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Potato starch grains.

1 and 2, Compound starch grains.

3. Simple starch grain.
4. Half-compound starch grain.
5. Cross-section of the outer portion of a potato tuber.
6, Banana starch grains.
7 and 8, Starch grains of 7riticum durum.

Chiloroplast > y 9, Stages in development of starch grains in chloroplasts of Phaius maculata.

Starch’

grain 10, Compound starch grain of Avena.

o

11. As in no. 10, but disintegrating.

12, Sphaerocrystals of inulin in cells of a Da#lia tuber. precipitated when alcohol was added.

13. Aleurone grains in an endosperm cell of Ricinus communis from a section of material embedded in dilute
glycerine.

(Most of the figures adapted from Strasburger, Palladin, and Troll.)
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Leaf venation
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Evolution of steles

This diagram presents the ?-:-: /,'-\ y ,; ~
evolution of steles from a ( (.ﬁ” ( ) ‘. )‘&
primitive protostele. A. N - V4 \-/ \ ? _
Protostele - (Haplostele) B. NS R N /’\\ -
Protostele (Actinostele) C. = / l" (/A W A‘ ( @ | ‘l
Protostele (Plectostele) D. ‘ \ - N/
Ectophloic siphonostele E. | N =y “‘\\://\
Amphiphloic siphonostele L / - = )
F. Dictyostele G. Eustele H. -~ o \ | 7,9—'\
Atactostele :? “ "] | .\ ;‘
Adopted from Practical \ --',5’ /,.' : _:_ _
Anatomy: A.S. Foster ‘\/ \, /?(’G.D\ ‘
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Dicotyledonous vessel members.

1 and 2, Vessel members in which the perforation plates
at both ends are scalariform.

3, Vessel member with one scalariform and one simple
perforation plate.

4-6, Vessel members with simple perforation plates.

"Tails", the narrow elongated tips of the vessel members,
can be seen in nos. 2-5.

(Adapted from I. W. Bailey.)

Perforation plates of vessel members in the primary xylem
of monocotyledons.

1, Scalariform perforation plate from the stem of Phoenix dactylifera.
x 70.

2, Reticulate perforation plate from the root of Hymenocallis caribaea.
x 200.

3-5, Vessel members from the stem of Rhoeo discolor, x 150.

3, Scalariform perforation plate of a helically thickened vessel
member,

4, Reticulate perforation plate of an annularly thickened vessel
member.

5, Simple perforation plate.

6-9, Ends of vessel members with helical thickening from
dicotyledonous primary xylem.

6, Scalariform perforation plate.

7, Transitional form between a scalariform and simple perforation
plate.

8 and 9, Simple perforation plates.

10, Tracheid of Gnetum with helical thickening and circular bordered
pits.

11, Vessel member end of Ephedra with a foraminate perforation
plate.

(Nos. 1-5 adapted from Cheadle, 1953; nos. 6-10 adapted from Bailey,
44.)
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Metatracheal (or Apotracheal) - An older term used to describe the
parenchyma of wood in which concentric bands of parenchyma develop
independent of the vessels. Apotracheal has largely displaced the
modifier metatracheal when describing wood characteristics.
Metatracheal-diffuse (apotracheal-diffuse) parenchyma refers to single
parenchyma strands or cells distributed irregularly among fibers or
tracheids, when viewed in a cross-section of a tree's woody material.
Metatracheal (or apotracheal) parenchyma is axial parenchyma
independent of the pores or vessels and is a morphological character
that distinguishes some birches and alders (partially diffuse xylem
parenchyma) from their relatives such as oaks and chestnut trees
(exclusively metatracheal parenchyma). In contrast, paratracheal
parenchyma is axial parenchyma in which the cells are obviously
associated with the vessels. In the aliform type of paratracheal
parenchyma, cells extend tangentially from the vessels and are seen in
cross section as lateral wing-like projections.






On the Cover: This cross-section of a laurel
(Laurus nobilis) stem was stained with Fast
Green by applying the dye to the exposed
phloem of an intact stem. The dye migrated
into the wood within minutes. The section
shows solitary and grouped vessels closely
associated with paratracheal (vasicentric)
parenchyma and uni- to triseriate rays. The
rapid movement of the dye suggests that the
rays are a suitable route for rapid radial
transport of water and solutes from the
phloem to the xylem. We believe that such
rapid transport contributes to the refilling of
cavitated xylem conduits, as documented in
Tyree et al. (pp. 11-21). (Photograph was taken
by Maria A. Lo Gullo.)
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Major developmental innovations in land plant evolution with relationships of green plants
inferred from recent molecular and morphological phylogenies (Bremer et al. 1987; Gugerli et
al. 2001; Karol et al. 2001; Pryer et al. 2001).
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Floyd S K qt al. Genetics 2006;173:373-388
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Tracheids with circular pits Tracheids with scalariform pits



fibers

Vitis (grape) stem, radial section. The elongate
Tracheids, fiber tracheids, and xylary (libriform)  cells seen here are fibers in the secondary
phloem. These are septate fibers. Septa are
thin cross walls that form in some kinds of
fibers after the secondary wall has formed.
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Diffuse & circular porous wood: Secondary xylem in which there is no
clear size distinction between the xylem vessels formed at the beginning
and at the end of the growth season



The species shows distinct rings and semi-ring to
diffuse porous wood... ;




A spectacular view of a
Douglas-fir
(Pseudotsuga menziesii)
cross section obtained
from the Zuni
Mountains of New
Mexico by my friends
Chris Baisan and Rex
Adams (photo © H.D.
Grissino-Mayer). Note
how very sensitive the
ring widths are of this
species, despite its
young age. indicating it
is ideal for
reconstructing climate.
This picture has
appeared in over 100
publications.
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Xylem vessel elements 1n a flowering plant

The ring

and scale

4

spiral

like wall thickenings are clearly visible.

shaped,

stem
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Pinus strobus secondary xylem
Description

Close view of a radial-longitudinal section through the secondary xylem. Axial tracheids are
oriented vertically in this image and a ray is crossing the xylem in the lower two-thirds. The
uppermost ray cell is a tracheid (note the small bordered pits to axial tracheids) whereas the
other ray cells are parenchyma with large fenestriform pitting. Stained with safranin. Image
from the Atlas of Plant Anatomy http://biology.unlv.edu/Schulte/Anatomy/.



http://biology.unlv.edu/Schulte/Anatomy/
http://www.biologie.uni-hamburg.de/b-online/library/webb/BOT410/410Labs/LabsHTML-99/StemSecGrow/StoriedWoodLab.gif
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Drimys tracheid pitting Tangential Section of storied wood which has
Uniseriate & Multiseriate Rays



http://sols.unlv.edu/Schulte/Anatomy/Secondary/SambucusXylem.jpg
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http://sols.unlv.edu/Schulte/Anatomy/Secondary/JuglansXylTL.jpg
http://www.biologie.uni-hamburg.de/b-online/library/webb/BOT410/410Labs/LabsHTML-99/StemSecGrow/StoriedWoodLab.gif
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Radial section of Willow (Salix spp. <llaiall
Salicaceae) showing a heterocellular

ray composed of procumbent cells (bracket)
and uprights (arrowheads).

A

Spirals

Radial Section (R)

Radial section of Maple (Acer sp. <&
Sapindaceae) showing a homocellular
ray composed exclusively of
procumbent cells.



Beech
(Fagus sp.)

Wide Ray

Uniseriate Rays

Tangential Section ('
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Monocotyledon Wood L, o) yski yiST s pamiall dle gl a3ad) <3 L) o
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Cross-Section Through a Lignified Shoot of

A liana with vascular bundles that Dendrocalamus spec (giant bamboo).
contain one vessel with an T M T
exceptionally large lumen each. S |l i 31 180

Staining: astra blue, acridine red /
chrysoidine (slide preparations: G.
SEEHANN, (Y 4A

Longitudinal Section Through the
Wood of a Palm (Jubaea)
The bark is at the left side.
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Gymnosperm Wood
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Wellingtonia gigantea and Abies pectinata: Cross-sections, plainly recognizable annual
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Beta stem

Serjania stem
young stem
These micrographs show details of the anomalous growth
which occurs in Bougainvillea (Nyctaginaceae). Note the

included vascular bundles (white ovoids), embedded within
the secondary xylem



The carrot root

e L

§

- 8econdary

This micrograph shows part of the root in cross
section. Part of one of the successive cambia is
shown here, together with its associated
secondary xylem and secondary phloem.
Vascular tissue is interspersed with wide
parenchymatous rays

young stem
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Tracheids with circular pits Tracheids with scalariform pits



Vitis (grape) stem, radial section. The elongate
Tracheids, fiber tracheids, and xylary (libriform)  cells seen here are fibers in the secondary
fibers phloem. These are septate fibers. Septa are

thin cross walls that form in some kinds of

fibers after the secondary wall has formed.
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The perforation plate of an Ephedra torreyana vessel. The
perforations are circular and bordered, quite different from the
scalariform pattern basic to the pattern in flowering plants. Tracheids

PRIMITIVE VESSELS
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magnolia (Magnolia

tripetala) sl LS (he W gials

The perforation plate of Ephedra
kokanica consists of perforations
\xéY¥lrelatively large for the genus.
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sels with large simple perforation plates, but
smaller vessels, like this one, viewed with SEM, can have perforation plates composed of
numerous perforations like those of Ephedra.
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Phylum

Sub-Phylum

Class

Order

Family

Genus

Species

Common
Name

Phylogeny

Spermaphyta (Seed Plants)

Gymnospermae (Conifers & Cycads)

/

Pinopsida Dicots (Broad-leaved Plants)

; g P

Angiospermae (Flowering Plants)

Pinales Magnoliales Rosales Ericales

Pinaceae Taxodiaceae Magnoliaceae Annonaceae Rosaceae Ebenaceae

roo $ ' .
Pinus Taxodium Liriodendron Asimina Prunus Diospyros

& ' ' rooy
strobus distichum tulipifera triloba serotina virginiana
Eastern Bald Tulip Poplar Pawpaw Cherry Persimmon
White Cypress

Pine
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Tracheid with scalariform pits
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The helical thickenings in primary xylem of

Pits in an Ephedra tracheid: the central torus,  Gnetum gnemon (and other Gnetales) have

connected by strands with the edges of the pit  circular bordered pits in the helices. This is a
cavity, is a feature Gnetales share with woods  conifer feature not reported in angiosperms.
of conifers.
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Evolution of steles

This diagram presents the ?-:-: /,'-\ y ,; ~
evolution of steles from a ( (.ﬁ” ( ) ‘. )‘&
primitive protostele. A. N - V4 \-/ \ ? _
Protostele - (Haplostele) B. NS R N /’\\ -
Protostele (Actinostele) C. = / l" (/A W A‘ ( @ | ‘l
Protostele (Plectostele) D. ‘ \ - N/
Ectophloic siphonostele E. | N =y “‘\\://\
Amphiphloic siphonostele L / - = )
F. Dictyostele G. Eustele H. -~ o \ | 7,9—'\
Atactostele :? “ "] | .\ ;‘
Adopted from Practical \ --',5’ /,.' : _:_ _
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Cross-section of Arbor Vitae stem
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Banana plant is an amphibious plant that
can grow either fully or partially submerged
and although moderate lighting is
recommended for optimal growth and health .

Protea madida is an amphibious plant:
a plant that has both an aquatic and a
terrestrial habit. They are primarily
found in volcanic active regions around
Tonga and tolerate high levels of
phosphorus and heat.

Protea madida are usually the first large
plants to populate newly formed
islands.


http://en.wikipedia.org/wiki/Tonga

Fig. 1. Various Typha shoot organs in cross-section. Scale bars = 100 um.
A, T. latifolia, leaf margin illustrating curved shape and zone of fibres
indicated by bracket. Berberine Aniline Blue. B, T. angustifolia, leaf
margin illustrating wedge shape and zone of fibres at bracket. Berberine
Aniline Blue. C, T. glauca, leaf margin showing typical narrow wedge
shape, zone of fibres at bracket and I-beam zones of mesophyll with large
vascular bundles between adaxial and abaxial epidermis. Berberine
Aniline Blue. D, T. latifolia, leaf. Note enlarged epidermal cells and
thickened cuticle (arrowhead). Unstained. E, T. angustifolia, leaf.
Arrowhead indicating absence of enlarged epidermal cells above vascular
bundles. Unstained. F, T. glauca, leaf. Enlarged epidermal cells and
thickened cuticle at arrowhead. Fluorol Yellow. G, T. glauca, leaf. Note
enlarged epidermal cells at arrowhead. Phloroglucinol. H, T. glauca, leaf
sheath. Representative of all three species. Small areas of vasculature
and lignified cells under surface; no thickened cuticle or enlarged
epidermal cells. Epidermal region much like that of stalk. Berberine
Aniline Blue. |, T. latifolia, fertile stalk. Bracket indicates band of fibres.
Fluorol Yellow. J, T. angustifolia, fertile stalk. Band of fibres at bracket.
Fluorol Yellow. K, T. glauca, fertile stalk. Bracket indicates band of fibres.
Arrow indicates larger outer bundles characteristic of T. glauca. Fluorol
Yellow. L, T. angustifolia, sterile stalk base. Note multiseriate hypodermis
(arrow) and absence of band of fibres. Berberine Aniline Blue. M, T.
angustifolia, sterile stalk base. Endodermis at arrowhead. Berberine
Aniline Blue. N, T. latifolia, fertile stalk base. Multiseriate hypodermis
present (arrowhead). Note absence of endodermis. Berberine Aniline
Blue. O, T. latifolia, fertile stalk base. Epidermis (arrowhead) and
hypodermis (arrow). Berberine Aniline Blue.
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at both ends are scalariform.
perforation plate.
can be seen in nos. 2-5.
(Adapted from I. W. Bailey.)

Dicotyledonous vessel members.
Vessel members in which the perforation plates

the narrow elongated tips of the vessel members,

3, Vessel member with one scalariform and one simple
4-6, Vessel members with simple perforation plates.
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Perforation plates of vessel members in the primary xylem
of monocotyledons.

I, Scalariform perforation plate from the stem of Phoenix dactylifera.
x 70.

2, Reticulate perforation plate from the root of Hymenocallis caribaea.
x 200.

3-5, Vessel members from the stem of Rhoeo discolor, x 150.

3, Scalariform perforation plate of a helically thickened vessel
member.

4, Reticulate perforation plate of an annularly thickened vessel
member.

5, Simple perforation plate.

6-9, Ends of vessel members with helical thickening from
dicotyledonous primary xylem.

6, Scalariform perforation plate.

7, Transitional form between a scalariform and simple perforation
plate.

8 and 9, Simple perforation plates.

10, Tracheid of Gnetum with helical thickening and circular bordered
pits.

I'1, Vessel member end of Ephedra with a foraminate perforation
plate.

(Nos. 1-5 adapted from Cheadle, 1953; nos. 6-10 adapted from Bailey,
1944.)



Three-dimensional diagrams of different types of protostele.

The diagrams represent the stele alone without the cortex and
epidermis. The microphylls appear in those positions where there are
protuberances on the surface of the stele.

1, Haplostele.

2, Actinostele.

3, Plectostele.

Diagrams of cross-sections of stems with siphonosteles showing
different stages in evolutionary development.
4, Amphiphloic siphonostele (solenostele).
5, Dictyostele.
6, Ectophloic siphonostele.
7,Eustele.
8, Atactostele.

Xylem—hatched; phloem—stippled.
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