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Water and cells in trees 
 

•C. 80-95% of growing tissues is water 

•sapwood (pintapuu) water transport important, 50-75% water 

•heartwood (sydänpuu) no more water transport, 20-30% water 

•All biochemical reactions in living cells take place in aqueous 

solutions and many reactions need water 

•Water molecules are constantly transported upwards, and do not 

stay long in tree tissues 

•All the water in a leaf can be exchanged in an hour 

•Transpiration cools tissues 

•Transpiration stream transports minerals 

•Water diminishes temperature changes in a plant 



Sapwood 

Pinta- eli mantopuu 

Heartwood 

Sydänpuu 

Heartwood formation 

(Sydänpuun muodostuminen) 

 

Typical for: 

Norway spruce, Scots pine and 

larches. 

Birch and alder have no 

heartwood 

Oak has a high heartwood 

content, only outermost ring 

conducts water 



Corewood, juvenile wood  

(Nuorpuu- eli ydinpuu)  

In Norway spruce less  

than 10 first growth rings 

 

Heartwood 

(Sydänpuu) 

Sapwood 

(Pintapuu eli manto) 



Water ascent in trees 

 
Route from roots to the leaves and needles: 

 

•Start from soil water 

•Not a homogenous pathway in tree tissues 

•Through live protoplasts and their plasma membranes 

•Through dead cells and cell walls (tracheids, vessels) 

•Finally is transpired into air in gaseous form 

 TRANSPIRATION 



Ascent of sap (Nestevirtaus)  
 

•In the largest trees (Sequoia) water has to 

travel up over 100 m height 

•Pressure difference c. 2+1 MPa  

•(friction + gravity) 

•Xylem cells have adapted through 

evolution to the negative pressure of 

water in the transpiration stream 

•Water is in an unstable form 

 cavitation can occur easily, embolism 

evolves 

 water transport is prevented, xylem 

embolism: cells are filled with gas and the 

ascent of sap is prevented 



CAVITATION AND EMBOLISM 

 

Plants can remedy embolism with a 

mechanism that is not fully known yet: 

1) When  transpiration pull is reduced 

during night time 

 gases can be dissolved in water again 

2) root pressure creates a positive pressure 

which can aid in recovering the embolised 

cells 

3) many trees grow a new functional xylem 

every year (i.e. oak, Quercus) and the 

vessels produced in the previous year are 

filled with tyloids   water transport is 

hindered Spiral grain (kierresyisyys)  



CHEMICAL STRUCTURE OF THE CELL WALL: Pectin,  

cellulose, hemicellulose, lignin and proteins 

Cellulose is a 1,4-linked beta-D- glucose polymer which is formed at the 

plasma membrane by cellulose synthase complex (rosette) from UDP-glucose 

units. When several of these unbranched chains are held together by hydrogen 

bonds, a crystal-like micelle is formed with amorphous cellulose surrounding 

it.  

Pectic polysaccharides are made up of polysaccharides rich in galacturonic 

acid, rhamnose, arabinose and galactose.  

Pectin is characteristic to the middle lamella and the primary cell wall of the 

dicotyledons, and to a lesser extent to monocotyledons. 

Pectins are easily degraded and to make them more stable, they are often in 

vivo covalently linked to phenols, cellulose and proteins. 

 

Hemicelluloses or cellulose-linked glycans are a heterogenous group of  

polysaccharides which are not easily solubilised from the cell walls. Xylans, 

glucomannans, mannans and galactomannans are common hemicelluloses. 

 

Callose is a beta-1,3-glucan, which is found in a number of special situations 

in plant cell walls. It is best known in phloem sieve tubes. It is also observed 

on protoplasts in the early stages of cell wall regeneration. 

 

 

 



CELLULOSE 

In this cellulose synthesis 

model the sucrose synthase 

forms a complex with the 

cellulose synthase spanning the 

plasma membrane. Now 

sucrose is used in the formation 

of UDP-glucose, which is 

immediately used in cellulose 

synthesis. 

 

In another model UDP-glucose 

is formed by cytosolic UDP-

glucose pyrophosphorylase 

using hexose phosphates. 



CELL WALL PROTEINS AND GLYCOPROTEINS 

The cell wall contains a variety of proteins, most of which are glycosylated. 

The most abundant cell wall proteins contain an unusual amino acid, 

hydroxyproline, which is not generally found in the proteins of the protoplast. 

 

The most extensively studied cell wall glycoprotein is extensin. This protein 

contists of hydroxyproline (40%) and large amounts of serine and lysine. The 

hydroxyproline residues are often attached to tri- or tetra-arabinose 

oligosaccharides and the serine-residues are attachment points for single 

galactose units. The tyrosine residues act as points for covalent intra- or 

intermolecular bridges.  

 

There are also many enzyme proteins in the apoplastic space and inside the cell 

walls. These include peroxidases, invertase, cellulase, acid phosphatase, 

pectinase, pectin methylesterase and malate dehydrogenase. 

 

 

 



LIGNIN 
Many cells in the mature plant, e.g. the xylem and many sclereids in various plant 

parts contain lignin. The precursors for lignin are the three aromatic compounds: 

coumaryl, coniferyl and sinapyl alcohols. 

The alcohols form large complexes and give rise to coumaryl-, guiacyl- and sinapyl-

residues in the polymer.  

In addition to lignin, many plants contain ferulic acid, which is esterified to arabinose 

and galactose in pectins, and may hence have an important role in cross-linking 

pectins or serving as nucleation points for lignin. 

A model for the 

chemical structure of 

the lignin polymer. 



Cambial zone       lignifying xylem            earlywood tracheids 

Growth of new cells       Lignification                 Water transport           

Super apoplasm 

–term has been 

used of xylem 

(erikoistunut 

johtosolukko) 



Girth increase, mm in 1994
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ANNUAL GROWTH  

Measuring device for growth 

(Kasvupanta) 



GROWTH RING (VUOSILUSTO)  

 
The cambial cells produce xylem 

towards the inside in a tree trunk, 

and phloem towards the outside. 

 

There are two kinds of initials: ray 

initial and fusiform initials. Ray 

initials develop into rays and the 

fusiform initials into longitudinal 

xylem cells (tracheids, vessels) 



ANNUAL GROWTH 

Radial increment at breast height in 42- year-old Norway spruce in 1994
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     ____ 1 mm 
Softwood/conifer    Hardwood/dicotyledon 

       diffuse porous                  ring porous 

     (Hajaputkiloinen)             (Kehäputkiloinen) 

Tracheid Ø 20-40 µm  Vessel Ø 30-130 µm          150-350 µm 

Conifer                              Broadleaf trees: Diffuse porous and ring porous xylem 



Conifers 

Havupuut 



Conifer tracheids 

length 1-4 mm  

Conifers  

 

Longitudinal cells: Tracheids in  

earlywood and latewood  

 

Mork’s definition: In latewood the double cell 

wall thickness is greater than the cell cavity 

diameter 

 growth ring, annual ring  

cf. false rings may be caused by night frosts of 

drought during the growing season 



Tracheid tangential diameter 25-23 m 

and radial diameter 30-21 m 

Length 1-4 mm,  

In latewood may be 10 % longer 

 

In Araucaria cunninghamii up to 11 mm 

 

There may be cell wall thickenings: 

Radial thickenings in Taxus, Pseudotsuga  

 

Latewood cellulose content is higher than that of earlywood,  

The same goes for density: in latewood 

810--920 kgm-3 and in earlywood 300--370 kgm-3 

Earlywood latewood 



 

 

 

 

Bordered pits 

(rengashuokoset) 

PITS 

A pit pair between two cells 

Secondary cell wall forms a round band on 

top of a pit chamber 

 

A thin membrane formed out of middle 

lamella and the primary cell wall: 

The central part is slightly thicker: torus 

A thinner part surrounds: margo full of small 

holes 1 m in diameter 

Works like a vent: can aspirate 

Normally one row in the radial cell wall, two 

rows in: Sequoia sempervirens, Taxus 

distichum  



 Bordered pit   torus ja margo  pit aspiration 

                              

huokospiha 

huokosaukko 



RESIN CANALS, RESIN DUCTS 

 

Common in: Picea, Pinus, Larix and 

Pseudotsuga 

No resin canals: Juniperus, Taxus 

Some trees may contain traumatic resin canals: 

Tsuga, Abies, Cedrus 

Diameter: 40--160 m,  

Resin canals are formed postcambially and 

rexigenously 

Live parenchymal cells surround the resin 

canals, the innermost part is epithelial cells 

differentiated to secrete resins. 



Rays 



HORISONTHAL CELLS IN XYLEM 

 

Rays 
Uniseriate 

Fusiform rays contain resin canals 

Homocellular: contain only parenchymal 

cells 

Heterocellular: 1--3 rows of tracheids 

tracheids in the margins: Pinus, Picea, Larix, 

Pseudotsuga, Cedrus, Tsuga ja 

Chamaecyparis nootkatensis,  

Dental thickenings in the tracheid walls in 

Pinus 

The pits between ray cells and vertical cells 

may differ from other pits! 



 

 

 

 

 

Cross-field pits  

Dental thickenings 

Uniseriate and 

fusiform rays with a 

tracheid at the top 

and bottom 



 

 

 

 

TYPES OF PITS  

A) window pits (isohuokoset), 1--3 (Pinus 

sylvestris) 

 

B) Pinoid pits (pinoidiset), 1--6 pits of 

differing sizes in many Pinus species 

 

C) piceoid (pikeoidiset), small bordered pits 

in Picea, Larix, Pseudotsuga 

 

D) cupressoid, 1--4 small bordered pits with 

an ellipsoid opening Cupressus, Taxus, 

Araucaria 

 

E) taxodioid: 1--5 bordered pits with a wide 

leveä ellipsoid opening Sequoia, Taxodium, 

Abies, Cedrus, Thuja 



 

 

 

 

Window pits in the cross field. Dental 

thickenings can be clearly seen. 

(Pinus sylvestris) 

CROSS-FIELD PITS 



 

 

 

 

Conifer tracheids 

 

earlywood       latewood 

Bordered pits 
Resin canal 



Broadleaf trees 

Lehtipuut 



Vessel elements and 

fibers 0,8-1,0 mm

  

HARDWOODS, DICOTYLEDONOUS 

TREES  

 

Longitudinal cells: 

Vessels or tracheas are formed of several 

cells, diameter 20--400 (mean 60--80) m 

Individual vessel elements (cells) are very 

short < 1 mm 

Vessels can be very long, 10 m (lianas),  

2 m in oak xylem 

Perforation plates at each end 



PERFORATION PLATES 

 

Simple perforations e.g. poplar, willows 

 

Scalariform perforations 

Betula pendula 14 steps 

Betula pubescens 21 steps 

In the vessel cell walls there are lots of 

small pores next to each other, no torus. 

The cell wall may contain spiral thickenings 

e.g. in elm, maples and in limewood. 



PERFORATION PLATES 

Simple perforations                          Scalariform perforations 



HARDWOOD XYLEM 

 

Four main cell types:  

Vessels, tracheids, fibers and  

parenchymal cells 

 

Tracheids are not common: 

They can be found around vessels in Quercus and as vessel-like 

tracheids in the latewood in Ulmus. 

 

Fibers act as support tissue with thick and lignified cell walls which 

may contain small and narrow, slitlike pores. 

 

 

Ring pores can only be found in tracheids, not in vessels. 



Ring porous oak xylem in 

cross sections with large 

vessels in earlywood, 

diameter 0,1--0,4 mm 

(length 2 m) 

RING POROUS HARDWOODS 

 

Large vessels in the earlywood in oak 

(Quercus), elm (Ulmus) and ash (Fraxinus) 

Small vessels in the latewood. 

 



Tectona grandis 

Teak 

initial boundary 

parenchyma 

Chlorophora excelsa 

Iroko 

paratracheal aliform 

confluent 

Longitudinal parenchyma 

Storage tissue (starch, fats) 

Appearance varies, can be apotracheal 

paratracheal or boundary 



THE HORIZONTAL SYSTEM OF CELLS 

IN BROADLEAF TREES 

 

Rays: 

Only parenchymal cells: uni-, di- or 

multiseriate rays. 

Homogenic or heterogenic. 

At the upper and lower edges either 

horizontal or vertical cells. 

 

The size of the rays varies a lot: In oak they 

can be very large, over 30 cells wide. 

In Poplar uniseriate. 

Rays take up a larger proportion of xylem 

than in conifers: In silver birch 0--15 % 



 Conifer   Diffuse porous              Ring porous 

 tracheids            vessel elements and fibers 

 1-4 mm    0,8-1,0 mm                0,1-0,4 mm (2 m) 



Thank you for your attention! 


