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ABSTRACT

CRUZ, Renata Ranielly Pedroza, D.Sc., Universidade Federal de Vicosa, February, 2023.
Production and quality of ornamental peppers cultivated under colored shade nets.
Adviser: José Antonio Saraiva Grossi. Co-advisers: Ariana Mota Pereira, José Geraldo
Barbosa, Luiz Alexandre Peternelli and Wellingtion Souto Ribeiro.

Temperature and intensity of solar radiation compromise the production, quality and
photosynthetic efficiency, through leaf and fruit burns, photoinhibition, stomata closure,
flowers and fruits abortion, among others. Colored shade nets were tested in order to identify
their benefits production, quality and photosynthetic efficiency of Capsicum chinense and C.
frutescens. This thesis has been divided into two papers that deal with the production and quality
(paper 1), photosynthetic efficiency (paper 2) of C. chinense and C. frutescens cultivated under
colored shade nets. The experiment was developed from February to August 2021 in entirely
randomized design. C. chinense and C. frutescens were cultivated under red, pearl and aluminet
shade nets with 35% shading and without net. At 150 days, production, quality and
photosynthetic efficiency variables were quantified. The red net reduced the maximum
temperature by at 4.1°C and the pearl and aluminet nets reduced the minimum temperature by
3°C. The maximum and minimum relative humidity was increased by 2.6 and 8.5%,
respectively, by the red net. The pearl net obtained the lowest percentage of solar radiation
incidence. Plant height was greater in the red and pearl nets, and C. frutescens. The diameter
and stem fresh matter did not differ statistically between treatments. Root length was greater in
the red and aluminet nets. The longitudinal and transverse canopy ratio was higher in C.
chinense cultivated under the aluminet net. The number of leaves and leaf fresh matter was
higher in pearl and aluminet net, and in C. frutescens, but leaf dry matter was higher in C.
chinense. The number of flower buds and flowers, and flower buds dry matter was higher in C.
chinense. The root fresh matter and dry matter was greater in C. chinese. Leaf area, leaf area
duration, leaf area ratio, specific leaf area and harvest index were higher in C. frutescens in
comparison to C. chinense and leaf thickness opposite occurred. A and gs were higher in C.
frutescens cultivated under red net and C. chinense cultivated under aluminet net. E was higher
in C. chinense cultivated under aluminet net and did not differ between the treatments applied
to C. frutescens. WUE was higher in the red net and iWUE was higher in C. frutescens. Fo, and
Fm were higher in C. frutescens cultivated under red net. Fv/Fm was lower in C. chinense

cultivated under red net and SPAD was higher in red net. LEF was lower in control. gL fraction



was higher in control and pearl net and in C. frutescens. RdF was lower in C. chinense
cultivated under red net. ®NPQ and NPQt were higher in C. chinense cultivated under red net.
The aluminet net in association with C. chinense are recommended considering the
compactness of height, pot coverage, greater number, shape and arrangement of fruits. On the
other hand, this one did not achieve efficient photosynthetic efficiency. C. frutescens cultivated
under red net obtained a higher photosynthetic efficiency. On the other hand, C. chinense
cultivated under red net had an inverse response, due to each specie having different responses

under the same growing environment.

Keywords: Shading. Productivity. Photosynthetic efficiency.



RESUMO

CRUZ, Renata Ranielly Pedroza, D.Sc., Universidade Federal de Vicosa, fevereiro de 2023.
Producdo e qualidade de pimenteiras ornamentais cultivadas sob telas fotosseletivas.
Orientador: José Antonio Saraiva Grossi. Coorientadores: Ariana Mota Pereira, José Geraldo
Barbosa, Luiz Alexandre Peternelli e Wellington Souto Ribeiro.

A temperatura e intensidade da radiacdo solar comprometem a producao, qualidade e eficiéncia
fotossintética, atraves de queimaduras de folhas e frutos, fotoinibicdo, fechamento estomatico,
abortamento de flores e frutos, entre outros problemas. Telas fotosseletivas foram testadas a
fim de identificar os beneficios na producéo, qualidade e eficiéncia fotossintética de Capsicum
chinense e C. frutescens. Esta tese foi dividida em dois artigos que abordam a producdo e
qualidade (artigo 1) e a eficiéncia fotossintética (artigo 2) de C. chinense e C. frutescens
cultivadas sob telas fotosseletivas. O experimento foi desenvolvido de fevereiro a agosto de
2021 em delineamento inteiramente casualizado. C. chinense e C. frutescens foram cultivadas
sob telas fotosseletivas nas cores vermelha, pérola e aluminet com 35% de sombreamento e
sem telas. Aos 150 dias, foram quantificadas variaveis de producdo, qualidade e eficiéncia
fotossintética. A tela vermelha reduziu a temperatura maxima em 4,1°C e as redes de pérola e
aluminet reduziram a temperatura minima em 3°C. A umidade relativa méxima e minima foi
aumentada em 2,6 e 8,5%, respectivamente, pela tela vermelha. A tela pérolas obteve a menor
percentagem de incidéncia de radiacédo solar. A altura das plantas foi maior nas telas vermelha
e pérola, e C. frutescens. O diametro e a matéria fresca do caule ndo diferiram estatisticamente
entre os tratamentos. O comprimento da raiz foi maior nas telas vermelha e aluminet. A razdo
longitudinal e transversal da copa foi maior em C. chinense cultivada sob a tela de aluminet. O
namero de folhas e de matéria fresca foliar foi maior em C. chinense e em C. frutescens, mas a
materia seca foliar foi maior em C. chinense. O nimero de botbes de flores e de flores, e a
matéria seca das flores foi maior elevada em C. chinense. A matéria fresca de raiz e a matéria
seca foi maior em C. chinense. A area foliar, duracéo da area foliar, relacdo de area foliar, area
foliar especifica e indice de colheita foram mais elevados em C. frutescens em comparagdo com
C. chinense e a quanto a espessura foliar ocorreu o inverso. A e gs foram elevados em C.
frutescens cultivada sob tela vermelha e C. chinense cultivada sob tela aluminet. E foi maior
em C. chinense cultivada sob tela de aluminet e ndo diferiu entre os tratamentos aplicados a C.
frutescens. WUE foi maior na tela vermelha e iWUE em C. frutescens. Fo e Frn foram maiores

em C. frutescens cultivada sob tela vermelha. Fv/Fm foi menor em C. chinense cultivada sob



tela vermelha e SPAD foi maior na tela vermelha. LEF foi menor no controle. gL foi maior no
controle e tela pérola e em C. frutescens. RdF foi menor em C. chinense cultivada sob tela
vermelha. ®NPQ e NPQt foram maiores C. chinense cultivada sob tela vermelha. A tela
aluminet em associacdo com C. chinense sdo recomendadas tendo em conta a compactacéo da
altura, cobertura de vaso, maior nimero, forma e disposicao dos frutos. Por outro lado, esta ndo
0 obteve eficiéncia fotossintética eficiente. C. frutescens cultivadas sob tela vermelha obteve
eficiéncia fotossintética eficiente. Por outro lado, a C. chinense cultivada sob tela vermelha teve
uma resposta inversa, devido a cada espécie apresentar respostas diferentes sob 0 mesmo

ambiente de cultivo.

Palavras-chave: Sombreamento. Produtividade. Eficiéncia fotossintética.
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1. GENERAL INTRODUCTION
The Capsicum genus has about thirty-seven species native to Central and South

America, where Brazil is the center of wild species and Peru and Bolivia are the center of
domesticated species (Van Zonneveld et al., 2015), such as C. annum, C. baccatum, C.
chinense, C. frutescens and C. pubescens with more than 200 varieties (Hassan et al., 2019).

Peppers have extensive participation in the ornamental plan market due to their aesthetic
or quality characteristics, such as variegated foliage, dwarf size, coloration, fruit shape and
position, leaf density, plant architecture, and durability of their fruits and leaves (Neitzke et al.,
2016; Fortunato et al., 2019; Costa et al., 2020). Besides these, the ability to grow as perennial
potted plants and with limited amount of substrate are indispensable for ornamental purposes
(Pinto et al., 2010; Morais et al., 2020).

Among the ornamental pepper plants, C. chinense cv. Biguinho and C. frutescens cv.
Etna stand out because the former has a branched, erect stem, lanceolate, green and shiny leaves
with well-defined veins. The flowers are purplish white and the fruit is a spherical to pyriform
berry with a tapered tip (Isla Sementes, 2022). C. frutescens cv. Etna, on the other hand, has
compact dark green foliage, and red, spicy fruits arranged in clusters (Isla Sementes, 2022). Its
fruits can vary in shape, size, color, flavor, and chemical composition due to the growing
environment, changes in physiology and biochemistry throughout cultivation and storge
(Zimmer et al., 2012; Bhandari et al., 2013; Koeda et al., 2014).

On the other hand, the cultivation of pepper plants is compromised in conditions with
high temperature and incidence of solar radiation, due to compromised production through
photoinhibition, stomatal closure, reduced photosynthesis; and cessation of cell division, leaf
expansion, and reproduction (Ili¢ & Fallik, 2017). As well as, the can compromise the quality
of these pepper plants, through burns on leaves and fruits, and absence of flowers and fruits
caused by abortion. These characteristics are essential in consumer purchasing decisions
(Neitzke et al., 2016).

Colored shade nets are increasingly widespread and used in crop production for
temperature and incidence solar radiation control in the growing environment. These nets
contain in light scattering and reflection aid pigments that improve the yield, quality and
phytochemical composition of plants and fruits (Carvalho et al., 2016; Zare et al., 2019; Gao et
al., 2021), and these results are evident during pre and postharvest. In addition to these uses,
these nets are used in crop protection against pests, insects, and physical damage, as they also
have easy handling and low cost (Stamps, 2009; Selahle et al., 2014; Cruz, et al., 2020).
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Initially, colored shade nets were white, black or Aluminet® type (Ganelevin, 2006; Li
etal., 2017), due to the good results obtained in crop production, in the year 1996, colored shade
nets such as red, yellow, blue and pearl (ChromatiNet®) were produced to disperse and change
the wavelength and amount of light, thanks to a partnership between the Israel Agricultural
Research Organization, Volcani Center eand Polysack Plastics Industries (Ganelevin, 2006;
Manja & Aoun, 2019).

These benefits of these nets come from the coloration as observed in the literature, for
example, red and yellow nets contribute to plant growth, blue nets cause dwarfism, and pearl
net increase fruit size, yield, and postharvest quality (Ili¢ & Fallik, 2017). In red bell pepper
cultivation, red net decreases postharvest losses due to elevation of antioxidant activity and
carotenoid content reducing fruit spoilage (Alkalai-Tuvia et al., 2014).

In ornamental plants, red and yellow net promoted vegetative growth rate and vigor,
blue nets caused dwarfism, and pearl nets intensified branching in cut flowers (Nissim-Levi et
al., 2008). Marigold and violet plants obtained higher vegetative growth, carotenoids, Brix®°,
chlorophyll content when cultivated with yellow net (Zare et al., 2019).

Futhermore, the shading percentage of the colored shade nets should be chose cautiously
based on the expected morphological and physiological performances (Salazar-Canales et al.,
2021; Oliveira et al., 2021), because these nets create an internal microclimate capable of
altering gas exchange and chlorophyll fluorescence. Studying such changes is important
because they allow for a deeper understanding of these photosynthetic processes through the
interactions of the growing environment with the crop plants (Kuhlgert et al., 2016).

Bell pepper cultivated under colored shade net, for example, had reduced net
photosynthesis, transpiration, stomatal conductance, water use efficiency, and internal CO2, but
PSII efficiency was elevated (Diaz-Pérez, 2013). On the other hand, lemon trees cultivated
under colored shade nets had reduced transpiration and increased water use efficiency, i. e., less
water stress than unshaded lemon trees (Alarcon et al., 2006).

Given the above, understanding the effects of colored shade nets on the production and
quality of C. chinense e C. frutescens is important because it provides the scientific basis for
recommending these materials for cultivation in order to mitigate high temperature and solar
radiation incidence. The general objective of this thesis was to (I) evaluate the production and
quality and (I1) photosynthetic efficiency of C. chinense and C. frutescens cultivated under

colored shade nets.
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Paper 1: PRODUCTION AND QUALITY OF ORNAMENTAL PEPPERS
CULTIVATED UNDER COLORED SHADE NETS*
* Approved to Comunicata Scientia.

Abstract: The cultivation of ornamental peppers in places with high temperature and incidence
of solar radiation limits the production and quality of plants and fruits. The colored shade nets
were introduced and adopted, because they reduce the temperature and intensity of solar
radiation, as well as, low cost and simple to handle. The aimed was to evaluate the production
and quality of C. chinense and C. frutescens cultivated under colored shade nets. The
experiment was developed in the Floriculture Sector of the Agronomy Department of the
Universidade Federal de Vigosa, Vigosa, Minas Gerais, Brazil from February to August 2021
in entirely randomized design. C. chinense and C. frutescens were cultivated under red, pearl
and aluminet shade nets with 35% shading and without net. At 150 days, production variables
were quantified. The red net reduced the maximum temperature by at 4.1°C and the pearl and
aluminet nets reduced the minimum temperature by 3°C. The maximum and minimum relative
humidity was increased by 2.6 and 8.5%, respectively, by the red net. The pearl net obtained
the lowest percentage of solar radiation incidence. Plant height was greater in the red and pearl
nets, and C. frutescens. The diameter and stem fresh matter did not differ statistically between
treatments. Root length was greater in the red and aluminet nets. The longitudinal and transverse
canopy ratio was higher in C. chinense cultivated under the aluminet net. The number of leaves
and leaf fresh matter was higher in pearl and aluminet net, and in C. frutescens, but leaf dry
matter was higher in C. chinense. The number of flower buds and flowers, and flower buds dry
matter was higher in C. chinense. The root fresh matter and dry matter was greater in C. chinese.
The aluminet net in association with C. chinense are recommended considering the

compactness of height, pot coverage, greater number, shape and arrangement of fruits.

Key-words: Capsicum spp., floriculture, potential ornamental, shading.

1. INTRODUCTION
The Capsicum genus consists of vegetables are widely produced and consumed

(Olatunji & Afolayan, 2019), due to they have multiple marketable aptitudes such as use in food
(Antonious, 2017), pesticide (Valkova et al., 2021), pharmaceutical (Olatunji & Afolayan,
2019), nanotechnology (Velsankar et al., 2021) and ornamental (Lee et al., 2016) industries.

In recent years, the growth of the ornamental sector has occurred due to consumers being

attracted to various species of the Capsicum genus due to the following characteristics that
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confer ornamental quality such as compact architecture; number, shape and position of fruits;
coloration, shape and density of leaves and fruits, ease of cultivation, durability of leaves and
fruits and continuous fruit production (Neitzke et al., 2016)

Among the species cultivated as ornamental pepper, C. chinense and C. frutescens gain
notoriety, due to C. chinense having height between 50 to 100 cm, oval leaves and slightly
wrinkled surface, white flowers and arranged in up 3 per node and elongated fruits with 5 to 7
cm long with 2.5 to 3.0 cm in diameter and coloration between light green to orange (Sarwa et
al., 2012). C. frutescens has a height of up to 1.2 m, smooth and simple leaves, while to
yellowish flowers and small, pungent, erect and slightly pointed fruits (Jaiswal et al., 2021).

The cultivation of ornamental pepper plants in locations with high temperature and
incidence of solar radiation limits the production and quality of plants and fruits (Lekala et al.,
2019), because CO; assimilation of most C3 species saturates at low irradiance (600-900 pmol
m2 s1) and excess of solar radiation causes heat stress, stomata closure, and reduced net
photosynthesis (Ili¢ & Fallik, 2017). In addition, temperatures above 35 °C impair cell division,
leaf expansion and the abortion of buds, flowers and fruits; as well as, burns on leaves and fruits
(Flashman et al., 2015), compromising their availability and commercialization in the market.

Among the available technologies in plant production, the colored shade nets have been
introduced and adopted because they reduce the temperature and intensity of solar radiation, as
well as the attacks of pests and strong winds. Furthermore, they are low cost and simple to
handle (Angmo et al., 2022). These nets transmit modified light spectrum from the sunlight that
touches their wires, which, is spread over their canopy increasing production, quality and post-
harvest (Ili¢ & Fallik, 2017; Mohawesh et al., 2022; Zha et al, 2022) through positive
morphological and physiological responses, as reported in peppers grown under pearl net (Ili¢
et al, 2017), tomato grown under pearl and red net (Ili¢ et al., 2015), fresh herbs grown under
red and pearl net (Buthelezi et al., 2016), lettuce grown under pearl and black net (Ntsoane et
al., 2015), marigold and violet in red and yellow net (Zhare et al., 2019).

Linked to this, the choice of shading percentage should be made carefully, because
excessive shading compromises the growth and development of crops, as it does not allow them
to maintain effective photosynthesis during cultivation and subsequently compromises the
production and quality of the final product (Martinez-Luscher et al., 2017). In view of the
above, the use of colored shade nets in ornamental pepper plants needs to be studied to identify

materials that reduce temperature and incidence of solar radiation conferring production and
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quality throughout cultivation. The aimed was to evaluate the production and quality of C.
chinense and C. frutescens cultivated under colored shade nets.

2. MATERIAL AND METHODS

Experimental Design
The experiment was conducted in a 2x4 factorial scheme (varieties x colored shade

nets), resulting in 8 treatments distributed in an entirely randomized design with five repetitions.

Localization and Experimental Conduct

The experiment was developed in the Floriculture Sector of the Agronomy Department
of the Universidade Federal de Vicosa, Vigosa, Minas Gerais, Brazil from February to August
2021.

According to the Koppen climate classification, mapped in Brazil by Alvares et al.
(2013), the climate in the region varies between the Cwa and Cwb types. The climate types
correspond to Cwa: tropical humid zone with dry winter and with hot summer; and Cwb:
tropical humid zone with dry winter and with temperate summer.

Seedlings of C. chinense cv. Biquinho Iracema and C. frutescens cv. Etna were
purchased from Isla Sementes® (Sdo Paulo, Brazil). These were grown in rigid polypropylene
trays filled with Tropstrato® commercial substrate in a greenhouse, and when the seedlings
presented two to three pairs of true leaves, they were transplanted into number 16 pots filled
with the same substrate to roofs covered with red, pearl, and aluminet shade nets with 35%
shading, purchased from Ginegar (Sao Paulo, Brazil) and without net.

These wooden structures had of 0.50x 0.50 x 0.70 m (width x length x height) arranged
in the open air 2.0 m apart in the rows and 3.0 m between rows so that there was no shading
from one to the other. The ornamental peppers were fertilized with 2 g of NPK 10-10-10
fertilizer, once a week, irrigation until the substrate reached field capacity and weeds were
removed as necessary.

Environment data

Maximum and minimum temperature and relative humidity were recorded every 1 min
in each shed using an AKSO AK-174 datalogger with a thermometer and hygrometer.
Temperature was expressed in °C and relative humidity in %. Wavelength and solar radiation
intensity intercepted by the colored nets were quantified by optical absorption using a

spectrometer model USB4000, Ocean Optics. The spectra were processed using SpectraSuite
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software. The wavelength was expressed in nanometers (hnm) and the intensity in percentage
(%).
Production and quality variables

The following variables were quantified at 150 days after sowing:

Plant height: was measured from the lower base of the pot to the last fully expanded leaf
with the aid of a tape measure and the results were expressed in centimeters (cm).

Stem diameter: was determined with the aid of a pachymeter and the results were
expressed millimeters (mm).

Root length: the plants were removed from the pots and the substrate adhered to the
roots was removed with the aid of weak jets of water. The roots were the dried and the
measurements taken with the aid of a ruler, starting at the neck of the plant and the results were
expressed in cm.

Longitudinal and transverse canopy ratio: was the quotient between the longitudinal and
transverse canopy diameters. The results were expressed in millimeters (mm).

Number of leaves, flower buds, flowers and fruits: were obtained at the end of the
experiment based on their respective counts.

Production: was obtained by weighing the total number of fruits on each plant and
expressed in grams (Q).

Fruits length and diameter: four sampled fruits from each batch for spectral collection
and reference analyses were measured, with the length being determined in cm. The mean of
three measurements performed with the aid of a caliper in the peduncle region, central and at
the apex of the fruit, was determined, and the diameter was obtained in mm.

Stem, leaves, flower buds, flowers and root fresh matter: a cut close to the neck of the
plant was made with the objective of separating the aerial part from the roots. The stem, leaves,
flowers buds, flowers and were separated. The root system was carefully removed from the pot
and crushed manually with the aid of weak water jates. Then they were weighed. The results
were obtained from weighing on a semi-analytical balance (Mark S2) with precision of + 0.005g
and were expressed in percentage (%).

Stem, leaves, flowers, buds and root dry matter: were placed, separately, in 5kg Kraft
paper bags, and placed in the oven at 70 °C until they reached constant weight. The results were

expressed in g.
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Statistical Analysis

The data obtained were subjected to normality (Shapiro-Wilk) and homogeneity
(Bartlett) test of variances, analysis of variance (ANOVA) and test of means (Tukey at 5%)
were performed in programming language R in version 3.6.3 (R Core Team, 2021). The graphs

were made in the software Sigma Plot.

3. RESULTS AND DISCUSSIONS
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intensity (C) of the control, red, pearl and aluminet shade nets.

The temperature was reduced with colored shade nets, the red shade net being the one
that promoted the most significant reduction of the maximum temperature, at 4.1°C and the
pearl and aluminet shade nets the ones that promoted the most significant reduction of the
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minimum temperature at 3°C. Concerning the control, the maximum and minimum relative
humidity increased with red shade net by 2.6 and 8.5%, respectively. The wavelength was
concentrated between blue and far red (500-710 nm), and the intensity of solar radiation had an
amplitude of 30.5 to 80.2% between treatments (Figure 1).

The optimal temperature for developing C. chinense and C. frutescens is around 21 to
33 °C (Lekala et al., 2019; Angmo et al., 2022). At temperatures higher than 35 °C, there is a
reduction in cell division, leaf expansion, number of fruits, flower tip rot, and fruit burn
(Mditshwa et al., 2017; Ili¢ & Fallik, 2017). Shading nets such as colored ones reduce the
temperature by 1 to 5 °C, depending on shading level, coloring, and growing location (Angmo
et al., 2022). In this study, the control showed plants with leaf burns due to the high monthly
maximum temperature of 36.1°C. Although the temperature surpasses the optimal range of
development of ornamental pepper (>33.1°C), the plants cultivated under the pearl and aluminet
shade nets did not show burns on the leaves.

Colored shade nets can raise the relative humidity from 3.2 to 12.9% (Mditshwa et al.,
2019). In this study, the interval between the colored shade nets was lower, ranging from 0.1 in
control to 8.5% in red shade net. This variation occurs as a function of the interaction between
temperature, relative humidity, and intensity of solar radiation (Zhou et al., 2018).

C3 plants, such as pepper plants, need low irradiance between 600-900 pmol m2s™ and
this corresponds to 40% incidence of solar radiation throughout the day (Flaishman et al., 2015).
Above thar, as presented by the control, can cause photoinhibition, heat stress, and stomatal
closure resulting in decreased photosynthesis and carbohydrate distribution, affecting plant
growth and fruit formation (Flaishman et al., 2015; Ili¢ & Fallik, 2017). On the other hand, the
red and pearl shade nets presented the ideal amount of 40.7 and 31.5% of incidence of solar
radiation, respectively, for developing ornamental pepper, optimizing agronomic performance
(Mditshwa et al., 2019).

The fraction of light passed through the holes of the colored shade nets has its quality
unchanged, but the fraction of light reached by the wires is spectrally modified (Zare et al.,
2019; Cruz et al., 2020). The red shade net transmits in red and far-red, while the pearl transmits
in blue, yellow, green, red, and infrared (Ili¢ & Fallik, 2017).

The plant height was greater in the red and pearl nets compared to aluminet, but did not
differ statistically from the control. Also, C. frutescens obtained greater height compared to C.
chinense (Figure 2 A and B). Stem diameter did not differ statistically between treatments (x=

11.74 £ 1.55 mm). Root length was greater in red and aluminet nets compared to the other
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treatments (Figure 2 C). The longitudinal and transverse canopy ratio was higher in C. chinense

grown under aluminet net compared to the control (Figure 2 D).
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Plant height was greater in red and pearl shade nets compared to aluminet, due to the
balance in the ratio of red light (R): far red (FR), due to the light reaching the wires of these
nets being filtered and transmitted as red light in greater proportion to far red, reducing plant
compaction (Silva et al., 2016; Ili¢ & Fallik, 2017). This occurs, because stem elongation is
associated with phytochrome being active by red light and deactivated by far red (Diaz-Pérez
& John, 2019; Johnson et al., 2020). Plant height was higher in C. frutescens, because,
morphologically, this pepper has greater height than C. chinense (Olatunji & Afolayan, 2018).
In contrast, the height obtained in this study is shorter than that reported by Sarwa et al. (2012)



25

and Jaiswal et al. (2021), thus, these compact ornamental peppers are easily accepted by
consumers due to the ease of growing them in pots, ease of displaying them in places with
limited space, and durability compared to the medium and tall sizes intended for landscaping
(Neitzke et al., 2016).

Generally, plants grown in full sun have their height reduced, due to the light
temperatures and intensity of solar radiation causing damage to the photosynthetic organs
causing the photoinhibition, closure of stomata, reduction of photosynthesis and distribution of
carbohydrates for investment in growth (Silva et al., 2016; Ili¢ & Fallik, 2017). On the other
hand, in the literature, there are reports of species in which the plant height in full sun and under
colored shade nets did not differ as obtained in this study (Souza et al., 2014; Silva et al., 2016).

This occurs in species that are adapted to warm climate and cultivation in full sun as the
pepper (Souza et al., 2014), however, these climatic conditions may affect the visual
characteristics of the plant and the fruits causing them to burn as observed in this study in the
control treatment that obtained a temperature of 36.2 °C and solar radiation intensity of 80.2%,
and consequently, consumer repulsion (Souza et al., 2014). This repulsion is explained by the
fact that the burns affect the surface texture, brightness and coloration of the leaves and fruits,
which are characteristics observed in the purchase decision making of ornamental pepper plants
(Neitzke et al., 2016).

Plants grown in full sun obtain a greater stem diameter in comparison with shaded
plants, which have thin stems due to stretching (Silva et al., 2016). However, in this study,
plants under all shade nets did not show such behavior because 35% shading did not
compromise light interception as much as nets with shading higher than > 40% as observed in
Diaz-Pérez & John (2019) and Souza et al. (2014).

On the other hand, the greatest root length was observed in both ornamental peppers
shaded by the red and aluminet nets. In red net, the ratio of red light (R): far red (FR) was
higher, consequently, phytochrome B (PHYB) is activated and induces root formation via auxin
signaling (Chen et al., 2016; Rosado et al., 2021). The aluminet net, on the other hand, has
lower red light (R): far red (FR) ratio, i.e., there is no PHYB actuation in root formation and
growth (Rosado et al., 2021). On the other hand, the canopy of C. frutescens had the highest
number of leaves and C. chinense had the highest longitudinal and transverse canopy ratio,
contributing to light uptake under the canopy, production of photoassimilates and investment
in root growth (Ribeiro et al., 2018).
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The longitudinal and transverse canopy ration allows the evaluation of the equilibrium
of the canopy of potted peppers in ornamental industry, which should have good coverage of
the pot, swelling and firm stems with good support (Cruz et al., 2017). The longitudinal and
transverse canopy ratio was higher in C. chinense cultivated on the aluminet shade net, because
the oval leaves, although spaced apart, had greater pot coverage in the longitudinal direction
compared to the other treatments (Sarwa et al., 2012). In addition, the aluminet net provided
greater root length, ensuring effective support of the plant without tipping (Silva et al., 2016;
Ribeiro et al., 2018).

The number of leaves was higher in the pearl and aluminet nets compared to the other
treatments. Also, C. frutescens had more leaves compared to C. chinense (Figure 3 A and B).
The number of flower buds and flowers was higher in C. chinense compared to C. frutescens
(Figure 3 C and D).
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The leaf fresh and stem matter was higher in C. frutescens compared to C. chinese
(Figure 4 A and D). Root fresh matter was higher in C. chinese compared to C. frutescens
(Figure 4 F). The stem fresh matter did not differ statistically among the treatments with the
nets compared to the control (Figure 4 C). Leaf, stem, bud, and root dry matter was greater in

C. chinese compared to C. frutescens (Figure 4 B, E, G and H).
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Figure 4. Leaf fresh (A), leaf dry (B), stem fresh (C and D), stem dry (E), root fresh (F),
root dry (G) and flower buds dry matter (H) of C. chinense and C. frutescens cultivated under

colored shade nets. *Capital letters refer to colored shade nets, and lowercase letters refer ornamental peppers.
Different capital and lowercase letters differ from each other by the Tukey test at 5%.

The number of leaves was higher in the pearl and aluminet nets, because plants shaded
by nets tend to produce more leaves as a phenotypic adaptation to the reduction of light intensity
as an alternative to the improvement of the capture of incident light in the canopy (Mathuer et
al., 2018). Otherwise, ATP production would be insufficient for carbon fixation and
biosynthesis, due to low ATPase activity, and Rubisco, thus reducing growth, development,
and fruit formation (Shao et al., 2014; Mathuer et al., 2018).

The number of leaves and leaf fresh matter was higher in C. frutescens, because, it has
a dense canopy with a greater number of leaves (Mditshwa et al., 2019). The dense canopy
along with the coloration and brightness of this ornamental pepper allows contrast with the red
of the fruits, which is highly appreciated in the ornamental sphere by consumers (Neitzke et al.,
2016). Leaf dry matter was higher in C. chinense because the leaf area of this pepper is larger
than that of C. frutescens, and the greater longitudinal and transverse canopy ratio promoted
greater uptake of solar radiation, which increased the production of photoassimilates, which
were converted into greater dry matter (Gao et al., 2021).

C. chinense, morphologically, has flower buds and flowers covered by leaves and the
shading caused by the nets reduced the temperature (<35°C) promoting less buds and flowers
abortion via heat stress (Mditshwa et al., 2017 and 2019; 1li¢ & Fallik, 2017). As well as, higher
flower buds dry matter, due to lower of incidence of bud abortion and reduction in temperature
(Tli¢ & Fallik, 2017).

The fresh matter of flowers and buds did not differ statistically between treatments, but
was greater in treatment with pearl (x= 1.52 g) and aluminet (x=1.32 g) shade nets. The red
shade net transmits the red and far-red spectrums, while the pearl net transmits in the blue,
yellow, green, red and infrared spectrums and aluminet net absorbs in all spectra but does not
transmit in any spectrum (Ili¢ & Fallik, 2017). In view of this, pearl and aluminet shade nets
have lower ratio of the red light (R) to far red (FR) compared to red net (Mahmood et al., 2018;
Zhou et al., 2018), thus, photoreversibility of phytochrome and higher flowering and flower
bud formation occured (Ili¢ & Fallik, 2017; Mditshwa et al., 2019).

C. chinense obtained greater longitudinal and transverse canopy ratio in all treatments
compared to C. frutescens, but the latter showed shorter root length (x= 29.1 cm), there being

the need to balance the area and roots, it showed a greater number of lateral roots to support the
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weight of the canopy and consequently, greater fresh and dry root matter (Silva et al., 2016;
Ribeiro et al., 2018).

The fresh and dry matter of the stem did not differ in the red, pearl and aluminet shade
nets because these all plants cultivated under nets had greater height and root length in view of
this, the dense stem was a phenotypic strategy to balance the aerial part with roots (Souza et al.,
2014). As well as, C. chinense obtained greater dry matter of the stem, due to the greater
longitudinal and transversal relationship of the canopy, being necessary, the balance between
the support of the canopy and roots.

The number of fruits was higher in C. chinense cultivated under the aluminet net
compared the other treatments (Figure 5 A). Production was higher in C. chinense em
comparasion with C. frutescens (Figure 5 B). C. frutescens presented fruits with greater length
and smaller diameter than C. chinense, which were not altered by the colored shade nets (Figure
5CeD).
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letters refer ornamental peppers. Different capital and lowercase letters differ from each other by the Tukey test at
5%.

Aluminet net transmit smaller red-light (Mahmood et al., 2018; Zhou et al., 2018),
promoting the photoreversibility of phytochrome and flowering swimsuits (Ili¢ & Fallik, 2017;
Mditshwa et al., 2019), which led to higher fruit production. Despite C. chinense showed higher
longitudinal and transverse canopy ratio, a more significant number of fruits occurred due to
greater light penetration in the canopy allowing the direction of photoassimilates to the drains
(Mditshwa et al., 2019). Ornamentally, consumers prefer pepper plants with a larger number
of fruits, due to the contrast of these with the foliage, as well as for consumption or preparation
of by-products, such as jams and jellies (Neitzke et al., 2016).

On the other hand, C. frustescens obtained higher fruit production, this may have
occurred, due to the lower number of flowers of this pepper plant were not aborted, due to the
temperature reduction obtained by the screens, these being reverted also in few fruits, which,
obtained greater use in the photoassimilates distribution and consequently, higher weight gain
(Mditshwa et al., 2017 and 2019; Ili¢ & Fallik, 2017).

Morphologically, the fruits of C. chinense have the shape of spherical berries, and the
fruits of C. frutescens have an elongated shape, corroborating the result found (Nascimento et
al., 2019). Spherical fruits like C. chinense are preferred by consumers for ornamentation of

dishes and low pungency (Nascimento et al., 2019).

4. CONCLUSION

The aluminet net in association with C. chinense are recommended considering the

compactness of height, pot coverage, greater number, shape and arrangement of fruits.
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Paper 2: PHOTOSSYNTHETIC EFFICIENCY OF ORNAMENTAL PEPPERS
CULTIVATED UNDER COLORED SHADE NETS

Abstract: Capsicum chinense and C. frutescens exposed to high temperature and incidence of
solar radiation have their photosynthetic efficiency compromised. Such conditions, reduce the
cultivation schedule and its availability in the market. The colored shade nets were developed
with purpose of decreasing the impact of high temperature and incidence of solar radiation on
the plants. Therefore, the aimed to photosynthetic efficiency of C. chinense and C. frutescens
cultivated under colored shade nets. The experiment was developed from February to August
2021 in entirely randomized design. C. chinense and C. frutescens were cultivated under red,
pearl and aluminet with 35% shading by 150 days and without net. Leaf area, leaf area duration,
leaf area ratio, specific leaf area and harvest index were higher in C. frutescens in comparison
to C. chinense and leaf thickness opposite occurred. A and gs were higher in C. frutescens
cultivated under red net and C. chinense cultivated under aluminet net. E was higher in C.
chinense cultivated under aluminet net and did not differ between the treatments applied to C.
frutescens. WUE was higher in the red net and iWUE was higher in C. frutescens. Fo and Fm,
were higher in C. frutescens cultivated under red net. Fv/Fm was lower in C. chinense cultivated
under red net and SPAD was higher in red net. LEF was lower in control. gL fraction was higher
in control and pearl net and in C. frutescens. RdF was lower in C. chinense cultivated under
red net. ®NPQ and NPQt were higher in C. chinense cultivated under red net. The shading
provided by colored shade nets promoted morphological changes on the photosynthetic surface
of C. frutescens. C. frutescens cultivated under red net obtained a higher photosynthetic
efficiency. On the other hand, C. chinense cultivated under red net had an inverse reponse, due
to each specie having different responses under the same growing environment.

Key-words: C. chinense; C. frutescens; gas exchanges; photosystem Il; shading.

1. INTRODUCTION

Capsicum chinense and C. frutescens are widely cultivated as ornamental potted plants
(Pefiuela et al., 2020; Valkova et al., 2021), due to the diversity of their phenotic characteristics,
mainly those related to the architecture, coloration and positioning of fruits and flowers (Zhang
et al., 2019). Besides ornamental appeal, peppers plants have other aptitudes, such as their use

as medicinal in the treatment of gastrointestinal (Xiang et al., 2021), respiratory (Dumitrache
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et al., 2021), chronic (Shi et al., 2019) and depression (Xia et al., 2021) diseases. As well as
pesticides in agriculture (Valkova et al., 2021); in the food industry with the production of
sweets and jellies; and in the cosmetics industry as pigments (Lee et al., 2016).

Pepper plants are C3 plants, which, have optimal growth at temperatures between 21 to
33°C (Lekala et al., 2019; Angmo et al., 2022). On the other hand, above 35°C, these showed
reduce cell division and leaf area, burning and abortation of fruits, flowers and flower buds (Ili¢
& Fallik, 2017). Coupled with this, excesso incidente solar radiation causes heat stress, closure
of stomata, and reduced photosynthesis through photoinhibition (Ili¢ & Fallik, 2017).

All these factors together compromise photosynthetic efficiency, i. e. conversion of light
energy into usable biomass, reducing the production and availability of these plants in the
market (Quin et al., 2016). This is because C3 plants have high complexity in the scope of
photosynthetic and respiratory efficiency (Brautigam & Gowik, 2016). Tha tis, the solubility of
CO2 in wtaer in the presence of heat is higher than that of O> resulting in lower CO. /O> ratio
in the cell, decreasing the concentration of CO: in the carboxylation site of Rubisco, which
favors oxygenase activity and consequently, photorespiration. Futhermore, increased heat
affects the kinetic properties of Rubisco, stimulating oxygenase activity at the expense of
carboxylase activity (Betti et al., 2016; Walker et al., 2016).

Therefore, within crop production, technologies are explored with the objective of
reducing the impacts caused by temperature and solar radiation on photosynthetic efficiency in
locations and seasons that are not favorable for plant development (Proietti et al., 2022).
Among these, colored shade nets are designed in different colors, patterns, and shading density
with the purpose of protecting plants against abiotic and biotic stresses such as high
temperatures, solar radiation incidence, hail, wind, and pests through their physical barrier,
microclimate modification, and spectral composition (Milenkovic et al., 2019).

The spectral composition of the sunlight filtered by the colored shade nets and received
by plants is modified based on the ultraviolet, visible, or far-red spectral regions due to passage
of sunlight through the net wires (Kotilainen et al., 2018). The incident radiation on the plants
is reduced by means of the shading density of the nets based on the interweaving of the
polyethylene or propylene wires (Kotilainen et al., 2018). It is necessary that the coloration and
shading are chosen in such a way that the meet the expected objective (Kotilainen et al., 2018).

This is because coloration in association with shading modify chlorophyll fluorescence,
growth, development, productivity and quality of vegetables, fruits and ornamental plants, as

reported in several studies (Zhou et al., 2018; Mupambi et al., 2018), configuring efficient
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against temperature fluctuations and solar radiation incidence throughout the crop (Mupambi
et al., 2018; Manja & Aoun, 2019).

On the other hand, in the literature there is no information about how the photosynthetic
efficiency of ornamental pepers is affected by the colored shade nets, being necessary to
establish which changes occur by the coloration and shading imposed and then, indicate an
efficient material for their cultivation. The aimed to evaluate photosynthetic efficiency of C.

chinense and C. frutescens cultivated under colored shade nets.

2. MATERIAL AND METHODS

Experimental design

The experiment was conducted in a 2x4 factorial scheme (varieties x colored shade
nets), resulting in 8 treatments distributed in an entirely randomized design with five
repetitions.The treatments were: control (no nets), red, pearl and aluminet shade nets.
Location and experimental conduct

The experiment was developed in the Floriculture Sector, Agronomy, Department,
Federal University of Vigosa, Vigosa, Minas Gerais, Brazil in the months of February to August
2021. Seedlings of C. chinense cv. Biquinho Iracema and C. frutescens cv. Etna were purchased
from Isla Sementes® (S&o Paulo, Brazil). These were grown in rigid polypropylene trays filled
with Tropstrato® commercial substrate in a greenhouse, and when the seedlings presented two
to three pairs of true leaves, they were transplanted into number 16 pots filled with the same
substrate to roofs covered with red, pearl, and aluminet shade nets with 35% shading, purchased
from Ginegar (Sao Paulo, Brazil) and without net.

These wooden structures had of 0.50x 0.50 x 0.70 m (width x length x height) arranged
in the open air 2.0 m apart in the rows and 3.0 m between rows so that there was no shading
from one to the other. The ornamental peppers were fertilized with 2 g of NPK 10-10-10
fertilizer, once a week, irrigation until the substrate reached field capacity and weeds were
removed as necessary.

Environment data
Presented in paper 1.
The following variables were quantified at 150 days after sowing:

Growth analysis
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Leaf area: was measured by the non-destructive method using a leaf area over time
meter model AM350 and the results expressed in cm2.

Leaf area duration: was measured by means of integral of leaf area over time and the
results expressed in cm? dia™.

Leaf area ratio: was measured by the ratio of leaf area index by leaf dry mass and the
results expressed in dm2 g2,

Specific leaf area: was measured by the ratio of leaf area to leaf dry mass and the results
expressed in dm2 g,

Harvest index: was measured by the ratio between the dry mass of the fruits by the total
dry mass of the plant.
Gas exchange

Gas exchange was measured infrared gas analyzer (IRGA — model LCPro, ADC
BioScientific Ltd.), between 8 and10 h. The net assimilation of CO2 (A= umol CO; m? s),
stomatal conductance (gs= mol H.0 m s?) and transpiration (E= mmol de H.0 m2 s™). Water
use efficiency (WUE) was calculated by dividing net assimilation of CO2 (A) by transpiration
(E), and intrinsic water use efficiency (iWUE) was calculated by dividing net assimilation of
CO2 (A) by stomatal conductance (gs).
PhotosynQ measurements

Spectroscopic measurements were performed on plant leaves using MultispeQ device
(Ben-Jabeur et al., 2021), which is connected to the PhotosynQ platform00 (http://

www.photosyng.org). The measurements were used to estimate leaf thickness, initial

chlorophyll (Fo), maximum chlorophyll (Fm), relative chlorophyll content (SPAD), maximum
quantum (Fv/Fm), linear electron flux (LEF), PSII open centers fraction (qL), chlorophyll
fluorescence rate decrease (RFd), non-photochemical extinction coefficient (¢pNPQ), and non-
photochemical dissipation of absorbed light energy (NPQ).
Statistical analysis

The data obtained were subjected to normality (Shapiro-Wilk) and homogeneity
(Bartlett) tests of variances, analysis of variance (ANOVA) and test of means (Tukey a 5%
probability) were performed in the statistical software R version 3.6.3 (R Core Team, 2021).

The graphs were prepared with Sigma Plot software.


http://www.photosynq.org/
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3. RESULTS AND DISCUSSIONS

Leaf area, leaf area duration and leaf thickness did not differ between the colored shade
nets treatments compared to control. (Figure 1 A, C and E). On the other hand, leaf area and
leaf area duration were higher in C. frutescens compared to C. chinense (Figure 1 B and D),

and for leaf thickness the opposite occurred (Figure 1 F).
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Figure 1. Leaf area (A and B), leaf area duration (C and D) and leaf thickness (E and F) of C.

chinense and C. frustecens cultivated under colored shade nets. *Different capital letters differ from
each other by the Tukey test at 5%.

Colored shade nets did not differ in terms of leaf area, leaf area duration and leaf
thickness, because they presented the same proportion of shading, temperature and humidity

conditions as reported in paper 1. However, among the results presented, it is interesting to note
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that the control treatment showed lower leaf area, leaf area duration and higher leaf thickness
as a phenotypic adaptation to the conditions of high temperature and solar radiation even though
it is a sun plant, enabling the use of colored shade nets as a strategy to reduce these (Martins et
al., 2009).

An inverse condition was obtained in the aluminet net, due to the fact that plants under
shading present adaptive strategies, which, allows optimization of light uptake in order to raise
photosynthetic efficiency as observed in C. frutescens (Alexandre et al., 2018; Ili¢ et al., 2018),
due to this being dependent on the dimensions of the photosynthesizing system (LA and LAD).

Thin leaves with larger area favor greater CO> diffusion por unidade de area, because
the distance between stomata is reduced, due to thickness of the palisade and lacunate
parenchyma, this being proven by the larger specific leaf area presented by C. frutescens, which
allows the maximization of carbon gain unit leaf mass under shaded conditions (Gobbi et al.,
2011). Futhermore, the shorther distance between the palisade and lacunate parenchyma
promotes greater absorption of diffuse light from the shaded environment, as well as internal
scaterring between the chlorophylls of the chloroplasts (Gobbi et al., 2011). Coupled with this,
less thickness leaves allow greater light diffusion to the lower leaves and thus increase
photosynthetic efficiency, since these have light limitation due to self-shading (Gobbi et al.,
2011). This type of phenotypic plasticity is observed in colored shade nets with shading starting
at 30% (Ili¢ et al., 2018; Zare et al., 2019) such as those used in this study.

Moreover, these phenotipic strategies vary according to the species, in view, that in C.
chinense obtained smaller leaf area, and greater leaf thickness (Ili¢ et al., 2018). Given this, it
becomes important to know the development of leaf structure under the cultivation with colored
shade nets (Martins et al., 2009).

Colored shade nets did not alter the leaf area ratio, specific leaf area and harvest index.

However, they were greater in C. frutescens compared to C. chinense (Figure 2 A-C).
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frustecens cultivated under colored shade nets. * Different capital letters differ from each other by the
Tukey test at 5%.

C. frustecens showed higher leaf area ratio and specific leaf area, due to the greater
investment of photoassimilates in increasing the leaf area to maximize the capture of light
available for dry matter production (Gibbi et al., 2011), in this case, corroborated by the harvest
index, which represents the conversation of synthesized products into material of economic
importance (Martins et al., 2009), in this case the fruits. Among the reults obtained, it is
interesting to note that leaf area ratio decreases throughout the cultivation, due to the reduction
in the leaf area duration, which does not occur in this study, due to the shading from the colored
shade nets reducing physical and thermal damages (Milenkovic et al., 2019) to the
photosynthetically active leaf surface.

Net CO> assimilation (A) were higher in C. frutescens cultivated under red net and C.
chinense cultivated under aluminet net in comparison with the control (Figure 3 A). A stomatal
conductance (gs) was higher in C. frutescens cultivated under red net and C. chinense cultivated
under aluminet in comparison with the control (Figure 3 B). A transpiration (E) was higher in

C. chinense cultivated under aluminet net in comparison with the control and did not differ
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among the treatments applied to C. frutescens (Figure 3 C). WUE was higher in the red net in
comparison with the control (Figure 3 D) and iWUE was higher in C. frutescens compared to
C. chinese (Figure 3 E).
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Figure 3. Net CO> assimilation - A (A), stomatal conductance- gs (B), transpiration - E (C),
efficiency - WUE (D) and intrisic water use efficiency - iWUE (E) d of C. chinense and C.

frustecens cultivated under colored shade nets. * Capital letters refer to colored shade nets, and lowercase

letters refer ornamental peppers. Different capital and lowercase letters differ from each other by the Tukey test at
5%.

Peppers plants are C3 plants with optimal growth at a 33 °C (Angmo et al., 2022; [li¢ &
Fallik, 2017), from this, net CO> assimilation was higher in C. frutescens cultivated under red
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net due to the maximum temperature throughout the cultivation being 32.1°C (Angmo et al.,
2022) and solar radiation incidence maintains by 40.7% (Mditshwa et al., 2019) compared to
the other treatments. Among these, temperature is the main limiting factor to net CO;
assimilation, given that its excess photorespiration (Betti et al., 2016). Therefore, this result is
attributed to the higher concentration of carbon in the carboxylation sites, decreasing the
photorespiration process (Gamage et al., 2018) and increasing dry matter production (O’Leary
et al.,, 2015). This allowed greater production of carbon skeletons through respiration,
glycolysis and electron transport chain for investment in growth and fruit formation,
corroborating C. frustescens having higher leaf area ratio, specific leaf area and harvest index
(Garcia-Sanchez et al., 2015; Gao et al., 2021).

A lower gs is seen, when plants are subjected in conditions with high CO2 concentration
(Uddin et al., 2018), but C. frutescens cultivated under red net and C. chinense cultivated under
aluminet net obtained elevated A and gs. Lahive et al. (2017) found similar result in cocoa plants
in which the higher gs in face of high CO, was a reflection of the humid cultivation environment
(Lahive et al., 2017) corroborating the result found in C. frutescens cultivated under red net,
due to this net having had higher humidity compared to the other treatment. On the other hand,
contrary to the previous hypothesis, Purcell et al. (2018) evidences that although rare, plants
with higher A and gs at the same time, but in a less humif environment is evidence that these
are adapted to hot and dry places, corroborating the result found in C. chinense cultivated under
aluminet.

In presence of high concentration of CO>, transpiration is reduced, increasing the water
content in the soil and consequently, occurring greater investment in the transformation of
organic compounds into dry matter (Harrison et al., 2020; Fay et al., 2015). In conducting the
experimente, the substrate was irrigated daily until it reached field capacity, which probably
mitigated the effects of high transpiration allowing the highest WUE and iWUE in red net and
C. frutescens, respectively. As well, probably what occurred was caused by the IRGA
measuring the gs by the opening and closing of the stomas, and these may be partially open or
closed, which is not identified by the device. Thus, the stomas may have allowed sufficient CO>
to enter for photosynthesis and higher iWUE, due to the lower temperature in the red net and
less need for cooling of the leaf by loss of latent heat via transpiration (Harrison et al., 2020).

The inverse presented by aluminet net and C. chinense is explained by even if the
substrate reaches field capacity, the control of gas exchanges within the cultivation environment

is complex and depends on the species and the type of experiment, | this case, the aluminet net,
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whiche, despite presenting the optimum growing temperature of 33 °C and obtained lower
relative humidity, consequently lower water use efficiency.

Initial (Fo) and maximum chlorophyll (Fm) was higher in C. frutescens cultivated under
red net (Figure 4 A and B). Maximum quantum efficiency (Fv/Fm) was lower in C. chinense
cultivated under red net (Figure 4 C) and relative chlorophyll content (SPAD) was higher on

red net compared to the others.
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Figure 4. Initial chlorophyll - Fo (A), maximum chlorophyll - Fn (B), maximum quantum
efficiency - Fv/Fm (C) and relative chlorophyll content - SPAD (D) of C. chinense and C.

frustecens cultivated under colored shade nets. * Capital letters refer to colored shade nets, and lowercase
letters refer ornamental peppers. Different capital and lowercase letters differ from each other by the Tukey test at
5%.

Under shading conditions, C. frutescens exhibit leaf area and reduced leaf thickness,
and probably greater number of chloroplasts in order to maximize the light uptake process via
chlorophylls (Wang et al., 2018; Li & Mu, 2021). Whereas in C. frutescens cultivated under red
net, Fo and Fm was higher by improving the process of absorption, transfer and utilization of

energy through photosystem Il (Yang et al., 2018).
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SPAD was higher in C. frutescens cultivated under red net, because the reduced sun
intensity and the supplementation of red light caused by the net coloration is captured and
directed to chlorophyll synthesis (Chen et al., 2021). This occurs, due to the shaded leaves
producing additional chlorophyll a and b capture diffuse light and use them for their dry matter
production (llic & Fallik, 2017). In shaded tea plants supplement with red light, expression of
the CsPOR-2 gene encoding the enzyme protochlorophyllide oxidoreductase (POR) is induced
in response to shading by catalyzing the reduction of prochlorophyllide oxidoreductase to
chlorophyllide, from which, chlorophyll is derived (Wu et al., 2016; Liu et al., 2018; Chen et
al., 2021). Fo, Fm and SPAD directly contribute in increasing the net photosynthetic rate,
corroborating the result found in C. frutescens cultivated under red shade net (Li & Mu, 2021).

FvFm is an indicator of plant adaptation to abiotic stress arising from high temperature
and solar radiation (Zaman et al., 2022). Plants grown in full sun reduced values of Fy/Fm, that
is, chlorophyll is reemitted via heat or the PSII reaction center malfunctions because it has
suffered photoinhibition (Olivares-Souto & Bastias, 2018). In this study, the control treatment
did not have this behavior because the temperature and solar radiation intensity did not cause
phoinhibition in the plants (Wang et al., 2018; Yang et al., 2018). The maximum values of Fy/Fm
are reached at temperatures between 36 to 39 °C as observed in the literature, corroborating the
data present here in this study (Naschitz et al., 2015). However, there is a reduction in the values
of Fv/Fm from 40 °C onwards (Naschitz et al., 2015), but C. chinense cultivated under red net
obtained the lowest value with a maximum cultivation temperature of 32.1°C, this problably
may be associated with the onset of photoinhibition, due to the lower valuer of E among the
treatments with net. As well as, this is not adapted to hot and humid environments (Purcell, et
al., 2018).

Linear electron flux (LEF) did not differ between net treatments C. chinense, but was
lower in the control (Figure 5 A). In isolation, PSII open centers fraction (qL) was higher in
control and pearl net compared to the others treatments and in C. frutescens (Figure 5 B and C).
Decrease in chlorophyll fluorescence rate decrease (RdF) was lower in C. chinense cultivated
under red e net compared to the others treatments (Figure 5 D). Non-photochemical extinction
coefficient (dNPQ) and non-photochemical dissipation of absorbed light energy (NPQt) were
higher in C. chinense cultivated under red net compared to the others treatments (Figure 5 E
and F).
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Figure 5. Linear electron flux - LEF (A), PSII open centers fraction - gL (B and C) chlorophyll

fluorescence rate decrease - RFd (D), non-photochemical extinction coeficient — ®NPQ (E),

and non-photochemical dissipation of absorbed light energy - NPQ¢ (F) of C. chinense and C.

frustecens cultivated under colored shade nets. * Capital letters refer to colored shade nets, and lowercase

letters refer ornamental peppers. Different capital and lowercase letters differ from each other by the Tukey test at

5%.

Reduced LEF implies a decrease in intercellular CO> and ability to use the reducing

power of NADPH and ATP in plants (Huang et al., 2012). This condition is an adjustment of

the operational efficiency of PSII to couple the production of NADPH and ATP with the

decreased assimilation of CO. (Huang et al., 2012; Ben-Jabeur et al., 2021), due to exposure to

high temperature and solar radiation incidence.
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The higher gL in the control and pearl net as in the C. frutescens species associated with
reduced LEF occurred because the energy obtained by solar radiation under shaded conditions
was enhanced and use by photosystem Il (Yang et al., 2018). On the other hand, the control
treatment even presenting high F./Fm, may have not at some time produced ROS by means of
excess energy on the reaction centers (Jiang et al., 2018).

The lower RdF in C. chinense cultivated under red net associated with the lower gL and
Fv/Fm implies the reduction of solar radiation energy on photosystem 11, due to its reemission
in the form of heat (®NPQ and NPQt) (Murchie & Lawson, 2013), problably due to malfunction
of the reaction centers or onset of photoinhibition (Olivares-Souto & Bastias, 2018). This is
because, although E did not differ from the other treatments with net, it was lower, i. e., there
was little reemission of latent heat, thus, reemission via ®NPQ and NPQt was a way to prevent

the accumulation of ROS in the plant due to heat stress. (Ben-Jabeur et al., 2021).

4. CONCLUSION

The shading provided by colored shade nets promoted morphological changes on the
photosynthetic surface of C. frutescens. C. frutescens cultivated under red net obtained a higher
photosynthetic efficiency. On the other hand, C. chinense cultivated under red net had an
inverse response, due to each specie having different responses under the same growing

environment.

ACKNOWLEDGMENTS

The authors thank the Fundacdo de Amparo a Pesquisa do Estado de Minas Gerais
(FAPEMIG), Conselho Nacional de Desenvolvimento Tecnoldgico (CNPq) and Coordenacéo
de Aperfeicoamento Pessoal de Nivel Superior (CAPES) for the financial support (Process
number: 88882.349320/2019-1) — funding code 001.

CONFLICT OF INTEREST

The authors have no conflict of interest.

5. REFERENCES

Alexandre, E. C. F., Pereira, L. S., Andrade, J. W. D. S., Vasconcelos Filho, S. C., &
Jakelaitis, A. (2018). Plant biometric characterization and leaf micromorphometry of Talinum



48

triangulare (Jacq.) Willd cultivated under shade. Revista Ceres, 65(1), 44-55. doi:
10.1590/0034-737X201865010007.

Angmo, P., Dolma, T., Phuntsog, N., Chaurasia, O. P. & Stobdan, T. (2022). Effect of
shading and high temperature amplitude on yield and phenolic contents of greenhouse
Capsicum (Capsicum annuum L.). Research Journal of Biology and Pharmacy, 4(1), 30-39.
doi: 10.53022/0arjbp.2022.4.1.0053.

Ben-Jabeur, M., Gracia-Romero, A., Lépez-Cristoffanini, C., Vicente, R., Kthiri, Z.,
Kefauver, S. C., ... & Hamada, W. (2021). The promising MultispeQ device for tracing the
effect of seed coating with biostimulants on growth promotion, photosynthetic state and water—
nutrient stress tolerance in durum wheat. Euro-Mediterranean Journal for Environmental
Integration, 6(1), 1-11. doi: 10.1007/s41207-020-00213-8.

Betti, M., Bauwe, H., Busch, F. A., Fernie, A. R., Keech, O., Levey, M., Ort, D. R,
Parry, M. A., Sager, r., Timm, S., Walker, B. & Weber, A. P. (2016). Manipulating
photorespiration to increase plant productivity: recent advances and perspectives for crop
improvement. Journal of Experimental Botany, 67(10), 2977-2988. doi: 10.1093/jxb/erw076.

Brautigam, A., & Gowik, U. (2016). Photorespiration connects C3 and C4
photosynthesis. Journal of experimental botany, 67(10), 2953-2962. doi:
doi.org/10.1093/jxb/erw056.

Chen, J., Wu, S., Dong, F., Li, J., Zeng, L., Tang, J., & Gu, D. (2021). Mechanism
underlying the shading-induced chlorophyll accumulation in tea leaves. Frontiers in Plant
Science, 12, 779819. doi: 10.3389/fpls.2021.779819.

Dumitrache, M. D., Jieanu, A. S., Scheau, C., Badarau, I. A., Popescu, G. D. A,
Caruntu, A., ... & Caruntu, C. (2021). Comparative effects of capsaicin in chronic obstructive
pulmonary disease and asthma. Experimental and Therapeutic Medicine, 22(3), 1-12. doi:
10.3892/etm.2021.10349.

Fay, P. A., Newingham, B. A., Polley, H. W., Morgan, J. A., Lecain, D. R., Nowak, R.
S. & Smith, S. D. (2015). Dominant plant taxa predict plant productivity responses to CO>
enrichment across precipitation and soil gradients. AoB Plants, 7(27), 1-10. doi:
10.1093/aobpla/plv027.

Gamage, D., Thompson, M., Sutherland, M., Hirotsu, N., Makino, A., & Seneweera, S.
(2018). New insights into the cellular mechanisms of plant growth at elevated atmospheric
carbon dioxide concentrations. Plant, cell & environment, 41(6), 1233-1246. doi:
10.1111/pce.13206.



49

Gao, S, Liu, X., Liu, Y., Cao, B., Chen, Z., & Xu, K. (2021). The spectral irradiance,
growth, photosynthetic characteristics, antioxidant system, and nutritional status of green onion
(Allium fistulosum L.) grown under different photo-selective nets. Frontiers in Plant
Science, 12(1), 650471. doi: 10.3389/fpls.2021.650471.

Gobbi, K. F., Garcia, R., Ventrella, M. C., Neto, A. F. G., & Rocha, G. C. (2011). Area
foliar especifica e anatomia foliar quantitativa do capim-braquiéria e do amendoim-forrageiro
submetidos a sombreamento. Revista Brasileira de Zootecnia, 40, 1436-1444. doi:
10.1590/S1516-35982011000700006.

Harrison, E. L., Arce Cubas, L., Gray, J. E., & Hepworth, C. (2020). The influence of
stomatal morphology and distribution on photosynthetic gas exchange. The Plant
Journal, 101(4), 768-779. doi: 10.1111/tpj.14560.

Huang, W., Yang, S. J., Zhang, S. B., Zhang, J. L., & Cao, K. F. (2012). Cyclic electron
flow plays an important role in photoprotection for the resurrection plant Paraboea rufescens
under drought stress. Planta, 235(4), 819-828. doi: 10.1007/s00425-011-1544-3.

1li¢, Z. S., Milenkovié, L., Suni¢, L., & Manojlovi¢, M. (2018). Color shade nets
improve vegetables quality at harvest and maintain quality during storage. Contemporary
Agriculture, 67(1), 9-19. doi: 10.2478/contagri-2018-0002.

Ili¢, Z. S., & Fallik, E. (2017). Light quality manipulation improves vegetable quality at
harvest and postharvest: A review. Environmental and Experimental Botany, 139(1), 79-90.
doi: 10.1016/j.envexpbot.2017.04.006.

Jiang, Z. Y., Zhong, Y., Zheng, J., Ali, M., Liu, G. D., Zheng, X. L. (2018). L-ascorbic
acid metabolism in an ascorbate-rich kiwifruit (Actinidia eriantha Benth.) cv. “White’ during
postharvest. Plant  Physiology  and Biochemistry, 124(1), 20-28.  doi:
10.1016/j.plaphy.2018.01.005.

Kotilainen, T., Robson, T. M., Hernandez, R. (2018). Light quality characterization
under climate screens and shade nets for controlled-environment agriculture. PLoS One, 13(6):
€0199628. doi: 10.1371/journal.pone.0199628.

Lahive, F., Hadley, P., & Daymond, A. J. (2018). The impact of elevated CO2 and water
deficit stress on growth and photosynthesis of juvenile cacao (Theobroma cacao
L.). Photosynthetica, 56(3), 911-920. doi: 10.1007/s11099-017-0743-y.

Lee, J.,, Park, S.J., Hong, S. C., Han, J. H., Choi, D., & Yoon, J. B. (2016). QTL mapping
for capsaicin and dihydrocapsaicin content in a population of Capsicum annuum ‘NB 1°x
Capsicum chinense ‘Bhut Jolokia’. Plant Breeding, 135(3), 376-383. doi: 10.1111/pbr.12355.



50

Lekala, C. S., Madani, K. S. H., Phan, A. D. T., Maboko, M. M., Fotouo, H., Soundy,
P., Sultanbawa, Y. & Sivakumar, D. (2019). Cultivar-specific responses in red sweet peppers
grown under shade nets and controlled-temperature plastic tunnel environment on antioxidant
constituents at harvest. Food chemistry, 275, 85-94. doi: 10.1016/j.foodchem.2018.09.097.

Liu, L., Li, Y., She, G., Zhang, X., Jordan, B., Chen, Q., ... & Wan, X. (2021).
Metabolite profiling and transcriptomic analyses reveal an essential role of UVR8-mediated
signal transduction pathway in regulating flavonoid biosynthesis in tea plants (Camellia
sinensis) in response to shading. BMC Plant Biology, 18(1), 1-18. doi: 10.1186/s12870-018-
1440-0.

Liu, Z. W., Li, H., Wang, W. L., Wu, Z. J., Cui, X., & Zhuang, J. (2017). CSGOGAT is
important in dynamic changes of theanine content in postharvest tea plant leaves under different
temperature and shading spreadings. Journal of Agricultural and Food Chemistry, 65(44),
9693-9702. doi: 10.1021/acs.jafc.7b04552.

Manja, K., Aoun, M. (2019). The use of nets for tree fruit crops and their impact on the
production: A review. Scientia  Horticulturae, 246(1), 110-122. doi:
10.1016/j.scienta.2018.10.050.

Martins, J. R., Alvarenga, A. A., de Castro, E. M., da Silva, A. P. O., Oliveira, C., &
Alves, E. (2009). Leaf Anatomy of alfavaca-cravo plants cultivated under colored
nets/Anatomia foliar de plantas de alfavaca-cravo cultivadas sob malhas coloridas. Ciéncia
Rural, 39(1), 82-88. doi: 10.1590/S0103-84782008005000040.

Milenkovi¢, L., Stanojevi¢, J., Cvetkovi¢, D., Stanojevi¢, L., Lalevi¢, D., Sunié, L.,
Fallik, E., 1li¢, Z. S. (2019). New technology in basil production with high essential oil yield
and  quality. Industrial ~ Crops and  Products,  140(1), 111718. doi:
10.1016/j.indcrop.2019.111718.

Mira-Garcia, A. B., Conejero, W., Vera, J., Ruiz-Sanchez, M. C. (2020). Leaf water
relations in lime trees grown under shade netting and open-air. Plants, 9(4), 510. doi:
10.3390/plants9040510.

Mditshwa, A., Magwaza, L. S., Tesfay, S. Z. (2019). Shade netting on subtropical fruit:
Effect on environmental conditions, tree physiology and fruit quality. Scientia Horticulturae,
256(1), 108556. doi: 10.1016/j.scienta.2019.108556.

Mupambi, G., Anthony, B. M., Layne, D. R., Musacchi, S., Serra, S., Schmidt, T.,
Kalcsits, L. A. (2018). The influence of protective netting on tree physiology and fruit quality
of apple: A review. Scientia Horticulturae, 236(1), 60-72. doi: 10.1016/j.scienta.2018.03.014.



o1

Murchie, E. H., & Lawson, T. (2013). Chlorophyll fluorescence analysis: a guide to
good practice and understanding some new applications. Journal of Experimental Botany,
64(13), 3983-3998. doi: 10.1093/jxb/ert208.

O'Leary, G. J., Christy, B., Nuttall, J., Huth, N., Cammarano, D., Stdckle, C., Basso, B.,
Shcherbak, 1., Fitzgerald, G., Luo, Q., Farrecodina, 1., Palta, J., & Asseng, S. (2015). Response
of wheat growth, grain yield and water use to elevated CO2 under a Free-Air CO2 Enrichment
(FACE) experiment and modelling in a semi-arid environment. Global change biology, 21(7),
2670-2686. doi: 10.1111/gcb.12830.

Pefiuela, M., Arias, L. L., Viafara-Vega, R., Rivera Franco, N., & Cérdenas, H. (2021).
Morphological and molecular description of three commercial Capsicum varieties: a look at the
correlation of traits and genetic distancing. Genetic Resources and Crop Evolution, 68(1), 261-
277. doi: 10.1007/s10722-020-00983-8.

Proietti, S., Scariot, V., De Pascale, S., Paradiso, R. (2022). Flowering mechanisms and
environmental stimuli for flower transition: Bases for production scheduling in greenhouse
floriculture. Plants, 11(3), 432. doi: 10.3390/plants11030432.

Purcell, C., Batke, S. P., Yiotis, C., Caballero, R., Soh, W. K., Murray, M., & McElwain,
J. C. (2018). Increasing stomatal conductance in response to rising atmospheric CO2. Annals
of botany, 121(6), 1137-1149. doi: 10.1093/aob/mcx208.

Shi, Z., Zhang, M., & Liu, J. (2019). Chili intake is inversely associated with chronic
kidney disease among adults: A population-based study. Nutrients, 11(12), 2949. doi:
10.3390/nu11122949.

Singh, M. C,, Singh, J. P., & Singh, K. G. (2018). Development of a microclimate model
for prediction of temperatures inside a naturally ventilated greenhouse under cucumber crop in
soilless media. Computers and Electronics in Agriculture, 154(1), 227-238. doi:
10.1016/j.compag.2018.08.044.

Singh, M. C., Singh, J. P., Pandey, S. K., Mahay, D., & Srivastava, V. (2017). Factors
affecting the performance of greenhouse cucumber cultivation-a review. International Journal
of Current Microbiology and Applied Sciences, 6(10), 2304-2323. doi:
10.20546/ijcmas.2017.610.273.

uddin, S., Léw, M., Parvin, S., Fitzgerald, G. J., Tausz-Posch, S., Armstrong, R., ... &
Tausz, M. (2018). Elevated [CO-] mitigates the effect of surface drought by stimulating root
growth to access sub-soil water. PL0S One, 13(6), e0198928. doi:
10.1371/journal.pone.0198928.



52

Valkova, V., Daranova, H., IvaniSova, E., Galovi¢ova, L., Godo¢ikova, L., Borotova,
P., Kunova, S., Miklasova, K., Lopasovsky, L., Mniahon¢akova, E., Ka¢aniovd M. (2021).
Antioxidant and antimicrobial activities of fruit extracts from different fresh chili peppers. Acta
Scientiarum Polonorum Technologia Alimentaria, 20(4), 465-472. doi:
10.17306/J.AFS.2021.0977.

Xia, J., Gu, L., Guo, Y., Feng, H., Chen, S., Jurat, J.,, ... & Zhang, D. (2021). Gut
microbiota mediates the preventive effects of dietary capsaicin against depression-like behavior
induced by lipopolysaccharide in mice. Frontiers in Cellular and Infection Microbiology,
11(1), 627608. doi: 10.3389/fcimb.2021.6276.

Xiang, Q., Guo, W., Tang, X., Cui, S., Zhang, F., Liu, X,, ... & Chen, W. (2021).
Capsaicin—the spicy ingredient of chili peppers: A review of the gastrointestinal effects and
mechanisms. Trends in Food Science & Technology, 116(1), 755-765. doi:
10.1016/j.tifs.2021.08.034.

Walker, B. J., VanLoocke, A., Bernacchi, C. J., & Ort, D. R. (2016). The costs of
photorespiration to food production now and in the future. Annual review of plant biology, 67,
107-129. doi: 10.1146/annurev-arplant-043015-1117009.

Wu, Q., Chen, Z., Sun, W., Deng, T., & Chen, M. (2016). De novo sequencing of the
leaf transcriptome reveals complex light-responsive regulatory networks in Camellia sinensis
cv. Baijiguan. Frontiers in Plant Science, 7(1), 332. doi: 10.3389/fpls.2016.00332.

Yang, X., Xu, H., Shao, L., Li, T., Wang, Y., & Wang, R. (2018). Response of
photosynthetic capacity of tomato leaves to different LED light wavelength. Environmental and
Experimental Botany, 150(1), 161-171. doi: 10.1016/j.envexpbot.2018.03.013.

Zaman, S., Shen, J., Wang, S., Wang, Y., Ding, Z., Song, D., ... & Wang, M. (2022).
Effects of Shading Nets on Reactive Oxygen Species Accumulation, Photosynthetic Changes,
and Associated Physiochemical Attributes in Promoting Cold-Induced Damage in Camellia
sinensis (L.) Kuntze. Horticulturae, 8(7), 637. doi: 10.3390/horticulturae8070637.

Zhang, Z., Lan, M., Han, X., Wu, J., Wang-Pruski, G. (2020). Response of ornamental
pepper to high-temperature stress and role of exogenous salicylic acid in mitigating high
temperature. Journal of Plant Growth Regulation, 39(1), 133-146. doi: 10.1007/s00344-019-
09969-y.

Zhou, K., Jerszurki, D., Sadka, A., Shlizerman, L., Rachmilevitch, S., & Ephrath, J.

(2018). Effects of photoselective netting on root growth and development of young grafted



53

orange trees under semi-arid climate. Scientia Horticulturae, 238(1), 272-280. doi:
10.1016/j.scienta.2018.04.054.



54

2. GENERAL CONCLUSION

The aluminet net in association with C. chinense are recommended considering the
compactness of height, pot coverage, greater number, shape and arrangement of fruits. On the
other hand, this one did not achieve efficient photosynthetic efficiency.

The shading provided by colored shade nets promoted morphological changes on the
photosynthetic surface of C. frutescens. C. frutescens cultivated under red net obtained a higher
photosynthetic efficiency. On the other hand, C. chinense cultivated under red net had an
inverse response, due to each specie having different responses under the same growing
environment.

Further studies with other colors and shading are needed to obtain new information

about their behavior.



