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Abstract: Brazil is the world's leading producer and exporter of beef, with Marandu grass being the most widely used 
cultivar for cattle production. However, since most established pastures exhibit some degree of degradation, it is crucial to 
identify strategies for their recovery. This study aimed to evaluate the effects of combining foliar application of Azospirillum 
brasilense and different urea sources on the morphological and bromatological characteristics of Marandu grass. A field 
experiment was conducted in the Amazon biome using a randomized block design in a 2x3 factorial scheme, consisting of 
two A. brasilense levels (with and without) and three nitrogen sources (control/no nitrogen, common urea, and coated urea), 
with four replications. Foliar inoculation of A. brasilense associated with nitrogen fertilization promoted an increase in 
cumulative height and shoot dry mass production (ADM) in Marandu grass. However, no significant difference in ADM was 
observed when A. brasilense was applied without nitrogen fertilization, indicating that the bacteria's potential is maximized 
only when in association with N sources. Urea application increased crude protein content; specifically, coated urea 
increased the crude protein yield (kg ha⁻¹) and reduced both neutral detergent fiber (NDF) and indigestible neutral 
detergent fiber (iNDF) compared to the unfertilized treatment. Regardless of inoculation, both common and coated urea 
increased the mineral matter content of the grass. The combination of A. brasilense and coated urea demonstrated 
synergism, improving both morphological traits and bromatological composition, thus representing a promising 
management tool for established Marandu grass pastures. 
 
Keywords: Coated urea. Forage plant nutrition. Marandu grass. PGPR. Plant growth-promoting bacteria. 
Abbreviations: ADF: Acid detergent fiber; ADM: Accumulation of dry matter; CHI: Cumulative height increment; CP: Crude 
protein; iNDF: indigestible neutral detergent fiber; N: Nitrogen; NDF: Neutral detergent fiber; TPD: tiller population density 
 
Introduction  
 
Due to lower production costs, 93% of the Brazilian cattle herd has been raised on extensive pastures (Guimarães et al., 
2023). In Brazil, the grass most used to maintain all this production is Urochloa brizantha (Hochst. ex A. Rich.) R.D. Webster 
cv. Marandu, but 70% of these pastures are in some level of degradation (Hungria et al., 2021). One of the leading causes of 
this degradation is the low fertility of the soil, combined with a lack of nutrient replacement, especially nitrogen (Duarte et 
al., 2020). 
Nitrogen is a key nutrient for maintaining or increasing yields of forage grasses (Heinrichs et al., 2020). Urea is the most 
widely used fertilizer worldwide (Tapia-Hernández et al., 2022). However, the surface application of nitrogen without 
incorporation is the method commonly used in established pastures, especially in large areas (Serra et al., 2018), and with 
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this, losses due to ammonia volatilization are common (Rosolem et al., 2017), which results in a partial loss of nitrogen and 
can decrease the efficiency of the fertilizer (Silva et al., 2022). 
More efficient fertilizers have been developed to regulate the release of N to coincide with crop demand, increase crop yield 
per unit of fertilizer (Dimkpa et al., 2020), and reduce N losses, mainly through ammonia volatilization (NH3) (Miyazawa et 
al., 2020), which can have significant implications for forage production (Corrêa et al., 2021). 
To this end, an innovative option that has been studied is the use of "coated urea," a controlled-release nitrogen fertilizer 
that has a gradual rate of release of the nutrient, with continuous supply and for a prolonged period. It is stabilized with 
urease and nitrification inhibitors, whose objectives are to reduce the processes of N losses due to N volatilization. 
Another great strategy in the search for a production system that meets the nutritional demands of pastures with reduced 
production costs and less environmental impact is using inoculants containing bacteria that promote plant growth, with the 
advantage of the A. brasilense species. According to Hungria et al. (2021), in established pastures, the only viable method of 
applying inoculants would be via foliar spraying. Their study found positive evidence of foliar spraying of A. brasilense 
strains Ab-V5 (=CNPSo 2083) and Ab-V6 (=CNPSo 2084) in greenhouse experiments with Urochloa brizantha cv. BRS Piatã 
and Urochloa decumbens (Stapf) cv Basilisk, and in field experiments with Urochloa ruziziensis (Hungria et al., 2021), 
encouraging verification of the viability of its use in pastures with Urochloa brizantha cv. Marandu. 
From this perspective, studies investigating the interactions between the strategies above are necessary to develop better 
pasture management practices. This study aimed to evaluate the association between with and without foliar inoculation of 
A. brasilense, and urea use strategies (no urea, common urea, and coated urea) on the morphological and bromatological 
characteristics of Urochloa brizantha cv. Marandu grass. 
 
Results and discussion 
 
Biomass production and structural characteristics 
There was a significant interaction (p≤0.05) between the doses of A. brasilense and the sources of urea on the production of 
accumulated shoot dry mass (ADM) (Table 2). It was found that inoculation with A. brasilense significantly increased the 
production of ADM when coated urea was used. This increase was 11.7% higher compared to the treatment without A. 
brasilense. The same occurred when using common urea, in which inoculation with A. brasilense promoted increases of 
17.5% in ADM when compared to the absence of inoculation. 
According to Hungria et al. (2021), this increase results from improved root growth due to the synthesis of phytohormones 
and N nutrition via biological nitrogen fixation. Plant growth promotion has been associated with high levels of synthesized 
phytohormones, especially indole-3-acetic acid (IAA) (Fukami et al., 2017). 
The Ab-V5 e Ab-V6 strains of A. brasilense have NIF and FIX genes that confer the capacity for biological nitrogen fixation 
and share genes related to auxin synthesis (Hungria et al., 2018). It is also reported that these strains carry several stress 
response genes, mostly related to oxidative stress (Hungria et al., 2018). Thus, improving plant performance with the 
strategic supply of N via inoculation with A. brasilense and improving nitrogen fertilizer use efficiency may represent an 
effective strategy for increasing the survival of forage plants (Pedreira et al., 2017; Heinrichs et al., 2020). 
Considering a grazing efficiency of 50%, the use of coated urea associated with A. brasilense resulted in 2900 kg more dry 
mass available for grazing compared to not using urea. This is fundamental because during the 166 days of this rainy season, 
if consider an animal consumption of 11.25 kg DM day-1, this represents an increase of 1.55 UA ha-1.   
There was no statistical difference (p > 0.05) in ADM when only A. brasilense was applied in isolation. This suggests that in 
established pastures with low soil fertility—as evidenced by the initial soil analysis (Table 1)– the biological nitrogen 
fixation provided by the bacteria alone is insufficient to meet the high demand for biomass production in Marandu grass. 
This demonstrates that the association with nitrogen fertilization maximizes the potential of the bacteria and is necessary 
to increase productivity in Urochloa pastures (Santos et al., 2021a). The primary benefits obtained with A. brasilense are 
related to promoting plant growth rather than biological N₂ fixation (Hungria et al., 2010). Therefore, nitrogen fertilizer 
supplementation is essential to increase productivity in Urochloa pastures (Santos et al., 2021a). 
When looking at the differences between the types of urea, the application of coated urea in the presence of inoculation with 
A. brasilense Ab-V5 + Ab-V6 led to increases in ADM of 24% when compared to the application of common urea and increases 
of 120% in the treatment without urea (Table 2). 
Leite et al. (2018), found a 241% increase in daily forage accumulation with N compared to without N at a dose of 50 kg ha-

1 of N applied in the form of urea after each cut of Marandu grass. The non-inoculated plants using the same dose of N 
produced 181% more ADM than those in the control group (without N fertilization and without inoculation). In addition, 
the yields obtained are within the expected range for Marandu grass (Leite et al., 2018; Heinrichs et al., 2020). 
Nitrogen fertilization influences the rate of leaf area expansion, the weight, and number of tillers, promoting biomass gains 
in pastures (Whitehead, 1995), an increase in stocking rate and animal production per area in Urochloa pastures (Moreira 
et al., 2011; Delevatti et al., 2019).  
Validating sustainable beef intensification practices on pasture in tropical areas can increase land use efficiency, reduce 
pressure on new areas, free up areas for other crops, and indirectly reduce greenhouse gas emissions.  
According to the results of this study, using increased efficiency urea (stabilized and controlled-release coated fertilizers) 
instead of common urea, from an environmental point of view, seems to be the most recommended, since the ADM and 
other variables discussed below were superior.  
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Figure 1. Accumulated precipitation, mean, maximum, and minimum temperature data for November 2021 to May 2022. 
 
Table 1. Chemical and granulometric characteristics of the Yellow-Red Oxisol in the experimental area, at different depths, 
in analyses carried out before the experiment was set up. Terra Nova do Norte - MT, November 2021. 

Depth pH Ca Mg Al H+Al SB CEC V m 

m 
(meters) 

(H2O) (CaCl2) ------------------cmolc dm-3----------------- -------%------- 

0-0.1 5.7 4.8 1.55 0.53 0.0 3.6 2.5 6.1 40.5 0.0 

0.1-0.2 5.4 4.5 1.04 0.21 0.27 3.5 1.4 4.9 28.6 16.2 

0.2-0.4 5.4 4.5 0.89 0.1 0.21 3 1.1 4.1 25.9 16.5 

OM P K S B Cu Fe Mn Zn 

dag kg-1 -------------------------------------mg dm-3------------------------------------- 

2.32 1.0 152.1 3.6 0.17 0.3 94.7 13.9 1.1 
1.85 0.6 57.4 2.9 0.15 0.3 82.5 7.1 0.9 

1.12 0.4 28 2.5 0.12 0.2 46.6 2.3 0.5 

Depth Clay Silt Total sand Textural class 
 m 

(meters) 
--------------g kg-1--------------  

0.0-0.1 338 84 578 Medium 

0.1-0.2 348 104 548 Medium 

0.2-0.4 400 102 498 Clayey 

CEC pH7.0 = (SB+H+Al); V(%) = base saturation. m(%) = saturation by aluminum; OM = organic matter determined by 
colorimetry; P; K, Cu, Zn, Fe e Mn extracted by Mehlich1; B = combustion. 
 
Table 2. Accumulated dry mass production (ADM) kg ha-1 of Marandu grass in four cuts, with or without the inoculation of 
A. brasilense associated with urea sources. 

Azospirillum 
brasilense 

Urea sources 
Without urea Common urea Coated urea 

With 4837 Ac 8589 Ab 10677 Aa 
Without 4918 Ac 7302 Bb 9555 Ba 
CV (%) 5.57 

Means followed by the same capital letter in the column and lowercase letter in the row do not differ by the Tukey test at 
5% probability. 
 
The increase in cumulative height increment was significantly and positively influenced by inoculation for common urea 
and coated urea (Table 3). The increase provided by inoculation was in the order of 8.64 cm (13.4%) when using coated 
urea and 11.59 cm (23.80%) when using common urea. 
Leite et al. (2018) found that plant height was positively influenced by applying A. brasilense, both in the dry season, where 
the increase was 16%, and in the rainy season, where the increase was 11%. However, inoculation only with A. brasilense 
in isolation, without urea, is not enough to increase the growth in the height of Marandu grass plants, which corroborates 
the studies carried out by Hungria et al. (2016) and Santos et al. (2021b). 
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Table 3. Cumulative height increment (CHI) in centimeters (cm) of Marandu grass after four cuts, with or without A. 
brasilense inoculation, in association with urea sources. 

Azospirillum 
brasilense 

Urea sources 
Without urea Common urea Coated urea 

With 32.08 Ac 60.28 Ab 73.28 Aa 
Without 33.19 Ac 48.69 Bb 64.64 Ba 
CV (%) 9.27 

Means followed by the same uppercase letter in the column and lowercase letter in the row do not differ by the Tukey test 
at 5% probability. 
 
Table 4. TPD (m2) of Marandu grass with or without A. brasilense inoculation, in association with urea sources. 

Azospirillum 
brasilense 

Urea sources 
Without urea Common urea Coated urea 

With 310.11 Ab 468.32 Aa 488.14 Aa 
Without 300.94Ac 432.78 Bb 482.48 Aa 
CV (%) 4.83 

Means followed by the same uppercase letter in the column and lowercase letter in the row do not differ by the Tukey test 
at 5% probability. 
 
 
Concerning urea sources, it was found that coated urea promoted gains of 13 and 41.2cm in height, compared to common 
urea and without urea, respectively. When evaluating the treatment without inoculation, coated urea increased height by 
15.95cm compared to common urea and 31.45cm compared to treatment without urea (Table 3). 
Nitrogen plays a role as a structural component of macromolecules and enzymes involved in the plant's vegetative 
development process (Malavolta, 2006) and also influences the leaf area index, leaf elongation rate and final leaf length 
(Fagundes et al., 2006), on the leaf area index (Yasuoka et al., 2018) and as Marandu grass pastures with gains in height 
show an increase in forage production (Silva et al., 2013; Leite et al., 2018), it can be said that the Marandu grass made 
better use of the N released in a controlled manner through the coated urea, which led to a higher ADM and CHI.  
Table 4 shows that tiller population density (TPD) was different with or without the application of the inoculant containing 
A. brasilense. The inoculated and non-inoculated plants were similar in the treatment without urea and with coated urea. 
When using common urea, the inoculated plants showed an 8.21% increase in TPD compared to the non-inoculated plants. 
The number (density) and weight of tillers determine changes in the production of the forage plant and are also controlled 
by the availability of nitrogen (Pedreira et al., 2001; Silva et al., 2013), or even by the inoculation of A. brasilense (Duarte et 
al., 2020; Fukami et al., 2016). 
 
Morphogenesis and tillering of Marandu grass 
The number of tillers may not represent the shoot dry mass since tillers vary in size and weight in response to their 
environment and may not be representative when expressed in number rather than total mass (Heinrichs et al., 2020). This 
explains why TPD was the only morphogenic variable that showed no difference between applying or not applying the 
inoculant containing A. brasilense when coated urea was used. 
As for the TPD evaluated in the different urea sources (coated urea, common urea, and without urea) in the presence of A. 
brasilense, Marandu grass plants fertilized with common urea and coated urea did not differ, but both were higher than the 
treatment without urea. In this case, it is possible that the N made available by the coated urea and recovered by the 
inoculated plants was not sufficient to stimulate a difference in TPD, as occurred in the other variables evaluated (ADM and 
CHI), i.e., the difference between the ADM treatments is made by the CHI. 
However, in the absence of A. brasilense, the treatment with coated urea increased this variable, in line with the other 
variables evaluated, such as ADM and CHI. In this case, in the absence of the inoculant, the results observed when using 
coated urea are possibly due to the gradual release capacity of the N fertilizer over a prolonged period, in which the supply 
may have been "slow" enough to provide N to the Marandu grass more adequately. And/or even lower volatilization losses 
may have occurred when using this N source. 
The more gradual release of N from FortBlen® fertilizer, which contains coated granules, reduced N-NH3 losses by 36,4% 
compared to common urea (Minato et al., 2020), which, according to Corrêa et al., (2021), such reductions in ammonia (NH3) 
losses through volatilization have significant implications for forage production. 
 
Nutritional value and nitrogen use efficiency 
When evaluating the sources of urea on the bromatological composition of Marandu grass, it was found that regardless of 
inoculation, the use of urea promoted a higher CP content compared to not using urea, rising on average from 5.5 to 6.73% 
(Table 5). However, for ADF, there was no significant difference depending on the treatments, and the average was 32.6% 
(data not shown). 
According to Van Soest (1994) and Lazzarini et al. (2009), for rumen microorganisms to be able to fully digest and take 
advantage of the fibrous components of forage, it is necessary for the diet to contain a CP content of at least 7 to 8% in the 
dry mass. It is, therefore, necessary to provide supplements that increase the CP content of the diet when the animals are 
fed this forage. 
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Table 5. Bromatological composition of Marandu grass forage after four cuts, with and without the inoculation of A. 
brasilense in association with urea sources. 

Compounds Urea 
sources 

No Azo With Azo CV (%) 

 
CP (%) 

N0 5.43 Ab 5.57 Ab  

N-UC 6.87 Aa 6.59 Aa 8.17 
N-UR 6.91 Aa 6.40 Aab  

 
Kg CP/ha 

N-0 267.95 Ac 271.26 Ac  
10.55 
 

N-UC 503.41 Ab 566.15 Ab 
N-UR 657.90 Aa 681.20 Aa 

 
NDF (%) 

N0 60.60 Aa 59.47 Aa 
2.06 N-UC 59.04 Aab 59.85 Aa 

N-UR 57.97Ab 59.46 Aa 
 
iNDF (%) 

N0 23.89 Aa 24.08 Aa 
1.22 N-UC 23.42 Aab 23.33 Ab 

N-UR 23.04 Bb 23.52 Ab 
 
MM (%) 

N0 8.38 Ab 8.33 Ab 
1.16 N-UC 8.58 Aa  8.58 Aa 

N-UR 8.62 Aa 8.52 Aa 
N0= without ureia; N-UC= with common urea; N-UR= with coated urea; No Azo= without Azospirillum; With Azo= with 
Azospirillum; CV= coefficient of variation. Means followed by the same uppercase letter in the column and lowercase letter 
in the row do not differ by the Tukey test at 5% probability. 
 
When comparing urea sources, regardless of inoculant application, coated urea provided 669.55 kg of CP ha -1, an increase 
of 134.77 and 399.95 kg of CP ha-1 compared to common urea and without urea, respectively, results similar to those for the 
morphological characteristics ADM and CHI. 
For NDF, the urea sources did not influence this variable in inoculated plants. However, in the absence of inoculation, coated 
urea reduced NDF values compared to the unfertilized treatment, indicating improvements in forage quality since this 
reduction increases forage digestibility and, consequently, energy availability for animals.  
Similarly, Dupas et al. (2016), found that N-urea applications decreased the NDF content and increased the CP content of 
Marandu grass, while ADF concentrations were unaffected. 
Similarly, Costa et al. (2009), when evaluating the effect of nitrogen fertilization on Urochloa brizantha Marandu, Xaraés and 
MG-4, found a linear increase in dry mass production, N concentration, CP content, and a reduction in NDF content for the 
three Urochloa brizantha cultivars, as N doses increased. Bernardi et al. (2018) and Castagnara et al. (2011) also confirmed 
that nitrogen fertilization increases dry mass and CP production and reduces NDF content, respectively. 
According to Van Soest (1994), NDF content is higher than 60% of the limit forage consumption. Diets with a high fiber 
content can limit forage consumption and nutrient absorption by ruminants, as fiber takes up space in the digestive tract. 
In this sense, all the treatments were very close to this limit, and the only treatment that exceeded 60% was without urea 
and A. brasilense. 
When comparing whether or not the inoculant was applied to plants fertilized with coated urea, the presence of A. brasilense 
increased the iNDF content of Marandu. When comparing urea sources, regardless of using the inoculant, the iNDF of 
Marandu grass fertilized with coated urea was lower than that of the unfertilized grass.  
Having low levels of iNDF, as occurred when using coated urea, is a good thing because it means that a large part of the fiber 
ingested by the animal will be easily used, thus improving the digestibility of nutrients. In this way, greater utilization of 
NDF depends on a lower content of iNDF since studies have shown a negative correlation between the in vivo digestibility 
of NDF and the amount of total NDF in the rumen (Huhtanen and Khalili, 1986). 
The results obtained in this work are in line with those obtained by Sales et al. (2020) and Sales (2022), indicating an 
adequate content for this variable, which should not limit ruminant consumption of the forage. 
The MM of Marandu grass was higher when nitrogen fertilization was used, i.e., both urea and coated urea provided higher 
MM values than when no fertilization was used. These results align with Santos et al. (2007) since the mineral composition 
varies depending on a series of interdependent factors, including the fertilizer used. 
MM represents the macronutrients and micronutrients present in forage, and this increase in the use of nitrogen fertilization 
is interesting because it accompanies an increase in forage mass. 
Therefore, as the pressing challenge is to maintain or increase livestock production while achieving greater environmental 
and economic sustainability (Lopes and Contini, 2012; Díaz-Gaona et al., 2021), the strategies of using A. brasilense with 
nitrogen fertilizers and the use of coated urea are effective in growing Urochloa brizantha cv Marandu, providing 
improvements in bromatological composition. 
The integration of these technologies has shown synergism, presenting itself as an important management practice, 
especially when adopted after soil correction in an already established area of Marandu grass that was in the process of 
degradation. In addition, these results can help to define more precise fertilization guidelines in livestock production 
systems that use Marandu grass as their food base. 
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As already explained by Cardoso et al. (2020), the intensification of Urochloa pastures is an important alternative for 
reducing Greenhouse Gases (GHGs) and increasing the environmental, economic, and social benefits of using pastures. 
However, despite the positive and promising results found in this work, further research should be carried out to validate 
these strategies, comparing other N sources and even other technologies that seek to improve N utilization efficiency. 
 
Material and methods  
 
Experimental site and experimental design 
The experiment was carried out under field conditions in the municipality of Terra Nova do Norte, Mato Grosso, whose 
geographical coordinates are 10° 34’ 00” S e de 55° 07’ 00” W. The average altitude is 285 meters. 
The region's climate is classified by Koppen-Geiger as Am (tropical with dry winter), with two well-defined seasons: rainy 
from October to April and dry from May to September (Tres et al., 2016). Precipitation and temperature data (Figure 1) 
were obtained from the weather station located in the city of Sinop, Mato Grosso, Brazil (Embrapa, 2022). The cuts were 
carried out when the average of one of the treatments first reached a pre-grazing height close to 40cm (Sales et al., 2020). 
During the growing season, four successive cuts were made (January 11, February 22, March 28, and May 7, 2022). 
The soil in the experimental area is classified as Red-Yellow Oxisols according to the Brazilian Soil Classification System 
(Santos et al., 2025). The chemical and granulometric characterization of the soil was carried out in the 0-0.1m, 0.1-0.2m, 
and 0.2-0.4m layers in samples collected before the experiment was set up (Table 1). 
The Urochloa brizantha (Hochst. ex A. Rich.) R.D. Webster cv. Marandu forage had already been grown for over 20 years on 
6.5 hectares, which had not received any chemical soil fertility correction until then. Within this area, 2350 m2 were set 
aside for the experiment, so it was necessary to even out the height of the grass by mowing it so that the treatments could 
be applied. 
The experimental design was a randomized block design in a 2 × 3 factorial scheme, with and without A. brasilense and 
three levels of the fertilization factor [common urea, coated urea, and without nitrogen application], with 4 replications. 
Each experimental unit consisted of an area of 4m x 4m (16m2), and the center of the plot (3m x 3m) was considered the 
useful area, making a total of 24 experimental plots. 
Liming was calculated using the base saturation method to correct the soil, where the V% was raised to 45% (Ribeiro et al., 
1999). Initially, 138 kg ha-1 of dolomitic limestone was applied to the plots, and 180 kg ha-1 of P2O5 was applied after 300 
mm of accumulated precipitation. 
The N sources used in the experiment were conventional urea (45% N) and coated urea supplied by Haya Nitrogen (44% N 
and 0.1% B; raw materials: urea and ulexite; containing 8% coating additive). According to the manufacturer, this product 
is a coated urea with active compounds (polymers with different carbon chains), which makes it a controlled-release 
fertilizer, with gradual nutrient release and continuous supply over a long period, and a stabilized fertilizer, containing 
urease and nitrification inhibitors intended to reduce N losses from the fertilizer. To equalize boron input among 
treatments, ulexite, in an amount equivalent to the boron supplied by the Haya® fertilizer, was added to the other plots that 
did not receive the coated urea. 
The inoculant consisted of A. brasilense bacteria, strains Ab-V5 (CNPSo 2083) and Ab-V6 (CNPSo 2084), with 2.0 x 1011 CFU 
mL-1. A single dose of 300 mL per hectare was applied before each cut using a CO2 backpack sprayer with a spray volume of 
470 L ha-1. The day after each cut, 40 kg of N ha-1 in the form of urea and coated urea were applied together with the 
inoculant. 
 
Variables analyzed 
The results presented correspond to the grouping of the four cuts carried out. All the experimental plots were cut 
simultaneously at a residue height of 20 cm when the average of one of the treatments first reached a pre-grazing height 
close to 40 cm (Sales et al., 2020). 
Nine plant height measurements were taken at each cut. The height increase (HI), resulting from the sum of the differences 
between pre-grazing height and residue (0.2 m), was obtained. 
 

𝐻𝐼 = (𝑃𝑟𝑒 − 𝑔𝑟𝑎𝑧𝑖𝑛𝑔 ℎ𝑒𝑖𝑔ℎ𝑡 𝑐𝑢𝑡 1 − 0.2 𝑚) + (𝑃𝑟𝑒 − 𝑔𝑟𝑎𝑧𝑖𝑛𝑔 ℎ𝑒𝑖𝑔ℎ𝑡 𝑐𝑢𝑡 2 − 0.2 𝑚)
+  (𝑃𝑟𝑒 − 𝑔𝑟𝑎𝑧𝑖𝑛𝑔 ℎ𝑒𝑖𝑔ℎ𝑡 𝑐𝑢𝑡 3 − 0.2 𝑚) + (𝑃𝑟𝑒 − 𝑔𝑟𝑎𝑧𝑖𝑛𝑔 ℎ𝑒𝑖𝑔ℎ𝑡 𝑐𝑢𝑡 4 − 0.2 𝑚) 

 
Three samples of forage mass were collected from each plot at 0.2 m residue height, using a 0.7 x 0.7 m metal square, 
followed by a count of tillers.  
After weighing all the material to obtain the fresh mass, a 400 g sample was placed in paper bags, identified, weighed, and 
taken to dry in a forced-air circulation and renovation oven at 55 oC for 72 hours. The material was weighed on a 0.01 g 
precision electronic scale to obtain the shoot dry mass.  
The bromatological parameters of the forage were analyzed using the methodology of Silva; Queiroz (2002), and Fernández-
Cabanás et al. (2023). Subsamples were collected from each of the four cuts made. The subsamples from each plot were 
homogenized, resulting in a composite sample representative of all cuts. From this composite sample, obtained per plot, an 
aliquot was taken for use in laboratory analyses. Thus, a single chemical analysis was performed for each plot during the 
season. Therefore, the contents of crude protein (CP), mineral matter (MM), neutral detergent fiber (NDF), acid detergent 
fiber (ADF), and indigestible neutral detergent fiber (iNDF) were analyzed using a ZEUTEC SpectraAlyzer NIRS Near 
Infrared Reflectance Spectrometer, with a spectral range of 1445 to 2348 nm.  
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Statistical analysis 
The data was subjected to variance analysis, and the means were compared using the Tukey test at a probability of 5% using 
the SISVAR statistical software (Ferreira, 2019). 
 
Conclusion 
 
The association of foliar application of A. brasilense with coated urea in established Marandu grass pastures contributes 
positively to morphological characteristics and CP production ha-1 and improves the bromatological composition of the 
forage. 
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