Plants

The Producers

¢ Ecological

classification

* Produce the food
(photosynthesis)

e Condition the
environment

* Create shelter
and habitat

Ecological communities are often

named for the dominant producers
i & >
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* Not all producers are plants

Photosynthetic Protists

Phytoplankton [ecological classification] — earth” s dominant producers!
+ Diatoms
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Photosynthesis

* Glucose for energy fuel, organic chemical
monomers, structural polymers.

+ Oxygen for aerobic respiration.

Photosynthetic bacteria

Cyanobacteria —
“blue-green algae”
use chlorophyll

Halophilic archaea —
“purple bacteria”
use bacteriorhodopsin

Plants Cells

Rough
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Plant Cells / Tissues / Organs

MESOPHYLL CELL

LEAF CROSS SECTION

Alternation of Generations
in Plant Reproduction

Gametophytes
(male and female)
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Alternation of Generations in the Green Algae (Chlorophyte) Ulva

Changing definitions of the
Kingdom Plantae

. Classical: everything photosynthetic

/ not an animal

. Whitaker’ s 5-kingdom model: all eukaryotic

multicellular photosynthetic organisms

. Phylogenetic: “land plants” — exclude the algae

= Embryophyta: dependent embryo, meristem growth
& differentiation, cuticle

. Cladistic: Viridiplantae (“green plants”) —

embryophyta + chlorophyta (“green algae”)

Changing definitions of the
Kingdom Plantae

Other

¥
Various other
groups of aigae
: Green algae I

Nonvascular plants:
mosses,

Vascular non-seed

Gymnosperms:
pine trees, etc.

Embryophyta

Angiosperms:
flowering plants

Plantae (eukaryotic photoautotrophs)

Plants

* Algae — green alga, brown alga, red alga

* Bryophytes — mosses, liverworts, hornworts
* Pteridophytes — ferns and horsetails

* Gymnosperms — conifers and cycads

* Angiosperms — flowering plants
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(Macro-)Algae — Aquatic Plants

* Three Divisions (Phyla) - 2N

Chlorophyta
“Green Algae”

Rhodophyta

“Red Algae”
Phaeophyta
) “Brown Algae”
" A {including the “kelp” family }

* Not directly related to each other,
nor to terrestrial vascular plants.

+ Accessory pigments allow greater light sensitivity at depth.

Kelp
Life
Cycle "

phond ( 2m

“Dependent embryo”

— analogous to
embryophytes

Contrast between terrestrial vascular plant

form and aquatic algal form.
Land plants

— Photosynthesis and gas exchange in
leaves.

— Nutrient and water uptake from soil
by roots.

— Vascular system transports between

leaves & roots.

Woody tissues provide erect

support.

— Waxy cuticle resists drying.

Algae

— Bathed in medium providing water,
nutrients, and dissolved gases —
roots, stomata, cuticle, and vascular
systems not needed
Photosynthesis occurs all over plant
body — no leaf specialization
— Water environment provides

buoyancy / woody tissue not needed

Bryophytes: Mosses

» Haploid gametophytes are the dominant, conspicuous phase
* Sperm “swim” to female gametophyte; require moist habitat
+ Spores may be dispersed by wind

Vascular Plants (Tracheophytes)
Xylem - up! Phloem - down!
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Pterophytes: Ferns

+ Diploid sporophyte is the dominant, conspicuous phase

+ Sperm “swim” to female gametophyte; require moist habitat
* Spores are dispersed by wind
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Fern Life Cycle
(1]

Haplold (n)
Diploid (2r)

©1900 A Wesey Lorsgran v
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Fern frond x-sect w/ sorus

763 N00/4202468205/

Seed-bearing plants (Spermatophytes)

Two Clades: The visible plant body is the

diploid sporophyte

« Gymnosperms “naked seeds”] ¢'P'0'¢ SPOroPY
~ Division: Conifers “cone
bearers”

The gametophytes are transient
microscopic structures
— Female gametophyte within the
ovule
— Male gametophyte within the
pollen grain

* Pollen grains resist desiccation
— allow transport of sperm
independent of water

* Angiosperms “vessel seeds”
- Division: Anthophytes

“flowering « After fertilization, ovule
plants” develops into seed bearing the
embryo

Gametophyte (n)
Sporophyte (2n)

(b) Large sporophyte and small,

(c) Reduced gametophyte

(a) Sporophyte dependent on
ophy

on sp
{e.g., terns) {soed plants)

Gymnosperms “naked seeds”
Conifers “cone bearers”

World’ s larges

World’ s largest 0

Angiosperms — the flowering plants

Teeminat bud

Flower

) (9 A v
= ! 7 1>250,000 known )
Sow] e living species
=90% of all plant species
v
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Vascular-plant structure

Tracheophytes

Vascular Plants
Xylem - up! Phloem - down!

S

Yet more surprising analogy between

land plants and kelps

» Dependent embryos
» Meristematic growth
« Differentiated tissues

* Vascular tissue

— Phloem-like sieve vessels
Muchage cutich ————————————
+ Trumpet-filaments joined by sieve plates in medulla

T.5. 53p8 [ MG of Brown seaweed

cross section of a giant kelp stipe

Rhizoids

» Non-vascular plants increase surface area
for absorption & attachment with rhizoids

Green algae

Fern prothallium

Non-vascular Rhizoids = Vascular Root

Fern sporophy(e@ ,/9
=\ g
I
J

Fern prothallium il
an
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Roots

Taproot Fibrous root

« Taproot: from enlargement and
branching of the seminal (seed) root.
— Extends deeply

— Starch storage

« Fibrous root: thin roots originating
from base of stem around seminal
root.

— Dense network near soil surface

Adventitic oot ele H
s * Adventitious root: fibrous-like roots

originating from additional stem
nodes.

— Extend fibrous root area

— Asexual propagation

— Prop roots

— Climbing anchors
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sylom

epidermis

« Fibrous
vasculer (monocot)
cambium

root

primery phicem

Gas exchange 1n vascular plants

» CO, taken in and O, given out by
leaves for/from photosynthesis.
Dissolved O, taken in with H,0
from soil by roots for tissue
respiration.

co,
* During daylight: O, out > O, in
In dark of night: O, out < O, in

Leaves & Stems
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Leaves & Stems

Alternate,

simple leaves

Opposite,

compound leaves
-~

compound: compound:
pamae Goubly pnnate
Leaf Anatomy
Cuticle Collenchyma
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© 1999 Addison Wesley Longman, Inc. Stoma

Stomata — “little mouths”

— adjustable openings for gas exchange on

the undersides of leaves
- A

SalobyinmNogety
4 A v' !. Q

O, bubbles forming from stomata
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Developmental Phase Changes of Meristem
and
Determinate Development of Leaves

Two main classes of angiosperms:
« Monocots — grasses & grains (~70,000 spp.)
» Dicots —non-grasses (~180,000 spp.)

Seed leaves Leaf veins Stems Flowers Roots
MONOCOTS

One Vasculor bundies in  Floral ports usually  Fibrous

cotyledon Main voins usually paraliel  complex arrangement  in multiples of three  root system
DICOTS

Two 3 Vascular bundles  Floral parts usually in  Taproot

cotyledons Main veins usually branched  arranged inring  multiples of four or five  usually prosent

Monocot and Dicot Leaves

bla

Monocot

© 1995 Wadsworth Publishing Company/ITP

Horizontal Stems

Vascular Bundles
Xylem - up! Phloem - down!

Heyer

Vascular bundles of xylem & phloem
in stem and leaf of monocot

Epidenmis
500 um
—

®)
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Secondary xylem &
phloem in woody plants
(Dicot Angiosperms)
[Gymnosperms are similar]

Annual growth rings
in woody plants

Secondary xylem &
phloem in woody plants
(Dicot Angiosperms)
[Gymnosperms are similar]

Cork cambium (igh ee)

Late wood

Secondary xylem Early wood

Dialated
phloem ray Bark

Seed-plant reproduction

Gymnosperm (“naked seed”)
VS,

Angiosperm (“vessel seed”)

Gymnosperm Angiosperm
micropyle
integument
nucellus
megasporocyte
funiculus
+ Seed develops from megasporangium:
i + with y
+ Inangiosperms, ium develops within ovary (the “vessel”)

Gymnosperms “naked seeds”
Conifers “cone bearers”

Conifers:
cones as sex organs

Heyer
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Conifers:
cones as sex organs
*Sporophylls
 “spore leaves” with
* sporangia
*Pollen cones [male]
* Microsporophylls

From: Sehmoil (1932 Leittaden Ser Paszea.
e, Verlag von Quelle & LMeye, Lol

* Microsporangia

i

P TS
.

* Microspores (n)
+Ovulate cones [female]
¢ Megasporophylls

©2007 Gerhard Loutieer - The Seed Biclogy Place - htp:iiwww. seedbiology de

o Seed
* Megasporangia t.z"‘,..,w
* Megaspores (n) b

(fomale cone) with  ovulerous S4o) With two Ovuls  two winged seeds (eft),
Bottom view (lef), 10p view (right)  isparsed seads (right)

(apsrophyty
Gymnosperm y/ R s
Life Cycle o )/
> R e
Conifers: qreges L i

Cones as sex organs

Gymnosperm Seed Development

Integuments (2n)
_ Seed coat (2n)

Nuceilus
(megasporanglum)
(2n) &

Mogaspore (n) <
Embryo (2n)
orged Sporoonyie
Discl
Micropyle sperm nucleus (n)
(a) Ovule (b) Fertilized {c) Seed
ovule
Kevtouses
Haploid (n)
Diploid (2m)

©1008 Abtae: Wesiey Lorgran e

Angiosperms — the flowering plants

Anthophytes: flowers as the sex organs Pollen grains

* Non-reproductive
perianth
— Sepals form calyx
— Petals form corolla

* Male organ: Stamen
— Filament & Anther
— Anther produces pollen

* Female organ: Carpel
— Stigma, Style & Ovary
— Stigma collects pollen
— Ovary produces ovules

Corvagn & et P s s e 1 v oo

Reproductive Phase Changes of Meristem
and
..Floristic Development

« Meristem identity genes:
leaf primordia
—> floral primordia

.—' Carpet
| y e « Organ identity genes:
\ P — which floral primordia
§ ) - becomes which floral
S component
e — The ABC hypothesis
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(1) 50k it o Scmets with Oogan entiy enctatons

Angiosperm Gametophyte Development

(a) Development of a male
‘gametophyte (in pollen grain)

Microsporangium .
(pollen sac) A \
~ ¥4
Microsporocyte (2n) |, |
i
4 microspores (n) (%."3)
'

Eachofd &
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.
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Angiosperm Gametophyte Development

(b) Development of a female
gametophyte (embryo sac)

Double Fertilization \
in AngiOSperms Ovule“%': \ \
stigma ——— polien grain._|POIar NUClei \ -\

e

R = ()
Synergid 3

PR ‘%—-\ $

Polar nuclel |Endosperm
nucleus (3n)
Egg (2 polar nuclei
plus sperm)

Germinating
pollen grains

(egg plus sperm)

/> Feamwganon ~Emenvosac °
Zyoom 2 R €99 nucleus () @) 3
} 7 s sopomn Vg
X)) 4—( J tube :

©150 A Wy Lingman, W

Dicot- Y - %:;.
Angiosperm o

Seed s
Development o
| desoweg
X

Angiosperm “vessel seeds”
walls of ovary thicken to form fruit to carry the seeds

A fruit is a structure to protect and
disperse the embryos within the seeds

Ovule

More on fruits later!

Simple fruits develop from a single ovary
of a single flower

Compound fruits develop from the fusion
of many ovaries or many flowers

10
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Sporophyte embryo:
* Leaves [cotyledons]
* Shoot [hypocotyl]

* Root [radicle]

Hypocotyl

Seed Development

Endosperm

Micropylar
endosperm

Embryo

Testa
(seed coat)

Radicle

Seed Development
Germination

Testa
(seed coat)

Cotyledon

Shoot
meristem

Endosperm

Radicle

Ruptured
testa

Micropylar
endosperm

Avery GSJ tobaceo seed and

Root cap-

meristem

anatomy of the secdling plant. American Journal of Botany 20: 309-327

Monocotyledon (corn)
- Seed coat
~ Endosperm

_ Single cotyledon
" Leaf sheath \

— Embryonic
root

(1) First leaf _

Leaf
sheath .~/

Seed Development
Monocots vs. Dicots

Dicotyledon (bean)
Seed coat
(2) First true leaves _ }Two cotyledons

Netlike
veins

e t‘:ﬁ!e\ Two cotyledons ]1// "/ ' %/;

U ]F Withering
Leaf sheath i cotyledons

Endosperm

Floral

Anatomy

ovary
Lovule |

pistil
e

egy

Perianth

Petal:Corolla
Septal : Calyx ,/
57 Anther

Microsporangium

Ovary Nectary /

petal — stamen
(collectively
corolla) 3
sepal
(collectively
calyx) perianth

receptacle
pedicel

Anthophyte Diversity

Flowers & Fruits

Flower Morphology

regular / radial y g I bilateral y
i
perfect carpellate or staminate (male)

(stamens and pistils

pistillate (female)
in same flower)

11
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Flowers Flower Morphology and Ovary Position

3

« Complete flower

— calyx-+tcorolla+stamens+carpels

* Hermaphroditic:

—Both male + female organs in same
flower

Hypogynous flower Perigynous flower
. Lily [note non-green sepals!]
*Monoecious:

Epigynous flower
with superior ovary

with superior ovary with inferior ovary

— Separate male flowers & female
flowers on the same plant
*Dioecious:

— Separate male flowers & female
flowers on separate plants

Hypogynous (flower “below ovary”): ovary positioned on the peak of the
receptacle (torus). Other flower parts arise below the base of the carpels. E.g., Pea.

Perigynous (flower “around ovary”): ovary positioned in cup-like torus. Other
flower parts arise from edge of the cup. E.g., Rose.

Epigynous (flower “above ovary”): ovary completely embedded and fused within
Staminate Carpellate the receptacle. Other flower parts arise from the top of the ovary. E.g., Apple.
flower flower
Begonias

_7 ! Bracts

. Y
Multiple flowers % 3
(ﬂorer)? growing ¥ @ * Specialized leaves associated with
as a distinct cluster ‘]" ‘éﬁ flowers or cones
L e

* Most commonly with an inflorescence

Protective bracts Bract convergence with flower parts

* Petal-like bracts of poinsettias & bouganvillas
Enclosing ;

D
inflorescence *\m‘ Y inflorescence
of banana | o fowes :
flowers
(florets)

bracts

Heyer




Plants

Mpyriads of floral designs
reflect methods to achieve pollination

Floral characters relevant to pollination

Bats Bees Beetles Birds Butterflies Flies Wind
FLOWER

dull white, | bright dull white, | red, red, dull brown, | dull green,
color green, white, green orange, orange, purple brown

purple yellow, white purple

blue

strong, fresh, mild, | fruity, spicy | none spicy, none | putrid none
odor fruity pleasant

regular, tubular large, large, narrow shallow regular or

bowl- with bowl- funnel- tube with funnel or petals

shaped. shallow shaped shaped; wide trap-like reduced or
shape | Closed landing perch landing absent;

P during day | platform support, | pad stigmata
but no protruding
landing
platform

bloom | night day day day day anytime | any time
time
abundant; | usually sometimes | abundant; | abundant; | usually none
hidden present; | present; | deeply deeply none
nectar not hidden | not hidden | hidden hidden

Angiosperm “vessel seeds”
walls of ovary thicken to form fruit to carry the seeds

As ovules within the ovary develop into seeds,
the walls of the ovary (carpels) grow & develop
into the walls of the fruit (pericarp)

< Simple fruits develop from a single ovary

of a single flower

« Compound fruits develop from the fusion

of many ovaries or many flowers

Heyer

* Autochory: self dispersed (explosive or recoil)

Fruit: agents of seed dispersal

* Anemochory (wind-) & Hydrochory (water-dispersed)

13
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Fruit: agents of seed dispersal

* Zoochory (animal-dispersed)
— Synzoochory — stockpiling & sloppy feeding
— Epizoochory — attach/adhere to fur/feathers
— Endozoochory — digestion-resistant seeds pass through gut

Fruit Types

* Comparing Apples to Oranges

*An orange is a fruit.
*An apple contains a fruit!

THE APPLORANGE

Heyer

Fruit Types

« Simple Fruit: derived from a single ovary

— Dehiscent Fruit: dry fruit remains attached to plant.
Splits open to release mature seeds

« Pod; capsule; follicle

DEHISCENT FRUIT TYPES

Legume pod

Fruit Types

» Simple Fruit: derived from a single ovary
— Indehiscent Fruit: fruit dispersed with seeds.
* Dry Fruit: pericarp hardens
— Grain (Caryopsis): pericarp thin, fused to seed coat
— Achene: pericarp thin, not fused to seed
— Nut: pericarp forms thick shell, not fused to seed

DAY INDEMISCENT FRUITS

3 % Samara
+ (olm)

HE ) 3 ¥

‘Achene Nut d Utricla

{Clematis) (hazel) o . (Chenopodium)

¥ {
Cypsels Caryopuis

(dandelion) (whoat)

Fleshy Fruits
* Pericarp (from carpels of ovarian wall) thickens
« Derives into three layers

— Endocarp —
innermost layer

FRUIT (a beny of tomato)

Pericarp
(Ovary wall) — Mesocarp —
middle layer
— Exocarp —

outermost layer

* Mesocarp becomes thick, fleshy, & juicy.

Fruit Types

» Simple Fruit: derived from a single ovary
— Indehiscent Fruit: fruit dispersed with seeds.
* Fleshy Fruit: mesocarp thick/pulpy/juicy (= sarcocarp)
— Berry: endocarp thin
» Bacca (true berry): exocarp — thin skin
» Tomato, grape, coffee bean, cucumber

» Hesperidium: exocarp — thick rind
» Citrus

14
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Fruit Types

» Simple Fruit: derived from a single ovary
— Indehiscent Fruit: fruit dispersed with seeds.
* Fleshy Fruit: mesocarp thick/pulpy/juicy (= sarcocarp)
— Drupe: endocarp thickens/hardens — pit around

single seed
Parts of a frult

rs . » Peach, cherry, plum, mango, olive, coconut

Orupe (Prumer)

Fruit Types

* Compound Fruit: derived from multiple ovaries or
multiple flowers
— Aggregate drupes: from flowers with multiple ovaries;
each drupelet with tiny pit
« Blackberry, raspberry

¥16. 4p—Blackberry (Rubus) : o, the polycarpellate gywaecium; b, carpel
. median section of the aggregate {ruit; 4, a young d ; €, mature drupe.
it & hypanthium; 5, sepals: s, stamens. OS¢ matwee ey

Fruit Types

* Compound Fruit: derived from multiple ovaries or
multiple flowers (inflorescence)
— Multiple fruit: fusion of fruits from multiple flowers
» « Pineapple, fig, mulberry

Heyer

Fruit Types

 Simple Fruit: derived from a single ovary

— Indehiscent Fruit: fruit dispersed with seeds.

* Accessory Fruit (Anthocarp): pericarp thin;
other flower parts contribute to much of fruit structure
— Pome: papery pericarp from inferior ovary forms
core around seeds;
Receptacle/perianth form the fleshy layer & skin
N » Apple, pear

Fruit Types

* Compound Fruit: derived from multiple ovaries or
multiple flowers
— Aggregate achenes with accessory fruit: from flowers
with multiple ovaries; multiple achenes on fleshy
receptacle (torus)

s rsterey Fragris Wopiiand),
1a the aews, A s vy

Fre. 375 Fhower and i
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e

Plant
Behavior

* Photoperiod responses
* Defense responses

* Tropisms (analogous to
taxis in animals)

1. Phototropism
2. Geotropism

3. Thigmotropism

15
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Photoreception in Plant Cells
phytochromes & cryptochromes

[ @ Reception l | @ Transduction | I © Response [
CYTOPLASM " - Transcription
—_— factor 1__ NUCLEUS
— Plasma ( NP
membrane \__4 7 &\\
Second Transcription |
y ~ factor
Cell”™ \ e
wall o LY o % D
/ Protein . l 3
&Jﬂﬁ g nazsgr/ ~ Transcription
Light /' O 1
°
o ° Translation
. o
.
.~ Ca?* channel Activate
cellular
. responses
.
Caz s *
B
- e b 0 Figure 39.4
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Photoperiodism & Biological Clocks

.
seasonal SHORT-DAY (LONG-NIGHT) PLANT

N~
s =
HONT] KON T

Hous
=

B WK

LONG-DAY (SHORT-NICHT) PLANT

Photoperiodism & Biological Clocks

—_— N 1
VN

Noon Midnight

Photoperiodism & Biological Clocks

¢ circadian

§
Linnaeus’ proposed : “_g \@
Horologium Florae ““
(“flower clock™) garden 2

Photoperiodism

¢ circadian

LIGHT
L §
Photoreceptors
Central

~wuy o CIRCADIAN
y Output > RHYTHM
‘gﬁu Output pathway that

TEMPERATURE translates oscillation into

Central pacemaker that physiological rhythms

Input pathways that ~ generates the oscillation
can reset the clock

Auditory Behavior?

Responding to sound vibrations

* Hearing danger: predator
vibrations trigger plant
chemical defenses

» Plants respond to leaf
vibrations caused by insect

herbivore chewing. Oecologia
(2014) 10.1007/s00442-014-2995-6
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