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Aiming to assist small farmers, the search for low cost fertilizers and soil acid correctives has intensified. The wood ash waste is an
alternative, which can act as fertilizer and corrective. It is also from available materials, which are reuse-able with less
environmental impact. The objective of this study was to evaluate the effect of wood ash doses (0, 6, 12, 18, 24 and 30 g dm’3) on
the productive characteristics of peanut cv. IAC OL3 and IAC 503. The experiment was carried in a complete randomized block in
factorial scheme 2x6 with five replications in a greenhouse at the Federal University of Mato Grosso campus of Rondonédpolis, MT.
The substrate was Cerrado Oxisol to fill 1.5 dm’® pots. The analysis of variance with sequential polynomial regression test was
employed. The results showed that incorporation of wood ash to the soil was beneficial to the productive characteristics of
peanuts. The dry mass of pods was influenced by wood ash application with higher results found for cultivar IAC 503. To the
variables leaf dry mass, root dry mass, number of pods, grains pot’1 and grains yield showed no significant interaction between
wood ash and cultivars. This study recommends wood ash doses in the range between 22.34 g dm™and 29.78 g dm>.

Arachis hypogaea L.; organic fertilizer; soil acidity corrector; solid waste; soil fertility.
CEC_cation exchange capacity; 0.M._organic matter; SB_base sum.

Full vegetative and productive development of agricultural be attributed to the high concentration of calcium and
plants needs essential nutrients to be available in adequate magnesium oxides, hydrocarbons and hydroxides according
quantities. Supply may occur with supplementation using to Haraldsen et al. (2011).

organic or inorganic sources or both combinations. Previous studies have shown increments in plant growth by
Most fertilizers have synthetic origin (inorganic) and a high addition of wood ash to the soil, among which are barley
cost to purchase which minimizes the economic return to (Cruz-Paredes et al., 2016), Brassica napus L. (Nabeela et al.,
farmers especially for small ones. Because of this, the search 2016), cowpea (Awodun, 2007; Bonfim-Silva et al., 2017a),
for alternative and efficient sources is extremely important. gerbera (Bar et al., 2018), gladiolus (Pereira et al., 2016) and
The energy generated in industrial processes by burning safflower (Bonfim-Silva et al., 2018). However, there is lack
wood has as waste called “wood ash” (Bonfim-Silva et al., of information for peanut production in Brazilian soil
2017a). This waste may not be properly disposed and it can conditions.

cause environmental pollution. Combining security in energy Peanut (Arachis hypogaea L.) is an oleaginous species
production with the need for low-cost fertilizers and soil acid originating from South America (Silva et al., 2017) that
corrective have risen the opportunity to reuse wood ash by occupies an estimated area of 28 million hectares being the
incorporating it into the soil. fourth most cultivated oilseed worldwide (FAO, 2017).

The physicochemical properties of ash may be different Brazil is the second peanut producer and exporter in Latin
based on its source. Generally, they have high solubility and America’s ranked just behind Argentina (EMBRAPA, 2014;
significant amounts of potassium (K), magnesium (Mg), Gong et al., 2018) which average 25% of production are
calcium (Ca) and phosphorus (P) (Etitgni and Campbell, destined for exportation (ABICAB, 2018).

1991; Osaki and Darolt, 1991; Eriksson, 1998). In addition This is not much information on the agronomic management
the contain iron (Fe), manganese (Mn), sodium (Na), boron of peanut crop grown under wood ash as fertilizer. Because
(B), zinc (Zn), copper (Cu) and molybdenum (Mo) in smaller of this, the recommendations used by producers are based
quantities (Osaki and Darolt, 1991). on technical bulletins for other regions and crops.

It also can acts as a soil acidity corrector (Osaki and Darolt, In order to test an alternative fertilizing with low-cost
1991; Saarsalmi et al., 2010; Bonfim-Silva et al., 2018) and in combined with peanut cultivars, this study aimed to
aluminum (Al) toxicity (Ferreira et al., 2012), a facts that can evaluate the productive characteristics of peanut cultivars
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with high yield potential fertilized with wood ash doses
cultivated in Cerrado Oxisol.

After the results of analysis of variance, there was significant
interaction between the factors for dry mass of pods. For
the others variables there were significant differences for
some factors.

Leaf and root dry mass

The cultivar IAC 503 showed greater accumulation for leaf
and root dry masses, when compared to the cultivar IAC OL3
(Table 1).

These cultivars have distinct growth cycles and the cultivar
IAC OL3 has a shorter cycle compared to the cultivar IAC 503
(IAC, 2019). Commonly the longer cycle for vegetative
growth cause a greater accumulation in plant matter.

Faster cycles imply reduction of productive potential,
compared with crops that have longer cycles (Dall'Agnol,
2009).

The incorporation of wood ash (29.78 g dm’a) into the soil
influenced the leaf dry mass reaching to the highest
accumulation of 15.79 g (Fig 1A). The root dry mass was
adjusted to linear regression model with an increment of
41.81%, when compared to the highest dose of the interval
with the absence of wood ash fertilization (Fig 1B).

Dry matter accumulated in the peanut roots may have
increased due to the direct influence of the high amount of
calcium (Ca) supplied by wood ash as this nutrient is directly
related to the plant cell elongation. Leyser (2018) and
Dindas et al. (2018) proposed that the action of auxins
hormone with Ca”" results in less rigid cell wall, allowing the
increase in cell volume inducing growth.

Increases in roots results in more area to absorb water and
nutrients from soil, which can induce further shoot growth.
Amongst the nutrients that are readily available for
absorption by the roots is phosphorus (P) which is found in
considerable quantities in composition of wood ash used
(Table 4).

Phosphorous is one of the elements that maximizes cell
division and becomes indispensable for the growth of both
shoots and roots (Obernberger et al., 2006; Cross-Wall et al.,
2016; Cabral et al., 2018) even it can directly influence the
amount of leaves when associated with other nutrients
(Bonfim-Silva et al., 2017a).

The increase in dry mass with the use of organic fertilizers is
already proved in other crops such as canola (Nabeela et al.,
2015), cowpea (Bonfim-Silva et al., 2017a), jack beans
(Bonfim-Silva, et al., 2017b) and gerbera (Bar et al., 2018).

Number and dry mass of pods

There was a significant difference in number of pods among
cultivars. The IAC 503 cultivar reached the highest number
of pods (Table 2).

The dose of 23.65 g dm™ of wood ash corresponded to an
average of 26 pods per pot (Fig 2A).

For the dry mass of pods, interaction between the factors
was observed after application of of 26.16 g dm™ wood ash
in IAC OL3 cultivar and 22.99 g dm? for the IAC 503 cultivar
(Fig 2B).
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The increase in the number of pods and the dry mass of
pods may be related to the high amount of Ca in the ash
composition (Table 4).

Among the nutrients, characteristics of Ca in plant
physiology is the essentiality to maintain pollen tube
formation and pollen grain sprouting, when associated with
phytohormones (Gao et al., 2019), which will eventually
form the pods and grains.

Apart from calcium, another element of such importance for
the formation of reproductive structures is the nitrogen (N).
The supply of this nutrient to peanuts is possibly occurred in
plant’s association with native species of rhizobia in the soil,
since there was not supply via mineral fertilizer and the
amount of Ca in the wood ash treatments were too low
(Table 4).

The growth of jack beans fertilized with wood ash suggested
the same hypothesis of association with native nitrogen
fixing bacteria due to the absence of N-fertilizers (Bonfim-
Silva et al., 2017b).

The N is an element directly related to yield of peanuts,
which together with the magnesium forming the molecule of
chlorophyll that is inherent to photosynthetic reactions
(Marschner, 2012).

Considering that the association of legume roots with
rhizobacterias is highly favored by the high increase in the
concentration of soil available P, Bonfim-Silva et al. (2017b)
explained that the enzyme responsible for N, breakdown
(nitrogenase) has a high energy cost that could be supplied
with wood ash fertilization.

Peanut grain yield

The IAC 503 cultivar obtained higher number of grains per
pot and higher grain yield, when compared to the IAC OL3
cultivar (Table 3).

The higher accumulation of dry matter from both shoots and
roots (Table 1) was reflected in higher grain yield by the IAC
503 cultivar because during the growth stage there is the
accumulation of reserves that later will be destined to the
formation of productive characteristics and grains (Taiz et
al., 2015).

The regression test adjustment indicated that the most
efficient dose of wood ash to produce maximum number of
grains pot'1 is2234 g dm>, corresponding to 44 grains per
pot (Fig 3A). According to the same regression equation, the
grain yield of 18.58 g was achieved at 25.26 g dm™ of wood
ash (Fig 3B).

This increase in grain yield is correlated with the increase in
the other factors such as shoot and root dry mass, number
and dry weight of pods, which may be explained by the
potential of wood ash as a soil acidity corrective and
increasing available nutrient.

Previous studies have reported increasing in soil pH by the
application of wood ash doses (Varela et al., 2013; Sirikare et
al., 2015; Pereira et al., 2016; Quesada et al., 2017). With
the increase of pH the soil acidity is neutralized. It increases
the available nutrients such as Ca, Mg, K and P for plants
(Varela et al., 2013).

Potassium plays a fundamental role for both plant growth
and grain formation as it is related to stomatal opening and
closing (Taiz et al.,, 2015) and also to the transport of
photoassimilates to grains (Usherwood, 1994). The supply of
this nutrient occurs mainly due to the high K,O content



Table 1. Leaf dry mass (g) and root dry mass (g) of peanut cultivars grown in Cerrado Oxisol.

Cultivar Leaf dry mass Root dry mass
IAC 503 1293 a 10.44 a
IAC OL3 11.36 b 7.79b

Means followed by the different letters in the same column differ each other at the 5% level of probability by the F-test.
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Fig 1. Leaf dry mass (A) and root dry mass (B) of peanut grown in Cerrado Oxisol fertilized with wood ash. **Significant at 1% level
of statistical probability. LDM = Leaf dry mass; RDM = Root dry mass; WA = Wood ash dose.

Table 2. Number of pods of peanut cultivars grown in Cerrado dystrophic Oxisol.

Cultivar Number of pods
IAC 503 23.43a
IAC OL3 22.70b

Means followed by the different letters in the same column differ each other at the 5% level of probability by the F-test.
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Fig 2. Number of pods (A) and dry mass of pods (g) (B) of peanut cultivars grown in Cerrado Oxisol. **Significant at 1% level of
statistical probability. NP = Number of pods; DMP = Dry mass of pods; WA = Wood ash dose.
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Table 3. Grains pot'1 and grain yield (g) of peanuts cultivars grown in Cerrado dystrophic Oxisol.

Cultivar Grains pot™” Grain yield
IAC 503 38.13a 1534 a
IAC OL3 36.27 b 12.77 b

Means followed by the different letters in the same column differ each other at the 5% level of probability by the F-test.
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Fig 3. Grains pot'1 (A) and grain yield (g) (B) of peanut fertilized with wood ash grown in Cerrado Oxisol. **Significant at 1% level of
statistical probability. GP = Grains pot'l; GD = Grain yield; WA = Wood ash dose.

Table 4. Chemical characteristics of the wood ash used as fertilizer and soil corrective in this experiment.

pH % P,0s .

(H,0) NP N (Total) K,O Zn Mn B Ca Mg S Si Fe
% gkg’

11.8 25 2.5 48.5 16.6 0.13 0.5 0.2 37.5 28.5 2.8 187 15.3

*NP = Neutralizing power.

present in the wood ash incorporated to the soil (Table 4)
making the nutrient available at all stages of crop
development. In a study with cowpea fertilized with sawdust
ash doses, Awodun (2007) reported an increase in the
amount of exchangeable K in the soil and a higher K
concentration in the leaves, reaching 7.4% with 8 t ha dose.

Plant materials

The cultivars OL3 and 503 were developed in Brazil by the
Agronomic Institute of Campinas (IAC) and selected for this
experiment because according to the institute descriptions
both have runner growth habit with thick branches, high
productive potential and the grains are classified with high
contente of oleic acid (70 ~ 80%) providing an extended
storage capacity and higher yield when used for derivatives
(IAC, 2019).

Conduction of experiment

The experiment was carried in a greenhouse at the Federal
University of Mato Grosso campus of Rondondpolis, MT,
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Brazil, using as substrate soil collected in native Cerrado area
passed through a 4-mm sieve.

The chemical and physical properties of soil was analyzed in
a sample collected at a depth of 0.0 to 0.2 m: pH (CaCl,) =
4.0; P = 1.1 mg dm™® (Mehlich™); K = 43 mg dm™; Ca = 0.5
cmol, dm’; Mg = 0.3 cmol, dm™; BS = 0.7 cmol, dm’; CEC =
8.3 cmol, dm'3; V=97% 0M.=271¢g dm’a; sand, silt and
clay=423,133 and 444 g kg'l, respectively.

The design was a completely randomized in a 2x6 factorial
arrangement with two cultivars (IAC 503 and IAC OL3) and
six doses of wood ash (0, 6, 12, 18, 24 and 30 g dm’a) and
five replications. The soil previously collected was
homogenized with the ash doses and incubated for a period
of 20 days for chemical reactions and neutralization of soil
acidity. After this period, pots with a capacity of 6 dm™ were
filled and sown with 10 seeds per pot with subsequent
thinning keeping three plants per pot.

The wood ash used came from burning Eucalyptus sp.
biomass in industrial processes, whose chemical
characteristics are presented in Table 4.

The maximum soil water retention capacity was determined
in laboratory by the gravimetric method (Bonfim-Silva et al.,
2011). Based on the results, the irrigations were performed
twice a day early morning and late afternoon so that the soil



could maintain moisture close to 60% of maximum retention
capacity.

Productive characteristics analysis

The plants were cut at the physiological maturity stage so
the variables such as leaf dry mass, root dry mass, number
of pods per pot, dry mass of pods, and number of grains per
pot (sum of all three plants kept in pots) and grain yield
were analyzed.

Dry mass were obtained using a semi-analytical balance
after plant was dried in a forced air circulation at 65 2C until
reaching constant weight. The number of pods and grains
was obtained by manual counting. Grain yield was obtained
by adjusting the humidity to 13% and then weighed in semi-
analytical balance.

Statistical analysis

Normality teste was applied to verify if data had normal
distribution. After this, data were subjected to analysis of
variance at 5% probability and polynomial regression test
(linear and quadratic) at up to 5% probability with SISVAR
5.3 statistical analysis software (Ferreira, 2011).

The fertilization with wood ash was able to increase the
productive characteristics of peanuts. The cultivar IAC 503
presented higher results than the cultivar IAC OL3. The
recommended range of wood ash dose for peanut
productive characteristics grown in a greenhouse was
between 22.34 g dm™ and 29.78 g dm™.
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