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Dear plant physiologist, 

  

We prepared this book of abstracts with information about all papers and lectures presented 

at the XVI Brazilian Congress of Plant Physiology held at Hotel Fazenda Fonte Colina Verde, in 

São Pedro (SP) Brazil.  

 

The next pages were organized following the meeting program and you will find the abstracts 

of the opening conference, six keynote lectures and ten invited lectures of thematic sessions. 

Abstracts of talks related to plant physiology teaching are in this book as well as abstracts 

addressing the interaction between plant physiology and molecular biology. 

 

Finally, about 180 abstracts of posters presented in our meeting are shown. They were 

grouped in nine sessions – Plant Growth and Development (A01-A30), Primary & Secondary 

Metabolism (B01-B20), Water Relations (C01-C09), Plant Nutrition (D01-D11), Crop Physiology 

(E01-E08), Ecophysiology (F01-F31), Biotic Interactions (G01-G02), Post-harvest Physiology 

(H01-H05), and Stress Physiology (I01-I60). 

  

This book is yours, please, enjoy it! 

  

Physiological greetings, 

 

Rafael V. Ribeiro 

On behalf of the Organizing Committee 

  

XVI Brazilian Congress of Plant Physiology 
XVI Congresso Brasileiro de Fisiologia Vegetal 
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(MANAGEMENT 2016-2017) 
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Gustavo Maia Souza – Secretary 
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LOCAL ORGANIZING COMMITTEE 
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PERSONALITIES HONORED IN RECOGNITION OF THEIR INVALUABLE CONTRIBUTION TO 

BRAZIL'S PLANT PHYSIOLOGY 

 

  

Ph.D. Adonai Gimenez Calbo (EMBRAPA) 

 

Agronomist, Escola Superior de Agricultura Luiz de Queiroz (1975), Masters in Plant 

Physiology, Federal University of Viçosa (1978) and Ph.D. in Plant Physiology from the 

University of California at Davis (1985). Researcher of the Brazilian Agricultural Research 

Corporation. Works with plant physiology, post-harvest, instrumentation for water relations 

and instrumentation for irrigation. He is co-author of 4 books, author and co-author of several 

scientific papers, book chapters and has contributed to the development of industrial 

agricultural products. For soils he has developed and has collaborated for the success of the 

Irrigas sensor technology, Igstat sensor and of the dihedral sensor to measure soil water 

tension. For plants he has collaborated for the development of the Wiltmeter, a new cell 

turgor pressure sensor for leaves and the Turgormeter a new cell turgor pressure sensor for 

tuberous roots, stems and fruits.   
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Ph.D. Eduardo Caruso Machado (Instituto Agronômico de Campinas – IAC) 

 

Graduate at Agronomia from Universidade Estadual Paulista Júlio de Mesquita Filho (1972), 

master's at Botany from Universidade Estadual de Campinas (1981) and ph.d. at Solos e 

Nutrição de Plantas from Universidade de São Paulo (1987). He is currently a scientific 

researcher (level VI) at the Center for Ecophysiology and Biophysics of the Agronomic Institute 

(São Paulo). He is a full professor in the postgraduate course at the Agronomic Institute of 

Campinas. He was the Academic Coordinator of PIBIC of the Campinas Agronomic Institute 

from 2006 to 2007. Has experience in Agronomy, focusing on Physiology of Cultivated Plants, 

acting on the following subjects: plant physiology, plant-environment relations, 

photosynthesis, plant-pathogen relations (Xylella fastidiosa).  
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XVI Brazilian Congress of Plant Physiology 

São Pedro SP Brazil – 24 to 28 September 2017 

SCIENTIFIC PROGRAM 

Sunday, Sept. 24 

 Short-courses 

14:00-15:30 MC1: The Light in the 

Plant's Life: a Focus on 

Photoreceptors, Dr. 

Rogério F. Carvalho 

(UNESP, Brazil) 

MC2: How to Estimate 

Vulnerability to 

Embolism by the 

Pneumatic Method, Dr. 

Luciano Pereira 

(UNICAMP, Brazil) 

MC3: Aspectos 

Teóricos sobre o 

Intercâmbio Gasoso 

nas Plantas com 

Ênfase na Eficiência no 

Uso de Água, Dr. 

Francisco A. Lobo 

(UFMT, Brazil) 

MC4: Metabolomics: a 

Powerful Tool for Plant 

Physiology Studies, 

Dr. Camila Caldana (CTBE, 

Brazil) 

15:30-15:50 Coffee break 

15:50-18:00 MC1 (cont.) MC2 (cont.) MC3 (cont.) MC4 (cont.) 

19:30-19:50 Opening Ceremony 

19:50-20:40 Conference: “Drought Tolerance: Which Genes or Alleles for which Drought Scenarios?”, Prof. François 

Tardieu (INRA, France) 

20:40-22:40 Cocktail 
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Monday, Sept. 25 

08:30-09:30 Keynote Lecture #1: “The Impact of Regional Warming on the Unique Vascular Flora of Antarctica: An 

Overview of Antarctic Plant Ecophysiology”, Prof. León A. Bravo (Universidad de la Frontera, Chile) – 

(Room: Auditorium) 

09:30-10:00 Coffee break 

10:00-12:30 Thematic Session #1: Biotic Interactions  

(Room: Auditorium) 

Thematic Session #2: Ecophysiology  

(Room: Medieval) 

10:00-10:50 “Microbiome in Tree Species of Atlantic Forest: 

Diversity and Funcionality”, Prof. Marcio Lambais 

(USP, Brazil) 

“The Interplay of Plant Form and Function in the 

Savannas of Central Brazil”, Prof. Augusto C. Franco 

(UNB, Brazil) 

10:50-11:10 Spontaneous submission Spontaneous submission 

11:10-11:30 Spontaneous submission Spontaneous submission 

11:30-11:50 Spontaneous submission Spontaneous submission 

11:50-12:30 Discussion Discussion 

12:30-14:00 Lunch 

14:00-16:30 Thematic Session #3: Photobiology 

(Room: Auditorium) 

Thematic Session #4: Plant Nutrition  

(Room: Medieval) 
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14:00-14:50 Light Signaling, Competition and Defense 

Responses in Plants, Prof. Carlos L. Ballaré 

(Universidad de Buenos Aires, Argentina) 

“Plant Mineral Nutrition in Biodiversity Hotspots”, 

Prof. Hans Lambers (University of Western Australia, 

Australia) 

14:50-15:10 Spontaneous submission Spontaneous submission 

15:10-15:30 Spontaneous submission Spontaneous submission 

15:30-15:50 Spontaneous submission Spontaneous submission 

15:50-16:30 Discussion Discussion 

16:30-17:00 Coffee break 

17:00-18:00 Keynote Lecture #2: “Facing Aluminum and Other Oxidative Stresses in Rice”, Prof. Márcia Margis-

Pinheiro (UFRGS, Brazil) – (Room: Auditorium) 

18:00-19:30 Poster Session (Room: Royal) 

Tuesday, Sept. 26 

08:30-09:30 Keynote Lecture #3: “Alarm Photosynthesis: a “Crystal Clear” Case of Drought Tolerance”, Prof. George 

Karabourniotis (Agricultural University of Athens, Greece) – (Room: Auditorium) 

09:30-10:00 Coffee break 

10:00-12:30 Thematic Session #5: Primary Metabolism  

(Room: Auditorium) 

III Forum on Plant Physiology Teaching  

(Room: Medieval) 
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10:00-10:50 “Evolution of Rubisco, Ecophysiological 

Consequences of Natural Variation and 

Opportunities to Boost Crop Productivity”, Prof. 

Jeroni Galmés (University of the Balearic Islands, 

Spain) 

 

Debate I: Scientific training in plant physiology in 

Brazil 

 

“Why is So Hard to Reveal Plant Scientists in 

Brazil?”, Prof. Joaquim Albenísio G. da Silveira (UFC, 

Brazil) 

 

Chair: Prof. Gustavo Maia Souza (UFPel, Brazil) 

 

10:50-11:10 Spontaneous submission 

11:10-11:30 Spontaneous submission 

11:30-11:50 Spontaneous submission 

11:50-12:30 Discussion 

12:30-14:00 Lunch 

14:00-16:30 Thematic Session #6: Secundary Metabolism 

(Room: Auditorium) 

III Forum on Plant Physiology Teaching (cont.) 

(Room: Medieval) 

 

Debate II: Teaching plant physiology in graduate 

courses: methodologies and practices 

 

14:00-14:50 “Signaling and Modulation of Secondary 

Metabolism by Nitric Oxide During Seed 

Germination and Root Hair Formation”, Dr. Marília 

Gaspar (IBot, Brazil) 

14:50-15:10 Spontaneous submission 
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15:10-15:30 Spontaneous submission “Teaching Plant Physiology”, Prof. Carlos Henrique 

B. A. Prado (UFSCar, Brazil) 

 

Chair: Prof. Massanori Takaki (UNESP, Brazil) 

 

15:30-15:50 Spontaneous submission 

15:50-16:30 Discussion 

16:30-17:00 Coffee break 

17:00-18:00 BSPP Meeting (Room: Auditorium) 

18:00-19:30 Poster Session (Room: Royal) 

19:50-20:40 Special Dinner 

Wednesday, Sept. 27 

08:30-09:30 Keynote Lecture #4: “Chlorophyll Metabolism and Senescence Engineering for Yield and Nutritional 

Quality Improvement”, Dr. Magdalena Rossi (USP, Brazil) – (Room: Auditorium) 

09:30-10:00 Coffee break 

10:00-12:30 Thematic Session #7: Plant Signaling 

(Room: Auditorium) 

Thematic Session #8: Crop Physiology  

(Room: Medieval) 
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10:00-10:50 “PsbS and Transthylakoid pH-gradient Regulates 

Cellular Light Memory of Acclimation, Cell Death 

and Crosstalk of UV and Excess Light Stress, 

Electrical and Molecular Signaling in Plants”, Prof. 

Stanislaw Karpinski (Warsaw University of Life 

Sciences, Poland) 

Spatial aspects of leaf and canopy photosynthesis in 

C3 and C4 species, Prof. Paul Struik (Wageningen 

University & Research, The Netherlands) 

10:50-11:10 Spontaneous submission Spontaneous submission 

11:10-11:30 Spontaneous submission Spontaneous submission 

11:30-11:50 Spontaneous submission Spontaneous submission 

11:50-12:30 Discussion Discussion 

12:30-14:00 Lunch 

14:00-16:30 Thematic Session #9: Plant Growth and 

Development (Room: Auditorium) 

Thematic Session #10: Post-harvest Physiology 

(Room: Medieval) 

14:00-14:50 “Axillary Bud Identity and Phase Transitions in 

Passiflora spp”, Prof. Marcelo C. Dornelas 

(UNICAMP, Brazil) 

“Anaerobic Metabolism a Tool for Preserving the 

Quality of Apples”, Prof. Auri Brackmann (UFSM, 

Brazil) 

14:50-15:10 Spontaneous submission Spontaneous submission 

15:10-15:30 Spontaneous submission Spontaneous submission 
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15:30-15:50 Spontaneous submission Spontaneous submission 

15:50-16:30 Discussion Discussion 

16:30-17:00 Coffee break 

17:00-18:00 Keynote Lecture #5: “Stem-Piped Light Activates Phytochrome B to Trigger Light Responses in 

Arabidopsis Roots”, Prof. Chung-Mo Park (Seoul National University, Korea) – (Room: Auditorium) 

18:00-19:30 Poster Session (Room: Royal) 

20:40-23:40 Farewell Party 

Quinta-feira, 28 Set. | Thursday, Sept. 28 

08:30-09:30 Keynote Lecture #6: “The Potentialities of Sirius, the New Brazilian Synchrotron Light Source, for Plant 

Physiology Research”, Dr. Harry Westfahl Jr. (Brazilian Synchrotron Light Laboratory, Brazil) – (Room: 

Auditorium) 

09:30-10:00 Coffee break 

10:00-12:20 Round-table: Plant Physiology & Molecular Biology (Room: Auditorium) 

10:00-10:50 “Toward a Systemic Plant Physiology”, Prof. Gustavo M. Souza (UFPel, Brazil) 

10:50-11:40 “Zooming in and out: Molecular and Whole Plant Approaches to Understand Hard-to-Root Eucalyptus 

Cuttings”, Prof. Arthur Fett-Neto (UFRGS, Brazil) 

11:40-12:20 Discussion 
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12:20-12:50 Closing Ceremony 

12:50-14:30 Lunch 
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CONFERENCE 
 

CF1 - Drought tolerance: which genes or alleles for which drought 
scenarios? 
 

Tardieu F, Millet EJ, Prado SA, Coupel-Ledru A, Cabrera-Bosquet L, Lacube S, Parent B, 
Welcker C 
INRA LEPSE, Montpellier, France; francois.tardieu@supagro.inra.fr 

 

Current and future climatic conditions are characterized by large year-to-year and site-to-site 
variabilities. Drought tolerance results from an optimization between processes, traits and 
alleles leading to either minimize the risk of crop failure or to increase crop production. 
Evolution has tended to favour conservative processes (short crop cycle, low transpiration and 
leaf area, high investment in roots), positive in severe drought scenarios, whereas yield in 
milder water deficits is associated with opposite traits. Hence, a given genomic region affects 
plant performance in at most half of the fields in networks of dry experiments, and the allele 
associated with best performance often changes between sites. We propose that this is the 
general case, so one does not aim at identifying generic genes and alleles of drought tolerance, 
but to identify which gene and alleles are favourable in which drought scenarios. A strategy is 
proposed consisting in (i) identification of most frequent scenarios by clustering 
environmental data characterizing the target population of environment (typically 50 sites x 
50 years). (ii) Performing genetic analysis in a network of field and for identifying genomic 
regions associated with crop performance (iii) Classifying experiments into the identified 
clusters of scenarios based on time course of environmental conditions, thereby identifying 
which alleles controlling which traits are favourable in which scenarios. (iv) estimating the 
genetic control of essential variables such as stomatal conductance or sensitivity of growth to 
water deficit from high throughput experiments in a phenotyping platform (v) Based on the 
latter parameters, modelling the effect of combinations of alleles in the scenarios identified 
in step i. As a whole, the combination of field and platform steps results in a dataset allowing 
one to identify genomic regions associated with tolerance in specific scenarios of heat and 
drought, and with traits associated to these genomic regions. 
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KEYNOTE LECTURES 
 

KL1 - The impact of regional warming on the unique vascular flora of 
Antarctica: an overview of Antarctic plant ecophysiology 
 

Bravo LA1, Sierra-Almeida A2,3, Mella C1, Acuña K1, Sáez P4, Caviéres L2,3 
1Plant Physiology and Molecular Biology Laboratory, Dpt of Agronomic Sciences and Natural Resources, 
Universidad de La Frontera, Temuco, Chile; 2Ecobiosis, Dpt of Botany, Universidad de Concepción, Concepción 
Chile; 3Institute of Ecology and Biodiversity (IEB), Santiago, Chile; 4Plant Tissue Culture Laboratory, Centro de 
Biotecnología, Facultad de Ciencias Forestales, Universidad de Concepción, Chile; leon.bravo@ufrontera.cl 

 

Deschampsia antarctica Desv. and Colobanthus quitensis Kunth Bartl. are the only two plant 
species that have naturally colonized the Maritime Antarctica. What special features do these 
two species have to be the only vascular plants widespread in this harsh environment, has 
been an enigmatic question for scientists. These plant have developed different strategies to 
deal with low temperature associated stresses. For instance, D. antarctica is more freezing 
tolerant than C. quitensis exhibiting high capacity to withstand freezing temperatures way 
below the ice nucleation temperatures, C. quitensis maintains supercooling capacity but 
exhibited damage at temperatures close to its ice nucleation temperature (tolerance vs 
avoidance of freezing). This is related with interspecific differences associated to accumulation 
of different cryoprotectants and also with different mechanism able to protect functional 
integrity of these plant from damaging reactive oxygen species and finally, their differential 
capability to produce cryoprotective and antifreeze proteins.  But it is not only freezing 
tolerance which account for their survival and population expansion in Antarctica, there are 
also morphological and reproductive traits of these species that play an important role. For 
instance, prostrated habit of both plants leaf size and morphology, plus some particular 
attributes such as special salt glands in D. antarctica and vivipary observed in C. quitensis are 
also remarkable. But all this cold adaptation is now challenged by the regional warming 
experienced by The Antarctic Peninsula in the last century. Many questions have been raised 
about plant performance and their fate in this new scenario. Results from an in situ warming 
experiment will be discussed and provide further insights. 
Acknowledgments: PIA-CONICYT ART-1102, FONDECYT 1151173 
 

  

mailto:leon.bravo@ufrontera.cl
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KL2 - Facing aluminum and other oxidative stresses in rice 
 

Margis-Pinheiro M 
Instituto de Biociências, Departamento de Genética, Universidade Federal do Rio Grande do Sul, Porto Alegre 
RS, Brazil; marcia.margis@ufrgs.br 

 

In my lab we are studying the molecular mechanisms involved in plant development and 
responses to environmental stresses. To develop our research we are combining genetic, 
molecular biology and genomic strategies, applied to plant models such as rice and 
Arabidopsis. The ASR (ABA, Stress and Ripening) genes are induced by stress and abscisic acid 
(ABA). Plants overexpressing ASR have shown the potential use of these genes to increase the 
tolerance of plants against abiotic stresses. In rice, in silico analysis revealed the presence of 
six copies of the ASR genes, dispersed on different chromosomes. We are applying strategies 
of reverse genetics and proteomic to understand the function of ASR genes in the defense of 
plants against stress by aluminum. The protection of the plant can also be given through the 
maintenance of low levels of Reactive Oxygen Species (ROS) by increased expression of 
antioxidant enzymes. Moreover, since H2O2 is also a molecular signaling of plant defense 
responses, transcriptome analysis of plants silenced in different genes related to redox 
homeostasis may reveal a complex network of gene expression regulation controlled by H2O2. 
 

KL3 - Alarm photosynthesis: a “crystal clear” case of drought tolerance 
 

Karabourniotis G 
Laboratory of Plant Physiology, Agricultural University of Athens, Athens, Greece; karab@aua.gr 

 

The occurrence of calcium oxalate crystals in plant tissues was an enigma for plant scientists 
for a long time and our knowledge on their formation and possible roles in plant function 
remained limited. Recently, we found that leaf crystals function as dynamic carbon pools that 
collect non-atmospheric carbon, mainly during the night. During the day, crystal degradation 
provides oxalate which is converted to CO2 by the enzyme oxalate oxidase when stomata 
remain totally or partially closed (e.g. under drought conditions) and the risk of CO2 starvation 
within mesophyll is increased. This biochemical appendance, named alarm photosynthesis, 
provides a number of adaptive advantages that explain the vast presence of calcium oxalate 
crystals in plants and especially in xerophytes. 
 

KL4 - Chlorophyll metabolism and senescence engineering for yield and 
nutritional quality improvement 
 

Rossi M 
Botany Department, Biosciences Institute, University of São Paulo (USP), São Paulo SP, Brazil; 
magdarossirosso@gmail.com 

 

Leaf senescence initiates when photosynthetic potential riches the maximum capacity and 
during its progression photochemical activity decreases due to the degradation of the 
photosynthetic machinery and nutrients are translocated to non-senescent plant organs. 
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Several evidences indicate that the delay of senescence maintaining the production of 
photosynthates for longer periods results in yield increment becoming an important 
agronomical trait. Chlorophyll (Chl) degradation is also an interesting process for metabolic 
engineering aiming nutritional quality improvement. Chlorophyll dephytylation produces 
phytol, which is a precursor of tocopherols, compounds with vitamin E activity. These potent 
antioxidants have shown to protect pigments, proteins and fatty acids involved in the 
photosynthetic apparatus from the reactive oxygen species (ROS) produced during 
photosynthesis. Regarding human health, the vitamin E prevents cardiovascular diseases, 
cancer of mammary glands and oxidative stress caused by nicotine. Most of the studies 
approaching senescence and chlorophyll degradation use the model species Arabidopsis 
thaliana or grasses; however, few reports describe these processes in freshly fruit producing 
plants. In this sense, Solanum lycopersicum is an excellent model due to the nutritional and 
economic importance of this species. The characterization and manipulation of chlorophyll 
dephtytylases, phytol recycling and senescence-related genes have revealed the link of Chl 
metabolism with important nutraceutical compounds (i.e. carotenoids and tocopherols) and 
their impact on yield. The combined results impose another level of complexity to isoprenoid-
derived compound regulatory network, unveiling new strategies for source-sink balance and 
nutritional quality engineering. 
 

KL5 - Stem-piped light activates phytochrome B to trigger light responses 
in Arabidopsis roots 
 

Lee HJ, Ha JH, Park CM 
Department of Chemistry, Seoul National University, Seoul 08826, Korea; cmpark@snu.ac.kr 

 

Light regulates virtually all aspects of plant growth and developmental processes throughout 
plant life. A group of photoreceptors perceives a wide range of light wavelengths, such as 
ultra-violet (UV), blue (B), red (R), and far-red (FR), to monitor the plant’s surrounding 
environment. The roles of photoreceptors and associated signaling mechanisms have been 
extensively investigated mostly in the photomorphogenic processes of aerial plant parts. 
Accumulating evidence in recent years strongly support that light also influences root growth 
and development. However, how aboveground light influences the root system has not been 
systematically explored. Here, we show that light is efficiently conducted through the stems 
to the roots, where photoactivated phytochrome B (phyB) triggers gene induction and protein 
accumulation of the positive photomorphogenic regulator ELONGATED HYPOCOTYL 5 (HY5). 
Accordingly, Arabidopsis plants that are defective specifically in root HY5 exhibited alterations 
in root growth and gravitropism. These findings demonstrate that the underground roots 
directly sense stem-piped light to monitor the aboveground light environment during plant 
environmental adaptation. Our data would also provide molecular insights into plant 
intellectual behaviors and, in particular, clues as to a long-sought hypothesis ‘Do plant roots 
harbor brain or brain-like tissues?’ proposed by Charles Darwin. 
 

KL6 - The potentialities of Sirius, the new Brazilian Synchrotron Light 

Source, for plant physiology research 
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Westfahl Jr H 
Laboratório Nacional de Luz Síncrotron, Campinas SP, Brazil; westfahl@lnls.br 

 

The application of synchrotron radiation in a large variety of fields, from biology to 
microelectronics, has increased steadily worldwide. To a large extent this is a result of the 
availability of much brighter synchrotron light sources, which provided new experimental 
techniques to investigate different aspects of matter, from atomic organization to electronic 
structure. Recently, new developments in accelerator technology are paving the way for even 
brighter sources, which are being named fourth-generation light sources. Sirius, the future 
new Brazilian synchrotron light source, is one of the first two such machines in construction 
in the world. Its first experiments are expected by 2019 and it is being planned to be a state 
of the art light source, providing cutting edge research tools that are nonexistent today in 
Brazil, like 3D chemical mapping with nanometer resolution. The Sirius project is designed and 
executed by the Brazilian Synchrotron Light Laboratory -- LNLS, which was also responsible for 
the construction of the current second generation Brazilian light source, UVX, the first 
synchrotron in the southern hemisphere, and still the only one in Latin America. In this talk an 
overview of the main characteristics and potentialities with advanced techniques for studying 
plant physiology will be provided as well as the status of the project. 
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THEMATIC SESSIONS 
 

TS1 - Microbiomes of tree species of the Atlantic Forest: diversity and 
functionality 
 

Lambais MR 
Escola Superior de Agricultura "Luiz de Queiroz", Universidade de São Paulo, Piracicaba SP, Brazil; 
mlambais@usp.br 
 

For the understanding of phytobiomes, i.e. all organisms (microorganisms, insects, nematodes 
and plants, among others) that live in the interior, on the surfaces or in the area of influence 
of the plants, the surrounding environment, and the multiple biotic interactions and 
interactions between organisms and environment that affect plant growth, the study of plant 
microbiomes is essential. Microbiome is defined as the set of microorganisms (bacteria, 
archaea, fungi, protozoa and viruses) and their genomes in a given environment. In general, 
the plant microbiome may play important roles in regulating host physiology and molecular 
communication between plants and between plants and other organisms, contributing to 
their adaptation to the environment. The plant microbiome includes the microbial 
communities on the plant surfaces (phyllosphere and dermosphere, for example), inside the 
plant (endophytic) and in the rhizosphere. In previous studies, we estimated that the plant 
microbiome of the Atlantic Forest (phyllosphere, dermosphere and rhizosphere), not including 
the endophytes, may harbor from 72 to 1,400 million bacterial species. In another study, using 
16S rRNA gene amplicons, we have determined that the structures of the bacterial 
communities living in the phyllosphere, dermosphere and rhizosphere of different tree species 
depend on the plant taxon, suggesting the existence of selection mechanisms that may reflect 
evolutionary conserved genetic traits. Among the microorganisms that make up the plant 
microbiome, those living in the phyllosphere are of great interest for their possible roles in the 
protection of plants against pathogens and pests, besides their involvement in nutrient cycling 
and promotion of plant growth. Evaluating the metaproteome of the microorganisms in 
phyllosphere of different tree species in the Atlantic Forest, we have observed that, despite 
the different taxonomic composition, most functional groups of proteins were common to 
several phyllospheres, suggesting that the bacterial populations of different phyllospheres 
share a set of functional proteins necessary for their adaptation and survival in this 
environment. Among the metabolic processes that occur in the phyllosphere of different plant 
species, biological nitrogen fixation (BNF) is one of the most important. In the Atlantic Forest, 
the BNF associated to the phyllosphere of several tree species may be as high as the BNF 
associated to the litter, suggesting that the contribution of the BNF in the phyllosphere to the 
N input may higher than other contributions, changing paradigms of N cycling in tropical 
forests. 
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TS2 - The interplay of plant form and function in the savanas 
of Central Brazil 
 

Franco AC 
Botany Department - University of Brasilia, Brasilia DF, Brazil; acfranco@unb.br 
 

The performance of any plant and its ability to successfully respond to environmental change 
depend to a large extent on its plasticity in regulating the energy metabolism and the efficient 
remobilization of carbohydrate and minerals from storage compartments in different parts of 
the plant. This is ultimately related to the structure and functioning of the leaves, stem 
characteristics related to transport of water and nutrients and the efficiency of the root 
system in the uptake of water and nutrients. Although there is a great variation in the 
structure and physiology of these organs, environmental and development constraints and 
selective pressures constrain and delimit the spectrum of variation, leading to convergence 
and the occurrence of well-defined syndromes, resulting from the correlation between several 
attributes, whose phenotypic expression depends on the regulation and modulation of 
metabolic processes. A variety of plant communities, differing in floristic structure and 
composition, can be found in the savannas of Central Brazil. Interactions between the 
disturbance regime, where fire plays a predominant role, and the availability of resources 
(water and nutrients) determine the distribution of the various plant communities, of 
contrasting structure and composition, which coexist in the region. The environmental and 
vegetation heterogeneity is accentuated by the territorial extension of the biome, variations 
in topography and soil types. This great diversity of species from different evolutionary 
lineages and the strong environmental heterogeneity provides an excellent opportunity for 
studies that aim at understanding the evolution of form and function, and that seek to 
decipher adaptive and evolutionary limitations in plants. Here I focus on studies that integrate 
trait syndromes and plant morphology, because they better reflect the coordinated evolution 
of structure and function of the whole plant. Different plant morphologies are generally 
categorized into a diversity of growth forms that represent the overall physical form and 
external structure taken by the plant. Despite the high species diversity and the independent 
evolutionary trajectory of individual species, I show that growth forms can be associated to 
particular leaf trait combinations in the savannas of Central Brazil, suggesting evolutionary 
constraints on leaf function for morphologically similar species. I also present evidence of 
partitioning of soil water resources by different growth forms and how this affects plant water 
balance. At the ecosystem level, I use results of manipulative experiments of nutrient 
availability to show how changes in resource availability differently affect the woody and the 
herbaceous layer. Lastly, I focus on woody plants to develop a trait-based approach providing 
new insights on plant adaptations to withstand drought, fire and nutrient-poor soils in tropical 
regions worldwide. 
Acknowledgements: CNPq, FAP-DF and CAPES 
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TS3 - Light signaling, competition and defense responses in plants 
 

Ballaré CL 
IFEVA, CONICET–Universidad de Buenos Aires, C1417DSE Buenos Aires and IIB-INTECH, CONICET–Universidad 
Nacional de San Martín, B1650HMP Buenos Aires, Argentina; ballare@ifeva.edu.ar 
 

Light signals, perceived through informational photoreceptors, are used by plants to detect 
and respond to the proximity of competitors. Low red:far-ratios (R:FR) in the canopy light 
reduce the proportion of phytochrome B (phyB) molecules that are in the active form, and  
promote the synthesis of growth-related hormones, including auxin and gibberellins, which in 
turn stimulate shoot elongation and other shade-avoidance responses. At the same time, 
recent research demonstrates that phyB is an important modulator of the two principal 
hormonal pathways that regulate plant immunity against herbivores and pathogens, i.e. the 
jasmonic-acid (JA) and the salicylic-acid pathways (SA). Low R:FR ratios down-regulate JA- and 
SA-induced defense responses. This down-regulation is thought to help the plant to efficiently 
redirect resources from defense to rapid growth under conditions of intense competition. In 
this presentation, I will discuss recent advances in the understanding of the mechanisms that 
link phyB with JA signaling, and explore the consequences for direct and indirect defenses. 
Unveiling the molecular links between photoreceptors and the regulators of plant immunity 
is important to generate a mechanistic framework to understand how plants deal with 
resource allocation trade-offs under natural conditions. This mechanistic understanding can 
be very useful to guide breeding programs aimed at increasing plant resistance to pests and 
pathogens in cultivated species. 
 

TS4 - Plant mineral nutrition in biodiversity hotspots 
 

Lambers H 
School of Biological Sciences, University of Western Australia, Perth, Australia; hans.lambers@uwa.edu.au  

 

South-western Australia is a global biodiversity hotspot, where the greatest plant diversity is 
found on the most severely phosphorus-impoverished soils in kwongkan (low heath on 
sandplains).  A similar situation occurs in campos rupestres in Brazil.  Mycorrhizas are 
symbiotic associations between plants and fungi that enhance plant phosphorus acquisition.  
Paradoxically, non-mycorrhizal plant families (e.g., Proteaceae) feature most prominently on 
the poorest soils in Australia, and these families are uncommon on soils containing more 
phosphorus.  In campos rupestres, non-mycorrhizal species are also remarkably common.  
Almost all Proteaceae produce carboxylate-releasing cluster roots, which are capable of 
mobilising scarcely available phosphorus and micronutrients, including manganese.  They 
effectively ‘mine’ these nutrients, as opposed to ‘scavenging’ them from the soil solution 
further away from the root surface, as mycorrhizas do.  In addition to efficient acquisition of 
phosphorus from soil, south-western Australian Proteaceae species also use the acquired 
phosphorus very efficiently in photosynthesis.  They also show a tremendous capacity to 
remobilise phosphorus from senescing leaves and contain a large amount of phosphorus in 
their seeds.  The traits referred to here help explain the ecological success of non-mycorrhizal 
species on severely phosphorus-impoverished soils in south-western Australia.  These same 
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traits may also have allowed non-mycorrhizal families to diversify in these severely nutrient-
impoverished environments.  A very exciting question that remains to be explored further is 
why species with a superior phosphorus-acquisition strategy coexist with ones that are less 
effective at acquiring soil phosphorus.  We have some answers, involving both facilitation and 
pathogen susceptibility, but future research will explore this in greater detail. 
 

TS5 - Evolution of rubisco, ecophysiological consequences of natural 
variation and opportunities to boost crop productivity 
 

Galmés J 
Research Group on Plant Biology under Mediterranean Conditions, Institute of Agricultural and Water 
Economics Research (INAGEA), University of the Balearic Islands, Balearic Islands, Spain; jeroni.galmes@uib.cat 
 

The importance of Rubisco would be difficult to exaggerate. It provides the unique 
quantitatively significant conversion point from inorganic into organic carbon, sustaining the 
vast majority of food chains and life in the Biosphere. Paradoxical to its prodigious task, 
Rubisco hosts a number of catalytic imperfections, which limit the rate of photosynthetic CO2 
fixation and plant growth capacity. The present talk will first concentrate on the 
ecophysiological causes of the existing natural variation in Rubisco constitutive traits among 
distant phylogenetic groups of photosynthetic organisms. Within higher plants, targeted 
examples, based on closely related group of plants, will be provided to underpin the molecular 
determinants for the reported variation. At the ecological level, evidence of high selection 
pressure on Rubisco along gradients of CO2 and temperature suggests that exploration of 
species adapted to extreme environments or possessing innovative adaptations will reveal the 
existence of Rubisco of unusual pedigree out of the reported bounds. Rubisco performance in 
the most economically important crops worldwide will be presented and related to models of 
leaf photosynthesis to assess the limitations imposed on crop productivity under current and 
future environments. In the context of climate change, the catalytic response of Rubisco to 
increasing temperature and CO2 will have direct repercussions for the photosynthetic 
performance of autotrophic organisms, and indirectly for the productivity of the main 
ecosystems. The existence of significant variation in the affinity for CO2 and in the thermal 
dependencies of Rubisco among the diverse photosynthetic organisms push to suggest that 
not all the Rubiscos (and hosting species) will become equally affected. Finally, how naturally 
improved versions represent an exceptional opportunity to supercharge photosynthesis and 
preadapt crops to oncoming changes by novel bioengineering strategies of crops will be 
reviewed and linked to specific methodological approaches. 
Acknowledgements: project AGL2013-42364 
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TS6 - Signaling and modulation of secondary metabolism by Nitric Oxide 
during seed germination and root hair formation 
 

Gaspar M 
Núcleo de Pesquisa em Fisiologia e Bioquímica de Plantas, Instituto de Botânica, São Paulo SP, Brazil; 
gaspar.marilia@gmail.com 
 

NO is a gaseous free radical involved in the regulation of various plant developmental process. 
Treatment with exogenous NO enhanced phenolic and flavonoid contents in plant cells and 
microorganisms. Our group investigated if exogenous NO is able to modulate the production 
of secondary metabolites during seed exudation and root hair formation by using native and 
model species. Seeds of Sesbania virgata, a tropical invasive species that exudates antifungal 
and phytotoxic compounds, such as sesbanimide A and (+)-catechin, were used to investigated 
the effect of gaseous NO on germination, early development, exudation of phytotoxic 
compounds and activation of antioxidant defenses. NO fumigation led to a reduction in total 
phenols and tannins in the seed exudates of S. virgata, with catechin being identified as the 
main reduced compound. This reduction was show to result from the NO scavenging activity 
of catechin. Our results suggest that the ability of catechin to scavenge NO could contribute 
to maintain NO levels under optimal conditions to stimulate antioxidant enzymatic defenses 
of S. virgata and maintain ROS homeostasis, without affecting the phytotoxic activity of their 
exudates.  Using mutants of Arabidopsis thaliana with altered root hair phenotypes, we also 
investigated the involvement of S-nitrosoglutathione (GSNO), the primary NO source, on gene 
expression in roots induced to form hairs. Besides modulating the expression of a large 
number of genes related to cell wall biosynthesis, GSNO also regulated the expression of many 
genes related to root secondary metabolism. The flavonoid branch of the phenylpropanoid 
biosynthetic pathway was the main affected route. Among the most affected genes are 
included Laccases, Transparent Testa (TTs) and genes involved in ligninin biosynthesis, as PAL, 
F5H, CAD, 4CL and CcoAOMT. Both experimental systems demonstrate a central regulatory 
role of nitric oxide on secondary plant metabolism. 
 

TS7 - PsbS and transthylakoid pH-gradient regulates cellular light 
memory of acclimation, cell death and crosstalk of UV and excess light 
stress, electrical and molecular signaling in plants 
 

Karpiński S, Górecka M, Białasek M, Lewandowska M, Gawroński P, Zawadzka A, 
Barczak A, Kulasek M, Kozłowska-Makulska A 
Department of Plant Genetics, Breeding and Biotechnology, Faculty of Horticulture, Biotechnology and 
Landscape Architecture, Warsaw University of Life Sciences SGGW, Nowoursynowska 159, 02-776 Warsaw, 
Poland; stanislaw_karpinski@sggw.pl 
 

PsbS is a key protein involved in regulation of transtylakoid pH-gradient-dependent non-
photochemical quenching (NPQ) of absorbed energy. Recent studies by Kromdijk et al. 2016 
(Science) show that appropriate transgenic manipulation of gene expression for PsbS and VAZ 
cycle enzymes lead to increased plant biomass production in variable light/field condition. 
However, PsbS function has been exclusively studied in light acclimatory responses. In our 
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recent studies we reported that rapid electrical signals in response to a local heat stimuli 
regulate systemic changes in NPQ and quantum efficiency of photosystem II (Białasek et al., 
2017, PCP). Here we demonstrate that PsbS regulates cellular light memory (also in 
Szechyńska-Hebda et al., 2010, TPC), cell death and crosstalk of UV-C and excess light stress. 
We observed enhanced tolerance of wild type (WT) low light acclimated plants to UV-C stress 
episode expressed by lower induction of cell death when plants were pre-treated with red or 
blue excess light episode applied just one day before UV-C stress. However, npq4 mutant 
plants devoid of PsbS, were not able to cross-acclimate to UV-C and memorise excess light 
stress, thus displayed significantly higher cell death than WT. Contrary, plants overexpressing 
PsbS were always acclimated to UV-C stress, regardless of prior excess light treatment or not. 
The quality of cell death process seems to be not affected in analysed genotypes and is always 
starting from chloroplast breakdown. Electrical retrograde signalling and anterograde 
molecular responses for induction of the cellular light memory and cell death are also 
specifically regulated by PsbS level and strongly correlate with transtylakoid pH-gradient 
changes. Obtained results suggest novel and important functions of PsbS in retrograde and 
antherograde regulation of cell death, cellular light memory, UV-C and excess light crosstalk. 
 

TS8 - Spatial aspects of leaf and canopy photosynthesis in C3 and C4 
plants 
 

Struik PC, Yin X 

Centre for Crop Systems Analysis, Department of Plant Sciences, Wageningen University & Research, 
Wageningen, the Netherlands; paul.struik@wur.nl  
 

To ensure future food security and adequate energy supply for a rapidly growing and 
increasingly demanding population living on a planet of which the climate is rapidly becoming 
less conducive to agriculture, the productivity of agricultural crops will have to increase, at 
rates higher than currently possible. Therefore, science needs to improve the photosynthetic 
competence of crop plants. The energy budgets and biochemistry of C3 and C4 photosynthesis 
are relatively well studied. However, the spatial aspects of gas exchange, light propagation 
and capacity of biochemical processes at the level of the individual leaf and the quantitative 
scaling up of aspects of leaf photosynthesis to the canopy level are relatively unknown. In 
collaboration with the University of Leuven, our Centre for Crop Systems Analysis combined 
actual leaf 3D-microstructure (based on synchrotron radiation X-ray laminography) with 
spatially explicit models of CO2 diffusion, 3D light propagation, and biochemistry, and with 
leaf-level models of photosynthesis. This was done for the C3 crop tomato and the C4 crop 
maize. We also created 1D, 2D and 3D reaction-diffusion models based on artificial leaf 
microstructures which are less computationally demanding. We evaluated the models based 
on data obtained from gas exchange measurements and leaf optical properties. We used 
these models to assess whether genetic variation in leaf anatomy affects photosynthesis (for 
tomato) and to evaluate how important nitrogen supply is on bundle-sheath conductance (for 
maize). Moreover, we used the models to assess whether distribution of photosynthetic 
capacity, chloroplast and mitochondrion position, activity of carbonic anhydrase, re-
assimilation of (photo)respired CO2 and anatomical constraints to the CO2 concentrating 
mechanism have an impact on photosynthesis. We also investigated how important lateral 
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gas exchange within a leaf is for homobaric and heterobaric leaves. Using the crop growth 
model GECROS we illustrated for rice the effects of genetic variation and genetic engineering 
of biochemical components of leaf-level photosynthesis on canopy photosynthesis and 
biomass production. To produce more efficient crops we need to combine improved CO2 
concentrating mechanisms, photosynthetic capacity, and quantum efficiency simultaneously. 
 

TS9 - Axillary bud identity and phase transitions in Passiflora spp 

Dornelas MC 
Dept. Plant Biology, Institute of Biology, University of Campinas, Campinas SP, Brazil; dornelas@unicamp.br 
 

An important issue in plant biology is how morphological novelties are produced during 
evolution. The genus Passiflora includes plants that display complex structures whose origins 
have not been elucidated yet. Among such structures there are the floral corona filaments and 
the tendrils in the axils of the leaves, next to a flower bud. Juvenile Passiflora plants do not 
have tendrils. On the other hand, adult plants of Passiflora constantly produce tendrils 
associated to flower buds. The axillary meristem is subdivided into two domes, one that forms 
the tendril and another one that forms the flower meristem. An accessory axillary meristem 
is formed in between the tendril-flower complex and the stem, which corresponds to the 
axillary vegetative bud. The ontogeny and the arrangement of these structures have led some 
authors to consider the Passiflora tendril as part of the primary axis of a reduced inflorescence. 
Nonetheless, the molecular mechanisms that define these structures of common origin but 
with different identities are not clear. Our hypothesis is that conserved physiological and 
molecular mechanisms that modulate meristematic activity, either regulating determinate 
versus indeterminate growth or de novo meristem organization might be playing a role on the 
origin of both tendrils and corona filaments. Using tools appropriate to the study of 
ontogenesis and development, associated to transcriptome and gene expression analysis, we 
aim to unravel the cellular and molecular mechanisms underlying the identity and the 
ontogenesis of such elusive organs that represent evolutionary novelties in plants. 
 

TS10 - Anaerobic metabolism a tool for preserving the quality of apples 

Brackmann A 
Dep de Fitotecnia - Universidade Federal de Santa Maria, Santa Maria RS, Brazil; auribrackmann@gmail.com 
 

To prolong the storage period of apple growers use controlled atmosphere (CA), in which the 
oxygen concentration of the room is reduced down to 1.0% or higher, depending on the 
cultivar. A little more than a decade the technology of Dynamic controlled atmosphere (DCA) 
was introduce in the market, which use an oxygen level of 0.4%. In this technique, which has 
benefits compared to conventional CA, the stress level of the apple is monitored by the 
determination of the fluorescence of chlorophylls in the skin of the fruit. More recently, work 
carried out in the Netherlands and in the Postharvest Research Center of the UFSM found that 
it is possible to reduce even more the level of oxygen in the storage room for additional 
benefits in conservation of the quality of apples. In this case, the minimum oxygen level 
tolerated by fruit is monitored through the determination of respiratory quotient (RQ), which 
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is the ratio of CO2 production and the O2 uptake in a given time period (12 to 24h). When the 
fruit is not in low oxygen stress the RQ is near 1.0. With a further reduction of the O2, the 
anaerobic metabolism, in which are released more molecules of CO2 than the O2 molecules 
consumed, resulting in a RQ above 1.0. In the literature the anaerobic metabolism in fruit has 
always been considered as a deleterious and unwanted event, because it would lead to the 
accumulation of ethanol and acetaldehyde in the cells, which would cause its death. However, 
in our work with 'Gala' and 'Fuji' apples we found that anaerobic metabolism, called by many 
as fermentation, occurring in small proportions is beneficial to the conservation of the fruit, 
keeping a greater firmness and reducing the occurrence of physiological disorders, as the 
mealiness, internal breakdown and scald. It was noted that the ethanol produced by anaerobic 
respiration or applied externally, reduces respiration and ethylene production of the fruit, 
slowing its ripening, moreover, ethanol is used for fruit as a precursor of esters, which are the 
main components of the aroma of apple. Ethanol can react with an organic acid to form an 
ethyl ester or can be transformed to acetic acid, which can combine with an alcohol, usually 
with 2 to 8 carbons, forming also an esters. The reduction of the O2 to 0.4% in DCA monitored 
by chlorophyll fluorescence drastically reduces volatile compounds production, but a further 
reduction of the O2 at a concentration close to 0.2%, obtained by the RQ technique, increased 
two to three folds the volatile compounds production, especially esters, alcohols and 
aldehydes. The accumulation of ethanol is converted into acetyl CoA to combine with alcohols 
of 4, 6 and 8 carbons from the degradation of fatty acids by beta oxidation. Esters are also 
formed by the combination of acetyl CoA with fatty acids with odd number of carbons from 
the degradation of amino acids. The accumulation of ethanol hinders the degradation of fatty 
acids causing a greater availability of fatty acids with 4 to 8 carbons, which are used in the 
formation of important esters that contribute to the aroma. The determination of the stress 
through the quantification of RQ showed that at the beginning of the period of storage, apples 
do not tolerate low levels of the O2. With the evolution of time (30 to 60 days), the fruit 
metabolism adapts to low oxygen conditions requiring only 0.1% of the O2 or less to keep a 
RQ 1.3, that generally is the optimal level of stress to the apple cultivars evaluated. The DCA-
RQ with extremely low concentrations of the O2 even allows an increase of 1°C or more of the 
temperature of the storage room, with a great saving of energy consumption. In addition, the 
DCA-RQ technology could be a substitute for the application of 1-MCP, which is an inhibitor 
of ethylene action, widely used in the conservation of apples what would bring a great 
financial economics. 
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III FORUM ON PLANT PHYSIOLOGY TEACHING 
 

FPP1 - Why is so hard to reveal plant scientists in Brazil? 
 

Silveira JAG 
Universidade Federal do Ceará, Fortaleza CE, Brazil; silveira@ufc.br 
 

In this presentation I will discuss a critical subject for plant physiology development in Brazil 
and much probably in the worldwide. This problem is not inherent to plant science but, in 
contrast, it is broadly disseminated in all other science areas.  This question involves complex 
components encompassing since psychological, sociological and familiar aspects during 
children education until the formal education. Commonly, Brazilian teachers of basic sciences 
at fundamental level and of other disciplines such as chemistry, physics, biology and 
mathematics, are not scientists. Altogether, this frame generates discouraged and poorly 
prepared students to develop plant physiology high studies. Thus, to reveal good Brazilian 
plant scientists in the future are needed to adopt diverse coordinated strategies involving 
several actors of the society. 
 

FPP2 - Teaching plant physiology 
 

Prado CHBA 
Centro de Ciências Biológicas e da Saúde (CCBS), Universidade Federal de São Carlos (UFSCAR), São Carlos SP, 
Brazil; kiq.prado@gmail.com 
 

After a significant accumulation of knowledge along the twentieth century, the interest in 
plant physiology in Brazil has been decreasing. There are several explanations, including the 
competition with other areas considered "naturally" more attractive. Today there are 
arguments and means to change, via education, this situation. In this forum, I will discuss 
innovative approaches for teaching plant physiology that consider plants’ role in sustainability, 
communication, and their interaction with terrestrial spheres and heliosphere. Currently, 
some of the most relevant issues for humankind are sustainability and communication. Who 
does the popular 3 Rs (reuse, recycling, and reduction) better than plants? The network 
communication with various actors characterizes our society today. It is what plants do with 
other plants, animals, fungi and bacteria through the subterranean, aerial or aquatic portions. 
Such themes strongly attract students and are part of ordinary processes of plant functioning. 
Plants working as a biotic pump are responsible for an important portion of the continental 
rains. Moreover, their roots are significant points of articulation of the hydrosphere, 
lithosphere, and biosphere. Photosynthesis generating a single terrestrial sphere, the 
biosphere, using an extraterrestrial sphere, the heliosphere, imposes constant changes on the 
planetary scale. Using this approach, it is possible to foster empathy and sympathy among 
students towards plants. Therefore, the students’ ability to put themselves in the position 
(empathy) and to be attracted to the shape and functioning (sympathy) of a plant can be 
improved. Botany and erudition meet when they increase the repertoire of knowledge and 
give the students the opportunity to recognize and understand themselves in the vegetation. 
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ROUND-TABLE: PLANT PHYSIOLOGY AND MOLECULAR BIOLOGY 
 

RT1 - Toward a systemic plant physiology 
 

Souza GM 
Universidade Federal de Pelotas (UFPel), XXXXXX RS, Brazil; gumaia.gms@gmail.com 
 

In this lecture I will bring a critical reflection on the epistemological foundations of the science 
of plant physiology, discussing the limits of the reductionist view of the modern science. Then, 
I will present the epistemological and theoretical principles of a systemic science (or systemic 
paradigm), based on General Systems Theory and their ramifications into the Complex 
Systems Theory and Self-Organization. As a consequence, a new perspective of plants as self-
organizing complex systems will be presented, endowed with cognitive properties. Thus, the 
basis for the proposal of a systemic approach for plant physiology, with its implications in 
science itself, scientific education, economy, and the society will be considered. 
 

RT2 - Zooming in and out: molecular and whole plant approaches to 

understand hard-to-root Eucalyptus cuttings 
 
Fett-Neto AG 
Universidade Federal do Rio Grande do Sul - Center for Biotechnology - Plant Physiology, Porto Alegre RS, Brazil; 
fettneto@cbiot.ufrgs.br 
 

The sessile nature of plants and the strong link between structure and function contribute to 
the complex multilayered character of plant physiological processes. To get a grasp on the 
mechanisms that control developmental responses, integrated approaches, ranging from 
whole plant to tissue/cell specific analyses, from counting organs to gene transcripts, from 
metabolite quantitation in tissue extracts to immunolocalization, are of paramount relevance. 
To illustrate these assumptions, we will examine the search for the underlying mechanisms 
determining adventitious rooting (AR) in a hard-to-root eucalypt. Knowing the physiological 
mechanisms underlying limited AR will help to pinpoint bottlenecks, eventually improving 
clonal propagation. Eucalyptus globulus and its hybrids are of great interest in the paper 
industry, but are often recalcitrant to AR. Exogenous auxin reverses the AR recalcitrant 
phenotype in E. globulus. Auxin accumulation and origin of adventitious roots co-localize to 
the vascular cambium. Cambium-specific gene expression analyses indicate that TOPLESS and 
IAA12, auxin signaling repressors, and ARR1, involved in cytokinin signaling pathway, act as 
negative regulators of adventitious rooting. Auxin exposure diminishes expression of these 
genes. Comparatively, in the easy-to-root E. grandis, expression of AR inhibiting genes was 
much lower, whereas basal endogenous auxin concentration was higher. The same set of 
genes was associated with age-dependent loss of AR capacity in E. globulus, which also 
correlated with decreased expression of auxin biosynthesis-related TAA1 and auxin receptor 
TIR1. Endogenous auxin content decreased and peroxidase activity (involved in auxin 
degradation) increased with loss of AR capacity. Auxin action repressors and endogenous 
auxin content appear as key components in a working model of AR recalcitrance in E. globulus, 
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being potential targets to modulate this developmental process. Clearly, diverse and 
complementary approaches hold the key to dissect developmental events.  
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A01 - Growth, nodulation and chlorophyll concentration in 
Calopogonium mucunoides in boron contaminated soil 
 

Silva VN1, Frachia CL1, Silva MB1, Barbosa IF1, Paiva WS1, Souza LA2, Justino GC3, 
Camargos LS1 
1Department of Biology and Animal Science, São Paulo State University (UNESP), School of Engineering, Ilha 
Solteira, vicktor_navarro@hotmail.com; 2Goiano Federal Institute, Rede Arco Norte, Campus Rio Verde, GO; 
3Federal University of Alagoas State, Institute of Biological and Health Science, Maceió, AL 
 

Calopogonium mucunoides is a tropical herbaceous legumes whose symbiotic system is 
tolerant to the presence of nitrate and tolerant to the presence of lead (Pb). There aren't 
studies about its tolerance to toxic doses of micronutrients. The present study identified the 
tolerance potential at increasing doses of boron in soil. The soil contamination was performed 
with the following doses of boron (B): 0 mg/dm3 (control), 30 mg/dm3, 60 mg/dm3, 120 
mg/dm3, 240 mg/dm3, 480 mg/dm3; each treatment was composed of three replicates 
containing two plants. The seeds were planted directly in contaminated soil. Monitoring was 
carried out to observe the growth of aerial parts and the number of leaves. After 4 growing 
months, the material was harvested to evaluate total growth and nodulation. The organs were 
separated (shoot, root and nodules), weighed and nodules counted. It can be observed that 
C. mucunoides can develop in soils with high doses of B, with effective growth, establishing 
and maintaining the nodulation in these conditions, a response that may be related to its high 
potential of N fixation, showing similar fixation rates at B concentrations of 120 and 240 
mg/dm3. In the same way, plants growth responded positively to the increasing doses of B, 
which initially suggest a differential tolerance of C. mucunoides.  Analyzing the chlorophyll 
content, there wasn't significant variation in total chlorophyll a e b content but there was a 
change in chlorophyll concentration at boron doses of 240 mg/dm3 and 480 mg/dm3. We 
concluded that the species presents potential for use in areas contaminated with boron up to 
a concentration of 480 mg/dm3, requiring further studies to identify if greater metabolic 
changes are caused under these conditions. 
Keywords: Metabolism, N-fixation, phytoremediation 
Acknowledgments: FAPESP (APR n. 2015∕09567-9 and IC n. 2015/17089-0) 
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A02 - Tolerance and phytoremediation potential of Inga uruguensis in 
soils contaminated with lead (Pb) 
 

Frachia CL1, Silva VN1, Barbosa ICF1, Paiva WS1, Souza LA2, Justino GC3, Camargos LS1 
1Department of Biology and Animal Science, São Paulo State University (UNESP), School of Engineering, Ilha 
Solteira, ca_frachia@yahoo.com.br; 2Goiano Federal Institute, Rede Arco Norte, Campus Rio Verde, GO, Brazil; 
3Federal University of Alagoas State, Institue of Biological and Health Science, Maceió, AL, Brazil 
 

Inga uruguensis is a leguminous tree that whose symbiotic system has stability in the presence 
of nitrate in soil, which may suggest advantage for phytoremediation process. The aim of this 
work was to evaluate if this specie shows tolerance to lead as well as its potential of use as 
phytoremediator. The experiment was carried out in a greenhouse with controlled 
temperature, 27o C, without photoperiod control. Soil contamination was carried out with the 
following doses of lead: 0 mg/dm3 (control), 100 mg/dm3, 200 mg/dm3, 300 mg/dm3, 400 
mg/dm3, 500 mg/dm3. Soil was kept under rest for 10, I. uruguensis seedlings with 
approximately 6 months age were transplanted to contaminated soil. The growth was 
evaluated after 130 days by measuring plant height and number of leaves. Afterward, plants 
were splited into root, stem and leaves, all plant organs were dryied in forced cycling stove at 
65o C until constant mass for determination of tolerance index (TI = BMt/BMC), in which BMt 
is the biomass of plants in each treatment and BMc is the biomass in control. The nodules were 
counted and weighed. Chlorophyll concentration was determined spectrophotometrically. 
Data were subjected to analysis of variance and regression test using SISVAR software. The I. 
uruguensis presented high tolerance to lead, with a tolerance index ranging from 0.84 
(treatment 500 mg/dm3) to 1.42 (treatment 400 mg/dm3). No significant differences were 
observed in chlorophyll concentration, dry mass accumulation and nodulation. It is possible 
to infer that I. uruguensis has potential as a phytoremediator plant, promoting recovery of 
areas contaminated by lead at maximum lead concentrations of 400 mg/dm3. 
Keywords: N-fixation, tree leguminous, heavy metals 
Acknowledgements: FAPESP (APR n. 2015∕09567-9 and IC n. 2016/07864-9) 
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A03 - Tolerance of Peltophorum dubium (Spreng) Taub. to Pb 
contaminated soils 
 

Paiva WS1, Silva VN, Frachia CL1, Barbosa ICF1, Souza LA2, Justino GC3, Camargos LS1 
1 Department of Biology and Animal Science, São Paulo State University (UNESP), School of Engineering, Ilha 
Solteira, wesllerpaiva@gmail.com. 2 Goiano Federal Institute,  Rede Arco Norte, Campus Rio Verde, GO, Brazil; 
3Federal University of Alagoas State, Institue of Biological and Health Science, Maceió, AL, Brazil 
 

Phytoremediation is a technique that uses plants to recover contaminated soils, for example, 
heavy metals. We investigated the tolerance potential of Peltophorum dubium and its 
phytoremediation potential in Pb contaminated soil. Soil preparation was carried out in 2L 
pots and contaminated with the following concentrations of lead: 0 (control), 100, 200, 300, 
400 and 500 mg/dm3. Plants with about 6 months age were transferred to soil contaminated 
and kept in greenhouse with controlled temperature of 27 °C. Plant growth measurements 
were performed and the number of leaves counted after 5 months. Root and shoot were 
separated and weighed and the chlorophyll content was determined. The data were subjected 
to analysis of variance and regression analysis at 5% by SISVAR® software. At the last month, 
the number of leaves presented a significant linear variation, showing that there was no 
negative influence of lead exposure. It was observed that there was growth during the months 
independently of the treatment and did not present a significant linear variation. Comparing 
the mean values between chlorophyll a and chlorophyll b, it was observed a higher 
concentration of chlorophyll a. However, chlorophyll b values were higher incontaminated 
treatments when compared to control. Therefore, our data suggest that Peltophorum dubium 
(Spreng) Taub. Is tolerance to high concentrations of lead requiring further studies to evaluate 
its potential as phytoremediation. 
Keywords: Chlorophyll, phytoremediation, metabolism  
Acknowledgments: FAPESP (APR 2015∕09567-9; IC 2016/05485-0) 
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A04 - Initial development of Astronium graveolens after exposure to 
lead (Pb) 
 

Araujo MA, Leite MCM, Martins AR, Camargos LS 

Department of Biology and Animal Science, São Paulo State University (UNESP), School of Engineering, Ilha 
Solteira, maycon.unesp@gmail.com 
 

The lead (Pb) occurs naturally in nature, but human activities have contributed to increase 
lead deposition in soil, making it a major problem. In recent years, scientists are looking for 
remediation techniques to try decontaminate soils and among them is phytoremediation, a 
process that involves heavy metal uptake and/or immobilization by plants. We investigated 
the development of Astronium graveolens, a Brazilian Cerrado native tree, submitted to Pb 
contaminated soil. Soil preparation was carried out in 2L pots and contaminated with the 
following concentrations of lead: 0 (control), 100, 200, 300, 400 and 500 mg/dm3. It was 
analyzed root and shoot size and fresh masses. The data were subjected to analysis of variance 
and regression analysis at 5% by SISVAR® software. For the variables of shoot and root weight 
it was found high correlation indexes given for R2 values, 0.88 and 0.89 respectively. There is 
a major variation with a higher levels of contamination in the treatments. The 500 mg/dm3 
treatment showed higher values for such variables. Values for linear variation were found to 
be significant (0.0 and 0.0, respectively). In relation to growth and root size we obtained low 
values of correlation, given for low values of R2, 0.33 and 0.59 respectively; these parameters 
did not show influence from the variation of the levels of contamination in the treatments. 
The values of linear variation were not significant (0.38 and 0.06, respectively). In our next 
studies it will be evaluated or Tolerance Index of Astronium graveolens and as possible 
anatomical modifications triggered by the addition of lead to the soil.  
Keywords: Phytoremediation, metabolism, lead 

Acknowledgments: FAPESP (IC 2016/22797-6; APR 2015/09567-9) 
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A05 - Mitigating effects of acetylcholine supply on soybean seed 
germination under osmotic stress 
 

Braga I¹, Pissolato MD², Souza GM3 

1São Paulo State University “Júlio de Mesquita Filho” (UNESP, Institute of Biosciences, Plant Biology, Rio 
Claro/SP, Brazil; 2University of Western São Paulo (UNOESTE), Faculty of Biological Sciences, Presidente 
Prudente/SP, Brazil; Laboratory of Plant Intelligence and Ecophysiology “Ulrich Lüttge” (LIPEUL). 
mdpissolato@gmail.com. 3Federal University of Pelotas – UFPel, Dept. Botanic, Pelotas/RS, Brazil 
 

Acetylcholine (Ach) is a common neurotransmitter in animals, also synthesized in plants, 
which can have influence on plant response to stresses, also acting as a signaling molecule 
between root and shoot. The objective of this study was to analyze a possible mitigating effect 
of exogenous application of Ach on soybean germination under different levels of osmotic 
potential. The experiments were conducted with soybean (Glycine max (L.) Merrill) genotype 
Intacta. The seeds were first treated with Ach solutions with the following concentrations: 0.0 
(control); 0.5; 1.0 and 2.0 mM. Then, the seeds were subjected to two water potential, -0.5 
and -1.0 MPa, reached by mannitol solutions for the induction of osmotic stress, and a control 
condition with distilled water. Thus, 12 treatments were established in a double factorial 4x3, 
with four levels of Ach and three osmotic potential treatments (0.0, -0.5 and -1.0 MPa) with 
four replicates per treatment. The results showed that the concentration of 1.0 mM Ach, 
without osmotic stress, presented higher values for total dry mass of the seedlings compared 
to the control treatment (without Ach supply). In the treatments conducted to test the 
effectiveness of Ach on the mitigation of severe osmotic stress effects (-1.0 MPa) results 
showed that the concentration of 0.5 mM Ach showed significant results on the parameters 
number of strong seedling dry weight of shoot, root dry weight, total dry mass, as well as the 
total length of the seedlings, which were relatively higher than the treatment without 
application of Ach under osmotic potential of -1.0 MPa. In this way, acetylcholine can be 
considered an osmotic stress attenuator during germination and early development of 
soybean seedlings. 
Keywords: Abiotic stress, Glycine max, neurotransmitter, seedling growth 
Acknowledgments: CAPES, CNPq and Stoller 
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A06 - Zea mays L. production in response to nitrogen – studying the 
complex behavior of the calibration response curve 
 

Bernardi LGP, Baron D, Afférri FS, Ferreira IEP 
Centro de Ciências da Natureza, Universidade Federal de São Carlos, campus Lagoa do Sino, Buri/SP, Brazil, 
lbernardi.agro@gmail.com 
 

Scientific researches often carry out experiments with increasing doses of nutrients to obtain 
the calibration response curve, what is essential to study the plant nutritional status and 
recommend optimal fertilization levels. This curve has a complex behavior, since it can be 
splited in several plant nutritional phases, from deficiency to toxicity. We notice that 
researches generally use few doses in the experiments (five or less), what impedes a detailed 
description of the calibration curve by regression analysis. In the study, we analyze the 
response of Zea Mays L. (maize) to nitrogen (N) considering a wide range of doses. The 
experiment was allocated in a greenhouse using a completely randomized design (CRD) with 
10 treatments and five replications: 0, 10, 15, 20, 30, 50, 75, 85, 90, 100mL of urea solution 
(5.434 gL-1) per pot plus 200mL of Hoagland’s solution with exclusion of N. The treatments 
were supplied weekly in the maize individually cultivated in pots with washed sand. The non 
linear regression models were used to fit the data of production and related biometric 
measurements. We conclude that the inclusion of many support points in the design was 
important to the model choice, with which we can better separate the nutritional status and 
derive reliable estimates of optimal levels of N.  
Keywords: Experimental design, fertilizers, non linear regression, nutritional status  
Acknowledgments: CNPq, Grant nº 103094/2017-2 

 

  



XVI Brazilian Congress of Plant Physiology            Brazilian Society of Plant Physiology 
                 São Pedro SP, Brazil                        1987-2017 
                 24 to 28 Sept. 2017    Celebrating 30 years of history! 

 

XVI Brazilian Congress of Plant Physiology  ISSN 2675-1267 (http://sbfv.org.br/anais) Page 40 of 229 

 

A07 - Photosynthetic increment in tomato plants treated with 
fungicides showing physiological effects 
 

Marek J1, Ono EO2, Azevedo D de1, Faria CMR1, Rodrigues JD2
 

1Universidade Estadual do Centro-Oeste, Departamento de Agronomia, Guarapuava/PR; 2Universidade Estadual 
Paulista, Instituto de Biociências de Botucatu, Departamento de Botânica, Botucatu/SP.eoono@ibb.unesp.br 
 

The present work evaluated the photosynthetic capacity of tomato plants treated with 
different fungicides showing physiological effects. The experiment was carried out in a 
greenhouse belonging to the Universidade Estadual do Centro-Oeste (Guarapuava, PR, Brazil). 
The experimental design was in randomized blocks, with seven treatments: control (inoculum 
+ water), control (water), inoculum + boscalid (75 g ha-1), inoculum + boscalid kresoxim-methyl 

(150 g ha-1), inoculum + pyraclostrobin (75 g ha-1), inoculum + fluxapyroxad pyraclostrobin 
(150 g ha-1), and inoculum + metiram + pyraclostrobin (1800 g ha-1). Six applications were 
performed every fifteen days, the first of them at 15 days after transplantation (DAT). 
Fluorescence characteristics of chlorophyll a were obtained through a MINI-PAM-II 
fluorometer (Walz, Germany) and gas exchange measurements were performed through an 
Infrared Gas Analyzer (IRGA, model LI-6400, Li-Cor). These measurements were performed in 
fully-expanded leaves at 30 and 105 DAT, from 9:00 to 11:00 a.m. In both periods, statistical 
differences were detected in evaluated physiological traits, thus demonstrating that applied 
substances led to positive effects on photosynthetic efficiency in tomato plants. The 

treatment with pyraclostrobin + fluxapyroxad resulted in the highest CO2 assimilation rate, as 

well as greater stomatal conductance, revealing a higher internal CO2 concentration. This 
fact was confirmed by a higher quantum yield and maximum PSII efficiency observed in plants 
of the same treatment. The high carboxylation efficiency shows that ribulose 1,5-diphosphate 

carboxylase was in intense activity, culminating in high CO2 assimilation. The other fungicides 

also had physiological effects, but they were smaller than that of pyraclostrobin + 
fluxapyroxad. Control plants with or without inoculum had the lowest values of gas exchange 
measurements and fluorescence characteristics of chlorophyll a. The application of such 
fungicides, especially pyraclostrobin+ fluxapyroxad, led to a greater photosynthetic capacity 
in tomato plants. 
Keywords: Solanum lycopersicum, strobilurins, carboxamides, gas exchange measurements 
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A08 - A comparison study on the effect of some plant growth regulators 
(PGRs) on the germination of sweet passion fruit seeds 
 

Maciel GHP, DellAnhol DPS, Baron D 

Universidade Federal de São Carlos, campus Lagoa do Sino, Centro de Ciências da Natureza, CCN. Rodovia Lauri 
Simões de Barros, km 12, Bairro Aracaçú, Caixa Postal 094 - CEP 18290-000, Buri-SP, Brasil. 
glaucohpm@gmail.com 
 

Scientific studies investigating how to increase the germination of sweet passion fruit 
(Passiflora alata Curtis) are of great economic interest, since their propagation occurs 
predominantly through seeds, despite having low germination potential and low stand 
standardization of plants. The use of plant growth regulators to minimize this problem was 
reported by several authors to regulate biological processes. The objective of this study was 
to evaluate the germination frequency of seed treated with plant growth regulators to 
overcome dormancy with different concentrations of Giberelin (GA), Cytokinin (CK) and Auxin 
(AX). The seeds were seeded in plastic boxes lined with two soaked filter papers (10 ml of 
distilled water) and kept for 28 days in an incubator, type BOD under 16h of white light at 
temperature of 30 °C. All treatments were carried out with 4 replicates in a gerbox with 50 
seeds each and applied phytosanitary treatments. In addition to the following variations of 
Kinetin [0.09 g/L], gibberellic acid [(0.05 g/L] and indole-3-butyric acid [0.05 g/L]: T1: 0% 
AX+CK+GA, T2: 100% AX+CK+GA (control), T3: 50% AX+CK+GA and T4: 200% AX+CK+GA. The 
germination percentage of each replicate was measured daily for 28 days, with germination 
defined as the emission of 2 mm of primary root. The germination was very low and with non- 
uniformity of frequency confirming data from the literature, as well as the limitations in the 
seminiferous propagation of this wild species. The control treatments and AX+CK+GA 50% 
presented the highest germination efficiency results and the AX+CK+GA 100% treatment 
presented great germination non-uniformity. Thus, we conclude was possible to relate that 
the application of plant growth regulators did not influence the reestablishment of seed 
metabolism during the germination process. 
Keywords: Auxin, cytokinin, gibberellin, Passiflora alata Curtis, seed germination 
Acknowledgments: FAPESP [grant n°2016/21252-6] 
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A09 - Fungicides with a physiological effect on the formation of grafted 
tomato seedlings 
 

Amaro ACE1, Baron D2, Pereira AR3, Rodrigues JD1, Ono EO1
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Laboratório de Fisiologia Vegetal e Bioquímica. CP-094, 18290-000, Buri-SP, Brasil; 3Universidade Federal do 
Vale do São Francisco, Campus de Ciências Agrárias (CCA), 56300-990, Petrolina-PE, Brasil 
 

The present work aimed to evaluate the application of pyraclostrobin and boscalid in the 
physiological implications of the grafting process in tomato (Solanum lycopersicum) plants, 
verifying the differences found in the initial development of the seedlings through the 
vegetative growth and the activity of antioxidant enzymes. The experimental design was in 
randomized blocks, with 7 treatments and 6 replicates. 'Pizzadoro' tomato plants grafted onto 

'Guardian' were treated with: control; pyraclostrobin 0.15 g L-1; boscalid 0.15 g L-1; 

pyraclostrobin 0.15 g L-1 + boscalid 0.15 g L-1; pyraclostrobin 0.25g L-1; boscalid 0.25g L-1; 

pyraclostrobin 0.25 g L-1 + boscalid 0.25 g L-1. These treatments were applied to the substrate, 
at sowing, and foliar via 20 days after sowing and 4 days after grafting. Treatment with 
fungicides increased the relative growth rate of the seedlings, but no differences were found 
regarding height, leaf area, leaf dry mass and total dry mass. The results suggest that the 
preventive application of pyraclostrobin and boscalid is responsible for inducing the efficiency 
of the antioxidative system, increasing the activity of superoxide dismutase, peroxidase and 
catalase enzymes, decreasing lipid peroxidation, and increasing the concentration of 
photosynthetic pigments in grafted tomato plants, contributing to the reestablishment of 
these plants and perhaps assists them in acclimatization when transplanted to the field. 
Keywords: Carboxamide, antioxidant enzymes, strobilurin, Solanum lycopersicum 
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A10 - The reduction in K+ uptake under salinity decreases the growth of 
Brachiaria brizantha cv. Piatã 
 

Silva AA1, Sousa KC2, Alvarez-Pizarro JC3, Marchiori PER1
 

1Universidade Federal de Lavras, Lavras - MG, Brasil. antoniaalmeidaufpb@gmail.com; 2Universidade Federal do 

Ceará, Campus Pentecoste, Fortaleza - CE, Brasil; 3Universidade Federal do Cariri, Crato - CE, Brasil 
 

The absorption of potassium (K+) is impaired by the sodium (Na+) excess in the soil solution, 
leading to nutritional imbalance and compromising the plant development. However, plants 
may be able to tolerate saline environments and maintain suitable development. Due to the 

limitation in the absorption of K+ caused by salts excess in the soil, the hypothesis of this 
study was that the absorption of this ion can be considered as an indicator of tolerance to 

salinity. Therefore, the objective was to analyze the absorption and accumulation of K+ in 
Brachiaria brizanta cv. Piatã under different concentrations of sodium chloride (NaCl), besides 
verifying if these parameters are correlated with tolerance to saline stress. Young plants 
were grown in complete nutrient solutions, added with 0, 25, 50 and 100 mM NaCl + 0.5  mM 

K+. After 5 days under such condition, plants were collected and the absorption rate (AR) of 

K+ and Na+, the absorption efficiency (AE) of K+, and [K+]:[Na+] in shoot and root were 

determined and also the biomass partition. As expected, AR of Na+ showed a positive 
correlation with the increasing availability of NaCl in the nutrition solution, which promoted 
physiological changes in plants. As a consequence, the AR and AE of K+ were reduced linearly 

in a dose-dependent way. These reductions in AR and AE of K+ caused a reduction in the 

[K+]:[Na+] ratio in plant tissues. As a conclusion, the reduction in K+ uptake caused by 

increases in Na+ absorption reduced the growth of B. brizantha cv. Piatã, demonstrating the 
sensitivity of these plants to salinity. Therefore, B. brizantha cv. Piatã is not a good model to 
test our hypothesis, once it is not tolerant to salinity. 
Keywords: Forage grass, growth, saline stress 
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A11 - Growth of Mentha viridis in vitro with different concentrations of 
nitrogen in the culture medium  
 

Alvarenga JP, Braga AF, Silva ST, Oliveira T, Bertolucci SKV, Pinto JEBP 
Department of Agriculture, Federal University of Lavras, 37200-000 MG. Brazil. pereiraj@gmail.com 
 

Mentha viridis L. (Lamiaceae) is a well known species for its medicinal and aromatic properties. 
The essential oil from this species has antimicrobial and antioxidant activities, being a great 
potential for economic exploration. Beside it, the species has been widely used in chemical 
and pharmaceutical industries for a variety of purposes. The aim of this work was to study the 
effect of different concentrations of nitrogen on in vitro growth of M. viridis. This experiment 
was carried out with nodal segments from established plants, after 40 days. Those were 
multiplied in tubes containing 12mL of MS medium, supplemented with 3% of sucrose, 0.6% 
of agar, and pH 5.7 ± 0.1.To determine the effect of nitrogen concentrations in the medium, 
segments were inoculated in the following treatments: 0mM; 15mM; 30mM; 60mM and 
120mM of nitrogen. The growth variables were: length of shoots and internodes and dry 
matter of leaves, stem and roots. It was observed that, the absence of nitrogen and its highest 
concentration (120mM) in the medium promoted a decrease in growth of shoots and 
internodes. However, in 120mM of nitrogen it was achieved the highest dry matter for leaves 
(70.66mg) and for roots (8.54mg). Therefore, growing M. viridis in MS culture medium with 
120mM of nitrogen had the best result compared to the others concentrations. Moreover, for 
this species propagation is important to keep a higher dry matter of leaves, since the essential 
oil is extracted from those. 
Keywords: Medicinal plants, micropropagation, essential oil 
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A12 - A new protocol for rhizogenesis analyzes in mini-cuttings and 
micro- cuttings of Pinus sp 
 

Meneghetti EC, Borges A, Graner EM, Almeida M 
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Anatomical technique is essential for Pinus sp micro-cutting and mini-cutting propagation, 
since it is widely used to guarantee quality and functional adventitious roots in basal plant 
cutting for restoration of the whole plant condition. However pine histological and 
histochemical analysis can be hardly affected by great amount of lignin and resin in cell 
content, which are relevant interferences in process. We have developed an efficient fixation 
and infiltration protocols of pine clone rhizogenesis region, provided by mini-cutting and 
micro-cutting techniques. This protocol has included four steps: 1) Fixation: freshly excised 
tissue (around 2 cm) was placed immediately in paraformaldehyde 4% in PBS buffer (pH 7,4) 
for 5 hours, and 15 minutes under vacuum condition (600 mmHg); also 14 series of 30 
minutes under vacuum (600 mmHg) were applied using Karnovsky’s fixative, following by 
overnight period in vacuum (600 mmHg). 2) Dehydration: a graded of ethanol series for 15 
minutes each, considering three times for 100% ethanol. 3) Infiltration: the sample was 

submitted to three sub steps using Leica® Historesin, considering vacuum (300 mmHg) for 5 
min [a) 3 hours in 100% ethyl alcohol:historesin (1:1) at room temperature; 4 hours in 100% 
ethyl alcohol:historesin (1:2) at room temperature; 72 hours in 100% historesin at 4°C]. 4) 
Embedding: it was performed according to the manufacturer’s recommendation. Longitudinal 
and cross-sectional (7 µm) of interest region were stained using PAS staining system and 
Naphthol Blue Black dye. This protocol has allowed for great condition providing optimal 
anatomical structures visualization for histological and histochemical analysis, such as starch 
deposition, phenolic compounds, and resin ducts, besides morphogen pathways with 
meristematic activity. It was possible to confirm a clear vascular connection between stem 
and adventitious root, showing effective pine root system in the analyzed sample. The 
optimization of anatomy protocols contributes for physiological and morphogen studies in 
Pinus sp and others woody plants. 
Keywords: Histological analysis, histochemistry, PAS, paraformaldehyde, Karnovsky’s fixative 
 

  



XVI Brazilian Congress of Plant Physiology            Brazilian Society of Plant Physiology 
                 São Pedro SP, Brazil                        1987-2017 
                 24 to 28 Sept. 2017    Celebrating 30 years of history! 

 

XVI Brazilian Congress of Plant Physiology  ISSN 2675-1267 (http://sbfv.org.br/anais) Page 46 of 229 

 

A13 - Photon flux density and brachiaria (Urochloa brizantha) 
productivity in a crop livestock forest system 
 

Guimarães LE1, Silva Neto CME2, Monteiro MM1, Silva MF3, Oliveira FD3, Oliveira CEB4, 
Oliveira GM5, Venturoli F6, Calil FN6
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UFG, Goiânia-GO, Brazil; 4Master’s student in Forest Engineering, Federal University of Lavras – UFLA, Lavras- 
MG, Brazil; 5Agronomist Engineer and Technical of Federal University of Goiás (UFG), Goiânia-GO, Brazil; 
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Sunlight influences plant growth and development; the crop-livestock-forest (CLF) system has 
the limitation for forage production due to sunlight availability at certain points in the pasture. 
For better understanding this plant-environment interaction, the objective of this study was 
to analyze light input of brachiaria forage yield in two different seasons. Quanta sensors were 
used for photon flux density in photosynthetically active range. Measurements were done 
every hour in the center of the row of trees (1); and away from the tree line at 5m (2); at 10m 
(3); and at 15m (4); and for the control the measures were taken in full sun. Forage 
productivity sampling, was done at 1m, 4m, 8m e 12m, using a 0,5m² wooden frame for the 
removal of all fodder material above the ground. There was a difference between the points, 
being point 10 and 15 meters with greater radiation input. Every meter towards to the center, 
increased the productivity in 58%. There is higher percentage of radiation in the points located 
close to the pasture center, being in the drought with a percentage of 26% increase of 
photosynthetically active radiation (PAR) the each meter towards the center of the pasture, 
and in the rainy season the increase was 30%. The system (CLF) establishes standard of 
increased sunlight input and consequently of biomass production. 
Keywords: Luminosity, biomass, photosynthesis, ecophysiology, agrossilvipastoril 
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A14 - Light sensing in grapevine: conserved and unique strategies of a 
Heliouphilous liana 
 

Dal Bosco D1, Sinski I1, Quecini V 
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1These authors contributed equally to the work 
 

Light is an important abiotic cue uses to synchronize plant growth and development to the 
most favorable environmental conditions, thus, maximizing fitness and adaptation. 
Photoreceptors, their signaling partners, and the endogenous time keeping mechanism play 
a crucial role in perceiving the environment and integrating exogenous conditions to the plant 
development and metabolism. The perception and integrative pathways are virtually 
unknown in Vitis, a genus consisting of perennial and commercially important vines. In the 
current work, we have employed large-scale transcriptome to determine the genetic 
framework for light-mediated responses in grapevine. Weighted correlation network analysis 
was used to identify modules of co-regulated genes, and to associate their expression with 
light conditions. Photoreceptor and circadian clock gene families were identified and their 
expression profiles determined under short and long-day photoperiods. The majority of light 
sensing and clock component genes described in Arabidopsis are present in Vitis, although 
probably molded by distinct evolutionary events. Expression patterns of the genes in light-
mediated responses are also common to other species, however, distinctive features are also 
found, suggesting that they may contribute to the heliophilous growth habit. Our results also 
indicate the existence of variable degrees of coupling between the environmental sensing 
pathways and grapevine metabolism, indicating that the perception networks may contribute 
to the phenotypic plasticity of the genus. These findings may contribute to candidate gene 
and genome wide selection strategies for grapevine breeding in tropical conditions. 
Keywords: Circadian clock, cryptochrome, LOV domain, phytochrome, Vitis 
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A15 - Regulation of ethylene biosynthesis in response to brassinosteroid 
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Sugarcane (Saccharum hybrids) is a very efficient biomass producer and has the capacity to 
accumulate high concentrations of sucrose in the stem. Ethylene is a phytohormone that plays 
an important role in the regulation of growth and sucrose accumulation in sugarcane. The rate 
limiting step of ethylene biosynthesis is mediated by the enzyme 1-aminocyclopropane-1-
carboxylase synthase (ACS). In several hormone biosynthesis and signaling pathways, protein 
turnover has emerged as a common regulatory element. These proteins may function as cross-
talk points, interconnecting hormone signaling pathways with molecular mechanisms 
regulating various aspects of plant physiology. Brassinosteroids (BR) are a class of steroid 
hormone that function as a master regulators of plant growth and belong to a group of factors 
influencing ethylene biosynthesis through the regulation of ACS protein stability. In this 
research project, we investigated the effects of brassinosteroid on ethylene biosynthesis in 
both sugarcane and in rice, as a closely related model species. In our first results, etiolated 
rice seedlings and sugarcane plants showed an increase in ethylene production in response to 
brassinolide (BL). In addition, we evaluated the effects of sucrose and/or different 
concentrations of BL in the ethylene production in rice wild-type etiolated seedlings and 
Osbri1 (d61-1 and d61-2) loss-of-function mutants. In order to determine if ethylene 
production by BR is the result of an increase in ACSs stability, we examined the stability of HA-
tagged ACS in response to BL in transiently transformed rice protoplasts. The elucidation of 
the mechanisms underlying the regulation of ACS via brassinosteroid signaling will provide 
significant insight into sugarcane growth and ripening, and will contribute to understanding 
the interaction of these hormones in plant physiology.  
Keywords: Protein turnover, sugarcane, rice, ACC synthase, plant growth 
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A16 - Cellular damages in root tips of Styrax camporum, a moderate Al 
accumulating plant from the Cerrado 
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1Programa de Pós-Graduação em Ciências Biológicas (Biologia Vegetal), Universidade Estadual Paulista, UNESP, 
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Paulista, UNESP, Instituto de Biociências, Av. 24-A, 1515; 13506-900, Rio Claro, SP, Brazil 
 

Aluminum (Al) is the third most abundant element in the Earth’s crust, and it has been 
pointed as one of the main limiting factors to plant growth of crop species, especially in acidic 
soils. However, native species from the Cerrado vegetation grow well on acidic soils that are 
rich in Al. These plants do not demonstrate physiological and/or morphological damage in 
this condition. We cultivated Styrax camporum, a native plant from the Cerrado, in nutrient 
solution containing 0, 740 and 1480 µM Al for 90 days, and accompanied anatomical changes 
in their root tips. The samples were collected at 1, 15, 60 and 90 days after planting (DAP). 
These were fixed in Karnowsky's solution, with subsequent sample preparation in order to 
be evaluated in a scanning electron microscope (SEM). At 90 DAP the biomass of plant organs 
were also measured to compare with those at 0 DAP. Root apices of plants exposed to Al 
showed ruptures on the epidermis, while those not exposed to Al presented more uniform 
and regular epidermis. Plants exposed to Al grew less and accumulated less biomass in the 
roots, stem and leaves than those not exposed to Al. Although S. camporum is a moderate Al 
accumulating species widely occurring in the Cerrado, we evidenced that this species 
demonstrates structural damages when its roots are exposed to 740 and 1480 µM Al in 
nutrient solution. 
Keywords: Al toxicity, Cerrado, SEM, biometry 
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A17 - Under phosphorus starvation mycorrhiza improves soybean 
nodulation, nitrogen fixation and decreases acid phosphatase activity in 
young leaves 
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Plant symbiosis with rhizobia and arbuscular mycorrhizal (AM) fungi often promote legumes 
growth. Symbiotic nitrogen fixation in (SNF) in soybean plants is able to significantly reduce 
the need for mineral nitrogen inputs. However, plant productivity and SNF have to overcome 
soil phosphorus shortage, a common condition in many soils. To evaluate AM influence on 
the plant growth, nodulation, P and N accumulation and intracellular acid phosphatase 
(APase) activity, an experiment in a two by two factorial design was performed. Soybean 
plants (Glycine max) inoculated with Bradyrhizobium elkanii were exposed to P deficiency 
(50 μM) or P sufficiency (500 μM) and inoculated or not with the AM fungi Glomus 
macrocarpum and Rhizophagus irregularis. Plants were irrigated with nutrient solution 
without mineral N source and grown till the beginning of the flowering stage. Mycorrhizal 
association increased foliar area and plant biomass production in either low or high P 
conditions. Under P-starvation AM plants showed greater nodulation, with a higher number 
of nodules which were also bigger than those of non-AM plants. An increase in shoot:root 
dry weight ratio was observed in P-starved AM plants, indicating preferential partitioning of 
carbohydrates to the roots in non-AM plants as result of P deficiency. Under P-limiting 
conditions, non-AM plants showed a decrease in chlorophyll content, which may have led 
to a decrease in photosynthate export to the roots reducing nodulation and nodules activity, 
as N content was strongly reduced in non-AM plants. P contents were higher in shoots, 
roots, and nodules of AM plants, which showed also higher shoot N concentrations. Those 
facts indicate reduced nitrogen fixation under P-starvation and the benefit of AM fungi in 
soybean N fixation. N:P stoichiometry revealed strong P limitation in non-AM plants under P 
limitation, whereas mycorrhiza promoted lower N/P ratio indicating better P status. APase 
activity was higher in leaves than in roots and under P-starvation than under P sufficiency. 
Mycorrhization modified the intracellular APase activity of young leaves, being lower than in 
leaves of non-AM plants. P use efficiency (PUE), as biomass produced per unit of P taken up, 
was higher under P-limiting conditions and in non-AM plants. It was evident the AM benefit 
on soybean-rizobia symbiosis, however overall benefits were less intense under P sufficiency 
than under P-starvation conditions. 
Keywords: Dual symbiosis, arbuscular mycorrhiza, phosphorus use efficiency, rizobia 
Acknowledgments: FAPESP (2016/06396-1) and CAPES 



XVI Brazilian Congress of Plant Physiology            Brazilian Society of Plant Physiology 
                 São Pedro SP, Brazil                        1987-2017 
                 24 to 28 Sept. 2017    Celebrating 30 years of history! 

 

XVI Brazilian Congress of Plant Physiology  ISSN 2675-1267 (http://sbfv.org.br/anais) Page 51 of 229 

 

A18 - Cytokinin, pyraclostrobin, and putrescine: influence on seedling 
development of three grape cultivars in different environments 
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The work aimed at evaluating the production of ‘Niagara Rosada’ seedlings in an environment 
located at Botucatu, SP, Brazil, and ‘Isabel Precoce’ and ‘Thompson Seedless’ seedlings onto 
the rootstock ‘IAC 766’ in environments located at Petrolina (PE) and Juazeiro (BA), Brazil, 
using polyamines and cytokinins, and fungicide (pyraclostrobin).  Treatments  were: T1- 

Control (water); T2- Putrescine  (Put, 2 mM); T3- Cytokinin (6-BA 20 mg L-1); T4- 

Pyraclostrobin (Pyra, 200 g 100 L-1); T5- Put + 6-BA;T6- Put + Pyra; T7- Pyra + 6-BA; T8- 6-BA 

applied to leaves (20 mg L-1) and soil (40 mg L-1), with applications  performed once a week, 
totaling three applications. In order to assess the effect of treatments, the following 
morphological and physiological traits were evaluated: leaf number, leaf and root fresh 
weight, leaf and root dry weight, in addition to biochemical parameters: total protein and 
flavonoid contents, peroxidase (POD, EC 1.11.1.7) and polyphenol oxidase (PPO, EC 1.10.3.1) 
activities, in the three studied cultivars in their environments, as well as their interactions 
according to each product applied singly and in combination. The used plant growth 
regulators and fungicide led to positive physiological responses of three grape cultivars 
seedlings. Interactions between cultivars x treatments, treatments x environments, and 
cultivars x environments were detected, although the latter was less important. Treatments 
with significant results for total protein and flavonoid contents and POD and PPO activities 
were Put, 6-BA, and the combination of Put + 6-BA, which can be used as an auxiliary tool 
for developing seedlings of ‘Niagara Rosada’, ‘Isabel Precoce’, and ‘Thompson Seedless’ grape 
cultivars. 
Keywords: Polyamines, 6-benzylaminopurine, strobilurins, physiological effect, genotype x 
environment interaction 
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A19 - Effect of auxin at different concentrations on the rooting of 
conilon coffee cuttings 
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The objective of this study was to evaluate the influence of indole butyric acid (IBA) on rooting 
of cuttings of genotype 02. The experiment was conducted in a nursery at the Linhares 
Experimental Farm (INCAPER), where the cuttings were prepared and immersed for 3 hours 
in IBA At concentrations 0, 250, 500, 1000, 1500 and 2000 mg.L-1. The experimental design 
was a randomized complete block design (clones x concentrations), with four replications of 
27 plants per plot. The analyzed variables were dry shoot mass (MSPA), root dry mass (MSR), 
number of leaves (NF), leaf area (AF), stem length (CC), stem diameter (DC) and Quality of 
Dickson (IQD). Data were submitted to analysis of variance and regression analysis by 
ASSISTAT program 7.7. From the adjusted equations for the variables, the ones that were 
more appropriate were those that presented coefficient of determination superior to 0.77, 
being NF presented R² (0.96) and MSPA (0.93) evidencing that the proposed model is adequate 
To describe the influence of auxin on rooting of cuttings. For the variables MSPA, NF, AF and 
CC the linear equation was the one that presented the best fit, while the DC variable the 
equation of the best fit was the quadratic one, which can be explained by the low influence of 
the AIB in its development. In all variables, a decline in the line was observed with increasing 
concentrations, showing that high concentrations of IBA inhibit the development of molt. The 
concentration indicated for the induction of the root system is 500 mg.L-1, since in the linear 
and quadratic equations it was where it had a better behavior. 
Keywords: Cutting, coffee, genotype, indole butyric acid 
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The yield potential of the cultivated plants is based on two fundamental aspects: the genetic 
characteristics of the cultivars and the environment of production. Environmental 
disturbances are common in crop systems, indicating stress and reducing plant performance. 
In recent years, phenotypic plasticity has been extensively studied, showing that this 
characteristic is not simply individuals well adapted to new conditions, but can also affect 
the performance and reproductive success of individual organisms, which in turn may affect 
the next generation performance. The objective of this work was to identify if different seed 
production environments affect the physiological performance of plants of the same Glycine 
max (L.) Merr (soybean) cultivar even when cultivated under the same environmental 
conditions. Two soybean cultivars (NA5909 and DESAFIO 8473), each with two seed lots 
from different production environments (NA5909: Pato Branco-PR and Itaberá-SP; and 
DESAFIO 8473: Chapadão do Sul-MS and Primavera do Leste-GO) were studied. The plants 
were submitted to two types of irrigation (control and water suspension), and subsequent 
rehydration. Gas exchange parameters, chlorophyll fluorescence, leaf water potential and 
chlorophyll content index were analyzed. In this study, the overall impact of water deficiency 
was similar in both cultivars, regardless of the different seed production environments. A 
significant reduction was observed in the net assimilation of CO2, stomatal conductance (gs) 

and transpiration, on average of 93%, 98% and 92%, respectively. However, the cultivar 
DESAFIO 8473 showed a significant difference in gs between the two environments in the 
irrigated treatment, where in the environment of Chapadão do Sul-MS showing the highest 
values of gs. After rehydration period, all treatments showed a rapid recovery in both 
environments of the two cultivars. It was concluded that the environments of seed production 
in the cultivars studied did not show significant effects on the plant physiological responses 
to water shortage. 
Keywords: Gas exchange, phenotypic plasticity, drought stress 
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The objective was to evaluate the root development and seedling formation of different 
conilon coffee clones, being: 02, 748, 143, LB1 and A1. The experiment was conducted in the 
nursery of INCAPER experimental farm, Linhares-ES. The seedlings were derived from cuttings, 
with a randomized block design with four replications of 27 plants / plot. The leaf dry mass 
(MFES), dry mass of the stem (MSES), dry mass of the stem (MSC), dry mass of the stem (AF), 
stem length (CC), stem diameter (DC), root length (CR), leaf length (NF), leaf area Number of 
shoots (NB), Dickson quality index (IQD). Data were submitted to the Scott-Knott test (p <0.05) 
for analysis of variance. The statistical analysis was performed by SISVAR 5.6. In the variables 
MSF, MSPA, MSR, MST, MES, MFES, AF, CC, CR, IQD, genotype 748 presented statistical 
difference when compared with the others. In relation to MFES, MSC, NFES, AFES and DC the 
clones showed similarity in the result, not statistically different. Genotype A1 in the variables 
NF, NB, showed superior behavior to the other clones. In relation to MSC clones A1 and 02 are 
shown to be better. The SPAD is an excellent indicator of the quality of the seedlings, since it 
measures the chlorophyll content of the plants where it can be observed that LB1, A1 and 02 
have been neglected in relation to the analyzed variable. One of the factors related to the low 
performance of genotype 748 may be directly related to its ability to rhizogenesis. 
Keywords: Clones, coffee, genotype, Dickson quality index, SPAD 
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Water deficit (WD) affects a range of morphological and physiological plant traits and the 
understanding of how WD affects the canopy development process in sugarcane is an 
important issue for improving crop modeling algorithms. This study evaluated the effect of 
two WD levels (mild deficit – MD; and severe deficit – SD) applied at the 5th and 10th months 
after sowing (MAS) on canopy development by evaluating the rate for both leaf appearance 
(RLA) and senescence (RLS) as well as the phyllochron (PHY) in sugarcane cv. RB96-7515. The 
PHY represents the thermal time required for leaf appearance, which is calculated by 
PHY=1/RLA. The plants were cultivated into containers (0.5 m³) filled with medium textured 
soil and daily irrigated by drip system. Soil moisture (Θ) was kept at field capacity (0.32 cm3 
cm-3) in the control treatment, while it varied between 0.10 and 0.15 cm3 cm-3 and 0.15 and 
0.24 cm3 cm-3 in SD and MD treatments, respectively. In control treatment, RLA, RLS and PHY 
were 0.0069 leaf (°C d)-1, 0.0067 leaf (°C d)-1 and 145 °C d, respectively, during all crop cycle. 
At the 5th and 10th MAS, WD increased PHY to 303 and 213 °C d in MD treatment, and to 526 
and 500 °C d in SD treatment, respectively. Increases in PHY were due to decreases in RLA in 
both WD treatments and periods. Accordingly, WD increased RLS in both periods and water 
levels. These results bring an important contribution to improve the algorithm of sugarcane 
crop models in which the PHY have been always used as a constant input parameter.  
Keywords: Saccharum spp., crop model, canopy development 
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A23 - Effect of the pH medium in the development of two different type 
of blueberry (Vaccinium spp) explants 
 

Guzmán-Ardiles RE1, Moreira RM2, Ramm A2, Schuch MW2, Deuner S1
 

1Plant Nutrition and Ecophysiology Laboratory, Plant Physiology Postgraduate Program, Botany Department, 
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Estudantes-Convênio de Pós-Graduação – PEC-PG, da CAPES/CNPq – Brasil) 
 

Blueberry (Vaccinium spp.) is a native species of the Northern Hemisphere that, due to 
its uncountable nutritional and medical properties, is being increasingly expanded in different 
countries of the Southern Hemisphere. In Brazil, the largest producer of this specie is Rio 
Grande do Sul State. For this reason the knowledge in the propagation of high quality plants 
is of vital importance. The aim of this study was to define the best pH medium for two 
blueberry cultivars. The experiment was developed in the Fruit Crop Propagation Laboratory, 
Crop Science Department – FAEM/UFPEL. Thus, blueberry explants were established in a 
Wood Plant Medium (1981) having as factors the medium pH (4.8, 5.8, 6.8, 7.8) and the 
cultivar (Duke belonging to the Highbush group and   Woodard, to the Rabbiteye group). 
After 104 culture days, length explants, number of leaves per explant, multiplication rate, 
shoot number and shoot length were evaluated. Statistical difference were found in the 
leave number and in multiplication rate between cultivars when pH 6.8. On the other hand, 
the number of shoots was higher in Duke cultivar differing from Woodard cultivar when pH 
> 6.8, being that in the last one the pH had no influence in shoot emission. From this data it 
was concluded that the influence of the pH explant medium depends on the cultivar, being 
that, for the studied Rabbiteye cultivar there was no difference between the studied pH 
levels and, for the studied Highbush cultivar, the best condition was neutral pH. 
Keywords: Vaccinium corymbosum, Vaccinium ashei Reade, micropropagation, pH 
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A24 - Gas exchange in mango cv. Palmer under different doses of 
Paclobutrazol for floral induction 
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The use of growth regulators is a key practice for floral induction and production of mango 
(Mangifera indica) in the tropics. With Paclobutrazol (PBZ) being one of the most used ones, 
since it blocks the gibberellin’s biosynthesis and reduces vegetative growth. However, the 
influence of this growth regulator on the gas exchange in subsequent cultivation cycles is 
unknown. The aim of this study was to evaluate the gas exchange responses in two cycles of 
mango cv. Palmer cultivated with different doses of PBZ. The experiment was conducted on 
Special Fruit farm, Petrolina - PE, from August 2014 to May 2016, in a commercial orchard of 
mango cv. Palmer, in its first cropping cycle. The experimental design was a complete 
randomized block, in a 2 x 5 factorial scheme: two culture cycles and five doses of PBZ (0.7, 
1.0, 1.3, 1.6, 1.9 g. a.i. m-1 of linear canopy) applied via irrigation system, with four replications. 
Gas exchanges were evaluated using the portable infrared gas analyzer model Li-6400, with 
artificial light fixed at 2,500 µmol m-2 s-1. The variables analyzed were: photosynthesis, 
stomatal conductance, transpiration and leaf temperature. Regarding the first cicle, the 
increase in PBZ doses induced a linear reduction in photosynthesis and stomatal conductance. 
However, on the second cycle, the highest photosynthesis, stomatal conductance and 
transpiration were observed in plants under the dose of 1.3 g. a.i. m-1 of linear canopy. The 
other variables did not present a significant effect. Our results show the gas exchanges are 
influenced by the PBZ doses.  
Keywords: Mangifera indica L., growth regulation, flowering 
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A25 - Effect of colloidal silver on seed disinfestation of Comanthera 
nitida (Bong.) L. R. Parra and Giul. 
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The species Comanthera nitida, generally known as Sempre-vivas, belongs to the family 
Eriocaulaceae. Due to the high ornamental value of these species, their widespread 
commercialization led to an excessive and indiscriminate exploitation of several species of the 
genus Comanthera, causing a reduction of the populations in natural environment. In this way 
tissue culture would be an alternative for the maintenance of these species in their areas of 
occurrence, as it would allow the propagation and conservation of these species. However, 
many factors can interfere in this process, especially the proliferation of microorganisms in 
the culture medium, which affects the development of cultures, therefore, it is necessary to 
develop efficient protocols for disinfestation of explants for in vitro culture. Colloidal silver 
appears as an alternative due to the already known antimicrobial properties of silver. In this 
context, the objective was to evaluate the efficiency of colloidal silver in the disinfestation of 
C. nitida seeds for in vitro culture. The seeds of this species were disinfested by different 
solutions: 70% alcohol for 60 seconds, followed by immersion in water, commercial sodium 
hypochlorite (2.5% w/v), colloidal silver (5,5 and 11 g L-1) and colloidal silver and sodium 
hypochlorite at the above concentrations for 5 min. Afterwards the seeds were inoculated in 
MS culture medium, added with 15 g L-1 sucrose and solidified by 2.5 g L-1 phytagel. Cultures 
were evaluated for the rate of contamination in the growing environment. At 7 days, 100% of 
contaminations were observed in all treatments, except for treatment with sodium 
hypochlorite. Therefore, it is concluded that colloidal silver was not efficient in disinfestation 
of C. nitida seeds for in vitro culture, at the concentrations used. 
Keywords: Sempre-vivas, contamination, in vitro culture 
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A26 - Conventional storage and physiological quality of Mauritia 
flexuosa L. seeds 
 

Alcalde JM1, Ribeiro RS1, Paiva PDO1, Reis RS1, Carlota FN2, Paiva R1  
1Universidade Federal de Lavras, Lavras-MG, Brazil. judithalcaldem@gmail.com; 2Universidade Federal de São 
João del-Rei 
 

Mauritia flexuosa L. is a tree from Arecaceae family commonly known as buriti. It is 
appreciated by their pharmaceutical, ornamental characteristics and from its important role 
in the geoecological balance in Brazilian savanna (Cerrado). However it is in danger of 
extinction and their conservation and multiplication process present limitations such as: the 
conventional method of propagation is only by seeds, dormancy of its seeds, besides it is 
recalcitrant which difficult the maintainance of seed banks. In this context, the aim was to 
characterize the aspects related to the viability and potential germination of buriti seeds 
during the conventional storage. For the experiment, seeds were collected from on the North 
West from Brazil. Then seeds were treated with 3 g thiophanate-methyl (70%) powder at 20 
°C/48 hours. After drying, they were stored in plastic bags for a period of 180 days at 20 °C. 
The viability and potential germination was evaluated in the period of 0; 30; 60; 90; 120; 150 
and 180 days after storage. At 0 days of storage was observed the highest seed moisture 
content, germination rate, germination rate index and viability (45.03%, 93.3%, 11.37% and 
93.3% respectively). At 90 days of storage, the seeds showed moisture content of 40.6%. At 
120 to 180 showed 40.5% with total loss of viability and germination potential. At 60 days 
showed 40.9% and 20% of seed moisture content and viability respectively. The loss or 
reduction of seed water content during storage directly contributed to loss of viability and 
seed germination potential. M. flexuosa seeds cannot be stored for long periods due to their 
highly sensitive. We conclude that M. flexuosa seeds are sensitive to dehydration and can only 
be stored conventionally (cold room at 20 °C) for 60 days. 
Keywords: Seed moisture content, Cerrado, seed bank, Aracaceae 
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A27 - Auxin function in the inhibition of phytochrome-mediated 
hypocotyl elongation in tomato 
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CH 1015 Lausanne, Switzerland 
 

Under the soil, after the germination of the seeds, the seedlings present a rapid growth of the 
hypocotyl so that they can reach the surface of the soil, and thus receive light. Upon noticing 
the light signal, the de-etiolated growth is initiated and many morpho-physiological changes 
are modulated by photoreceptors, especially phytochromes. Recent molecular studies in 
Arabidopsis have produced strong evidence that light can modulate auxin signaling pathways. 
The role of auxin in lettling of tomato seedlings was investigated, using a low auxin-sensitive 
mutant (dgt). Tomato seeds of the MT (WT) and dgt cultivar were pre-germinated in the dark 
(2 days) and subsequently exposed to monochromatic red and Far-red light pulses for three 
minutes every four hours for 10 days. MT seedlings grown with R pulses showed inhibition of 
hypocotyl elongation, whereas seedlings grown with FR pulse showed greater hypocotyl 
elongation. The dgt did not show any significant change in its development, even when grown 
with FR pulse compared to grown in R. This suggests that auxin is an essential part of the 
signaling pathway for tomato-dependent de-etiolation of phytochrome. 
Keywords: Phytochrome, photoreceptors, Solanum lycopersicum, hormone 
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A28 - HOS1 facilitates the phytochrome B-mediated inhibition of PIF4 
FUNCTION DURING HYPOCOTYL GROWTH IN Arabidopsis 
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Upon exposure to light, developing seedlings undergo photomorphogenesis, as illustrated by 
inhibition of hypocotyl elongation, cotyledon opening, and leaf greening. During hypocotyl 
photomorphogenesis, light signals are sensed by multiple photoreceptors, among which the 
red/far-red light-sensing phytochromes have been extensively studied. However, it is not fully 
understood how the phytochromes modulate hypocotyl growth. Here, we demonstrated that 
HIGH EXPRESSION OF OSMOTICALLY RESPONSIVE GENES 1 (HOS1), which is known to either 
act as E3 ubiquitin ligase or affect chromatin organization, inhibits the transcriptional 
activation activity of PHYTOCHROME INTERACTING FACTOR 4 (PIF4), a key transcription factor 
that promotes hypocotyl growth. Consistent with the negative regulatory role of HOS1 in 
hypocotyl growth, HOS1-defective mutants exhibited elongated hypocotyls in the light. 
Notably, phyB induces HOS1 activity in inhibiting PIF4 function. Taken together, these 
observations provide a molecular basis for the phyB-mediated suppression of hypocotyl 
growth in Arabidopsis. 
Keywords: HOS1, PIF4, hypocotyl growth, photomorphogenesis, phytochrome signaling 
 

  



XVI Brazilian Congress of Plant Physiology            Brazilian Society of Plant Physiology 
                 São Pedro SP, Brazil                        1987-2017 
                 24 to 28 Sept. 2017    Celebrating 30 years of history! 

 

XVI Brazilian Congress of Plant Physiology  ISSN 2675-1267 (http://sbfv.org.br/anais) Page 62 of 229 

 

A29 - Effect of TiO2 nanoparticles on photosynthesis and photosynthetic 
pigments in Raphanus sativus L. 
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Titanium Dioxide Nanoparticles (TiO2 NPs) effect was evaluate on photosynthesis (Pn) and 
photosyntetic pigments in Raphanus sativus L. with the follow exposition: 0, 10, 100, 500, 
1000, 1500 mg mL-1 TiO2 NPs and microparticules (MPs) and 500 mg mL-1 of CuO NPs as 
positive control. The seedlings were grown in substrate moistened with Hoagland solution for 
25 days under controlled conditions. The treatments were foliar applied at day 26, considered 
as the beginning of experiment. The net photosynthesis (Pn) was measured at 0, 12, 36, 60 y 
84 h of treatments exposition; the chlorophyll (Chl) a, b and carotenoids concentration was 
measured at 84 h of exposition. The results showed a significant increment in Pn at 36 and 60 
h of treatments exposition, with higher values at 36 h; this values decrease at 84 h for all 
treatments. No differences were observed between NPs and MPs and neither for CuO NPs. 
On the other hand, the Chla and carotenoids concentration an increase concomitant with the 
doses of NPs was observed. The Chl a/b ratio was similar to MPs, but significantly different to 
1000 mg mL-1 TiO2 NPs and CuO NPs. In conclusion, NPs and MPs generated an enhancer effect 
of Pn and photosynthetic pigments associated to doses and time exposition. 
Keywords: Net photosynthesis, chlorophyll, carotenoids 
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A30 - Anthocyanins do not compete with chlorophylls under shade 
conditions and act as a photoprotective pigment in full sun 
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The duration and quality of light are directly involved in the growth and development of plants 
throughout their life cycle. Prolonged exposure to high light irradiation can cause damage to 
the photosynthetic complex and inhibit photosynthesis. While plants depend on 
morphological and physiological devices to adapt to shade conditions. In this sense, the aim 
was to evaluate the behavior of plants with different leaf pigmentation in shade and sun 
environments. The experiment was developed in a completely randomized design, in which 
was used two types of green and variegated coleus (Plectranthus sp.) varieties and two 
environments (sun and shade), with six replications. Leaf area (LA), dry mass (DM), chlorophyll 
a (Chl a), b (Chl b) and total chlorophyll, carotenoids (CAR), and anthocyanins (ANT) content 
were evaluated. The varieties did not differ in total LA, DM and chlorophyll between them and 
in relation to the environments. The variegated coleus presented higher levels of 
photoprotective pigments (ANT and CAR) in both environments when compared to green 
coleus, while it presented a higher content of Chl a when cultivated under sun conditions. 
However, the Chl b content of the variegated coleus was lower in both sun and shade 
environments, while the total Chl content was not decreased when compared to the two 
varieties in both environments. With this, we conclude that anthocyanins do not compete 
with chlorophylls for light. 
Keywords: Competition, light, plant pigments 
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B01 - Stimulating action of glyphosate in RR soybean: effects on 
concentration of n-compounds in leaf and physiological quality of seeds  
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RR soybean (Glycine max) is a transgenic plant widely used in agriculture because it has 
differential resistance to the glyphosate. However, important physiological changes are 
reported in plants exposed to the herbicide. The aim this work was to verify the effect of the 
treatments with glyphosate on concentration of N-compounds and physiological quality of 
seeds in RR soybean. The plants were cultivated in a Rhodic Hapludox, located in the city of 
Selvíria, Mato Grosso do Sul, Brazil. In the V4 phenological stage, four treatments with acid 
equivalent of the glyphosate were used (0, 360, 720 and 1440 g ha-1) and four replications 
were used. Leaf and seed samples were harvest 92 (phenological stage R1) and 126 
(phenological phase R9) days after sowing, respectively. The following variables were 
measured: concentration of allantoic acid, allantoin, total soluble amino acids, ammonium 
and total protein (nitrogen compounds in leaf); first count of germination, total seed 
germination, germination speed index, accelerated seed aging, seed electrical conductivity 
and dry mass of seedlings (physiological seed potential). Glyphosate altered the ureide form 
in the leaves and increased the concentration of amino acids in plants exposed to the higher 
doses of the herbicide. The transgenic plant had a increase in seed physiological quality as the 
glyphosate dose increased. The study indicates that glyphosate does not cause stress to the 
plant, but rather modulates a differentiated response in plants development due of the 
inserted protection gene. 
Keywords: Plant development, transgenic, herbicide, Glycine max 
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B02 - Influence of nitrogen fertilisation on the transcript level of 
different families of hordein genes of an antisense C-hordein barley line 
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Hordeins, which constitute approximately 55% of proteins in barley grains, are classified into 
sulfur-rich (B- and γ-hordeins), sulfur-poor (C-hordeins), and high molecular weight prolamins 
(D-hordeins). Because of a low content of essential amino acids and high content of non-
essential amino acids, C-hordeins decrease grain quality, so lines with a low C-hordein level 
are desirable. However, among the hordein subgroups, C-hordeins are the most upregulated 
by nitrogen (N) fertilisation. We studied whether two barley lines — an antisense C-hordein 
barley line (L5) and its non-transgenic control — differ in the transcript level of the families of 
hordein genes and individual members of C-hordein genes, in the context of the lines’ reaction 
to N fertilisation (N1: 10, N2: 20, and N3: 40 g/10 L peat). For both lines, we used a qRT-PCR 
methodology to determine the transcript level of B-, C-, D- and γ-hordeins and their individual 
members, at 20 days after pollination. We analysed the data with ANOVA; if its assumptions 
were violated, we used the generalized least squares to estimate the model parameters. The 
L5 exhibited higher transcript levels of D-, B-, γ1- and γ3-hordeins than the control, except for 
N1, for which the lines did not differ in the level of B-hordeins. The lines did not differ, 
however, in the transcript level of C-hordeins: although L5 exhibited less for N1 and N2, it had 
similar levels for N3. C-hordein downregulation rebalanced hordein transcription in L5 grains, 
since the levels of sulfur-rich (B- and γ-hordeins) and HMW prolamins (D-hordein) increased. 
L5 responded to N fertilisation in a specific way: although C-hordein transcript level increased 
in L5 with increasing N concentration, the levels of the other hordeins as well as the B:C 
transcript ratio increased too; thus, by and large, the grain quality of L5 did not decrease with 
N fertilisation. 
Keywords: Multigene families, qRT-PCR 
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B03 - Chemical composition of basil cultivated in greenhouse and 
micropropagated in culture medium elicited with copper sulfate  
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Basil (Ocimum basilicum L.) is a perennial herb in the Lamiaceae family and it has been used 
in the food, pharmaceutical, cosmetic, and health care industries. The objective of this study 
was to determine the effects of copper sulfate on the chemical composition of basil essential 
oil (EO) using dynamic headspace extraction. The basil was cultivated in vitro and ex vitro. 
Seeds were placed in MS medium (Murashige and Skoog) enriched with sucrose, growth 
regulators, agar and elicited with two concentrations of copper sulphate (25 μM and 75 μM 
CuSO4) and a control. Ex vitro the plants were covered with 150-μm-thick transparent plastic 
film and maintained in a greenhouse at 25 °C ±3. In this study, it was found that methyl 
eugenol (52.03%) and eugenol (20.66%) were the major volatile compounds produced in the 
controls (treatment without copper supplementation) and in plants exposed to 25μM CuSO4. 
On the other hand, methyl eugenol was absent in the greenhouse plants. In greenhouse-
grown basil, the main oxygenated monoterpenes found were linalool (28.14%), 1.8-cineol 
(9.11%), and trans-α-bergamotene (9.35%). The latter is a sesquiterpene hydrocarbon. For 
plants cultivated in vitro with 75 µM CuSO4, the second major compound was 1.8-cineole 
(15.7%). The elicitation of secondary metabolite production in basil with copper sulfate proved 
to be effective in generating chemical compounds of industrial interest. Nevertheless, in vitro 
cultivation of medicinal plants may overcome these obstacles by controlling the conditions 
under which the secondary metabolites are synthesized. Production rate and efficiency would 
be increased, and the use of elicitors would promote the metabolic pathways that synthesize 
these compounds. 
Keywords: Ocimum basilicum L., Lamiaceae, headspace analysis, oxygenated monoterpenes, 
phenylpropanoids 
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B04 - Iron oxide nanoparticles alter the growth and lignin metabolism in 
soybean 

 

Lopes TLC, Almeida GHG, Melo GSR, dos Santos WD, Ferrarese-Filho O, Marchiosi R 
Laboratório de Bioquímica de Plantas, Universidade Estadual de Maringá, Av. Colombo, 5790, 87020-900, 
Maringá-PR, Brasil. osferrarese@gmail.com 
 

Nanoparticles (NPs) are increasingly used in different fields such as electronic, biomedical, 
pharmaceutical, cosmetic and in the agriculture, especially. Environmental exposure to 
nanoparticles is inevitable, and by consequence, this is gaining attention of researchers. 
Herein, we investigated the effects of iron (III) oxide (FeO) NPs on growth and metabolism of 
lignin in soybean plants. After three days of germination, soybean seedlings were transferred 
for pots containing vermiculite, and grown for 16 days at 25 °C and a light/dark photoperiod 
of 12/12 h. The treatments were performed every other day by addition of 20 mL of nutrient 
solution containing from 250 to 1500 mg/mL FeO NPs. Comparatively, plants were also treated 
with 1000 mg/L FeCl3. Control plants received nutrient solution. By and large, FeO NPs 
increased the length and fresh and dry weights of roots, but inhibited the length and dry 
weight of stems. FeCl3 did not affect the growth parameters. FeO NPs reduced the viability of 
the root cells in comparison to the control. The reduction in cell viability was more noticed 
after FeCl3 treatment. FeO NPs increased soluble and cell-wall bound peroxidases (POD) 
activities, but inhibited the phenylalanine ammonia lyase (PAL) activity. Soluble and cell-wall 
bound POD activities decreased by action of FeCl3. Both FeO NPs and FeCl3 increased the lignin 
contents in roots and stems. FeO NPs reduced the lignin G monomer content in roots, but 
increased it in stems. FeCl3 increased the S monomer content in roots, without change the 
lignin monomer composition in stems. In brief, our data indicate that FeO NPs significantly 
affect the growth and lignin metabolism in soybean. Additionally, the effects caused by the 
FeO NPs diverges from those of FeCl3, suggesting that both may act by different mechanisms. 
Keywords: Glycine max, iron oxide, lignification, nanotechnology, plant growth 
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B05 - Fructan variations in the underground organs of Chresta exsucca 
(Asteraceae) 
 

Santos CS, Abraão CF, Moraes MG 
Universidade Federal de Goiás, Instituto de Ciências Biológicas, Goiânia – GO, Brazil. moemy@ufg.br 

 

Chresta exsucca is an herbaceous species native to the Cerrado. This biome is characterized 
by climatic seasonality, which influences phenology of its native plants. In rainy season a great 
part of herbs and subshrubs are likely to flower, though some species flower in the dry season, 
as the case of C. exsucca. Non-structural carbohydrates stored in the underground organs are 
used to support events with high energetic demands, but also may protect plants from 
damage during environmental strains. In this study we evaluated the variations of stored 
carbohydrates and the activity of fructan exohydrolase (1-FEH) at different phenological 
phases in the underground organs of field-grown C. exsucca plants. Total water soluble 
carbohydrates extracted in aqueous ethanol were quantified by phenol- sulfuric method and 
analyzed by high performance anion exchange chromatography. 1-FEH activity was 
determined using Helianthus tuberosus inulin as substrate. This species has a diffuse 
underground system which stores inulin-type fructans. Resprouting was continual, lacking a 
typical dormancy period. Oligosaccharide contents were always higher than polysaccharides, 
except in senescence of the aerial organs, the only phase with oligo: polysaccharide ratio <1. 
1-FEH activity was higher during resprouting. Thus, fructan variations in C. exsucca were 
similar to other Asteraceae species concerning the phenological phases, but the timing of 
phenological events is distinct. Fructans stored in the underground organs C. exsucca supply 
the energetic demands for development and maintenance of this complex structure, which is 
essential for the persistence of this species in the environment, and also to ensure 
reproduction in harsh conditions, such as drought. 
Keywords: Drought, fructan exohydrolase, inulin, non-structural carbohydrate, phenology 
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B06 - Salicylic acid hormonal and elicitor activities on primary and 
secondary metabolites of field cultivated Achillea millefolium L.  
 

Gorni PH1, Pacheco AC1, Moro AL1, Silva JFA1, Silva RMG2 
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Elicitors are naturally occurring or synthetic substances that stimulate plant response when 
introduced in small concentrations, stimulating growth and increase of secondary metabolites 
in plants. Salicylic Acid (SA) is a phenolic compound considered an abiotic elicitor with the 
potential to induce defense responses in plants and stimulate plant growth. The objective of 
this work was to evaluate the effect of SA on biomass production and synthesis of primary and 
secondary compounds in yarrow (Achillea millefolium L. - Asteraceae). This medicinal species 
is commercially produced as raw material for the phytomedicine and beverage industries. The 
experiment was conducted under field conditions based on interesting previous results 
obtained in a greenhouse. The applications were distributed in different growth phases of 
plants in order to guarantee its effects on plant even in a multiple interaction factors inherent 
to field conditions. The SA was applied via foliar spray at concentrations of 0 and 1.00 mM, 
during the beginning, middle and end of culture cycle (20, 60 and 100 days after 
transplantation - DAT) and just at 100 DAT (in 3 consecutive days). The effect of SA on the 
metabolism of yarrow plants was evaluated through biometric parameters of growth and 
biochemical determinations (for all evaluations the plant tissues were harvested at 120 DAT, 
since this is the harvest time indicated for the commercial planting of this crop). Both SA 
applications resulted in increases on biomass accumulation of yarrow plants. Positive effects 
of SA on primary metabolism were correlated with significant increases in total soluble protein 
and total soluble sugars. Treated plants with SA at 20, 60 and 100 DAT showed higher 
antioxidant activity by nitric oxide (NO) and TBARS methods than those observed in control 
plants. In relation to the synthesis of secondary metabolites, both SA applications resulted in 
an enhanced activity of phenylalanine ammonia-lyase (PAL) with consequent increases of the 
total phenols (16 and 12%) and flavonoids (46 and 94%) contents. It can be concluded that SA 
application constitutes an advantageous management practice for commercial production of 
Achillea millefolium, increasing the nutraceutical and medicinal values of this species. 
Keywords: Arrow, growth, phenilalanine ammonia liase, antioxidant activity 
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B07 - Water deficit induces changes in grown, oxidative metabolism and 
phenylpropanoids biosynthesis in Ocimum basilicum L. leaves 
 

Novello PFAM1, Bonacina C1, Gonçalves JE2, Gazim ZC1, Souza SGH1 
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The water deficit is an important abiotic stress that limits growth and plants production. 
Numerous physiological and biochemical changes occur when plants are subject to water 
stress. Therefore, the aim of this study was to evaluate grown, antioxidant response, yield and 
composition of essential oil of basil plants (Ocimum basilicum L.) when subject to water deficit. 
The experiment was conducted in a greenhouse and supplied with three water regimes: 100-
90% (control), 70-60% (moderate stress), 40-30% (severe stress) of the field capacity for 60 
days. Plants subjected to severe water stress showed significant reductions in the 
development of the shoot, as fresh mass and height. The relative water content in leaves 
decreased with increasing severity of stress. We observed an increase in the activity of 
antioxidant enzymes superoxide dismutase (SOD), ascorbate peroxidase (APX), and catalase 
(CAT) in plants subject to water deficit. Plants subject to moderate and severe stress had a 
higher oil essential yield, besides changing their chemical composition. A total of 34 
compounds were identified in the essential oil from the basil leaves, in which the main 
compounds belong to classes of the phenylpropanoids. The compounds eugenol, trans-
anethole and methyl-eugenol increased with water deficit. This indicates that the 
phenylpropanoids may constitute a secondary antioxidant system, which may assist the 
primary antioxidant defense system, in order to maintain the levels of hydrogen peroxide in 
the cells at sub-lethal concentrations to basil plants. Understanding the development and 
metabolism of limiting environmental situations leads us to understand the physiological 
mechanism and the control network of essential oil biosynthesis in the adaptation of these 
plants to climate change. 
Keywords: Aromatic plant, abiotic stress, essential oil, secondary metabolites 
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B08 - How does foliar fertilization help to increase zinc and essential 
amino acids in rice grains? 
 

Franco MR1, Gaziola SA1, Santos EF2, Belini FHK1, Azevedo RA1 
1“Luiz de Queiroz” College of Agriculture/Dept. of Genetics, University of São Paulo, Piracicaba-SP, Brazil; 
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Little is known about the effects of zinc (Zn) bioaccumulation on the aspartic acid metabolic 
pathway, which is responsible for the synthesis of four essential amino acids - lysine, 
threonine, methionine and isoleucine. Therefore, we studied the effect of foliar fertilization 
of Zn (0.46 Kg ha-1 Zn and 0.92 Kg ha-1 Zn) on lysine metabolism in rice cultivars: Cateto Seda 
(CS), BRS Primavera (P) and BRS Sertaneja (S). Foliar fertilization was carried out with water 
(control) and zinc sulfate (ZnSO4.7H20) in the pre-filling stage of the grains. Rice grains and 
leaflets were collected twice: (i) at the milky stage in order to analyze the enzymes involved 
on lysine synthesis [Aspartate kinase (AK), Homoserine dehydrogenase (HSDH), 
dihydrodipicolinate synthase (DHDPS)] and its degradation [Lysine 2-oxoglutarate reductase 
(LOR) and saccharopine dehydrogenase (SDH)], and (ii) at the stage of mature grains, for 
nutrient determination. The fertilization effectively increased the Zn concentration in flag 
leaves, but was not enough to improve its concentration in grains. Furthermore, Zn application 
did not affect AK activity. For HSDH, did not change between the treatments, for CS and S, 
while the activity increased from 3.53 to 4.25 and 3.83 ƞmol-1 min mg-1 in P. HSDH activity was 
inhibited by threonine, suggesting the presence of a sensitive isoform to this amino acid. In 
the lysine catabolism, the enzymes exhibited differences between cultivars and treatments. 
The results suggest that genotype can directly influence the response of the aspartic acid 
metabolism pathway in the same species and type of culture (upland). These conclusions will 
be better substantiated with amino acid quantification by ultra-performance liquid 
chromatography, quantification, and characterization of the reserve proteins.   
Keywords: Lysine, enzymes, biofortification 
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B09 - Estimating the mesophyll and bundle-sheath conductances and 
internal CO2 concentrations in sugarcane leaves 
 

Tofanello VR1, Cerqueira G2, Santos MC2, Marchiori PER3, Machado EC2, Struik PC4,  
Yin X4, Ribeiro RV1 
1Department of Plant Biology, Institute of Biology, University of Campinas, Campinas, SP, Brazil. 
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Wageningen University & Research, Wageningen, Netherlands 
 

The mesophyll conductance (gm) and bundle-sheath conductance (gbs) were estimated in 
sugarcane plants by using a biochemical C4 model based on simultaneous measurements of 
leaf gas exchange and chlorophyll fluorescence under high and low air O2 concentration. Plants 
were grown under two contrasting nitrogen levels (0 and 1000 mg/kg of soil) for varying gm 
and gbs. CO2 response curves of photosynthesis under 21% O2 and 2% O2 as well as light 
response curves under 21% O2 and 250 µbar CO2 and 2% O2 and 1000 µbar CO2 were 
performed on the same leaves, with their nitrogen concentration (LNC) being evaluated. While 
LNC varied from 1.11 to 2.97 g m-2, gm ranged from 0.27±0.02 to 0.58±0.07 mol m-2

 s-1 and gbs 
from 3.87±0.52 to 22.88±1.56 mmol m-2

 s-1. Using these estimates of gm and gbs, the calculated 
mesophyll CO2 concentrations (Cm) were about 0.875 and 0.917 of the intercellular CO2 
concentration (Ci) under low and high nitrogen levels, respectively. The CO2 concentrations in 
the bundle-sheath cells (Cc) was also estimated and reached 3419±441 μbar under low LNC 
and 2025±112 μbar under high LNC. Our data also revealed that Cc/Cm varied from 59 to 6 
under low LNC and 41 to 3 under high LNC. 
Keywords: Saccharum spp., diffusion, modeling, photosynthesis  
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B10 - Plant regulators set the chemical volatile profile after dormancy 
release in a rhizomatous plant 
 

Portella RO1,2, Marques MOM3, Ono EO2, Almeida LFR2,4 
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Plant dormancy is a critical step on plant metabolism and regrowth in crop production, 
especially for Curcuma zedoaria (Christm.) Roscoe rhizomes, a crop mainly used for medicinal 
issues. Furthermore, the appliance of plant regulators works as an alternative way to break 
bud dormancy and reestablish growth and specialized metabolism of volatile substances. We 
aimed to study the effects of kinetin (Kt) and ethephon (ETH) on the chemical volatile profile 
of C. zedoaria rhizomes after several days of break bud dormancy. Rhizomes were immersed 
in solutions with different concentrations of Kt (0, 50, 100 and 150 mg.L-1) and ETH (0, 300, 
450 and 600 mg.L-1) each for 15 and 30 minutes. During 30 days of experiment, we evaluated 
the percentage of bud break, total root length and the break speed index. Furthermore, C. 
zedoaria rhizomes on the 1st and 11th days after Kt and ETH appliance were collected to 
evaluate the chemical profile of volatile substances. Kinetin drastically increased relative 
amounts of monoterpenes, but does not alter dormancy release. Although, Ethephon (600 
mg.L-1) delays dormancy release, but stimulates the production of high amounts of 
oxygenated-sesquiterpenes. Furthermore, ethephon and control treatments show a similar 
pattern of chemical volatile substances, which are totally different of rhizomes with kinetin 
application. Ethephon and Kinetin signaling modify mono and sesquiterpene metabolism in C. 
zedoaria rhizomes during dormancy releasing, substances that are widely use on 
pharmaceutics, cosmetic and chemical industries. It opens new perspectives for the action of 
plant regulators in plant metabolism, specially for aromatic plants on chemical industry. 
Keywords: Metabolic pattern, terpenes, bud dormancy, volatile substances 
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B11 - Method for quantification of organic acids in nutrient solution 
using GC-MS 
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Organic acids (OAs) play a fundamental role in several cellular biochemical pathways, including 
energy production and formation of precursors for amino-acid biosynthesis. These 
compounds can also modulate the plant-environment interaction, participating as key 
components in aluminum (Al) tolerance mechanisms in some plants. Some Al-tolerant plant 
species are known to exude OAs (citrate, malate, succinate, and oxalate) from their roots in 
response to Al. Thus, OAs can detoxify Al external to the root, forming non-toxic Al-OAs 
complexes in the rhizosphere. Some studies use GC-MS to analyze OAs exudates in CaCl2 and 
AlCl3 solutions, but they are limited to short-term experiments. There are no studies using GC-
MS to analyze OAs in complete nutrient solution. Here, we validate a method for quantifying 
citrate, malate, succinate, and oxalate in complete nutrient solutions containing 0 and 1480 
µM Al by GC-MS, using a 30 m fused-silica microcolumn. Organic acids were concentrated 
after drying both solutions. After re-suspension, samples were derived by methylation. 
Esterified OAs showed chromatograms with consistent linearity (R² > 0.99), exhibiting 
accuracy and detection limits between 2 and 25 µg/mL. This is a low-cost and simple method, 
which can be used to run dynamic long-term experiments. 
Keywords: Aluminum exclusion, matrix effect, metal-organic acid interactions 
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B12 - Cell wall-bound phenolic substances of organs of sorghum 'BRS 
330' grown under water deficit and elevated carbon dioxide 
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Cereals are major caloric sources, among which sorghum ranks as the fifth most produced 
grain. Forecasts ranging from now till 2100 admit increasingly serious climatic changes 
involving temperature rise and lower hydric availability, due chiefly to a gradual increase of 
atmospheric [CO2]. No reports are available about cell wall-bound phenolic of organs of 
sorghum. The present study aimed to evaluate and determine changes in the cell wall-bound 
phenolic substances of organs of sorghum ‘BRS 330’ from plants subject simultaneously to 
water deficit and elevated [CO2]. Plants were grown inside open top chambers (OTC) with 
ambient and elevated [CO2] (400 and 800, respectively). After 60 days, water provision to both 
plant groups was lowered to 30% of the initial value, and a weekly rotation program of plants 
inside of the OTC was established. At 90 and 120 days, 5 plants from each treatment were 
harvested for chemical analyses of leaves, peduncles, culms, prop roots, roots and grains. 
Samples of all organs were extracted with 80% methanol for 1 h at 70 °C. The residue was 
subject to alkaline hydrolysis with 2 M NaOH on shaker for 2 h. Next, the pH was adjusted 1.5-
2.0 with HCl 6 M and the phenolic substances recovered with ethyl acetate. The extracts 
constituents were characterized and quantified by HPLC/DAD. Lignin and lignin monomers 
were determined by the acetyl bromide method and nitrobenzene oxidation, respectively. p-
Coumaric and ferulic acids were significantly altered by elevated [CO2] at 90 days in leaves, 
peduncle and culm. The content of lignin in grains reduced, although lignin monomers were 
not altered. The concentration of guaiacyl (G) and syringyl (S) monomers was altered in culms 
at 120 days. Conditions of water deficit and elevated [CO2] influence the contents of bound 
phenolic substances in ‘BRS 330’ sorghum organs.  
Keywords: p-Cumaric acid, ferulic acid, lignin monomer, climate change, open top chambers  
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B13 - Gomphrena marginata Seub. (Amaranthaceae): occurrence of 
levan-type fructans and anatomy of the underground reserve organ 
 

Joaquim EO1,3, Hayashi AH2, Torres LMB3, Figueiredo-Ribeiro RCL3, Shiomi N4,  
Lago JHG5, Carvalho MAM3 
1Programa de Pós-graduação em Biodiversidade Vegetal e Meio Ambiente, Instituto de Botânica, São Paulo-SP, 
Brazil; 2Núcleo de Pesquisa em Anatomia, Instituto de Botânica, São Paulo-SP, Brazil; 3Núcleo de Pesquisa em 
Fisiologia e Bioquímica, Instituto de Botânica, São Paulo-SP, Brazil. mam.carvalho@gmail.com; 4Department of 
Food and Nutrition Sciences, Graduate School of Dairy Science Research, Rakuno Gakuen University, Ebetsu, 
Japan; 5Universidade Federal do ABC, Centro de Ciências Naturais e Humanas, Santo André-SP, Brazil 
 

Gomphrena marginata Seub. (Amaranthaceae), an endemic species from Brazilian campos 
rupestres, accumulates high amounts of fructans in the underground reserve organ. In this 
work, we analyzed the soluble carbohydrates by high performance anion exchange 
chromatography (HPAEC) and identified the chemical structure and type of fructan polymer 
by NMR. Structural analyses of the underground organ in samples included in historesin 
revealed mainly a tuberous root, in which the vascular cylinder presents an “unusual growth 
pattern”. Fructan crystals were visualized in freehand cross-sections, under polarized light, 
mostly in the vascular cylinder, cortex and inside vessel elements. NMR data confirmed the 
presence of levan-type fructans, and HPAEC allowed to estimate a degree of polymerization 
up to approximately 50 fructose units. In addition to other data in the literature concerning 
the Amaranthaceae, the results here obtained suggest that fructans are a trait in this family 
while Gomphrena species could be new potential plant sources of levan-type fructans. 
Keywords: Soluble carbohydrates, plant anatomy, campos rupestres, fructo-polysaccharides  
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B14 - Metabolic and sprouting changes in cape gooseberry (Physalis 
peruviana L.) seedlings germinated under different conditions 
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Colombia is the main producer of Physalis peruviana, a wild-type plant well-known for its 
multiple consumption practices and medicinal properties. It is usually cultivated in soils that 
have been affected by excessive fertilization, mainly in the Cundinamarca department-
Colombia. Their seeds are traditionally germinated in fermentation or aqueous solution with 
plant ash. However, there is a growing interest in the tolerance of seeds to saline soils. The 
present study therefore determined metabolomic differences in seedlings under greenhouse 
conditions, whose seeds were germinated in fermentation, solution with plant ash, saline 
solution, a commercial sample and control. After 5 weeks, the highest germination percentage 
was obtained in ash-treated seeds (93.3%) followed by control (84.4%), fermented seeds 
(72.2%), commercial (11.11 %) and finally those mixed to saline solution (2.22%). Thus, five 
seedlings of each treatment were taken at stage 11 (BBCH scale) and then subjected to 
ethanolic maceration to obtain the crude extract by concentration under reduced pressure. A 
2.5 mg/mL solution was later prepared from each resulting extract to be analyzed by HPLC-
ESI-MS. Outstanding metabolites were then annotated using mass spectra data in comparison 
to databases. By means of descriptive statistical analysis and multivariate analysis, a difference 
in the presence and quantity of secondary metabolites between the treatments was therefore 
found. The ash dispersion seems to trigger a biochemical/physiological response promoting 
seed germination and involving a differential metabolic induction.  
Keywords: Fermentation, seeds, saline solution, uchuva, vegetable ash 
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B15 - Age-related metabolic response of Lupinus bogotensis according to 
physiological gradual deterioration 
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Plants of the genus Lupinus (Fabaceae) have interesting secondary metabolites such as 
alkaloids, flavonoids and phenolics. These compounds can be found in different organs of the 
plant. Most of the Lupinus-focused metabolite analyses have been carried out in leaves, but 
there are few studies on age-related metabolite contents. The aim of this work was therefore 
to characterize the leaf-occurring compounds of Lupinus bogotensis at different physiological 
deterioration. Leaves were then collected according to their appearance: 1) green-colored 
leaves, 2) yellow (orange)-colored leaves previous to the senescence, and 3) brown-colored 
senescent leaves. All collected material was extracted according to the ultrasound-assisted 
acid-base protocol. Resulting extracts were analyzed using a Thermo Trace 1300 gas 
chromatograph coupled to an ISQ mass spectrometer. Lupanine, sparteine, 5,6-
dehydrolupanine, and 4-hydroxylupanine were then found in higher abundance in green 
leaves but lower amount was also found in this material; a high amount of sparteine in yellow 
leaves and a high presence of lupanine and sparteine (without occurrence of other alkaloids) 
in senescent leaves. In a second trial at different time, there was a high presence of sparteine, 
5,17-dehydroalatomidine, lupanine and 5,6-dehydrolupanine for green leaves; sparteine, 
5,17-dehydroalatomidine, lupanine, and 11-epiaphylline in yellow leaves and only lupanine in 
senescent leaves. Differences in the type and concentration of alkaloids depending on the leaf 
age were detected as well as some differences between observations. Results indicate 
lupanine and sparteine could serve a good indicator of gradual deterioration and/or 
senescence in L. bogotensis, which is pretty significant in further studies, e.g., soil restoration. 
Keywords: Fabaceae, Lupinus, quinolizidine, physiological gradual deterioration, senescence 
Acknowledgments: Project IMP-CIAS-2293 financed by Vicerrectoría de Investigaciones at 
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B16 - Ontogenic variation of alkylresorcinol content of triticale (x 
Triticosecale Wittmack) cultivated in different substrates  
 

Marentes-Culma R, Orduz-Díaz LL, Coy-Barrera E 
Bioorganic Chemistry Laboratory, Universidad Militar Nueva Granada (UMNG), Cajicá, Colombia. 
inquibio@unimilitar.edu.co 
 

Alkylresorcinols (ARs) are a group of secondary metabolites belonging to phenolics, which 
lately become significant-interesting compounds for their various biological attributes such as 
antifungal, antioxidant and cancer cell inhibition properties, among others. These compounds 
have been mainly found in Poaceae plants and, at significant amount, in triticale, rye and 
wheat. Triticale, being a hybrid between rye and wheat, has an enormous nutritional interest 
for cattle, because of its high productivity, resistance to different environmental conditions, 
and superior nutritional features to that of wheat. For these reasons it is tried to include in 
the human diet. This plant is furthermore a good model for the study of AR due to its rapid 
growth and high germination rate. Based on the above facts, the aims of this work were to 
quantify the AR content in different organs, phenological states in the triticale’s life cycle and 
to determine if there is a relationship to substrate type where the crop is established. Triticale 
cultivation was carried out on three substrate types (soil, soil+husk, and peat), and seven 
phenological stages were established throughout the life cycle. Different plant organs (leaves, 
roots, spike, seed and spike) were used for acetone extraction by maceration according to the 
state to obtain AR-enriched extracts. AR content was determined by colorimetric method 
using FBRR® in basic medium. They were subsequently analyzed by high-performance liquid 
chromatography coupled to mass spectrometry (HPLC-MS) and the resulting data was 
examined by descriptive and multivariate statistics. AR were found in all the analyzed organs 
but in different concentrations. Structures such as seeds and bran were those possessing the 
highest AR content. Additionally, it was possible to observe slight differences in metabolic 
profiles among the evaluated treatments indicating the substrate influenced its development 
and production of secondary metabolites. 
Keywords: Poaceae, soil, soil+husk, peat, life cycle 
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B17 - Nutrients remobilization during leaf senescence of Hevea 
brasiliensis plants grown in Nepomuceno – State of Minas Gerais 
 

Serpa CA, Farias ME, Santos JO, Argento C, Souza T, Oliveira LEM 

Federal University of Lavras, Department of Biology, Department of Plant Physiology, Campus Universitário, 
37200-000, PO Box 37, Lavras-MG, Brazil. ceciliaserpa@hotmail.com 
 

Rubber trees show deciduous behavior in periods of low temperatures and hydric restriction. 
During foliar senescence season that antecedes the leaves fall, a remobilization of nutrients 
to other plant organs occurs, and it is essential to attend nutritional requirements in the re-
leafing phase. Reserves remobilization was evaluated in clone RIMM600 rubber trees, 
stimulated or not by Ethrel®. The experiment was carried out in 2x2 factorial design with 
senescent (S) and non-senescent (NS) leaves, with and without application of Ethrel®. The 
design was completely randomized with five replicates. Total soluble sugars, reducing sugars, 
sucrose, starch, amino acids, and soluble proteins were evaluated. Leaves of each treatment 
were dried in a forced air circulation oven at 70ºC for 72 hours, ground, and stored for 
biochemical analyses. There was no effect of Ethrel® on carbohydrates levels in foliar stages, 
excepting for sucrose that was higher in NS leaves of plants stimulated by Ethrel®. Amino 
acids content was higher and proteins content was lower in NS leaves in plants with the 
stimulant. Amino acids and proteins contents were lower in S leaves. All carbohydrates 
were remobilized to other organs of the plant during leaves senescence, as well as amino 
acids and soluble proteins. 
Keywords: Rubber tree, carbohydrates, proteins, amino acids, Ethrel® 
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B18 - Proline metabolism and phenolic compounds synthesis in 
transgenic tobacco plants submitted to water deficit 
 

Silva FLB, Santos ACP, Moro AL, Vieira LGE, Ribas AF, Neris DM 

PPG - Programa de Pesquisa de Pós-Graduação em Agronomia/Universidade do Oeste Paulista-UNOESTE. 
adrianamoro@unoeste.br 
 

The objective of this work was to evaluate the role of proline in relation to the production of 
phenolic compounds in transgenic tobacco plants (Nicotiana tabacum) and to verify if water 
stress would modify this response. The experiment was carried out under greenhouse 
conditions at Universidade do Oeste Paulista. We used the factorial scheme consisting of two 
transgenic events with constitutive expression (35S::P5CSF129A) gene involved with proline 
biosynthesis and untransformed control plants, and two levels of water regime, with 100% 
and 30% of field capacity for eleven days. The role of proline was evaluated by biometric 
growth analyzes in addition to, glucose-6-phosphate dehydrogenase activity (G6PDH), 
phenylalanine ammonia lyase activity (PAL), proline, lignin and total phenolic compounds in 
leaves. In response to water stress, a reduction in biometric parameters was observed for all 
genotypes. As expected, the accumulation of proline occurred in a greater proportion in the 
transgenic plants, but the activity of the G6PDH enzyme was lower. The link between 
increased proline content and phenol synthesis occurred both under normal hydration 
conditions (for E2 event) and in the presence of water stress (for both transgenic events), as 
well as PAL activity. Lignin contents increased in all genotypes in response to stress. Thus, the 
results lead us to suggest the existence of distinct responses between exogenous application 
of proline reported in the literature (linkage between proline, pentose phosphate pathway 
and phenolic compounds) and endogenous cellular proline metabolism. In this work, it was 
not possible to confirm this association as the activity of the G6PDH enzyme was lower in the 
transgenic plants in the two water conditions. It is proposed that other metabolic pathways, 
such as glycolysis and the Calvin cycle, may provide the precursors of phenolic compounds in 
the plants with high endogenous proline. 
Keywords: Shikimic acid pathway, abiotic stress, pentose phosphate pathway 
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B19 - Analysis of anthraquinone derivatives in rhizomes of in vitro raised 
Rheum emodi Wall. plants 
 

Malik S 

Health Sciences Graduate Program, Biological and Health Sciences Center, Federal University of Maranhão, São 
Luís, MA, Brazil. 777soniamalik@gmail.com 
 

Rheum emodi (Polygonaceae) is known as a source of anthraquinone derivatives, which 
exhibit antifungal, anti-microbial, cytotoxic and antioxidant activities. These compounds are 
also used as dye in textile and food industries. Shoot buds were cultured on Murashige and 

Skoog medium supplemented with 6-benzylaminopurine (10.0 M) and indole-3-butyric acid 

(5.0 M). Different media status viz., agar gelled, liquid static and liquid shake culture medium 
were checked for optimum shoot multiplication. The status of the medium varied the shoot 
proliferation response. There was an 8.4-fold increase in shoot number in liquid shake 
cultures, followed by agar gelled (6.65-fold) and liquid static cultures (4.66-fold) as compared 
to control. Rooted plantlets were transferred to soil under greenhouse conditions. HPLC 
analysis of rhizomes of in vitro raised plants revealed the presence of five anthraquinone 
derivatives: emodin glycoside, chrysophanol glycoside, emodin, chrysophanol and physcion. 
Only emodin glycoside and chrysophanol glycoside were present in 6-month-old hardened in 
vitro raised plants. In 9 and 12 months old rhizomes, all the five anthraquinone derivatives 
were detected, but the amounts of emodin glycoside and chrysophanol glycoside were lower 
than in the 6-month-old sample. The present study depicts that in vitro raised plants can be 
used for the extraction of these anthraquinone derivatives as required. 
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B20 - Does nitric oxide influence fructan metabolism in Lolium perenne 
L.? 
 

Rigui AP¹,², Morvan-Bertrand A³, Prud’Homme MP³, Carvalho MAM², Gaspar M² 
¹PhD Student – Pós Graduação em Biodiversidade Vegetal e Meio Ambiente, Instituto de Botânica (Secretaria de 
Meio Ambiente de São Paulo); ²Instituto de Botânica, São Paulo, Brasil. gasparmarilia@gmail.com; ³UMR INRA-
UCBN 950 Ecophysiologie Végétale, Agronomie & Nutritions, Université de Caen, Basse-Normandie, França 
 

Nitric oxide (NO), one of the reactive nitrogen species, is a signaling molecule directly involved 
in plant development as well as in responses to biotic and abiotic stresses. These conditions 
promote an oxidative stress, which can be counteracted by low concentrations of exogenous 
NO, due to the increase in the activity of antioxidant enzymes through S-nitrosylation. 
Fructans are reserve carbohydrates with an important role in tolerance to cold and drought 
through the mobilization of high DP fructans into oligossaccharides that act as osmoregulators 
and membrane protectors. Considering the role of fructans in tolerance to different 
environmental stresses and the NO capacity to modulate the activity of many enzymes related 
to stress conditions, this work aimed to verify if exogenous NO treatment can promote 
changes in fructan metabolism. Lolium perenne seeds were germinated and grown in 
hydroponics for 7 days; plants were then sprinkled (one-day interval) with water and reduced 
glutathione 100 µM (GSH) (as controls), and S-nitrosoglutathione (GSNO) 50 and 100 µM 
during 15 days. Plants were harvested to analyze growth parameters, chlorophyll and 
carbohydrate content and activity of fructan enzymes. Growth and chlorophyll content were 
not affected by the treatments. GSNO treatments resulted in an increase of glucose, fructose 
and total fructan content, when compared to GSH control, which is compatible with an 
increased activity of fructan synthesis in leaf sheaths. Hydrolysis activity tended to decrease 
with NO, especially in leaf blades and leaf sheaths. Our results show that NO could modulate 
the activities of fructan enzymes, suggesting that under stress conditions, fructan metabolism 
could be regulated by the increased NO formation. Further stress imposition studies must be 
performed to confirm this hypothesis. 
Keywords: Carbohydrates, enzyme regulation, reactive nitrogen species, S-nitrosoglutathione 
Acknowledgments: CAPES and CNPq 
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C01 - Hydraulic redistribution in citrus rootstocks under drought 
 

Miranda MT¹, Silva SF¹, Machado EC², Ribeiro RV¹ 
¹Dept. Plant Biology, Institute of Biology, University of Campinas, Campinas SP, Brazil 
mahtrevenzoli@gmail.com; ²Lab. Plant Physiology ´Coaracy M. Franco´, Centre R&D in Ecophysiology and 
Biophysics, Agronomic Institute, Campinas SP, Brazil 
 

In hydraulic redistribution water can be transported from a wet to a dry portion of root with 
the dry portion acting as a water sink when plants are under water deficit. We hypothesized 
that citrus species have the ability to redistribute water under water deficit. Valencia sweet 
orange was grafted on Rangpur lime and Swingle citrumelo rootstocks and subjected to 
partial water withholding, with only one portion of root system being watered. Sap flow, leaf 
water potential and soil moisture were monitored for 40 days. Each root system was 
composed by both rootstocks (isolated from each other). Sap flow sensors were installed on 
both rootstocks. Water was supplied to both rootstocks for five days and then water was 
withheld in Rangpur lime rootstock while Swingle citrumelo remained irrigated. After 15 
days, Rangpur lime was re-irrigated for three days and then watering was stopped in Swingle 
rootstock. The data revealed a flow of water from the side irrigated to the non-irrigated side 
in both rootstocks. Nocturnal sap flow in watered rootstocks showed that water 
redistribution continues at night. With only three days of water deficit Swingle’s water 
transport reduced drastically and the reverse flow was initiated while Rangpur lime 
maintained  water transport for  approximately seven  days after  the  beginning of  water 
deficit. Although both rootstocks have the ability to redistribute water, Rangpur lime was 
able to keep water transport for a longer period than Swingle citrumelo. 
Keywords: Citrus, partial root drying, sap flow, tolerance 
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C02 - Drought responses of a thermo-tolerant common bean cultivar 
 

Macedo DC, Lima GR, Neves RLB, Pimentel C 
Departamento de Fitotecnia, Instituto de Agronomia, Universidade Federal Rural do Rio de Janeiro (UFRRJ), Km 
47 BR 465, Seropédica, RJ, 23897-000, Brazil. greenman@amcham.com.br 
 

The responses of two Phaseolus vulgaris L. cultivars submitted to eight days of water deficit 
and four of rehydration were evaluated in pots in a greenhouse. During water deficit, the 
thermo-tolerant cultivar Diplomata maintained significantly higher values of leaf water 
potential (Ψw) than Ouro Negro, in the last days of stress but not during rehydration. In 
addition, chlorophyll fluorescence parameters, which were measured every day of water 
deficit and rehydration, showed some differences among the cultivars and Diplomata had 
significantly higher values of potential (Fv/Fm) and effective (фPSII) quantum yield of 
photosystem II (PSII), and electron transport rate (ETR). The two last parameters, obtained in 
light-adapted plants, were especially higher for measurements at midday, when Diplomata 
had also significantly lower values for the non-photochemical quenching (NPQ) than Ouro 
Negro. Furthermore, the leaf starch content (LSC) and leaf soluble protein content (LSPC) were 
evaluated before, during stress and after recovery. Ouro Negro showed significantly higher 
values of LSC, only at the day before stress imposition, while Diplomata showed significantly 
higher values of LSPC before and after four days of rehydration. At maturation, Diplomata 
presented higher yield for the water stressed plants when compared to Ouro Negro. 
Therefore, the maintenance of higher Ψw during stress, associated to higher Fv/Fm, фPSII and 
ETR, in addition to lower NPQ, probably allowed the thermo-tolerant cultivar Diplomata to 
have a higher yield under drought. In addition, the parameters of photoinhibition intensity 
and recovery were a useful tool to discriminate the genotypes responses under drought. 
Keywords: Water deficit, Phaseolus vulgaris L., chlorophyll fluorescence, starch, leaf soluble 
proteins 
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C03 - Morpho-physiological traits related to drought tolerance and 
affected by citrus rootstock species 
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Citrus rootstocks are able to change plant sensitivity to water deficit and have been used for 
improving drought tolerance. The aim of this study was to compare the performance of 
three citrus rootstock species under water deficit and to identify the most drought tolerant 
one based on the morpho-physiological traits. Seedlings of Valencia sweet orange [Citrus 
sinensis (L.) Osbeck] grafted on Swingle citrumelo (Citrus paradisi Macf. x Poncirus trifoliata 
L. Raf.), Rangpur lime (Citrus limonia Osb.) or Sunki mandarin (Citrus sunki Hort. ex Tanaka) 
were planted in pots and grown inside a growth chamber. Plants were subjected to 80% 
(control) and 25% (water deficit) of the maximum water holding capacity of substrate for 33 
days. Stomatal conductance (gs), leaf water potential (Ψ), relative growth rate (RGR) of roots 

and shoots and leaf area were evaluated. Swingle citrumelo and Rangpur lime showed 
higher stomatal sensitivity under decreasing water availability. Sunki mandarin maintained 
the stomatal opening longer, but its initial gs was lower when compared to the other 

rootstocks. Despite the smaller stomatal opening, Sunki mandarin reached the lowest Ψ 

under water deficit. All rootstocks decreased biomass partitioning to shoots (leaf area) 
under water deficit as compared with well-watered plants. However, RGR of roots was 
maintained in Rangpur lime and Sunki mandarin and reduced (-43%) in Swingle citrumelo in 
relation to well-watered plants. Besides reducing excessive water loss through decreases in 
leaf area, Rangpur lime was the unique rootstock that reduced stomatal opening from the 
beginning of water withholding and maintained root growth. Thus, our results revealed that 
Rangpur lime presents the most relevant traits to induce drought tolerance to citrus trees. 
Keywords: Rangpur lime, root growth, Sunki mandarin, Swingle citrumelo, water relations 
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C04 - Physiological responses of crambe seeds to different levels of 
osmotic potential provided by PEG-6000 
 

Domiciano D1, Prudente DO1, Nery FC1, Souza LB1, Loor NE1, Chiarini TPA1, Oliveira LT1, 

Matute AFM2 
1Universidade Federal de Lavras, Departamento de Biologia, Caixa Postal 3037, CEP 37200-000 Lavras, MG. 

nancyedithloor@gmail.com; 2Plant Molecular Biology and Biotechnology, University of Liege. Liege 4000, 

Belgium 
 

Crambe (Crambe abyssinica Hochst) is an oleaginous species identified as a promising source 
to produce biodiesel. Due to its mechanized cultivation and low production costs, Crambe 
has become an interesting option for crop rotation in winter, when the climate is 
characterized by a well-defined dry season and can expose the crop to fluctuations in the 
availability between sowing and harvesting. However, water is one of the most limiting factors 
at the beginning of germination and sowing under very negative osmotic potentials may 
render the sequence of metabolic events of germination impracticable. In this study, was 
evaluated the percentage of germination and responses of antioxidant enzymes: superoxide 
dismutase (SOD), catalase (CAT) and ascorbate peroxidase (APX). Seeds were germinated 
under levels of osmotic potential at 0, -0.2 -0.4, -0.6 and -0.8 MPa provided by PEG-6000 
solution. The percentage of germination was evaluated at 4 and 7 days after sowing, where 
a decrease from 0.2MPa was observed. It was also verified that in the osmotic potential of -
0.8 MPa there was no germination until the 8th day. For the evaluation of the enzymes of 
the antioxidant system, the material was collected at 2, 4, 6 and 8 days after sowing. The 
behavior of the SOD, CAT and APX enzymes was like observed for germination, where the 
reduction of the osmotic potential negatively affected the activity from values lower than 
-0.2 MPa. Therefore, physiological parameters evaluated indicate that the critical limit of 
the osmotic potential from which the development of the crambe seed is significantly 
affected around -0.2 MPa. 
Keywords: Oleaginous, crop rotation, antioxidant system 
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C05 - Stem aquaporins are differentially expressed in two Eucalyptus 
species with contrasting responses to temperature and transpiration 
demand 
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The regulation of water column tension in the xylem is very important to avoid embolism 
formation. Embolism interrupts the water transport to the shoot, decreases plant 
productivity, and increase mortality. Plants can actively reduce the hydraulic resistance 
through the water pathway via aquaporins that facilitate the movement of water from storage 
tissues in the stems to the xylem conduits. Here, we used transcriptomic and proteomic 
approaches to evaluate whether Eucalyptus globulus and Eucalyptus grandis have different 
aquaporin expression in the stems when submitted to 10-12 °C and 33-35 °C and consequent 
high transpiration at higher temperatures. The first species is well adapted to cold climate 
with low transpiration demand. The plants were watered well. Seven aquaporin genes were 
up-regulated in E. globulus (PIP1;2, PIP2;7, PIP1;4, PIP2;1, TIP1;3a, TIP1;3b, and TIP2;1) and 
three were down-regulated (PIP2;5, PIP2;2, and PIP2;6). These are indeed expressed in low 
temperature conditions according to the literature. Seven proteins identified here matched 
the transcriptome study. Any aquaporin was differentially expressed in Eucalyptus grandis — 
a species that is well adapted to hot climates. Non-extreme temperatures were used, and the 
plants were kept well-watered. Thus, we show that the differential expression might be more 
related with xylem tension generated by transpiration demand. Thus, our results suggest that 
aquaporins are involved in the radial transport of water in the stem of E. globulus. The 
aquaporin genes summarized here are potential candidates for further functional studies 
aiming to detail their contribution to eliminate embolisms. 
Keywords: Capacitance, radial hydraulic conductance, embolism cavitation, hydraulics 
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C06 - Quantification of efficiency photosynthetic in yellow melon 
(Cucumis melo L.) grown under different irrigation depths in the San 
Francisco Valley 
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The objective of this work was to evaluate the efficiency of biochemical agents involved in the 
photosynthetic activity of the yellow melon cultivated under different irrigation depths, in the 
Sub-Mid São Francisco River Valley. The experiment was conducted in the experimental field 
of the Brazilian Agricultural Research Company (EMBRAPA), located of the Irrigated Perimeter 
of Bebedouro, Petrolina, State of Pernambuco (PE), Brazil. The treatments were arranged in 
subdivided plots, the plots consisted of four irrigation depths: 60, 80, 100 and 120% of crop 
evapotranspiration (ETc), the subplots the two crop cycles. The following parameters were 
evaluated: intrinsic water use efficiency [A/gs - μmol CO2 (mol H2O)-1], instantaneous water 
use efficiency [A/E - μmol CO2 (mmol H2O)-1] and efficiency of the carboxylation (A/Ci - [(μmol 
m-2 s-1) / (μmol mol-1)]). In that the highest A/gs was found in the lowest irrigation depth (60% 
of ETc), this result probably occurred due to the reduction of transpiration and a lower 
stomatal conductance, promoting a lower loss of water by the leaves of the melon. However, 
the highest value of A/Ci was observed in the leaf (120% of ETc), probably due to the increase 
in stomatal conductance, occurred the increase of the availability of water, due to raising the 
level of the irrigation should have promoted a greater efficiency of carboxylation, to the 
detriment of a greater ease of obtaining CO2 for the effectiveness of the photosynthetic 
activity. As for the analysis for the cycles, it was verified that the highest average values of 
A/gs were found in the first cycle, differing from A/E and A/Ci values that were higher in the 
second cycle. 
Keywords: Carboxylation, transpiration, stomatal conductance, carboxilation efficiency 
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C07 - On the consequences of simultaneous changes in water supply and 
crop load in table grapes 
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The objective of this study was to evaluate the interactive effects of water supply and crop 
load on changes in yield, fruit quality and the physiology of ‘Thompson Seedless' grapes (Vitis 
vinifera). A factorial experiment was set in a commercial vineyard, located ca. 40 km towards 
the north of Santiago, Chile. Treatments were imposed at the beginning of veràison, with 
three levels of drip irrigation (100, 60 and 20% of reference evapotranspiration, ET0) and three 
levels of crop load (full commercial crop load, half of the crop and no crop load). The results 
indicate that the treatment of 20% ET0 exhibited statistically lighter clusters and lower total 
yield than the treatments of 60% and 100% of ET0. Fruit quality attributes were not affected 
by the irrigation treatments, but they were modified by the crop load level; full crop load was 
associated with lower sugar content and smaller berry size. In general, no interaction was 
found between water supply and crop load. Also crop load but not water supply had a 
significant effect on midday stem water potential. In this study, the previously reported 
anisohydric behavior of ‘Thompson Seedless’ was observed only under the combination of the 
most severe water deficit and full crop load. The data suggest that the magnitude of midday 
water potential could be the result of both, stomatal control of water loss and cell wall 
elasticity of leaves. 
Keywords: Crop load, irrigation, grape quality, yield, grape physiology 
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C08 - Water deficit intensity modulates the aquaporins expression in 
leaves during rehydration of Sorghum bicolor 
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Drought is expected to increase in the coming years in agricultural regions. Physiological 
recovery after plant water deficit is still not well understood, and we tested whether 
aquaporins are associated with this recovery in Sorghum bicolor L. Moech. We hypothesed 
that aquaporins regulate the leaf water recovery and resumption of stomatal conductance, 
and this regulation occurs differently between different intensities of water stress. During 20 
days, potted plants were maintained under different soil water availability: soil field capacity 
(control), severe water deficit – SWD (30% soil field capacity) and a third group of plants that 
were subjected to a progressive severe water deficit – PSWD (until severe wilt symptoms 
appeared). Soil and predawn leaf water potentials, chlorophyll fluorescence, gas exchange 
and aquaporin (PIP1;2, PIP2;5 and TIP1;1) expression were evaluated on the day of maximum 
water deficit and at1, 2, 3, 6 and 12 days after rehydration. Aquaporins immediate response 
to rehydration occurred only in plants subjected to progressive water deficit rather than when 
water deficit was imposed and maintained (SWD). Furthermore, we suggest that these 
aquaporins may contribute to maintaining low hydraulic conductivity, stomatal conductance, 
and thus, ANet values, because the recovery of these physiological variables occurred 
concurrently with the recovery of aquaporin expression. 
Keywords: Water stress, PIPs, TIPs, relative gene expression 
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C09 - Silicon fertilization in sugarcane cultivars grown under water 
deficit during winter season 
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Water deficit is one of main problems to increase sugarcane yield, especially in soils with low 
water-holding capacity. Sugarcane planting occurs nearly year-round in the South Central 
region, which is the major producer area in Brazil, drought periods can coincides with the 
critical phase of sugarcane growth. Silicon (Si) fertilization has been shown positive effects 
against water deficit effects in other gramineous plants, and it could be useful for sugarcane 
since it is regarded a Si-accumulating plant. The objective was to evaluate the effects of Si and 
water deficit during winter season on physiological aspects and biomass of sugarcane cultivars 
with different drought tolerance. An experiment was conducted in pots (20 L) under 
greenhouse conditions during January-July, 2015. It was used a completely randomized 
factorial design with two silicon rates (0, and 600 kg ha-1 Si; Si- and Si+), without and with 
water deficit (100% and 55% of soil field capacity), and four sugarcane cultivars: drought 
tolerant (RB86-7515, SP83-2847) and drought sensitive (RB85-5453, RB85-5536). Silicate was 
used in +Si treatment and lime and MgCl2 were used in –Si treatment. Plants 5 months-old 
were submitted to drought during July, 2015 for 28 days. Si fertilization increased relative 
water content (RWC), water potential (Ψw), biomass dry weight (DW), Si uptake, and decrease 
electrolyte leakage (EL) while water deficit decrease all of them, except EL and its uptake. 
Superior values of RWC and DW were found for both drought tolerant cultivars, and Ψw for 
RB85-5536 while lower LE values were found for RB85-5453 and SP83-2847. RB85-5536 
showed inferior Si uptake compared to other cultivars, which did not show differences each 
other. Si fertilization is a potential alternative to reduce damages effects of water deficit in 
sugarcane. 
Keywords: Nutrition, drought, silicate, water 
Acknowledgments: FAPESP (2013-04144-7) 
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D01 - Transport specificity and expression of the amino acid transporter 
AAP1 in rice plants 
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Departamento de Solos 
 

During reproductive phase of the plant life cycle nitrogen is remobilized from leaves as 
amino acids, which are loaded into the phloem for long distance transport to grains. Amino 
acid transport proteins are involved in amino acid remobilization and exhibit different 
affinities for substrates. The goal of this study was to verify the pattern of expression and 
substrate specificity of rice amino acid transporter OsAAP1. For expression analyses was 
implemented an experiment in greenhouse. Plants of Piauí variety were grown in pots of 10 

L capacity and received urea to 60 kg N ha-1 in the first ten days after planting (DAP). Four 
harvests were performed: at "booting" period, at anthesis, 7 DAA (days after anthesis) and 
10 DAA. The results of gene expression analyses by Real-Time PCR in plants were compared 
to data of platforms from microarray experiments, GENEVESTIGATOR 
(https://www.genevestigator.com/) and RiceXpro (http://ricexpro.dna.affrc.go.jp/). OsAAP1 
complementation experiments were performed with strains of mutants yeast 22Δ8AA, 
22Δ6AAL and JA248 harboring the coding sequence of OsAAP1 gene to determine the 
substrate specificity. Complementation tests with yeast strain 22Δ8AA were performed on 
nitrogen-free medium supplemented with different concentration of L-proline, L-citrulline, L- 
aspartate or L-glutamate as the sole source of N. Complementation tests with JA248 yeast 
strain were developed in N-free medium supplemented with different concentrations of L- 
glutamine as the only N source. Complementation tests with 22Δ6AAL yeast strains were 
developed in N-free medium supplemented different concentrations of L-lysine as the sole 
source of N. The results show OsAAP1 expression in seeds, mainly in the grain filling stage. 
Furthermore, OsAAP1 is able of carrying wide spectrum of amino acid, indicating a role in 
the transport of organic form of N in rice plants. 
Keywords: Source-sink transport, nitrogen r emobilization efficiency, complementation tests, 
Real-Time PCR 
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D02 - Overexpression of a low-affinity nitrate transporter OSNPF4.11 
affects rice growth under low nitrate supply 
 

Bucher CA1, Arruda LN2, Souza AF2, Bucher CPC2, Fernandes MS2, Souza SR3
 

1Universidade Federal Rural do Rio de Janeiro-UFRRJ, Departamento de Fitotecnia, Seropédica-RJ, Brasil. 

bucher@ufrrj.br; 2UFRRJ, Departamento de Solos; 3UFRRJ, Departamento de Química 
 

Nitrogen is the nutrient of greater metabolic demand and one of the most limiting nutrients 
in agricultural soils.  Several studies had been carried out in order to identify genes involved 
in N uptake and utilization. In previous studies using landrace rice varieties adapted to low 
fertility soils we reported the increased expression of OsNPF4.11 nitrate transporter gene in 
rice seedlings under low nitrate supply. To verify the function of this transporter (OsNPF4.11) 
in nitrate utilization and plant growth, three overexpressing lines and wide type nipponbare 

seedlings were grow in nutrient solution containing 0.2mM of N-NO3
-.The overexpressing lines 

was generated utilizing the Rcc3 root specific promoter to drive OsNPF4.11 expression. 
Overexpressing lines showed more than 20 folds OsNPF4.11 expression compared to wide 
type plants. Interesting, overexpression of OsNPF4.11, a low affinity nitrate transporter, 
resulted in a significant decrease on shoot and root dry weight in plant grow under low nitrate 
supply. In addition, the organ specific OsNPF4.11 overexpression results in high root nitrate 
content. However, under low availability, nitrate uptake occurs mainly through high affinity 
system (HATS) composed by NRT2 transporters. These results indicate that OsNPF4.11 is 

involved on internal nitrate transport, affecting plant growth under low N-NO-. 
Keywords: Oryza sativa, nitrogen transport, nitrogen use efficiency 
Acknowledgments: CAPES, CNPq and FAPERJ 
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D03 - Foliar phosphorus applications in the forms of phosphate and 
phosphite have contrasting effects on wheat productivity  
 

Zambrosi FCB 
Centro de Solos e Recursos Ambientais, Instituto Agronômico (IAC), Campinas-SP, Brazil. 
zambrosi@iac.sp.gov.br 
 

A continuous development of management practices to improve phosphorus (P) use efficiency 
remains a major challenge for a sustainable agricultural production in low-P soils. In this 
scenario, more targeted application, such as foliar spray, of P fertilizers to meet the current 
plant P demand has been considered as an alternative complementary strategy to supply the 
nutrient. Since phosphite (Phi) cannot replace phosphate (Pi) as source of P for plants, and 
grain crops might experience P deficiency after anthesis, this study hypothesized that Phi and 
Pi sprays during the reproductive period would have contrasting effects on wheat 
productivity. A field experiment was carried out to study the effect of foliar application of 
either Phi or Pi at anthesis and maximum grain filling on wheat (Triticum aestivum) grain yield, 
P uptake and remobilization of dry matter (DM) and P to the grains. The treatments consisted 
of a factorial combination of P sources applied at three rates (1.0, 2.0 and 4.0 kg ha-1 P in the 
form of Phi or Pi), plus a control without P. Foliar P application influenced wheat grain yield 
and post-anthesis shoot DM production in a source-dependent manner, with Phi and Pi 
linearly decreasing and increasing these parameters, respectively. Foliar Pi application 
increased post-flowering shoot P uptake, but Phi usage produced the opposite result. 
However, internal P efficiency did not vary across treatments, revealing that P acquisition 
rather than its conversion into biomass governed yield responses. Moreover, DM 
remobilization and contribution to grain yield were linearly increased and decreased, 
respectively, following Phi and Pi spray, suggesting alterations in the plant’s capacity to sustain 
carbon assimilation after the onset of the treatments. The results of the present research 
provide evidence that foliar application of Phi decreases wheat grain yield by compromising 
post-anthesis shoot DM production and P uptake rather than alterations in the remobilization 
of P and DM during grain filling. It is concluded that while foliar Pi application during 
reproductive growth could be a suitable option to improve wheat grain yield, Phi usage might 
be detrimental for crop productivity and not recommended for growers. 
Keywords: Nutritional stress, phosphorus efficiency, nutrient remobilization, remobilization 
efficiency, Triticum aestivum 
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D04 - Foliar manganese application improves photosynthesis and 
growth of sugarcane plants infected with orange rust 
 

Mesquita GL1, Tanaka FAO1, Zambrosi FCB2, Habermann G3, Massola N1, Menino G1, 
Ferreira V1  
1ESALQ/USP – Departamento de Fitopatologia; 2IAC – Centro de Solos e Recursos Ambientais; 3Unesp 
Departamento de Botânica 
 

Orange rust (Puccinia kuehnii) is a widespread disease compromising the sustainability of 
sugarcane production. Accordingly, there is an urgent need to develop alternative 
management strategies to reduce the severity of this disease in sugarcane in the field. This 
might involve an adequate manganese (Mn) nutritional status of the plants, since Mn is 
involved in the biosynthesis of lignin and suberin in leaves and photochemical reactions of 
photosynthesis. Here we checked whether Mn supply via foliar spray decreases the severity 
of orange rust and enhances photosynthesis and growth of sugarcane. The experiment was 
conducted in a greenhouse, using the RB72454 variety, which is sensitive to orange rust. Mn 
dosages were 5 g L-1, 10 g L-1 and control (0 g L-1) applied five days before fungus inoculation 
(104 spores per ml sprayed on the leaves). After inoculation, the plants were maintained in a 

chamber at 22C for 48 hours. After 120 days of planting, leaf gas exchange was measured (Li-
6400xt, LI-COR, USA) and disease severity estimated. The highest Mn dosage reduced plant 
dry matter by 13% in healthy plants, but in diseased plants the increase of Mn promoted a 
40% higher growth, and decreased the orange rust incidence. Either in healthy or diseased 
plants, the increase of leaf Mn concentrations enhanced CO2 assimilation rates. In conclusion, 
foliar Mn spray seems to be an alternative strategy to improve sugarcane tolerance to orange 
rust accompanied by increased photosynthetic rates and plant growth. 
Keyword: Mn2+, disease, leaf gas exchange, photosynthesis 
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D05 - Impact of phosphorus availability in soil on the composition of 

tubers of potato cultivars 
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Differences in potato crop between genotypes for shoot growth rate and dry matter 
production are attributed to differences in phosphorus uptake efficiency and in the use 
efficiency of phosphorus absorbed. Potatoes are among most widely cultivated crops in the 
world, and thus it is extremely important to understand the impact of growing conditions on 
qualitative parameters of potatoes in terms of the importance of phosphorus in potato plant 
metabolism. Therefore, the objective of this study involved investigating the impact of 
phosphorus availability in soil on the composition of tubers of potato cultivars. The study 

involved three experiments that were conducted under field conditions in commercial potato 

production areas, in soils with different P availabilities: low (14 mg dm-3), medium (36 mg dm-

3) and high (70 mg dm-3). Potatoes were grown by following traditional potato cultural 
practices. The potato cultivars used in all the experiments included Ágata, Asterix, Atlantic, 
Markies, and Mondial. Washed and peeled potato tubers were comminuted, and the 
following indices were determined with respect to the potato pulp: moisture, ash, total 
protein, total lipids, total sugar, fibers, starch and phosphorus. The results of the present study 
indicated that the main potato cultivars planted in Brazil differ in terms of nutritional 
composition. The P availability in the soil plays an important role in the composition of 
potato tubers. Soils with higher phosphorus concentrations allow the production of tubers 
with higher dry matter content, lower total sugar content, and increased percentages of 
starch and protein, which constitute important parameters influencing the nutritional and 
industrial qualities of potatoes. The cultivar Ágata exhibited distinct behavior that differed 
from those of other cultivars, indicating differences in the absorption system and use of 
available phosphorus in the soil. 
Keywords: Solanum tuberosum, nutrients, dry matter 
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D06 - Estimating nitrogen concentration in sugarcane leaves through 
chlorophyll readings 
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This work aimed to estimate leaf nitrogen concentration (LNC) in sugarcane through indirect 
readings of chlorophylls (chl) a, b, a+b and a:b. Potted sugarcane plants cv. IACSP95-5000 
were grown under greenhouse conditions for 60 days and fertilized with five nitrogen doses 
(0 to 1000 mg kg-1 soil). Fifty leaf samples were evaluated with chlorophyll-meter (CFL1030 
model, Falker, Brazil) and their nitrogen concentration determined. Then, correlations 
between chlorophyll readings and LNC were established, considering chl a, b, a+b and a:b. 
Significant correlations were observed between chl a (y=1.932e-x/16.916+1.279, r2=0.82, 
p<0.001), chl b (y=1.488+2.133x-0.049x2, r2=0.80, p<0.001), chl a+b (y=37.257-
6.696x+0.331x2, r2=0.80, p<0.001) and chl a:b (y=37.257-6.696+0.331x2, r2=0.67, p<0.001) 
and LNC. These equations were used to estimate LNC in another dataset composed by 49 
samples, and estimated and measured LNC values were finally compared. Significant 
correlations were found between measured and estimated LNC, regardless equations used. 
However, the best LNC estimates were obtained when using chl b readings (y=0.991x, r2=0.98, 
p<0.001). 
Keywords: Chlorophyll, chlorophyll meter, nitrogen, sugarcane 
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D07 - Excessive nitrogen fertilization reduces root growth without 
affecting sugarcane photosynthesis 
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The main objective of this study was to estimate the soil-applied nitrogen (N) supplying for 
maximum growth and photosynthesis of sugarcane. We tested the hypothesis that N 
fertilization would improve photosynthesis and growth until an optimum N fertilization, 
after which this nutrient would be detrimental for sugarcane growth. Pre-sprouted sugarcane 
seedlings of the variety IACSP95-5000 were grown in 10 L pots for 60 days under greenhouse 

conditions. Four doses of N [125, 250, 500 and 1000 mg N (kg soil)-1] were applied as urea, 
plus a non-fertilized control. After 60 days, leaf CO2 assimilation (Pn) and N concentration in 

leaves, stem and roots were evaluated as well as their dry matter. The amount of N allocated 
to each plant organ increased with increasing N supply, with N concentration being higher 
in shoots than in roots. The highest total biomass accumulation was found at 250 mg N (kg 

soil)-1 and doses higher this threshold increased shoot:root ratio as root dry matter was 

reduced. A positive correlation between Pn and leaf N (r2=0.968, p<0.001) was found and, 
then, the inhibitory effect of excessive N supply on root growth of sugarcane plants was not 
explained by impairment in leaf photosynthesis. 
Keywords: Saccharum spp., biomass, nitrogen fertilization, photosynthesis 
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D08 - Phosphorus-zinc homeostasis in cotton: leaf gas exchange, 
biomass partitioning and nutrient use efficiency in photosynthesis 
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Despite being discussed in the literature, the phosphorus (P) × zinc (Zn) interaction still 
presents controversial information and how this interaction may affected nutrient use 
efficiency in photosynthesis and plant growth are poorly understood. The objective with this 
study was thus to evaluate the effect of the P × Zn interaction on nutrient accumulation and 
partitioning in the plant tissue; net photosynthetic rate; and growth. Plants were grown in a 
greenhouse inside pots with nutrient solution containing P and Zn rates. Root growth 
appraised at low P and Zn supply showed similar root development to that of plants under 
high P and Zn rates. The nutritional imbalance resulted in an alteration of net photosynthetic 
rate and consequent alterations in biomass partition and nutrient accumulation. The net 
photosynthetic rate increased as P and Zn concentrations in the solution were increased ― 
indicating synergism ―, as a result of the higher stomatal conductance, transpiration rate, and 
instantaneous carboxylation efficiency. The higher P and Zn accumulation shoots, stemming 
from the P and Zn supplies, benefit the net photosynthetic rate, leading to a larger biomass 
yield. Although the P and Zn rates reduced the P and Zn use efficiencies in CO2 assimilation 
(PUEP and ZnUEP), respectively, higher concentrations of P in the solution provided an 
increase in ZnUEP, whereas increased Zn levels in the solution led to a higher PUEP by plants. 
Phosphorus supply has a greater impact on plant growth and biomass yield; however, effects 
are more relevant with increased Zinc uptake. These results indicate that greater growth of 
the cotton plant is only achieved with a higher combined supply of P and Zn, and increased 
availability of only one of these nutrients separately may lead to toxicity and low efficiency in 
CO2 assimilation. 
Key words: P-induced Zn deficiency / Gossypium hirsutum/ P toxicity / Zn toxicity / P-Zn 
interaction 
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Mature coffee trees require about 6.2 kg of nitrogen (N) for each 60 kg of coffee produced, 
with 3.6 kg being partitioned to vegetative structures and 2.6 kg to reproductive ones. 
However, there are large losses of N when urea is used as fertilizer, reducing the effectiveness 
of fertilization. The objective of this work was to study the effect of leaf N spraying as a way 
to reduce the amount of urea applied to the soil. The experiment was carried out in field-
grown trees of Catuaí Amarelo cv. IAC 62, during four crop seasons. Plants were fertilized with 
400 (reference), 350, 300 and 250 kg/ha of urea applied to soil. When soil N fertilization was 
reduced, plants were sprayed with N solution (33% N as urea polymer) equivalent to 30 kg 
N/ha, in three applications in December, January and February. With leaf N supplying, we 
were able to reduce the amount of N applied to soil without reducing the number of rosettes 
per branch, length of branches and plant height. The analysis of macro and micronutrients in 
leaves revealed no differences among treatments, with concentrations being within the range 
recommended for coffee trees. Proportion of smaller and defective coffee grains increased to 
about 0.7% when N fertilization was reduced to 300 and 250 kg/ha. Considering four crop 
seasons, coffee yield did not decrease when decreasing urea applied to soil and supplying N 
to leaves. 
Keywords: Coffea arabica L., fertilization, nutrition, urea 
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D10 - Influence of residual selenium on photosynthesis and 
physicochemical characteristics of radish 
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Selenium (Se) is an essential element for humans and animals, and considered beneficial to 
some plants. Application of Se in low concentrations can promote improvements in the 
antioxidant system, assimilation of nitrogen, and can increase the vegetal biomass. However, 
there are few studies reporting photosynthetic responses, especially considering the root 
vegetables. In this context, we aimed to evaluate the effect of Se on radish culture, considering 
variables related to photosynthesis and the physicochemical characteristics of the roots. The 
experiment was conducted in a greenhouse using 4 dm³ pots filled with Latosol (an Oxisol, 
with medium texture and low fertility), which were used in a previous experiment with carrots. 
For carrot cultivation, the pH correction (limestone), basic fertilization and the application of 
Se in the soil at the dose of 1 mg dm-3 were performed. About one month after the carrot 
harvest, ten seeds of radish (Raphanus sativus L.) cv. "Zapp" per pot were sown. The 
experimental design was a completely randomized (DIC) in a 2x2 factorial scheme (with and 
without Se application and two sources of Se: selenate and selenite) with five replications, 
totaling twenty plots. Thirty days after sowing, the photosynthetic variables gas exchange and 
chlorophyll fluorescence were evaluated. The roots were collected, weighed, analyzed for pH, 
titratable acidity (TA), soluble solids (°Brix) and maturation index (MI). The photosynthetic 
variables, pH and root biomass were not influenced by the residual Se. The increase of °Brix 
and MI of plants roots grown on soil with Se was observed regardless of the source. On the 
other hand, considering TA, the sources differed statistically, being the lowest values found 
for plant roots of the soil with selenate. The residual Se did not influence the photosynthesis 
and production of radish roots, but promoted changes in the physicochemical characteristics 
of these organs. 
Keywords: selenate, selenite, Raphanus sativus, chlorophyll fluorescence 
Acknowledgments: CAPES, FAPEMIG and CNPq. 
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D11 - Calcium chloride enhanced the firmness and nutritional value of 
fruits in 'Tupy' blackberry (Rubus spp)  
 

Modesto JH1, Leonel S1, Souza JMA1, Silva, MS1, Evangelista RM1, Leonel M2,  
Oliveira Júnior, MA1 
1 Universidade Estadual Paulista "Júlio de Mesquita Filho", UNESP, Faculdade de Ciências Agronômicas, 
Departamento de Horticultura, Campus de Botucatu, Botucatu-SP, Brazil. sarinel@fca.unesp.br; 2Universidade 
Estadual Paulista "Júlio de Mesquita Filho", UNESP, Centro de Raízes e Amidos Tropicais, CERAT, Botucatu-SP, 
Brazil. 

 
The benefits of applying calcium chloride in fruits include maintains the firmness for extended 
periods and improves the quality, having a significant effect on the shelf life of various fruits. 
The aim of the research was to evaluate the effects of pre-harvest application of calcium 
chloride (CaCl2), in 'Tupy' blackberry (Rubus spp).  The experiment was carried out at the São 
Manuel Experimental Farm, at the São Paulo State University, Botucatu, São Paulo, Brazil, 
during the years 2014 and 2015. The plants with 5 years old were conducted with six more 
vigorous stems in the T-tier system with two wires and 1,2 meters in height. The planting 
density was 4,166 plants ha-1. The experimental design was in randomized block in a factorial 
scheme with the concentrations of calcium chloride (0, 1,5, 3 and 4,5 %) and the numbers of 
applications (1, 2 and 3). The phonological phase adopted for the first application of calcium 
chloride was of the green fruits at the beginning of swelling and still adhered to the flower 
remains. When more than one application was performed, there was an interval of five days 
between one application and another. The levels of Ca+2 were measured in the fruits as soon 
as the harvest was carried out and the weight loss assessments were performed at 0, 1, 2, 3, 
4, 5 and 6 days after harvest. After this period, the fruits were inappropriate for consume. The 
application of pre-harvest CaCl2, at a concentration of 4,5 %, when fruits were in the 
phonological stage of fruit swelling with floral remains, promotes lower weight loss and higher 
firmness and vitamin C content in blackberries ‘Tupy’. The calcium content in fruits increases 
until at 2,2% of  the calcium chloride concentration and just one application, thus improving 
the nutritional value of the fruits.  
Keywords: fruits texture; weight loss, Ca+2; mineral nutrition. 
Acknowledgments: CNPq. 
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E01 - Maize productivity can be improved by reducing plant spacing with 
no reductions in photosynthesis and gas exchange 
 

Nascimento LO1, Martins MO2, Ferreira JB3
 

1Universidade Federal do Acre, Mestrado em Ciência, Inovação e Tecnologia para a Amazônia – CITA, Centro de 
Ciências Biológicas e da Natureza, Rio Branco-AC, Brazil; 2Universidade Federal do Acre, Centro de Ciências 
Biológicas e da Natureza, Rio Branco-AC, Brazil. marcio.martins@ufac.br; 3Universidade Federal do Acre, Centro 
de Ciências Biológicas e da Natureza, Rio Branco-AC, Brazil 
 

Improvement of maize (Zea mays L.) productivity is the main goal of many plant scientists. 
One way to achieve this is increase the plant density, but the light harvest and gas exchange 
could be impaired by the lower plant spacing. If it is possible to increase the density with no 
impairment at the production, that could mean higher productivity at the same land 
extension. Then, we tested four different plant spacings (95, 80, 60 and 40 cm) in a maize 
planting using three commercially-used hybrids (H1, H2 and H3) at an area near Rio Branco, 
Brazil. The experiment lasted five months, where were measured CO2 assimilation and gas 
exchange, water use and carboxylation efficiencies and productivity parameters. CO2 

assimilation was not altered by reduced plant spacing. On the other hand, stomatal 
conductance and leaf transpiration were reduced at the lower spacing in H2 and H3 plants 
with no changes at internal CO2 concentrations. Water use efficiency did not show differences 
among spacing but it was higher in H3 plants at 95 and 80 cm spacing, with no changes at 
efficiency carboxylation. Productivity, measured by tons of grains.ha-1, was improved in all 
hybrids over 50% at the lower spacing. Despite of lower grain weight by cob and non-altered 
100 grains weight, the higher productivity can be explained by the much higher number of 
cobs by hectare (over 100% increase). Taken all together, we can conclude that the 
reduction of the plant spacing can result in a higher productivity in maize crop and H3 plants 
showed the best results with the bigger grain and a higher water use efficiency. 
Keywords: Zea mays, production, plant density 
Acknowledgments: CAPES 
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E02 - Leaf gas exchanges in green corn plants supplied with different 
silicon availabilities 
 

Santos RC1, Souza MD1, Cruz GM1, Baron D2
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Universidade Federal de São Carlos, campus Lagoa do Sino; Professor Adjunto, Centro de Ciências da Natureza, 
CCN, Universidade Federal de São Carlos, campus Lagoa do Sino. danielbaron.agro@gmail.com 
 

The green corn (Zea mays L.) is one of the most produced crop plant in Brazil, but it is still 
necessary search alternatives that allow increase productivity in a sustainable way. In this 
context, for example, the management of the silicon (Si) supply via soil to the plants. In the 
literature it is reported that Si provides benefits in the overall plant metabolism, including 
improvements in photosynthesis. The scientific hypothesis of this study is based on the 
premise that the Si supply, via soil, to green corn plants, at vegetative phenological stage, 
will improve photosynthetic rates, in field conditions. In the present study, the Si supply, via 
soil, occurred in a randomized block design using five treatments with five replicates each, 
containing in each replicate six rows of 5.0 m length, spaced 0.5 meters between rows and 

final stand of 50.000 plants ha-1. The treatments are: 0 kg ha-1; 100 kg ha−1; 500 kg ha−1; 1000 

kg ha−1 and 2000 kg ha−1 of Si during the phenological stage 'V2', using calcium-magnesium 
silicate as the source. Leaf gas exchange evaluations were carried out by measuring the 
carbon net assimilation, intern carbon concentration, stomatal conductance, transpiration 
rate, instantaneous carboxylation efficiency and water use efficiency. The Si supply via soil 
did not influence the gas exchanges and did not increase the growth of green corn plants. 
Possibly, this result occurred because silicon supplementation is more effective in the gas 
exchange when the plants are submitted to abiotic stress conditions, which was not verified 
in this experiment. 
Keywords: Family agriculture, photosynthesis, plant nutrition, sustainability 
Acknowledgments: PIBIC-CNPq [grant n° 139870/2015-6] 
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E03 - Dissecting the main yield drivers in a double-haploid wheat 
mapping population in the UK 
 

Pennacchi JP1,2, Carmo-Silva E1, Parry MAJ1, Andralojc PJA2, Feuerhelm D3, Powers SJ4 
1Lancaster Environment Centre, Lancaster University, Lancaster-UK, jppennacchi@gmail.com; 2Department of 
Plant Sciences, Rothamsted Research, Harpenden-UK; 3Syngenta UK Limited, Fulbourn-UK; 4Department of  
Computational and Analytical Sciences, Rothamsted Research, Harpenden-UK 

 

Improving crop yields rises as a solution to ensure food security in the future scenarios of 
growing world population, changes in food consumption patterns, climate change and limited 
use of resources to agriculture. Defining traits that can be reliable cornerstones to yield 
improvement and understanding their interaction and influence to yield formation is an 
important part of the success of breeding programs for high yield. Traits that can drive yield 
increases, such as light interception and use efficiency, and carbon assimilation and allocation, 
were intensively phenotyped in a double-haploid wheat mapping population for two 
consecutive seasons in the UK. Traits were analyzed for their correlation to yield, variability 
and broad-sense heritability. Two modeling approaches were used to predict grain yield based 
on mixed linear models and in the yield theoretical definition. Canopy cover and reflectance, 
biomass production and allocation to stems and leaves and flag leaf photosynthesis at pre and 
post-anthesis in different light levels were correlated to plant productivity and contributed to 
explain different strategies of wheat lines to reach higher grain yields. The contrasting 
strategies and the correlations between grain yield and multiple traits over the season 
reinforced the complexity of grain yield and the need of an integrated analysis to understand 
and improve wheat grain yield. The modelling approaches presented different fitting to the 
measured grain yield. 
Keywords: Triticum aestivum, crop improvement, physiological breeding, modelling, food 
security 
Acknowledgments: CNPq, 20:20 Wheat Project, BBSRC and Syngenta 
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E04 - Ethylene modulates sugarcane ripening through transcriptional 
activation of hormone crosstalk 
 

Cunha CP1, Roberto GG2, Vicentini R1, Lembke CG3, Souza GM3, Santos CM4, Silva MA5, 
Ribeiro RV6, Machado EC2, Lagôa AMMA2, Menossi M1 
1Departamento de Genética, Evolução e Bioagentes, Instituto de Biologia, UNICAMP, Campinas, Brazil; 2Centro 
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Instituto de Química, USP, São Paulo, Brazil; 4Departamento de Fitotecnia, Centro de Ciências Agrárias, UFAL, 

Maceió, Brazil; 5Faculdade de Ciências Agronômicas, UNESP, Botucatu, Brazil; 6Departamento de Biologia 

Vegetal, Instituto de Biologia, UNICAMP, Campinas, Brazil 
 

The hormone ethylene affects important traits in sugarcane, including maturation and 
flowering, as well as drought tolerance and endophytic colonization. However, the molecular 
basis of ethylene action in this bioenergy crop remained unknown. A comprehensive 
evaluation of the ethylene response at the onset of sugarcane ripening was performed, 
combining sucrose metabolism parameters, transcriptome analysis and hormone profiling, 
on greenhouse-grown plants (IACSP95-5000) sprayed with an ethylene regulator (ethephon), 
an inhibitor (AVG) or a mock treatment (control). Chemicals differentially modulated sucrose 
content and activity of sucrose synthase in internodes when compared to mock-inoculated 
plants. Changes in hormone levels and the significant induction of genes involved in hormone 
metabolism and other related categories (18%) imply that ethylene operates in concert with 
other hormones. Interestingly, leaf and internode responses were distinct. Ethylene elicited 
a defense response in leaves through salicylic acid, which may suppress the ethylene pathway 
itself. On the other hand, internode showed a strong induction of key elements of the 
ethylene and the abscisic acid biosynthesis and signaling pathways, which act as putative 
ripening factors. Gibberellin and auxin levels seem to be negatively controlled by hormone 
conjugation and degradation, contributing to internode elongation inhibition. We discuss 
our results in the light of new transcriptome findings from a similar experiment conducted in 
a commercial sugarcane field. We identified target genes, defined the hormonal status and 
devised a molecular model of action of the hormone ethylene in the site of sucrose 
accumulation. 
Keywords: Gene expression, growth regulator, ethylene antagonist, sucrose-metabolizing 
enzymes, hormone quantification 
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E05 - Physiological responses in rice associated with temperature and 
herbicide stress 
 

Rosa M¹, Rosa T², Medeiros D², Moraes I¹, Ávila G¹, Scherner A³, Deuner S¹, Avila L³ 
¹Federal University of Pelotas, UFPel. Department of Botanic; mauromeskor@gmail.com; ²Federal University of 
Pelotas, UFPel. Department of Plant Science; ³Federal University of Pelotas, UFPel. Department of Crop Science 
 

The environmental conditions in which rice plants grow affect plants development and have 
a major influence on herbicide selectivity. The objective of the study was to evaluate and 
characterize the physiological parameters of oxidative stress in rice plants as a functions of 
two temperatures (25 °C and 17 °C), eight seed treatments (thiamethoxam, dietholate, 
fipronil, gibberellic acid, carboxin + thiram, dietholate + fipronil + carboxin + thiram and a 
control without seed treatment) and two herbicides (profoxidim, bispyribac-sodium and a 
control treatment without herbicide application). The study was conducted in growth 
chambers where seeds were sown in polyethylene pots containing 700 grams of soil. The 
herbicide treatments were applied 28 days after emergence. Leaf samples were collected 
five days after herbicide application to evaluate the chlorophyll and carotenoids content, 
catalase activity, ascorbate peroxidase and superoxide dismutase activity, lipid peroxidation 
and hydrogen peroxide levels. Seed treatment did not affect the parameters evaluated. 
Herbicide treatments were the major factor driven the results, where applications of 
profoxidim and bispyribac-sodium at 25 °C induced oxidative stress. However, the activation 
of superoxide dismutase indicates that plants also activated their defense mechanism. At 
17 °C, the application of herbicide treatments induced lower oxidative damage than at 25 °C, 
which can be explained by the low metabolic activity of plants at the lower temperature. 
Therefore, this study suggests that oxidative stress and changes in the activity of antioxidant 
enzymes in rice can occur as a result of temperature and herbicide application. 
Keywords: Oryza sativa, oxidative stress, selectivity, metabolic activity 
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E06 - Nano titanium dioxide performance on barley yield 
 

Paffaro LF, Dias CTS, Castro PRC 

Universidade de São Paulo, Campus “Escola Superior de Agricultura Luiz de Queiroz”, ESALQ-USP, Piracicaba- 
SP, Brazil. prccastro@usp.br 
 

Cereals like barley are important food sources in the world. Plant stimulants can achieve 
higher rates of crop as it has been verified previously. Some substances can promote positive 
effects on barley yield. It has been checked that the use of smaller molecules can contribute 
more significantly to the performance of these substances compared to the original molecular 
size. In order to study the effects of a nano molecule in productivity parameters, a fixed dose 
of a commercial product 0.05 % nano TiO2 (nano titanium dioxide) through foliar spray was 

carried out three times in barley. Our results showed that a correlation between the decrease 
of the biomass and increase of the harvest index could be observed. This occurred because in 
spite of the plant height increase, the plants did not accumulate more biomass due to a 
leaf area reduction, which contributed to a higher harvest index compared to the control 
treatment. However, this leaf area reduction did not affect the chlorophyll synthesis. In 
contrary, a higher chlorophyll index compared to the control was observed, which could 
contribute to higher grain production. The application of nano TiO2 increased the plant 
height, the indexes of the SPAD chlorophyll and 11% of the harvest one. 
Keywords: Plant stimulant, Hordeum vulgare, harvest index, chlorophyll index, TiO2 
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E07 - Morpho-physiological evaluation of two traditional rice varieties 
of the wetland region of Mato Grosso cultivated under different 
fertilization levels 
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In Brazil, the germoplasm bank of several agronomic species is limited. This make the 
identification of new non-commercial genetic materials always greatly accepted. These 
varieties usually are produced in isolated communities and maintained by cultural heritage. 
The Community of São Pedro de Joselândia, Barão de Melgaço, Mato Grosso, have maintained 
several autochthonous materials. Part of these materials consist of two traditional varieties of 
rice that showed medium protein content in previous studies, making them interesting from 
the food security point of view. The objective was to evaluate the growth, physiological 
performance and efficiency in nutrient use of these rice varieties, grown under different 
nutritional levels. There was establihed a factorial design experiment having two factors, the 
varieties and four levels of fertilization. The traditional varieties used were Branquinho and 
Agulhinha Vermelho. The levels of fertilizations were no fertilization, low fertilization (100 kg 
ha-1 N, 120 kg ha-1 P2O5 and 80 kg ha-1 K2O), medium fertilization (two times the low 
fertilization dose), and high fertilization (three times the low fertilization dose). Both 
traditional varieties were responsive to fertilization, increasing biomass production, growth, 
photosynthetic performance and nutrient uptake. There was a 23% increase of leaf 
production, up to 20 times more tillers per plant and up to 75% increase in leaf area, when 
plants were grown under low fertilization, without showing differences between the higher 
levels. Increases in the dose of fertilization resulted in reduction on the nutrient use efficiency. 
The main effect of the fertilization was in the photosynthetic capacity affecting the growth of 
the plants, which was the limiting factor in the reaming characteristics evaluated, being 
nitrogen the more responsible for these results. 
Keywords: Oryza sativa L., nutrient use-efficiency, rice nutrition, traditional varieties, 
photosynthetic performance 
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E08 - Contribution of late tillers to wheat grain yield 
 

Fioreze SL, Michelon LH, Turek TL, Drun RP, Dallorsoleta JCS 
Universidade Federal de Santa Catarina, Campus de Curitibanos. Curitibanos-SC, Brazil. s.fioreze@ufsc.br 

 
This work aimed to understand if reserves accumulated in late tillers contribute to grain filling 
in wheat plants. In greenhouse conditions, two wheat cultivars (BRS Guamirim and BRS 
Parrudo) were cultivated in four ways: (i) free-tillering conditions, (ii) detillering of late tillers, 
(iii) suppression of late tillers and (iv) spike removal of late tillers. Main tillers were considered 
as the main culm and four first tillers emitted, which were identified by colored threads. To 
induce hypothetical reserve redistribution among tillers, wheat plants were submitted to 
drought stress at the pre-anthesis stage. At the harvest, yield and yield components of main 
tillers were contrasted. Latter tillers do not appear to show assimilate redistribution to main 
tillers, regardless of tillering potential. The absence of redistribution of assimilates was 
observed even under drought stress conditions. 
Keywords: Triticum aestivum, photosynthesis, source-sink 
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F01 - Estimating leaf area of Jatropha nana through non-destructive 
allometric models 
 

Pompelli MF1, Santos JNB1, Nerlekar AN2
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Jatropha nana is an endemic, threatened showing very economic potential. Notwithstanding, 
there was no allometric equation described to estimate the leaf area of this species. Thus, in 
this study, we describe a method of estimating the individual leaf area directly without the 
necessity of expensive leaf meters. Leaves of two morphotypes (i.e., monolobed and 
trilobed), encompassing all possible sizes, of J. nana were collected (n = 300), scanned and 
true leaf area were measured using Image Pro Plus software. So, for both the morphotypes, 
an allometric relationship was developed, using length (L), width (W) and LW as independent 
variable. Independently of the described equations, the coefficient of determination (R2) 

between true leaf area and leaf dimensions ranged from 0.8356 to 0.9963. After applying 

certain statistica criteria we report that the equations Ŷ = 0.6942*(LW) and Ŷ = 0.6426*(LW) 
are the best for estimating the monolobed and trilobed leaf area respectively of J. nana. These 
equations could be further simplified with the use of only one leaf dimension, thus the 
equations Ŷ = 1.2890*(W)1.8794 and Ŷ = 1.1089*(W)1.8030, for monolobed and trilobed leaves 
respectively estimate the J. nana leaf area with high precision, accuracy, random dispersion 
pattern of residuals and without any bias. Despite the low sample size for leaves, an accurate 
estimation of leaf areas was possible with the aforementioned equations. 
Keywords: Allometric models, Euphorbiaceae, leaf area, measurement, statistical model 
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F02 - Ecophysiology of native forest species of Cerrado biome 
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Campostrini E2 
¹Universidade Estadual do Maranhão, São Luís, Brazil. figueiredo.uema@gmail.com; 2Universidade Estadual 
do Norte Fluminense Darcy Ribeiro, Rio de Janeiro, Brazil 
 

The natural succession is a slow and gradual process of restoring a forest, from a pioneer 
stage to the climax. Understanding this dynamics, as well as the species that make up the 
different stages of succession, is of great importance for different areas of knowledge, for 
example, the recovery of degraded areas, where nucleation techniques involve the planting 
of pioneer, secondary and climax seedlings in a same moment. Different environmental 
factors compromise the growth of the seedlings in the field, due to the compromisation in 
their photosynthetic apparatus, for example. Among these factors are light intensity, CO2 
availability, air temperature and soil moisture. However, information about most of the 
native species and their behavior against the diurnal oscillations of environmental conditions 
are scarce. In this sense, the present work aimed to evaluate the ecophysiology of different 
native species of the cerrado biome (Pterocarpus sp., Guazuma ulmifolia Lam, Albizia 
niopoides, Bauhinia curvula Benth, Quillaja brasiliensis Mart, Astronium fraxinifolium Schott, 
Cariniana estrelllensis and Cedrella fissilis Vell). The seedlings were grown in nurseries (50% 
shade) in containers with a volume capacity of 180 cm³ for a period of 190 days. At the end 
of the cultivation period the seedlings were evaluated by gas exchange, the maximum 
quantum yield of photosystem II, the green intensity and the hydraulic conductivity of the 
root system. Pioneer and climax species presented the highest averages of net photosynthetic 
rate, a result related to a greater stomatal opening, as well as greater transpiration, and lower 
leaf temperature. The ecological group of the pioneer species presented the highest mean of 
hydraulic conductivity of the root system, however not differing from secondary and climax. 
Climax species had a lower of water use efficiency among the groups evaluated. 
Keywords: Photosynthesis, root, nursery 
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F03 - Application of reflective particles in Musa spp.: gas exchange, 
photochemical efficiency and spad index 
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The foliar application of inert particles of reflective material has been used in field condition 
for various purposes. Because these products have high prices and are not readily available 
on the market, lime, which is a readily available substance, has been used as a substitute for 
kaolin-based products. Therefore, the present work aims to generate information about the 
physiological responses of banana plants under field conditions as a function of the application 
of lime on the leaf. The experiment was established at the State University of Maranhão - 
UEMA, São Luís - MA, where spraying was performed with a suspension of processed lime at 
5% concentration of the product on the plants. Twenty banana plants were used. The IRGA, 
POCKET PEA and SPAD were used for the evaluation of the gas exchange, photochemical 
efficiency and green intensity of leaves, respectively. Measurements were taken in two 
seasons (dry and rainy), from 8:00 a.m. to 10:00 a.m. Analyzes of variance were performed, 
the means compared by the F test at the 5% probability level. A completely randomized design 
was used in the factorial scheme (2x2). There was no significant interaction between 
treatments for the photosynthetic assimilation of CO2 (A), stomatal conductance (gs), 
transpiration rate (E) and foliar temperature (T) of banana plants with and without the 
presence of lime. There was also no significant difference between treatments in terms of 
photochemical efficiency and green color intensity. Therefore, lime was not efficient to 
increase the physiological parameters under field conditions. 
Keywords: Lime, banana, plant ecophysiology 
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F04 - Identification of intermediate steps of C4 evolution in the 

Homolepis/Mesosetum clade 
 

Mendonça AMC1, Khoshravesh R2, Melo NC3, Viana PL4, Sage TL2, Sage RF2,  

Barbosa JPRAD1
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Canada; 3Instituto Federal de Educação, Ciência e Tecnologia do Pará, Belém-PA, Brazil; 4Museu Paraense Emílio 
Goeldi, Belém-PA, Brazil 
 

Anatomical and biochemical modifications occur during the C4 pathway setting in order to 
promote bundle sheath cell activation. C4 origins in grasses are clustered in groups as subtribe 
Arthropogoninae, which is considered an important candidate to identify intermediate steps 
between C3 and C4 photosynthesis. We examined structural and enzymatic characteristics of 
Homolepis/Mesosetum clade, one of the C4 origins in the subtribe, to understand steps of C4 
evolution in grasses. Plants of Homolepis glutinosa, H. isocalycia, and M. ferrugineum were 

grown with photoperiod of 14 hours and light intensity of 500 µmol.m-2.s-1. Leaf anatomy, 
ultrastructure, and GDC immunolocalization in the mesophyll (M) and bundle sheath (BS) 
cells were assessed from expanded leaves and the data were compared by ANOVA and 
Tukey’s test (P<0.05). H. glutinosa has a C3 leaf anatomy, with distance between veins of 268 
mm. The enlarged BS cells contain few organelles and lack GDC in mitochondria. A reduction 
in distance (191mm) and number of cells (8) between veins was observed in H. isocalycia. 
Organelles are evenly distributed around the BS cells periphery and GDC is present 
throughout M and BS cells. In M. ferrugineum, we observed the lowest distances (62mm), the 
greatest organelles area in BS cells, particularly chloroplasts (17.6%), and the decrease of 
immunodetection of GDC. The results allow us to classify H. isocalycia as a C3 proto-Kranz 
species. The presence of GDC in the BS cells creates a rudimental CO2 concentrating 

mechanism, since this enzyme can release CO2 around the Rubisco site. This is considered 

a first step during the C4 evolution and could have facilitated the rise of C4 pathway in the 
related C4 genus Mesosetum. 
Keywords: Arthropogoninae, C4 pathway, C3 proto-Kranz, glycine decarboxylase, bundle 
sheath cells 
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F05 - Spatial variations of photosystem II photochemical parameters 
depending on leaf orientation and position on the canopy 
 

Nikolopoulos D, Akrivou M, Anthopoulou S, Papafotis N, Liakopoulos G 

Laboratory of Plant Physiology, Department of Crop Science, Agricultural University of Athens, Iera Odos 75, 
Votanikos, 11855 Athens, Greece; d.nikolopoulos@aua.gr 
 

Leaf photosynthesis is studied on a level that spans between single chloroplast and whole 
ecosystem. Such upscale as well as prediction models in photosynthesis research must include 
spatial distribution of photosynthetic and related parameters on a canopy level and beyond. 
Nevertheless, our knowledge of how these parameters change depending on the position of 
the leaf on the canopy is scarce. Plants that grow in medium to high latitudes in both 
hemispheres are expected to show differences in leaf acclimation according to their position 
relatively to the sun orbit. In this study, we examined the variation of photochemical 
parameters in relation to the leaf position on the canopy. Our measurements using the 
photosystem II (PSII) pulse-amplitude chlorophyll fluorescence technique, span across the 
whole photoperiod, starting pre-dawn and ending post-dusk in spring, after the end of leaf 
emergence in plants grown in medium latitude in the north hemisphere (Athens, Greece). 
According to our results, leaves facing north and east showed higher values of maximum 
photochemical efficiency of PSII photochemistry during pre-dawn while post-dusk values 
changed differently for each species tested and also depending on the total PAR incident on 
leaves of each orientation. As expected, during the photoperiod, variation in operational 
parameters of PSII photochemistry followed an heliotropic pattern. Depending on species 
tested and also depending strongly on leaf orientation, we found a considerable level of 
predawn engagement of mechanisms of non-photochemical energy dissipation. A stronger 
engagement of these mechanisms was evident in leaves of east, south and west orientations 
compared to the north one. 
Keywords: Acclimation, canopy, chlorophyll fluorescence, diurnal fluctuations, leaf 
orientation 
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F06 - Spatial distribution of native Homolepis/Mesosetum clade in Brazil: 
fingerprints for photosynthesis evolution in tropical grasses 
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Temperature and water availability are the main environmental factors that determine the 
distribution of C4 plants. In groups where the C4 pathway evolved, as subtropical 
Arthropogoninae, the environmental distribution may indicate a pre-disposition of some 
species for the evolution of this pathway if they occupy the same niche. The objective was to 
evaluate if the environmental conditions are responsible to determine spatial distribution of 
some species of Homolepsis/Mesosetum clade belonging to the tribe Arthoropogoninae, 
which has species between C3 and C4 photosynthetic pathway. We searched online 
herbarium for the occurrence records of Homolepis glutinosa (C3), H. villaricensis ("non C4"), 
H. isocalycia, H. longispicula, H. aturensis (intermediate), Mesosetum ferrugineum and M. 
loliiforme (C4) collected in Brazil since 1916. We overlapped and correlated the occurrence 
data to air temperature and an indicator of risk of drought (Nesterov Index- NI) from 2002 to 
2011. Then, we tested if species were randomly distributed or if they were determined by 
environmental factors by the coefficient of multiple determination, using a geostatistical 
Kringing interpolation. H. aturensis occupies lower latitudes, in the North and Northeast 
regions of Brazil, while H. glutinosa and H. villaricensis were mostly found in South and 
Southeast regions. The distribution of H. isocalycia and H. longispicula is overlapped with the 
occurrence area of C4 genus Mesosetum, indicating that they may share physiological traits 
which allows the occupation of the same niche. The variables with higher coefficient of 
multiple determination were minimum temperature (0.731), followed by the mean 
temperature (0.663), and the maximum temperature (0.542), while the risk of drought 
obtained the lowest (0.197). Thus, the results allow us to infer that the variation of species 
occurrence in subtribe Arthropogoninae is not random, but mostly determined by 
temperature, once NI had the lowest value.  
Keywords: Subtribe Arthropogoninae, species distribution, photosynthetic mechanisms, 
intermediate species 
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F07 - Enzymatic responses in forage species under low temperatures 
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Nagashima GT1 
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Solteira, Av. Brasil Centro, 56, Ilha Solteira, SP, 15385-000 

 
When plants go through stress situations, there is an increase in reactive oxygen species (ROS) 
production, damaging cells and causing their death. Aiming at protecting structures and 
cellular functions from the harmful effects of ROS, plants activate an antioxidant defense 
system. In forage species, information about enzymatic activity under stress conditions is 
scarce. Thus, the objective of this work was to evaluate the enzymatic system defense of 
forages exposed to low temperatures. The forage plants Alfafa (Medicago sativa), Sorghum 
(Sorghum bicolor), Black Oat (Avena strigosa), Brachiaria brizantha cv. Marandu, Millet 
(Pennisetum glaucum), Mombaça (Panicum maximum) and Tifton 85 (Cynodon spp) were 
exposed to the temperatures of 0.2; -0.9; -1.8; -2.7; -4.1; -4.6 and -6.2 oC in a plant growth 
chamber. After each test, crude leaf extracts were used to evaluate the activities of the 
enzymes ascorbate peroxidase (APX), catalase (CAT) and superoxide dismutase (SOD) by 
spectrophotometry. Plants were distributed in the growth chamber in a completely 
randomized design with six replicates for each species, and the averages were compared by 
Tukey test at 5%. The forage species Black Oat, Mombaça and Marandu showed that APX and 
SOD activity increased until the temperatures of -4.1, -1.8 and -2.7 oC, respectively, suggesting 
that these enzymes would play an important role in the response to oxidative stress in these 
species. In alfalfa, there was no difference in the production of the SOD and APX enzymes, but 
the production of CAT decreased with the reduction of temperature. In Sorghum, SOD was 
the main cell protector, with higher enzymatic activity at -1.8 oC. Milllet and Marandu had a 
positive stimulus in CAT production with the decrease of temperature until -2.7 and -4.1 oC, 
respectively. Tifton showed no damage from cold stress, and thus did not activate any enzyme 
system defense.  
Keywords: Ascorbate peroxidase, catalase, superoxide dismutase 
  



XVI Brazilian Congress of Plant Physiology            Brazilian Society of Plant Physiology 
                 São Pedro SP, Brazil                        1987-2017 
                 24 to 28 Sept. 2017    Celebrating 30 years of history! 

 

XVI Brazilian Congress of Plant Physiology  ISSN 2675-1267 (http://sbfv.org.br/anais) Page 124 of 229 

 

F08 - System defense in black oats plants under water deficit stress 
 

Sartori AVS, Oliveira CMG 
IAPAR, Rod. Celso Garcia Cid Km 375, Londrina, PR, 86047-902. maravyvyanne@gmail.com 
 

Plants are frequently exposed to abiotic stresses, which lead to the overproduction of reactive 
oxygen species (ROS) that are highly reactive and cause cell damage. When it occurs, plants 
activate an antioxidant defense system. Water deficit stress can reduce plants development 
and productivity, so understanding the mechanisms that allow plants adapt themselves during 
stress periods can help identify resistant plants. The objective of this work was to evaluate the 
black oat plants system defense under water deficit stress. This greenhouse experiment was 
conducted at Agronomic Institute of Parana (IAPAR) in Londrina-PR. Black oats seeds, variety 
IAPAR 61, were sown in 3-liter pots, and the plants were irrigated daily until 60 days after 
sowing, when the pots were covered with plastic bag and the irrigation was interrupted, thus 
simulating the dry season. It was evaluated leaves from the periods: P1) irrigated plants 
(control), P2) first water deficit, P3) plants irrigated in recovery at 3 (P3-3) and at 7 days (P3-
7) and P4) second water deficit. The experimental design was completely randomized, with 
six replicates and the means was compared by Scott Knott test at 5%. The leaves were frozen 
and the crude extracts of the samples were submitted to the quantifications of total protein 
(Bradford), catalase (CAT), superoxide dismutase (SOD), ascorbate peroxidase (APX) and 
determination of malondialdehyde (MDA) by spectrophotometry .Total soluble protein levels 
and MDA levels were found to be significantly higher in stressed plants with water deficit (P2 
and P4). In SOD there was no difference in enzyme activity in the plants at all times. It was 
observed higher CAT activity in no stressed plants, at P1 and P3-3 and P3-7. The APX activity 
increased in the first water deficit stress (P2), and then decline when the plants were irrigated. 
Then the defense system for black oats plants under water deficit stress is increasing protein 
content and APX activity. 
Keywords: Enzymes, ascorbate peroxidase, Avena strigosa 
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F09 - Increased photosynthetic efficiency in bamboo due to higher 
assimilation of photorespired CO2 
 

Peixoto MM1, Pacheco HDN1, Moraes MG1, Portes TA1, Almeida RA1, Sage RF2, 
Graciano-Ribeiro D1 
1Universidade Federal de Goiás. muriluo@gmail.com; 2University of Toronto 
 

Many bamboo species are present in the Cerrado and show rapid growth. Bamboos are 
successfully used in environmental restoration, as biofuel, and in civil construction. Because 
they are C3 plants, bamboos are subjected to photorespiration, which reduces carbon 
assimilation by up to 30%. Reassimilation of photorespired CO2 can enhance photosynthetic 
inefficiency and in turn Ci*, the apparent CO2 photocompensation point in the absence of 
respiration. The objectives of this study were to analyze the photosynthetic efficiencies of two 
bamboo species, Dendrocalamus asper and Guadua angustifolia, and compare them to that 
of rice and sugarcane (C4). At 30 °C, G. angustifolia, D. asper, rice and sugarcane had maximum 
photosynthesis (Amax) of 13, 17, 29 and 36 µmol m-2 s-1, respectively. At this temperature the 
Ci* for rice was 4.3, for both bamboos it was 3.6, and 0.3 Pa for sugarcane. Leaf nitrogen was 
also analyzed and sugarcane, D. asper, G. angustifolia and rice had 22, 28, 35 and 39 g N/kg 
leaf mass, respectively. Although rice has higher photosynthesis, it is less efficient than 
bamboo based on Ci* comparison. The higher Amax in rice is likely due to N invested in 
photosynthetic biochemistry. The present study reports bamboo with one of the lowest Ci* 
ever measured in a C3 plant, meaning that these plants an inherently higher efficiency, possibly 
due to enhanced refixation of photorespired CO2. 
Keywords: Photosynthesis, photorespiration, Ci* 
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F10 - Gaseous exchanges of Xylopia aromatic (Lam.) Mart in dry and 
rainy seasons 
 

Campos FG, Corrêa CV, Vieira MA, Couto C, Ferreira G, Boaro CSF 
UNESP - Campus de Botucatu. felipegttbio@gmail.com 
 

Brazil presents important biodiversity, including numerous species with substances of 
economic interest, which requires flora preservation. Eco-physiological studies are necessary 
for the knowledge and preservation of species and vegetation where they are found. Among 
these species, Xylopia aromatica (Lam.) Mart, which is widely distributed in the Cerrado of São 
Paulo state, shows potential for drug development. Therefore, this study investigated the gas 
exchange of the X. aromatica in the Cerrado in dry and rainy seasons. Eleven individuals were 
sampled in Botucatu - São Paulo, geographical coordinates 22°42’ Latitude South and 48°20’ 
West Longitude, altitude of 514 meters, in order to evaluate gas exchange in September 2016, 
during the dry season and in February 2017, during the rainy season. The measurements were 
performed with Infra-Red Gas Analyzer equipment – model GSF 3000, Walz. During the dry 
season, plants showed the following results, assimilation rate A, 9.22 µmol m-2 s-1, stomatal 
conductance Gs, 86.310 mmol m-2 s-1, water use efficiency WUE, 3.73 μmol CO2 (mmol H2O−1) 
and carboxylation efficiency A/Ci, 0.0453 mol m−2 s−1 Pa−1. The vapor pressure deficit (VPD) was 
high and equal to 30.26 Pa/kPa. The plants evaluated in the rainy season presented higher A, 
17.35 µmol m-2 s-1, Gs, 124.66 mmol m-2 s-1, WUE, 6.22 μmol CO2 (mmol H2O−1) and A/Ci, 0.11 
mol m−2 s−1 Pa−1. The VPD, 23.28 Pa/kPa was lower. There was no difference in transpiration 
among plants in both seasons. The greatest WUE in the rainy season was due to the lowest 
VPD and the greatest stomatal opening. Carbon metabolism in X. aromatica is sensitive to 
seasonality, since gas exchange varies in dry and rainy seasons in the Cerrado.  
Keywords: Annonaceae, primary metabolism, photosynthesis 
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F11 - Morphophysiology of leaves of Astronium fraxinifolium Schott 
(Anacardeaceae) under nutritional stress 
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Astronium fraxinifolium, known as 'Gonçalo-Alves', is a tree of Cerrado may be 
resistant/tolerant to low soil nutrients. We performed a morphophysiological characterization 
of A. fraxinifolium leaves, such as specific foliar area, stomatal density, photosynthesis 
parameters related to nutritional stress. Branches of 20 plants were collected in the 
Experimental Farm of UNESP-Ilha Solteira, in two distinct areas: "unimpacted area" (soil with 
optimum nutritional conditions) and "impacted area" (degraded soil in natural regeneration). 
Leaf fragments were extracted using foliar printing technique, which allowed counting and 
calculating the number of stomata per mm2. The analysis of specific leaf area was performed 
by digitizing 10 leaflets of each sample in the leaf area meter scanner. Leaflets were dried at 
65 °C, 72 hours, to calculate the specific leaf area. Photosynthesis parameters were evaluated 
with Infra Red Gas Analyzer (IRGA). All data were applied Student's t-test (p<0.05). The leaf 
epidermis was obtained Cells with curved walls and anomocytic stomata, the leaf being 
classified as amphiphostomatic. A very high stomata number were observed on the abaxial 
surface of A. fraxinifolium leaves, it showed that there were more stomata in individuals from 
impacted area (1801.5 stomata/mm2), than individuals from unimpacted area (1619.5 
stomata/mm2). Regarding the specific leaf area, gas exchange and carbon allocation, there 
weren't significant difference between the areas. However, with regard to liquid 
photosynthesis, a significant difference was observed, of 13.91 μmol CO2.m-2s-1 in the 
impacted, to 9.24 μmol CO2.m-2s-1 in the unimpacted area. Our results suggest that the 
increase in the number of stomata may be an adaptive response, which allowed the plant to 
increase the photosynthetic efficiency without increasing in leaf size. 
Keywords: Photosynthesis, stomata, Cerrado 
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F12 - Tradeoffs between crown and shoot growth in Vochysia thyrsoidea 
Pohl (Vochysiaceae), an isohydric tree from Rocky Cerrado 
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Barbosa JPRAD1 
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Because trees have long-life cycle, their growth tradeoffs emerge from an inherent strategy 
for efficient use of resources in order to fit environmental conditions. We investigated what 
abiotic factors are responsible for controlling tradeoffs between shoot and crown growth of 
Vochysia Thyrsoidea a tropical isohydric woody species from Rocky Cerrado, a seasonally dry 
Savannah physiognomy. Thus, our hypothesis was that water availability determine temporal 
shifts between carbon allocation to shoot increment or to leaf and branch growth. For this, 60 
individuals from a population located in the Unilavras-Boqueirão Biological Reserve (Ingaí, 
MG, Brazil) were selected and monitored monthly from 2013 to 2016. Shoot growth was 
measured by radial increment (dendrometer) and height. Crown characteristics were 
measured by the length, diameter, leaf emission, mortality, and chlorophyll content 
(chlorophyll meter at leaf) of selected branches (n=110). Extech® thermo hygrometers register 
daily values of minimum, average, and maximum air temperature. A climatological water 
balance model estimated the soil water availability at 0-1.30 m layer. We used Spearman's (rs) 
correlation analysis among growth and environment variables to quantify the influence of up 
to two previous months on a growth event. We observed that the minimum temperature was 
the factor with the greatest influence on the tradeoff between shoot and crown growth with 
significant rs values of 0.4; -0.6; -0.5; -0.6 and -0.8 on shoot diameter and height, branch length 
and diameter, and chlorophyll content, respectively. We did not observe any significant 
correlation for growth and soil water availability. Those results indicate that for this isohydric 
tree from a seasonally dry environment, the minimum air temperature is the main 
determinant factor of the tradeoff between leaf construction (assimilative propose) and shoot 
increment (reserve and hydraulic security). 
Keywords: Leaf dynamics, radial growth, dendrometer, temperature, chlorophyll 
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F13 - Leaf area variation of coffee trees under rainfall exclusion: 
evidence for canopy acclimation to water shortage 
 

Naves VL, Aguiar FA, Barbosa JPRAD 
Federal University of Lavras, Graduate School of Plant Physiology - Lavras-MG, Brazil; naves.agro@hotmail.com 
 

The leaf area (LA) is an important variable to determining the plant acclimation level to 
drought and its adjustment is an efficient means of facing the unpredictability of water 
availability, especially in future climate change scenarios. Thus, we analyzed monthly the 
temporal variation of leaf area from superior and inferior branches from the eastern-middle-
third position of three coffee trees per plot (n=54). The treatments were composed of three 
plots with a rainfall exclusion system (SWE), three with no rainfall exclusion system (SWNE) 
and three with no system and consequently no rainfall exclusion (NNE). Treatments were set 
up in a six-year-old, 3.8x0.8m coffee plantation, never pruned, which has been properly 
managed. Pre-dawn water potentials (Ψpd) and soil water potentials (Ψs) were also accessed 
monthly throughout the experiment. The LA from the three treatments did not show any 
statistical differences during the raining months from October 2015 to March 2016. 
Afterwards there was a continuous difference between the treatments with a more 
pronounced reduction in LA in the SWE treatment after March 2016 (229.1 cm2 b – SWE, 450.8 
cm2 a – SWNE and 413.6 cm2 a – NNE) persisting up to the last data sample in October 2016 
(22.4 cm2 b – SWE, 131.92 cm2 a – SWNE, 74.34 cm2 ab – NNE), which continued 
demonstrating a tendency of reduction in the SWE treatment compared to SWNE and NNE. 
No statistical differences were observed in Ψpd and Ψs, which could be evidenced as classical 
water stress. However, we agree with the view of some authors that the use of growth rates 
and stomatal conductance are more effective ways of accessing the effect of water stress in 
plants than the use of water potential.  Finally, we concluded that the reduction of 24% in the 
rainfall through the SWE caused the reduction of the LA in coffee trees.  
Key words: Water potential, growth rate, temporal series, coffee crop 
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F14 - Minimum temperature as a determinant factor in the secondary 
growth of Arabica coffee trees in the South of Minas Gerais, Brazil 
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Coffee plants are subject to climatic adversities throughout the year, which can affect the 
development and productivity of the crop. The instability in the amount and distribution of 
rainfall combined with longer periods of drought can decrease the coffee production in Brazil. 
Although there is great uncertainty about how each producing region can be affected by those 
changes, it is possible to predict some responses to the reduction of water availability and 
increase of temperature in the typical patterns of carbon allocation and secondary growth of 
coffee trees. The aim was to understand possible radial growth variations in coffee plants 
related to climatic conditions. The structure of growth rings of 45 cross-sections of 15 coffee 
trees (Coffea arabica L. cv. Arara) of 5 years old, cropped in the Experimental field of Fundação 
PROCAFÉ in Varginha-MG in a density of 3,5m x 0,5m were analyzed from 2012 to 2016, using 
dendrochronological methods. The annual radial growth rates of the trees were related to the 
climatic characteristics of the region, using a statistical correlation analysis. For each year 
under study we obtained average values of radial increment of 0.40 cm, 0.30 cm, 0.35 cm, 
0.17 cm and 0.15 cm, respectively. Considering the influence of climatic conditions on radial 
growth, the correlations of 0.38, 0.79 and 0.042 were observed for maximum temperature, 
minimum temperature and precipitation. The results suggest that in the period evaluated in 
the region, the minimum temperature was the determining factor in the secondary growth of 
coffee trees. This unedited finding is an important step for unscramble the carbon allocation 
paths in response to environmental stimuli on coffee trees. 
Keywords: Coffee production, climate variation, radial growth, carbon allocation 
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F15 - Seed germination and seedling development in response to 
darkness and submergence in Amazonian floodplain trees 
 

Ferreira CS, Franco AC 
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Many species disperse their seeds during the flood period in Amazonian Varzea floodplain 
forests. Because of the high turbidity of the water, water-dispersed seeds can remain in 
darkness for several weeks. We investigated the effects of flooding and light on germination 
and seedling development of Himatanthus sucuuba, Pseudobombax munguba and Guazuma 
ulmifolia, trees common in Amazonian floodplain forests. We also evaluated the effects of 
water column height. Dissolved oxygen concentration in flooded treatments decreased to 
values between 0.8-0.5 mg L-1 after 10 days of flooding, evidencing severe hypoxia. Neither 
flooding nor darkness affected germination; 100% of the seeds germinated within 7 days. 
The primary root of submerged Pseudobombax curved upward, extending towards the water 
surface (oxytropism). For the three species, only light-germinated seeds developed into 
seedlings, which, when removed from water and placed horizontally on a moist, well aerated 
substrate attached themselves as roots curved downward, penetrated into the substrate 
and anchored the plant. The stem bent upright and resumed growth. Although about 50% of 
seeds germinated under 10 cm of non-aerated water, the primary root did not elongate 
further after emergence and seedlings were not formed. Dark-germinated flooded seeds of 
Pseudobombax and Guazuma rotted and died within four weeks. Dark-germinated seeds of 
Himatanthus were able to survive for 6 months under these conditions. When planted, they 
formed seedlings that established themselves in the substrate. 
Keywords: Flood tolerance, oxytropism, hypoxia 
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F16 - Deficit irrigation does not reduce leaf carbon balance of ‘Niagara 
Rosada’ grapevine (Vitis Labrusca) grown under tropical condition 
 

Silva JR1, Bernado WP1, Rodrigues WP1, Ferreira LS1, Paixão JS1, Bressan-Smith RE1, 
Poni S2, Griffin KL3, Campostrini E1
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Fluminense Darcy Ribeiro, Campos dos Goytacazes, RJ, Brazil.  jefferson-rangel@hotmail.com. 2Department of 
Sustainable Crop Production, Fruit Culture and Viticulture Section, Università Cattolica del Sacro Cuore, Piacenza, 
Italy. 3Lamont-Doherty Earth Observatory, Columbia University, Palisades, NY, USA 
 

We aimed to gain a more complete understanding of the physiological control of leaf carbon 
balance (LCB) on yield and quality of grapevines subjected to deficit irrigation in tropical 
conditions. The study was carried out during two seasons in a commercial 'Niagara Rosada' 
vineyard located in Rio de Janeiro State, Brazil. Three water management techniques (WMT) 
were applied c.a. 68 days after pruning: [full-irrigated (FI): 100% of the crop 
evapotranspiration (ETc) was supplied to both sides of the root system; regulated deficit 
irrigation (RDI): 50% of the ETc  was supplied to both sides of the root system; and partial 
rootzone drying (PRD): 50% of ETc was alternately supplied to only one side of the root system, 
whereas the other side of the rootzone remained without water]. Light response curves were 
performed every two weeks for 45 days on both seasons, with the Li-Cor 6400 portable 
photosynthesis system (Li-Cor Inc., Lincoln, NE, USA). The LCB was estimated as Anet.(Rdark + 
Rlight)-1, where Anet is the net photosynthetic rate and Rlight and Rdark are respiration rates in 
the light and in the dark, respectively. Yield and fruit quality [pH, total soluble solids and total 
titratable acidity] were measured on both seasons. Deficit irrigation techniques (RDI and PRD) 
did not affect Anet, Rdark and Rlight so that LCB, yield and quality did not vary among treatments. 
Thus, saving water through either RDI or PRD does not reduce the carbon available for 
‘Niagara Rosada’ grapevine and therefore, fruit quality and yield are not affected. 
Keywords: Net photosynthetic rate, water availability, partial rootzone drying, regulated 
deficit irrigation, leaf respiration 
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F17 - Magnetic fields influence on the electrophysiological dynamics of 
maize plants (Zea mays) 
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The geomagnetic field is a natural component of the environment in which organisms do not 
escape their effects. However, the possible stressful effects promoted by intense magnetic 
fields on organisms are still not well understood. This study aimed to investigate how the 
exposure to high intensity static magnetic fields may alter the temporal dynamics of low 
voltage electrical signaling in maize plants. For the detection of electrical signals, the 
electrophytography method was used, similarly to an electroencephalogram and 
electrocardiogram. We compared the electrical activity of plants (n = 12) before and after 
being stimulated by a magnetic field of 200 mT (milliTesla) produced by a magnet positioned 
near the stem (1 cm). For the characterization of the temporal dynamics of the signals, 
autocorrelation analyzes, cross correlation function between the series before and after the 
stimulus, histogram and spectral density were performed. Results showed that when the plant 
is stimulated there is an effect on the electric signal dynamics, since the cross correlation 
between the series before and after the stimulus tended to zero. However, it was not possible 
to identify a typical pattern of change, since all series presented short-range correlations. We 
found that the probability density function that best fits the histograms in general was a Q-
Gaussian. The special of this distribution is that the decay of the tails follows a power law with 
exponent 2 / (q-1), for 1 <q <3. Power law is associated with scale invariance, which is the 
main feature of objects called fractals. We verified that in some time series, the amplitude of 
the electric "spikes" also presents invariance of scale, probably associated to the 
synchronization of electric activity among cells, not showing a characteristic size. 
Keywords: Plant electrophysiology, static magnets, time series analysis 
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F18 - Sugarcane plants remobilize nitrogen during water stress and 

rehydration 

 

Morais SFN1, Silveira NM1, Magalhães Filho JR1, Santos MC1, Machado EC1,  
Marchiori PER2 
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Biology, Sector of Plant Physiology, Lavras (MG) Brazil 
 

This study aimed to evaluate the distribution of nitrogen (N) in sugarcane tissues experiencing 
water deficit followed by rehydration. Sugarcane plants of IACSP95-5000 variety were grown 
in 10 L size pot filled with fertilized soil. The plants were grown under greenhouse conditions 
and after 120 days the water treatments were applied. The plants were subjected to (i) well-
watered conditions, supplied with 80% of the soil water holding capacity (reference, REF); (ii) 
water deficit (WD); and (iii) rehydrated (REC). In the WD plants, the water was gradually 
reduced by diminishing 25% of the water applied at each three days, until reach total 
suspension of irrigation. The maximum stress (ME) occurred two days after the total water 
suspension and was achieved when the photosynthesis showed null values. Then, the plants 
were rehydrated (REC), returning to well-hydrated soil conditions for 5 days. The N 
concentration (mg N g-1 dry matter, DM) was determined in blade and sheath leaf, stem and 
root tissues of REF and WD plants at ME and REC periods. Under WD conditions we noticed 
an increase on the N content in the stem, from 16.1 to 24.9 mg N g-1 DM and a decrease of its 
concentration in leaf tissues compared to the REF plants, from 22.1 to 20.0 mg N g-1 DM. 
However, when the plants were rehydrated, the N remobilization was observed towards from 
roots to stem tissues, i.e., decreasing from 20.3 to 8.0 mg N g-1 DM in root and increasing from 
18.7 to 24.9 mg N g-1 DM in stem tissues. This N remobilization response seems to be related 
to the growth recovery of plants after the rehydration. 
Keywords: Drought, Saccharum spp., macronutrient, recovery 
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F19 - Leaf water uptake strategies and thermotolerance of four species 
of ferruginous rupestrian fields 
 

Boanares D, Duarte AP, Vilas-Boas T, Isaias RMS, França MGC, Lemos-Filho JP 
Universidade Federal de Minas Gerais, Belo Horizonte-MG, Brazil; joseplemosfilho@gmail.com 
 

Rising temperatures due to climate change will strongly impact the landscape of many 
ecosystems. Meanwhile, temperature is one of the environmental conditions that most 
influence plant species distribution. Plants from the ferruginous rupestrian fields can use 
alternative strategy to hydrate their leaves. Some species quickly absorb water through 
leaves, but in smaller amounts, while others absorb a greater amount of water, but slowly. 
The objective of this study is to verify if these different strategies interfere in the 
thermotolerance of four species occurring in ferruginous rupestrian fields. Thus, the 
performance of photosystem II (PSII) was evaluated through chlorophyll fluorescence 
measurements, under continuous raising temperature of leaf fragments. Significant 
differences between the species were verified. Species with faster leaf water uptake had 
higher heat tolerance than the species with slower water uptake. Only the species with the 
highest water uptake had differences in thermotolerance between the morning and afternoon 
periods. In this case, the higher heat tolerance of PSII occurs in the afternoon. Therefore, it 
was verified that the different strategies of leaf water uptake can interfere in the PSII tolerance 
to high temperatures.  
Keywords: Change climate, ecophysiology, fog, water relations 
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F20 - Bioactive immunoadjuvant saponins from Quillaja brasiliensis act 
as herbivore deterrent and phytopathogen fungi inhibitor 
 

Yendo ACA1, Colling LC1, Matsuura HN2, Vargas LRB3, Martinelli JA4, Fett-Neto AG1,2
 

1Laboratory of Plant Physiology, Graduate Program in Cell and Molecular Biology, Center for Biotechnology, 
UFRGS, Porto Alegre 91501-970, RS, Brazil. anna.yendo@gmail.com; 2Department of Botany, Graduate Program 
in Botany, Federal University of Rio Grande do Sul (UFRGS), Porto Alegre, RS, Brazil; 3Laboratory of Plague 
Control, Biotechnology, University of Caxias do Sul, Caxias do Sul, Brazil; 4Department of Plant Pathology, 
UFRGS, Porto Alegre, RS, Brazil 
 

Saponins from leaves of Quillaja brasiliensis, a native species from Southern Brazil, show 
immunoadjuvant activity in experimental vaccine formulations. The accumulation of the 
immunoadjuvant saponin fraction QB-90 is induced by several stresses and stress signaling 
molecules in cultured leaf disks and seedlings, such as osmotic stress, salicylic acid, jasmonic 
acid, mechanical damage applied to leaves, ultrasound, UV-C radiation and increased light 
irradiance. Data suggest that these terpenes may be players in defense responses. An 
investigation of the potential inhibitory role of Q. brasiliensis saponins fractions QB-80 and 
QB-90, as well as the aqueous extract, on phytopathogenic fungi Curvularia inaequalis, 
Fusarium incarnatum and Bipolaris micropus, and in the insect herbivore model Spodoptera 
frugiperda was carried out. The study showed that Q. brasiliensis saponin fraction QB-90 had 
antifungal activity against all three fungi tested, but there was no inhibitory activity with QB- 
80 fraction. On the other hand, significant reductions in S. frugiperda larvae body weight 
were recorded by treatments with both saponin fractions provided separately, indicating 
deterrent effect against this generalist herbivore. Aqueous extract had no antifungal or 
deterrent activity at the concentrations tested. We suggest a role for Q. brasiliensis saponins 
in plant defense against herbivore and phytopathogen fungi, having potential as natural pest 
herbivore and phytopathogen fungi control agents or as molecular platforms for new 
molecule development. 
Keywords: Deterrent activity, antifungal, secondary metabolism, QB-90, triterpene 
Acknowledgments: CAPES, CNPq and FAPERGS 
 

  



XVI Brazilian Congress of Plant Physiology            Brazilian Society of Plant Physiology 
                 São Pedro SP, Brazil                        1987-2017 
                 24 to 28 Sept. 2017    Celebrating 30 years of history! 

 

XVI Brazilian Congress of Plant Physiology  ISSN 2675-1267 (http://sbfv.org.br/anais) Page 137 of 229 

 

F21 - Burial of Araucaria angustifolia seeds and investigation of seedling 
development at different temperatures 
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1Programa de Pós-Graduação em Ciências Biológicas (Biologia Vegetal), Universidade Estadual Paulista, UNESP, 
Instituto de Biociências, Departamento de Botânica, Av. 24-A, 1515; 13506-900, Rio Claro, SP, Brazil; 
giselleschwab@gmail.com; 2Graduação em Ciências Biológicas, Universidade Estadual Paulista (Unesp), 
Instituto de Biociências, Departamento de Botânica, Av. 24-A, 1515, Rio Claro, SP, 13506-900, Brazil; 
3Departamento de Botânica, Instituto de Biociências (IB), Universidade Estadual Paulista, UNESP, Instituto de 
Biociências, Av. 24-A, 1515; 13506-900, Rio Claro, SP, Brazil 
 

Seed dispersal, germination performance and seedling establishment are important events 
for a plant species. Araucaria angustifolia (Brazilian pine) has wide geographical distribution 
in South America and its seed dispersal occurring in the fall/winter may vary between regions. 
Dispersed by animals with burial behavior, we tested in the field the germination performance 
of buried and non-buried seeds for 90 days at the beginning of its seed dispersal. We 
registered daily oscillation of temperature in the soil and in the air and we simulated these 
temperatures inside germination chambers with loops and plateaus (TE-4013, Tecnal, 
Piracicaba, SP, Brazil). For both field and lab experiments we used five replications with 15 
seeds each. In the laboratory, we additionally grow seedlings at constant 10, 20, 30 and 40 °C 
using six replicates, incubated inside germination chambers (Eletrolab, São Paulo, SP, Brazil). 
Plant height, number of leaves and biomass of seedlings were evaluated. When buried, almost 
half of the seeds had already germinated at 45 days, while less than 10% of non-buried seeds 
germinated until 60 days. We observed that germination performance of seeds at simulated 
soil temperature was higher than that at simulated air temperatures after 60 days. At 10 and 
40 °C, seedlings did not develop, and after 60 days, seedlings at 30 °C showed two times more 
leaves and two-fold higher biomass in relation to seedlings at 20 °C. Therefore, buried seeds 
may benefit from more stable temperature (and moisture) conditions. Germination at the 
beginning of seed dispersal may allow seedling establishment before lower temperatures 
occur in the winter. 
Keywords: Brazilian pine, germination rate, seed dispersal, seedling growth, temperature  
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F22 - Morphological traits and germination performance of Araucaria 
angustifolia seeds from mountainous and non-mountainous areas in 
Southern Brazil 
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The environmental conditions under which seeds develop promote differences in their 
morphological characteristics and germination performance. We investigated the seed size 
and germination performance of A. angustifolia seeds from two populations in southern 
Brazil. These populations were from Lages (mountainous region) and Ponte Serrada (non-
mountainous region) in Santa Catarina state. We checked whether the optimum temperature 

for germination (Opt TC) of seeds from mountainous regions is lower than Opt TC of seeds 
from non-mountainous regions. For each population, six replicates of ten seeds were placed 
on filter paper wetted with distilled water within plastic boxes and incubated within 
germination chambers. Seeds from Lages and Ponte Serrada were placed to germinate at 
constant 5, 10, 15, 20, 25, 30, 35 and 40oC. Maternal environmental conditions did not affect 
seed size (length, thickness and width). Seeds from Lages showed high percentage of 
germination (%G) at 20oC and seeds from Ponte Serrada at 20 and 25oC. 35oC was inhibitory 
to seed germination, regardless of population, and no germination was observed at 5 or 40oC. 

Contrary to our hypothesis, seeds from the mountainous region (Lages) did not show Opt TC 
lower than that of seeds from non-mountainous region (Ponte Serrada). However, seeds from 
both populations showed reduced %G at temperatures below 20oC and higher than 25oC. This 

confirms that 20-25C is the Opt TC for this species, and mother plants growing in 
mountainous or non-mountainous region does not seem to influence the seed size and 
germination performance of their seeds.  
Keywords: Araucaria Forest, inter-population variability, seed biometry 
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F23 - Stomatal limitation as a driver of photosynthesis during a strong El 
Niño drought event in a Central Amazonian forest 
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1Instituto Nacional de Pesquisas da Amazônia, Manaus-AM, Brazil. vichardt@hotmail.com; 2Universidade 
Federal do Amazonas, Manaus-AM, Brazil; 3University of Arizona, Tucson-AZ, USA 
 

Sustained drought and concomitant higher temperatures may reduce photosynthesis and 
ultimately, cause tree mortality. Causes of reduction include both stomatal closure and 
biochemical inhibition, but the relative role of these differing mechanisms is not known in 
Amazonian trees, especially during strong drought events like El Niño-Southern Oscillation 
(ENSO). The objective was to assess the effects of drought on leaf-level photosynthesis and on 
the mechanisms which control it through four seasons (wet, wet/dry transition, dry and 
dry/wet transition) of the recent strong El Niño (2015) and during the 2016 dry season. We 
measured leaf gas exchange, chlorophyll a fluorescence parameters, chlorophyll 
concentration and nutrient content in leaves of 57 trees cohabiting the canopy and understory 
of a Central Amazonian forest. Photosynthesis decreased 28% in the canopy and 17% in 
understory trees during the dry season of El Niño year. The values of photosynthesis recovery 
following the rains return (dry/wet transition). Moreover the photosynthesis reduction was 
not observed in dry season of non-El Niño subsequent year (2016), reinforcing the evidence 
of photosynthesis drought-inhibition during the dry seasons in ENSO occurrence conditions. 
The photosynthesis reduction was related to stomatal closure in both canopy and understory 
trees, but not to chlorophyll a fluorescence parameters, chlorophyll and nutrient 
concentration. The distinction is important, because stomatal closure is a transient regulatory 
response that can reverse when water becomes available, whereas the other responses reflect 
more permanent changes or damage to the photosynthetic apparatus. Photosynthesis 
decrease due to stomatal closure during El Niño drought, followed by post-drought increases 
in photosynthesis suggests there is a margin of resilience to extreme climatic events in 
Amazonian forests.  
Keywords: Ecophysiology, tropical tree, climate change, canopy, understory  
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F24 - Leaf area index dynamics of coffee trees in the south of  
Minas Gerais 
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Among the coffee producing regions in Brazil, the south of Minas Gerais is in evidence for being one 
of the most productive ones. However, this region has been suffering the effects of reduction and 
irregular distribution of rain, which is causing an intense water shortage and, consequently, affecting 
the stability of the coffee plant functional processes. In water deficit conditions, the coffee trees may 
show adaptive responses and mechanisms, such as reduction of fresh matter and shedding of leaves, 
which may also be attributed to the phenological cycle of the plant as well as the anthropic action on 
the harvest process. We aimed to study how the leaf area index (LAI) is affected by water availability. 
The experiment was conducted in a six-year-old coffee plantation (Coffea arabica L.cv. Novo Mundo) 
established in the field of the Department of Plant Science – UFLA, where a rainfall exclusion system 
was assembled in a completely randomized design composed of three treatments (with exclusion 
system – SWE, with system but no exclusion- SWNE, and no system and no exclusion- NNE) and 5 
repetitions. Nine tensiometers of porous stone were installed in each of the plots and monitored 
throughout the experimental period of 14 months. The sampling of LAI was taken monthly, following 
an allometric method of integrating the coffee tree canopy. The data were subjected to a Pearson’s 
correlation analysis to find a relationship between soil water potential (SWP) and LAI. The values 
of correlation did not show a great significance: SWE (0.35), SWNE (0.02), and NNE (0.08), indicating 
the LAI reduction observed is probably scarcely due to the SWP reduction. Hence, other factors that 
might impact the LAI reduction should be taken into consideration in future studies. 

Keywords: Soil water potential, Coffea arabica, rain exclusion 
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F25 - Water leaf uptake traits are related to drought resistance 
strategies 
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Plants from the ferruginous rupestrian fields may face periods of high evaporative demand. 
Possibly, the species of this site experience water stress, mainly in the dry season and must 
have different some drought tolerance strategies. Because it is a high altitude environment, 
fog is a frequent meteorological phenomenon in this ecosystem. In this case, is it possible that 
plants take advantage of the fog as a strategy of leaf water uptake? The objective of this study 
was to evaluate if four species of the ferruginous rupestrian field with different strategies of 
leaf water uptake can change their thermotolerance according to their degree of dehydration. 
The performance of photosystem II was measured by raising the temperature and chlorophyll 
fluorescence measurements on leaf fragments with 100%, 80% and 60% hydration. The 
species that uptake water more slowly, but in greater quantity, did not present significant 
difference in their thermotolerance along the degrees of leaf dehydration. However, the 
species that rapidly uptook water through the leaves, but in smaller amounts, significantly 
reduced their thermotolerance with increasing dehydration. Therefore, species with different 
leaf water uptake strategies differ their thermal tolerance of the photosystem II under water 
deficit. 
Keywords: Thermotolerance, ecophysiology, fog, water stress 
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F26 - Water deficit in morphophysiological responses of Coffea arabica 
L. plants 
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Brazil has about 1.78 million hectares planted with the Coffea arabica species that is adapted 
to the country's environmental conditions. But the stability of this crop can be threatened by 
climate changes such as rising temperatures, irregular rains and water deficit. The water 
deficit limits coffee productivity. Little is known about how this stress factor regulates the 
growth and development of coffee tree. Thus, the objective of this study was to characterize 
the morphophysiological responses of C. arabica plants subjected to water restriction. Plants 
of cultivars Mundo Novo, Catuaí Vermelho, Bourbon Vermelho, Obatã, BA-10, Laurina and 
Geisha and of the variety Semperflorens were individually kept in pots under greenhouse 
conditions and submitted to four cycles of water restriction and continuous hydration with 
Interval between each one and interruption of the water restriction. Each treatment consisted 
of seven replicates. Evaluations were performed at the end of each cycle, when the plants 
showed leaf wilt. The water deficit did not affect the plant height, the number of leaf pairs 
and the fresh and dry masses of the aerial and radicular part in relation to the control.  On the 
other hand, the results of CRA and leaf temperature were significantly lower in the plants 
under water deficit in comparison to the control. There were no significant differences 
between genetic materials submitted to water restriction. However, the plants of 
Semperflorens and Laurina were little affected by the water restriction, since in these, in 
general, foliar wilt when present was much later than the other cultivars. The analysis of leaf 
wax did not show significant differences between the control and the plants submitted to 
water restriction, except for Laurina, in which there was a decrease in the total wax content 
in the treated plants, contrary to what was expected. 
Keywords: Leaf temperature, RWC 
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F27 - Responses of rupicolous plants to temperature increase: simulating 
global warming effect at high tropical mountain 
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Tropical environments are not usually linked to seasonal temperature variation, when 
compared to temperate climates. However, high altitude tropical inselbergs are an exception 
since air temperature reaches 22°C on summer and freezing values during winter. Under the 
perspective of global warming, it is expected lower frequency of critical temperatures during 
winter and higher heating on summer. We used open top chambers (OTC) to simulate heating 
effect in rupicolous plants in high altitude rock outcrops (Alto Itatiaia, 2400m) to evaluate its 
effects on energy conversion. Temperature of leaf mesophyll and photochemical efficiency 
(Fv/Fm) of Chionolaeana isabellae, Fernseea itatiaiae and Barbacenia gounelleana were 
monitored inside and outside OTC’s during winter 2017 (n=6). Simultaneously, rock, air and 
soil temperatures and daily light incidence were recorded. Acrylic OTC used in this study 
enhanced air temperature up to 2.6 °C. Light irradiance during winter frequently reached 
values above 1800 µmol m-2 s-1 of Photosynthetic Active Radiation (PAR). Leaf mesophyll 
temperature of B. gounelleana was significantly affected by air temperature. Although, 
photochemical efficiency inside OTC indicated tolerance to heating in this species 
(Fv/Fm=0.79). Regular leaves of F. itatiaiae are uncoupled to changes in air temperature 
(R²=0.01). In OTC treatment, where heat loss by convection is reduced, F. itatiaiae indicated a 
rise in mesophyll temperature followed by a reduction in photochemical efficiency 
(Fv/Fm=0.58). C. isabellae leaves could maintain Fv/Fm around 0.80 in all circumstances. Both 
F. itatiaiae and B. gounelleana are nursing plants, allowing diversity increments. Results 
suggest that, in global warming scenario, B. gounelleana successional pathway would be less 
affected.  
Keywords: Inselberg, open top chamber, Chionolaeana isabellae, Fernseea itatiaiae, 
Barbacenia gounelleana 
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F28 - Effect of smoke-water on seed germination of six native species 
from Colombian páramos 
 

Zubieta GP, Jiménez PA 

Laboratorio de Fitopatología, Universidad Militar Nueva Granada (UMNG), Cajicá, Colombia; 
zubipao@gmail.com 
 

Plant derived smoke has a stimulant effect on seed germination of plant species from fire-
prone ecosystems. Paleoecological evidence has allowed neotropical páramos to be 
characterized as fire-prone ecosystems. In this study, we evaluated the effect of smoke-water, 
obtained from two sources, on germination of six páramo-ocurring species: Baccharis 
prunifolia, Bucquetia glutinosa, Diplostephium phylicoides, Espeletiopsis corymbosa, 
Pernettya prostrata and Orthrosanthus chimboracensis. To evaluate this effect, four dilutions 
of smoke-water (1:1, 1:10, 1:100 and 1:1000) were tested. Seeds were germinated in each 
solution under conditions of 12-h photoperiod and continuous darkness. The only species 
whose seeds require light to germinate is Orthrosanthus chimboracensis. Although the seeds 
of Bucquetia glutinosa, Espeletiopsis corymbosa, and Pernettya prostrata germinate better in 
light than in darkness, their seeds do not necessarily require light for germination. The seed 
response to the two smoke-water sources, artisanal and commercial, resulted in several 
effects: stimulant, inhibitory and none. A stimulant effect of artisanal smoke-water was 
observed in seed of Pernettya prostrata at both light conditions, while in seed of Espeletiopsis 
corymbosa only was stimulant at darkness. With the seed of Diplostephium phylicoides the 
highest concentration (1:1) of artisanal smoke-water at both light conditions reduced 
germination. Our results show that the effect of smoke-water on germination is dependent 
on the plant seed species, light condition, concentration and source of smoke-water to which 
seeds are subjected. 
Keywords: Seed germination, smoke-water, páramo 
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F29 - Control of photosynthesis and growth by oxidative metabolism of 
threes morfotypes of Paubrasilia echinata (brazilwood) under 
contrastant irradiance 
 

Gama VN, França HS, Zanetti LV, Zorzal TA, Volponi FC, Cuzzuol GRF 

Federal University of Espírito Santo, Department of Biological Sciences, Vitória-ES, Brazil. gcuzzuol@gmail.com 
 

The ecological habit of Paubrasilia echinata (brazilwood) as to irradiance requirement is 
contradictory. The species has been described as tolerant to the sun and shade. With the 
recent discovery of three morphotypes differing in size of leaflets from small, medium and 
large, it was suspected that these contradictions were related to morphotype variations of the 
species. This hypothesis was tested by exposing young plants of the three morphotypes to full 
sun and shade. Full sun inhibited the growth of the small morphotype. Shading strongly 
inhibited the growth of medium and large morphotypes. The morphotypes showed an 
efficient antioxidative mechanism in the growth inhibitory irradiance. The activities of the 
enzymes catalase (CAT), ascorbate peroxidase (APX) and phenylalanine ammonium lyase 
(PAL) from the small morphotype were stimulated in full sun. In large morphotypes, on the 
other hand, this occurred in the shade. The contents of malonaldehyde (MDA), an indicator of 
the intensity of lipid peroxidation, free radical hydrogen peroxide (H2O2) and antioxidant 
activity indicator ABTS (2,2-azinobis- [3-ethyl-sulfonic-6-benzotiazolin acid]) were smaller in 
full sun for the small morphotype. In medium and large morphotypes theses responses 
occurred in the shade. However, the antioxidant mechanism in both morphotypes was not 
sufficient to prevent the inhibition of photosynthesis and growth in the photoinhibitory 
irradiance. We conclude that the contradictions as to ecological habit of P. echinata may be 
attributed to the metabolic differences between the small morphotype (shade tolerant) and 
the medium and large morphotypes (full sun tolerant). 
Keywords: Ascorbate peroxidase, catalase, hydriogen peroxide, phenylalanine ammonium 
lyase, shade tolerant 
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F30 - Does similar morphology imply similar physiology? 
Morhophysiological adaptations of Philodendron hederaceum (Jacq.) 
Schott, an isomorphic aroid that enables ground-canopy transition 
 

Brito CR1, Mantovani A1, Mantuano DM2 

1Instituto de Pesquisas Jardim Botânico do Rio de Janeiro. Rio de Janeiro-RJ, Brazil. carolina@brixtal.com.br; 
2Universidade Federal do Rio de Janeiro, Laboratório de Ecofisiologia Vegetal. Rio de Janeiro-RJ, Brazil 
 

Lianescent aroids grow horizontally while they are on the ground, but switch to vertical growth 
upon reaching a host. Along their vertical ascension, a gradient, with greater light intensity 
and vapor pressure deficit is found at canopy level. Lianescent aroids present three 
morphotypes: isomorphic, allomorphic and heteromorphic. Isomorphs do not present huge 
modifications in shape and size such as those observed in allomorphs and heteromorphs (e.g., 
large increase in leaf area). For allomorphs and heteromorphs, these intense modifications 
have a strategic value as they increase their light foraging capacity on the canopy. Therefore, 
in the absence of expansive morphological variations, we hypothesized that other 
characteristics in leaf anatomy and physiology would vary significantly in isomorphs, thus 
enabling light foraging improvement in the absence of intense morphological variations. To 
test this hypothesis, leaf area, lamina specific mass, mesophyll anatomy, venation density and 
thickness, stomatal density, as well as chlorophyll concentration and fluorescence were 
evaluated in leaves of the isomorph Philodendron hederaceum grown to three heights (0m, 
1.5m and at 3.0m). As expected, our results showed small variations in external leaf 
morphology in the leaf area of P. hederaceum, which increased only three times from 0 to 3m 
in height. While leaf anatomical and physiological parameters were not significantly different 
over the variations in heights, leaf mass per area, stomatal density, vein area, chlorophyll a/b 
ratio and electron transport rate increased more than 50%. This is a less expressive plasticity 
response at a morpho-physiological level if compared to allomorphic and heteromorphic 
types, which could help explain a niche partition of aroid vines in canopy. 
Keywords: Araceae, golden pothos, lianescent 
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F31 - Spatial and temporal distribution of fruits in the coffee tree canopy 
 

Honda Filho CP, Vilas Boas LV, Souza KRD, Bastos LS, Barbosa JPRAD, Marchiori PER, 
Alves JD 
Federal University of Lavras. cassiop.hondafv@gmail.com 

 

The objective of this study was to map the fruit distribution of coffee tree (Coffea arabica cv. 
Arara), in February and June of 2017. A vertical and a horizontal gradient were established in 
the canopy of the plants. In the vertical sense, the orthotropic branch was divided in upper, 
median and lower layers. In the horizontal sense, the plagiotropic branches were divided into 
proximal (near to orthotropic branch), intermediate and distal (distant from the orthotropic 
branch). In addition, the plant was separated into branches opposite the planting line 
(branches 1 and 2) and branches perpendicular to the line (branches 3 and 4), totaling 36 parts 
in each plant. Four plants were collected each month: February (T1) and June (T2) and counted 
the number of rosettes with fruits and the number of fruits in each part of the branches. The 
data were submitted to the Scott Knott test (p<0.05) and Pearson’s correlation were 
performed (p<0.05). A high correlation between number of fruits and number of fruit rosettes 
was observed in T1 (0.91) and in T2 (0.88). A greater number of fruits and rosettes were 
observed in branches 3 and 4 of the medium and lower layers of the coffee tree. Considering 
the harvests, T1 showed a greater amount of fruits in the distal region of the median branches 
3 and 4, and later, most of the fruits were concentrated in the intermediate region of these 
branches in T2, showing the development of the branch. The same response was observed for 
rosettes in branch 3 of the median region. The most productive branches of coffee are the 
branches growth perpendicularly to the planting line, in the middle and lower layers. 
Keywords: Coffea arabica, fructification, canopy mapping 
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G01 - Biotrophic but necrotrophic: a case study of two fungal diseases 
affecting grapevine photosynthesis 
 

Nogueira-Júnior AF1, Ribeiro RV2, Amorim L1 
1ESALQ, University of Sao Paulo, Piracicaba, SP, Brazil; 2Department of Plant Biology, University of Campinas 
(UNICAMP), Campinas, SP, Brazil 
 

Biotrophic pathogens have specialized mechanisms of nutrition and colonization and the 
presence of haustoria and absence of enzymes and toxins reduce the damage that biotrophic 
pathogens cause in leaves. Usually, net photosynthetic rate is reduced mainly in leaf areas 
colonized by biotrophic pathogen mycelium. Photosynthetic responses to increasing 
intercellular CO2 concentration were evaluated in grapevine (Vitis labrusca) leaves infected by 
the biotrophic pathogens Plasmopara viticola and Phakopsora euvitis as well as in healthy 
leaves. Reduction in photosynthetic efficiency of green leaf tissue surrounding lesions was 

quantified using the virtual lesion concept ( parameter). Plasmopara viticola slight reduced 

the photosynthesis in green tissue surrounding pustules (=2.9), occurring decreases in 
stomatal conductance and also in the maximum carboxylation rate of Rubisco (Vcmax). On the 
other hand, Phakopsora euvitis reduced drastically photosynthesis in green area adjacent to 

the lesion tissue (=5.7), with leaves showing decreases in mesophyll conductance and Vcmax 
in comparison with healthy leaves. The pattern observed in Plasmopara viticola is typical of 
biotrophic pathogens, however the intensity of the damage caused by Phakopsora euvitis is 
similar to the damage caused by necrotrophic pathogens. The effects of pathogens in plant 
photosynthesis have been associated with their trophic relationships with hosts. However, 
biotrophic and necrotrophic pathogens do not represent absolute categories as there is a 
continuous gradation between these two types of pathogens. While Phakopsora euvitis is 
closer to the strict biotrophic category, it has some necrotrophic features such as the damage 
caused in leaf photosynthesis during host colonization. 
Keywords: Phakopsora euvitis, Plamospara viticola, Leaf gas exchange, Vitis labrusca, trophics 
relationships 
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G02 - Balancing plant biotic stress resistance and development  
 

Gassmann W 

University of Missouri, Columbia, USA. gassmannw@missouri.edu  
 

Biotic stresses such as insect pests and pathogenic microbes have a major negative impact 
on agricultural productivity. Harnessing innate capacities of plants to resist biotic stresses in 
order to provide sustainable solutions requires a detailed understanding of molecular 
mechanisms of plant resistance. Our work focuses on the molecular mechanisms of plant 
immunity to bacterial pathogens in the model plant Arabidopsis thaliana. Plant immunity 
needs to be tightly controlled to enable normal plant growth, because constitutively activated 
defense responses are detrimental to the host. How plants achieve this balance is not fully 
understood. Using a genetic approach we identified the adaptor protein SRFR1 that negatively 
regulates immune signaling triggered by bacterial pathogens. Surprisingly, we found that srfr1 
mutants are also more resistant to chewing insects and cyst nematodes. SRFR1 encodes a 
pioneer tetratricopeptide repeat (TPR) protein conserved between plants and animals. The 
SRFR1 TPR domain has significant sequence similarity to those of the Saccharomyces 
cerevisiae Ssn6 and Caenorhabditis elegans OGT (O-linked N- acetylglucosamine transferase) 
proteins, which function as transcriptional repressors. A functional sub-pool of SRFR1 
localizes to the nucleus, where it interacts with members of the TCP transcription factor 
family. TCP transcription factors mainly have been described as regulating developmental 
processes. We therefore propose that nuclear SRFR1 functions in a transcriptional repressor 
complex that balances plant biotic stress resistance and development. We will present 
unpublished TCP8 ChIP-Seq data, with regulation of the immune receptors EFR and SNC1 by 
SRFR1-TCP8 and SRFR1-TCP8-TOPLESS RELATED2, respectively, as examples. The composition 
of such protein complexes may lead to integration of transcriptional responses to multiple 
stresses. 
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H01 - Color tone of ‘Micro-Tom’ tomato with different expressions of 
mitochondrial sHSP23.6 gene under hypoxia 
 

Reissig GN1, Posso DA2, Borella J2, Rombaldi CV1, Bacarin MA2 
1Universidade Federal de Pelotas, Faculdade de Agronomia Eliseu Maciel, Departamento de Ciência e 
Tecnologia Agroindustrial, Pelotas-RS, Brazil; 2Universidade Federal de Pelotas, Instituto de Biologia, 
Departamento de Botânica, Pelotas-RS, Brazil 
 

Tomato (Solanum lycopersicum L.) is one of the most important horticultural crops worldwide. 
Fruit storage in hypoxic conditions may lead to a delay in ripening due to changes in ethylene 
synthesis. Color parameters are important to support the determination of ripening stage in 
several fruits. The aim of this study was to evaluate the color tone of tomato with different 
sHSP23.6 mitochondrial expression (WT, low and high expression) under hypoxia storage. The 
hypoxia treatment was carried out in a sealed plastic container with breaker tomato fruits 
inside. Once a day, during 3 days, a 10 minutes nitrogen flux (0.098 MPa) was performed to 
maintain the low oxygen concentration. Treatments were performed in the dark at room 
temperature (23 °C). Fruits under normoxia conditions were analyzed at 0, 1 and 5 days after 
harvest. Fruits under hypoxia conditions were analyzed at 0, 1 and 5 days after 3 days of low 
oxygen conditions. Color determination was performed using a Minolta colorimeter CR-300. 
The color parameters were used to calculate the Hue angle [Hue°= arcotang (a,b)*180/π]. The 
results showed that Hue° ranged 45.34 to 110.75. There was no difference between normoxia 
and hypoxia treatments at 0 and 1 days for low and high expression genotypes. WT genotype 
showed a greener tone color on these days concerning normoxia treatment. However, on the 
fifth day, only genotype with sHSP23.6 high expression showed a significant difference 
between fruits submitted to normoxia and hypoxia treatments, where normoxia treatment 
showed a redder color. These results suggest that high expression of sHSP23.6 protein 
influences fruit ripening, leading to a greater difference in color tone between normoxia and 
hypoxia treatments in the fifth day of storage, delaying ripening under low oxygen levels.  
Keywords: Ripening, Hue angle, low oxygen storage, small heat shock protein 
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H02 - The postharvest handling prevents weight loss while increases the 
incidence of oleocellosis and rot in ‘Tahiti’ acid lime 
 

Acioly TMS, Spricigo PC, Jacomino AP 
Escola Superior de Agricultura “Luiz de Queiroz”, Piracicaba-SP, Brazil. polianaspricigo@yahoo.com.br 

 

The 'Tahiti' acid lime is a citrus fruit that has increased its economic expression in the Brazilian 
domestic market and in exports. Postharvest processes seek to preserve the quality obtained 
at harvest time, however, the incidence of impacts during packaging operations can trigger 
damages to the fruits. Therefore, this work evaluated the postharvest quality of 'Tahiti' acid 
lime in unprocessed fruits and in fruits collected at two points in the packing line. The acid 
limes were collected as described: "Harvest" (fruits collected directly from the plant), 
"Fungicide + Gibberellin" (partial processing), and "Packaging" (complete processing). After 
sampling, the fruits were kept under cold storage (8 ± 1 °C and 85-90% RH) for 30 days plus 15 
days at room temperature (25 ± 1 °C and 75-80% RH). Destructive analyzes (juice yield, soluble 
solids, titratable acidity, and ascorbic acid) were performed on days 0, 30, and 45; and non-
destructive analyzes (mass loss, wilting, incidence of oleocellosis, stylar-end rot, and stem-end 
rot) were performed every 5 days in cold storage and 3 days at room temperature. The juice 
yield enhanced 12% during storage for all treatments. Titratable acidity, soluble solids, and 
ascorbic acid also increased, probably due to the greater mass loss, and consequent 
concentration of solutes. The "Harvest" fruits lost 12.7% of fresh mass, while the "Packaging" 
fruits lost 9.5%, showing the efficiency of wax use for ‘Tahiti’ acid limes conservation. At 45 
days of storage, fruits collected at "Harvest" had 68.8% of wilting, while at "Packaging" step 
22.5% of the fruits were wilted. The incidence of oleocellosis was 56.2% higher in fruits which 
were subjected to the complete processing. In addition, the complete postharvest processing 
caused the incidence of stylar-end rot and stem-end rot. Accordingly, postharvest processing 
contributed positively to the reduction of mass loss and wilting, however, it spread the 
incidence of oleocellosis and rots in ‘Tahiti’ acid lime. 
Keywords: Citrus latifolia Tan., incidence of impacts, oleocellosis, rot  
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H03 - Heat treatment for green mold control on citrus postharvest 
 

Silva BMP¹, Valentini SRT², Bron IU², Cia P² 
1PhD student in Tropical and Subtropical Agriculture, Graduate Program of the Agronomic Institute (IAC) 
Campinas-SP, Brazil. babimarcon@hotmail.com; 2Scientific Researcher, Agronomic Institute (IAC), Campinas-SP, 
Brazil 
 

Green mold, caused by Penicillium digitatum, is the main disease in postharvest of citrus fruit. 
Physical treatments are an alternative to fungicide control considering environmental risks 
and consumers health. This study was conducted to evaluate the effectiveness of heat 
treatment in reducing green mold on ‘Fremont’ tangerines. After harvested, fruits were 
washed with water, superficially disinfested with hypochlorite (1%) and dried under natural 
ventilation. Subsequently, 10 µL of P. digitatum spore suspension (105 spores mL-1) was 
inoculated in each fruit and after 4 hours the fruits were immersed in water at 45, 50, and 55 
°C for 2 and 5 minutes. Next, fruit were stored at 5 °C and after 15 days transferred to 25 °C 
for 5 days more, for green mold incidence and severity assessment. Fruit quality (tritatable 
acidity, ascorbic acid content, firmness, skin color, soluble solids and weight loss) and sensory 
analysis were assessed at the transference day and at the end of storage period. The heat 
treatment 55 °C / 5 min was more effective in reducing green mold on ‘Fremont’ tangerines. 
After 15 days at 5 °C followed by 5 days at 25 °C, this treatment reduced in 57% and 59% the 
incidence and severity of green mold on ‘Fremont’ tangerines, respectively. The heat 
treatment had no significant effects on the physico-chemical and sensory properties. 
Keywords: Tangerines, Penicillium digitatum, alternative control 
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H04 - Harvest time determines postharvest quality of ‘IAC 2019 Maria’ 
tangerines 
 
Veiga JC¹, Barbará MA¹, Silva BMP1, Valentini SRT2, Bron IU2 
1Graduate Program in Tropical and Subtropical Agriculture, Agronomic Institute (IAC), Campinas-SP, Brazil. 
juliacveiga@gmail.com; 2Postharvest Laboratory (IAC), Campinas-SP, Brazil. 
 

‘Ponkan’ tangerine and ‘Murcott’ tangor correspond to more than 80% of the tangerines 
produced in the São Paulo State and new varieties have been developed by IAC Citrus Breeding 
Program. ‘IAC 2019 Maria’ [C. reticulata x C. sinensis] x [C. sinensis] is resistant to Alternaria 
brown spot and shows promising organoleptic characteristics. However, postharvest studies 
are necessary to establish efficient marketing strategies. The objective of this work was to 
investigate the relation between harvest time and postharvest quality. Tangerines were 
harvested at three times during the 2017 harvest season: May 18th (T1); June 7th (T2); June 
27th (T3) and stored at 24°C up to 18 days. Fruits harvested at T1 remained firmer during 
storage when compared to those harvested at T2 and T3. The harvest time had no influence 
on soluble solids content, ascorbic acid, weight loss and appearance. Citric acid content 
decreased significantly during the harvest season; therefore, fruits harvested at T1, T2 and T3 
presented Ratio values of 12.6, 16.7 and 21.4, respectively, an increase of 71% comparing the 
first and third harvests. At the beginning of the storage, increases in Ratio contributed to 
higher scores in flavor sensory evaluation for the tangerines harvested at T2 and T3. The 
tangerines harvested at T2 and T3 showed more intense yellow skin, although this difference 
was not perceived by the sensory evaluation. Regardless the harvest period, the tangerines 
only received appearance scores lower than 4 (good) on the 18th day of storage, when weight 
loss was higher than 10%. Up to the 15th day of storage, fruits harvested at T3 had 9% of 
pathogens incidence (Penicillium digitatum, Penicillium italicum and Colleotrichum ssp.), while 
those harvested at T2 had 5%. Fruits harvested in June presented better quality characteristics 
during the postharvest period. 
Keywords: Citrus, maturity, ratio 
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H05 - Postharvest conservation of ‘Fremont’ tangerine with wax and 
refrigeration 
 

Barbará MA¹, Veiga JC¹, Silva BMP1, Valentini SRT2, Bron IU2 
1Graduate Program in Tropical and Subtropical Agriculture. Agronomic Institute (IAC) Campinas-SP,Brazil. 
marianebarbara@hotmail.com.br; 2Postharvest Laboratory, Agronomic Institute (IAC), Campinas-SP,Brazil 
 

Fremont tangerine (Citrus clementina x Citrus reticulata) is already known for its resistance 
to Alternaria brown spot and promising organoleptic characteristics, however, postharvest 
studies are necessary for marketing strategies. The objective of this study was to evaluate 
the effects of cold storage and wax application on postharvest conservation of ‘Fremont’ 
tangerine. Tangerines were stored at 24 °C for 18 days (simulated marketing) and at 10 °C 
for 18 days, followed by simulated marketing. Carnauba-based wax (12%) was applied 
manually (two drops per fruit). Wax was efficient in delaying weight and firmness loss in fruit 
kept at 24 °C. On the 12th day of storage at 24 °C fruit without wax had more than 10% of 
weight loss and 39.3 N of firmness while waxed tangerines had 6.8% of weight loss and 57.6 
N  of  firmness. However, according to  sensory evaluation, waxed  tangerines maintained 
flavor scores higher than 4 (good) only until the 6th  day at 24 °C. For the refrigerated fruit 
there was no additional benefit of wax application in reducing weight and firmness loss, 
even  when  tangerines were  transferred to  simulated  marketing. Up  to  the  12th   day  of 
storage, tangerines of all treatments had scores for appearance higher than 4 (good) but 
only those stored at 10 °C kept this score until the 18th day, regardless wax application. After 
18 days at 10 °C fruit maintained its good appearance at 24 °C for 6 days more. The treatments 
had no influence on vitamin C content, ratio and peel color. Considering the overall quality, 
‘Fremont’ tangerines can be stored at 10 °C for 18 days plus 6 days at 24 °C with no additional 
benefit of wax application. 
Keywords: Citrus, quality 
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I01 - Sulfur increases the phytochelatins synthesis under cadmium 
exposure of Massai grass used for phytoextraction 
 

Rabêlo FHS1,2, Navazas A2, Azevedo RA1, Cuypers A2, Lavres J1
 

1Universidade de São Paulo, Campus Piracicaba-SP, Brazil.  flaviohsr.agro@usp.br; 2Universidade de Hasselt, 
Campus Diepenbeek, Belgium 

 
Cadmium (Cd) concentration in soils around the world has increased in the last decades, 
which represents a serious risk to food safety and to human health. Therefore, it is important 
to reduce the Cd concentration in soils by means of techniques of low cost and environmental 
impact, such as phytoextraction associated to sulfur (S) fertilization. The proper S supply can 
increase the phytochelatins (PCs) synthesis that act in the Cd detoxification. In this sense, our 
aim was to evaluate the S effect on the PCs synthesis and Cd content of Panicum maximum 
cv. Massai (Massai grass) used for Cd phytoextraction. Massai grass was grown in nutrient 
solution using combinations of three S concentrations (0.1, 1.9 and 3.7 mmol L-1) and three 
Cd concentrations (0.0, 0.1 and 0.5 mmol L-1). After 23 days of growth, five seedlings were 
transplanted to the modified nutrient solutions to meet only S concentrations. Nineteen days 
after this stage the plants were transferred to the nutrient solutions modified to meet S 
and Cd concentrations, for a period of 7 days. Seven days after Cd exposure, samples of leaf 

blades, stems+sheaths and roots were collected for biochemical analyses. The Cd-induced 

peptides PC3, desGlyPC3, cys-PC3 and desGlyPC4 contents in the stems+sheaths and PC2 in 
the roots of plants grown with 0.1 mmol L-1 Cd were higher with supply of 1.9 and/or 3.7 
mmol L-1 S in relationship to 0.1 mmol L-1 S. The highest Cd content in the leaf blades 
(470.33 µg/plant), stems+sheaths (704.54 µg/plant) and roots (175.31 µg/plant) of Massai 

grass were observed when the plants were exposed to 0.5 mmol L-1 Cd and grown with 1.9 

mmol L-1 S. The proper S supply (1.9 mmol L-1) to Massai grass increases the capacity of Cd 
phytoextraction. 
Keywords: bioremediation, detoxification mechanism, environmental pollution, heavy metal 
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I02 - Antioxidative enzymes induction by flooding in leaves of  
common bean 
 

Posso DA, Borella J, Reissig GN, Fontoura US, Bacarin MA 
Plan Metabolism Lab, Department of Botany, Federal University of Pelotas. CP 354, 96160-000, Pelotas, RS – 
Brazil. borellaj@gmail.com 

 
Flooding leads to oxygen deprivation and triggers changes on plant metabolism at different 
levels. One of the main consequences of flooding is the production of reactive oxygen species 
(ROS) that leads to induction of antioxidative enzyme activity, which may differ among plant- 
genotypes. The aim of this study was to verify the effect of flooding on the induction of 
antioxidative enzyme activity in leaves of four common bean (Phaseolus vulgaris L.) materials 
(two genotypes – BRS Expedito and Iraí; and two landraces – TB 02-24 and TB 03-13). One 
plant per pot was grown in soil and commercial substrate (1:1) in a greenhouse for each 
material in a fully randomized design constituted of four biological replicates. At reproductive 
stage, the roots were subjected to flooding with water and after four days, leaves were 
harvested to perform antioxidative enzyme activity, superoxide dismutase (SOD), ascorbate 
peroxidase (APX), catalase (CAT) and guayacol peroxidase (GPOD). SOD increased about 2-fold 
higher in comparison to control in all materials, except in BRS Expedito which no increase was 
detected. CAT activity was induced only in Iraí while in BRS Expedito and TB 02-24 their 
activities decreased in relation to control. Regarding to APX and GPOD all materials increased 
the activity of these enzymes, though Iraí was more effective on their induction. The induction 
on antioxidative enzyme activity by plants might be effect of reactive oxygen species 
production mainly in chloroplast due to the impairment on photosynthetic electron transport 
chain caused by flooding. Furthermore, CAT is less representative against ROS in comparison 
to others antioxidative enzymes. All common bean materials induce antioxidative enzymes 
efficiently to counteract possible effects caused by ROS, except BRS Expedito, which appears 
to be more sensitive to flooding. 
Keywords: Phaseolus vulgaris, antioxidative enzymes, waterlogging, oxidative stress 
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I03 - Mycorrhizal symbiosis and leaf Pi supply promoting tolerance to salt 

stress in woody native species of Brazilian semiarid 
 

Frosi G, Barros VA, Oliveira MT, Santos M, Ramos DG, Maia LC, Santos MG 

Universidade Federal de Pernambuco, Recife-PE, Brazil. gabriella.frosi@gmail.com 
 

Salinization of soils is one of the main environmental problems in the world, increasing in 
arid and semiarid regions. Arbuscular mycorrhizal fungi (AMF) and inorganic phosphorus (Pi) 

may increase the plant tolerance to abiotic stress. However, these tools were used 
separately until now. This study aims to evaluate some traits of the ecophysiological 
performance and biomass of Cenostigma pyramidale (Tul.) E. Gagnon & G. P. Lewis 
(Fabaceae), under saline conditions associated with AMF and leaf Pi supply under control 

conditions. The plants grown in pots containing 5 kg of soil during six months. Subsequently, 
the salt stress was imposed by saline irrigation (NaCl 100 mM solution). The plants destined 

for leaf Pi supply received a monoammonium phosphate solution in leaves (10 g Pi L
-1). The 

data of gas exchange, biomass and Na+ and Cl- were analyzed by factorial ANOVA (salt, AMF, 
Pi) and the Student Newman Keuls test (P<0.05) when necessary. The maximum stress 

occurred after 11 days of experiment (gs near to zero). Under well-watered and saline 
conditions, the gas exchange was superior in plants associated to AMF, followed by plants 
with AMF and Pi simultaneously, compared to others treatments. The shoot dry biomass 

under well-watered conditions was higher in AMF plants, followed by AMF+Pi and Pi plants, 
compared to Control. Under saline conditions, the higher biomass was observed in Salt+AMF 
plants, without decreases in other saline treatments compared to Control. Furthermore, the 
Na+ and Cl- had lower concentration in leaves and roots of Salt+AMF treatment in comparison 
to other saline plants, while Salt plants had higher concentrations. Thus, C. pyramidale was 
benefited in presence of leaf Pi supply or AMF+Pi, however isolated AMF plants had higher 
A and lower concentration of Na+ and Cl- under saline conditions, increasing tolerance to salt 
stress. 
Keywords: AMF, Caatinga, Cenostigma pyramidale, ecophysiology, phosphorus 
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I04 - Action new bioregulators in the metabolism of soybeans under 
water deficiency 

 

Braga I1, Souza GM2 
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Botânica, Campus Universitário, S/N, Cx. Postal 345, Pelotas-RS 
 

Bioregulators, such as γ-aminobutyric acid (GABA) and acetylcholine (Ach), may allow plants 
to improve the responses to stress, for instance, performing an osmoprotective role and 
regulating stomatal movement, respectively. The objective of this study was to analyze 
different modes of exogenous application and the combined effect of the two molecules 
(synergistic or antagonistic) on the regulation of soybean response to water deficit. Soybean 
plants (Glycine max (L.) Merrill) cv Intacta were supplied with two bio-regulators, Gaba and 
Acetylcholine (AG) at 2.0 mM each, growing under different water regimes. The treatments of 
the application of the bioregulatory substances were: (i) Application in the seed-S (ii) 
Application in the seed and leaf - SL; (iii) application only in leaves L; (iv) Non-application at all 
– C; and the water regimes were 100% of field capacity (F.C) and suspension of irrigation (S.I). 
A completely randomized design was used in a 4x2 factorial arrangement, with six replicates 
per treatment. In the treatments under water deficit, on the sixth day of S.I, a 93% decrease 
in photosynthetic capacity (PN) was observed in relation to control (C) with 100% of F.C. On 
the other hand, in the plants supplied with AG(SL) under water deficit the decrease in PN 
values were significantly lower comparing with control plants (without bioregulators 
supplying). The stomatal conductance (gs) in the plants supplied with AG(SL) under S.I 
presented 85% higher values in relation to C with 100% of the C.C. In our study it was possible 
to observe that the application of 2.0mM AG(SL) promoted an improvement of plant 
performance, notably the influence of Ach on the gs values, under water deficit. 
Keywords: Glycine max L., γ-aminobutyric acid, acetylcholine 
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I05 - Flooding impairs photosynthesis of common bean plants 
 

Posso DA, Borella J, Reissig GN, Tessmann CR, Bacarin MA 
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Brazil. douglasposso@hotmail.com 
 

Common bean (Phaseolus vulgaris L.) is one of the most important food legume cultivated in 
Brazil for human consumption. Flooding induces stomatal closure to avoid loss of water 
though reduces stomatal conductance and CO2 diffusion from the air to the carboxylation sites 

impairing photosynthesis. The aim of this study was to evaluate gas exchange (net assimilation 

rate, stomatal conductance, intercellular CO2 concentration and transpiration rate) i n  fo ur  

co m mo n b ean gen e t i c  m at e r i a ls  (two genotypes - BRS Expedito and Iraí; and two 
landraces – TB 02-24 and TB 03-13) under flooding condition. Common bean seeds were sown 
in soil and commercial substrate (1:1). When plants were at reproductive stage, the root 
system was subjected to flooding with water in a fully randomized design constituted of four 
biological replicates. At fourth day of treatment, we analyzed photosynthesis using an 

infra-red gas exchange analyser (IRGA - model 6400XT LI-Cor, USA), with an in-chamber CO2 
concentration of 380 µmol mol-1 and a photon flow density of 1250 µmol m-2 s-1. Our results 

indicated that in all genotypes the flooding the rate of liquid CO2 assimilation was negative 

and the intercellular CO2 concentration was more elevated that the control plants. 
Furthermore, the stomatal conductance and transpiration rate decreased to low values in all 
waterlogged plants. In addition, Expedito showed stronger reduction in the most parameters 
evaluated in comparison to other materials. The induction of stomatal closure and 
consequently reduced transpiration rate occurs mainly by a signal produced by roots and 

transported to shoot in this condition. Besides that, the increased intercellular CO2 and 

reduced CO2 assimilation are relative to increases in respiration and photorespiration rates in 
flooded plants. Photosynthesis was reduced in all common bean materials probably due to 
genetic differences that lead to a distinct metabolic rate, however Expedito was the most 
affected which appears to be more sensitive to flooding. 
Keywords: Phaseolus vulgaris L., gas exchange, waterlogging 
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I06 - Photosynthetic metabolism and water deficit tolerance of 
secondary succession species in semiarid 
 

Magalhães KA, Frosi G, Ramos DG, Souza LP, Oliveira MT 

Universidade Federal de Pernambuco, Recife-PE, Brazil.  marcieltoliveira@hotmail.com 
 

The Caatinga, a seasonally dry tropical forest, located in the Brazilian northeastern semiarid, 
presents great rainfall irregularity causing long periods of drought, being one of the most 
threatened ecosystems in the country. The aim of the study was to evaluate the 
ecophysiological attributes of the native woody species Amburana cearensis (Allemão) A. C. 
Sm. submitted to water deficit. The seeds were germinated in pots with 10 kg of organic soil 
and sand (3:1). The plants were hydrated with pot capacity (500 mL) during 120 days. Then 
the water deficit was initiated, where the plants destined to this treatment were irrigated 
with 30% of pot capacity (150 mL). Four replicates were available per treatment, being 
analyzed the gas exchange [stomatal conductance (gs), net photosynthetic rate (A), 
transpiration rate (E)] and chlorophyll a fluorescence. The data were submitted to t-test 
(p<0.05). The maximum stress (gs near to zero) occurred after 19 days of water deficit and 
rehydration occurred in following 7 days, where the plants submitted to water deficit were 
irrigated with total pot capacity. In maximum stress, the water deficit treatment showed 
decreases in gs, A, E and in some parameters of chlorophyll a fluorescence, as operating 
efficiency of PSII, photochemical quenching and electron transport rate. However, the 
maximum efficiency of PSII values did not differ between treatments, indicating that A. 
cearensis did not suffer chronic damages in photosynthetic machinery under water deficiency. 
After rehydration, the gas exchange and chlorophyll a fluorescence parameters were 
restablished, not differing from control group. The results indicate that A. cearensis presents 
tolerance to the water deficit, adjusting some attributes providing a recovery of the 
photosynthetic metabolism after a period of rehydration. Thus, A. cearensis could be used as 
economic alternative and to recovery areas of semiarid. 
Keywords: Amburana cearenses, Caatinga, ecophysiology, chlorophyll fluorescence, gas 
exchange 
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I07 - Inter- and intra-specific leaf plasticity assessment under long-term 
drought acclimation 
 

Bresta P1, Nikolopoulos D1, Vahamidis P2, Economou G2, Karabourniotis G1 
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University of Athens, Iera Odos 75, Votanikos, 11855 Athens, Greece 
 

Under drought conditions the growth and survival of a plant depend on its adaptive 
characteristics and acclimation ability. Adaptation refers to inherent morphological and 
physiological characters (fixed traits) which provide protection against water losses, whereas 
acclimation is a special case of phenotypic plasticity regarding drought-induced acquired 
modulations in the function and structure of plant organs. The corollary to the environment- 
genotype dependent plastic responses in leaf morphology, anatomy and physiology is the 
complexity of the tolerance trait. Here we sought to acquire a more integrated picture of the 
intra- and interspecific plasticity during prolonged drought acclimation and its association with 
tolerance. For this reason we combined the results of two previous studies of ours on long-
term drought acclimation of wheat and barley regarding the modifications of a plethora of 
leaf structural, functional and biochemical traits and their interactions. In lieu of assessing 
each trait, genotype and species individually, we constructed a “multi-trait reaction norm” 
based on a principal component analysis (PCA) including 3 genotypes per species with varying 
degrees of phenotypic plasticity examined under 4 different water stress regimes. This 
analysis proved to be very useful for the assessment of the degree of leaf plasticity both at at 
the inter- and intra-specific level revealing that irrespectively of species and genotype the 
plasticity of xylem and stomata seem to play a crucial role in survival under drought conditions. 
Compared to wheat, barley appeared to be less plastic and seems to invest more in protection, 
whereas among genotypes of the same species the ones with a more water saving leaf 
character exhibited less plastic responses.  
Keywords: Barley, leaf acclimation, long-term drought, plasticity assessment, wheat 
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I08 - Photochemical efficiency of photosystem in Carapichea 
ipecacuanha under shading in different seasons of the year 
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Brasil.  cristinahuther@yahoo.com.br; 2Universidade Federal Fluminense, Departamento de Tecnologia Farmacêutica 
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The Carapichea ipecacuanha, known as ipecacuanha, is an undergrowth plant that presents low 
adaptation to high luminous intensity environments. Information regarding its adaptability to 
different light intensity level is an important factor for increasing the active principle produce 
d by these plants which have high market value. The aim of this study was to evaluate the 
photochemical responses of ipecacuanha plants, grown at different levels of shading (50, 
70 and 90%) in four different seasons of the year (spring, summer, autumn and winter). 
Plants were grown in greenhouse with different shading and arranged in lines with space of 
0.30m between each plant. Chlorophyll a fluorescence analyses were performed at each 
season of the year, according to the shading. Plants under 50% of shading presented greater 

energy dissipation flux per reaction centre (DIo/RC) on summer and lower energy flux 

dissipation on autumn. In addition, plants under 50% of shading showed greater reduction of 

the Performanc e Index (PIa bs e PItota l) for conservation from exciton to the reduction of 
photosystem I end acceptors, demonstrating that there was a decrease in the energy 
conservation capacity, mainly on winter. Therefore, plants under 50% of shading showed a 
greatness alterations on photosystem functioning compared to 90% of shading in all seasons 
of the year which demonstrates that both high intensity and prolonged exposure of the plants 
to radiation may influence negatively their metabolism. 
Keywords: Ipecac, chlorophyll a fluorescence, light stress, photosystem efficiency, Rubiaceae. 
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I09 - Development of a protocol aiming at the estimation of pigment 
contents in maize leaves by hyperspectral remote sensing 
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There is a current trend towards determination of pigment contents in plant leaves by non-
destructive methods, especially with the use of spectral images acquired by multi or 
hyperspectral cameras. Such an approach makes the evaluation process of this characteristic 
faster, more precise and dynamic, and enables it to be carried out in the same group pf plants 
throughout the life cycle. The goal of this study was to develop and validate a protocol for the 
estimation of photosynthetic pigment contents in maize leaves using algorithms derived from 
hyperspectral images generated from visible to the infrared region of the electromagnetic 
spectrum. To obtain a set of data within a broad range of values, maize plants were subjected 
to drought. Thus, there were leaves with high, intermediate and low levels of pigments. By 
using algorithms developed through the three-band model, it was possible to estimate the 
concentration of chlorophyll a, total chlorophyll and carotenoids using the reflectance values 
obtained from the maize leaves. It should be stressed that the algorithms developed were not 
specific, i.e., the same algorithm could be used to estimate the concentration of more than 
one pigment. This is probably due to the maintenance of the ratio between photosynthetic 
pigments on the grown condition that plants were subjected. 
Keywords: Zea mays, chlorophyll, carotenoids, drought stress 
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I10 - Use of Setaria viridis (A10.1) as model plant for validation of genes 
for cold tolerance 
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Cold is an important abiotic stress limiting plant growth and reducing productivity. It causes a 
decrease in metabolic rates and damage to the photosynthetic apparatus. Cold tolerance in 
plants can be achieved by the heterologous expression a cold tolerance gene, or by a gene 
editing strategy. Setaria viridis has been used as a model plant in fast proof-of-concept studies 
aiming gene function validation. To use such a plant for studying a particular type of stress, 
one must show that it is susceptible (not tolerant) to that stress. The goal of this study was to 
prove, by the characterization of its physiological response to cold stress, that S. viridis (access 
A10.1) can be used as a model plant for validation of putative cold tolerance genes. Two 
batches of seeds were germinated in culture medium under a photoperiod of 16/8 hours 
(light/dark), 25±2 °C, and light intensity of 150 μmol m-2s-1. Week-old seedlings were 
transferred to a substrate and submitted to a light intensity of 500 μmol m-2s-1. Plants, fifteen 
(3rd stage) and twenty-nine (5th stage) days after transplanting, were submitted to 10 °C for 
six days; returning to 25 °C after that. Results showed a reduction in net CO2 assimilation rate, 
stomatal conductance to water vapor and transpiration, and the internal concentration of CO2 
practically doubled, in both development stages. After returning to 25 °C, plants from the 3rd 
stage recovered the gas exchange rates faster than from the 5th stage. Biomass production at 
the end of the cycle did not differ, independently of the stage at which stress was applied. 
Seed production, in turn, was negatively affected by the cold, but only when it was applied in 
the 5th stage of development. 
Keywords: Cold, tolerance, Setaria, stress, abiotic 
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I11 - Effect of drought on the gas exchange of maize genotypes with 
different levels of drought tolerance 
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Maize genotypes whose tolerance to drought had already been discriminated under field 
conditions were used in this study. The objective was to determine the effect of drought on 
leaf gas exchange and grain yield of genotypes considered as sensitive (BRS-1030 and BRS-
1010) in comparison to tolerant ones (2B-707 and DKB-390). For this, maize plants of these 
genotypes were grown under well watered conditions. In the pre-flowering stage, a group of 
plants of each maize genotype was subjected to drought by water withholding until the soil 
reached a very low range of water potential (-1.5 to -2.0 MPa). From there, this water potential 
range was maintained during 12 consecutive days by controlled water replenishment. Another 
group of plants continued under the same irrigation manner used for cultivation (control). On 
the third day after water withholding, the rates of stomatal conductance (gs), transpiration 
(E) and net assimilation of CO2 (A) dropped abruptly to close to zero and remained low for 12 
days in all stressed maize genotypes. In parallel, these genotypes showed an increase in the 
internal CO2 concentration of (Ci) in comparison to controls. In spite of such widespread fall in 
the leaf gas exchange, tolerant genotypes showed slightly higher rates than sensitive ones 
under drought, but only DKB-390 had no reduced grain yield. 
Keywords: Zea mays, water deficit stress 
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I12 - Effect of drought on the photochemical apparatus of maize plants 
as evaluated by parameters derived from chlorophyll fluorescence 
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Maize genotypes whose tolerance to drought had already been discriminated under field 
conditions were used in this study. The objective this work was to determine the effect of 
drought on the photochemical apparatus of the genotypes considered as sensitive (BRS-1030 
and BRS-1010) in comparison to those considered as tolerant (2B-707 and DKB-390). For this, 
maize plants belonging to these genotypes were initially grown under normal conditions. In 
the pre-flowering stage, a group of plants was subjected to drought by withholding water, 
while another group remained under full irrigation. Drought resulted in a decrease in the total 
chlorophyll content, especially in chlorophyll a, for all studied genotypes over the stress 
period. As a consequence, there was a reduction in the absorption of photosynthetically active 
radiation. On the other hand, there was an increase in initial fluorescence (Fo), while the 
maximum fluorescence (Fm) practically did not change, resulting in a decrease in the 
maximum quantum yield of photosystem II (Fv/Fm). Regarding the partitioning of the 
absorbed light energy, there was a decrease in the effective quantum yield of photosystem II 
[Y(II)], a concurrent increase in the quantum yield of regulated energy dissipation [Y(NPQ)], 
while quantum yield of nonregulated energy dissipation [Y(NO)] practically did not change. 
Taken together, these results mean that, although there was some disorganization of the 
chloroplast antennae and membrane system due to drought, it was not enough to prevent 
the functioning of the regulated systems of dissipation of absorbed light energy. Even upon 12 
days under stress, most of these parameters were recovered after re-watering, except 
chlorophyll content and maximum fluorescence (Fm).  
Keywords: Zea mays, light curve, water deficit stress 
Acknowledgments: Embrapa/PHENOCORN (SEG: 05.12.12.001.00.00) 
 

  



XVI Brazilian Congress of Plant Physiology            Brazilian Society of Plant Physiology 
                 São Pedro SP, Brazil                        1987-2017 
                 24 to 28 Sept. 2017    Celebrating 30 years of history! 

 

XVI Brazilian Congress of Plant Physiology  ISSN 2675-1267 (http://sbfv.org.br/anais) Page 170 of 229 

 

I13 - Water restriction and recurrent rehydration acting in Copaifera 
langsdorffii Desf. photochemical process 
 

Joca TAC, Rodrigues AL, Almeida LFR 
Universidade Estadual Paulista “Júlio de Mesquita Filho”, campus Botucatu, Botucatu-SP, Brazil. 
thais_arrudacj@hotmail.com 
 

Understanding plants adaptive potential against water restriction is a key process to clarify 
physiological adjustments that guarantee their survival. Copaifera langsdorffii Desf. is a tree 
species with wide distribution in Brazilian Cerrado, being a prototype for studies that integrate 
responses to different environmental regimes. The objective of this study was to evaluate if 
drought stress and recurrent rehydration has influences on physiological adjustments, focus 
on chlorophyll a fluorescence and water relations. We measured chlorophyll fluorescence 
variables, relative water content (RWC) and leaf water potential (Ψw) in C. langsdorffii 
youngers plants under greenhouse conditions. They were submitted to three treatments: 
constant irrigation, single drought stress event and three drought stress events with 
subsequent rehydration. The first analysis occurred before hydration in single and recurrent 
event treatments, while the second occurred until 96h after rehydration in these treatments 
and in another of constant irrigation. The higher initial fluorescence values (F0) on recurrent 
stress treatment indicate that even after rehydration, there are still photochemical apparatus 
damage, but the potential quantum yield of PSII (FV/FM) maintained similar responses to 
constant irrigation treatment. However, the single deficiency event group showed 
photoinhibition, not recovered even after rehydration. The high FV/FM of the recurrent stress 
were due to high light energy dissipation for photochemical reaction (qP), indicating there is 
an electrons efficient distribution by photosystems. The decrease in electron transport rate 
(ETR) may have been responsible for lower effective quantum yield of PSII (ΦPSII). In terms of 
non-photochemical quenching, the single stress group showed higher heat dissipation in the 
antennas (D), while the recurrent stress plants have used the photoprotective heat dissipation 
in the reaction centers (E). In water relations, the recurrent stress group kept their leaves 

hydrated even with water restriction, with RWC and W similar to control group since the 
beginning of the evaluations, as a consequence of stomatal mechanism in water loss control. 

Plants submitted to first drought stress event, before rehydration, presented smaller W and 
RWC, which were recovered after rehydration. This occurs because plants deficient in water 

present a decrease of W leaf together with the partial stomata closure, a fact that allows 
water loss reduction to environment. In summary, this dates evaluated in C. langsdorffii are 
indicative of overcoming stressful conditions, showing that they can reestablish rapidly after 
rehydration. 
Keywords: Physiological adjustments, water relations, chlorophyll fluorescence 
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I14 - Stress imprint in gas exchanges and antioxidant defense of 
Copaifera langsdorffii Desf. 
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Plants have the ability to incorporate previous stress information estimated through 
physiological resources. These adaptive traits were selected with frequent exposure to 
environmental stress due to climate changes, allowing adjustments to water loss and water 
absorption occurs. Copaifera langsdorffii Desf. presents leaves with mechanisms of 
physiological adjustments and morphological adaptation allowing the species to overcome 
seasonal water deficit. Therefore, in order to identify adaptive mechanisms of C. langsdorffii, 
the objective was to evaluate whether water deficit and recurrent rehydration interfere in 
physiological strategies of the species with focus on gas exchange and antioxidant defense 
during rehydration. We evaluated gas exchange and antioxidant enzymes (peroxidase and 
superoxide dismutase) until 96h of rehydration into three groups of plants: control group 
(constantly irrigated), single stress event group and the recurrent stress group (subjected to 
three events of water deficit. Each period of stress was the same deficit as in single stress 
event group). The experiment was conducted under greenhouse conditions with plants 
approximately 50 cm high. The water deficit was established by irrigation interruption until 
stomatal conductance values approach zero. The results indicated a faster recovery of carbon 
assimilation and stomatal conductance in plants submitted to recurrent stress with 3 hours 
of rehydration after the third stress-recovery cicle. The group of plants submitted to single 
stress maintains the antioxidative defense similar to the control treatment, mainly with 
the greater activity of superoxide dismutase. Once plants submitted to recurrent water deficit 
did not induce an increase antioxidant activity compared with other evaluated groups possibly 
in response to recovery of assimilation, then it is corroborated the hypothesis that there were 
stress imprint in response to recurrent stress. Therefore, not trigger an increase production 
of antioxidant enzymes, due to faster response of the gas exchange, which facilitates the 
species wide distribution environments with marked seasonality. 
Keywords: Water deficit, rehydration, physiological adjustments, recurrent stress 
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I15 - Ecophysiology efficiency in Curcuma zedoaria (Christm.) Roscoe 
under recurrent drought stress 
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Unfavorable environmental conditions such as water deficiency affect the species adjustment, 
modifying plant physiological aspects, such as changes in stomatal conductance, mineral 
transport, organic compounds reallocation and photochemical apparatus efficiency. Curcuma 
zedoaria (Christm.) Roscoe has rhizome as a reserve organ, which, under unfavorable 
conditions, may fall into dormancy. The hypothesis of this work was that C. zedoaria with 
previous drought deficit allows greater physiological adjustment to this stress than plants 
without previous drought deficit; moreover, after a second deficit event, the plant will modify 
the reserve allocation patterns, anticipating the rhizomes dormancy. The objective was to 
evaluate the ecophysiological efficiency and the rhizome reserve allocation pattern of C. 
zedoaria under different drought events and rehydration. We evaluated chlorophyll a 
fluorescence, stomatal conductance, relative water content (RWC) and biochemical analyses 
into five treatments: control (constantly irrigated), single drought (total irrigation suspension), 
rehydration of single drought, recurrent drought (second time total irrigation suspension), 
rehydration of recurrent drought. The experiment was conducted into greenhouse with 
controlled temperature and humidity in second life cycle plants, maintained under water 
deficiency for 18 days, followed by rehydration until control dormancy entry (total leaf loss). 
As a result, drought deficiency accelerated dormancy entrance in C. zedoaria. The leaf RWC of 
recurrent drought was higher compared to single drought. As for stomatal conductance and 
non-photochemical quenching, both drought treatments showed differences to control 
treatment. Biochemical analyses showed that only the rehydration of recurrent drought 
treatment presented a higher content of starch in relation to control and rehydration of single 
drought treatment. Curcuma zedoaria with two drought deficits history retains more leaf 
water and higher starch content in rhizome in relation to plants with only a single drought 
deficit history.  
Keywords: Dormancy entrance, photochemical efficiency, plant metabolism, starch, rhizome 
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I16 - Physiological responses of different common bean populations 
submitted to water deficit 
 

Ribeiro T1, Esteves JAF1, Magalhães Filho JR2, Carbonell SAM1, Chiorato AF1
 

1Common Bean Breeding Program, Center of Grain and Fiber, Agronomic Institute (IAC), Campinas SP, Brazil. 
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and Biophysics, Agronomic Institute (IAC), Campinas SP, Brazil 
 

The common bean (Phaseolus vulgaris L.) is among the main agricultural crops of Brazil, and 
its productivity is directly related to climatic conditions, being the water deficit one of the 
main limiting factors. The aim of this study was evaluated the physiological responses of 40 
populations of the common bean to intermittent drought stress. The experiment used a 
randomized block design with split plots and three replications. Two treatments were 
applied: irrigated and water deficit. In water deficit treatment, the irrigation was suspended 
during the pre-flowering stage and remained so for 27 days, when the matrix potential of 
the soil was measured at -180 kPa. At this moment, were evaluated: stomatal conductance 
(gs), leaf temperature (LT), relative chlorophyll index (RCI), maximum quantum efficiency of 
PSII (Fv/Fm), quantum yield of PSII (ΔF/Fm'), non-photochemical quenching (NPQ), 
photochemichal quenching (qP), and apparent electron transport (ETR). After this, the 
irrigation was resumed in the plot under water deficit and, at physiological maturity period, 
the grain yield (GY) was evaluated. There were significant differences between the 
treatments for the parameters gs, RCI, LT, ΔF/Fm', ETR and GY, among the genotypes for the 

parameters Fv/Fm, NQP and GY, and in genotype vs environmental interaction for Fv/Fm and 
GY. These demonstrated that populations responded differently to the imposition of water 
deficit. Regarding Fv/Fm, three of the 40 populations evidenced the maintenance of the 
photochemical activity under conditions of deficit. NPQ differed among genotypes only in 
the irrigated treatment. For GY, 15 populations presented values above the general average 
under water deficit conditions. These results allowed the drought tolerant populations 
selection, which may define new crosses to insert the character into new genotypes. 
Keywords: Leaf gas exchange; chlorophyll fluorescence; plant breeding; drought tolerance 
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I17 - S-nitrosoglutathione spraying improves photosynthesis and 
antioxidant defense in sugarcane plants under water deficit 
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Water deficit is a major environmental constraint on crop productivity and performance. Nitric 
oxide (NO) is an important signalling molecule associated with many biochemical and 
physiological processes in plants under stressful conditions. This study aimed to test the 
hypothesis that leaf spraying with S-nitrosoglutathione (GSNO), a NO donor, improves the 
antioxidant defense in both roots and leaves of sugarcane plants under water deficit, with 
positive consequences for photosynthesis. In addition, the role of key photosynthetic enzymes 
ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco) and phosphoenolpyruvate 
carboxylase (PEPC) in maintaining CO2 assimilation of GSNO sprayed plants under water deficit 
were evaluated. Sugarcane plants were sprayed with either water or GSNO (100 µM) and 
subjected to water deficit by adding polyethylene glycol (PEG-8000) to the nutrient solution. 
Sugarcane plants supplied with GSNO showed increases in the activity of antioxidant enzymes 
such as superoxide dismutase (SOD) in leaves and catalase (CAT) in roots, indicating higher 
antioxidant capacity under water deficit. Such adjustments induced by GSNO were sufficient 
to prevent oxidative damage in both organs and were associated with better leaf water status. 
GSNO spraying alleviated the negative impact of water deficit on stomatal conductance and 
photosynthetic rates, with plants also showing increases in Rubisco activity. Therefore, such 
treatments of NO donors may be useful for increased productivity in the future. 
Keywords: Drought, leaf gas exchange, nitric oxide, Saccharum spp., superoxide dismutase 
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I18 - Identification of differentially expressed genes in two Coffea 
arabica cultivars under heat stress conditions 
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3Universidade Federal de Lavras, Lavras-MG, Brazil. iasminysilvas@gmail.com; 4Empresa de Pesquisa 
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In face of imminent climate changes, the development of coffee cultivars that are tolerant to 
adverse environmental conditions is essential. To that end, the identification of key genes 
involved in plant responses to abiotic stress is critical for crop improvement by either 
traditional breeding or genetic transformation. Hence, we aimed at identifying genes that are 
differentially transcribed in response to high temperatures in two Coffea arabica cultivars. 
Seedlings of Acauã and Catuaí IAC 144 cultivated in growth chambers were subjected to 
optimal and higher-than-optimal temperature treatments (23/19 °C and 30/26 °C day/night, 
respectively, 12 hour days) for four weeks. RNA from leaves was extracted, sequenced and 
differentially expressed genes (DEGs) were analyzed. Subsequently, an enrichment analysis 
was performed with the Gene Ontology (GO) tool. When analyzing the Catuaí cultivar, the 
comparison between control and plants subjected to high temperatures resulted in the 
identification of 548 DEGs (433 up regulated and 115 down regulated). In Acauã we 
identified 702 DEGs (550 up regulated and 152 down regulated). All genes were divided in 11 
enriched subcategories. Moreover, when taking into account the response of both cultivars 
to high temperatures, the pathway identified by the KEGG mapper with the highest number 
of differentially expressed genes was the phenylpropanoid biosynthesis pathway with 22 
genes. In the phenylpropanoid biosynthesis pathway, key genes involved in the production of 
secondary metabolites such as flavonoids, anthocyanin and plant steroids were up regulated, 
including the phenylalanine ammonia lyase (PAL) encoding gene. Although usually 
underestimated, secondary metabolites also play a fundamental role in plant stress tolerance. 
PAL is the principal enzyme of the phenylpropanoid pathway and its increased activity in 
response to thermal stress is considered as the main response of cells to heat stress. 
Keywords: RNAseq, coffee, abiotic stress, climate change 
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I19 - Gas exchanges in Annona emarginata submitted to different soil 
matrix potentials 
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1UNESP - Faculdade de Ciências Agronômicas, Departamento de Horticultura, Botucatu, SP, Brazil. fabricio-
moura-07@hotmail.com; 2UNESP - Faculdade de Ciências Agronômicas, Departamento de Engenharia Rural, 
Botucatu, SP, Brazil; 3UNESP - Universidade Estadual Paulista, IBB, Botucatu, SP, Brazil 
 

In plants, water stress interferes with the physiological processes, besides that it is of great 
importance since it influences nutrient translocation, stomatal opening, CO2 entry and crop 
yield. Annona emarginata (Schltdl.) H. Rainer ‘araticum-de-terra-fria’, i.e. rootstock for 
atemoya, presents rusticity in diverse environmental conditions, being adequate to raise 
survival rates of atemoya seedlings, including under water stress. The current study aimed to 
evaluate gas exchange in Annona emarginata seedlings submitted to different soil matrix 
potentials. The experiment was conducted in a greenhouse at the Botany Department, 
Institute of Biosciences of Botucatu (São Paulo State University - UNESP), located in the 
homonymous city. The plants were cultivated in pots with a capacity of 15 kg of soil. In a 
completely randomized design, three treatments were characterized by different matrix 
potentials based on water availability (i.e. -10, -25 and -55 kPa) and four replicates. Young 
seedlings (16 months old) were submitted to treatments and after 75 days were evaluated. 
The following variables were determined by means of an open photosynthesis system with 
CO2 analyser and water vapor by infrared radiation (Infrared Gas Analyser - IRGA): assimilation 
of CO2 (A, μmol m-2 s-1); transpiration (E, mmol m-2 s-1); stomatal conductance (gs, mol m-2 s-

1); internal CO2 concentration (Ci, μmol CO2 mol-1); carboxylation efficiency (A/Ci) and water 
use efficiency (EUA, μmolCO2 (mmol H2O)-1). Results indicated that plants cultivated at -55 kPa 
presented lower rate of CO2 assimilation and carboxylation efficiency, besides they revealed 
less stomatal opening and respiration compared to those submitted to -10 kPa. The water 
availability and more negative matrix potentials interfere in the gas exchange even in plants 
that present rusticity. 
Keywords: Araticum-de-terra-fria, water deficiency, photosynthesis 
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I20 - Cadmium and cationic micronutrient concentration in roots of 
proline overexpressing tobacco transgenic plants under the control of 
different promoters 
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Plant exposure to toxic levels of heavy metals such as Cd induces changes in physiological, 
biochemical and molecular mechanisms responsible for metal tolerance and acclimation. 
Proline (Pro) accumulation can help to cope with stress conditions in different manners, but 
not all of them are well known. In order to better understand how proline acts on Cd toxicity 
response, we exposed tobacco transgenic plants containing P5CS mutated gene 
overexpressing proline under the control of the 35S constitutive promoter, and plants 
containing the same mutated gene under the control of the rd29A stress inducible promoter 
to 50 μmol L-1 CdCl2.H2O in a hydroponic system. Moreover, exogenous proline (1 mmol L-1) 
application was performed 24 hours before Cd treatment in part of the wild type (WT) 
tobacco plants. Plant tissues were harvested at different times: immediately before (T0), 24 
(T24) and 72 (T72) hours after Cd application. Regarding cationic micronutrients (Cu, Fe, Mn 
and Zn), roots of 35S plants presented the lowest concentrations at T24 compared to T0 and 
T72. Our results showed that in T24, roots of 35S plants exhibited 48.5% less Cd compared to 
WT. PWT plants treated with exogenous proline before Cd exposure showed 11.5% more Cd 
compared to WT, whereas rd29A plants exhibited 2.9% more Cd compared to WT plants. At 
T72, only rd29A plants presented more Cd (approximately 60%) in relation to WT plants. 
WT+Pro plants showed about 13% and 35S plants about 37% less Cd in relation to WT plants. 
It is possible that high constitutive proline production has favored 35S transgenic plants to 
avoid Cd uptake or even stimulate Cd transport to other plant organs, for detoxification 
purposes. 
Keywords: Environmental pollution, heavy metal, tolerance mechanism, detoxification 
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I21 - Accumulation of endogenous H2S and NO alleviates salt stress in 
Nicotiana tabacum 
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It is estimated that about one-third of the world's arable land is already or will be soon 
affected by high salinity. This work investigated the extent of hydrogen sulfide (H2S) and 
nitric oxide (NO) production in Nicotiana tabacum (tobacco) leaves, the interplay between 
both signaling molecules and the implication of their accumulation to the antioxidant 
response of tobacco plants to severe salt stress. Leaves from NaCl-treated plants presented 
increased activities of L-cysteine desulfhydrase, β-cyanoalanine synthase, cysteine synthase, 
nitrate reductase and arginase, enzymes involved in H2S or NO biosynthesis. The increment 
of biosynthethic enzyme activities was accompanied by augment of L-Cys and L-Arg, 
substrate for the referred enzymes. The increase in NO and H2S production clearly allowed 
plants coping with oxidative stress as the activity of superoxide dismutase and catalase was 
boosted and oxidation of glutathione was intensified. Overall, NaCl treatment induced the 
activity of enzymes involved in H2S and NO biosynthesis, which led to the accumulation of 
both signaling molecules in tobacco leaves in amounts enough to orchestrate metabolic 
changes that culminated in plant survival to extreme salinity conditions. 
Keywords: Hydrogen sulfide, nitric oxide, oxidative stress, salt tolerance, high salinity 
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I22 - Total soluble sugars, photosynthetic rate and dry matter of soybean 
plants under saline stress 
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The goal of this study was to evaluate the net photosynthetic rate, dry matter (DM) 
accumulation and total soluble sugars (TSS) production in two cultivars of Glycine max 
subjected to saline stress. Seeds of two soybean cultivars (AS3730 and M8372) were sown in 
commercial substrate and twenty days after sowing the seedlings were transferred to plastic 
containers containing nutrient solution. After acclimation in nutrient solution with increasing 
concentrations, the plants were submitted to three treatments: 0 (control), 50 and 100 mM 
of sodium chloride. Each treatment consisted of five replicates. At 8 (T1) and at 16 days (T2) 
of treatments, leaf samples were collected and evaluations were performed. The doses of 50 
mM and 100 mM of sodium chloride reduced the net photosynthetic rate of AS3730 plants 
at T1 and T2. On the other hand, M8372 plants had photosynthetic activity reduced under 
50 and 100 mM only in T2. The reduction in photosynthesis did not affect the growth of 
AS3730 plants, however M8372 plants had their growth affected under 100 mM in T1 and 
under 50 and 100 mM in T2. In AS3730, salinity by 50 mM did not affect the concentration of 
TSS in T1 and T2. However, there has already been a response under 100 mM in T1 that may 
have contributed to stress attenuation. Thus, despite the lower photosynthetic rate, the DM 
of both treatments was maintained in relation to the control. In M8372, salinity did not 
change the concentration of TSS in T1 and led to increase in T2. This alteration, however, 
was not sufficient to maintain cell homeostasis, and the decrease in photosynthetic rate led 
to a reduction in DM in relation to the control. The cultivars showed a different behavior 
when submitted to salinity, and AS3730 presented a higher tolerance, which can be observed 
by the maintenance in DM. 
Keywords: Glycine max L., salinity, photosynthetic rate 
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I23 - Accumulation of the antioxidant alkaloid brachycerine is elicited 
upon high temperature on leaf disks of Psychotria brachyceras Müll. Arg. 
and contributes to oxidative damage mitigation 
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Brachycerine is a shoot monoterpene indole alkaloid with antioxidant, UV protectant, and 
antimutagenic activities present in Psychotria brachyceras. The alkaloid has been shown to 
be induced by several abiotic stimuli, such as UV light, heavy metals and salinity. Since 
brachycerine accumulation is related to oxidative stress, herein we tested the hypothesis 
that heat induces accumulation of the alkaloid, which helps in mitigating damage. 
Brachycerine in leaf disks exposed to 40 °C for three days, both by abrupt and stepwise 
temperature raise, increased by approximately by 4.5 and 2 fold, respectively, reaching up to 
2.0% dry weight. Hydrogen peroxide concentration was lower in leaf disks exposed to heat 
shock (50 °C) compared to control. No changes were observed in total chlorophyll under any 
of the temperature treatments. Leaf disks of the heat-sensitive species Brugmansia 
suaveolens and Brassica oleracea, which had massive loss of chlorophyll under heat, showed 
heat shock tolerant phenotype when pre-treated with brachycerine in concentrations 
equivalent to those found in P. brachyceras. Expression of TRYPTOPHAN DECARBOXYLASE, 
encoding an enzyme involved in alkaloid biosynthesis, was repressed in leaf disks exposed to 
40 °C for 6, 12 and 24h, suggesting that temperature action may take place at post- 
transcriptional level. In fact, heat exposed-disks had higher concentration of the alkaloid 
precursor tryptamine compared to control counterparts. Taken together, data shows that 
accumulation of brachycerine is induced by heat, probably by a post-transcriptional 
mechanism, contributing to protection of oxidative unbalance. Moreover, heat treatment 
represents a viable means to improve brachycerine yields for bioactivity assays and 
applications. 
Keywords: Heat stress, brachycerine, monoterpene indole alkaloid, tryptophan 
decarboxylase, oxidative stress 
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stress and Mg-deficiency 
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High temperatures already are a reality of current days, if necessary attention is not given to 
plant nutrition, including with regard to magnesium nutrition, large losses can occur when 
plants are submitted to a combination of these stresses. Thus, the aim of our work was to 
investigate the impact of heat and Mg-deficiency on protein and amino acid content in 
coffee seedlings. Then, six months old seedlings of Coffea arabica L. were transferred to 
plastic containers containing nutrient solutions with different concentrations of magnesium 
(1 mM and 0 mM of MgSO4) and cultivated in two different temperatures (25 and 35 °C). 

Fully expanded leaves were evaluated at the beginning of treatment and after 10, 20 and 30 
days for concentration of protein and amino acid. Combination of heat and Mg-deficiency 
resulted in lower levels of protein. Mg deficiency and heat triggered reductions of 31% and 
10%, respectively, in protein concentration. On the other hand, seedlings submitted to Mg- 
deficiency and heat stress showed an increase in amino acid levels of 19% and 43%, 
respectively. Reduction in protein concentration and the consequent increase in amino acid 
levels due to Mg deficiency can be explained by the function of magnesium in the protein 
synthesis process. Ribosomes are structures responsible for protein biosynthesis and their 
active form requires the aggregation of two subunits, necessitating Mg to form a bridge 
between them. In this way, the reduction in Mg concentration was responsible for the 
reduction in protein biosynthesis and the consequent increase in amino acids levels. On the 
other hand, heat stress is characterized by increase the production of reactive oxygen species 
whose targets are cellular components, among them, proteins. Accordingly, the combination 
of these stresses might have culminated in problems in both synthesis and degradation of 
proteins, causing a drop in protein levels and the consequent rise in amino acid levels. 
Keywords: Ribosome, reactive oxygen species, temperature 
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I25 - Fluorescence of chlorophyll a in micro-tom tomato grown with or 
without water stress and silicon 
 

Corrêa CV, Mantoan LPB, Gonçalves FCM, Boaro CSF 

Universidade Estadual Paulista “Júlio de Mesquita Filho”, Campus de Botucatu.  cvcrrea1509@gmail.com 
 

Drought dramatically affects agricultural production. This research analyzed the use of silicon 
which is capable of increasing plant resistance to water stress. The objective of this research 
was to evaluate the capacity of silicon to maintain chlorophyll a fluorescence of plants 
grown in water stress. The plants were submitted to the following treatments: T1: without 
water stress and without silicon (control); T2: with water stress and without silicon; T3: 
without water stress + 0.50 g L-1silicon; T4: without water stress + 1.00 g L-1 silicon; T5: 

without water stress + 1.50 g L-1 silicon; T6: without water stress + 2.00 g L-1  of silicon; T7: 

without water stress + 2.50 g L-1 of silicon; T8: with water stress + 0.50 g L-1 silicon; T9: with 

water stress + 1.00 g L-1 silicon; T10: with water stress + 1.50 g L-1 silicon; T11: with water 

stress + 2.00 g L-1 of silicon and T12: with water stress + 2.50 g L-1 of silicon. The silicon 
concentrations were divided into four weekly applications. The first one week after 
transplanting of the seedlings and the last during flowering. Fluorescence measurements 
were taken before the last day of water stress, during stress period and two days after 
rehydration of all plants that showed assimilation rate equal to zero, through a pulse- 
modulated fluorometer at 5 a.m. and, then, evaluated using a quadratic equation. Minimum, 
maximum fluorescence and effective quantum yield were evaluated. It was observed that 
they remained constant and lower in plants without stress and without silicon (0.831). In 

stressed plants silicon concentration of 1.73 g L-1 determined the best yield (876.80). In 
rehydrated plants, the influence of silicon was lower in maintaining the effective quantum 

yield with maximum of 827.25 at 1.00 g L-1. In sum, silicon is clearly beneficial to maintain 
fluorescence of stressed plants. 
Keywords: Beneficial element, stress, water 
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I26 - ALMT gene expression is involved in aluminum tolerance of Styrax 
camporum, a moderate Al-accumulator from the Cerrado 
 

Silva CMS1, Harakava R2, Habermann G3 
1Programa de Pós-Graduação em Ciências Biológicas (Biologia Vegetal), Universidade Estadual Paulista, UNESP, 
Instituto de Biociências, Departamento de Botânica, Av. 24-A, 1515; 13506-900, Rio Claro, SP, Brazil. 
carolmsantiago@gmail.com; 2Centro de P&D de Sanidade Vegetal, Laboratório de Bioquímica Fitopatológica, 
Instituto Biológico, Av. Conselheiro R. Alves, 1252; 04014-002, São Paulo, SP, Brazil; 3Departamento de 
Botânica, Instituto de Biociências (IB), Universidade Estadual Paulista, UNESP, Instituto de Biociências, Av. 24-A, 
1515; 13506-900, Rio Claro, SP, Brazil 

 

In acidic soils (pH < 5.0) aluminum (Al) occurs as Al3+, which is phytotoxic. To cope with Al 
disturbance, one of the strategies involves exuding organic acids from root tips. Malate 
release from roots is mediated by members of the ALMT1 family of anion channels (aluminum-
activated malate transporter). Styrax camporum is a moderate Al-accumulating species from 
the Cerrado vegetation, and we cultivated 18-month-old plants of this species in a nutrient 
solution containing 0, 740 and 1480 µM Al (pH 4.0). We tested whether ALMT expression 
participate in the Al tolerance of this species. Total RNA was extracted from root tips at 1, 15, 
30, 60 and 90 days after planting (DAP), and some samples were submitted to transcriptome 
sequencing. Based on these data, ALMT sequences were used to design specific primers for 
qRT-PCR analysis. ALMT gene expression was up-regulated at 15 DAP in both Al 
concentrations, but it was 26 times more expressed in plants exposed to 740 µM Al and 11 
times more expressed in plants exposed to 1480 µM Al. At 1 DAP, malate exudation relied on 
ALMT channel activation rather than its gene expression induction, which means no 
constitutive gene expression. Therefore, ALMT expression seems to be triggered in this 
species in order to cope with the Al available in the Cerrado soil. However, there must be an 
Al concentration threshold for this response. When exceeded, the ALMT response reduces its 
participation in the Al tolerance of this species. 
Keywords: Al3+, Al extruders, malate, Cerrado species, root apex 
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I27 - Cold tolerance in five genotypes of Coffea 
 

Rosisca JR1, Oliveira CMG2, Aguiar e Silva MA1, Nagashima GT2, Caramori PH2,  
Morais H2, Dreyer KO1, Zaro GC1, Vieira Junior NA1, Gonçalves BB1, Silva KA1 
1Universidade Estadual de Londrina, Londrina – PR Brazil. juliandrarosisca@gmail.com; 2Instituto Agronômico 
do Paraná-IAPAR 

 

Arabic coffee is very sensitive to extreme temperatures, especially during the early growing 
stages. Frost is one of the most limiting factors of the crop. Low temperatures cause damages 
that may vary according to the intensity, time of exposure, age, plant nutritional status and 
genotype. The objective of this work was to evaluate the tolerance to low temperatures in five 
genotypes of Coffea, in a controlled environment at the Agronomic Institute of Paraná 
(IAPAR), in Londrina, Brazil. The genotypes assessed originated from artificial crossings 
between Coffea arabica with Coffea racemosa and Coffea liberica, compared to Coffea 
racemosa. The plants were seven months old during the tests. The assessments consisted on 
physiological responses based on photosynthesis measurements before and after the 
exposure of the genotypes to minimum temperatures of -2, -3, -4 and 5 °C, and visual leaf 
damage scores after the tests. The experimental design was a completely randomized in a 
factorial scheme, with 5 temperature levels and 5 genotypes, with 4 replicates. Data were 
submitted to analysis of variance and the means were compared by the Scott-Knott test at 5% 
probability. Damage was detected visually from -3 °C, with tolerance observed only for C. 
racemosa. Photosynthesis data also indicated that C. racemosa is more tolerant to cold than 
the remaining genotypes evaluated. Minimum temperatures between -3 and -4 °C are the 
most suitable for testing cold tolerance in coffee genotypes. 
Keywords: Coffee, frost, visual evaluation, physiological analysis, photosynthesis 
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I28 - Water deficit stress effects on biochemical and physiological 
parameters in Baccharis trimera (Less.) DC 
 

Macedo FF, Cargnelutti D, Rovaris GB 
Universidade Federal da Fronteira Sul, Campus Erechim - RS. francine.f.m@hotmail.com 
 

This study aimed to evaluate in root and shoot: fresh weight (FW), growth, antioxidant 
enzymes (superoxide dismutase (SOD) and ascorbate peroxidase (APX)), lipid peroxidation 
(LP) and proline contents. The plants were exposed for 0, 25, 50 and 75% of water deficit 
stress, using pot capacity (PC) as method. After 30 days, plants were harvested and were 
directed to the analysis physiological and biochemical. To evaluate the FW was recorded 
using an analytical balance and growth using a ruler. The APX was evaluated by oxidation of 
ascorbate dependent of H2O2 at 290 nm. SOD activity was assayed based on the ability of 

SOD to inhibit the reduction of nitro-blue tetrazolium by superoxide. The malondialdehyde 
levels, were estimated by thiobarbituric acid reactive substances at 532 nm. Proline 
colorimetric determination processed based on proline's reaction with ninhydrin. The results 
did not show significant changes for the APX, SOD and FW of shoot and, TBARS of both 
root and shoot. Significant changes were observed for proline levels (46 % higher than control 
in the treatment with 75% of PC). For growth, significant increase was observed for both root 

(15.3±9.7; n=3; p≥0.05) and shoot (20.4±1.5; n=3; p≥0.05), in the treatment with 75% of the 

PC as compared to control, respectively (12.1±6.1 and 18.1±3.9; n=3; p≥0.05). In the same 
treatment, FW of root was 1.9-fold higher than control. The 25% of water deficit showed 
decrease SOD activity on root (3167.5±457.1; n=3; p≥0.05) when compared to control 

(4370.1±396.2; n=3; p≥0.05) and increase APX activity of root (0.68±0.03; n=3; p≥0.05) when 

compared to control (0.54±0.17; n=3; p ≥0.5). Results from this work suggest that low levels 
of water deficit induce an increase in the proline contents, fresh weight, growth and alters 
the antioxidant metabolism of B. trimera. 
Keywords: Medicinal plants, antioxidant system, proline, plant physiology 
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I29 - Low levels of water deficit induce an increase in the biomass of 
Baccharis trimera (Less.) 
 

Rovaris GB, Cargnelutti D, Macedo FF 
Universidade Federal da Fronteira sul – UFFS campus Erechim. rovaris.gabi@gmail.com 
 

The present study aimed to describe the water deficit effect in Baccharis trimera, a 
important medicinal plant from Brazilian flora, through the evaluation of hydrogen peroxide 
(H2O2) and protein concentration, activity of the enzyme guaiacol peroxidase (POD), and dry 
mass (DM) from B. Trimera. The plants were exposed for 0, 25, 50, 75% of water deficit stress, 
using pot capacity (PC) as method. After 30 days, plants were harvested and were subjected 
to physiological and biochemical analysis. To evaluate the DM, the plants were dried in an 
oven until obtaining a constant mass and the mass was recorded using an analytical balance. 
The soluble protein content was evaluated by the comassie method. The POD activity was 
evaluated by measuring the oxidation of guaiacol at 470 nm in a spectrophotometer. The 
results did not show significant changes for the H2O2 levels and POD activity of both root and 
shoot. Significant changes were observed for root protein levels, which were reduced by 
about 56% in the treatment with 75% of the PC, when compared to control (100% of the PC). 
For DM, a significant increase was observed for both root (5.7±1.6; n=3; p≥0.05) and 
shoot (7.6±1.5; n=3; p≥0.05), in the treatment with 25% of the PC, when compared at control, 
respectively for root and shoot (2.5±0.5 and 3.9±2.0; n=3; p≥0.05). Therefore, data from the 
present study suggest that low levels of water deficit induce an increase in the biomass of B. 
trimera and higher levels of this deficit little alter the antioxidant metabolism and plant 
physiology. However, more studies are needed to verify the mechanisms of tolerance of this 
plant to this stress. 
Keywords: Antioxidant system, Baccharis trimera, biomass, water deficit 
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I32 - Superimposed heat and high [CO2] induce changes in chloroplast 
membrane lipids in Coffea spp 
 

Rodrigues WP1,2, Scotti-Campos P3,4, Pais IP3,4, Martins LD5, Tomaz MA5, Partelli FL6, 
Campostrini E2, Ribeiro-Barros AI1,2, Lidon FC4, DaMatta FM7, Ramalho JC1,2

 
1Plant Stress & Biodiversity Lab, LEAF, ISA, Univ. Lisboa, 2CCTA, UENF, RJ, Brazil,  wevertonuenf@hotmail.com; 
3UBRG, INIAV, Portugal; 4GeoBioTec, FCT/UNL, Portugal; 5PPGPV, CCA, UFES, ES, Brazil; 6CEUNES, DCAB, UFES, 
ES, Brazil; 7Dept. Biologia Vegetal, UFV, MG, Brazil 
 

Supra-optimal air temperatures cause disturbances in plant metabolism and growth. 
Changes in main thylakoid membrane lipids composition are an importance feature to stress 
acclimation of the coffee plant. We intend to evaluate the dynamics of membrane 
chloroplast lipids in response to heat and high [CO2] conditions in C. arabica L. cv. Icatu and 
C. canephora cv. Conilon (Clone 153). Plants (ca. 1.5 years) were grown for 10 months in 28 L 
pots in chambers under controlled temperature (25/20 ºC, day/night), irradiance (ca. 700-800 
μmol m-2 s-1), RH (75%), photoperiod (12 h), and 380 or 700 μL CO2 L-1 in air. Thereafter, 
temperature was increased (0.5 ºC day-1) from 25/20 ºC to 42/34 ºC. Chloroplast membranes 
analyses were performed at 25/20 ºC, 31/25 ºC, 37/30 ºC, and 42/34 ºC. In both genotypes, 
heat (37/30 ºC) induced a Galactolipids/Phospholipids increase in 380-plants, reflecting 
enhanced galactolipids biosynthesis, and a decrease in 700 ones. Newly synthetized 
digalactosyldiacylglicerol (DGDG) molecules showed an overall increased saturation (lower 
DBI) under both CO2 concentrations, resulting from a higher palmitic acid (C16:0) proportion 
and less abundant linolenic acid (C18:3), the two main fatty acids components. In Clone 153 

at 31/25 ºC, 700 μL CO2 L-1 plants showed stable monogalactosyldiacylglycerol (MGDG) 
amounts and double bond index (DBI) lowering (reduction of C18:3), denoting lipid 
remodeling. At 25/20 ºC, amounts of phosphatidylcholine (PC), a major phospholipid, strongly 

decreased under high [CO2] in both genotypes. Heat (37/30 ºC) caused PC reductions in CL 153 

and Icatu of 380-plants, while in 700-plants the opposite was observed. Such changes may 

help to clarify the better physiological performance of plants grown under high [CO2] under 

heat conditions. 
Keywords: Climate changes, coffee, membrane lipids 
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I33 - Effect of water deficit on soybean photosynthetic parameters 
during grain filling period 
 

Silva AJ1, Magalhães Filho JR2, Sales CR2, Machado EC1 
1Laboratory of Plant Physiology 'Coaracy M. Franco', Center for Research and Development in Ecophysiology 
and Biophysics, Agronomic Institute, IAC, PO Box 28, 13012-970, Campinas, SP, Brazil; 2Lancaster Environment 
Centre, Lancaster University, Lancaster, LA1 4YQ, UK 
 

The effect of water deficit (WD) on photosynthesis is extrinsically related to both intensity and 
time duration of WD and intrinsically related to plants to keep the well performance of each 
photosynthetic mechanism during the water scarcity as well under the recovery period. This 
work aimed to evaluate the effect of WD as well the recovery period (rehydration) on 
photosynthetic parameters of soybean during grain filling stage. The experiment was carried 
out in a greenhouse condition using an indeterminate soybean (Glycine max, L Merril) cv. Vtop 
cultivated into a container (0.5 m³). Two treatments were considered: T1 – control treatment 
(soil moisture kept to -10 kPa) and T2 – WD treatment (soil moisture kept to -170 kPa for 21 
days) applied during grain-filling stage (R5-R6), then the soil moisture was returned to T1 levels 
at final R6 stage (72 days after sowing) to study the recovery period (RE).. Gas exchange and 
chlorophyll fluorescence were measured by IRGA with fluorometer device coupled. Three days 

after WD imposed the CO2 assimilation rate (PN) was reduced from 32.3 mol m-2 s-1 (T1) to 

16.5 mol m-2 s-1 (T2) reaching at maximum stress 5.2 mol m-2 s-1. The reduction on PN 
occurred in response to impairment on metabolic, diffusive and photochemical processes. At 
the maximum WD period the instantaneous carboxylation efficiency (PN/Ci) was reduced to 
79%, the stomatal conductance (gs) about 88%, and the effective quantum efficiency of PSII 
(Yield) to 75%. An increase on non-photochemical quenching (NPQ) on T2 was observed 
during all WD period. Regarding of RE period only Yield and NPQ parameters were full 
recovered. These results shown that non-recovery of PN was due to metabolic and diffusive 
processes, while an efficient photochemical process was found. 
Keywords: Drought stress, Glycine max, leaf gas exchange 
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I34 - Using processed kaolin particles on coffee leaves (Coffea canephora 
Pierre ex Froehner) as mitigation strategy on heat-related stress, and 
optimizing photochemical efficiency 
 

Abreu DP1, Abreu GP2, Rodrigues WP1, Filho JAM3, Krohling CA3; Brito DA4, 
Campostrini E1 
1Universidade Estadual do Norte Fluminense, Campos dos Goytacazes-RJ, Brazil. 
deivissonpabreu.uenf@gmail.com; 2Instituto Federal do Espírito Santo, Campus Cachoeiro do Itapemirim, 
Cachoeiro do Itapemirim-ES, Brazil; 3Instituto Capixaba de Pesquisa, Assistência Técnica e Extensão Rural-ES, 
Brazil; 4Centro Universitário São Camilo, São Camilo Campus I, Cachoeiro do Itapemirim-ES, Brazil 
 

Sunlight energy excess reaching both leaves and fruits can result in severe Inhibition of 
photosystem II (PSII) activity, which is referred to as photoinhibition, causing damage to 
chloroplast membranes. In an attempt to protect leaves and fruits from light stress, the 
application of purified particle film (containing 95% Kaolin and free of heavy metals - 
Surround® WP) has been suggested recently in several species. This work aimed at evaluating 
the effects of such particle film as mitigation strategy on light-related stress on photochemical 
efficiency of field-grown coffee leaves (C. canephora clone P11) (Southern region of Espírito 
Santo state, Brazil). The photochemical efficiency was measured at 08:00 and 13:00 h using a 
Pocket PEA fluorometer (Hansatech, King’s Lynn, UK). The obtained values were used to 
perform a JIPTest analysis [Fv/Fm, Fv/Fo, area between fluorescence curve and Fm, PI 
(RC/ABS x Fv/F0 x ET/TR-ET), RC/ABS, ET/ABS, ET/TR and DI/RC. The leaf temperature as well 
as the stomatal conductance index (Ig) and crop water stress index (CWSI) were determined 
using a thermography camera (Flir, model i50, Precisions Teknik AB, Halmstad, Sweden). The 
measurements were taken in distinct periods of the year: February, March and April of 2016 
and January and March of 2017. During the time occurring elevated sunlight intensity (13:00 
h), the leaves protected by particle film showed better photochemical efficiency, higher Ig 
and lower CWSI than non-protected leaves. Therefore, the application of purified kaolin 
particle film can optimize the stomatal aperture and protect the photochemical machinery in 
C. canephora plants. 
Keywords: Particle film, stress, adaptation, sustainability 
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I35 - Influence of the atmospheric CO2 concentration on soybean 
physiological responses to drought 
 

Kneib RB, Guidorizi KA, Völz JB, Souza GM 

Universidade Federal de Pelotas, Instituto de Biologia, Departamento de Botânica – s/n° caixa postal 354, 
96010-900, Pelotas-RS, Brasil.  robertakneib@yahoo.com.br 
 

Soybean (Glycine max (L.) Merr.) is one of the major crops in the world, yet its yield is affected 
by environmental conditions, particularly to water shortages. Thus, to understand the 
physiological processes related to the increase of productivity, it is necessary to understand 
the interaction of the cultivars with the production environment. In this context, predicted 
climate change, such as higher frequency of drought events and elevation of atmospheric CO2 
concentrations, likely it will harshly impair the crop yield. However, it is not entirely clear 
how the interaction between these two factors can affect soybean physiology. The objective 
of this study was to evaluate the effect of atmospheric CO2 concentrations in soybean plants 
submitted to water shortage. Soybean plants were grown in open top chambers (OTCs) with 
two concentrations of atmospheric CO2 (400 and 700 ppm) and two water regimes (100% 
of pot capacity and suspension of irrigation). The plants submitted to irrigation suspension 
were rehydrated when they reached 25% stomatal conductance. In the period without 
irrigation, the plants showed a significant reduction in gas exchange at both CO2 
concentrations. Leaf water potential showed a significant reduction in plants at the 
concentration of 400 ppm CO2, while plants grown at the concentration of 700 ppm CO2 
maintained their water potential more stable. After rehydration period (24h) of the plants, 
all the physiological parameters recovered to the control plants values, regardless CO2 
concentration. However, a multivariate analysis by principal components (PCA) showed that 
the effects of CO2 concentration were more evident in plants under water deficiency than in 
irrigated plants, reinforcing the hypothesis that there is an interaction between the two 
factors (water and CO2) that cannot be adequately estimated by experiments with both factors 
considered in isolation. 
Keywords: High carbon dioxide, water deficit, gas exchanges, Glycine max L. 
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I36 - Aluminum stress affects water supply in leaves of Citrus limonia 
 

Gavassi MA¹, Silva GS¹, Carvalho BMO¹, Cavalheiro MF¹, Carvalho RF², Habermann G¹ 
1Departamento de Botânica, Instituto de Biociências, Universidade Estadual Paulista “Júlio de Mesquita Filho”, 
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In acidic soils, aluminum (Al) is found in the form of Al3+, which is toxic to several plants. In 
plants sensitive to Al, the first and most conspicuous symptom is the inhibition of root growth. 
However, Al also causes indirect symptoms by reducing shoot growth. Considering recent 
evidence, we tested the hypothesis that the Al trapped in the root system could influence the 
hydration capacity of the mesophyll. Thus, ‘Rangpur’ lime (Citrus limonia) plants were 
cultivated in nutrient solution containing 0 and 1480 μM Al for 90 days. At 1, 7, 15, 30, 60 

and 90 days after planting (DAP) leaf water potential at predawn (pd) and midday 

(md), relative leaf water content (RWC) and stomatal conductance (gs) were assessed. At 
90 DAP, the main root length, number of leaves, leaf area and dry mass of plant organs were 
drastically reduced in plants exposed to Al. Values of gs and RWC of plants exposed to Al were 
significantly lower at 7 and 15 DAP, respectively, when compared to the control. Although 

pd did not change throughout the study, md of plants exposed to Al was considerably 
lower than the control at 60 and 90 DAP. Together, these data indicate that Al restricts the 
water supply to the mesophyll in this species. 
Keywords: Metal, water balance, Rangpur lime, abiotic stress 
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I37 - Influence of time of the day on the physiological responses of 
woody species of the semiarid in response to the saline shock 

 

Lima LL, Frosi G, Santos M, Ramos DG, Barros VA, Magalhães KA, Santos MG 
Universidade Federal de Pernambuco, Departamento de Botânica, Laboratório de Fisiologia Vegetal, Recife-PE, 
Brazil. lais.luana@gmail.com 

 

Considering the environmental and metabolic changes that occur in throught out the 24-hours 
of day period, the evaluation of the physiological responses, resulting from the imposition of 
stress at different times of the day, can elucidate if there are any different impacts on plant 
physiology. The work evaluated gas exchange rates and chlorophyll a fluorescence in a woody 
species, native from the semiarid, submitted to saline shock at different periods of the day. 
Plants of Cenostigma pyramidale (Fabaceae) were kept in greenhouse for 180 days under ideal 
hydration. Saline irrigation was imposed for three consecutive days with NaCl solution (200 
mM). The plants were divided into four treatments: saline watering at 8:00 am; saline 
watering at 17:00 and their respective controls, with four replicates each. Gas exchange 
(stomatal conductance - gs, CO2 net assimilation - A, transpiration - E), water use efficiency 
(WUE) and chlorophyll a fluorescence. The data were submitted to a t-Test (P<0.05). The 
plants submitted to saline irrigation, both in the morning and at night, showed reductions in 
the parameters of gas exchange. On the other hand, the WUE differed only among the 
treatments that received saline irrigation in the night period on all days, with higher values in 
the control. In chlorophyll a fluorescence, most of the parameters remained constant 
throughout the experiment, suggesting that the exposure time to high salinity was not enough 
to cause damage to their photosynthetic apparatus. Our results suggest that the imposition 
of high salinity on young plants of C. pyramidale triggers rapid responses in the gas exchange 
parameters, and that the time of application of saline irrigation resulted in differentiated 
physiological behaviors. 
Keywords: Cenostigma pyramidale, circadian rhythm, abiotic stress 
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I38 - Water soil content and plant growth regulators on common bean 
antioxidant enzymes metabolism 
 

Lopes LS, Nobre DAC, Macedo WR 
Universidade Federal de Viçosa, Campus Rio Paranaíba, Rio Paranaíba-MG, Brazil. wrmacedo@ufv.br 

 

Water deficit is the major factor on crop losses in the world. Many organic compounds as plant 
growth regulators (PGR’s) with potential action against this abiotic stress can be crucial to the 
success of agriculture in the future. Our research aim to evaluate common bean plants 
subjected to 3 levels of soil water content: 60, 80 and 100%, associated with 3 PGR’s: 24-
epibrassinolide; salicylic acid and water treatment (control), setting a factorial experimental 
design (3x3), with evaluation of antioxidant enzymes: superoxide dismutase (SOD), catalase 
(CAT) and ascorbate peroxidase (APX). The low levels of water content in the soil expressed 
greater activity of CAT and APX when the plants were sprayed with water. However, the plants 
well-watered showed the linear adjust decreasing in the use of 24-epibrassinolide and 
quadratic adjust in the use of salicylic acid. Plants subjected to 100% of water soil content 
showed greater activity of CAT and APX for both PGR’s, divergent result of plants under stress. 
Keywords: 24-epibrassinolide, salicylic acid, water stress, antioxidant enzymes 
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I39 - Electrophysiological responses of maize plants under osmotic stress 
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Water deficit is one of major problems faced by plants, demanding them to respond promptly 
to avoid damages. Electrical signaling is one of the most effective ways of plants to integrate 
responses to long-distances, sharing local information throughout the plant modules. The 
main objective of this study was to analyze water deficit effects on maize plant’s electrical 
activity. Using electrophytography (EPG) technique (an electrical scan like 
electroencephagrams and electrocardiograms) we can measure the electrome (the totality 
of electrical activity) of young plants. We monitored the electrome of 16 plants before and 
after osmotic stress (-2MPa) induced by polyethileneglycol (PEG) application. Power 

spectrum density analyzes (PSD~1/f) showed that 75% of plants had reduced  exponent 
after stimuli. Cross-correlation between before and after PEG applying tended to zero, 
indicating clear differences in electrical activity of same plant in different times. Self- 
correlations time lengths tended to increase after stimuli, indicating higher levels of 
organization and signal time persistence (memory effect). Probability density functions that 
best fits to histograms is a q-gaussian. The special trait of such distribution is that tails 
decays with power law with exponent 2/(q-1), with 1<q<3. Power law is also associated with 
scale invariance, which is the main feature of fractals, usually linked with energy/information 
distribution and memory. 
Keywords: Electric signalling, electrophytogram, plant electrome 
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I40 - The cell wall has a crucial role for root sensitivity to low pH in 
Arabidopsis thaliana 
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Low pH can inhibit root growth and cause death of root tip cells, but the causal mechanisms 
are still unclear. In sensitive cells undergoing cell wall biosynthesis and rearrangement, we 
postulate that acid pH increases cell wall extensibility above a physiological threshold which, 
associated with turgor pressure, causes damage. To provide evidence for this, we examined 
the effect of turgor pressure on low pH toxicity and the sensitivity of cell wall mutants to 
low pH stress. Roots of five-day old WT (Col-0) seedlings exposed to pH 4.6 for 6 h in a 

solution with s of -0.005 MPa were highly sensitive to low pH, with marked cell death in 

the root tips as indicated by the absorption of Evans blue. In contrast, at a s of -0.37 MPa, 
roots exposed to pH 4.6 showed little cell death, demonstrating the importance of turgor 
pressure for low pH toxicity. A hypoosmotic treatment was applied by first incubating the 

roots in a solution with s of -0.42 MPa for 2 h, allowing for osmotic adjustment. Roots were 

then transferred to a hypoosmotic solution with s of -0.005 MPa at pH 5.8 or pH 4.9 for an 
additional 1 h. This treatment promoted cell death at both pH 5.8 and 4.9, but was faster 
in pH 4.9. Mutants lacking a functional xyloglucan endotransglucolylase/hydrolase (Tair 
stock: CS860818, Locus: AT5G57560) or a COBRA protein (Tair stock: CS8541, Locus: 
AT5G60920) were more sensitive than WT plants to low pH. These proteins are involved with 
rearrangements and correct organization of the cell wall, respectively. Altogether, our data 
show that the cell wall is crucial for low pH sensitivity. 
Keywords: Acidity, cell wall loosening, cell death, turgor pressure 
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I41 - The pretreatment with sucrose prevents the oxidative damage in 
soybean plants exposed to excess manganese 
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University of Lavras (UFLA), Department of Biology, Section of Plant Physiology, Lavras (MG) Brazil. 
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We investigated the responses of antioxidant metabolism induced by sucrose pretreatment 
in soybean plants exposed to manganese (Mn) excess. . Soybean plantlets from genotype BRS 
Taura RR, were transferred to nutrient solution and acclimated for 28 days under greenhouse 

conditions. Afterwards, the plants were subjected to the treatments: reference (REF, 20 mol 

L-1 of Mn), Mn excess (200 mol L-1), and pretreatment with sucrose + manganese excess. The 
pretreatment was performed by the immersion of the roots a solution of 90mM sucrose for 
six hours before the imposition of treatments. After 15 days of treatment the activity of 
superoxide dismutase (SOD), catalase (CAT) and ascorbate peroxidase (APX), as the levels of 
lipid peroxidation were evaluated in leaves and roots. Regarding the leaf tissues, manganese 
excess led to an increase in APX activity, but did not affect the activities of SOD and CAT and 
in root tissues, the activities of SOD and CAT were increased, but APX decreased due the 
manganese excess, when compared to REF plants. However, the pretreatment with sucrose 
improved the enzyme activity in leaves and decreased in roots, when compared to the plants 
under manganese excess. Manganese excess enhanced oxidative stress in leaves and roots, 
culminating with higher lipid peroxidation levels in these tissues. The pretreatment of sucrose 
attenuated the damage caused by manganese in leaves, so that the lipid peroxidation levels 
were lower in leaves and maintained in roots. The lower levels of membrane damages were 
due to sucrose pretreatment, which enhanced the activity of antioxidant enzymes and 
reduced the oxidative stress in leaves. 
Keywords: Glycine max L., oxidative stress, hypoxia 
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I42 - Involvement of nitric oxide and hidrogen peroxide in the response 
of Pistia stratiotes to atrazine 
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Farnese FS 
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Both nitric oxide (NO) and reactive oxygen species (ROS) are very important plant signaling 
molecules, but their roles in signal transduction in response to herbicides are unclear. In this 
study, the role of NO and H2O2 in plant responses to atrazine were investigated. For this, Pistia 
stratiotes specimens were collected and exposed, for 24h, to the following treatments: 
control; SNP (Sodium nitroprusside – NO donor), Atz (atrazine), Atz+SNP, Atz+ASC (ascorbate 
– hidrogen peroxide (H2O2) sequester) and Atz+SNP+ASC. Exposure of plants to the herbicide 
increased the superoxide anion (O2

.-) concentration, which was attenuated when plants were 
exposed to the herbicide associated with SNP. In the treatment containing Atz+SNP+ASC, 
however, O2

- concentration was very similar to that observed in treatment containing only 
Atrazine, indicating that ascorbate inhibited the signaling pathway triggered by SNP. Similar 
results were observed for electron leakage, in which the electrical conductivity of plants 
exposed to atrazine were 55% higher than in Atz+SNP treatment. The addition of ascorbate 
disrupted this protective effect of the SNP on the membranes. The damaging effect of the 
pollutant was also observed in the photosynthetic process, with the atrazine exposure 
resulting in a decrease of 60% in the carbon assimilation. The presence of SNP was able to 
attenuate this harmful effect of the herbicide. However, in opposite to what was observed for 
electrolyte leakage and superoxide anion generation, the attenuating effect of SNP in the 
photosynthesis rate was not reversed by ascorbate. It was possible to conclude that the NO, 
released by SNP, plays a key role in the tolerance of P. stratiotes to atrazine and its effects 
demands another signaling molecule, the H2O2. In relation of photosynthetic process, this 
interaction between NO and H2O2 does not exist or NO acts downstream to H2O2. 
Keywords: Cross-talk, oxidative stress, cell signaling 
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I43 - Plant’s electrome changes under environmental adversities: 
evidences of self-organized criticality in soybeans electrical dynamics 
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The sum of all electrical activity of any biological system at a given time can be named as 
electrome, in analogy with genome, proteome, etc. Using electrophytographic records (EPG), 
analogous to electrocardiogram and electroencephalogram measurements, is possible to 
monitor the electrome of young little plants along time. Using such technique, we monitored 
electric activity of 20 juvenile soybean plants before and after each stimulus (osmotic stress, 
low irradiation and low temperature). Considering the nonlinear behavior of electric activity, 
our hypothesis was that the temporal dynamics should exhibit organization’s changes after 
stress stimulation. The results showed clear differences between before and after the three 
types of stimulus. The power spectrum analysis (PSD), which is an estimate of the type of noise 
signal, showed that majority of plants had an β exponent between 1,5 and 3, which indicates 
long range temporal correlation in the signals (i.e. memory, with β≠0 and β≠2). Self-
correlations analysis also showed temporal correlation of the electrical activity. The values of 
β exponents tended to increase after stimulation, an indicative of higher levels of organization 
and signal’s time persistence. Self-correlation analysis also displays increasing tendencies after 
stimulus, which reinforces organization and memory increasing after stimulation.  
Approximated entropy (ApEn), which is a measurement of temporal complexity, tended to 
decrease after stimulus. Probability density function (pdf) that best fits to histograms is a “q-
gaussian”. The special of such distribution is that tails decays with power law, with exponent 
-µ (1< µ <3). Power law distributions are associated with self-organized criticality (SOC), where 
events have no characteristic size (scale free). In this case, the events are voltage variations 
(bursts of spikes) that are evoked specially after osmotic and low temperature stimulation. 
We conclude that some adverse environmental conditions can push plants’ electrome to a 
SOC state, dissipating energy by electrical spikes and avoiding systems’ collapse. 
Keywords: Osmotic stress, electric signaling, soybean, electrophytogram, complexity 
Acknowledgments: CAPES, CNPq and Stoller do Brasil 
 
  



XVI Brazilian Congress of Plant Physiology            Brazilian Society of Plant Physiology 
                 São Pedro SP, Brazil                        1987-2017 
                 24 to 28 Sept. 2017    Celebrating 30 years of history! 

 

XVI Brazilian Congress of Plant Physiology  ISSN 2675-1267 (http://sbfv.org.br/anais) Page 199 of 229 

 

I44 - Sucrose improves the non-enzymatic antioxidant system and 
reduces oxidative stress in soybean plants under manganese excess 
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High concentrations of manganese (Mn) trigger the breakdown of cellular homeostasis, which 
may reduce plant productivity. In the face of the damages caused by the excess of manganese, 
the interest arises in alternatives to increase the tolerance to Mn excess and minimize the 
oxidative damages in plants. In this way, we investigated the response of the non-enzymatic 
antioxidant system and the production of reactive oxygen species in soybean plants pre-
treated with sucrose and subjected to manganese excess. Soybean plantlets of the BRS Taura 
RR genotype were acclimated in nutrient solution for 28 days. Then, the plants were subjected 
to the treatments: control (2 μM Mn); Mn excess (200 μM Mn); pretreatment with sucrose + 
Mn excess; hypoxia + Mn excess; pretreatment with sucrose + hypoxia + Mn excess. The 
pretreatment was performed by the immersion of the roots in 90 mM sucrose solution for 6 
hours prior to the imposition of treatments. At 15 days of treatment, the levels of ascorbate 
and proline were evaluated, as well as the production of hydrogen peroxide, superoxide ions 
and lipid peroxidation in leaves and roots. The excess of Mn, as well as the hypoxia + excess 
of Mn, led to increased production of hydrogen peroxide and superoxide ions in leaves and 
roots, culminating in higher levels of lipid peroxidation than in control plants. On the other 
hand, pretreatment with sucrose stimulated the biosynthesis of ascorbate and proline and 
reduced the production of hydrogen peroxide and superoxide ions, as well as lipid 
peroxidation in both leaves and roots. Thus, pretreatment with sucrose improves the action 
of non-enzymatic antioxidant system and reduces the oxidative stress of plants under excess 
manganese, since it reduces damage to cell membranes compared to non-pretreated plants. 
Keywords: Glycine max L, reactive oxygen species, tolerance 
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I45 - Initial rice plants growth subjected to saline stress after seeds 
conditioning in vegetable extract 
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This study aimed to evaluate tolerance salinity induction by using rice seeds conditioning in 
carrot extract. Seeds of BRS Querência cultivar (sensitive) and BRS 358 (tolerant) were first 
disinfected in NaClO 2% and then imbibed in aqueous carrot extract in the following 
concentrations: 0% (water), 25% and 50% for 48 hours, besides that there was a dry seed 
treatment. The sowing was done in rhizotrons constituted by two aluminum composite plates 
(0.35 m high x 1.20 m width) with 1.5 cm of internal spacing filled by a commercial substrate 
‘Turfa Fertil’. For salinity effect three treatments were developed: zero, 75 and 150 mM of 
NaCl, with three replications, being that the application of the solution was done every three 
days. In each rhizotron there were disposed seeds from the four imbibition treatment (dry 
seed, water, 25% and 50% of extract). 21 days after sowing photos of each experimental unit 
(plants) were taken and analyzed by the WinRhizo software, estimating the length, volume, 
superficial area and the average diameter of roots, besides the aerial part dry matter. Rice 
seed imbibition in carrot extract (25% and 50%) resulted in a significant increase of plants 
growing of both of the cultivars. This behavior was observed in the treatment where plants 
were cultivated in the absence of saline solution and with 75 mM of NaCl. With the application 
of 150 mM of NaCl, the carrot extract didn´t result in a significant effect. Thus, can be conclude 
that the carrot extract increase tolerance to salinity stress in the irrigated rice culture to 
concentrations of 75 mM of NaCl. 
Keywords: Oryza sativa L., roots, rizotrons, Daucus carota, salinity 
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I46 - Application of stress indexes to evaluate cold tolerance on the 
viability of rice seeds conditioned in vegetable extract 
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Rice is a crop that presents sensitivity to cold, mainly in the germination phase, causing high 
economic losses, especially in early sowing. Therefore, the management techniques used to 
expand the sowing window of irrigated rice cultivars could allow the germination and the 
development of normal seedlings at low temperatures. The aim of this study was to evaluate 
the induction of cold tolerance on germination of rice seeds by the conditioning of seeds in 
carrot extract, using stress indexes. Seeds of two contrasting cultivars in tolerance to cold, BRS 
Querência (sensitive) and Brilhante (tolerant), were soaked for 24 hours in different 
concentrations of carrot extract (0, 25, 50 and 100%), after that, they were seeded in germitest 
paper and conditioned in BOD for 21 days at 15 °C, with a photoperiod of 12h. As a control, 
seeds were also soaked in water and germinated at 25 °C (ideal crop temperature). 
Germination percentage, first germination count, and germination rate index were evaluated 
and used as the basis for the calculation of stress indexes, such as stress tolerance index, stress 
susceptibility index, and harmonic mean. The results showed that the conditioning of rice 
seeds in carrot extract is effective in reducing the damage caused by the cold, with significant 
increase in the germination speed, and final percentage germination, in all concentrations of 
carrot extract, with the concentration 100% being the most expressive. The stress indexes are 
efficient to estimate the tolerance of the cultivars and the effect of the different conditioning 
in low-temperature conditions, highlighting the superiority of the Brilhante cultivar. 
Keywords: Oryza sativa L., germination, conditioning, carrot extract 
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I47 - Trichoderma-rhizobia association mitigates salinity-induced 
oxidative stress in cowpea nodules 
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Oxidative stress is a secondary response to several of abiotic stress, such as drought and 
salinity, and an efficient microbe association can mitigates detrimental effects of these 
stresses on physiological and biochemical plant responses. In this study, cowpea seeds were 
inoculated with Bradyrhizobium sp. (strain BR 3267) or coinoculated with Bradyrhizobium sp. 
and T. asperelloides (isolate T02) and then submitted to 50 and 100 mM of sodium chloride 
(salt stress) with objective of evaluating the oxidative stress in the nodules of these plants. 
Uninoculated plants were used as absolute control. The plants were irrigated with nitrogen- 
free nutritive solution until collection (42 days after sowing). Hydrogen peroxide content; 
lipid peroxidation; and catalase, phenol peroxidase and superoxide dismutase activities were 
evaluated in cowpea nodules. Cowpea plants coinoculated with Bradyrhizobium and T. 
asperelloides displays better responses under salt stress. Lipid peroxidation and hydrogen 
peroxide levels were increased in plants inoculated only with Bradyrhizobium sp. and 
submitted to salt stress; in cowpea coinoculated with Bradyrhizobium and T. asperelloides 
and exposed to salinity, minor variations in these parameters were observed. Cowpea plants 
coinoculated with Bradyrhizobium sp. and T. asperelloides exhibits content of hydrogen 
peroxide 23% inferior to plants inoculated with Bradyrhizobium sp. when exposed to 100 mM 
of NaCl. Lipid peroxidation was lower in plants coinoculated with Bradyrhizobium sp. and T. 
asperelloides in relation to plants inoculated only with Bradyrhizobium sp. Under salt stress, 
catalase activity was around 40% superior in nodules of the cowpea coinoculated with 
Bradyrhizobium sp. and T. asperelloides in relation to plants inoculated only with 
Bradyrhizobium sp. Phenol peroxidase activity were positively modulated in the nodules of 
the cowpea coinoculated with Bradyrhizobium sp. and T. asperelloides. Plants inoculated 
only with Bradyrhizobium sp. exhibits superoxide dismutase activity inversely proportional to 
the increase in salinity, while that in cowpea coinoculated with Bradyrhizobium sp. and 
T. asperelloides this enzyme remained stable and higher. We conclude that the presence of 
T. asperelloides affects positively the establishment and development of the symbiosis 
between cowpea-Bradyrhizobium, mainly under salt stress, and minimizes oxidative stress 
on nodules. Thus, the combination of Bradyrhizobium sp. and T. asperelloides seems to be 
useful to mitigate harmful effects of salt stress and ensuring plant growth and productivity. 
Keywords: Abiotic stress, hydrogen peroxide, rhizobia, microbe association 
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I49 - Enzymatic antioxidant system activity, hydrogen peroxide contents 
and lipid peroxidation in leaves of two soybean genotypes submitted to 
the flooding of the root system 
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Antioxidant activity can contribute to reduce harmful effects of hypoxia stress caused by water 
excess in cultivated areas with soybean. Antioxidant enzymes activities [superoxide dismutase 
(SOD; EC 1.15.1.1), ascorbate peroxidase (APX; EC 1.11.1.11) and catalase (CAT; EC 1.11.1.6)], 
hydrogen peroxide and malondialdehyde (product of lipid peroxidation) contents were 
evaluated in leaves of two soybean genotypes, BRS 246RR and NA 5909RG, after 24 and 120 
hours of flooding of the root system and 168 hours of recovery (soil drainage). The experiment 
was carried out in lowland area, located in county Capão do Leão/RS, under natural conditions 
of light and temperature. At V4 stage, plants were submitted to the flooding of root system 
by keeping a water blade 10 cm above soil surface. Irrigation of control plants was monitored 
in order to maintain soil moisture at field capacity. The experimental design was randomized 
blocks (2.00 x 5.00m plots) with four replications. Results were submitted to analysis of 
variance and comparison of means by Tukey test (p≤0.05). Activities of the SOD, APX and CAT 
enzymes increased significantly in plants submitted to 120 h of flooding, for both genotypes, 
falling to similar levels of control at 168h of recovery. Hydrogen peroxide levels varied with 
flooding and recovery periods similarly to the antioxidant enzymes activities, resulting in 
higher levels of MDA in NA 5909RG genotype at 24h of flooding followed by similar increased 
levels at 120 h of flooding in both genotypes and a complete recovery 168 h after soil drainage. 
Collectively our data show promising to evaluate, under field conditions, the oxidative stress 
caused by flooding in soybean plants. 
Keywords: Glycine max L., hypoxia, oxidative stress 
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I51 - Effect of drought stress on proline content and eletrolyte leakage in 
leaves and roots of forage legumes 
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Periods of drought limit survival of some plant species from Rio Grande do Sul state, resulting 
in metabolic alterations to scape or tolerate drought. The aim of this work was to quantify 
proline levels and elotrolyte leakage in leaves and roots of Macroptilium lathyroides (L.) and 
Vigna luteola (L.) in order to evaluate plant tolerance to variations in soil water availability. 
Plants were grown in greenhouse conditions, in 3 L pots containing soil and turf as substrate 
in the 1: 1 ratio. Plants were submitted to water deficit 60 days after emergence by suspending 
irrigation and monitoring soil water content by gravimetry. In control, plants were maintained 
in field capacity. Evaluations were performed at four, 11 and 18 days after plant submission 
to water deficit. The treatments were arranged in randomized blocks, with four replicates, 
the experimental unit was represented by a pot containing three plants. Means were 
compared by the Tukey test (P ≤0.05). Proline content and electrolyte leakage increased 
significantly in roots and leaves of both plant species. It can be inferred that the stability of 
cell membranes were compromised due to the increase in levels of electrolyte leakage. 
However, the accumulation of osmolytes such as proline in roots and leaves, in response to 
water restriction, constitutes an adaptative metabolic response common to the studied 
legumes. 
Keywords: Macroptilium lathyroides, Vigna luteola, water deficit 
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I52 - Physiological responses of young plants of Inga edulis Mart. 
submitted to soil flooding 
 

Amorim EV¹, Lima VL², Bertolde FZ² 
1Universidade Estadual de Santa Cruz – UESC, Ilhéus, BA , Brazil. eliomar.biologo@globo.com; 2Instituto Federal 

da Bahia, IFBA, campus Eunápolis-BA, Brasil 
 

The riparian forests correspond to the areas covered by forests, located between a river and 
adjacent sites. They have peculiar characteristics in relation to the moisture content of the 
soil, presenting flooded periods. The use of tolerant species to soil flooding is a determining 
factor in the recovery of riparian forests. Soil flooding affects different plant 
morphophysiological processes by altering growth and development, generating a stress 
condition. The objective was to evaluate the physiological responses of young plants of Inga 
edullis Mart. to the flooding of the soil, aiming the use in programs of recovery of riparian 
forests. The experiment was conducted in a greenhouse with plants submitted to control and 
flooding treatments. Gas exchanges, fluorescence emission of chlorophyll and pigment 
content at leaf level were evaluated. The results were submitted to analysis of variance and 
Tukey's test (P<0.05). Significant decrease in liquid photosynthesis (A) in the flooded plants 
was observed in relation to the control plants after 17 days of soil flooding, with a greater 
decrease (57%) at 30 days of stress. However, for stomatal conductance (gs) and transpiration 
(E) significant changes were observed after 30 days of soil flooding, with a decrease of 76% 
and 59%, respectively, in the flooded plants compared to the control. In relation to the initial 
fluorescence (Fo), potential quantum yield (Fv/Fm) was observed a significant decrease in 
flooded plants in relation to the control at 30 days of soil flooding. As for chlorophyll a and 
relation chlorophyll a/b, significant differences were be observed only at 45 days of soil 
flooding, with lower values for flooded treatment. Considering the results obtained, it is 
suggested that seedlings of I. edulis tolerate stress by flooding the soil for a period of less than 
17 days, and may be used in reforestation programs of riparian forests. 
 

Keywords: Abiotic stress, ingá, photosynthesis 
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I53 - Salt tolerance of ornamental plant species: comparison of growth, 
physiological and sensory analysis 
 

Lacerda CF, Oliveira EV, Neves ALR, Sousa CHC, Diógenes Neto HN 
Departamento de Engenharia Agrícola, Centro de Ciências Agrárias, Universidade Federal do Ceará, Campus do 
Pici, Fortaleza-CE, Brazil. cfeitosa@ufc.br 

 

Plant responses to salinity are observed mainly in terms of growth, productivity, and 
physiological analysis. In the case of ornamental plants, it is also essential to evaluate the 
effects of salinity on the quality of the plants, because the beauty of these plants may be more 
related to the visual characteristics than to size. Within this context, we sought to evaluate 
the tolerance to salinity of four ornamental species, using growth data, physiological 
responses and sensorial analysis. The design was completely randomized in a 10x4 factorial 
arrangement, with four replications, formed by ten levels of electrical conductivity of irrigation 
water (0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0 and 12.0 dS m-1), and four ornamental species 
(Catharanthus roseus, Allamanda cathartica, Ixora coccinea and Duranta erecta). The 
evaluation of the salt tolerance was based on two methodologies: M1. Values of salinity 
threshold; M2. Percentage reduction of 25% for pre-defined salinity ranges. Based on biomass 
data, M2 allowed classifying the species in the following categories: sensitive (D. erecta), 
moderately sensitive (C. roseus and A. Cathartica) and tolerant (I. coccinea). Based on the 
salinity threshold (M1) the classification was: sensitive (D. erecta, C. roseus and A. cathartica) 
and moderately tolerant (I. coccinea). The leaf gas exchange (A, gs and E) and foliar growth 
(leaf area) showed results similar to those obtained for biomass production, but not for all 
species. The variables plant height, stem diameter and chlorophyll index were not adequate 
for classification of salt tolerance. The best marks in overall appearance (sensory analysis) 
were more associated with qualitative variables (leaf color, less injury and flower production) 
than with growth data. Ixora coccinea was the most salt tolerant species, and this response 
appears to be related, at least in part, to the lower accumulation of Na+ in the leaves. 
Keywords: Salt stress, brackish water, salinity threshold, sensory analysis, photosynthesis 
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I54 - Stomatal density and leaf turgor pressure in 'Tahiti' lime under 
water deficit 
 

Carneiro MMLC1, Sampaio AHR1, Souza ES1, Silva AVO1, Santos AR1, Coelho Filho MA2, 
Calbo AG3 
1Instituto Federal de Educação, Ciência e Tecnologia Baiano, Campus Bom Jesus da Lapa, Bom Jesus da Lapa - 
BA, Brazil.  marilia.carneiro@lapa.ifbaiano.edu.br; 2Embrapa Cassava and Fruits. 3Embrapa Instrumentation 
 

The water deficit can cause morphophysiological changes and significantly reduce crop 
productivity. Among the alterations, the number of stomata and leaf water potential may be 
associated to the process of acclimatization of plants to adverse conditions. This work aimed 
to evaluate the stomatal density (SD) and leaf turgor pressure (Ѱp) in 'Tahiti' lime (Citrus 
latifolia Tan.) plants under water deficit and grafted on different rootstocks. The work was 
developed at the IFBaiano Campus, Bom Jesus da Lapa-BA, in 'Tahiti' lime orchard with six 
rootstocks: 1 - Citrumelo Swingle; 2 - TSKC x TFD-006; 3-HTR-069; 4 - Flying Dragon; 5 - LVK x 
LCR - 038 and 6 - Rangpur lime. After one year of cultivation, water deficit treatments 
composed of four irrigation blades (25, 50, 75 and 100% of crop evapotranspiration) were 
established. After 90 days, SD and Ѱp were studied in an experimental design consisting of a 
4 x 6 factorial, with three replicates, four irrigation blades and six rootstock combinations. The 
evaluations occurred concomitantly in the morning in an intense sun condition. Two fully 
expanded leaves per plant were used. Ѱp was determined using the Wiltmeter® and SD by 
the foliar epidermis impression method. The counting of the stomata was performed in an 
optical microscope, using a 40x magnification objective. The Ѱp and SD measures showed 
variability among treatments. Significant interaction between rootstock and irrigation blades 
was observed, especially LVK x LCR-038 rootstock, which conferred the highest Ѱp and SD to 
the canopy at the lowest irrigation levels (25 and 50%). The results indicate that these 
variables were efficient in the evaluation of the water deficit and can be used together in the 
selection of scion-rootstock tolerant to abiotic stress. 
Keywords: Drought stress, citrus, rootstock 
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I55 - Antioxidant activity of a new bean cultivar exposed to drought 
 

Andrade LIF, Linhares PCA, Souza KRD, Mendonça AMC, Marchiori PER 
University of Lavras (UFLA), Department of Biology, Sector of Plant Physiology, Lavras (MG) Brazil 
 

The bean (Phaseolus vulgaris L.) cv. BRSMG UAI, recently released may be an important 
alternative for bean growers, however there are no information about their metabolic 
responses to drought. The aim of this study was to assess the antioxidant defenses of BRSMG 
UAI compared to cv. BRS Pérola, one of the most cultivated in Minas Gerais. The plants were 
grown inside greenhouse with two plants per pot, one of each cultivar, being the roots 
separated by a plastic mesh. After twenty three days the treatment was applied. The plants 
were subjected to: well-watered conditions supplied with 80% of the soil water holding 
capacity (reference, REF); water deficit (WD); and rehydrated (REC). In WD plants, the water 
was gradually reduced by diminishing 30% of irrigation at each three days, until reach total 
suspension. The maximum stress (MS) occurred three days after and was achieved when the 

leaf water potential () reached values around -1.1±0.2 MPa in both cultivars. After, the 

plants were rehydrated (REC) for three days. The , superoxide dismutase (SOD), catalase 
(CAT), ascorbate peroxide (APX) and lipid peroxidation (MDA) were determined in leaves at 
ME and REC in plants of REF and WD. Also, the biomass was determined. The SOD and CAT 
activities increased during WD and in REC plants only in BRS Pérola. There were no responses 
of the APX in both cultivars. Despite of higher antioxidant activity, the BRS Perola was more 
injuried by oxidative stress, once it was observed increase in MDA under WD conditions only 
in this cultivar. This oxidative stress, triggered by drought, could have impaired the growth, 
once BRS Pérola showed higher reduction (-34% vs. -26%) in total biomass compared to 
BRSMG UAI. So, the BRSMG UAI showed lower sensitivity to drought than BRS Pérola, however 
the physiological basis of this tolerance should be explored in further studies. 
Keywords: Phaseolus vulgaris, enzymes, drought 
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I56 - Pretreatment with hydrogen peroxide alleviates the effects of 
manganese excess in soybean plants under hypoxia 
 

Souza KRD, Linhares PCA, Andrade CA, Bastos LS, Hruska ALB, Alves JD 
Universidade Federal de Lavras, Departamento de Biologia, Setor de Fisiologia Vegetal – Lavras (MG), Brasil 
 

We investigated the response of the antioxidant system of plants from different soybean 
genotypes pretreated with hydrogen peroxide (H2O2) and subjected to manganese (Mn) 
excess and hypoxia (Hip). Soybean plantlets of five genotypes (BRS Taura RR, BRS 246 RR, BMX 
Apolo RR, TMG 1176 and AN 8500), in V1 stage, were acclimated in nutrient solution under 
greenhouse conditions. The plants were then subjected to treatments: Control - CT (2µM Mn); 
Mn excess (1mM Mn); Pretreatment with H2O2 + Mn Excess. Pretreatment with H2O2 consisted 
of immersion of the roots in 10 mM H2O2 solution for 6 hours before the imposition of the 
treatments. Plants of all treatments were maintained under hypoxia. After 15 days of 
treatments, leaves and roots were collected and we evaluated the activity of the enzymes 
superoxide dismutase (SOD), ascorbate peroxidase (APX) and catalase (CAT) and the levels of 
H2O2 and lipid peroxidation (PL). In general, pretreatment with H2O2 promoted a reduction in 
the activity of SOD and CAT enzymes in leaves and roots and APX in roots, in relation to non-
pretreated plants. There was a tendency for increased generation of H2O2 and PL in leaves and 
roots of plants under Mn excess. However, pretreatment with H2O2 reduced the leaf and root 
levels of H2O2 and PL in comparison to non-pretreated plants. Pretreatment with H2O2 reduces 
the activity of antioxidant enzymes and the oxidative stress in soybean plants under excess 
manganese, which can be observed by the lower membrane damages of the pretreated 
plants. 
Keywords: Glycine max L., flooding, tolerance, antioxidant enzymes 
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I57 - Aluminum-induced IAA biosynthesis is associated with low Al 
resistance in roots of Citrus limonia 
 

Silva CMS1, Cavalheiro MF1, Bressan ACG1, Banhos OFAA1, Purgatto E2, Harakava R3, 
Tanaka FAO4, Habermann G5 
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Universidade de São Paulo, Faculdade de Ciências Farmacêuticas, Av. Prof. Lineu Prestes, 580, bl 14, 05508-000, 
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de Queiróz” - Universidade de São Paulo, Depto de Fitopatologia e Nematologia, Av. Pádua Dias, 11, 13418-900, 
Piracicaba, SP, Brazil; 5 Depto de Botânica, Universidade Estadual Paulista, Instituto de Biociências, Av. 24-A, 
1515; 13506-900, Rio Claro, SP, Brazil 
 

About 40% of the world’s arable soils are acidic (pH < 5.0). In this condition, aluminum (Al) is 
available in the phytotoxic form Al3+, which binds to the cell wall resulting in a decrease of root 
growth by cell wall impairment and/or hormonal imbalance. Plant roots can also exude 
organic acids to cope with Al stress, and studying the expression of related genes is important 
to understand Al resistance. We conducted a 60-day experiment with ‘Rangpur’ lime (Citrus 
limonia) plants grown in a nutrient solution containing contrasting Al concentrations. We 
accessed plant biometric data and used root tips to assess auxin (IAA) and ethylene 
concentrations, transcriptome (validated by qRT-PCR for some genes) and anatomic profiles. 
We found Al-induced root growth inhibition and anatomical injuries. Although Multidrug and 
toxic compound exudation (MATE), citrate synthase (CS) and pectin methylesterase inhibitor 
(PMEI) genes were up-regulated by Al, CS and MATE transcriptions increased only after 60 
days. Futhermore, we found higher IAA and lower ethylene contents, as well as lower 
transcription of small auxin up-regulated RNAs in roots of plants exposed to Al. However, 
genes related to IAA polar transport were not differently expressed in the transcriptome 
analysis. Our results suggest that an increase of IAA content rather than an imbalance in IAA 
distribution is associated with the Al-induced inhibition of root growth in this species. 
Keywords: Al3+, auxin, efflux channels, gene expression, ‘Rangpur’ lime 
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I58 - Impact of TiO2 nanoparticles on antioxidant system and oxidative 
stress in Raphanus sativus L. 
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Titanium Dioxide Nanoparticles (TiO2 NPs) effect was evaluated on antioxidant systems in 
Raphanus sativus L. with the follow exposition: 0, 10, 100, 500, 1000, 1500 mg mL-1 TiO2 NPs 
and microparticules (MPs) and 500 mg mL-1 of CuO NPs as positive control. The seedlings were 
grown in substrate moistened with Hoagland solution for 25 days under controlled conditions. 
The treatments were foliar applied at day 26, considered as the beginning of the experiment 
and during 84 h. At the end of exposition (84 h) was evaluated total phenols (Folin-Ciocalteu), 
antioxidant activity (DPPH) and lipid peroxidation (TBARS). The higher values of total phenol 
were observed in the higher doses of NPs and MPs, as well as CuO NPs without significant 
differences between them. This group was significantly different to the rest of the treatments, 
including the control. The antioxidant activity was similar for all treatments, being the higher 
value at 10 mg L-1 of TiO2 MPs. The lipid peroxidation was increased with the TiO2 NPs doses 
until 1500 mg L-1. This treatment had the higher value and significantly different to controls (0 
and CuO) and the lower doses of NPs and MPs. In conclusion, it appears to be that higher 
doses of treatment triggered the antioxidant system concomitant to oxidative stress. 
Keywords: Antioxidant activity, polyphenols, oxidative stress 
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I59 - Physiological effects of water deficiency and salt stress on coffee 
plants 
 

Broetto F, Zuñiga EA, Machuca LMR, Gomes ER 
Institute of Biosciences – IBB – São Paulo State University (UNESP), Botucatu-SP, Brazil. broetto@ibb.unesp.br 

 
In this research, we evaluated biometric changes in coffee plants (cv. Obatã and Catucaí) 
cultivated under water deficiency (WD) and salt stress. Coffee plants where irrigated and 
maintained under WD as L1-25%, L2-50% and L3-100% of the water requirement of the crop 
(WCN), applied in two cycles and interspersed with a period (15 days). The salt treatment was 
gradually applied to a final concentration of 360 mM NaCl. In the 1st cycle, mainly for L1, there 
was a decrease in fresh weigh (FW) and dry weight (DW) of root and stem and stem diameter 
as a function of treatment.  Data of stem diameter, FW and DW of stem, plant height and 
number of leaves, showed differences due to water treatments. In the 2nd WD cycle, only the 
number of leaves was lower for cv. Obatã.  Except for the number of leaves and height of 
plants for cv. Obatã, all other parameters showed differences (p≤0.05) according to WD 
severity, with emphasis on L1. Root FW and DW parameters differed (p≤0.05) between 
cultivars and water depths. The biometric differences between plants with different water 
supply were clear. The L1 plants were the most affected by the biometric parameters. For the 
salinity assay, the results of biometry indicate not important damages, when comparing the 
two cultivars, except for the DW and FW of roots. It was observed that the salt interfered 
negatively on plant height, leaf FW and leaf area for both cultivars. In the second cycle and 
after the imposition of WD and salinity, only the number of leaves was lower for cv. Obata. 
Plants treated with salt at the end of the second cycle of stress have already shown the 
symptoms of toxicity caused by the ionic effect of NaCl. Among the cultivars, there was 
variation for stem diameter, number of branches and number of leaves, where cv. Catucaí 
seems to perform better. 
Keywords: Biometry, salinity, water stress 
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I60 - Bioregulators action on the antioxidant system of sugarcane 
submitted to water deficit 
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Several environmental factors may change physiological process the sugarcane plants, 
however the water deficit is a main factor that restricts yield of this crop. The use of plant 
regulators may attenuate effects caused by water deficit, since these substances can help in 
regulation of plants physiological and biochemical processes. In this context, the objective of 
this study was to evaluate the effects of a solution of bioregulators (auxin, cytokinin and 
gibberellin) on the sugarcane antioxidant system under water deficit. It was evaluated activity 
of antioxidant enzymes (POD, CAT and SOD), as well as the leaf water potential of plants under 
two water regimes (100 and 20% water field capacity) and three doses of Stimulate™ a 
commercial bioregulators solution (0, 0,5 e 1,0 L.ha-1), using two cultivars (RB867515 and 
SP81-3250). The water deficit reduced the leaf water potential of plants, and increased the 
activity of antioxidant enzymes, however, the plants that received application of Stimulate™, 
the increase was very expressive, when compared the plants that not received application, 
and the enhance was more evident with 1,0 L.ha-1 dose application in the cultivar sensitive to 
water stress. The plant hormones contained in bioregulators solution stimulated mainly the 
antioxidant pathway which promoted better performance of sugarcane plants under water 
deficit. The Stimulate™ application can be considerate an attenuator of the water deficit 
effects, promoting increased the activity of antioxidant enzymes and consequently lower 
damage photochemistry.  
Keywords: Biochemical; Plant Regulators; Drought Stress. 
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