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IMPACTO POTENCIAL DESTA PESQUISA 

O estudo do crescimento de mudas apresenta-se como uma estratégia relevante para a 

conservação e a valorização de espécies frutíferas nativas do Cerrado, especialmente aquelas 

ainda pouco exploradas do ponto de vista agronômico, como é o caso da Eugenia klotzschiana 

O. Berg, popularmente conhecida como pera-do-cerrado. Essa espécie encontra-se entre as

frutíferas nativas mais vulneráveis do bioma, resultado direto do avanço da degradação

ambiental, da fragmentação de habitats e da escassez de informações técnicas sobre seu manejo

e propagação, fatores que juntos dificultam sua conservação e restringem seu aproveitamento

econômico, alimentício e ornamental. Diante desse cenário, a geração de conhecimento sobre

o estado da arte, o crescimento inicial e o estabelecimento de mudas torna-se essencial, pois

viabiliza a produção de indivíduos sadios em menor tempo, os quais podem subsidiar ações de

reintrodução em áreas degradadas e programas de restauração ecológica. Além disso,

compreender os aspectos fisiológicos envolvidos no desenvolvimento das mudas contribui para

a formação de bancos de germoplasma, ferramenta indispensável à manutenção da variabilidade

genética da espécie. Esse conjunto de conhecimentos favorece não apenas estudos futuros sobre

ecologia e melhoramento genético, mas também fortalece estratégias de domesticação,

reduzindo, assim, o risco de extinção da Eugenia klotzschiana e ampliando seu potencial de uso

sustentável.

POTENTIAL IMPACT OF THIS RESEARCH 

Studying seedling growth is essential for conserving and valorizing native fruit species from 

the Cerrado, especially underexplored species such as Eugenia klotzschiana O. Berg, popularly 

known as pera-do-cerrado. This species is among the biome's most vulnerable native fruit trees. 

This is a direct consequence of advancing environmental degradation, habitat fragmentation, 

and a lack of technical information regarding its management and propagation. Collectively, 

these factors hinder conservation efforts and limit its economic, nutritional, and ornamental 

utility. In this context, generating knowledge on the current state of research, as well as on 

initial growth and seedling establishment, is essential. It enables the production of healthy 

plants in less time, supporting reintroduction efforts in degraded areas and ecological 

restoration programs. Understanding the physiological aspects of seedling development also 

aids in the creation of germplasm banks, an indispensable tool for maintaining the species' 

genetic diversity. This body of knowledge facilitates future studies on ecology and genetic 



improvement, strengthens domestication strategies, reduces the risk of extinction for Eugenia 

klotzschiana, and expands its potential for sustainable use. 
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RESUMO 

A pera-do-cerrado (Eugenia klotzschiana O. Berg) é uma frutífera nativa do Cerrado com 
significativo potencial alimentar, medicinal e econômico, porém ainda pouco explorada do 
ponto de vista agronômico. A degradação progressiva do bioma e a carência de técnicas 
eficientes de propagação limitam sua conservação e domesticação. Esta dissertação objetivou 
investigar a importância agroecológica da espécie, sintetizar conhecimento sobre suas técnicas 
de propagação e conservação, e desenvolver protocolos para produção de mudas de alta 
qualidade. O trabalho foi estruturado em uma revisão sistemática seguindo diretrizes PRISMA, 
sintetizando oito publicações sobre usos tradicionais, propagação e conservação da espécie. Os 
resultados evidenciaram crescimento nas publicações entre 2020-2024, porém identificaram 
lacunas significativas em técnicas eficientes de propagação, particularmente devido à 
recalcitrância das sementes. Além disso, também foi realizada uma pesquisa experimental em 
delineamento fatorial 3 × 5, avaliando três telas de sombreamento (fotosseletiva vermelha, 
termorrefletora e monofilamento preto) combinadas com cinco doses de fertilizante de 
liberação controlada (0, 16, 24, 32 e 40 g vaso⁻¹). Aos 120 dias após o transplantio, foram 
mensuradas trocas gasosas, crescimento, biomassa e desenvolveu-se um Índice de Qualidade 
de Mudas (IQM_PC) baseado em análise multivariada. A tela termorrefletora proporcionou 
superior desempenho fisiológico, atingindo taxa fotossintética máxima de 9,58 µmol CO₂ m⁻² 
s⁻¹ na dose de 20,28 g vaso⁻¹, com elevada eficiência do uso da água e crescimento estrutural 
robusto. Foi identificada faixa ótima de adubação entre 17-21 g vaso⁻¹, com máxima eficiência 
técnica em 18-19 g vaso⁻¹, resultando em mudas de alta qualidade (IQM_PC = 57,79). Doses 
superiores induziram estresse salino manifesto por redução em condutância estomática, 
transpiração e fixação de carbono. O IQM_PC demonstrou-se ferramenta robusta. Análises 
multivariadas confirmaram que qualidade de muda é determinada primariamente por 
crescimento estrutural e acúmulo de biomassa, não por eficiência fisiológica instantânea. A 
plasticidade morfofisiológica das mudas foi evidenciada pela capacidade de adaptar respostas 
fisiológicas e alocação de biomassa conforme condições luminosas e nutricionais. Por fim, 
recomenda-se a produção de mudas de E. klotzschiana sob tela termorrefletora (35% 
sombreamento) associada a 18-19 g vaso⁻¹ de fertilizante de liberação controlada 15-09-12 em 
substratos de 280 mL. Os resultados consolidam a base científica necessária à domesticação e 
produção de mudas da espécie, oferecendo um modelo replicável para outras frutíferas nativas 
do Cerrado. A dissertação demonstra ser possível conciliar conservação da biodiversidade com 
desenvolvimento econômico sustentável, contribuindo para valorização e preservação de 
patrimônio genético único e ameaçado. 

Palavras-chave: pera do Cerrado; Cerrado, qualidade de mudas; telas de sombreamento, 
fertilização de liberação controlada; propagação de espécies nativas; conservação.



ABSTRACT 

The pera-do-cerrado (Eugenia klotzschiana O. Berg) is a fruit-bearing species native to the 
Cerrado biome with significant nutritional, medicinal, and economic potential, yet it remains 
underexplored from an agronomic perspective. Progressive biome degradation and a lack of 
efficient propagation techniques limit its conservation and domestication. This dissertation 
aimed to investigate the species' agroecological importance, synthesize knowledge regarding 
its propagation and conservation techniques, and develop protocols for high-quality seedling 
production. The work was structured as a systematic review following PRISMA guidelines, 
synthesizing eight publications on the species' traditional uses, propagation, and conservation. 
Results showed an increase in publications between 2020 and 2024 but identified significant 
gaps regarding efficient propagation techniques, particularly due to seed recalcitrance. 
Additionally, an experimental study was conducted using a 3 × 5 factorial design, evaluating 
three types of shade netting (red photoselective, heat-reflecting, and black monofilament) 
combined with five doses of controlled-release fertilizer (0, 16, 24, 32, and 40 g pot⁻¹). At 120 
days after transplanting, gas exchange, growth, and biomass were measured, and a Seedling 
Quality Index (IQM_PC) was developed based on multivariate analysis. The heat-reflecting 
netting yielded superior physiological performance, achieving a maximum photosynthetic rate 
of 9.58 µmol CO₂ m⁻² s⁻¹ at a dose of 20.28 g pot⁻¹, alongside high water-use efficiency and 
robust structural growth. An optimal fertilization range of 17–21 g pot⁻¹ was identified, with 
maximum technical efficiency at 18–19 g pot⁻¹, resulting in high-quality seedlings (IQM_PC = 
57.79). Higher doses induced salt stress, manifested by a reduction in stomatal conductance, 
transpiration, and carbon fixation. The IQM_PC proved to be a robust tool. Multivariate 
analyses confirmed that seedling quality is determined primarily by structural growth and 
biomass accumulation, rather than by instantaneous physiological efficiency. The seedlings' 
morphophysiological plasticity was evidenced by their ability to adjust physiological responses 
and biomass allocation according to light and nutritional conditions. Finally, the production of 
E. klotzschiana seedlings is recommended using heat-reflecting netting (35% shading) 
combined with 18–19 g pot⁻¹ of 15-09-12 controlled-release fertilizer in 280 mL substrate 
volumes. These results consolidate the scientific foundation required for the domestication and 
seedling production of this species, offering a replicable model for other native Cerrado fruit 
trees. The dissertation demonstrates the feasibility of reconciling biodiversity conservation with 
sustainable economic development, thereby contributing to the valorization and preservation of 
a unique and threatened genetic heritage.

Keywords: pera do Cerrado; Cerrado, seedling quality; shade nets; controlled-release 
fertilization; native species propagation; conservation.
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2. TRADITIONAL USES, PROPAGATION, AND CONSERVATION OF EUGENIA 
KLOTZSCHIANA: AN UNDERSTUDIED FRUIT TREE FROM THE BRAZILIAN 
CERRADO 

 
ABSTRACT 

This study evaluated traditional uses, propagation methods, and conservation strategies of 
Eugenia klotzschiana to support its sustainable management and preservation amid the broader 
context of Cerrado degradation. A systematic literature review following PRISMA guidelines 
was conducted using Scopus, Web of Science, and Google Scholar, alongside manual searches, 
considering studies published up to December 2024. Eight selected articles addressed 
conservation, traditional uses, medicinal potential, seed propagation, and vegetative techniques, 
including in vitro cultivation. Despite significant nutritional, medicinal, and ecological 
potential, the species faces challenges due to recalcitrant seeds and limitations in vegetative 
propagation methods. The reviewed studies emphasize developing efficient propagation 
protocols and sustainable management practices, such as germplasm banks and reintroduction 
programs. Without intervention, wild E. klotzschiana populations could decline by 30% over 
20 years due to habitat loss and climate change, highlighting increasing extinction risks. Its 
decline indicates on going Cerrado degradation. While highly relevant to biodiversity and local 
communities, E. klotzschiana's conservation is hindered by propagation and management 
challenges. Integrating traditional knowledge, research, and conservation strategies is essential. 
This integration fosters a collaborative adaptive co-management model between local 
communities and scientists—a cyclical process of monitoring, learning, and adjusting to ensure 
long-term sustainability and socioeconomic benefits. 
Keywords: Myrtaceae; Cerrado; Ethnobotany; Recalcitrant seeds, In vitro culture, Germplasm 
banks; Extinction risk assessment. 
 
 
2.1 INTRODUCTION 

 

Eugenia klotzschiana O. Berg. is recognized for its significance in both nutritional and 

biological conservation contexts. This species possesses notable food and medicinal properties, 

highlighting its value to local communities and traditional populations. In addition to its use as 

a food source through fruit consumption, it contains bioactive compounds with potential health 

benefits, supporting its classification as a nutraceutical resource. Furthermore, ‘Pera-do-

Cerrado’, as it is commonly known, serves as a representative species of regional biodiversity 

and contributes substantially to the maintenance of the ecosystems in which it occurs (Carneiro 

et al., 2017a; Carneiro et al., 2017b). 

Propagation and conservation practices for Eugenia klotzschiana are of significant 

interest to researchers, farmers, and traditional communities due to its socioeconomic and 

ecological potential. As noted by Barbosa, Costa, and Sanches (2024), the recognition and 
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    3. RELAÇÃO ENTRE TELAS DE SOMBREAMENTO E DOSES DE FERTILIZANTE 
DE LIBERAÇÃO CONTROLADA NAS TROCAS GASOSAS E NO CRESCIMENTO 
DE MUDAS DE PERA-DO-CERRADO 

 
RESUMO 

 
A produção de mudas de qualidade é essencial para o sucesso de cultivos comerciais e projetos 
de restauração de espécies nativas. A pera-do-cerrado (Eugenia klotzschiana O. Berg) é uma 
frutífera nativa do Cerrado com limitado conhecimento científico sobre suas técnicas de 
propagação. Este trabalho avaliou a plasticidade morfofisiológica de mudas de pera-do-cerrado 
em resposta a três telas de sombreamento (fotosseletiva vermelha, termorrefletora e 
monofilamento preto) e cinco doses de fertilizante de liberação controlada (0, 16, 24, 32 e 40 g 
vaso⁻¹). O experimento foi conduzido em delineamento inteiramente casualizado com esquema 
fatorial 3 × 5. Aos 120 dias após o transplantio, foram mensurados: trocas gasosas (fotossíntese, 
transpiração, condutância estomática, concentração interna de CO₂), parâmetros de crescimento 
(diâmetro do caule, número de folhas, comprimento da parte aérea e do sistema radicular, 
biomassas secas) e desenvolvimento de um Índice de Qualidade de Mudas (IQM_PC) baseado 
em análise multivariada. Os resultados demonstraram que a tela termorrefletora proporcionou 
o melhor desempenho fisiológico, atingindo taxa fotossintética máxima de 9,58 µmol CO₂ m⁻² 
s⁻¹ na dose de 20,28 g vaso⁻¹, com elevada eficiência do uso da água e crescimento. A tela 
fotosseletiva vermelha induziu elevada eficiência intrínseca do uso da água (52,20), porém com 
menor acúmulo de biomassa. O monofilamento preto limitou o desempenho fotossintético e 
fisiológico, apesar de promover alongamento do sistema radicular. Uma faixa ótima de 
adubação foi identificada entre 17 e 21 g vaso⁻¹, com máxima eficiência técnica em 18,72 g 
vaso⁻¹, resultando em mudas de alta qualidade (IQM_PC = 57,79). Além disso, doses elevadas 
induziram estresse salino, reduzindo condutância estomática, transpiração e fixação de carbono. 
O IQM_PC, integrador de seis variáveis morfométricas via componentes principais, 
demonstrou-se uma ferramenta robusta para avaliação objetiva da qualidade, explicando 
63,39% da variância total. Recomenda-se a produção de mudas de E. klotzschiana sob viveiros 
com tela termorrefletora e substrato com 18-19 g vaso⁻¹ de fertilizante 15-09-12, obtendo mudas 
de elevada qualidade. 
 
Palavras-chave: Eugenia klotzschiana, qualidade de mudas, radiação luminosa, nutrição 
mineral, Cerrado 
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ABSTRACT 

 
Producing high-quality seedlings is essential for the success of commercial crops and native 
species restoration projects. Eugenia klotzschiana O. Berg (known as "pera-do-cerrado") is a 
fruit-bearing species native to the Cerrado, yet scientific knowledge regarding its propagation 
techniques remains limited. This study evaluated the morphophysiological plasticity of E. 
klotzschiana seedlings in response to three types of shade netting (red photoselective, 
thermoreflective, and black monofilament) and five rates of controlled-release fertilizer (0, 16, 
24, 32, and 40 g pot⁻¹). The experiment followed a completely randomized design with a 3 × 5 
factorial arrangement. At 120 days after transplanting, the following were measured: gas 
exchange (photosynthesis, transpiration, stomatal conductance, internal CO₂ concentration), 
growth parameters (stem diameter, number of leaves, shoot and root system lengths, dry 
biomass), and the development of a Seedling Quality Index (IQM_PC) based on multivariate 
analysis. The results showed that the thermoreflective netting yielded the best physiological 
performance, achieving a maximum photosynthetic rate of 9.58 µmol CO₂ m⁻² s⁻¹ at a fertilizer 
rate of 20.28 g pot⁻¹, alongside high water-use efficiency and growth. The red photoselective 
netting induced high intrinsic water-use efficiency (52.20) but resulted in lower biomass 
accumulation. The black monofilament netting limited photosynthetic and physiological 
performance, despite promoting root system elongation. An optimal fertilization range was 
identified between 17 and 21 g pot⁻¹, with maximum technical efficiency at 18.72 g pot⁻¹, 
resulting in high-quality seedlings (IQM_PC = 57.79). Furthermore, high doses induced salt 
stress, reducing stomatal conductance, transpiration, and carbon fixation. The IQM_PC, an 
integrator of six morphometric variables via principal component analysis, proved to be a robust 
tool for objective quality assessment, explaining 63.39% of the total variance. Producing E. 
klotzschiana seedlings in nurseries equipped with heat-reflecting netting and using a substrate 
containing 18–19 g pot⁻¹ of 15-09-12 fertilizer is recommended to obtain high-quality 
seedlings. 
 
Keywords: Eugenia klotzschiana, seedling quality, light radiation, mineral nutrition, Cerrado 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



80 

REFERÊNCIAS 
 
AHMAD, A.; BLASCO, B.; MARTOS, V. Combating Salinity Through Natural Plant 
Extracts Based Biostimulants: A Review. Frontiers in Plant Science, [S.l.], v. 13, 20 maio 
2022. DOI: https://doi.org/10.3389/fpls.2022.862034 
  
AJMI, A.; VÁZQUEZ, S.; MORALES, F.; CHAARI, A.; EL-JENDOUBI, H.; ABADÍA, A.; 
LARBI, A. Prolonged artificial shade affects morphological, anatomical, biochemical and 
ecophysiological behavior of young olive trees (cv. Arbosana). Scientia Horticulturae, [S.l.], 
v. 241, p. 275–284, 18 nov. 2018. DOI: https://doi.org/10.1016/j.scienta.2018.06.089 
  
AL PAVEL, M. A. et al. Linking the effects of nursery light and fertilization and post-
transplant first summer irrigation on the field survival and growth of Pinus pinaster seedlings. 
New Forests, v. 55, n. 2, p. 251-271, 2024.DOI: doi.org/10.1007/s11056-023-09973-x 
  
ALHELAL, I. M.; ALBADAWI, A. A.; ALSADON, A. A.; ALENAZI, M. M.; IBRAHIM, 
A. A.; SHADY, M.; AL-DUBAI, A. A. Effects of Shading Nets Color on the Internal 
Environmental Conditions, Light Spectral Distribution, and Strawberry Growth and Yield in 
Greenhouses. Plants, [S.l.], v. 13, n. 16, p. 2318, jan. 2024. DOI: 
https://doi.org/10.3390/plants13162318 
  
AMARAL, G. C.; PEZZOPANE, J. E. M.; DE SOUZA NÓIA JÚNIOR, R.; FONSECA, M. 
D. S.; MARTÍNEZ, M. F.; DE OLIVEIRA GOMES, V.; TOLEDO, J. V.; PEZZOPANE, J. 
R. M.; MARTÍN, R. T. Climate change and the growth of Amazonian species seedlings: an 
ecophysiological approach to Euterpe oleracea. New Forests, [S.l.], v. 54, n. 2, p. 269–287, 1 
mar. 2023. DOI: https://doi.org/10.1007/s11056-022-09921-1 
  
ANDIVIA, E.; VILLAR-SALVADOR, P.; OLIET, J. A.; PUÉRTOLAS, J.; DUMROESE, R. 
K.; IVETIĆ, V.; MOLINA-VENEGAS, R.; ARELLANO, E. C.; LI, G.; OVALLE, J. F. 
Climate and species stress resistance modulate the higher survival of large seedlings in forest 
restorations worldwide. Ecological Applications, [S.l.], v. 31, n. 6, p. e02394, 2021. DOI: 
https://doi.org/10.1002/eap.2394 
  
ANDRADE, L. R. M. et al. Edaphic factors as genetic selection agents and adaptation drivers 
of native plant species in harsh environments of the Brazilian savanna. Plant and Soil, v. 479, 
p. 301-323, 2022. DOI: https://doi.org/10.1007/s11104-022-05520-3 
  
AO, Y.; HIRST, P. M.; LI, G.; MIAO, Y.; ZHANG, R. Combined effects of provenance and 
slow-release fertilizer on nursery and field performance of yellowhorn seedlings. Silva 
Fennica, [S.l.], v. 52, n. 5, 18 dez. 2018. Disponível em: 
https://www.silvafennica.fi/article/10034. Acesso em: 11 jul. 2026. 
  
ARAÚJO, J. M. de; RODRIGUES, M. J. da S.; CAPISTRANO, M. da C.; ANDRADE 
NETO, R. de C.; MATTAR, E. P. L.; LUNZ, A. M. P. Shading and controlled-release 
fertilizer in the production of Oenocarpus bataua Mart. seedlings. Comunicata Scientiae, v. 
14, e3988, 2023. DOI: https://doi.org/10.14295/cs.v14.3988 
  
ARNOLD, P. A.; KRUUK, L. E. B.; NICOTRA, A. B. How to analyse plant phenotypic 
plasticity in response to a changing climate. New Phytologist, [S.l.], v. 222, n. 3, p. 1235–
1241, 2019. DOI: https://doi.org/10.1111/nph.15656 



81 

  
BARBOSA, A. S.; SILVA, A. O. da; SOUSA, G. G. de; SOUZA, M. V. P. de; FREIRE, M. 
H. da C.; GOES, G. F.; PEREIRA, A. P. de A.; VIANA, T. V. de A.; COSTA, R. N. T.; 
LACERDA, C. F. de; SILVA, G. F. da; ROLIM, M. M. Brackish Water, Phosphate 
Fertilization and Trichoderma in the Agronomic Performance of Beet Crops. Agronomy, 
[S.l.], v. 14, n. 6, p. 1306, jun. 2024. DOI: https://doi.org/10.3390/agronomy14061306 
  
BASHYAL, M.; COOLONG, T. W.; DÍAZ-PÉREZ, J. C. Shade Nets Increase Plant Growth 
but Not Fruit Yield in Organic Jalapeño Pepper (Capsicum annuum L.). Agriculture, [S.l.], v. 
15, n. 16, p. 1757, jan. 2025. DOI: https://doi.org/10.3390/agriculture15161757 
  
BELLASIO, C. The slope of assimilation rate against stomatal conductance should not be 
used as a measure of water use efficiency or stomatal control over assimilation. 
Photosynthesis Research, [S.l.], v. 158, n. 3, p. 195–199, 1 dez. 2023. DOI: 
https://doi.org/10.1007/s11120-023-01054-6 
  
BENATI, J. A.; DE LIMA, M. A. C.; LUCHO, S. R.; EGEWARTH, J.; NAVA, G.; 
BIANCHI, V. J. Optimization the growth and quality of ‘Picual’ olive plants according to the 
dose of slow-release fertilizer. Journal of Plant Nutrition, [S.l.], v. 47, n. 16, p. 2608–2619, 
1 out. 2024. DOI: https://doi.org/10.1080/01904167.2024.2354212 
  
BERTOLINO, L. T.; CAINE, R. S.; GRAY, J. E. Impact of Stomatal Density and 
Morphology on Water-Use Efficiency in a Changing World. Frontiers in Plant Science, 
[S.l.], v. 10, 6 mar. 2019. DOI: https://doi.org/10.3389/fpls.2019.00225 
  
BOUSSORA, F.; TRIKI, T.; BENNANI, L.; BAGUES, M.; BEN ALI, S.; FERCHICHI, A.; 
NGAZ, K.; GUASMI, F. Mineral accumulation, relative water content and gas exchange are 
the main physiological regulating mechanisms to cope with salt stress in barley. Scientific 
Reports, [S.l.], v. 14, n. 1, p. 14931, 28 jun. 2024. DOI: https://doi.org/10.1038/s41598-024-
65967-5 
  
BORELLA, D. R.; NOGUEIRA, H.; MORATELLI, F. A.; KRAESKI, A.; SOUZA, A. P. de. 
SOLAR RADIATION INCIDENCE UNDER DIFFERENT SHADING SCREENS IN 
TROPICAL CLIMATE: DIURNAL EVOLUTION AND ESTIMATES. Nativa, [S.l.], v. 9, 
n. 5, p. 612–627, 2021. Disponível em: https://doi.org/10.31413/nativa.v9i5.13168.  
 
BROWN, C.; HOLDEN, E. M.; CAHILL JUNIOR, J. F. Is a plant truly plastic? Nutrients and 
neighbours induce trait-specific responses, but performance depends on response direction. 
Oikos, e11921, 2026. DOI: https://doi.org/10.1002/oik.11921 
  
BUMGARNER, M. L.; SALIFU, K. F.; MICKELBART, M. V.; JACOBS, D. F. Effects of 
Fertilization on Media Chemistry and Quercus rubra Seedling Development under 
Subirrigation. [S.l.], Seção HortScience, 1 mar. 2015. DOI: 
https://doi.org/10.21273/HORTSCI.50.3.454 
  
CABREIRA, G. V. et al. Fertilização e recipientes na produção de mudas e sobrevivência 
pós-plantio de Schizolobium parahyba. Ciência Florestal, v. 29, p. 1644-1657, 2019. DPI: 
https://doi.org/10.5902/1980509833261 
  



82 

CAMPOS, M. P.; RUFINI, J. C. M.; SILVA, B. M.; GUEDES, M. N. S.; GARCÍA, Y. M.; 
SOUZA, J. C. R. de; AZEVEDO, R. P.; FAGUNDES, M. C. P. Biometric and morphological 
adjustments of Eugenia. dysenterica DC. seedlings in response to increased soil water deficit. 
Acta Scientiarum. Biological Sciences, [S.l.], v. 45, p. e62671–e62671, 15 jun. 2023. DOI: 
https://doi.org/10.4025/actascibiolsci.v45i1.62761. 
  
CARVALHO, A. A. de; GURGEL, A. L. C.; FILHO, M. A. M.; ARAÚJO, M. J. de; DIAS-
SILVA, T. P.; SOUSA, S. V. de; NASCIMENTO, R. R. do; ÍTAVO, L. C. V.; FERREIRA, 
R. A.; SANTOS, J. M. dos; MARTINS, E. V. F.; SILVA, A. J. de O.; DIFANTE, G. dos S. 
Morphogenesis, Structure, and Chemical Composition of Paiaguás Grass Under Different 
Nitrogen Doses and Deferment Periods. Plants, [S.l.], v. 15, n. 3, p. 341, jan. 2026. DOI: 
https://doi.org/10.3390/plants15030341. 
  
CENTOFANTE, A. R. et al. In vitro culture of Campomanesia pubescens under different 
light qualities: a morphoanatomical and physiological characterization. Contribuciones a las 
Ciencias Sociales, [S. l.], v. 17, n. 5, e7128, 2024. DOI: 
https://doi.org/10.55905/revconv.17n.5-236 
  
CERNUSAK, L. A. Gas exchange and water-use efficiency in plant canopies. Plant Biology, 
[S.l.], v. 22, n. S1, p. 52–67, 2020. DOI: https://doi.org/10.1111/plb.12939. 
  
CHEN, K.; CHU, M.; BAI, Q.; XU, L.; ZHOU, Y.; LI, X.; WANG, H.; XING, W.; LIU, D. 
Optimized Sugar Beet Seedling Growth via Coordinated Photosynthate Allocation and N 
Assimilation Regulation. Agriculture, [S.l.], v. 15, n. 12, p. 1273, jan. 2025. DOI: 
https://doi.org/10.3390/agriculture15121273. 
  
CHEN, S.; CHEN, Z.; KONG, Z.; ZHANG, Z. The increase of leaf water potential and 
whole-tree hydraulic conductance promotes canopy conductance and transpiration of Pinus 
tabulaeformis during soil droughts. Trees, [S.l.], v. 37, n. 1, p. 41–52, 1 fev. 2023. DOI: 
https://doi.org/10.1007/s00468-022-02322-z. 
 
CHEN, W; SHEN, C. Near-infrared Reflective Diffusion Coating Is Beneficial for Asparagus 
Summer Production in a Simple Plastic Greenhouse. HortScience, v.57, n.2, p.257–264, 
2022. https://doi.org/10.21273/HORTSCI16271-21  
COSTA, G. G. S. da et al. Shading level, reflective material, and seeding depth on the growth 
of baru seedlings. Agricultural Engineering International: CIGR Journal, v. 22, n. 4, p. 83-92, 
2020. 
  
CUN, Z.; ZHANG, J.-Y.; WU, H.-M.; ZHANG, L.; CHEN, J.-W. High nitrogen inhibits 
photosynthetic performance in a shade-tolerant and N-sensitive species Panax notoginseng. 
Photosynthesis Research, [S.l.], v. 147, n. 3, p. 283–300, 1 mar. 2021. DOI: 
https://doi.org/10.1007/s11120-021-00823-5. 
  
CUNHA, F. L.; NIERI, E. M.; MELO, L. A. de; MIRANDA, E. N.; FERNANDES, T. J.; 
VENTURIN, N. Efficiency of Slow Release Fertilizers in The Production of Eucalyptus 
Grandis Seedlings. Floresta e Ambiente, [S.l.], v. 28, p. e20210059, 2021. DOI: 
https://doi.org/10.1590/2179-8087-FLORAM-2021-0059. 
  
CUNHA, F. L.; SANTOS, J. A. dos; DINIZ, P. C.; MELO, L. A. de; VENTURIN, N. O Uso 
de adubos de liberação lenta na produção de mudas de Handroanthus impetiginosus. 



83 

Advances in Forestry Science, [S.l.], v. 9, n. 4, p. 1885–1891, 27 dez. 2022. DOI: 
https://doi.org/10.34062/afs.v9i4.13072. 
  
DE FREITAS, F. M.; NASCIMENTO, A. R. T.; SANCHES, M. C. Can morpho-
physiological responses to natural light conditions in Cybistax antisyphilitica explain its 
widespread occurrence in Brazilian savannas? Flora, v. 286, p. 151990, 2022. DOI: 
https://doi.org/10.1590/1983-40632021v5167228 
  
DENAXA, N.-K.; NOMIKOU, A.; MALAMOS, N.; LIVERI, E.; ROUSSOS, P. A.; 
PAPASOTIROPOULOS, V. Salinity Effect on Plant Growth Parameters and Fruit Bioactive 
Compounds of Two Strawberry Cultivars, Coupled with Environmental Conditions 
Monitoring. Agronomy, [S.l.], v. 12, n. 10, p. 2279, out. 2022. DOI: 
https://doi.org/10.3390/agronomy12102279. 
  
DIN, M.; RASHID, M.; FAHAD, M.; AHMAD, I.; BIBI, N.; MAHBOOB, W.; KHAN, A. 
Multivariate analysis of rice genotypes for seeding traits characterization and evaluation. 
Pakistan Journal of Botany, [S.l.], v. 53, n. 2, 15 abr. 2021. DOI: 
https://doi.org/10.30848/PJB2021-2(4). 
  
DING, X.; ZHANG, H.; QIAN, T.; HE, L.; JIN, H.; ZHOU, Q.; YU, J. Nutrient 
Concentrations Induced Abiotic Stresses to Sweet Pepper Seedlings in Hydroponic Culture. 
Plants, [S.l.], v. 11, n. 8, p. 1098, jan. 2022. DOI: https://doi.org/10.3390/plants11081098. 
  
DOMINGUEZ, D. L. E.; ARANCIBIA, C.; CAVAGNARO, J. B.; CAVAGNARO, P. F. 
Analysis of genetic diversity for biomass production and related traits unveils possible 
morphophysiological mechanisms underlying forage productivity in Leptochloa crinita. BMC 
Plant Biology, [S.l.], v. 26, n. 1, p. 329, 24 jan. 2026. DOI: https://doi.org/10.1186/s12870-
026-08220-7. 
  
DOS SANTOS, C. S.; DE FREITAS, A. F.; DA SILVA, G. H. B.; PENNACCHI, J. P.; 
FIGUEIREDO DE CARVALHO, M. A.; SANTOS, M. de O.; JUNQUEIRA DE MORAES, 
T. S.; DE REZENDE ABRAHÃO, J. C.; PEREIRA, A. A.; CARVALHO, G. R.; BOTELHO, 
C. E.; SILVA, V. A. Phenotypic Plasticity Index as a Strategy for Selecting Water-Stress-
Adapted Coffee Genotypes. Plants, [S.l.], v. 12, n. 23, p. 4029, jan. 2023. DOI: 
https://doi.org/10.3390/plants12234029. 
  
DU, K.; ZHANG, Y.; QIN, S.; WANG, L.; ZHANG, B.; WANG, S. Effects of Nitrogen 
Fertilization on Physiological Response of Maize to Soil Salinity. Agriculture, [S.l.], v. 12, n. 
6, p. 877, jun. 2022. DOI: https://doi.org/10.3390/agriculture12060877. 
  
EDRISI, B. et al. Study of the effects of photoselective shades on growth quality, nutrient 
absorption and biochemical indices of Polianthes tuberosa L. Scientific Reports, v. 16, p. 
10377, 2026. DOI: https://doi.org/10.1038/s41598-026-39714-x 
  
EL SABAGH, A.; ISLAM, M. S.; HOSSAIN, A.; IQBAL, M. A.; MUBEEN, M.; WALEED, 
M.; REGINATO, M.; BATTAGLIA, M.; AHMED, S.; REHMAN, A.; ARIF, M.; ATHAR, 
H.-U.-R.; RATNASEKERA, D.; DANISH, S.; RAZA, M. A.; RAJENDRAN, K.; 
MUSHTAQ, M.; SKALICKY, M.; BRESTIC, M.; SOUFAN, W.; FAHAD, S.; PANDEY, S.; 
KAMRAN, M.; DATTA, R.; ABDELHAMID, M. T. Phytohormones as Growth Regulators 



84 

During Abiotic Stress Tolerance in Plants. Frontiers in Agronomy, [S.l.], v. 4, 3 mar. 2022. 
DOI: https://doi.org/10.3389/fagro.2022.765068.  
 
EMER, A. A.; WINHELMANN, M. C.; TEDESCO, M.; FIOR, C. S.; SCHAFER, G. 
Controlled release fertilizer used for the growth of Campomanesia aurea seedlings. 
Ornamental Horticulture, [S.l.], v. 26, p. 35–44, 2020. DOI: 
https://doi.org/https://doi.org/10.1590/2447-536X.v26i1.2020. 
  
FALEIRO, R. et al. Attributes that ensure Cerrado shrub layer resilience after afforestation: 
the case of Psidium grandifolium. South African Journal of Botany, v. 149, p. 6-18, 2022. 
DOI: https://doi.org/10.1016/j.sajb.2022.05.040 
  
FARALLI, M.; BIANCHEDI, P. L.; MOSER, C.; BONTEMPO, L.; BERTAMINI, M. 
Nitrogen control of transpiration in grapevine. Physiologia Plantarum, [S.l.], v. 175, n. 2, p. 
e13906, 2023. DOI: https://doi.org/10.1111/ppl.13906. 
  
FARRELL, H. L. et al. Soil surface treatments and precipitation timing determine seedling 
development across southwestern US restoration sites. Ecological Applications, v. 33, n. 4, 
e2834, 2023. DOI: https://doi.org/10.1002/eap.2834 
  
FAÑANÁS-PUEYO, I.; CARRERA-CASTAÑO, G.; PERNAS, M.; OÑATE-SÁNCHEZ, L. 
Signalling and regulation of plant development by carbon/nitrogen balance. Physiologia 
Plantarum, [S.l.], v. 177, n. 2, p. e70228, 2025. DOI: https://doi.org/10.1111/ppl.70228. 
  
FERGUSON, J. N.; SCHMUKER, P.; DMITRIEVA, A.; QUACH, T.; ZHANG, T.; GE, Z.; 
NERSESIAN, N.; SATO, S. J.; CLEMENTE, T. E.; LEAKEY, A. D. B. Reducing stomatal 
density by expression of a synthetic epidermal patterning factor increases leaf intrinsic water 
use efficiency and reduces plant water use in a C4 crop. Journal of Experimental Botany, 
[S.l.], v. 75, n. 21, p. 6823–6836, 15 nov. 2024. DOI: https://doi.org/10.1093/jxb/erae289. 
  
FRANCIS, B. et al. Plant nutrient stress adaptation: a prospect for fertilizer limited 
agriculture. Environmental and Experimental Botany, v. 213, p. 105431, 2023. DOI: 
https://doi.org/10.1016/j.envexpbot.2023.105431 
  
FRESCHET, G. T.; VIOLLE, C.; BOURGET, M. Y.; SCHERER-LORENZEN, M.; FORT, 
F. Allocation, morphology, physiology, architecture: the multiple facets of plant above- and 
below-ground responses to resource stress. New Phytologist, v. 219, p. 1338-1352, 2018. 
DOI: https://doi.org/10.1111/nph.15225 
  
GARCÍA-PÉREZ, J. L.; OLIET, J. A.; VILLAR-SALVADOR, P.; GUZMÁN, J. E. Root 
Growth Dynamics and Structure in Seedlings of Four Shade Tolerant Mediterranean Species 
Grown under Moderate and Low Light. Forests, [S.l.], v. 12, n. 11, p. 1540, nov. 2021. DOI: 
https://doi.org/10.3390/f12111540. 
 
GAUTRAT, P. et al. Lights, location, action: shade avoidance signalling over spatial scales. 
Journal of Experimental Botany, v. 76, n. 3 p. 695–711, 2025. DOI: 
https://doi.org/10.1093/jxb/erae217 
  



85 

GHAMARI, A.; BANESHI, M.; FATHI, A. Advanced modeling of thermal screens: 
Maximizing energy and water savings in greenhouses. Energy Nexus, [S.l.], v. 18, p. 100426, 
1 jun. 2025. DOI: https://doi.org/10.1016/j.nexus.2025.100426. 
  
GOMES DE SOUSA, G.; RODRIGUES COSTA, F. H.; DE SOUSA, J. T. M.; DE SOUSA 
ALMEIDA, M.; PRIMOLA GOMES, S.; DE LACERDA, C. F.; DE ARAÚJO VIANA, T. 
V.; DE OLIVEIRA SANTOS, S.; DA SILVA JUNIOR, F. B.; LOPES, F. B.; VIEIRA LIMA, 
S. C. R.; DA SILVA, A. O. Efficiency of Nitrogen Fertilization in Millet Irrigated with 
Brackish Water. Nitrogen, [S.l.], v. 5, n. 2, p. 455–467, jun. 2024. DOI: 
https://doi.org/10.3390/nitrogen5020029. 
 
GONZÁLEZ-GARCÍA, M. P.; CONESA, C. M.; LOZANO-ENGUITA, A.; BACA-
GONZÁLEZ, V.; SIMANCAS, B.; NAVARRO-NEILA, S.; SÁNCHEZ-BERMÚDEZ, M.; 
SALAS-GONZÁLEZ, I.; CARO, E.; CASTRILLO, G.; DEL POZO, J. C. Temperature 
changes in the root ecosystem affect plant functionality. Plant Communications, [S.l.], v. 4, 
n. 3, p. 100514, 8 maio 2023. Disponível em: https://doi.org/10.1016/j.xplc.2022.100514. 
 
GROSSNICKLE, S. C.; MACDONALD, J. E. Seedling quality: history, application, and 
plant attributes. Forests, v. 9, n. 5, p. 283, 2018. DOI: https://doi.org/10.3390/f9050283 
  
GROVES, A. M.; BRUDVIG, L. A. Interannual variation in precipitation and other planting 
conditions impacts seedling establishment in sown plant communities. Restoration Ecology, 
v. 27, p. 128-137, 2019. DOI: https://doi.org/10.1111/rec.12708 
  
GÁLVEZ, A.; ALBACETE, A.; DEL AMOR, F. M.; LÓPEZ-MARÍN, J. The Use of Red 
Shade Nets Improves Growth in Salinized Pepper (Capsicum annuum L.) Plants by 
Regulating Their Ion Homeostasis and Hormone Balance. Agronomy, [S.l.], v. 10, n. 11, p. 
1766, nov. 2020. DOI: https://doi.org/10.3390/agronomy10111766. 
  
HATFIELD, J. L.; DOLD, C. Water-Use Efficiency: Advances and Challenges in a Changing 
Climate. Frontiers in Plant Science, [S.l.], v. 10, 19 fev. 2019. DOI: 
https://doi.org/10.3389/fpls.2019.00103 
  
HE, W.; HE, B.; WU, B.; WANG, Y.; YAN, F.; DING, Y.; LI, G. Growth of tandem long-
mat rice seedlings using controlled release fertilizers: Mechanical transplantation can be more 
economical and high yielding. Journal of Integrative Agriculture, [S.l.], v. 22, n. 12, p. 
3652–3666, 1 dez. 2023. DOI: https://doi.org/10.1016/j.jia.2023.05.007. 
  
HE, X.; LI, Y.; HUANG, R.; AN, W.; TREYDTE, K.; ZHAO, Q.; REN, J.; LIU, S.; XU, C. 
Photosynthetic rate dominates the seasonal variation of tree intrinsic water-use efficiency in 
the humid East Asian Monsoon region. Tree Physiology, [S.l.], v. 46, n. 6, p. tpag061, 1 jun. 
2026. DOI: https://doi.org/10.1093/treephys/tpag061. 
  
HERRERA, J.; FERNÁNDEZ, L. D. First Phenotypic Characterization of the Edible Fruits of 
Lardizabala biternata: A Baseline for Conservation and Domestication of a Neglected and 
Endemic Vine. Plants, [S.l.], v. 14, n. 20, p. 3126, jan. 2025. DOI: 
https://doi.org/10.3390/plants14203126. 
  



86 

HOLUBOVA, H. A comparative analysis of the principal component method and parallel 
analysis in working with official statistical data. Statistics in Transition new series, [S.l.], v. 
24, n. 1, 24 fev. 2023. DOI: https://doi.org/10.59170/stattrans-2023-011. 
  
HUNG, N. Q.; THANH NGA, N. T.; LAM, V. P. Effects of varying electrical conductivity 
levels on plant growth, yield, and photosynthetic parameters of Tochiotome strawberry 
(Fragaria × ananassa ’Tochiotome) in a greenhouse. Australian Journal of Crop Science, 
[S.l.], v. 19, n. 04, p. 436–441, 1 abr. 2025. DOI: https://doi.org/10.21475/ajcs.25.19.04.p322. 
  
IÑIGUEZ, C.; AGUILÓ-NICOLAU, P.; GALMÉS, J. Improving photosynthesis through the 
enhancement of Rubisco carboxylation capacity. Biochemical Society Transactions, [S.l.], 
v. 49, n. 5, p. 2007–2019, 8 out. 2021. DOI: https://doi.org/10.1042/BST20201056. 
  
JACOBS, D. F.; TIMMER, V. R. Fertilizer-induced Changes in Rhizosphere Electrical 
Conductivity: Relation to Forest Tree Seedling Root System Growth and Function. New 
Forests, [S.l.], v. 30, n. 2, p. 147–166, 1 set. 2005. DOI: https://doi.org/10.1007/s11056-005-
6572-z. 
  
JANSSEN, E.; COONS, J.; COUTANT, N.; EDGIN, B. Impacts of greenhouse fertilization 
and planting season on survival and reproductive potential of Silene regia transplants. 
Restoration Ecology, v. 32, e14142, 2024. DOI: https://doi.org/10.1111/rec.14142 
  
JIA, J.; XU, M.; BEI, S.; ZHANG, H.; XIAO, L.; GAO, Y.; ZHANG, Y.; SAI, L.; XUE, L.; 
LEI, J.; QIAO, X. Impact of reduced light intensity on wheat yield and quality: Implications 
for agroforestry systems. Agroforestry Systems, [S.l.], v. 95, n. 8, p. 1689–1701, 1 dez. 
2021. DOI: https://doi.org/10.1007/s10457-021-00668-w. 
  
JIA, Z.; GIEHL, R. F. H.; VON WIRÉN, N. Nutrient-hormone relations: driving root 
plasticity in plants. Molecular Plant, v. 15, n. 1, p. 86-103, 2022. DOI: 
https://doi.org/10.1016/j.molp.2021.12.004 
  
KAISER, H. F. A second generation little jiffy. Psychometrika, [S.l.], v. 35, n. 4, p. 401–
415, 1 dez. 1970. DOI: https://doi.org/10.1007/BF02291817. 
  
KAUR, V.; YADAV, S. K. K.; YADAV, B.; MADAAN, S.; KHERALIA, M.; 
CHINNUSAMY, V. Root system architecture and drought adaptation: emerging tools and 
genetic insights. Frontiers in Plant Science, [S.l.], v. 17, 30 jan. 2026. DOI: 
https://doi.org/10.3389/fpls.2026.1753086. 
  
KELLER, B.; ZIMMERMANN, L.; RASCHER, U.; MATSUBARA, S.; STEIER, A.; 
MULLER, O. Toward predicting photosynthetic efficiency and biomass gain in crop 
genotypes over a field season. Plant Physiology, [S.l.], v. 188, n. 1, p. 301–317, 1 jan. 2022. 
DOI: https://doi.org/10.1093/plphys/kiab483. 
  
KETTENRING, K. M.; TARSA, E. E. Need to seed? Ecological, genetic, and evolutionary 
keys to seed-based wetland restoration. Frontiers in Environmental Science, v. 8, p. 109, 
2020. DOI: https://doi.org/10.3389/fenvs.2020.00109 
  



87 

KOTILAINEN, T.; ROBSON, T. M.; HERNÁNDEZ, R. Light quality characterization under 
climate screens and shade nets for controlled-environment agriculture. PLoS ONE, v. 13, n. 
6, e0199628, 2018. DOI: https://doi.org/10.1371/journal.pone.0199628 
  
KOÇ, İ.; NZOKOU, P. Combined effects of water stress and fertilization on the morphology 
and gas exchange parameters of 3-year-old Abies fraseri (Pursh) Poir. Acta Physiologiae 
Plantarum, [S.l.], v. 45, n. 3, p. 49, 16 fev. 2023. DOI: https://doi.org/10.1007/s11738-023-
03529-4. 
  
LEAKEY, A. D. B.; FERGUSON, J. N.; PIGNON, C. P.; WU, A.; JIN, Z.; HAMMER, G. L.; 
LOBELL, D. B. Water Use Efficiency as a Constraint and Target for Improving the 
Resilience and Productivity of C3 and C4 Crops. Annual Review of Plant Biology, [S.l.], v. 
70, n. 1, p. 781–808, 29 abr. 2019. DOI: https://doi.org/10.1146/annurev-arplant-042817-
040305. 
  
LEE, J. H.; LEE, S.; CHA, E. B.; JOO, S.; LEE, J. G.; NAM, S. Y. Plant Quality Indices: 
Review, Development, and Conceptual Framework. Horticultural Science and Technology, 
[S.l.], v. 44, n. 3, p. 319–349, 30 jun. 2026. DOI: https://doi.org/10.7235/HORT.20260003. 
  
LEMOS, P.; PEREIRA, R. G.; CAVALCANTE, M.; ANDRADE, A. R. S. de; MEDEIROS, 
P. V. Q. de. Sunflower response to nitrogen doses. Revista de Ciências Agroveterinárias, 
[S.l.], v. 21, n. 4, p. 516–523, 12 dez. 2022. DOI: 
https://doi.org/10.5965/223811712142022516. 
  
LESSA, C. I. N.; SOUSA, G. G. de; SOUSA, H. C.; SILVA, F. D. B. da; GOMES, S. P.; 
VIANA, T. V. de A. Agricultural ambience and salt stress in production of yellow passion 
fruit seedlings. Comunicata Scientiae, [S.l.], v. 13, p. e3703–e3703, 12 jun. 2022. DOI: 
https://doi.org/10.14295/cs.v13.3703. 
  
LI, J.; JIANG, Y.; LIU, J.; WU, L.; XU, N.; ZHANG, Z.; ZHAO, D.; LI, G.; WANG, P.; LI, 
W.; ZHU, B.; ZHANG, Y.; ZHU, J. A photosynthetically active radiative cooling film. 
Nature Sustainability, [S.l.], v. 7, n. 6, p. 786–795, jun. 2024. DOI: 
https://doi.org/10.1038/s41893-024-01350-6. 
  
LI, P.; WENG, J.; REHMAN, A.; NIU, Q. Root Morphological and Physiological 
Adaptations to Low Phosphate Enhance Phosphorus Efficiency at Melon (Cucumis melo L.) 
Seedling Stage. Horticulturae, [S.l.], v. 8, n. 7, p. 636, jul. 2022. Disponível em: 
https://doi.org/10.3390/horticulturae8070636.  
 
LI, Y.; ZHAO, J.; MA, H.; PU, L.; ZHANG, J.; HUANG, X.; YANG, H.; FAN, G. Shade 
tolerance in wheat is related to photosynthetic limitation and morphological and physiological 
acclimations. Frontiers in Plant Science, [S.l.], v. 15, 5 dez. 2024. DOI: 
https://doi.org/10.3389/fpls.2024.1465925. 
  
LIAO, Q.; DING, R.; DU, T.; KANG, S.; TONG, L.; LI, S. Salinity-specific stomatal 
conductance model parameters are reduced by stomatal saturation conductance and area via 
leaf nitrogen. Science of The Total Environment, [S.l.], v. 876, p. 162584, 10 jun. 2023. 
DOI: https://doi.org/10.1016/j.scitotenv.2023.162584. 
  



88 

LIAO, Q.; GU, S.; KANG, S.; DU, T.; TONG, L.; WOOD, J. D.; DING, R. Mild water and 
salt stress improve water use efficiency by decreasing stomatal conductance via osmotic 
adjustment in field maize. Science of The Total Environment, [S.l.], v. 805, p. 150364, 20 
jan. 2022. DOI: https://doi.org/10.1016/j.scitotenv.2021.150364. 
  
LIMA, G. S. D.; PINHEIRO, F. W. A.; DIAS, A. S.; GHEYI, H. R.; SILVA, S. S. D.; 
SOARES, L. A. D. A.; SILVA, A. A. R. D.; FERNANDES, P. D.; DANTAS, J. S. Water 
status, cell damage and gas exchanges in West Indian cherry (Malpighia emarginata) under 
salt stress and nitrogen fertilization. Australian Journal of Crop Science, [S.l.], n. 
14(02):2020, p. 319–324, 20 fev. 2020. DOI: https://doi.org/10.21475/ajcs.20.14.02.p2320. 
  
LIMA, G. S. de; ANDRADE, J. N. F. de; MEDEIROS, M. N. V. de; SOARES, L. A. dos A.; 
GHEYI, H. R.; NOBRE, R. G.; FERNANDES, P. D.; LACERDA, C. N. de. Trocas gasosas, 
crescimento e qualidade de mudas de maracujazeiro cultivadas com águas salinas. Semina: 
Ciências Agrárias, [S.l.], v. 42, n. 1, p. 137–154, 19 jan. 2021. DOI: 
https://doi.org/10.5433/1679-0359.2021v42n1p137. 
  
LIRA-MARTINS, D. et al. Soil properties and geomorphic processes influence vegetation 
composition, structure, and function in the Cerrado Domain. Plant and Soil, v. 476, n. 1, p. 
549-588, 2022. DOI: doi.org/10.1007/s11104-022-05517-Y 
  
LIU, Y. J.; ZHANG, W.; WANG, Z. B.; MA, L.; GUO, Y. P.; REN, X. L.; MEI, L. X. 
Influence of shading on photosynthesis and antioxidative activities of enzymes in apple trees. 
Photosynthetica, [S.l.], v. 57, n. 3, p. 857–865, 23 jul. 2019. DOI: 
https://doi.org/10.32615/ps.2019.081. 
  
LIU, Z.; QIN, T.; ATIENZA, M.; ZHAO, Y.; NGUYEN, H.; SHENG, H.; OLUKAYODE, 
T.; SONG, H.; PANJVANI, K.; MAGALHAES, J.; LUCAS, W. J.; KOCHIAN, L. V. 
Constitutive basis of root system architecture: uncovering a promising trait for breeding 
nutrient- and drought-resilient crops. aBIOTECH, [S.l.], v. 4, n. 4, p. 315–331, 1 dez. 2023. 
DOI: https://doi.org/10.1007/s42994-023-00112-w. 
  
LOUDARI, A.; MAYANE, A.; ZEROUAL, Y.; COLINET, G.; OUKARROUM, A. 
Photosynthetic performance and nutrient uptake under salt stress: Differential responses of 
wheat plants to contrasting phosphorus forms and rates. Frontiers in Plant Science, [S.l.], v. 
13, 10 nov. 2022. DOI: https://doi.org/10.3389/fpls.2022.1038672. 
  
LYZENGA, W. J.; LIU, Z.; OLUKAYODE, T.; ZHAO, Y.; KOCHIAN, L. V.; HAM, B.-K. 
Getting to the roots of N, P, and K uptake. Journal of Experimental Botany, [S.l.], v. 74, n. 
6, p. 1784–1805, 28 mar. 2023. DOI: https://doi.org/10.1093/jxb/erad035. 
  
LÓPEZ-BUCIO, J.; CRUZ-RAMÍREZ, A.; HERRERA-ESTRELLA, L. The role of nutrient 
availability in regulating root architecture. Current Opinion in Plant Biology, [S.l.], v. 6, n. 
3, p. 280–287, 1 jun. 2003. DOI: https://doi.org/10.1016/S1369-5266(03)00035-9. 
 
LOPEZ, G. et al. Nutrient deficiency effects on root architecture and root-to-shoot ratio in 
arable crops. Sec. Crop and Product Physiology, v.13, 2023. DOI: 
https://doi.org/10.3389/fpls.2022.1067498 
 



89 

MACHADO, R.; LORAM-LOURENÇO, L.; FARNESE, F. S.; ALVES, R. D. F. B.; DE 
SOUSA, L. F.; SILVA, F. G.; FILHO, S. C. V.; TORRES-RUIZ, J. M.; COCHARD, H.; 
MENEZES-SILVA, P. E. Where do leaf water leaks come from? Trade-offs underlying the 
variability in minimum conductance across tropical savanna species with contrasting growth 
strategies. New Phytologist, [S.l.], v. 229, n. 3, p. 1415–1430, 2021. DOI: 
https://doi.org/10.1111/nph.16941. 
  
MAHMOOD, A.; HU, Y.; TANNY, J.; ASANTE, E. A. Effects of shading and insect-proof 
screens on crop microclimate and production: A review of recent advances. Scientia 
Horticulturae, [S.l.], v. 241, p. 241–251, 18 nov. 2018. DOI: 
https://doi.org/10.1016/j.scienta.2018.06.078. 
  
MANJA, K.; AOUN, M. The use of nets for tree fruit crops and their impact on the 
production: a review. Scientia Horticulturae, v. 246, p. 110-122, 2019. DOI: 
https://doi.org/10.1016/j.scienta.2018.10.050 
  
MAO, J.; LUO, Y.; JIN, C.; XU, M.; LI, X.; TIAN, Y. Response of Leaf Photosynthesis–
Transpiration Coupling to Biotic and Abiotic Factors in the Typical Desert Shrub Artemisia 
ordosica. Sustainability, [S.l.], v. 15, n. 13, p. 10216, jan. 2023. DOI: 
https://doi.org/10.3390/su151310216. 
  
MARCHIN, R. M.; MEDLYN, B. E.; TJOELKER, M. G.; ELLSWORTH, D. S. Decoupling 
between stomatal conductance and photosynthesis occurs under extreme heat in broadleaf tree 
species regardless of water access. Global Change Biology, [S.l.], v. 29, n. 22, p. 6319–6335, 
2023. DOI: https://doi.org/10.1111/gcb.16929. 
  
MARIANO, A. P. X. et al. Analysis of the chemical profile of cerrado pear fixed compounds 
by mass spectrometry with paper spray and volatile ionization by SPME-HS CG-MS. 
Research, Society and Development, v. 9, n. 9, e949998219, 2020. DOI: 
https://doi.org/10.33448/rsd-v9i9.8219 
  
MATTHEWS, J. S. A.; VIALET-CHABRAND, S. R. M.; LAWSON, T. Diurnal Variation in 
Gas Exchange: The Balance between Carbon Fixation and Water Loss. Plant Physiology, 
[S.l.], v. 174, n. 2, p. 614–623, 1 jun. 2017. DOI: https://doi.org/10.1104/pp.17.00152. 
  
MATTHEWS, J. S. A.; VIALET-CHABRAND, S.; LAWSON, T. Role of blue and red light 
in stomatal dynamic behaviour. Journal of Experimental Botany, [S.l.], v. 71, n. 7, p. 2253–
2269, 6 abr. 2020. DOI: https://doi.org/10.1093/jxb/erz563. 
  
MENDONÇA, A. M. das C. et al. Anatomical, physiological and allometric contrasts of the 
Cerrado tree Dalbergia miscolobium in full sun and shade environments. Southern Forests, 
v. 82, n. 2, p. 104-111, 2020. DOI: https://doi.org/10.2989/20702620.2019.1649348 
  
MILIVOJEVIĆ, J.; RADIVOJEVIĆ, D.; DJEKIĆ, I.; SPASOJEVIĆ, S.; DRAGIŠIĆ 
MAKSIMOVIĆ, J.; MILOSAVLJEVIĆ, D.; MAKSIMOVIĆ, V. Differentially Colored 
Photoselective Nets as a Sophisticated Approach to Improve the Agronomic and Fruit Quality 
Traits of Potted Blueberries. Agronomy, [S.l.], v. 15, n. 3, p. 697, mar. 2025. DOI: 
https://doi.org/10.3390/agronomy15030697. 
  



90 

MOHAWESH, O.; ALBALASMEH, A.; DEB, S.; SINGH, S.; SIMPSON, C.; 
ALKAFAWEEN, N.; MAHADEEN, A. Effect of Colored Shading Nets on the Growth and 
Water Use Efficiency of Sweet Pepper Grown under Semi-arid Conditions. [S.l.], Seção 
HortTechnology, 1 fev. 2022. DOI: https://doi.org/10.21273/HORTTECH04895-21. 
  
MOREIRA, G. G.; HAKAMADA, R.; SILVA, R. M. L. da; LEMOS, C. C. Z. de; 
FLORENTINO, A. L.; GONÇALVES, J. L. de M. Seedling Morphological Characteristics on 
Survival, Uniformity, and Growth during a Full Short Rotation in Eucalyptus grandis x E. 
urophylla Plantation. Forests, [S.l.], v. 14, n. 9, p. 1756, set. 2023. DOI: 
https://doi.org/10.3390/f14091756. 
MORELLI, L. et al. Light signals generated by vegetation shade facilitate acclimation to low 
light in shade-avoider plants. Plant Physiol, v. 186, n.4, p. 2137–2151, 2021. DOI:  
10.1093/plphys/kiab206  
MTHIYANE, P.; AYCAN, M.; MITSUI, T. Correction: Mthiyane et al. Integrating 
Biofertilizers with Organic Fertilizers Enhances Photosynthetic Efficiency and Upregulates 
Chlorophyll-Related Gene Expression in Rice. Sustainability 2024, 16, 9297. Sustainability, 
[S.l.], v. 17, n. 11, p. 5153, jan. 2025. DOI: https://doi.org/10.3390/su17115153. 
  
MUPAMBI, G.; ANTHONY, B. M.; LAYNE, D. R.; MUSACCHI, S.; SERRA, S.; 
SCHMIDT, T.; KALCSITS, L. A. The influence of protective netting on tree physiology and 
fruit quality of apple: A review. Scientia Horticulturae, [S.l.], v. 236, p. 60–72, 16 jun. 2018. 
Disponível em: https://doi.org/10.1016/j.scienta.2018.03.014.  
 
NAILI, F.; MAYACHE, B.; BEKDOUCHE, F. Impact of fertilizer doses on soil properties, 
vegetative growth, fruit quality and biochemical compounds of strawberry (Fragaria × 
ananassa Duch). Notulae Scientia Biologicae, [S.l.], v. 16, n. 3, p. 11880–11880, 23 set. 
2024. Disponível em: https://doi.org/10.55779/nsb16311880. 
 
NEMERA, D. B.; DOVJIK, I.; FLORENTIN, A.; SHAHAK, Y.; CHARUVI, D.; COHEN, 
S.; SADKA, A. Sparse-shading red net improves water relations in Valencia orange trees. 
Agricultural Water Management, [S.l.], v. 289, p. 108533, 1 nov. 2023. DOI: 
https://doi.org/10.1016/j.agwat.2023.108533. 
  
NETA, A. M. de S. S.; SOARES, L. A. dos A.; LIMA, G. S. de; SILVA, L. de A.; 
FERREIRA, F. N.; FERNANDES, P. D. Morphophysiology of the passion fruit ‘BRS Rubi 
do Cerrado’ irrigated with saline waters and nitrogen fertilization. Comunicata Scientiae, 
[S.l.], v. 12, p. e3456–e3456, 2021. DOI: https://doi.org/10.14295/cs.v12.3456. 
 
NIU, R. et al. Root Reduction Caused Directly or Indirectly by High Application of Nitrogen 
Fertilizer Was the Main Cause of the Decline in Biomass and Nitrogen Accumulation in 
Citrus Seedlings. Plants, v. 13, n.7, 938, 2024. DOI: https://doi.org/10.3390/plants13070938 
  
NOBRE, R. G.; RODRIGUES FILHO, R. A.; LIMA, G. S. de; LINHARES, E. L. da R.; 
SOARES, L. A. dos A.; SILVA, L. de A.; TEIXEIRA, A. D. da S.; MACUMBI, N. J. V. Gas 
exchange and photochemical efficiency of guava under saline water irrigation and nitrogen-
potassium fertilization. Revista Brasileira de Engenharia Agrícola e Ambiental, [S.l.], v. 
27, p. 429–437, 2023. DOI: https://doi.org/https://doi.org/10.1590/1807-

1929/agriambi.v27n5p429-437. 
  



91 

NOGUEIRA DOS REIS, D.; GUIMARÃES SILVA, F.; DA COSTA SANTANA, R.; 
CAETANO DE OLIVEIRA, T.; BRITO FREIBERGER, M.; BARBOSA DA SILVA, F.; 
MONTEIRO JÚNIOR, E.; MÜLLER, C. Growth, Physiology and Nutrient Use Efficiency in 
Eugenia dysenterica DC under Varying Rates of Nitrogen and Phosphorus. Plants, [S.l.], v. 9, 
n. 6, p. 722, jun. 2020. DOI: https://doi.org/10.3390/plants9060722. 
  
OLIVEIRA, A. C. C. de; FORTI, V. A.; VIANI, R. A. G. Fertility responses of a native grass: 
technology supporting native plant production for restoration in Brazil. Restoration Ecology, 
v. 30, e13534, 2022. DOI: https://doi.org/10.1111/rec.13534 
  
OUMAHMOUD, M.; ALOUANI, M.; ELAME, F.; TAHIRI, A.; BOUHARROUD, R.; 
QESSAOUI, R.; EL BOUKHARI, A.; MIMOUNI, A.; KOUFAN, M. Effect of Shading, 
Substrate, and Container Size on Argania spinosa Growth and Cost–Benefit Analysis. 
Agronomy, [S.l.], v. 13, n. 10, p. 2451, out. 2023. DOI: 
https://doi.org/10.3390/agronomy13102451. 
  
PAN, T.; WANG, Y.; WANG, L.; DING, J.; CAO, Y.; QIN, G.; YAN, L.; XI, L.; ZHANG, 
J.; ZOU, Z. Increased CO2 and light intensity regulate growth and leaf gas exchange in 
tomato. Physiologia Plantarum, [S.l.], v. 168, n. 3, p. 694–708, 2020. DOI: 
https://doi.org/10.1111/ppl.13015. 
  
PANDEY, G.; PARKS, S.; THOMAS, R. G. Polymer and photo-selective covers on plant and 
fruit development: a review. Agronomy Journal, v. 115, p. 3074-3091, 2023. DOI: 
https://doi.org/10.1002/agj2.21442 
  
PEREIRA, L. F.; TEIXEIRA, E. C.; MATSUMOTO, S. N.; MAGALHÃES DOS SANTOS, 
C. E.; ROSADO, L. D. S.; FERREIRA, J. T.; VIANA, A. E. S. The impact of controlled 
release fertilizer on the growth and physiology of advanced seedlings of sour passion fruit. 
Journal of Plant Nutrition, [S.l.], v. 48, n. 13, p. 2250–2269, 9 ago. 2025. DOI: 
https://doi.org/10.1080/01904167.2025.2474678. 
  
PETRELLA, D. P.; BREUILLIN-SESSOMS, F.; WATKINS, E. Layering contrasting 
photoselective filters improves the simulation of foliar shade. Plant Methods, [S.l.], v. 18, n. 
1, p. 16, 8 fev. 2022. Disponível em: https://doi.org/10.1186/s13007-022-00844-8.  
 
POPOVIĆ, V.; LAZIĆ, S.; LUČIĆ, A.; RAKONJAC, L.; DANIČIĆ, V.; IVANOVIĆ, B.; 
PETROVIĆ, A. Morphological assessment of plus trees progeny as a basis for establishing a 
sessile oak seed orchard. International Scientific Journal on Reforestation, Afforestation 
and Tree Reproduction, [S.l.], v. 0, n. 20, p. 41–53, 30 dez. 2025. DOI: 
https://doi.org/10.21750/refor.20.03.129. 
  
POTKAY, A.; CABON, A.; PETERS, R. L.; FONTI, P.; SAPES, G.; SALA, A.; 
STEFANSKI, A.; BUTLER, E.; BERMUDEZ, R.; MONTGOMERY, R.; REICH, P. B.; 
FENG, X. Generalized Stomatal Optimization of Evolutionary Fitness Proxies for Predicting 
Plant Gas Exchange Under Drought, Heatwaves, and Elevated CO2. Global Change Biology, 
[S.l.], v. 31, n. 1, p. e70049, 2025. DOI: https://doi.org/10.1111/gcb.70049. 
 
PRASAD, R; LISIECKKA, J; KLEIBER, T. Morphological and Yield Parameters, Dry 
Matter Distribution,Nutrients Uptake, and Distribution in Strawberry (Fragaria × ananassa 



92 

Duch.) cv. ‘Elsanta’ as Influencedby Spent Mushroom Substrates and Planting Seasons. 
Agronomy, v. 12, n. 4, 854,2022. DOI: https://doi.org/10.3390/agronomy12040854 
  
REN, W.; LI, X.; LIU, T.; CHEN, N.; XIN, M.; QI, Q.; LIU, B. Controlled-release fertilizer 
affects leaf nitrogen allocation and photosynthesis to improve nitrogen use efficiency and 
yield in the sunflower field. Frontiers in Plant Science, [S.l.], v. 16, 7 jul. 2025. DOI: 
https://doi.org/10.3389/fpls.2025.1622766. 
  
RENGANATHAN, P.; GAYSINA, L. A.; RUEDA-PUENTE, E. O. Microbial Biofertilizers 
for Salinity Stress Mitigation in Hydroponic Systems. Current Issues in Molecular Biology, 
[S.l.], v. 47, n. 12, p. 1029, dez. 2025. DOI: https://doi.org/10.3390/cimb47121029. 
  
RIBEIRO, V. G. S.; SOUZA, C. H. E. de; MACHADO, M. M.; GONÇALVES, L. L.; NETO, 
M. M.; SANTOS, E. S.; SANTOS, H. T. Agronomic Efficiency of Phosphorus Fertilizers 
With Associate Technology in Soy Crop in Cerrado Soil. Journal of Agricultural Science, 
[S.l.], v. 13, n. 10, p. p61, 15 set. 2021. DOI: https://doi.org/10.5539/jas.v13n10p61. 
  
RONQUIM, C. C.; PRADO, C. H. B. de A.; SOUZA, J. P. Irradiance availability and growth 
of leguminous trees of cerrado. Scientia Forestalis, 2018. DOI: 
dx.doi.org/10.18671/scifor.v46n117.11 
  
SABOYA, P.; BORGHETTI, F. Germination, initial growth, and biomass allocation in three 
native Cerrado species. Brazilian Journal of Botany, [S.l.], v. 35, p. 129–135, 2012. DOI: 
https://doi.org/https://doi.org/10.1590/S0100-84042012000200002. 
  
SANCHES, A. G. et al. Characterization and storage of Eugenia klotzschiana O. Berg fruits. 
Pesquisa Agropecuária Tropical, v. 51, e67228, 2021. DOI: https://doi.org/10.1590/1983-
40632021v5167228 
  
SILVA, E. J. S. da; SENADO, J. A. V.; SILVA, Á. E. da; GAMA, M. A. P.; OHASHI, S. T.; 
SOUZA, G. M. P. de; FERREIRA, G. C.; NORONHA, N. C.; MATOS, G. S. B. de; 
ARAUJO, D. G. de. Growth and Quality of Inga heterophylla Willd Seedlings According to 
the Slow Release Fertilizer. Journal of Agricultural Science, [S.l.], v. 11, n. 5, p. p479, 15 
abr. 2019. DOI: https://doi.org/10.5539/jas.v11n5p479. 
  
SILVA, M. L. F. da et al. Water availability shapes drought-tolerance strategies in forest 
phytophysiognomies in the Brazilian savanna. Annals of Botany, 2026. DOI: 
https://doi.org/10.1093/aob/mcag055 
  
SINGH, H.; DUNN, B. L.; FONTANIER, C.; SINGH, H.; KAUR, A.; ZHANG, L. Shade 
Nets Reduced Growth, Nutrition, and Sugars of Hydroponic Lettuce and Basil. [S.l.], Seção 
HortScience, 1 nov. 2023. DOI: https://doi.org/10.21273/HORTSCI17252-23. 
  
SINGH, K.; GUPTA, S.; SINGH, A. P. Review: Nutrient-nutrient interactions governing 
underground plant adaptation strategies in a heterogeneous environment. Plant Science, [S.l.], 
v. 342, p. 112024, 1 maio 2024. DOI: https://doi.org/10.1016/j.plantsci.2024.112024. 
  
SMITH, E. N.; VAN AALST, M.; TOSENS, T.; NIINEMETS, Ü.; STICH, B.; 
MOROSINOTTO, T.; ALBORESI, A.; ERB, T. J.; GÓMEZ-CORONADO, P. A.; 
TOLLETER, D.; FINAZZI, G.; CURIEN, G.; HEINEMANN, M.; EBENHÖH, O.; 



93 

HIBBERD, J. M.; SCHLÜTER, U.; SUN, T.; WEBER, A. P. M. Improving photosynthetic 
efficiency toward food security: Strategies, advances, and perspectives. Molecular Plant, 
[S.l.], v. 16, n. 10, p. 1547–1563, 2 out. 2023. DOI: 
https://doi.org/10.1016/j.molp.2023.08.017. 
  
SUN, Z.-C.; GENG, W.-J.; REN, B.-Z.; ZHAO, B.; LIU, P.; ZHANG, J.-W. Responses of the 
photosynthetic characteristics of summer maize to shading stress. Journal of Agronomy and 
Crop Science, [S.l.], v. 209, n. 3, p. 330–344, 2023. DOI: https://doi.org/10.1111/jac.12630. 
  
TAYLOR, G.; WALTER, J.; KROMDIJK, J. Illuminating stomatal responses to red light: 
establishing the role of Ci-dependent versus -independent mechanisms in control of stomatal 
behaviour. Journal of Experimental Botany, [S.l.], v. 75, n. 21, p. 6810–6822, 15 nov. 
2024. DOI: https://doi.org/10.1093/jxb/erae093. 
  
TAYLOR, S. H.; ORR, D. J.; CARMO-SILVA, E.; LONG, S. P. During photosynthetic 
induction, biochemical and stomatal limitations differ between Brassica crops. Plant, Cell & 
Environment, [S.l.], v. 43, n. 11, p. 2623–2636, 2020. DOI: 
https://doi.org/10.1111/pce.13862. 
  
TCHOKPONHOUÉ, D. A. et al. Shade and nutrient-mediated phenotypic plasticity in the 
miracle plant Synsepalum dulcificum. Scientific Reports, v. 9, p. 5135, 2019. DOI: 
https://doi.org/10.1038/s41598-019-41673-5 
  
TISSUE, D. T.; GRIFFIN, K. L.; TURNBULL, M. H.; WHITEHEAD, D. Stomatal and non-
stomatal limitations to photosynthesis in four tree species in a temperate rainforest dominated 
by Dacrydium cupressinum in New Zealand. Tree Physiology, [S.l.], v. 25, n. 4, p. 447–456, 
1 abr. 2005. DOI: https://doi.org/10.1093/treephys/25.4.447. 
  
TONG, H.; HE, G.; LI, S.; HUANG, Y.; PAN, Y.; WANG, J. Effects of Controlled-Release 
Fertilizer Application Rate on Growth, Physiological Traits, and Chlorophyll Fluorescence 
Responses of Paeonia delavayi Seedlings. Plants, [S.l.], v. 15, n. 10, p. 1525, jan. 2026. DOI: 
https://doi.org/10.3390/plants15101525. 
  
TORRALBO, F.; GONZÁLEZ-MORO, M. B.; BAROJA-FERNÁNDEZ, E.; ARANJUELO, 
I.; GONZÁLEZ-MURUA, C. Differential Regulation of Stomatal Conductance as a Strategy 
to Cope With Ammonium Fertilizer Under Ambient Versus Elevated CO2. Frontiers in 
Plant Science, [S.l.], v. 10, 24 maio 2019. DOI: https://doi.org/10.3389/fpls.2019.00597. 
  
TRIPATHI, J. M.; KHAN, B. R.; GAUR, R.; YADAV, D.; VERMA, K. K.; GUPTA, R. 
Gibberellic Acid Improves Photosynthetic Electron Transport and Stomatal Function in Crops 
That Are Adversely Affected by Salinity Exposure. Plants, [S.l.], v. 14, n. 21, p. 3388, jan. 
2025. DOI: https://doi.org/10.3390/plants14213388. 
  
USCOLA, M. et al. An exponential fertilization dose-response model to promote restoration 
of the Mediterranean oak Quercus ilex. New Forests, v. 46, n. 5, p. 795-812, DOI: 
doi.org/10.1007/s11056-015-9493-5 
  
VUKOVIĆ, M.; JURIĆ, S.; MASLOV BANDIĆ, L.; LEVAJ, B.; FU, D.-Q.; JEMRIĆ, T. 
Sustainable Food Production: Innovative Netting Concepts and Their Mode of Action on Fruit 



94 

Crops. Sustainability, [S.l.], v. 14, n. 15, p. 9264, jan. 2022. DOI: 
https://doi.org/10.3390/su14159264. 
  
WANG, B.; WANG, Z.; WANG, C.; WANG, X.; JIA, Z.; LIU, L. Elevated aerosol enhances 
plant water-use efficiency by increasing carbon uptake while reducing water loss. New 
Phytologist, [S.l.], v. 243, n. 2, p. 567–579, 2024. DOI: https://doi.org/10.1111/nph.19877. 
  
WANG, C.; WU, S.; TANKARI, M.; ZHANG, X.; LI, L.; GONG, D.; HAO, W.; ZHANG, 
Y.; MEI, X.; WANG, Y.; LIU, F.; WANG, Y. Stomatal aperture rather than nitrogen nutrition 
determined water use efficiency of tomato plants under nitrogen fertigation. Agricultural 
Water Management, [S.l.], v. 209, p. 94–101, 30 out. 2018. DOI: 
https://doi.org/10.1016/j.agwat.2018.07.020. 
  
WANG, M. Z. et al. Adaptive plasticity in response to light and nutrient availability in the 
clonal plant Duchesnea indica. Journal of Plant Ecology, v. 15, n. 4, p. 795-807, 2022. DOI: 
https://doi.org/10.1093/jpe/rtab116 
  
WANG, Q.; LI, S.; LI, J.; HUANG, D. The Utilization and Roles of Nitrogen in Plants. 
Forests, [S.l.], v. 15, n. 7, p. 1191, jul. 2024. DOI: https://doi.org/10.3390/f15071191. 
  
WANG, W.; SHANG, J.; GAO, T.; CHEN, C.; ZHU, S.; ZONG, Y. Nitrogen addition 
enhanced carbon assimilation and biomass accumulation in poplar seedlings under moderate 
drought but not severe drought. Industrial Crops and Products, [S.l.], v. 229, p. 121040, 1 
jul. 2025. DOI: https://doi.org/10.1016/j.indcrop.2025.121040. 
  
WANG, Z.; SLOT, M.; WANG, C. Decoupling of stomatal conductance, transpiration and 
photosynthesis in terrestrial plants under elevated temperature: a meta-analysis. Nature 
Communications, [S.l.], v. 17, n. 1, p. 1528, 8 jan. 2026. DOI: 
https://doi.org/10.1038/s41467-025-68250-x. 
  
XU, J. et al. Integrative analyses of morpho-physiological, biochemical, and transcriptomic 
reveal the seedling growth response of Pinus yunnanensis to nitrogen and phosphorus 
fertilization. Frontiers in Plant Science, v. 15, 2025. DOI: 
https://doi.org/10.3389/fpls.2024.1405638 
  
XU, J.; FU, G.; YAN, L.; YU, L.; KUANG, F.; HUANG, Q.; TANG, X. Estimation of the 
Relative Chlorophyll Content of Carya illinoensis Leaves Using Fractional Order Derivative 
of Leaf and Canopy Scale Hyperspectral Data. Journal of Soil Science and Plant Nutrition, 
[S.l.], v. 24, n. 1, p. 1407–1423, 1 mar. 2024. DOI: https://doi.org/10.1007/s42729-024-
01645-9. 
  
XUE, G.; WU, J.; ZHOU, B.; ZHU, X.; ZENG, J.; MA, Y.; WANG, Y.; JIA, H. Effects of 
Shading on the Growth and Photosynthetic Fluorescence Characteristics of Castanopsis 
hystrix Seedlings of Top Community-Building Species in Southern Subtropical China. 
Forests, [S.l.], v. 14, n. 8, p. 1659, ago. 2023. DOI: https://doi.org/10.3390/f14081659. 
  
YANG, L.; GAO, C.; WEI, H.; LONG, L.; QIU, J. Evaluation of the economic characteristics 
of the fruit of 45 superior Camellia weiningensis Y.K. Li. trees. PLOS ONE, [S.l.], v. 17, n. 
5, p. e0268802, 26 maio 2022. DOI: https://doi.org/10.1371/journal.pone.0268802. 
  



95 

YANG, Y.-J.; BI, M.-H.; NIE, Z.-F.; JIANG, H.; LIU, X.-D.; FANG, X.-W.; BRODRIBB, T. 
J. Evolution of stomatal closure to optimize water-use efficiency in response to dehydration in 
ferns and seed plants. New Phytologist, [S.l.], v. 230, n. 5, p. 2001–2010, 2021. DOI: 
https://doi.org/10.1111/nph.17278. 
  
YANG, Z.-J.; WU, X.-H.; CHEN, L.-H.; HUANG, L.-M.; CHEN, Y.; WU, J.; EL-
KASSABY, Y. A.; GROSSNICKLE, S. C.; FENG, J.-L. Fertilization Regulates 
Accumulation and Allocation of Biomass and Nutrients in Phoebe bournei Seedlings. 
Agriculture, [S.l.], v. 11, n. 12, p. 1187, dez. 2021. DOI: 
https://doi.org/10.3390/agriculture11121187. 
  
 
YE, J.-H.; LV, Y.-Q.; LIU, S.-R.; JIN, J.; WANG, Y.-F.; WEI, C.-L.; ZHAO, S.-Q. Effects of 
Light Intensity and Spectral Composition on the Transcriptome Profiles of Leaves in Shade 
Grown Tea Plants (Camellia sinensis L.) and Regulatory Network of Flavonoid Biosynthesis. 
Molecules, [S.l.], v. 26, n. 19, p. 5836, jan. 2021. DOI: 
https://doi.org/10.3390/molecules26195836. 
  
YE, Y.; WANG, H.; ZHANG, P.; ZHANG, Y. Adaptation Strategies for Hemp in Alkaline 
Salt Environments: Fertilizer Management for Nutrient Uptake and Optimizing Growth. 
Agriculture, [S.l.], v. 15, n. 2, p. 125, jan. 2025. DOI: 
https://doi.org/10.3390/agriculture15020125. 
  
YE, Z. P.; HE, J. Q.; AN, T.; DUAN, S. H.; KANG, H. J.; WANG, F. B. Influences of 
residual stomatal conductance on the intrinsic water use efficiency of two C3 and two C4 
species. Agricultural Water Management, [S.l.], v. 306, p. 109136, 20 dez. 2024. DOI: 
https://doi.org/10.1016/j.agwat.2024.109136. 
  
YIN, C.; SHI, Z.; LI, D.; TIAN, C.; LI, Y.; DONG, W.; ZHANG, Y. Red and blue photo-
selective nets optimize leaf photostructure and photosynthetic efficiency to enhance 
antioxidant capacity, yield, and quality in adzuki bean. Frontiers in Plant Science, [S.l.], v. 
16, 3 nov. 2025. DOI: https://doi.org/10.3389/fpls.2025.1670702. 
  
YUE, K.; FORNARA, D. A.; LI, W.; NI, X.; PENG, Y.; LIAO, S.; TAN, S.; WANG, D.; 
WU, F.; YANG, Y. Nitrogen addition affects plant biomass allocation but not allometric 
relationships among different organs across the globe. Journal of Plant Ecology, [S.l.], v. 14, 
n. 3, p. 361–371, 1 jun. 2021. DOI: https://doi.org/10.1093/jpe/rtaa100. 
 
ZENG, J.; GENG, X.; ZHAO, Z.; ZHOU, W. Tipping the balance: The dynamics of stem cell 
maintenance and stress responses in plant meristems. Current Opinion in Plant Biology, 
[S.l.], v. 78, p. 102510, 1 abr. 2024. DOI: https://doi.org/10.1016/j.pbi.2024.102510.  
 
ZHANG, H.; ZHAO, Q.; WANG, Z.; WANG, L.; LI, X.; FAN, Z.; ZHANG, Y.; LI, J.; GAO, 
X.; SHI, J.; CHEN, F. Effects of Nitrogen Fertilizer on Photosynthetic Characteristics, 
Biomass, and Yield of Wheat under Different Shading Conditions. Agronomy, [S.l.], v. 11, n. 
10, p. 1989, out. 2021. DOI: https://doi.org/10.3390/agronomy11101989. 
  
ZHANG, M.; WEI, G.; CUI, B.; LIU, C.; WAN, H.; HOU, J.; CHEN, Y.; ZHANG, J.; LIU, 
J.; WEI, Z. CO2 elevation and N fertilizer supply modulate leaf physiology, crop growth and 
water use efficiency of maize in response to progressive soil drought. Journal of Agronomy 



96 

and Crop Science, [S.l.], v. 210, n. 2, p. e12692, 2024. DOI: 
https://doi.org/10.1111/jac.12692. 
  
ZHANG, Y.; WANG, H.; SUN, Y.; WANG, P.; ZHANG, M.; XIAO, C.; LI, J.; LOU, X.; 
CUI, X.; ZHANG, D.; ZHOU, H. Transparent Nanophotonic Films with Dynamic 
Thermoregulation for Boosting Crop Yields. Nano Letters, [S.l.], v. 26, n. 11, p. 3917–3926, 
25 mar. 2026. DOI: https://doi.org/10.1021/acs.nanolett.6c00228. 
  
ZHAO, S.; RUAN, F.; SHEN, W.; DENG, K.; JIANG, T.; WU, P.; FENG, K.; LI, L. The 
Effect of Nitrogen Fertilizer on Rhizome Quality and Starch Physicochemical Properties in 
Nelumbo nucifera. Agronomy, [S.l.], v. 12, n. 4, p. 794, abr. 2022. DOI: 
https://doi.org/10.3390/agronomy12040794. 
  
ZHAO, W.; ZHENG, B.; REN, T. H.; ZHANG, X. H.; NING, T. Y.; LI, G. Phosphate 
fertilizers increase CO2 assimilation and yield of soybean in a shaded environment. 
Photosynthetica, [S.l.], v. 60, n. 2, p. 157–167, 2 maio 2022. DOI: 
https://doi.org/10.32615/ps.2021.063. 
  
ZOU, H.; WANG, C.; YU, J.; HUANG, D.; YANG, R.; WANG, R. Eliminating greenhouse 
heat stress with transparent radiative cooling film. Cell Reports Physical Science, [S.l.], v. 4, 
n. 8, 16 ago. 2023. DOI: https://doi.org/10.1016/j.xcrp.2023.101539. 
 




