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Article type: 

 This study aimed to evaluate the growth and photosynthetic pigment 
content of tamarind seedlings in response to different wavelengths 
generated by colored growth benches in various protected environments. 
The experiment was carried out in two protected environments: (i) an 

agricultural greenhouse covered with low-density polyethylene film and an 
aluminized thermal-reflective net (Aluminet®), providing 50% shading 
beneath the film; and (ii) a roofed structure enclosed at a 45° angle with 
black monofilament fabric, also providing 50% shading. Within each 
environment, a completely randomized design was adopted with five 
treatments and four replications: T1 – control (bench surface without 
covering); T2 – bench covered with glossy white laminate; T3 – bench 
covered with glossy red laminate; T4 – bench covered with glossy blue 
laminate; and T5 – bench covered with glossy yellow laminate. The colored 

laminates (Fórmicas®), with glossy reflective surfaces, enhanced specific 
wavelengths, with the bright white laminate providing the highest 
reflectance. The yellow reflective bench promoted greater growth of 
tamarind seedlings across environments. Meanwhile, yellow, blue, and red 
reflective benches increased the concentration of photosynthetic pigments 
in seedlings grown under protected conditions. Overall, the results 
demonstrate that different wavelengths promoted by colored benches can 
positively influence the quality of tamarind seedlings, with the laminates 

playing a key role in both growth and pigment production.  
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Introduction
The tamarind tree (Tamarindus indica L.), a member 

of the Fabaceae family, is native to equatorial Africa, 

India, and Southeast Asia, and it thrives in tropical 

and subtropical climates (Balasubramanian et al., 

2018). In the Brazilian Cerrado, it is a species of 

great importance because its deep and extensive root 

system allows it to withstand prolonged droughts. 

Beyond its ecological resilience, the species has a 

wide range of uses: its fruits are consumed in 
cooking, oil can be extracted from its seeds, its 

byproducts are used for animal feed, and its wood 

also has economic value (Chimsah et al., 2020). 
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The production of high-quality tamarind seedlings 

requires protected environments, since the 

availability and quality of light strongly influence 

plant development (Silva et al., 2023; Kang et al., 

2023). Excessively high light intensities, particularly 

in summer, can hinder plantation success. For this 

reason, protected environments are commonly used 

to reduce light intensity during periods of excessive 

radiation (Eskandarzade et al., 2023). Shading 
reduces the amount of light reaching the plant 

surface, thereby affecting growth and development. 

However, both the quantity of light (photoperiod and 

intensity) and its quality (spectral composition) play 
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critical roles in plant physiology and growth (Yao et 

al., 2017; Loi et al., 2021). 

One approach to improving conditions in shaded 

environments is to enhance the use of solar radiation, 

particularly photosynthetic active radiation (PAR). 

This portion of the solar spectrum, ranging from 400 

to 700 nm, is indispensable for photosynthesis—the 

only biological process capable of producing carbon 

compounds, especially sugars, which are 

fundamental to plant growth and development (Taiz 
et al., 2014). 

The use of growth benches lined with reflective 

material is a recent methodology in plant production. 

Its purpose is to redirect part of the photosynthetic 

active radiation (PAR) toward the abaxial side of 

leaves, thereby increasing the total amount of light 

available and enhancing photosynthetic efficiency 

(Campos et al., 2023). Research has shown that 

combining protected environments with reflective 

benches yields promising results for the cultivation 

of both horticultural and forestry species. 
Within this context, however, few studies have 

investigated the effects of different wavelengths 

generated by colored benches on plant growth and 

photosynthetic pigments, particularly in tamarind 

trees. Based on this gap, the present study was guided 

by the following hypotheses: (i) benches covered 

with white reflective material increase PAR; (ii) 

benches covered with blue and red reflective material 

enhance the photosynthetic pigment content of 

tamarind seedlings; and (iii) seedlings grown on 

white reflective benches exhibit greater plant height 
and a higher number of leaves. 

Accordingly, this study aimed to evaluate the growth 

and photosynthetic pigments of tamarind seedlings 

in response to different wavelengths promoted by 

colored benches under distinct protected 

environments. 

 

Materials and Methods 
Location and characteristics of the 

experimental area 
Experiments with tamarind seedlings (Tamarindus 

indica L.) were carried out at the State University of 

Mato Grosso do Sul, University Unit of Cassilândia, 

MS, in two protected environments between October 
20, 2022, and January 9, 2023. The study site is 

located at a latitude of -19.1225º (19º07'21" S), a 

longitude of -51.7208º (51º43'15" W), and an altitude 

of 516 m (CASSILÂNDIA A742 automatic station). 

The region has an average annual rainfall of 1507 

mm (CLIMATE-DATA.ORG, 2025). 

The experiments were conducted in two distinct 

protected environments (Fig. 1). Environment 1 

consisted of an arched agricultural greenhouse 

measuring 18.0 m in length, 8.0 m in width, and 4.0 

m in height, with a total floor area of 144 m2. It was 
covered with 150-micron low-density polyethylene 

(LDPE) light-diffusing film, and beneath this film, a 

50% shading aluminized thermo-reflective mobile 

screen was installed (Fig. 1A). Environment 2 

consisted of an agricultural shed measuring 18.0 m 

in length, 8.0 m in width, and 3.5 m in height, also 

with a floor area of 144 m2. This structure was 

covered and enclosed at 45° with a black 

monofilament screen providing 50% shading (Fig. 

1B). 

 

 
Fig. 1. Protected environments. (A) greenhouse; (B) 

screenhouse. 
 

Experimental design 
In each protected environment, colored laminated 
reflective materials (Fórmicas®) were tested on the 

growth benches in a completely randomized design, 

with five treatments and four replications (Fig. 2): 

T1: control, with no material on the bench surface; 

T2: bench covered with glossy white laminate; T3: 

bench covered with glossy red laminate; T4: bench 

covered with glossy blue laminate, and T5: bench 

covered with glossy yellow laminate. Reflective 

glossy Formica® promoted the colors of the 

countertops.  

 

Experimental conduct and data collection 
The benches used in the experiment measured 1.40 

m in width, 3.50 m in length, and 0.80 m in height. 

Each reflective material covered an area of 1.0 m × 

1.2 m (1.20 m²). Seedlings were grown in 1.0 L pots 

filled with Carolina Soil® substrate. Three seeds 

were sown per pot, and after emergence, thinning 

was carried out using scissors, leaving one plant per 
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pot. Irrigation was performed twice daily, in the 

morning and afternoon, when necessary. 

At 65 days after sowing (DAS), the following growth 

parameters were evaluated: plant height (PH, cm), 

collar diameter (CD, mm), number of leaves (NL), 

shoot dry matter (STDM, g), and root system dry 

matter (TSDM, g). From these measurements, total 

dry matter (TDM, g), the ratio of seedling height to 

collar diameter (RHD), and the Dickson quality 

index (DQI) were calculated. Plant height was 
measured with a graduated ruler from the plant collar 

to the apex of the apical meristem, while collar 

diameter was measured with a digital caliper. Dry 

matter was obtained after drying samples in a forced-

air circulation oven at 65 °C for 72 h and then 

weighing them on a precision analytical balance. 

Photosynthetic pigments (chlorophylls and 

carotenoids) and their ratios were also determined. 

The following variables were measured: chlorophyll 

a (CLA, µg L–1), chlorophyll b (CLB, µg L–1), total 

chlorophyll (CLT, µg L–1), carotenoids (CRT, µg L–

1), the CLA/CLB ratio, and the CLT/CRT ratio. 

Chlorophylls (a and b) and carotenoids were 

extracted following Lichtenthaler (1987). For this, 

0.5 g of fresh plant material was weighed, and 5 mL 

of 80% acetone was added. Samples were stored in 

14 mL test tubes at 25 °C for 48 h under refrigeration. 

After this period, the tubes were centrifuged for 15 

min at 4,000 rpm, and the supernatant was diluted at 

a ratio of 0.3 mL extract to 1.7 mL of 80% acetone. 

Absorbance readings were taken with a 
spectrophotometer at wavelengths of 470 nm, 647 

nm, 653 nm, 663 nm, and 665 nm. 

The reflected PAR (μmol m–2 s–1) from the growth 

benches was monitored daily at 9:30 a.m. (MS) using 

a portable digital pyranometer (Apogee®) (Dantas et 

al., 2025). PAR data were analyzed in a randomized 

block design with six replications every 10 days. 

External PAR (full sun) was 1975.2 μmol m–2 s–1, 

while internal PAR values were 571 μmol m–2 s–1 

(28.9% of external PAR) and 709.7 μmol m–2 s–1 

(35.9% of external PAR). 

 

 

Fig. 2. Colored laminated reflective materials (Fórmicas®). T1: control, with no material on the bench surface; T2: bench 
covered with glossy white laminate; T3: bench covered with glossy red laminate; T4: bench covered with glossy blue 

laminate, and T5: bench covered with glossy yellow laminate. 
 

Statistical analysis 
Statistical analyses were performed using the Sisvar 

5.3 program (Ferreira, 2014), and treatment means 

were compared using the LSD test at a 5% 

probability level. Multivariate analyses included 

canonical variable analysis (Candisc package) and 

principal component analysis (PCA) with the 

Ggfortify and Factoextra packages. Data were also 

subjected to Pearson’s correlation analysis (Corrplot 

package), using a correlation matrix with color 

gradients to represent the relationships among study 

variables. Positive correlations were highlighted in 

shades of blue, whereas negative correlations were 

highlighted in red. Statistical significance was 



Rocha et al.,                                                          Int. J. Hort. Sci. Technol. 2027 14 (1): 157-170 

 

160 

indicated as p < 0.05, p < 0.01, and p < 0.001. The 

abbreviations used in the analysis were G = 

greenhouse and S = screenhouse. All analyses were 

conducted in R software version 4.3.3 (R Core Team, 

2024). 

 

Results 
Reflected PAR 
Micrometeorological data were collected on 

reflected PAR and on the percentage of internal 

photosynthetically active radiation reflected by the 

benches in the growing environments. In both the 

greenhouse and the screenhouse, the bench covered 

with white laminate reflected the greatest amount of 

PAR. The yellow bench showed the second-highest 

reflection (Fig. 3A and B). 

The PAR on the greenhouse benches showed that the 

white and yellow benches were 673 and 423% higher 

than the control, respectively. On the screen, it was 

641 and 404%, respectively (Fig. 3A and B).  

 

 

 

Fig. 3. (A) PAR reflected (µmol m-2 s-1) by the growth benches; and (B) percentage of internal PAR reflected by the growth 
benches during the production of tamarind seedlings. CV = coefficient of variation. Averages followed by the same letter do 

not differ by the LSD test. Vertical bars indicate the standard error. 

 

Growth parameters 
Using the yellow laminate in both environments, the 

screen and the greenhouse (Fig. 4A) resulted in taller 

plants than the other reflective benches and the 
control. The seedlings from the yellow bench were 

21.6% taller in the greenhouse and 10.2% taller in 

the screen than the control.  

The tamarind seedlings produced a higher number of 

leaves when grown on the yellow laminate in both 

environments (Fig. 4B). In the greenhouse, seedlings 

on the yellow bench had 27.6% more leaves than the 

control, while in the screenhouse they had 24.1% 

more. 

In the greenhouse, the use of yellow laminate 

benches also promoted a larger collar diameter 

compared to the other treatments. Seedlings grown 

on the blue and yellow laminate benches showed the 
largest collar diameters (Fig. 4C). In this 

environment, seedlings on the yellow laminate had 

diameters 14.7% greater than the control, while those 

on the blue laminate had diameters 14.0% greater. In 

the screenhouse, seedlings grown on yellow laminate 



Rocha et al.,                                                          Int. J. Hort. Sci. Technol. 2027 14 (1): 157-170 

 

161 

benches had diameters 11.0% greater than the 

control. 

The highest height-to-diameter ratios in the 

greenhouse were observed in seedlings grown on 

yellow, red, and control benches, with values of 6.52, 

6.42, and 6.55, respectively. Among these, the 

yellow laminate benches produced the highest ratio, 

which was 6.0% greater than the control (Fig. 4D). 

 

 

 

Fig. 4. (A) Seedling height; (B) number of leaves; (C) stem diameter; and (D) seedling height/stem diameter ratio of 
tamarind seedlings according to the different wavelengths promoted by the colored growth benches. CV = coefficient of 

variation. Means followed by the same letter do not differ by the LSD test. Vertical bars indicate the standard error. 
 

 
In the greenhouse, the seedlings from the bench 

coated with yellow laminate had the highest shoot 

dry matter compared to the other treatment groups, 

with plants 35.4% larger than those from the control. 

In the greenhouse, the benches coated with blue, 
white, and yellow laminates had seedlings with the 

highest shoot dry matter, with values of 2.72, 2.62, 

and 2.50 g, respectively (Fig. 5A).  

For root dry matter, no differences were observed 

among seedlings grown on yellow, red, and control 

benches in the greenhouse, with values of 0.69, 0.68, 

and 0.64 g, respectively. In this environment, 

seedlings grown on yellow laminate benches showed 

the highest root dry matter, representing a 23.8% 

increase compared to the control (Fig. 5B). 

In the screenhouse, seedlings grown on yellow 
laminate benches exhibited the highest total dry 

matter, which was 27.1% greater than the control. In 

the greenhouse, seedlings grown on yellow, blue, 

and white laminates did not differ statistically, with 

values of 3.40, 3.34, and 3.13 g, respectively (Fig. 

5C). Using yellow laminate on the growth bench in 

both environments, screenhouse and greenhouse, 

resulted in a higher Dickson Quality Index (DQI) 

than the other growth benches, 19.1% higher than the 
control bench in both environments. 

 

Photosynthetic pigments 
In both environments, the chlorophyll a content of 

the tamarind seedlings was not influenced by the 

growth benches. In the screenhouse, the seedlings 
from the control (55.7 μg L–1) and yellow (55.6 μg 

L–1) growth benches were numerically higher than 

those from the other treatments. In the greenhouse, 

the yellow and blue growth benches exhibited 

seedlings with numerically higher chlorophyll values 

than the other treatments, at 67.5 μg L–1 and 65.8 μg 

L–1, respectively (Fig. 6A). 
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Fig. 5. (A) Shoot dry matter; (B) root dry matter; (C) total dry matter; and (D) Dickson Quality Index of tamarind seedlings 

according to the different wavelengths promoted by the colored growth benches. CV = coefficient of variation. Means 
followed by the same letter do not differ by the LSD test. Vertical bars indicate the standard error. 

 
 

 

Fig. 6. (A) Chlorophyll a; (B) chlorophyll b; (C) total chlorophyll; and (D) carotenoids of tamarind seedlings according to 
the different wavelengths promoted by the colored growth benches. CV = coefficient of variation. Means followed by the 

same letter do not differ by the LSD test. Vertical bars indicate the standard error. 
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In the screenhouse, the chlorophyll b content of the 

seedlings was numerically higher with the yellow 

and blue laminates on the growth benches, with 

values of 15.71 and 15.66 μg L–1. In the greenhouse, 

the chlorophyll b content of the plants was not 

influenced by the growth benches. However, the 

chlorophyll b content of the plants from the control 

and blue growth benches was numerically higher, 

with 16.0 μg L–1 and 15.8 μg L–1 (Fig. 6B). 

In the screenhouse, the yellow laminate and control 
benches produced the highest total chlorophyll 

content in tamarind seedlings. In the greenhouse, 

seedlings grown on the yellow laminate benches had 

the greatest total chlorophyll content (Fig. 6C). 

Carotenoid content in the screenhouse was not 

affected by the use of laminates. In the greenhouse, 

however, seedlings grown on blue and yellow 

laminate benches had higher carotenoid levels (Fig. 

6D). 

The use of laminates did not influence the 

chlorophyll a/b ratio in either environment. In the 

screenhouse, seedlings from the control and white 

benches showed the highest numerical values, with 

3.86 μg L–1 and 3.73 μg L–1, respectively. In the 
greenhouse, seedlings grown on yellow and white 

benches had the highest numerical values, with 4.37 

μg L–1 and 4.36 μg L–1, respectively (Fig. 7A). 

 

 

Fig. 7. (A) Chlorophyll a/b ratio; and (B) total chlorophyll/carotenoid ratio of tamarind seedlings according to the different 
wavelengths promoted by the colored growth benches. CV = coefficient of variation. Means followed by the same letter do 

not differ by the LSD test. Vertical bars indicate the standard error. 
 

 
The seedlings from the blue and control growth 

benches exhibited the highest total chlorophyll to 

carotenoid ratio in the screenhouse. In contrast, the 

red laminate resulted in the highest total chlorophyll 

to carotenoid ratio in the greenhouse, which was 

30.2% greater than that of the plants in the control 

growth benches. This is illustrated in Figure 7B, 

showing the highest total chlorophyll to carotenoid 

ratio among the plants. 
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Multivariate analysis 
The principal component analysis (Fig. 8) revealed 

the formation of two clusters, representing groups of 

similar environments. The first cluster included 

G_Dark Blue, G_Yellow, G_White, G_Control, and 

S_Yellow. The second cluster included S_Dark 

Blue, S_Yellow, S_White, S_Red, S_White, and 

G_Red. Cluster 1 showed stronger relationships with 

growth and photosynthetic pigment parameters. This 

indicates that these environments promote the 

greatest growth and pigment production in tamarind 

seedlings. A positive correlation was observed 

between carotenoid content (CRT) and plant height 

(PH). As seedling height increased, carotenoid 

content also increased. 

 

 

Fig. 8. Principal component analysis of the variables seedling height (SH), stem diameter (SD), number of leaves (NL), shoot 
dry matter (SDM), root dry matter (RDM), total dry matter (TDM), seedling height/stem diameter ratio (SH_SD), Dickson 

quality index (DQI), Chlorophyll a (CLA). Chlorophyll b (CLB), Total chlorophyll (CLT), Carotenoids (CRT), Chlorophyll 
a/b ratio (CLA_CLB), and Total Chlorophyll/Carotenoids ratio (CLT_CRT). G = greenhouse; S = screenhouse. 

 

 
The analysis of canonical variables (Fig. 9) showed 

that the yellow growth bench in the greenhouse was 

the closest to the vectors root system dry matter 

(RDM) and Dickson quality index (DQI), proving 

that this treatment provides better quality seedlings, 

as also shown in Figure 5B and D. For 

photosynthetic pigment, it was found that both the 

greenhouse treatment with dark blue and yellow 
benches had a strong relationship with the 

chlorophyll and carotenoid contents of the seedlings, 

showing seedlings with higher photosynthetic 

pigment levels. 

Pearson’s correlation (Fig. 10) revealed positive 

relationships between growth and photosynthetic 

pigment variables. The Dickson Quality Index (DQI) 

showed a positive correlation with stem diameter 

(SD), root dry matter (RDM), total dry matter 

(TDM), and carotenoids (CRT). Conversely, DQI 

was negatively correlated with the total 

chlorophyll/carotenoids ratio (CLT/CRT). These 
results indicate that an increase in leaf carotenoid 

content contributes to higher seedling quality 

according to the Dickson Quality Index. 
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Fig. 9. Analysis of canonical variables for seedling height (SH), stem diameter (SD), number of leaves (NL), shoot dry matter 
(SDM), root dry matter (RDM), total dry matter (TDM), seedling height/stem diameter ratio (SH_SD), Dickson quality index 

(DQI), Chlorophyll a (CLA). Chlorophyll b (CLB), Total Chlorophyll (CLT), Carotenoids (CRT), Chlorophyll a/b ratio 

(CLA_CLB), and Total chlorophyll/carotenoids ratio (CLT_CRT). G = greenhouse; S = screenhouse. 

 

Fig. 10. Pearson’s correlation for seedling height (SH), stem diameter (SD), number of leaves (NL), shoot dry matter (SDM), 

root dry matter (RDM), total dry matter (TDM), seedling height/stem diameter ratio (SH_SD), Dickson quality index (DQI), 
Chlorophyll a (CLA). Chlorophyll b (CLB), Total Chlorophyll (CLT), Carotenoids (CRT), Chlorophyll a/b ratio 

(CLA_CLB), and Total Chlorophyll/Carotenoids ratio (CLT_CRT). 
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Discussion 
The results of this study confirm the first and 

second hypotheses: white reflective material 

increases PAR, and growth benches covered with 

blue and red reflective material enhance the 

photosynthetic pigment content of plants. 

However, the findings diverge from the third 

hypothesis, as tamarind trees exhibited greater 

plant height and a higher number of leaves when 
grown on yellow reflective material. The 

incidence of PAR represents a 

micrometeorological factor that strongly 

influences plant growth in protected 

environments (Costa et al., 2021). Within such 

environments, growth benches of different colors 

reflect specific wavelengths of sunlight toward 

the cultivated plants, thereby altering PAR and 

leading to changes in photosynthetic pigments, 

morphological traits, and overall seedling quality 

(Ilic et al., 2022; Abidian et al., 2023; Davarzani 
et al., 2023). 

This study demonstrated that growth benches 

covered with white reflective material produced 

higher PAR in both environments, consistent 

with results reported for cherry tomato seedlings 

(Campos et al., 2023). More favorable 

environmental conditions were observed for 

jambolan seedlings in shaded environments. 

Furthermore, the use of reflective materials 

improved the distribution of solar energy among 

plants, thereby supporting enhanced 

development (Salles et al., 2017). 
The yellow reflective material, in particular, 

influenced plant height, number of leaves, collar 

diameter, and the seedling height-to-stem 

diameter ratio of tamarind seedlings. Reflectance 

from the cultivation bench increased the 

availability of PAR, which directly stimulated 

growth (Costa et al., 2021). Similarly, light 

supplementation in sweet bell pepper seedlings 

was found to increase plant height, dry biomass, 

and stem diameter (Abidian et al., 2023). 

In terms of growing environments, tamarind 
seedlings cultivated in greenhouses displayed 

greater height, number of leaves, collar diameter, 

and seedling height-to-stem diameter ratio 

compared with those grown in shaded conditions. 

Under shaded environments, plants tend to 

expand their leaf area, producing a greater 

number of leaves to optimize light capture (Taiz 

et al., 2014). 

The yellow laminate on the growth benches 

promoted greater dry biomass, a response 

directly linked to the availability of light energy, 

which drives photosynthesis and, consequently, 
biomass production (Tewolde et al., 2018). 

Among the variables used to assess seedling 

performance, the Dickson Quality Index stands 

out as a crucial parameter, being more reliable 

than height alone (Silva et al., 2020; Matos et al., 

2020). Another highly important trait is root dry 
matter. In this study, seedlings grown on benches 

with yellow laminate, across both environments, 

exhibited the highest root dry matter. This 

finding indicates an allocation of resources 

toward the development of more robust root 

systems, a hallmark of hardy plants that are better 

adapted and more resilient than those with finer 

roots and lower root mass (Alves et al., 2023). 

Robust root systems also enhance nutrient 

uptake, thereby promoting overall growth. 

Excessive light, however, can degrade 

chlorophyll and lead to reduced chlorophyll 
content (Lima et al., 2017). A decline in 

chlorophyll compromises photosynthesis, which 

in turn slows seedling development. In our 

research, seedlings grown on benches with white 

laminate displayed decreased stem diameter, 

reduced leaf number, lower dry biomass, and 

diminished DQI. Pearson’s correlation analysis 

(Figure 10) further revealed that higher ratios of 

total chlorophyll to carotenoids (CLT/CRT) were 

associated with lower DQI values. 

Chlorophylls and carotenoids, the principal 
photosynthetic pigments in plants, play essential 

roles in physiological processes such as photo-

oxidation, light capture, and plant coloration, 

while also contributing nutritional value as 

precursors of vital vitamins and antioxidants 

(Klem et al., 2019). The synthesis of these 

pigments is particularly regulated by light spectra 

(Taiz et al., 2014). These findings emphasize the 

decisive role of light quality in shaping 

phytochemical concentrations in plants (Naznin 

et al., 2019; Moradi et al., 2021). 

Chlorophyll a, chlorophyll b, total chlorophyll, 
carotenoids, the chlorophyll a/b ratio, and the 

total chlorophyll/carotenoid ratio were higher in 

plants grown on benches with blue, red, and 

yellow laminates (Araújo et al., 2024). Blue light 

is particularly influential in regulating stomatal 

opening, photosynthesis, and chlorophyll 

production (Wang et al., 2016; Miao et al., 2016; 

Zheng et al., 2019). For instance, a significant 

increase in chlorophyll a and total chlorophyll 

content was observed in amaranth under blue 

light (Toscano et al., 2021). Similarly, light 
supplementation using LED lamps that combined 

red and blue intensities enhanced photosynthetic 

activity in parsley (Litvin et al., 2020). 

The reflected wavelengths from the cultivation 

benches were effective in activating the 

photosynthetic pigments of photosystems I and 

II, such as chlorophylls and carotenoids. These 

pigments provided the energy necessary for 

photophosphorylation, leading to the generation 

of ATP and NADPH2—molecules essential for 

subsequent stages of photosynthesis (Taiz et al., 
2017). As a result, photoassimilates were 
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produced, contributing to dry mass 

accumulation. In addition, reflection from the 
colored benches increased the availability of 

light energy, thereby stimulating the growth of 

tamarind seedlings. 

The influence of bench color on growth 

parameters and seedling quality was directly 

associated with the type of protected 

environment in which production occurred. 

Based on the results of this study, it can be 

concluded that the different wavelengths 

promoted by colored laminates yielded 

promising outcomes, demonstrating clear effects 

on both seedling growth and the production of 
photosynthetic pigments. 

With respect to growing environments, the 

greenhouse generally produced plants with 

superior development compared with the 

screenhouse, although the difference was not 

statistically significant. Notably, the combination 

of a greenhouse environment with yellow 

reflective material resulted in the greatest 

accumulation of dry phytomass, as well as a more 

extensive distribution of dry phytomass within 

the root system (Fig. 5). This treatment also 
produced the highest Dickson Quality Index 

(Figs. 5 and 9) and demonstrated the strongest 

relationship between growth parameters and 

photosynthetic pigment production (Fig. 8). 

 

Conclusion 
The use of benches covered with yellow 
reflective laminate promoted greater seedling 

growth, an increased number of leaves, and 

larger collar diameter in tamarind seedlings 

across cultivation environments. Additionally, 

yellow, blue, and red laminates enhanced the 

concentration of photosynthetic pigments in 

tamarind seedlings grown under protected 

conditions, thereby improving seedling quality 

through higher phytomass accumulation and 

superior quality index values. Based on these 

findings, the use of yellow reflective laminates 
on cultivation benches in protected environments 

(greenhouses) with at least 50% shading is 

recommended for the production of high-quality 

tamarind seedlings. 
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