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Abstract—There is an increasing concern regarding the water 

efficiency of turfgrass in cities and parks. This paper aims to 

test the performance of different warm-season grass cultivars 

that could replace the more demanding cold-season ones. A 

control C3 mix (Festuca arundinacea Schreb., Poa pratensis L., 

and Lolium perenne L.), two C4 mixes (Cynodon dactylon × 

Cynodon transvaalensis, cultivar' Texoma (OKC1876)' and 

Zoysia matrella cultivar 'Zorro'), and a C3-C4 mix (Cynodon 

dactylon × Cynodon transvaalensis, cultivar 'Texoma 

(OKC1876)' overseeded with L. perenne and F. arundinacea) 

have been cultivated in individual plots on the experimental 

grounds of the Universidad Politécnica de Madrid, Spain. At 

various dates throughout the spring, pictures of the plots have 

been taken and analysed, measuring green intensity through 

three different methods (Green Index, Excess of Green, 

Canopeo) and their homogeneity. Among these three methods 

used to measure green intensity, the green index method has 

been able to detect a significant difference between species for 

a more extended period than the others throughout the spring 

green-up. After the control mix, the overseeded C3-C4 mix has 

been the earliest to reach its peak green value, and Cynodon 

dactylon × Cynodon transvaalensis, cultivar 'Texoma 

(OKC1876)', has been the most homogeneous one after green-

up. The findings in this paper will aid in the selection of 

turfgrass species for future urban green spaces that are less 

water-demanding. 

Keywords- Warm-season turfgrass; homogeneity; Canopeo 

Tool; Urban lawns; Zoysiagrass; Bermudagrass. 

I.  INTRODUCTION 

In public gardening, the use of turfgrass species for 
establishing lawn areas provides multiple aesthetic and 
functional benefits. Among the functional ones, soil erosion 
control, improvement of soil structure, enhancement of air 
quality, carbon sequestration, reduction of the urban heat 
island effect, associated ecosystem services, soil 
phytoremediation, and noise pollution reduction are some of 
the most relevant [1]–[3]. Aesthetic benefits also 
significantly impact society, as they contribute to the 
physical and mental well-being of citizens while enhancing 
the value of urban neighbourhoods [4]. Many of these 

advantages can be achieved through the use of natural 
meadows [5]. Nevertheless, recreational and sports-related 
activities are often incompatible with meadows, since 
trampling strongly affects non-turfgrass plants [6]. In recent 
years, urban meadows have increasingly replaced lawns, 
albeit in high-value landscape areas or specific sites, such as 
swimming pools and playgrounds; however, turfgrass 
species remain irreplaceable. This persistence is linked not 
only to the benefits of lawns but also to the maintenance 
demands of lawns [7], with their high water requirements, 
especially in dry climates, standing out as the critical factor. 

Therefore, in recent decades, significant efforts have 
been devoted to establishing lawn areas with a reduced water 
footprint. Strategies have included new irrigation techniques 
such as subsurface irrigation, which minimises runoff and 
evaporation, the use of soil water-retention products, and the 
selection of species and varieties with greater water-use 
efficiency [8]. It is important to note that most lawns are 
composed of cool-season turfgrass mixtures [9], 
characterised by lower water-use efficiency [10]. This 
limitation is mainly due to less effective stomatal control, 
which reduces carbon uptake relative to water loss through 
transpiration, compared with warm-season grasses [11][12], 
which are more water-efficient. 

Cool-season and warm-season grasses also differ in their 
growth rhythms, which are closely tied to seasonal 
temperature fluctuations. Cool-season species grow under 
moderate temperatures, while warm-season species thrive in 
high-temperature periods [13]. In contrast to cool-season 
grasses, which stop growing under cold conditions but 
maintain pigmentation, warm-season grasses enter dormancy 
and lose leaf pigmentation [14], a trait often perceived 
negatively by lawn users. The precise timing of growth 
resumption, both at the species and varietal level, remains 
poorly studied but highly relevant. Warm-season grasses 
have mainly been used in warm regions with mild winters, 
where dormancy is reduced or eliminated [15]. Nevertheless, 
in semi-arid continental Mediterranean climates, their use 
offers clear advantages for water savings. Understanding the 
role of temperature in dormancy break and or spring green-
up is therefore essential to assess their suitability for public 
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gardening. Furthermore, combining cool- and warm-season 
grasses through overseeding may help to mitigate the 
dormancy period. 

In this study, an experiment was designed to evaluate the 
performance of different turfgrass species combinations. 
Four treatments were considered: a mixture of only cool-
season grasses commonly used in gardening (control); two 
mixtures, each with a single warm-season species; and one 
mixture combining both cool-season and warm-season 
grasses. Since their response to three water-stress levels will 
be analysed later, and each treatment was replicated three 
times, the general design comprised a total of 36 subplots. 
Plots were established from sod in the municipality of 
Madrid at the end of autumn. This article focuses on spring 
green-up, assessed through periodic photographic records 
and its evaluation through different vegetation indices.  

The rest of the paper is structured as follows; Section 2 
outlines the related work. The materials and methods are 
fully described in Section 3. Section 4 presents the results of 
the conducted experiments. Finally, conclusions are 
summarised in Section 5.  

II. RELATED WORK 

Several studies have been consulted regarding the factors 
that influence turfgrass microclimate and their impact on turf 
quality, growth, and spring green-up. 

In regard to the effect of shade on turfgrass quality, Van 
Huylenbroek & Van Bockstaele [16] subjected three C3 
species (Lolium perenne, Festuca rubra, Poa pratensis) and 
one C4 species (Koeleria macrantha) to a 65% degree of 
shade, and observed stronger leaf elongation, decreased grass 
cover, an increase in chlorophyll content, and a decrease in 
carotenoid content. When it comes to the effect of different 
kinds of shade, Xie et al [17] subjected a C3 species (Poa 
supina 'SupraNova') and a C4 species (Stenotaphrum 
secundatum 'S5') to different levels of shading (34.7%, 
69.8%, 92.3%). They found that the C4 species tolerated 
shade better, and that a 34.7% level of shade provoked a 
slight increase in turf quality and turf colour index during the 
first weeks of growth for both species. Baldwin et al. [18] 
subjected a group of C4 species to different shades of colour 
and concluded that yellow and red shades are the least 
detrimental to the species, followed by blue shades, with 
black shades being the most detrimental. 

Studies on the effect of water deficit on C3 and C4 
species are also increasingly relevant nowadays. Culpepper 
et al. [12] put two C4 (C. dactylon and Buchloe dactyloides) 
and one C3 (Festuca arundinacea) species under water 
deficit conditions (48% and 33% of plant-available water) 
and observed how the C4 species maintained turf quality and 
NDVI ratings, while the C3 species declined rapidly. 
Similarly, Marín et al. [9] 2020 subjected two C4 turfgrass 
mixtures and one C3 turfgrass mixture to different irrigation 
regimes (100%, 75%, and 50% of container capacity) and 
found that the C4 mixtures exhibited higher biomass, NDVI, 
and Green Area indexes than the C3 under water deficit. 

When it comes to efficient water application, the use of 
different irrigation systems and their effect on turfgrass 
quality and physiology has also been a topic of interest. 

Sevostianova et al. [19] compared different plots of C4 
species under drip and sprinkler irrigation, using saline water 
in some of the drip irrigated plots, and concluded that spring 
greenup occurred earlier on drip irrigated plots, although 
there was no difference in summer quality between both 
irrigation systems, and the use of saline water did not 
decrease turf quality under acceptable levels. Schiavon et al. 
[20] studied the effect of subsurface irrigation, measuring 
both visual turf quality and NDVI, and found that the turf 
quality of C4 grasses was also acceptable, with a high 
correlation between visual turf quality and NDVI. 

Latitude is also a factor to consider. Magni et al. [21] 
studied different varieties of C. dactylon in two locations 
with different latitudes in Italy, Palermo and Pisa, and found 
that species at lower latitudes had an earlier spring greenup.  

The prevalence of unwanted weeds leads to the use of 
pesticides, which must be properly managed. Craft [22] 
studied the application of different herbicides on zoysiagrass, 
a C4 turfgrass, during greenup and found that injury to green 
leaves was a common occurrence. The distribution of C3 and 
C4 species in natural habitats can provide insights into the 
performance of these species in a cultivated environment. 
Still et al. [23] found C4 species to be present in 
environments with higher Land Surface Temperatures and 
Mean Annual Temperatures than C3 species.  

III. MATERIALS AND METHODS 

In this section, we describe the experimental design, the 
species used, the measured parameters, and data 
management, among other aspects of the methodology.  

A. Experimental design and location 

The experimental plots have been designed to compare 
the behaviour of different species and grass mixtures during 
spring green-up. Three repetitions of each species have been 
included. Each repetition consists of individual plots, each 2 
x 2 m in size, of turfgrass. Between plots, the soil is kept 
bare, and the total area consists of 12 plots, each 10 m x 10 
m, arranged in a 3 x 4 grid. Aleatory blocks have determined 
the exact location of each one of the grasses. The placement 
of the grass species is shown in Fig. 1.  

12 m
Control (C3)

Mixture (C3/C4)

Hybrid Bermudagrass (C4)

Zoysiagrass (C4)

10 m

2 m

2 m

 

Figure 1.  Disposal of turfgrass species along the study area. 

This experiment was conducted in the experimental fields 
of the Escuela Técnica Superior de Ingeniería Agronómica, 
Alimentaria y de Biosistemas at the Universidad Politécnica 
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de Madrid. This area is located in the city of Madrid, which 
has a typical continental climate, characterised by cold 
winters and hot and dry summers.  

Particularly in the year this test was carried out, the 
spring was stormy, with more than 21 rainy days in March 
and only 4 days with no clouds. The clouds remain in April, 
with only 5 days with clear sky. Nevertheless, the intensity 
of rain decreases; there has been precipitation in 15 days. 
These specific conditions can affect the spring green-up. 

B. Duration of experiment 

The test has a duration of 3.5 months, starting at the end 
of January and finishing by the middle of May. The sod was 
established on 18 November 2024, and all the conducted 
actions, including irrigation, fertilisation, application of 
phytosanitary treatments, and sowing, were the same for all 
the plots. Fertilisation was conducted in April. Establishment 
irrigation was conducted in the subsequent weeks after the 
establishment, and punctual irrigation was performed 
monthly to keep the soil wet and ensure contact between the 
sod and the soil. Given the high precipitation of the spring, 
the irrigation started in May. 

Images were gathered every two to four weeks. 
Considering that changes in illumination might cause 
differences in images, a single image containing all the plots 
was captured. Subpictures are obtained from the different 
plots. The same camera was used throughout the period.  

C. Assessed turfgrass species 

As indicated in the previous subsection, the experiment 
was designed to compare four turfgrass combinations. As a 
control, a mixture of Festuca arundinacea Schreb., Poa 
pratensis L., and Lolium perenne L. was included. This 
mixture is widely used in gardening in the study area and is 
characterised by relatively uniform colouration throughout 
the year, provided that water requirements are met, which 
implies a high irrigation input during summer. This mixture 
will be referred to as the control throughout the study. 

Secondly, two warm-season species were tested 
independently: Cynodon dactylon × Cynodon transvaalensis, 
cultivar' Texoma (OKC1876)' and Zoysia matrella cultivar 
'Zorro'. These species are characterised by winter dormancy 
and higher water-use efficiency, requiring less irrigation 
during the summer. Finally, to establish a lawn area with 
reduced winter dormancy, a mixture of Cynodon dactylon × 
Cynodon transvaalensis, cultivar 'Texoma (OKC1876)' with 
L. perenne and F. arundinacea was tested. This mixture was 
created by overseeding a sod of C. dactylon with seeds of L. 
perenne and F. arundinacea and will be considered in the 
study as the overseeded treatment. 

D. Measured parameters  

To evaluate the timing of spring green-up for each sod, 
photographs of the subplots were taken, starting from the 
onset of colour changes in the lawn areas. The study aims to 
determine which species initiates dormancy break first, as 
well as the speed and uniformity of this green-up, and to 
assess the potential influence of microclimatic variables. 

Greenness and uniformity data for each sod will be 
derived mathematically from the histograms of the green 
channel of each image. All histograms are normalised before 
analysis, as the original images have variable sizes. 
Normalisation is performed by dividing each histogram 
value by the total number of pixels. Based on images 
considered representative of high-quality turf, the histogram 
region corresponding to this colouration is identified, and the 
sum of pixels within this intensity range provides an estimate 
of greenness, expressed as a value between 0 and 1, where 1 
represents maximum greenness quality, calculated according 
to Eq. (1).  

To assess uniformity, the histogram region corresponding 
to the turf prior to green-up is determined, and the uniformity 
index is calculated following Eq. (2), producing values 
between -1 and +1, with values closer to 1 indicating higher 
uniformity. Eq. (1) and Eq. (2) were previously described in 
[24]. 

𝐺𝑟𝑒𝑒𝑛𝑒𝑠𝑠 =  
 (𝑝𝑖𝑥𝑒𝑙𝑠 𝐼𝑥1−𝑦1)

 (𝑝𝑖𝑥𝑒𝑙𝑠 𝐼0−255)
 

 

(1) 

 

𝐻𝑜𝑚𝑜𝑔𝑒𝑖𝑛𝑖𝑡𝑦 =  
 (𝑝𝑖𝑥𝑒𝑙𝑠 𝐼𝑥1−𝑦1)−  (𝑝𝑖𝑥𝑒𝑙𝑠 𝐼𝑥2−𝑦2)

 (𝑝𝑖𝑥𝑒𝑙𝑠 𝐼𝑥1−𝑦1) +  (𝑝𝑖𝑥𝑒𝑙𝑠 𝐼𝑥2−𝑦2)
 

 

(2) 

 

 
 

where x1 and y1 correspond to the intensity limits for the 
region defined as turf with optimal colouration in the control 
mixture at its peak development, x2 and y2 correspond to the 
intensity limits for the region defined as warm-season turf 
before spring green-up. 

Additionally, two commonly used metrics are employed 
to compare our results with existing and well-established 
metrics. On the one hand, the equation for the Excess of 
Green (ExG), as seen in Eq. 3, has been applied. Then, based 
on Canopeo and its description in [25]. 

𝐸𝑥𝐺 = 2 × 𝐺 − 𝑅 − 𝐵 

 

(3) 

 

 

𝐸𝑥𝐺 = 2 × 𝐺 − 𝑅 − 𝐵 

 

(3) 

 

 

 

E. Data management 

After the subpictures were obtained, the images were 
processed using MATLAB software to process the data. For 
Eq, (1) and Eq. (2), histograms were obtained and later 
processed on Excel to adjust the x1, x2, y1, and y2 limits. 
Meanwhile, for the metrics of ExG and Canopeo, the entire 
process was conducted in MATLAB.  

F. Statistical Analyses 

To assess the differences among indices for greenness of 
the turf, a comparison between the proposed metric in Eq. (1) 
and ExG and Canopeo. To do so, ANOVA tests were 
performed for individual dates. The objective was to identify 
which of the indices has a greater power to differentiate 
between species.  

Moreover, to evaluate the differences in spring green-up 
among different species, statistical analyses are performed. 
Thus, ANOVA tests were conducted to identify if 
differences are statistically significant or not. For this 
purpose, the homogeneity index (Eq. (2)) and the index with 
the greenness index, which has a better capacity for different 
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species, are used. The analyses were performed using 
Statgraphics Centruion XVIII.  

IV. RESULTS 

In this section, results are presented and analysed. 
Additionally, considerations regarding them are provided..  

A. Comparison of indices 

In this subsection, we analyse the capability of the 
indices to assess the differences in greenness between 
species. Among the well-known indexes, the ExG has shown 
a null capacity to differentiate among species, even when the 
turfgrass was not green (dates 1-3). The canopeo index has 
demonstrated the ability to differentiate among species, and 
it has been capable of doing so to date. 3. Nevertheless, from 
date 4, only the proposed index has been capable of 
differentiating them.  

TABLE I.  METRICS TO DIFFERENTIATE GREENNESS BETWEEN SPECIES 

Date 1 C Z R T p-value 

Proposed 0,009a 0,033a 0,022a 0,345b 0,0053 

ExG 0,983a 0,952a 0,882a 1,0a 0,2884 

Canopeo <0.01a <0.01a 0a 71,90b 0 

Date 2      

Proposed 0,022a 0,065a 0,026a 0,758b 0 

ExG 0,883a 0,893a 0,948a 1,0a 0,2119 

Canopeo 1,03a 9,79b 2,40a 99,96c 0 

Date 3      

Proposed 0,012a 0,098a 0,049a 0,450b 0.0081 

ExG 0,999a 0,955a 0,767a 1,0a 0.5416 

Canopeo 3,42a 23,60a 0,94a 99,92b 0.002 

Date 4      

Proposed 0,032a 0,315a 0,235a 0,743b 0,0194 

ExG 0,999a 0,999a 0,899a 1,0a 0,4318 

Canopeo 99,66a 96,24a 65,08a 100a 0,2214 

Date 5      

Proposed 0,009a 0,348ab 0,324ab 0,691b 0,0612 

ExG 1,0a 0,999a 0,954a 1,0a 0,4434 

Canopeo 100a 99,36a 80,19a 100a 0,5835 

Date 6      

Proposed 0,331a 0,185a 0,306a 0,218a 0,6869 

ExG 0,999a 0,999a 0,970a 1,0a 0,4526 

Canopeo 93,11a 92,43a 81,02a 98,25a 0,6243 

T: F. arundinacea, P. pratensis, and L. perenne, Z: C: Cynodon dactylon × 

Cynodon transvaalensis, cultivar 'Texoma (OKC1876)', Z: Zoysia matrella 

cultivar 'Zorro'; R: C oversseded with F. arundinacea and L. perenne. 
Different letters (a, b, c) indicate different groups according to LSD 

method. 

Thus, we can affirm that for a correct assessment of 
spring green-up, existing well-known indices, based on band 
operation, can be a limiting factor. Meanwhile, the proposed 
index, which operates with a single band and focuses on the 
intensity of green values, can outperform existing ones, 
allowing us to monitor changes in greenness on turfgrass 
better. It is also worth noting that this index had the greatest 
p-value on the last date, which is likely due to the presence 
of shadows in the imagery. The other indices compensate for 
the shadows since they operate with multiple bands, but with 
the proposed index, shadow areas are identified as surfaces 
with high greenness. Therefore, for the correct operation of 
this index, the absence of shawos in the picture.  

With this, we can conclude that the green index method 
is superior to the excess green method and the canopy 
method for detecting significant differences between 
turfgrass plots when processing pictures where the grass has 
begun to develop on all of them, except for those with shade 
irregularities. 

B. Differences in spring green-up among species 

Now that we focus on vegetation performance, the 
evolution of greenness and homogeneity in the turfgrass 
surface is summarised in Fig. 2 and Fig. 3.  

To properly compare the outcomes of the previous 
section, and given the complementarity of Canopeo with the 
proposed index, both metrics are included in Fig. 2. While 
Fig. 2 a) includes the values for Canpoeo, Fig. 2 b) outlines 
the tendency based on the proposed metric. In both graphics, 
the mean value for the three repetitions is represented.  
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Figure 2.  Greeness values with the proposed index a) and the Canopeo 

tool b). T: F. arundinacea, P. pratensis, and L. perenne, Z: C: Cynodon 
dactylon × Cynodon transvaalensis, cultivar 'Texoma (OKC1876)', Z: 

Zoysia matrella cultivar 'Zorro'; R: C oversseded with F. arundinacea and 

L. perenne. 

It is evident from both graphics that the control mixture 
formed by F. arundinacea, P. pratensis, and L. perenne 
(labelled in the graphics as T) is the one that starts with a 
higher greenness value and higher coverage, as expected. At 
the starting point (Day 48 of the year), the rest of the 
combinations are characterised by extremely low values. On 
the second date (day 72, mid-February), the values of the 
other grasses begin to increase slowly. The increase is highly 
pronounced, as indicated by data from Canopeo, particularly 
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for the mixture that includes C3 and C4 grasses, labelled in 
the graphic as R. Currently, the C3 mixture achieves 100% 
coverage in the Canopeo tool. 

On the third day (day 72, mid-March), differences 
between C4 species Cynodon dactylon × Cynodon 
transvaalensis, cultivar 'Texoma (OKC1876)', labelled as C, 
and Zoysia matrella cultivar 'Zorro', labelled as Z, are still 
limited. Nevertheless, metrics indicate a continuous increase 
in R grass. This is explained by the fact that the C3 species 
of the mixture are growing while the C4 species are still in 
the initial stages of spring green-up. For the C3 mixture, the 
Canopeo tool again indicates a value of 100%, while the 
proposed index indicates a decrease in greenness value. This 
decrease can be caused by a lighter colouration in grass, 
which indicates that an initial mowing has affected the spring 
green-up process, exposing parts of the grass with less 
photosynthetic activity.  

Meanwhile, on date 4, day 93 (early April) and 
subsequent days, most surfaces reach 100% or near values in 
the Canopeo tool. It indicates that these tools can be highly 
interesting in the initial stage of spring green-up but quickly 
saturate, offering stable values even as the grass improves its 
greenness. The Zoysia matrella cultivar 'Zorro' is the only 
one that does not reach 100%. The species' low coverage 
does not cause this, but rather because of its characteristic 
green colour with some yellowish tones. Thus, Canopeo does 
not consider that particular grass reaches 100% coverage.  

Focusing now on the data from date four onwards with 
the proposed index, it is possible to identify that the C3 
grasses reached their maximum greenness on date 4 (April 
22, 2025) and then began a decrease in their green value. 
This can be explained by the fast consumption of fertilisers 
incorporated in April. Moreover, the increase in temperatures 
and the decrease in rainfall, which alter environmental 
conditions to be more favourable for C4 species, have also 
contributed to the observed decrease. Regarding the C4 
species, their greenness values are slowly increasing until 
May.  

The maximum values, according to the proposed index, 
for each evaluated grass are reached on 14/02/2025 in the 
case of F. arundinacea, P. pratensis, and L. perenne, 
05/05/2025 for Zoysia matrella cultivar 'Zorro' and for the 
C3/C4 mixture, and 12/05/2025 for Cynodon dactylon × 
Cynodon transvaalensis, cultivar 'Texoma (OKC1876)'. 
Thus, we can confirm that Cynodon dactylon × Cynodon 
transvaalensis, cultivar 'Texoma (OKC1876)' is the one that 
takes a longer time to reach its maximum greenness values. 
Once it reached this value, it outperformed the performance 
of Zoysia matrella cultivar 'Zorro' and the C3/C4 mixture.  

To conclude, regarding uniformity, Fig. 3 illustrates the 
observed trends. The first aspect to be highlighted is that the 
C3/C4 mixture has lower uniformity values throughout the 
entire study. It should be noted that the last date is the one 
with shadows on the terrain; thus, the data of homogeneity 
should not be considered. The common C3 mixture, formed 
by F. arundinacea, P. pratensis, and L. perenne, has the 
highest homogeneity values until April 4, 2025. From 
22/04/2025, that tendency changes, and C4 grasses 
outperform the homogeneity of the C3 grasses. These 

changes of tendency have been explained in the previous 
paragraph. Among the C4 grasses, Cynodon dactylon × 
Cynodon transvaalensis, cultivar 'Texoma (OKC1876)' is the 
one with the highest homogeneity, indicating a more uniform 
spring green-up.  
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Figure 3.  Homogeneity values with the proposed index. T: F. 

arundinacea, P. pratensis, and L. perenne, Z: C: Cynodon dactylon × 
Cynodon transvaalensis, cultivar 'Texoma (OKC1876)', Z: Zoysia matrella 

cultivar 'Zorro'; R: C oversseded with F. arundinacea and L. perenne. 

C. Considerations 

Given the obtained results, we can confirm that the 
proposed indices are valuable for monitoring spring green-
up, which is particularly important when the Canopeo tool 
becomes saturated. Meanwhile, the homogeneity index 
offers a novel approach that is particularly suitable for 
evaluating mixtures composed of different species. 
Otherwise, we could interpret that the C3/C4 mixture, which 
has an irregular spring green-up characterised by the low 
germination of C3 species, has a better spring green-up than 
the C4 species. Thus, for evaluating spring green-up, both 
greenness and homogeneity indexes are needed.  

Focusing on the species, different behaviours have been 
identified, and it has been possible to establish that even the 
Zoysia matrella cultivar 'Zorro' has been the first C4 in 
starting the spring green-up process. Cynodon dactylon × 
Cynodon transvaalensis, cultivar 'Texoma (OKC1876)' is the 
grass that reaches higher values in greenness and 
homogeneity. These results have also been contrasted with 
image observations and annotations done in the field.  

The limitation of the conducted research is the use of 
threshold values for the indices based on a green histogram, 
which might prevent the evaluation of some unseen 
processes. These values will be reviewed in the future to 
consider extending the thresholds. Regarding the proposed 
indices, a limitation of their use is in conditions with 
changing light, such as days with clouds or sunshine, or even 
in conditions with shadows. In the future, the use of 
lightboxes will be considered to ensure stable illumination 
for the acquisition.  

An additional limitation includes the lack of information 
about the environmental conditions in which images were 
gathered. No data from temperature, sunshine hours, wind 
speed, pollutants or other key factors were provided. 
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Nevertheless, all these facts together with soil conditions are 
homogeneous among plots since these are located in the 
same place. These results are valid for comparing among 
species but cannot be directly translated to other locations.  

V. CONCLUSION AND FUTURE WORK 

In a time when water management in urban turfgrasses is 
increasingly prioritised, this paper aimed to evaluate the 
performance of C4 species in comparison to C3 species 
during spring green-up to determine if they can serve as a 
replacement without sacrificing aesthetic values such as 
greenness and homogeneity. 

Among the methods used to test turf greenness, the 
proposed green index has proven more useful than Canopeo 
or ExG in identifying significant differences between species 
after spring green-up. The overseeded mix reached its 
highest green value earlier than the C4 mixes, but exhibited 
significantly lower homogeneity. C4 mixes have displayed 
better homogeneity after spring green-up than the others, 
with Cynodon dactylon × Cynodon transvaalensis cultivar 
'Texoma (OKC1876)' having the highest value. 

In future work, we will include the longest and most 
exhaustive monitoring period. Additionally, the inclusion of 
more metrics, particularly one that does not saturate as 
happens with Canopeo will be studied, probably the Green 
leaf index. Finally, the comparison of models that correlate 
index values with temperature will be assessed.  
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