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1 RESUMO 

 

O uso da técnica de fertirrigação pode aumentar a eficiência do uso de fertilizantes pelas 

culturas possibilitando maiores produtividades. O objetivo deste trabalho foi determinar o 

potencial de produção e desenvolvimento da cultura da beterraba submetida a diferentes doses 

e formas de aplicação de potássio. O experimento foi realizado, na cidade de Fortaleza, Ceará, 

Brasil, entre agosto e outubro de 2022, em condições de campo com delineamento experimental 

em blocos casualizados, com quatro doses de potássio (0, 60, 120 e 240 kg ha-1 ) e duas formas 

de aplicação (convencional e fertirrigada), com quatro repetições. Na adubação convencional 

foram aplicadas as doses de potássio na fundação e cobertura sendo parceladas em 60 e 40%, 

respectivamente. Na adubação fertirrigada foi feita a aplicação semanalmente. Foram avaliados 

altura da planta, número de folhas, diâmetro do tubérculo, comprimento do tubérculo, massa 

fresca do tubérculo, massa seca das folhas e produtividade. A forma de aplicação fertirrigada 

promoveu maior altura da planta, diâmetro do tubérculo, massa seca das folhas, massa fresca 

do tubérculo e produtividade, entretanto não foram observadas alterações no comprimento do 

tubérculo entre as formas de aplicação. Recomenda-se o uso de 176 kg ha-1 de K2O para 

aplicação via fertirrigação e 240 kg ha-1 de K2O para aplicação via adubação convencional na 

cultura da beterraba. 
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2 ABSTRACT 

 

The use of fertigation can increase the efficiency of fertilizer use by crops, thereby increasing 

yields. The objective of this work was to determine the production and development potential 

of beet crops subjected to different doses and forms of potassium application. The experiment 

was conducted in Fortaleza, Ceará, Brazil, from August to October 2022 under field conditions 

using a randomized block design with four potassium application rates (0, 60, 120, and 240 kg 

ha⁻¹) and two application methods (conventional and fertigation), with four replications. In the 

conventional fertilization treatment, potassium was applied at planting and as topdressing, 

which were split into 60% and 40%, respectively. In the fertigation treatment, potassium was 

applied weekly. The following parameters were evaluated: plant height, number of leaves, tuber 

diameter, tuber length, fresh mass, dry mass, and yield. Increased plant height, tuber diameter, 

leaf dry mass, fresh tuber mass, and yield were associated with increased fertigation; however, 

no differences in tuber length were observed between the application methods. The application 

of 176 kg ha⁻¹ K₂O via fertigation and 240 kg ha⁻¹ K₂O via conventional fertilization for 

beetroot cultivation is recommended. 

 

Keywords: Beta  vulgaris L.; potassium; quimigation 

 

 

3 INTRODUCTION 

 

Beetroot (Beta vulgaris) 

Amaranthaceae (L.) is a tuberous vegetable 

native to Europe and belongs to the 

Amaranthaceae family. It is an annual, 

herbaceous crop that produces an edible 

tuberous root that is spherical to flattened-

globular in shape and has a very sweet taste 

(Filgueira, 2008). Although it has adapted to 

low temperatures, its introduction to the 

northeast region of Brazil, characterized by 

high temperatures, is relatively recent 

because of the genetic improvement of this 

crop (Ebmeyer; Fiedler-Wiechers; 

Hoffmann, 2021). Therefore, understanding 

the ideal soil fertility conditions and 

fertilization needs for this crop is essential. 

Among the elements necessary for 

agricultural crops, potassium (K) plays 

several vital roles in the growth and 

development of vegetables, including 

beetroot (Artyszak; Gozdowski; Siuda, 

2021; Silva; Silva; Klar, 2017; Xie et al., 

2022), and contributes to the proper 

development of tubers (Aksu; Altay, 2020b; 

Silva Silva; Klar, 2016; Silva et al., 2015). 

Furthermore, potassium is associated with 

improved color, flavor, and resistance of 

vegetables to storage after harvest, making 

them more appealing to consumers (Aksu; 

Altay, 2020a; Artyszak; Gozdowski; Siuda, 

2021). Therefore, ensuring adequate K 

levels in the soil is fundamental for plant 

growth and the production of high-quality 

crops, providing benefits for both farmers 

and consumers. Proper management of this 

nutrient is essential for optimizing the 

productivity and quality of cultivated 

vegetables (Barbosa et al., 2024; El-Mageed 

et al., 2022; Yan et al., 2022). 

The conventional application of 

fertilizers is so called because it is a common 

and widely used practice in agriculture. 

However, it is important to mention that in 

some situations, this form of fertilization 

may present some limitations, such as the 

loss of nutrients through leaching in sandy 

soils (Demattê; Demattê, 2024)or the 

difficulty in achieving a homogeneous 

distribution of nutrients in large areas, which 

can increase fertilizer costs and often reduce 

the productive potential of crops (Shahena et 

al., 2021). 

Among the fertilizers with the 

highest risk of loss, potassium fertilizers 
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stand out, as they tend to move easily in the 

soil solution and, in some cases, can be 

washed to depths below the root zone, where 

plant roots cannot reach them, resulting in 

low availability of the nutrient for plants, 

thus reducing its effectiveness as a fertilizer 

(Silva; Silva; Bassoi, 2016). 

One strategy to optimize the use of 

fertilizers such as K₂O, which is commonly 

used, is fertigation (Parra, 2019; Silva et al., 

2024). This practice consists of injecting 

fertilizers into the irrigation system to 

transport the nutrients needed by plants 

(Kumar; Singh; Pathania, 2022; Parra, 

2019), taking into account characteristics 

such as water quality (Lira et al., 2019) and 

fertilizer solubility. With respect to 

fertigation, it is possible to adjust the 

amounts of nutrients according to the 

specific demands of each plant growth 

phase. This precision in application 

contributes to a more efficient use of inputs 

and avoids the excess or scarcity of 

nutrients, favoring the healthy development 

of crops (Silva; Silva; Klar, 2016; Kumar; 

Singh; Pathania, 2022). 

Given the above, the objective of this 

work was to determine the production and 

development potential of beetroot subjected 

to different doses and forms of potassium 

application. 

 

 

4. MATERIALS AND METHODS 

 

4.1 Location and characteristics of the 

experimental area 

 

The experiments were conducted in 

the experimental area of the Meteorological 

Station of the Department of Agricultural 

Engineering, Federal University of Ceará, 

Pici Campus, between August and October 

2022. The experimental area is located in the 

city of Fortaleza, Ceará, Brazil, at an altitude 

of 19.5 m, latitude 03°43'02” S and 

longitude 38°32'35” W and 19.5 m. The 

climate of the region, according to the 

Köppen climate classification, is type Aw' 

(tropical rainy, very hot, with predominant 

rainfall in the summer and autumn seasons), 

with an average temperature of 26.5°C 

(Nogueira et al., 2023). 

During the experiments, climate data 

were obtained from an automatic weather 

station located 10 meters from the 

experimental site. An average temperature 

of 28.6°C and a relative humidity of 72% 

were observed (Figure 1A). The cumulative 

precipitation was 310 mm, with the highest 

rainfall occurring in the last 20 days (183.5 

mm) before the experiment ended (Figure 

1B). The reference evapotranspiration (ETo) 

and crop evapotranspiration (ETc) averaged 

4.90 mm d⁻¹ and 2.50 mm d⁻¹, respectively.
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Figure 1. Climatic data during the experiment. 

 
 
Source: Author (2024) 

 

The soil in the experimental area is 

classified as a red–yellow argisol with a 

sandy loam texture (Santos et al., 2018). Soil 

samples were collected at a depth of 0–0.20 

m before the experiment was set up for 

analysis of the chemical and physical 

attributes of the soil (Table 1).
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Table 1. Chemical and granulometric attributes of the 0–0.20 m layer of clayey soil. 

pH CE MO P K + Ca 2+ In Mg 2 H+Al 3 SB PST V 

H2O 

dS m -1 g.kg 
- 1 

--mg.kg -1 -

- 

---------------cmol c .dm -3 ----------

-- ---- (%) --- 

6.4 0.9 0.93 103 0.4 0.5 0.05 0.3 3.96 1.07 4 58.3 

Clay Silt Total sand Coarse sand Fine sand 

-----------------------------------------------g.kg -1 ------------------------------------------------ 

195 50 755 ns ns 
pH – hydrogen ion potential; OM – organic matter; P – phosphorus; K – potassium; Ca – calcium; Na – sodium; 

Mg – magnesium; H + Al – potential acidity; SB – sum of bases; V – base saturation; S – sulfur; EC – electrical 

conductivity. 

 

Beetroot seeds of the early wonder 

cultivar were sown at a depth of 2 cm on top 

of the soil in beds that were 1.2 m wide and 

0.3 m high, with three seeds per hole and a 

spacing of 0.3 × 0.15 m. During cultivation, 

weed control was carried out by weeding. 

After emergence, only one plant per hole 

was maintained. Planting fertilization was 

carried out using 17.4 kg ha⁻¹ of urea (45% 

N), 38.4 kg ha⁻¹ of potassium chloride (58% 

K₂O) and 116 kg ha⁻¹ of single 

superphosphate (18% P₂O₅, 16% Ca, and 10% 

S). Topdressing (160 kg ha⁻¹ of N) was based 

on the standards of [reference needed Tivelli 

et al. (2011)]. 

 

4.2. Experimental design and conduct 

 

The experimental design was a 

randomized block design, with four 

potassium doses (0, 60, 120, and 240 kg ha⁻¹ 

of K₂O) and two application methods 

(conventional and fertigation), totaling 32 

experimental plots with four replications. 

Each plot consisted of 10 plants, totaling 320 

plants in the experiment. For evaluation, the 

eight central plants of each plot were 

considered, and the border plants were 

discarded. 

The irrigation system used was drip 

irrigation, with emitters having a flow rate of 

1.5 L h⁻¹ and an operating pressure of 10 mca. 

(Bernardo et al., 2019)A centrifugal pump 

with a power of 0.5 hp was used. Irrigation 

management was carried out using climatic 

data, with the irrigation depth estimated by 

crop evapotranspiration (ETc) obtained 

through the product of ETo (Penman). 

Monteith - FAO) was used for the crop 

coefficient (Kc) as per [reference needed 

Allen, Pereira e Raes (1998)]. The location 

coefficient (Kl) was used to determine the 

localized evapotranspiration (ε 𝐸𝑇𝑐𝑙𝑜𝑐 =
𝐸𝑇𝑐 × 𝐾𝑙), which was obtained on the basis 

of the area occupied by the plants in relation 

to the total area (Bernardo et al., 2019; 

Frizzone et al., 2012). The spacing used 

between the drip tapes and emitters was 

equal to the crop spacing, with one emitter 

per plant. The efficiency of the irrigation 

system (Ea = 90%) was determined by the 

distribution uniformity (UD = 91%) and 

adequately irrigated area (AR = 90%) 

according to Frizzone. et al. . (2012). 

A fertigation system was set up with 

an injector pump with a flow rate of 30 L h -

1, in which potassium fertilizer was inserted 

into reservoirs for suction and insertion into 

the system (Parra, 2019), which was used 

weekly for potassium doses via the 

application of potassium chloride (58% 

K2O). 

 

4.3 Variables analyzed 

 

 After the plants were harvested, 

which occurred 80 days after sowing (DAS), 

the variables were analyzed, and five plants 

per experimental plot were manually re-

moved at random. 

Plant height (PH) was obtained by 

measuring the plants from the soil surface to 
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the most developed leaf using a tape meas-

ure. The number of leaves (NL) was ob-

tained by manual counting. The variables of 

tuber diameter (DT) and tuber length (CT) 

were obtained using a digital caliper (cm). 

The variable tuber fresh matter mass (TFM) 

was obtained after the tuber was separated 

from the leaves, which were weighed on a 

precision balance to 0.01 g. The variable leaf 

dry matter mass (LDM) was obtained after 

the plant material was packaged in paper 

bags and subjected to a constant temperature 

of 65°C in a drying oven until the samples 

reached a constant weight (approximately 48 

h); the material was weighed on a precision 

balance (0.01 g). The variable productivity 

(P) was obtained considering the tuber fresh 

mass and the crop spacing and was estimated 

for an area of 1 ha. 

The results were subjected to 

ANOVA (F test) using R statistics software. 

When significant at the 1% (p<0.01) or 5% 

(0.05 < p) probability level according to the 

F test, linear and quadratic regression mod-

els were used to estimate the behavior of the 

data. 

 

 

5 RESULTS AND DISCUSSION 

 

In the summary of the analysis of 

variance for the application methods (FA) 

factor, Table 2 shows a significant effect 

(p<0.05) for all the variables studied, except 

for the NF variable. With respect to the K2O 

dose factor, all the variables were influenced 

(p<0.01), whereas with respect to the 

interaction of the factors (FA × dose), only 

the NF variable was not influenced by the 

applied treatments.

 

Table 2. Summary of the analysis of variance for the variables plant height (PH), number of 

leaves (NL), tuber diameter and length (TD and TL), tuber dry mass (TDM), leaf 

dry mass (LDM) and commercial yield (Y) of beet as a function of different 

potassium doses and application methods. 

Medium square 

FV GL AP NF DT CT MFT MSF P 

Blocks 3 3.0 * 0.2 ns 0.9 ns 0.03 ns 77.4 1.2 ** 470488.3 ns 

FAN 1 61.8 ** 0.7 ns 4.4 ** 1.4 ** 807.1 ** 
37.7 

** 
3992928.8 ** 

Doses (D) 3 
288.8 

** 

19.5 
** 

19.7 
** 

14.7 
** 

1418.3 
** 

73.6 
** 

59569375.8 
** 

FA x D 3 
11.36 

** 
0.9 ns 0.6 * 0.3 ** 175.9 * 8.1 ** 2213461.7 ** 

Residue 21 0.8 1.7 0.1 0.07 41.1 1.2 447021.2 

CV (%)  5.33 16.92 13,13 8.88 10.33 12.92 10.62 
FV – source of variation; GL – degrees of freedom; FA – application methods; Doses – doses of K2O; CV – 

coefficient of variation; ns – not significant; ** and * – significant at 0.01 and 0.05, respectively, according to 

Tukey's test. 

 

The behavior of the AP variable as a 

function of different K₂O doses applied in 

conventional fertilization (AC) and 

fertigation fertilization (AF) for the beet 

production cycle is shown in Figure 2. For 

AF, the quadratic polynomial model was the 

most suitable, with the highest observed K₂O 

dose of 184.62 kg ha⁻¹ for 
a maximum AP of 

23.75 cm. For AC, the fit was linear, with a 

maximum AP of 22.78 cm.
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Figure 2.  Beetroot plant height as a function of the dose of potassium and method of 

application. 

 
Source: Author (2024) 

 

In studies on fertigation management 

in beet cultivation, Silva; Silva e Klar 

(2015)values close to 41 cm for AP were 

observed, differing from those observed in 

the present study. However, the 

transplanting technique and differences in 

the cultivation of this vegetable may have 

contributed to the observed differences. 

Higher doses of K₂O contributed to the 

development of the crop, in agreement with 

the results obtained in the literature, in which 

K is among the elements with the highest 

absorption by the crop, contributing to its 

adequate development (Artyszak; 

Gozdowski; Siuda, 2021; Silva; Silva; Klar, 

2017). 

 

The behavior of the DB variable as a 

function of different doses of K₂O applied 

conventionally and via fertigation is shown 

in Figure 3A. The adjustment was quadratic 

for both forms of K₂O application, where the 

maximum values for the DB variable were 

5.27 cm for optimal doses of 231.25 kg ha⁻¹ 
and 4.03 cm for 248 kg ha⁻¹ of K₂O for AF and 

AC, respectively. The behavior of the CB 

variable, where the adjustment was 

quadratic for both fertilization methods, with 

the maximum values for the variable being 

4.87 cm for an optimal dose of 201.7 kg ha⁻¹ 
of K₂O and 3.85 cm for 170 kg ha⁻¹ of K₂O, 

respectively, for AF and AC (Figure 3B).
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Figure 3. Diameter (A) and length (B) of the beet bulb as a function of the dose of 

potassium and method of application. 

 
Source: Author (2024) 

 

Potassium ions (K+) present in the 

soil solution can be adsorbed by the soil, 

absorbed by plants, or leached. Therefore, 

potassium losses due to leaching are 

significant and require greater caution in 

crops grown in sandy soils. This favors the 

use of localized irrigation systems and 

fertigation (Silva et al., 2020; Yan et al., 

2022), as these factors promote greater 

development of vegetables such as beetroot. 

The moisture content, close to field capacity 

(Gabriel Filho et al., 2022; Silva et al., 2015), 

maintained by drip irrigation systems, along 

with adequate potassium fertilization, (El-

Mageed et al., 2022)favors tuber 

development and other growth parameters in 

this crop. 

 

For tuber fresh mass (TFM) and leaf 

dry mass (LDM), the behavior of these 

variables as a function of different potassium 

doses applied through conventional 

fertilization and fertigation is shown in 

Figure 4. For the MFT variable (Figure 4A), 

a quadratic fit was observed for K₂O doses 

via AF, with the highest MFT values (90.9 g 
plant⁻¹) observed for 

the 150.5 kg ha⁻¹ K₂O dose. For application via AC, 

the fit was quadratic, with the highest MFT 

values observed (66.11 g plant⁻¹) for the 

163.9 kg ha⁻¹ K₂O dose. For the MSF variable (Figure 

4B), K₂O doses via AF were fitted to the 

quadratic model, with the highest values 

observed (11.8 g plant⁻¹) at 177.5 kg ha⁻¹ K₂O. 

For application via AC, the fit was linear, with 

an increase of 0.0195 g plant⁻¹ for each 
K₂O dose 

applied.
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Figure 4.  Fresh beetroot pulp and dried beetroot leaf pulp as a function of the dose of 

potassium and method of application. 

 
Source: Author (2024) 

 

Among the advantages observed 

with the application of K₂O via fertigation in 

this experiment, the reduction in applied 

doses compared with conventional 

fertilization stands out, providing better 

results with smaller quantities of applied 

fertilizer. The results of this research 

corroborate the studies of [reference needed] 

El-Mageed et al. (2022), in which the 

authors observed that the use of 144 kg ha⁻¹ 
of K₂O provided the best results for beet 

cultivation. However, the soil fertility 

conditions, climatic conditions, and cultivar 

may affect the dose applied to this crop. 

For productivity, the behavior as a 

function of different potassium doses 

applied through conventional fertilization 

and fertigation are shown in Figure 5. For all 

the cases studied, the quadratic model 

proved to be the most suitable, with the 

highest observed values for the variable P of 

9,425 (VF) and 8,758 (AC) kg ha -1 as a 

function of doses of 176.26 and 240 kg ha -1 

of K2O, respectively.
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Figure 5.  Commercial productivity of sugar beet as a function of the dose of potassium and 

method of application. 

 
Source: Author (2024) 

 

These results highlight the need for 

correct fertilizer application, as well as 

adequate doses of K₂O, which can maximize 

productivity while optimizing costs. This is 

because the absorption of K by the crop is 

high, and excessive applications can lead to 

luxury consumption Silva, Silva e Klar 

(2017), as demonstrated in studies on 

nutrient accumulation in beet crops. In 

addition to productivity, the application of 

potassium fertilizers can improve other 

important crop attributes, such as the 

concentration of sugar (Artyszak; 

Gozdowski; Siuda, 2021), increase water 

availability through drought tolerance (Aksu; 

Altay, 2020b), and increase commercial 

value. Silva, Silva e Klar (2016),Studies on 

fertigation in beet crops have shown that 

increased soil electrical conductivity due to 

fertilization, exceeding 4 dS m⁻¹, can 

negatively affect crop productivity; 

therefore, it is important to split fertilizer 

applications throughout the cycle. 

 

 

6 CONCLUSION 

 

The application of potassium 

fertilizers via fertigation has proven to be 

efficient, increasing productivity and 

optimizing the applied dose. 

The use of 176 kg ha -1 of K2O for 

fertigation and 240 kg ha -1 of K2O for 

conventional fertilization in beet cultivation 

is recommended. 

Splitting potassium fertilization 

during beet cultivation can be an important 

strategy for reducing losses due to leaching, 

but further research on this topic is needed. 
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