o Stomatalni vodivost a transpirace

Vliv faktort prostedi - obecn

Zmeny béhem dne

Interakct riznycl faktori

Aklimace

Adaxialni a abaxialni epidermis

Ontogeneze

Matematické modelovani

Rychlost otevirani a zavirani

Priduchy - dilezité charakteristiky iracich bugk




Pruduchy a podminky prostedi

Priduchy tvdi swraci buky + 1-3 pary podfirnych burgk
Otewenost piiduchi zavisi na tlakovém potencialu &acich bugk a
elasticit jejich burécné sény a na tlakovém potencialu poiimych
burek a ostatnich epidermalnich hiin

Priméarni tloha prduchi je optimalizovat pijem CO, a vydej H,O pri
menicich se podminkach prastli

Podmink: prosted:

bezprostedni viiv

aklimace

adaptace

Pasobeni faktok pirimé nebo zprogedkované

Zpétneé vazby

Reakce pikduchi zavisi na druhu rostlin, gt postaveni listu na
rostling, liSi se u adaxialni a abaxialni epidermis, v ramci listdepele
Isohydrické a anisohydrické rostliny




Otewveni paduchi zavisi nejen na tlakovém potencialédmacich bugk,
ale téz na tlakovém potencialu okolnich epiderncaliurék (Franks 2003)

Tradescantia virginiana
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Fig. 3. Relationship between stomatal aperture and guard cell
hydrostatic pressure for Tradescantia virginiana, adapted from Franks
et al. (1998). Arrows indicate the.reduction in aperture with increasing
epidermal pressure and constant guard cell pressure;




Sengbush 2006 podle Raschke 1975
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Souwtasne pisobeni vice faktofi, zpétné vazby
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Souwasné misobeni vice faktoii

‘Walter Ambieny
supply hugmidity

Gradient for
waler vapor
diffusion

Transpiration

Epidermal and
mesophyll
water coplent

Ambicnt Wind
(emperature speed

Leaf
lemperature

Phatosynthesis

Intercellular
(€Os]

Ambient
[COy]

Gradient
for C02
diffuston

FIGURE 12.5. Important interrelalionships among major environmental variables and physiological
processes influcncing stumaral aperiure. Arrows indicate influences hetween [(uctars: dashed line indi-
caes a relationship based on weak evidence. From Weyers and Meidner (1990). “Methods in Stomatal

Research.” Longman (irgup.




Denni chod ote¥enosti priduchii a stomatalni a kutikularni
transpirace
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Ohbr. 5.27. Zmény denniho priubéhu transpirace pfi postupné se zhorfujicim zdsobovini rostlin vodou
(kiivky 1 a2 5). Sipky oznatuji pohyby priduchi (zavirdni nebo oteviranf) vyvolané zménami voedni bilan-
ce rostlin. V dolni &dsti obrdzku je vyznafen rozsah, v némz probibd pouze kutikularni transpirace. Jed-
notlivé kfivky zndzomuji: 1 — ni¢im neomezenou transpiraci, 2 — poledni sniZeni transpirace zplsobené
Eastednym uzavienim praduchi, 3 — transpiraci pfi iplném uzavieni pruduchi v polednich hodinach, 4
- aplné pferuleni stomatamitranspirace zpusobené trvalym uzavienim pruduchu (probihd jen kutikuldr-
ni transpirace), 5 — sniZeni kutikutirni transpirace zpasobené smritovdnim membrdn phi vysychani. Po-
dle Stockera (1956). Podrobny pfehled reakci a adaptaci rostlin k nedostatku vody uvadéji Turner
a Begg {1981).




Zavislost g na ozd@enosti u tizne starych lish
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6. Diffusive conductance of adaxial (m) and abaxial (®) epidermes of 6 to 36 d old primary
wves of Phaseolus vulgaris L. in response to irradiance. (Adapted from Soldrovi 1980.)




Zavislost adaxialni a abaxialnima ozéenosti
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Fig. 2. Effect of irradiance of the leaf on the diffusive conductances of adaxial (ga4) and abaxial
epidermes (above) and on the total epidermal conductance (gep — below) of primary bean !
grown and measured in the normal or the inverted position. Air temperarure 25 °C, re
humidity 70 %.




Zavislost g na vodnim potencialu a azmosti
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Fig. 1. Effect of photon flux density and water potential of primary bean leaves on dilfusive
eonductance of their epidermes.




Zavislost g na vodnim potencialu a aamnosti
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Zavislost adaxialni a abaxialni mg vodnim potencialu ligtu
razne starych rostlin gstovanych fi rizneé ozéenosti
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Zavislost g na vodnim potencialu
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Cukrovka-vrjSi a vnitni listy,
mladé a staré rostliny

Bavinik - horni a dolni listy,

1. a 3. cyklus vadnuti

Bavlnik - tizné zasobeni dusikem
Fazol - izné stéi rostlin



Zmeny ¢ pri rizné vnitni koncentraci CQa ozé&enosti
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Vliv zakladnich faktoit vn¢jSiho prostedi na rostliny gstované fi rizne
koncentracCoO,
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Vliv péstovani pi rizné koncentractO, na reakci piduchi na vihkost
vzduchu uBromus japonicusa Botriochloa ischaemurnmaheswari et al. 2003)
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Vliv ozonu na reakci vodivosti fiduchi na znény oz&enosti u fazolu.

(Paoletti and Grulke 2010)
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Interakce ABA a cytokininu benzyladeninu

FRENCH BEAN
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. Fig. 1. Relative water content (RWC) and ABA
content during development of water stress and
subsequent rehydration of French bean plants pre-
treated with water (5D), 100uM abscisic acid
(ABA) or 10 uM benzyladenine (BA). Control plants
(C) were sufficiently supplied with water.

g, [mol m?s™]

S H,0 ABA BA A+B

*Fig. 1. Net photosynthetic rateRtranspiration rate (E),
and stomatal conductance)(m primary bean leaves 1 and
24 h after spraying with J© (control), 10QuM ABA, 10 pM
BA, or combination of 100M ABA + 10 uM BA (A+B).
Meanst SE,n = 18 (S —initial values before treatments).



Vliv exogenni kyseliny abscisové a cytokifina stomatalni vodivost,

rychlost transpirace a rychlost fotosyntézy.

sugar beet and maize

Stomatal conductance (gs), transpiration rate
(E), and net photosynthetic rate (PN) of

attached French bean,
leaves measured 1 h after application gdH

(control), 100uM ABA, 10 uM BA, or

combination of 10uM ABA + 10 uM BA
(A+B) into the substrate. Meat SE,

19 (bean), 18 (sugar beet), and 35 (maize).
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Vliv cytokinina a auxiri na otevenost péduchi bobu(She and Gui 2006)
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Ovlivnéni g, biotickym stresem
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Fig. 2. Photosynthetic parameters of healthy (open columns) and PVY infected
(closed columns) control, ooted fobacco {(C), fransgeric rooted plants (T),
confrol grafts (C/C), and transgenic grafts (T/C). (A) Nef photosynthefic rate
(Py); (B) transpiration rate (£); (C) stomatal conductances (g); (D) relative
water content (RWC). The values are means + S.E. Statistically significant
differences at p = .05 are marked by different letters.




Zavislost vodivosti piduchi a hydraulické vodivosti v listu
Ceratonia siliguana jeho vodnim potencialis culioet al 2003)
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Fig. 3. (A) Leafiet conductance to water vapour (g ) measured on
transpiring plants stressed to different leaf water potentials (V).
Vertical bars are sp (n=06). (B) Percentage loss of hydraulic
conductance (K) of whole leaves, rachides and leaflets from plants
pre-stressed to decreasing leaf water potentials (). Vertical bars
are sp (n=26).




Rychlost pohybu @iduchi

vyznam pro regulaci vygmy plyni béhem dne a p zmeéné fakton
prostedi

obvykle vySSi pi zavirani nez fi otevirani

rozdilna u tiznych druli rostlin, mizné starych listt a méni se vlivem|
faktoni prosted

vysoka - vyhoda zamezeni vzniku vodniho deficitu

nizkad - nedochazi ke snizentijmu CQ, pii kolisave ozéenosti -
mraky, s¥telné skvrny v porostu




Otevirani piiduchi na s¥tle u izné starych list fazolu a i rizném
vodnim stresu
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Praibéh zavirani pkduchi indukované ABA

* ol ol e R
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' 5 * Vliv pH na rychlost zavirani gduchi
s indukované ABA na izolované epidermis z
:: L e Commelina commun{®\) neboArabidopsis
. g = thaliana(B). Prouzky epidermis byly
e B inkubovany pi pH 7 (prazdné body) nebdip
e pH 5 (pIné body) na s¥le a (i nizké
koncentraci Ct, aby dosahly plného otesni.
Potom byly peneseny do roztoku
. obsahujiciho bdi 20uM (¢tverce) nebo
B 10nM (trojuhelniky) ABA na dalSi 2 h.
« Prokicet al 2006
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Dulezité charakteristiky svéracich bunék

o Swraci buiiky
 narozdil od ostatnich epidermalnich Bkin

nemaji plasmodezmy,
maji chloroplast (vyjimkou je nag. orchidei Paphiopedilur)

e narozdil od budk mezofylu

maji nizSi obsah chlorofylu

obvykle nizsi aktivitu Rubisco

maji vyssi aktivitu PEPC a ATPazy
vice mitochondrii
photosyntetickadinnost PS 2 70 - 80 %




Razny paet a umisini chloroplasi ve s¥racich bukach fiznych druli
rostlin (Lawsonet al 2003)

Fig. 1. Steady-state chlorophyll fluorescence images (F') obtained
under the “Ticroscope from intact leaves showing abaxial stomatal-
guard cells with chloroplasts of (a) Amaranthus caudatus; (b)
Commelina communis;, (c) Polypodium vulgare; (d) Nicotiana
tabacum; (e) Tradescantia albiflora, and (f) Vicia faba.




DalsSi vlastnosti stracich bugk

Mechanické vlastnosti bdtiné sény.

nizky modulus elasticity umagjici relativre velké znény objemu i
relativné malé znén¢ tlakového potencialu

radialni uspeadani celuloznich mikrofibril v matrix bwdnych sén,
nerovnondrné ztluséni burécne stny

Struktura cytoplasmy

mikrotubuly - mimo jiné mohou kontrolovat orientaci nogyntetizovanych
celuloznicl mikrofibril, mozn¢ zmeény v uspaadan mikrotubuli béherr dne
nebo vlivem ABA

aktinova vladkna - p otevieni piduchi indukovanem sitlem nebo vysokoT
vihkosti vzduchu aktinova vlakna radiélnspgadana, ale ve téhnebo vlivem
ABA neuspdadané kratké fragmenty

zmeny ve vakuolarnim systemu




Uspdaadani aktinovych vlidaken a mikrotuliula sétle a ve tné

Organization of actin and microtubules in open and closed Commelina communis guard
cells. (Eun and Lee¢ 1997)




Uspdaadani aktinovych vidkentipohybech pkduchi (caoet al 2009

Figure 4, Dyvmamics of nctin Glomsais in guard o U"LnJ.LI[mU shomuotal movenseni, The actio floments of {6 clossd stomata: it OjsiEmng
stoanota; {c) closing stomata: and (d) open stomata are lsbelled by the ovweregpression of GFF-mTe in tobecoo. Bars = 10 gm




Uspaadani mikrotubul na s¥tle a ve tnd (Lahavet al 2004)
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Fig. 3 Microtubule organization is dependent on light but
not on stomatal opening. Leaves of C. communis were either
incubated in the light (3aA), or dark (3aB), or in the dark in
the presence of fusicocein (Fe) (3aC). Following these treat-
ments epidermal peels were fixed, stained for microtubules
with anti tubulin antibody (3a upper panel), or examined
under differential interference contrast microscopy (3a lower
panel). Guard cells were scored for the straight and parallel
“light-like” micrombule organization, non-straight and
non-parallel “dark like” organization, or “intermediate”.
Experiments were reproduced several times. Scale bar of
fluorescent images = 10 um, and of DIC images = 20 pm.




Dynamika vakuolarniho systemghem pohybu prduchi (cacet al 2009

=1

Closed stomata Half-open stomata Open stomata

Figure 1. Vacuolar dynamics of guard cells during stom atal movernent. (a) Different models of yacuolar crganization at different
stomatal apertures (b)) CLEM images of %icrs faba stomata: the vacuoles of guard cells are labelled using acridine oranga

Small vacuoles in the guard cells of closad stomata become few big vacuoles of apen atomata. The guard cells of half-open 2omata have
complicabed Intravacuclar stractures, such as vesicle-like structures, mbular invaginations of the tonoplast and @ wavy vacuolar surface.
The left guard cells of each stoma show the vacruoles in a section through the centre, and the right gaard cells show the vacucdesin a

gection near the cell walls of guard cells. M, nucleus; V. vacuale, Bams = 10 gm
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