 g L-1 47 b 121 bc 94 b 157 a 58.75 a 47.35 bc 0.85 ab

CVC 20 21 23 5 10.58 8.04 0.04

CV (%) 20.23 10.16 14.94 2.11 12.91 10.16 2.82

F 17.94** 16.44** 10.25** 3.64* 8.71** 16.44** 2.62**
Averages followed by the same letter in the column does not differ by Tukey test (p> 0.05). CVC – Critical Value for comparison. CV - coefficient of 
variation. ** - significant at 1% by the F test; * significant at 5% by the F test.

The hue shows monochromatic colour, expressing pigment 
in a number between 0° and 360° (Figure 1), essentially an 
angle around the chromatic circle, and so depending on the 
angle, a colour variable (like a rainbow) is expressed that 
varies from red (0º), yellow (60º), green (120º), cyan (180º), 
blue (240º) and magenta (300º) (Godoy et al., 2012).

Lawn studies indicate hue results ranging from 60 to 
120º, where closer to 120º the lawn is greener intense, while 
closer to 60º more yellow (Backes et al., 2010; Lima et al., 
2012; Gazola et al., 2016). These values are related to grass 

nutrition, as in adequate fertilization program lawn has an 
intense green colour and a yellowish-green when deficient 
(Godoy et al., 2012). However, in the present study, the values 
ranged from 149° to 157º, above the maximum for green 
(120º), thus indicating that Bermuda grass has a different 
coloration in relation to other species, being in a scale from 
green (120º) to cyan (180º). The result corroborates with the 
description of being a dark blue-green coloured lawn, which 
was portrayed through an RHS colour chart of the Royal 
Horticultural Society of London (Bruijn, 2012).
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Values close to 60º present more yellowish colour of 
lawn, as previously described, which is not aesthetically 
pleasing for ornamental species (Gazola et al., 2016). 
However, in the present study, no treatment presented this 
result, indicating that control, which had the lowest value 
(149º), is possibly well nourished, and this variable can be 
an excellent option for estimating grass nutritional status. 
Backes et al. (2010) in an experiment with sewage sludge 
in Zoysia grass, concluded that the hue may serve as an 
index to assist in fertilization recommendation. Agati et al. 
(2015) also observed a good relationship between hue of 
Zoysia grass ‘Tifway 419’ and N doses, where the gradual 
increase of the nutrient provided higher hue values.

Regarding saturation, significant difference was 
observed, where only treatment that received no dose of 
sludge (0 g L-1) showed lower result and differed from 
all other treatments. According to Godoy et al. (2012), 
saturation shows how vivid (or intense) the resulting colour 
will be, ranging from 0% to 100%, where 100% saturated 
colour will be vivid and strong, whereas 50% colour will 
be more subtle tone and a desaturated colour will be more 
greyish. Thus, in the present study, doses from 30 g L-1 of 
sewage sludge are sufficient to provide greater vivacity or 
greenness to the lawn.

Brightness (also called value), describes how light or 
dark resemble a colour, and refers to the amount of perceived 
light and is also measured in a percentage from 0 to 100, 
where the higher percentage, the greater the brightness of 
colour (Godoy et al., 2012). Thus, 0% would be completely 
black and 100% completely white. As a result, a lawn 
that has green colour, when mixed with white, results in 
a lighter green, and when mixed with black, darker green, 
thus denominating the colour tone (Backes et al., 2010; 
Lima et al., 2012; Gazola et al., 2016). The results of the 
present study showed that sludge positively influenced 
the brightness of the Bermuda grass DiscoveryTM, where 
control differed from all other treatments, and presented 
lighter shade, while 60 and 120 g L-1 doses are statistically 
equal showing darker shade, which can be widely desired 
for ornamental lawns

For DGCI it is possible to observe the influences of 
alterations in lawn visual quality, where control presented 

lower index. This variable was essential to prove that the 
compost when used, accurately reflected the dark green of 
lawn. Higher DGCI values reflected more intense colour, 
which is aesthetically pleasing (Lima et al., 2012; Gazola 
et al., 2016).

The results of DGCI (Table 2) were above the adequate 
value (0.63) for Bermuda grass mentioned by Godoy et 
al. (2012). This is due to sewage sludge presenting 2.8% 
N (28 g Kg-1) in its composition, and thus higher doses 
were able to provide higher concentrations of the element 
to the substrate (where 60 and 120 g L-1, contained 1.68 
and 3.36 g N L-1 respectively). According to Gazola et 
al. (2016), N is the nutrient required in greater quantities 
by turfgrass, being mainly part of chlorophyll molecules, 
which for Taiz et al. (2017), are composed of a central 
atom, composed by magnesium and linked to four others 
nitrogen. Therefore, higher its concentration, greener the 
lawn will be (Godoy et al., 2012; Santos et al., 2019). 
Thus, there is a correlation between chlorophylls and 
lawn nutrition (Santos and Castilho, 2015; Oliveira et al., 
2018; Santos et al., 2019), implying that in the present 
study, treatments that received doses of sewage sludge are 
better nourished than control.

Thus, experiments with digital image analysis are 
efficient to estimate the nutritional status of the lawn 
(Zhang et al., 2017), especially with regard to nitrogen, 
and corroborate the studies that correlate this analysis with 
nitrogen doses by Backes et al. (2010), Lima et al. (2012), 
Agati et al. (2015) and Gazola et al. (2016).

As the doses of sewage sludge had an influence on lawn 
colour (Table 2), the visual aspect might be evident, where 
the images demonstrate this result (Figure 2).

The photos show the exact colour found in each treatment, 
as well as the colour code generated. The values   observed 
in Figure 2, one of the more 16 million colours available, 
described previously and are expressed in hexadecimal 
form. Thus, in the present study, the generated codes are 
the combination of the RGB components found in Table 
2, and it is evident that even presenting visually similar 
colours, they differ with the sewage sludge concentrations, 
where control was the only one to present a visually lighter 
blueish-green colour than the other treatments (Figure 2).

Figure 1. Hue values: red (0º), yellow (60º), green (120º), cyan (180º), blue (240º) and magenta (300º).  
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Figure 2. Visual aspect of Bermuda grass DiscoveryTM due to the use of  

sewage sludge doses and colouring found with its respective code.

The results of lawn growth showed that only nitrogen 
content did not present statistical difference between 
the evaluations (Table 3). For fresh and dry mass with 
the increase of the sludge doses, an increase in the mass 
production was observed, where 120 g L-1 presented 
the highest value for two analysed variables, while the 
control the lowest result. Sludge, as it is composed of a 
high content of N (28 g Kg-1) (Table 1) (Godoy et al., 
2012), caused higher concentrations of this nutrient to 
stimulate grass vegetative growth (Taiz et al., 2017; Zhang 
et al., 2018). However, the greater the amount of mass 
produced, the greater the cost for cutting maintenance, 

with expenses for machinery, operators and fuel (Santos 
et al., 2016).

The effect of sewage sludge doses increasing on mass 
production was also observed in works with Bermuda 
grass performed by Nobili et al. (2014) and Zoysia grass by 
Backes et al. (2017) and Mota et al. (2019). However, the 
values found in the present study are lower than the mass 
produced by experiments in Bermuda grass ‘Celebration’ 
(Lima et al., 2015), ‘Tifdawarf’ (Agnihotri et al., 2017) and 
‘Tifway 419’ (Santos and Castilho, 2018), corroborating to 
theis description of having slow growth (Qually Grama, 
2020) and consequently low need of maintenance.

Table 3. Fresh and dry mass and leaf nitrogen content and accumulation in Bermuda grass DiscoveryTM as function of 
sewage sludge concentrations composted in the substrate.

Treatments
Fresh mass 

g m-2

Dry mass 
g m-2

Nitrogen 
g Kg-1

Accumulated nitrogen 
g N m-2

0 g L-1 505.5 c 297.9 b 15.5 a 4.6 b

30 g L-1 716.6 bc 385.9 ab 15.2 a 5.8 ab

60 g L-1 940.5 ab 498.9 ab 14.7 a 7.4 ab

120 g L-1 1127.2 a 569.3 a 14.2 a 8.0 a

CVC 337.2 210.8 3.4 2.9

CV (%) 15.69 18.41 8.67 16.95

F 13.13** 6.65* 0.61ns 6.10*
Averages followed by the same letter in the column does not differ by Tukey test (p> 0.05). Averages followed by the same letter in the column does 
not differ by Tukey test (p> 0.05). CVC – Critical Value for comparison. CV - coefficient of variation. ** - significant at 1% by the F test; * significant 
at 5% by the F test.
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For leaves N content, no statistically significant 
difference was observed (Table 3). However, the results are 
well below the range recommended by Godoy et al. (2012) 
who stated that levels below 18 g kg-1 indicate critical N 
deficiency in Bermuda grass. The values found are outside 
what was observed by Lima et. al. (2010), in work with 
the production of Bermuda grass ‘Celebration’ (22 - 41 g 
kg-1 of dry mass), but within what was found by Nobili et 
al. (2014) also for Bermuda grass fertilized with sewage 
sludge (8.5 to 11.6 g kg-1 of dry mass). It is essential to 
state that the species of present study is a new variety, 
with different colour, and may have different nutritional 
requirements, as doses of sewage sludge provided excellent 
development of lawn, inferring that the results found may 
be adequate for the species.

However, as previously described, leaf N concentrations 
did not show statistical difference, thus, these values may 
be related to nutrient dilution through greater growth (Lima 
et al., 2012), given the mass values produced.

With higher concentrations of sludge, greater 
accumulation of nitrogen was observed, where 120 g L-1 

found the highest value and differs only from control. 

However, for ornamental lawns, it is essential to find the 
dose that provides a good accumulation of nitrogen, with 
less mass production and that provides intense green colour. 
Like this, 30 g L-1 has these characteristics, as it presented 
an excellent DGCI (0.83) and its mass production and N 
accumulation was lower than the highest dose (Table 3). 
Thus, this dose would be enough for the development 
of the lawn, without the need to use higher compost 
concentrations.

The correlation found between the variables analysed 
showed interesting results. Foliar N showed a negative 
correlation with fresh and dry mass, that is, the greater 
the mass produced, the lower the value of N (Table 4), 
corroborating what was observed in the present study 
(Table 3). However, there was an opposite effect on the 
N accumulation with the same FM and DM. The DCGI 
correlated only with the hue of the lawn, showing no 
correlation between foliar N, which is the main nutrient that 
gives green colour to the grasses, as previously described. 
The three RGB components showed a high and positive 
correlation, since one depends on the other to check the 
characteristic colour combination of the turfgrass.

Table 4. Pearson’s correlation coefficient between the variables analysed

R G B Hue Sat. Brig. DGCI FM DM N
G 0.96**
B 0.97** 0.98**

Hue -0.27ns -0.25ns -0.12ns

Sat. -0.97** -0.89** -0.93** 0.21ns

Brig. 0.96** 1.00** 0.98** -0.25ns -0.89**
DGCI 0.02ns -0.11ns 0.04ns 0.72** -0.20ns -0.11ns

FM -0.69** -0.72** -0.65* 0.53ns 0.63* -0.72** 0.36ns

DM -0.64* -0.66* -0.61* 0.46ns 0.58* -0.66* 0.31ns 0.97**
N 0.23ns 0.22ns 0.22ns -0.09ns -0.23ns 0.22ns -0.01ns -0.56* -0.58*

Acc. N -0.65* -0.68** -0.63* 0.47ns 0.59* -0.68** 0.33ns 0.94** 0.96** -0.38ns

 
** - significant at 1% by the Pearson’s test, * significant at 5% by the Pearson’s test. ns- not significant. R - Red, G- Green, B- Blue, DGCI- Dark Green 
Colour Index, Sat- Saturation, Brig- Brightness, FM- Fresh mass, DM- Dry mass, N- Nitrogen, Acc. N- Accumulated nitrogen.

In summary, the results demonstrated that there was an 
effect of the use of composted sewage sludge on the colour 
and development of the DiscoveryTM Bermuda grass. The 
increase in doses provided greater fresh and dry mass and 
accumulated N, while the colouring performed by digital 
analysis, demonstrated that from the concentration of 30 g 
L-1 it is already sufficient to demonstrate the characteristic 
colour of the turfgrass.

Conclusions

The composted sewage sludge positively influenced the 
colour and development of the lawn, giving the bluish green 
characteristic of DiscoveryTM Bermuda grass. The use of 
30 g L-1 of composted sewage sludge is recommended as 

fertilization to Bermuda grass DiscoveryTM implantation. 
Doses greater than 30 g L-1 of sewage sludge increase mass 
production, which is not a desired result to maintain the 
aesthetics of the lawn.
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