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ABSTRACT

The organic food production and mainly the demand for these products have been growing much worldwide, and with this rising demand
there is need for more adequate soil management. Organic fertilization is one of the points to improve and the alternative sources of
nutrients should be better evaluated. Potassium is an essential nutrient required in large quantities by greenery and fruit, but according
to the legislation of organic production, it can only be used as crushed rocks such as potassium sulfate. The objective of this work was
to evaluate the efficiency of potassium sulfate (soluble source), wood ash and marble powder as alternative sources of potassium in
organic system, using hybrid maize AG 1051 as the indicator crop. The experimental design applied was in randomized blocks in the
3x4x2 factorial scheme, consisting of three potassium sources applied in four doses (0, 60, 90 and 120 kg ha-1 K20) in the presence and
absence of Biofertilizer, with four repetitions. The data were submitted to analysis of variance (ANOVA) and the averages were compared
by the Tukey test (p < 0.05). Both wood ash and marble powder tested can be used as complementary potassium fertilization in organic
production systems. Marble powder proved to be the most efficient among the treatments and the Biofertilizer did not have a significant
effect on the evaluated characteristics.
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INTRODUCTION

the depletion of available K reserves in the soil. To achieve
and maintain self-sufficiency in food grain production,
alternative sources of Kare needed to replenish this nutrient
in a sustainable manner (Shirale et al., 2019).

Potassium (K) is one of the three main elements, namely,
nitrogen (N), phosphorus (P) for the best development of
plants. Soil fertility with K is vital for high crop yields (Zhao
et al., 2014; Jiang et al., 2019). In the absence of K, plants
may suffer growth reduction and often show no visible
symptoms (Haberman et al., 2019).

Wood ash is one of the main well-known alternative sources
of K conventionally in field and horticultural crops. It is
one of the ancient sources of K used to apply fertility to
the soil (Basak, 2017).

Potassium is needed in large quantities for cultivation, but

resource-poor farmers in developing countries generally
do not fertilize their crops with K due to high fertilizer
costs, an action that leads to K deficiencies. What makes
this element limiting in K agricultural production systems,
where the inadequate application of this fertilizer leads to

The importance of wood ash in agriculture is mainly
determined by the K content which varies from 5 to 7%.
The K content in the wood ash depends on the age of
the wood; the older the wood, the higher the K content
(Beesley et al., 2019).
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The importance of using wood ash with K supplier has
been demonstrated in studies. Ajala et al. (2019), report
that wood ash increased the yield of maize and lima beans.
Bonfim-Silva et al. (2019) showed that wood ash increased
the pH of the soil to adequate values and made K available,
resulting in better initial development of cowpea and
Bhutia et al. (2019) find excellent yields for growing peas.

Another source of nutrient that has shown significant
impact as an alternative source of K, is rock dust, also
known as rockiness, a technique that positively alters soil
tertility (Bianchini and Marques, 2019).

Several studies have investigated the ability of ground rocks
to provide nutrients, in particular potassium for growing
crops (Manning, 2018). Ramezanian et al. (2013) reports
the use of crushed volcanic rocks; positive responses are
also found by Bakken et al. (2000). The ability to supply K
from residual rock dust in the Seaham quarry in Australia
has also been assessed for maize and basil crops (Basak
et al., 2018). Leck plants and the K content of the plant
material showed a positive response depending on the
application rate of ground syenite (Manning et al., 2017)
and Souza Maciel (2015) tested the marble powder in corn
cultivation, obtaining excellent results.

The most used K source in conventional agriculture is
KCL, however in organic agriculture this chemical fertilizer
is not allowed, potassium sulfate can be used as long as it
does not undergo chemical processes to increase solubility
(Ciceti et al., 2019).

In tropical regions, where major agricultural innovations
are needed to meet food security goals, the local cost of
KClI is high and negligible leachate losses are frequently
reported due to the soluble nature of this salt (Manning
etal., 2017). The cost becomes important considering the
large volumes of agricultural crops that are produced in
tropical countries (Ciceri et al., 2019).

The objective of this study was to evaluate the effect of
three alternative sources of potassium (potassium sulfate,
wood ash and marble powder), so that they can be used in
the production of organic vegetables in tropical regions
and that it is able to reduce production costs.

MATERIAL AND METHODS

The experiment was installed and conducted in the area
of the company Alimentum Ltda., located on the road
of Jugatuba, village Andiroba in the rural area of Sio
Luis-MA, between November 2014 and March 2015, whose
geographical coordinates of the experimental area are 2°
37" 39,69” South Latitude and 44° 11’ 15.7” longitude.
The climate of the region in the classification of Képpen
is of the type Aw ‘, equatorial hot and humid, with two
well-defined seasons, a rainy season stretching from January
to June and a dry season with a marked water deficit from
July to December. Rainfall precipitations range from 1700
to 2300 mm annually and the average temperature are
around 26.7 °C. The precipitation was more intense during
January, but it was necessary to use additional irrigation
by sprinkling twice a day in the following months while
conducting the experiment due to water deficit.

The soil used for installation of the experiment was
classified as upper yellow red dystrophic Arénico
(Embrapa, 2013). Before the installation of the experiment,
soil samples were collected at the depth of 0.20 cm for
chemical characterization (Table 1, and Table 2).

The experimental delineation applied was in randomized
blocks with subsubdivided parcels and four repetitions,
in 3x4x2 factorial scheme, consisting of three sources
of potassium: potassium sulfate, wood ash, and marble
powder. These treatments were applied in such a way that
when obtained four doses 0, 60, 90, 120, kg ha™ of KO
the fertilizers were evaluated in the presence and in the
absence of a biofertilizer (Fig 1).

Table 1: Chemical characteristics (total levels) of the soil of the area of implantation of the experiment in the company Alimentum

LTDA, populated Andiroba, municipality Sao Luis-Ma.

Prof. pH M.O P Melich H+Al K Ca Mg SB T v
(em)  (CaCl) (9/dm?)  (mg/dm?) (mmolc/dm?) (%)
0-20 49 25 495 26 2.2 20 5 27.2 532 51

Table 2: Chemical characterization of alternative potassium sources used in the maize experiment in the company Alimentum

LTDA, populated Andiroba, Sdo Luis-Ma municipality

Potassium sources N P K Ca Mg Mn Cu Fe Zn
(gkg™) (mg kg

Wood Ash 22.82 - 22.11 4.55 - 25 7.90 20.10 20.19

Marble powder 0.74 0.47 10.03 375 0.98 ) 8.45 64.70 77

Biofertilizer 16.5 - 17.3 4.72 - 37 5.50 35 37
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Plate 1. A: area demarcada, com os tratamentos aplicados;
B: biofertilzante pronto para a aplicagéo; C: experimento em campo, 33
dias apds o plantio; D: Experimento em campo, 50 dias apds plantio.

The biofertilizer used presented the following attributes:
N, ., 127 g kg-'; P 18 g kg-' and K 1.5 g kg-', pH 6.6
(table 3). It was produced in anaerobic form from bovine
manure 250 L, Organic compound 5 kg, Wood Ash 5 kg,
bovine milk 10 L, sugar cane broth 6L, GAFSA phosphate
5 kg, Boric acid 2 kg and Zinc sulfate 2 kg, The volume
was completed up to 500 L with water. The doses of
biofertilizer, as well as that of other matetials, were defined

on the basis of their chemical analysis (Fig 1).

Each experimental parcel presented an area of 2.5x2.70 m
(6.75 m?) consisting of four planting lines spaced at 0.90 m
between lines and 0.25 m between plants, with a population
density of 44.400 plants ha.

On the occasion of the installation of the experiment,
all parcels received a dose of P,O, corresponding to
100 kg ha™' using calcium phosphate as a source. The
nitrogen fertilization was made in the form of organic
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Fig 1. Average of the height of maize plants cultivated in field conditions
in organic management with different organic sources of potassium.

Table 3 : Average levels of nitrogen (N), phosphorus (P) and
potassium (K) in the leaf of maize plants grown under field
conditions and organic cultivation with different sources and
doses of potassium, in the presence and absence of biofertilizer

Wood Ash 26,20 30,714 41,218
Marble powder 28,527 24,108 47,194
Marble Powder 26,852 21,698 46,147

compound at the occasion of planting to supply all the N
need of the green maize culture.

For the installation of the experiment, the preparation of the
area was carried out seven days in advance of the planting of
maize, with mowing and the application of the treatments
and irrigation. Subsequently was carried out the manual
sowing of the corn hybrid AG 1051. At 22 days after sowing
(DAS) when 100% of seedling emerged, the first application
of the Biofertilizer was performed, applying the dose of
5%, being 16 L of Biofertilizer/304 I of H,O, equivalent to
10 L of the solution for parcel and 1L M" line of planting
or 0.25 L of plant” Biofertilizer solution. The applications
were made weekly, with a total of four applications.

The sampling of leaf for macro and micronutrient
determination with the purpose of evaluate the nutritional
state of the plant was performed by collecting the leaf
below and opposite to the cob at the time of the appearance
of the stigmata in the feminine inflorescence (45 days
after sowing), according to the methodology described
by (Malavolta et al.,1997). The leaves of one third of the
canopy were used, discarding the midrib, and five leaves
were collected in each experimental parcel.

The plant material was washed in running water and
subsequently with a solution of 0.1% distilled water plus
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neutral detergent, and finally rinsed with distilled water.
Then the fresh matter was placed in paper bags for drying
in circulating greenhouse air force at 65° C for 72 hours,
and subsequently grinded in a Wiley mill.

The laboratory analyses for the determination of N levels
of maize leaf were subjected to sulfuric digestion, using the
method established by Kjeldahl and described by (Tedesco
etal., 1995). For the determination of phosphorus (P) and
potassium (K) levels, samples underwent a nitro-perchloric
digestion, a method also described by (Tedesco etal., 1995)
as well.

At 45 days after sowing (DAS), the following variables were
measured: plant height (AP), measured from the ground
level to the apex of the male inflorescence, and stem
diameter in the first internode (DC). It was also quantified
(70 DAS) the diameter of the cob without straw (DESP),
cob length without straw (CESP), weight of cobs with straw
(PCWP) and weight of cobs without straw (PESP) (Fig 1).

The data were submitted to analysis of variance (ANOVA)
and the averages were compared by the Tukey test
(p < 0.05), for the isolated factors as well as for the
interaction between them.

RESULTS AND DISCUSSION

The different sources of potassium, doses and interactions
varied significantly among the evaluated variables, but the
larger variations occurred between the organic sources of
potassium and there was no significant effect between the
different doses of K and the biofertilizer when evaluated
in isolation. However, differences were found for some
interactions resulting from the combinations of the factors.

With respect to the height of plants (AP), there were
difference between the sources of potassium. The
treatment that received the powder of marble differed
from the others (Fig 1). Potassium sulfate and wood ash did
not differ from each other and the wood ash was superior
to potassium sulfate. In relation to the doses of K, no
significant distinction was observed for this variable. The
presence or absence of the biofertilizer did not significantly
influence the height of the plants, evincing that the increase
in the level of potassium in the soil has no effect on the
height of maize plants. The ratio of the variety employed
associated to, particularly water and temperature, explain
the differences of height and the chemical composition of
the organic maize plant. The average height found in this
study was 80 cm, the close results in the case of corn plant
height were also found (72.10 cm) by Yadav (2019). The
lower plant height observed can be attributed to the low
solubilization of the rock and, consequently, low release of
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nutrients to the corn plant. On the other hand, the growth
of plants in the absence of K can be justified by the use
of this element in the nutrient reserves of the rhizome
(Boldrin et al., 2019).

There were significant distinctions in the interaction
between the different organic sources of potassium and the
doses (Fig 2). In general, the height of the plants increased
proportionately to the dose and varied with the alternative
source. The treatment with the marble powder presented
the highest averages, but there were no differences between
doses for this treatment. The major differences occurred
between the witness and the dose of 90 and 120 kg ha'!
of K,O for treatments with potassium sulfate and wood
ash (Fig 2). The heights of the corn plants were influenced
by the interaction between the soutrces and the rate of K
used, alternative sources of K produced plants of height
similar to plants grown with the conventional nutrient
source (Boldrin et al., 2019).

Regarding the weight of the cob with straw (PECP), in
general there was a significant effect on the different sources
of potassium (Fig 3). The best performance was obtained
for the treatment with marble powder followed by wood
ash and potassium sulfate (Fig 3). However, there was no
statistical difference between marble powder and wood
ash, and the latter did not differ from potassium sulfate.
Literature data indicate an increase in corn cob weight as a
result of potassium fertilization (Yu et al., 2009; Alias et al.
2011; Liu et al., 2011; Maleki et al., 2014; Zhang et al., 2014;
Szczepanek etal., 20106). In addition, some researchers claim
that fertilization of corn with potassium can contribute to
higher weights, since potassium affects osmotic regulation,
sweating rate and water uptake by the roots (Aslam et al.
2014; Zhang et al., 2014; Szczepanek et al., 2010).
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Fig 2. Average of the height of the maize plants grown in field conditions
in organic management with different organic sources of potassium
and different doses. Averages with lowercase equal letters between
doses and averages with letters equal uppercase between sources do
not differ by the Tukey test at a level of 5% of probability.
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Fig 3. Average of the weight of the corn on the cob, grown in organic
management with different organic sources of potassium.

The weight of the ear of corn without straw (PESP), at
70 (D.A.S.), was similar to the weight of the ear with straw
(Fig 4). There was a significant effect only between the
different potassium sources. As with the other evaluated
parameters, the treatment with marble powder stood out
in relation to other sources of potassium.

In relation to the basal diameter of the stem (DC) of
the maize plants, there was no significant difference
between the different sources of potassium, doses and
the interactions among sources x doses x biofertilizer.
However, it was observed that the treatments that provided
greater height of the plants obtained a higher basal
diameter, therefore, the largest diameters were observed for
treatments consisting of marble powder, followed by wood
ash and potassium sulfate. There was no difference in basal
diameter of the stem comparing the doses of potassium,
but the largest diameters were observed on the witness
(3.02 cm) and the dose of 120 t. ha-1 (1.93 cm) presented
the smallest diameter. These results can be explained by
the fact that, in the plant, K exists in ionic form and plays
important roles in the adjustment of osmotic pressure
and in the translocation of carbohydrates (Hawkesford
et al., 2012). Thus, the addition of K can trigger a greater
consumption of water to avoid excessive osmotic pressure,
consequently causing a greater increase in the diameter of
the stem than in the length of the stem (Z&tb et al., 2014,
Nieves-Cordones et al., 2019).

There were also no significant variations in relation to the
presence or absence of the biofertilizer. Corn plants that
have a larger basal stem diameter, consequently, obtain
greater resistance and balanced growth of the aerial part. In
addition, the stem diameter is an important characteristic,
because the higher its value, the greater the vigor,
robustness and resistance of the plant (Guimaries et al.,
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Fig 4. Average of the weight of the corn-free cob, grown in organic
management with different organic sources of potassium.

2009). Potassium is a macronutrient that has crucial effects
on corn, inducing changes in internode characteristics (Xu
et al., 2018).

For the diameter of the cob without straw (DESP), at 70
(DAS), no significant effects were observed among the
independent treatments of sources and doses of potassium
used in the presence or absence of the biofertilizer. The
diameter of the tenon ranged from 3.57 to 4.41 cm and
generally, the highest values were obtained with marble
powder treatments, in the presence and absence of the
biofertilizer. The average diameter of cobs depends, in
addition, to the genetic characteristics of the cultivator
and of the cultivation system. As the leaf is the main
photosynthetic device, the smaller leaf area found in this
study is associated with less production of photoassimilates,
resulting in less translocation of the photoassimilates to
the ear. On the other hand, the greater production of
area resulted in more production of photoassimilates and
translocation to the ear, increasing its diameter (Khan etal.,
2019). According to Chiamolera et al. 2013, the length and
diameter of the ear are characteristics that determine the
productivity potential of the corn crop.

As for the length of the cob without straw, there was a
significant difference among the sources. The treatment
consisting of marble powder resulted in larger cobs,
followed by the wood ash and potassium sulfate. A length
greater than 15 cm is within the recommended technical
standards for the marketing of green maize. However,
consumers prefer higher-length cobs for consumption “in
natura”. Thus, tangs with length around 18.57 cm, obtained
in the treatments consisting of marble powder, with a dose
of 60 kg ha-1 and in the presence of the biofertilizer, fit
the taste of consumers.
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Regarding the levels of potassium and phosphorus in the
leaves of maize plants, a significant difference was observed
among the alternative sources of potassium (Table 3). In
general, the treatment containing wood ash showed higher
potassium levels compared to other sources, but did not
differ statistically from marble powder (Table 3). The
phosphorus levels found were higher for potassium sulfate
treatments, whereas for potassium, there was no difference
between wood ash and marble powder.

For nitrogen levels, there were no significant differences
among the distinct sources, except when in interaction with
sources x doses x biofertilizer, probably because there is
a suitable supply from that nutrient to the plants for the
evaluated treatments.

Although there is a significant difference in the interaction
of the factors for nitrogen, the values found were quite
varied. In maize plants, potassium is part of biochemical
processes that involve the assimilation of nitrogen in
the plant, thus the exchangeable potassium contents
can facilitate the absorption of nitrogen by the roots,
since the greater accumulation of K however, the higher
accumulation of K occurs at the roots than facilitates N
uptake (Fernandes et al., 2013).

CONCLUSION

The use of marble powder as an alternative source proved
to be efficient in making K available to plants, and it can
be used by farmers looking to reduce their production
costs and who intend to produce sustainably. the presence
or absence of biofertilizer did not respond significantly
to the variables evaluated, since the use of biofertilizer is
associated with the induction of resistance in the control
of the disease. No differences were observed between
the doses of K. Just like marble powder, wood ash and
potassium sulfate also demonstrated that they can be used
as a source of K, but it is necessary to test these alternative
sources, under different conditions. of soil, cultivation and
climate.
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