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1 RESUMO 

 

A intensificação agrícola tem impactado a sustentabilidade dos sistemas produtivos, 

reforçando a necessidade de tecnologias que conciliem produtividade e redução dos impactos 

ambientais, conforme a ODS 2 “Fome Zero e Agricultura Sustentável”. Este estudo avaliou o 

desempenho de diferentes estratégias nutricionais na pimenta Maria Bonita (Capsicum 

chinense) em cultivo protegido, utilizando fertirrigação (FERT), fertilizantes de eficiência 

melhorada com aplicação única (PAT) e parcelada (PAD). O experimento foi conduzido em 

delineamento em blocos casualizados com três tratamentos e 12 repetições. Os resultados 

mostraram que a FERT proporcionou maior número médio de frutos por planta (29,65), com 

equilíbrio de nitrogênio e fósforo. O PAD favoreceu frutos com maior comprimento e 

diâmetro, associado ao melhor aproveitamento do fósforo (4,90 g kg-1). O PAT apresentou 

menor produtividade e teores de potássio abaixo da faixa adequada, indicando liberação 

nutricional limitada. Conclui-se que as estratégias nutricionais influenciam de forma distinta a 

produtividade e a qualidade dos frutos em cultivo protegido de pimenta Maria Bonita.   
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2 ABSTRACT 

 

Agricultural intensification has affected the sustainability of production systems, highlighting 

the need for technologies that balance productivity with reduced environmental impacts, in 

line with Sustainable Development Goal 2 (Zero Hunger and Sustainable Agriculture). In this 

study, the performance of different nutritional strategies on Maria Bonita pepper (Capsicum 

chinense) grown under protected cultivation was evaluated. The treatments included 
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fertigation (FERT), enhanced efficiency fertilizer applied once (PAT), and the same fertilizer 

applied in split doses (PAD). The experiment was conducted using a randomized block design 

with three treatments and 12 replications. The results indicated that FERT led to a greater 

average number of fruits per plant (29.65) and balanced nitrogen and phosphorus levels. PAD 

promoted greater length and diameter in fruits, which was associated with increased 

phosphorus uptake (4.90 g kg -1). In contrast, the productivity and potassium levels of PAT 

were lower than the adequate range, suggesting limited nutrient release. These findings 

demonstrate that nutritional strategies distinctly affect fruit productivity and quality in the 

protected cultivation of Maria Bonita pepper. 

 

Keywords: EEF, Capsicum chinense, sustainability. 

 

 

3 INTRODUCTION 

 

Population growth, coupled with the 

intensification of agriculture, has 

substantially increased the demand for 

synthetic fertilizers, with the goal of 

meeting the nutritional requirements of 

crops and ensuring high productivity. 

However, it is estimated that between 30% 

and 50% of these inputs are lost through 

processes such as volatilization, leaching, 

or immobilization in the soil, compromising 

agronomic efficiency and generating 

significant environmental impacts, such as 

the contamination of water bodies and the 

eutrophication of aquatic ecosystems 

(Wang et al., 2022). 

Given these limitations, the adoption 

of sustainable technologies that promote the 

rational use of nutrients becomes urgent. In 

this sense, the Sustainable Development 

Goals (SDG 2), proposed by the United 

Nations' 2030 Agenda, highlight targets 

such as “Zero Hunger and Sustainable 

Agriculture,” reinforcing the need for 

productive strategies that combine 

efficiency and environmental conservation 

(Cheo; Tapiwa, 2021). 

Among the promising technological 

solutions, fertigation, enhanced efficiency 

fertilizers (EEFs), and soilless cultivation 

stand out. Fertigation allows targeted 

nutrient supply to the root zone, thus 

increasing the efficiency of input use 

(Trani, 2011). EEFs, in turn, are formulated 

with mechanisms that control the gradual 

release of nutrients, adjusting them to meet 

the physiological demand of plants, which 

reduces losses and mitigates environmental 

impacts (Chen et al., 2018; Chiaregato; 

Faez, 2021; Xiang et al., 2023). 

The association between EEFs  and 

soilless cultivation systems has been shown 

to positively affect crop productivity and 

quality, in addition to representing a 

sustainable alternative to conventional 

agriculture (Messa; Souza; Faez, 2020; 

Zhang et al., 2022). Soilless cultivation, 

which employs substrates such as coconut 

fiber, sawdust, and rice husks, stands out 

for its greater uniformity, nutritional 

control, and reduction in soil diseases, 

although it demands more precise 

management of mineral nutrition because of 

its low water and nutrient retention capacity 

(Campos, 2016; Damasceno et al., 2020; 

Santos et al., 2018).  

In the context of these technologies, 

biquinho pepper (Capsicum Chinese), 

especially the Maria Bonita cultivar, stands 

out due to its commercial value and 

importance for family farming (Ribeiro et 

al., 2016; Sala et al., 2020; Carvalho et al., 

2019). Given its sensitivity to nutritional 

management, evaluating strategies that 

reconcile agronomic efficiency and 

sustainability becomes relevant. 

Thus, the present study aimed to 

evaluate the effects of different nutritional 

strategies on the protected cultivation of 
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Maria Bonita pepper by comparing the 

performance of fertigation (FERT) with that 

of EEFs applied in a single application 

(PAT) and split applications (PAD). 

 

 

4 MATERIALS AND METHODS 

 

The cultivation of Maria Bonita 

Pepper was carried out in a protected 

environment between December 2024 and 

March 2025 in the agricultural greenhouse 

of the Department of Natural Resources and 

Environmental Protection (DRNPA) with a 

metal structure, transparent polyethylene 

cover and sides made of shade netting, with 

dimensions of 6.4 m wide, 18 m long and 

3.4 m high, on the Araras campus of the 

Federal University of São Carlos (UFSCar), 

located in the municipality of Araras, SP 

(22°18'49'' S; 47°23'04,03'' W) (Figure 1). 

 

Figure 1. Location and characteristics of the study area. 

 
Source: Authors (2025). 

 

A soilless cultivation system was 

adopted, with 8-liter plastic pots filled with 

previously moistened coconut fiber 

substrate (2.70 kg m -3). The seedlings of 

the Maria Bonita pepper cultivar (Capsicum 

chinense) were used obtained from 

commercial seeds sown individually in 

trays with 120 cells, were transplanted into 

the pots when they had 5 to 10 true leaves 

and an approximate height of 15 cm, which 

occurred between 50 and 60 days after 

sowing. 

The experimental design adopted 

was a randomized complete block design 

(RCBD), with three treatments and 12 

replications, totaling 36 plots. Each plot 

consisted of four pots, totaling 144 

experimental units. The treatments 

consisted of nutrient application via 

fertigation (FERT), single application of 

EEFs at seedling transplantation (PAT), and 

split application of EEFs, with half the dose 

at transplantation and the other half 45 days 

after seedling transplantation (PAD). 

The fertilizers used in the PAT and 

PAD treatments were formulated from 

potassium nitrate (KNO₃) and 

monoammonium phosphate (NH₄H₂PO₄), 
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which were encapsulated in a biodegradable 

matrix composed of nanofibrillated 

cellulose (CNF) and thermoplastic starch 

(TPS) and processed by spray drying and 

homogenization in a Haake® mixer. 

The nutrient solution was prepared 

in 350 L reservoirs, with a composition 

adapted from Furlani, Bolonhesi and 

Fanquin (1999) (Table 1). In the treatments 

with EEFs, the encapsulated fertilizers were 

incorporated directly into the substrate, 

while the other nutrients were supplied by 

fertigation. 

 

Table 1Nutrient solution for growing peppers. 

Fertilizers Concentration (g 1000 L -1 ) 

Calcium Nitrate (Ca (NO3)2 ) 500 

Potassium Nitrate (KNO3 ) 500 

Magnesium sulfate (MgSO4 ) 350 

MAP ( NH4H2PO4 ) 100 

ConMicros 20 
Source: adapted from Furlani, Bolonhesi and Fanquin (1999). 

 

During the first two days after 

transplanting, only water was applied to 

promote rooting of the seedlings. From the 

third day onward, fertilizer application 

began, according to the protocol for each 

treatment. The drip irrigation system used 

self-compensating emitters (Clicktif–

NaanDanJain model from Rivulis) with a 

flow rate of 4.0 L h⁻¹ and a spacing of 0.90 

m. Each emitter supplied four pots through 

connectors with multiple 1 L h⁻¹ outlets. 

The system was divided into two 

independent lines, each equipped with a 

head containing a digital controller, 

antivacuum valve, disc filter, pressure 

gauge, and motor pump. 

The first line was designated for the 

PAT and PAD treatments, where 

encapsulated fertilizers (KNO₃ and 

NH₄H₂PO₄) were used. The fertilizers were 

applied directly to the substrate, with 

nutritional supplementation via fertigation. 

The second row was exclusively dedicated 

to the FERT treatment, ensuring a 

continuous and uniform supply of nutrients 

throughout the crop cycle. 

The response of the plants was 

evaluated through morphophysiological and 

nutritional analyses. The morphological 

characteristics of the fruits were determined 

using a digital caliper, and the diameter 

(greatest transverse width) and length (from 

the apex to the peduncle) were measured on 

the basis of samples of 12 fruits per 

experimental unit. The average number of 

fruits per plant was obtained by counting 

the total number of fruits harvested in each 

plot and dividing it by the number of plants 

evaluated. 

The nutritional composition of the 

plants was monitored through foliar 

analysis at 30, 60, and 90 days after 

transplanting. Two leaves were collected 

per plant, totaling 96 samples per treatment. 

The leaves were dried at 60°C for 48 hours 

and sent to the laboratory (Pirasolos Ltda., 

Piracicaba/SP) for analysis of macro- and 

micronutrient contents. 

 

 

 

 

 

5 RESULTS AND DISCUSSION 

 

Table 2 shows the results of the 

biometric analyses of the Maria Bonita 

pepper. The treatments significantly 
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influenced the biometric performance of the 

pepper, as evidenced by Tukey's test at 5% 

probability. The FERT treatment resulted in 

the greatest average number of fruits per 

plant (29.65), surpassing the treatments 

with EEFs, PAT (18.29) and PAD (17.15). 

This result is attributed to the continuous 

supply of nutrients via nutrient solution 

(Medina et al., 2008). 

 

Table 2. Biometric analyses performed on Maria Bonita peppers in protected cultivation. 

Treatments NFRP FRD (cm) FRL (cm) 

FERT 29.65 a 2.63 b 3.42 b 

PAT 18.29 b 2.62 b 3.80 a 

PAD 17.15 b 2.84 a 3.81 a 

ANOVA 

CV (%) 18.48 5.27 3.33 

Shapiro‒Wilk 

p value 0.6 0.68 0.07 
Means followed by the same letter in the same column do not differ statistically from each other according to 

Tukey's test at the 5% probability level. NFRP - number of fruits per plant; FRD - Fruit diameter (cm); FRL - 

Fruit length (cm). 

 

However, the PAT and PAD 

treatments produced fruits with larger 

dimensions. The average length was less 

than 3.4 cm in the FERT treatment, whereas 

the EEFs treatments reached values close to 

4.0 cm. The diameter of the fruits was also 

greater in the PAD treatment (2.84 cm), 

followed by FERT (2.63 cm) and PAT 

(2.62 cm). 

Although the differences between 

FERT and PAT were subtle, the treatments 

with FEM resulted in greater uniformity 

and more developed fruit size. This result 

may be related to the gradual release of 

nutrients provided by EEFs, which 

increases absorption efficiency and reduces 

losses, especially in substrates such as 

coconut fiber, which requires greater 

nutritional precision (Govil et al., 2024; 

Macedo et al., 2021). 

In addition to the type of fertilizer, 

the moisture dynamics in the substrate also 

significantly influence nutrient availability. 

Although coconut fiber has good water 

retention capacity, its rapid drainage can 

intensify nutrient losses when fertilizers are 

applied in a single application. 

In this context, splitting the EEFs, as 

adopted in the PAD treatment, favors the 

progressive release of nutrients and 

improves the efficiency of the use of water 

and mineral elements, contributing to the 

development of fruits with greater potential 

for commercial acceptance, considering 

their size and uniformity (Negi; Thakur; 

Bhardwaj, 2022). 

Although fertigation provides an 

immediate supply of nutrients, its efficiency 

can be reduced in systems with high 

drainage, such as those cultivated in 

coconut fiber, because of greater leaching 

of mobile elements such as nitrogen and 

potassium (Chen et al., 2017). 

These differences in nutritional 

management strategies were also reflected 

in the results of the leaf analysis, as shown 

in Table 3. 

 

 

Table 3. Foliar concentrations of macronutrients were compared with the levels considered 

appropriate according to the recommendations of Bulletin 100. 

Treatment N P K 
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......g kg -1 ...... 

FERT 32.16 3.57 28.17 

PAD 28.8 4.9 23.67 

PAT 29.04 5.57 19.5 

Bulletin 100 30–45 3–6 30–50 

 

FERT provided a more balanced 

nutritional profile, with nitrogen (32.16 g 

kg -1) and phosphorus (3.57 g kg -1) levels 

within the appropriate ranges established by 

Bulletin 100 (Van Raij et al., 1997), 

although potassium (28.17 g kg -1) was 

slightly below the ideal range (30–50 g kg -

 1). 

In contrast to FERT, the EEFs 

treatments resulted in different nutritional 

responses. The phosphorus content in the 

PAD treatment was within the adequate 

range (4.90 g kg -1), whereas the nitrogen 

(28.80 g kg -1) and potassium (27.28 g kg -1) 

contents were close to the lower limits. 

The gradual release of nutrients, 

which is characteristic of EEFs, combined 

with the low phosphorus adsorption 

capacity of coconut fiber, may have favored 

the availability and absorption of this 

nutrient by plants. In substrates with these 

characteristics, the split application of EEFs 

contributes to maintaining more stable 

phosphorus concentrations in the root zone 

throughout the crop cycle. This reduces 

losses due to leaching and promotes better 

synchrony between nutrient release and the 

plant’s physiological demands (Chen et al., 

2017; Calabi- Floody et al., 2018; Xiong et 

al., 2017). 

Among the treatments, the PAT 

treatment resulted in the highest phosphorus 

content (5.57 g kg⁻¹), indicating good initial 

release and availability of this nutrient. 

However, the nitrogen content (29.04 g 

kg⁻¹) was close to the lower limit of the 

adequate range, whereas the potassium 

concentration (19.50 g kg⁻¹) remained below 

sufficient, suggesting a possible limitation 

of this nutrient in later stages of 

development, possibly due to the absence of 

reapplications. As highlighted by Cunha et 

al. (2021), the efficiency of EEFs depends 

on the compatibility between the nutrient 

release rate and the plant’s physiological 

requirements throughout the cycle. 

Therefore, systematic leaf analyses 

and continuous monitoring are essential for 

validating these trends and understanding 

the temporal dynamics of nutrient 

availability and absorption. This detailed 

assessment is crucial for optimizing 

nutritional management strategies, 

especially considering the fundamental role 

of potassium in osmotic regulation, 

enzymatic activation, photosynthesis, and 

the plant’s response to abiotic and biotic 

stresses, with its deficiency capable of 

compromising growth, yield, and fruit 

quality (Marschner, 2012). 

 

 

6 CONCLUSION 

 

Nutritional strategies distinctly 

influenced the performance of Maria Bonita 

peppers. The FERT treatment resulted in a 

greater number of fruits per plant, whereas 

the PAD treatment promoted increased fruit 

diameter and length. 
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