 Regulace vynény plyna otevirenosti
praduchia

— Stomatalr limitace rychlost transpirac a rychlost
fotosyntézy

— Efektivita vyuziti vody
— Globalni zndna klimatu
— Antitranspiranty




Regulace vynény plynia stomatalni vodivosti

Limitace rychlosti transpirace (E) stomatalni vodivosti @,):

lse = (OE/E) / (09405
lse=0s/9,

Zavis| predevsir ne g, ataké ne g,
Stomatalni limitace transpirace obéarétSi nez fotosyntezy
Transpirace porostu zavisi na E listu a LAI




Transpirace porostu

Oryza sativa

. 3

Transpirace na jednotku istove plachy

Transpirace porestu
[mmE rnm"Ep Ld ')

o

LAl [ mam?}

Obr. 5.39,  Zavislost relativni transpirace ( £/ E,) porostu ryZovych poli 4 relativni transpirace jednoth-
v¥ch listd ryZze na pokryvnosti listovi (LAY). Podlt Sugimota (1973).




Srovnani transportu vodni pary a oxidu tibdiho v listu

Fig. 1. A model of the pathways of water vapour and carbon dioxide
exchange in a photosynthesizing leaf (adapted from Lake, 1967). A is
the carbon dioxide sink at the site of assimilation; B is the source of
carbon dioxide in respiration. The symbols are listed in Table 1.

ET Fc

e, ambient Cy
/g,
leaf surface
1/g,
beneath pore
1/g;

e, (1)) cell walls C;

chioroplasts 1/t




Limitace rychlosti fotosyntézy stomatalni vodivosti

Stomatalni limitace rychlosti fotosyntézy

lsen= (OPW/Py) / (09405

lsF=0s/ 9

Zavisi gredevSim na g ataké na g

Stanover stomatalr a nestomatalr limitace fotosyntéz

M¢éreni fotosyntézy $ vysoké konc. CQ, parametit fluorescence
chlorofylu apod.

Modelové stanoveni

Optimalni otevenost: maximalni denni zisk uhlikuripminimalnich
ztratach vody

Model Cowan, Farquhar (1977):

SE/SP, = [SE/5g]/[5P/5g] = konst.
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Figure 6. Scasonal trends in the limitations of A, { %) for ash snd ook trees during 2001, 2002 and 2003 in comparisen with the maximum
values recorded al the beginning of the summer (day = 150) {see methods {or details). The thin vertical lines separate the growing season
in three different periods (spring. summer and antomn). sccording to follar ontogeny. In each panel. the area between the lower thin line
{which represents the seasonal treads of A, 8t ambient temperature ) and the thick lne (which represents A, at 25 "C) s the stimated
tempe rature lmitation (), The other limitations, estimated sccording to Eqn 6, are as follows (see the upper-left panel):stomatal Emitation
(51, light grey arca), mesophyll conductance limitation (MCy, medium grey arca ) and bicchemical limitation (B, dark grey area). The total
diffusicnal limitation (D = §; « MCp ) and the non-stomaltal limitations (V5 = MCy + B; ) are also indicated. The values of each limitation
integrated over time are summarized in Table 3

Grassi and Magnani 2005



Homobarické a heterobarickeé listy, vliv ,stomatal patchiness*
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STOMATAL CONDUCTANCE
Fig. 8. Simple model of the relationship between net photosynthetic rates and stomatal conductances.
Stomatal conductance of the patches of the halves of leaf blade arc g, and g,. The average Py
[(Pny + Ppp)2] is less than it would be if all patches had the conductance (g + 2,)/2. (According to
Terashima ef al, 1988.)




Vodni stres a fotosyntéeza

Stomatalni limitace fotosyntézy snizeni c

Nestomatalni limitace fotosyntézy

e Snizeni rychlosti transportu snizenigingbo snizeni aktivity anhydrazy kyg
uhlicité — snizeni g

* Qvlivnéni biochemickych procés

* Snizenitvorby ATP

* Snizeni karboxylace - snizeni mnozstvi a aktivity RUBPC, snizgeneeace
RuBP, snizeni mnozstvi a aktivity PE

* Snizeni obsahu pigménsnizenou syntézou a vyssi rychlosti rozkladu. Caf

VD 4

« Snizeni aktivit fotosystému 1 atdsto v disledku naruseni struktury. PS 2
obvykle citlivejSi nez PS 1 (PS 2 - degradace a pomala obnova D1 proteihu).
Indikatorem jsou ziny ve fluorescenci CHd.

Limitace fotosyntézy hroma&dim fotosyntai pri snizeném transportu
Exprese geinnag. rbcsS, rbcl, cab, psbA




Adaptace fotosyntézy na dlouhodoby vodni stres

C, a CAM cyklus fixace CQ
C;=> CAM
CAM - obraceny denni rytmus ot@nosti ptiduchi

Obranné mechanizmy proti fotoinhibici:

vydej energie ve form tepla, xantofylovy cyklus, fotorespirage,
Mehlerovi reakct — tvorbe ROS a stimulact antioxida&nicl systéni




Vliv prechodného a déletrvajiciho sucha na parametry kognbvozu a fotosyntézu
CUKroVKy (vonti et al. 2006)
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F e} Fig 7. Relssomlup betwoes beal oet phatos yadieds (A) snd sseaoph
i comidacmnce {gnh O TS, ond P indiewte oomeol plams (never eesaed ),
E i, amd permmEmend waker siréss, especiwely. The expasion of ihe
T - vavilwal fo o A=t S5 [ == W00 was highly
nigmificar @ sl parameiew F =0.01)
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Fig 1. Coumeof leal phoiosrmibesis (A}, relsttve woler comiers (N W)
o loal waer potenii] (")) msder runaeni (TS ol persanewi sress
{IF5) comred with comenl plmi (U} DAS e the day ales atess
mmporiEinn. Venical bam ndicele sl devistiom of mesns 5] e
52 indicate the two permds of ireien weer sies and recovermg
vesie?, roapactfvely. Dilkomi ketiemn mesn sigailicen diflvvences smmg
reatrments {Tokey s test for P =005),



Vliv vodniho deficitu na parametry fluorescence
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Fig.3. Responses of (A) actual
PSII efficiency (®@psyy); (B) the
efficiency of excitation capture by
open PSII reaction centres (F,’/
F..); (C) the photochemical
quenching coefficient (gp); and
(D) non-photochemical quenching
(NPQ) to PFD in well-watered (®)
and water-stressed leaves (O) of
Kalanchoé daigremontiana. Each
value is means = SE of three to five
independent samples.




Efektivita vyuziti vody - WUE

1 mol CGO, na 300 - 500 (§), 250 (G) nebo 100 (CAM) mol vody
(Dh20/Dco2 = 1.7)

WUE = R/E [umol(CQ,) mmoli(H,0)]

WUE,, = AM/E [g(d.m.) mmaot(H,O)]

WUE  (,intrinsic* WUE) = P,/0

Pri mirném stresu obvykle WUE se zvySuje - ovldm E a R, pouze|
zmenou g, pri silném vodnim stresu se WUE obvykle snizuje




Vztah mezi rychlosti transpirace a fotosyntézytejevlivréni oz&enosti

20

15

10

Transpiration (mmol m™s™h

Net CO, uptake (umol m~2 s~

Relation between net photosynthesis (oo, } and transpiration {7, } as stomatal conductance is -
varied. The three curves depict various PPFD levels, indicated as “low.” “medium,” and “high.”
The circles indicate where the slope 8 Ji./ 2 Jco, 1s 1000 H20/CO;. Cuticular transpiration ig -
ignored. The numbers indicate changes in the fluxes, on the medium PPFD curve for no net *
change in transpiration and at the same slope on the high PPFD curve for no net change in CO;_

uptake. Curve shapes indicate tbat Jwv Increases faster than Joo, as stomates open.




Zavislost WUE na vodnim potencialu tist Avena fatua (C,),
Dichanthiumischaemum (C,) a Dasypyrum villosum (C,)
( Karatassiou and Noitsakis 2010)

1.4
X D. villosum

12k A D. ischaemum A
— & A fatua
3 1t
= %
£ osl RP=0706
O -
2 0
=
Ll 5
> 06
=

04

02

0 1 | 1 1 1 1

-0.3 -0.9 -1.5 -2.1 -2.7 -3.3 -3.9




Vliv ozarenosti a ABA na WUE poipsazenin vitro péstovanych rostlin
tabaku daex vitro podminek

1 day 7 days

WUE [mmol(CO,) mol(H,0)]

in vitro LI LI HI HI LI LI HI HI
cont ABA cont ABA cont ABA cont ABA cont ABA



Metody stanoveni

Gazometricka reni paramefr vymeny plyni

Diskriminace izotof uhliku

or°C [%0] = [szorelsztandard' 1] x 1000, R =C/HC

&H3C pro difazi CQ v atmosfée -7.8 %o, pro transport CQozpusény v cytosolu -
9,5 az -17,7 %o, Rubisco - 23,8 %0, PEPC - 2,03 %0

6Rubisco> 6PEPO 6difuze

Farquha et al. 198¢: 8'3°C [%o] = 81°C, - a- (b - a) c/c,,

kde &%Ca - 8'3C ve vzduchudC; - d'3C v rostlirg, a - 613C spojend s difuzi COpraduchy, b -613C
béhem fixace uhliku RuBPC,/c, - poner vnitini a vrejSi koncentrace CO

&H3C pro G rostliny -23 az -36 %o, -9 az -18 %0, CAM -9 az -36 %o

ARC = (0 *5Cyzgucn~ 0 WCis)/(1 +0 °Ci)

vySsi WUE (menSi otdenost péduchi, nizsSi parcialni tlak CQ v mistech
karboxylace)- nizSiAl3C




Diskriminace isotopu uhliku a WUE

28 | A B o
{4 —
o
£
— 29 43 E
>
2 12 =
s fa
-30 + L]
® Fonaiap 2000 u 11 3
B Cimarron [ |
-31 L 1 L L 1 0
0.7 0.8 0.9 -31 -30 -29 -28
C,/Cq 61°C %]

Regression analysis betwedX) €arbon isotope compositiot'fC) and the
ratio C/C,, and B) between water use efficiency (WYENds*C of rice
genotypes Fonaiap 2000 and Cimarrén. Values were obtained from
measurements made at the end of the experiment from plantskejher
irrigated or water stressed for 17—18Rikters and Niinez 2008)




Diskriminace isotopu uhliku a WU(@onti et al. 2006)
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Fig. 4. Comelstion between leal carbon Botope discriminstion de-
terminad on bulk dry mager (A,) and insantanoous (ASE) snd intrinsic
(Adg.) water use efficency. Bgually, lesf A, was only coredaed with
Alg, (=) TI¥ %)




Metody stanoveni

Diskriminace izotofi kysliku (Barbouret al. 2002)

00 [%0] = [szorelsztandard' 1] x 1000, R =1%0/*°0

O8O, = 0180, + €* + g, + (0120, - 0180, - €,) /e

kde 3180, - 8'%0 v mistech vyparud'®O, - 8'%0 zdroje vody, &80, - 6'%0 ve
vzduchu,g* - snizeni tenze vodni pary dik¢aSimu izotopug, - frakcionace

pri transportu hrardini vrstvou a pitduchy, e/e - pomer koncentrace vodni pary

ve vzducht a uvnitt listu.

Pri pfijmu a transportu kapalné vody se izotopové slozenninpen malo, ke
znanym znmenam dochazii vyparu vody z list.

0180 je rozdilna u podzemni a srazkové vody

Kombinovana analyza!'3¢ a &'®0 — k odliSeni stomatalni a nestomats
limitace fotosyntéezy

ni



Diskriminace isotopu kysliku a rychlost transpirace

14

1.5 24 15 3.4 315 4.4 4.5 54 5.5
Transpiration Rate

Fig. 1. Relationship between A0y, (%) and transpiration rate (mmol
m~* 5 Y. Transpiration rate was aliered by inducing stomatal closure
using ABA gﬁﬂ-:-:l diamonds, control, filled squares, [\ I'-.-'& i
mriangles, 107 M, closed triangles, 1077 M, open diamonds, 1077 M)in
cxcised sunflower leaves. The leaf water oxyeen isotopic enfichment
(A" Ohe) was computed relative to distilled water (5 Ouw= —133%)
used for preparineg ABA solutions, The setup was kept in a growth
chamber with 15 mbar VPD and 1200 pmol m~* s~ light intensity in
PAR range. Each value is a mean of three replicaies {(v=2230:0.461;
=074, P <0001 ; n=15.

Sheshshayee et al. 2005




Zmény v obsahu deuteria v listech blahiiku @i vodnim stresu

(Santficeket al. 2007)

Figure 1. Tapadogy of D enrichment of bulk leaf
water in the lamina of snowgum leaves grown for
3 wears under soil waber deficlt and dry air, A
climate (A) and at ample water sailability and
high air humidity, W climate Bl Imadiance and
alr temperature were similar, Liaf dimensiom ame
propotional i actual size of the leai. Pesition and
size of the leaf discs match closely the real situ-
ation. The color scale i chosn arbitrarsily,




Globalni zména klimatu

Zvyseni koncentrace CO
Zvyseni teploty
Castjsi vyskyt sucha
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Mozné misobeni globalni zémy klimatu

(rovatt ) (icmperpenre-

St 1 function

‘ Photosynthesis

location

Canopy
charactenistics

Xylem struciure - Ectomycorrhizal
e e
——_—
—— -
—_— ~
—

—

Osmoregulation
(roots and
aerial pars)

- L
Hydraulic efficiency Nutrient allocaticn
and safety and status

LX) wi

Plapt fjiness and growth
in altered climate g
and dlevated C

Ficure 4 Schematic presentation of the structural and functional characteristics investi-
gated for assessing the mechanisms determining plant performance in the context of chi-
mate change and elevated CO,. For sake of clarity, direct effects of drought on growth and
allocation processes and the nutrient “dilution’* effect linked to increased carbon supply to
the different plant components have not been represented. (From Ref. 211.)




Zvyseni koncentrace CO

1) Pri kratkodobém psobeni zvysuje

2) Pri dlouhodobém fisobeni #stava zvySena Pnebo dochazi k aklimaci
3) E a @ se nemdni nebo snizuje

4) WUE se zvySuje

5) ZvySeni fistu

6) Spoteba vody ??




Denni chod rychlosti fotosyntézy, transpirace a WUE
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Ficure 5 Daily course of net photosynthetic rate, transpiration rate and water use efficiency
of Fagus sylvatica branches grown under ambient {open circles) and elevated {closed cir-
cles) CO, concentration. (Adapted from Ref. 99 by J. Solarova.)




Dlouhodoby vliv zvySené koncentrace £O
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Ficure 3 Net photasynthetic rate, transpiration rate, stomatal conductance, and water useg
efficiency of young, fully expanded leaves of Trifolium repens as a function of irradiance.
Plants were grown at ambient {circles) and elevated {squares} CO, concentration and mea-
sured at ambient {emply symbols) or elevated (closed symbols} CO, concentration,
(Adapted from Ref. 69 by J. Solarova.)




Dlouhodoby vliv zvysené koncentrace CO
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Ficure 4. Net photosynthetic rate, transpiration rate, and water use efficiency of leaflets
of Glycine max plants grown under ambient (LC, circles) or elevated (HC, squares) CO, con-
centration. Plants were measured during development of water stress (WS, empty symbofls)

or under sufficient water supply (NS, closed symbols). (Adapted from Ref. 93 by J. So-
larova.) R




Dlouhodoby vliv zvySené koncentrace £O

A 1 Amb CO, D 1 Amb CO, Fig. 2. Effect of COy, tempara-
I 700 pmol mol™ GO, N 700 pmol mol™ GO, “; f"’:j"'“_a;e'_a""_a ]-35' t‘:‘j“
1200 4 -1 700 umalmol™ GO ear conductance g} in nodu-
350umalmel EGE " : ated afafa at the and of the

s
=
=

d
{rmol nr2g-1)

b
o
=]

1L vagatative normal growth per-

I od (A and D), after 15 days (B

] - A amd E} amd 30 days of regrowth

’J—h ’Lh I | i i (€ and F) measurad at 350 and

700 umol mol™" . Othenwise as

B E far Fig. 1.

Jil ]
Cc F

FI] 1 [all |

d
{rmol nre g~ 1)
—r
0 I
L) L)
=} =}

b
o
=]

-
k&)
L)
=]

d
mmal nre g-1)
e 0
Lo} L)
=} =}

=]

amb+ 45C Tamb  Tambe#c Tamb  Tambedc Tanb  Tombasc
Control Dirought Control Dirought

Erice et al. 2006




Antitranspiranty

1) tvorici film s omezenou propustnosginag. polyvinyliden chlorid,
polyvinyl chlorid, polystyren, polyetylen, polypropylén, silicon) - nebyla
nalezena latka vice propustna pro 3@z pro vodu

2) ovlivnujici otewenost piiduchi (nag. CO,, ABA, octan fenylngd’naty,
octan fenylrtéinaty, kyselina jantarova, kyselina acetylsalicylovaxasto
finacné naracné nebo jedovate

3) zvysujic odra: s\etla (nag. kaolin)

Vzdy dochazi nejen k omezeni transpirace ale take fotosynteésta, proto
praktické pouziti pouze ve specialnichigadech




Casova a prostorova Skala pratcepojenych s vodnim rezimem rostlip
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Figure 4 Temporal and spatial scales of processes associated with stomata.
Bubbles represent hierarchical levels while shaded areas between bubbles indi-
cate areas where exchange and feedbacks from one level to another may oceur.



