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Abstract

Parica (Schizolobium parahyba variety amazonicum) is an important species for reforestation programs in the
Amazon; nevertheless, the anatomical and physiological parameters of the seedlings of this species under
shading are not yet fully understood. This study evaluated the chlorophyll and carotenoid contents, the stomatal
structure, and the stomatal position in the leaf epidermis under shading of parica seedlings. The experiment
comprised a randomized block design in a subdivided plot scheme, with two sources (Belterra and Urupa) and
different shading levels (full sun, 30%, 50%, and 70%). At 100 days after sowing, we performed the analyses of
photosynthetic pigment concentration and leaf anatomy. We found that the leaf is hypoestomatic with paracitic
stomata and unicellular filiform trichomes on both sides. Higher levels of shading increased the contents of
chlorophyll a and b and reduced the stomata density and carotenoid contents in the leaves of young parica,
showing that parica has phenotypic plasticity to shading.
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1. Introduction

Parica (Schizolobium parahyba variety amazonicum (Huber X Ducke) Barneby) belongs to the Fabaceae family
and is native to the Amazon region (Rosa et al., 2009; Epifanio et al., 2022). In Brazil, parica is found in the
states of Amazonas, Para, Mato Grosso, and Ronddnia. Parica grows rapidly and can reach a height of about 30
m (Epifanio et al., 2022) with great potential use in reforestation and recovery of degraded areas (Binotti et al.,
2019; Sousa et al., 2022).

The production of forest species seedling for the recovery of degraded areas and commercial plantations is
expanding, requiring the development of different species to produce high-quality seedlings to ensure success of
forest stands. Therefore, the effects of environmental factors, such as light, need to be evaluated to analyze the
behavior of species of different successional groups.

Sunlight is an important meteorological element for plants with direct or indirect action on plant growth and
development. Changes of light intensity in seedling nurseries influence the photosynthetic apparatus of plants,
increasing the efficiency of energy absorption and the transfer to the photosynthetic processes (Taiz et al., 2017;
Kerbauy, 2019). However, inadequate high levels of solar radiation compromise plant growth and development;
thus, the contents of chloroplastid pigments, chlorophyll, and carotenoids can be used as important parameters of
plant behavior under different environmental conditions.

In general, light intensity during plant growth and development influences their performance (Gondim et al.,
2008) and leaf anatomy is one of the most affected aspects, since the leaf is a plastic organ and its internal
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structure adapts to external environmental conditions (Schluter et al., 2003; Aragdo et al, 2014). The
morphological characteristics of the leaf surface established the amount of light absorbed or reflected. Studies
have shown the positive effect of shading on the morphophysiological aspects in some forest species, such as
eucalyptus and paricéa (Sousa et al., 2022).

Studies have investigated the anatomical and ecophysiological aspects of forest species; however, these studies
focused mostly on planted forest of eucalyptus, not on native Amazonian species. Therefore, this study
investigated the chlorophyll and carotenoid contents, the stomatal structure, and the stomatal position in the leaf
epidermis under shading in parica seedlings.

2. Method
2.1 Study Site

The experiment was conducted in the greenhouse of Embrapa Amazonia Oriental, Belém, Para State, Brazil
(01°24'31.6637" S, 48°27'45.1786" W). The nursery phase was carried out from February 2011 to August 2011.
The regional climate is type Af (Koppen classification) (Alvares et al., 2013), with an average annual
temperature of 26 °C. Annual average of regional precipitation is around 3000 mm (Bastos et al., 2002).

The seeds used in the research were obtained from two natural tree populations in the Brazilian Amazon. One
from the municipality of Belterra in the Mesoregion Baixo Amazonas and the Microregion Santarém, both in
Para State, with geographical coordinates 02°38'11"” South and 54°56'14" West. The other from the Municipality
of Urupa located in the micro-region and Ji-Parana, central region of Rondonia State on parallel 13°07’, with
geographical coordinates 11°06'47.2" South and 62°17'38.3" West.

The seeds were stored under refrigeration at 15 °C at the Laboratory of Forest Seed Analysis (Embrapa
Amazonia Oriental, Belém, Para State, Brazil) until their use in the experiment.

Seeds with tegumentary dormancy were scarified with sandpaper No. 100 and immersed in water at room
temperature for 24 hours (Brasil, 2009). They were then sown directly into black polyethylene bags measuring
15 x 20 cm with lateral perforations using a substrate of black earth, tanned manure, and tanned sawdust at the
ratio 3:2:1, respectively.

The experiment followed a randomized block design in subdivided plots 2 x 4 with factor A = origin: Belterra
(PA) and Urupa (RO), factor B = shading levels with black “sombrite” cloth: 0%, 70%, 50%, and 30% shading
with three blocks and 25 plants per plot. The reduction of solar radiation was confirmed by using a pyranometer.

At 100 days after planting, two plants were selected from each shading level. The leaflets were collected from
the median region of the rachis, fixed in FAA 70 for 24 h, and stored in 70% alcohol for the anatomical analysis
(Johansen, 1940).

2.2 Dissociation of the Epidermis

Sections of the median region of the leaflet were dissociated using commercial sodium hypochlorite at intervals
of 4 to 5 h until complete separation of the epidermis. After complete separation, the adaxial and abaxial
epidermises were washed in distilled water and then stained with 1% safranin stain.

2.3 Obtaining Histological Sections

To obtain cross sections, the median region of the leaflets underwent the usual microtomy processes: dehydration
in ethyl series (butyl alcohol), infiltration in Leica synthetic resin (hydroxyethyl methacrylate), blocking,
sectioning in a rotating microtome (7-5 pm thick), and staining with 0.05% toluidine blue (O’brien et al., 1965).

2.4 Stomatal Density

Three leaflets were collected from each shading level of both plant varieties and eight random fields were
counted from the apical, median, and basal regions of both sides, totaling 48 measurements per leaflet. The
counting was performed with the aid of a millimeter eyepiece in a Zeiss Axiolab DRB-KP optical microscope.
Each visual field had an area of 0.2 mm®. The data obtained were expressed in number of stomas per square
millimeter.

2.5 Obtaining Photomicrographs

The slides were observed under an optical microscope coupled to a digital camera and photomicrographs were
captured at various magnifications with the aid of a Zeiss Axiolab HBO 50 microscope with a motican 2500 3.0
Mega Pixel digital camera (Plant Anatomy Laboratory-Embrapa Amazonia Oriental).
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2.6 Determination of Chlorophyll and Carotenoid Contents

The contents of chlorophyll a, chlorophyll b, total chlorophyll, and carotenoids were determined in one plant of
each treatment and repetition. Two fully expanded leaves were removed, immediately packed in a Styrofoam box
with ice and taken to the laboratory where four leaflets were removed from each leaf. The leaflets were
macerated and eight sub-samples (0.30 mg/leaf) of fresh material were weighed and transferred to test tubes with
5 mL of DMSO (dimethylsulfoxide, 99% purity by volume).

The test tubes were closed with rubber caps and placed in water bath with preheated water at 70 °C and
centrifuged (3,600 rpm) for 2 h for chlorophyll solubilization. The extraction process was considered complete
when the sample leaves became transparent in the visual examination (Arnon, 1949). After, readings were taken
in a spectrophotometer (Beckman, model 640 B) at wavelengths of 645 and 663 nm.

The extraction and quantification of total carotenoids were performed according to the methodology described
by Duke and Kenyon (1986), using the molar absorptivity coefficients of Sandmann and Boger (1983).

2.7 Statistical Analysis

Averages of variables were evaluated using Shapiro-Wilk and Bartlet tests (p > 0.05) to verify normality and
homoscedasticity. Data that did not achieve the assumptions of parametric tests were transformed using the
Box-Cox method (Box & Cox, 1964). Next, the variables were evaluated in the variance analysis followed by
Tukey test at 5% probability and the means were compared using the BioEstat 3.0 program (Ayres et al., 2003).
Regression equations of the polynomial type were adjusted for the different variables analyzed as a function of
the shading level.

3. Results and Discussion

We found significant effects (p < 0.05) only for the shading factor on the variables stomatal density (DE),
chlorophyll a (ca), chlorophyll b (cb) and total chlorphyll (ct). On the other hand, there was origin X shading
interaction for the carotenoid contents (carot).

Table 1. Mean squares and significance level for stomatal density (DE), chlorophyll a (ca), chlorophyll b (cb),
total chlorphyll (ct) and carotenoid contents (carot.) in leaflets of Schizolobium parahyba var. amazonicum in
different origins and shading levels at 100 days

Source of variation Df DE Ca cb ct carot
Origin 1 10.01™ 1.93™ 3.99™ 11.49™ 19.38 *
Blocks 2 45.84 ™ 6.18™ 4.67™ 19.59 ™ 3921
Residual A 4 8.93 -- 4.39 -- 3.39 -- 14.80 -- 2.90 --
Shading 3 855.17 ** 37.76** 18.62** 107.49%* 57.60%*
Origin x Shading 3 3.66"™ 1.49™ 242™ 7.30 ™ 20.79**
Residual B 12 19.71 -- 6.05 -- 2.57 -- 14.15 -- 2.62 --
Total 23 2932.55 447.77 231.73 1191.13 418.38

Note. df = degree of freedom; * Significant at the 0.05 level of error probability, ** Significant at the 0.01
probability level of the error and ns: not significant at the 0.05 level of probability by the F test.

The paradermal sections in leaf blades showed that the highest values of stomatal density were observed in the
full sun treatment (69.35 mmz). In the shades of 30, 50, and 70%, the number of stomas was lower than in full
sun, with a reduction of 68%, 72.9%, and 61% respectively (Figure 1).
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Figure 1. Mean of number of stomata in plants of Schizolobium parahyba amazonicum under shading levels

The larger number of stomata in plants under full sun may be related to the successional group of the species,
classified as pioneer (Schwartz et al., 2017; Smychniuk et al., 2020), thus with adaptability to conditions of high
solar irradiance. Dalmolin et al. (2015) observed no statistical difference in the stomatal density of young plants
of Curatella americana L. grown in full sun and shade (76% shade).

The positions and the number of stomas in the leaf show a classification as hypo-stomatic, with the occurrence of
stomas only on the abaxial side, and as the paracitic type with rare occurrences of anomocytic stomas (Figures 2
and 3). Besides the stomas, we observed the presence of unicellular filiform tector trichomes in both sides in S.
parahyba v. amazonicum in the samples Urupa and Belterra, mostly on the abaxial side (Figures 2A and 2E).
These structures are probably related to the reduction of transpiration in pioneer species, which are subjected to
intense light.



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 11;2022

]

Figure 2. Frontal view of the adaxial epidermis of parica leaves from two sources submitted to four shading
levels. Origin from Belterra: A-D: A-30%; B: 30%; C: 70%; and D: 0% shade, respectively. Origin from Urupa
E-H: E: 30%; F: 50%; G: 70%; H: 0% shade, respectively
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Figure 3. Frontal view of the abaxial epidermis of parica leaves from two sources submitted to four shading
levels. Origin from Belterra: A-D: A-30%; B: 50%; C: 70%; and D: 0% shade, respectively. Origin from Urupa
E-H: E: 30%; F: 50%; G: 70%; H: 0% shade, respectively

The highest contents of chlorophyll a, chlorophyll b, and total chlorophyll were observed at 30% shade (8.46,
5.53, and 13.99 mg g, respectively), while the lowest contents were found at 0% shade (4.85, 3, 19, and 3.99
mg g, respectively) (Figure 4). In plants under full sun, the contents of chlorophyll a, chlorophyll b, and total
chlorophyll reduced compared to plants under shading (Figure 4). Li et al. (2019) reported increased the
chlorophyll contents in Vernicia fordii under shading and Wang et al. (2021) also found the same behavior in
Pinus.
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Albuquerque et al. (2015) observed higher contents of chlorophyll a, chlorophyll b, and total chlorophyl in
seedlings of Brazil nut grown under 75% shading and in full sun. On the other hand, Sousa et al. (2022) found no
significant difference for the contents of chlorophyll a, b, and total chlorophyll in Fucalyptus urograndis and
Schizolobium parahyba var. amazonicum under different shading levels (0%, 50%, plastic, 50% =+ pet wool).

Epifanio et al. (2022) analyzed the effect of shading levels on morphophysiological characteristics in two
varieties of Schizolobium parahyba and observed a significant effect of shading on photosynthetic pigments,
with lower concentrations at 70% shading.

In this study, we observed that the concentration of total chlorophyll was higher under 30% of shade (Figure 4).
Studies relating the pigment content of sun and shaded leaves show that the total chlorophyll contents are higher
in shaded leaves when compared to leaves under full sun (Carvalho et al., 2007; Chaves et al., 2008).

Parica plants grown at 0% shade had lower total chlorophyll content; however, this reduction is due to the lower
irradiance in the treatments under shade. These results reveal that Parica plants have different strategies in the
accumulation and use of photosynthetic pigments in environments with variations in light availability and
spectral composition.
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Figure 4. Contents of chlorophyll a (ca), chlorophyll b (cb), and total chlorophyll (ct) in plants of Schizolobium
parahyba variety amazonicum from different sources and shade levels

This difference in the production of the photosynthetic pigments is due to a physiological adaptation of plants
under shading, which amplifies the efficiency of light capture (Azevedo, 2014; Figueiredo, 2019). According to
Dymova and Golovko (2007) and Lichtenthaler and Babani (2007), sun-exposed leaves respond to high
irradiance and reduce the portion of chlorophyll that composes the antenna complex; however, we did not
observe a difference in total chlorophyll contents in the treatments in our study.

The results found for the chlorophyll b contents show significant differences for the shading factor with the
highest value observed at 30% shade (5.53 mg g') (Figure 4). Studies indicate that the higher chlorophyll b
concentration in plants exposed to low light intensity refers to a mechanism of acclimation to low light (Rego &
Possamai, 2006; Dias & Marenco, 2007). Plants use chlorophyll b to capture energy at other wavelengths
previously absorbed by the canopy leaves, transferring the absorbed energy to chlorophyll a of the reaction
center (P680) of photosystem II, which initiates the photochemical process of photosynthesis (Taiz et al., 2017).

The contents of carotenoids form the Belterra source presented the highest values in full sun (75.02 mg g™);
however, the contents reduced sharply with the increase of shading levels 30%, 50%, and 70% (35.8, 37.18,
14.40 mg g"). The Urupa source showed the same behavior; nevertheless, the carotenoid content was slightly
higher than the Belterra source at 70% of shading (Figure 5). Other studies have found this same behavior in
forest species (Epifanio et al., 2022).
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Figure 5. Carotenoid content in Schizolobium parahyba variety amazonicum plants from different sources
and shade levels

The high carotenoid contents in full sun are linked to its function in the plant, as carotenoid is an accessory
pigment to capture energy as well as a photoprotective agent of plants, preventing photooxidative damage to
chlorophyll molecules when the plant is subjected to high solar irradiance (Taiz et al., 2017). Excess light energy
can lead to the production of toxic compounds such as peroxides, superoxides and singlet oxygen, which can
generate damage to the photosynthetic apparatus (Kerbauy, 2019). Due to their role as antioxidants, these
pigments interact with the toxic compounds, preventing and/or reducing the occurrence of harmful processes
(Taiz et al., 2017).

4. Conclusions

Higher levels of shading increased the contents of chlorophyll a and b and reduced the stomata density and
carotenoid contents in the leaves of young parica, showing that parica has phenotypic plasticity to shading.

References

Albuquerque, T. C. S., Evangelista, T. C., & Albuquerque Neto, A. A. R. (2015). Niveis de sombreamento no
crescimento de mudas de castanheira do Brasil. Revista Agro@mbiente On-Line, 9, 440-445. https://doi.org/
10.18227/1982-8470ragro.v9i4.3025

Alvares, C. A, Stape, J. L, Sentelhas, P. C., Gongalves, J. L. M., & Sparovek, G. (2013). Kdppen’s climate
classification map for Brazil. Meteorologische Zeitschrift, 22, 711-728. https://doi.org/10.1127/0941-2948/
2013/0507

Aragdo, D. S., Lunz, A. M. P, Oliveira, L. C., Raposo, A., & Fermino Junior, P. C. P. (2014). Efeito do
sombreamento na anatomia foliar de plantas jovens de andiroba (Carapa guianensis Aubl.). Revista Arvore,
38, 631-639. https://doi.org/10.1590/S0100-67622014000400006

Aron, D. 1. (1949). Copper enzimas in isolated cloroplasts Polyphenoloxidase in Beta vulgaris. Plant
Physiology, 24, 1-15. https://doi.org/10.1104/pp.24.1.1

Ayres, M., Ayres Jr., M., Ayres, D. L., & Santos, A. S. (2003). BioEstat 3.0. Aplicagdes estatisticas nas dreas das
ciéncias biologicas e médicas. Belém, Sociedade Civil de Mamiraua.

Azevedo, G. F. C. (2014). Photosynthetic parameters and growth in seedlings of Bertholletia excelsa and Carapa
guianensis in response to preacclimation to full sunlight and mild water stress. Acta Amazonica, 44, 67-78.
https://doi.org/10.1590/S0044-59672014000100007

Bastos, T. X., Pacheco, N. A., Nechet, D., & Sa, T. D. A. (2002). Aspectos climaticos de Belém nos wltimos cem
anos. Belém: Embrapa Amazonia Oriental.



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 11; 2022

Binotti, E. D. C., Binotti, F. F. S., Lucheti, B. Z., Costa, E., & Pinto, A. H. (2019). Shading levels and plant
growth regulator for formation of Schizolobium amazonicum compact seedlings. Engenharia Agricola, 39,
586-591. https://doi.org/10.1590/1809-4430-Eng.Agric.v39n5p586-591/2019

Box, G. E. P,, & Cox, D. R. (1964). An Analysis of transformations. Journal of the Royal Society, 26, 211-252.
https://doi.org/10.1111/1.2517-6161.1964.tb00553 .x

Brasil. (2009). Regras para andlise de sementes. Brasilia: SNDA/DNDV/CLAV.

Carvalho, A. P. F., Bustamante, M. M. C., Kozovits, A. R., & Asner, G. P. (2007). Variagdes sazonais nas
concentragoes de pigmentos e nutrientes em folhas de espécies de cerrado com diferentes estratégias
fenoldgicas. Revista Brasileira de Botanica, 30, 19-27. https://doi.org/10.1590/S0100-84042007000100003

Chaves, A. R. M., Ten-Caten, A., Pinheiro, H. A, Ribeiro, A., & Da Mata, F. M. (2008). Seasonal changes in
photoprotective mechanisms of leaves from shaded and unshaded field-grown coffee (Coffea arabica L.)
trees. Trees, 22, 351- 361. https://doi.org/10.1007/s00468-007-0190-7

Dalmolin, A. C., Thomas, S. E. O., Almeida, B. C., & Ortiz, C. E. R. (2015). Alteragdes morfofisiologicas de
plantas jovens de Curatella americana L. submetidas ao sombreamento. Revista brasileira de Biociéncias,
13(1), 41-48.

Dias, D. P., & Marenco, R. A. (2007). Efeito da nebulosidade nos pardmetros da fluorescéncia em Minquartia
guianensis Aubl. Revista brasileira de Biociéncias, 5(2), 54-56.

Duke, S. O., & Kenyon, W. H. (1986). Effects of dimethazone (FMC 57020) on chloroplast development II:
Pigment synthesis and primary leaves. Pesticide Biochemistry Physiology, 25, 11-18. https://doi.org/
10.1016/0048-3575(86)90027-1

Dymova, O. V., & Golovko, T. K. (2007). Pigment apparatus in Ajuga reptans plants as affected by adaptation to
light growth conditions. Russian Journal of Plant Physiology, 54(1), 39-45. https://doi.org/10.1134/
S1021443707010062

Epifanio, M. L. F. G., Sousa, H. G. A., Aguiar, B. A. C,, Silva, R. C., Dias, C. F., Xavier, M. O., ... Souza, P. B.
(2022). Morphophysiological comparison of Schizolobium parahyba varieties seedlings cultivated under
different shading levels. Australian Journal of Crop Science, 16(3), 408-414. https://doi.org/10.21475/
ajcs.22.16.03.p3556

Figueiredo, F. R. A. (2019). Indices de clorofila de Ceiba glaziovii (Kuntze) K. Schum. em diferentes niveis de
sombreamento. Revista Craibeiras de Agroecologia, 4(2), 1-5.

Gondim, A. R. O., Puiatti, M., Ventrella, M. C., & Cecon, P. R. (2008). Plasticidade Anatémica da folha de Taro
cultivado sob diferentes condi¢des de sombreamento. Bragantia, 67(4), 1037-1045. https://doi.org/10.1590/
S0006-87052008000400028

Johansen, D. A. (1940). Plant microtechnique (2nd ed.). New York: Mc-Graw-Hill.
Kerbauy, G. B. (2019). Fisiologia vegetal (3rd ed.). Guanabara Koogan: Rio de Janeiro.

Li, Z., Shi, K., Zhang, F., Zhang, L., Long, H., Zeng, Y., ... Tan, X. (2019). Growth, physiological, and
biochemical responses of tung tree (Vernicia fordii) seedlings to different light intensities. Hortscience,
54(8), 1361-1369. https://doi.org/10.21273/HORTSCI14035-19

Lichtenthaler, H. K., & Babani, F. (2007). Differences in pigment composition, photosynthetic rates and
chlorophyll fluorescence images of sun and shade leaves of four tree species. Plant Physiology and
Biochemistry, 45(8), 577-588. https://doi.org/10.1016/j.plaphy.2007.04.006

O’brien, T. P, Feder, N., & Mccully, M. E. (1965). Polychromatic staining of plant cell walls by toluidine O.
Protoplasma, 59(2), 368-373. https://doi.org/10.1007/BF01248568

Rego, G., & Possamai. E. (2006). Efeito do Sombreamento sobre o Teor de Clorofila e Crescimento Inicial do
Jequitiba-rosa. Boletim de Pesquisa Florestal, 53, 179-194.

Rosa, L. S., Vieira, T. A., Santos, D. S., & Silva, L. C. B. (2009). Emergéncia, crescimento e padrio de qualidade
de mudas de Schizolobium amazonicum Huber ex Ducke sob diferentes niveis de sombreamento e
profundidades de semeadura. Revista de Ciéncias Agrarias, 52, 87-98.

Sandmann, G., & Boger, P. (1983). Comparison of the bleaching activity of Norflurazon and Oxyfluorfen. Weed
Science, 31, 38-341. https://doi.org/10.1017/S0043174500069125



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 11; 2022

Schluter, U. Muschak, M., Berger, D., & Altmann, T. (2003). Photosyntetic performance of an Arabidopsis
mutant with elevated stomatal density (sdd1-1) under different light regimes. Journal of Experimental
Botany, 4, 867-874. https://doi.org/10.1093/jxb/erg087

Schwartz, G., Pereira, P. C. G., Siviero, M. A., Perecira, J. F., Ruschel, A. R., & Yared, J. A. G. (2017).
Enrichment planting in logging gaps with Schizolobium parahyba var. amazonicum (Huber ex Ducke)
Barneby: A financially profitable alternative for degraded tropical forests in the Amazon. Forest Ecology
and Management, 390, 166-172. http://doi. org/10.1016/j.foreco.2017.01.031

Smychniuk, A. A., Calvi, G. P., & Ferraz, 1. D. K. (2020). Moist heat overcomes physical dormancy at the seed
coat lens in Schizolobium parahyba var. amazonicum. Floresta e Ambiente, 27, €¢20190093. https://doi.org/
10.1590/2179-8087.009319

Sousa, H. G. A., Souza, 1. V., Aguiar, B. A. C,, Oliveira, G. R. A. S., Souza, F. B., Epifanio, M. L. F. G, ... Souza,
P. B. (2022). Morphophysiological Evaluation of Schizolobium Parahyba Var. Amazonicum and Eucalyptus
urograndis Growing in Different Levels of Shading. Floresta e Ambiente, 29, €20210054. https://doi.org/
10.1590/2179-8087-FLORAM-2021-0054

Taiz, L., Zeiger, E., Meller, I. M., & Murphy, A. (2017). Fisiologia e desenvolvimento vegetal (6th ed.). Porto
Alegre: Artmed.

Wang, H., Wu, F., Li, M., Zhu, X., Shi, C., & Ding, G. (2021). Morphological and physiological responses of
Pinus massoniana seedlings to different light gradients. Forests, 12(5), 523. https://doi.org/10.3390/
£12050523

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).

10



