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RESUMO 

 

A produção global da soja atingiu na safra 2017/2018, a segunda maior produção já 

registrada graças às colheitas nos Estados Unidos e no Brasil. Entre os fatores que têm 

contribuído para alavancar a produção e produtividade desta commodity, além das 

condições favoráveis do solo, a disponibilidade dos nutrientes, em especial dos 

micronutrientes, tem sido um fator determinante a ser considerado. Micronutrientes 

essenciais como zinco (Zn) e ferro (Fe) desempenham um papel crucial na produção da 

soja, pois estão envolvidos durante todo o ciclo de desenvolvimento da cultura. 

Contudo, suprimentos inadequados de Zn e Fe têm se tornado fatores de estresse para 

cultura devido à deficiência ou excesso destes elementos na planta. Nos últimos anos, 

estratégias e tecnologias têm sido desenvolvidas para o tratamento de plantas 

estressadas por fatores abióticos, entre eles, a aplicação de esteroides vegetais tem sido 

discutida como um método eficaz e menos danoso. Dos esteróides vegetais, uma 

considerável atenção tem sido dada aos Brassinosteroides (BRs). Neste contexto, 

objetivou-se avaliar os efeitos de Zn e Fe na cultura da soja exposta a suprimentos 

baixo/alto destes elementos no solo, assim como investigar o comportamento fisiológico 

e bioquímico do BRs em plantas de soja submetidas à deficiência e ao excesso de Zn e 

Fe e identificar quais os possíveis benefícios provocados pelo esteroide. Para isso, 

foram realizados dois experimentos em casa de vegetação. O experimento I seguiu um 

planejamento fatorial completamente casualizado com duas concentrações de 24-

epibrassinolídeo (0 e 100 nM EBR) e três suprimentos de Zn (0,2, 20 e 2000 μM Zn). O 

experimento II foi realizado em um delineamento inteiramente casualizado com quatro 

tratamentos (0 nM EBR + 250 μM Fe, 0 nM EBR + 2,5 μM Fe, 100 nM EBR + 250 μM 

Fe e 100 nM EBR + 2,5 μM Fe). Em geral, suprimentos baixos de Zn e Fe e altos de Zn 

produziram efeitos deletérios. Contudo, os resultados revelaram que o BRs exógeno 

(100 nM EBR) minimizou os danos causados pela deficiência de Zn e Fe e pelos níveis 

tóxicos de Zn em plantas de soja. No experimento I, o EBR aliviou o impacto produzido 

pelo estresse do zinco no sistema radicular agindo positivamente sobre epiderme, 

endoderme, córtex, cilindro vascular e metaxilema, melhorando intrisecamente o status 

nutricional nas plantas. EBR promoveu melhoras no maquinário fotossintético de 

plantas expostas ao estresse de zinco, estimulando a atividade das enzimas antioxidantes 

que desempenham papéis cruciais na proteção das membranas do cloroplastos, com 

repercussões positivas sobre as clorofilas, rendimento quântico efetivo da fotoquímica 

do PSII e taxa de transporte de elétrons. No experimento II, o EBR maximizou o teor de 

Fe na folha, caule e raiz, bem como melhorou o teor de nutrientes e a homeostase do 

metal, conforme confirmado pela detecção aumentada de Fe
2+/

Mg
2+

, Fe
2+

/Mn
2+

 e 

Fe
2+

/Cu
2+

 em plantas com deficiência de Fe. O esteróide também promoveu melhorias 

nos pigmentos cloroplásticos e aumentou a eficiência fotoquímica, regulando 

positivamente o transporte de elétrons e reduzindo os impactos negativos associados à 

fotoinibição do PSII. 

 

 

Palavras chave: Glycine max,  Brassinosteróides,  Micronutrientes, Anatomia da raiz, 

Clorofila 
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ABSTRACT 

 

Global soy production reached the 2017/2018 crop, the second highest production ever 

recorded thanks to harvests in the United States and Brazil. Among the factors that have 

contributed to leverage the production and productivity of this commodity, in addition 

to favorable soil conditions, the availability of nutrients, especially micronutrients, has 

been a determining factor to be considered. Essential micr-onutrients such as zinc (Zn) 

and iron (Fe) play a crucial role in soybean production, as they are involved throughout 

the crop's development cycle. However, inadequate supplies of Zn and Fe have become 

stress factors for culture due to the deficiency or excess of these elements in the plant. 

In recent years, strategies and technologies have been developed for the treatment of 

plants stressed by abiotic factors, among them, the application of plant steroids has been 

discussed as an effective and less harmful method. From plant steroids, considerable 

attention has been paid to brassinosteroids (BRs). In this context, the objective was to 

evaluate the effects of Zn and Fe in the soybean culture exposed to low/high supplies of 

these elements in the soil, as well as to investigate the physiological and biochemical 

behavior of BRs in soybean plants submitted to Zn deficiency and excess and Fe and 

identify the possible benefits caused by the steroid. For this, two experiments were 

carried out in a greenhouse. Experiment I followed a completely randomized factorial 

design with two concentrations of 24-epibrassinolide (0 and 100 nM EBR) and three 

supplies of Zn (0.2, 20 and 2000 μM Zn). Experiment II was carried out in a completely 

randomized design with four treatments (0 nM EBR + 250 μM Fe, 0 nM EBR + 2.5 μM 

Fe, 100 nM EBR + 250 μM Fe and 100 nM EBR + 2.5 μM Fe). In general, low supplies 

of Zn and Fe and high supplies of Zn produced deleterious effects. However, the results 

revealed that exogenous BRs (100 nM EBR) minimized the damage caused by Zn and 

Fe deficiency and by toxic Zn levels in soybean plants. In experiment I, EBR alleviated 

the impact produced by zinc stress on the root system by acting positively on the 

epidermis, endoderm, cortex, vascular cylinder and metaxylem, intrinsically improving 

the nutritional status in plants. EBR promoted improvements in the photosynthetic 

machinery of plants exposed to zinc stress, stimulating the activity of antioxidant 

enzymes that play crucial roles in the protection of chloroplast membranes, with 

positive repercussions on chlorophylls, effective quantum yield of PSII photochemistry 

and transport rate of PSII electrons. In experiment II, EBR maximized the Fe content in 

the leaf, stem and root, as well as improved the nutrient content and the metal 

homeostasis, as confirmed by the increased detection of Fe
2+

/Mg
2+

, Fe
2+

/Mn
2+

 and 

Fe
2+

/Cu
2+

 in plants with Fe deficiency. The steroid also promoted improvements in 

chloroplastic pigments and increased photochemical efficiency, positively regulating 

electron transport and reducing the negative impacts associated with PSII 

photoinhibition. 

 

 

Keywords: Glycine max, Brassinosteróides, Micronutrients, Root anatomy, Chlorophyll 

,  
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CONTEXTUALIZATION 

 

The soybean (Glycine max (L.) Merrill) is an oleaginous plant that has great 

importance for human and animal feeding (HUANG et al., 2017) because it has a large 

capacity to produce grains rich in proteins (XU et al., 2016 ), besides being also used as 

energy source in biofuels (PEREIRA et al., 2017). According to the FAO (2018) in the 

2017/2018 harvest, approximately 338 million tons were produced, and is currently the 

world's most consumed and cultivated legume. In the world ranking, the main 

producing countries are the United States of America and Brazil (HART, 2017). 

Brazil stands out for being the world's largest soybean producer with a 

production of 124.845 million tons in the 2019/2020 harvest. The planted area in this 

harvest period was 36,950 million hectares, reaching an average productivity of 3,379 

kg / ha (CONAB, 2020). In Pará, planting began in the last half of December 2019, in 

the main producing municipalities, Paragominas being the largest soybean pole in the 

state, with an expected planting of 162,000 hectares in 2020 (CONAB, 2020). 

Under field conditions, it is often observed that the growth and development of 

this species can be affected by abiotic stresses induced by the water restriction 

(KUNERT et al., 2016, WIJEWARDANA et al. 2019), salinity (SHU et al., 

2017), temperature (ALLEN Jr. et al., 2018), toxic metals (BALASARASWATHI et al., 

2017, REIS et al., 2018), mainly because of the nutritional stress caused by the 

deficiency or excess of the minerals required by the soybean crop. 

The nutrients play structural and metabolic functions in soybean plants and their 

availability is directly related to the best performance of the species. Nutritional 

disorders cause reduced productivity and are associated with symptoms characteristic of 

the lack of each nutrient (CARMELLO and OLIVEIRA, 2006). Essential 

micronutrients, such as zinc (Zn) and iron (Fe), are absorbed in small amounts by 

plants, when compared to macronutrients, but play a crucial role in soybean production 

(HANSEL and OLIVEIRA, 2016). 

Zinc is a nutrient absorbed actively by roots as Zn
2+,

 with the absorption process 

being highly dependent on soil pH (SFREDO and BORKERT, 2004). Zn is important in 

the activation of enzymes in plants, such as the synthesis of tryptophan, indole acetic 

acid precursor enzyme (IAA), dehydrogenase and carbonic anhydrase 

(MASCARENHAS et al., 2014). Symptoms of deficiency are characterized by the light 

yellow-brown coloration on the leaves and the small size of the young leaves, due to the 
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low mobility of this micronutrient in the phloem of the plant. Another symptom of 

disability is the shortening of the internodes (rosette) (HANSEL and OLIVEIRA, 2016). 

In addition, excess Zn also promotes damaging effects on crop yield (TRIPATHI et al., 

2015), because Zn toxicity negatively affects CO2 assimilation and stomatal mechanism 

(AZZARELLO et al., 2012), reducing the rate of the transpiration and content of water 

in the leaf (SAGARDOY et al., 2009), resulting in low biomass content (MARQUES et 

al., 2017). 

Iron (Fe), an essential nutrient for plants, is necessary for physiological 

processes in plants (KIM, GUERINOT, 2007). The main function of Fe in plants is to 

be an enzymatic component, where most participate in oxidation processes 

(KOBAYASHI; NISHIZAWA, 2012). The enzymes that act in the transfer of electrons 

use the Fe as cofactor of choice, being these enzymes involved in a variety of reversible 

redox reactions (FOURCROY et al., 2014), participates in the route of chlorophyll 

synthesis (ABADÍA et al., 2011), in the photosynthesis (LIU et al., 2017), DNA 

synthesis, respiration (BRIAT et al., 2015), biosynthesis of phytohormones (gibberellic 

acid, jasmonic acid and ethylene) in the production and the elimination of reactive 

oxygen species (ERO) (DIXON; STOCKWELL, 2014). In Fe deficiency, 75% of Fe is 

found in chloroplasts and, consequently, in its deficiency, there is a uniform chlorosis of 

young leaves, due to a decrease in the amount of chloroplast and chlorophyll content 

(SFREDO and BORKERT, 2004). 

In recent years, various strategies and technologies have been developed for the 

treatment of plants exposed to nutritional stress, between them, the application of plant 

hormones have been discussed as an effective and less harmful method. Of plant 

hormones, a considerable attention has been given to Brassinosteroids (BRs) (HAYAT 

et al., 2012). 

Brassinosteroids (BRs) are currently considered a new group of vegetable 

steroids that have significant growth-promoting properties. Your role in the plant 

protection against environmental stresses has become, in recent years, the subject of 

scientific research to clarify its mode of action and that has contributed to the use of this 

phytohormone in agricultural production (SHARMA et al., 2011). 

BRs are associated with various physiological processes of the plant. Act 

directly on the cell elongation, cell expansion, differentiation of xylem, and promote the 

increase in yield and biomass production, accelerate plant ripening process, stimulate 
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the activity of antioxidant enzymes against oxidative damage to cells and also induce 

plant tolerance to biotic and abiotic stresses (FREITAS et al., 2012; HASAN et al., 

2011; MAZORRA, 2008). Among the abiotic stresses, they are effective on increase 

resistance to high and low temperatures, drought, salinity, toxic heavy metal and 

nutrition imbalance (LARRÉ et al., 2014). 

In rice, 24-epibrassinolide increases resistance at temperatures between 1-5
0
 C 

and tolerance is associated with increased ATP production, increased proline levels and 

increased enzyme activity, indicating that this growth regulator is involved in stability 

of membranes and osmoregulation (RAO et al., 2011). 

Another fact that arouses the interest of physiologists and biochemists is related 

to the potentiation of antioxidant enzymes of plants exposed to abiotic stresses 

(FARIDUDDIN et al., 2012), as well as reports of attenuation of the drought-induced 

damages associated with gas exchange plants of Oryza sativa (FAROOQ et al., 2011), 

making brassinosteroids ecologically safe and amenable to extensive agricultural use. 

Eucalyptus urophylla plants treated with 24-epibrinosinolide subjected to saline 

stress had positive changes on nutritional homeostasis, antioxidant metabolism and leaf 

anatomy, suggesting that this steroid mitigated the deleterious effects of saline stress, 

improving the increase of photosynthetic pigments and photochemical efficiency, which 

is explained by the antioxidant system, specifically through the significant increase 

observed in the activity of SOD, CAT, APX and POX enzymes (OLIVEIRA et al., 

2019). 

In Brassica juncea plants, the action of 24-epibrassinolide minimized stress by 

Cu, in which relief was associated with an increase in the photosynthetic rate, reduction 

in ROS levels by increasing the activity of antioxidant enzymes and raising the rates of 

growth in mustard plants, revealing the positive action of this steroid on the Cu 

phytotoxicity (YUSUF et al., 2016). 

The exogenous application of 24-epibrinsinolide (EBR) attenuated the negative 

effects caused by Fe deficiency on the nutritional condition and on the physiological 

and biochemical behavior of Eucalyptus urophylla plants, increasing the macronutrient 

and micronutrient contents, including Fe. EBR also improved the photochemical 

efficiency of PSII, gas exchanges, photosynthetic pigments inducing less accumulation 

of oxidative compounds (LIMA et al., 2018) 



14 
 

The general hypothesis of the work is that the exogenous application of EBR is 

able to attenuate the negative impacts caused by the deficiency and excess of Zn and Fe 

in soybean plants. The objective of this work was to investigate the performance of 

EBR in soybean plants submitted to different Zn and Fe supplements, as well as to 

reveal the physiological and biochemical behavior of plants submitted to nutritional 

stress, and to identify the possible benefits of Brassinosteroids. For this, the thesis was 

divided into two chapters. 

The hypothesis of the first article is that the EBR may be a possible solution to 

mitigate the damages caused by the deficiency and excess of Zn in soybean plants. The 

objective of this first chapter was to answer whether the EBR can reduce oxidative 

stress in soybean plants submitted to different Zn supplements, evaluating the possible 

repercussions on the anatomical, nutritional, biochemical, physiological and biomass 

parameters. 

The hypothesis of the second article is that the EBR can attenuate the damages 

caused by the deficiency Fe in soybean plants. This second chapter aimed to answer 

whether epibrassinolide (EBR) can alleviate Fe deficiency in Glycine max plants and to 

evaluate the repercussions on nutritional conditions and physiological, biochemical and 

anatomical behavior. 
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CONCLUSÃO GERAL 

 

Os resultados de ambos os estudos demonstraram que suprimentos baixos e altos de Zn 

e Fe produziram efeitos deletérios em plantas de soja. Contudo, nossas pesquisas 

revelaram claramente que EBR pode desempenhar papéis múltiplos e benéficos em 

plantas de soja expostas aos efeitos negativos de Zn e Fe. 

EBR aliviou o impacto produzido pelo estresse do zinco no sistema radicular agindo 

positivamente sobre a epiderme radicular, endoderme radicular, córtex, cilindro vascular 

e metaxilema, melhorando intrisecamente a homeostase dos nutrientes nas plantas. 

As repercussões benéficas da EBR no crescimento, manutenção dos pigmentos 

fotossintéticos, maquinário fotossintético e trocas gasosas estavam intrinsecamente 

ligados à menor produção de compostos oxidantes e danos às células. 

A aplicação exógena do EBR em plantas expostas ao estresse de Zn e Fe melhorou, de 

modo geral, os parâmetros anatômicos, nutricionais, fisiológicos, bioquímicos e 

morfológicos, com 100 nM  EBR como concentração ótima. Isso pode ser recomendado 

para a utilização prática em plantas expostas a deficiência de Zn e Fe e ao excesso de 

Zn.  

 

 


