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Plant Form and Function – Week 7

Stems in the Primary Plant Body – Ferns and Higher 

Vascular Plants
OVERVIEW:   Up to this point in the semester, we have focused on 1) learning the basic tissue and cell types of photosynthetic organisms, and 2) examining the representatives of the earliest nonvascular plants to inhabit terrestrial habitats – namely algae and bryophytes. From this point on, we will focus on vascular plants.  We will be drawing upon your developing knowledge of basic cellular and tissue anatomy to study plant organs.  Over the next few labs we will look at the primary plant body and then finish our overview of the plant body by considering the secondary plant body.  To begin, today you will learn about the structure and function of stem tissue in vascular plants. 

Objectives: 

1.  Examine the structure and function of stems in lower and higher vascular plants.  

2.  Prepare wet mounts of these tissues and take pictures of your best examples of different types of stems.

3.  Review the evolutionary changes in stems from seedless vascular to higher vascular plants.

Introduction  and Background  Information:   

The above ground parts of plants with vascular tissue (xylem and phloem) consists of an axis (the stem) and lateral organs (namely leaves and buds).  Stems are usually upright, but they also may grow horizontal to ground (just above or below the soil).  Stems may have indeterminant growth while leaves have limited or determinant growth (they reach a maximum size).  The places where leaves occur on a stem is the node, and the intervening stem tissue is called the internode.  Buds usually occur in the axils of leaves and usually there is one bud for each leaf axil.  

Differences in stems are a function of the kind and insertion of leaves, as well as those associated with habitat and type of growth.  For example, stem morphology will vary depending on whether the stem grows in air or underground (rhizome, tuber, corm or bulb), in water or on land, or uprights, climbing, or creeping.  

One of the very interesting areas of investigation of stem anatomy deals with understanding the relationship between leaf arrangement and the organization of related vascular tissue.  At each node, at least one vascular bundle diverges from the “cylinder” of vascular tissue in the stem toward the leaf or leaves that are attached at that particular node.  In a way, tracing how this attachment works is sort of analogous to following the wiring in your car.  It can seem confusing at first, but once you understand the basic principle, you can sort it out according to some general patterns.  Why do we care about specific details of bud and leaf venation in relation to veins in the stem?  Some examples are using an understanding of vascular connections to better understand the spread of disease within plants, or the influences of natural or artificial pruning.  Believe it or not, we are still trying to understand the vascular relationships between tree branches and their trunk.  

Terminology: look up all of the terms used in this lab using your book or other referenceS.  Know their definitions and (if they are structures) what they look like
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Lab Investigation:

SAFETY INFORMATION
Caution:  Broken pipettes, coverslips and slides, and razor blades are very sharp.  Dispose of them in the “sharps” container and NOT the regular trash can.
PROCEDURE: Examine the fresh material and the slides provided in the lab.  Before you leave, make sure you can recognize the tissues and cells listed, and that you know the meaning of the terminology.

A.  General Stem Anatomy

The stem is comprised of dermal, ground, and vascular tissue.  Vascular bundles also can be called fascicles, and the tissue between bundles is called interfascicular.   In the stems of Zea mays, and Pelargonium, locate the following by way of review:
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B.  Anatomy of the Node
It is fairly difficult to demonstrate the anatomy of nodes in the lab without doing dozens of serial sections up a stem.  Why do we care?  Nodal anatomy often is characteristic of families and therefore is taxonomically useful.  The vascular tissue of leaves and stems is connected at the node.  When you make a cross section through a stem at the node, the ring of vascular tissue as a gap in it where the vein veers off into the leaf.  These nodes can be uni-, tri, or multilacunar – depending on how many leaves are attached at a particular node.  The anatomy at the node is even further complicated by the number of auxiliary buds that branch off at the node which also have vascular tissue connected to the stem.  Look at the diagrams on the next page to familiarize yourself with nodal anatomy.

[image: image1.jpg]Figure 11.39
If leaf gaps are rare (A), the stele is mostly a cylin-
der, but as leaf gaps become more common, the

stele begins to appear to consist of interconnected
bundles (B).
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Figure 16.8 Cross sections of stems with different types of nodal structure. Leaf traces
are indicated by blackened xylem regions. A, Spiraea. B, Salix. C, Brassica. D, Veronica.
E, Rumex. F, Clerodendron. (After Esau, Plant Anatomy, 2nd ed. John Wiley & Sons, 1965.)
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Figure 16.7 Diagrams of vascular system of Rhapis excelsa, a palm. A, three sizes of bundles shown in their vertical
course. Leaf traces diverge from vertical bundles. Major bundle occurs deeper in the axis than the smaller bundles. The
stem axis is foreshortened four times in relation to stem diameter. B, details of separation between leaf traces and vertical
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bundles. Bridges are interconnections between bundles. (Adapted from Zimmermann and Tomlinson.®)




1.  Examine the anatomy at the node of the creeping ivy or the sage.  Make a freehand section through the node, and 2 cm below the node. Stain each section lightly. First look at the section you made from beneath the node.  Look for the vascular tissue and make a sketch illustrating its position in the stem.  Now look at the section through the node.  Can you identify the main stem vasculature, leaf or bud traces, uni or trilacunar gaps?  Sketch what you see and look at the sections made by other students in the lab.  

2. If it is available, look at the slide of Salix in longitudinal section on the video scope.  Move the slide around to find: main stem vasculature, leaf trace, xylem, bud trace, apical meristem of the bud, and leaf primordial.  Take a photo for your study records and print it out for your lab notebook.

B.  Anatomy of the Internode
The internode, as you recall, is the region of the stem between nodes.  In other words, there are no branches or leaves in this region.  

The vascular unit and its associated ground tissue, whether simple and compact or loose and complex, became known a the “stele”, a Greek word meaning column  The stellar concept became the basis of the stellar theory which proposed that the primary bodies of the stem and root were basically alike because each has a central core (the stele) enclosed within the cortex.  The core was interpreted as including the vascular system, interfascicular regions, pith (if present), and some ground tissue on the periphery of the vascular system.  The vascular tissue differs in the various plant groups and sometimes even within the same species.  But in general, the different patterns of steles illustrate the evolution of the vascular tissue in the primary plant body.  How the vascular tissue is arranged depends on the genetic instructions that are expressed by the root and shoot apical meristems.

There are two basic types of steles: 1) protostele – solid cylinder of xylem surrounded by phloem; and 2) siphonostele – cylinder of pith within the xylem.  Both ontogenetically and phylogenetically the protostele is more primitive than the siphonostele.  You will examine and diagram the major types of protosteles and siphonosteles in lab today.  Your diagrams should show the general pattern and label the cortex, phloem, xylem, and pith. 

1. PROTOSTELES – The various types of protosteles are characteristic of the Psilota, Lycophyta (Club mosses), and most primitive ferns (Pterophyta).  These are some of the most primitive vascular plants.  

a. haplostele – examine the cross section of the Gleichenia (a tropical fern) rhizome.  This is the simplest type of protostele.  Notice that the xylem is more or less circular in cross section.  

b. actinostele – examine the cross section of the aerial stem of Psilotum – a member of a primitive division that has only stem tissue.  Notice that the central core of xylem appears star-shaped with phloem in between the “arms” of the star.

c. plectostele – examine the cross section of the Lycopodium (Club moss) rhizome. In this case, the xylem is split into longitudinal plates.  Some of them may be joined and others, separate.

[image: image4.jpg]Figure 6.18. Stelar anatomy. Diagrams render the basic anatomical appearance of the pri-
mary xylem (shaded areas) in the plant stem (open cylinders): (A) haplostele; (B) actino-
stele; (C) plectostele; (D) siphonostele with leaf trace and leaf “gap”; (E-H) anatomical
transformations posited for the evolution of the eustele (H) from a lobed haplostele (E).
Adapted from Gifford and Foster 1989.




2. SIPHONOSTELES – this type of arrangement is characteristic of the more advanced ferns, gymnosperms, and angiosperms.  They may consist of a continuous cylinder of vascular tissue or a network of bundles (network being the most derived, or advanced, arrangement).

a. ectophloic siphonostele – examine the cross section of the Osmunda rhizome (royal fern family).  In this case, the phloem surrounds the xylem externally.

b. amphiphloic siphonostele – look at the cross section of the Dicksonia rhizome (tree fern).  Here, the phloem is adjacent to the xylem both internally and externally.  

c. distyostele – examine the Pteridium (Bracken fern) rhizome.  In a way, this almost looks like a dissected amphiphloic stele that you just looked at.  The vascular bundles look like separate strands or bundles (phloem on both “caps” of the bundle).

d. eustele – look at the cross section of the Pelargonium or Helianthus stem cross section.  The eustele is characteristic of the typical herbaceous dicot stem.  The eustele is a dissected siphonostele.  The network of vascular bundles forms a ring around a conspicuous pith.  What do you see as the difference between a dictyostle and a eustele?

e. atactostele – finally, look at your drawing of the Zea mays stem.  This type of siphonostele with the scattered bundles is characteristic of the typical monocot.

3. Now, take a look at some additional materials in the lab.  For each, sketch the stem or rhizome tissue, noting the relative position of the cortex, phloem, xylem, and pith.  For each, predict the type of stele based on the specimens you have just examined.

a. Adiantum (maidenhair fern) rhizome

b. Tmesipteris (fern) stem

c. Equisetum (horsetail) stem


d. Equisetum rhizome

e. Lycopodium stem

DISPOSAL - CLEAN UP

Wash and dry all slides when you are done and place them in the separate glass containers near the sink!  Turn off your microscope, cover it and put it back into the microscope cabinet.  Clean and dry your workspace before leaving lab.

 

RESULTS
Include the following information in your lab notebook:  Drawings, sketches, printouts of your best images, and list of file names made according to the course format.

References

This lab was inspired by a lab on the evolution of the stem developed by Greg Brown at the University of Wyoming.  

Esau, K. 1977.  Anatomy of Seed Plants, 2nd edition.  John Wiley and Sons, Inc., NY.

Mauseth, J.D. 1988.  Plant Anatomy.  Benjamin Cummings Publishing Co., Inc.,  Menlo Park, CA.

Niklas, K.J. 1997.  The Evolutionary Biology of Plants.  Chicago University Press, Chicago. 

Esau, 1977





Esau, 1977





Mauseth, 1988





Niklas, 1997








