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Softwood anatomy
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" Learning objectives

" |dentify the macro- and microscopic features of softwood xylem

" Visually identify and be able to explain the function of the types of cells in
softwoods

" Recognize the features of softwoods useful in wood identification
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Softwood structure

PRINCIPAL SURFACES OF EASTERN WHITE PINE

Cross-sectional (X), radial (R) and tangential surfaces of eastern white pine. The cube in the center has been
magnified 25 times with an electron microscope. The large circular insets show typical hand-cut sections of
these three surfaces magnified 75 times with a standard microscope. The small inset at the bottom shows the
radial surface magnified 200 times. The letters correspond to features described in the text.
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CONIFER CELL TYPES UNIV gl

This diagram shows the relative sizes and shapes of
longitudinal cells and ray cells in conifers.

LONGITUDINAL CELLS

1

Longitudinal parenchyma cells

(J—— Epithelial cell of vertical resin canal

Longitudinal tracheid (earlywood)

Longitudinal tracheid (latewood)

RAY CELLS

Ray tracheids

Ray parenchyma cells

—— Epithelial cell of
\ horizontal resin canal

Source: Hoadley
Softwood Anatomy - Wood Technology
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Softwood texture

m Texture refers to cell size

= Coarse texture
= Sequoia sempervirens — left image
= 50-80 um, can see with naked eye
* Medium texture

" Pseudotsuga menziesii — middle
image

= 35-55 um, easily seen with hand
lens

" Fine texture

m Piceqg — right image Source: Hoadley
= 23-35 um, can see with a hand lens

Softwood Anatomy - Wood Technology 4



Softwood transitions

Gradual transition
Pinus strobus

Softwood Anatomy - Wood Technology

Abrupt transition
Pinus taeda
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Softwood cell types

" Tracheids
" Parenchyma

" Ray cells
= Ray tracheids
= Ray parenchyma

= Epithelial cells

Latewood
tracheid

Earlywood
tracheid

Ray
cells <

Softwood Anatomy - Wood Technology
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Pinus radiata

Source: McDonald
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Softwood cell types - transverse
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Softwood cell types - radial 7
Earlywood |

" Tracheids tracheld

" Parenchyma Bordered

= Ray cells a

= Ray tracheids
= Ray parenchyma

= Epithelial cells Ray
parenchyma

Ray tracheid

Source: Schoch

Softwood Anatomy - Wood Technology 8



Softwood cell types - radial

Earlywood W\
: tracheid ®
" Tracheids €
1. Epithelial
=" Parenchyma Bordered 1 P cell
- |
= Ray cells i ":
[ ] i .
) Ray tracheids ’ \_ Fusiform
Ray parenchyma | ray
= Epithelial cells Ra}\: Resin canal
parencnyma

Ray tracheid

Source: Schoch

Softwood Anatomy - Wood Technology 9



Longitudinal tracheids

= 05 % of the volume of
softwoods

= Closed ends

" Fluids pass through pits to other
tracheids and through cross-field
pits to ray cells for radial transfer

* Function: longitudinal fluid
transfer and support
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This diagram shows the relative sizes and shapes of
longitudinal cells and ray cells in conifers U ?\,L?.
L NI UDINAL CELLS N[VE

—— Longitudinal parenchyma cells

(O—— Epithelial cell of vertical resin canal

Longitudinal tracheid (earlywood)

Longitudinal tracheid (latewood)

RAY CELLS
Ray tracheids
c
Ray parenchyma cells
O—— Epithelial cell of
horizontal resin ca

Source: Hoadley

Softwood Anatomy - Wood Technology 10



Longitudinal tracheids P

= 95 % of the volume of
softwoods

= Picture to right is almost
entirely tracheids

* Function: longitudinal fluid
transfer and support

Pseudotsuga menziesii

Softwood Anatomy - Wood Technology
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Source: Hanka
Remsova, 2017
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Longitudinal parenchyma

= | ooks like hardwood
parenchyma

* Function: Carbohydrate storage

when in sapwood

Softwood Anatomy - Wood Technology
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CONIFER CELL TYPES a
This diagram shows the relative sizes and shapes of %T
longitudinal cells and ray cells in conifers U ?:L?.
LONGITUDINAL CELLS NIVE

< E Longitudinal parenchyma cells

N

()—— Epithelial cell of vertical resin canal

Longitudinal tracheid (earlywood)

Longitudinal tracheid (latewood)

RAY CELLS

; Ray tracheids

\ l L Ray parenchyma cells
|

\ O—— Epithelial cell of
‘ horizontal resin canal
|\J

Source: Hoadley
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Longitudinal parenchyma

= | ooks like hardwood
parenchyma

* Function: Carbohydrate storage
when in sapwood

Softwood Anatomy - Wood Technology

Source: McDonald
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Resin canals

This diagram shows the relative sizes and shapes of
longitudinal cells and ray cells in conifers

\ad
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LONGITUDINAL CELLS UN[VE

1
- Tu b u | a r p a S S a ge S E Longitudinal parenchyma cells

= Surrounded by special T el i
parenchyma cells called,
epithelial cells

IAM
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" Function: transfer resin through oo
canal for sealing off wounds

RAY CELLS

‘ ; Ray tracheids
\ |
\ |

|
Ray parenchyma cells
‘\ \ J Epithelial cell of
horizontal resin cana
|| Source: Hoadley
)

Softwood Anatomy - Wood Technology

14



Resin canals

Inerare R
Pinus
= Tubular passages |

= Surrounded by special

parenchyma cells called,
epithelial cells

" Function: transfer resin through
canal for sealing off wounds

Resin canal

Epithelial
cell

Source: Hoadley
Softwood Anatomy - Wood Technology
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Resin canals
wTQIe
a% %

N

" Tubular passages

= Surrounded by special
parenchyma cells called,
epithelial cells

" Function: transfer resin through
canal for sealing off wounds

Source: Mike Milota,
OSU, WSE 521

Softwood Anatomy - Wood Technology 16



Rays

» Parenchyma cells and tracheids

= Function: Horizontal transfer of

fluids and storage of food
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CONIFER CELL TYPES e

This diagram shows the relative sizes and shapes of
longitudinal cells and ray cells in conifers

1%
LONGITUDINAL CELLS UNIveR

Eﬁ Longitudinal parenchyma cells

()—— Epithelial cell of vertical resin canal

Longitudinal tracheid (earlywood)

Longitudinal tracheid (latewood)

e

Softwood Anatomy - Wood Technology

RAY CELLS

% Ray tracheids

L Ray parenchyma cells

O—— Epithelial cell of
horizontal resin canal

Source: Hoadley
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Rays

)
" Contain both parenchyma cells :
and tracheids : Epithelial
* Function: Horizontal transfer of :: o
fluids and storage of food )
Uniseriate ’ :
ray .
Resin canal

Source: Schoch

Softwood Anatomy - Wood Technology 18



Pitting

= Pit types
= Simple

= Found in longitudinal
and ray parenchyma

= Bordered
= Along tracheids

= Function: fluid transfer
between cell walls
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SIMPLE PITS

In this pair of simple pits of two adjacent cells (A), each simple pit is a more or less uniform-diameter void in
the walls. In face view (B), we see the pit in outline. In sectional view (C), the pit membrane may be visible.

— —

Pitmembrane—l |
Pit — /‘—Pit Pit membrane—f—_—j——«"' .
=, LN "4

MR

AN

Pit membrane

BORDERED PITS

These bordered pit pairs typically form between two coniferous tracheids (A). In face view (B), they appear as
doughnutlike structures. In sectional view (C), the domed borders are apparent. A half-bordered pit pair (D) is
found where a bordered pit joins with a simple pit.

Pit border ‘/ : s in pit membrane ——% ‘
] |

Pit aperture

Ois
3
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=
[0}
=8
g
]
i

Source: Hoadley

Softwood Anatomy - Wood Technology 19



Pitting
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= Pit types
= Simple

= Found in longitudinal
and ray parenchyma
= Bordered

= Along tracheids

= Function: fluid transfer
between cell walls

Sequoia

Source: Hoadley
Softwood Anatomy - Wood Technology
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Pitting

= Pit types
= Simple

= Found in longitudinal
and ray parenchyma
= Bordered

= Along tracheids

= Function: fluid transfer
between cell walls

Source:
Meylan and

Butterfield
Softwood Anatomy - Wood Technology
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Pitting

= Pit types
= Simple
= Found in longitudinal

and ray parenchyma
= Bordered

= Along tracheids

= Function: fluid transfer
between cell walls

Source: Core

Softwood Anatomy - Wood Technology
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Pitting

= Pit types
= Simple

= Found in longitudinal
and ray parenchyma

= Bordered
= Along tracheids

= Function: fluid transfer
between cell walls

Softwood Anatomy - Wood Technology

Source: Barb
Gartner, OSU
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Pitting

= Pit asperation
= Reduces drying rate
= Stops water transfer
= Asperation occurs

when transferring from
sapwood to heartwood
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Source: Core
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Cross-field pits

" Located at the
intersection of ray
parenchyma (dotted
line - RP) and
longitudinal tracheids
(solid line)

" Can be helpful with
some ID

i\
| !

Cross field

— Ray parenchyma cell

Source: Hoadley

Softwood Anatomy - Wood Technology 25
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Cross-field pits ol

" Located at the
intersection of ray
parenchyma (dotted
line - RP) and
longitudinal tracheids
(solid line)

" Can be helpful with
some ID

Source: Hoadley

Softwood Anatomy - Wood Technology 26
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Cross-field pits — summary s
" Fenestriform
= Open and “window like”
- PInOId Fe.nzs;:]f?rm Pinoid Piceoid Cupressoid-Taxodioid
" Piceoid il 7= 7 A
= Looks like a hot dog G C ) @ @
= Aperature extends beyond the 0 @ O
bgrder Y 00 @ ﬂ @
= Cupressoid ﬁ @ | L J
. . . O Difficult to
= Aperature is within the border @ g @ ““““““““““““ distinguish
" |n species with no resin canals
= Taxodioid |
* Hard to differentiate from
cupressoid

_ Source: Hoadley
= No resin canals

Softwood Anatomy - Wood Technology 27



Cross-field pits

Some associated species

Fenestriform
= Pinus sylvestris — Scots pine
= Pinus strobus — Eastern white pine
= Pinus resinosa — Red pine
Pinoid
= Pinus echinate — Shortleaf pine
= Pinus taeda — Loblolly pine

Piceoid
= Pseudotsuga menziesii— Douglas-fir
= [arix spp. - Larch
= Pjcea spp. - Spruce

Cupressoid

= Juniperus virginiana — Eastern
redcedar

Taxodioid

= Sequoia sempervirens - Redwood
= Abies concolor — White fir

Fenestriform
or Pinoid
windowlike

Piceoid
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Cupressoid-Taxodioid

(|50

2 @

Op0|| 9,0

%%

Softwood Anatomy - Wood Technology

Fe————-

_____________ L Difficult to

distinguish

Source: Hoadley
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Cross-field pits - Fenestriform ol

" [ ocated at the | .
intersection of rays e O

(dotted line) and o9 8 8

longitudinal tracheids

(solid line) g "g “

= Fenestriform

= Pinus sylvestris . “ - '
= Pinus strobus T
o & ra

" Pinus resinosa

Longitudinal Source: Schoch
tracheid

Softwood Anatomy - Wood Technology



Cross-field pits - Fenestriform

" Located at the
intersection of rays
(dotted line) and
longitudinal tracheids
(solid line)

" Fenestriform
= Pinus sylvestris
= Pinus strobus
= Pinus resinosa

a,

e,

Softwood Anatomy - Wood Technology

Longitudinal
tracheid

Source: Mike Milota,
OSU, WSE 521
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Cross-field pits - Pinoid

= | ocated at the

intersection of rays
(dotted line) and

longitudinal tracheids

(solid line)
" Pinoid

m Pinus echinate

® Pinus taeda

Softwood Anatomy - Wood Technology
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Pinus echinate

Pinus taeda

Source: Hoadley
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Cross-field pits - Piceoid

P

o)
=
=
_,
Ny

UN!VE“(LP’

IAM
= | ocated at the

intersection of rays @ @
(dotted line) and

longitudinal tracheids
(solid line)

= Piceoid

= Pseudotsuga menziesii
= Pjcea spp.

Picea spp.
= [arix spp.

Source: Hoadley

Softwood Anatomy - Wood Technology
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Cross-field pits — cupressoid/Taxodioid

= | ocated at the

intersection of rays
(dotted line) and

longitudinal tracheids
(solid line)
" Cupressoid-Taxodioid

= Sequoia sempervirens
= Abies concolor

Juniperous virginiana Sequoia sempervirens
= Juniperous virginiana

Source: Hoadley

Softwood Anatomy - Wood Technology
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Spiral thickening

. - Vg ) 2R

= Occurs in tracheids of S 2N
. . ™ ) /.;
two conifer species $ /2 =

» Psyedotsuga menzisii

»

Y

)J A .-
SR e

‘AQ : N\

= Taxus baccata 2 a s
o , ok o

" The inside of tracheids % <3
is usually smooth X Y
A

Source: Meylan and
Butterfield

Softwood Anatomy - Wood Technology 34



Spiral thickening

= Occurs in tracheids of
two conifer species

» Psuedotsuga menziesii —
left image

= Taxus baccata —right
image

" The inside of tracheids
is usually smooth

2
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Source: Hoadley
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