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HOW TO BE A TREE
or

Shrub or Woody Vine

Some Basics Of
Wood Anatomy

Structure and Function
Of Secondary Xylem



Basics of Wood Structure
Most wood cells have a longitudinal 
orientation, parallel to the long axis of 
the tree, are hollow, and dead at 
functional maturity.

Scanning Electron Microscope Views of Woods, Photos courtesy of SUNY
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Conifer aka Softwood



RAYS – horizontally arranged groups of cells 

Block of Oak wood Microscopic view of Sycamore stem
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In addition to the longitudinally oriented cells -
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Oak Woods Have Wide Rays 
SEM from FFPRI, Tsukuba, Japan
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Rays are aggregations of cells with 
a “radial” arrangement

Almost all ray cells are alive in the 
sapwood.

OAK WOOD



HEARTWOOD

Southern Red Oak

SAPWOOD

HEARTWOOD

HEARTWOOD

Walnut
Before the parenchyma cells die, they often form extractives which can color the wood.



Robinia pseudoacacia J.C. Cerre

SAPWOOD

HEARTWOOD



CONIFERS  / SOFTWOODS
Conduction Longitudinal tracheid
Support Longitudinal tracheid
Storage Parenchyma (ray) ~10%
Rays always narrow; resin canals in some pine family genera

DICOTYLEDONS / HARDWOODS

Conduction Vessel element
Support  Fibers
Storage Parenchyma

(Rays & Axial Parenchyma)
Rays short & narrow to wide & tall, varies by “species”
Variation in proportions of cells

Scanning electron micrographs:  SUNY
Top:  Pine.  Bottom: Birch.

WOOD ANATOMY MINI-LESSON



The General Sherman Tree in 
Sequoia National Park, CA, is the 
largest (by volume) tree in the world.
52,500 cubic feet  / 1,486.6 cubic meters.

1902 – John Muir and friends 

Sequoiadendron giganteum Photos- NPS



LONGITUDINAL TRACHEIDS

Shape:  100 x longer than wide;
tapered, closed ends; hollow center 

(lumen) with rigid (lignified) cell walls.

Size:  2--6 (8) mm long [2,000 µm --6,000 µm]
0.02--0.06 mm wide [20--60 (80 µm]

Small in Cedars (genus Juniperus) 
Large in Redwood (genus Sequoia)



WOOD ANATOMY FACTS
for a 1 in. Cube of Pine Wood

• Has 5 million longitudinal tracheids (LT), each 
~ 3.5 mm long

• If LT’s laid end-to-end, distance covered 
would be about 10 miles / 16 km

• Approximately 300 million bordered pits (LT-
LT).            

• Approximately 1 billion cross-field pits (LT- ray 
parenchyma)



Photo courtesy SUNY

Earlywood (springwood) 
longitudinal tracheids have 

large lumens, wider in 
radial direction.

Latewood
(summerwood) 

longitudinal tracheids have 
narrow lumens, narrower 

in radial direction. 



SEM Photo courtesy SUNY

Water is drawn upward 
through the breaks 

(pits) in the longitudinal
tracheid walls



Probable Metasequoia, Paleogene, 
Katmai National Park, Alaska

Growth Ring Boundaries Distinct

Present Day -- Sequoia sempervirens



Growth Ring Boundaries Indistinct

Late Cretaceous (70 Ma) Podocarpaceae (?) 
Big Bend National Park, TX.







Cross sections (end views): Vessel sizes, 
frequency, distribution; Fiber wall thickness  



Tangential sections: Ray sizes, 
Vessel element connections end-end & side-side
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Nut Beds Malvaceae 
Wood – yes, fruits/seeds - no

FUNCTIONAL TRAITS
Wood Features Correlated 

With Environment



Ring-PorousDiffuse-Porous Semi-Ring-Porous
POROSITY TYPES

Deccan IT,  K-Pg boundary
Fagaceae

Yellowstone N.P. , Eocene
Ulmus

Vantage, WA, Miocene`



“The very highly specialized ... ring-porous condition 

arises apparently when plants .......are subjected to 

cold winters or to alternating very dry and wet 

seasons. ...........it is closely associated with the 

acquisition of a pronounced resting period and 

commonly of a deciduous habit” (Bailey 1924)
.  

POROSITY TYPES

Boura, A. & D. DeFranceschi. 2007. Is porous wood structure exclusive of 
deciduous trees? C.R. Palevol. 6: 385-391. 

Bailey, I.W. 1924. The problem of identifying wood of Cretaceous and later 
dicotyledons: Paraphyllanthoxylon arizonense. Ann. Bot. 38: 439-451



PLOT POROSITY TYPES THROUGH TIME
N. HEMISPHERE. Cretaceous - Recent DP RP

Incidence of Ring Porosity 
Increases Through Time

Increase in RP Indicates Increase In Seasonality



Trees  / Small Trees / Shrubs

Trees wider diameters than 
shrubs.

Shrubs have a higher % of 
narrowest vessels

Wide vessels restricted to 
trees (almost) 

Mean Vessel Tangential Diameter

Trees n = 4840
Small Trees n = 663
Shrubs n = 630

< 50 µm 50-100 µm 100–200 µm     > 200 µm 

Wheeler, Rodgers, Baas. 2007 data from InsideWood 

Olson, M.E., J.A. Rossell, et al. 2018. Plant height and hydraulic vulnerability to drought and cold. 
Proceedings of the National Academy of Sciences, USA 115: 7551–7556.



WOOD ANATOMICAL STRATEGIES
1. Many lowland rainforest trees designed for conductive efficiency    =  
Few, wide vessels
2. Desert plants and cold temperate (frost exposed) plants designed for 
safety =  Many, narrow vessels
3. Many lianas and 4. Plants of seasonal climates  (Ring-porous) designed 
for dual strategies of conductive safety and efficiency (two or more vessel 
size classes)

1 2

The occurrence of these strategies within families and in regional floras elaborated on in a number of
papers by Pieter Baas and Sherwin Carlquist 

3 4 4



VINES
“Structural parasites”

Less “need” for support, 
so fewer fibers

Higher proportion of 
vessels and often two 
size classes of vessels

Sometimes accompanied 
by wide rays.

Ampelocissus tomentosa 
Hairy Wild Grape of India
(Vitaceae / Grape Family)



VULNERABILITY INDEX

Tangential Diameter (Mean)
______________________

Vessels per mm2 (Mean)

Carlquist, S. 1977. Ecological factors in wood evolution: 
a floristic approach.  Amer. J. Bot. 64: 887-896.

Safe

Risky

Values of 1- 2.5 – Mesomorphic
Values < 1 suggest “safe” wood 

Photos courtesy of Frederic Lens, Naturalis, Leiden



Highly Vulnerable

MTD = 234 µm
2-4 / mm2

Few Wide Vessels
Probably as good as 
(better than) Palms or 
Crocodiles as an 
indicator of frost-free 
climates

Early Eocene (~ 50 mya), Denver Basin, CO



VESSEL ELEMENTS ARE PERFORATE CELLS -
VESSELS are composed of Vessel Elements  

FFPRI, Tsukuba, JapanZelkova serrata (Ulmaceae)



Generally, wider vessels are 
longer vessels.

Zimmermann & Jeje 1981
Can. J. Bot. 59: 1882 – 1892

Quercus rubra
Ring porous
EW TD > 200 µm

Vitis labrusca
VINE –TD  > 200 µm

Length in Meters

Length in CM

Length in CM

Fagus MTD < 100 µm
Populus MTD < 100 µm



PERFORATION PLATES
Openings at Ends

Of Water-Conducting Cells

Ascarina – Carlquist photo

Illicium –Carlquist photo

Acer

“Climatic events that are 
more seasonal will tend to 
encourage evolution 
towards greater 
conductive efficiency, such 
as loss of bars on 
perforation plates.”

Sherwin Carlquist 

Christman, M.A. & J.S. Sperry. 2010. 
Single-vessel flow measurements 
indicate scalariform perforation 
plates confer higher flow resistance 
than previously estimated.
Plant, Cell & Environment 33: 431-443. 

Scalariform - Bars Simple – Open end 



Baas, P. 1976.  Some functional and adaptive aspects of vessel 
member morphology.  Leiden Bot. Series, no. 3, pp 157 - 181.
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TROPICAL
SUBTROPICAL-
WARM TEMPERATE

COOL TEMPERATE -
- ARCTIC

15 - 33 % 16 - 40 % 
23-53 % 

EVERWET SEASONAL DESERTDIVERSE 
REGIONAL 
FLORAS

0 %1-5 % 0-8 % 13-22 % 

RECENT. Percentage exclusively scalariform perforation plates.



Associated Databases
EXTANT DICOTS 7,735 descriptions & 
61,420 images (~ 200 families, 2500 
genera, 10,000 species); 
FOSSIL DICOTS 2,232 descriptions & 
4,0591 images; 
MODERN CONIFERS: 235 descriptions & 
1,716 images

http:// insidewood.lib.ncsu.eduResource for Wood Anatomy


