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Abstract 

Chia (Salvia hispanica L.) is an herbaceous annual plant considered a natural source of Omega 3 and 6 fatty 
acids, fiber, protein and antioxidants. However, the cultivation in Brazil is still recent and existing technical 
information and recommendations are limited, especially regarding to fertilization and sowing season. The 
present work had as objective to evaluate the effect doses application of phosphorus and sowing times over 
productive and reproductive parameters. The experiment was conducted in greenhouse conditions at Fazenda da 
Universidade Estadual de Maringa, Campus Umuarama. The soil used for the experiment is a typical Distrofic 
Red Latosoil, with sandy texture. The experimental design was entirely in factorial scheme 4 × 4 with three 
replications. Treatments were composed of four seeding seasons, at intervals of 15 days between one and another 
with four doses of P2O5 applied at seeding (0, 40, 80 and 120 kg ha-1, totalizing 48 plots units. It was evaluated 
the following parameters dry mass of root and shoot, grain yield, mass of 1,000 grains and oil content. There 
were no significant results both for phosphorus doses as for interaction in any of the variables evaluated. The 
treatment seeding times (E) differed statistically only for grain yield.  
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1. Introduction 
Salvia hispanica L., named as chia, belongs to Lamiaceas family, is a shrubby and herbaceous annual plant, 
tropical and temperate (Ayerza & Coates, 2006). The first reports of this plant were in Central Southern Mexico 
and Northern Guatemala, where, for many years it was used for food, medicinal plant and even “commodity” 
(Busilacchi et al., 2013; Migliavacca et al., 2014a). With Spanish colonization also came the exclusion of chia 
cultivation, remaining present in some small villages and thus lasted for many years (Sáez, 2014; Migliavacca et 
al., 2014a). 

The seed is composed of oil, polyunsaturated fatty acids, with Omega 3 and 6 representing greater importance 
(Sáez, 2014; Ayerza & Coates, 2006). According to Miranda (2012) in Brazil, chia cultivation is recent, being 
scarce agricultural management information that leads to follow foreign recommendations for its cultivation. 
Crop has some restrictions that limit its germination and development, seeds are sensitive to flooded soils, 
conditions that restrict crop performance by limiting the production potential (Stefanello et al., 2015). Sowing 
depth and incorrect fertilizing are unfavorable for S. hispanica L. about its productive yield that represents the 
main interest (Migliavacca et al., 2014b). The growing economic interest by chia is increasing in world 
agriculture; this is due to seeds composition, presenting proteins, lipids and plenty of fiber (Sáez, 2014). 

Sowing time is an aspect of great importance that must be considered to deploy a crop, so that environmental 
conditions are favorable to plants development. Early crops result in better final production, biomass and seed 
yield (Tomaz et al., 2012). Busilacchi et al. (2013) expose that chia for being classified as a plant of short day 
and if there is delay in seeding time may occur smaller plants formation and floral induction early. According to 
Migliavacca et al. (2014b) the production index is better when sowing is performed in October and November 
months, because of favourable conditions for crop development and performance, highlighting that plants can 
reach up to 2 meters height and provide production up to 800 kg per hectare. 

Phosphorus is classified as macronutrients, and without it the plant fails to develop properly. This nutrient 
provides a favorable environment for roots development, besides providing other nutrients in smaller proportion 
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such as sulfur, calcium and magnesium, that according to phosphorus source used (Lima et al., 2011; Silveira et 
al., 2015). Their absorption is by diffusion, action in those roots find during its growth (Elz et al., 2010). 
According to Hippler et al. (2011) phosphorus acts on productive potential of various species, being essential to 
plants metabolic processes. Alcantra Neto et al. (2010) verified that the maintenance of soil phosphorus provides 
better final yield crop. This element is a component of nucleic acids and is directly related to photosynthesis and 
metabolic processes, as well as other benefits, such as the availability of calcium, magnesium and sulfur (Hippler 
et al., 2011; Silveira et al., 2015). Alcantra Neto et al. (2010) note that consistent maintenance of phosphorus in 
the soil ensures the cultivation and significant progress in final production, as well as in helping to absorb water 
and other nutrients, providing resistance to cold and some diseases. 

2. Methods 

The experiment was conducted in greenhouse conditions at Fazenda belonging to Universidade Estadual de 
Maringa, Campus de Umuarama, located at 23º47′ S and 53º14′ W. Weather is classified Cfa, with mean annual 
temperature of 20.7 °C and rainfall of 1,512 mm (Köppen & Geiger, 1928). The soil used for the experiment is a 
typical Distrophic Red Latosoil, with sandy texture (EMBRAPA, 2013). The climate of the region is classified as 
Cfa, for being subtropical, with mean temperature in the coldest month less than 18° C (mesothermic) and mean 
temperature of the hottest month above 22 °C, with hot summers, infrequent frosts and rainfall concentration 
tendency in summer months, however, without defined dry station (IAPAR, 2014). 

Soil analysis was performed by means of samples collected 30 days before experiment implementation, with the 
determination of certain chemical soil attributes (Table 1). As the result of the analysis was necessary apply 
dolomite (limestone) to increase saturation bases up to 70% as indication of Paulettie Motta (2017) and 20 g 
10-00-17 formulated per vase. 

 

Table 1. Chemical soil attributes, before experiment implementation (Umuarama/2017) 

pH P O.M. Ca K Mg Al CTC V 

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

4.35 1.0 15.04 0.72 0.1 0.21 1.35 3.88 26.55 

Note. P and K extracted by Melich method; Organic matter extracted by Walkley-Black method; Ca, Mg and Al 
extracted with KCl 1 cmol L-1.  

 

Seeds were donated by farmers from Paraguay Country. There’s not a commercial cultivar, therefore, it was used 
a common cultivar. Since there is no recommendation of fertilization for chia cultivation, the authors used the 
basis recommendations to mint (Pauletti & Motta, 2017), because it belongs to the same botanic family. 
Phosphorus doses were applied according the treatments. 

Each experimental plot consisted of a vase containing 14 liters (28 × 28 × 25 cm), maintaining just one plant per 
plot. The experimental design was entirely randomized design in factorial scheme 4 × 4 with three repetitions. 
The treatments were composed of four sowing periods, in January, 08 and 23; February, 07 and 22, 2017 
agricultural year (constituting treatments E1, E2, E3 and E4), with intervals of 15 days between one and another 
with four doses of P2O5) applied in sowing (0, 40, 80 and 120 kg ha-1) totaling 48 experimental plots. Crop cycle 
for each sowing period until harvest was: E1 = 132, E2 = 117, E3 = 102 and E4 = 87 days. 

The harvest was manual, at end of crop cycle, by cutting the aerial part of plants of each experimental plot. After 
it, grains threshing and cleaning was conducted through sieves, by removing impurities from the harvest to carry 
out the analysis. 

Plant residues, previously separated in shoot and root parts, were brought to oven with forced air circulation 
remaining for 48 hours in mean temperature of 65 °C and subsequently data were converted into g plant-1, thus 
obtaining shoot and root dry mass. 

Grain yield was obtained through determination of mass of the grains harvested and subsequent conversion to g 
plant-1. Both mass of 1,000 grains as grain yield had it standardized values to 13% humidity (Brazil, 2009). 

For the evaluation of mass of 1,000 grains, seeds were counted and weighed by the means of two repetitions per 
plot, in precision balance. Seeds oil content was quantified in the laboratory, by extraction methodology with 
hexane Soxhlet type (IAL, 2008). Data were subjected to variance analysis by F-test, at 1% significance level. 
Means from two factors were compared by Tukey test at 5% probability.  
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3. Results 

The treatment sowing epochs (E) differed statistically only for grain productivity (Table 2). It may be noted by 
variance analysis highlighting for means of E3 = 1.23 g plant-1 and E4 = 1.00 g plant-1, dated on February, 07 and 
February, 22 respectively. 

 

Table 2. Root dry matter (g plant-1) and dossel part (g plant-1), mass of 1,000 grains (g), grain yield (g planta-1) and 
oil content (%) of chia seeds, in function of sowing periods and phosphorus nutrition (Umuarama, Parana State, 
Brazil, 2017) 

Treatment Root dry masss1 Dossel dry mass1  Grain yield Mass of a 1,000 grains Oil content1 

 

Epoch 

----------------------------- g plant-1 ----------------------------- ------------ g ------------ ------ % ------ 

E1 1.06 a 5.02 a 0.24 c 0.84 a 4.08 a 

E2 1.71 a 7.93 a 0.56 b 0.86 a 3.50 a 

E3 1.70 a 9.25 a 1.23 a 0.93 a 3.31 a 

E4 2.17 a 7.75 a 1.00 a 0.80 a 4.13 a 

Phosphorus (kg ha-1) 

0 1.60 7.59 0.72 0.90 4.01 

40 1.30 5.43 0.69 0.81 3.88 

80 2.08 9.61 1.13 0.88 3.82 

120 1.50 7.80 0.72 0.78 3.86 

C.V. (%) 26.6 31.3 28.6 16.2 6.1 

Note. 1 Data transformed by √x+0.5; * and n.s. = significative and no significative at 5% probability; Means 
followed by the same letter inside epoch parameter does not differ among each other by Tukey test at 5% 
significnce level; C.V. = variance coefficient.  

 

4. Discussion 

The results obtained in this experiment differed from those observed by Tomaz et al. (2012) in a similar experiment 
to evaluate the effect of sowing times on sunflower cultivation, where there was significant increase of times in 
achiness’ formation. 

Treatment with phosphorus doses (Table 2) applied in the soil at seeding did not promote significant results 
differing from those obtained by Lima et al. (2011) in that increasing phosphorous doses influenced all 
development characteristics in physic nut seedlings. These results can be explained due to chia genetic variability, 
aware that a common cultivar was used for the experiment, being unequal in the repetitions. Donson et al. (2002) 
explain that genetic characteristics are directly relational to biological process as well as environment interactions. 

The soil used in the experiment was previously corrected and fertilized and phosphate fertilization performed in 
one step. However, there was no significant loss of phosphorus, since it was growing in vases and irrigation 
occurred as were being installed the sowing seasons. So chia remained plants showed well nourished throughout 
the cycle, without influencing the oil content. According with this, increasing doses of phosphorus is not 
apparent to chia characteristics, even being a carrier and transducer of adenosine triphosphate (Epstein & Bloom, 
2006). 

According to the results (Table 2), E3 and E4 have obtained major productions for the variable grain yield. In 
similar research Tomaz et al. (2012) observed significant funding in the formation of sunflower achenes when 
evaluating the sowing season’s parameter. According to Jambonsri et al. (2011), chia requires photoperiod less 
than the maximum and a delay or advance at cultivation time of cultivation has influence the results of yield.  

The length of the day was more than the maximum critic crop required (Figure 1). In the early times of sowing, 
photoperiod regulates many biochemical responses that occur in plants, one of them flowering induction. In short 
day plants, as chia it must be less than the maximum critical (Taiz & Zeiger, 2009). 

All treatments have reached the harvest point at the same time, since all plants had induced to flourish once the 
photoperiod reached 12 hours or less. Aguirrezábal et al. (2003) obtained that the variation in the amplitude of day 
length is linked to seeds formation. According to Figure 1 it is possible to observe that as later is sowing less will 
be crop cycle even providing satisfactory grain yield.  
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