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USE OF THE COMPOUND MICROSCOPE 

 

The compound microscope is the primary tool of anatomical research. You will use it 
extensively in each lab this semester. Thus, it is critical that you be familiar with the 
proper care and adjustment of this instrument. Proper adjustment of the microscope will 
ensure that you are able to see plant anatomical structures in all of their glorious detail, 
and reduce eye strain as well! Care of the microscope will ensure its longevity. 
 
PARTS OF THE MICROSCOPE: 

 Light source and brightness control 

 substage condenser (lens) with focus 

 specimen stage and specimen holder 

 objectives (lenses) mounted on revolving nosepiece 

 binocular tube 

 oculars (lenses) 

 coarse and fine focus 
 
CLEANING 

 Be sure all lens surfaces in the light path are clean. 

 Remove dirt from lenses by blowing on lens or, if necessary wipe lens surface with 
lens paper.   

 Do not use paper towels, kleenex, or kimwipes.  The fibers in these papers are too 
coarse and will scratch the lenses.   

 Do not use solvents unless absolutely necessary. 
 
ADJUSTMENT OF THE MICROSCOPE 

 Turn on the microscope light. 

 Using a low power (e.g. 10X) objective, focus on a specimen using the coarse 
adjustment knob. 

 The oculars (eyepieces) on a binocular microscope should always be adjusted to 
your interpupillary distance:  hold the eyepieces and move them together or apart 
until you see a single image.  Try to keep your eyes relaxed, the focal plane of most 
microscopes is 15 cm.  Your oculars can also be adjusted independently.  Most 
people's eyes do not focus in exactly the same plane.  The TA will demonstrate the 
independent focus of the two oculars. 

 The condenser must also be adjusted and it must be readjusted each time you 
change objective lenses.  The condenser focuses the light on your specimen.  
Proper adjustment of the condenser will increase resolution.  After you have focused 
on the specimen, begin with condenser in its lowest position.  Stop down the iris 

diaphragm so that the beam of light coming from the light source is as narrow as 
possible.  Then use the focusing knob to slowly raise the condenser until you see a 
narrow ring of light on the specimen.  This ring of light will have a blue halo at the 
edge, continue raising the condenser until this halo shifts from blue to red.  Now the 
light is focused on the specimen.  Finish the adjustment by opening the iris 
diaphragm until the beam of light is wider than your field of view.  If the light is not 
centered in your field of view, use the two screws under the stage to center the 
condenser and then refocus. 
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 To adjust the contrast, adjust the aperture of the iris diaphragm of the condenser.  
Remove the eyepiece from the eyepiece tube.  While looking into the eyepiece tube, 
slowly open or close the iris diaphragm of the condenser until the light fills about 3/4 
of the field of the objective.  This adjustment should be repeated when you change 
objectives. 

 Adjust the light level with the brightness control not the iris diaphragm. 
 

CHOICE OF MAGNIFICATION AND PRECAUTIONS IN FOCUSING 
Always begin with the lowest power objective.  This permits coverage of a wider field 
of view and is best suited for locating objects of interest.  If more magnification is 
required, move to the next higher magnification objective.  There is no need to lower 
the stage before you swing the next objective into place.  These microscopes are 
approximately parfocal, that is the specimen will remain in approximate focus as you 
move from objective to objective.  Use only the fine focus adjustment for high power 
lenses (40X and 100X).  Always refocus the condenser when you change objectives. 

 
USE OF OIL IMMERSION OBJECTIVE (100X) 

 Use the oil immersion objective only when necessary. 

 Raise the oil immersion objective by pushing the end of the lens in and turning.  Place 
a small drop of immersion oil onto the slide at the small bright spot of light just 
vertically below the objective.  While looking at the microscope from the slide, 
carefully release the objective lens.  It should just contact the oil.  Focus carefully, 
with the fine adjustment only.  Be very careful not to over focus and damage the 
objective and/or the slide.  The objective should never touch the slide. 

 When finished with the oil immersion objective, raise it as much as possible.  Remove 
excess oil from the lens with lens paper.  If necessary put a small drop of solvent on 
a new lens paper and lightly wipe the surface of the lens.  Never use alcohol as a 
solvent.  Excess solvent will dissolve the resin holding the lens in place so use it 
sparingly.  Also, thoroughly clean the slide with a tissue and, if necessary, solvent.  
Do not use a dry objective until you have cleaned the slide. 
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HAND SECTIONING PLANT MATERIAL 

The ability to make free hand sections will allow you to quickly analyze plant tissues 
without resorting to laborious procedures. A tremendous amount of information can 
be derived from hand sections.  Hand sections do not need to be complete or 
uniformly thin to be useful. Your initial attempts at hand sectioning will probably be 
frustrating, however, you will quickly become proficient. Hand sections also provide 3-D 
information which is not available with most commercial slides.  

Materials:  
1. Razor blades  
2. Forceps and spatulas.  
3. Clean slides and coverslips.  
4. Toluidine blue (0.05% aqueous) and other stains as necessary.  
5. Finger bowl with water and paper towels.  
6. Dropper bottle containing water.  
7. Kimwipes.  

Procedure:  

1. Sit comfortably with your forearms resting on the bench and your elbows close to 
your sides. Hold tissue between your thumb and forefinger.  

2. Dip the business end of the specimen in water so that it is wet! 

3. Wet razor blade, fingers and tissue with water from the finger bowl. Water should 
drip from your fingers during sectioning.  

4. Rest the blade on your forefinger and use a slicing motion to cut a thick section from 
the top of the specimen. This should give you a fresh transverse surface to section. 
You should try to direct the slicing away from your thumb. This avoids injury! 
However, I often slice towards my thumb.  

DO NOT USE THIS METHOD FOR HARD SAMPLES. Hard samples are particularly 
dangerous because you need to apply a lot of force to the specimen. This can lead to a 
sudden powerful slice that can cut you deeply.  

5. After several sections have accumulated on the blade, use a spatula or forceps to 
transfer them to a Petri dish of water or onto a pool of water on a microscope slide.  
In most cases, the sections will have thin and thick regions. As long as part of the 
section is thin, you may be able to use it, and thick sections are frequently OK. 

6. You may stain your tissue (see below) or add a coverslip and view the tissue without 
a stain. 

7. To apply the coverslip, hold it at an angle and touch the water drop with one edge. 
Lower the coverslip slowly to avoid air bubbles.   Use a kimwipe to remove excess 
fluid from the slide before you place it on the microscope or the slide will stick to the 
stage and make your life miserable. 

8. For hard tissues, place the material on a slide or on a kimwipe.  Hold the razor blade 
perpendicular to the surface and slice through the material.  Make several cuts in 
rapid succession and mount the thinnest. 

Note:  Dispose of slides in the sharps disposal container. Dispose of leftover stains in 
the chemical waste bottle.  
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STAINING HAND SECTIONS 
 
Toluidine Blue is the stain that we will use most frequently, so be sure you learn how to 
use it in the first few labs. It is a metachromatic (many colors) stain, and it stains 
lignified walls blue-green. Unlignified walls with lots of pectin will stain cherry red. 
However, if you over-stain (too long) with Toluidine blue, everything will be blue.  

a. Add several sections to a drop of water on a slide.  
b. Add 2-3 drops of Toluidine blue to this. 
c. Quickly add a coverslip. 
d. Remove the excess stain by blotting with a Kimwipe. Wipe excess fluid from the 

bottom of the slide.  
e. View right away.  

This stain fades over the time-span of the lab. 

Caution: Toluidine Blue is hard to get out of clothing, so use it carefully and clean up 
any spills with lots of water. In addition, it is poisonous, so avoid getting it on your skin 
as much as possible. We will have surgical gloves available if you want to protect your 
hands. Be sure to wash your hands well if they become stained. 
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LABORATORY  1 
 

EMBRYOGENESIS, ORGANIZATION OF THE PLANT BODY, AND MERISTEMS 
 
I. Embryogenesis and the inception of plant organization 

Obtain prepared slides of the stages of embryo development in the flowering plant 
"shepherd's purse", Capsella bursa-pastoris, and examine them under the compound 
microscope.  Before you begin to study the embryo itself, familiarize yourself with the 
"maternal environment" in which the embryo develops.  The embryo is enclosed within 
protective layers of the ovule.  As the embryo develops the ovule matures into the seed.  
The developing ovules are encased within a heart-shaped ovary.  This ovary becomes 
the fruit as seed and embryo development proceeds. 

As you examine each slide, recall that you are looking at a two-dimensional sample of 
three-dimensional organisms.  You will have to look at all of the developing ovules to 
find one with an embryo in section.  Also note that within an ovary, the embryos may be 
in different stages of development.   

A. Find early stages of embryo development in which the embryo proper has just made 
the transition from filamentous to parenchymatous development.  Can you distinguish 
the embryo proper from its suspensor? 

B. Find later stages of development in which the protoderm is evident.  The embryo 
proper will have a distinct outer layer of cells. 

C. At still later stages one can recognize the shoot and root apices at the opposite 
poles of the embryonic body.  The root pole is defined by the development of its cap 
and the shoot pole by the initiation of the first pair of leaves, the cotyledons.  Because 
cotyledon initiation precedes elongation of the hypocotyl-root axis, the embryo of 
Capsella assumes a heart-shaped configuration.  Can you identify procambium and 
ground meristem?   

Once these major organographic regions are defined, most of the subsequent 
development within the ovule/seed involves elongation and enlargement of these major 
organs.  The curved shape of the embryo in later stages of development results from 
the curvature of the cavity of the ovule.   
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II. Apical meristems 
 
The plant body is formed from the activity of localized regions of cell division called 
meristems.  Meristems are classified as being primary or secondary in nature and 
produce the primary body or secondary body of the plant.  Examples of primary 
meristems are apical meristems, which occur at the tips of all stems and roots and 
intercalary meristems, which occur at the bases of leaves or some internodes.  The 
secondary meristems include the vascular cambium and the cork cambium.  Today's lab 
covers only the apical meristem. 
  
The term apex refers to the distal 1-2 mm or so of the plant axis (root or shoot).  The 
term promeristem refers to the group of one to several apical initials, which produce by 
cell division derivatives that ultimately form the plant body.  The apical meristem 
consists of the initiating cells and their most recent undifferentiated derivatives.   
  

Median longitudinal sections of shoot tips are most frequently used to study and 
illustrate shoot apex organization.  Because of the different patterns of leaf production 
(phyllotaxy) and frequent curvature and distortion of developing leaves, such sections 
usually include fragmentary and oblique sections of older leaves, which may be 
confusing.  Remember, histological sections are only two-dimensional, whereas the 
structure you are interested in is three-dimensional. 
  
As you work through the following material, consider the following points: 

 Is the initiation of cells by an apical cell or by a group of initials?   

 What is the size and shape of the promeristem?   

 Observe the occurrence of anticlinal  (perpendicular to the surface of the apical 
dome) or periclinal (parallel to the surface) cell divisions (how will you recognize 
that cell division has occurred?).   

 Note the origin, arrangement and appearance of leaf primordia.  Identify nodes 
and internodes and note the increase in length of internodes with distance from 
the apex.   

 Try to identify the primary meristematic tissues.  Do these tissues appear to have 
any relationship to different parts of the promeristem? 

  
 
  



7 

 

A. Plant organization and location of shoot and root apical meristems 
 
Obtain a seedling of pea (Pisum sativum) or sunflower (Helianthus annuus) and identify 

the stem, leaf and root.  Can you identify nodes and internodes?  Why do internodes 
vary in size?  How many leaves are there?  Why are the leaves nearer the shoot apex 
smaller? 
   
Cut off the terminal 1-2 cm of the stem and mount it in modeling clay.  Using forceps or 
dissecting needles carefully remove the small leaves surrounding the apex.  You will 
eventually expose the dome shaped surface of the shoot apical meristem.  The shoot 
apical meristem is the source of all cells and tissues making up the shoot system of the 
primary plant body.  It is "eternally" embryonic and could, theoretically, produce new 
cells forever. 
Now look at the apical meristem at the opposite end of the plant.  Unlike the shoot 
apical meristem from which leaves are initiated, the root apical meristem does not 

directly produce lateral organs. 
 
Large plants of Coleus are also available in the lab.  You can dissect some of the 

axillary buds for a view of a shoot apical meristem. 
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B. Shoot apical meristems 

Examine prepared median longitudinal sections of shoot apical regions of the following 
plants: 

1.  Equisetum (aka horse tails or scouring rush): Most "lower" vascular plants have 
apical meristems with a single apical cell.  The apical cell is pyramidal tetrahedral) 
with three downward facing sides (cutting faces) producing new cells.  You may have to 
examine more than one slide to visualize the shape of the apical cell.  Can you trace the 
lineages of cells produced by each of the cutting faces of the apical cell?  Note the 
meristems in the axils of the leaves.  These meristems have the same structure as the 
meristem of the main axis and could produce branches. 

2.  Sambucus (Elderberry), Coleus (a common house plant with colorful leaves) 
and Zea mays (corn): These plants, as is typical of most Angiosperms, have apical 
meristems with a tunica-corpus organization (a few non-flowering seed plant 
["gymnosperms"] such as Ephedra and Gnetum do as well).  Identify the tunica.  How 
many layers of cells are in the tunica of these three species?  Can you see signs of 
recent cell divisions in these layers? (look for two small cell separated by a very thin 
wall or cells caught in mitosis).  Are these divisions anticlinal or periclinal?  Locate the 
corpus.  What is the plane of cell division in this section of the meristem?  Compare the 
shape and arrangement of cells in the tunica with the cells in the corpus. 

Do you see any differences in cell characteristics of these apices that would suggest 
cytohistological zonation?  This type of organization is common in non-flowering seed 
plants (see below) and many flowering plants.  Note that the same apical meristem may 
be characterized by both tunica-corpus organization (a description of planes of cell 
division) and cytohistological zonation (a description of cell size, staining, and location; 
see below) 

Primary meristematic tissues: Below the promeristem look for evidence of 
differentiation of the primary meristematic tissues.  These are the precursors of the 
three primary tissue systems of the plant (Dermal, Ground, and Vascular tissue 
systems).  In the center of the stem the cells are large and vacuolate.  These cells will 
eventually mature as the pith (part of the ground tissue).  To the periphery of these cells 
find narrow, densely staining files of cells.  This is provascular tissue.  Why do these 
cells stain differently than those in the center?  External to the provascular tissue are 
cells that will form cortex, which is also part of the ground tissue.  Do you see a 
protodermal layer?  

3.  Pinus (pine tree) and Ginkgo biloba (maidenhair tree): These two species are 
non-flowering seed plants.  Many seed plants have apical meristems with 
cytohistological zonation.  Difficulty in identifying precise planes of cell division in the 
meristems of these species led to the development of this more flexible concept.  The 
meristem is described in terms of certain zones or regions that differ in cell size and cell 
staining.  Five zones are generally recognized (see text for diagram): apical initial 
group, central mother cell zone,  transition zone (frequently absent), peripheral 
zone, and rib meristem.  Concentrate on identifying the central mother cell zone, the 
peripheral zone and the rib meristem in Ginkgo and Pinus.  Also, look for differentiation 
of the primary meristematic tissues below the apical meristem: ground meristem, 
procambium, and protoderm.   
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C. Root apical meristems 
 
Roots also grow from their tips by the activities of the root apical meristem.  Unlike the 
shoot, the root has no lateral appendages (such as the leaves) produced by the apical 
meristem.  As a result, the files (lineages) of cells produced by the initials remain in an 
easily observed pattern.  Also in contrast to the shoot apical meristem, the root apical 
meristem produces a protective covering called the root cap.  Thus, the initials of the 
root apical meristem must contribute cells to both the body of the root and to the distal 
root cap. 
 
1. Zea mays (corn):  Examine a prepared slide and identify the root body and the root 
cap.  In this species, the boundary of the root cap is easily identifiable.  This 
configuration is called a closed meristem. Can you identify a promeristem?  Primary 
meristematic tissues?  A Quiescent Center?  Review the characteristics of each of 
these regions. 

 
2. Allium cepa (onion):  Examine a prepared slide.  Can you distinguish the root cap 
from the root body at the very apex?  Compare the organization of this root apex with 
that of Zea mays.  
Is it open or closed?  Can you identify the primary meristematic tissues? 
 
3. Fern root tip:  Examine a prepared slide.  The apical cell is tetrahedral, producing 
the root tissues on three sides, and the root cap on the fourth face.  Where is the root 
cap?  What is the organization of this root? 
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LABORATORY 2 

 

EPIDERMIS, GROUND TISSUES OF THE PRIMARY PLANT BODY, AND ERGASTIC SUBSTANCES 
 

I. The epidermis 
 
The epidermis comprises the outer covering of the entire primary plant body.  It is part 
of the Dermal Tissue System.  The functions of the epidermis include mechanical 
protection, restriction of water loss, regulation of gas exchange between the 
environment and the interior tissues of the plant, and absorption (particularly the root 
epidermis).  Epidermal cells are variable in shape and their outer tangential walls are 
covered with a cuticle and often with a layer of wax. 
 
A. Epidermal Peels: Your TA will demonstrate a technique for preparing epidermal 
peels.  Prepare an epidermal peel of several of the plants provided (Setcreasea or 

Dichorisandra, jade plant, corn, and others) and examine it with the compound 
microscope.  What is the shape of the epidermal cells?  Do they have chloroplasts?  
Do they have pigments in the cells?  Where are the pigments located?  Can you see a 
cuticle?  Find the stomata.  What is the shape of a stomate?  Identify the guard cells.  
Do these cells have chloroplasts?  Is the stomatal pore open or closed?  How common 
are stomates (are they in high density, or scattered among the epidermal cells at low 
frequency)?  In each preparation identify the subsidiary cells.  How do subsidiary cells 
differ from the other epidermal cells?  What is the arrangement of the subsidiary cells 
relative to the guard cells? Are they diacytic (guard cells and subsidiary cells 
perpendicular), paracytic (guard cells and subsidiary cells parallel), anisocytic 
(subsidiary cells of unequal size), or anomocytic (subsidiary cells not distinctive)? 
   
There are also three different prepared slides (onion, Tradescantia, and "dicot" (an 
unknown eudicot taxon).  Look at all three prepared slides and answer the questions 
raised above for the fresh material. 
 
B. Leaf Cross Section: Examine a cross section of a Ligustrum (privet) leaf.  Identify 

the epidermis on the upper and lower surface of the leaf.  It is a single layer of cells.  
What is the shape of the cells?  Are there intercellular spaces?  Are these walls primary 
or secondary?  Can you see the cuticle on the outer wall of the cells?  Find stomata.  
Identify the guard cells and the pore.  Try to relate the shape of the guard cells in cross 
section with their shape as viewed in the whole mounts. 
 
C. Cuticle: Obtain a slide labeled “Hydrophytic, Mesophytic, Xerophytic” and examine 
the set of leaf cross sections that are nearest the bottom edge of the slide (the edge 
closest to you).  This is a leaf of a plant that grows in hot dry (xeric) environments.  A 
thick cuticle reduces water loss in such environments.  Look for the cuticle on the outer 
tangential walls of the epidermis in these sections. 
 
D. Trichomes: Trichomes are part of the epidermis and differentiate from the 
protoderm.  They are most common on leaves, but can occur on any plant part.  There 
are several different types of leaves in lab. Examine the leaves with the dissecting 
microscope. You can also strip off the trichomes by applying a piece of clear tape to the 
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leaf surface and then stripping it away.  Then put the tape on a slide and look at the 
hairs with the compound microscope.  You can also try making very thin cross sections 
of the leaves for the compound microscope. 
 
Find an example of each of the following types of trichome: unicellular, multicellular 
unbranched, multicellular branched, candelabraform, peltate, glandular. Are the 
trichomes all alike or are various types together on one leaf?   
 
Cotton thread (and hence, cotton cloth) is made from the unicellular trichomes formed 
on the seed of the cotton plant.  There is cotton on display in the lab. 
 
  
E.  Root Epidermis  

1. Examine a prepared cross section of a young Ranunculus (Buttercup) root.  How is 
this epidermis different from the leaf epidermis you saw in Ligustrum?  Are the cells 
shaped the same?  Can you see a cuticle?  Are there stomates?  Are there plastids? 
  
2. Root hairs are unicellular trichomes.   
 
a. Radish (Raphanus sativus) seedlings that have just germinated are available in a 

Petri dish.  Examine these radish seedlings under the dissecting microscope to see 
the distribution of root hairs along the length of the root.  Note the length of these 
individual cells (hairs) in relation to the diameter of the body of the root.  Why are the 
hairs closest to the tip of the root shortest? 

 
b. Examine whole mounts of wheat seedlings.  Use only the lowest power objective 

to view these preparations (you will see the unfortunate result of using higher 
magnification when you look at these slides).  Note that the root hairs are formed 
well back from the root apical meristem.  Root hairs can only form on mature 
portions of the root (parts that are no longer elcongating).  Why is this?   
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II. Ground tissues of the Primary Plant Body 
 
In this lab you will continue to investigate the second of the three tissue systems, the 
ground (fundamental) tissue system.  The ground tissue comprises three tissues: 
parenchyma, collenchyma, and sclerenchyma.  These tissues are found in the pith 
and cortex of roots and stems, in the mesophyll of leaves, and as the major component 
of the fleshy and storage tissues of fruits and seeds.  Parenchyma and sclerenchyma 
cells are also found in vascular tissue (a complex tissue), but in this case they are 
referred to cell types and not as tissues.  Parenchyma, collenchyma and sclerenchyma 
are therefore simple tissues and are also cell types when they form a part of a 
complex tissue like xylem.   
 

A. Parenchyma  
 
Parenchyma is one of several tissues that are included in the Ground Tissue System.  

Parenchyma is the most widespread type of cell in the bodies of higher plants.  It 
comprises the majority of the ground tissue and can assume a variety of structures 
depending on the function it performs.  Photosynthesis, storage, support, and aeration 
are examples of its numerous roles.  Parenchyma cells may also resume meristematic 
activity to heal wounds or during the normal process of secondary growth (more about 
this later). 
 
1. Unspecialized parenchyma. Most parenchyma of the center part of stems is 
primarily mechanical in function.  The rigid walls and turgor, and mere bulk, provide 
support for the axis.  These cells typically have primary walls, a very large central 
vacuole, and few organelles.  For an example of this type of parenchyma look at the 
center region of the stems in a cross section of Helianthus. 

 
2. Chlorenchyma. Parenchyma cells that are significantly involved in photosynthesis 
(i.e., have lots of chloroplasts) are referred to as chlorenchyma.  Chlorenchyma is 
common in the peripheral regions of stem and leaf ground tissue.  
 
a. Cut transverse hand sections of a Coleus or a Mentha (mint) stem and mount in 

water.  The parenchyma cells just below the epidermis are relatively large, have thin 
walls, and the protoplasts contain chloroplasts.  What is the three dimensional shape 
of these cells?    
 

b. Examine a prepared slide of a Ligustrum leaf in cross section.  The ground tissue of 
a leaf is usually primarily chlorenchyma.  Can you see chloroplasts within these 

cells?  Note the variation in cell size and shape and amount of intercellular space.  
Why is intercellular space important in photosynthetic cells?   
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3. Aerenchyma.  Aerenchyma is parenchyma tissue that functions in aeration and/or 
floatation.  It typically has large intercellular spaces.   
 
a. Make hand cross sections of the petiole of a water hyacinth (Eichhornia crassipes).  

Water hyacinth is a floating aquatic which has become a terrible pest in many 
waterways.  It reproduces so prolifically that it soon clogs waterways and drives out 
other vegetation.  Note the large air spaces in the center and through out the ground 
tissue.  How are these intercellular spaces formed?  Aerenchyma is common in 
aquatic plants.  Give two possible functions of aerenchyma in water hyacinth.  
Prepared slides of water hyacinth are also available for you to examine and compare 
with your hand sections.   

 
b. Examine a prepared slide labeled "Hydrophytic, mesophytic, xerophytic leaves".  

The upper most two sections are of floating leaves.  Note the large air filled spaces 
within the parenchyma of these leaves.  This parenchyma also may be referred to as 

aerenchyma. 
 

c. A type of aerenchyma called stellate parenchyma occurs in the stems of Canna 
and Juncus effusus var. spiralis.  These plants are emergent aquatics; they are 
rooted in the beds of lakes or other bodies of water, and the shoots grow up through 
the water and emerge into the aerial environment.  Make hand sections of the 
material provided and compare it to Eichhornia.  What is the shape of the individual 
cells?  What is the likely function of aerenchyma in these emergent aquatics? 

 
d. A third type of aerenchyma occurs in the submerged aquatic, Hippuris.  Examine 

prepared slides of Hippuris.  The large air spaces are bordered by rows of cells that 

separate during development. 
 
e. Aerenchyma is also known from plants that are now extinct.  On display is a section 

of fossilized aerenchyma.  
 
4. Storage Parenchyma. 
 
Examine the prepared cross sections of Ranunculus roots.  All of the ground tissue that 
you see is parenchyma that serves to store starch.  All of the parenchyma cells are 
filled with amyloplasts. 
 
 
5. Transfer Cells. 
 
Individual parenchyma cells may be specialized for short distance (cell to cell) transport.  
These cells have highly convoluted walls that provide dramatically increased surface 
are of the plasma membrane.  What is the functional significance of this extra surface 
area?  The walls of transfer cells are not readily visible with the light microscope.  We 
will provide photos taken with a transmission electron microscope so that you can 
review the structure of these cells. 
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B. Collenchyma 
 
Collenchyma is the primary supporting tissue, not only of growing organs, but also 
frequently of mature herbaceous organs that have little or no secondary growth (growth 
in width).  Collenchyma is closely related to parenchyma and can be regarded as thick-
walled parenchyma specialized as supportive tissue.  The cell walls are primary in 
nature and do not react with stains for lignin.  Collenchyma usually occurs around the 
periphery of young stems and petioles where it is an ideal support tissue because of the 
plasticity of the cell walls; i.e., these cells can elongate or stretch without trying to 
regain their original shape, thereby allowing the plant organ to grow without damage.  
There are three common types of collenchyma, two of which are illustrated in the 
examples below.  Remember that intergradations between types occur and that the 
classification is primarily for convenience. 
 
1. Lamellar collenchyma. Examine prepared cross sections of young twigs of 
Sambucus (the ones that say “no cork”).  The collenchyma is located just below the 
epidermis.  What distinguishes this as lamellar collenchyma?  Where in the stem is it 
located?  Are these cells living (can you see a protoplast)? 
 
2. Angular collenchyma. Examine prepared cross sections of a Cucurbita stem.  Is the 
collenchyma in the same location as in the Sambucus?  Where are the walls thickest in 

this collenchyma?   
 
3. Mint.  Cut transverse sections of mint stems.  There is angular collenchyma in the 
"corners" of these stems as well. 
 
4. Apium (celery) petiole.  Cut a transverse section, mount in water, and locate the 
collenchyma ribs (great with dip but they get stuck in your teeth).  What type of 
collenchyma is present? 
 
C.  Sclerenchyma 
  
Sclerenchyma is another type of supporting tissue which may also serve a protective 
function.  It differs form collenchyma in the fact that its thick walls are usually lignified 
secondary walls.  Lignified walls stain a characteristic red color when stained with 
safranin.  There are two basic types of sclerenchyma: sclereids and fibers.  Sclereids 
are primarily protective or supportive in function.  They can assume many shapes and 
sizes, and can be found in a diversity of organs.  Fibers are supportive in function and 
are commonly found in the cortex of stems as well as other parts of the plant.  
Sclerenchyma fibers are typically long narrow cells.  They are especially suited to their 
role for support in older, more mature tissues because, unlike collenchyma, their walls 
are elastic, that is, they tend to snap back to their original shape when bent or 
stretched.  This characteristic makes them unsuitable for young elongating tissues since 
they would resist growth.  In older tissues where growth has ceased, fibers provide 
excellent support strength and assist the plant in recovering from loading stresses.  
Fibers are traditionally classified into two categories: extraxylary fibers, those fibers 
found outside of the xylem tissue, and xylary fibers, those fibers found within the xylem 
tissue (particularly secondary xylem or wood). 
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1. Sclereids: 
 
a. Pyrus (pear).  Scrape some of the flesh from just under the skin onto a slide and 

add a drop of safranin.  Add a coverslip and gently tap flat.  Wait a few minutes for 
the stain to work.  Look for brachysclereids, commonly called stone cells.  The 
brachysclereids occur in clusters and are responsible for the characteristic gritty 
texture of a pear fruit.  (You can also try looking at these cells unstained).  Prepared 
slides of Pyrus are also available.  In these slides the thickness of the secondary 

walls of the brachysclereids is especially evident.  Also visible are the long pits, 
visible as 'tubes' or channels running across the cell wall.  Note how the pits 
coalesce as the diameter of the cell is narrowed by the deposition of the thick wall. 

 
 

b. Other fresh material will be available in lab.  Make hand sections of one or two of 

these and look for sclereids.  Share your results with the class. 
 
 
c. Macrosclereids.  Triticum aestivum is domesticated wheat.  The outer wall of the 

grain (the fruit of the wheat plant) is composed of a layer of macrosclereids.  These 
cells form a protective, hydrophobic layer around the embryo and endosperm.  What 
makes macrosclereids hydrophobic?  The wheat grain is either ground whole, 
producing whole wheat flour, or the layer of macrosclereids is milled away before 
grinding to produce white flour.  The layer of sclereids that remains is what we know 
as wheat bran.  Samples of wheat flour, white flour, and bran are on display in the 
lab.  Use a wet mount to examine a tiny pinch of each under the microscope.The 
rice (Oryza sativa) grain is also protected by a layer of macrosclereids.  Brown rice 

still has this protective layer and it is removed to produce white rice.  Brown rice, 
white rice, and rice bran (the layer of macrosclereids that was removed to make 
white rice) are on display in the lab.   

 
 
d. Look at one of the slides marked "hydrophytic, mesophytic, xerophytic leaves".  The 

upper section on this slide is from an aquatic plant (a hydrophyllic or literally "water 
loving" plant).  Scattered within the aerenchyma of the leaf are star-shaped 
astrosclereids.  These cells may provide support and protection.  Remember that 
sections are essentially two dimensional and you will have to scan the section to get 
a good idea of what the astrosclereids look like in 3-D. 
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2. Fibers (extra xylary fibers): 
 
a. Get a prepared slide called "annual and perennial dicot stem cross section".  Look at 

the section with the larger diameter.  This is the stem of an annual (identity 
unknown).  In the periphery of the stem locate the bundles of fibers. These fiber 
cells occur outside of the vascular bundles.  The walls are very thick and have 
simple pits.  Are these cells living?  If you could see these cells in longitudinal 
section they would be very long and narrow. 

 
b. Grape stem maceration.  A tissue maceration is prepared by dissolving the middle 

lamella from between the cells.  The cells then separate, allowing you to see their 
three-dimensional shapes.  The long narrow cells with tapered ends are fibers.  Note 
the thick walls and the lack of conspicuous pitting. 

 
c. Linum (flax).  Examine a prepared stem cross section.  The very thick walled cells 

in the peripheral portion of the stem are fibers.  Unlike most fibers, the secondary 
walls of these fibers are 75% to 90% cellulosic with little or no lignin.  Linen cloth is 
made from these fibers.  Why are long narrow cells useful for making thread and 
weaving cloth? 

 
Xylary fibers will be examined in the lab on Xylem. 
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III. Ergastic substances 

Plant cells synthesize a variety of products that are visible with the light microscope that 
have been referred to by anatomists as ergastic substances.  These are a subset of 
what are called secondary plant products.  They are not primary metabolites, that is, 
they are not involved in primary functions such as energy production or use, or 
formation of cellular structure.  They have diverse functions such as defense or storage, 
but often their function is unknown. 

A. Crystals:  A major class of ergastic substances is crystals.  Crystals are salts of 
calcium or magnesium oxalate and are typically synthesized in the vacuole.  Because 
they are crystalline, that is the molecules are arranged in a precise array, they are 
birefringent.  Your TA will explain birefringence and show you how to use polarizing 
filters to observe this property of crystals. 

1. Druses are sharp, pointed aggregates of angular crystals forming a star-like cluster.  
Examine free-hand sections of petioles of Begonia, Setcreasea, or other material 
provided for druses.  Examine prepared slides of Ginkgo and Larrea. 

2. Raphides are long needle shaped crystals which occur in bundles.  Examine hand-
sections of Dieffenbachia stems and Yucca petioles and locate the raphides. 

A little more about raphides in Dieffenbachia adapted from “Carolina Tips” Vol 45, 1982: 
The common house plant Dieffenbachia picta is often called “dumb cane”. 
Dieffenbachia cells contain a proteolytic enzyme similar to the venom of scorpions and 
snakes.  If you were to chew on a piece of Dieffenbachia, your mouth and throat would 
become paralyzed for perhaps a day.  You would not be able to eat or speak until the 
paralysis wore off.  The enzyme can affect you because specialized cells (generically, 
idioblasts), found in the leaves and stems contain needle-shaped crystals of calcium 
carbonate, the raphides.  Each idioblast contains a bundle of raphides that are forcibly 
ejected from the cell when the tip of the cell is damaged, as it might be when some 
herbivore decides that Dieffenbachia looks like lunch.  It is believed that the raphides 
penetrate the soft tissue of the throat and mouth making it easier for the venom-like 
enzyme to enter tissues and cause paralysis. 

To see the raphides being ejected, macerate a piece of Dieffenbachia stem in a small 
amount of tap water with a mortar and pestle.  Using a Pasteur pipette, remove some of 
the liquid and place it on a microscope slide.  Add a cover slip and observe with the 
compound microscope.  Look for idioblasts with broken tips (they are slender with 
pointed ends) and you will see individual raphides outside of these structures, and if you 
are patient, you will see the raphides be ejected.  Observe the shape of the idioblasts 
over time.  The idioblasts swell as water accumulates inside and changes in turgor 
pressure are thought to cause ejection of the raphides. 

3. Styloids are long needle shaped crystals that occur singly.  Make a paradermal 
section of an Iris leaf and look for styloids. 

B. Tannins:  Tannin is a generic term for a group of related phenols that are capable of 
precipitating proteins.  Tannins can be stored in vacuoles, cytoplasm, or even cell walls.  
In prepared sections they appear as brownish blobs that often obscure the entire cell 
contents.  Examine prepared slides of Pinus secondary phloem or other slides put out 
for your inspection.  What are some of the presumed functions of tannins? 
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LABORATORY 3 
 

VASCULAR TISSUES OF THE PRIMARY PLANT BODY 
 

I. Xylem: cell types and characteristics 
 
Xylem is a complex tissue whose primary function is the conduction of water (and 
dissolved mineral nutrients) throughout the plant body.  In addition, xylem can serve an 
important role in support and storage, particularly in secondary xylem (wood).  The 
basic cell types of xylem tissue are tracheary elements (tracheids and vessel 
elements), parenchyma cells, and xylary fibers.  Tracheids and vessel elements 
comprise the two basic types of cells involved in the conduction of water.  At maturity, 
both tracheids and vessel elements are non-living (they lack a protoplast) and constitute 
part of the apoplastic component of the plant.  Tracheids are the most primitive water 
conducting cells.  They appear first in the fossil record and are the only water 
conducting cells in many groups of vascular plants.  Tracheids are long, thin cells with 
pointed tips.  They have no perforations in their walls (they are imperforate), so all 
water passes from one cell to the next through the pit membranes (the two primary 
walls and the middle lamella) of bordered pit pairs.  Vessel elements, on the other 
hand, have holes or perforations between the ends of adjacent cells (the hole goes 
through the secondary walls, primary walls, and middle lamella).  These perforate 
cells, when lined up end to end form hollow tubes or vessels.  The side walls of the 
vessel elements (the individual cells of a vessel) have various types of pits. 
 

Primary Xylem: 
It is important to distinguish between primary xylem which differentiates from the 
procambium (provascular tissue) during growth of the primary plant body, and 
secondary xylem, which is formed from the activity of the vascular cambium during 
secondary growth.  Within the primary xylem, the differentiation and maturation of cell 
types can be viewed as occurring in two phases.  Protoxylem represents the first-
formed elements of the primary xylem.  Generally, protoxylem matures before (or while) 
organs undergo intensive elongation (i.e., close to the apex), whereas metaxylem 
matures after most or all of this elongation is completed.  Thus, there is an important 
functional correlation between the timing of maturation and the types of secondary wall 
thickenings that predominate in protoxylem and metaxylem.  In general, stretchable or 
extensible annular and helical thickenings predominate in the protoxylem, while less 
stretchable wall thickenings (scalariform, reticulate, or pitted) develop in metaxylem 
tracheary elements.  In addition, there is frequently a size distinction between 
protoxylem and metaxylem elements, with the diameter of the protoxylem being smaller.  
Of course, since there is a gradual developmental transition between protoxylem 
formation and metaxylem formation, intermediate forms can be found. There are some 
exceptions to these generalizations.  For example, metaxylem tracheary elements of 
reproductive structures may have secondary wall thickenings of exclusively the 
extensible annular or helical types.  Thus, it is important to remember that protoxylem 
and metaxylem are not strictly structural "types" but are developmental concepts that 
must be integrated with a knowledge of the dynamic aspects of plant growth and 
differentiation. 
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A.  Get a soggy piece of Apium (celery) petiole.  Remove the tissue carefully and tease 

out one or two vascular bundles.  Place them on a slide with toluidine blue and cover 
with a coverslip.  Press down on the cover slip and squash the bundle lightly to separate 
the cells.  Scan the squashed bundles and note the different types of secondary wall 
thickenings present.  List them and make a sketch of each.  Can you distinguish 
between protoxylem and metaxylem elements?  Can you also find parenchyma cells 
and fibers?  Do you think fibers mature along with the protoxylem or the metaxylem 
tracheary elements? 
 
B.  Observe a prepared slide (both transverse and longitudinal sections) of Zea mays 

(corn) stem. (A note on orientation: When looking at a stem cross section or longitudinal 
section, on a radius from the stem center through a vascular bundle, the xylem is 
encountered first [it faces the pith] and the phloem in the same bundle is toward the 
epidermis, closer to the cortex.)  In the longitudinal section find the xylem.  The section 

will probably not parallel the vascular bundle, so as you look at the cells bear in mind 
that they will not necessarily be cut right down the center.  What types of wall 
thickenings are present in the cells of this xylem tissue?  Can you find vessels?  What 
types of perforations do the vessel elements have?  Are there vessel elements with 
pitting in the side walls?  Can you identify protoxylem?  Often the protoxylem elements 
have been stretched so much they have collapsed.   
  
Now look at the cross section.  Can you identify the xylem elements?  Can you see any 
evidence in cross section of what type of wall thickenings are present? 
  
C. Examine a longitudinal section of a Cucurbita (squash) stem.  Although the 

arrangement of vascular bundles differs between corn (a monocot) and squash (a 
eudicot) the xylem elements of the primary xylem are quite similar.  Compare the xylem 
of squash and corn. 
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II. Phloem: cell types and characteristics 

Phloem is a complex tissue whose primary function is the conduction of nutrients within 
the plant body.  There are two basic types of conducting cells (sieve elements) in 
phloem, sieve cells and sieve tube members, both of which are living at maturity.  In 
seed plants, sieve elements are unusual in that, at maturity, they are enucleate (lack 
nuclei).  Both types of sieve elements have modified "holes" in their walls called sieve 
pores.  The distinction between sieve cells and sieve tube members is analogous to the 
distinction between tracheids and vessel elements.  Sieve tube members are joined end 
to end and have more specialized end wall (sieve plates), and are characteristic of 
evolutionarily derived ("advanced") groups of vascular plants.  Sieve cells have 
relatively undifferentiated sieve areas and lack true sieve plates.  In addition to sieve 
elements, specialized cells called companion cells, as well as parenchyma cells and 
fibers are present in the phloem.  For this lab, concentrate primarily on characteristics of 
the sieve elements. 

As in xylem tissue, phloem can be classified as primary phloem, which differentiates 
from the provascular tissue during primary growth, and secondary phloem, which 
differentiates from the vascular cambium during secondary growth.  Within the primary 
phloem, protophloem differentiates and functions first, and metaphloem differentiates 
after tissue elongation ceases.  Protophloem elements are usually functional for only a 
brief time and are commonly destroyed or obliterated.  Sometimes there is a size 
distinction between protophloem and metaphloem elements the latter being longer and 
wider than the former, with more distinct sieve areas. 

A.  Sieve Cells.  Sieve cells are elongate cells with sieve areas distributed along the 
side walls and end walls.  Sieve areas are portions of the cell wall with many sieve 
pores.  Observe a prepared slide of Pinus (Pine) secondary phloem in longitudinal 
(radial) section.  The phloem in this preparation is stained brown.  Look at the phloem 
nearest to the xylem (stained blue).  Find the sieve cells and examine the sieve areas.  
You will recognize the sieve areas by the dark blue stain of the sieve pores.  At low 
magnification, the sieve areas may look like areas of blue dots.  At high magnification, 
you will see that these blue areas are callose and should look like doughnuts 
surrounding the pores.  You will see other sieve areas on older sieve cells that have 
been completely covered by definitive callose.  This callose blocks the sieve areas of 
cells that are no longer conducting. 

B.  Sieve Tube Members.  Sieve tube members are elongate cells whose end walls are 
more distinct than those of the sieve cells.  The end walls are called sieve plates.  Two 
types of sieve plates are recognized.  Compound sieve plates have sieve areas 
(groups of sieve pores) on an inclined end wall in a scalariform or reticulate pattern.  
Simple sieve plates have a single sieve area on a more or less transverse end wall, 
and are considered to be evolutionarily more advanced.  Sieve tube members are 
associated with specialized parenchymatous cells called companion cells.   

Identification of sieve elements is often difficult.  To find the sieve elements in a 
prepared section, first find the phloem tissue.  In primary tissue of stem and leaf, 
phloem will occur in the same vascular bundle as the xylem.  The phloem will usually be 
stained green in contrast to the xylem, which stains red (due to the lignified walls).  
Phloem is usually located external (towards the outside of the stem) to the xylem but 
may also occur in other arrangements such as occurring both internal and external to 
the xylem.  Once you have found the phloem, the sieve elements often have an angular 
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outline (rather than being perfectly circular) in cross section and appear empty (although 
they are alive).  They are most easily recognized by the adjacent companion cells, 
which are smaller and have dense cytoplasm.  Often, both in cross section and 
particularly in longitudinal section, sieve areas with sieve pores are visible.  There are 
always parenchyma cells with the sieve elements. 

1. Study a transverse section of the stem of Zea mays (corn) on a prepared slide.  
Identify the phloem in the vascular bundles.  The sieve tube members are the larger 
diameter cells, the companion cells are the smaller densely cytoplasmic cells.  These 
cells are the metaphloem (the persistent sieve elements and their associated 
companion cells).  The protophloem is non-functional, and is located at the outside edge 
of the bundle where it will appear somewhat crushed or even as intercellular space.    

2.  Examine a prepared slide of a Cucurbita (squash) stem in transverse section.  The 
primary vascular bundles of Cucurbita are bicollateral (we'll come back to this) 
meaning that the phloem occurs both internal and external to the xylem within each 
vascular bundle.  Look for the large diameter sieve tube members and their smaller 
companion cells, and the phloem parenchyma.  The sieve tube members of this 
species have simple sieve plates which will be more apparent in longitudinal section.  
You may, however, find a sieve plate in face view.  (If you see one please let other 
anatomists look, too.) 

3. Examine a prepared slide of a Cucurbita (squash) stem in longitudinal section.  Find 
a conspicuous xylem vessel and look on both sides of it for phloem.  Identify sieve tube 
members and their sieve plates.  Note the nearly transverse orientation of the sieve 
plate.  Can you detect pores in the sieve plates?  Do they appear to be lined with 
callose?  Are there reddish p-protein plugs against any of the sieve plates?  These 
plugs form when phloem is damaged (like when you cut it up and fix it for sectioning).  
Can you see sieve areas on the lateral walls?   Can you find companion cells?  What is 
the function(s) of companion cells?  

4. Examine a prepared slide of a Vitis (grape) stem in longitudinal section.  Compare the 
sieve tube members of this species with those of Cucurbita.  This species has 
compound sieve plates (several sieve areas comprise each sieve plate) on more 
oblique end walls.  How do the sieve areas on the lateral walls compare?  The sieve 
areas on the end walls will appear a uniform lavender.  Each sieve area is completely 
covered by dormancy callose which stains lavender in these slides.  What would the 
sieve areas and sieve plates look like if they were conducting? 

5. Examine a prepared slide of Quercus (Oak) xylem and phloem.  As in the pine slide, 
the phloem will appear brown (primary walls and protoplasts stain brown) and callose 
and lignin stain blue.  Find the tangential section of the phloem (third section from your 
left).  Both the sieve areas on the side walls and the compound sieve plates of these 
sieve tube members are visible in this preparation. 

6. Prepared slides of aphid stylets on cabbage leaves are available.  The poor aphids 
were caught in the act of inserting their stylets into cabbage phloem in order to suck out 
the sweet phloem juices.  Can you tell whether the stylets are in the sieve tube 
members or the companion cells?  Which cell type would be most likely to have the 
goodies? 
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LABORATORY 4 
 

SECRETORY STRUCTURES AND PRIMARY STEM STRUCTURE 
 
I. Secretory Structures 
  
Secretory structures in vascular plants can assume considerable diversity of structure 
and chemical compounds secreted.  Our focus has been on those cells or structures 
that produce specific compounds in addition to those normally secreted by the 
protoplast, such as cellulose, lignin, cutin, suberin, wax, and other similar substances.  
Secretory structures are typically classified according to their position within the plant.  
External secretory structures include trichomes, glands, nectaries, and 
osmophores.  Internal secretory structures include secretory cells, secretory 
spaces (secretory cavities and secretory ducts), and laticifers.  Secretory structures 
occur on vegetative and reproductive organs.  A variety of functions have been 

attributed to these structures.  Some secretory structures clearly have a protective, 
repellent function, whereas others have an attractant role (especially in reproductive 
organs to attract agents of pollination and dispersal).  Other secretory structures serve 
to excrete or isolate various compounds whose presence is assumed to be detrimental 
to the plant (e.g., salt glands).  Finally, it should be noted that there may be no "adaptive 
significance" to a secretion product. 
 
A. External Secretory Structures 
 

1. Glandular Trichomes: We have already examined trichomes in an earlier lab.  
Recall that trichomes also may be glandular. 

a. Insectivorous plants provide a dramatic example of secretory trichomes.  Examine 
those on display.  In addition, prepared slides of Drosera (Sundew) leaves are 
available.  The secretory structures of sundews are not true trichomes because they 
are not derived solely from the protoderm.  In the sections, you will see that there 
are tracheary elements present.  Why don’t you see the mucilage secreted by these 
structures on the prepared slide? 

b. Examine the prepared slides of Cannabis leaves.  The trichomes on these leaves 
synthesize cannabinoids, including THC (Tetrahydrocannabinol).  How many 
different types of trichomes can you identify? 

c. Other types of plants with glandular trichomes will be on display in the lab. 

2. Nectaries: Nectaries secrete solutions of various sugars.   

a. Flowers with nectaries are on display. 

b. Several species with extra-floral nectaries are on display.  The extra-floral nectaries 
are typically located where the leaf blade meets the petiole.  Observe the nectaries.  
Can you tell what tissues or cell types are included in the nectary? 

3. Osmophores:  With a little luck, some smelly things will be in bloom for your sniffing 
delight. 
  



23 

 

 
B. Internal Secretory Structures 
  
1.  Secretory cavities are more or less spherical secretory spaces.  Secretory cavities 
are generally lysigenous in origin.  Cut a transverse and longitudinal section through a 
lemon peel and look for the lysigenous oil cavities. These are sometimes erroneously 
called “oil cells.”  Why is this incorrect? 

 
2. Secretory Canals (secretory ducts): are elongate or tube-like secretory spaces.  
They can be lysigenous or schizogenouse in origin.   Resin canals are a type of 
secretory canal that forms schizogenously.  Cells of the developing canal separate 
and differentiate into a secretory epithelium.  These epithelial cells synthesize resin 
and secrete it into the schizogenously formed space.  Find resin canals in prepared 
slides of Juniperus scopulorum twigs and pine needles and identify the epithelial cells 

and the secretory space.  What would these canals look like in longitudinal section? 

 
3. Laticifers: Laticifers are cells or series of fused cells containing latex, a milky fluid 
consisting of various organic and inorganic compounds.  Laticifers are divided into two 
main types: articulate and non-articulated.  Non-articulated laticifers originate from 
single cells which elongate greatly into tube like structures and are often much 
branched.  Articulated laticifers are compound in origin and consist of longitudinal 
chains of usually elongate cells in which the end walls separating the cells either remain 
intact, become perforate, or disappear completely.  If the later happens, the laticifer 
appears essentially non-articulated. 
 
a. Make incisions into the leaves or stems of Euphorbia or other plants on display for 

this purpose.  The milky white liquid that seeps out is latex. 
 
b. Examine prepared slides of Nerium (Oleander) stem tips and find the non-articulated 

laticifers. 
 

c. Examine slides of Lactuca (lettuce) stems and find articulated laticifers. 

 
d. Examine slides of Euphorbia stems and determine the type of laticifer. 
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II. Primary Stem Structure 

The stem consists of the three basic tissue systems you are already familiar with: the 
dermal tissue, ground tissue, and vascular tissue.  In this lab concentrate on 
understanding the spatial arrangement of these tissue systems and the location of each 
of the component tissue and cell types that you have learned so far. 

A.  General Stem Anatomy: 

Examine the prepared slide labeled "Typical Monocot and Dicot stems, cs".  The 
smaller cross section is from Helianthus (sunflower).  Identify the epidermis, cortex, 
interfasicular region, pith, and the ring of vascular bundles.  What cell and tissue 
types occur in each and what is the arrangement?  Note the difference in cell size 
between the cortex and pith.  This stem exhibits a single ring of vascular bundles, the 
typical arrangement for eudicots (a subset of flowering plants) and non-flowering seed 
plants.  Each bundle contains both xylem and phloem in the collateral arrangement, i.e., 
the xylem is closer to the stem center and the phloem is closer to the stem periphery.  
There is a large group of extra-xylary fibers associated with each vascular bundle, 
located next to the phloem.  How could you tell that these are fibers and not part of the 
xylem?   

Within the xylem of each vascular bundle, the protoxylem is located nearest to the pith.  
Maturation of the procambium to mature xylem elements proceeds from this location 
centrifugally toward the middle of the bundle, that is the xylem is endarch.  
Protoxylem elements usually have a smaller diameter than metaxylem elements.  
What will the lateral walls of the elements look like?  What is the comparable pattern in 
the phloem of protophloem and metaphloem?   

Note the size and location of each vascular bundle in the stem.  Are any of these leaf 
traces?  How would you tell? 

1.  For comparison look at a slide of another eudicot, Cucurbita (squash).  Identify the 
regions of the stem listed in part 1 and compare the structure of the two stems.  The 
stem of Cucurbita is "hollow".  There is a large space in the center of the pith.  The 
space is formed rhexigenously, by tearing of the pith as the stem expands.  Compare 
the size and number of the individual vascular bundles.  Cucurbita has fewer bundles 
that are much larger than in Helianthus.  These bundles also lack the "caps" of 
extraxylary fibers.  What is the arrangement of xylem and phloem in these bundles?  
What is the term used for this arrangement? 

2. Stem anatomy in monocotyledons.  In monocots, a linage of flowering plants, 
stem anatomy differs from that of other seed plants.  The vascular bundles appear to be 
in a “scattered” arrangement, rather than in a ring. 

a. Zea mays (corn) stem ls and cs:  Look at the cross section and find the three 
tissue systems.  Note that in this stem there is no clear distinction between cortex 
and pith.  What types of cells and tissues occur in the ground tissue system?  How 
does the arrangement of the vascular bundles in this stem differ from the 
arrangement in the stem of a eudicot?  These vascular bundles are completely 
surrounded by a sheath of extraxylary fibers.  This is common in monocots.  What 
is the arrangement of xylem and phloem within the bundles?  Can you identify 
protoxylem?  What is the direction (in cross section) of xylem maturation in these 
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bundles?  Vascular bundles in the center of the stem are often larger than those in 
the periphery.  Where are bundles more numerous? 

b. Wheat stem, cs:  Although wheat is a monocot it doesn't have the dispersed 
arrangement of vascular bundles typical for monocots.  Wheat has a hollow stem 
with the bundles confined to the peripheral region of the stem. 

 
3.  Stem anatomy in a conifer: 
Conifer stems, and the stems of other gymnosperms are similar to those of the 
flowering plants you looked at in part 1 of this section (A).  Examine the prepared slide 
labeled Pinus young and older stems, cs.  The smaller sections are from young 
stems of Pine during primary growth.  The stem is star-shaped in outline due to the 
presence of well developed axillary buds.  Note that the arrangement of tissues in this 
stem is similar to the arrangement common in eudicotyledons (Angiosperms).  There is 
an epidermis, cortex, a ring of vascular bundles, and a central pith.  The tissues of the 
vascular bundles are not completely differentiated in these sections, how can you tell 

this?  In these stems are also dark red tannin containing cells and resin canals that 
appear as hollow "tubes" lined by a cellular epithelium.  These canals are elongate 
parallel to the long axis of the stem. 
 
 
B. Stem Development of Differentiation of Vascular Tissue  
 
1.  Coleus stem tip xs and ls:  Look first at the longitudinal section.  The apex and 
several nodes and internodes are visible.  If this region had been allowed to continue to 
develop and grow, it would have been several centimeters long at maturity.  Would most 
of the elongation occur in the nodal or internodal region?   
 
Identify the promeristem and the developing leaf primordia.  Below the promeristem, 
can you identify the three tissue systems?  They begin to differentiate just below the 
promeristem.  The protoderm forms a continuous layer over the shoot tip.  The ground 
meristem will differentiate both pith and cortex.  The large cells that will become pith 
are easily identified in the center of the young stem.  Between the differentiating pith 
and cortex is the provascular tissue.  The cells of the provascular tissue are quite 
narrow compared to the ground meristem.  Can you follow a provascular strand from 
the stem into a leaf?  Are the provascular strands continuous with vascular tissue 
below?  It may not appear so because you are seeing only one section.  As you know, 
vascular tissue does not run straight up the stem, rather it has a curving and branching 
path.  Can you see protoxylem or protophloem differentiating from the provascular 
tissue?  How far down from the apex does this occur?  Remember that the 
developmental history of a tissue can be inferred by tracing back along the length of the 

shoot, from the mature tissue toward the apical meristem 
 
Adjacent to this longitudinal section is a set of four cross sections of the shoot apex 
taken at two different levels.  The sections nearest to you are the youngest (made 
nearest to the apex).  The stem is in the center and is surrounded by at least four leaves 
(why don't these leaves appear to be attached to the stem?).  Can you identify the three 
tissue systems in this section?  The provascular bundles form a ring in the periphery of 
the stem.  The older sections (made further from the apex) show differentiation of 
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protophloem and protoxylem within the provascular bundles.  Make certain you can 
relate the arrangement and differentiation of the tissues as viewed in cross section to 
their arrangement and differentiation as viewed in longitudinal section.  This is a true 
test of your skills as an anatomist. 
 
2.  Once you feel comfortable with the arrangement of tissues in cross section, you can 
get a more detailed understanding of the process of differentiation by looking at the 
slides labeled Coleus stem tip, serial xs.  Serial sections are successive sections 
placed side by side.  If you are good at thinking three dimensionally, you can scan along 
these sections and reconstruct, in your mind, an image of the sectioned material.  
These sections proceed distally, that is from below the apex up toward the apex.  You 
can scan them in this direction, starting at the top row and scanning toward the right.  
When you reach the end of the row begin again with the left section on the second row 
and scan to the right again.  You will be moving up through the stem.  I find it easier to 
begin at the apex and scan down.  To do this begin at the lower right corner and scan 

each row to the left.  The first section you see will probably be only leaves.  Within a few 
sections the promeristem will be in the center.  Continue to scan until you can recognize 
provascular tissue.  As you scan you will see the surrounding leaves meet the stem and 
their vascular bundles will become part of the ring of vascular bundles in the stem.  
Continue to scan until you see protophloem appear in the bundles.  You should see 
protophloem earlier than protoxylem.   The last sections have both protophloem and 
protoxylem.  If you get the hang of it, this is the best way to understand how vascular 
tissue is distributed in a stem and the dynamics of tissue differentiation. 
  
There are only two of these slides, please return them promptly. 
 
  



27 

 

LABORATORY 5 
 

LEAVES AND ROOTS 
 
I. Leaf Structure 
 
Leaves are lateral organs produced by the shoot apical meristem.  From a 
morphological perspective, most leaves are differentiated into three major regions: the 
leaf base, the petiole, and the lamina (blade).  In herbaceous plants, the formation 
and development of the new lateral organs may be uninterrupted during the life cycle.  
In perennials where there is a seasonal interruption of growth, the unexpanded shoot tip 
forms a dormant bud which is usually covered by modified leaves or bud scales 
(cataphylls).  Bud scales usually have the same phyllotactic arrangement as leaves on 
the stem and enclose a series of primordia on the shoot apex.  Bud scales show much 
structural variation among taxa and may be covered by hairs with resinous secretions, 

possess thick cuticles, or consist of predominantly sclerified cells. 
 
From an anatomical perspective, the leaf, as is true of the stem and root, is composed 
of tissue from the dermal, ground, and vascular tissue systems.  The dermal tissue 
system is composed of the epidermis and may include guard cells, subsidiary cells, 
trichomes, and glands.  The ground tissue of a leaf is referred to as mesophyll.  
Typically, the mesophyll is differentiated into two zones:  an adaxial palisade 
parenchyma consisting of elongate cells oriented perpendicular to the epidermis, and 
an abaxial spongy parenchyma consisting of variously shaped cells with conspicuous 
intercellular air spaces.  In leaves of some species a specialized hypodermis may 
develop to the inside of the epidermis.  The layer of mesophyll surrounding the vascular 
bundles of many leaves is called a bundle sheath.  The cells may be parenchymatous 
or sclerenchymatous.  A bundle sheath extension (a plate of ground tissue) may 
extend from the bundle sheath to the epidermis.  Developmentally, the bundle sheath is 
usually related to the ground tissue system.  However, it is often treated descriptively as 
a part of the vascular bundle. 
 
Vascular bundles of leaves are often referred to as veins.  The pattern of veins is called 
venation.  In leaves of most flowering plants, there is a main central vein that runs up 
the middle of the leaf.  This vein is also called the mid rib.  Branches of the main vein 
are called lateral veins.  As these veins branch repeatedly, they form a net like or 
reticulate pattern.  In contrast the leaves of monocots are said to be parallel veined.  
Many large veins enter the leaf of a monocot and run parallel along its length.  Most 
conifers that you are familiar with have needle-like leaves with only one or a few veins.  
The vascular bundles (veins) of the leaves have both phloem and xylem.  The xylem is 

usually along the adaxial or "upper" half of the bundle and the phloem is abaxial or 
along the "lower" half. 
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A. General Leaf Morphology and Phyllotaxy   
 
Examine the live material available in class.  How are the leaves arranged on the stem?  
Are they whorled (two or more at a node)?  Are they opposite (two leaves 180 degrees 
apart at the same node)? Or, are they alternate (one leaf per node)?  If alternate, are 
they arranged in a helix? Identify the three parts of the individual leaves: leaf base, 
petiole, and lamina.  Can you see the veins?  They are often marked by raised ridges 
in the lamina; the midrib is usually particularly prominent.  The smaller veins are usually 
not detectable.  Is the venation reticulate or parallel? 
 
B.  General Leaf Anatomy 
 
1. Examine a prepared cross section of a Ligustrum (Privet) leaf.  This is a cross 
section made perpendicular to the midrib.  The adaxial ("upper") surface of the leaf 
should be uppermost as you look at the section.  Find the epidermis with its cuticle on 

the outer surface.  Can you find stomata?  Are they on both adaxial and abaxial 
surfaces?  Can you identify the guard cells?  Now look at the mesophyll.  Find the 
palisade parenchyma.  Which side of the leaf is it on (adaxial or abaxial)?  How many 
layers of palisade cells are there?  What is the shape of the individual cells?  
Chloroplasts of these cells have picked up the red stain and are not particularly easy to 
see but these cells are packed with them.  Find the spongy parenchyma.  Compare 
the shape of these cells and the amount of intercellular space in the spongy mesophyll 
compared to the palisade mesophyll.  Based on the arrangement of palisade and 
spongy parenchyma, is this a bifacial leaf? 
  
Find the large vein of the midrib.  Can you identify the xylem and phloem?  Which side 
of the bundle are they on?  Does this vein have a bundle sheath extension?   
Compare the main vein with the smaller lateral veins.  Note the sheath of parenchyma 
cells around the veins (a bundle sheath).  Do these cells have chloroplasts?  Some of 
the lateral veins may be running parallel to the section and appear in longitudinal 
section.  You may be able to see tracheary elements in these veins. 
 
2. Now look at the paradermal section of the Ligustrum leaf.  A paradermal section runs 

parallel to the surface of the leaf.  This section was cut at a slight angle, such that you 
can see all of the tissues of the leaf.  Find the palisade and spongy parenchyma.  How 
do these cell types differ in size and shape?  Also note the difference in cell 
arrangement and intercellular spaces.  Find the vascular tissues.  Note that the veins of 
the leaf enclose small sectors of mesophyll that are called areoles.  Find the epidermis 
and note the number and arrangement of the guard cells.  Can you tell if you are looking 
at the adaxial or abaxial epidermis?  How? 
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C.  Variations of Leaf Anatomy 
 
1. Sun and Shade Leaves 
  
Leaf anatomical characters may vary with the environment in which the leaf develops.  
A common cause of variation is the amount of sunlight a leaf receives during its 
development.  An individual plant may have some leaves developing in full sunlight and 
other leaves developing in deep shade.  These leaves can have very different 
anatomical characteristics. 
  
Look at the slide labeled "sun and shade leaves."  These are leaves from the same 
species grown in contrasting light environments.  Examine both sections and compare 
them in terms of:  thickness of the leaf; amount of palisade tissue (number of rows of 
cells); amount of spongy mesophyll and the amount of intercellular space in this tissue; 
the presence of trichomes; the presence of sclerenchyma near the veins; the size of the 

main vein and the amount of vascular tissue in the veins.  Can you find other 
differences?  Which leaf do you think developed in full sun?  Why?  Can you think of 
ways that the various differences you noted affect the way the leaf functions in its 
environment? 
 
2. Hydrophytic and Xerophytic Leaves 
  
Leaves of plants that grow in extreme environments may have specialized anatomy.  
Unlike the sun/shade differences, these anatomical differences are usually genetically 
fixed.   Get a slide labeled "hydrophytic, mesophytic, xerophytic leaves".  There are two 
sections of each leaf type with the hydrophytic leaves uppermost.  The mesophytic leaf 
is in the center, use this leaf as a "control" or standard to compare with the other leaves.   
  
a. Look first at the hydrophytic leaf.  This leaf is from an aquatic plant and the leaves 

normally float at the surface of water (like a lily pad).  The plant is usually rooted in 
the substrate of the lake bed and has very long petioles that allow the leaves to 
reach the surface of the water.  Compare the anatomy of these leaves with that of 
the mesophyte.  Note the distribution of the stomata.  Why should the hydrophyte 
have no stomata on its lower surface?  Is there a palisade layer?  A spongy layer?  
The spongy parenchyma forms aerenchyma with very large air spaces.  The air 
spaces help these leaves to float.  Find the main vein.  Compare the amount of 
xylem in this vein with the amount in the mesophyte.  Compare the support tissue 
around the veins of the two leaves.  One has sclerenchyma; the other has 
collenchyma as the primary supporting tissue.  What is the significance of this 
difference?  Do you see any other differences? 

 
b. Next look at the xerophytic leaves.  Xerophytes grow in very arid or sometimes in 

very saline environments.  Leaves of these plants have a variety of characters that 
reduce water loss.  Look at the section of the xerophytic leaf and compare it to the 
mesophyte.  Note the very thick cuticle.  This species has a hypodermis, a layer of 
sclerified cells beneath the epidermis.  Does this species have palisade and spongy 
mesophyll?  There are druses in the mesophyll.   
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Note the amount of sclerenchyma associated with the veins. Where are the stomata 
distributed?  Do you see the pockets in the underside of the leaf?  These pockets 
are called stomatal crypts.  They are lined with trichomes and the stomata are down 
among the trichomes in these crypts.  Why might the stomata be sunken in this 
way? 

 
c. Larrea tridentata (creosote bush) is one of the most common shrubs in the 

southwest deserts of the US and Mexico.  It is an evergreen and rather than holding 
its leaves out perpendicular to the sun’s rays it holds them up at an angle.  The sun 
can strike both surfaces but does so at a steep angle.  Look at a cross section of 
leaves from this species.  Note that there is palisade tissue on both sides of the leaf, 
that is, this is an equifacial leaf.  What is the functional significance of this 
arrangement? 

 

D.  Anatomy of a Monocot Leaf 

Monocots have a diversity of leaf morphologies and grow in as many different habitats 
as eudicots do.  As you might expect, their leaf anatomy is every bit as variable as that 
of eudicots.   Zea mays will provide an example of a monocot leaf and also show some 
anatomical characters peculiar to plants with C4 photosynthesis (see handout at the end 
of this laboratory for a review of C4 photosynthesis). 

Look at a slide of Zea mays.  Scan along the length of this section.  Can you identify a 
mid rib?  There are large veins and small veins but these are distributed across the 
width of the leaf.  This difference in venation is the primary difference between monocot 
and eudicot leaves.  Monocots have many parallel veins whereas eudicots have a main 
vein and reticulate venation.  Find the upper epidermis and note that some of the 
epidermal cells are very large.  These enlarged cells are called bulliform cells.  If the 
leaf begins to experience water stress (getting near to wilting) these thin walled bulliform 
cells will lose turgor first and collapse.  As they collapse, the leaf will roll up.  This rolling 
will cover the surfaces that are losing water and, perhaps, prevent the plant from wilting.   

Are both types of mesophyll present in these leaves?  All veins have bundle sheaths, a 
layer of mesophyll cells surrounding the veins.  This leaf exhibits Kranz anatomy.  This 
type of anatomy is typical of many grasses and other flowering plants that utilize the C4 
pathway of photosynthesis (C3 is the "normal" pathway of photosynthesis).  C4 plants 
have large mesophyll cells arranged in one or two rings around each vascular bundle.  
Since the late 1800's, anatomists have used the German word "Kranz" (wreath) to 
describe this concentric organization of different cell types in various leaves.  Some 80 
years later, the functional significance of Kranz anatomy became clear to plant 
physiologists.  The only enzyme of the mesophyll cells capable of carbon fixation in C4 
plants is phosphoenolpyruvate (PEP) carboxylase.  The product of this reaction is a four 
carbon organic acid (hence the name C4).  This C4 acid is transported into the bundle 
sheath cells where it is decarboxylated to release CO2.  Within the bundle sheath cells, 
RUBP carboxylase fixes this liberated CO2 into sugars in the "normal" way.  Thus the 
anatomical features of these leaves reveal a striking example of structure-function 
relationships.  The bundle sheath cells often have more numerous chloroplasts and 
their chloroplasts tend to be located on the side of the cell away from the vascular 
bundle. 
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E.  Anatomy of a Conifer Leaf 
 
The most familiar taxa of cone bearing plants have "needle-like" leaves.  Look at slides 
of pine needles as an example of a conifer leaf.  Pine leaves have many characters 
common to xerophytes.  There is a hypodermis of sclerified mesophyll cells.  The 
stomates have guard cells sunken below the epidermis.  The subsidiary cells arch 
way over the stomate.  The walls of the mesophyll cells have ridge-like invaginations, 
giving them a convoluted appearance.  Within the mesophyll are resin canals.  Are 
they lined by epithelium? 
  
Between the mesophyll and the vascular tissue there is a ring of cells with suberized 
walls called an endodermis (rare in leaves but present in all roots).  How many 
vascular bundles are there in each leaf? 
 

F. Leaf Abscission 
 
A common sight every autumn is to see leaves falling to the ground.  The active 
separation of leaves from the stem is called abscission.  It requires both physiological 
and anatomical changes that allow the leaf to fall and protect the stem at the site where 
the leaf was attached.    
 
Examine the leaf abscission zone on the longitudinal section of Prunus.  Find the stem 

and the petiole.  The abscission zone is located at the base of the petiole.  The 
abscission zone consists of two layers, the abscission layer, where separation will 
occur, and the protective layer that will protect the stem.  What are the distinctive 
characteristics of the cells of these layers?  How do those characteristics relate to their 
function? 
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II. Root Structure 
 
The root is typically a subterranean organ that is specialized for absorption, storage, 
and anchorage.  Roots vary in structure but are generally simpler than stems, in part 
because they lack leaves and are not segmented into nodes and internodes.   A primary 
root is distinguished from a primary stem by the following criteria: (1) presence of a root 
cap; (2) lack of apically produced lateral appendages (i.e., leaves); (3) occurrence of 
xylem and phloem on separate radii; (4) endogenous origin of laterals. 
 
The tissues typically present in a root include: epidermis, cortex, endodermis 
(innermost layer of the cortex and characterized by the presence of Casparian strips), 
pericycle (a layer of parenchyma located internal to the endodermis), and sometimes 
there is a pith.  Protoxylem occurs at poles outside the metaxylem (i.e., maturation is 
centripetal or toward the center; also known as exarch maturation).  The vascular tissue 
is called diarch if there are two protoxylem poles, triarch if there are three, tetrarch for 

four, and polyarch for many.  
 
Roots originate in three places within the plant.  The primary root forms during 
embryogenesis as the radicle.  Subsequent roots form endogenously from either the 
stem or from other roots.  Root-borne roots form in the pericycle (a layer of parenchyma 
located internal to the endodermis) or the pericycle and endodermis, usually well behind 
the apical meristem.  Shoot-borne roots are characteristic of monocotyledons, many 
eudicotyledons (especially vines), and non-seed plants (pteridophytes), and as 
mentioned, form endogenously within the tissues of the stem. 
 
A. Root Morphology  
 
1. Examine the seedlings that have been germinated for you.  Can you see a root cap?  
Note the root hairs and recall that they are single cells. Root hairs function to increase 
the absorptive surface area of the root. 
 
2. Examine a whole mount of a grass seedling.  Look for the root cap at the tip of the 
primary root.  By focusing up and down, you can see the root apex beneath the cap.  
The cells of the root cap secrete copious amounts of mucilage, which has many 
functions.  One function is to help the root slide through the soil.   
 
B. Root Anatomy 
 
Examine prepared cross sections of young and mature Ranunculus (buttercup) roots.  

In each, note the presence of the three basic tissue systems.  Is there a cuticle on the 
epidermis?  Would you expect to find stomates in this epidermis?  The cortex is broad 
and the cells are filled with amyloplasts.  The cortex of roots often has many intercellular 
spaces for the distribution of O2.  There is no pith.   
  
The vascular system forms a solid cylinder in the center.  The xylem forms a "star" 
shape in the center of this cylinder.  Determine the number of protoxylem poles in this 
section.  The protoxylem can be identified as small diameter xylem elements.  In the 
young root the metaxylem has not completely matured.  In the very center of the stem 
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are large cells with protoplasts and thin primary walls.  These are procambial 
(provascular) cells that will ultimately mature as metaxylem elements.  In the mature 
root, these cells are mature, they have lignified secondary walls, and lack protoplasts.  
From these sections you can infer that maturation of xylem in roots is centripetal and 
exarch. 
  
The phloem occurs in strands between the poles of the xylem.  Protophloem is difficult 
to distinguish anatomically from metaphloem, but protophloem will be located at the 
periphery of the phloem bundle, toward the cortex. 
  
The endodermis is the innermost layer of cortex and completely surrounds the vascular 
tissue.  It is a single layer of cells and has an important physiological role in determining 
the path of water uptake.  The radial walls of the endodermal cells are impregnated with 
a band of suberin called a Casparian Strip.  This strip forces water to move 
symplastically (within the protoplast) before it can enter the vascular tissue.  Can you 

see a red stained Casparian strip in any of the endodermal cells?  In the immature 
roots, the Casparian strip will appear as a bright red dot in the radial walls of the 
endodermal cells.  What is its distribution in three dimensions?  In the mature roots, the 
endodermal cells may have a layer of lignin and or suberin on all walls. 
  
Locate the pericycle.  It is a layer of parenchyma cells immediately within the 
endodermis.  Does the pericycle form a continuous layer? 
 
C.  Primary Root Anatomy of Monocots  
  
Examine a slide of Smilax (greenbriar) root cross section.  Note the numerous 

protoxylem poles (polyarch) and the presence of a pith.  Because monocot roots never 
undergo secondary growth, the endodermis remains intact for the lifetime of the root.  
As a particular portion of a root ages, the endodermal cells deposit additional layers of 
suberin and lignified secondary walls.  Note how thick the cell walls are in the 
endodermis.  This endodermis is referred to as state III.  In some slides you may see 
passage cells in the endodermis (cells without thickened walls).  In the periphery of the 
cortex there is an additional layer called the exodermis.  This layer also shows uneven 
wall thickenings. 
 
D. Root Branching 
 
Lateral, or branch, roots typically develop from the pericycle.  Cells of the pericycle 
divide periclinally, and then divisions occur in all planes.  This mass of dividing cells 
becomes organized into a meristem, with a cap, and grows out through the cortex of the 
parent root.   
 
Examine the cross and longitudinal sections of Zea mays that show lateral root origin 
and consider the following: Can you see an apical meristem of the branch root?  Can 
you see a root cap?  What happens to the ground and dermal tissues of the parent root 
as the branch root forms?  How is continuity of the vascular system of the parent and 
branch root established?   

 


