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Radiaéni rezim

Intenzita slunecni radiace
kvalita slunecni radiace



Sveételna krivka asimilace (LRC)
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Rozdily mezi slunnym a stinnym listem

Listy/rostliny aklimované na

Walter Larcher: Plant Ecological Physiology

stin:

nizsi Ry
nizsi I,
vySSi AQE

niz&i A,

Stinné listy jsou:

tenCi s vétsi listovou plochou
(vysSi specificka listova plocha
— SLA; cm? g1)

nizsi poCet stomat na jednotku
listoveé plochy

vy$Si obsah chlorofylu a
karotenoidu na jednotku susSiny
(Mg gpw™)

nahodné orientovana granna
nizSi obsah dusiku



Anatomie listu

* Vogelmann T.C.
— optické vlastnosti listu
— palisadovy parenchym usnadniuje pronikani pfimého zareni pred
zarenim difuznim

Figure 2. Leaf anatomy of Thermopsis montana and Smilacina stellata. Leaves of (a) T. montana that develop in the sun typically have
well-developed columnar palisade, whereas only spongy tissue is present within (b) S. stellata (scale bar=100um).



Slunné x stinneé listy

 stinne listy ziskaneé asimilaty investuji do
syntézy a udrzeni bilkovinnych struktur
spojenych s primarni fazi fotosyntéezy
— ucinného zachytu kvanta zareni
— velké chloroplasty
— vetsi plochou tylakoidnich membran
— VYySSi pocCet nahodne orientovanych gran
— 1j., efektivnejSi absorpce vSesmeérového difuzniho
zareni

 slunnée listy investice do sekundarni faze
— vySSi obsah dusiku — vyssi obsah Rubisco
— vysSich maximalni rychlosti asimilace CO2
— vySSich rychlosti transpirace (UcCinné ochlazovani).



Rozdily mezi slunnym a stinnym listem
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Rozdily mezi slunnym a stinnym listem

Amax (pmol I'ﬁz S_l)
1

Acer Fagus

Kubiske ME, Pregitzer KS Funct. Ecol. 11 (1997) 24-32:
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» stinné listy stin-malosnasejicich druhd reaguji primarné zménou SLA,
» stin-snasejici druhy reaguji na zastinéni zejména formou biochemické aklimace

fotosyntetického aparatu.

Abies



Slunny x stinny - distribuce asimilace
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Fotosyntetické vykony drevin

asimilacni kapacita
listnaté (opadavé); 2-25 umol m= st
— Populus 20-30 umol m2 s
— Alnus glutinosa, Acer mono, Fagus sylvatica 3-4 umol m= s1

jehlicnaté (stalezelené); 2-10 umol m=2 s-1
— Pinus sylvestris, P. radiata 16-17 umol m= s
— Picea spp. 2-3 umol m? st

stromy vyhradne C3 typ fotosyntézy, ALE!

Euphorbia forbesii (Hawai)

Chenopodiaceae

Polygonaceae (polokere ruskych stepi) — C4

Clusia rosea — CAM (v pripadé nepfiznivych podminek)
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Pr.:

rostliny C3

koncentrace CO;

C3 vs. C4 rostliny

saturace sveéetlem
— CAM (1/10) <C3 (1/13) < C4

fotorespirace
— C3 (1/3 z celkové
fotosyntézy) > CAM > C4 (0)
Aymay (UMOI M2 s-1)
— C4 (35-40) > C3 (15-30) >
CAM (1-5)
teplotni optimum
— C3:15-25°C
— C4: 25-40°C
— CAM: kol. 40°C
produkce susiny (t hat y1)
— C3:22+33
— C4:38.6 +16.9
— C4: velka variabilita dat



Vliv environmentalnich podnétu na
fotosyntézu

kvalita dopadayjici radiace



Srovnani slunnych x stinnych dna

Urban et al.: Global Change Biology 13: 157-168, 2007
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I. nizsSi celkové respirace ekosystému

- nizsi teplota

* respirace jednotlivych Casti

Sleeed e, ekosystému vykazuji pozitivni
% dfj%ga Oooaooo QBDOOQ 7
. s B :> korelaci s teplotou
; « exponencialni zavislost
R  hlavni zdroj CO, — ptida — se v
Fg.3: Tyl daby coursesof kratkodobém méritku neméni
temperature (Tair).

— zavislost na pudni vihkosti

) 6 25
. ; 0,2746%116™ ol = 0,1132¢%%% °
2 y = 1,2051%.0997 b5t y= R = Cd e 20 ’ R? = 0,5368
% 2 _ £ 5 ) =0,
g 6 R? = 0,7909 & g S °
8 a4t o}
S 2 S
5 S g 15
R R c
£ £ S
5 S2} |
o 3 a
(8] 2t 8] %
3 E1F} 2 05
"] 7] s
0 et
0 0,0
0 5 10 15 20 25 0 5 10 15 2 2 0 5 10 15 20 25 30|
. 0, i °
Soil temperature, °C Cambium temperature, °C Leaf temperature, °C

Fig.4A,B,C: The exponential relationships between the rate of CO, efflux from soil (A), stems (B) and leaves (C) and actual
temperature. An automatic closed gas exchange system SAMTOC has been used for the measurements of soil and stem CO,
effluxes. Mentioned equations were used for the modelling of night-time fluxes in Fig.2.
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« vysoka hodnota VPD vede k
uzavirani pruduchové Stérbiny a
snizeni stomatalni vodivosti pro
difusi CO,

« vysoke intenzity PAR (>1000) tak
vedou k redukci intercelularniho
CO,

* pokles rychlosti asimilace CO,
na urovni letorostu

v > sy

'; / ) — Fig.6A,B: The relationship between CO, assimilation

5o P8 &% (Ay) and photosynthetically active radiation (PAR) on the

level of individual shoots (panel A) and the relationship
between stomatal conductivity (Gg) and intensity of

incident PAR (panel B). Symbols o represents days with

500

prevailing direct radiation, e diffuse radiation. Data

obtained by the open IRGA system CIRAS-1 (PP
Systems, U.K.).
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Analysis of stomatal conductance
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Fig.7: Relative photon distribution over the days
with prevailing direct (o) and diffuse (o) radiation
estimated by spectroradiometer LI-1800 (LICOR,
U.S.A)).

« narust vinovych délek v
modré oblasti spektra A
~ 450-500 nm

e absorpCni maxima
chlorofylu (Chls) a
karotenoidu (Cars)

« napomaha (usnadnuje)
otevirani pruduchové
Stérbiny = narust
Intercelularni
koncentrace [CO,]



Role fototropinu v rostlindch

Briggs and Christie: Trends in Plant Science 7: 204- 210, 2002

fototropismus
otevirani stomat
migrace chloroplastu
low x high PPFD

(neprfima aktivace
Rubisco ?7?)

B-light receptors
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* nizsSi (= 25%) extinkCni
koeficienty (ca 0.6 x 0.8)

« vetsi cast listové plochy je
fotosynteticky aktivni (I';: 30 —
40 pymol m=2 s1)

 ~ /0% LA je potencialnim
zdrojem CO, (stinné dny ~45%)

Fig. 9A,B: Relationship between cumulative leaf area (LA,,,) and transmitted
photosynthetic photon flux density (PPFD,,,,) estimated during sunny (empty
circles) and cloudy (full circles) days (A). Slopes of linear relationship between
logarithmic PPFD,,,s and canopy height (H) represent the extinction
coefficients (small graph). Calculation was done on the basis of PPFD
transmittance measurements and foliage distribution (Pokorny et al., 2004)
within the canopy. Distribution of solar equivalent leaf area (SELA) within
vertical canopy profile (B). SELA was calculated for incident PPFD 400 pmol
m-=2 s, Empty columns, sunny days; Filled columns, cloudy days.



Total fixed CO,

@ » total fixed CO, over 24-h

80 | , 2 B Cloudy

— Sunny periods
« day-time Light Use
Efficiency (LUE)

— based on A-I curves and
detailed measurements of |

-_i g within canopy
e total sum of assimilated
- - — CO,

— 154-170 g during cloudy
days,
— 89-108 g during sunny days

b
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Vliv environmentalnich podnétu na
fotosyntézu

zvySend koncentrace CO?2



Primarni vlivy CO,

- vstupni substrat fotosyntézy

karbamylace 200 "
RUBISCOjy, + CO, + Mg2*  » ' o % oo |
— Rubisco, S _ w0, , 5 °° 0 o
o
karboxylace S X, {8
CO, + RuBP — trioza 33 07 o . |,
fosfaty g & ° o
= 50 8
o 10
5 J
0 4
0 250 500 750 1000 1250 1500
- fOtO respl race Koncentrace CO;; Ci; [umolCO, mol'1]

- regulace pruduchové vodivosti

Historicka studie Woodward Nature 1987:
 stomatal density (40%:; pocet na plochu)
{ stomatal index (pomér stomatalnich/ epidermalnich bungk)

RYCHLOST FOTOSYNTEZY

[umolCO2 m? s



Vliv CO, na rychlost asimilace

ANact [meI m-2 S-l]

3:00 6:00 9:00 12:00 15:00 18:00 21:00
A TIME of DAY [h]

* narust 20-300 %

* PAR > 250 umol m-2 s-1
* limitace primarni fazi

* limitace sekundarni fazi

« AKLIMACNI DEPRESE
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D
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* pokles 20-60 %

e uzavirani pruduchové Stérbiny

* (snizeni hustoty pruduchu)

* listnacCe vyraznéjsi odezva




Aklimacni deprese fotosyntézy

* pokles Asat — asimilacni kapacity
* nizsi stimulace Amax

35
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R S
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Smrk ztepily, Spunda a kol. (2005) Plant Science



Priciny aklimacni deprese #1

|. Redistribuce/ snizeni konc. anorganického fosfatu

— 1CO, => zvySené akumulace fosforolyvanych meziproduktu
Calvinova cyklu => k redistribuce Pi mezi vnitrnim prostorem
chloroplastl a cytozolem

— => limitujici pro syntézu adenozin trifosfatu (ATP),

— |mnozstvi Pi a ATP/ADP muze vést ke zpétnovazebné limitaci
aktivity enzymu RUBISCO-aktivaza

Il. Snizeni obsahu ¢i aktivity enzymu RUBISCO

— | mnozstvi Rubisco v dusledku potlaceni genové exprese pro

prepis genu RUBISCO
« zpétnovazebné regulace nestrukturnimi sacharidy (glukéza a
sacharéza)

— | aktivity enzymu karbonikanhydraza (v dusledku potlaceni genové
exprese)
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Priciny aklimacni deprese #?2

lll. Poskozeni tylakoidu v dusledku nadmérné akumulace
skrobu
— transportu asimilatd z chloroplastu do cytozolu pfes TPT je zavisly na PO, %>
— => nedostatek Pi hromadéni asimilatl ve stromatu => Skrob

— => nadmérna akumulace Skrobovych zrn v chloroplastech
— zastinéni svétlosbérnych komplexu a jejich reakéni centra
— mechanickému poskozeni tylakoidnich membran

IV. Uroveri mineralni vyzivy, efekt dusiku
— nedostatek dusiku prohlubuje aklimacni depresi fotosyntézy

— stres zpUsobeny nedostateCnou mineralni vyZivou muze Uplné eliminovat
pozitivni ucCinek zvysené koncentrace CO2

— 1 CO2 vede k prerozdéleni N v ramci listu Ci celé rostliny (re-optimalizace)
» od Rubisca smérem k proteinim elektronového transportu (regenerace RuBP)
« z listu do kofenového systému

— tzv. zred'ovacimu efektu
« zachovani stejnému mnozstvi N, které vSak pripada na vysSi mnozstvi biomasy



Priciny aklimacni deprese #3

Zmeény pomeéru zdroj— sink CO2

e pro udrzeni vysokeé rychlosti
fotosyntézy je nutna pritomnost
aktivnich C sinku

— tlistové plochy, pocet mezof. b.
— tvorba sekundarnich letorostd,
— tvorba mezipreslenovych vétvi
« chybgjici C sinky, napf. aktivni
bazalni meristémy u starsich
jehlic
* =>urychleni a prohlubovani AK
* model vyvoje aklimace
fotosyntézy
« Biochemickou zmeéna AB e aB

— fixace CO2 enzymem ?
RUBISCO,

— regenerace RuBP a
triozafosfatu,

* Morfologicka zména AM

— zabudovani sacharidu do
struktury,

— VI7 vVvee

\L Amax T Amax

Luo Y. a kol. (1999) GCB



Vliv CO, na fotorespiraci

* vyznam fotorespirace
— ochrana pred nadmernou

ozarenosti
— metabolismus dusiku

1. rozpad LHC

2. xantofylovy cyklus
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Sekundarni vlivy CO, - vodni rezim

« 1CO0O2 => privieni pruduchové stérbiny, typické snizeni Gs o 20 az 60%
« T mladé stromy, T listnaté stromy

* => pokles rychlosti transpirace (na jednotku listové plochy)
— podili se i zvySena depozice epikularnich vosku
— ALE: velké zvyseni celkove listové plochy => narUstu celkové
evapotranspirace
* => menSi snizeni vodniho potencialu listd rostlin v prabéhu dne
— 1CO2 chrani rostliny pfed nadmérnym vysychanim
— snizuje negativni ucinky vodniho stresu (zejména v obdobi sucha)
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Vodni rezim

poledni deprese
fotosyntezy



Rozdily ve vodnim rezimu rostlin
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Midday depression of photosynthesis

Bartak et al. Photosynthetica 37: 1-16, 1999 (Arbutus unedo)
Why?

B [pmolCOy) m” 5]

Dy [l it 5'1]

AC shade E

AC sun
10

9 12 15

Day time, h

uzavirani stomat — pokles Ci — |
asimilace (pocCatecCni faze CRC)
za silného stresu suchem
(1difuznich limitaci) nizka [CO,] v
chloroplastech muze vést k
dekarbamylaci Rubisco

— J Bota et al. New Phytol. (2004)

narust fotorespirace

— 1 R, s teplotou

— | KeoolKop

— | CO,/HCO

— H Muraoka et al. PCE (2000)
fotoinhibice

— béhem dne ®PSII < 0.2

— fotoposSkozeni tylakoidni membrany
- | produkce ATP

— photo-bleaching



A - Gs Relationship

Wong, S.C., I.R. Cowan and G.D. Farquhar. 1979. Stomatal conductance
correlates with photosynthetic capacity. Nature 282: 424-426.
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Lichtenthaler et al. Plant Physiology et Biochemistry 45: 577-588, 2007.
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A mol(CO,) m2 sl

Asimilace v korunové vrstve
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Teplota



Teplotni optimum pro asimilaci CO,
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Picea mariana
22/14°C = LT
30/22°C = HT

DANIELLE A. WAY & ROWAN F. SAGE: Plant, Cell and Environment (2008) 31, 1250-1262
DANIELLE A. WAY & ROWAN F. SAGE Global Change Biology (2008) 14, 624—636



Modelling of temperature responses

Arrhenius exponential function involving the temperature
coefficient Qlo

T

k=K QlO 10

where K is the reaction rate, k, is the rate constant of
physiological process at the reference temperature T, (e.g.
20°C), and Q,, Is the factor by which the rate constant
increases for a 10 °C temperature increment

models with temperature optimum: k is the function of Ea,
variation of the enthalpy, AH, and the entropy, AS)

Johnson, |.R., Thornley, J.H.M.: Temperature dependence of
plant and crop processes. — Ann. Bot. 55: 1-24, 1985.



Qo parameter

80 y 200
£'1:.= 1 A0+ 0431 i
1_7;, 60 - Sl 20] = B10 = 126 1150 :m
ﬂTE =
E 40 - — Fit_Arrhenius _ 100 E
S =
d =
B

0 | ' | 0
L :.':= il: |:E- - H-I!I-I'ﬂ-u.‘!.‘ . --I_"
. Rei20j=11:01 g 0 Hypencum 25 r':-m
w B Fasiuca E
. 420 —
E 2- e /o ® Nardurs o
E O ':- ] 115 g
= 'IE O o =
= _ : 10 E
tf - O go O =
e . 0 B

D | i i i I L B } |:|

] 10 20 30 0 10 20 30 40

T [*C)

Urban et al. Photosynthetica 45: 392-399, 2007.



Temperature impact on V...

exponential increase within the range T, .= 15—-30 °C
T ear 2 35°C — Rubisco deactivation — V., decrease

mechanisms of Rubisco deactivation

(1) Bernacchi et al. (2001)

1T, .ot — TMesophyll conductance — facilitate CO, diffusion into
chloroplasts

T, cqt 2 40°C strong | mesophyll conductance — insufficient CO,
supply — |CO, assimilation (CRC)
(1I) Crafts-Brandner et Salvucci (2000, 2004)

T, eqr 2 35 °C — |portion of Rubisco active forms — |Rubisco
specific activity
main reasons:

lactivity of Rubisco-activase

Tsynthesis of xylulose-1,5-bisphosphate (daily inhibitor)



Critical temperatures for PS II
stability

Hikosaka et al. (2006) J. exp. Bot.

57: 291-302.
Quercus robur 47.6
' 1 1 Tgrowth — fthermostability
Q.- petraea 46.7 1. Calvin cycle enzymes
A pseudoplantanus | 47.5 2- [Pol (pheissiEm 2k
B verrucosa 47.3
F excelsior 47.0
. 3. JAK ELEVATED CO2??
F sylvatica 46.3

1. Bjorkman, O. 1980. Plants and their atmospheric environment.
Blackwell Scientific Publications, Oxford. pp.273-301.
2. Dreyer et al. 2001. Tree Physiology 21, 223-232.



Elevated CO2 and temperature

Hypothesis: Growth of tree species under elevated CO,
concentration leads to an acclimation of photosynthetic apparatus to
higher temperature (a shift of temperature optima of the carbon
assimilation processes)

Presumptions: elevated CO, — decrease in stomatal conductance
— decrease in transpiration (decllne In output of latent heat) —
iIncrease in leaf temperature

Smrk AC

—420
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L35
a7
36
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32
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L og
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poster by Petra HoliSova
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Temperature response curves

Fagus sylvatica

Picea abies
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maximum carboxylation rate
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plants
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Influence of WUE by temperature

A
B y=.0.21 %+ 810
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= Lin_Fit
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=
E
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D 'l 1 1
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« water use efficiency (WUE)
« WUE = A/E

— A = photosynthesis

— E = transpiration
« mmol(CO,) mol(H,0)
 linear decrease with

Increasing temperature

— transpiration significantly
Increases with leaf temperature

Urban et al. Photosynthetica 45: 392-399, 2007.



Vliv teploty na pocatecni fazi LRC

Increase of Ry (origin) with T,.; Increase
decrease of AQE (slope) with T, Increase
significant shift of compensation irradiance
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Sun x shade leaves #1

Dark respiration (umol m?s™)
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180 & picea mariana (Way; Sage,2008)
B Brassica oleracea (Kubota; Kozai, 1995)
160 - Phragmites communis (midday) (Gloser,1977)
® Phragmites communis (evening) (Gloser,1977)
X Laminaria saccharina (Davison,1991)
140 A Nardus stricta (Urban at all.,2007)
Hypericum maculatum (Urban at all.,2007)
120
n
h
€ 100 A
[ : : —
ly= 12.26160'022)(5 g
y=10.711e%%49% . R?=0.4076 % 80 -
R*=0.8026 £
o 60 -
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Leaf temperature (°C)
20 A
O = T T T
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Tleaf (°C)

[, — Irradiance when the processes of CO, uptake and release are in
the balance

[, increases with increasing leaf temperature (exponential increase)
different responses for sun and shade leaves (following Ry changes)



Response of [; to temperature -
Ecosystem level

gamal/Ta

300

250 A

200 -

150 A

100 A

y = 53.308e? 06

L J
50 - op ¢
R’ = 0.5867

« eddy-covariance technique

 conclusion: more light is required under hot days to have positive
carbon uptake

Piao, Phillipe Ciais et al. 2008, Nature (??)



Temperature vs. gross C Fluxes in NH (>25° N)

25 @ Spring
| Autumn

10

C flux sensitivities to
temperature (gC/m2/yr)

o

photosynthesis respiration carbon balance

Spring: Warm temperatures accelerate growth more than soil decomposition. The

annual relationship of NEP to temperature is positive
=> Warming enhances carbon uptake

Autumn: Warm autumn accelerate growth less than soil decomposition. The

annual relationship of flux to temperature is negative.

=> Warming reduces carbon uptake
Piao et al. 2008, Nature
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Tato akce se kona v ramci projektu:
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