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1 RESUMO 

 

Objetivou-se avaliar doses de cálcio na produção de pimentão, cultivar ‘Gaston’, e os efeitos 

no extrato de solução do solo por extratores de cápsula porosa. A pesquisa foi instalada na 

estufa agrícola do Departamento de Solos e Recursos Ambientais da Universidade Estadual 

Paulista “Júlio de Mesquita Filho” - Campus de Botucatu, com plantas conduzidas em vasos. 

Utilizou-se delineamento em blocos casualizados, quatro repetições, testando quatro doses de 

Ca (98, 196, 294 e 392 kg ha-1) aplicadas via fertirrigação por gotejamento. Foram avaliados: 

condutividade elétrica e concentração de íons específicos da solução do solo, obtidas 

semanalmente por extratores. Os extratores permitiram monitoramento eficiente da solução do 

solo, e houve diferença significativa entre os tratamentos. O aumento da concentração de sais 

na solução do solo reduziu a produtividade. A dose que proporcionou maior produção de frutos 

foi 98 kg ha-1 de Ca com 46,5 t ha-1, apresentando condutividade elétrica média ao longo do 

ciclo de 1,8 dS m-1 e concentração de 397 mg L-1 no extrato de solução do solo. 
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2 ABSTRACT 

 

Pepper cultivation involves the use of several technologies, such as a protected environment to 

reduce the effects of environmental variability and the incidence of pests and diseases, with the 

goal of optimizing productivity and homogenizing supply, as well as through fertigation, which 

allows the nutritional demand of the crop to be met in a fractionated manner, including that of 
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nutrients such as calcium. The objective of this research was to evaluate the effects of different 

doses of calcium on the production of peppers and the cultivar 'Gaston' and on the soil solution 

extract using solution extractors. The research was installed in the agricultural greenhouse of 

the Department of Soil and Environmental Resources at the Universidade Estadual Paulista 

“Júlio de Mesquita Filho” - Botucatu Campus, with the plants being grown in pots. A 

randomized block design with four replications was used, and four doses of Ca (98 kg ha-1, 196 

kg ha-1, 294 kg ha-1 and 392 kg ha-1) were applied via drip fertigation. The following parameters 

were evaluated: electrical conductivity and specific ion concentration of the soil solution 

extracted weekly, plant height and production. The use of extractors allowed efficient 

monitoring, and there was a significant difference between treatments. An increase in the 

concentration of salts in the soil solution harms productivity. The dose that provided the highest 

fruit production was 98 kg ha -1 of Ca (46.5 t ha-1), which presented an average electrical 

conductivity throughout the cycle of 1.8 dS m-1 and a concentration of 397 mg L-1 in the soil 

solution extract. 

 

Keywords: Capsicum annuum L., fertigation, solution extractor, soil solution 

 

 

3 INTRODUCTION 

 

Bell pepper (Capsicum) (annuum L.) 

belongs to the Solanaceae family and is 

cultivated throughout the national territory. 

It is typically of American origin, with wild 

forms occurring from the southern United 

States to northern Chile (Souza, 2017). 

The fruits contain high levels of 

vitamins A and C and minerals such as 

calcium, sodium, phosphorus, and iron. 

They also contain approximately 48 calories 

per 100 g of product; they are used in the 

manufacture of natural dyes, condiments, 

preserves, and sauces (Palangana et al., 

2012). The fruit is a berry and can be green, 

yellow, or red when it is ripe (Zhigila). et al., 

2014). 

Bell peppers are among the most 

widespread and consumed vegetable species 

in Brazil in their fresh form and are 

considered among the ten most 

economically important species in the 

vegetable market (Sediyama). et al., 2014). 

The macroelement calcium is of 

fundamental importance for all metabolic 

functions of plants, including its protective 

function against pests and pathogens. 

Furthermore, this nutrient, which is located 

in the cell wall, acts as a stabilizing agent, 

directly influencing the texture, firmness, 

and ripening of fruits. Serious economic 

losses can occur annually in organs such as 

fruits and leaves because of physiological 

disorders and rot caused by inadequate 

calcium levels in their tissues (De Sá et al., 

2024). 
Among the main symptoms of 

calcium deficiency, Flores et al. (2012) and 

Viegas et al. (2013) reported poorly 

developed plants, chlorosis, deformation and 

irregular shape of young leaves, necrosis of 

the apices and death of the shoots. 

The growing demand for bell 

peppers in the country favors their 

cultivation in greenhouses because of greater 

production security, reduced losses, 

increased yield, and improved fruit quality. 

According to Silva, Silva, and Pagiuca 

(2014), protected cultivation has gained 

importance given its characteristics, such as 

reducing losses and providing predictability 

and consistency of production, especially 

during the summer period. In this way, it 

offers higher-quality products than those 

obtained in open fields do (Seabra Junior et 

al., 2022). 

Among the main factors in the 

cultivation and production of vegetables is 

mineral nutrition, as it directly affects plant 
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metabolism, growth, productivity and 

quality of the final product (Marcussi; 

Godoy; Villas Bôas, 2004). 

Salinization means that the 

concentration of solutes in the soil is greater 

than that in the roots, and this process 

increases the osmotic pressure of the soil, 

making water less accessible to plants 

(Ziganshin, 2020). 

Among the equipment used for its 

speed of response and ease of handling is the 

porous capsule extractor, which promotes 

the removal of volumes of solution from the 

soil in the area occupied by the plant roots 

(Silva; Klar; Silva, 2015). 

Marcussi (2005) reported that, 

among the nutrients absorbed by pepper 

plants, calcium is the third most absorbed, a 

result corroborated by Oliveira et al. (2015), 

who reported the same behavior in leaf 

tissue. 

It is still difficult to find specific 

recommendations for each cultivar. Most 

studies, such as those carried out by Oliveira 

et al. (2016) and Oliveira et al. (2013), are 

focused on the two nutrients with the 

greatest accumulation in the crop, N and K. 

Therefore, the objective of this 

research was to evaluate calcium salinization 

in the production of 'Gaston' cultivar pepper 

plants in pots and protected environments 

and the effects on the soil solution extract 

obtained using extractors. 

 

 

4 MATERIALS AND METHODS 

 

The research was conducted at the 

Department of Soil and Environmental 

Resources, Faculty of Agronomic Sciences, 

São Paulo State University “Júlio de 

Mesquita Filho” - Botucatu Campus (São 

Paulo, Brazil), at geographic coordinates 

22°50'51.6" South latitude and 48°26'06.0" 

West longitude, at an altitude of 830 m. 

The plants were grown in an 

agricultural greenhouse measuring 7.0 m 

wide by 24.0 m long and covered with 150-

micron plastic film, with upper windows and 

side curtains for ventilation and temperature 

control, white mesh sides, and misting 

systems. 

The 'Gaston' cultivar was selected for 

evaluation and to verify its response to 

salinity, as it is the most widely used cultivar 

among pepper producers in the region. The 

seedlings were approximately 16 cm in 

height and had 7 to 8 leaves. 

Two plants were transplanted per 

pot, with the less vigorous one being thinned 

30 days after transplanting (DAT), thus 

initiating the fertigation program and 

application of treatments. Before 30 days, 

the plants received only water. 

The soil used to fill the 25 L pots was 

sandy in texture and was properly amended 

after chemical analysis, increasing the base 

saturation to 70%. After being filled, the pots 

were distributed inside the greenhouse with 

a spacing of 0.5 m between the pots in the 

same block and 1.2 m between the blocks, 

totaling 23,529 plants per hectare. 

The experiment evaluated four 

calcium doses distributed in randomized 

blocks, with four replicates and each plot 

with two sampling points (2 pots of 25 

liters), totaling 16 plots and 32 pots. 

Table 1 shows the descriptions of 

each treatment based on the nutrient 

absorption curve for the fertigated bell 

peppers (Trani; Tivelli; Carrijo, 2011), as 

shown in Table 2. For nutrients that were not 

investigated, 100% of the recommendation 

was applied. The experiment was 

implemented on 01/03/2016 and completed 

on 12/10/2016 at 225 DAT.
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Table 1. Description of the treatments used in the experiment, based on the nutrient absorption 

curve for the cultivation of the fertigated bell peppers. 

TREATMENT DOSE (kg ha -1 ) 

1) 70% of Ca 98 

2) 140% of Ca 196 

3) 210% of Ca 294 

4) 280% of Ca 392 

 

Table 2. Nutrient absorption curves used as a reference for bell pepper cultivation. 

Development of pepper plants 

days after transplanting (DAT) 

Amount of nutrients per day 

N P 2 O 5 K2O Here Mg 

 
 

kg ha -1 
 

  

1 to 35 0.05 0.01 0.08 0.03 0.04 

36 to 55 0.35 0.06 0.78 0.23 0.14 

56 to 70 1.16 0.24 2.24 0.69 0.50 

71 to 85 1.32 0.22 2.60 0.67 0.70 

86 to 100 2.63 0.77 4.80 1.93 1.05 

101 to 120 2.73 0.60 5.50 0.80 0.75 

121 to 140 3.75 1.10 4.85 1.00 0.72 

141 to 180 2.00 0.90 3.60 1.20 0.90 

Total per hectare 295.0 90.0 514.0 139.0 103.0 

Source: Trani, Tivelli and Carrijo (2011, p. 23). 

 

To determine the nutritional 

requirements per plant, since the experiment 

was conducted in pots, a density of 16,667 

plants per hectare was considered, obtained 

from the most common spacing among 

pepper producers in the field and cited by 

Trani, Tivelli and Carrijo (2011), with a 

spacing of 1.2 m x 0.5 m. 

The fertilizers used in the nutrient 

solution included calcium chloride as a 

source of Ca (27.2% Ca), potassium chloride 

(white powder) as a source of K (60% K₂O), 

ammonium nitrate as a source of N (33% N), 

and purified MAP as a source of P (60% 

P₂O₅ and 10% N), with applications carried out 

weekly. For micronutrients, periodic foliar 

sprays were used. 

The localized irrigation system 

adopted was drip irrigation, which was 

equipped with four L h⁻¹ drip buttons arranged 

in four arrows for each pot. The doses were 

injected individually, and ball valves, 

properly identified, were used to switch 

between treatments during fertigation. 

For fertilizer injection, the bypass 

tank was used. This system consists of a 

closed tank in which the concentrated 

nutrient solution is diluted and carried to the 

irrigation system as the water flow is forced 

through the tank. 
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For irrigation control, the principle of 

tensiometry was used on the basis of the soil 

water retention curve. Assuming that the 

more available water is, the less effort the 

plant will need to extract it and that pepper 

plants grown in a greenhouse allow for 

depletion of up to 30% of the soil water 

without affecting production losses (Sousa et 

al., 2019), a tension of 10 kPa (12.75% soil 

water) was established as an indicator of 

irrigation needs, using the water retention 

curve adjusted by the logarithmic equation 

shown in Figure 1.

 

Figure 1. Soil water retention curve. 

 
 

Soil water tension was monitored by 

installing porous capsule tensiometers at a 

depth of 0.2 m, one pot per treatment in each 

block, allowing for daily readings with the 

aid of a digital tensiometer and thus 

verifying the need for irrigation or not. 

To monitor the soil solution, solution 

extractors were used in triplicate for each 

treatment at a depth of 0.2 m, which, like the 

tensiometer, had a porous capsule at the end. 

The solution extraction occurred 24 

hours after the application of the doses via 

fertigation, with a standardized vacuum 

applied to all extractors using a 60 mL 

plastic syringe, allowing it to remain until at 

least 10 mL of solution accumulated 

(approximately 4 hours). Afterward, the 

solution was extracted and analyzed in the 

laboratory using portable electrical 

conductivity and specific ion meters. On the 

basis of the data from each reading, 

adjustments were made to the management 

or even the temporary suspension of 

fertigation when necessary. 

The extracted solutions were stored 

in 15 mL tubes and taken to the laboratory 

for analysis of electrical conductivity and 

specific calcium ions using Horiba® portable 

meters. Weekly, before each reading, the 

instruments were calibrated with a 1.41 

dS.m⁻¹ solution for the conductivity meter 

and with 150 mg L⁻¹ and 2000 mg L⁻¹ Ca 

solutions for the specific ion reader. In the 

interval between readings, the electrode of 

each portable meter was washed with 

distilled water and carefully dried with paper 

towels. 

Plant height was measured once a 

month between 60 DAT and 200 DAT. A 

rigid measuring tape was used, positioning 

its end at the base of the plant, close to the 

ground, and vertically toward the top of the 

plant. The reading point, in centimeters, was 

considered to be the last leaf insertion of the 

tallest branch. 

In terms of production, the harvest 

point adopted was the appearance of the first 

red stripe. For all the harvested fruits, the 

weight, commercial type (diameter), length, 
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quantity per plant, and presence of any 

defect that would be classified as 

noncommercial were analyzed. 

The weight of each fruit was 

measured in the laboratory using a digital 

scale with two decimal places of precision 

and properly leveled. To identify the type, 

the fruit classifier developed by 

GREENPACK® was used, with standard 

CEAGESP sizes for fruits and vegetables 

ranging from type 4 to type 11, according to 

the maximum circumference diameter. For 

the length of the fruits, a digital caliper with 

one decimal place was used. Fruits with a 

diameter smaller than 49 mm, sunburn, or 

blossom-end rot were classified as 

noncommercial. 

All the results from the analyses were 

subjected to analysis of variance and 

subsequently to regression analysis using the 

SISVAR 5.6 program. 

 

 

5 RESULTS AND DISCUSSION 

 

5.1 Soil solution analysis: electrical 

conductivity (EC) 

 

With the exception of the reading 

corresponding to day 92 (DAT), all the other 

readings differed significantly between 

treatments. The treatment with the lowest 

dose resulted in the lowest CE value, with a 

linear increase observed in the other 

treatments. Tables 3, 4, and 5 show the 

results of the analysis throughout the cycle 

as a function of the treatments.

 

Table 3. Electrical conductivity of the soil solution from 43 DAT to 99 DAT 

Treatments 

 

43 

DAT 

50 

DAT 

57 

DAT 

65 

DAT 

71 

DAT 

78 

DAT 

85 

DAT 

92 

DAT 

99 

DAT 

Electrical conductivity (dS m -1 ) 

Ca 70% 1.1 0.8 0.9 1.3 1.4 1.2 1.6 2.2 2.8 

Ca 140% 1.3 1.0 1.1 1.7 1.5 1.3 1.8 2.4 3.1 

Ca 210% 1.5 1.0 1.3 1.8 1.8 1.6 2.1 2.5 3.3 

Ca 280% 1.9 1.4 1.6 2.0 2.0 1.8 2.5 2.9 3.5 

CV (%) 10.0 6.5 10.0 8.4 10.6 12.8 8.53 12.4 6.3 

Regression L * L * L * L * L * L * L * Ns L * 

R2 (%) 97.4 89.3 99.7 95.1 94.7 96.1 97.5 - 99.8 
DAT: days after transplantation; L: linear regression; *: significant at 5% according to the F test. 
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Table 4. Electrical conductivity of the soil solution from 106 DAT to 162 DAT. 

Treatments 

 

106 

DAT 

113 

DAT 

120 

DAT 

127 

DAT 

134 

DAT 

141 

DAT 

148 

DAT 

155 

DAT 

162 

DAT 

Electrical conductivity (dS m -1 ) 

Ca 70% 2.4 3.0 3.4 1.8 2.3 1.3 1.4 1.6 2.4 

Ca 140% 2.6 3.2 3.8 2.3 2.3 1.9 2.0 1.9 2.8 

Ca 210% 2.7 3.4 4.2 2.7 2.8 2.4 2.3 2.3 3.1 

Ca 280% 3.0 3.9 4.6 3.0 3.2 2.9 2.8 2.7 3.4 

CV (%) 4.2 3.2 4.8 6.6 8.0 10.2 7.5 11.1 6.1 

Regression L * L * L * L * L * L * L * L * L * 

R2 (%) 96.7 97.3 99.9 97.9 88.7 99.9 98.8 99.6 99.8 
DAT: days after transplantation; L: linear regression; *: significant at 5% according to the F test. 

 

Table 5. Electrical conductivity of the soil solution from 169 DAT to 225 DAT. 

Treatments 

 

169 

DAT 

176 

DAT 

183 

DAT 

190 

DAT 

197 

DAT 

204 

DAT 

211 

DAT 

218 

DAT 

225 

DAT 

Electrical conductivity (dS m -1 ) 

Ca 70% 3.2 3.1 1.5 0.8 1.1 1.4 1.5 1.3 1.1 

Ca 140% 3.6 3.6 1.9 1.0 1.4 2.1 2.1 1.8 1.5 

Ca 210% 3.7 3.9 2.0 1.1 1.5 2.5 2.6 2.1 1.7 

Ca 280% 4.1 4.6 2.4 1.3 1.9 2.8 2.9 2.6 2.1 

CV (%) 6.4 11.1 7.0 16.0 13.3 3.1 3.3 11.7 11.9 

Regression L * L * L * L * L * L * L * L * L * 

R2 (%) 95.3 96.8 97.8 98.6 98.5 96.5 96.4 98.3 97.2 
DAT: days after transplantation; L: linear regression; *: significant at 5% according to the F test. 

 

The average of 27 readings taken 

throughout the crop cycle was 1.8 dS m -1 

(70% Ca), 2.1 dS m -1 (140% Ca), 2.4 dS m -

1 (210% Ca) and 2.7 dS m -1 (280% Ca), with 

the 70% dose being the one that most closely 

approximated the EC threshold in the soil 

solution extract and where the highest 

productivity was obtained (Table 10). 

To meet the recommended 

parameters, as soon as the 70% treatment 

reached values equal to or higher than those 

in the literature, fertigation was suspended 

or, in more critical cases, leaching was 

carried out, for example, at 120 and 176 

DAT (days after transplanting). 

Under cultivation conditions, the 

fruits of the 'Gaston' pepper plant reached 

the harvest point 60 to 70 days after 

emergence (3 cm in size). Marti and Mills 

(1991) reported that as hanging fruits 

approached maturity, nutrient absorption 

decreased, and consequently, the EC of the 

soil solution increased because of the 

accumulation of salts in the soil, as occurred, 

for example, at 65, 120, and 176 DAT in this 

experiment. 

The effects and importance of 

leaching are more evident (at 120 and 176 

DAT) (Figure 2). Additionally, as a control 

measure for EC, fertigation was suspended 

at 99, 120, 134, 169, 176, and 211 DAT. This 

need for leaching or suspension of fertilizer 

application was associated with 

management, since the nutrient absorption 

curve is a reference according to the plant’s 

development stage, but the needs of the crop 
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are not always equal to the amount applied, 

as nutrient demand can vary because of 

several factors (Trani; Tivelli; Carrijo, 

2011).
 

Figure 2. Average EC of the soil solution as a function of Ca dose throughout the cycle. 

 
 

5.2 Soil solution analysis: concentration of 

specific ions 

 

Calcium, which is not very mobile 

within the plant, is the third most in-demand 

nutrient for bell pepper crops, and the results 

of the analysis of this ion in the soil solution 

are presented in Tables 6, 7, and 8.

 

Table 6. Calcium ions in the soil solution from 43 DAT to 99 DAT 

Treatments 

 

43 

DAT 

50 

DAT 

57 

DAT 

65 

DAT 

71 

DAT 

78 

DAT 

85 

DAT 

92 

DAT 

99 

DAT 

Concentration (mg L -1 ) 

Ca 70% 173 203 270 393 480 433 393 440 493 

Ca 140% 180 290 363 453 633 600 580 633 743 

Ca 210% 243 353 477 630 703 687 680 747 920 

Ca 280% 263 450 580 757 817 790 760 907 1200 

CV (%) 8.1 9.8 4.4 4.1 2.8 2.2 7.6 3.1 5.6 

Regression L * L * L * L * L * L * L * L * L * 

R2 (%) 91.0 99.4 99.8 96.9 97.9 97.8 95.9 99.0 99.3 
DAT: days after transplantation; L: linear regression; *: significant at 5% according to the F test. 
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Table 7. Calcium ions in the soil solution from 106 DAT to 162 DAT 

Treatments 

 

106 

DAT 

113 

DAT 

120 

DAT 

127 

DAT 

134 

DAT 

141 

DAT 

148 

DAT 

155 

DAT 

162 

DAT 

Concentration (mg L -1 ) 

Ca 70% 477 557 697 423 443 413 443 470 503 

Ca 140% 727 850 1067 610 687 667 723 763 817 

Ca 210% 897 1100 1500 910 693 937 983 1067 1133 

Ca 280% 1133 1533 1933 1203 1233 1167 1233 1333 1400 

CV (%) 4.7 6.7 8.7 8.3 35.1 4.6 4.7 5.2 7.1 

Regression L * L * L * L * L* L * L * L * L * 

R2 (%) 99.5 98.5 99.8 98.9 84.5 99.9 99.9 99.9 99.8 
DAT: days after transplantation; L: linear regression; *: significant at 5% according to the F test. 

 

Table 8. Calcium ions in the soil solution from 169 DAT to 225 DAT 

Treatments 

 

169 

DAT 

176 

DAT 

183 

DAT 

190 

DAT 

197 

DAT 

204 

DAT 

211 

DAT 

218 

DAT 

225 

DAT 

Concentration (mg L -1 ) 

Ca 70% 553 637 350 187 210 257 290 277 267 

Ca 140% 897 1033 570 280 303 363 410 387 373 

Ca 210% 1233 1433 783 460 500 597 667 640 607 

Ca 280% 1567 1800 977 530 573 680 763 733 693 

CV (%) 4.8 5.9 4.8 7.7 7.1 6.7 6.7 6.7 6.3 

Regression L * L * L * L * L * L * L * L * L * 

R2 (%) 99.8 99.9 99.9 97.2 96.8 96.6 96.8 96.5 96.7 
DAT: days after transplantation; L: linear regression; *: significant at 5% according to the F test. 

 

The dose influenced the 

concentration of Ca ions in the soil solution 

throughout the cycle, following a linear 

trend with increasing dose. On the basis of 

the data obtained, a calcium concentration of 

397 mg L⁻¹ in the soil solution is adequate 

for pepper plants, since the average calcium 

content throughout the cycle (397 mg L⁻¹ at 

70% Ca, 593 mg L⁻¹ at 140% Ca, 799 mg L⁻¹ 
at 210% Ca, and 1000 mg L⁻¹ at 280% Ca) was 

evaluated, and the 70% dose resulted in the 

highest productivity (Table 10). 

No information was found in the 

literature regarding the ideal concentration 

of this nutrient in the soil solution, and the 

values available in the literature do not 

consider the same conditions as those used 

in this research. An important factor when 

evaluating this nutrient is the depth at which 

the solution extractor is installed. Because it 

is highly soluble, calcium chloride is 

distributed rapidly in water and can be easily 

leached to the bottom of the container. The 

vertical “section” of the soil at the end of the 

experiment is shown in Figure 3, with the 

porous capsule at a depth of 20 cm, which 

may explain the high concentrations 

observed in the readings.
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Figure 3. Depth of the solution extractor capsule in the vessel. 

 
 

The high concentration of Ca in the 

soil solution may also be related to the 

increase in EC (due to the doses), which 

reduced water consumption by the plant and, 

therefore, Ca absorption, keeping it retained 

in the soil solution. Another possibility is 

that the absorption curve used shows values 

above those required by the 'Gaston' pepper 

cultivar in a protected environment; thus, 

even with the suspension of fertigation, it 

still showed high values in the subsequent 

reading. 

The lowest concentrations were 

detected in the treatments with 70% (98 kg 

ha -1 of Ca), and the highest was observed 

with 280% (392 kg ha -1 of Ca). The 

concentration peaks at 65, 120, and 176 

DAT, as already mentioned in the EC data, 

are due to the presence of fruits in the final 

stage of maturation and lower absorption by 

the plant and therefore an increase in Ca in 

the soil solution. 

When applied equally across 

treatments aimed at meeting the nutritional 

requirements of the plant, K ions did not 

significantly differ at 5% according to the F 

test; however, K may have interfered with 

the accumulation of Ca in the soil solution 

and EC since the administered dose 

corresponded to 100% of the absorption 

curve. On average, the concentration was 

approximately 207 mg L -1 and followed the 

trend of the curve. 

 

5.3 Plant height 

 

The results of the plant height 

analysis as a function of the treatments are 

shown in Table 9.
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Table 9. Average plant height as a function of calcium treatment. 

Treatments 

 

62 DAT 93 DAT 123 DAT 154 DAT 185 DAT 

Plant height (cm) 

Ca 70% 72.6 76.0 79.5 85.5 90.5 

Ca 140% 76.4 79.4 83.0 83.1 88.1 

Ca 210% 73.3 77.1 80.3 82.4 87.4 

Ca 280% 72.4 76.1 80.3 81.8 86.6 

CV (%) 4.3 6.0 6.1 6.2 6.2 

Regression Ns Ns Ns Ns Ns 
DAT - days after transplantation; ns - not significant. 

 

Although no statistically significant 

difference was observed, it is possible to see 

that plants subjected to the 140% dose (196 

kg ha⁻¹ of Ca) grew more than those in the 

other treatments did up to 123 DAT (days 

after transplanting). At 154 DAT and 185 

DAT, the greatest increase occurred in the 

treatment with the 70% dose (98 kg ha⁻¹ of Ca). 

This behavior may be associated with the 

accumulation of Ca salts in the soil and an 

increase in electrical conductivity (EC). Dias 

and Blanco (2010) reported that this 

accumulation of salts hinders water 

absorption by reducing the osmotic potential 

and directly interferes with plant growth and 

development. 

Similar results were observed by 

Sousa et al. (2019) in an experiment with 

potassium, where from 123 DAT onward, 

there was statistical differentiation as a 

function of the dose, with inversely 

proportional growth between the 70% (363 

kg ha -1 of K2O) and 280% (1,451 kg ha - 
1 

K2O) treatments. 

 

5.4 Fruit Production 

 

Among the yield assessments 

conducted, we highlight the number of fruits 

per plant and the yield in kg plant⁻¹ and t 

ha⁻¹. Table 10 presents the yield data 

according to the application rates. 

 

Table 10. Analysis of the quantity and quality of fruits as a function of the treatments. FPP: 

fruits per plant; PMF: average fruit weight; PP: production per plant; PH: 

production in tons per hectare; CMF: average fruit length; L: linear regression; 

Treatments 

 

FPP PMF PP pH TYPE CMF 

Items. (g) (kg) t ha -1 - (mm) 

Ca 70% 13.0 147.6 2.0 46.5 6.9 110.7 

Ca 140% 12.0 142.1 1.6 38.6 6.9 105.7 

Ca 210% 11.0 131.0 1.5 34.1 6.7 101.6 

Ca 280% 9.0 127.9 1.1 25.9 6.7 106.1 

CV (%) 12.2 13.5 3.5 3.9 5.4 5.6 

Regression L * ns L * L * Ns Ns 

R2 (%) 89.9 - 99.0 98.7 - - 
*: Significant at the 5% confidence level according to the F test; ns: not significant. 
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The number of fruits best expressed 

the plant's response to the variation factors, 

with the lowest dose showing approximately 

13 fruits per plant. The literature shows great 

variability in bell pepper cultivation 

(Albuquerque et al., 2011). 

Although not statistically significant, 

a decreasing linear trend in the average fruit 

weight was observed with increasing Ca 

dose. With respect to the productivity data 

per plant and per hectare, the significant 

difference strongly confirmed the distinction 

between treatments, with plants subjected to 

the 70% dose (98 kg ha⁻¹ of Ca) being more 

productive, as predicted by the other 

analyses. 

To evaluate the effects of salinity 

from fertilizers on pepper plants, Leonardo 

et al. (2007) correlated lower fruit set and 

average fruit weight with increased EC, with 

losses between 55% and 58%. A comparison 

of the production data from the lowest dose 

revealed that in t ha⁻¹, the losses varied from 

30% to 44% with increasing amount of 

fertilizer and were more severe at the highest 

dose. The correlation of productivity is easily illustrated in 

Figures 4 and 5. (t ha -1) as a function of the 

concentration of Ca and CE ions in the soil.

 

Figure 4. Correlation of production with the concentration of calcium ions in the soil solution. 

 
 

 

Figure 5. Correlation of bell pepper production with the EC of the soil solution. 

 
 

According to Silva Júnior et al. 

(2024), in terms of monitoring the 

concentration of N and K ions and electrical 

conductivity, fertigation management, 

together with doses of 75% (1.5 mS cm -1) 

and 100% (416 mg L -1) N and K (110 mg L 
-1) in nutrient solution, resulted in the best 

performance for all the variables analyzed. 

There was an almost perfect negative 

correlation between electrical conductivity 

and production according to Hopkins’ 

classification (2000); that is, productivity 

decreases when the EC or the concentration 

of Ca in mg L -1 in the soil solution increases. 

This information demonstrates the 

productive response of the 'Gaston' pepper 

plant as a function of the EC and Ca ion 
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concentration and highlights the importance 

of efficiently monitoring these parameters to 

achieve success in terms of fertigation in a 

protected environment. 

By combining the production data, it 

is possible to verify that when a pepper plant 

is subjected to salinity in the soil solution 

due to fertilizer, its productive response is 

affected in terms of the number of fruits per 

plant and the average fruit weight. In terms 

of nutritional stress conditions, the 

maximum productivity was 46.5 t ha -1, 

which is within the range of 25 t ha -1 to 50 t 

ha -1 obtained by Nunes Júnior (2013). 

 

 

6 CONCLUSIONS 

 

Increased salinity, above the level 

tolerated by the crop, causes significant 

production losses. 

Monitoring fertigation using soil 

solution extractors is a viable alternative for 

pepper cultivation in a protected 

environment. 

The dose that provided the highest 

fruit production was 98 kg ha -1 of Ca, with a 

value of 46.5 t ha -1, indicating an average 

electrical conductivity throughout the cycle 

of 1.8 dS m -1 and a concentration of 397 mg 

L -1 in the soil solution extract. 
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