
7. Crescimento  
e 

 Desenvolvimento 
Vegetal  



O que são os fitormônios? 

“.... hormônios são caracterizados 

pela propriedade de servirem como 

mensageiros químicos, pelos quais 

a atividade de certos órgãos é 

coordenada com a dos outros” 

-Frits Went and Kenneth Thimann, 1937 

Frits Went, 1903-1990 Kenneth Thimann, 1904-1997 

Frits Went image courtesy of Missouri Botanical Garden ©2010 Kenneth Thimann photo courtesy of UC Santa Cruz 

http://www.mobot.org/mobot/archives/image.asp?filename=PORT2007-0005.tif&returnto=section49
http://www.mobot.org/
http://sunsite.berkeley.edu/~ucalhist/archives_exhibits/in_memoriam/catalog/thimann_ken.html
http://sunsite.berkeley.edu/~ucalhist/archives_exhibits/in_memoriam/catalog/thimann_ken.html
http://sunsite.berkeley.edu/~ucalhist/archives_exhibits/in_memoriam/catalog/thimann_ken.html
http://sunsite.berkeley.edu/~ucalhist/archives_exhibits/in_memoriam/catalog/thimann_ken.html


O que são Fitormônios? 

Substâncias naturais, produzidas em 

baixas concentrações e que atuam no 

local onde foram sintetizadas e à 

distância, apresentando um amplo 

espectro de atividades biológicas. 

Reguladores de Crescimento: 

Substâncias sintéticas com atividades 

biológicas análogas às dos fitormônios, 

com atuação em baixas concentrações, 

nos locais onde foram aplicadas e à 

distância. 



Equilíbrio Dinâmico da 

Concentração 

Hormonal 

Síntese 

(anabolismo) 

Degradação 

(catabolismo) 

Compartimentação 

(armazenamento) 

Ligação 

(conjugação) 





Fitormônios – clássicos e novos 

Auxin 

Cytokinins Gibberellins 

Abscisic Acid 

Ethylene 

Brassinosteroids 
Salicylates Jasmonates 

Strigolactones 



Auxinas: 



Auxinas: 



Crescimento celular diferencial é resultado do 
movimento de auxina para o lado sobreado 

Esmon, C.A. et al. (2006) A gradient of auxin and auxin-dependent transcription precedes tropic growth responses. Proc. Natl. Acad. Sci. USA 103: 236–241. 

Friml, J., et al. (2002) Lateral relocation of auxin efflux regulator PIN3 mediates tropism in Arabidopsis. Nature 415: 806-809. 

Cell 

length 

Auxin 

concentration 

Acúmulo de 

auxina no lado 

sombreado 

estimula 

alongamento e 

curvatura. 

http://www.pnas.org/content/103/1/236.abstract
http://www.pnas.org/content/103/1/236.abstract
http://www.pnas.org/content/103/1/236.abstract
http://www.nature.com/nature/journal/v415/n6873/full/415806a.html
http://www.nature.com/nature/journal/v415/n6873/full/415806a.html
http://www.nature.com/nature/journal/v415/n6873/full/415806a.html




Biossíntese de 

AIA 









2,3,7,8-tetraclorodibenzo-p-dioxina 

TCDD 



The Rainbow Herbicides:   
 

Are a group of chemicals used by the United States military in Southeast Asia during 

the Vietnam War.  

 

The Agents used in southeast Asia, their active ingredients and years used were as follow: 

 

- Agent Pink (60% - 40% n-Butyl: isobutyl ester of 2,4,5-T) used in 1961, 1965 

- Agent Green (n-Butyl ester 2,4,5-T) unclear when used but believed to be at the same time 

as Pink 

- Agent Purple (50% n-Butyl ester 2,4-D, 30% n-Butyl ester 2,4,5-T, 20% isobutyl ester 2,4,5-

T) used from 1962 – 1965 

- Agent Blue (Cacodylic acid and sodium Cacodylate) used from 1962 - 1971 (in powder and 

water solution) 

- Agent White (acid weight basis:21.2% tri-isopropanolamine salts of 2,4-D and 5.7% 

picloram) used from 1966 – 1971 

- Agent Orange (50% n-Butyl ester 2,4-D and 50% n-Butyl ester 2,4,5-T) used from 1965 – 

1970 

- Agent Orange II (50% butyl ester 2,4-D and 50% isooctyl ester 2,4,5-T) after 1969 

 

 In addition to testing and using the herbicides in Vietnam, Laos and Cambodia, the 

US military also tested the "Rainbow Herbicides" and many other chemical defoliants and 

herbicides in the US, Canada, Puerto Rico, Korea, India, Okinawa, and Thailand from the mid 

1940s to the late 1960s. 

 



“Agente Laranja” é o nome de código para um dos herbicidas e desfolhantes usados pelos militares dos EUA 
como parte de seu programa de guerra herbicida, a Operação Ranch Hand (rancheiro; vaqueiro), durante a 
Guerra do Vietnã 1961-1971. Foi dado o seu nome a partir da cor dos barris de 208 litros com listras laranja 
que foi enviado, e foi de longe o mais utilizado dos chamados "Herbicidas da operação arco-íris". A mistura 
50:50 de 2,4,5-T e 2,4-D foi fabricada para o Departamento de Defesa dos EUA, principalmente pela Monsanto 
e Dow Chemical. O 2,4,5-T usado para produzir o agente laranja, foi descoberto mais tarde, a ser contaminados 
com 2,3,7,8-Tetraclorodibenzodioxina, um composto de dioxina extremamente tóxico. Vietnã estima que 400 
mil pessoas foram mortas ou mutiladas e 500 mil crianças nascidas com defeitos congênitos. 
Durante a Guerra do Vietnã, entre 1962 e 1971, o exército dos Estados Unidos pulverizou quase 20 milhões de 
galões (80 milhões l) de herbicidas e desfolhantes no Vietnam, Laos e partes do leste do Camboja, como parte 
da Operação Ranch Hand. O objetivo do programa era desfolhar as terras florestadas e rural, privando 
guerrilheiros de cobertura. Outro objetivo era induzir o projeto de urbanização forçada, destruindo a 
capacidade dos camponeses para se sustentar no campo, e forçando-os a fugir para as cidades dominadas por 
norte-americanos, privando as guerrilhas de sua base de apoio rural e Abastecimento.  
Os EUA começaram a atingir as culturas alimentares em outubro de 1962, usando principalmente Agente azul. 
Em 1965, 42 por cento de toda a pulverização de herbicida foi dedicada à produção de alimentos. Taxas de 
migração rural-urbana aumentou dramaticamente no Vietnã do Sul, como camponeses escaparam da 
destruição e da fome no campo, fugindo para as cidades norte-dominadas. A população urbana no Vietnã do 
Sul quase triplicou: de 2,8 milhões de pessoas em 1958, para 8.000.000 em 1971. O rápido fluxo de pessoas 
levou a uma urbanização acelerada e descontrolada; um número estimado de 1,5 milhões de pessoas viviam 
em favelas  de Saigon.  Registros da Força Aérea dos Estados Unidos mostram que pelo menos 6.542 missões 
de pulverização ocorreram ao longo da Operação Ranch Hand. Por volta de 1971, 12 por cento da área total do 
Sul Vietname havia sido pulverizada com produtos químicos desfolhadoras, a uma concentração média de 13 
vezes a taxa de aplicação recomendada USDA para uso doméstico. No Vietnã do Sul, estim-se que cerca de 10 
milhões de hectares de terras agrícolas foram destruídas. Em algumas áreas as concentrações de TCDD no solo 
e na água é centenas de vezes maior do que os níveis considerados "seguros" pela Agência de Proteção 
Ambiental dos EUA. No geral, mais de 20% das florestas do Vietnã do Sul foram pulverizadas pelo menos uma 
vez ao longo de um período de nove anos. 



Aplicação do Agente Laranja no Vietnan  



Aplicação do Agente Laranja no Vietnan 



Aplicação do Agente Laranja no Vietnan 



Agent Blue; (CH3)2AsO.·OH, obtained by the oxidation of cacodyl, and 

having the properties of an exceedingly stable acid; is one of the "rainbow 

herbicides" that is known for its use by the United States during the Vietnam 

War. 

 

Agent Blue is chemically unrelated to the more infamous Agent Orange and 

other herbicides used during the war. 



Agent White: is the code name for a powerful herbicide and defoliant used 

by the U.S. military in its Herbicidal warfare program during the Vietnam War. 

The name comes from the white stripe painted on the barrels to identify the 

contents. It was one of the so-called "rainbow herbicides" that included the 

more infamous Agent Orange. 

 

Agent White is a 4:1 mixture of 2,4-D and Picloram (also known as Tordon 

101). Unlike the more infamous Agent Orange, Agent White did not contain 

dioxin, which was a contaminant in the defoliants that included 2,4,5-

trichlorophenoxyacetic acid (2,4,5-T). However, it appears the Picloram was 

contaminated with hexachlorobenzene (HCB) and nitrosamines, both known 

carcinogens. 

Picloram 





















Efeitos Fisiológicos: 









 









Giberelinas 











Bakanae disease or rice   

( Gibberella fujikuroi var. fujikuroi )  

Fumonisins are produced by Fusarium 

species of the Gibberella fujikuroi complex 

(section Liseola). 





Ação das giberelinas na 

síntese da -amilase 







Citocininas 





Folke Skoog 



Arenque 











Efeito Richmond & Lang 

Kin 0 mg/L 

Kin 1 mg/L 

Kin 5 mg/L 



Etileno 





No gás de iluminação 

das casas, as plantas 

foram prejudicadas 

pelo etileno produzido 

pela queima de gás. 

Aspidistra é etileno-

resistente e assim 

tornou-se uma planta 

popular de interior 

das casas. 
Beyer, Jr., E.M. (1976) A potent inhibitor of ethylene action in plants. Plant Physiol. 58: 268-271.  

Cotton plants 

7 days ethylene Air (control) 

Ethylene  promotes 

leaf and petal 

senescence.  

Etileno promove a senescência das 
folhas e pétalas 

http://www.plantphysiol.org/cgi/reprint/58/3/268
http://www.plantphysiol.org/cgi/reprint/58/3/268
http://www.plantphysiol.org/cgi/reprint/58/3/268














Etileno reduz a longevidade de flores  
de corte e frutas 

Reprinted from  Serek, M., Woltering, E.J., Sisler, E.C., Frello, S., and Sriskandarajah, S.  (2006) Controlling ethylene 

responses in flowers at the receptor level.  Biotech. Adv. 24: 368-381 with permission from Elsevier. 

Níveis de etileno 

podem ser 

gerenciados visando 

manter o frescor de 

frutas comercialmente 

e em casa. 

Estratégias para limitar os efeitos do etileno: 

Limitar a produção - CO2 alto ou baixo O2 

Remoção da atmosfera -  Reação com  KMnO4, absorção 

por zeolita 

Interferir na ligação ao receptor de etileno - tiossulfato de 

sódio (STS), diazocyclopentadiene (DACP), outros 

http://dx.doi.org/doi:10.1016/j.biotechadv.2006.01.007
http://dx.doi.org/doi:10.1016/j.biotechadv.2006.01.007
http://dx.doi.org/doi:10.1016/j.biotechadv.2006.01.007


Molecular genetic approaches can 
limit ethylene synthesis 

Theologis, A., Zarembinski, T.I., Oeller, P.W., Liang, X., and Abel, S. (1992) Modification 

of fruit ripening by suppressing gene expression. Plant Phys. 100: 549-551.  

Antisense 

ACC synthase 
Introduction of antisense 

constructs to interfere with 

expression of biosynthesis 

enzymes is an effective way 

to control ethylene production. Control 

ACC 

synthase 

ACC 

oxidase 

Ethylene ACC  
(1-aminocyclopropane-1-

carboxylic acid) 

S-adenosyl 

methionine 

C C 
H 

H H 

H 

http://www.plantphysiol.org/cgi/reprint/100/2/549
http://www.plantphysiol.org/cgi/reprint/100/2/549
http://www.plantphysiol.org/cgi/reprint/100/2/549


Ethylene perception mutants 
interfere with ripening 

Barry, C. S., et al. (2005) Ethylene insensitivity conferred by the Green-ripe and Never-ripe 2 ripening mutants of tomato. Plant Physiol. 138: 267-275. 

Several mutations 

that affect ethylene 

perception and 

signaling interfere 

with fruit ripening.  

Receptor 

CTR 

Air or 

Ethylene 

Wild type 

Green-ripe 

Never-ripe 

Never-ripe2 

http://www.plantphysiol.org/cgi/content/abstract/138/1/267
http://www.plantphysiol.org/cgi/content/abstract/138/1/267
http://www.plantphysiol.org/cgi/content/abstract/138/1/267










Costela-de-Adão 







Ácido Abscísico 

(ABA) 

Via indireta 





ABA  synthesis and signaling is 
required for seed dormancy 

Nakashima, K., et al. (2009) Three Arabidopsis SnRK2 protein kinases, SRK2D/SnRK2.2, SRK2E/SnRK2.6/OST1 and SRK2I/SnRK2.3, involved in ABA 

signaling are essential for the control of seed development and Dormancy. Plant Cell Physiol. 50: 1345–1363. Copyright (c) 2009 by the the Japanese 

Society of Plant Physiologists with permission from Oxford University Press. McCarty, D.R., Carson, C.B., Stinard, P.S., and Robertson, D.S. (1989) 

Molecular analysis of viviparous-1: An abscisic acid-insensitive mutant of maize. Plant Cell 1: 523-532.  

ABA 

Protein  

Kinase 

Transcription  

Factor 

Transcription  

A perda da função 

de sinalização do 

ABA (proteína 

cinase ou função 

de factor de 

transcrição) 

interfere com a 

dormência induzida 

por ABA e provoca 

a germinação 

precoce. 

http://pcp.oxfordjournals.org/cgi/reprint/50/7/1345
http://pcp.oxfordjournals.org/cgi/reprint/50/7/1345
http://pcp.oxfordjournals.org/cgi/reprint/50/7/1345
http://www.plantcell.org/cgi/content/abstract/1/5/523
http://www.plantcell.org/cgi/content/abstract/1/5/523
http://www.plantcell.org/cgi/content/abstract/1/5/523




Ponto de Inibição 

para milho  





Respostas Hormonais aos Estresses 
Abióticos 

Photooxidative 

stress 

High 

temperature 

stress 

Water deficit, 

drought 

Soil salinity 

Air pollution 

Wounding and 

mechanical 

damage 

Cold and 

freezing 

stress 

Plants’ lives are 

very stressful..... 

 

ABA and ethylene 

help plants 

respond to stress. 

Reprinted by permission from Macmillan Publishers, Ltd. Nature Chemical Biology. Vickers, C.E., Gershenzon, J., Lerdau, M.T.,  and Loreto, F. 

(2009)  A unified mechanism of action for volatile isoprenoids in plant abiotic stress Nature Chemical Biology 5: 283 - 291 Copyright 2009. 

http://www.nature.com/nchembio/journal/v5/n5/full/nchembio.158.html
http://www.nature.com/nchembio/journal/v5/n5/full/nchembio.158.html
http://www.nature.com/nchembio/journal/v5/n5/full/nchembio.158.html
http://www.nature.com/nchembio/journal/v5/n5/full/nchembio.158.html


ABA induz genes de resposta aos estresses 
ABA Hormônio dos Estresses 

Oxidative stress responses 

– peroxidase, superoxide 

dismutase 

Movement of 

water and ions 

(aquaporins, ion 

channels) 

Osmoprotectants 

(sugars, proline, 

glycine betaine) 

Membrane and 

protein stabilization 

(HSPs, LEAs) 

O2¯ 

H2O2 



ABA synthesis is strongly induced 
in response to stress 

R.L. Croissant, , Bugwood.org www.forestryimages.org . Zabadel, T. J. (1974) A water potential 

threshold for the increase of abscisic acid in leaves. Plant Physiol. (1974) 53: 125-127. 

ABA levels rise during drought stress 

due in part to increased biosynthesis 

Hours of drought stress 

Leaf 

water 

potential 

(atm) 

[ABA] 

µg/g dry 

weight 

http://www.forestryimages.org/
http://www.plantphysiol.org/cgi/reprint/53/1/125
http://www.plantphysiol.org/cgi/reprint/53/1/125
http://www.plantphysiol.org/cgi/reprint/53/1/125


ABA biosynthesis is strongly 
regulated 

Reprinted from Nambara, E.,  and Marion-Pol, A. (2003) ABA action and interactions in 

seeds. Trends Plant Sci. 8: 213-217 with permission from Elsevier. 

ABA levels are tightly controlled. 

Critical steps in ABA biosynthesis 

(circled in red) are encoded by 

multiple tightly regulated genes to 

ensure rapid and precise control. 

http://dx.doi.org/doi:10.1016/S1360-1385(03)00060-8
http://dx.doi.org/doi:10.1016/S1360-1385(03)00060-8
http://dx.doi.org/doi:10.1016/S1360-1385(03)00060-8


ABA regulates stomatal aperture by 
changing the volume of guard cells 

Guard cell image © John Adds, obtained through the SAPS Plant Science Image Database.  

Pairs of guard cells 

surround the 

openings of plant 

pores called stomata.  

Guard cells control the opening and closing of stomata to 

regulate gas exchange: a fine balance is required to allow 

CO2 in for photosynthesis and prevent excessive water loss. 

Image buYizhou Wang, University of Glasgow 

http://www.plantscienceimages.org.uk/


ABA controls stomatal aperture by 
changing the volume of guard cels 

When stomata are open, plants lose water through 

transpiration. ABA induced by drought causes the guard cells to 

close and prevents their reopening, conserving water.  

Sirichandra, C., Wasilewska, A., Vlad, F., Valon, C.,  and Leung, J. (2009)The guard cell as a single-cell model towards understanding drought tolerance and abscisic 

acid action. Journal of Experimental Botany 2009 60: 1439-1463. © The Author [2009]. Published by Oxford University Press on behalf of the Society for 

Experimental Biology.  

http://jxb.oxfordjournals.org/cgi/content/abstract/60/5/1439
http://jxb.oxfordjournals.org/cgi/content/abstract/60/5/1439
http://jxb.oxfordjournals.org/cgi/content/abstract/60/5/1439


ABA-induced stomatal closure is extremely 
rapid and involves changes in ion channel 

activities 
ABA triggers an increase in cytosolic 

calcium (Ca2+), which activates anion 

channels (A-) allowing Cl- to leave the cell. 

ABA activates channels that move 

potassium out of the cell (K+
out) and inhibits  

channels that move potassium into the cell 

(K+
in). The net result is a large movement 

of ions out of the cell.  

 

As ions leave the cell, so does water (by 

osmosis), causing the cells to lose volume 

and close over the pore.  

Adapted from Kwak JM, Mäser P, Schroeder JI (2008) The clickable guard cell, version II: Interactive model of guard cell signal 

transduction mechanisms and pathways. The Arabidopsis Book, ASPB. doi: 10.1199/tab.0114. 

K+
in channel 

A-
 channel 

K+ 

Cl- 

H2O 

http://dx.doi.org/doi: 10.1199/tab.0114.


Inibidores de Crescimento 



JA-induced changes in gene 
expression 

Low JA-Ile 

No 

transcription 

JA-

responsive 

transcription 

factor  

JA-Ile 

High JA-Ile 

Transcription 

Defense 

genes 

Proteolysis 

JAZ 

protein 

 

F-box protein 

receptor 

(COI1) 





Ácido Salicílico  
Um Analgésico para Animais - Um hormônio Vegetal  

Photo credit: Geaugagrrl 

•Response to biotrophic 

pathogens 

•Induced defense 

response 

•Systemic acquired 

resistance Salicylic Acid 

Acetylsalicylic Acid - aspirin 

Salicylic acid is named for 

the willow Salix whose 

analgesic properties were 

known long before the 

chemical was isolated. 

http://commons.wikimedia.org/wiki/File:Bloedel_Reserve_Willow_Tree.jpg


Salicylates contribute to systemic 
acquired resistance 

SA 

SA 
SAR 

MeSA 

MeSA 

MeSA 

SA is necessary in 

systemic tissue for 

SAR, but the 

nature of the 

mobile signal(s) is 

still up in the air 

 

It is likely that 

multiple signals 

contribute to SAR 



Some pathogens elicit a stronger 
defense response 

Immune 

Responses 

R 

Effector-triggered 

immunity Many plants express resistance genes that 

recognize the effects of bacterial proteins 

effector proteins.   

 

The interaction of an R protein with an 

effector protein promotes a stronger immune 

response, including the hypersensitive 

response. 
SA 

Redrawn from Pieterse, C.M.J, Leon-Reyes, A., Van der Ent, S., and  Saskia C M Van Wees, S.C.M. (2009) Nat. Chem. Biol. 5: 308 – 316. 

http://www.nature.com/nchembio/journal/v5/n5/full/nchembio.164.html
http://www.nature.com/nchembio/journal/v5/n5/full/nchembio.164.html
http://www.nature.com/nchembio/journal/v5/n5/full/nchembio.164.html
http://www.nature.com/nchembio/journal/v5/n5/full/nchembio.164.html


The hypersensitive response involves 
 cell death 

Pathogen Response (PR) genes 

Antimicrobial compounds 

Strengthening of plant cell walls 

Programmed cell death  

Hypersensitive response (HR) 

Immune 

Responses 

R 

Effector-triggered 

immunity 

From Cawly, J., Cole, A.B., Király, L., Qiu, W., and Schoelz, J.E. (2005) The plant gene CCD1 selectively blocks cell death during the 

hypersensitive response to cauliflower mosaic virus infection. MPMI 18: 212-219; Redrawn from Pieterse, C.M.J, Leon-Reyes, A., Van der Ent, 

S., and  Saskia C M Van Wees, S.C.M. (2009) Nat. Chem. Biol. 5: 308 – 316. 

SA 

http://apsjournals.apsnet.org/doi/abs/10.1094/MPMI-18-0212
http://apsjournals.apsnet.org/doi/abs/10.1094/MPMI-18-0212
http://apsjournals.apsnet.org/doi/abs/10.1094/MPMI-18-0212
http://www.nature.com/nchembio/journal/v5/n5/full/nchembio.164.html
http://www.nature.com/nchembio/journal/v5/n5/full/nchembio.164.html
http://www.nature.com/nchembio/journal/v5/n5/full/nchembio.164.html
http://www.nature.com/nchembio/journal/v5/n5/full/nchembio.164.html


The hypersensitive response seals the 
pathogen in a tomb of dead cells 

The HR kills the infected cells and 

cells surrounding them and prevents 

the pathogen from spreading. 

HR 

No HR 

Without a hypersensitive 

response, the pathogen 

can multiply. 

Drawing credit Credit: Nicolle Rager Fuller, National Science Foundation; Photo reprinted by permission of Macmillan Publishers Ltd. Pruitt, 

R.E., Bowman, J.L., and Grossniklaus, U. (2003) Plant genetics: a decade of integration. Nat. Genet. 33: 294 – 304.  

http://www.nsf.gov/news/news_images.jsp?cntn_id=104189&org=BIO
http://www.nature.com/ng/journal/v33/n3s/abs/ng1108.html
http://www.nature.com/ng/journal/v33/n3s/abs/ng1108.html
http://www.nature.com/ng/journal/v33/n3s/abs/ng1108.html
http://www.nature.com/ng/journal/v33/n3s/abs/ng1108.html


Other hormones affect defense 
response signaling 

Reprinted from Robert-Seilaniantz, A., Navarro, L., Bari, R., and Jones, J.D.G. (2007). Pathological hormone imbalances. Curr. Opin. Plant Biol. 10: 372–379. 

with permission from Elsevier. 

As part of their immune 

responses, plants 

modulate synthesis and 

response to other 

hormones. Some 

pathogens exploit the 

connections between 

growth hormones and 

pathogen-response 

hormones to their own 

advantage, by producing 

“phytohormones” or 

interfering with hormone 

signaling.  

http://dx.doi.org/doi:10.1016/j.pbi.2007.06.003
http://dx.doi.org/doi:10.1016/j.pbi.2007.06.003
http://dx.doi.org/doi:10.1016/j.pbi.2007.06.003


Summary – stress responses 

Hormonal signaling is critical for plant 

defenses against abiotic and biotic stresses. 

 

ABA and ethylene are produced in stressed 

plants and critical for activating their defense 

pathways. 

 

JA and SA contribute to local and systemic 

defenses against pathogens. 

 

Understanding plant hormonal responses to 

stress is needed to improving agricultural 

yields. Abiotic and biotic stresses are major 

causes of crop losses and reduced yields 

and which must be minimized.  

 

 





(+) Estimula (-) Inibe 




