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Abstract 

Beetroot (Beta vulgaris L.) is a culture of great demand in Brazil due to its high nutritional value. However, 
water availability is a determining factor on its production. An alternative to reduce the damage caused by water 
stress is to apply organic solutes, such as ascorbic acid. The purpose hereof was to evaluate the postharvest 
quality of beetroots grown under different irrigation depths and ascorbic acid doses. The experiment was carried 
out in the Human, Social, and Agricultural Center’s Postharvest Physiology and Technology Laboratory of the 
Federal University of Paraíba, Bananeiras, Paraíba, Brazil, in a completely randomized design with five doses of 
ascorbic acid (0.00, 0.29, 1.00, 1.71, and 2.00 mM) and five irrigation depths (40.0%, 51.6%, 80.0%, 108.4%, 
and 120.0% of the evapotranspiration), combined according to each Box Central Compound experimental matrix, 
totaling nine treatments with five repetitions. The variables total soluble solids, electrical conductivity, 
hydrogenation potential, titratable acidity, total soluble solids and titratable acidity ratio, moisture, dry matter, 
and mineral matter were evaluated. The data were submitted for analysis of variance and polynomial regression. 
There was a significant interaction between the irrigation depths and the ascorbic acid doses in every variable, 
except for electrical conductivity and mineral matter. The postharvest characteristics of beetroots improved with 
applications of ascorbic acid doses in the thinner irrigation depths. The greatest dose of ascorbic acid (2 mM) in 
the thinner irrigation depth (40%) increases the postharvest quality of beet tuberous roots. 

Keywords: Beta vulgaris L., water availability, organic solutes 

1. Introduction 

The horticultural or table beetroot (Beta vulgaris L.) is the most known beetroot variety in Brazil. It belongs to 
the Chenopodiaceae family and it originates from the Mediterranean coast (Costa et al., 2017). There is a culture 
of increasing consumption demand in Brazil, both in natural and industrialized states, due to its high 
concentrations of vitamins and nutrients (Paiva et al., 2017). 

The olericulture is directly affected by the amount of water in the soil because it is determinant in vegetable 
physiology due to its participation in every phase of the plant. Both water deficit and excess limit the yield and 
final quality of the product in most cultures (Sousa et al., 2004; Santos et al., 2016). Irrigation is the cultural 
treatment that most increases the production of vegetables. Therefore, the proper management and adjustment of 
the irrigation depth in the cultures, especially during production, are necessary to guarantee greater quality 
harvests (Cavalcante et al., 2016). 

Under water stress, organic solutes may be quantitatively and qualitatively changed, triggering relevant 
antioxidant effects in response to stress due to water availability restriction, generating tolerance in the plant 
(Silva et al., 2016). The application of organic solutes in plants under water stress can be an alternative to reduce 
the osmotic effect, guaranteeing the culture production (Lacerda et al., 2012). An osmolyte of great importance 
as antioxidant is the ascorbic acid (Terzi et al., 2015). 
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The combined use of certain irrigation depths with an organic solute may contribute to the improvement of 
postharvest quality of tuberous beetroots. Due to the lack of scientific work on this subject, the purpose hereof 
was to evaluate the postharvest quality of beetroots (Beta vulgaris L.) grown under different irrigation depths in 
association with ascorbic acid doses. 

2. Method 

2.1 Location of Study Area 
The experiment has been carried out from May to August 2017, in a protected environment at the Agricultural 
Sciences Center of the Federal University of Paraíba, in the city of Areia, Paraíba, Brazil. 

2.2 Research Design 
The experimental design was completely randomized with five doses of ascorbic acid (0.00, 0.29, 1.00, 1.71, and 
2.00 mM) and five irrigation depths (40.0, 51.6, 80.0, 108.4, and 120.0% of evapotranspiration), combined 
according to the Box Central Compound experimental matrix, totaling nine treatments: T1, 1.71 and 108.4; T2, 
1.71 and 51.6; T3, 0.29 and 108.4; T4, 0.29 and 51.6; T5, 2.0 and 80; T6, 0.0 and 80; T7, 1.0 and 120; T8, 1.0 
and 40; and T9, 1.0 mM and 80% of the evapotranspiration (ETc) with five repetitions. The treatments began 21 
days after germination (DAG) until the end of the culture cycle. 

Maravilha Top Tall Early Wonder cultivar seeds were employed (Feltrin® seeds). Five seeds per vase were used, 
which after germination stabilization (5 days after the sowing) and 15 days later, were thinned, remaining only 
the most vigorous one. The vases employed had a volume capacity of about 5 dm3 with holes on the bottom to 
allow a better root aeration and to facilitate the water excess percolation, avoiding the exit of soil from the vases. 
The soil employed was classified as endic Eutrophic Haplic Planosol (EMBRAPA, 2014). Its chemical and 
physical characteristics (Table 1) were analyzed according to the methodologies of EMBRAPA (2009) and 
EMBRAPA (2014), respectively. 

 

Table 1. Chemical and physical characteristics of the soil employed in the experiment 

Chemical analysis of soil 
pH P K+ Na+ H+Al Al+3 Ca+2 Mg SEB CEC V m O.M. 

 ---- mg dm-3 ---- ------------------------------- cmol dm-3 ------------------------------- ------- % ------- g Kg-1

6.26 11.35 40 0.22 1.82 0.00 3.00 1.90 5.22 7.03 74.34 0.00 17.53 

Physical soil analysis 
SD DP TP Fc PWP Sand Silt Clay Textural classification 

------ g cm-3 ----- m3m-3 ---------------------- g kg-1 --------------------- ---- Embrapa ---- ---- Atterberg ---- 
1.38 2.67 0.48 78 43 756.9 59.1 184.0 Average Sandy loam 

Note. pH = water: 1: 2.5; P, K, Na = Mehlich Extractor; H + Al = Calcium Acetate Extractor 0.5 M, pH 7.0; Al, 
Ca, Mg = 1 M kCl Extractor; SEB = Sum of Exchangeable Bases; CEC = Cation Exchange Capacity; V = Basis 
Saturation; m = Saturation by Al3+; O.M. = Organic Matter; SD = Soil Density; DP = Density of Particle; TP = 
Total Porosity; Fc = Field Capacity; PWP = Permanent Withering Point. 

 

The sowing fertilization and cover were made at doses of 40, 180, and 90 kg ha-1 of N, P2O5 e K2O, respectively, 
with urea, simple superphosphate and potassium chloride, according to chemical soil analysis and fertilization 
recommendation for the State of Pernambuco (IPA, 2008). Phytosanitary controls of pests and weeds were 
manually performed during the experiment. No diseases were observed during the beetroot culture cycle. 

For the irrigation depth management, weight lysimeters of 100% evapotranspiration reposition were used as 
reference. During the first sowing day, the irrigation depth was calculated according to Mantovani et al. (2009), 
considering a root system depth of 15 cm (soil depth in the vase), increasing the moisture of the soil to field 
capacity. From the second sowing day onwards, the irrigation depth was determined according to the 
evapotranspiration patch registered by the weight lysimeters, keeping the soil’s moisture between the field 
capacity and the critical moisture levels, established by 50% of available water, and the values were registered 
during the entire culture cycle (Figure 1). The total irrigation required was calculated according to Bernardo et al. 
(2008), considering a 100% level of irrigation application efficiency. 

The harvest has been determined by the plants of the weight lysimeters, considering the diameter of the tuberous 
root around 5 cm (Tivelli et al., 2011) after 82 of germination.  
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