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INTRODUCTION 

 

The response of forage plants to nitrogen fertilization mainly depends on their species, on soil type, on organic matter content and on climate conditions 

(Moreira et al., 2015). Nitrogen has cumulative effect on pastures and the development and growth of forage plants tend to increase as nitrogen applications are 
intensified in the subsequent cycles (Fagundes et al., 2006; Aleman et al., 2016), fact that increases production due to carbon fixation (Martuscello et al., 2016).  

Nitrogen is important because it participates in the composition of amino acids, proteins, chlorophyll and of many essential enzymes that stimulate plant 

shoot, and root growth and development (Marschner, 1995; Malavolta, 2006; Okumura et al., 2011). Plants depend on nitrogen to perform vital processes, since it 
provides green and abundant vegetation, increases leafage and protein contents in food plants, enables rapid plant growth, and helps microorganisms decomposing 

the organic matter in the soil (Malavolta, 2006).  

Regardless of the environmental conditions and management practices applied to forage grasses, reducing the proportion of potentially digestible 
components and increasing the number of fibrous tissues are natural physiological processes conditioned to plant age. The cell wall content is the factor mostly 

limiting the productive performance of ruminants fed on tropical grasses (Costa et al., 2014). Physiological responses are often short-lived, whereas the 

morphological ones are long-lasting. The defoliation regime and the balance resulting from the supply of and demand for resources available through sinks control 
the extent to which morphological responses influence the characteristics and production of forage plants (Chapman and Lemaire, 1993; Andrade et al., 2005). 

The ratio between non-lignified (highly digestible) and frequently lignified tissues (associated with low digestibility) may explain the qualitative differences 

between forage species or cultivars (Wilson, 1997; Paciullo, 2002). The structural lignin of plant organs and tissues -which is abundant in the sclerenchyma and 
vascular bundles - may impair the digestibility of forage plants (Batistoti et al., 2012), since high doses of nitrogen fertilizers may lead to reduced digestibility of 

Abstract 

 
Background: Nitrogen is an essential element widely used as fertilizer to enable the development of tropical forage species. 

However, high doses of nitrogen fertilizers may change plant anatomy and reduce the digestibility of forage. Objective: The aim of 

the current study is to assess possible changes in the proportion of leaf tissues in two forage species - Urochloa brizantha cv. 

Marandu and Urochloa hibrida cv. Mulato II - subjected to nitrogen fertilization. Results: The herein applied treatments and doses 

did not lead to histological differences in plant tissues or in plant tissue proportions. They remained proportional to the fibrous 

fractions of the analyzed material. Similar to the histological behavior, nitrogen substrates did not lead to sharp group differentiation 

based on the herein analyzed variables. Fertilization with urea led to significant increase in the fibrous proportions and only had 

significant influence on midrib. This fertilization type showed more relevant results in the Mulato II cultivar, which was subjected to 

the application of 100 kg ha-1 of urea. Fertilization with ammonium sulfate was the source presenting less influence on crude fiber 

proportions; it did not influence forage digestibility. Conclusion: The treatments with nitrogen fertilizers evaluated generate few 

changes in the proportion of leaf tissue in the tested cultivars. The dose of 150 kg ha-1 of ammonium sulfate (AS) causes the lowest 

changes in the ratio of crude fibers, which indicates the best cost-benefit for the production of animal feed and animal production. 

Future studies with in vitro digestibility tests for these cultivars are necessary to confirm the maintenance or alteration of the 

characteristics of these fibers. 
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forage plants (Coblentz et al., 2017). Such fertilization could also change plant anatomy by triggering excessive fiber production in the structure of forage plants, 

among other factors. 
Therefore, nitrogen is an important component that influences plant formation and that some plant morpho-anatomical characteristics can influence 

digestibility by cattle. In order to understand if there is influence of the different doses and nitrogen substrates in the proportion of leaf fibers and in the primary 

metabolism of the plants, we evaluated the morphology of the fodder varieties Urochloa brizantha cv. Marandu and Urochloa hibrida cv. Mulato II "Convert * 
HD 364" subjected to nitrogen fertilization. 

 

MATERIALS AND METHODS 

 

2.1 Study site: 
The experiment was conducted in an experimental field belonging to Mato Grosso State Unversity - UNEMAT, Alta Floresta Campus, State of Mato Grosso. 

Alta Floresta County (Figure 1) is located in the Tropical Zone and presents climate type Am (monsoon). Annual rainfall ranges from 2,800 to 3,100 mm, whereas 

the mean annual temperature stays above 26° C (Alvares et al., 2013). The county is in the territory known as Portal da Amazônia (Amazon Portal Territory), 
besides being a cattle breeding pole in Northern Mato Grosso State (Bernasconi et al., 2008). It stands out among the 20 Brazilian counties holding the largest 

cattle herds - approximately 800 thousand livestock units (IBGE, 2013). 

 

 
Fig. 1: Municipality of Alta Floresta and the urban area where the experimental field is located in.  

 

2.2 Experimental design and treatments: 
We adopted a randomized block experimental design, with twenty treatments and three repetitions. It comprised sixty symmetrical plots (25 m2 each) that 

together totaled 1500 m2 experimental field divided into three 500 m2 blocks. Pasture was planted 2.5 years before, and fertilization was conducted at planting (in 

2011) - the area was not subjected to additional fertilization until 2013 (Teixeira, 2016). 
Treatments comprising two nitrogen sources (Urea and Ammonium Sulfate) and five nitrogen doses (0, 50, 100, 150 and 200 kg ha -1) were applied to two 

forage plant species (Urochloa brizantha cv. Marandu and Urochloa hibrida cv. Mulato II “Convert * HD 364”). 

Plant height was calculated before the cultivars were assessed in each plot. It was done by measuring the distance between soil level and plant apex in cross-

section at three points using a measuring tape. The pre-grazing height value was set in 0.30m and the post-grazing height in 0.15m to assess the variables. These 

heights were adopted based on the rotational stocking method. Varying stocking rates were adopted based on the grazing-management recommendations by 

Trindade et al. (2007) and Silveira (2010). 

 

2.3 Anatomical studies: 

Three samples of fully-expanded leaves were randomly collected in the region at the beginning of the dry season (from May to September). The basal and 
central leaves of each clump were removed, fixed in 50% FAA (formaldehyde, glacial acetic acid and 50% ethanol – 5:5:90 v/v) for 48 hours and stored in 70% 

ethanol (Johansen, 1940). 

A light photomicroscope (Leica ICC50) was used to analyze the cross sections of the median region of the U. brizantha cv. Marandu and U. hibrida cv. 
Mulato II leaves. The sections were handmade, stained with astra blue and basic fuchsin (Roeser, 1972), and mounted on semi-permanent slides. The LAZ EZ 

software V1.7.0 was used to analyze and record the images.  

The image analyzer system ImageJ 1.5.0.07 was used to estimate the proportion of fibers in the leaf blades. This system has area contouring and estimation 
tools that allow calculating the area of the tissues of interest (Schneider et al., 2012). These tools were used to measure the fiber sites in the leaf blade, both in the 

mesophyll and in the midrib (Figure 02). The measurements allowed generating tables for statistical analysis purposes. The Anati Quant 2® UFV software (Aguiar 

et al., 2007) was also used to measure the total cross-section area and to set the area occupied by tissue. 
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Fig. 2: Cross section of midrib (2A) and mesophyll (2B) of U. hibrida cv. Mulato II leaves showing the contoured area measured in the current study (Bar = 

60μm). 

 
2.4 Data analysis: 

Anatomical variables were subjected to the principal component analysis (PCA) to investigate the linear associations between descriptors and the main 

analysis axes, and to build peer correlations through the Pearson’s method in the R software, version 3.3.0 (R Core Team, 2016), packages FactoMineR (Le et al., 
2008) and Factoextra (Kassambara and Mundt, 2016). 

All the anatomical variables were subjected to multivariate analysis of variance (MANOVA) to investigate covariance between descriptors within the model. 

In case of significant covariance, ANOVA was applied to identify the significant descriptor. Both models followed a 2x5 factorial arrangement in the R software, 
version 3.3.0, i.e., two nitrogen substrates and five nitrogen doses. This arrangement was determined for each cultivar. The linear regression analysis was 

conducted in addition to MANOVA by using increasing nitrogen doses as predictor variable. Significant variables were subjected to analysis of variance as 

response descriptors in the ggplot2 package (Wickham, 2009) within the R. environment. Finally, anatomical variables presenting significant difference in 
ANOVA were subjected to the Tukey’s test, at 5% probability level to investigate differences between treatments. 

 
Results: 

3.1 The anatomy of cultivars: 

The histological analysis applied to the Urochloa brizantha cv. Marandu and U. hibrida cv. Mulato II leaves showed hairiness and tector trichomes in both 
species, although the highest prevalence was recorded for U. hibrida. Thin cuticle, unstratified epidermis composed of thick-walled ellipsoid cells, and bulliform 

cells were also recorded (Figures 3A-3H). 

The mesophyll showed homogeneous chlorophyllic parenchyma presenting thin primary-wall cells and few intercellular spaces. It was not possible 
visualizing density differences in this leaf region between treatments (Figures 3C, 3D, 3G and 3H). 

 

 
Fig. 3: Cross sections of the Urochloa hibrida cv. Mulato II leaves subjected to nitrogen fertilization through ammonia, control (A and C) and 50 kg ha-1 year-1 (B 

and D); and urea, control (E and G) and 100 kg ha-1 year-1 (F and H). Bulliform cells (BC); Epidermis (Ep); Fibers (Fb); Vascular bundle (VB); Filling 

parenchyma (FP). Bars = 60 μm. 

 

The leaf wing was permeated by vascular bundles surrounded by mesophyll cells in radial arrangement of different sizes; oscillations were seen in the cross 

section (Figures 3B, 3C, 3D and 3F). The vascular bundles presented three distinct sizes and were enveloped by a sclerenchymatous sheath (Figures A-H).  
Parenchyma cells in the midrib region were thin-walled and polyhedral, besides presenting larger volume towards the center of the structure (Figures 3A, 3B, 

3E and 3F). Fiber groups were arranged on both leaf sides. The highest incidence of fiber groups was recorded on the abaxial face, where they connected the 

vascular bundles to the epidermis (Figures 3A, 3B, 3E and 3F). 

 

3.2 Correlation and ordering: 
The first principal component gathered approximately 63% information about the anatomical variables of cv. Mulato II, and 59% of cv. Marandu. The first 

principal component exceeded 80% of information for both cultivars when it was added to the second component (Figure 4). The two nitrogen substrates did not 

lead to clear group division. Fibers and midrib areas were the variables mostly contributing to the first axis in both cultivars, although all the anatomical 
descriptors were significantly correlated to the first component (Table 1). The second component was represented by the limbus area in both cultivars; the factorial 

load was above 0.8.  
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Fig. 4: Diagram showing the principal component analysis applied to Urochloa brizantha cv. Marandu and U. hibrida cv. Mulato II, by using four anatomical 

variables, coordinates divided in two growth substrates, and descriptors divided in two clusters: limbus and midrib. 

 
Significant descriptor pairs were positively positioned in both cultivars (Figure 5). Although significant, limbus descriptors were less correlated to midrib 

variables; correlations were above 0.8. These descriptors presented the highest factorial loads in the first component (Table 1). The pairs between the midrib and 

limbus areas were not strongly associated; the limbus area was just correlated to its corresponding fiber. 
 

 
 

Fig. 5: Pearson’s linear correlation between anatomical descriptors of Urochloa hibrida cv. Mulato II and U. brizantha cv. Marandu. The figure just presents 

significant pairs, according to the t test at 5% error level.  

 
Table 1: Factorial load of anatomical descriptors in the first four principal components (PC) of the PCA.  

Descriptors PC1 PC2 PC3 PC4 

U. hibrida cv. Mulato II 

Mesophyll fiber 0.83 0.11 -0.54 0.08 

Midrib fiber 0.92 -0.28 0.08 -0.27 
Mesophyll area 0.47 0.86 0.20 -0.03 

Midrib area 0.88 -0.27 0.33 0.22 

U. brizantha cv. Marandu  

Mesophyll fiber 0.80 0.34 -0.50 -0.02 
Midrib fiber 0.88 -0.33 0.19 -0.28 

Mesophyll area 0.47 0.82 0.33 0.04 

Midrib area 0.85 -0.43 0.10 0.29 

* Bold numbers indicate the highest correlation to the principal component at 5% significance.   
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3.3 Dependence analysis: 

The combination between nitrogen substrates and increasing nitrogen doses in the two herein analyzed grasses did not lead to significant changes in cv. 
Marandu, but in cv. Mulato II (cross-interaction) (Table 2), mainly in the variable ‘midrib fiber’ (Table 3). The increasing nitrogen doses did not lead to linear  

positive or exponential growth, as it was expected; however, there were fluctuations in the midrib fiber values between the minimum (0 kg ha-1 year-1) and 

maximum (200 kg ha-1 year-1) doses (Table 3). The nitrogen dose 100 kg ha-1 resulted in the highest fiber values in the urea substrate, whereas the nitrogen dose 50 
kg ha-1 led to similar results in ammonia sulfate substrate. Despite the variations in fiber values, the anatomical descriptor showed the best, although not strong, fit 

in urea substrate. Such outcome was predicted through the increased nitrogen doses (R2 close to 0.4) (Figure 6). 

 

 
Fig. 6: Polynomial regression applied to U. hibrida cv. Mulato II midrib fibers, based on nitrogen doses and on two different substrates. AM: Ammonium sulfate. 

 
Table 2. Multivariate analysis of variance (MANOVA) using the Wilks test.  

U. hibrida cv. Mulato II “Convert HD 634” 

Factor Df Wilks F aprox Dfnum Df den P-value 

Substrates 1 0.85752 0.70618 4 17.000 0.59864 ns 
Doses 4 0.45763 0.95809 16 52.573 0.51299 ns 

Subs. x Doses 4 0.23201 2.01488 16 52.573 0.02934* 

Residue 20 --- --- --- --- --- 

U. brizantha cv. Marandu 

Factor Df Wilks F aprox Dfnum Df den P-value 

Substrates 1 0.76780 1.28532 4 17.000 0.3147ns 

Doses 4 0.52109 0.78148 16 52.573 0.6984 ns 
Subs. x Doses 4 0.33188 1.42871 16 52.573 0.1648 ns 

Residue 20 --- --- --- --- --- 

Df= degrees of freedom.  
 

Table 3: Comparison between means recorded for U. hibrida cv. Mulato II “Convert HD 634” midrib fiber based on the Tukey's test. Area expressed in μm2. 

Sources Doses kg ha-1 

 0 50 100 150 200 

Urea 61,173.91 aBC 42,248.50 bC 120,032.60 aA 76,909.23 aABC 104,147.10 aAB 
A. sulfate 64,598.52 aA 95,700.74 aA 57,507.31 bA 62,283.74 aA 80,251.91 aA 

SDM (simple medium deviation) for columns = 32,721.94 (lowercase letters), SDM for lines = 47,030.85 (uppercase letters). Coefficient variation = 25.12 % 

 
Discussion: 

The anatomical features did not change due to the application of nitrogen doses, and such result corroborates the literature. Individual anatomical features 

tend not to undergo significant changes; positive nutritional values are more often recorded (Santos et al., 2010). 
The current results indicate that leaf area increase, either in the midrib or in the leaf wing regions, is positively correlated to fiber increase in the structure 

(Figure 3). The use of urea substrate (50 kg ha -1) led to smaller fiber increase in the midrib of cv. Mulato II, and it indicated better digestibility; however, leaf 

growth results must be taken into account. Analyzing the total dry matter production is essential to assess plant growth, since it directly results from total net 
photosynthesis (Engel and Poggiani, 1990). 

A parallel study conducted by Teixeira (2016) showed that the application of 200 kg ha-1 nitrogen led to total dry matter production 4,871 kg ha-1 during the 

dry season, and it represented 155% increase in comparison to results recorded when the nutrient was not applied. If the other values and the dry matter increase 
(which is directly influenced by the longitudinal leaf growth and by the increased fibers in it) are taken into consideration, it is possible stating that the treatment 

comprising the application of 150 kg ha-1 ammonium sulfate led to more significant results and presented the lowest fiber proportion values (Table 4). This 

treatment did not present statistical differences in dry matter increase (p > 0.05) in comparison to the treatment with 200 kg ha-1, but it presented the lowest fiber 
proportion values (Table 3). 

The correlation among agronomic, morphological and anatomical features of leaf blades of tropical forage plants may affect their nutritive value (Batistoti et 

al., 2012). According to Wilson et al., 1989, small and lower specific leaf areas are easily-measurable morphological traits that are strongly associated with 
digestibility, although these areas may vary depending on the species. Anatomical analysis and digestibility tests are more reliable in this case (Gobbi et al., 2011). 

The evaluations performed in the current study allowed inferring that the herein applied nitrogen doses did not affect digestibility and enabled leaf growth.  

The concomitant increase in fiber bundles and midrib diameter suggested that fertilization did not affect the anatomical pattern of the cultivars and helped 
plant structure growth as a whole. The nutritive value of forage plants may slightly decrease in response to increased nitrogen fertilization; however, the 

advantages resulting from forage production improvement should be taken into consideration to help finding the balance between quantity and quality (Coblentz et 

al., 2017). The gradual nitrogen-dose increase adopted in the current study led to higher tissue and organ (leaf blade) growth rates. Teixeira (2016) measured the 
agronomic variables of the same cultivars during the same period and found that the highest nitrogen doses led to the greatest dry matter increases in the tests, as 

well as to the highest mass yields in B. hibrida cv. Mulato II. Although growth differences between fertilization doses were not significant in some statistical tests, 

it is common having positive correlation between the applied dose and growth in the second crop of forage onwards (Aleman et al., 2016). 
Teixeira (2016) assessed other agronomic data about the cultivars such as green leaf blade index (GLI), leaf nitrogen concentration (NC) and crude protein 

rate (CP), during the same period, and found that values increased as fertilization doses increased. However, the three variables mentioned above did not show 
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significant difference between fertilizer doses 150 kg ha-1 and 200 kg ha-1. Therefore, it is possible inferring that cultivar growth is the most relevant aspect to be 

taken into consideration at the time to set the best dose of fertilizer. 

 

Conclusions: 

The application of nitrogen fertilizers does not cause large changes in the fibrous fractions of the analyzed material, which is interesting when we evaluate 
the impacts of the proportion of fibers on the forage digestibility. Ammonium sulfate (AS) fertilization causes the lowest changes in the ratio of crude fibers. The 

results for fertilization with doses of 150 kg ha-1 of AS indicate the best cost-benefit for forage production and animal production, considering that the difference in 

growth and proportion of fibers for the treatment with higher dosage of nitrogen is not significant. The comparison between the nitrogen sources indicates that at 
the rates that generate higher forage growth (above 100 kg ha-1) the AS presents the best correlations between fibers and growth of the structure. This result is of 

extreme importance during the selection of the source of nitrogen fertilization to be applied to pasture. 
 

Future works: 

Considering the importance of the percentage of fibers for the effective digestion of the forage, it is relevant to compare the digestibility through in vitro 
decomposition tests between plants grown on different doses of fertilization, so we will know that besides not having a influence on the proportion of fibers, the 

different doses of nitrogen fertilization also do not generate alterations in the characteristics of these fibers. 
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