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Plant Structure and Function

m Structure: = Function (Physiology):
» Anatomy - internal = Photosynthesis
= Morphology — external = Respiration
» Pollination and
Fertilization
= Germination

Our discussions will center on the structure of plants and the basic functions
that allow plants to live, grow and reproduce. Discussions of structure will be
primarily morphological, that is, the gross structure of plants. A little time will
be spent on anatomy as a means of explaining various responses to
environmental and maintenance variables. What the heck does that mean?
Why do leaves wilt? How does deicing salt drift affect foliage? What internal
effects are the result of cold winters?



Plant Classification Systems

*Botanical
+Life Cycle

*Use

Different plant classification systems are useful for different reasons.
Botanical classification is essential for plant identification, ordering the exact
plant that is wanted, or diagnosing plant problems. The life cycle classification

system is convenient when describing pla
horticulturists). For instance, fAHow ab
seasonal attenton-get t er s in the | andscape?0o0 Fi na
systems are equally useful, especially when describing landscape designs.
Example: AA | arge shade tree on the west
bills in the summer. 0 Or , AHow about in
deck and the highway?o



Botanical Classification System

= Kingdom Plantae:

« Vascular Plants:
= Seed Plants
Phylum Ginkgophyta (ginkgo)
Phylum Coniferophyta
(conifers)

Phylum Anthophyta
(angiosperms)

We will be focusing our core course studies on plants that belong to three
phyla: Ginkgophyta represented by the tree Ginkgo biloba; coniferophyta and
Anthophyta, the true flowering plants. Most of our time and examples will
involve the phylum Anthophyta.



A Vascular Plant

Vascular plants are those plants that have lignified tissues for conducting
water, minerals, and photosynthetic products through the plant.



http://en.wikipedia.org/wiki/Plants
http://en.wikipedia.org/wiki/Lignin
http://en.wikipedia.org/wiki/Tissue_(biology)
http://en.wikipedia.org/wiki/Water

Non-Vascular Plants

BRYOPH YTE S

Hornworts verwons

Non-vascular plants is a general term for those plants without a vascular
system (xylem and phloem). Although non-vascular plants lack these particular
tissues, a number of non-vascular plants possess tissues specialized for

internal transport of water.



http://en.wikipedia.org/wiki/Plant
http://en.wikipedia.org/wiki/Vascular_tissue
http://en.wikipedia.org/wiki/Vascular_tissue
http://en.wikipedia.org/wiki/Xylem
http://en.wikipedia.org/wiki/Phloem
http://en.wikipedia.org/wiki/Water

Meet the Generals: Ginkgo, Conifers
and Flowering Plants

By learning about the general plant groups, we can effectively learn a lot about
the specific plants that belong to each phylum. For instance, all plants within
the phylum Anthophyta have the ability to reproduce by seed.



Meet the Conifers

& Coniferophyta
= "Naked” Seeds
=« Woody

= Resin Canals
= Most are Evergreen
= “Softwoods”

= “Needle-like” Leaves

Botanical classifications allow us to make some generalizations about the
members of a particular group of plants. For instance, those plants that fall
into the phylum Coniferophyta (i.e., the conifers) have several commonalities
ranging from the morphology of their leaves to the anatomy of their stems.

Most conifers, especially those that we enjoy in Minnesota, are evergreen.
However, there are a number of deciduous (loses the foliage in the autumn)
coni fers, even one thatés native to
Minnesota include the native Larix laricina (larch), three other species of Larix
and Taxodium distichum (baldcypress). The beautiful dawn redwood is also a
deciduous conifer.
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“Naked” Seeds Modified Stem

Modified Leaves
(bracts)

Note the anatomy of a conifer seed cone.
one commonality. The seeds are actually enclosed in a seed cone, which is a

modified stem and leaf structure. Still, the seeds are botanically classified as
Afinakedo because they are not enclosed in
botanical definition and classification
your logic or what you would prefer to name it.



Resin from Resin Canals.

X-section of Thuja

Another anatomical characteristic that many conifers share, especially those
conifers that grow in Minnesota, is the presence of resin canals. Note the
exuding resin in the sapwood/cambium area of this Thuja occidentalis
(northern white cedar). Resin is used to make medicines and furniture
finishing products among other useful by-products.
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Meet the TRUE Flowering Plants

= Anthophyta

» Seeds Enclosed in Fruit
= True Flowering Plants Pea
= Herbaceous and Woody

= Deciduous or Evergreen
= “Hardwoods”

= Broad, Thin Leaves.

Fiddle-leaf Fig Boxwood

The phylum Anthophyta represent the largest collection of plants that we work
with and enjoy. Our grain crops, landscape plants and vegetable gardens are
dominated by these plants that are also referred to as the true flowering plants.

As with the conifers, the true flowering plants i a.k.a. angiosperms i have

several commonalities among the members. Most notable, the seeds are

enclosed in a fruit, or botanically speaking, enclosed within a ripened ovary.

Ovaries are part of the female reproductive portion of a flower, hence the label

Atrue fl owering plants. 0 Conifers produ
not produce flowers with ovaries that ripen to contain the seeds.

Angiosperms may be herbaceous (all vegetative tissue) like lettuce, woody like
lindens or both like alfalfa. They may be deciduous (lose the vegetative foliage
in autumn) as with maples, or evergreen where foliage remains on the plant for
2-3 years commonly as with pine trees.

Botanically, conifers are referred to as
Ahar dwoods. 0 This has nothing to do wit
and all to do with the type of tissues found in the wood. Conifers do not have

flud-conducting Avesselsodo in their woody ti

Vessels are the conductive tissues that
clearly visible in annual growth rings of many trees such as ash, oak, elm.

Finally, leaves of angiosperms are primarily much broader and thinner than
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conifer leaves, essentially providing them with a much larger leaf surface area

to capture light for photosynthesis. This is one of the reasons that more
angiosperms grow in |l ow |Iight conditions
more efficient at capturing available light than narrow, thick leaves.
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Classifying Anthophyta

Angiosperms (again, a.k.a., plants within the phylum Anthophyta, or a.k.a. true
flowering plants) can be further classified as either monocotyledonous or
dicotyledonous plants. This is yet another botanical classification that helps
with the identification of plants and provides some general information about
the members of these groups. Monocotyledonous plants, abbreviated as
monocots, characteristically have one cotyledon (a.k.a., seed leaf) when they
germinate from seed. As opposed to monocots, dicotyledonous plants which
are abbreviated as dicots, are characterized as having two seed leaves when
they germinate from seed.

The term Acharacteristicallyd is used in
always an exception to the rule. Cotyledons can break off or be eaten during

the germination process. Some species d
leaves. Even some members within a species may mutate and lose the
characteristic number of s eehdedl@%,yVves. N
which is why itds interesting!
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Angiosperms (again, a.k.a., plants within the phylum Anthophyta, or a.k.a. true
flowering plants) can be further classified as either monocotyledonous or
dicotyledonous plants. This is yet another botanical classification that helps
with the identification of plants and provides some general information about
the members of these groups. Monocotyledonous plants, abbreviated as
monocots, characteristically have one cotyledon (a.k.a., seed leaf) when they
germinate from seed. As opposed to monocots, dicotyledonous plants which
are abbreviated as dicots, are characterized as having two seed leaves when
they germinate from seed.

The term Acharacteristicallyd is used in
always an exception to the rule. Cotyledons can break off or be eaten during

the germination process. Some species d
leaves. Even some members within a species may mutate and lose the
characteristic number of s eehdedl@%,yVves. N
which is why itds interesting!
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Monocotyledonous Flowering Plants

= 1 Seed leaf (cotyledon)

m Parallel leaf venation

» Floral parts in 3's or multiples of 3's
m Scattered vascular bundles

So, the characteristics of monocots include parallel venation in their leaves
(think of a corn leaf), floral parts (specifically the petals, sepals and stamens)

in threebs or multiples of 36s (e.g., 6,
scattered in a cross-section of a stem. Vascular bundles are comprised of
phl oem and xylem, the Aplumbing pipeso o

passed throughout the plant via the vascular bundles.
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Monocots

Note in the top left photo the single cotyledons of the germinated grasses in
the pot. The photos to the right illustrate the scattered, random vascular
system (bundles of xylem and phloem) characteristic of monocots. Finally, the
lower left photo shows the characteristic parallel venation of monocots. Grain
crops are monocots and are arguably our most economically important
angiosperms.
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Dicotyledonous Flowering Plants

m 2 Seed leaves (cotyledons)

= Netted leaf venation

m Floral parts in 4's or §'s or multiples
= Vascular bundles arranged

Dicots characteristically have netted leaf venation patterns as opposed to the

parallel patterns of monocots. Netted venation patterns can be as complex as

a pinnate pattern (a central vein with smaller veins branching off , similar to a

birdés feather) or as beautiful as a pal
radiating out from the palm of your hand). Floral parts are arranged in groups

of 46s or 56s (or multiples of those num
pores) are arranged in a very tidy manner, rather than scattered randomly

throughout the stem cross-section.
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The upper left photo shows a pinnately-veined leaf, one of the netted venation
patterns of dicot leaves. The upper right photo shows the characteristic two
seed leaves of a dicot and the lower photo illustrates the orderly arrangement
of vascular bundles into what is termed annual growth rings in woody,
perennial plants.

There are literally tens of thousands of plants in North America. By
recognizing whether a plant is a monocot, dicot or conifer by its germinating

seedling, its flower or its stem, at | ea
of what kind of plant you may be | ooking
managing a | arge number of plants. And
kind of plant youdre | ooking at, you can
For instance, if you have sown a packet of petunia seeds in a garden or flat,

and all you see are seedlings with singl

you have a problem! Namely, a weed problem! All you would need to do is
look up information on petunias in a botanical reference and you would find out
that they are dicots. So, either you purchased a mis-labeled packet of seeds
or you inherited a pretty severe weed problem in the soil that you sowed the
seeds.

17



Kingdom Plantae

= Phylum Anthophyta

s Class Monocotyledones

« Order Commelinales
= Family Poaceae
« Genus Zea
Species mays
botanical variety
cultivated variety

The botanical classification system allows a gardener or botanist to positively
identify the exact plant they are trying to grow, purchase or diagnose problems

affecting the plant. Someti mes, itéds
specifically than just identifying them as a monocot or dicot. For instance, if

you wanted to grow the native corn plant, you would need to purchase Zea

mays seed. You couldnét just walk into

Amonocoto seed and expect to grow corn.
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Family Values

Often, just knowing which botanical Afam
For instance, members of a family have a lot of common traits, which may be

all that you are interested in knowing or learning about. The Poaceae family

(grass family) is made up of many genera of plants that have similar

characteristics: similar flowers and fruit, herbaceous in nature, quite often are

very good ground cover plants, usually are lousy shade trees! And most often,

require full sun to grow best (yes, there are exceptions to these

Airul esoéremember, i1itbés biology not math)
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Family Values

m Family Characteristics:
« Common Floral Features

» Common Uses
» Common Ranges ’

Meet the Rose Family

Often, just knowing which botanical Afam
For instance, members of a family have a lot of common traits, which may be

all that you are interested in knowing or learning about. The Poaceae family

(grass family) is made up of many genera of plants that have similar

characteristics: similar flowers and fruit, herbaceous in nature, quite often are

very good ground cover plants, usually are lousy shade trees! And most often,

require full sun to grow best (yes, there are exceptions to these

Airul esoéremember, i1itbés biology not math)
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Family Values

= Family Characteristics:
« Common Floral or Reproductive Features
» Common Uses
» Common Range Characteristics

Poaceae or Grass
Family

Often, just knowing which botanical Afam
For instance, members of a family have a lot of common traits, which may be

all that you are interested in knowing or learning about. The Poaceae family

(grass family) is made up of many genera of plants that have similar

characteristics: similar flowers and fruit, herbaceous in nature, quite often are

very good ground cover plants, usually are lousy shade trees! And most often,

require full sun to grow best (yes, there are exceptions to these

Airul esoéremember, i1itbés biology not math)
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Family Values

AN

Legume or Pea Family and bacterial nodules on roots

Often, just knowing which botanical Afam
For instance, members of a family have a lot of common traits, which may be

all that you are interested in knowing or learning about. The pea (legume)

family is characterized by flowers that look like pea flowers, fruits that are

simple, dry fruits that have seams on two sides. These seams then open

when the fruit is ripe, releasing the seeds. Additionally, all members of the

legume family have nitrogen-fixing, bacterial nodules associated with their root

systems. Legumes range from soybeans to Kentucky coffeetrees.
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Family Values

Deadly
Nightshade

Petunia...yes, Petunial!

The family Solanaceae is also informally known as the nightshade or potato
family. Many members of the Solanaceae family are used by humans, and
are important sources of food, spice and medicine. However, Solanaceae
species are often rich in alkaloids whose toxicity to humans and animals
ranges from mildly irritating to fatal in small quantities.


http://en.wikipedia.org/wiki/Potato
http://en.wikipedia.org/wiki/Alkaloid
http://en.wikipedia.org/wiki/Toxicity

= Botanical
= Unigue

Canada

smart

= Provides general
information

= Same in India and

= Makes you sound really

= Common
= Often Regional
» Often very descriptive
» Sometimes easier to

Botanical versus Common Names

pronounce, remember

= Makes you sound like a

normal person

Both botanical and common names are useful, but each has its place.

Botanical names are exact and the same no matter where they are in the

word. Acer campestre is the same in Russia as it is in Bolivia. Using botanical
names is absolutely essential when diagnosing plant problems or purchasing

t hat exact

Common names are more comfortable and seemingly easier to remember.

pl ant

t hat

you

saw at

Quite often, they are very descriptive, such as white birch or red bud or
ornamental kale. A problem, though, is that common names are often
regional, making sense to people in the southeast U.S. but no sense to people

in the Rocky Mountains.

t he

Ar b

24



Common Names

m Turkey Corn?
m Squirrel Corn?
= Bleeding Heart?

Every one of these common names have been used regionally to describe this
fl ower thatés native to the Appal achians

25



Answer?

m Dicentra eximia, a.k.a.,

» Squirrel Corn

= Turkey Corn

= Wild Bleeding Heart

= Fringed Bleeding Heart

However, there is only one botanical nam
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Life Cycle Classification System

= Indicates the (relative) amount of time to
complete a life cycle.

Juvenile Stage (vegetative)

v

Adult Stage (reproductive) § '

There are other classification systems that have their place, too, for instance
life cycles. To begin, life cycle refers to the amount of time (relatively) that it
takes for a plant to germinate, pass through juvenility and reach the
reproductive (adult) phase.

27



Life Cycle Classification

= Annuals: Life Cycle Completed in One
Growing Season. “ 3 M

Snapdragons Soybeans

Annuals take one (or less) growing season to complete the life cycle. Most
people know what you mean when you recommend annual flowers for a

| andscape. Theyodre relatively inexpensi
last only one season.
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Life Cycle Classification

= Biennials: Life Cycle Completed in Two
Growing Seasons.

m Season One: Vegetative
m Season Two: Reproductivejg

Hollyhocks year 1 Hollyhocks year 2

Biennials require two growing seasons to

over. During the first year, biennials
look like the pictures in the seed catalogue. However, hollyhock is in this
picture and is one of the most beauti ful

biennial or perennial, depending on the species and variety.
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Life Cycle Classification

= Perennials: Lifespan of More Than Two
Years.

Hoary Puccoon Gooseneck Loosestrife

Perennials live for longer than two years. Some may reach adult hood in their

first growing season and are ready to re
Perennials have renewal buds that survive winter/resting periods. Herbaceous
perennials die back to the ground each winter, but have renewal buds located

either at or right below the ground level, such as the hosta pictured in this

slide. The vegetative foliage dies back each year but renewal buds survive

and start a new and larger plant the next growing season.
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Life Cycle Classification

= Perennials: Lifespan of More Than Two
Years.

= Woody: Renewal buds above ground.
* Evergreen
* Deciduous
= Deciduous Conifer

Woody perennials, like herbaceous perennials, have renewal buds, sometimes
even underground. However, they also have renewal buds on woody
branches and stems above ground that survive winter seasons and then
generate new leaves, shoots and flowers the next growing season.

31



Evergreen Woody Perennial

One example of a woody perennial would be evergreen woody perennials,
such as this Pinus cembra (Swiss stone pine). Evergreen woody perennials
have foliage that commonly survives for two to four growing seasons before
the foliage dies and falls off.
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Deciduous Woody Perennials

Deciduous woody perennials have foliage that ages and falls off (senesces) at
the end of each growing season. The renewal buds then generate new leaves
the following growing season.
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Deciduous Conifers (The Larch)

|l tds assumed that all conifers are
biological, there are exceptions to the rule. For instance, there are several
deciduous conifers, and some of them grow in Minnesota. The Taxodium
distichum (bald cypress) and our native Larix laricina (American tamarack)
shown above, are two deciduous conifers that do quite well in many parts of

Minnesota.

everg
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Plant Classification System

= Classified by Use:
=« Shade Tree
= Edible Landscape
»« Something Attractive in the Winter
= Plants That Attract Wildlife
= Plants That Screen: views, sound, odor
= Plants That Can Tolerate Traffic

But wait, therebds mor e! Yet another <cl a
especially when youdre talking with fAnor
trees, windbreak treeséall |l ump plants i
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“We want plants that attract
butterflies

Some people only want plants to bring them other living things, and could care
less about the names of the plants.



“‘We want trees that provide a canopy over our
street.”

Yet one more Aused categoryéstreet trees
care | ess about the botanical nameét hat
in their neighborhood that provide a green canopy over the pavement.
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Plant Anatomy

= Leaf Anatomy
= Cutin
» Epidermis: Upper and Lower

Storage and Veins
» Stoma

Plant anatomy refers to the internal structure of plants and the corresponding
parts: leaves, stems, roots, flowers, etc. You as a Master Gardener are not

|l i kely to spend a | ot of time discussing
there are instances when some knowledge of anatomy helps you explain a
plant function or problem to someone. The anatomy of a leaf is actually
fascinating, both simple and complex. Cutin is a waxy layer covering the
typical leaf surface and serves as a physical protectant and helps plants retain
moisture within the leaves. The upper and lower epidermis is a second layer
of protection and is cellular, usually a single layer. The mesophyll is the largest
area of the leaf. The cells in the mesophyll contain a lot of water, the
chloroplasts that are the sites for photosynthesis, storage for photosynthates
(sugars, starches, lipids) and waste products. Finally, within the leaf are the
veins, essentially the continuation (or perhaps the beginning) of the vascular
system that flows throughout the entire plant and through the root system.
Stoma are actually openings in the leaf surface, generally on the underside of
the leaves. The stomata are opened or closed via guard cells around the
opening. When guard cells are filled with water, the stomata are open. When
the cells have lost water and become flaccid, stomata are closed.
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Leaf Anatomy

= Cutin or Cuticle: protective waxy covering
produced only by the epidermal cells of
leaves.

Cutin is non-cellular and protects the epidermal cells from drying out. One of
the damages that deicing salt inflicts on plants is the degradation of cutin,
which then leads to leaves drying out and turning brown.
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Leaf Anatomy

= Epidermis: a single-layered group of cells
that covers plants' leaves, flowers, roots
and stems.

The epidermis protects the more internal cells of the leaf, is one-cell layer
thick, and is non-photosynthetic.

40



Leaf Anatomy

= Mesophyll: the primary location of
photosynthesis.

Chlorophyll a is contained in the mesophyll cells and is the primary site of
photosynthesis in a living plant. Additionally, the mesophyll is the primary area
for water storage.
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Leaf Anatomy

m Stoma: a pore, found in the leaf and stem
epidermis that is used for gaseous
exchange: e.g. carbon ioxid

The stoma is an opening that allows for the movement of water vapor and
more importantly, carbon dioxide. Without carbon dioxide, photosynthesis
cannot occur.
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