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ABSTRACT: This study’s objective was to assess the response and
effectiveness of irrigation management systems for the production
of bell pepper with different agricultural substrates, under protected
conditions. The current study was conducted in a greenhouse
located in Juazeiro, BA, in the northwest of Brazil. The experiment
design was completely randomized in a split-plot system, with two
irrigation treatments as the main plots (the drainage lysimeter and the
Piché evaporimeter) and two substrates in each sub-plot (coconut
fiberand pinus bark), with 5 replications per treatment. Harvest was
conducted from 86 to 151 days after transplanting, and the following
characteristics were evaluated: total, marketable and unmarketable
yields, production per plant, fresh mass of fruits, fruit number per
plant, length and diameter of fruits, length/diameter ratio, water use

efficiency, pulp thickness, fruit pH, soluble solids, and titratable acidity.
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No interaction effects between irrigation treatments and substrates
were observed on the following variables: total yield, marketable
yield, non-marketable yield, production per plant, mean mass, and
diameter of marketable fruits. Irrigation treatments and substrates
did not show a significant effect on bell pepper yield. Drainage
lysimeter-based management and coconut fiber substrate had the
best results in terms of the physical quality of fruits, whereas pinus
bark-based substrate positively influenced all chemical variables
and the Piché evaporimeter-based irrigation management showed
a good performance raising fruit pH in relation to fruits cultivated
in lysimeter with pinus bark. Additional research is required under
different environmental conditions so that this crop fully expresses
its yield potential.
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INTRODUCTION

The consumer market of olericulture products is
characterized by selectivity and high quality standards, which
provides a high added value to the marketed product and
justifies the adoption of new technologies that rationalize the
use of inputs and natural resources. Bell pepper is one of
the ten most consumed vegetables in Brazil (Agrianual
2012), with high economic importance in the national
market, and is grown in several regions around the country.
The largest cultivation areas are located in the Southeastern
region, in the states of Sdo Paulo and Minas Gerais, which
together cultivate 5,000 ha, reaching a yield of approximately
120 thousand tons (Ribeiro and Cruz 2002). In recent years,
its cultivation has been showing gains in productivity,
especially when grown in protected environments (Lorentz
et al. 2002). The Federal District stands out as the primary
protected cultivation hub in the country (Pereira et al. 2011)
and under these conditions, bell pepper yield might reach
up to 150 t-ha' (Lucio et al. 2011). Protected cultivation is
an expanding consolidated technique that provides physical
protection and mitigation of climatic adversities, being an
alternative for the production of vegetables with maximized
economic return and reduced seasonal effects on production
(Pivetta etal. 2011). However, regional recommendations for
crop management in such environments, mainly on water
management, need to improve in order for these high-value
crops to reach their full productive potential.

In addition, protected-grown vegetables in Brazil are
still predominantly grown in soil, increasing the incidence
of pests and phytopatogens that attack the root system,
causing nutritional imbalances. Thus, substrate cultivation
techniques emerge as an environmentally sustainable
alternative to overcome such problems, They have gained
prominence since they allow for a better use of nutrients,
increasing yields, quality, and to facilitating farming practices.
One of the main substrate components for the production
of container crops is pinus bark (Fain et al. 2008), on the
other hand, coconut fiber is also considered viable, since
it is a highly-porous inert material, with easy production,
low cost, and high availability.

As with most vegetables, bell pepper requires a
regular water supply throughout its cycle, since it is
sensitive to water deficiency and to excessive water in its
growth substrate (Carvalho et al. 2011). Therefore, water
replacement in the ideal amount and at the appropriate time

is essential for adequate plant development and to obtain
satisfactory yields.

Despite these requirements, vegetable irrigation and
fertilization practices in Brazil have been performed
empirically, and the lack of knowledge on water consumption
under protected cultivation has provided unsatisfactory
results (Furlani et al. 1998), compromising production and
natural resources and resulting in increased production costs.

Overall, irrigation management might be conducted
through several systems, which might be based on climatic
parameters or on the growth substrate. One alternative to
define the water requirement of crops in these environments
consists of lysimeters, which directly define evapotranspiration,
and another alternative is the use of evaporimeters, such as
the Piché evaporimeter (Heldwein et al. 2001).

Therefore, the objective in this study was to assess the
response and effectiveness of irrigation scheduling treatments
on the production of bell pepper grown with different
agricultural substrates, under protected conditions.

MATERIAL AND METHODS

The experiment was conducted in a protected environment
covered with a black shading screen, with 50% of shading, and
installed on wooden structures in the municipality of Juazeiro,
Bahia (lat. 09° 24’ 50” S; long. 40° 30" 10” W; alt. 368 m) in
the period ranging from May to December 2014. According
to Koppen’s classification (Teixeira 2010), the climate is hot
semiarid (BSwh), with mean annual rainfall of 540 mm. Mean
air temperature inside the protected environment was 26.3 °C
throughout the experiment according to data obtained from
an automatic agro-meteorological station, with maximum of
31.4 °C and minimum of 20.9 °C. During a large part of the
crop cycle, temperature was above the optimal temperature
range for bell pepper growth, which is 20 to 30 °C (Blat and
Costa 2007). Mean air relative humidity throughout the crop
cycle was 54.5%, corroborating the optimal range reported
by Tivelli (1998).

A completely randomized experimental design was
adopted with a split-plot system consisting of two irrigation
treatments (drainage lysimeters and the Piché evaporimeter)
as the main plots, and two organic substrates (pinus bark
and coconut fiber) in the sub-plots, replicated five times.
Experimental units were comprised of 5 L pots, with one
plant grown per pot and two plants per plot.
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Substrates were submitted to physical-hydrological
characterization in the laboratory. Volumetric densities of
wet and dry samples were determined following the standards
outlined by Normative Instruction number 17 of May 21,
2007 (Mapa 2007).

The substrate water retention curve was determined (Fig. 1)
using the tension table method described by De Boodt and
Verdonck (1972).
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Figure 1. Typical water retention curves of substrates used under
protected cultivation. Juazeiro, BA.

The chemical characterization of substrates was performed
according to the water extraction method (1:1.5) adapted
from Sonneveld and Elderen (1994). After extracting the
solution, samples were sent to the Laboratory of Soil and
Plant Analyses (LASP) for determination of pH, electrical
conductivity, macro and micronutrient contents at the
beginning and end of the growth cycle, and organic matter
content (Table 1).

Seedlings of the yellow hybrid bell pepper ‘Lucia R’ were
produced on polystyrene trays, and subsequently transplanted
to plastic containers. Transplanting was performed when
seedlings had 4 to 5 definitive leaves, and one seedling was
transplanted per pot. Plant spacing was 0.5 m between plants,
and 1.0 m between rows. A staking system was assembled to

support the plants using wires stretched between stakes, in
each plant line and ribbon. Phytosanitary treatments were
performed preemptively and curatively, using recommended
products and doses as required.

In order to determine water depth and rate of application,
drainage lysimeters were set on four pots for each one of the
substrates and a Piché evaporimeter was installed inside the
protected environment. The differential irrigation treatments
started 18 days after transplanting.

Drainage lysimeters were installed in 5 L plastic pots.
To prevent pot obstruction, a 2.5 cm layer of minced gravel
was placed in the inner base of the lysimeters. The water
requirements of the plants were determined on a daily
basis, with the help of a graded test tube; a known amount
of water was applied to the substrates and the water drained
was measured. Based on the difference between the water
volume supplied and the volume drained, water consumption
was calculated in milliliters. Crop evapotranspiration was
determined by converting consumption values (L) to
evapotranspiration (mm), and subsequently dividing them
by pot area.

A Piché evaporimeter was installed inside the greenhouse,
outside the meteorological shelter, exposed to solar radiation
(Heldwein et al. 2001), and hung by a wire, so that the
evaporating surface was situated 1.5 m above the ground.
Water evaporation inside the protected environment was
calculated by the difference in water level inside the millimeter-
graded tube between subsequent days.

Water was applied using a drip irrigation system, with
drippers 0.5 m apart, under a nominal flow of 2.0 L-h"! and
nominal pressure of 1.0 kgf-cm?. One emitter was used per
pot, and the volume of water was split in two daily applications.

The plants were fertilized with the nutrient solution
recommended by Goto and Rossi (1997), and as cited by
Trani and Carrijo (2004) for bell pepper culture. Nutrients
were applied via fertigation, and the nutrient solution

Table 1. Chemical element analyses of the substrate samples, determined with a 1:1.5 extract (Adapted from Sonneveld and Elderen 1994).

MO N K Ca Mg Cc
(gL

Substrate

Cu

Beginning of the cycle

Pinus bark 370 61 088 009 01 003 214

22 002 013 028 008 71 0.01 50

Coconut fiber 800 73 119 0.8 001 0.01 464

33 001 001 0.01 007 141 0.15 6.2

End of the cycle

Pinus bark 290 52 18 013 0.06 0.03 207

5 002 002 034 088 18 1.82 6.4

Coconut fiber 780 75 539 013 014 0.056 452

38 001 0.01 001 0.09 83 1.09 6.4
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volume applied was similar to the irrigation rates applied
in each treatment.

Harvest started 86 days after transplanting, when
approximately 70% of the fruit skin was yellow colored,
and extended to 151 days after transplanting (DAT), totaling
three harvests during the crop cycle. The fruits were taken
to the laboratory, where the following physical characteristics
were analyzed: mean fruit length and diameter (mm);
length/diameter ratio and mean thickness of the pulp (mm); fruit
number per plant; total production per plant (g-plant);
mean wet mass of fruits (g); total, marketable, and non-
marketable yield (expressed in t-ha), The following chemical
characteristics were also analyzed: soluble solid content
(°Brix); pH; and titratable acidity, according to the method
indicated by the Instituto Adolfo Lutz (2004). The fruits were
classified by their size, according to the standards prescribed by
CEAGESP (2014), as follows: marketable (length > 60 mm and
diameter > 40 mm) and non-marketable (length < 60 mm
and diameter < 40 mm, or presence of cosmetic defects).

The data was submitted to variance analysis and to Tukey’s
test (p > 0.05) for multiple comparison of the means, using
Assistant software version 7.7 beta (Silva and Azevedo 2002).

RESULTS AND DISCUSSION

Regarding volumetric density of wet samples, the pinus
bark-based substrate had the highest values (Table 2). Sorace
etal. (2009), studying alternative substrates for tree ferns in the
cultivation of the hybrids Cattleya intermedia X Hadrolaelia
purpurata, found density values of 0.46 g-cm™ for coconut
fiber substrate and 0.45 g-cm™ for pinus bark. In container
cultivation, known volumetric density value might work as
a parameter for irrigation management (Fermino 2012).
Marketable substrates have different grain sizes, thus affecting
the macro and microporosity ratio, which in turn effects
the availability of water and air in the substrates (Zorzetto
et al. 2014). Coconut fiber substrate had lower wet and dry
densities, resulting in higher porosity.

Table 2. Wet (WD) and dry (Dd) density of coconut-based and pinus
bark-based substrates. Juazeiro, BA, 2014.

Density (g-cm)

Substrate
WD Dd
Coconut Fiber 0.434 0.090
Pinus Bark 0.526 0.296

Based on the water retention curves (Fig. 1), a higher
water retention was observed in the coconut fiber substrate,
which allows for the water to be available to plants for
a longer period. According to Ansorena Miner (1994),
retained water is higher in substrates with small particles
(up to 1.0 mm), which increases the number of micropores
that are responsible for water retention; this characteristic
is a market trend.

In plants grown with pinus bark, lysimeter-based
irrigation resulted in greater water application rates than
with the Piché evaporimeter, with an accumulated value of
55.7 L-plant™, accounting for a 1773.5 mm rate; whereas, with
the evaporimeter, the total value was 44.3 L-plant ' (1412.4 mm).
For the coconut fiber substrate, water consumption with the
lysimeter was initially lower than the evaporimeter up to
75 DAT, however exceeding it by the end of the experiment.
According to Doorenbos and Kassam (2000), the water
requirements for bell pepper are approximately 600 to
900 mm, and it might reach up to 1250 mm for longer growth
periods, which might vary according to climate, variety used,
and number of harvests. Lima et al. (2006), assessing the
performance of “Yolo Wonder’ bell pepper in a greenhouse
using both soil and a growth substrate, observed a total water
consumption of 1232.8 mm for a 115 day cycle, in Recife,
PE (northeast of Brazil). Thus, the high water application
rate observed in the current experiment was related to the
longer growth cycle, as well as to the local climate conditions.
Moreover, the physical conditions of substrates and soils
are different, affecting the water retention process, and
consequently, the amount applied.

The results of fruit yield are shown in Table 3. The analysis
of variance showed no significant interaction between
irrigation and substrate treatments for these variables. The
main factors, separately, showed that most variables were
not significantly influenced by the type of irrigation and
substrate treatments, except for mean mass of fruits and
fruit number per plant.

The total cumulative mean yield for the three harvests was
14.59 t-ha for the lysimeter-based system and 13.76 t-ha' for
pinus bark cultivation. Albuquerque et al. (2011), assessing
the effects of different levels of irrigation and potassium
doses in soil-grown bell pepper culture, found a mean yield
of 18.58 t-ha! over five harvests. The lower yields observed in
this experiment might be attributed to the genetic material
used, to environmental conditions with high temperatures,
to irrigation frequency, which might have been affected by
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substrates with varying physical characteristics, or to other
undetermined factors

For marketable yields, the mean values obtained with
lysimeter and evaporimeter-based management accounted
for 61.5 and 53.0% of total yields, respectively (Table 3).
Apical-blossom end rot incidence resulted in the production
of non-marketable fruits. According to Fontes (2003), the
occurrence of apical-blossom end rot is determined by several
factors, which include interactions between irradiation,
temperature, water availability, physical characteristics of the
soil, salinity, cation-anion balance in soil solution, presence
of residues in the soil and relative air humidity, among others.
To minimize the occurrence of this problem, weekly foliar
applications of the fertilizer Ajifol® célcio were performed
in a concentration of 100 mL 100-L"' of water, and nutrient
concentration was increased in the nutrient solution.

Mean mass of fruits showed a significant difference for
the irrigation treatments and did not differ significantly
between substrates. The lysimeter treatment produced a
greater mean mass of fruits compared to evaporimeter, with
a mean value of 94.75 g-fruit”. Charlo et al. (2009) found
values of mean mass of fruits ranging from 170.00 to 257.25 g
in different hybrids of yellow sweet bell pepper. The greater
fruit mass obtained with the lysimeter irrigation system was
probably related to the higher water levels, causing higher
cell turgidity and increased fruit mass and volume (Lacerda

2007); moreover, due to the fact that irrigation solutions
contain similar nutrient concentration levels, the highest
water application rate was also associated to the higher
amount of nutrients received by the plants in this treatment,
thereby contributing for a greater fruit quality. No irrigation
treatment effect was found with respect to mean fruit number
per plant; however, substrates had a significant effect on this
variable, with pinus bark resulting in more fruits per plant
compared to coconut fiber (Table 3). According to Oliveira
etal. (2013), the number of fruits produced might have a high
variability in cultures depending on the growth cycle and the
treatments employed, and it is directly related to plant yield.

Analyzing the effective use of water (EUW), which
represents fresh fruit yield per water unit applied, the
lysimeter irrigation treatment with coconut fiber substrate
showed a higher value (Table 4). However, EUW values
were generally lower than the values shown by Doorenbos
and Kassam (1994) (1.5 to 3.0 kg-m™) for this crop due to
the low yield reached.

Table 5 shows the results for marketable bell pepper
fruit length, cultivated under different irrigation systems
and substrates. There was a significant interaction between
the treatments and substrates assessed. It is noticeable that
the longest length of marketable fruits was obtained with
lysimeter in coconut fiber substrate; whereas there was no
difference in the type of substrate used with evaporimeter.

Table 3. Mean values of total, marketable, non- marketable yield, production per plant, mean mass of bell pepper fruits, and fruit number per
plant for the different types of irrigation treatments and substrates studied, under protected cultivation. Juazeiro, BA, 2014.

Yield Tgtal MarYki:::ble l\:aifll(itll ‘I)aTe Production/ Meap Mass Fruit
(t-ha?) (t-ha?) (t-ha) [JET 1 H()) fruits (g) number/plant

Lysimeter 1459 a 898 a 5.61a 45570 a 9475 a 10.00 a

[VENELTIL L@ Evaporimeter 1291a 6.84a 6.07 a 30999 a 7398 b 10.70 a
CV% 19.43 47.86 24.84 46.01 15.01 3197

Pinus bark 1376 a 8.20a 5.56 a 33731a 80.33a 10.95a
Substrate Coconut fiber 1374 a 761a 6.13a 428.38a 88.40a 9.75b
CV% 23.67 43.55 31.22 41.90 20.83 33.05

Means followed by the same lowercase letter in the columns do not differ statistically in Tukey’s test (p < 0.05).

Table 4. Marketable production, applied rate, and water use efficiency (WUE) in the different treatments applied, under protected cultivation.
Juazeiro, BA, 2014.

Management Yield (t-ha?) Plate applied (mm) WUE (Kg-ha®! mm?)
Lysimeter - Pinus 8.23 1773.5 4.6
Lysimeter — Coconut 9.72 1618.5 6.0
Evaporimeter — Pinus 8.18 1412.4 5.8
Evaporimeter — Coconut 5.50 1412.4 39
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Cell growth depends on cell division and expansion, for
which the presence of water is essential (Taiz and Zeiger
2009). Therefore, the higher water availability for plants in
coconut fiber substrate in the lysimetry irrigation management
enhanced cell growth, producing longer fruits.

For variables fruit diameter and length and diameter
ratio, there was no interaction between the factors irrigation
system and substrate (Table 6). The irrigation treatment
showed a significant isolated effect on fruit diameter, while
lysimeter management produced fruits with greater mean
values. Length and diameter of fruits are important features,
since they help determine fruit size and shape. When
assessing different levels of water stress in the soil, Frizzone
et al. (2001) observed that a lower water stress provided
the highest values for these variables. On the other hand,
Lima et al. (2012) observed that length and diameter of bell
pepper fruits cv Konan R were not significantly influenced
by irrigation treatments, showing maximum values of
14.68 cm and 6.83 cm, respectively.

Only the substrate treatments revealed a significant effect
on the fruit length and diameter ratio, with a higher value
for coconut fiber. As mentioned by Charlo et al. (2009), this
ratio is related to fruit shape, which is an important fruit
characteristic, as the choice of pepper cultivar to be planted
depends on market preferences.

Table 5. Length (mm) of marketable bell pepper fruits cultivated
under differentirrigation treatments and substrates, under protected
cultivation. Juazeiro, BA, 2014.

Irrigation Management Substrates
Regimes Pinus Bark Coconut Fiber
Lysimeter 81.38 aB 103.19 aA
Evaporimeter 82.60 aA 82.16 bA

CV%-a=10.70 CV%-b=10.74

Data on pulp thickness, soluble solids (SS), pH, and
titratable acidity (TA) of bell pepper fruits are shown in Table 7.
A significant interaction between irrigation treatments and
substrates was observed with respect to those variables.

A greater pulp thickness was observed in coconut fiber
cultivation, regardless of the irrigation treatment used.
On the other hand, pinus bark cultivation with the Piché
evaporimeter produced fruits with lower pulp thickness.
Frizzone et al. (2001) observed a significant difference in
this variable under different water stress levels in the soil,
with resulting mean pulp thickness of 2.5 to 5.6 mm, with
values that are close to the ones found in our study when
they adopted the matric potential of —-32 kPa. Soares et al.
(2013), evaluating the pulp thickness of the fruit in tomato
plants irrigated with water rates ranging from 60 to 120% of

Table 7. Mean pulp thickness, soluble solids, pH, and titratable acidity
of bell pepper fruits cultivated under different irrigation treatments
and substrates. Juazeiro, BA, 2014.

Irrigation Substrates
Management
Regimes Pinus Bark Coconut Fiber
Lysimeter 4.82 aA 493 aA
Pulp (Tnﬁi;')‘”ess Evaporimeter  3.83bB 4.80 aA
CV%-a=791 CV%-b =450
Lysimeter 9.15aA 6.87 bB
S°";'§"E‘fr;‘)’"ds Evaporimeter  817bA 8.66 aA
CV%-a=977 CV%-b =5.62
Lysimeter 5.18 bB 5.36 aA
pH Evaporimeter 5.44 aA 5.34 aA
CV%-a=1.62 CV%-b =168
Titratable Acidity Lysimeter 0.29 aA 0.23 bB
(g citric acid Evaporimeter 0.27aA 0.29 aA
100g7pulP) oy, -12.00 CV%-b =9.46

Means followed by the same lowercase letter in the columns and uppercase
letter in the rows do not differ statistically in Tukey’s test (p < 0.05).

Means followed by the same lowercase letter in the columns and uppercase
letter in the rows do not differ statistically in Tukey’s test (p < 0.05).

Table 6. Fruit diameter and length/diameter ratio of bell pepper cultivated under different irrigation treatments and substrates, under protected

cultivation. Juazeiro, BA, 2014.

Diameter of marketable fruit (mm) Length/Diameter Ratio

Lysimeter 62.98 a 148 a

Management Evaporimeter 5421 b 154a
CV% 777 756

Pinus Bark 59.72 a 135b

Substrate Coconut fiber 5746 a 167a
CV% 10.75 6.62

Means followed by the same lowercase letter in the columns do not differ statistically in Tukey’s test (p < 0.05).
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the actual evapotranspiration, observed that in the flowering
and fruiting phase, the pulp thickness increased linearly with
the increase in the amount of water provided.

Therefore, the higher water retention by coconut fiber
substrate than pinus bark substrate might have contributed
to a higher water availability for the plants, which in turn
produced fruits with thicker pulps. Pulp thickness or mesocarp
is the main constituent of the weight of the final product
Fruits that have a thicker pulp are also more resistant to
handling injury during transportation, resulting in longer
post-harvest durability and higher yield, in addition to a
higher market preference (Charlo et al. 2009).

Regarding soluble solids (SS), Table 7 shows that higher
SS values were obtained when the lysimeter treatment
was associated to pinus bark substrate. However, when
considering management with evaporimeter, the coconut
fiber substrate attained greater values. In general, SS values
were considered high, reaching up to 9.15 in the pinus bark
substrate and lysimeter treatment. Charlo et al. (2009) found
soluble solid values that ranged from 5.85 to 7.42, and no
significant differences were observed between the hybrids
assessed. Overall, sugar content is greater in fruits of plants
grown under lower irrigation rates, due to the increased
sugar concentration in fruit tissue, as observed by Fabeiro
etal. (2002). Hence, although the lysimeter-based irrigation
rate was higher, the lower amount of water available in the
pinus bark substrate contributed to increase fruit SS contents
in this treatment.

Regarding fruit pH, higher values were obtained by the
evaporimeter treatment and pinus bark-based cultivation.
For lysimeter management, the highest values were found
when using coconut fiber as substrate. Factor et al. (2008)
did not find significant differences in pH when assessing
different substrates and nutrient solutions, and found mean
values that ranged from 4.95 to 5.04.

Regarding titratable acidity, lysimeter management
provided a greater value when conducted in pinus bark
substrate, with a value of 0.29 g citric acid 100-g" pulp. On
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