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The silk flower (Calotropis procera) is a plant found practically in the whole Northeast region of Brazil and 

can be used for several purposes. However, its morphophysiological characteristics may be influenced by the 

degree of brightness. This study aimed to evaluate the morphophysiological behavior of silk flower under 

different shading levels. The experiment was carried out in a greenhouse belonging to the Federal University 

of Paraíba, Areia, Paraíba, Brazil. The experimental design was completely randomized, with five treatments 

and eight repetitions. The treatments used were different shading levels: 0 (full sun), 30%, 50%, 70% and 

90% of shading. Growth characteristics, morphofunctional attributes, gas exchange and chlorophyll a 

fluorescence were evaluated. The data were submitted to analysis of variance by the F-test, and in cases of 

significance, a polynomial regression analysis was performed. The best result for the plant height was found 

at the shading level of 68.4%. Gas exchange and chlorophyll a fluorescence variables presented higher values 

in the levels of higher light availability. Silk flower plants grow best under full sun conditions. Shading 

negatively affects the gas exchange and quantum efficiency of silk flower plants. 
Keywords: silk flower, irradiance, photosynthesis. 

A flor de seda (Calotropis procera) é uma planta encontrada praticamente em toda a região Nordeste, 

podendo ser utilizada para diversos fins. No entanto, suas características morfofisiológicas podem ser 

influenciadas dependendo do nível de luminosidade. Com o presente trabalho, objetivou-se avaliar o 

comportamento morfofisiológico da flor de seda sob diferentes níveis de sombreamento. O experimento foi 

conduzido em casa de vegetação pertencente à Universidade Federal da Paraíba, Areia, Paraíba, Brasil. O 

delineamento experimental foi inteiramente casualizado, com 5 tratamentos e 8 repetições. Os tratamentos 

utilizados foram compostos por diferentes níveis de sombreamento: 0% (pleno sol), 30%, 50%, 70% e 90% 

de sombreamento. Para as análises, foram avaliadas características de crescimento, atributos 

morfofuncionais, trocas gasosas e fluorescência da clorofila a. Os dados foram submetidos à análise de 

variância pelo teste F e, em casos de significância, foi realizada uma análise de regressão polinomial. O 

melhor resultado para altura de plantas foi encontrado no nível de sombreamento de 68,4%. As variáveis de 

trocas gasosas e fluorescência da clorofila a apresentaram valores superiores nos níveis de maior 

disponibilidade de luz. Sob as condições em que o experimento foi conduzido, as plantas de flores de seda se 

desenvolvem melhor em condições de pleno sol. Sombreamento influencia negativamente a fisiologia das 

plantas de flores de seda. 
Palavras-chave: flor de seda, irradiância, fotossíntese. 

 

1. INTRODUCTION  
 

Silk flower [Calotropis procera (Ait.) R.Br. – Apocynaceae] is a spontaneous species very 

common in the Northeast region of Brazil. Several uses have been attributed to this species, such 

as the use in folk medicine in the treatment of ulcers, tumors, hemorrhoids and diseases of the 

spleen, liver and abdomen [1]; it can be used as a source of green fertilizer, especially in 

intercropped crops [2], as well as in animal supplementation [3], mainly in semi-arid regions. 

Fluctuations in environmental factors such as irradiance, temperature and water availability can 

lead to reductions in plant vigor, leading to less growth and development [4]. Among these factors, 

irradiance is one of the most important, which directly influences the most varied physiological 
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processes, regulating primary production and, consequently, acting significantly on plant growth 

[5]. 

Light is one of the most important ecological factors, being able to interfere significantly in all 

phases of plant development, as well as in the most varied physiological processes, occurring great 

diversity of plant responses to light energy [6]. In this regard, changes in brightness levels to which 

a given species is adapted may induce several physiological responses, such as variations in gas 

exchange and chlorophyll indices, altering its biochemical and anatomical characteristics [7]. 

Corroborating these statements, some works studying forest species show these differences 

between the levels of brightness in the development of plants, such in Cupania vernalis Cambess 

[8], Tapirira guianensis Alb. [9] and Bertholletia excelsa Blonp [10] plants. Given the above, 

studies that seek to know the growth, development and physiological behavior of plants under 

shading conditions are of great importance. 

Therefore, the objective of this study was to evaluate the morphophysiological behavior of silk 

flower (Calotropis procera) under different shading levels. 

 
2. MATERIAL AND METHODS 

The experiment was carried out in a greenhouse of the Laboratory of Plant Ecology, Department 

of Plant Science and Environmental Sciences, Center of Agricultural Sciences, Federal University 

of Paraíba, Campus II, Areia, Paraíba, Brazil. The environment presented average temperature of 

29.3 °C and relative humidity of 52.5%, whose measurements were made using a portable digital 

thermo-hygrometer (Minipa, model MT-241A). 

The seeds of silk flower were collected directly in different matrices plants in the municipality 

of Catolé do Rocha, Paraíba, Brazil. Before planting, the seeds were soaked in distilled water for a 

period of 12 hours, then sown in plastic pots with capacity for 5 dm3, and in substrate formulated 

by organic soil and sand (3:1 v/v). The chemical analysis of this substrate was: pH: 4.7; P: 109.81 

mg dm-3; K+: 216.02 mg dm-3; Na+: 0.48 cmol dm-3; H++Al+3: 6.11 cmol dm-3; Al+3: 0.05 cmol dm-

3; Ca+2: 4.20 cmol dm-3; Mg+2: 2.60 cmol dm-3; base sum: 7.83 cmol dm-3; cation exchange capacity: 

13.94 cmol dm-3; and organic matter: 65.31 g dm-3. 

Three seeds/vessels were used and thinning was performed 10 days after emergency (DAE), 

selecting uniform individuals, with a mean height of 4 cm. The plants were transferred to the 

different shading levels (treatments), and evaluations were initiated 30 DAE. The place of the 

experiment has high coverage and specific areas, so that the brightness was not influenced during 

the sunlight. During the experimental period, the irrigation of the plants occurred daily, the pots 

were weighed and rotated, maintaining the field capacity around 80%.   
The experimental design was completely randomized, with five treatments and eight repetitions, 

one plant in each. The treatments used were different shading levels: 0 (full sun), 30%, 50%, 70% 

and 90% of shading. 

Plant height (PH - cm) and stem diameter (SD - mm) were evaluated at 30 and 60 DAE. The 

plants were separated from the vases and the leaves, stems and roots were collected at 60 DAE. 

They were then stored in kraft paper and hot air circulation oven drying at 65 °C for 72 hours. 

Subsequently, the dry mass of the leaves (DMW), stems (DMS), roots (DMR) and total dry mass 

(TDM) were measured, and the results were expressed in g plant-1. 

The length of the main root (cm) was determined by means of a millimeter ruler. The volume of 

the root system was obtained from the displacement of the water column in a graduated cylinder, 

the roots emerging in a known volume of water (50 mL). The root biomass partition was calculated 

according to Benincasa (1998) [11]. 

The Dickson quality index (DQI) was determined as a function of the total dry mass (TDM), dry 

mass ratio of the shoot with the dry mass of roots (DWSR) and the relation between of the plants 

height and stem diameter (RHS), according to the equation proposed by Dickson et al. (1960) [12]: 

DQI = [TDM / (DWSR + RHS)]. 

For the analyzes of gas exchange, it was measured at 60 DAE, the CO2 assimilation rate (A - 

µmol CO2 m-2 s-1), stomatal conductance (gs - mol H2O m-2 s-1), transpiration (E - mmol H2O m-2 s-

1), internal CO2 concentration (iC - µmol CO2 mol-1) and leaf temperature (Tleaf - ºC). 

Subsequently, from these data the water use efficiency [WUE = (A/E)] [(µmol CO2 m-2 s-1)/(mmol 
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H2O m-2 s-1)] and instantaneous carboxylation efficiency [iCE = (A/Ci)] [(µmol CO2 m-2 s-1)/(µmol 

CO2 mol-1)] were analyzed. The analyzes were performed on healthy and fully expanded leaves in 

the middle third of the plants in day with total conditions of solar luminosity, from 10 a.m. and 11 

a.m. The analyzes were performed using a portable infrared gas analyzer (IRGA - LiCOR, model 

LI-6400XT). 

Chlorophyll a fluorescence, initial fluorescence (F0), maximum fluorescence (Fm), variable 

fluorescence (Fm-F0), maximum quantum yield of PSII (Fv/Fm) and Fv/F0 ratio were evaluated at 60 

DAE. For the measurements, healthy leaves were used in the medium height of the plants, being 

adapted to the dark by means of leaf-clips during a period of 30 minutes. A portable modulated 

fluorimeter (Sciences Inc.-model OS-30p, Hudson, USA) was used for the analysis. 

Data were submitted to analysis of variance by the F test, and in the cases of significance a 

polynomial regression analysis was performed, with the adjustment of the representative curves. 

Statistical analyzes were performed using SAS® [13]. 

 
3. RESULTS AND DISCUSSION 

The plant height (PH) was higher at 60 DAE, being found higher values at the shading level of 

68.4%, providing plants with an average height of 19.7 cm (Figure 1A). The stem diameter (SD), 

the increase in the shading levels caused linear reductions for this variable at both 30 and 60 DAE 

(Figure 1A). It is possible to affirm that the silk flower presents higher height and smaller stem 

diameter in unfavorable light conditions, being a consequence of shading, inducing the elongation 

of the stem by the auxin flow (etiolation) [14]. 

 
Figure 1: Plant height (A) and stem diameter (B) in plants of silk flower (Calotropis procera) at 30 and 60 

days after emergency (DAE) as a function of shading levels. 

The dry masses of leaves (DML), stem (DMS), root (DMR) and total (TDM) have reduced 

linearly as a function of the increase in the shading levels, decreases in the order of 64.6; 66.3; 95.6 

and 70.2%, respectively (Figure 2A, B, C and D). The lower production of biomass under shading 

conditions is an indication that the reduction in the amount of incident light impaired the production 

of photoassimilates, due to a lower absorption of photons, causing lower performance of the 

photosynthetic apparatus [15].  
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Figure 2: Dry mass of leaves (A), stems (B), roots (C) and total (D) in plants of silk flower (Calotropis 

procera) as a function of shading levels. 

The length, volume and partition of root biomass, the values were adjusted to a decreasing linear 

effect, showing reductions of 31.2; 95.1 and 65.9% in shading of 90% when compared to the control 

treatment (full sun) (Figures 3A, B and C). The best performance of C. procera in sunny conditions 

corroborates the indication of this species as a heliophylic plant, because it is native to regions 

where there are high temperatures and brightness (Tropical Africa and India) [16]. 

Evaluating seedling quality through the Dickson Quality Index (DQI), the treatment in full sun 

(0%) was the one that presented the best result (0.51), and in the 82.2% shading was registered the 

biggest decrease (86.2%) (Figure 3D). This performance may be related to the fact that these 

conditions (0%) are similar to those found in the natural environment of the species, making it the 

most appropriate for this growth pattern [17]. 
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Figure 3: Length of the primary root (A), root system volume (B), root biomass partition (C) and Dickson 

quality index (D) in plants of silk flower (Calotropis procera) as a function of shading levels. 

Observed that there were increases in stomatal conductance up to the shading levels of 24.9%, 

expressing a value of 0.50 mol H2O m-2 s-1, reducing the upper levels (Figure 4A). This decrease in 

stomatal conductance at the highest shading levels was possibly due to a lower CO2 assimilation 

rate (Figure 4B), caused by stomatal closure and CO2 concentration within the substomatic 

chamber, impairing activities in the photosynthetic apparatus [18]. 

The increase in shading provided linear reductions in the CO2 assimilation rate (A) and in the 

transpiration rate (E), with reductions of 36.8 and 31.7%, respectively (Figures 4B and C). These 

decreases are possibly related to the stomatal limitation imposed by these treatments (Figure 4A), 

because reductions in gs induce a lower entry of CO2 into the mesophyll cells and consequently 

lower water loss to the environment [19]. The negative effect of shading on these parameters was 

due to the fact that the luminosity is one of the factors that act most on the stomatal opening and 

closing mechanism, associated with this in shading conditions, does not occur the complete 

activation of photosystems, a fact that directly influences the photochemical process of 

photosynthesis [20]. 

The internal CO2 concentration (iC) was reduced until a shading of 42.5%, increasing at levels 

above the above mentioned (Figure 4D). This increase in higher shading levels may be associated 
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with a marked reduction in the rate of photosynthesis (Figure 5B), which results in a lower 

consumption of CO2 during the carboxylation process [19]. 

Figure 4: CO2 assimilation rate (A), stomatal conductance (B), transpiration (C) and internal CO2 

concentration (D) in plants of silk flower (Calotropis procera) as a function of shading levels. 

Water use efficiency (WUE) had the maximum shading efficiency of 25.5% (Figure 5A). This 

variable has a close relationship with the net photosynthesis and the transpiration rate. In this sense, 

reductions in the net assimilation of CO2 implies in a lower loss of water by plants [21]. 

The instantaneous carboxylation efficiency (iCE) and the leaf temperature (Tleaf) were reduced 

linearly with the increase of shading levels, being registered decreases of 35.3 and 7.9%, 

respectively, when comparing between treatments of greater shading (90%) with full sun (0%) 

(Figures 5B and C). The reduction observed in A, influenced directly in the iCE, since a smaller 

amount of CO2 is being fixed by Rubisco [22]. This variable is also an indication if non-stomatic 

factors influenced the photosynthetic rate of the plants [23]. 
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Figure 5: Water use efficiency (A), instantaneous carboxylation efficiency (B) and leaf temperature (C) in 

plants of silk flower (Calotropis procera) as a function of shading levels. 

The chlorophyll a fluorescence parameters, it is noted that the initial fluorescence (F0) presented 

an increasing linear behavior due to the increase in shading levels, with values of 179.98 and 225.02 

electrons quantum-1 for treatments of 0% (full sun) and 90%, respectively, with an increase of 25% 

(Figure 6A). This increase observed in F0 was possibly due to the fact that silk flower plants, when 

subjected to shading conditions, had their ability to transfer excitation energy to the PSII reduced 

[24].  

Under the conditions the present study was carried out, silk flower plants presented higher values 

for maximum (Fm) and variable (Fv) fluorescence in full sun treatments (0%), with values in the 

order of 855.36 and 672.35 electrons quantum-1. However, reductions of 23.5 and 35.7% were 

found for these variables, respectively, in the treatments with higher level (90%) of shading when 

compared to the control one (0%) (Figures 6B and C). 

Fm refers to the condition in which the reaction centers of PSII reached their maximum capacity, 

i.e., when all the quinone was totally reduced, thus, some plants present increases in Fm as a 

mechanism of acclimatization to shading, aiming at maximizing light absorption [25], a fact that 

contrasts to the one observed in the present study. Fv, on the other hand, refers to the potential active 

energy in PSII, which leads us to deduce that the increasing shading levels induced a low activity 

of PSII and dissipation of excitation energy as heat [26]. 
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Quantum efficiency of PSII (Fv/Fm) and the Fv/F0 ratio, it is noted that the shading levels 

influenced negatively, with the best results recorded in plants grown in full sunlight, expressing 

values in the order of 0.79 and 3.62 electrons quantum-1, respectively (Figures 6D and E). The Fv/Fm 

represents the energy conversion efficiency of light in the PSII reaction center, while the Fv/F0 ratio 

represents the activity of PSII. In this perspective, leaves of plants developed in full sun have a 

greater number of components of the photosynthetic apparatus, providing photosynthetic capacity 

per unit of leaf area [27]. 

 
Figure 6: Initial fluorescence (A), maximum fluorescence (B), variable fluorescence (C), maximum 

quantum yield of PSII (D) and Fv/F0 ratio (E) in plants of silk flower (Calotropis procera) as a function of 

shading levels. 
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4. CONCLUSION 

Silk flower plants grow best under full sunlight conditions. Shading negatively affects the 

physiology of silk flower plants inducing plants to etiolation and decrease gas exchange and 

quantum efficiency.  
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