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Plantae: Vegetative  Name______________________________ 
The purpose of this exercise is to briefly examine a flowering plant to become familiar 

with its external morphology (study of external form), internal anatomy (how it is organized 
inside), and explore some associated physiology (study of function). Flowering plants sprout 
from seeds and possess three vegetative organs: root, stem, and leaf. Throughout this exercise 
you will be asked to make drawings. These are not to be artistic renderings of the subject, but are 
to be functional diagrams. You should bring with you and use a sharp pencil to make the 
drawings. Your drawing should be LARGE so that all of the important fine structures are clearly 
rendered. Every important structure should be labeled. 

I. Morphology of the bean plant: Phaseolus vulgaris. 
Very gently uproot one of the bean plants from the pot planted in the greenhouse as 

demonstrated by the instructor. Gently rinse the root system of excess soil. Lay the plant on the 
table and try to sketch the plant from the root to the apex. Your instructor will demonstrate this 
on the whiteboard. You will need to scale your diagram to fit in the space below. 

A. Leaf Morphology 
The leaves are broad at the blade and are attached to the stem by means of a stalk-like 

petiole. The leaf may be simple (have only one blade per petiole) or compound (usually three 
blades per petiole). There may be two simple leaves or one compound leaf attached at a spot on 
the stem called a node. The veins of each leaf blade are arranged into a complicated network. 
Where the stem and leaf join, there is a swollen area of the petiole (pulvinus) that is responsible 
for leaf movements. At night the bean leaves fold together and down toward the soil; at dawn the 
leaves unfold and are lifted into the sun. 

Two special leaves may still be attached to your bean plant. These are the cotyledons or seed 
leaves. These leaves are very fleshy and are used by the plant to store starch and other complex 
molecules in the seed for the later nourishment of the growing plant. On your plant, the 
cotyledons may be withering due to loss of starch and may have turned green to help produce 
more nutrient through photosynthesis. The cotyledons may have been completely used up and 
abscised (fallen off). 

B. Stem Morphology 
The bean stem is quite long and the internodes between leaf attachments (nodes) are quite 

obvious. The lowest portion of the stem is below the cotyledons and is called the hypocotyl. The 
stem terminates at the top of the plant in the apical bud. Lateral buds are found in the axils of 
each leaf just above the node. This bean plant is a "bush" variety that has shorter stems than the 
wild-type "pole" beans. The stem tips of pole beans grow very rapidly in a twisting manner and 
"whip around" at several cycles per day. When the stem touches an object, changes in the 
production of plant hormones cause the stem to twist tightly around and grow up the object. This 
twining habit is called circumnutation and is common among vines like pole beans. How did we 
get bush beans from wild pole beans? They resulted from a plant with a chance mutation in a 
gene coding for a plant hormone involved with stem growth. They cannot produce enough 
gibberellic acid for extensive stem growth. 

When a node has just one leaf attached, the leaf arrangement is called alternate. When there 
are two leaves at a node, the leaf arrangement is called opposite. When there are more than two 
leaves at a node, the leaf arrangement is called whorled. What is the leaf arrangement for: 
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Leaf type Arrangement 
Compound (trifoliate)  alternate opposite whorled 

Simple  alternate opposite whorled 

Cotyledon  alternate opposite whorled 

C. Root Morphology 
The roots of the bean plant are mostly fibrous, although a single main root (the taproot) is 

larger than the others. The taproot forms many fine lateral roots that make up the bulk of the 
mineral absorption area. You might notice that the lateral roots appear in columns along the 
taproot, one lateral above another. What is the angle between the columns of laterals on the 
taproot?          ¡  

Some plant roots are contractile; they shorten to pull the plant around in the soil. In one case 
(Oxalis), the roots can pull the plant 60 cm through the soil in one year. While they operate very 
slowly, these roots show that plant locomotion is possible. Many plant species have contractile 
roots, but they usually serve only to pull the stem deeper into the soil, not across the soil. 

In the space provided below, make a diagram of a bean plant. Label the diagram 
completely using the words printed in bold type by connecting the structures of your diagram 
with lines to the labels. Obviously you need to scale your diagram to fit the space and the labels. 

apical bud
  

lateral bud
  



blades

  
petiole

compound
leaf   

pulvinus 
veins 

 

stem





node
  

internode
  

node
  

hypocotyl

  


blade

  
petiole

simple
leaf   

cotyledon (or scar) 
 
 

taproot 
lateral roots 
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II. Plant Anatomy (Internal Structure) 
Now that you have some idea of the external parts of a plant, you will examine some 

internal parts. You will briefly examine the internal anatomy of a typical vascular plant. The 
tissues inside of a leaf, stem, or root are very small, so the examination requires the use of a 
microscope. 

Vascular plants have an advanced form of vascular (conductive) tissue consisting of 
xylem and phloem tissues. These two tissues are arranged in a characteristic pattern that we shall 
soon examine. These tissues are typically surrounded by a tissue known as ground parenchyma. 
Each plant organ is covered by a single layer of cells known as the epidermal tissue. The cells of 
these plant tissues typically have cellulosic walls, true nuclei, numerous chloroplasts, prominent 
vacuoles, and store starch. You should be able to observe these cellular structures in some of the 
cells you will observe today with your microscope. The colors you will observe in prepared 
specimens are artificial. The thin sections of plant organs have been dyed with a series of dyes 
(green, red, and purple) that are absorbed by structures containing particular chemicals. The red 
dye, for instance, stains areas rich in fatty, oily, or waxy chemicals, whereas the green dye stains 
cellulose (a polysaccharide). 

In making your drawings, do NOT draw in every cell you observe; if a region is 
composed of many cells, outline the region and draw only a few cells (5 or 6) in detail. DO NOT 
draw in hundreds of tiny imperfect circles!! Your instructor will demonstrate a good drawing 
early in the laboratory period. Every important structure should be labeled. In this exercise, the 
structures to be labeled are indicated in bold type. Before handing your drawings in for 
examination, BE SURE that you have labeled all of the structures indicated. Work quickly! 

A. Leaf Anatomy 
Obtain a prepared slide of a leaf cross section of Syringa vulgaris (common lilac) and 

examine it carefully with your microscope.  Locate the three major layers of the leaf. 
The epidermis surrounds the inner tissues. Notice how the upper epidermis has very few 

stomata compared to the lower epidermis. The epidermis is covered with a waxy material called 
cutin which prevents evaporation and water loss. The cutin picks up the red dye and should 
appear as a thin pinkish layer on the outer surface of the leaf. Thus, the only meaningful 
openings for gas exchange are the stomata surrounded by guard cells. The guard cell pairs work 
in a special manner involving light, hormones, and ion pumps to fill up with water by osmosis 
and open the stoma, or to lose water by osmosis and close the stoma. 

The mesophyll consists of large cells (parenchyma) filling up the bulk of the leaf mass. This 
is subdivided into the upper palisade mesophyll and the lower spongy mesophyll layers. The 
palisade layer is a parallel array of columnar cells each containing many chloroplasts. The 
spongy layer has nearly isodiametric cells arranged in a loose network. Both areas of mesophyll 
carry out photosynthesis for the plant and need good gas exchange to do this. You will notice 
that each cell in the mesophyll is largely surrounded by an apparent gas space. The gases 
produced as waste in the cell (e.g.: oxygen) can be exchanged for essential gases (e.g.: carbon 
dioxide) in the gas space. The gas space, in turn, might exchange gases with the external 
atmosphere through the stomata. Think about how you might you test this hypothesis (we will do 
that later below). 

The veins pass through and across the section of leaf tissue on your slide. The veins consist 
of two bundles of elongated cells, each bundle like a handful of straws. The cells are bundled 
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side to side, but are connected end to end along the length of the vein. The two bundles in each 
vein are distinct. 

The bundle of cells closer to the upper epidermis is the xylem tissue. This tissue consists 
mostly of dead, elongated cells, attached end to end, with the endwalls missing or perforated. 
The side walls of the xylem cells are heavily thickened with lignin (a brittle crystalline material 
giving mechanical strength). Lignin picks up the red dye so the walls appear pinkish. Water and 
minerals from the soil come into the leaf through these xylem cells. The water is brought there 
mostly by evaporative forces generated by gas exchange at the epidermis. 

The bundle of cells closer to the lower epidermis is the phloem tissue. This tissue consists 
mostly of living, elongated cells, attached end to end, with perforated endwalls. The sidewalls of 
phloem cells are relatively thin and pick up only the green dye. The phloem carries the chemical 
products of photosynthesis and other chemical reactions from the mesophyll to the rest of the 
plant via the stem. 

In the space provided below, diagram a portion of the cross section of a leaf. You need only 
show the layers and a few cells (less than 10) in each region. Label your diagram by connecting 
lines to your drawing from the provided labels. 

Cutin 
_______________________________________________________ 

Upper Epidermis 

Palisade Mesophyll 

Vein  


 
Xylem
Phloem   

Spongy Mesophyll 

Gas Space 

 Lower Epidermis _____________    __________    ______ 
Guard Cells 

Stoma 
B. Stem Anatomy 

The stem is largely a supporting structure and it holds a display of leaves to the sun. It is also 
a conductive structure. The stem transfers water and minerals from the soil to the upper parts of 
the plant. The stem also transfers water and photosynthetic products from the leaves to the rest of 
the plant. Its structure is very similar to a leaf and has three fundamental tissue zones. Obtain a 
slide of a stem cross section of Helianthus annuus (annual sunflower) and examine it carefully 
using your microscope. 

The epidermis. You will notice that there is an outer layer of epidermis. Of course the stem 
is usually round, so there is no inner and outer or upper and lower distinctions. The epidermis, 
like that in the leaf, is responsible for preventing water loss except through stomata. The stem 
epidermis will also have guard cells that regulate loss through the stomata, they are rare, 
however. 

/11 
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The cortical parenchyma filling up the stem volume is roughly equivalent to the mesophyll 
parenchyma of a leaf. In many species the stem is green and the outer layers of the cortex 
contain the chloroplasts necessary for photosynthesis. The outer cortex area may also contain 
some cortical collenchyma. These cells have unevenly thickened walls and are responsible for 
mechanical support. Embedded in the cortex are veins or vascular bundles as discussed below. 
Near the center of the stem cross section is more parenchyma. This inner area is called the pith 
region. 

The vascular bundles are equivalent to the veins of a leaf. Since these are oriented primarily 
up and down the length of the stem, the stem cross section shows only slices of these elongated 
cells. Each bundle consists of two major tissues as in the leaf. The cells with green cell walls 
located toward the epidermis are the phloem cells. The cells with red cell walls grouped toward 
the center of the stem are the xylem cells. The tissues are separated by the cambium and 
surrounded by fibers. 

In the space provided below, diagram a cross section of a stem. You need only show the 
layers and a few (less than 10) cells in each region. Label your diagram by connecting lines to 
your drawing from the provided labels. Work quickly! 

Epidermis 

Cortex 

Vascular
Bundle   





 Fibers

  
Phloem

  
Cambium

  
Xylem

  

Pith 
C. Root Anatomy 

The root has an even more primitive structure than the stem. There is still a single-cell layer 
of epidermis and a cortical region of ground parenchyma, but the vascular bundles are coalesced 
into a single solid cylinder. Obtain a prepared slide showing a root cross section of Ranunculus 
acris (buttercup). Identify the regions described below. 

The root epidermis is equivalent to that in the stem and leaf, but both cutin and stomata are 
absent in young portions of the root. 

The ground parenchyma is represented by only an outer layer of cortex.  This region 
typically lacks collenchyma. 

/8 
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The vascular tissue is partially coalesced into a solid vascular cylinder. In the cross section 
you see a circle representing these tissues. The cells again are very elongated and you observe 
only slices of them. The central portion of tissue comprises the coalesced xylem areas. Name 
ways to tell that this area is xylem. 
Cell Wall 
Thickness 

thin 
thick 

Cell Wall 
Color 

red 
green 

Cell 
Size 

 Cyto- 
plasm 

 

Near the periphery (edge) of this central disc of vascular tissue you will find discrete 
(uncoalesced) bundles of phloem. Name ways to tell that these areas are phloem. 
Cell Wall 
Thickness 

thin 
thick 

Cell Wall 
Color 

red 
green 

Cell 
Size 

 Cyto- 
plasm 

 

    Cell 
Size 

 Cyto- 
plasm 

 

Between the vascular tissues and the cortex is a single layer of cells known as the 
endodermis. In these cells, a portion of the radial walls, both longitudinal and transverse, 
contains lignin and suberin (waterproofing substances). This band around the wall is called the 
Casparian strip. 

Between the endodermis and the vascular tissues is the pericycle, the origin of branch roots 
and root bark. This endodermis is critical to active transport and uptake of minerals from the soil 
water. Aside from mechanical anchorage, selective mineral uptake is the single most important 
function of the root. 

In the space provided below, diagram a cross section of a root. You need only show the 
layers and a few (less than 10) cells in each region. Label your diagram by connecting lines to 
your drawing from the provided labels. Work quickly! 

Epidermis 

Cortex 

Vascular
Cylinder  





Endodermis
  

Pericycle
  

Phloem
  

Xylem
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III. Physiology Experiments 
A. Leaf Physiology 

You have observed the leaf cross section and noticed the gas spaces between the mesophyll 
cells. But how do we know that this is indeed gas space? It really could be water, right? Or 
maybe both? How might we test this hypothesis? Hint: PV=nRT or V=nRT/PÉf ocus on 
temperature. 

Hypothesis:  The apparent space is really gas, the gas passes through stomata, and there are 
more stomata in the lower epidermis. 

Prediction: If __________________________________________________________________ 

 then ____________________________________________________________________ 

 when ___________________________________________________________________ 

Experiment: Use a pair of tongs to plunge an entire bean leaf completely under water that is 
almost boiling and hold it submerged.  Observe both leaf surfaces as they are submerged 
in the water and record your results: 

 Upper Epidermis: _________________________________________________________ 

 Lower Epidermis: _________________________________________________________ 

So far, was this an experiment?   yes      no    

What would be the suitable control?___________________________________________ 

 __________________________________________________________________ 

Record your observations of the control situation: 

 Upper Epidermis: ___________________________________________________ 

 Lower Epidermis: ___________________________________________________ 

Analysis: Do the results agree with the prediction?   yes      no    

Decision:  The hypothesis:   is rejected      cannot be rejected    

We know now that the leaf contains gas. If that is true, then a piece of leaf placed in water 
should float. Take apart the two syringes. Use the hand punch to punch out some leaf discs 
(complete circles!) from the primary (simple) leaf of the bean plant. Place ten discs into each of 
the syringe bodies. Gently tap them toward the tip of the syringe body. Insert the plunger and 
expel most of the air. Hold the tip in a container of buffer and back off the plunger to fill the 
syringe with about 8 cm of buffer. Tip the syringe body and stand it on the table on its plunger 
with the tip up. Make sure the discs donÕt stick by jostling the syringe a little bit. 

/12 
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Do the leaf discs float?   Yes    No    What is the gas that floats them?__________ 

How might we remove this gas and sink these leaf discs without ÒcookingÓ them? Hint: 
V=nRT/P but focus this time on pressure. 

Hold the syringe body in your anti-dominant hand and use your dominant hand to push all of 
the gas out of the syringe body. Now press your thumb firmly over the syringe tip and keep it 
sealed! Then use your dominant hand to back the syringe plunger by several centimeters to 
provide a partial vacuum. Swirl the discs keeping the syringe sealed, the plunger pulled back, 
and the vacuum strong! This will dislodge air bubble from around the discs. 

Release the partial vacuum and immediately push out any gas so that the discs are forced to 
take in buffer to replace the lost air. Because buffer is far more viscous than air, you need to wait 
a few moments to allow some or all of the discs to sink. Reapply the vacuum as needed until all 
the discs are sunk. Be patient! 

So we have shown two ways that the leaf discs used to hold a gas. But we have also proposed 
that a leaf carries out photosynthesis and this process produces a gas, right? Which one? _______ 

How might we test whether the leaf discs can carry out photosynthesis in their mesophyll and 
accumulate that gas. Hint: oxygen is quite insoluble in water and buffers; but carbon dioxide is 
quite soluble in water. 

Hypothesis:  The leaf carries out photosynthesis. 

Prediction: If __________________________________________________________________ 

 then ____________________________________________________________________ 

 when ___________________________________________________________________ 

Experiment: Place one syringe body with buffer and sunk leaf discs very close to the 
fluorescent lamp. Be sure the leaf discs so they are well-illuminated inside the syringe. 
The control syringe should be put at the same distance from the lamp, but cover the tip of 
the syringe with the black film can. Record the time for all the discs to refloat in the light, 
put the film can over the lighted syringe, and immediately count the number of discs that 
floated in the dark control. 

 Minutes elapsed for the last lighted disc to refloat: _______________________________ 

 Number of leaf discs refloating in the dark control at that moment: __________________ 

 Leave the film can over the syringe with the refloated discs and observe periodicallyÉ  

 Do the discs refloated in the light eventually sink in the dark?   Yes      No   

 What process in the leaf discs caused them to sink without vacuum? _________________ 

Analysis: Do the results agree with the prediction?   yes      no    

Decision:  The hypothesis:   is rejected      cannot be rejected    

/11 
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B. Stem Physiology 
We proposed that the xylem of the stem conducts water and minerals from the root to the 

leaf. How might we test that this could actually happen? Hint: Normally we cannot see minerals 
dissolved in xylem sap, but there are chemicals that can be observed as they move in the xylem. 

Hypothesis: Xylem actually conducts water and dissolved chemicals up the stem. 
 
Prediction: If __________________________________________________________________ 

 then the stem_____________________________________________________________ 

 and the leaf ______________________________________________________________ 

 when ___________________________________________________________________ 

What color is the stem tissue before treatment?__________ 

Why is this stem color an important selection criterion for this test? (hint: some stems are purple) 

________________________________________________________________________ 

Experiment: Cut off a bean shoot near the potting soil and stand the shoot in the beaker 
containing 1% Eosin Y stain dissolved in water. Observe the plant carefully over several 
minutes. What are the results: 

In the stem: ______________________________________________________________ 

In the leaf: _______________________________________________________________ 

What would be the control for this manipulation?________________________________ 

________________________________________________________________________ 

Analysis: Are the results consistent with the prediction?    yes      no    

Decision: The hypothesis:   is rejected      cannot be rejected    

/13 
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C. Root Physiology 
We have made several observations about the anatomy of the root. Return to the microscope 
slide of the buttercup root cross section. We said that xylem contained lignin in its walls, but 
phloem did notÉw ell how could we verify that? Hint: recall how the stains worked. 

Hypothesis: Phloem cell walls contain lignin. 

Prediction: If __________________________________________________________________ 

 then ____________________________________________________________________ 

 when ___________________________________________________________________ 

Experiment: The results are before you on the prepared slide. What do you observe? 

 The color of the phloem cell walls is __________________________________________ 

 How do you know the stain "took"?___________________________________________ 

Analysis: Are the data consistent with the prediction?   yes      no    

Decision: The hypothesis:   is rejected      cannot be rejected    

 Having made your decision, what is your conclusion (note difference)? 

 Phloem cell walls      
do

do not       contain lignin. 

/8 


