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Transport v systéemu
puda-rostlina-atmosféra

Hnaci sila gradient vodniho potentialu, transport v jelinah ¢astech
rostlin:

‘]W = er Al-|"wrr = I-rI Al-|"er = LsAl-lesz I-II Al‘l"W” = I—Ir A'~|ler

(ptivodre spojoval i s transporter vodni pary ale v tomtc pripact se
nejedna o hromadny tok, ale o difazi; hnaci silou je gradidnkosti
nikoli vodniho potencialu)

vztah mezu,, a vlhkosti vzduchug,, = (RT/V,) In(e/e)




Transport v xylemu a floemu

H.O Sclutes
Waylemiom = (.8 MPa Leaf (10 m) phloemuom — __ 1 0 pp,
Px_yl:mm.n = —0.8 MPa Pphlocmmm f— 0.6 MPa .
—[[*¥lemum - 0 1 MPa —[Ipbleemion —1.7 MPa.
pughiom = 0.1 MPa Pwghiom = 0.1 MPa
Solutes
Solutes Solutes
rxylemos —0.6 MPa Root (0 m) \pphloemom — —0.4 MPa
pryleroe — 0 5 NMPa proloemon — 0.3 MPa
_nxy}emnm = ~0.1 MPa HJO —[[Phloemon — — () 7 MPa
puPom = 0.0 MPa Augliom = 0.0 MPa

Figure 2-11.

Idealized representation of xylem and phioem flow driven by gradients in hydrostatic pressure.
Water enters and leaves the phloem by passively moving toward regions of lower water potemial-
The conducting cells of the xylem generally have a low and relatively constant osmotic pressure
(here 0.1 MPa}. Solutes either diffuse or are actively transported into and out of the sieve
elements, leading to a decrease in the phloem osmotic pressure from 1.7 MPa in the leaf w0

0.7 MPa in the root.




Uloha kapacit

Denni chod rychlosti transpirace i
absorpce vody - ukazuje vyuziti
zasobni vody a ztné dophovani
zasob

‘]W = ‘]W| = ‘]WC

J,c - transport vody ze zasob
Radialni transport voc
Objemové zrany

kmeny stron, stonky, plody,
zavisi na druhu rostliny, gfa
podminkach prosedi
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FIGURE 1221, Relationship betwean water absorption and transpifition of white
ash and lablofly pine. Note the lag between absotption and transpiration in both the
meming and gvening, Frorn Kramer {1937),




Denni chod potencialni evapotranspirace (PET) alogthransportu
vody u duglasky, borovice a dubghem z&inajicino suchasequetet a. 2010)
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Ovlivnéni toku vody
oz&enosti uiliznych
druhi rostlin:

Balizia elegans
Hymenolobium
mesoamericanum
Cecropiainsignis
Lecythisampla

Cecropia obtusifolia
Minquartia guianensis
Dipteryx panamensis
Pentaclethra macroloba
Hyer onima alchorneoides
Smarouba amara

(O'Brien et al. 2004)

Irradiance (Wm®)

(,s,.wp 63) °p



Transport v cevach keni, stonki a listi
- transport v kapilarach

Poiseuilfiv zakon

J,, = (r4/8n) % (-dP/dx)

J, - transport vody v kapii&, r - polonér kapilary, n - koeficient
viskozity, dp/dx - gradient hydrostatického tlaku

pro xylém stonku: dP/d> C A, r4/8n C L .

vysoka vodivost (pologr cév nap. u kukuice protoxylém 1qum,
primarni metaxylem 2(m, pozdni metaxylém 1Q@m, jakmile
vytvoreny cévy rychlost longitudinalniho transportu nat&r

vzdalenost #tSinou neni limitujici, rychlost transportu WCitém
organu zavisi na celkovémipnéru vodiveho pletiva

viskozita je zavisla na teplot




Transport vody viiznych mistech na fifezu kmene v zavislosti na anatomické stayb

600

(Fernandezt al. 2006)
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Figure 4. Profiles of sap flux density (/) for a single probe set in each

Figure 6. Transverse sections of olive (OL), plum (P) and orange (OR)

wood at 5 and 25 mm below the cambium. Samples were taken from
the south side of the trunk of one tree of each species growing next to

recorded at different times on the first day of the excision

experiment. For each species, we chose the probe set for which esti-

»

excised tree

west probe in all cases. See Table 1 for details on trunk diameters and

mated sap flow agreed best with actual water uptake, which was the
probe locations.

fiber; PP

xylem vessel. Scale bar

the excised tree, and at the same height at which the heat pulse

velocity probes were located (Table 1). Abbreviations: F

paratracheal parenchyma; R

200 pm.

ray; and V



Ovlivnéni anatomické stavby listtiroku zasolenim

rnants). (2) Conrrol plant, (1) Sale tted plang. {a) and () ere presented an the same
magnification; ber, 0.3 mm. Large arrows point ter the de edpe of leal 6, small arrows poing ot of Jeal
7. White asterisks, Location of an ourside laterat bundle (043 (e, o)) Yagnified view of the fourth lateral bundle
en the outside edge of sorghum leal 6 at 13 mm: 23 pr foy Control plant () Salt-trened plany, M
metasylem vessel: P, protoxy 1. Ui menas lem s essels are immatnre G lignitied secondary sall 1s
absenr in all four metaxylem ccllsh
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xylémovy
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Obr. 2,13 (2) Trojrozmérny (radidlni, tangencidlnf a pfiény) fez dfevitym stonkem dvoudsloiné rostliny s d€livym pletivem {kambiem)
produkujicim dostfedivé xylémové elementy (dfevo) a odstfedive buriky floému (I¥ko). Na cévich jsou schematicky zndzornény spirdlovité
ztlustliny sekunddrnf bunééaé stény a otviirky ve siéné (tefky a dvojtelky). Pricné piepdiky cévnich elementd jsou perforovang, Primér
cév 40-100 pm aZz 500 pm, cévic 10-25 um. (b) Schéma struktury a funkce dvojtedky ve sténé cévy: pfi vyrovnanych tlacich pitsobicich
na sténu z obou stran je dvojteéka prichozi pro kapalinu nebo plyn (vpravo); pfi rozdilu tlakd se otvor ve sténé uzavie (vievo). (Podle
Salisburyho a Rosse 1992.)



Kohezni teorie
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Obr. 24 Sclidiu wunsport vody peoti pisebenl remske 1ig -

hied uketéenou makrokapilirami expoaevanimi do vaduchu nena-
sycenghe vadnl perow

Fyzikalni zaklady:

vodikoveé niistky

— povrchové nagti (o = 0.07 N mt pii 20 °C);
- kohese

-~ adheze

kapilarni elevace (adhezieohese) nebo depre!
(adhezekohese)

h = (2ocosa)/rpg

r - polomer kapilary,p - hustota, ¢- gravitact

cévy zakorteny systemem mikrokapilar o
priméru 0.1 - 0.01um,

vodni sloupce vSak musi byt kontinualni.

prii transpiraci je voda nasavana

v cevach je tlak nizsi nez atmosfericky €0).

d¥ /dx 00,01 MPa mt

W, se rychle mini pri zmene transpirace nebo
zmene absorpce vody

sloupce vody se prodluzujfipustu.

V)




Preruseni kontinualnich vodnich slotipc

Kavitace - il vysoké transpiraci nebofpmrznuti a tani
homogenni - fi extremnim zvySeni podtlaku dochazi kKepené kapalné vody
V paru
heterogenni - bubliny plyin nasaté durky v cevnich stnach (vzduch obsazer
v meziburgénych prostorech, COnebo Q vznikajici gi metabolismu
vétSi poloner céy - vySS vodivost ale vétSi nebezpei kavitace

zavisi téz na vlastnostech cévnictist

vodni potenciél pi kterém dochazi ke kavitaci W_,, je druhow specificky a zavisly
na podminkach prostdi




Kavitace - srovnaniiaznych druli rostlin (Lopezet al. 2005)
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Figure 1. Vulnerability of xylem to cavitation in shrub (A) and tree (B)
species, presented as the percentage loss of conductivity with decreas-
ing xylem water potentiai. Gray symbaois represent the two species
from seascnally flooded forests. See Table 2 for comiparisons of pa-

rameter estimates from the Weibull function fitting.




Kavitace - srovnhani niznych druha rostlin

(Platanus acerifolia, Acer platanoides, Populus fremontii, Gleditsia triacanthos, Quercus gambelii,
Quercusrubra - Bushet al. 2008)
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Fig. 7 The cavitation vulnerability of xylem (upper panef) and Fig. 5 Average daily sap flux density for diffuse-porous (open
absolute stem area specific hydraulic conductance (lower panel) for symbols) and ring-porous (closed symbols) species in response to
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species with increasing xylem tension




Aklimace k podminkam pros&tdi(Holsteet al. 2006)
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Figure 2. Average percentage of xyvlem
vessels (+ SE) in different size classes
(ranging between <3500 and >10 000 gm in
diameter) for Phaseolis vielgaris. For each
treatment, all the vessels from seven to nine

50

Porous soil versus low P "‘ different stems were measured. There were
) —~350—-150 vessels per stem. SE values are in
0 PR T S T [ ST T S SR NS S T parentheses,
-1.5 -1.0 -0.5 0.0

Stem water potential (MPa)

Figure 1. Effect of applied tension (in megapascals) on the

per cent loss of conductivity (PLC) in Phaseslus vulgaris for
‘control’ (O), ‘dry’ (), ‘shade’ (A), ‘porous soil” (<¥) and ‘low P’
(V) treatments. Each point represents the mean (£ SE, n=9).




Kavitace

WP, neni stejny ani v rdmci jedné rostliny
obvykle vySSi v perifernich¢astech rostliny fapikach lisk a v
korenech) nez v centralnicastech (ve stoncich a kmenech)

zavisi na podminkach prdetli - gizpasobeni suchu nebo zasoleni

Kavitace:

nereverzibilni- cévy vyrazené z funkce jsou nahrazovany novymi céva
letokruhy

reverzibilni po dlouhé dab- vyznam kdenového vztlaku

reverzibilni kratkodob - dopkovani vody z okolniho pletiva (parenchyi
floem) - mechanizmus nejasny, vyznam struktury tporaquaporid,
osmotického potencialu

\mi,

n,




Denni chod vodivostiFapiku, kavitaci a vodniho potencialu xylemu u
iFapiki lista vinné révy
(Zuffrey et al. 2011)
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Fig. 3. Diurnal courses of leaf-atmospheric (VPD) (A, B), petiole
hydraulic conductance (Kpetaie) (C, D), vulnerability of petioles to
cavitation (PLC, percentage loss of conductivity) (E, F), and stem
xylem water potential ('Y, (G, H) during two days (24 August and
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Leytron (CH), 2009,



Dopliiovani vody v kavitovanych cévach sluri@ice

(Nardiniet al. 2008)
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Fig. 2. Changes of los$ of Kuein of sunflower leaves during dehydration
(solid circles) and rehydration (open circles}. Rehydration to different
target Waat Was achieved by irrigating plants previously dehydrated to
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Fig. 4. C hanges of g, vs Wiear during dehydration {sofid tria ngles) or after

ovemig}ht rehydration {open squares) in sunflower plants. Rehydration
was achieved by irrigating plants with distilied water or with solutions of
PEG at different concentrations (see text for details). Data are also °
reported of three plants measured for g, 36 h after irrigation (grey circles).

The solid line represents the regression curve for changes of g, vs Wi
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Model opravy kavitovanych cev
(Zwieniecki and Holbrook 2009)

Phloem Farenchyma cell  Functional vessel Emt;:l[zeq:l.l'rleﬁlling Farenchyma cell  Phloem
wvage
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@& Membrang sugar transportar @ Mambrane water channel = Alr transpart path

@ Signaling paths a-m  Major points of interest (see figure legend for details)

Figure 1. Embolism relilling ssenaria. (o) Lving salls in comact with vessals releass a small bot steady amount of solubls carbabydrates ino tha xylam . (bl Stanch stored in
syl parensbyma Serves s 4 sogar capaciton o) Thess sadulss ane normally swapt away by tha ramsplration stream, keeping conosntrations al very low levals, (d) bt
actumdlate in 8 vesssl thal has cavitated, el Sugar sccumulation and the associated incraase in apoplastic solule oo nesntration trigg ers signaling pathways I Tor refilling
that megulse swgar and |g) walsr mambrans ranspod, 8 wall 38 (bl sugar matshalic astvity. il The sceumulation of solubes resulls in waler movameant Teom syl enm
parenchyma cells by camosis, lorming droplests with high osmatic sclivity on internal vessel walls, ] The partally nor-weilable walls of xylem conduilts pravent thase
drapiets Trom being removed by suction lrom stil-lunctbonal vessels, (k) Condansation of water vapor provides a sesond pathway by which waier refills cavitated conduits,
allowing adjacent conduits 1o provids water Tor refilling. [l Az the high osmatic droplets grow 1o Till the vesseal, the ambolus is removed both by locing gas into solution
and by pushing gas throogh emall pores through the vesss! walls to nberceliular spaces. m) The Hared apening of the bordersd pit shambear actls like a chack valve until the
|wrmeamn s filled, thus preventing comntact with the highly wenabls bordensd pit membranes. Resonnectionocouns anoe the pressure n the lumsen exoesds that of the antry
thrashobd into the bordered pit chambers: 8 hydrophobic Tayar within pit membranes might provide the needed simultaneity among multipls bordened pits:




Model opravy kavitovanych cév
(Nardini et al. 2011)
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Fig. 1. Putative chain of events linking sensing of cavitation in xylem to embolism repair. The example refers to hypothetical embolism formation/reversal in a single vessel
of secondary xylem connected to phloem via rays. Xylem cavitation (1] produces vessel wall vibrations (2) which are transmitred to adjacent vessel-associated cells. The
mechanical stimulus induces opening of mechano-sensitive Ca?* channels located on the plasma membrane and/or on endomembranes. Increase of intracellular [Ca*](3)
activates a signal transduction cascade leading to changes in starch metabolism. 5tarch is depolymerised and simple sugars are loaded into the embolized conduit (4) thus
lowering the osmotic potential of the thin laver of sap still adhering to the inner conduit wall. The osmotic potential inside the refilling conduit represents the first component
of the driving force for embolism reversal. Vessel-associated cells become strong sinks to phloem inducing unloading of sugars and water (5). Solutes (red arrows) and warer
{blue arrows) are delivered from the phloem to the embolized conduit through the rays. Positive phloem pressure represents the second component of the driving force
necessary to xylem refilling. Phloem-to-xylem hydraulic conductivity is eventually enhanced by activation and/or expression of aquaporins in ray cells (6} Water under
positive pressure enters the embolized conduit and gradually refill it, while compressing and dissolving the entrapped gas. The refilling conduit remains isolated from
adjacent functioning ones due to morphological features and biochemical composition of interconduit pits (see text for details).




Kavitace

Hydraulicky signal
Pri kavitaci v cévach dochazi ke snizeni vodivostiiguchi, tim ke snizenj
transpirace. Nedochazi tedy k dalSimu zvySeni tenze a dalSim kavitacim.
(mechanizmus neni jasny)

Zjistovan vztah mezi vodivosti pduchi nebo rychlosti transpirace
hydraulickou vodivosti

Hydraulické vodivos urc¢uje maximaln denn transpirac

Kapacita pro transport vody &uje maximalni rozréry rostliny i velikost
jednotlivych orgai




Denni chod hydraulické vodivosti a vodniho potelciigtt stromi
Caryocar brasiliense a Schefflera macrocarpa (Bucciet al. 2003)
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Figure 7. Diel courses of specific
hydraulic conductivity (k,) and leaf water
potential (¥) in intact (control) C.
brasiliense and S. macrocarpa petioles
(closed symbols) and in petioles with the
cortex removed (open symbols). Values
are means +1 SE (1 =3, one leaf or pet-
iole per tree for each data point), Mea-
surements were made on 22 and 23
August 2002.




M éreni transportu vody v xylemu

Razné parametry

linearni rychlost transpitaiho proudym si]

mnozstvi vody transportované na jednotkuipeu za jednotkédasu[kg(H,O)
m2 s] nebo[dn?(H,0) m? si]

"Leaf-specific conductivity" - mnozstvi transportované vodyitmu casti
stonkt ne jednotkt plochy listi které zasobu;j

"Huber value" - ponar plochy cevnich svazkv urcité ¢asti stonku aerstve
hmotnosti odpovidajicich ligt




Metody méreni transportu vody v xylemu

a) transport HDO, HTO, §#0, barviv

b) transport tepla

c) nuklearni magneticka resonance,hdNMR imaging"

d) meteni rychlosti toku vody pod tlakem "High pressure flow meter"

e) meéreni vodivosti jednotlivych cév po napojeni mikrokapilary

f) pra méren tenze - pouzit tlakovyct sonc plnényct vodot nebc silikonovynr
olejem

g) vypatet hydraulické vodivosti na zakladnéreni rychlosti transpirace [a
rozdiluW¥,,

h) méreni kavitaci akustickymi metodami
1) stanoveni kavitaci mikroskopickymi metodami




Méreni transportu vody v cevach
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Figure 6. Acropetal and basipetal velocity profiles of a water or dye solution in the sapweod, at breasi
height, of « tatl oak (dbh = 30 cm. visible sapwood depth = 25 mm) determined at the sume tire from
four cardinal points from discs of a tree stained by a dye-injection technique. Peak basipetal values are

missmy because the dye entered the stump.



Detekce kavitaci

Magnetic resonance imaging of cavitation in 1-year-old\ctinidia chinensis stemin vivo.
Images (a) and (b) were acquired 30 min apart. (c) The resultfossubtracting

image (a) from (b), three cavitated vessels are visible. Slegbar: 2mm.

(Clearwater and Clark 2003)



