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Plantae: Vegetative Name

The purpo< of this exercise is to briefly examine a flowering plant to become familiar
with its externd morphdogy (study of externd form), internd anaomy (how it is organized
ingde), and explore some assodated physology (study of fundion). Flowering plants sprout
from seeds and possess three vegdative organs root, stem, and leaf. Throughoutthis exercise
you will be asked to make drawings These are not to be artistic renderingsof the subject, but are
to be fundiond diagrams. You should bring with you and use a shap pendl to make the
drawings Y our drawing should be LARGE so tha all of theimportant fine structures are clearly
rendaed. Every important structure should belabded.

I. Morphology of the bean plant: Phaseolus vulgaris.

Very gently uproot one of the bean plants from the pot planted in the greenhoug as
demondrated by theinstructor. Gently rinse the root system of excess soil. Lay the plant on the
table and try to sketch the plant from theroot to the apex. Y our ingructor will demondrate this
onthewhiteboad. Youwill need to scale your diagram to fit in the space bd ow.

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 smple (have only oneblade per petiole) or compound (usudly three
blades pe petiole). There may betwo simple leaves or onecompound leaf attached at a spoton
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 peiole (pulvinus) tha is responsble
for leaf movements. At nightthe bean leaves fold togeher and down toward the soil; at dawn the
leaves unfold and are lifted into the sun.

Two specia leaves may till 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 noutishment of the growing plant. On your plant, the
cotyledonsmay be withering dueto loss of starch and may have turned green to hdp produce
more nutrient through phobosynthesis. The cotyledonsmay 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 Thelowest portion of the stem is bdow the cotyledonsand is called the hypocotyl. The
stem terminates at the top of the plant in the apical bud. Lateral buds are foundin the axils of
each leaf jug abovethe node This bean plant is a "budh” variety tha has shorter stems than the
wild-type"pole" beans. The stem tips of pole beans grow very rapidly in atwisting manne and
"whip around" at several cycles per day. When the stem touches an object, changes in the
produdion of plant hommones cause the stem to twist tighty aroundand grow up the object. This
twining habit is caled 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 homone involved with stem growth. They cannot produe enoudh
gibbeeéllic acid for extensve stem growth.

When anodehas just oneleaf attached, the leaf arrangement is called alternae. When there
are two leaves at a node theleaf arrangament is called opposte. When there are more than two
leaves at anode theleaf arrangement is called whorled. Wha isthe leaf arrangement for:
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Leaf type
Compound(trifoliate)
Simple
Cotyledon
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Arrangement

aternade opposte whored

aternae opposte whored

aternade opposte whored

C. Root Morphology

Theroots of the bean plant are mogly fibrous althougha single main root (the taproot) is
larger than the others. The taproat forms many fine lateral roots tha make up the bulk of the
minga absorption area. You might notice tha the lateral roots appear in columns along the
taproot, one lateral above another. Wha is the angle between the columns of laterals on the
taproot?[ ]

Some plant roots are contractile; they shorten to pull the plant aroundin the soil. In onecase
(Oxalis), theroots can pull the plant 60 cm through the soil in oneyear. While they opeate very
dowly, these roots show tha plant locomotion is possible. Many plant species have contractile
roots, butthey usudly serve only to pul the stem deeper into the soil, not across the soil.

In the space provided bdow, make a diagram of a bean plant. Labd the diagram
completely usng the words printed in bold type by connecting the structures of your diagram
with lines to thelabds. Obvioudy you need to scale your diagram to fit the space and thelabds.

apical bud
lateral bud
blades } compound
petiole leat
pulvinus
veins
[ node
- internode blade }simple
stem
node petiole leat

~ hypocotyl
cotyledon (or scar)

taproot
lateral roots



Page 3

I1. Plant Anatomy (Internal Structure)

Now tha you have some idea of the externd parts of a plant, you will examine some
internd pats. You will briefly examine the internd 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 (condudive) tissue consisting of
xylem and phloem tissues. These two tissues are arranged in a characteristic patern tha we shal
soonexamine These tissues are typically surrounde 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 cellulosc walls, true nudei, numerouschloroplasts, prominent
vacuoles, and store starch. Y ou should be able to observe these cellular structures in some of the
cells you will observe today with your microscope The colors you will obsrve in prepared
gpecimens are artificial. The thin sectionsof plant organs have been dyed with a series of dyes
(green, red, and purple) tha are absorbed by structures containing particular chemicals. Thered
dye for indance, stainsareasrich 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 obsrve; if a region is
composed of many cells, outlinetheregion and draw only afew cells (5 or 6) in detail. DO NOT
draw in hundeeds of tiny imperfect circles!! Your ingructor will demongrate a good drawing
early in the laboratory period. Every important structure should be labded. In this exercise, the
structures to be labded are indicated in bold type Before handing your drawings in for
examinaion, BE SURE tha you have labded al of the structures indicated. Work quickly!

A. Leaf Anatomy

Obtain a prepared dide of a leaf cross section of Syringa vulgaris (common lilac) and
examineit carefully with your microscope Locate thethree major layers of theleaf.

The epidermis surroundsthe innea tissues. Notice how the upper epidermis has very few
stomata compared to thelower epidermis. The epidermisis covered with awaxy 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
openingsfor gas exchangeare the ssomata surroundel by guard cells. The guad cell pars work
in a special manne involving light, harmones, and ion purmpsto fill up with water by oamoss
and open the stoma, or to lose water by oamoss and close the stoma.

The mesophyll congsts of large cells (parenchyma) filling up thebulk of the leaf mass. This
is subdivided into the uppe palisade mesophyll and the lower spongy mesophyll layers. The
pdisade layer is a paralle array of columna cells each containing many chloroplasts. The
spongylayer has nearly isodiametric cells arranged in aloos network. Both areas of mesophyl
carry out phobsynthesis for the plant and need good gas exchangeto do this. You will notice
that each cell in the mesophyl is largdy surroundel by an appaent gas space. The gases
producd 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 externd
amogphee throughthe stomata. Think abouthow you might you test this hypotesis (we will do
tha later bdow).

The yveins pass throughand across the section of leaf tissue on your dide The veins consst
of two bundkes of elongded cells, each bundk like a handful of straws. The cells are bundied




Page4

sideto side but are connected end to end along the length of the vein. Thetwo bundkes in each
vein are distind.

The bundk of cells closer to the uppe epidemis is the xylem tissue This tissue consists
mogly of dead, elongded cells, attached end to end, with the endwalls missing or peforated.
The sidewalls 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
mineals from the soil come into the leaf throughthese xylem cells. The water is broughtthere
mogly by evaporative forces generated by gas exchangeat the epidermis.

The bundk of cells closer to the lower epidermis is the phloem tissue This tissue consists
mogly of living, elongaed cells, attached end to end, with peforated endwalls. The sidewalls of
phloem cells are relatively thin and pick up only the green dye The phloem carries the chemical
produds of phobsynthesis and other chemical reactions from the mesophyl to the rest of the
plant via the stem.

In the space provided b ow, diagram a portion of the cross section of a leaf. You need only
show thelayers and a few cells (less than 10) in each region. Labd your diagram by connecting
lines to your drawing from the provided labds.

Cutin

Upper Epidermis
Palisade Mesophyll

. {Xylem
Vein | phloem

Spongy Mesophyll
Gas Space

Lower Epidermis

Guard Cells
Stoma

B. Stem Anatomy

Thestem islargdy a suppoting structure and it holdsa display of leavesto thesun.Itisaso
a condudive structure. The stem tranders water and minerals from the soil to the uppe parts of
theplant. The stem also tranders water and phobsynthetic produds from the leaves to therest of
the plant. Its structure is very similar to a leaf and has three fundamental tissue zones. Obtain a
dide of a stem cross section of Helianthus annuus (annud sunflower) and examine it carefully
usngyour microscope

The epidermis. You will notice that there is an outer layer of epidermis. Of course the stem
is usudly round, so there is no inna and outer or uppe and lower distindions The epidermis,
like tha in the leaf, is respongble 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 mesophyl
paenchyma of a leaf. In many species the stem is green and the outer layers of the cortex
contain the chloroplasts necessary for phobsynthesis. The outer cortex area may also contain
some cortical collenchyma. These cells have unevenly thickened walls and are responsble for
mechanical suppot. Embedded in the cortex are veins or vascular bundkes as discussed below.
Near the center of the stem cross section is more parenchyma. Thisinna areais called the pith
region.

Thevascular bundles are equivaent to theveins of aleaf. Since these are oriented primarily
up and down the length of the stem, the stem cross section shows only dices of these elongaed
cells. Each bundk congsts 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
surroundel by fibers.

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

Epidermis

Cortex

Fibers

Vascular | Phloem

Bundle Cambium

- Xylem
Pith

C. Root Anatomy

Theroot has an even more primitive structure than the stem. There is still a single-cell layer
of epidermis and a cortical region of groundparenchyma, but the vascular bundkes are codesced
into asingle solid cylinde. Obtain a prepared dide showing aroot cross section of Ranunculus
acris (buttercup). Identify theregionsdescribed bd ow.

Theroot epidermis is equivalent to tha in the stem and leaf, but both cutin and stomata are
absentin youngportionsof theroot

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

/18
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The vascular tissueis patialy codesced into a solid vascular cylinder. In the cross section
you see a circle representing these tissues. The cells agan are very elongded and you observe
only dices of them. The centra portion of tissue comprises the codesced xylem areas. Name
waysto tell tha this areais xylem.

Cell Wall thin Cell Wall red Cell Cyto-
Thickness| thick Color| green Size plasm

Near the peripheay (edge of this central disc of vascular tissue you will find discrete
(uncdesced) bundks of phloem. Name waysto tell that these areas are phloem.

Cell Wall thin Cell Wall red Cell Cyto-
Thickness| thick Color| green Size plasm
Cdll Cyto-
Size 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 radia walls, both longtudind and transverse,
contains lignin and subein (waterproofing subdances). This band aroundthe wall is called the
Casparian strip.

Between the endodemis and the vascular tissues is the pericycle, the origin of branch roots
and root bark. This endodemisis critical to active trangoort 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 bdow, diagram a cross section of a root. You need only show the
layers and a few (less than 10) cells in each region. Labd your diagram by connecting lines to
your drawing fromthe provided labds. Work quickly!

Epidermis

Cortex

[ Endodermis

Vascular < Pericycle

Cylinder Phloem

“

Xylem

117
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II1. Physiology Experiments
A. Leaf Physiology
You have oberved the leaf cross section and noticed the gas spaces between the mesophyl
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 hypohesis? Hint: PV=nRT or V=nRT/PEf ocus on
temperature.

Hypothesis: The appaent space is redly gas, the gas passes through stomata, and there are
more stomata in thelower epidermis.

Prediction: If

then

when

Experiment: Use a par of tongsto plungean entire bean leaf completely unde water that is
almog boiling and hold it submerged. Observe both leaf surfaces as they are submerged
in thewater and record your results:

Uppe Epidermis:

Lower Epidermis.

So far, was this an experiment? yes no

Wha would bethe suitable control?

Record your observationsof the control situaion:

Uppe Epidermis:

Lower Epidermis:

Analysis: Do theresults agree with the prediction?
Decision: Thehypohesis | isrgected cannotbergected |

We know now tha the leaf contains gas. If tha is true, then a piece of leaf placed in water
should floa. Take apat the two syringes. Use the hand punch to pund out some leaf discs
(complete circles!) from the primary (smple) 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
expd mog of the air. Hold thetip in a containe of buffer and back off the plunge to fill the
syringewith about8 cm of buffer. Tip the syringe body and stand it on the table onits plunge
with thetip up. Make sure the discs don®stick by jogling the syringealittle bit.

/12
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Do theleaf discsfloa?| Yes No | What isthegasthat floasthem?

How might we remove this gas and sink these leaf discs without @ookingOthem? Hint:
V=nRT/P butfocusthis time on pressure.

Hold the syringebodyin your anti-domnant hand and use your doninant hand to push all of
the gas out of the syringe body. Now press your thumb firmly over the syringetip and keep it
sealed! Then use your dominant hand to back the syringe plunge by several centimeters to
provide a partial vacuum Swirl the discs keeping the syringe sealed, the plunge pulled back,
and the vacuumstrong! Thiswill disodgeair buble from aroundthe discs.

Release the partial vacuum and immediately push out any gas so tha the discs are forced to
take in buffer to replace the log air. Because buffer isfar more viscousthan air, you need to wait
afew moments to allow some or all of thediscs to sink. Reapply the vacuum as needed until all
thediscs are sunk. Be patient!

So we have shown two ways tha theleaf discs used to hold a gas. But we have a'so proposd
tha aleaf carries out photbsynthesis and this process produaes a gas, right? Which one?

How might we test whether theleaf discs can carry out phoosynthesisin ther mesophyl and

accumulate that gas. Hint: oxygen is quite insoluble in water and buffers; but carbon dioxideis
quite soluble in water.

Hypothesis: Theleaf carries out phaosynthesis.

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 insde the syringe
Thecontrol syringeshould be put at the same distance from thelamp, but cover thetip of
the syringewith the black film can. Record thetime for all thediscsto refloa in thelight,
put thefilm can over thelighted syringe and immediately countthe nunber of discs that
floaed in thedak control.

Minutes elapsed for thelast lighted disc to refloa:

Number of leaf discsrefloaingin thedark control at tha moment:

L eave thefilm can over the syringewith therefloaed discs and observe periodicallyE
Do thediscsrefloaed in thelight eventudly sinkin thedark?| Yes  No |

Wha processin theleaf discs caused them to sink withoutvacuunt?

Analysis: Do theresults agree with the prediction?
Decision: Thehypohesis. | isrgected cannotbergected |

11
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B. Stem Physiology

We proposd tha the xylem of the stem conduds water and minerals from the root to the
leaf. How might we test that this could actudly hgppen? Hint: Normally we cannot see minerals
dissolved in xylem sap, butthere are chemicals tha can be observed as they movein the xylem.

Hypothesis: Xylem actudly conduds water and dissolved chemicals up the stem.

Prediction: If

then thestem

and the | eaf

when

What color isthestem tissue before treatment?

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

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

In the stem:

In theleaf:

Wha would bethe control for this manipulation?

Analysis: Are theresults congstent with the prediction?

Decision: Thehypohesis: | isrgected cannotbergected |

/13
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C. Root Physiology

We have made several observations about the anatomy of the root Return to the microscope
dide of the buttercup root cross section. We said tha xylem contained lignin in its walls, but
phloem did notEw el how could we verify that? Hint: recall howthe stainsworked.

Hypothesis: Phloem cell walls contain lignin.

Prediction: If

then

when

Experiment: Theresults are before you onthe prepared dide Wha do you observe?

Thecolor of thephloem cell wallsis

How do you knowthe stain "took™"?

Analysis: Are thedaa congstent with the prediction?
Decision: Thehypohesis: | isrgected cannotbergected |

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

do
Phloemcell wals | donot | contain lignin.
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