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Abstract

There are researches with calcium to produce the cauliflower inflorescence, but for seeds production no studies were
found, this element is fundamental for the fixation of the floral buds and in the production and quality of seeds. The
objective was to evaluate the effect of foliar application of calcium on different phenological stages of cauliflower plants
in seed production and quality. Eleven treatments were evaluated, varying the number (1 to 4) of calcium (6 g L of
calcium chloride) applications and the phenological stages (E1 = floral stem with 30 cm length, E2 = opening of the
first flowers; E3 = formation of first siliques; E4 = 50% of silique formed), resulting: T1 = control without application
of Ca; T2=E1; T3=E1+E2; TA=E1+E2+E3; T5=E1+E2+E3+E4; T6 =E2; T7T=E2+E3; T8 =E2+E3 +
E4; T9=E3; T10 = E3 + E4; T11 = E4. The results showed a higher seed production per plant in treatments T10 (E3 +
E4) and T11 (E4) with 42 and 48 g per plant, and a higher number of seeds per plant, with 12,379 and 12,978,
respectively, compared to the control (T1): 23 g and 5,725 seeds per plant. Calcium applications in different
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phenological stages did not influence the physiological quality (germination and vigor) of cauliflower seeds of cultivar
'Piracicaba Precoce'’. Application of these treatments in other cultivars is promising for further studies.
Keywords: Brassica oleracea var. botrytis; Calcium chloride; Germination; Vigor.

Resumo

Existem pesquisas com uso de célcio para produzir couve-flor de consumo comercial, mas para a producéo de sementes
ndo foram encontrados estudos. Este elemento é fundamental na fixagdo dos botdes florais e portanto, na producéo e
qualidade das sementes. O objetivo foi avaliar o efeito da aplicacéo foliar de calcio nos diferentes estagios fenologicos
das plantas de couve-flor na producédo e qualidade de sementes. Foram estudados 11 tratamentos, variando nimero (1 a
4) de aplicaces de célcio (6 g L-1 de cloreto de célcio) e estadios fenoldgicos (E1 = haste floral com 30 cm; E2 =
abertura das primeiras flores; E3 = formacdo das primeiras siliquas; E4 = 50% de siliquas formadas), resultando nos
seguintes tratamentos: T1 = controle sem aplicacdo de Ca; T2 =E1; T3=E1+E2; T4A=E1+E2+E3; T5=E1 + E2
+E3 +E4; T6 = E2; T7 = E2 + E3; T8 = E2 + E3 + E4; T9 = E3; T10 = E3 + E4; T11 = E4). O delineamento
experimental foi em blocos casualizados, com quatro repeti¢cdes. Foram obtidas maior massa de sementes por planta
nos tratamentos T10 (E3 + E4) e T11 (E4), com 42 e 48 g de sementes por planta, assim como maior nimero de sementes
por planta, com 12.379 e 12.978 sementes, respectivamente, comparativamente ao controle (T1): 23 g e 5.725 sementes
por planta. As aplicacBes de célcio em diferentes estadios fenoldgicos ndo influenciaram a qualidade fisioldgica
(germinagdo e vigor) de sementes de couve-flor ‘Piracicaba Precoce’. Aplicagdo desses tratamentos em outras cultivares
S80 promissores para novos estudos.

Palavras-chave: Brassica oleracea var. botrytis; Cloreto de calcio; Germinagéo; Vigor.

Resumen

Hay investigaciones sobre el uso de calcio para producir coliflor para consumo comercial, pero no se han encontrado
estudios para la produccion de semillas. Este elemento es fundamental en la fijacion de los botones florales y por tanto
en la produccién y calidad de las semillas. El objetivo fue evaluar el efecto de la aplicacion foliar de calcio en las
diferentes etapas fenol6gicas de plantas de coliflor sobre la produccién y calidad de semillas. Se estudiaron once
tratamientos variando el nimero (1 a 4) de aplicaciones de calcio (6 g L™ de cloruro de calcio) y estadios fenoldgicos
(E1 = tallo floral de 30 cm; E2 = apertura de las primeras flores; E3 = formacion del primeras silices; E4 = 50% de
silices formadas), resultando en los siguientes tratamientos: T1 = control sin aplicacion de Ca; T2 = E1; T3 =E1 + E2;
TA=E1+E2+E3; T5=E1+E2+E3+E4; T6 =E2; T7T=E2 +E3; T8 =E2 + E3 + E4; T9 = E3; T10 = E3 + E4;
T11 = E4). El disefio experimental fue en blogues al azar, con cuatro repeticiones. Se obtuvo mayor masa de semillas
por planta en los tratamientos T10 (E3 + E4) y T11 (E4), con 42 y 48 g de semillas por planta, asi como mayor nimero
de semillas por planta, con 12,379 y 12,978 semillas, respectivamente, comparativamente al control (T1): 23 g y 5.725
semillas por planta. Las aplicaciones de calcio en las diferentes etapas fenolégicas no influyeron en la calidad fisiologica
(germinacién y vigor) de las semillas de coliflor 'Piracicaba Precoce'. La aplicacion de estos tratamientos en otros
cultivares es prometedora para futuros estudios.

Palabras clave: Brassica oleracea var. botrytis; Cloruro de calcio; Germinacion; Vigor.

1. Introduction

Although there are studies on nutrition and fertilization recommendations for cauliflower production, there are few
studies about nutrient effects on seed production and quality. Due to the scarcity of information related to nutritional
requirements, fertilization may compromise seed productivity and quality (Cardoso, 2011).

One nutrient that has been neglected in the research about the production of vegetable seeds is calcium. In cauliflower
it is the third most accumulated nutrient in the plant (Cardoso et al., 2016). Its function is to act in the formation of the calcium
pectate, present in the middle lamellar of the cell wall, in the germination of the pollen and pollen tube growth, being therefore
a fundamental element for the fixation of the floral buds and in the production of seeds. Its deficiency in plants can result in poor
biotic and abiotic stress tolerance, reduced crop quality and yield (Dayod et al., 2010).

Limestone is the main source of calcium and it is necessary to maintain an optimum soil moisture level to promote
adequate movement of Ca to the roots and into the plant (Olle & Bender, 2009).

Because the distribution of Ca in the plant is preferentially via xylem, the redistribution rate for fruits and seeds is
very low (Olle & Bender, 2009; Kano et al., 2010). Bevilaqua et al. (2002) suggested that the application of this nutrient should
be done via foliar in the flowering or post-flowering phase in order to have a better use and, consequently, an increase in seed

productivity, which has already been reported in soybean (Bevilaqua et al., 2002; Arantes et al., 2009), corn (Javorski et al.,
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2015), Physalis (Silva et al., 2017), pomegranate (Hosein-Beigi et al., 2019) and beans (Rosolem et al., 1990). In cauliflower,
there are researches with calcium to produce the inflorescence, but for seeds production no studies were found.
The objective of this research was to evaluate the effect of foliar application of calcium on different phenological

stages of cauliflower plants in seed production and quality.

2. Material and Methods

The research was conducted at the S&o Paulo State University (Unesp), College of Agricultural and Techonogical
Sciences, Dracena. It is located at 421 m altitude (coordinates 21°27'37" south latitude and 51°33'21" west longitude). The
rainfall index is 1,236 mm per year and the climate of the region, according to the classification of Képpen, is Cwa type, with
dry winter.

A total of 11 treatments were studied, varying number (1 to 4) of calcium (6 g L™ of calcium chloride, 27% of Ca)
and phenological stages (E1 = floral stem with 30 cm, E2 = opening of the first flowers, E3 = formation of the first siliques, E4
=50% of silique formed), resulting in the following treatments: T1 = control without application of Ca; T2 =E1; T3 =E1 + E2;
T4=E1+E2+E3;T5=E1+E2+E3+E4;T6=E2; T7T=E2+E3; T8 =E2+E3+E4; T9=E3; TI0=E3+E4; T1l=E4,
these treatments being characterized as qualitative (Pereira et al., 2018). The experimental design was a randomized block, with
four replications.

The soil chemical characteristics were: pH (caciz) = 4.6; organic matter = 15 g dm=3, P = 4 mg dm; H + Al = 22 mmol,
dm3; K = 2.1 mmol, dm; Ca = 7 mmol. dm3; Mg = 4 mmol. dm; SB = 13.1 mmol. dm=; CEC = 35.1 mmol. dm= and V =
37%. Correction of soil acidity, planting and cover fertilization were made according to the recommendations of Raij et al.
(1997).

The cultivar Piracicaba Precoce was studied and the sowing was made on 03/04/2017 in trays of 162 cells, and
transplantation was done 25 days after sowing (DAS) in the spacing of 1.0 x 0.5 m, the plot was composed of four plants. Leaf
applications of sodium molybdate at a dose of 1.0 g L were made at 30 and 45 days after transplanting (DAT).

The application of calcium chloride was started in plants with a floral stem of 30 cm at 69 DAT, and the others
applications were made as the plants developed, according to the treatments (opening of the first flowers, formation of the first
siliques, 50% of silique formed).

Seed harvesting started at 135 DAT when the silique was straw-yellow, not totally dry, and the seeds had a dark brown
color (Contreras et al., 2014), and finished at 152 DAT.

After harvesting, the plants remained in a dry, shaded and ventilated place in order to lose moisture and facilitate the
extraction of the seeds. After the extraction, the seeds were cleaned in the seed separator by density (De Leo Type 1 model),
resulting in the classified seeds used in the evaluations. The seeds remained in a dry chamber (40% RU and 20°C) till the moisture
content of the seeds stabilized at 8%.

The evaluated characteristics were: plant height (evaluated on the day of harvest); dry weight of the plant: weight of
the aerial part, without the seeds; weight of 1000 seeds (Brasil, 2009); number and weight of seeds per plant.

Germination and vigor of the seeds were also evaluated: a) germination test: according to the methodology of the Seed
Analysis Rules (Brasil, 2009), and the number of normal seedlings evaluated at the 10" day after sowing (DAS), expressed as a
percentage; b) first germination count: the number of normal seedlings was counted at 5" DAS on the germination test, expressed
as a percentage; c) length of primary root and shoot: ten normal seedlings of the germination test at 10" DAS were randomly
sampled, measured and expressed in centimeters; d) seedling length: sum of the length measurement of the primary root and
shoot, expressed in centimeters; e) seedling dry weight: normal germination test seedlings, collected at 10" DAS, were placed
in forced circulation air oven at 40°C and evaluated after weight stabilization, expressed in milligrams per seedlings; f) electrical
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conductivity: four replicates of 50 seeds, obtaining the weight in precision scale, then added 75 mL of deionized water, and
remained in a chamber at 25°C for a period of 24 hours to perform the reading (Paiva et al., 2005), in a conductivity meter,
expressed in pS cmtg,

The data were submitted to analysis of variance and the means were compared by the Scott-Knott test at 5%
probability.

3. Results and Discussion

Plant height (mean of 78 cm) and plant dry weight (mean of 225 g) were not affected by treatments, showing that Ca
foliar application at plant stages studied does not affect these vegetative traits.

There was a higher weight and number of seeds per plant in the treatment T10 (two calcium applications in the last
two stages: in the formation of the first siliques and when the plants were with 50% of the silique formed) and in the treatment
T11 (one application in the last stage, plants with 50% silique formed) (Table 1). With the increase in the cauliflower plant cycle
for seed production, as well as a greater accumulation of dry weight in the seeds (Cardoso, 2011), there is a greater need for
nutrients, among them calcium, which is not very mobile in the plant (Kano et al., 2010) and can be supplied via foliar application
(Bevilaqua et al., 2002; Ole and Bender, 2009). According to Kano et al. (2011), the accumulation of Ca in the seeds occurs
almost exclusively by absorption and transport during the formation and maturation of the seeds, without redistribution of the
senescent leaves to the seeds.

Table 1. Height and dry weight of plant, weight and number of seeds per plant according to calcium applications in different
phenological stages of the cauliflower plants.

Plant Dryplant Seed Number  Yield
Treatment height ~ weight weight per of seeds
(cm) (9) plant (g) per plant (kg ha'l)

without aplication 84 a! 296 a 23b 5725b 452b
El 80a 199a 29b 7244b 589b
El1+E2 8la 170 a 29b 7797b 580b
E1+E2+E3 78a 185a 16b 3904b 323b
El+E2+E3+E4 70a 242 a 27b 7467b 539b

E2 61a 227 a 17b 4107b 330D

E2+E3 80a 248 a 19b 4246b 395D

E2+E3+E4 71a 217 a 24 b 5865b 470b

E3 80 a 255a 22b 5871b 433b

E3+E4 73a 219a 42 a 12379a 834a

E4 94 a 230 a 48 a 12978a 960a

CV (%) 140 192 34.8 333 321

Mean 78 225 - - -
'Means followed by the same letter do not differ by the Scott-Knott test at 5%
probability.

(E1 = floral stem with 30 cm, E2 = opening of the first flowers, E3 = formation of the
first silique, E4 = 50% silique formed)

The increase in seed production of the best treatment (T10) compared to the control plants that did not receive foliar
application of calcium was about 95% for the seed weight and 120% for the number of seeds per plant. In addition, the results
of the T10 and T11 treatments were numerically much higher than those reported by Cardoso et al. (2016) for the same cultivar:
maximum yield of 20.72 g and 6.060 seeds per plant, thus more than 100% difference.
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The cauliflower is induced to flower at low temperatures and the earlier flowering occurs, the less leaves are formed
and the less inflorescence and seed production (Verdial et al., 2001). The cultivar Piracicaba Precoce is adapted to tropical
summer and can not be planted under condition of temperature below 20°C that blooms early. Normally the temperatures in S&o
Manuel-SP, place of the research of Cardoso et al. (2016), are lower in relation to Dracena-SP, place of the present research. In
the period, average monthly temperatures were 20.0 to 26.3 ° C, with an average of 22.6 ° C, while the average in Sdo Manuel-
SP does not exceed 22.0 ° C in the warmer months. Therefore, the induction of flowering later in the conditions of Dracena-SP
favored the vegetative development and, consequently, greater potential of seed production. It is also worth noting that there are
still peculiarities regarding soil type, management, among others.

It is also noted high productivity in the treatments T10= 834 kg ha'! (two calcium applications in the last two stages:
in the formation of the first siliques and when the plants were with 50% of the silique formed) and in the treatment T11= 960 kg
ha* (one application in the last stage, plants with 50% silique formed) (Table 1). These values are twice as high as those obtained
by Cardoso et al. (2016) (414 kg ha?) and considered excellent according to Maluf and Corte (1990). It probably occurred due
to its low mobility in the plant and at the end of the cycle there was a greater demand for the formation of the last seeds and that
perhaps calcium was lacking and when applied via foliar supply.

In soybean, Bevilaqua et al. (2002) also obtained higher seed production per plant when applying calcium chloride
(0.5% Ca) via foliar in the flowering and post-flowering phases. In beans, Farinelli et al. (2006) verified increase in seed yield
with application in only one cultivar. Also Rosolem et al. (1990), Javorski et al. (2015) and Silva et al. (2017) applied foliar Ca
in the post-flowering phase and obtained an increase in the production of bean, sunflower and Physalis seeds, respectively.
Therefore, it can be affirmed that most of the researches show the importance of the application of Ca in the stage of maturation
of the seeds, being a practice that can be recommended. However, Seidel and Basso (2012) and Vanderley et al. (2019) did not
observe differences with the foliar application of calcium in soybeans and peanuts, respectively, probably due to the adequate
calcium level in the soil and good water availability during the development of the crop. Physiological Ca deficiency is usually
related to the inability of the plant to translocate adequate Ca to the affected plant part, rather than to insufficient Ca levels in the
growing medium (Olle & Williams, 2017; Hagassou et al., 2019).

The Ca application did not affected all seed quality characteristics, with mean values of 78% for first germination
count, 89% for germination, 23.3 mg dry seedling weight, 6.3 cm length of primary seedling root, 2.6 cm in length of seedlings
shoot, 8.8 cm in total length of seedlings, 3.9 g in the weight of one thousand seeds and 129 pS cm™* g for electric conductivity.

A possible reason for lack of difference in seed quality is the cleaning of seeds, excluding damaged seeds, using only
the seeds benefited (Cardoso et al., 2016). It is emphasized that it is a routine procedure done by seed companies (Cardoso,
2011). Besides this, it is common in researches about fertilization in the production of Brassica seeds the absence of difference
in seed quality (Magro etal., 2010; Cardoso et al., 2016). Delouche (1980) comments that plants have developed an extraordinary
adaptability in adjusting seed production to the available resources. A plant’s typical response to some stress, such as nutrient
deficiency, is a reduction in the number of seeds produced and only after that a reduction in quality happens. From the
evolutionary standpoint, the seed production adjustment to the available resources has a high survival value. The few high quality
seeds would have better chances to germinate and develop under adverse conditions.

Also Bevilaqua et al. (2002) did not detect influence on the quality of soybean seeds with foliar application of Ca. In
contrast, Rosolem et al. (1990), Farinelli et al. (2006) and Silva et al. (2006) reported superior quality on bean seeds with Ca
application.

Therefore, it can be stated that most of the research already carried out shows the importance of the application of Ca

in the seed maturation phase, contributing to the increase of seed yield without impairing the quality, being a practice that can
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be recommended. But, it demands more researches, because the results can vary according to genotype, doses, phenological

stages and environmental conditions.

4. Conclusion

It was concluded that carrying out two calcium applications, one at the beginning of the silique formation and another
when the plants were with 50% of the silique formed, or applying only once when the plants were 50% silique formed, provided
a higher seed production per plant.

Calcium applications at different phenological stages did not influence the physiological quality of cauliflower seeds.

Application of these treatments in other cultivars is promising for further studies.
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