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ABSTRACT 

Nitrogen (N) is a nutrient associated with the development of plant shoots, which makes it a vitally important 

element for the maintenance and sustainability of pasture. The goal of this study was to evaluate the effects of 

nitrogen fertilization on the productive and nutritional traits of Urochloa brizantha Paiaguás, as well as the 

efficiency of digital imaging and the use of a chlorophyll meter in obtaining green color indices. The experiment 

was conducted in the field on the Escola farm at the State University of Goiás, located in São Luís de Montes Belos, 

GO. A randomized-block design with five treatments and four replicates was adopted. Treatments consisted of four 

N rates (0, 75, 150, 300, and 600 kg ha‒1) in the form of ammonium sulfate. The grass responded up to the N rate 

of 374 kg ha‒1 for production-related traits, such as plant height, number of tillers, and shoot dry matter. Maximum 

dry matter yields were 21,225 and 13,710 kg ha‒1 year‒1 for the first and second cycles, respectively. Both the 

chlorophyll meter and digital imaging were efficient in indicating plant N nutritional status. Paiaguás grass responds 

to N similarly to other Urochloa brizantha cultivars. 

Keywords: Chlorophyll meter, Digital imaging, Color indices, Ni trogen, Pasture. 

 

Adubação nitrogenada em capim-paiaguás: produção e nutrição. 

RESUMO 

O nitrogênio (N) é um nutriente associado ao desenvolvimento da parte aérea da planta, acúmulo de massa, 

produção de folhas e perfilhos, sendo de vital importância para manutenção e susten tabilidade da pastagem. 

Objetivou-se com esse trabalho avaliar o efeito da adubação nitrogenada nas características produtivas e 

nutricionais na Uroclhoa brizantha cv. Paiaguás, bem como a eficiência da imagem digital e uso do clorofilômetro 

na obtenção de índices de cor verde. O experimento foi conduzido em campo, na Fazenda Escola da Universidade 

Estadual de Goiás, Câmpus São Luís de Montes Belos, GO. O delineamento utilizado foi o de blocos casualizados, 

com cinco tratamentos e quatro repetições. Os tratamentos foram compostos por cinco doses de N (0, 75, 150, 300 

e 600 kg ha-1) na forma de sulfato de amônio. O capim-paiaguás respondeu até a dose de 374 kg ha-1 de N para as 

características produtivas como altura de plantas, número de perfilhos e massa seca da parte aérea. As máximas 

produtividades obtidas foram de 21.225 e 13.710 kg ha -1 ano-1 de MS para o primeiro e segundo ciclo, 

respectivamente. Tanto o clorofilômetro como a imagem digital foram eficientes para indicar o estado nutricional 

da planta em N. O capim-paiaguás responde ao N de forma semelhante às demais Uroclhoas brizantha. 

Palavras-chave: Clorofilômetro, Imagem digital, Índices de cor, Nitrogênio. Uroclhoa brizantha, Produtividade de 

pastagem. 
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1. Introduction 

Pasture farming is a multi-purpose activity in certain 

situations, such as monocropping, intercropping, and 

succession. However, its ultimate purpose is to fully or 

partially constitute the diet of beef (Reis et al. 2009) and 

dairy cattle (Gonçalves et al. 2009), protect the soil, 

provide organic matter, and promote the maintenance of 

soil fertility and physical conditions. (Costa et al. 2013). 

Brazil has the second largest cattle herd in the world 

and is also the largest producer and second primary 

exporter of beef (USDA 2017) with 7.77 billion tons of 

beef produced in 2020 (IBGE, 2020a). It is also ranked 

fourth for its dairy herd, constituting the fourth largest 

milk producer (USDA 2016) with the production of 

34.85 billion liters of milk in 2020 (IBGE, 2020b). Most 

cattle are reared on pasture for meat (Ferraz and Felício 

2010) and milk (Abdala et al. 1999). 

Urochloa brizantha BRS Paiaguás is a cultivar 

released by EMBRAPA in 2013 that develops in medium-

fertility soils and adapts well to integrated systems. It is 

also characterized as having a high production potential 

during the dry period of the year (EMBRAPA 2013). 

Detmann et al. (2014) demonstrated that, in Brazil, during 

the dry season, there is an deficiency of nitrogen 

compounds in plants, mainly protein.  

Therefore, supplementation during this time is 

necessary such that plant requirements can be met and 

production goals are achieved. Thus, increasing the 

nutrient content of the forage is a crucial step in reducing 

the costs of supplementation. Given the importance of 

fertilization management, a technology with easy access  

by both technicians and producers is digital imaging, 

which can aid in the management of pastures through the 

use of cameras and smartphones (Mcroberts et al. 2016). 

Based on the green color obtained from the image, which 

is related to the plant N content, the images can be used 

as a tool to evaluate nitrogen fertilization, as shown by 

Lima et al. (2012) with Bermuda grass.  

Backes et al. (2010) with Zoysiagrass, and Simões et 

al. (2015) with Tifton 85. Another available technology 

is the instrument used to measure chlorophyll, known as 

chlorophyll meters, which are important considering that 

the chlorophyll content of a plant indicates its N 

nutritional status (Viana et al. 2014).  

The objective of this study was to evaluate effects of 

nitrogen fertilization on the productive and nutritional 

traits of U. brizantha Paiaguás and the efficiency of digital 

imaging and chlorophyll meters in obtaining green color 

indices. 

 

 

2. Material and Methods 

The experiment was conducted in the field on the 

Escola farm at the State University of Goiás, located in 

São Luís de Montes Belos, GO, Brazil (16°32ʹ30ʺS, 

50°25ʹ21ʺW; 569 m altitude). The climate in the region 

is an Aw type, according to the Köppen classification, 

with an average temperature of 23.5 °C and an average  

annual precipitation of 1785 mm, which is concentrated 

between the months of October and March (Alvares et 

al. 2014). Temperature and precipitation data collected 

during the experiment are presented in Figure 1

.

 
Figure 1. Maximum, minimum, and mean temperature and precipitation data obtained during the experimental period.
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The soil where the experiment was implemented was 

classified as a Dystrophic Red Latosol with a 45% clayey 

texture, in a mild wavy relief (EMBRAPA 2013). For the 

initial chemical characterization, samples were collected 

from the entire experimental area at a depth of 0–0.20 m, 

following Raij et al. (2001), and the following results 

were obtained: pH (CaCl2) 5.8; 48 g dm‒3 organic matter; 

5 mg dm‒3 P resin; 71% base saturation; and 22, 1.1, 45, 

and 7 mmolc dm‒3 H++Al+3, K, Ca, and Mg, respectively.  

The forage species used in the experiment was 

Paiaguás grass (U. brizantha (Hochst. ex A. Rich.) R. D. 

Webster Paiaguás [syn. Brachiaria brizantha (Hochst. ex 

A. Rich.] Stapf Paiaguás), BRS Paiaguás. The 

experimental area was prepared conventionally with one 

plowing and two harrowings; subsequently, the forage 

was sown at a seed density of 6.5 kg ha-1, representing 

50% of pure live seed. Based on the soil analysis, there 

was no need for liming. For base fertilization (formation), 

the soil received 100 kg ha‒1 P2O5 as triple 

superphosphate and 60 kg ha‒1 K2O in the form of 

potassium chloride. At 40 days after sowing, 40 kg ha‒1 

N was added in the form of ammonium sulfate. After the 

establishment of the pasture, a uniformity cut was made, 

residual material was removed, and experimental plots (2 

m2 each) were allocated with 0.5 m spacing. 

A completely randomized design with five 

treatments and four replicates was adopted. Treatments 

consisted of five N rates (0, 75, 150, 300, and 600 kg 

ha‒1) in the form of ammonium sulfate. In the 2 years of 

evaluation, nitrogen fertilization (corresponding to each 

treatment) was split into three sessions (during the rainy 

period), soon after the forage was lowered. In each 

session, the soil also received 40 kg ha‒1 K2O, totaling 

120 kg ha‒1 yr‒1.  

The periods of evaluation of the structural and 

productive traits were distributed as follows: first year, 

January, March, April (rainy season), and August (dry 

season); second year, January, March, April (rainy 

season), and September (dry season). Color indices were 

evaluated three times during the rainy period (January, 

March, and April), and the N concentration in the leaves 

of the forage was determined in two rainy periods 

(January and March) and once during the dry period 

(August and September), over the 2-year evaluation. 

Plant height was determined before each forage 

harvest using a measuring tape. This variable was 

measured from soil level to the highest leaf at five points 

of the usable area of each plot. Tiller density was 

measured using 0.25 m2 metal frames that were allocated 

at points representative of the pasture conditions (average 

height) upon sampling. Using the data obtained from the 

count of tillers present within the metal frame, we 

calculated tiller density (tillers m-2). 

To determine the yield, the forage plant was collected 

using a 1.0 × 0.30 m iron frame and cut with steel scissors 

at a height of 0.20 m from the soil. Next, the material was 

weighed (fresh matter) and one sample was placed in a 

paper bag and dried in forced-air ovens for 72 h at a 

temperature of 65 °C. Next, the fresh matter of the sample 

was determined and the total dry matter collected in the 

plot was determined and extrapolated to yield/ha. 

Regarding color indices, the relative chlorophyll 

content (RCC) using a chlorophyll meter and the hue and 

dark of the green color index obtained by digital imaging 

were evaluated. The chlorophyll meter (ClorofiLOG) 

readings were taken before each forage harvest at the 

middle third of two fully expanded leaves from the apex 

of the plant using 20 plants per plot. Digital images were 

also obtained before forage harvest, using a 12.0-mega 

pixel digital camera fixed at the extremity of an inverted-

L-shaped structure such that the images would be 

captured parallel to the grass surface. Reading were taken 

at the same height (1.6 m) and followed the method 

described by Godoy et al. (2012). Each image was 

analyzed using Corel PhotoPaint software v. 10.410 by 

recording the mean values of the red, green, and blue 

components (RGB) of the image obtained in the 

histogram. Because only the green (G) component 

defined green color, it also depended also on the red (R) 

and blue (B) components. RGB results were compiled 

into an Microsoft Excel spreadsheet and converted to 

HSB (hue, saturation, and brightness) values, as 

described by Godoy (2005). After the HSB values were 

obtained, the dark green color index (DGCI) was 

calculated using the following equation: DGCI = [(H – 

60)/60) + (1 – S) + (1 – B)]/3, where H = hue in degrees, 

ranging from 60Â°(yellow) and 120Â° (green); S = 

saturation in decimals; and B (brightness) = brightness in 

decimals.  

The obtained data were subjected to an analysis of 

variance. The effects of N rates were evaluated by 

regression analysis, using the magnitude of the 

regression coefficients as a criterion for the choice of 

model (with significance set at 5% probability). Sisvar 

software version 5.6 (Ferreira 2014) was used for these 

statistical analyses. The correlations between the 

indices of nitrogen (N) content in leaves, and RCC, 

DGCI, H, and dry matter production of Paiaguás grass 

during all cycles were calculated using R software 

(RStudio Team, 2020). 

 

 

3. Results and Discussion 

The response of height of Paiaguás grass to N rates 

during the 1st cycle fitted a quadratic regression model in 

all cases (Figure 2). 

In the 1st and 2nd growth cycles, one and two of the 

three applications of fertilizer were performed, 

respectively. N was only applied in the 3rd growth cycle 

(0, 75, 150, 300, and 600 kg ha‒1). 
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During the rainy period of the 1st cycle, the equations 

suggested a maximum height of 96 cm for the N rate of 

127 kg N ha‒1 in the 1st growth period (p<0.01); 81 cm 

for 190 kg ha‒1 (p<0.01) in the 2nd growth period; and 79 

cm for 202 kg N ha‒1 (p<0.05) in the 3rd growth period, 

indicating an increase in height with N rate in each 

growth period during initial plant development.  

In the 4th growth period, which corresponded to the 

dry period, the N rate that provided the greatest height 

(36 cm) was 327 kg ha‒1, although that height was lower 

than those found in the other growth periods and required 

more N. This may be explained by the lack of water in 

the soil, which could lead to an inefficient mineralization 

process, reduced soil solution, and a consequent decline 

in N availability. 

In the 2nd cycle, the response was quadratic for the 

1st, 2nd, and 3rd growth periods and linear in the 4th 

growth period (Figure 2). The N rates that provided the 

greatest heights in the 1st, 2nd, and 3rd growth periods 

were 102 kg ha‒1 (74 cm) (p<0.05), 232 kg ha‒1 (78 cm) 

(p<0.01), and 350 kg ha‒1 (67 cm) (p<0.01), respectively. 

Greater heights that occurred in the 1st and 2nd growth 

periods in the 2nd cycle could be explained by the 

residual effect of fertilization during the previous cycle, 

which was associated with good climatic conditions 

(Figure 1). The development of forage stabilized in the 

3rd growth period. In the dry season (4th growth period),  

the response was linear as a function of the N rate, with a 

height near 42 cm with the highest evaluated N rate of 

600 kg N ha‒1 (p<0.01). 

The density of tillers responded in a quadratic manner 

in both cycles and in all growth periods, as seen in Figure 

3. In the first cycle, the N rates that provided the greatest 

density of tillers the 1st (p<0.01), 2nd (p<0.01), 3rd 

(p<0.05), and 4th (p<0.01) growth periods were 116, 159, 

173, and 253 kg N ha‒1, respectively.

 
Figure 2. Height of Paiaguás grass subjected to various nitrogen rates in the 1st, 2nd, and 3rd (rainy), and 4th (dry) growth periods 

over 2 years (cycles) of evaluation. 

 

 

 
Figure 3. Number of tillers m-2 in Paiaguás grass subjected to various nitrogen rates in the 1st, 2nd, 3rd (rainy period), and 4th (dry 

period) growth periods during the first and second evaluation year (cycle).
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Regarding Paiaguás palisade grass height Germano et 

al. (2018) on Dystrophic Oxysoil, N rates between 0 to 

250 kg ha-1 were evaluated and they observed quadratic 

responses with the greatest height of 0.59 m using 210 kg 

ha-1. Froehlich et al. (2019) using the same soil, grass, 

and N rate, observed a greater height of 0.63 m 150 kg 

ha-1 of N. 

Bezerra et al. (2019) using Paiaguás palisade grass in 

the Mato Grosso state region obtained heights between 

53.55 and 55.48 cm at 30 and 60 d after sprouting during 

tests using wood ash as a fertilizer in soils under water 

stress. Rodrigues et al. (2021) using the same grass 

studied the establishment stage, which resulted in heights 

of 57 cm at 105 d after sprouting using 55 kg N ha -1 in 

Quartizarenic Neosoil. Based on this information, it can 

be concluded that the height of Paiaguás palisade grass 

observed in this study corroborated that observed in the 

literature under different planting and fertilization 

conditions. 

In figure 3, in the first cycle, the N rates that provided 

the greatest density of tillers the 1st (p<0.01), 2nd 

(p<0.01), 3rd (p<0.05), and 4th (p<0.01) growth periods 

were 116, 159, 173, and 253 kg N ha‒1, respectively. 

Tiller density followed the same order, being 600, 800, 

840, and 877 tillers m‒2 in the 1st, 2nd, 3rd, and 4th 

growth periods, respectively The growing response up to 

the 3rd growth period can be explained by the initial 

development of the grass and the decline in the 4th 

growth period can be attributed to the end of the rainy 

period. 

In the second cycle, the 1st (p<0.01), 2nd (p<0.01), 

3rd (p<0.01), and 4th (p<0.01) harvest periods exhibited 

maximum N rates of 130, 238, 370, and 374 kg ha‒1 and 

1,048, 1,025, 981, and 956 tillers m‒2, respectively. These 

responses were more discrete than in the first cycle, likely 

because of the advanced development of the plants. 

Germano et al. (2018) and Froehlich et al. (2019) in 

area with Dystrophic Red Oxisol, tested Paiaguás palisade 

grass with N fertilization rates of 0 and 250 kg ha-1. They 

observed a linear response in the increase tiller density 

with 440 and 571 tillers m-², respectively. The densities 

were lower than those observed in our experiments, but our 

rate of applied N was larger and demonstrated had a 

quadratic response in tiller density with a greater density 

noted with applied rates up to 300 kg ha-1 of N. 

Dry matter (DM) yield (Figure 4) responded 

quadratically to N rates in both cycles and all harvest 

periods (p<0.01). In the first cycle, the N rates that 

provided the maximum DM yield in the 1st, 2nd, 3rd, and 

4th harvest periods were 123, 216, 299, and 321 kg ha‒1, 

producing 5,449, 6,334, 5,652, and 3,832 kg DM ha‒1, 

respectively. In the second cycle, the maximum N rates 

for the 1st, 2nd, 3rd, and 4th harvest periods were 142, 

223, 354, and 326 kg N ha‒1, respectively, generating 

respective DM yields of 3,452, 4,132, 2,847, and 3,306 

kg ha‒1. 

Only the DM observed in the 3rd harvest period of the 

2nd cycle was lower than that obtained in the dry season. 

This might have been influenced by precipitation (Figure 

1), given that the last rains in 2016 occurred at the end of 

March and the interval between the second and third 

harvest periods was shorter (approximately 40 d) than 

that between the 3rd and 4th harvest periods. 

Orrico Júnior et al. (2018) using Paiaguás palisade 

grass in a study in southern Brazil in Dystrophic Red 

Oxisol soil, tested organic fertilization with doses 

equivalent to N from 0 to 1200 kg ha-1. They showed that 

accumulated production before four cuts at the higher 

dose yielded the maximum production of 23,200.00 kg 

ha-1 DM. In the present study, during the 1st cycle, a 

greater yield of 21,061.69 kg was obtained with 328 kg 

ha-1 N. Therefore, similar results were obtained, although 

the tests occurred in different geographic regions and 

with different sources of N. 

Germano et al. (2018) and Froehlich et al. (2019), 

who also tested Paiaguás palisade grass in Red Oxisol 

soil, observed a linear response in DM yield up to 250 kg 

ha-1 of N, which was the maximum rate of N tested. 

Productivity was from 5,860.00 to 8,127.00 kg ha-1 of 

DM, respectively. Thus, production was lower in our 

study than in these studies and this is likely attributed to 

the minor rates of N tested. This attests to the response of 

Paiaguás palisade grass to doses higher than 250 kg ha -1 

of N. 

Relative chlorophyll content (RCC), as determined 

using a chlorophyll meter, responded quadratically to N 

rates in all growth periods in the 1st and 2nd cycles, 

except for the 3rd growth period in the 1st cycle, when it 

had a linear response, as illustrated in Figure 5. 

In the 1st (p<0.01) and 2nd (p<0.01) growth periods 

of the first cycle, the N rates that led to the highest RCC 

were 119 and 318 kg ha‒1, respectively, whereas in the 

3rd growth period the highest RCC occurred with the 

highest evaluated N rate of 600 kg ha‒1. In the second 

cycle, in the 1st (p<0.01), 2nd (p<0.01), and 3rd 

(p<0.05) growth periods, the N rates were 116, 261, and 

390 kg N ha‒1, respectively. Higher chlorophyll content 

was observed in the first cycle in comparison with the 

second, likely because of the initial development of the 

plant. 

The RCC can be employed as an indicator of N 

nutritional status of the forage, although its use is not 

suggested during the dry period (Costa et al. 2015). It 

could also be a parameter for use in establishing the 

recommended nitrogen fertilization (Yu-Sen et al. 2015). 

Furthermore, use of the chlorophyll meter is a fast, 

making it a practical tool that causes no harm to the plant 

(Rigon et al. 2012)

.
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Figure 4. Shoot dry matter of Paiaguás grass subjected to nitrogen rates in the 1st, 2nd, 3rd (rainy period), and 4th (dry period) harvest 

periods in the first and second evaluation cycles. 

 

 

 
Figure 5. Relative chlorophyll content (RCC) in the leaves of Paiaguás grass subjected to various nitrogen rates in the 1st, 2nd, and 
3rd (rainy period) growth periods in the first and second evaluation cycles.

Bezerra et al. (2019) studied Paiaguás palisade grass in 

Dystrophic Red Oxisol with wood ash fertilization in soil 

under water stress. They observed an RCC of 41 and 48 

with wood ash doses equivalent to 150 kg ha-1 of N. The 

values they obtained were similar to that found in this 

study, although the RCC response to tested doses 

increased with N rates above 250 kg ha-1 after the second 

cut, as noted in Figure 5. Epifanio et al. (2019) studied 

intercropping with Stylosanthes Campo Grand and 

Paiaguás palisade grass under similar soil conditions 

during all seasons of the year. They detected an RCC of 

36.57 when Paiaguás palisade grass was cultivated alone 

and an RCC of 42.21 when it was intercropped with 

Stylosanthes. These data support the increment in RCC 

because of N provided by the legume. 

Of the indices obtained by digital imaging  (Figure 6), 

the green color hue (H) in the 1st cycle responded 

quadratically in the 1st growth period (p<0.01), 

responding up to the N rate of 178 kg ha‒1 with 89°. In the 

second growth period, this variable responded linearly 

(p<0.01), whereas no regression model fit H in the 3rd 

growth period. In 1st growth period of the second cycle, H 

also did not fit any regression model, but the response was 

quadratic in the 2nd (p<0.01) and 3rd (p<0.01) growth 

periods, with maximum H values (94° and 129°) obtained 

at the respective N rates of 238 and 291 kg N ha‒1. 

The obtained H values of 89° and 129° indicated that 

the grass remained green during the rainy period with 

nitrogen fertilization. In forage, H values near 60° indicate 

leaf chlorosis, which can be caused by a nutritional deficit 

for N as a consequence of decreased chlorophyll 

concentration (Backes et al. 2010). In figure 7, for the dark 

green color index (DGCI), also obtained by digital 

imaging, responses were linear in the first and second 

cycles in the 1st growth period up to the highest application 

rate of N (p<0.01).
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Figure 6. Hue (H) of leaves of Paiaguás grass subjected to various nitrogen application rates in the 1st, 2nd, and 3rd (rainy period) 

growth periods in the first and second evaluation cycles. 

 

 

 
Figure 7. Dark green color index (DGCI) in the leaves of Paiaguás grass subjected to various nitrogen rates in the 1st, 2nd, and 3rd 

(rainy period) growth periods in the first and second evaluation cycles.

In the first cycle (Figure 7) the response was 

quadratic in the 2nd and 3rd growth periods, with the 

highest values obtained at estimated N rates of 500 

(p<0.01) and 400 (p<0.01) kg ha‒1, respectively. In the 

2nd and 3rd growths of the second cycle, DGCI 

responded quadratically, with the highest values at the 

respective N rates of 200 (p<0.01) and 350 (p<0.01) kg 

ha‒1. 

The highest DGCI was observed in the 1st growth 

period of the first cycle and in the 3rd growth period of 

the second cycle, suggesting that the grass became 

greener in the second cycle and it was maintained 

longer. Lima et al. (2012) reported that the H and DGCI 

indices are positively correlated with plant N content 

and could be used as parameters for use in determining 

recommended nitrogen fertilizat ion of Bermuda grass.  

Therefore, the capacity of Paiaguás grass to remain 

green after the harvest, as occurred in the second cycle,  

 

interferes with the N accumulation ability of the plant 

tissues. Of the green color indices, which responded to 

nitrogen fertilization at all evaluation times, RCC, 

obtained with the chlorophyll meter, and DGCI, 

obtained with digital imaging, responded to nitrogen 

fertilization.  

The choice of method depends on the cost  of 

equipment and time needed to process the analyses. 

Gazola et al. (2016) stressed that digital imaging 

analysis is more efficient than the use of a chlorophyll 

meter in N-fertilization recommendations.  

Although the chlorophyll meter takes only one 

reading at a time, the captured image makes it possible 

to evaluate larger areas. Moreover, the chlorophyll 

meter incurs an expense for the purchase of the 

equipment, although processing of digital imaging 

requires instruction and adequate software to extract the 

indices. 
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The obtained indices (values) cannot be used the same 

for different soil-climatic conditions. In the words of Lima 

et al. (2012), a reference area under the same soil and 

climatic conditions should be used to receive a higher N 

rate and to serve as a parameter for decisions regarding the 

best time for fertilization. Nitrogen concentration in grass 

leaves as a function of N rates is depicted in Figure 8. In 

the 4th growth period of the first cycle, no model fit; 

however, in the 1st and 2nd growth periods, a linear 

response was observed. No model fit the 1st growth period 

in the second cycle, which had growing N concentrations 

up to the N rate of 600 kg ha‒1 (p<0.01).  

In the second cycle, a quadratic response was 

detected in the 2nd and 4th growth periods, and the 

maximum N concentrations of 23 and 25 g kg‒1 were 

obtained with N rates of 347 (p<0.01) and 388 (p<0.01) 

kg ha‒1, respectively. The higher concentration of N 

occurring in the dry period (4th growth) suggests an 

adaptation of Paiaguás grass to be used for animal 

feeding during this critical production time. Oliveira et 

al. (2021) studied Paiaguás palisade grass and reported 

an N content of 24.83 g kg -1 in cropped grass that 

previously had silage implanted in a crop-livestock 

system. The grassland was fertilized with 36 kg ha-1 N 

for 30 d after sprouting.  

Therefore, under different conditions, the results 

resembled those obtained in this study, although the 

greater supply of N produced higher N content in fourth 

growth period of second cycle, resulting in 25.21 g kg-1 of 

N with 388 kg ha-1 application of N. Figure 9 shows that 

the RCC and digital image index (H and DGCI) of 

Paiaguás palisade grass was significantly correlated with 

foliar N content, as determined in the lab, during both 

cycles  

 
Figure 8. Nitrogen concentration in the leaves of Paiaguás grass subjected to various nitrogen rates in the 1st, 2nd (rainy period), and 

4th (dry period) growth periods in the first and evaluation second cycles. 

 

 
Figure 9. Correlation between parameters of digital images (H, DGCI) and RCC with the N foliar content and dry matter y ield for the 

three cuts in the two evaluated cycles. 

*Dry_matter_1, 2, and 3: Dry matter from 1st, 2nd, and 3rd cycles; H_1, 2, and 3: Hue (H) from 1st, 2nd, and 3rd cycles; DGCI_1, 2, 

and 3: Dark Green Color Index from the 1st, 2nd, and 3rd cycles; RCC_1, 2, and 3: Relative Chlorophyll Content (RCC) from 1st, 2nd, 

and 3rd cycles; N_1, 2, and 3: Nitrogen (N) from 1st, 2nd, and 3rd cycles.
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Generally, the index was moderately to highly 

correlated with DM yield. In the first cycle, the digital 

image indexes were more strongly correlated with DM 

yield than was RCC or N foliar content. During the 

second cycle, all indexes were highly correlated with 

DM yield, mainly DGCI, which on average, had a 

higher correlation coefficient for the three cuts. 

Lima et al. (2021) and Backes et al. (2010) both 

studied Zoysia janpônica fertilized with nitrogen and 

domestic sewage sludge, respectively. They observed 

strong positive correlations between DGCI and RCC 

with N content in vegetation tissue.  

This behavior was similar to that found in this study, 

as shown in Figure 9. Moreover, other relationships 

were noted between DGCI and RCC with DM yield, 

which could be related to the importance of N in 

chlorophyl composition and the photosynthetic process, 

and consequently, higher production of DM during our 

evaluation.  

Therefore, the strong correlation between DGCI and 

RCC with DM yield  and N leaf content of Paiaguás 

palisade grass was in parallel with nitrogen fertilization.  

It is possible to infer that using these parameters as a 

reference for this species to diagnos is the nutritional 

state of grasslands and plan nitrogen fertilization 

management is efficient, practical, and economically 

feasible because it allows fast analysis and requires few 

resources compared to laboratory analysis. 

 

 

4. Conclusions  

Paiaguás grass responded to an N rate up to 374 kg 

ha‒1 for production-related traits, such as plant height, 

density of tillers, and shoot DM.  

The maximum DM yields obtained were 21,225 and 

13,710 kg ha‒1 yr‒1 in the first and second cycles, 

respectively.  

Both the chlorophyll meter and digital imaging were 

efficient in indicating the N nutritional status of the 

plants, data supported by correlation analysis. 
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