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Abstract

Utilizing wood ash as a fertilizer in agriculture is a viable alternative to the soil
nutrients absorbed by the crops. The aim of this study was to assess the phy-
tometric and productive features of Brachiaria brizantha (cv. BRS Piata) ferti-
lized with wood ash in the Brazilian Cerrado. The experiment was performed
in a greenhouse, adopting a completely randomized design, and applying five
rates of wood ash (0, 5, 10, 15 and 20 g-dm™) with five replicates. The shoot
plant parts were subjected to three successive cuts 30-day intervals each. The
results were submitted to the analysis of variance and regression analysis at
5% probability. The wood ash rates between 13 to 17 g-dm™ clearly produced
the best results for plant height (102.24, 84.42 and 63.27 cm), leaf/stem ratio
(1.61, 1, 78 and 1.94), and chlorophyll index (46.66, 41.93 and 38.39), respec-
tively, during the first, second and third evaluations. A 94% increase in the
shoot dry mass (2™ and 3™ evaluations) and root parts was noted for the wood
ash rate of 20 g-dm™, compared with the treatment involving wood ash ferti-
lization. Wood ash affects the phytometric features, increases the chlorophyll
concentration and thus the BRS Piatd grass production in the Oxisol of the
Brazilian Cerrado.

Keywords

Solid Residue in Agriculture, Tropical Grass, Brachiaria brizantha, Alternative
Fertilizer

1. Introduction

Ranked among of the principal production systems of the world, pastures ac-
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count for around 70% of arable land [1], and are regarded as very important in
several temperate and tropical zones [2]. Brazil, possesses nearly 200 million of
hectares of edaphoclimatic conditions and native and cultivated pastures [3],
mainly the Brachiaria grasses.

Genus Brachiaria has contributed significantly to Brazil, as it enabled cattle
ranching on the acidic and poorly fertility, and the basis of the cultivated pastures
in the country [4].

The arable areas frequently show soils with quality disparity, revealing nutri-
tional deficits that arise from intense and constant cultivation. Therefore, the
soil fertility is normally corrected by applying chemical fertilizers, obtained from
non-renewable sources, and which in turn affect the production costs. Hence,
certain measures and alternatives need to be established to maintain the systems
on a long-term basis and wood ash is one such alternative source [5].

Considering this, cattle ranchers require alternative and cheaper means of soil
fertilization, without adversely affecting either the environment or grazing ani-
mals. Wood ash appears to rank high among the suitable options for agricultural
crops, as it offers a vital means of recovering some of the nutrients lost through
soil leaching and crop utilization. Wood ash is composed of a series of elements
essential for plants and, as it is alkaline, it changes the soil pH, which is an im-
portant criterion for its implementation in agriculture [6].

As a good option, reusing wood ash can minimize commercial fertilizer re-
quirements, which in turn will reduce soil acidification and raise the calcium re-
serves [7]. Utilization of plant waste in agriculture is a good practice that has in-
creased production and alleviated issues of solid waste disposal. From this pers-
pective, using the ash as a fertilizer can prove to be a sustainable alternative supply
of P to the agricultural systems [8]. As it is versatile in nature, wood ash can be
utilized along with liquid waste, to boost its nutrient supply [9].

Brazil has the enormous potential for generating energy through thermochem-
ical conversion, produces enormous quantities of waste (ash) that must ulti-
mately be disposed. One of the ways could be their application to pastures used for
grazing, and for the recovery of degraded areas. However, scientific proof is ne-
cessary for the correct application of the wood ash [10].

The aim of this study was to assess the productive and phytometric characte-
ristics of Brachiaria brizantha (cv. BRS Piata) in response to the application of

wood ash rates to the Brazilian Oxisol.

2. Material and Methods

The experiment was conducted in a greenhouse at the Federal University of
Mato Grosso, Campus of Rondondpolis-MT, Brazil, using the forage grass, ge-
nus Brachiaria brizantha cv. BRS Piata.

The soil was first collected at a depth of 0.00 - 0.20 m from a region support-
ing Cerrado vegetation, classified as Oxisol [11]. The chemical and granulome-
tric analysis of the soil was done according to and the results are seen in Table 1
[12].
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Table 1. Chemical and granulometric analysis of Oxisol at 0.00 - 0.20 m layer.

pH P K Ca Mg H Al SB CEC V 0. M.
water CaCl, mgdm™ cmol.-dm™ cmol.-dm™ % gdm™
4.9 4.2 1.1 29 0.6 0.3 57 0.5 1 7.3 13.5 28.7

SB—Base Sum; CEC—Cation Exchange Capacity; V—Base Saturation; O. M.—Organic Matter.

The wood ash used, from a food industry boiler, had pH around 10.4 and was
characterized as fertilizer (Table 2).

The completely randomized design was adopted for the experiment, compris-
ing five rates of wood ash, with five replicates. The wood ash was applied in rates
of 0, 5, 10, 15 and 20 g-dm™. Each experimental plot included a plastic pot of 5
dm™ soil capacity. The wood ash became integrated into the soil, remaining there
for a 30-day incubation period.

After the soil was incubated with the wood ash, sowing was done at about 2.5
cm depth. Germination began five days after sowing. The plants were thinned
once the plants achieved 10 cm height, according to the criteria of size, homo-
geneity and arrangement within the pots, leaving only five plants per pot (Figure
1).

After irrigating the plants by the gravimetric method, soil moisture was main-
tained at 60% of the maximum water retention capacity. Nitrogen fertilization,
using urea as a nitrogen source, was done in the experimental plots at the rec-
ommended rates of 200 mg-dm >, in three applications (the first performed at
the time of the plant thinning, the second and third after each successive cut).

The phytometric characteristics were evaluated by performing three cuts at
each 30-day interval, assessing the plant height and leaf/stem ratio, as well as the
productive characteristics, shoot and root dry masses.

The chlorophyll index was checked every 30 days before to each cutting, at
which 10 readings were recorded per experimental unit on the recently ex-
panded diagnostic sheets (+1 and +2) (Figure 2), taking the average reading for
each pot. The readings were done avoiding the leaf ribs, ensuring they were un-
der suitable light intensity conditions.

At the time the plants were cut, the plant heights from the soil to the tip of the
forage canopy were recorded using a graduated scale, and the average plant heights
per pot were noted.

After each of the three cuttings, the plant material was harvested and weighed
and the tiller and leaf masses were separately estimated. They were packed in
paper bags and subjected to forced-air drying at 65°C for 72 hours until constant
mass was achieved.

At the third cutting of the grass, apart from recording the dry mass of the
aerial plant parts, the plant roots were collected. They were separated from the
shoot using scissors and washed under running water, through a 1.00 mm sieve

to eliminate the soil.
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Table 2. Chemical composition of wood ash.

pH (CaCl,) P,0, K,0 Ca Mg S B Fe Mn Zn
gkg™
10.4 28.8 40.0 23.1 12.2 2.6 0.2 25.2 0.3 0.1

Figure 1. Piata grass (Brachiaria brizantha) twelve days after sowing.

B Emereent leaves (EL)
[ Expanded leaves (diagnostic leaves)
[ Mature leaves (ML)
[ Culms + Sheaths (CS)

(®)

Figure 2. Employing the Clorofi LOG the chlorophyll index was read in the
newly expanded leaf blades of Brachiaria brizantha cv. BRS Piata (a); Scheme
showing the separation of the aerial parts of Piatd grass (b). Source: Adapted
from Lange (2007).
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The findings were then submitted to the analysis of variance by the F test and,
when significant, regression analysis was done at 5% error probability. Statistical

analyses were performed using the SISVAR statistical program [13].

3. Results and Discussion

The chlorophyll index was adjusted to the quadratic model of regression, for all
the three cuttings of the Piata grass, revealing the degree of correction and ferti-
lization the wood ash made to the soil. After the first and second cuts, the wood
ash doses that induced the maximum readings were 13.10 and 13.99 g-dm™,
corresponding to the chlorophyll indices of 46.66 and 41.93, respectively. After
the third cut, the wood ash rate of 17.91 g-dm™ was found to induce the highest
chlorophyll index of 38.39 (Figure 3).

The provision of Fe and Mg as soil nutrients, via fertilization using the
wood ash, may have affected the plant chlorophyll index, as these nutrients
are vital to the composition of this structure and biological nitrogen fixation.
Mg, besides being structurally a part of the chlorophyll molecule, is also a co-
factor in the ATP hydrolysis, supplying energy for fixing the atmospheric N,
[14]. The Fe acts on the nitrogenase protein complex, producing Fe-protein and
molybdenum-iron-protein, which in the presence of ATP, catalyzes the reduction
of atmospheric nitrogen to ammonia [15].

Wood ash as fertilizer supplied an appreciable amount of potassium to the
plants, as potassium enhances the activation of the enzymes responsible for ni-
trogen assimilation, protein synthesis and synthesis of leaf starch [16]. In this
context, the combined rates of nitrogen and potassium induced a higher shoot

dry mass and chlorophyll concentration in the greenhouse raised leaves [17].

¢12Cut m22Cut 4 32Cut

Cl = 25.405 + 3.245wa - 0.1238wa?
R?=0.81

Chlorophyll Index
N
(8]

15 Cl =1.1206 + 5.8302wa -0.2082wa?
R?=10.98
10
5 Cl =2.6109 + 3.9957wa -0.1115wa?
R?=0.93
0 [ L L L ]
0 5 10 15 20

Wood ash (g dm)

Figure 3. Chlorophyll index at the first, second and third cuts of Brachiaria brizantha cv.
BRS Piat, as result of wood ash rates in the Oxisol. CI = Chlorophyll Index; Wa = Wood
ash.
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Researches involving the assessment of the effect of the applying wood ash on

the chlorophyll index of Brachiaria brizantha cv. Marandu, showed an increase

in the chlorophyll concentration [18]. The application of wood ash as fertilizer

in the tropical forage grasses, confirmed an improvement in the expression of

the structural characteristics and raised the chlorophyll indices of the Marandu

and Xaraés grasslands that had been cultivated in the Cerrado of Mato Grosso

State [19].

A 1% significance was noted for plant height among the different wood ash

rates, adjusted to the quadratic model of regression in the first, second and third

cuts (Figure 4(a)). For the first cut, the 12.72 g-dm™ rate induced the maximum

120

100

80

60

Plant Height (cm)

40

20

2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Leaf/stem ratio

*12Cut ®m22Cut »3?Cut

PH =19.897 + 13.101wa -0.5149wa?

R2=0.82
PH = 6.0286 + 11.469wa -0.4194wa?
R2=0.92
PH =2.2571 + 7.1051wa -0.2069wa?
Rz=0.96
4 6 8 10 12 14 16 18 20

Wood ash (g dm3)
(a)

¢l12Cut m22Cut »32Cut

LSR =0.3422 + 0.1846wa -0.0067wa?
R2=10.88

LSR =0.2128 + 0.2303wa -0.0084wa?
R2=0.79

LSR =0.2328 + 0.2662wa -0.0103wa?
R2=10.79

5 10 15 20
Wood ash (g dm-3)
(b)

Figure 4. Plant height (a) and leaf/stem ratio (b) in the first, second and third cuts of
Brachiaria brizantha cv. BRS Piatd, in response to the wood ash rate in the Oxisol. PH =
Plant Height; LSR = Leaf/Stem Ratio; Wa = Wood ash.
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height (102.24 cm) in the Piatagrass, showing an 80.54% increase, compared
with the treatment that was not fertilized with the wood ash.

In the case of the second cutting, the wood ash dose of 13.42 g-dm™ induced
maximum plant height (84.42 cm), producing a 92.86% increase compared with
the treatment that lacked the addition of wood ash.

The third and final cutting of the plants, the 17.17 g-dm™ rate produced the
maximum plant height (63.27 cm), a 96.44% increase when compared with the
shortest plant height in the treatment without the addition of wood ash (witness).

The rates that induced the maximum heights for each cut were slowly in-
creased at each stage of growth, while this structural feature got minimized. This
could possibly be ascribed to the residual effect of the wood ash fertilization.
However, no reapplication of this residue was visible in the second and third
cuttings of this grass. Identical results were noted in a research in which the re-
sidual effect of the application of wood ash on the structural features of Brachia-
ria brizantha (Marandu and Xaraés cultivars) was visible [19].

Grass height, among others, is a significant feature that was evaluated to assess
the productive potential of these grasses. Plant height is regarded as a structural
characteristic, pertinent for adopting adequate management [20].

In all the three cuts performed, the leaf/stem ratio was adjusted to the qua-
dratic regression model. The 13.0 g-dm™ rate was found to induce the highest
results, achieving 1.61, 1.78 and 1.94 leaf/stem ratio, respectively, for the first,
second and third cuts (Figure 4(b)).

At all the three cuts, the leaf/stem ratio in the control treatment was notably
below the minimum ratio considered the critical (ratio = 1) [21]. However, in all
the three cuts, the leaf/stem ratio of the grasses was greater than 1, when the
lowest wood ash rate (5 g-dm™) was applied to the soil, revealing the benefits of
correcting and fertilizing the soil using this residue.

A 1% significance of probability was selected to produce the shoot dry mass in
all the three cuts. In the first cut, the shoot dry mass was adjusted to the qua-
dratic regression model, recording maximum yield (31.72 g), with the addition
of a rate of 16.35 g-dm™ of wood ash (Figure 5).

For the second and third cuts of the forage grass, the shoot dry mass was ad-
justed to a linear regression model, in which increments higher than 94% were
noted, within the range under study. This included making a comparison of the
treatment supplied with the maximum rate (20 g-dm™) with the control treat-
ment (with no wood ash application).

The response to the quadratic model of the dry mass of the Piata grass shoots
is warranted, as the rate that induced the highest yield (16.65 g-dm™) was re-
sponsible for providing 296.65 mg-dm™ of phosphorus. In fact, the phosphorus
rates for the maximum yield of Piatd grass cultivated in the Oxisol are in the
range of 189 - 304 mg-dm™ [22].

The linear response, evident in the second and third growth phases, can thus
be ascribed to the reduction in the phosphorus concentration in the soil, al-

though no fertilization using wood ash had been done to the soil.
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Figure 5. Shoot dry mass at the first, second and third cuts (a) of Brachiaria brizantha cv.
BRS Piatd, in response to wood ash rates in the Oxisol. Shoot dry mass at the first (b),
second (c) and third cuts (d). SDM = Shoot Dry Mass; Wa = Wood ash.

From several research papers, it is evident that various crops exhibited a

growth and production increase in the field and greenhouse experiments. Grasses
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like oats (Avena sativa L.), wheat ( Triticum aestivum L.), maize (Zea maysL.), as
well as a few legumes such as beans (Phaseolus vulgaris L.) and soybean (Glycine
max L.) showed a biomass increase after wood ash application. Such yield in-
creases were attributed mostly to the additional provision of K, P and B, present
in the ash [23]. Generally, when wood ash was applied, the acidic properties of
the soils were affected, which resulted in increased crop productivity [24]. Study
with Ultisol and Oxisol in Brazil reported that the greater increases on produc-
tion of Marandu grass were obtained at 15 g-dm™ of wood ash [25], corroborat-
ing with results of this research and evidencing the potential of wood ash on
crop production.

The root dry mass was adjusted to the linear regression model, with a 94% in-
creased yield, in the range analyzed (Figure 6). Notably, the phosphorus encou-
rages faster root growth and plant development by raising the water efficiency,
as it affects the root development and tillering in grasses, particularly during the
implantation stage [22].

Therefore, considering the resulting maximum yield produced in this study
interval, the wood ash probably contained an inadequate concentration of this
nutrient, thus highlighting the need for a longer experimental interval.

Wood ash has been frequently reported to be used as a fertilizer. Post burning,
appreciable quantities of P, Ca, Mn and Mg (about 75%) have been confirmed in
the residue [26]. The application of wood ash for the growth of tropical plants is
advantageous as it minimizes the Al and Mn toxicity, besides supplying the plants
with nutrients [27]. The authors also emphasized already in that time for the care
with due to the nutrient imbalance in the soil correction was necessary by the
addition of supplements, mainly those of N, P and K.

The main limitations for use of wood ash in large fields it is the transport of

ash from industries until farm for application on soil and the creation of culture

55
50
45
40
35 |
30 |
25
20
15
10

Root Dry Mass ( g pot™)

RDM = 3.204800 + 2.594560**wa
R2=10.93

0 2 4 6 8 10 12 14 16 18 20
Wood ash (g dm3)

Figure 6. Root dry mass of Brachiaria brizantha cv. BRS Piat, in response to the wood
ash rate in the Oxisol. RDM = Root Dry Mass; Wa = Wood ash.
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to use of alternative fertilizers. The higher rates of wood ash necessary for the
better effects on crop development are other challenge to consolidation of use

the wood ash in the agriculture.

4. Conclusion

The wood ash applied in 13 and 17 g-dm™ rates, positively affects the phytome-
tric characteristics and the chlorophyll index of Brachiaria brizantha (cv. BRS
Piata) in the Brazilian Cerrado Oxisol. The productive characteristics of the Piata
grass were evident with the wood ash dosage of 16 g-dm™, which facilitated the
maximum vyields during the first growth stage. During the second and third growth
stages of the forage grass, fertilization with wood ash rates produced linear res-
ponses indicating the necessity to restore the level of soil fertility as the plants

absorb and transport the nutrients via the aerial parts, at each cutting.
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