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ABSTRACT 

In forestry, alternative seedling production systems that lead to increased growth rates and efficiency in natural 

resource use are needed. The objective of this work was to evaluate the influence of colored shade mesh and 

plant density on dry biomass, leaf area index, chlorophyll content, and radiation use efficiency of C. citriodora 

seedlings. The study was conducted in a greenhouse at the Federal University of Santa Maria, campus Frederico 

Westphalen-RS. The experimental design was completely randomized and arranged in a 2 x 3 factorial scheme 

with two plant densities (high density, 402 plants/m² and medium density, 201 plants/m²) and three shade 

conditions (red or blue mesh with 30% solar radiation restriction or no mesh). The variables evaluated were dry 

biomass, leaf area index, chlorophyll content (a, b, and total), radiation use efficiency, and solar radiation 

interception. The use of colored shade mesh and plant density appears to alter microclimate conditions, affecting 

the efficiency of radiation use and dry biomass of C. citriodora seedlings. The leaf area index, however, is 

affected only by plant density. For seedling production, the red mesh provided the most similar results to the 

treatment without mesh. Additionally, high plant density yielded the best results for dry biomass and leaf area 

index for all shade treatments. 

 

Keywords: Leaf area index; temperature; radiation use efficiency 

 
Na silvicultura, são necessários sistemas alternativos de produção de mudas que aumentem as taxas de 

crescimento e a eficiência no uso dos recursos naturais. O objetivo deste trabalho foi avaliar a influência da 

malha de tonalidade colorida e da densidade de plantas na biomassa seca, índice de área foliar, teor de clorofila e 

eficiência de uso de radiação de mudas de C. citriodora. O estudo foi realizado em casa de vegetação na 

Universidade Federal de Santa Maria, campus Frederico Westphalen-RS. O delineamento experimental foi 

inteiramente casualizado e arranjado em esquema fatorial 2 x 3 com duas densidades de plantas (alta densidade, 

402 plantas / m² e densidade média, 201 plantas / m²) e três condições de sombreamento (malha vermelha ou 

azul com 30% de radiação solar restrição ou sem malha). As variáveis avaliadas foram biomassa seca, índice de 

área foliar, teor de clorofila (a, be total), eficiência do uso da radiação e interceptação da radiação solar. O uso de 

malhas coloridas e densidade de plantas altera as condições do microclima, afetando a eficiência do uso da 

radiação e da biomassa seca de mudas de C. citriodora. O índice de área foliar, entretanto, é afetado apenas pela 

densidade das plantas. Para a produção de mudas, a tela vermelha proporcionou resultados mais semelhantes ao 

tratamento sem tela. Além disso, a alta densidade de plantas proporcionou os melhores resultados para biomassa 

seca e índice de área foliar para todos os tratamentos de sombra. 

 

Palavras-chaves: Índice de área foliar; temperatura; eficiência de uso de radiação 
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EFFECTS OF ARTIFICIAL SHADING AND PLANT DENSITY ON Corymbia 

citriodora SEEDLING CHARACTERISTICS 

 

Abstract 

In forestry, alternative seedling production systems that lead to increased growth rates and 

efficiency in natural resource use are needed. The objective of this work was to evaluate the 

influence of colored shade mesh and plant density on dry biomass, leaf area index, 

chlorophyll content, and radiation use efficiency of C. citriodora seedlings. The study was 

conducted in a greenhouse at the Federal University of Santa Maria, campus Frederico 

Westphalen-RS. The experimental design was completely randomized and arranged in a 2 x 3 

factorial scheme with two plant densities (high density, 402 plants/m² and medium density, 

201 plants/m²) and three shade conditions (red or blue mesh with 30% solar radiation 

restriction or no mesh). The variables evaluated were dry biomass, leaf area index, 

chlorophyll content (a, b, and total), radiation use efficiency, and solar radiation interception. 

The use of colored shade mesh and plant density appears to alter microclimate conditions, 

affecting the efficiency of radiation use and dry biomass of C. citriodora seedlings. The leaf 

area index, however, is affected only by plant density. For seedling production, the red mesh 

provided the most similar results to the treatment without mesh. Additionally, high plant 

density yielded the best results for dry biomass and leaf area index for all shade treatments. 

Keywords: Leaf area index; temperature; radiation use efficiency 

  

1. INTRODUCTION 

 The growing demand for forest products requires an increase in the production of 

seedlings of species with a high potential output and relatively short rotation period, in order 

to establish productive and sustainable forest systems (Eloy et al., 2013). Fast-growing 

species are ideal for this, particularly those with suitable physical, chemical, mechanical, and 

anatomical wood properties (Medeiros et al., 2016). Among the tree species that are attractive 

to the industry, Corymbia citriodora (Hook) is distinctive, being characterized by fast growth, 

adaptability to different climates, silvicultural quality, and workability of wood for rural 

buildings and extraction of essential oil (Morais et al., 2019). 

 Growth conditions such as plant density, substrate type, water availability, water 

quality, and intensity of solar radiation are fundamental for developing high-quality seedlings. 

In particular, solar radiation plays a crucial role in plant growth and development since it is 

the primary source of energy for photosynthesis (Albuquerque et al., 2016) and dry matter 



 

 

accumulation (Sanquetta et al., 2014). Plants that grow under restricted solar radiation may 

become more efficient in their radiation use, possessing morphoanatomical adaptations 

(Coelho et al., 2014) to compensate for the reduced levels of solar radiation. For example, as 

important components of plant acclimatization, proportions of chloroplast pigments 

(chlorophyll and carotenoids) may be adjusted (Martins et al., 2010). 

 Artificial nursery shading which modifies the quality and intensity of solar radiation 

may help produce more uniform seedlings (Caron et al., 2010). The use of colored shade 

mesh is therefore an alternative system for seedling production: changing the spectrum of 

solar radiation the seedlings are exposed to and fractioning direct radiation into diffuse 

radiation (Corrêa et al., 2012). Cultivation of seedlings under colored shade mesh causes 

photomorphogenic changes in plants as wavelengths are selectively transmitted, influencing 

plant growth, development, and physiological function (Tsormpatsidis et al., 2008). 

Therefore, plants may respond variably under different seedling production systems. 

 Little is known about the effects of colored shade mesh (blue and red) and plant 

density on the radiation use, plant growth, and morphological characteristics of tree seedlings. 

In this study, we hypothesized that colored mesh and plant density modifies the efficiency of 

radiation use in C. citriodora plants, affecting their characteristics through microclimate 

changes and plant interactions. Thus, the objective of this study was to evaluate the influence 

of colored shade mesh and plant density on dry biomass, leaf area index (LAI), chlorophyll 

content, and efficiency of radiation use of C. citriodora seedlings. 

 

2. MATERIAL AND METHODS 

2.1. Study area and experimental design 

 This study was conducted between May to September 2018 in a greenhouse belonging 

to the Agroclimatology and Plant Biometrics Laboratory of the Federal University of Santa 

Maria (Frederico Westphalen campus, Rio Grande do Sul, Brazil). Specifically, the 

greenhouse was located at 27° 22” S, 53° 25” W, at an altitude of 480 m. The characteristic 

climate type of the region is Cfa, according to the Köppen climate classification (Alvares et 

al., 2013): the three coldest months of the year have temperatures ranging from −3 to 18 °C, 

with an medium annual temperature of approximately 22 °C, and rainfall occurring year-

round. 

 The greenhouse comprised plastic film lining 150 μm thick, 3.5 m high, 10 m wide, 

and 20 m long. The curtains were adjusted daily to control ventilation and temperature. 



 

 

 The experimental design was completely randomized and arranged in a 2 x 3 factorial 

scheme. Two plant densities were used: high density (402 plants/m²) with all tray cells 

occupied (96 plants) and medium density (201 plants/m²) with 50% of the planting tray 

occupied (48 plants). Three shade options were used inside the greenhouse: red or blue shade 

mesh with 30% solar radiation restriction, or no mesh. Each treatment was applied to two 

trays (with the same spacing) for the duration of the study. At each evaluation point, 3% and 

6% of plants from high and medium density trays, respectively, were removed. 

 Corymbia citriodora seeds from seed production areas (SPAs) in Piracicaba, São 

Paulo, Brazil, were obtained from the Forestry Science and Research Institute. On 22 May, 

2018, seeds were sown directly into 90 cm
3
 conical shaped tubes with six open-bottom 

polypropylene striations filled with an organic substrate (Tecnomax®). During the study, 

irrigation was performed daily, manually, and always while maintaining the substrate field 

capacity for all treatments. When necessary, fungicide (Priori Xtra) was applied in order to 

control diseases. 

 

2.2.Solar radiation transmissivity and air temperature 

 The transmissivity of solar radiation through the interior of the greenhouse and 

subsequently through the shade mesh structure was measured at each plant growth 

assessment. The incident solar radiation (W m
-2

) was measured outdoors, inside the 

greenhouse, and below each mesh structure. This was completed using a portable sensor 

pyranometer (LICOR PY32164) coupled to a data logger (LICOR 140), which determined the 

global solar radiation (the combination of direct and diffuse solar radiation). Measurements 

were recorded daily at 9, 10, 14, 15, and 16 h. The transmissivity of solar radiation was 

calculated based on the following equation: 

T=
I

I0

 x 100                                                      Eq. 1 

Where T = transmissivity of solar radiation, I = global solar radiation incident inside 

the greenhouse and on the meshes; I0 = solar radiation incident under the canopy of C. 

citriodora meshes and seedlings. 

 The medium daily temperature was calculated using the maximum and minimum 

temperatures. The maximum and minimum air temperature data were manually collected at a 

daily time-step using a thermo-hygrometer (Th-02). Values were measured inside the 

greenhouse and within each mesh structure in order to standardize the measurement of these 

variables. 



 

 

To determine the cumulative degree days (CDD), the lower basal temperature (BT) of 

8.7 °C for eucalyptus species was used, according to the findings of Freitas et al. (2017). For 

the sum of the DDc,the following equation was used: 

DDc = ∑  (Tavg - Tb)                                            Eq. 2 

Where: DDc = degrees days accumulated; Tmed = medium air temperature; Tb = base 

temperature. 

 

2.3.Radiation use efficiency and leaf area index 

To determine the radiation use efficiency (RUE) of C. citriodora seedlings, incident 

global solar radiation (MJ m
-2

) data were collected from the National Meteorological Institute 

(INMET) automatic weather station, located approximately 200 m from the experiment. 

Corrections to this data were made according to the transmissivity values.  

 The RUE was determined by assessing the relationship between the medium 

accumulated dry biomass and the intercepted photosynthetically active radiation, according to 

equation 3, described by (Monteith & Moss, 1977).  

DBP = RUE * PARi                                                           Eq. 3 

 Where: DBP = dry biomass production in g m
-2

 and PARi = photosynthetically active 

radiation intercepted in MJ m
-2

. 

The incident photosynthetically active radiation (PAR) was estimated to be 45% of the 

global solar radiation (Assis & Mendez, 1989). The estimate of IPAR was determined using 

the model described by Varlet-Grancher et al. (1989). 4: 

PARi=0,95*(PARinc)*(1-e
(-k*LAI)

)                                          Eq. 4 

Where: PARi corresponds to photosynthetically active radiation intercepted at MJ m
-2

; 

PARinc, refers to the photosynthetically active radiation incident on MJ m
-2

; k, refers the 

extinction coefficient. The extinction coefficients used for the study were those found by 

Schwerz et al. (2019): values of 0.18 and 0.13 for high and medium densities, respectively, 

for Australian cedar seedlings. 

 The leaf area index was determined from the total leaf area and the surfase area 

explored by each plant, according to the following equation 5: 

LAI=LA/AS                                                           Eq. 5 

 Where: LAI is the leaf area index; LA refers to the total leaf area of the plant in m
-2

; 

AS is the area of surface area explored by the plant. 



 

 

Leaf area was assessed using the methodology of Jadoski et al. (2012). All leaves were 

removed from the plant and consequently digitized on a printer together with a reference 

scale. ImageJ® software was then used to measure the leaf area. This software captures the 

image of the leaves through a color contrast and compares this image to the reference scale, 

thus calculating the total area of  C. citriodora leaves. 

 

2.4.Plant collection 

 Growth evaluations were performed every 15 days; at each evaluation, three plants 

were collected from each treatment. The first plant collection was performed when the plants 

had two pairs of leaves, corresponding to 44 days after emergence (DAE). The last collection 

was performed when the plants were ≥ 25 cm tall with a stem diameter ≥ 2.5 mm, when they 

were ready for planting (Sturion et al. 2000) and corresponding to 155 DAE. 

 After collection, the plants were taken to the laboratory and separated into leaves, 

stem, root, and senescent leaves. Leaves were considered senescent when 50% of their area 

was dead or compromised. After the samples were separated, they were placed in paper bags 

and dried at 60 ºC until they reached a constant mass. The sum of the dry mass of each plant 

component was taken to be the total dry mass of the plant. 

 

2.5.Chlorophyll contents 

Chlorophyll a and b content in C. citriodora plants was measured using a portable 

chlorophyll meter (ChlorofiLOG - CFL1030). This measurement was taken when the plants 

were ready for planting, that is, at the end of the seedling cycle, in order to quantify the effects 

of the shade mesh. For this evaluation, three plants were selected from each treatment, and the 

measurement was performed on the third leaf from the top of the plant. The total chlorophyll 

variable was determined by summing the chlorophyll a and chlorophyll b (a + b) content. 

 

2.6.Statistical analysis 

Data were statistically analyzed using SISVAR software (Version 5.6; Ferreira, 2011). 

The data were initially submitted to analysis of variance (ANOVA) to determine the effects of 

possible interactions. When there was significance, it was verified by F tests (p < 0.05). 

Means were compared using the Tukey test (p < 0.05). 

 

3. RESULTS  

3.1.Meteorological conditions 



 

 

 According to the statistical analysis, there was no significant difference in temperature 

between the different treatments. The medium daily temperature was 20.2 °C, with an overall 

temperature range of 10.4 °C to 29.3 °C (Figure. 1A). 

Insert Figure 1 

 The medium global solar radiation flux was 11.74 MJ m
2
 day

-1
 (range 1.37–25.15 MJ 

m
2
 day

-1
; without mesh), 9.78 MJ m

2
 day

-1
 (range 1.14–20.95 MJ m

2
 day

-1
; red mesh), and 

5.13 MJ m
2
 day

-1
 (range 0.59–10.99 MJ m

2
 day

-1
; blue mesh). Total cumulative solar 

radiation was 1,621 MJ m
2
, 1,350 MJ m

2
, and 708 MJ m

2
, for no, red, and blue mesh, 

respectively (Figure. 1B). 

 Transmissivity of solar radiation values for each treatment differed significantly 

(Figure 2). The transmissivity inside the greenhouse was considered 100%, the red mesh had 

a transmissivity of 83.3%, while the blue mesh showed 43.7% transmissivity. 

Insert Figure 2 

 

3.2.Radiation use efficiency 

 The use of different shade mesh colors and cultivation without mesh led to variation in 

the RUE values. The highest εb values were found for plants in the blue mesh structure at 

medium and high densities: 7.01 g MJ
-1

 and 5.72 g MJ
-1

 respectively (Figure 3). However, the 

lowest εb values (2.75 g MJ
-1

 and 3.26 g MJ
-1

) were found in high density treatments without 

mesh and under red mesh, respectively. 

Insert Figure 3 

 

3.3.Plant Growth 

 Figure 4 shows the values of dry biomass and LAI as a function of CDD during the 

production cycle of C. citriodora seedlings, to which quadratic polynomial equations were 

fitted. Greater dry biomass was observed for the high density treatment with no mesh: 1.58 g 

per plant with 1,469.45 °C CDD (Figure 4A). Regarding the shaded treatments, the highest 

value for dry biomass was found for high density planting under red mesh: 1.03 g of dry mass 

with 1,423.40 °C CDD (Figure 4C). Similarly, for medium density planting, the highest value 

was also found for red mesh: 0.87 g dry mass with 1,423.40 °C CDD (Figure 4C). 

Insert Figure 4 

 The LAI values showed the same pattern as dry biomass; the highest values were 

obtained without shade (3.27 g with 1,469.45 °C CDD; Figure 4D), followed by red mesh 



 

 

(3.08 g with 1,423.40 °C CDD; Figure 4F). For medium density planting, the highest value of 

LAI was found in the red mesh treatment (0.97 g with 1,423.40 °C CDD; Figure 4F). 

In terms of the relationship between LAI and CDD, we observed that even in the blue 

mesh treatment (with lower CDD), the high density planting tended to present with the same 

trends as the red and no mesh treatments, which had higher values of CDD. For plants at 

medium density, the lowest LAI was found, with the same growth tendency in relation to 

CDD. 

 

3.4.Chlorophyll content 

 According to ANOVA, there was no mesh x density interaction and no significant 

effect of treatments for the chlorophyll a, chlorophyll b, and total chlorophyll variables 

(Figure 5). The overall medium for chlorophyll a was 206.43 (ranging from 186.50 to 

234.11), for chlorophyll b the medium was 59.08 (ranging from 49.67 to 66.14), and the total 

chlorophyll medium was 262.03 (ranging from 221.56 to 299.56). It can therefore be inferred 

that greenhouse-grown C. citriodora plants present no changes in chlorophyll content when 

grown under colored mesh. 

Insert Figure 5 

 

4. DISCUSSION 

4.1.Meteorological conditions 

 According to Monteiro, (2009), the ideal temperature for the growth and proper 

development of C. citriodora is between 20 and 23 °C. The medium value found in this study 

was within this temperature range. However, the lowest base temperature for C. citriodora is 

8.7 °C, which is the minimum temperature required by this species to maintain plant growth 

and development. The base temperature in this study for this species was therefore higher. 

Mesh use can be important in preventing plants from being subjected to extreme 

temperatures; they also help with temperature control and provide better absorption of 

nutrients and development of the root system (Costa et al., 2012). 

 The variations between the transmissivity values observed in Figure 2 may be related 

to the shade mesh colors. Oren-Shamir et al. (2001) observed that the use of colored mesh 

tends to manipulate the light spectrum, resulting in differential solar radiation (in both quality 

and intensity). Thus, under shade mesh, solar radiation tends to change spectrum and 

wavelength, consequently reducing its incidence. Mesh provides an environment that restricts 

available solar radiation. 



 

 

 Solar radiation increases photoassimilate production, plant growth and development, 

and consequently the increase of dry biomass. However, this only occurs when the amount of 

solar radiation available is greater than the trophic limit (Reis et al., 2013). In this study, 8.4 

MJ m² was considered this limit (Nisen et al., 1990), (Figure 1B). This explains the lower 

values of dry biomass and LAI for high and medium density treatments under blue mesh; 

under this particular mesh, the radiation remained below the trophic limit during most of the 

study period. 

 According to (Áscoli et al., 2015), photosynthetically active radiation (without shade 

mesh) occupies a wavelength spectrum between 400 and 700 nm. Thus, under colored mesh, 

transmittance spectra tend to exhibit changes in photosynthetically active radiation. For the 

blue mesh, the transmittance peak is in the blue-green region (400–540 nm); however, for the 

red mesh, transmittance is greater than 590 nm (Oren-Shamir et al. 2001). Thus, the 

wavelength spectrum under colored mesh remains within the required values for 

photosynthesis. 

 

4.2.Growth characteristics of C. citrodrora under different shading meshes 

 The higher RUE for plants grown under blue mesh at both medium and high densities 

(Figure 3) may be due to the lower values of transmissivity observed in this treatment. 

Specifically, these plants suffered a greater restriction of solar radiation, which led to them 

becoming more efficient at utilizing the available radiation. According to Nardini et al. 

(2019), this radiation restriction during plant growth can be compensated for by diffuse 

radiation penetrating the shading mesh and the plant canopy. 

 The LAI results found in this study may be related to the different plant densities 

(Figure 4). When working with a large plant population per unit area, intraspecific 

competition stimulates leaf growth in order to increase leaf area and thus intercept larger 

amounts of solar radiation for photosynthesis. Similar results were observed by (Bamberg et 

al., 2012, Sanquetta et al., 2014). Therefore, increasing plant density is an interesting 

alternative strategy for obtaining seedlings with a higher leaf area index. 

 The study period (between winter and spring) may have been a limiting factor 

regarding dry biomass and LAI values, despite only the blue mesh presenting values below 

the trophic limit of the species (8.4 MJ m
2
 day

-1
). At this time of year, lower temperatures and 

lower daily radiation values are obtained. According to Freitas et al. (2017), the growth of C. 

citriodora seedlings requires a greater accumulation of solar radiation for leaf emission and, 



 

 

consequently, demands more energy for dry biomass and LAI production when compared to 

other species. 

 The LAI values found in this study were higher than those found by Sanquetta et al. 

(2014), who studied seedling production as a function of environment and plant density and 

found LAI values between 0.41 and 0.71. Therefore, the production of seedlings with or 

without colored mesh does not appear to affect the LAI. 

 

4.3.Chlorophyll content 

 The increase in chlorophyll content in relation to shading varies between species 

(Amarante et al., 2009). In this study, we observed no difference between treatments (Figure 

5). This result may be related to the absorption characteristics of chlorophyll; it strongly 

absorbs energy in the blue and red region of the spectrum (Taiz et al., 2017), the spectra used 

to compose the treatments. Therefore, the use of red and blue colored mesh may have been 

responsible for the lack of change in chlorophyll compared to plants grown without mesh. 

These results are consistent with those observed by Brant et al. (2011) and Coelhoe et al. 

(2014a), while studying physiological and anatomical adaptations of Melissa officinalis L. 

(Lamiaceae) and Vigna unguiculata submitted to different shading levels, respectively. 

 The use of colored shade mesh in seedling production implies the accumulated degree-

days of the production environment, as well as the alteration to solar radiation quality, 

providing modifications in the RUE of C. citriodora plants. Thus, the production of seedlings 

under colored mesh, primarily red mesh, leads to similar results as obtained without mesh. 

However, further studies are needed on this subject in order to improve cultivation practices 

and RUE. 

 

5. CONCLUSIONS 

 The use of colored shade mesh and plant density tends to alter microclimate 

conditions, affecting the efficiency of radiation use and dry biomass of C. citriodora 

seedlings. The leaf area index, however, is affected only by plant density. During seedling 

production, red mesh resulted in the most similar values to the treatment without mesh. 

Additionally, high density planting resulted in the best values for dry biomass and leaf area 

index for all treatments. 

 

6. REFERENCES 

Albuquerque TCS, Evangelista TC, Albuquerque Neto AAR de. Níveis de sombreamento no 



 

 

crescimento de mudas de castanheira do Brasil. Revista Agro@Mbiente On-Line. 

2016;9(4):440–445. doi: 10.18227/1982-8470ragro.v9i4.3025 

Alvares CA, Stape JL, Sentelhas PC, De Moraes Gonçalves JL, Sparovek G. Köppen’s 

climate classification map for Brazil. Meteorologische Zeitschrift. 2013;22(6):711–728. doi: 

10.1127/0941-2948/2013/0507 

Amarante CVTD, Steffens CA, Miqueloto AUC. Disponibilidade de luz em macieiras’ 

Fuji’cobertas com telas antigranizo e seus efeitos sobre a fotossíntese, o rendimento e a 

qualidade dos frutos. Revista Brasileira de Fruticultura. 2009;31(3):664–670. doi: 

10.1590/S0100-29452009000300007  

Áscoli ADA, Pereira AC, Costa E, Henrique M, Jorge A, Maruyama WI. Ambientes 

protegidos e substratos para mudas de bocaiuva oriundas do campo. Journal of Neotropical 

Agriculture. 2015; 2(3):23–28. doi.org/10.32404/rean.v2i3.274 

Assis FN, Mendez MEG. Relação entre radiação fotossinteticamente ativa e radiação global. 

Pesquisa Agropecuária Brasileira. 1989; 24(7):797–800. 

Bamberg R, Otomar Caron B, Schmidt D, Queiróz de Souza V, Behling A. Determinação do 

filocromo em mudas de eucalipto em função do volume do tubete e da densidade de plantas. 

Enciclopédia Biosfera. 2012;8(15):629–641.  

Brant RS, Pinto JEBP, Rosal LF, Alves C, Oliveira C, Albuquerque CJB (2011). Adaptações 

fisiológicas e anatômicas de Melissa officinalis L. (Lamiaceae) cultivadas sob malhas 

termorrefletoras em diferentes intensidades luminosas. Revista Brasileira de Plantas 

Medicinais. 2011;13(4): 467–474. doi: 10.1590/S1516-05722011000400012 

Caron BO, de Souza VQ, Cantarelli EB, Manfron PA, Behling A, Eloy E. Crescimento em 

viveiro de mudas de schizolobium parahyba (vell.) s. f. blake. submetidas a níveis de 

sombreamento. Ciencia Florestal. 2010;20(4): 683–689. doi: 10.5902/198050982427 

Coelho DS, Marques MAD, Silva JAB das, Garrido M da S, Carvalho PGS de. Respostas 

fisiológicas em variedades de feijão caupi submetidas a diferentes níveis de sombreamento. 

Brazilian Journal of Biosciences. 2014b;12(1): 14–19. 

Coelho JS, Saulo ;, Do A, Araújo C, Celuta M, Viana M, Delmar S, Villela J, Francisco ;, 

Freire M, Gomes T, Braz S. Morfofisiologia e valor nutritivo do capim-braquiária em sistema 

silvipastoril com diferentes arranjos espaciais. Semina: Ciências Agrárias. 2014a;35(3):1487–

1500. doi: 10.5433/1679-0359.2014v35n3p1487 

Corrêa RM, Pinto JEB, Reis ÉS, Moreira CM. Crescimento de plantas, teor e qualidade de 

óleo essencial de folhas de orégano sob malhas coloridas. Global Science and Technology. 

2012;5(1): 11–22. 

https://doi.org/10.32404/rean.v2i3.274


 

 

Costa A, Chagas JH, Brasil JE, Pinto P, Kelly S, Bertolucci V. Crescimento vegetativo e 

produção de óleo essencial de hortelã-pimenta cultivada sob malhas. Pesquisa Agropecuária 

Brasileira. 2012;47(4):534–540. doi: doi: 10.1590/s0100-204x2012000400009 

Eloy E, Caron BO, Schmidt D, Behling A, Schwers L, Elli EF. Avaliaç;ão da qualidade de 

mudas de Eucalyptus grandis utilizando parâmetros morfológicos. Floresta. 2013;43(3): 373–

384. doi: 10.5380/rf.v43i3.26809 

Ferreira DF. Sisvar: a computer statistical analysis system. Ciência e Agrotecnologia. 

2011;35(6): 1039–1042. - doi: 10.1590/S1413-70542011000600001 

Freitas C, Bolzan Martins F, Carvalho Abreu M. Cardinal temperatures for the leaf 

development of Corymbia citriodora and Eucalyptus urophylla seedlings. Pesquisa 

Agropecuária Brasileira. 2017;52(5):283–292. - doi: 10.1590/S0100-204X2017000500001 

Jadoski SO, Lopes EC, Maggi MF, Suchoronczek A, Saito LR, Denega S. Método de 

determinação da área foliar da cultivar de batata Ágata a partir de dimensões lineares. 

Semina:Ciências Agrárias. 2012;33(1): 2545–2554. doi: 10.5433/1679-

0359.2012v33Supl1p2545 

Martins JR, Alvarenga AA de, Castro EM de, Silva APO da, Alves E. Teores de pigmentos 

fotossintéticos e estrutura de cloroplastos de Alfavaca-cravo cultivadas sob malhas coloridas. 

Ciência Rural. 2010;40(1): 64–69. doi: 10.1590/S0103-84782010000100011 

Medeiros B, Junior JG, Ribeiro M, Lisboa F, Guimarães I, Protásio T. Avaliação das 

propriedades físicas e químicas da madeira de Corymbia citriodora e Eucalyptus urophylla x 

Eucalyptus grandis cultivadas no Piauí. Nativa. 2016;4(6):403–407. doi: 10.14583/2318-

7670.v04n06a10 

Monteith JL, Moss CJ. Climate and the Efficiency of Crop Production in Britain. 

Philosophical Transactions of the Royal Society B: Biological Sciences. 1977;281(980):277–

294. doi: 10.1098/rstb.1977.0140 

Monteiro JE. Agrometeorologia dos cultivos: o fator meteorológico na produção agrícola. 1ª 

ed. Brasília, DF: Instituto Nacional de Meteorologia, 2009 pp.530. 

Morais E, Zanatto ACS, Freitas MLM, Moraes MLT, Sebbenn AM. Variação genética, 

interação genótipo solo e ganhos na seleção em teste de progěnies de Corymbia citriodora 

Hook em Luiz Antonio, São Paulo. Scientia Forestalis. 2010;38(85):11–18.  

Nardini C, Sgarbossa J, Schwerz F, Elli EF, Medeiros SLP, Caron BO. Growth and solar 

radiation use efficiency of corn cultivated in agroforestry systems. Emirates Journal of Food 

and Agriculture. 2019;31(7): 535–543. doi: 10.9755/ejfa.2019.v31.i7.1977 

Nisen A, Grafiadellis M, Jiménez R, La Malfa G, Martínez-Garcia PF, Monteiro A, Bausoin 



 

 

WO. Protected cultivation in the Mediterranean climate. FAO plant production and protection 

paper; 1990. 313p. 

Oren-Shamir M, Gussakovsky EE, Shpiegel E, Nissim-Levi A, Ratner K, Ovadia R, Giller 

YE, Shahak Y. Coloured shade nets can improve the yield and quality of green decorative 

branches of Pittosporum variegatum. Journal of Horticultural Science and Biotechnology. 

2001;76(3): 353–361. doi: 10.1080/14620316.2001.11511377 

Reis LS, De Azevedo CA, Albuquerque AW, Junior JF. Índice de área foliar e produtividade 

do tomate sob condições de ambiente protegido. Revista Brasileira de Engenharia Agrícola e 

Ambiental. 2013;17(4):386–391. doi: 10.1590/S1415-43662013000400005 

Sanquetta CR, Cadori GC, Junior SC, Behling A, Dalla Corte AP, Ruza MS. Crescimento de 

área e índice de área foliar de mudas de Eucalyptus dunnii Maiden. em diferentes condições 

de cultivo. Revista Biociências. 2014;20(2):82-89. 

Schwerz F, Eloy E, Elli EF, Caron BO, Paula GM de. Temperatura e radiação solar na 

produção de mudas de cedro australiano. Scientia Forestalis. 2019;47(124):733–743. doi: 

10.18671/scifor.v47n124.15 

Sturion JA, Graca LR Antunes JBM. Produção de mudas de espécies de rápido crescimento 

por pequenos produtores. Circular Técnica 37. Colombo: Embrapa Florestas, 2000. 20p. 

Taiz L, Zeiger E, Moller IM, Murphy A. Fisiologia e desenvolvimento vegetal. 6.ed.  Porto 

Alegre: Artmed, 2017. pp858. 

Tsormpatsidis E, Henbest RGC, Davis FJ, Battey NH, Hadley P, Wagstaffe A. UV irradiance 

as a major influence on growth, development and secondary products of commercial 

importance in Lollo Rosso lettuce ‘Revolution’ grown under polyethylene films. 

Environmental and Experimental Botany. 2008;63(1-3):232–239. doi: 

10.1016/j.envexpbot.2007.12.002 

Varlet-Grancher C, Gosse G, Chartier M, Sinoquet H, Bonhomme R, Allirand JM. Mise au 

point : rayonnement solaire absorbe ou intercepte par un couvert vegetal. Agronomie. 

1989;9(5):419-439. doi: 10.1051/agro:19890501 

 

 

https://doi.org/10.1051/agro:19890501


 

 

 

Figure - 1 Mean temperature (A) and incident global solar radiation (B) values throughout the 

study. Horizontal lines indicate inferior base temperature (A) and trophic Limit (B) for C. 

citriodora. Frederico Westphalen, Rio Grande do Sul, Brazil, 2020. 

 

 

 

 

 

 



 

 

 

Figure - 2 Solar radiation transmissivity (%) for the treatments without mesh, red mesh and 

blue mesh. Frederico Westphalen, Rio Grande do Sul, Brazil, 2020. 

 

Figure - 3 Radiation use efficiency (RUE, g MJ
-1

) of C. citriodora seedlings produced under 

colored (blue and red) mesh and without mesh, under high and medium density. Blue mesh 

(A), red mesh (B) and no mesh (C). Frederico Westphalen, Rio Grande do Sul, Brazil, 2020. 

 



 

 

 

Figure - 4 Dry biomass for treatments without mesh (A), Blue mash (B) and red mash (C) 

and leaf area index for treatments without mesh (D), Blue mash (E) and Red mash (F) as a 

function of the accumulated degree days of C. citriodora seedlings. Frederico Westphalen, 

Rio Grande do Sul, Brazil, 2020. 



 

 

 

Figure - 5 Chlorophyll content of C. citriodora seedlings produced in 30% colored, red, Blue 

and non-meshed meshes inside the greenhouse (No Mesh) at high and medium density. 

Frederico Westphalen, Rio Grande do Sul, Brazil, 2020. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


