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ABSTRACT 
This study evaluated the production of Paiaguás grass (Urochloa brizantha) as a function 

of wood-ash doses and water availability in the Cerrado Oxisol. The experiment was carried 

out in a greenhouse with a randomized block design in a fractioned 5x5 factorial scheme, 

corresponding to five wood-ash doses (0; 8; 16; 24 and 32 g dm-3) and five soil water-

availability scenarios (4; 8; 16; 32; 64 kPa) with four repetitions. The experimental design was 

based on the modified central compound and consisted of 13 treatments of wood-ash doses (g 

dm-3) and soil water-availability scenarios (kPa): 0-4; 0-16; 0-64; 8-8; 8-32; 16-4; 16-16; 16-

64; 24-8; 24-32; 32-4; 32-16; 32-64. Soil volumetric moisture was monitored daily by means 

of the Diviner 2000 Capacitance Probe® for soil water replenishment according to the 

treatments. In 30-day intervals, three cuts were performed in the aerial part of the plants 

evaluating dry mass of leaves, stems, aerial part, number of leaves and of tillers. Data were 

subjected to analysis of variance and when significant to regression analysis, both up to 5% of 

error probability, through the statistical program SISVAR and response surface study using 

SAS. The combinations of wood ash doses with water soil tensions influence the productive 

characteristics of Paiaguás grass. Fertilization with wood ash reduces the effect of water stress 

on Paiaguás grass and this residue may be a viable alternative to partial replacement of mineral 

fertilization and safe disposal in the environment. 

Keywords: forage grasses, nutrients, solid residue in agriculture, volumetric soil moisture. 

Cinza vegetal e disponibilidade hídrica na produção de  

capim-Paiaguás 

RESUMO 
Objetivou-se avaliar a produção do capim-paiaguás (Urochloa brizantha) em função de 

doses de cinza vegetal e disponibilidades hídricas do Latossolo Vermelho do Cerrado. O 

experimento foi realizado em casa de vegetação com delineamento em blocos casualizados em 

esquema fatorial 5x5 fracionado, correspondendo a cinco doses de cinza vegetal (0; 8; 16; 24 e 
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32 g dm-3) e cinco disponibilidades hídricas do solo (4; 8; 16; 32; 64 kPa) com quatro repetições. 

O desenho experimental foi baseado no composto central modificado e constituía-se por 13 

tratamentos de doses de cinza vegetal (g dm-3) e disponibilidades hídricas do solo (kPa): 0-4; 

0-16; 0-64; 8-8; 8-32; 16-4; 16-16; 16-64; 24-8; 24-32; 32-4; 32-16; 32-64. A umidade 

volumétrica do solo foi monitorada diariamente por meio da sonda de capacitância Diviner 

2000® para reposições hídricas do solo conforme os tratamentos. Em intervalo de 30 dias foram 

realizados três cortes na parte aérea das plantas avaliando-se a massa seca das folhas, dos 

colmos, da parte aérea, número de folhas e de perfilhos. Os dados foram submetidos à análise 

de variância e quando significativo à análise de regressão, ambos até 5% de probabilidade de 

erro, por meio do programa estatístico SISVAR e o estudo de superfície de resposta por meio 

do SAS. As combinações de doses de cinza de madeira com as tensões de água do solo 

influenciam as características produtivas do capim Paiaguás. A fertilização com cinza de 

madeira reduz o efeito do estresse hídrico na grama de Paiaguás e esse resíduo pode ser uma 

alternativa viável à substituição parcial da fertilização mineral e ao descarte seguro no ambiente. 

Palavras-chave: gramíneas forrageiras, nutrientes, resíduo sólido na agricultura, umidade volumétrica 

do solo. 

1. INTRODUCTION 

Brazil has a cattle population of about 171 million heads distributed in more than 158 

million hectares (IBGE, 2018). Briefly, one can infer that the supportability of these pastures is 

equal to 1.08, which represents low productivity and animal performance in view of the 

pastures’ inadequate management, through the production of ruminants from tropical grasses. 

Additionally, the tropical regions’ soils are known for presenting low natural fertility and 

high acidity, weathering products in the formation of these soils. One of the biggest challenges 

is to find economic and ecological solutions for the growing needs of modern society. In this 

context, the use of waste such as wood ash in agriculture has become an alternative. It can be 

applied to the soil as fertilizer and as a neutralizer of soil acidity and may provide nutrients to 

the soil, such as calcium, magnesium, potassium, phosphorus and micronutrients, essential 

elements for plant growth and development (Hansen et al., 2018; Maresca et al. 2017; Ingerslev 

et al., 2011). There is evidence that the increase in pH is greater in soils with low pH and low 

organic-matter content (Ohno, 1992), characteristics of tropical soils. 

The qualitative and quantitative composition of the wood ash depends on the biomass used; 

being a product resulting from the incomplete and variable combustion of wood, there is the 

interference of the carbonization temperature, responsible for the greater or lesser sublimation 

of chemical components, and the adoption or not of refiring (Maeda et al., 2008). When 

compared to other types of organic fertilization, such as dung, which are the most common 

source of organic matter among organic fertilizers (Weinärtner et al., 2006), it is verified that 

the amount of nitrogen, for example, is much smaller, since it is lost in the biomass burning 

process, and it is necessary to use another source for its availability. 

Wood ash is easily found in areas close to industries that use thermal energy as a source. 

Due to this, and considering the costs of fertilizers, and that the constant and often inappropriate 

use of these products may exacerbate environmental problems, wood ash can be considered a 

viable alternative. Several studies have explored the yield of grass biomass with the objective 

of using wood ash (Lindyall et al., 2015; Rancane et al., 2015; Bezerra et al., 2016; Reed et al., 

2017). 

Tropical grassland fertilization using wood ash has been recommended by researchers. In 

addition to the benefits on soil fertility, as the highest concentration of nutrients phosphorus, 

potassium and aluminum saturation decrease according to the addition of calcium, wood ash 

increased pasture production and the nutritional value of forage (Smith et al., 2011). Other 
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researchers verified higher growth, biomass production of cultivars of Urochloa brizantha 

(Bonfim-Silva et al., 2013; 2015; Bezerra et al., 2014; Baloch et al., 2015) and an increase in 

macronutrient concentrations in forage (Santos et al., 2014; Bonfim-Silva et al., 2014) with the 

addition of the residue to the soil. 

This practice is demonstrated as an integrated strategy in which it reduces costs related to 

fertilization of degraded and decapitalized pasture soils and contributes to the environmental 

management of ash residues as an alternative to traditional landfills. 

Furthermore, one of the limiting factors in biomass production is water availability. Thus, 

pasture irrigation is a strategy to maintain forage availability in dry periods or to intensify 

production (Robins, 2016; Mazahrih et al., 2016; Peacock et al., 2003). Wood ash incorporated 

into the soil, in addition to providing nutrients, increases soil water-retention capacity (Pathan 

et al., 2003; Ramesh et al., 2008; Stoof et al., 2010; Pereira et al., 2016) and may decrease the 

amount of water used in irrigated pastures or even obviate the need for irrigation, especially in 

adapted cultivars. 

The cultivar BRS Paiaguás, belonging to the genus Urochloa brizantha, presents high 

production potential during the dry season (Euclides et al., 2016; Valle et al., 2013). Thus, the 

incorporation of wood ash to the soil is expected to achieve high grass production even in soil 

water tensions higher than those observed by other researchers. In the evaluation of Paiaguás 

grass under water tension in the soil, higher biomass production and water use efficiency was 

verified by Paiaguás grass under water tension in the soil from 29 to 34 kPa (Koetz et al., 2017). 

In this context, this study evaluated the productive characteristics of Paiaguás grass 

(Urochloa brizantha) subjected to doses of wood ash and water availabilities cultivated in 

Cerrado Oxisol. 

2. MATERIAL AND METHODS 

2.1. Experimental design 

The experiment was carried out in a greenhouse in a randomized block design in a 

fractioned 5x5 factorial scheme consisting of five doses of wood ash (0; 8; 16; 24 and                               

32 g dm-3) and five water availabilities (4; 8; 16; 32; 64 kPa) with five replications. The 

experimental design was based on the modified central compound (Littel and Mott, 1975) in 

which 13 combinations of wood-ash doses (g dm-3) and soil water availabilities (kPa) were 

studied, respectively: 0-4; 0-16; 0-64; 8-8; 8-32; 16-4; 16-16; 16-64; 24-8; 24-32; 32-4; 32-16; 

32-64. 

2.2. Chemical analysis, particle size and experimental plots 

The soil used was dystrophic Oxisol collected in the layer of 0-20 cm in an area under 

Cerrado vegetation, characterized chemically and granulometrically (Table 1) according to 

EMBRAPA (2017). Subsequently, the soil was sifted into a 4-mm mesh opening to fill the 

vessels. 

Table 1. Chemical and granulometric analysis of dystrophic Oxisol (0-20 cm layer) in 

Cerrado vegetation area, Rondonópolis-MT. 

pH P K Ca Mg Al H CEC OM V M Sand Silt Clay 

CaCl2 mg dm-3 cmolc dm-3 g kg-1 % g kg-1 

4.1 1.1 47 0.2 0.1 1.0 4.7 6.1 19.7 6.9 70.4 575 50 375 

P = Phosphorus; K = Potassium; Ca = Calcium; Mg = Magnesium; Al = Aluminium; H = 

Hydrogen; CEC = cation exchange capacity at pH 7.0; OM = organic matter; V = saturation 

bases; m = Saturation by aluminum. 
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The experimental units were composed of pots adapted made with PVC, polyvinyl 

chloride, described by Pacheco et al. (2018), with 300 mm, 200 mm in diameter, totaling a soil 

volume of 8.7 dm3. 

2.3. Characterization of wood ash 

The composition of the plant material incinerated for the production of wood ash consisted 

of 30% eucalyptus and 70% of other materials, such as brachiaria, corn straw, cotton residue, 

eucalyptus chips, rubber tree and sugarcane bagasse. The combustion temperature of the plant 

material was 200 to 250ºC and the furnace from 820 to 850ºC. 

The wood ash presented total neutralization relative power (TNRP) equal to 32.66%, 

neutralization power (NP) of 21.8%, reactivity (RE) of 149.8% and density equal to                                

0.45 g cm-3 according to Bonfim-Silva et al. (2018). Wood ash has a water retention capacity 

of 0.71 cm3 cm-3 (Martinez-Santos, 2018). The wood ash (Table 2) was applied to the soil, 

according to the treatments, as source of the nutrients potassium, phosphorus, calcium and 

magnesium, remaining for a period of 30 days to achieve soil pH-correction reaction. 

Table 2. Wood ash chemical composition analyzed as a corrective and fertilizer. 

pH N P2O5 K2O Ca Mg SO4 Zn Cu Fe Mn B Si Na 

CaCl2 g kg-1 

10.7 3.1 9.6 34.7 33.0 21.0 2.0 0.1 0.0 10.3 0.4 0.1 274.4 0.1 

N = Nitrogen; P2O5 = Phosphorus in neutral ammonium citrate and water (NAC + water); 

K2O = Potassium; Ca = Calcium; Mg = Magnesium; SO4 = Sulfur; Zn = Zinc Total; Cu = 

Copper Total; Mn = Total Manganese; B = Total Boron; Si = Silicon; Na = Sodium. 

2.4. Sowing and fertilizing 

The sowing of the Urochloa brizantha (syn. Brachiaria brizantha) cv. BRS Paiaguás was 

performed after the incubation period of the soil with wood ash. Five plants were maintained 

in each experimental unit. 

Nitrogen fertilization was 200 mg dm-3, using urea as the source of the nutrient according 

to the recommendation of Bonfim-Silva et al. (2015). Nitrogen fertilization was applied by 

solution and in two installments of 100 mg dm-3 each with an interval of seven days, starting at 

five days after seedling emergence for the establishment of the crop, and seven days after each 

cutting of the grass. Nitrogen fertilization was necessary due to the lower concentration of N in 

the wood ash, which is lost by volatilization at the time of combustion. 

2.5. Water availability and irrigation 

Soil volumetric moisture was related to soil water tension in a pilot experiment using the 

same soil and doses of wood ash, for determination of the waterslide to be applied in each 

experimental unit. Water replenishments were performed by the semi-automated drip irrigation 

system (Pacheco et al., 2018), in order to increase soil moisture to the established values of 

each treatment (4; 8; 16; 32 and 64 kPa) (Table 3). The control of soil volumetric moisture was 

performed by means of the capacitance probe model Diviner 2000®. The treatments according 

to the water tension in the soil started together with the application of the wood ash doses, that 

is, from the soil-ash reaction thirty days before the sowing of the grass. 
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Table 3. Soil volumetric moisture (%) corresponding to the water 

tension (kPa) of the dystrophic Oxisol subjected to wood ash 

doses (g dm-3). 

Soil Water Tension (kPa) 

Wood ash (g dm-3) 

0 8 16 24 32 

Volumetric moisture (%) 

4 12.84 13.66 20.04 16.34 20.36 

8 8.50 9.82 14.51 11.54 14.78 

16 5.63 7.06 10.50 8.16 10.73 

32 3.72 5.08 7.60 5.76 7.79 

64 2.47 3.65 5.50 4.07 5.65 

The water volume applied in soil was calculated using the following Equation 1: 

𝑉 = (𝜃𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 −  𝜃𝑐𝑢𝑟𝑟𝑒𝑛𝑡) 𝑥 8700           (1) 

Where: 

V = water volume applied (cm3); 

 treatment = volumetric moisture treatment (%); 

 current = current volumetric soil moisture (%); 

8700 = soil volume in adapted pot (cm3). 

2.6. Analyzed variables 

The variables were evaluated at intervals of 30 days, at the time of each cut, until 90 days 

after sowing. The number of leaves, number of tillers, dry mass of leaves, stems and aerial part 

were evaluated on the occasion of each cutting. 

The number of leaves is the sum of the expanding and expanded green leaves. The mass 

of leaves and stems were obtained after cutting the plants to a height of 5 cm above the soil 

level and weighed on a semianalytical balance. After weighing, the fresh vegetable materials 

were packaged in paper bags, identified and brought to the forced ventilation stove at 65ºC, for 

72 hours (time to obtain the constant mass). The samples were then weighed again to obtain the 

dry mass. 

The aerial part dry mass is the sum of the dry mass of leaves with the dry mass of stems. 

2.7. Statistical analysis 

Data were subjected to analysis of variance, and when significant to regression analysis, 

both up to 5% probability of error. For the variables that presented isolated effects, the statistical 

program SISVAR (Ferreira, 2011) was used, and for the variables that showed significance in 

the interaction between the sources of variation, the response surface study was carried out by 

means of the statistical program SAS, Statistical Analysis System (SAS Institute, 2002). 

3. RESULTS AND DISCUSSION 

3.1. Number of leaves 

In the first and second evaluation, there was a significant interaction between the wood-

ash doses and soil water tension (Figure 1A) for the number of leaves. In the first cut, studying 

the response surface, the highest number of leaves (82.85) occurred at the wood-ash dose of 32 

g dm-3 related to the soil water tension of 4 kPa. 
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Figure 1. Number of leaves of Urochloa brizantha cv. BRS Paiaguás under wood-ash doses and 

soil water tensions in the first (A) and second (B) evaluation.  

NL1 and NL2 = number of leaves in the first and second cut. WA = Wood ash. T = soil water 

tensions. *, **, *** significant to 5, 1, and 0.1% probability, respectively. 

In the second forage grass cut (Figure 1B), in the response surface study, the wood ash 

dose of 32 g dm-3 associated with soil water tension of 51.92 kPa provided the maximum 

production of leaves (80.87). At 90 days after sowing (third cut), the production of leaves of 

Paiaguás grass was adjusted to the quadratic regression model. The wood ash dose of                            

27 g dm-3 (Figure 2A) promoted the maximum number of leaves of 150.11. The smallest 

production of grass leaves, 14.63, occurred at the soil water tension of 47.01 kPa (Figure 2B). 

 
Figure 2. Number of leaves of Urochloa brizantha cv. BRS Paiaguás as a function of wood-

ash doses (A) and soil water tensions (B) in the third cut.  

NL3 = number of leaves in the third cut. WA = wood ash. T = soil water tension. Significant to 

0.1% probability. 

The present study corroborates the results of Bezerra et al. (2014), who incorporated wood 

ash in an Oxisol cultivated with U. brizantha cv. Marandu and found an increase in forage-leaf 

production. Bonfim-Silva et al. (2015), evaluating the effect of wood ash on tropical grasses 

found an increase of 89.85% in the number of leaves of U. brizantha cv. Marandu, also 

corroborating the present results. 

It was observed, in the second cut, that the largest production of leaves occurred even in 

conditions of low water availability; this can be attributed to the application of wood ash to the 

soil, since it increases soil water retention (Chang et al., 1977; Stoof et al., 2010; Pereira et al., 

2016). Thus, the importance of using wood ash to increase leaf production and for soil water 

conservation in dry periods was emphasized, since it still provides nutrients for pastures. 

The increase in the number of leaves verified with the increase of the fertilization by wood 

ash is fundamental for the recovery of the grass after grazing. The formation and development 

of the leaves contribute to the growth of forage, because they are important components for the 

leaf-area index (Matthew et al., 2000) and represent part of the active photosynthetic tissue 
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where most of the light energy is captured used for production of photoassimilates to the plant 

(Taiz and Zeiger, 2013). 

In addition, the leaves have high nutritive value for ruminants, which associated with a 

higher density of tillers, can result in higher forage production, and consequently a 

corresponding increase in the stocking rate and possibly an increase in animal performance 

(Pereira et al., 2010). 

3.2. Number of tillers 

In the first cut, there was a significant effect of the interaction between the wood ash doses 

and soil water tension as to the number of tillers. In the response-surface study (Figure 3), the 

combination of the wood-ash dose of 32 g dm-3 with the soil water tension of 37.14 kPa 

provided 18.14 tillers of the Paiaguás grass. 

 
Figure 3. Number of tillers of Urochloa brizantha cv. 

BRS Paiaguás subjected to wood-ash doses and soil 

water tension in the first cut. 

NT1 = number of tillers in the first cut. WA = wood ash. 

T = soil water tension. ** and *** significant at 1 and 

0.1%, respectively. 

In the second cut, there was an isolated effect among the treatments for the number of 

tillers that were adjusted to the quadratic regression model. The maximum number of tillers 

(39.27) was verified in the wood ash dose of 26.29 g dm-3 (Figure 4A) and the smallest number 

of tillers (11.04) in the soil water tension of 48.13 kPa (Figure 4B). 

 

 
Figure 4. Number of tillers of Urochloa brizantha CV. BRS Paiaguás subjected to wood-ash doses and 

soil water tension (B) in the second cut. 

NT2 = number of tillers in the second cut. WA = wood ash. T = soil water tension. The 0.1% probability. 
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In the third cut, there was an interaction between the wood-ash doses and soil water 

tensions for the number of tillers. In the response surface study (Figure 5), the association of 

the wood-ash dose of 32 g dm-3 and the soil water tension of 47.75 kPa promoted the highest 

tiller production (19.88). 

 
Figure 5. Number of tillers of Urochloa brizantha CV. 

BRS Paiaguás subjected to wood-ash doses and soil water 

tensions on the third cut. 

NT3 = number of tillers in the third cut. WA = wood ash. 

T = soil water tensions. ** and *** significant at 1 and 

0.1% probability. 

It was verified, in the first and third cuts, that higher numbers of tillers of the Paiaguás 

grass were observed despite high soil water tensions that confer low soil moisture. This 

occurred due to the addition of organic matter by wood ash that favored soil water retention 

(Ghodrati et al., 1995; Pathan et al., 2003; Ramesh et al., 2008). 

The lower yield of tillers observed in the second cut due to the high soil water tension of 

48.13 kPa is due to the response mechanism of the plants to the water deficit that reduces the 

vegetative growth of organs such as leaves and tillers (Mahajan and Tuteja, 2005; Reynolds et 

al., 2005). Also, in the second evaluation, there was a higher production of tillers of the grass 

when fertilized with the wood-ash dose of 26.29 g dm-3; thus, the use of the burning residue of 

plant material to improve the tillering and perpetuation of the pastures is emphasized. 

Corroborating the results of the present study, Bezerra et al. (2014), when evaluating the 

productive characteristics of Marandu grass as a function of wood ash, highlighted the potential 

use of the residue as fertilizer in forage grasses, increasing the production of tillers of the 

cultivar Marandu in an Oxisol. Researchers showed that fertilization by wood ash influenced 

the maximum yield of Marandu tillers in all crops, contributing to greater vigor and persistence 

of grass after grazing (Bonfim-Silva et al., 2015). These authors emphasize that tillers are a 

structural characteristic of an indicative parameter of forage grass growth. 

The number of tillers is higher in pastures with low plant height, and as a consequence they 

have higher plant density (Evers et al., 2011; Matthew et al., 2000) due to greater penetration 

of luminosity at the plant base, stimulating/promoting the tillering of the grass. On the other 

hand, grasses with greater height promote the stretching of the stalk as a strategy to expose the 

new leaves in the upper canopy region where luminosity is greater. 

3.3. Dry mass of leaves 

In the three assessments, the dry mass of leaves had an isolated effect for the wood ash 

doses and soil water tensions. In the first cut, the dry mass of leaves was adjusted to the 
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quadratic regression model for both sources of variation. The wood-ash dose of 23.09 g dm-3 

(Figure 6A) provided the highest dry mass of leaves of 3.40 g pot-1. In the soil water tension of 

53.36 kPa, the lowest dry mass of leaves of 0.94 g pot-1 (Figure 6B) was obtained. 

 
Figure 6. Dry mass of leaves of Urochloa brizantha cv. BRS Paiaguás in function of wood-ash 

doses (A) and soil water tensions (B) in the first, second and third cut.  

;  and X = first, second and third cut, respectively. 

DML1, DML2 and DML3 = dry mass of leaves in the first, second and third cut, respectively. WA 

= wood ash. T = soil water tension. *, ** and *** significant at 5, 1 and 0.1% probability. 

In the second cut, the dry mass of leaves was adjusted to the linear and quadratic regression 

models for wood-ash doses and soil water tensions, respectively. The highest wood-ash dose, 

32 g dm-3, increased the dry mass of leaves by 80.74% (Figure 6A) compared to the absence of 

residue application. The soil water tension of 49.97 kPa (Figure 6B) resulted in the smallest dry 

mass of leaves of 1.38 g pot-1. 

In the third evaluation of the forage grass, the dry mass of leaves was adjusted to the linear 

regression model, in which it presented an increase of 87.32% compared to the wood ash dose 

of 32 g dm-3 with the treatment 0 g dm-3 (Figure 6A). In relation to water tension in the soil, the 

dry mass of leaves was adjusted to the quadratic regression model, being the lowest value of 

0.88 g pot-1 observed in the soil water tension of 50.26 kPa (Figure 6B). 

In the three cuts, there was a lower dry mass of leaves of the grass when subjected to water 

tensions above 50 kPa that confer low soil moisture. The research found that low soil moisture 

caused a lower production and could cause the death of the plants (Pezzopane et al., 2014). 

These authors verified a reduction of 50% in the dry mass of leaves of BRS Paiaguás subjected 

to water stress.  

In a study of the production of Paiaguás grass under soil water tension, Koetz et al. (2017) 

found the largest dry mass of leaves, 44.12 g pot-1, at the tension of 29 kPa, showing an 

increment of 50% when compared with the water tension of 60 kPa. On the other hand, in the 

present study, the production of dry mass of leaves decreased under soil water tensions higher 

than those found by Koetz et al. (2017). 

Moreover, the effect of the wood-ash doses on the dry mass of the leaves of Paiaguás grass 

promoted an increment above 80%. Thus, it can be inferred that the addition of existing 

nutrients in the wood ash suppressed the need for the plants to contribute to their better 

development, as observed by Hansen et al. (2017) and Maresca et al. (2017). 

3.4. Dry mass of stems 

The dry mass of the stems showed isolated effect for the treatments in the three cuts. In the 

first evaluation, the dry mass of the stems was adjusted to the quadratic regression model. The 

wood-ash dose of 28.63 g dm-3 (Figure 7A) provided 1.96 g pot-1 of the dry mass of the stems. 

The soil water tension of 50.23 kPa (Figure 7B) caused the minimum production of 0.26 g pot-

1 of dry mass of the stems.  
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Figure 7. Dry mass of stems of Urochloa brizantha CV. BRS Paiaguás under wood-ash doses 

and soil water tension (B) on the first, second and third cut. 

;  and X = first, second and third cut, respectively. 

DMS1, DMS2 and DMS3 = dry mass of stems in the first, second and third cut, respectively. 

WA = wood ash. T = tension of water in the soil. *, ** and *** significant at 5, 1 and 0.1%, 

respectively. 

In the second cut of the plants, the dry mass of the stems + sheaths was adjusted to the 

linear regression model, in which with the increase of the wood-ash doses increased 83.12% the 

production of Paiaguás grass (Figure 7A), when comparing the dose of 32 g dm-3 with the no-

application of wood ash. For soil water tension, the dry mass of the stems was adjusted to the 

quadratic regression model, with lower yield of 0.26 g pot-1, in the tension of 49.05 kPa (Figure 

7B). 

In the last evaluation, the dry mass of the stems was adjusted to the linear regression model 

(Figure 7A), in which there was an increase of 86.83% in the production when the maximum 

wood ash dose was compared with the privation of the residue. There was no significant 

difference for dry mass of the stems under soil water tensions in this cut. 

As was verified with the dry mass of leaves, the dry mass of the stems was lower when 

subjected to low water availability and presented higher dry matter production with the 

increment of wood ash. In cultivar analysis of U. brizantha, researchers found lower yield of 

dry mass of stems in plants cultivated under water deficit (50 kPa) (Kroth et al., 2015). 

Similarly, Pezzopane et al. (2014), obtained a reduction of the dry mass of stems of the Paiaguás 

grass in conditions of water stress. 

With regard to fertilization by means of wood ash in grasses, studies show an increase in 
the production of dry mass of the stems in proportion to the increase in residue doses (Bezerra et 

al., 2016; Bonfim-Silva et al., 2013). 

3.5. Aerial part dry mass 

In the three cuttings of the grass, there was a significant difference between the wood-ash 

doses and soil water tensions. In the first cut, the aerial part dry mass was adjusted to the 

quadratic regression model for both factors. The wood ash dose of 24.66 g dm-3 (Figure 8A) 

favored the highest production of aerial part dry mass of 5.3 g pot-1. The lower dry mass 
production of the aerial part of 1.20 g pot-1 was verified at the soil water tension of 51.97 kPa (Figure 

8B). 

In the second evaluation, there was an increment (Figure 8A) in the aerial part dry mass of 

81.76% when using the highest dose of the experimental interval compared to the treatment 

without application of wood ash. The adjustment of the aerial-part dry mass results was 

described by a quadratic regression model with minimum point 1.64 g pot-1 in the soil water 

tension of 49.53 kPa (Figure 8B). 

In the third plant cut, the aerial-part dry mass of the grass was adjusted to the linear 

regression model with a progressive increase of 87.05% (Figure 8A) in the biomass production 

compared to the maximum dose with the treatment without fertilization with wood ash. The 
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Paiaguás grass showed minimum dry-mass production of 0.20 g pot-1, observed in the soil water 

tension 48.25 kPa (Figure 8B). 

 
Figure 8. Aerial part dry mass of Urochloa brizantha CV. BRS Paiaguás subjected to wood-ash doses 

and soil water tension (B) on the first, second and third cut. 

;  and X = first, second and third cut, respectively. 

APDM1, APDM2 and APDM3 = aerial part dry mass first, second and third cut, respectively. WA = 

wood ash. T = soil water tension. ** and *** significant at 1 and 0.1% probability. 

Evaluating the production of the cultivar BRS Piatã (Urochloa brizantha) cultivated in 

soils fertilizing with wood ash, researchers verified an increase in the aerial-part dry mass of 

the grass (Bonfim-Silva et al., 2017). The biomass gain was associated with the supply of the 

residue, which made phosphorus available within the optimum range recommended for Piatã 

grass. 

In a study developed with the cultivars of U. brizantha, the aerial part dry mass was 47% 

lower in the treatments with water stress due to the reduction of stem and leaf dry mass 

(Pezzopane et al. 2014). This study corroborates this result, in which the second and third cut 

decreased the production of dry mass of the aerial part under soil water tensions above 48 kPa, 

as a consequence of the decrease of the dry mass of leaves and stems. Euclides et al. (2016) 

likewise verified a decrease in forage mass due to water stress during the dry season. 

The aerial-part dry mass has a positive correlation with the structural characteristics of 

grasses, such as the number of leaves, tillers and leaf area (Megda and Monteiro, 2010), 

important aspects to define the most adequate management of pastures (Pereira et al., 2012). 

4. CONCLUSIONS 

The combinations of wood-ash doses with water soil tensions influence the productive 

characteristics of Paiaguás grass. Fertilization with wood ash reduces the effect of water stress 

on Paiaguás grass, and this residue may be a viable alternative to partial replacement of mineral 

fertilization and safe disposal in the environment. 
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