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Abstract
The beet (Beta vulgaris L.) vegetable is of great importance in the Brazilian
market, mainly by having high nutritional values in consumer diet. Thus, the
objective of this work was to evaluate the effects of organic and mineral fertilization on the production and post-harvest quality of beet. The experiment
was conducted in the field, in the municipality of Urutaí-GO. The experimental design was a randomized block (DCB), where treatments were applied to
two types of fertilizer: organic (chicken manure) and conventional (mineral
fertilizer) with six replicates (using six tubers per plot). The following evaluations were made: horizontal and vertical diameters of the tubers (cm) weight
(kg) Protein (g) Lipid (%) Ash humidity (%), electrical conductivity (µS·cm−1),
pH, Titratable Acidity and Brix. The organic surpassed conventional treatment for all variables, except for the ash content, wherein the organic treating
poultry litter base, showed 1.40% of ash and pH (6.48).
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1. Introduction
Beetroot (Beta vulgaris L.) is a tuberose root crop belonging to the family Quenopodiáceae, considered one of the main crops grown in Brazil [1]. The main
types of beet are horticultural beet, sugar beet and forage beet. In Brazil, beet
cultivation was intensified with European and Asian immigration, being cultivated exclusively table varieties [2]. Currently, the cultivar Early Wonder is considered a traditional cultivar in the central-west region; because it has good
adaptation in mild and cold temperatures, with cycle between 60 and 70 days, its
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booth can vary from 300 to 500 thousand plantas·ha−1 [3].
The nutritional composition of table or horticultural beet stands out, among
the vegetables, mainly because it presents high levels of antioxidant substances
and sweetish flavor, pleasant to the palate of Brazilians and the forms of consumption [4] [5]. It also stands out as one of the richest vegetables in iron, both
in roots and leaves [6]. According to [7] (Matos et al., 2012) beet is present in
about 100 thousand rural properties in Brazil. Per year, it occupies an area
equivalent to 10 thousand hectares, with a production of 300 thousand tons.
This tuberous root is quite nutritional demanding and has been cultivated in a
traditional way, where its nutritional supply has been made through the use of
mineral fertilizers. However, due to the high costs of these mineral fertilizers associated with soil and groundwater contamination problems, alternative ways
have been sought to meet these needs [8].
According to [9] organic fertilization, especially with animal manure, appears
as a great alternative, as it is highly beneficial to this crop, which has delicate and
demanding roots regarding the physical aspect of the soil, besides helping to increase diversity biological [10].
The knowledge of the amount of nutrients accumulated in the plant, at each
stage of development, provides important information that may aid in the crop
fertilization program [11]. [12] evaluating post-harvest characteristics of beets
submitted to different sources and doses of green manures verified a higher soluble solids content (11.2˚ Brix) associated with Jitirana.
Thus, the objective of this work was to evaluate the effects of fertilizer types on
post-harvest quality and on the production of beet of the Early Wonder bean in
the municipality of Urutaí-GO.

2. Material and Methods
The experiment was conducted in the field of Urutaí-GO, during the period
from October to December 2016, whose geographical coordinates of the municipality are 17˚29'10"S of latitude and 48˚12'38"W of longitude at 697 m altitude.
The climate of the region is classified as tropical at altitude with dry winter and
rainy summer, of type Cwb by classification of Köppen. The average annual
temperature is 23˚C in the period from September to October, reaching up to
30˚C and between June and July, with a minimum of 15˚C. The mean annual
rainfall is 1000 to 1500 mm, with mean air relative humidity of 71%. The soil of
the experimental area was classified as Red Yellow Latosol, with a clay texture
[13]. The results obtained in the soil chemical analysis, according to [14], in the
layer 0 - 20 cm deep, before the installation of the experiment were: pH 4.80;
23.2 g·dm−3 M.O. (Organic Matter); 6.1% CTC; base saturation of 42.3%; 6.7
mg·dm−3 of P; 3.50 cmolc·dm−3 H + Al; 0.2 cmolc·dm−3 of Al3+; 0.37 cmolc·dm−3
K; 1.70 cmolc·dm−3 Ca2+ and 0.50 cmolc·dm−3 Mg2+.
The experimental design was randomized blocks (DBC) and the treatments
corresponded to the application of two types of fertilization: organic (chicken
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bed) and conventional (mineral fertilizer) with six replications. The incorporation of the organic fertilizer to the soil was done 15 days before sowing.
The organic fertilizer used was based on chicken bed, being applied in the
proportion of 2 kg per square meter of bed.
Mineral fertilization was carried out in two stages, 50% at planting and 50% at
coverage with the NPK 20-5-20 mixture at 20 days after germination (DAG), as
this was a longer cycle. Care was taken not to let the fertilizer have direct contact
with the plants, not to cause burns or even to kill the beets. Thus, cover fertilization was applied around the plants in the beds. Before its application the control
of the invasive plants was carried out and after its application an irrigation is
carried out for a better absorption of the mineral fertilizer.
The beet cultivar used was cv. Early Wonder and its sowing were done directly
in the beds, accommodating five seeds per pit, and manual thinning after emergence, around 15 days after sowing (DAS), leaving only one plant/pit, in beds of
1, 0 m wide, 30.0 m long and 0.3 m high, and spaced 0.10 m between plants and
0.25 m between rows. The plots were of 2.0 m2, being evaluated the plants of the
two central lines of the plots. Six tubers were used per plot, using the criterion of
uniformity of size.
The plants were irrigated by the micro sprinkler method, during the whole
conduction of the experiment and manual weeds were used to control weeds,
besides the phytosanitary control of the beds whenever necessary.
After the harvest, the beets were cured at room temperature in the laboratory
of General Chemistry of Campus Urutaí-IFGoiano and washed in running water
in order to remove impurities from the field. The beets were then taken to the
Organic Chemistry laboratory of the same campus for physical and chemical
evaluations.
In the physical parameters, the fresh root mass per plot, diameter and root
length were evaluated. To obtain the mass, a semi-analytical balance was used,
expressing the values in grams (g), and for digital diameter and length the digital
caliper was used, with results expressed in millimeters (mm). From these, root
mean mass and yield (t·ha−1) were obtained, the latter being the product of the
average mass by the number of plants per hectare.
For the post-harvest chemical evaluations of Beet, the following evaluations
were carried out: Moisture Content, Ash Content, Soluble Solids (%), Titratable
Acidity (%), pH, Lipid Content, Protein Content, Electrical Conductivity.
Moisture content was determined by the drying method, in an oven at 105˚
for 24 hours, three weighings were carried out to the constant weight, by the
methodology of the Adolfo Lutz Institute [15], Ash content was determined by
the incineration principle of the sample in muffle at 550˚C for four hours until
the ashes are white or slightly grayish [15]. Soluble solids (%) were determined
by means of a digital refractometer from cellular juice extracted from 5 g of beet,
using a four-sided drain. The titratable acidity (%) was expressed as a percentage
of citric acid equivalent to the amount of 0.1 N NaOH spent in the titration usDOI: 10.4236/as.2018.95038
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ing 5 mL of juice, 50 mL of distilled water, using the phenolphthalein indicator
until reaching the turning point, which is 8.2. [16]. The pH was obtained by the
concentration of H+ determined in the cellular juice using a digital pH meter,
while the Electrical Conductivity (µS·cm−1) was obtained by digital benchtop
conductivity meter.
Lipid content was determined as ethereal extract by continuous extraction by
the Soxhlet method using hexane as solvent according to [15]. The protein content was obtained by the Kjeldahl methodology, which determines the nitrogen
contained in organic matter, and other non-protein nitrogenous compounds
[15].
The results were analyzed with SAEG statistical software. When significant by
means of the F test (p < 0.05), the means were differentiated through the F test
(p < 0.05), and when the interaction was significant, the mean test was applied
(Tukey, at a level of 5% probability).

3. Results and Discussion
In the treatments analyzed, significant differences were identified in relation to
the vertical and horizontal diameters of the tubers (Table 1). Among the aspects
of the post-harvest quality of beets of the Early Wonder bean evaluated, only
Moisture, Ashes, pH and productivity, no significant differences were observed.
Thus, significant differences between treatments were observed for the horizontal diameter of tubers (DHT), vertical diameter of tubers (DVT), fresh mass and
productivity (Table 1). As in the electrical conductivity (EC), proteins, lipids ash
content, moisture content, soluble solids and titratable acidity (Table 2).
Table 1. Physical parameters of beet plants submitted to two sources of fertilization.
Campus Urutaí/IFGoiano, Urutaí-GO, 2017.
Tratamento

DHT (cm)

DVT (cm)

Massa (kg)

Prod. (t·ha−1)

Conv.

8.08a

6.36a

146.87a

16.25ª

Org.

6.56b

5.36b

118.08b

15.5ª

Means followed by the same lowercase letter in the column do not differ from each other by the Tukey test
at the 5% probability level. DHT = Horizontal diameter of tubers; DVT = Vertical diameter of tubers.

Table 2. Post-harvest quality chemical characteristics of beets submitted to two sources of
fertilization. Campus Urutaí/IFGoiano, Urutaí-GO, 2017.
Trat.

Proteínas
(g)

Lipídeos
(%)

Umidade
(%)

Cinzas
CE (µS·cm −1)
(%)

Conv

0.20a

0.1a

91.72a

1.04a

Org.

0.20a

0.1a

93.86a

1.40b

pH

AT (%)

Brix

1351.83a

6.12a

1.05a

6.33a

815.56b

6.48a

0.33b

3.00b

Means followed by the same lowercase letter in the column do not differ from each other by the Tukey test
at the 5% probability level. CE = Electrical Conductivity; AT = Titratable Acidity.
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The horizontal length of the beet tubers was higher when treated in the conventional system than in the organic system, with a mean of 8.08 ± 0.31 cm and
6.56 ± 0.32 cm, respectively (F = 177.04, P = 0.00, gl = 5 and CV = 2.69) (Figure
1(a)). While the vertical length of the tubers presented higher values

Figure 1. (a), tubers’ vertical length (cm) (mean ± SEM*) (b), electrical conductivity
(mean ± SEM) (c), pH values (mean ± SD*) (c), titratable acidity (mean ± SEM*) (d),
Brix (mean ± SEM*) and protein content (Beta vulgaris L.) cultivated under the organic
or conventional system in the city of Urutaí, state of Goiás, Brazil. * Bars followed or not
by an asterisk indicate a significant difference or non-significant similarity, respectively,
at the level of 5% probability by the F test.
DOI: 10.4236/as.2018.95038

561

Agricultural Sciences

C. R. da S. Curvêlo et al.

when the beet plants were treated in the conventional system (6.36 ± 0.25 cm)
compared to the organic (5.36 ± 0.22 cm) (F = 15, 15, P = 0.01, gl = 5 and CV =
7.58) (Figure 1(b)). [8] found close values working with beetroot cultivated in
organic fertilization, where the increment of the doses of organic fertilizers provided non-significant responses in organic-mineral fertilization, however, the
increase of the doses of aviary litter and manure in organic fertilization allowed
diameters maximum of tubers, where it was estimated for the doses of 23.36
t·ha−1 of avian bed and 20.70 t·ha−1 of bovine manure, the diameters of 46.79 mm
and 40.33 mm transverse of tubers, respectively. In relation to the fresh mass of
the tubers, it can be observed that the values (118.08 kg and 146.87 kg) for the
treatments with the organic and mineral fertilizers, respectively, differed significantly. [17] evaluating the yield of beets as a function of nitrogen doses explain
that the increase in root diameter is probably caused by the greater capacity of
photosynthesis of the plants that received higher doses of N, because plants
submitted to such dosages presented greater mass fresh from the aerial part,
probably caused by increases in the number and width of the leaves, culminating
with the increase of its index of leaf area. In the present work, the liming performed in the conventional treatment (Commercial Fertilizer) probably provided the greatest availability of nutrients, and consequently favored the characteristics of diameters in comparison to the Organic (Chicken Bed) treatment,
even though in the final productivity did not present significant effect.
[18] studying fertilization in beet consortium with lettuce obtained in the single beet cultivation with recommended conventional fertilization values of 6.8
cm diameters. The moisture content in the tubers was 91.72% for the treatment
with mineral fertilizer and 93.86% for the treatment with organic fertilizer
(Table 1). This feature is extremely important because it defines, in most cases
of plant tissue, the level of hydration in which the tissue is found [19]. [20] evaluated the production and quality of tuberous roots of sweet potato cultivars in
the western part of Paraná. The root moisture content of the cultivars was lower
than the results found in this study, ranging from 66.18% to 75.86%. Regarding
ash content, there was a statistical difference between treatments, in which they
were 1.04% Conventional and 1.40% Organic (Table 1). The ashes confer the
amount of minerals present in the plant tissues.
[21] evaluating the post-harvest quality of beet submitted to fertilization with
fermented biofertilizer, found values of ash between 1.05% and 1.19%. The titratable acidity values were also strongly influenced by the beet culture system
evaluated in the present study (F = 142.23, P = 0.00, gl = 5 and CV = 15.04), and
the conventional system yielded higher values of titratable acidity (1.05 ± 0.05
mL) compared to organic (0.33 ± 0.04 mL) (Figure 1(e)). Similar results were
found by [22], studying carrots grown under different sources and quantities of
organic matter, did not find significant differences of titratable acidity. The pH
value was the only variable quantified in the present study in which the value in
the organic system exceeded that found in the conventional system (F = 4.93, P =
DOI: 10.4236/as.2018.95038
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0.05, gl = 5 and CV = 4.49) (Figure 1(d)). The pH means in the organic and
conventional systems were 6.48 ± 0.16 and 6.12 ± 0.04, respectively (Figure
1(d), Table 2). The pH acts as an indicative of the taste of a vegetable, having an
inverse relation to the acidity. However, the buffer capacity of some juices allows
large variations in titratable acidity to occur, with no appreciable variations in
pH [23] or H+ concentration.
The electrical conductivity levels were higher in the conventional system
(1351.83 ± 47.71) compared to the organic system (815.56 ± 103.96) (F = 16.29,
P = 0.00, gl = 5 and CV = 21.23) (Figure 1(c), Table 2). Concerning Brix, it was
observed that the conventional system gave higher values in comparison to the
organic system (F = 62.50, P = 0.00, gl = 5 and CV = 15.64) with a mean of 6.33 ±
0.33 (conventional) and 3.00 ± 0.51 (organic) (Figure 1(f)). [2] evaluating the
production and quality of beet as a function of manure with bovine manure also
verified that manure doses had no influence on soluble solids content (Brix).
Finally, the protein content quantified in the beet samples (Table 2) as a function of the different types of management (fertilization) of this plant was the
only parameter that did not differ among the types of management evaluated
(F = 3.10, P = 0.13, gl = 5 and CV = 2.88). The protein means found were 0.20 ±
0.02 and 0.20 ± 0.03 for the conventional and organic systems, respectively
(Figure 1(g)). According to [24], which may contribute to a lower amount of
protein during tuber formation, is the increase of the mean mass and accumulation of starch, which decreases the protein concentration (Table 2). [25] studying leaves, stalks, peels and seeds of plants: nutritional composition, use in feeding and sensorial analysis of preparations, verified protein and lipid contents of
1.88 g and 0.13 g respectively. According to the Brazilian Table of Food Composition-TACO, every 100 grams of raw beet the values of protein and lipids are
1.9 g and 0.1 g respectively [26].

4. Conclusions
Conventional treatment (mineral fertilization) stood out among the evaluated
characteristics. Only the content of Ash and pH were influenced by the fertilization based on chicken litter (Organic Treatment). It is observed that the final
productivity, even though it was not significant, there was an increase in the
treatment with mineral fertilizer compared to fertilization with chicken litter.
Therefore, further in-depth studies on the quality of beet in isolated fertilizer
sources are recommended.
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