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Fyziologicke a ekologicke
aspekty fotosyntézy

vliv stresu a proménného
prostredi na fotosyntézu;

mechanismy adaptace na
stres

* svetlo
» koncentrace CO,
» teplota

» vihkost
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Fyziologicke a ekologicke
aspekty fotosyntézy

vliv stresu a proménného
prostredi na fotosyntézu;

mechanismy adaptace na
stres

« svetlo

» koncentrace CO,
» teplota
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VeliCiny charakterizujici svetelne ® ®

Equal irradiance

zareni: ught /U ON g

Spektralni slozeni — PAR: fotosynteticky
aktivni zareni, 400-700 nm i Sensor

Ozarenost (,irradiance®) — mnozstvi svételné
energie dopadajici na jednotku plochy [W.m-

(C) (D) o
2] \\Y N\
Mnozstvi fotonu (kvant) na jednotku plochy | | \

5 1 Sensor
[mOI .m=.S ] Irradiance = (A) % cosine o

TABLEM PLANT PHTSIOLDGY i, Fig s A e

Concepts and units for the quantification of light
Energy measurements Photon measurements
(Wm™2) imolm2s7)

Flat light sensor Irradiance Photon irradiance
Photosynthetically PAR [guantum units)

active radiation
(PAR, 400-700 nm,
energy units}
— Photosynthetic photon
flux density (PPFD)
Spherical light sensor  Fluence rate (energy units) Fluence rate ([gquantum units)
Scalar irradiance Quantum scalar irradiance

Thed famon Table § 7 P00 S Asscouiey W



Variabilita mnozstvi dopadajici svetelné energie

Insolation (MJ m~3 day ')
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Variabilita mnozstvi dopadajici svetelné energie

Solar
irradiance
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Optické vlastnosti vody urcuji svételné
spektrum
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Absorption (m™")

Absorbce svétla v prirozenych podminkdach
cista voda + huminové latky + Castice
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Irradiance

Absorbce svétla v prirozenych podminkdach
=> rliznd spektra svétla
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Light level (ly/day)
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e 70-80% sluneéni energie dopadajici na zem v
lese

] = Total Light
= Duffuse Light
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Photosynthetically
active radiation

Reflected light v
Absorbed light
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PLANT PHYSIOLOOY , Thid Edition, Figura 83 © 2002 Singusr Associaten, Inc.
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Vliv svétla na anatomii listu (fazole)

Epidermis funguje jako opticka ¢oCka

kutikula

homi
epidermis —
palisadovy —
parenchym

Palisady jako svétlovodice i
parenchym |

Rozptyl svetla — 4X delsi e S __
dréha fOtOI’]U priduch  svéraci buriky




zavislost anatomické stavby listu
. ’ ’ ’ P A
na ekologickych podminkdch
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LSlunné listy™ E'j“ i :‘Hﬁ%& 4,
silnd kutikula

bohaté vyvinuty palisadovy parenchym
vice mechanickych pletiv

vice pruduchd (A4 pseudoplatanus. 860)
méné chlorofylu

Stinné listy"

slaba kutikula

mezenchym mdlo diferencovany
velke interceluldry

méné mechanickych pletiv

méné priduchl (A pseudoplatanus. 215)
vice chlorofylu

Obr, 338, fezy listy buku,
I  list z polozastinéné &asti koruny, 2 — typicky
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Pohyb listu

Kratkodoba adaptace

Stinomilné druhy vykazuji Casto rychlé
pohyby listu

Stavel (Oxalis), ktery rostl pfi o Suhedk |
4 umol fotond m= s byl ol

vystaven 1590 umol fotont m- ;
2 571 po dobu 20 min 0

* Listy se skloni k zemi

Leaf angle, degree
A
o

« Zachyceni zafeni se snizi z i

0 (o)
>90% na <10% Oxalis oregana -

1 1 " S 1 1 1

-20 0 20 40 60

*Pulvinus (hybny polStarek) rapiku
listu, receptor modrého svétla



Heliotropismus
Diaheliotrofismus —
maximalizace prijmu svetla

Paraheliotrofismus —
minimalizace prijmu svetla




* Mnohé rostliny se dokazi prizpusobit
zmenam podminek = aklimace

* Adaptace . .

Sun Partial shade Shade
Marigolds, Impatiens Hoslas,
petunias peonies fems

a: ;t‘.'_:'-"_-: '-.3 _" -
s _'*'_.-'; .' » e FF-.- - -'p-l:
3. ~partial shade ¥
e -l e o




Figures 1-5 - Tradescantia pallida cv. puwrpurea leaves submitted to distinct light intensities,
(1) 100% [Buﬂum!,m‘z,s'l}. Hypodermis represents more than 509% of leaf thickness. Meso-
phyll is dorsiventral. (2) S0% (400umol.m®.s"). Hypodermal cells are slightly reduced in size. (3)
25 % [Zﬂﬂpnml.m'z.s"}. Leal lamina is reduced in thickness. Anticlinal cell walls are plicated (arrow).
(4) 10% (80pmol.m™s™). Hypodermis is constituted of one-cell layer. Leaf lamina thickness is redu-
ced. (5) 5% (40umol. m™.s™). Hypodermal cells are reduced in size. Palisade tissue is completely

undifferentiated. (Bars = 50um).



(A) Photosystem | (B) Phostosystem II
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N

Chl a/b ratio
N 'S

[—

0

Deep ' Full
R —
shade sun

Fig. 3 Mean Chl a/b ratios for plants collected from 5 sites representing a continuum
from deeply shaded to full sun environments. Sites were located in Dorrigo
National Park, a subtropical rainforest in New South Wales, Australia.
Error bars represent standard error of the mean. n = 10, 12, 7, 4, and 8
different plant species for sites from deeply shaded to full sun, respectively
(redrawn from Logan et al., 1996).



Vyuziti slunecniho zareni listem

Z 1,3 kW. m -2 d)
Total solar energy N o
(100%) b ]
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Nonabsorbed wavelengths ?‘111}4”'1 ELE PR
(60% los RV
40%
Reflection and transmission (8% loss) >
32%
e
Heat dissipation (8% loss) >
24%
Metabolism (19% loss) >
5%
Carbohydrate

PLANT PHYSIOLOGY , Third Edition, Figura 82 © 2002 Sinaver Associales, Inc



Zavislost fotosyntézy na svetle

Fotosynteticka kfivka 25
Light

limited CO; limited

20 ¢ > i< >

Fotosyntéza - spotfeba CO,
nebo vyvoj O,

_ 15+
Tma: respirace

Kompenzacni bod

Oblast linearni zavislosti
fotosyntézy na svétle,
maximalni kvantovy
vytézek

Light compensation point
/ (CO, uptake = CO evolution)

= Dark respiration rate

Photosynthetic CO, assimilation (umol m™2s™)
un
|

Limitace CO,: karboxylacni
kapacita Rubisca, metabol. ! | | ! .

. ; : ” 1
trios, elektronovy transport =R 2 A 000
Absorbed light (umol m™“s™')

PLANT PHYSIOLOGY , Thied Editson, Figure 9.8 © 2002 Sinaver Associales, Inc




Zavislost kvantového vytezku fixace CO,
na teplote

Teoreticky max. ~ 0.125 £ o.1or
£
C3 rostliny — se zvysujici < o.08-
, . A
STS teplot.ou klesa’ VIIV E Encelia californica (C;5 plant)
fotorespirace © o06f
o [
C4 rostliny _ obecné 8 Atriplex rosea (C, plant)
cv v . , o 0.041
niz8i (cena za zvySeni £
koncentrace CO,), ale 3
nezavisly na teploté e %021
:
& 0.00 : t . , . r
10 15 20 25 30 35 40

Leaf temperature (°C)

PLANT PHYSIOLOGY , Thind Edibon, Figuee 823 © 2002 Sinsuor Associates, Inc



Adaptace a fotosynteticke krivky

Stinomilné rostliny —
nizSi kompenzacni bod
(1 az 5 ymol m= s1)
nizSi maximalni
fotosyntéza

nizSi respirace

Photosynthetic CO, assimilation (umol m=2s71)
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PLANT PHYSHOLOGY , Thed Edifion, Figure 89 © 2002 Sinawaer Associates. Inc



Fotoaklimace a fotosyntetickeé krivky

40
Atriplex triangularis
(sun plant)

Saturace fotosyntézy ~
rustova intenzita

(oY
o
T

Grown at 920 umol m2 s

irradiance (sun)

Maximalni prirozena
intenzita ozarenosti

hJ
o

- |
L=

~ 2000 ymol m=2 s)
Grown at 92 umol m2s~!
irradiance (shade)

Photosynthetic CO, assimilation (umol m=2s)

=1

l | | l J
0 500 1000 1500 2000 2500
Photosynthetically active radiation
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PLANT PHYSIOLOGY . Third Edition, Figure §.10 © 2002 Snaver Associates, Inc



Fotosyntetické krivky celych stromu/rostlin
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Co s nadbytecnym zarenim?

Photosynthetic O, evolution (umol m™2s™1)
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PLANT PHYSIOLOGY . Third Edition, Figure 812 © 2002 Sinmsr Associates, Inc




Ochranné mechanismy proti fotoinhibici

Vyhybani (kratkodobé)
* VVyhybani (vyvojove)
» Fotoprotekce — disipace energie (xantofylovy cyklus)

» Odstranéni aktivnich forem kysliku



Ochranné mechanismy — pohyb
chloroplastu

TMA Nizké svétlo Vysoké svétlo



Fotoprotektivni mechanismus
Xantofylovy cyklus

Xantofyly se syntetizuiji
Z [3-karotenu

B-carotene
| I
HO zeaxanthin

oH  violaxanthin

» Odstraneni epoxy *ﬂﬂi W de-epoxidase
zeaxanthin

skupin zvyéuje pocCet de-epoxidase ,HO” ™"~ antheraxanthin

konjugovanych vazeb (z 9 MOH
na 11) HO viola;anthin

N \\\

7

e proces de-epoxidace BH neoxanthin

(pomoci violaxanthin de-
epoxidase)

HO



Irradiance, PAR (umol m=2s71)
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PLANT PHYSIOLOGY , Third Ediion, Figure 8,13 © 2002 Snaver Associaies, inc.







Rate of photosynthesis
(O, evolution)

Light intensity (mol photons/m?s)
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First line

of defense:
Suppression
mechanisms

Second line
of defense:
Scavenging

systems

Photon Photon used for
—> photosynthesis

intensity

Excess photons

Toxic
phutnproducts

Damage to D1
of PSII

1 v> Repair, de novo synthesis

Oxidized D1

e
‘Photoinhibition

PLANT PHYSIOLOGY , Third Edition, Figure 7.35 © 2002 Sinauer Associates, Inc.
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