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PHOTOSYNTHESIS

m What affects photosynthesis?

m Light intensity: as light increases, rate of
photosynthesis increases
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PHOTOSYNTHESIS

m What affects photosynthesis?

m Carbon Dioxide: As CO, increases, rate of
photosynthesis increases
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PHOTOSYNTHESIS

m What affects photosynthesis?

® Temperature:
m Temperature Low = Rate of photosynthesis low
m Temperature Increases = Rate of photosynthesis increases

m [f temperature too hot, rate drops
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m  Heliofyty vs. sciofyty

* VyuZiti slunec¢nich skvrn
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Ekologie fotosyntézy - slunecni zafeni

variabilni intenzita a delka (ca 40-60%
celkového prikonu zateni podrostu)

fotosynteticka indukce - aktivace
fotosyntetického aparatu ar i

sciofyty - vysoka efektivita

Daily rate of CO, assimilation

e Distinctive characters of s 0.5 1.0 1.5 2.0
Daily sunfleck irradiance
espiration (mol m2day1)

ight compensation point . .

~alf saturation point FiGure 24, Total carbon gain of Adenocaulon bicolor as a
- _ . X P \ function of daily photon flux contributed by sunflecks in
200 400 &00 800 1000  ight saturation point the understory of a temperate redwood forest (Chazdon &

Time {seq) naximum rate of DhOtOsyr Pearcy 1991). Copyright American Institute of Biological
Juantum yield Sciences.



€0, gas exchange

Ekologie fotosyntézy - slunecni zafeni

Slunné vs. stinné listy

LH
ET+CF

Ny 5 (mmol m?)

HEHODO

Rem.

sun shade

Ficure 13. Nitrogen partitioning among various compo-
nents in shade- and sun-acclimated leaves. Most of the

" leaf’s nitrogen (here expressed per unit leaf area; NLA) in

herbacesus plants is involved in the photosynthetic
apparatus. Some of the fraction labeled Biosynthesis
and Remainder is indirectly involved in synthesis and
maintenance processes associated with the photosynihetic
apparatus. LH = light harvesting (tHC, PSI, PSII, ET -+ CF
= electron transport components and coupling factor
{ATPase), CR = enzymes associated with carbon reduction
(Calvin cycle, mainly Rubisco), Bios = Biosynthesis (nu-
cleic acids and ribosomes), Rem = remainder, other pro-
teins and nitrogen-containing compounds (mitochondrial
enzymes, amino acids, cell-wall proteins, alkaloids, etc.)
(after Evans & Seemann 1989).

-Photon flux density
[umol . m2 . s71]

listova plocha

tloustka mezofylu, pomér sklerenchym. pletiv -notnost
suSiny na plochu

pocet chloroplastli a obsah chlorofylu, pocet a rozmér
praduchti

svételny kompenzacni bod a satura¢ni hodnota PhAR

Irradiance

Height of stand [m]

Fig. 1.34a—d. Structural adaptations to the light climate in an Quercus-Tilia forest. The
curve indicates the average irradiance at noon on clear days in July. a Predominant leaf
inclination. b Density of venation on the leaf surface (left half) and stomatal density on
the lower surface (right half). ¢ Typical shape of the cells of the palisade parenchyma.
d Chlorophyll content per cell, referred to fresh weight (feft) and surface area (right). (After
Tselniker 1978; Goryshina 1980, 1989). For modificative responses to the microclimate in
conifer forests see Aussenac (1973), for structural and functional adaptations of
sclerophyllous leaves of mediterranean shrubs see Gratani (1993)



Dostupnost CO, - vliv rostlin na koncentraci plynu

Obsah CO, ve vzduchu neni pro rostliny limitujicim faktorem
limitni koncentrace CO, mohou byt ve vodé

v porostech pi1 povrchu pudy je vlivem respirace pudnich
(mikro)organismu a kotent koncentrace CO, zvySena
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ZmeIly ko Figure 12-10 Typical profiles of concentrations of CO, for a forest zim¢ a v 1éteé
] canopy at different times of day. Isopleth lines for CO; are in parts per

million {(ppm). From Holmén, K. 1992. “The global carbon cycle.” In Global
Biogeochemical Cycles, pp. 239-262. London: Academic Press. Used with
permission.
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Ekologie fotosyntézy - dostupnost CO,

» Koncentrace CO, v atmosfére relativné stabilni (0.035%, 350 ppm, 35 Pa)

* Fickuv zdkon - difiize pfimo umérna konc. gradientu a neptimo umeérna
sumé odport J-, = kriticka predevSim diflize pies priuduchy

* CO, saturacni kiivka (4-p, kivka - A - asimilace, p; - parcialni tlak CO, v listu) -
C3 rostliny p, obvykle ~ 25 Pa, C4 ~ 10 Pa (vyssi afinita PEP vazat CO,)

« kompenzacni bod - Cistd asimilace rovna nule (fotosyntéza = respirace)
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Figure 15-6 Transport pathway, transport resistances, and concentration
gradients in a photosynthesizing leaf. See text for definition of terms.
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Evoluce C4 rostlin

m  (C4 mozna odpovéd na klesajici koncentrace CO,

m Lambers et al. pozdni Miocén pfed 5-8 mil. lety (travy snad az 30 Mya)
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period of 13 weeks (Johnson et al. 1993). Copyright Kluwer
Academic Publishing.




Teplotni kiivka fotosytézy
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Limiting factors on photosynthesis

wmp. § (0 | fight temp. & o0z | light
Assuming that the supply of nutrient and other H eme factaris in shart supply, phetosynthesis will be
envirometital conditions are correct, three factors restricted. Incraasing the temperaturs and C0z
affect the rate of photesynthesis: Camperatuns, cottant will not increase photesynthesis if the plasts
carbon diewide [C02) and light. dla otk rescative enoagh ght.

Wmp. § Ca | fight sp. N 02§ light

It st aquariums, the (02 contant of watar is Oimea L0z and lighting lavals are sufficisatly high, and the
limitirg £actor. even with the cornact bamparaturs Cettiparature is at 4m optimum level the rata of
and qood lighting, plants will not grow wel if they photasynthesis will increase rapidly. Mastly this will
receive ittle 02, produce 3 healthisr sguarium plant.

m  http://fhs-bio-wiki.pbwotks.com/w/page/12145771/Factors-effecting-the-rate-of-photosynthesis



Teplotni kfivka — mezidruhové rozdily
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Vysoka teplota v kombinaci s CO2

Ambient CO,

Ambient CO;
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Fotosyntéza a transpirace
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FIGURE 1 — Net and gross photosynthesis (4, A), dark respiration (£, B), instantaneous quantum efficiency of
photosynthesis (o, C) and relationship between photosynthesis and respiration (4/R . D} as a function of leaf temperature
in sweet orange leaf discs under non-photorespiratory condition. Gross photosynthesis refers to the sum of net
photosynthesis and respiration. Each point represents the mean value (n=5) + SE. Leaf discs were excised from plants

grown under greenhouse conditions.

http:/ /www.scielo.bt/scielo.phprscript=sci_arttext&pid=S1413-70542006000400012




Metody mefeni senzitivity fotosyntézy vaci
vysokym teplotam "
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Ekologie fotosyntézy - zasobeni vodou

PFimo — inhibice metabolismu (elektronovy transport, fosforylace).

Nepfimo — zavirani priduchi.

Vihkostni kompenzacni bod - u poikilohydrickych rostlin, limitni hodnoty relativni vzdusné
vihkosti, pii kterych fotosyntéza ustava. |

Koeficient vyuZiti vody ve fotosyntéze: WUE],;1 = fotosyntéza/transpirace [umol CO»/mmol
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Evoluce CAM rostlin

&
=3
(=]
=]

m Deficit vlhkosti — suchozemské r.

m deficit CO,— vodni makrofyta
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mean al'll'll.la[ rainfa" in Trinidad (Winter & Smith 1996). Ficure 49. Induction of CAM in the facultative CAM  with less discrimination against the heavy carbon isctope.

species Mesembryanthemum cryslallinum, growing in its  Filled symbols and bars represent the end of the night;
natural habitat on rocky coastal clifis of the Mediterranean  open symbols and bars represent end-of day values
Sea. There is a shift from the C, mode to CAM, coinciding  (Osmond et al. 1982}



Ekologie fotosyntézy - vyZiva

P¥imo — dostupnost prvki, které jsou soudasti enzymil dil&ich procest fotosyntézy.
Nep¥imo — vliv na pohyb praduchi, anatomickou strukturu listli, apod.

Koeficient vyuZiti dustku ve fotosyntéze: NUE,; = fotosyntéza/obsah N na jednotku plochy
listu [pmol CO»/mmol NJ.
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Figure 15-11 Maximum photosynthesis and nitrogen per unit leaf weight
for 21 species grown under natural conditions. From Field and Mooney

(1986).



Evoluce fotosyntézy

m  Prokaryotické organismy - anoxygenni formy fotosyntézy, zdrojem elektrona
H,S, H,, organické latky

m  Halobacterium halobinm - nejjednodussi forma fotosyntézy, absorbce zafeni
(pigmentoproteinovy komplex), gradient H™ — syntéza ATP

m  oxygenni fotosyntéza - pred ca 2.5 mld lety

= sinice, fasy, vyssi rostliny - zdrojem elektrontd voda, produkce O,
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Fig. 2.1. Possible steps in the evolution of photosynthesis and their global consequences.
(Lawlor 1993)




Evoluce metabolickych cest uhliku

C4 a CAM opakované v priubéhu evoluce

rtizné miry prechodu C3/CAIR M, G, ¢3
a C4 ekotypy, C3 a C4 v pletivech téze rostliny
(kukufice), fakultativni CAM

Figure 2.15  Flaveria linearis (Asteraceae), a species with a
photosynthetic pathway that is intermediate between the C
and C, pathways. (Photo courtesy of I’. Teese)
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Diskriminace izotopti uhliku
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Ekologie C3 a C4 rostlin

m  Ruzna odpoveéd na prostiedi, pfedevsim zafeni a teplotu
m geografické rozsireni
= kompeticni schopnosti

= fenologie
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Fotosyntéza vodnich rostlin

Nizky pfikon radiace (eufoticka zéna)

koncentrace plynu roste s tlakem nad hladinou a klesajici teplotou, klesa s
obsahem rozpusténych soli

CO, ve vod¢ snadno rozpustny, ale difuze asi 10,000x pomalejsi oproti
vzduchu .dostateéné zasobovani CO, k listim

s rostoucim pH vody se posouva doprava rovnovaha (H,CO5) -20 +
CO, "+ HCO; * + CO,;%, pti pH > 9 schizi volny CO,

11 12 pH

Fig. 1.3. The effect of pH on the carbonate system in seawater (solid /ine) and freshwater
(broken line). Shaded area: Average pH values of seawater. (Ott 1988). The ordinate in-
dicates the percent of the total CO, or CO3~ present at particular pH values




Adaptace vodnich rostlin na pfijem uhliku

m  Pifjem celym povrchem stélky - maximalné
délené listy (Myriophyllum, Ceratophyllium,
Batrachinm)

m  redukce hranicni vrstvy - snizuje ji proudéni
vody, zmenseni plochy listt

m pifjem HCO;

= aktivni transport (sinice, fada zelenych fas)

= pfevod na CO, v bunécné sténé pomoci
enzymu karbonat-anhydrazy (E/odea

canadensis) Al

® protonovy polarni transport - vyluc¢ovani H*
kalni zvySeni acidity -)sun
rovnovahy smérem k volnému CO,
(Characeae, makrofyta)

m  vyuziti CO, z organického sedimentu -
prijem kofeny a rozvod skrze kanalky k
listm (Isoétes, Litorella uniflora, 1 obelia
)




CAM vodnich makrofyt

« CAM submerznich makrofyt st L R
— cirkadianni zmény koncentrace malatu N %, ol
a pH v bunkach e e
— popsano u Isoétes howellii SE £y
— CAM jako dodate¢ny zdroj 5 B N
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Ficure 53. Malic acid levels, rates of CO, uptake, irradi- leaves in a pool. The numbers near the symbols in the
ance at the water surface, water temperatures, and con-  bottom figure give the pH values (Keeley & Busch 1984).
centrations of CO, and O, in the dark (filled symbol) and in  Copyright American Society of Plant Physiology.

the light (open symbols) for submerged Isoetes howellii




Isoétes andicola

m  Semiterestricka rostlina - listy bez praduchd, velmi silna kutikula -llOVé.
vymeéna plyna s atmostérou

m piijem CO, kofeny z organického sedimentu
= CAM v noci - maly pifjem CO, ze sedimentu a recyklace respiratorniho
CO,, dodatecny metabolismus k dennimu C3

lites”, collected near Junin, Peru; scale is a 15 cm




Teplotni kiivka fotosytézy
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FIGURE 6: Effect of temperature on ph:_:-ir_._t.}.'r'ltiu_“.l\



Limiting factors on photosynthesis

wmp. § (0 | fight temp. & o0z | light
Assuming that the supply of nutrient and other H eme factaris in shart supply, phetosynthesis will be
envirometital conditions are correct, three factors restricted. Incraasing the temperaturs and C0z
affect the rate of photesynthesis: Camperatuns, cottant will not increase photesynthesis if the plasts
carbon diewide [C02) and light. dla otk rescative enoagh ght.

Wmp. § Ca | fight sp. N 02§ light

It st aquariums, the (02 contant of watar is Oimea L0z and lighting lavals are sufficisatly high, and the
limitirg £actor. even with the cornact bamparaturs Cettiparature is at 4m optimum level the rata of
and qood lighting, plants will not grow wel if they photasynthesis will increase rapidly. Mastly this will
receive ittle 02, produce 3 healthisr sguarium plant.

m  http://fhs-bio-wiki.pbwotks.com/w/page/12145771/Factors-effecting-the-rate-of-photosynthesis



Teplotni kfivka — mezidruhové rozdily
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Vysoka teplota v kombinaci s CO2
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[ http://plantsinaction.science.uq.edu.au/edition1/?q=content/14-2-1-photosynthesis




Fotosyntéza a transpirace
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FIGURE 1 — Net and gross photosynthesis (4, A), dark respiration (£, B), instantaneous quantum efficiency of
photosynthesis (o, C) and relationship between photosynthesis and respiration (4/R . D} as a function of leaf temperature
in sweet orange leaf discs under non-photorespiratory condition. Gross photosynthesis refers to the sum of net
photosynthesis and respiration. Each point represents the mean value (n=5) + SE. Leaf discs were excised from plants

grown under greenhouse conditions.

http:/ /www.scielo.bt/scielo.phprscript=sci_arttext&pid=S1413-70542006000400012




Metody mefeni senzitivity fotosyntézy vaci
vysokym teplotam "
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http://jxb.oxfordjournals.org/content/58/8/2133/F1.large.jpg
http://jxb.oxfordjournals.org/content/58/8/2133/F2.large.jpg
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m  http://jxb.oxfordjournals.org/content/58/8/2133 /F8.large.jpg




