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Learning Outcomes

Terminology

Structure and function
of:

Stems
Roots
Leaves
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What is a Plant?

Classification

All plants placed in Plant
Kingdom with Domain
Eukarya

Eukaryotes possess cells
with a nucleus
Photosynthesis

Plants absorb light
energy and carbon
dioxide and produce food

autotrophs
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What is not a Plant?

Other organisms
photosynthesize
Photosynthesis invented
(evolved) by bacteria
Cyanobacteria

Algae which includes
seaweeds and kelp are
NOT plants

Lack true tissues or
reproductive structures
Green algae are
ancestors to land plants
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Vegetables, Flowers and Fruit

Vegetative refers to non —
reproductive structures of
plants

Leaves, stems, roots
Vegetables

— Cabbage - leaves

— Carrots — roots

Flowers are reproductive
structures

Once fertilized ovaries of
female flowers develop
into fruit

What is a tomato?

http://public.wsu.edu/~wsherb/edpages/delicious/shoots.html
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Categorizing Plants

By Lifespan
Annuals
— Complete life in one growing season
Biennials
— Complete life in two years
« carrots
Perennials
— Live for many years
By stem type
Herbaceous
— Stems are green
Woody plants
— Stems reinforced with lignin
— Have bark
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Categorizing Plants by Habit

« Deciduous

» Leaves are shed during
part of the year

* Winter deciduous
« Avoid frost damage
« Drought deciduous

« Avoid water loss from
leaves

* Evergreen

» Retain leaves on tree all
year

* Individual leaves may live
for several to many years

Shoot System

Above ground

May be herbaceous (green and
flexible) of woody

Terminal bud

Apical meristem

— Site of cell division and primary
(vertical) growth

Node
— point where leaves attach

Axilliary bud
— Potential to develop into leaf
Internode

— Stems lengthen (plants grow
taller) through extension of
internodes
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Function of shoot system

Why do trees have trunks?
Trunk is main axis of growth

Branches arise from lateral
(sideways) growth

Primary function of above ground
portions of plants is to obtain light
Competition for light leads to vertical
growth

Growth form of plant is often
genetic, but also due to
environmental factors

Slide 10

Function of Shoot System

» Transportation

— Leaves may be some distance
above roots

— Leaves absorb light and make
sugars

— Sugars transported throughout
plant including roots

— Roots absorb water and nutrients
from soil

— Water transported upwards to
leaves through stems and into
leaves by veins
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Function of shoot system

Why do plants have
stems/ trunks?

Attachment for:
leaves

flowers

Fruits

Tendrils — support for
vines

Grapes
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Storage of resources for
perennial plants
Rhizomes
— (monocots)

« Iris, Ginger
Tubers

— (eudicots)
« Potatoes

Corms
« Brodiaea, Taro, crocuses

Stolons
Asexual reproduction

Sprouts from existing
stem
— Strawberries

* (Stray-berry)

Modified Stems
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Modified Stems Vascular System

Principal site of
photosynthesis is leaves

Also stems in some

Vascular bundles run through
stem to leaves

Leaf veins
— Xylem innermost

plants — Phloem outermost

Palo verde

Cacti Vascular cambium
Adaptations to dry Cells thlat divitjje tr?l produce
climates new xylem and phloem

Reduce water loss from
leaves but allow
photosynthesis to occur

Monocots vascular bundles
scattered

Eudicots — vascular bundles
arranged in ring

b Fate ot

o

prmary e
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Xylem

Hollow tubes conduct
water from roots

— thickened cell wall

— Structural support

Vessel elements

— Continuous — angiosperms
— hardwoods

Tracheids

— Discontinuous — conifers

— softwoods

racheid
T

. Tracheids
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Celery Xylem

Strings in Celery are
xylem vessels

Experiment

Place Celery stalks
(with leaves) in water
Add food coloring to
one (experiment)
Compare after one
hour
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Cohesion-Tension Model of Xylem

Transport

Water molecules polar
weak Hydrogen bonds
form

Water molecules lost
from leaves via
transpiration

Tension pulls water
column upwards
Cohesion makes water
continuous pulling water
into root cells

Water can rise 100m
using energy from sun
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Phloem

Hollow cells with;

— Sieve plates

— Companion cells

Conducts sugars from source
— leaves —

High solute content in phloem
attracts water from xylem
(osmosis)

Increased pressure in phloem
forces fluid away
To sinks

- Roots

— New leaves/shoots

— Developing fruit/seeds

leaf cal (S0URCE) q

N— ioaces bom phioee
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Secondary
Growth

¢ Perennial plants live
for more than one
year

* New xylem and
phloem produced
each year from
Vascular Cambium

¢ Bark produced from
Cork Cambium
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Plant Growth Forms

e Tree
— Primary growth occurs at apical meristem
— Main primary trunk
— Branches occur well above ground level
e Shrub
— No obvious trunk
— Branching occurs at or near ground level
* Vine
— Woody, but does NOT support own weight
— Climbs up other plants
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Plant Growth Form
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Bark

Dead outside layer of
cells

Functions:

Prevent waterloss via
evaporation
Protection from
damage

Insulation from fire

Thick bark e.g. cork
oak
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Annual Growth Rings

¢ Dark lines = narrow
xylem produced at
end of summer
contrasts with wide
xylem of early spring

» Bark produced from
cork cambium
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Analysis of Growth Rings

Age of tree
Bristlecone Pine
Pinus longaeva
One ring per year
Dendrochronology
Archaeology

Past Climate
Frequency of Fires
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The Tale of the Twigs Functions of Roots
» Deciduous woody plants « Absorb water
shed leaves and form .
buds in fall * Absorb minerals from
« Terminal buds at apices soil
» Lateral buds « Anchor p|ant

* Leaf scars show where
petioles attached » Storage organs

e Terminal bud scale scar — Root vegetables

shows where previous » First structure to
terminal buds formed emerge from

e Measure growth in one i
year germinating seeds
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Root Structure

No waxy cuticle

Water and dissolved minerals
travel to central Xylem
Selective

— Certain minerals (toxins) not

absorbed

Metabolically active

— Secrete acids and sugars into soil
— Modify soil chemistry

— Encourage bacterial activity

— Require oxygen

Root hairs

— Zone behind root tip

— Large surface area

— Responsible for most absorption
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Tap Roots

Eudicots
One main vertical root

Horizontal ‘secondary’
roots branch
outwards

Anchor trees in
ground
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Fibrous Root Systems

¢ Monocots
— E.g. Grasses, palms
e Lack taproot
¢ Lack branching
lateral roots
¢ Adventitious Roots

— Derived from buds
ABOVE the ground

« Provide support
— Prop roots
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Increase surface area for
light absorption

Carbon dioxide absorbed
from air via stomata
Water loss from leaves to
air via evaporation

Cools leaves
Transpiration loss of
water from leaves pulls
water up xylem from roots
Due to cohesion of water
In dry environments
maintaining water
balance can be a problem

Function of
Leaves
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Petiole connects leaf
blade to stem at node Leaf Structure
Veins contain:

— Xylem — water

— Phloem - sugar

Waxy cuticle reduces
waterloss from upper
surface

Stomata

Pores on lower surface
— Permit CO, entry

— Allow water loss

— Closure reduces water
loss
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Petiole

connects leaf to stem i

vascular system Leaf Venatlon
— Xylem and phloem

Midrib

— Primary vein
Secondary veins can be:
Parallel

— Monocots

— Grasses, irises,
Pinnate
Secondary veins branch off
of primary veins

— Elm, Tanoak
Palmate

Several major veins branch
from one major point

— Maples
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Simple leaf

Leaf blade undivided
between secondary
veins

Compound leaves
Leaf divided into
several leaflets along
rachis

Palmately compound
Pinnately compound
Compound leaves may
be adaptations to

— Droughts

— Rapid growth

Leaf Composition
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Leaf Arrangement

Used to identify plants
Alternate

— Most common
Opposite

Several large
important families
Whorled

— Few examples no
woody plants




Slide 35

Leaves absorb both light
and heat radiation

Only 5% of energy used
for photosynthesis
Overheating damages
leaves

Heat lost by:

— Transpiration

— Convection

— Boundary layer

Small leaves, lobed
leaves, and compound
leaves reduce boundary
layer and speed up
convective heat loss

Leaves and Heat
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Leaf Angle

» Leaves PERPENDICULAR
to angle of light absorb most
light (1.0 units)

* Angled leaves absorb less
light

* Less efficient at
photosynthesis BUT reduces
water loss

» Adaptation arid environments

* Manzanita
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Leaf Hairs

No hairs
— Glabrous
Functions of hairs:

— Scatter sunlight
« Reduces heat

Traps air

— Insulation

Reduces water loss
— Hairs on lower surface
Defense

— Glandular hairs
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Why do Leaves Change Color?

« Deciduous trees
retranslocate green
chlorophyll from leaves
before shedding

* Chlorophyll stored in trunk
until spring

« Fall colors due to other
pigments
— Carotenoids — orange
— Anthocyanins — deep reds
— Xanthophylls - yellow

* Also responsible for colors
of flowers and fruits
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The intensity of fall color Wam'hg
related to anthocyanin CO|Orat|on

concentration
— Plant secondary compound
Defends leaves against
insect herbivores
Cost:
— energy to synthesize
anthocyanins
Benefit:
— deter female insects from
laying eggs on trees in fall
« aphids




