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Vodiva pletiva

cévnate rostliny (Tracheophyta)
transport latek na dlouhé vzdalenosti
sloZzena pletiva — mnoho bunécnych typu
xylém a floém

prokambium, kambium

primarni a sekundarni vodiva pletiva

organizace do cévnich svazku



Xylém

*  primarni xylém: protoxylém (prstencovité, popr. spirdlovité ztloustlé BS) a metaxylém
*  sekundarni xylém: drevo

jarni a letni dfevo, kruhovité vs. rozptylené porovité dfevo, jadro a bél

*  zabezpecuje >> akropetalni (transpiracni) proud xylémové stavy (kohezné-adhezné-tenzni model)
. mechanické pletivo, slozené pletivo, dominance skl bunék

* neperforované a perforované (skl) bunky

*  vlastni vodivé elementy xylému: cévice (tracheidy) a cévy (tracheje)

funkéni az po maturaci — apoptéza, mrtvé bunky
ztloustlé sekundarni bunécné stény

lokdIni neztloustld mista: dvlrkaté ztenceniny
homoxylIni a heteroxylni xylém

tracheidy: jednotlivé, protahlé vietenovité buriky, délka max jednotky mm, priimér do 80 um; dvirkaté ztenceniny
typu torus-margo

tracheje: sloZzené z cévnich ¢lankd; perforované desky, koncové stény; délka az m, primér az stovky um; jednoduché
dvlrkaté ztenceniny

vodivost element(l: Hagen-Poiseuilleova rovnice
e vodivost roste se ¢tvrtou (!) mocninou poloméru vodivého elementu

* dalsi typy bunék: vlaknité tracheidy, libriform, dfevni parenchym, Zelatinova vlakna

*  recentni podoba vodivych element( xylému: vysledek evolu¢ni optimalizace potieby efektivné vést vodu a
zabranovat vzniku, popf. Sifeni embolii



Box 7.1 Xylem Cell Types

Gymnosperm

1. Tracheid: function in conduction of water and minerals, densely
covered with circular bordered pits, lack a perforation plate
(therefore, imperforate)

2. Parenchyma: alive at maturity, function in storage/synthesis/
cavitation recovery

Angiosperm
1. Imperforate tracheary elements: long, narrow, tapered at ends, lack
a perforation plate
1. Tracheid: function in conduction of water and minerals, densely
covered with circular bordered pits, usually found adjacent to
vessels.
2. Fiber-tracheid: function in support, largely non-conductive,
fewer and smaller bordered pits than found in tracheids
3. Libriform fiber: function in support, largely nonconductive, may
be alive at maturity, containing a few simple pits, pits often
slit-shaped
2. Perforate tracheary elements: possess a perforation plate, short,
wide, connected end-to-end to form a vessel
1. Vessel elements: function in conduction of water and minerals,
large diversity in size and shape, side walls thickenings may be
annular, helical, reticulate or pitted, perforation plates may be
simple or compound ;
3. Parenchyma: storage/synthesis/cavitation recovery Plant

Anatomy
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B Fig.7.1 Representative cell types in cross sections of young stems of a Canadian yew (Taxus canadensis, a gymnosperm)
xylem has parenchyma (P) in the xylem rays against a field of axial tracheids (T, imperforate tracheary elements). b Tulip tree
(Liriodendron tulipifera, a woody eudicot) has ray parenchyma and tracheids intermixed with the much larger axial vessel
elements (VE, perforate tracheary elements). Both of the images are from one-year-old stems. Scale bar in b = 100 pm and

applies to both panels. (a, b RR Wise) Plant
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Bound water Plant
— Anatomy
Free water 10 pm
5 um
TE Diameter 10 pm 20 um 40 pm
TE Cross section 314 pm2 1256 pm2 5026 pm?2
Relative conductance 1 16 256

B Fig. 7.2 b The relationship between tracheary element (TE) diameter and
relative water conductance. (Redrawn from Mauseth (1988), with permission)

Hagen-Poiseuilletiv zakon | editovat | editovat zdroj |

Ze znalosti rozlozeni rychlosti je mozné spoéitat objemovy tok @,,. Rychlost v je v uréité vzdalenosti & od osy trubice konstantni.

Plochou mezikruzi ve vzdalenosti = a sifce dx proteée za ¢asovou jednotku kapalina o objemu

™Ap 5 o
dQ, = 27rzvde = — —(r°* — z°)axdx
@ 2n Al )
Integraci pres cely prafez trubice dostaneme
0, = art Ap
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Tento vztah je matematickym vyjadienim tzv. Hagen-Poiseuilleova zakona, ktery zni:

Ap

Objemovy tok viskozni tekutiny pii laminarnim proudéni trubici kruhového pruafezu je pfimo umérny tlakovému spadu E
a étvrté mocniné poloméru trubice a je nepfimo Umérny dynamické viskozité 7.

https://cs.wikipedia.org/
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cévy v kontaktu

ztendeniny zteneniny

koncova sténa vidkno

cévice —

L cévni ¢lanek

céva — B

ztendéening ————— ztenéeniny

Schématické znazornéni dvou zakladnich typu vodivych elementu - (A) cévice a
(B) cévy. (C) Snimek Casti sekundarniho xylému druhu Populus grandidentata
pofizeny skenovacim elektronovym mikroskopem. Méfitko (bila usecka)

predstavuje délku 100 um (upraveno z https://schoolbag.info/ a Tyree et
Zimmermann, 2002).



1|
| Yo Il P olj > &

@ Fig.7.3 a, b Tapered ends of tracheids in radial sections of coast redwood (Sequoia sempervirens) and pine (Pinus sp.).
Note the numerous circular bordered pits in the radial walls. Scale bar in b = 100 pm and applies to both panels.
(a RR Wise)
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200 pm and applies to both panels. (¢, d RR Wise)

¢, d Seasonal growth ring boundaries in ¢ Norway spruce (Picea abies) and d pine (Pinus sp.) stems in

cross-section. Early wood tracheids (toward the top in each panel) have a large diameter and thin walls, while late
wood tracheids (toward the bottom) are narrow with thick walls. Note several bordered pits surrounding the letter P in

b.Scalebarinb

B Fig.7.3




Ontogeneticky vyvoj tracheje z meristematickych bunék. Meristematické burky, maji
hustou cytoplazmu a znaéné vyvinuté endoplazmatické retikulum a diktyozomy.
Ontogeneze tracheje je doprovazena celou fradou zmén na bunééné urovni. Dochazi

k intenzivnimu rastu mladého trachealniho &lanku do délky a Sifky, vznika velké centralni
vakuola, v prostoru mezi plazmalemou a primarni bunéCnou sténou se shromazduiji
vesikuly s materialem k tvorbé sekundarni bunecné stény, postupné dochazi k tvorbé
sekundarni bunécéné stény ukladanim hemiceluldézy a ligninu mezi celulézni mikrofibrily z
vhitfni strany primarni bunééné stény. Cely proces je zavrSen kompletni enzymatickou
autolyzou protoplastu (apoptdéza) a casteCnym (vznik schodovitych nebo sitovitych
perforaci) nebo uplnym (vznik jednoduchych perforaci) rozpusténim pricnych bunécnych
stén v mistech styku sousednich trachealnich ¢lankau.
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B Fig. 7.6 a Patterns of secondary cell wall deposition in vessel elements.
1 =annular, 2 = spiral or helical, 3 = scalariform, 4 = reticulate. (From Coulter

et al. (1910). public domain)
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B Fig. 7.6 b Annular and helical (or spiral) wall patterns in a single longitudi-
nal section of a hemp (Cannabis sativa) stem. The stem shows primary growth
of pith (Pi) to the left, five xylem vessels made of vessel elements with annular
wall thickenings (A), two with helical thickenings (H), and phloem (Ph) to the
right. The vessels to the far left, adjacent to the pith, were laid down first
(protoxylem) and have been stretched in an axial direction as the stem
elonaated. Scale bar = 50 um. (RR Wise}
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B Fig.7.7 d, e Scalariform perforation plates in tulip tree (Liriodendron tulipifera) vessel elements. Scale barin e =25 pm
and applies to both panels. (d, e RR Wise)




B Fig. 7.7 f Reticulate perforation plate from the feather duster palm (Rhopalostylis sapida). g Ephedroid perforation
plate from longleaf joint fir (Ephedra trifurca) = 10 pm in f and 25 pm in g. (f from Crang and Vassilyev 2003; g RR Wise)
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B Fig. 7.7 ¢ Simple perforation plate in a black walnut Uuglans nigra) connecting Plant

: : : o Anatom
two vessel elements. In this example, the perforation plate is a combination of a L

simple pore with a large rim containing numerous pits. Scale bar = 100 pm. (RR Wise)




cévy
(krytosemenné)

Air-seeding

vzduch

cévice
(nahosemenné)

Schématické znazornéni ztencenin u plné funkénich vodivych elementu a pfi procesu Sifeni embolie (air-
seeding). (A) U krytosemennych druhu dfevin se vyskytuji ve sténach cév dvarkaté ztenceniny s homogenni
membranou. Pfi Sifeni embolie z embolizované cévy do funkéni cévy je rozhodujici velikost nejvétsiho péru v
membrané zten€eniny. (B) Nahosemenné druhy maji ve svych cévicich dvirkaté ztenceniny se ztloustlym
stfedem membrany (torus) a okolni, pérovitéjsi ¢asti membrany (margo). K Sifeni embolie z embolizované
cévice dochazi kvuli nedostateénému pfilnuti toru k apertufe ztenceniny v dasledku nerovnosti v jeho struktufe
nebo pfetrZzeni marga. Na snimcich z elektronového mikroskopu jsou zobrazeny membrany ztencenin. (C)
Homogenni membrana u druhu Acer negundo a (D) membrana typu torus-margo u druhu Calocedrus decurrens.
mz — membrana ztenceniny, m — margo, t — torus. Méfitka (bilé use€ky) odpovidaji délce 2 ym (upraveno z
Cochard et al., 2009; Delzon et al., 2010).



a) tracheida

b) vlaknita
tracheida

c) libriform

B Fig. 7.4 a-c Pitting patterns of imperforate tracheary element side walls. a Tracheids from Drimys, a primitive
vessel-less angiosperm, have side walls with numerous circular bordered pits. b Fiber tracheids from red maple (Acer
rubrum) have fewer pits, with slit-like apertures. c Libriform fibers from grape (Vitis sp.) have simple pits. Scale bar in
¢ =10 pm and applies to all panels. (a-c RR Wise)
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Floém

translokace sacharidu (sachardza, rafindza, stachyoza), AK,
fytohormony; viry
— Minchuv model tlakového transportu

primarni floém (protoflém a metafloém); z prokambia
sekundarni floém; z kambia (lateralni sekundarni meristém)

vlastni vodivé elementy: sitkové bunky vs. sitkovice

— s nimi funkéné a prostoroveé asociované priavodni bunky (event.
albuminové b.) ¢i parenchymatické b.

— ivdospélosti zivé buriky, ale vyrazné modifikované (absence jader, bez
vakuoly a mnohych organel)

dalsi bunky: parenchym, skl fibrily, mlécnice (laticifery)



B Table 8.1 Phloem cell types and their functions in angiosperms and gymnosperms

Phloem cell type Function Angiosperm Gymnosperm

Sieve tube elements Translocation of sugars, amino Yes Yes
acids and hormones

Companion cells Metabolic support, phloem Yes No, but contain albumin-
loading/unloading ous cells

Fibers Support/protection Yes No

Parenchyma Storage/synthesis Yes Yes

ant

Anatomy
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B Fig. 8.1 aPhloem tissue in a grape (Vitis sp.) stem showing the relationship of the four cell types; the stem abaxis is
to the left. Phloem parenchyma (1) are darkly stained due to the presence of tannins, fibers (2) are blue, sieve tube
elements (3) have slanted compound sieve plates, and companion cells (4) have a nucleus and dense cytoplasm. Note
that the companion cell shown is shorter than the sieve tube element it serves. Scale bar = 50 pm. (RR Wise)




Schéma evoluéniho vyvoje vodivych elementt floému.

1.

2.

prozenchymaticke bunky
bez perforaci u psilofyt;
sitkove burnky s
perforacemi u
vytrusnych a
nahosemennych rostlin;

3. a 4. sitkovice s

privodnimi burikami u
krytosemennych rostlin
- perforace ve sténach
sitkovych ¢lanku
vytvareji sitkova policka
nebo jedno sitko.
Sitkova policka se
nachazeji i v podelnych
stenach sitkovych
élankd.



STE

O Fig. 8.4 a-d Development of a sieve tube element (STE) and its companion cell (CC) from a single phloem mother
cell. a The phloem mother cell has a single nucleus (N), a large vacuole (V) and plasmodesmata (PD). b Mitosis generates
two cells, each with its own nucleus. ¢ The STE nucleus and tonoplast (T) break down. Callose (C) accumulates at the
developing sieve pores. d In the mature state, sieve tube elements each have an accompanying companion cell and

are connected via a sieve plate (SP) containing large sieve pores (P). The CC retains its nucleus and the common

wall between the CC and STE has numerous plasmodesmata (not shown). The CC is often shorter than the STE

(Redrawn from Crang and Vassilyev 2003)
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r paprsek
spl sitkova deska

stm clanek sitkovice

\'%‘ Tangencialni fez
P stonkem trnovniku
(Robinia sp.) v oblasti
sekundarniho floému.

L}
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SPI

LSA

SPo

B Fig.8.3 a Drawing of a sieve tube element showing the terminal sieve Plant
plates (5P1) with sieve pores (SPo) and lateral sieve areas (L5A) (Redrawn from Anatomy
Crang and Vassilyev 2003)




cc pruvodni bunka
spl sitkova deska
stm clanek sitkovice

Pricny fez stonkem tykve
(Cucurbita sp.), detail
floémové Casti
bikolateralniho cévniho
svazku.
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B Fig. 8.3 d, e Compound sieve plates in grape (Vitis sp.). e Light micrograph of three sieve plates. f Scanning electron
micrograph of an isolated grape STE from a stem maceration. The specimen experienced some shrinkage during e
preparation for microscopy. Scale bars = 20 pm in both panels. (d RR Wise; Image e courtesy of J. D. Curtis)
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B Fig. 8.3 fTransmission electron micrograph of a portion of a sieve plate in Arabidopsis showing details of the sieve
pores. Seen in cross-section, the areas of cell wall (CW) between the pores appear as isolated islands. Callose (C) lines
the pores, while the plasma membrane (PM) surrounds the cells and extends through the sieve pores. Strands of
P-protein (PP) are indicated. Scale bar = 1 pum. (Image from Ledbetter and Porter (1970), with permission)
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0O Fig.8.6 d,e 5econdary phloem in the stem of black locust (Robinia pseudoacacia) in d cross-section and e radial
section. Phloem (P) is to the left and xylem (¥) is to the right in both panels. The two images are of separate sections and
are aligned to show correspondence between the two sectional views. Fibers (F), phloem parenchyma (PP), sieve tube
elements (5TE), and rays (R) are indicated in both panels. Scale bar in e = 25 ym and applies to both panels. (d, e RR
Wise)




Xylemn vessel Sieve cell or
element or tracheid sieve tube element

Source cell
inleaf

O Fig.8.2 Anatomy and physiology of the Minch pressure flow hypothesis. Sugar loading (top right of figure) from a Pla nt
source cell to a phloem sieve tube element [(STE) occurs via either companion cells (CC) or phloem parenchyma (PP),
depending on the species. This lowers the water potential of the STE which draws water via osmosis from the neighboring
wylem tracheary element and pressurizes the STE. Phloem sap is therefore pushed to the sink tissues, where the sugaris
unloaded (by either a CC or PP} (Redrawn from Crang and Vassilyev 2003)

Anatomy




Cévni svazky

asociace xylémovych a floémovych casti vodivych
pletiv

uzavrené (namaji) vs. otevrené (maji kambium)
koncentrické (uzavrené)

kolateralni (uzavrené nebo otevrené)

nikolateralni (otevrené)

radialni organizace vod. pletiv (uzavfena nebo
otevrena)



Koncentricky (amfivazalni, leptocentricky) CS v oddenku puskvorce obecného
(Acorus calamus).




Koncentricky (amfikribralni, hadrocentricky) CS v rapiku listu ledviniku ztepilého
(Nephrolepis exaltata).




B Fig. 14.2 a Closed vascular bundle from a maize (Zea mays) stem. The bundle has phloem (P), xylem (X), and fibers
(F) but will not develop further. The large hole in the center is a lacuna (L) produced by the tearing of parenchyma cells
during bundle expansion. b An open vascular bundle from beet (Beta vulgaris) stem. In addition to xylem and phloem,
this bundle has a fascicular cambium (light-green cells between arrows) that has generated secondary vascular tissues.
Scale bar in b = 50 pm for both panels (a, b RR Wise)




Kolateralni uzavieny cévni svazek.

cc pravodni burika
ep epidermis

is mezibunéény
prostor

mx metaxylém
par parenchym

px protoxylém
scl sklerenchym

stm Clanek
sitkovice

Pricny fez stéblem
pSenice seté
(Triticum aestivum
L.).
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Kolateralni otevieny cévni svazek ve stonku révy vinne (Vitis vinifera).




1" g

Bikolateralni cévni svazek ve stonku okurky seté (Cucumis sativus).



om0 T 8§ T8
Radialni organizace vodivych pletiv v kofeni kukufice seté (Zea mays).




