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Abstract

Fertilizer management has a direct influence on crop productivity, especially phosphorus, which is most limiting
to the development of crops in tropical soils due to the genesis of these soils. In this sense, it is necessary to use
nutrient sources that are agronomically efficient at reduced costs compared to conventional sources. Thus, the
objective of the present study was to evaluate the effects of reactive natural phosphate as a source of phosphorus
on the development, growth, and yield of safflower in Cerrado Oxisol. The experiment was carried out in a
greenhouse at the Federal University of Mato Grosso, Campus of Rondondpolis. The completely randomized
design consisted of the following treatments: 0, 100, 200, 400 and 600 mg dm™ of reactive natural phosphate
(Bayovar reactive phosphate), with 6 replicates, consisting by pots with 2 dm® of capacity. To the Oxisol used to
fill the plots was incorporated dolomitic limestone to increase base saturation t060%. Safflower cultivar used
was IMA 0213 with a final population of three plants per plot. Plant height, number of leaves and chlorophyll
index were evaluated at 15, 30, 45 and 55 days after emergence. In the last evaluation plants were cut and the
number and diameter of the chapters, shoot and chapters dry mass, volume and root dry mass were also
evaluated. The results were submitted to analysis of variance and regression up to 10% probability. In general,
safflower crop shows a positive response to application of reactive natural phosphate. Doses between 389 and
600 mg dm™ promoted best results for development and safflower production in an Oxisol.
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1. Introduction

The increased demand for biofuels has now been the main reason for the growth of research on alternative
energy. Faced with the need for new energy sources, the large-scale use of biomass energy is seen as an option
that could contribute to more sustainable development. Thus, the importance of oilseed crops, especially
safflower (Carthamus tinctorius L.), has increased, especially with interest in the production of biofuels (Dordas
& Sioulas, 2008).

According to Coronado (2010), safflower is an oleaginous crop cultivated for more than two millennia, and its
raw material is destined for the production of oil both for human consumption and for the industry with diverse
uses (Shahrokhnia & Sepaskhah, 2016). Seeds have high oil content (27 to 47%), presenting potential as raw
material for biodiesel production, as well as minerals (Zn, Cu, Mn and Fe), vitamins (thiamine and B-carotene)
and tocopherols (a, B and v), of a high quality oil (Velasco et al., 2005).

Safflower cultivation presents great productive and adaptable potential, as well as agronomic desirable
characteristics, such as high quality and quantity of oil produced, tolerance to water deficit, soil salinity, high
temperatures and low relative humidity air (Kizil, 2008), these characteristics justify their cultivation in regions
with a hot climate and irregular rainfall, such as the Brazilian Cerrado in the dry period, diversifying the
production in these areas, is therefore an alternative for crop rotation in Brazil (Anicésio et al., 2015;
Bonfim-Silva et al., 2015).

Phosphorus (P) is the most limiting nutrient for agricultural production in tropical soils, characterized by the high
degree of weathering and low levels of available phosphorus in the plants (Novais & Smyth, 1999; Bonser et al.,
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1996; Rocha et al., 2005), as well as low phosphorus availability in the Oxisols, these present high phosphorus
fixation capacity due to high acidity, low base saturation and cation exchange capacity, with predominance of
iron and aluminum oxides in their mineralogy and high exchangeable aluminum content (Guedes et al., 2009;
EMBRAPA, 2006).

In order to supply the required amount of phosphorus in agricultural crops in Cerrado soils where there is a
predominance of Oxisols, the use of soluble phosphorus sources, such as superphosphates, promotes the
immediate availability of the nutrient to the soil due to its greater agronomic efficiency, but their sources
presents higher costs due to their process of industrialization, the deficit of reserves of quality phosphate rocks,
and that part of the nutrient will be subject to fixation in the soil, reducing its availability to the plants (Lima et
al., 2007; Horowitz & Meurer, 2004).

An alternative to reducing costs with soluble phosphate fertilizers has been the use of less soluble phosphorus
sources, such as reactive natural phosphates (Raij, 2011). The reactive natural phosphates have a lower
acquisition cost and can reduce the fixation of phosphorus in the soil, since they react in a gradual way,
presenting a residual effect that, when estimated for long periods, can have its effect equal to the soluble
phosphates (Freire et al., 2005).

In this context, the objective was to evaluate doses of reactive natural phosphate as a source of phosphorus in the
development, growth, and yield of safflower cultivation in Cerrado Oxisol.

2. Material and Methods
2.1 Overview and Experimental Design

The experiment was carried out in a greenhouse at the Federal University of Mato Grosso, Campus of
Rondonopolis-MT, located geographically at latitude 16°27'49" S, longitude 54°34'47" W and altitude of 284 m.
The region climate is classified as Aw according to Koppen, characterized by a warm and humid climate, with
two defined seasons: one rainy in the summer, and another dry coinciding with the winter. The average
temperature and relative humidity of the air during experiment were 27 °C and 81%, respectively.

2.2 Soil Characterization and Preparation

Soil used in the experiment was collected in an area under Cerrado vegetation in the 0-0.20 m depth layer of an
Oxisol with a sandy-loam texture (EMBRAPA, 2013), sieving of 4 mm of opening to fill the experimental plots.
A soil sample was sieved in a 2 mm aperture mesh for the chemical and granulometric characterization
according to Embrapa (2011).

The analysis of Oxisol presented the following chemical and granulometric characteristics: pH (CaCl,) = 4.0; P
= 1.1 mg dm>; K = 43 mg dm™; Ca = 0.5 cmolc dm™; Mg = 0.3 cmolc dm™; Al = 1.2 cmolc dm™; H+ Al =7.4
cmolc dm™; O.M. =28.9 g kg™'; sand = 425 g kg™'; silte = 100 g kg™'; e clay = 475 g kg'; bases sum of 0.9 cmolc
dm™; CEC = 8.3 cmolc dm™; V = 11%.

The soil acidity was corrected with the incorporation of dolomitic limestone (Relative Power of the Total
Neutralization (PRNT) = 80.3%), with the objective of increasing base saturation at the level of 60% (Anicésio
et al., 2015). After liming, the soil was moistened and maintained at 60% of the maximum water retention
capacity, remaining incubated for a period of 30 days.

The statistical design was completely randomized with five treatments and six replications, totaling 30
experimental plots, represented by plastic pots with a capacity of 2 dm® of soil. The treatments were constituted
by the application of 0, 100, 200, 400 and 600 mg dm™ of reactive natural phosphate (29% of total P) to the soil.
It was used as a plant species, safflower (Carthamus tinctorius L.), cultivar IMA 0213, obtained from the
germplasm bank of the Mato Grosso Cotton Institute (IMA), Brazil.

After the incubation period of the limestone, the soil was removed from the plastic bags and packed in the pots
composing the experimental units. Ten seeds were sown per pot at a depth of 0.02 m and thinned at 7 and 15
days after plant emergence based on vigor, homogeneity and size criteria, establishing a final population of three
plants per pot.

Planting fertilization was carried out simultaneously with the sowing of safflower. All treatments were also
fertilized with nitrogen (N), potassium (K,0O) and micronutrients, with sources as urea, potassium chloride and
FTE-BR 12, respectively.

Nitrogen fertilization was carried out in three equal rates, at 15, 30 and 45 days after emergence, with both
applications performed as a solution. The potassium recommendation was 200 mg dm™ of K,O applied in the
solid and granular form. Planting fertilization consisted of applying also 15 mg dm™ of the formulated FTE-BR
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12 (Sulfur: 3.9%, Copper: 0.85%, Boron: 1.8%, Manganese: 2.0% and Zinc: 9.0%).

The reactive natural phosphate used comes from Baydvar (Peru) and has 29% phosphorus (P,Os), 14% citric
acid and 32% calcium in its composition (Farias, 2012), and the doses (0, 100, 200, 400 and 600 mg dm™) were
added to the soil at the time of planting.

Irrigation management was the gravimetric method. The maximum water retention capacity of the soil was
determined in the laboratory, the pot capacity (maximum soil water retention capacity) was determined
according to the methodology described by Bonfim-Silva et al. (2011). During the conduction of the experiment,
the humidity was maintained at 60% of the maximum water retention capacity of the soil.

2.3 Response Variables

Plant growth and development evaluations were performed at 15, 30, 45 and 55 days after emergence (DAE), in
which: plant height (unit measure) was obtained by measuring the distance from the plant collar to the soil to the
apex of each plant present in the pot with the aid of a graduated ruler, with an average to compose the height of
the plot; number of leaves (unit measure) by manual counting and their values expressed in units and chlorophyll
index (SPAD), obtained from average of six readings performed on random sheets in the middle third of the
plants, using the portable chlorophyll meter model Minolta SPAD-502.

At the time of the 55 DAE cut-off, the number of chapters (unit measure) obtained by means of counting and the
diameter of chapters (unit measure) with a measurement made in the middle and cross section of the chapter was
evaluated with the aid of a digital caliper.

The plants were cut close to the ground and separated into leaves + branches and chapters and packed in paper
bags, identified and transferred to a drying oven with forced air circulation at 65 °C for 72 hours. After drying,
material was weighed to obtain dry mass of the shoot and of chapters (unit measure).

The roots of the safflower were collected and washed on a 4 mm opening sieve, and to obtain the root volume, in
cm’, the volume was measured in a graduated cylinder and the difference found corresponded to the root volume.
The roots were conditioned in paper bags and oven dried at 65 °C for 72 hours, after which the material was
weighed to obtain root dry mass (unit measure).

The results were submitted to statistical analyses using the statistical program SISVAR (Ferreira, 2011) with
analysis of variance and regression test with significance level at 1, 5 and 10% probability.

3. Results and Discussion

Plant height at 15, 30 and 55 days after emergence (DAE), responded to the linear regression model as a function
of phosphorus doses. The maximum height of 11.13, 24.28 and 27.16 cm plants was observed in the highest dose
of the natural reactive phosphate used, with an increase of 37.30, 45.72 and 31.75%, respectively, when
compares the highest dose (600 mg dm™) with the control (Figure 1).

For the third evaluation performed at 45 DAE, plant height varied significantly with soil phosphorus doses,
adjusted to the quadratic regression model, with maximum height (26.84 cm) at the dose of 556.95 mg dm™
(P,0s) (Figure 1).
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Figure 1. Plant height as a function of phosphorus (P,Os) doses, with a natural phosphate source reactive at 15,
30, 45 and 55 days after emergence (DAE). *** Significant at 1%
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Phosphorus acts directly in the process of cell division in addition to energy generation of the plants,
consequently, it is induced that, plants that have developed in insufficient levels of phosphorus in the soil, have
lower heights that have developed in higher levels of that element (Machado, 2011), such us observed in this
research.

According to Malavolta (2006), the sources of natural phosphate possess significant amounts of calcium in its
composition, neutralizing the aluminum present in the soil and helping in the reduction of the concentration of
hydrogen ions, making the soil propitious to the development of the roots favoring the growth of the plants.

Similar behavior to plant height was observed when the number of leaves of the safflower plants was analyzed,
adjusting to a linear regression model always except the 45 DAE. When comparing the highest dose of
phosphorus with the absence of fertilization, the number of leaves presented increases of 26.53, 35.40 and
30.95% for the evaluations performed at 15, 30 and 55 after the emergence of the plants respectively (Figure 2).
At 45 DAE, the number of leaves was significantly increased with the phosphorus doses, adjusting to the
quadratic regression model, with the maximum value (16.46 leaves) provided by the dose of 500 mg dm™ of

P,0s, presenting an increase of 45.56% of production in relation to the absence of phosphate fertilization (Figure
2).
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Figure 2. A number of leaves as a function of phosphorus doses (P,Os) with a natural phosphate source reactive
at 15, 30, 45 and 55 DAE. *** Significant at 1%

The linear increase in the number of leaves due to the addition of phosphorus is mainly due to the dynamics of
this element, than in highly weathered soils, composed mainly of clays of the 1:1 type, which has high affinity
with the soil phosphate ions end up disabling a good part of the nutrient for the solution of the soil, consequently
its absorption (Raij, 1991; Novais, 1999).

Bonfim-Silva et al. (2017), analyzed the development of safflower cultivated in the same soil of the present
experiment in phosphorus levels up to 540 mg dm™, using triple superphosphate source and noticed a linear
increase in the number of safflower leaves. This increase may have occurred mainly due to the alteration of the
source used, since when fertilized with natural phosphate, the release of phosphorus to the soil solution occurs
more slowly and gradually when compared to other sources of faster solubilization.

Phosphate fertilization influenced the chlorophyll content of safflower leaves, adjusting to the quadratic model of
regression in the evaluation performed at 30 DAE, demonstrating that the phosphorus dose of 389.17 mg dm™
was responsible for the highest chlorophyll index (50.87) with an increase of 17.86% when compared to the
absence of phosphate fertilization (Figure 3).

For the evaluation performed at 45 DAE, the highest dose of natural reactive phosphate used allowed a 15.04%
increase in the chlorophyll index when compared to the highest dose (600 mg dm™) with the control (Figure 3).
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Figure 3. Chlorophyll index content (SPAD) as a function of phosphorus doses (P,0s) with a natural phosphate
source reactive at 30 and 45 DAE. *** Significant at 1%

The chlorophyll index increased in response to phosphorus supplementation. This increase may be due to the
importance of phosphorus in plant nutrition, which participates in the beneficial ATP molecule the active process
of nitrogen absorption by plants (Malavolta et al., 1997; Taiz & Zeiger, 2010), making it clear that higher
phosphorus concentrations contribute to higher nitrogen uptake and higher chlorophyll content (Haim et al.,
2012; Hurtado et al., 2011).

The results found in the present study corroborate with those observed by Silva et al. (2010) and Souza et al.
(2011), which verified that the chlorophyll content increased with the phosphorus doses applied to the soil,
suggesting that the absorption of phosphorus also favors the nitrogen absorption by the plant.

The diameter of the chapters presented a significant difference as a function of the phosphorus doses, adjusting
to the quadratic model of regression in the evaluation performed at the time of the cut at 55 DAE (Figure 4A),
demonstrating that the phosphorus dose of 457.17 mg dm™ was responsible for the largest chapter diameter
(10.35 mm) of safflower plants.
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Figure 4. The diameter of chapters as a function of phosphorus doses (P,Os) with natural phosphate source
reactive at 55 DAE. [ Significant at 10%
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A good development of the chapter characterizes a good production of the safflower culture, the bigger the
diameter of the chapter the greater the number of flowers and according to the quantity of inflorescence will be
the yield of grains of the culture, with consequent increase in the oil content of the grains (Paludo et al., 2017).
At the time of cutting at 55 DAE, the efficiency of the reactive natural phosphate could be perceptible,
contributing to the increase in the diameter of chapters of safflower plants. Soares and Macedo (1988), that, over
time, soluble phosphorus sources tend to increase their reactivity, as they have a higher residual effect.
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Abbadi and Gerendas (2011), verified that the safflower culture responds positively to the increase of
phosphorus to the soil, presenting greater development and better responses in the productive variables of the
safflower culture, as well as a greater number of chapters per plant, a larger diameter of chapters and a greater
number of chapters in the main and secondary.

At the 55 DAE cut, there was a linear increase in the number of chapters of safflower plants with increasing
doses of phosphorus (Figure 4B), whose dose of 600 mg dm™ provided the highest number of chapters (5.17)
with an increase of 56.15% when compared to the absence of phosphate fertilization.

The number of chapters per safflower plant is one of the most important yield components since it is directly
related to the final production of the crop. According to Paludo et al. (2017), the number of chapters per plant
and the number of seeds per chapter is strongly correlated with safflower productivity, as well as related to each
other.

The results found in the present study corroborate those of Abbadi and Gerendas (2011), which evaluated the
development of safflower and sunflower, cultivated at phosphorus doses of 8 to 150 mg of P dm™, found that
when grown with the highest dose of the element, the plants showed an increase of 83.3% on average when
compared to the lower dose of calcium phosphate. Abbadi et al. (2011) found that the safflower plants are
extremely demanding in phosphorus since productive variables were influenced when cultivated in low levels of
both phosphorus and potassium.

The chapter dry mass of the and the shoot dry mass were significantly increased with the phosphorus doses,
adjusting to the linear regression model (Figures 5A and 5B), with higher yield (0.72 and 0.78 g pot™) in the
dose of 600 mg dm™ of P,Os with an increase of 68.10 and 44.79% respectively, when compared to the higher
dose of the experimental interval with the control.
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Figure 5. Chapters dry mass (A) and shoot dry mass (B) of safflower plants (Carthamus tinctorius L.) as a
function of phosphorus (P,Os) doses with natural phosphate source reactive at 55 DAE. *** Significance of 1%

The positive effect of phosphatic fertilization on safflower cultivation reflects an increase in the production of
dry mass of the crop, because phosphorus is directly involved in the metabolic processes of plants, playing an
important role in cell energy transfer, respiration and photosynthesis as well as a constituent of several protein
complexes (Malavolta et al., 1997; Zobiole et al., 2010; Tomich et al., 2003).

These results demonstrate that the root system is more developed there is a greater contact of the roots with the
natural reactive phosphate incorporated in the soil, causing a greater absorption of phosphorus, favoring the
growth and development of the plant, promoting greater height and as a consequence, higher production of dry
mass (Chien & Menon, 1995a, 1995b, Oliveira Junior et al., 2008).

The root volume showed a significant difference as a function of the phosphorus doses, adjusting to the linear
regression model in the evaluation performed at the 55 DAE cut (Figure 6), demonstrating that the phosphorus
dose of 600 mg dm™ was responsible for the highest root volume (3.57 ml) of safflower plants, increasing by
57.39% in relation to the absence of phosphate fertilization.
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Figure 6. Root volume of safflower (Carthamus tinctorius L.) as a function of phosphorus (P,Os) doses with a
natural source of phosphate reactive in the cut. *** Significance of 1%

A well-developed root system is essential for plant growth, nourishment and sustenance and, as a result, a good
development and increase in grain yield. According to Guedes et al. (2009), plants well-nourished mainly in
phosphorus ensure a greater root development, consequently an increase in the production of photoassimilates
that are redistributed to the plant, causing root growth in length and volume.

4. Conclusions

The natural phosphate fertilization promotes significant changes in the morphological and productive
characteristics of the safflower crop.

Fertilization with Bayovar reactive phosphate (P,Os) between 389.17 and 600 mg dm™ yields the best responses
for the development and production of safflower cultivar IMA 0213 in Cerrado Oxisol.

The safflower presents positive responses to the application of the reactive natural phosphate as a source of
phosphorus and can be an alternative for phosphate fertilization in Cerrado Oxisol.
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