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Energeticka bilance listu

Zdroje energie:
— kratkovinné slunéni z&eni
— dlouhovinné z&eni emitovaneé oblohou a okolnimigmnety

dopadajici zéeni mize byt odrazeno, absorbovano, nebo listem proghazi
(pomer podle vinové delky)

Energeticka bilance:
SR *TLR,+tC+AE+M=0

SR, LR,- absorbovane kratkovinné a dlouhovinn&erd, C - transporg
tepla vedenim(tok zjevneho teplak - spoteba tepla na vypar (tok latentniho
tepla), M - vyuziti event. uvokni energie i metabolismu

Boweniv poner = tok zjevného tepla/tok latentniho tepla }E)




Energeticka bilance listu

Ovlivneni energetické bilance rostlinou

Absorpce slungniho zdeni - velikost listove plochy (LAI), postaveni fistici
dopadajicimu z@ni, kvalita listového povrchu, anatomie listu

Tok latentniho teplatranspirace
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Ficurt 1. Schemiatic representation of the components of
the erverpy balance of 2 leal consisting of short-wave radis-
tioe (SR), long-wave radiation (LR), bolh incidend (in) and

mﬁil!:‘! {em}, convetive heal transfer iC), and pvaporutive

E

eat Joss (LE). Reflection ir), iransmission (i}, and fluores-
cent emission (FL) are only given foe SR incident on the
upper side of the leal. A and M are 0O, -assimdlation and
heat-producimg melabolic processes, respectively, .7




Penman-Montheitova rovnice

AE - tok latentniho tepla
s - zeéna tlaku vodni pary s teplotou,

S Ruett pC (&€, R~ absorbované #éni,
AE= 0000404000 p - hustota,
s +y [(r+r)/r] C - specifickeé teplo

;- e - rozdil mezi nasyc. a aktualnim
tlakem vodni pary,

Y - psychrometricka konstanta,
r,- odpor hranini vrstvy,
r, - odpor pfiduchi,



Fickovy zakony

1. Fickav zakon:
J, =-D (dc / dx)

2. Fickav zakon:
dc/dt=-dJ,/dx =D (d°c/ dx?)

J, - rychlost transportu, D - difuzni koeficient, dc/dx - gradient koncentrace,
t - cas
Uplatréni: podpriduchové Strbiny, priduchy, hranini vrstva vzduchu
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Obr. 2.29 Draha vodni pary ven z listu v podobé analogické elektrickému obvodu. Bunéénd sténa predstavuje ,,zdroj", atmosféra ,,spo:
tebid*, Priiduchy jsou analogii regulovatelného odporu zapojeného paraleing s konstantnim odporem kutikuly a v sérii s odpory hranicnf
VISivy a mezibundéngch prostorti. Hodnoty priduchového odporu r, se pohybujf v jednotkdch s em™', hodnoty kutikuldrihe odporu .,
v desftkdch s cm™' (od 30 do 100). (Podle Nobela 1991.)



Rychlost transpirace

E =g Ac

E - rychlost transpiracenmol m? s1] nebo[g m? s1]

g, - vodivost listu (g = -D) [mol nT2 s!] nebo[m s1]

Ac - rozdil koncentrace vodni pary mezigsim vzduchem podgduchovymi
dutinami (dc/dx)) mmol mot]

gl = gs T gc

1/g =1/g,+ 1/g. + 1/g

0. - vodivost pfduchi, g, - vodivost kutikuly,

g, - vodivost hrantni vrstvy vzduchu, g- vodivost uvnit listu
g=1/r

Transport v jednotlivyclRastech rostliny, nebo i jednotlivych tkanidazeni
seriove (8itaji se odpory) nebo paralelnic(&ji se vodivosti)




Transpirace stomatalni, kutikularni a peristomataln

Obr. 2.28 Schematické zndzornéni mist vyparu v listu a rozdéleni
toku vodni péry na priduchovou transpiraci E,, peristomatéln{ tran-
spiraci £, a kutikuldrni transpiraci Eq,.




Koncentrace vodni pary

70 %

Obr. 2.26 lzocary relativni vihkosti v prostoru podpriiduchové du-
tiny, priiduchového péru a hraniéni vstvy vzduchu nad listem (plnd
Cira). Tok vodni pdry je naznaéen édrkovanou &aroun s Sipkami jako
vekior sméfujici po spidu gradientu vihkosti. (Podle Weyerse
a Meidnera 1990.)

koncentrace vodni pary

v podpKiduchovych dutinach (c
CI — CS e.IJW(VW/ RT)

C,- Satur&ni koncentrace,

), - vodni potencial listu

Rozdily v koncentracich vodni
pary uvnit listu a na jeho
povrchu




Hranicni vrstva vzduchu

tloustka (d) zavisi na rychlost
vétru, tvaru listu a drsnos
povrchu, gitomnosti a morfologi
trichomi (0,01 - 1 mm)
d,=4VL/N

L - délka listu ve smru proudni,

V - rychlost \&tru
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Zavislost rychlosti transpirace na
otewenosti pfiduchi je vyrazr
ovlivnéna rychlosti ¥tru, tedy
tlous’kou hranéni vrstvy




Kutikula

Kutikula se vytvdila jako adaptace k suchemu priesti
Slozeni a struktura: vrchni vrstva higmé stny epidermis |6
impregnovana kutinem, na povrchu dale vosky (epikutiknilareboj
endokutikularni).

Vodivost kutikuly pro vodu je 1.7 - 28.6 % vodivosti gauchi.
Vodivost pro CQ je jenom asi 6 % vodivosti pro vodu.

Vétsi vyznam v dobkdyz pfiduchy jsou méhotevene.

Vodivost kutikuly je zavisla na druhu rostlin, 8ta podminkach.
Velmi nizka u drufi adaptovanych k suchu a naopak vysoka u rosflin
In vitro. Snizuje se f dehydrataci. Zvysuje se u starychiist
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FIGURE 26, Diagram ol i ougercel] wall of the apaee wpidemmis of a prear bt s howing deluits ol Culecle
ansl wax, Froun Muris and Bukuvag (1968,




Kutikularni matrix

Fig. 7. Cuticular matrix isolated from the astomatous cutiéu]ar
membrane of a H. helix leaf. No pores were detected on the
physiologically outer side (a); the inner side (b) shows cracks.




Uspdadani kutikularnich voskna povrchu epidermis
(u jilmu, jasanu, javoru a zmarliky)

FIGURE 8.4. Variations in lcaf waxes of broad-leaved trees; (A) American elm (xX2000}, (B} white
ash (X 2000), (C) sugar maple (¥2000), and (D) eastern redbud (X2000}. Photos by W. J. Davies.



Permeabilita kutikulyidznych rostlin a jeji ovlivani vihkosti vzduchu
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Kutikularni transpirace - vliv vodniho potencialstli a NaCl
Zavislost kutikularni transpirace na vodnim potencialu listiws creticus creticus
pestovaneho f rizné koncentraci NaCl
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Priaduchy

Otvory praiduchi asi 1 % plochy listu, festo vydej vody odpovida vypaf
z volné hladiny.
U jatrovek a mechorosdt nepohyblivé, u ostatnich vysSich rostlin

ny

podsta& dvou typi "ledvinovity" a "Cinkovity".

Vyvoj pruduchi v prabéhu ontogeneze listu

Hustota péiduchi 20 - 2 000 mn?, velikost, rozloZzeni na adaxialni
abaxialni epidermis — amfistomatické, hypostomatickeistematické
listy

Priklady ad/ab: pSenice 33/14, kulkte 48/52, oves - 25/23, sluémice
85/156, rate 12/130, jabla 0/235

Slunné/stinné listy : buk 113/416, habr 170/365

Heterogenita v ramci jednoho listu

,Stomatal patchiness*




Uspaadani mikrofibril v busi¢cné séné sweracich bugk ledvinovitého a
¢inkoviteho typu piiduchi

madialrg uodend




Pricny rez ledvinovitymi séracimi a podprnymi burkami a jejich pamét
do plochy
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Ontogeneze iduchi u Arabidopsis
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Ontogeneze iduchi u kukuice (SMC — stomatal mother cell, ICSR — interveni
cell of the stomatal row, Giannoutsetial 2011)
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Ontogeneze fiduchi u Arabidopsisa ryze
(Uloha jednotlivych géin Serna 2011)
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Fig. 2. Stomatal development and bHLH genes. (A) Arabidopsis.
SPEECHLESS (SPCH) initiztas stomatal development by inducing the
first asymmeatric aivision, which gives rise ro the first mearistamoid. Two
arthrae divisions after SPCH, MUTE represses the stemcell characterof
meristemoids and induces guard mother call formation. FAMA then
difvas the symmetric division that gives rise fo the two guard cells. (B]
Hice. Os5PCH2 reguiates the first asymmetric call division i the sto-
matal lineage, which produces a meristemoid. Immediately afterwards,
DsMUTE represses the stem cell character of the meristemoid and
friggers guard mother cell differentiation. Consequently, merisfamaoids
do not manifest steny call properties. The lateral neighbors of the guard
mathear cell then divide asymmetrically to form stomatal subsidiary cells.
Finally, DsFAMA causeas the guard mathar call 1o divide, producing two
guard calls. Adapted from (Sarna, 2007, Liv at al., Z008).



Vyvoj ultrastruktury

Figs. 200 23, Stages of stomatal devclopment. 20. Late stage of GMC cytokinesis, as in Fig. 19. 21, Beginning of swelling of fulure pore site.
which has a middic lamella that is slightly clectron-lucent in some regions (arrowheads). Note plasmodesmata {arrows) and starch accumulation.
Bar — 1 wm. 22. Lens-shaped pore site thickening along mid-length of ventral wall with electron-dense middle lamella. Note increased vacuolation
und semicircular shape of guard cells. The wall thickenings formed in the GMC are still detectible. Bar = 1 pm. 23. Pore separation. Bar = 1 pm.




Nepravidelné usgadani piduchi

Stomata on leaves dkpidium sativungrown in HelOx were often grouped in clusters ef g=ig. 1a)
while those from NitOx were mostly separated by pagement or subsidiary cell (Fig 1b). Stomatal
clusters were formed also in absence of the irertcpmponent (helium or nitrogen) i.e. in plantsagr
under low vacuum conditions (Fig 1c).

Clustering was pronounced especially under higditived humidity (RH) of ambient atmosphere.
Santficeket al 2006



Heterogenita girduchi na ploSe listovéepele
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Fig. 2 Diagrams illustrating possible transect and contour maps of
different types of stomatal aperture heterogeneity. (a) Transect showing
distinct patches in stomatal aperture; (b) leaf compartmentalisation
into separate gas phases owing to vein bundie sheath extensions;
(c) transect showing trends in stomatal aperture across a leaf;

(d) contour map showing smooth trends in aperture owing to free
gaseous movement permitted by the lack of vein extensions.
Redrawn from Weyers & Lawson (1997).




Heterogenita grduchi na plose listovéepele u”Commelina communis
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{b) Guard cell
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(c) Stomatal
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Key: units for contours

and levels of shading I:I D

used between contours .
(3) Stomata mm= 30-35 35-40 40-45 45-50 506-55 55.60 65+

{b) um 40-45 4550 50-55 55-60 60+
(c) pm 0-2 24 46 68 810 10-12 12-14




Stomatal patchinessNicotiana tabacum

Figure 1 Spatial variation in stomatal apertures over a microarea {about 0.3 < 0.5 mm) of a tobacco (Nico-
tiana tabacum) leaf. (From Ref. 84.)




Metody stanoveni

1) Gravimetrické metody stanoveni sfadty vody
a) jednotlivych rostlin

b) porost - lyzimetry

2) Stanoveni  transpirdnich kivek® pro rozliSeni stomatalni a kutikularhi
transpirace

3) Stanover rychlost transpirace merenin znen vihkost vzduchi v listove
komae

4) Vypa‘et rychlosti transpirace @renim transportu vody xylémem
5) Vypaiet evapotranspirace z energetické bilance listu nebo rostliny




Metody stanoveni

1) Vodivost kutikuly

a) transport HDO, HTO izolovanou kutikulou neborgyy listu

b) méreni vydeje vody epidermis bezimluchi nebo se zaenymi piduchy
c) meieni vydeje vody fi pouziti tiznych plyni (dusik, helium)

2) Mikroskopické metody pro stanoveni hustotyidarchi, tvaru, velikosti a
otevenosti

a)in situ

b) otisky

3) Porometry

a) difazni

b) vizkozni

4) Sowast nereni vyngény plyni




Transpir&ni kiivky u rostlin bramboru a tabak@gtovanychn vitro a po
prevedeni de@x vitropodminek.
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