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Abstract

Bell pepper is among the ten most economically important vegetables in the country. The proper management of
water and fertilizers coupled with protected environment allows to obtain a quality agricultural production. This study
aimed to evaluate the response of nitrogen and potassium doses applied through fertigation on the growth and yield
of bell pepper crop, Magali R hybrid. A completely randomized design was used, with 16 treatments in a factorial
scheme 4x4, with four replications. The treatments resulted from the combination of four doses of nitrogen (0; 73.4;
146.8 and 293.6 kg ha') and potassium (0, 53.3; 106.7 and 213.4 kg ha™'). The experimental plot consisted of a 25 L
pot with a bell pepper plant. Seven harvests were made throughout the experiment, and fresh fruit number and mass
were evaluated. Leaf area (LA) and total matter accumulation were evaluated as growth components. Regardless of
the applied potassium doses, the variables LA and total dry matter showed higher results for N ranging from 155 to
194 kg ha'. The maximum fresh fruit matter (FFM) (1882 g plant™) occurred at the dose of 155 kg N ha-' and 106.7
kg K ha'' and the maximum number of fruits (NF) (16.3 fruits plant') was obtained at the dose of 147 kg N ha"' and

106.7 kg K ha''.

Keywords: Capsicum annuum L.; Mineral nutrition; Cultivation in
pots; productivity; growth

Introduction

The bell pepper crop (Capsicum annuum L.) belongs to the
Solanaceae family. In Brazil it is among the ten vegetables of greater
economic and social importance. Its fruits have a high content
of vitamin C and are consumed raw or ripe, and are used in the
manufacture of condiments, pickles and sauces [20].

The use of bell pepper hybrid seeds and cultivation in protected
environment are technologies that have been used to improve fruit
quality and productivity. Among the vegetables conducted in protected
cultivation, the main ones are peppers, tomatoes, cucumbers and
leafy vegetables. The practice of cultivation in protected environment
is a way to avoid the environmental adversities and may favor the
production compared to the crop in the field, in addition to allowing
increased cycle [2].

The bell pepper hybrid “Magali R” was released in 1995 and is
able to combine productivity with oomycete resistance (Phytophthora
capsici), better use of nutrients, easy adaptation to cultivation and
marketing [3].

For good plant growth and to meet its nutritional and water needs
in a protected environment, the use of irrigation systems is critical to
enable higher frequency of irrigation and the use of fertigation [5].
Fertigation is a fertilizer application method along with irrigation water.
It is an efficient technique of applying fertilizers to plants, allowing the
use in smaller quantities at a time, as well as the ease incorporation of
chemical in the ground, labor saving and convenience [15].

Nitrogen is the most important nutrient for bell pepper cultivation
[6], and alongside with potassium, are the nutrients most required
by the crop [7]. For this reason it is required greater attention with
the supplementation of these nutrients. Almuktar et al. [8] noted the
negative impacts on growth development of bell peppers, possibly due
to the high concentrations of nutrients and minerals.

The information about the behavior and nutritional requirements
of the bell pepper crop are based on work done in the field. Therefore it
is fundamental to encourage research in order to generate information
to help bell pepper producers make correct decisions regarding the
conduction of the culture in protected cultivation.

Given the above, this study aimed to evaluate the growth and yield
of bell pepper crop with different doses of nitrogen and potassium via
fertigation in protected environment.

Materials and Methods

The experiment was conducted from February 2015 to August 2015
in a protected environment with the dimensions of 20 m long, 7 m wide
and 3 m high, located in the Centro Técnico de Irrigacdo (CTI) of the
State University of Maringa (UEM) in Maringa-PR, at the coordinates
23025’57 S, 51°57°08”W and 542 m altitude. The climate, according to
Koppen classification, is CFA Mesothermal Humid, abundant rainfall in
the summer and dry winters. The average annual temperature is 21.8°C.

The experimental design was completely randomized in a factorial
4x4 (four doses of N with 4 doses of K), with four replications, totaling
64 experimental units. Each unit is represented by a pot containing
a plant and arranged in five longitudinal lines inside the protected
environment, spaced 1.2 m between rows and 0.5 m between plants.
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The pots (Nutriplan®) of 25 L volume were filled with 25 kg of soil
classified as Dystrophic Red Latosol (Oxisol), sandy texture, collected
from the layer 0.0 to 0.20 m. The chemical characteristics were analyzed
by the Laboratério Rural de Andlise de Solos de Maringé and is shown
in Table 1. The drainage system consisted of 4 kg of n° 1 crushed stone,
enough to fill the bottom of the pot. On top of the gravel layer, a nonwoven
fabric disk was placed to avoid losing the finer fraction of the soil.

Liming was done 60 days before the transplantation, in order
to raise soil base saturation up to 80%. For planting fertilization,
the fertilizers were mixed with the soil to homogenise the fertility
condition, using 9.6 g K20 per pot, 28.8 g of P205 per pot and 500 g
of organic matter per pot were applied 20 days before transplanting,
following the recommendation of Trani PE [9.]

The treatments resulted from the combination of four nitrogen
(N1=0, N2=73.4; N3=146.8 and N4=293.6 kg ha') and potassium
doses (K1=0, K2=53.3; K3=106.7 and K4=213.4 kg ha), totaling 16
treatments, considering the maximum doses recommended by Trani
PE [9], since there is no recommendation in the literature for the
region in which this work was done. The amounts of nutrients were
divided according to the absorption rate for bell pepper crop [10] and
applied weekly via fertigation. The fertilizers used were urea Vitaplant®
(45% N; 26% O; 21% C e 8% H) and potash Nutriplant® (60% K; 28%
Cl; 12% O), because they are widely used.

Seedlings of bell pepper Magali R hybrid (Sakata Seed Sudameris)
were produced in polyethylene trays Nutriplan® with 64 cells filled with
commercial substrate Mecplant® proper for vegetables and transplanted
when they had four to six true leaves, at 34 days after sowing.

Drip irrigation system was used with a 4 L h! flow emitter in each
experimental unit. The replenishment of the water was controlled by
daily weighing of pots using a digital scale Multivisi® with capacity of
40 kg. When soil moisture was approaching the critical moisture (0.09 g
g') the soil was irrigated until the moisture in the field capacity (0.2 g g").

Seven fruit harvests were performed during the experiment, the
first held at 66 days after transplanting (DAT) and the last at 136
DAT. The chosen harvest stage was when the fruits had maximum visual
development, before acquiring the characteristic color of the variety (red).

Leaf area (LA), measured in cm® per plant, was quantified by the
digital image method (Maller et al.) [11]. Total dry matter, without
fruits, in grams per plant, was quantified when the samples, dried in an
air circulation stove at 65°C, acquired constant mass.

Production variables were fresh mass and the number of
commercial fruits. The fruits were classified as commercial when
presented diameter and length greater than 4 and 6 cm, respectively,
and unmarketable fruits those which had serious defects or different
dimensions from the ones mentioned. The measures of length and
diameter of fruit were taken with a digital caliper Mtx®. The fresh mass
measurements were obtained using a digital scale Marte UX6200H
with capacity of 6200 g.

The data were submitted to analysis of variance, at 1 and 5%
probability, applying the F test. In case of significant interaction between
levels, unfolding and study of regression took place, considering the
linear and quadratic models. Statistical analyzes were performed using
the statistical software Sisvar [12].

Results And Discussion

There was a significant interaction between nitrogen and potassium
levels (p <0.01) for the variables LA, total dry matter (TDM), fresh fruit
mass (FFM) and NF of the bell pepper plants (Table 2).

According to the unfolding of the N and K factors, for the variable
LA, significant differences were found for the nitrogen doses in all
potassium levels. Regarding potassium doses, there were significant
differences in levels N2, N3 and N4. The quadratic model showed
the best fit to the data for the application of nitrogen (Figure 1A).
The increasing linear model presented better fit for the application
of potassium in N2 and N3 levels, while the decreasing linear model
showed the best fit for the N4 level (Figure 1B). Nitrogen doses above
220 kg ha'' can cause disequilibrium with other macro or micronutrient
with negative effects [13], which may be related to the decrease in LA
value for all cases in which the highest dose of nitrogen was applied.

Larger LA values were obtained between nitrogen doses ranging
from 155 to 173 kg ha, regardless of level of potassium applied via
fertigation. The maximum value of LA (7999.3 cm® per plant) was
estimated at K4 level (213.4 kg ha'), requiring 155.3 kg ha™' of nitrogen.
With regard to the potassium application, the maximum value of LA
(7840 cm® plant™) was estimated at the dose of 213.4 kg K ha'! and
applying 146.8 kg N ha™! (Figure 1B).

Aragio et al. (2011) [1], studying the effect of different irrigation
depths and nitrogen levels in bell pepper, Magali R cultivar, observed
that in most applied depths LA increases with the increase in the dose
of N [14], working with different managements of fertigation in bell
pepper, observed that the LA presented a quadratic response with
increasing N and K levels.

For the TDM variable, there were significant differences in the
application of nitrogen at each level of the K factor. Subjected to
regression analysis the TDM data showed better adjustment to the
quadratic model (Figure 2A). With application of potassium there
were significant differences for the N2, N3 and N4 levels. There were no
significant differences for N1. This may be related to the application of
K associated with the low amount of N, reducing dry mass production.
N2 and N3 levels were better adjusted to the quadratic model, while
the N4 level showed decreasing linear trend with increasing K doses
(Figure 2B).

Larger TDM values were obtained within the range 162 to 194
kg N ha' (Figure 2A). Aragdo et al. [1] verified an increase in TDM
production with the increase in nitrogen doses.

For the potassium doses, the maximum value of TDM (66.7 g
plant') was found with the dose of 131 kg K ha™ for N3 level (Figure
2B). Oliveira et al. [14] had a decrease in the production of TDM from
200% N and K with bell pepper crop undergoing different fertigation
managements. This effect can be attributed to increased salinity of the
soil above the tolerated by the crop resulting from the accumulation of
ions in the soil due to the application of high amounts of nitrogen and
potassium.

The variable FEM presented quadratic trend for the application of
nitrogen and potassium, with the exception of the N1 and N4 levels
which did not differ with the application of different doses of potassium
(Figure 3). According to Malavolta [13] the excess nitrogen can cause
reduction in fructification, directly affecting productivity.

The highest FFM value (1882 g plant™) was achieved with 106.7 kg
Kha' and 155 kg N ha''. On average, the amount of nitrogen required
to obtain maximum FFM, regardless of the K level applied, was set
between the doses 155 to 168 kg ha'. Almuktar and Scholz [16] reported
that with increasing nitrogen on bell pepper led increases total yield.

Regarding potassium fertigation, higher FFM values were found
at the doses of 118 kg ha! for the N2 level and 115 kg ha for the N3
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Table 1: Chemical characteristics of the soil used in the experiment.
Variation Variables
sources LA TDM FFM NF
F values
Nitrogen (N) 673.389 ** 501.138 ** 388.512 ** 167.722 **
Potassium (K) 25.144 ** 2.336 " 61.239 ** 18.354 **
N x K 17.841 ** 11.375 ** 13.934 ** 5.949 **
N x K1 91.616 ** 101.042 ** 50.982 ** 27.646 **
N x K2 127.045 ** 115.343 ** 84.400 ** 30.861 **
N x K3 197.085 ** 180.408 ** 227.441 ** 90.203 **
N x K4 311.166 ** 138.470 ** 67.491 ** 36.861 **
K x N1 0.351 0.305 0.758 s 1.291 s
K x N2 29.736 ** 10.047 ** 35.736 ** 22.481 *
K x N3 44.316 ** 9.319 ** 65.832 ** 10.608 **
K x N4 4.262 ** 16.791 ** 0.715 s 1.823
CV (%) 10.97 9.19 6.88 8.41
General average 3521.83 41.20 1057.22 10.78

“ Significant at 1% probability;  Significant at 5% probability; " not significant

Table 2: Summary of the analysis of variance for leaf area (LA), total dry matter (TDM), fresh fruit mass (FFM) and number of fruits (NF) in bell pepper, fertigated with doses

of nitrogen and potassium, cultivated in a protected environment.
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Figure 1: Unfolding of the N x K interaction for the variable LA for bell pepper crop.
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Figure 2: Unfolding of the N x K interaction for the variable TDM for bell pepper crop. Nitrogen doses in the K factor levels (A) and potassium doses in the N factor levels (B).
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level (Figure 3B). According to Oliveira et al. [14], the reduction of
the production of fruits per plant, when doses above the one which
provided maximum performance were administered, can be attributed
to the toxic effect of the fertilizers in the soil, resulting in reduced
absorption of water and nutrients by plants.

It is possible to find in the literature studies that reported positive
effect of fertilization with nitrogen and potassium on the yield of bell
pepper crop, with linear or quadratic response [5,17-19].

For the variable NF, the unfolding of the N and K factors showed
significant differences for nitrogen application at K levels, while for
potassium application there were significant differences only in N2 and
N3 levels, similar to what occurred to the FFM variable.

The fruits number data presented quadratic adjustment for
nitrogen doses in all K levels and for potassium doses in N2 and N3
levels (Figure 4). This result was also verified by Melo et al. [5] who
obtained quadratic adjustment for NF in relation to the application of
potassium doses in the production of bell pepper fruits. Campos et al.
[19] and Oliveira et al. [14] also found quadratic response for the NF
variable due to the application of nitrogen and potassium.

The dose of nitrogen that promoted the greatest commercial NF
(16.3 fruits per plant) was 147 kg ha™* for K3 level, whereas the dose of
potassium which provided the highest commercial NF (16.1 fruits per

2500 ~
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plant) was 128 kg ha™! for N2 level. Campos et al. [19] obtained higher
value than the ones found in this study, for bell pepper cultivation,
cultivar All Big, with 44 fruits per plant at a dose of 252 kg ha' of
nitrogen.

According to Malavolta [13] excess of nitrogen (doses above 220 kg
ha) can cause reduction in fructification (Figure 4A), while the lack of
potassium (doses below 60 kg ha') reduces the NF (Figure 4B).

The NF in this study was higher than that found by Aradjo et al.
[18-20]. These authors found higher commercial NF (12.8 fruits per
plant) with the application of the maximum dose of N (400 kg ha™).

Melo et al. [5] evaluating the effect of potassium doses in bell pepper
crop obtained the maximum of three fruits per plant at the dose of 10 g per
pot. Albuquerque et al. [4], studying the effects of different irrigation levels
and potassium doses on the growth and yield of bell pepper, obtained an
average of 6.5 fruits plant-1 at doses of 80 and 120 kg ha™.

The literature shows great variability in the NF in bell pepper crop
that may be related to the lack of standardization of the number of
harvests, cultivar or spacing used, nutritional management, conduction
system and climate, which affects the number of harvested fruits.

The variables LA, TDM, FFM and NF were influenced by the
application of nitrogen and potassium doses showing the interaction
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Figure 3: Unfolding of the N x K interaction for the variable FFM for bell pepper crop. Nitrogen doses in the K factor levels (A) and potassium doses in the N factor levels (B).
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Figure 4: Unfolding of the N x K interaction for the variable NF for bell pepper crop. Nitrogen doses in the K factor levels (A) and potassium doses in the N factor levels (B).
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of these fertilizers in the responses of the variables. Regardless of
the potassium dose, the largest LA and TDM values were obtained
by nitrogen fertilization with doses ranging from 155 to 194 kg ha™.
The combination of the doses of 155 and 106.7 kg ha of nitrogen and
potassium, respectively, promoted higher production of FFM in bell
pepper (1882 grams per plant) and the dose of 147 kg ha™! of nitrogen and
106.7 kg ha'! of potassium promoted the maximum NF per plant (16.3).
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