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Até recentemente a florada dos ipés
estava relacionada ao numero de
horas entre o excesso de Vermelho
Extremo do Nascer do Sol e o Excesso
do Vermelho Extremo do Por do Sol.
Mediada, portanto, pelo fitocromo.

Nos ultimos anos comprovou-se que
este &€ mais um fenbmeno que
responde a diversos fatores
simultaneamente: duracao de horas
do dia (ou da noite), disponibilidade
hidrica, alternancia de temperatura e,
talvez outros que ainda
desconhecemos.
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FLORESTAS DE VARZEA & FLORESTAS IGAPO (rios de
aguas escuras — por exemplo o Rio Negro) — sazonalmente
iInundadas
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Tambaqui (Colossoma macropomu Cuvier, 1818)
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O Instituto Mamiraua

O Instituto de Desenvolvimento Sustentavel Mamiraua (IDSM) foi

© Marcelo |. Santana

Tefé, Amazonas, 31 de agosto

Pesquisa e Monitoramento Manejo e Desenvolvimento Projetos Institucionais Integrados
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THE FLOOD PULSE
CONCEPT - teoria proposta
em 1989 por Junk e
colaboradores para as areas
inundaveis da  Amazbnia
revista e ampliada em 2004
para incluir o Pantanal.

Junk W.J & Wantzen K.M. 2004 THE FLOOD
PULSE CONCEPT: NEW  ASPECTS,
APPROACHES AND APPLICATIONS - AN
UPDATE. In Welcomme, R. & Toledo, P. (eds)
Proceedings of the second international
symposium on the management of large rivers
for fisheries. FAO, 117-149.
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Celula da Bainka Celula do mesafile
Fascular
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4H;O sl
4H + Oy
= NADPH
Mauna 1 Carboidratos

ESQUEMA MOSTRANDO OS5 PRIMNCIPAIS PASSOS DO
PROCESSO DE FOTOSSINTESE E SUAS
INTERRELACOES. (CCL= CENTRO DE CAPTACAO
DE LUZ, Fell=FoTossISTEMA |, ATP=ADENOSIMNA 1
TRIFOSFATO, NADPH=MNICOTINAMIDA ADEMNOSIMNA

DIFOSFATO REDUZIDA. NOTE QUE NA CAPTACAO
DE GAS CARBOMNICO HA DUAS VIAS, AC2 E A VIA

Cd. Tobos As VIAS LEVAM A0 MESMO LUGAR, QUE GR ESCDIE:\TO

E PRODUZIR CAREOIDRATOS QUE SERAD



Stroma: enzymes that
catalyze CO; fixation

and starch synthesis

Thylakoid membrane:
absorption of light by
chlorophyll, thesis
of ATP*~,N and
electron transport

Inner membrane:
transperters for phosphate,
precursors of sucrose







The Enzyme that adds COz to RUBP is called RUBISCO (Ribulese Bisphosphate Carboxylase/Oxygenase). It is

the most abundant protein on the planet. It can represent 40% of the soluble protein in a leaf. I
wonder why!
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D RUBISCO has a Dual Function. It can Carboxylate RUBP (abeve) or it can Oxygenate it. The latter is
called Photorespiration.
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Photorespiration results in the loss of CO2 which negates €Oz fixation!

Both of these reactions invelve the same active site, and the substrates (CO2 & O2) directly compete with
ene another.
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@ Under typical ambient conditions the ratio between COz fixation & Oxygenation is 3:1.

Photorespiration reduces the efficiency of photosynthesis by as much as 50%. It is interesting to note that
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The Concentrations of CO2 & Oz, plus the Leaf Temperature regulate the Balance between Carboxylation
(Carben Gain) & Oxygenation (Carbon Loss).



"% Under typical ambient conditions the ratio between COz fixation & Oxygenation is 3:1.

Photorespiration reduces the efficiency of photosynthesis by as much as 50%. It is interesting to note that
the dual nature of RUBISCO iz universal frem orchids to photosynthetic bacteria.

The Concentrations of CO2 & Oz, plus the Leaf Temperature regulate the Balance between Carboxylation
(Carben Gain) & Oxygenation (Carbon Loss).
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Carbon Dioxide concentrations are always much lower than Oxygen levels inside leaves and in the atmesphere.

Leaf Temperature rises during the day when photosynthesis occurs. This is especially true under dry, sunny
conditions. This favors Oxygenation (Photorespiration).

The kinetic properties of RUBISCO alse favor Oxygenation et high temperatures.
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Elevated Temperatures favor Photorespiration
compared to COz2 Fixation by Photosynthesis!
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One way to favor Carboxylation over Oxygenation would be the Elevation of CO: levels in the vicinity
of RUBISCO!
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The picture on the right is from
Sugarcane (Saccharum) which has
C4 Photosynthesis & Kranz
Anatomy. Note the large
Photosynthetic Bundle Sheath
Cells and the densely stained,
Photosynthetic Mesophyll that
surround the Bundle Sheath.

Bundle Sheath

The picture on the right is from a
grass in the genus Poa. It also has
Kranz Anatomy & C4 Photosynthesis
Note the Chloroplasts in the Bundle
Sheath Cells. The Stomata are
precisely arranged to provide optimal
diffusion paths for the Photosynthetic
Mesophyll Cells. This allows for
extremely efficient gas exchange with
the atmosphere and the Mesophyll when the stomata are open.







Rendimento Quantico
(mol de CO2 por guantum absorvido)
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Figura 2. Rendimento comparado de plantas C3 e C4



Plant type

C3

C4

Economically Important

wheat, rice, barley, potato

maize, sugar cane, millet

(tonnes/ha/yr)

Species
Pallisade and spongy mesophyll, if bundle sheath present no Kranz anatomy with bundle sheath containing
Leaf anatomy
chloroplasts chloroplasts
Chloroplasts 1 type 2 types (dimorphic)
Primary Carboxylase Rubisco PEPCase in mesophyll
Secondary Carboxylase None Rubisco separated in space (bundle sheath)
Primary CO2 acceptor RuBP PEP
1 st stable product 3-phosphoglyceric acid (3-PGA) oxalacetate (OAA)
CO2ZATPNADPH 132 1:52
Transpiration rate high ~25% of C3
light compensation point | 5 Wm-2 <1 Wm-2
photorespiration rate High (30% of net photosynthesis) low to undetectable
Optimum temperature 25 35
Productivity 20 30




About 3000 species of C4 plants have been recorded from some 18 families of flowering plants. Some C4-plants of economical importance are sugar cane, m:
and sorghum. In general, C4-plants are thought to have evolved under conditions of high temperatures and lower CO,, concentrations (review in Black, 1994)

thus many C4-species are from the tropics. Characteristically, C4-plants have higher rates of photosynthesis than C3-plants. Photosynthesis in C4 plants does
saturate but increases at high hight mtensities and can continue at very low CCL_,. concentrations. Subsequently, these plants have rapid growth rates and higher

biomass and economic yields than C3-plants.

The observed increases in both global temperatures and in the atmospheric concentrations of carbon dioxide (CO,) could have profound effects on primary
production for both “wild™ and cultrvated species. Higher temperatures and higher CGE concentrations could mean higher total prmary production by mcreasin;
both the geographical areas of plant growth as well as higher photosynthetic rates for indnidual species. Interspecific interactions and competition would favor
species adapted to high temperatures and resistant to low water levels. These populations could subsequently “migrate™ or be introduced to new habitats and
succeed other plants that cannot survive such conditions. Additionally, the increase in primary production could then modify mportant biogeochemical cycles s
as the carbon, oxvgen, and nitrogen cvcles (Figare 4).




Sage says that during the early Eocene epoch, around 50 million years ago,
202 levels in the atmosphere went into a gradual decline, and by the early
Miocene, around 25 million years ago, reached 280ppm - around the same
concentration as in recent, pre-industrial times.

The first C4 plants appeared around 30 million years ago, and underwent
explosive evolutionary radiation around 25 million years ago. Whether the
primary selective pressure was increasing aridity, or lowering CO2 levels, is
still debated.

But the outcome was that C4 plants were more efficient than their C3
ancestors in drier, low-CO2 conditions because they evolved a novel
anatomical solution to the photorespiration problem.



Grasses constitute around half of the world's 14,000-0dd C4 plants, and 25
per cent are sedges. Within the grass family, the trait has evolved about 15
times; among sedges, four times.

Although dicots account for anly 15 per cent of C4 taxa, the trait has evolved
up to 35 fimes - 3age says most C4 dicots are herbs and shrubs, with a
small minaority of woody trees.

This paftern of multiple evolution of C4 photosynthesis suggests the process
Is ongoing: that there should be possible to catch plants in the evolutionary
act of evalving the trait.

“We determine the [independent] origins of C4 by analysising phylogenetic
patterns, and we find it popping up in different lineages,” he says.

‘In a few lineages, weve gone in and looked at individual species, and found
traits indicative of change from C3 to C4 photosynthesis.



Crassulacean Acid Metabolism (CAM) is ancther ecologically significant way in which
plants concentrate CO-:.

This dees not involve the sephisticated structural specialization seen with C4 plants.

Stomatal opening is regulated temporally se that they may 0pen at Nf?ﬁf’when water demand is low,
thus avoiding water loss.

CAM plants can shew an 80% reduction in water loss compared to C3 plants under the same conditions.
Thizs has cbvious adaptive and ecclegical =ignificance!

CAM plants epen their stomata at night and fix COz via PEP Carboxylase (a la €4 photosynthesis).

They Store Malate (4 Carben Acid) in their Vacuoles.

Malate is transported to Chloroplasts during the Day where Decarboxylation occuns.

The released COz is Fixed by RUBISCO as in €3 plants.

PR Pl [P PP [P [P [P 1t R0 [P 1P P 1P P [P P P 1P P P

CAM Mesophyll Cells typically have extremely Large Storage Vacuoles and CAM Plants are Often
Succulent in appearance.

Since the Stomata are Closed during the Day, €Oz & Water can't escape.

Virtually all of the COz is fixed and Photorespiration is negligible.
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Tape 11. Taxonomic survey of flowering plant
families known to have species showing crassulacean
acid metabolism (CAM) in different taxa.

Agavaceas Geraniaceas
Alzoaceae Gesneriaceae
Asclepidiaceae Labiatae
Asleraceas Liliaceae
Bromeliacear Oxalidaceae
Cactaceae Orchidaceae
Clusiaccae Fiperaceae
Crassulaceae Polypodiaceae
Cucurbitaceae Portulacaceae
Didieraccae Rubiaceae

Za o= = NS Fuphorbi . Vil .
: {‘.7’7’}1'—- X ( uphorinacead ilacean

o oA 4l Source: Kluge & Ting (1978) and Medina (1996).
.f//,,.:,,.w,m {}. N \\- Souwrce; Kluge & Ting (1978) and Medina (1996)
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CO,-exchange rate

(wmol m2 3_1)

(umol m2 3_1)

(umol m2 3_1)

(wmol g_1 DM 3_1) (umol g_1 DM 3_1)
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A Fizc. 1. Dailvy gas-exchange of plants with different modes of CAM: (A) Obligate CAM

in watered plants of Opuntia ficus-indica (Nobel and Hartsock, 1983); (B) C; CO,-

uptake in well-watered plants of the inducible-CAM species, Talinum mriangulare
(Herrera ef al._ 1991); (C) small dark CO 3 fixation in plants of T. friangulare drought-

—— B -tressed for 10 d (Herrera er all. 1991): (D) CAM-cycling in watered plants of

-B Talinum calveinum (Martin et al._ 1988); (E) CAM-idling in plants of Talinm
calveinum drought-stressed for 3 d (Martin er al._ 1988). The broken line indicates no
net CO,-exchange; the dark bar on the abscissa indicates the duration of the dark

_____ period. The corresponding values of nocturnal acid accumulation were: (A) 85 umol H

cm 2 (droughted plants had a value of 16 pmol H em™); (B) 8 pmol H™ g~1 FM (0-2

— f _ - _
umol H™ em™): (C) 100 pmol H ¢! FM (2-0 pmol H™ em™); (D, E) 56 imol H g7

r Y FM. Redrawn with permission from the authors.
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— Herrera, A. Ann Bot 2009 103:645-653; doi:10.1093/aob/mcn145

Time of day



Background: In obligate Crassulacean acid metabolism (CAM), up to 99
% of CO 2 assimilation occurs during the night, therefore supporting the

hvpothesis that CAM is adaptive because it allows CD2 fxation during the

part of the day with lower evaporative demand, making life in water-
limited environments possible. By comparison, in facultatrve CAM
(inducible CAM, C —CAJ.{) and CAM-cvcling plants drought-induced

dark CD fixation may only be, with few exceptions, a small proportion of

C CD assimilation in watered plants and occur duning a few days. From the mewpﬂmt of survival the adapmf

advantages, 1.e. increased fitness, of facultative CAM and CAM-cycling are not obvious. Therefore, it is hypothesized
that. if it is to inr::raﬂsa frm;_ﬂ: C must aid in reproduction.

Clusia
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