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Botany 101

Tonight’s Lecture
« Four Major Groups of Plants
« Plant Physiology
— Photosynthesis
— Transpiration
« Plant Anatomy
Upcoming plant-related BYN classes
« Plant Ecology and Communities 9/23 (Ashley Troth)
« Plant ID Techniques and Resources 9/25ish (Matt Jones, pre-recorded)
* Plant Insect Interactions 10/7 (Sam Marshall)
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Plants are 86% of Earth’s Biomass
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Trophic Levels Nature Education (2012)
it fox .
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Where do animals obtain energy? et oo
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Scorpion Primary
Third ‘ ; \ Carnivores
(secondary consumers)
~ Second Y j’f s/ Herbivores
(primary consumers) P i,

Where do animals obtain matter? I e O e
— Carbohydrates, fats, proteins e procom) @ﬁ@ “‘*‘ Autotrophs

By consuming other plants, animals, and fungi!

— Use energy by respiration
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Where do plants obtain energy?

Where do plants obtain matter?
— Carbohydrates, fats, proteins

By photosynthesis!

\ N.C. AT NC STATE
STATE UNIVERSITY UNIVERSITY
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Turns CO, into sugars using the energy of the sun

light
carbon dioxide + water > | sugar |+ oxygen
chlorophyl
6CO, + 12H,0 > |CcH1,06| + 60,

o %0
R J;>

& "3%
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Energy for doing things Matter for making things



N COOPERATIVE

EXTENSION Respiration

The process that turns food (sugar) into energy.

sugar + oxygen > |energy [+ carbon dioxide + water

CsH,0 + 60, ATP |1+ 6CO, + 6H,0

Energy for doing things Energy for making things
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 \ / Mutualists, e.g.
e :;'{""‘- % [ endophytes ]

Plants can:
Spend energy il
— Growth and defense

Save energy e ', ‘]»
— Store for future growth -l ‘ /
Invest energy (s | AN S Motuatas, o5
— for future generations . ,,.‘w*,‘ Bl TyeoThizas
Seeds for future ge (Respirat }_‘{/”f' &/\ — .

Give away energy
— Herbivores, fruit dispersers, pollinators, gardeners

Total photosynthesis (money in) must exceed total respiration (money out)
for growth, reproduction, defense, and energy storage to occur.

Slide: Charlotte Glen



\[esiPMd  Biomass as a Solar Energy Store

CO,; to air by CO; from air for
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(a)

respiration

(c) Respiration

ATP for:
Biosynthesis
Active transport
Movement
Bioluminescence
Electrical work

(b) Photosynthesis

Figure 5-1
Raven Biology of Plants, Eighth Edition
© 2013 W.H.Freeman and Company
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The Basis for Terrestrial Food Webs

ldaho Public Television
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https://www.exploringnature.org/db/view/Forest-Food-Webs

EXTENSION What are plants?

[Mlick E7Falbot ‘
BY:-NC2:0 55

J'oy Weese Moll
CC BY-NC 2.0




N = e Rsion Plants in the Tree of Life
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Chlorobionta (Viridiplantae) — green plants 1

Embryophytes — land plants™ i

Tracheophytes — vascular plants —

I-Monilophytes-l Spermatophytes — seed plants—l
Gymnosperms Angiosperms
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Flower, carpels,
stamens (4 sev.
other features)
ﬁ];z%z;ii Seeds
Wood

Xylem & phloem vascular tissue
Independent sporophyte

Cuticle, gametangia, emmbryo (sporophyte)

Eularyotic cdl Photesym thetic
: eukaryotic cdl

For more on endosymbiosis, see:
https://evolution.berkeley.edu/evolibrary/article/ 0 O/endosymbiosis 04

/}reen plant chloroplast
Michael G. Simpson

Plant Systematics, 3 Ed.



https://evolution.berkeley.edu/evolibrary/article/_0_0/endosymbiosis_04
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Green Algae

Dietzel65
Wikimedia Commons




N COOPERATIVE

EXTENSION Green Algae vs. Land Plants

Chlorobionta (Viridiplantae) — green plants 1

Embryophytes — land plants™ i

Tracheophytes — vascular plants —
Monilophytes

wn

Spermatophytes — seed plants—l
Angiosperms

r Gymnosperms I
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Flower, carpels,
stamens (4 sev.
other features)

Xylem & phloem vascular tissue
Independent sporophyvte

Cuticle, gametangia, embryo (sporop@

Bryophytes (Mosses) (Conifers)
Green plant chloroplast : : .
ichae! 6. Simpson /'/ P P Pteridophytes (Ferns) Angiosperms (Flowering Plants)

Plant Systematics, 3 Ed.




Shared Characters of Land Plants

Michael G. Simpson
Plant Systematics, 3 Ed.

_~ guard cells

of stomate S} - ', chloroplasts
cuticle ~ cell wall  epidermal cell <> 0 ’ C
@)
\ — O @ stoma
|
open
stoma chloroplast
I ™
n \ 'i,‘ ,/ : guard cells
v 2 ‘ of stomate
Cuticles reduce water loss. Stomata allow CO, in (photosynthesis)

and H,O out (transpiration).



Shared Characters of Land Plants

celll

Michael G. Simpson
Plant Systematics, 3 Ed.

nack neck canal cells

epg cell

o
A B
Antheridium Archegonium
Apical meristems Sperm and egg protected from

produce undifferentiated cells. desiccation in gametangia
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Green Algae vs. Land Plants

Chlorobionta (Viridiplantae) — green plants 1

“Green Algae™

Liverworts

Green plant chloroplast
Michael G. Simpson

Plant Systematics, 3 Ed.

Embryophytes — land plants™ i

Tracheophytes — vascular plants —

Monilophytes

wn

Spermatophytes — seed plants—l
Angiosperms
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Flower, carpels,
stamens (4 sev.
other features)
Seeds
Wood

Xylem & phloem vascular tissue
Independent sporophyte

Cuticle, gametangia, emmbryo (sporophyte)

Bryophytes (Mosses) (Conifers)
Pteridophytes (Ferns) Angiosperms (Flowering Plants)
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Dispersal of
Gametes

Dispersal of
Offspring

Three Modes of Reproduction

Sperm via Water

Pollen via Wind

“\Wniv* of'Wiscensin
Jay Mann

Pollen via
Animals & Wind

Spores via wind

Penn State Univ.

Seeds from cones
via wind & animals

W
zﬁ% '

O,_f)zatg Unive\ {8

Seeds from fruits
via animals, wind, & water
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Martin Cathrae
CC BY-SA 2.0
.

NC STATE
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Three Groups of Bryophytes

; ;;»43,;

1

Liverworts Hornworts
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Leptoids e
g oss E. Koning
Hydroids ParenThyma @ Eastern Conn. Univ.

Pantphys.info

Q
G ©

“Marek Mis / Scie

: 0 3 .
Y > Acd v .
Figure 16-22b
Raven Biology of Plants, Eighth Edition
© 2013 W.H.Freeman and Company c

Some mosses have primitive,

s | = vessel-like structures SWi mm i N g Sperm
Rhizoids Require water




NC eX7ension Moss Life Cycle

Get:;::::zing %gnta N
“Bud”
Qy
* Spores dispersed from parent

 Germinate to produce separate
male and female plants .
gametophyte

— Gametophytes (n

Figure 16-28 part 2
Raven Biology of Plants, Eighth Edition
© 2013 W.H.Freeman and Company



NC EXTension Moss Life Cycle

« Gametophytes produce 5
gametes (sperm & egg) A
» Splashing rain drops transport ain
swimming sperm

et
s TR
Archegonium Archegonial head

Figure 16-28 part 3
Raven Biology of Plants, Eighth Edition
© 2013 W.H.Freeman and Company
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 Sperm fertilizes eqgg
« Grows into a sporophyte

 Sporophyte attached to
gametophyte

(2n)

Figure 16-28 part 4
Raven Biology of Plants, Eighth Edition
© 2013 W.H.Freeman and Company



Sporogenous tissue
(2n)

Moss Life Cycle

Calyptra ™o :

| v | Section ¥ Peristome Spores

; m through (n)

% Capsule  capsule \ no

(sporangium) Operculum °co,

Mature S . °

sporophytes porogenous tissue

(2n) (2n) Peristome

Section
through capsule
Figure 16-28 part 6

Raven Biology of Plants, Eighth Edition
© 2013 W.H.Freeman and Company

Female
gametophytes
(n)

 Sporophytes release and
X disperse spores
i1» Young sporophyte

owetoapms  Rinse and repeat

Raven Biology of Plants, Eighth Edition
© 2013 W.H.Freeman and Company
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454 Moss Species in NC

M/esternCarolina-Bofanical Glubz; + 3% 3% . 4. ' \WestemGarQli

- .
B

b

Bartramia Rhodobryum Leucobryum

STATE UNIVERSITY

https://nc-biodiversity.com/taxonomic-group/mosses-liverworts-and-hornworts N.C. AaT



https://nc-biodiversity.com/taxonomic-group/mosses-liverworts-and-hornworts
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230 Liverwort Species in NC 7/ Hornwort Species in NC

Bazzania Pallavicinia Notothylas

https://nc-biodiversity.com/taxonomic-group/mosses-liverworts-and-hornworts \ N.C. A&T

STATE UNIVERSITY



https://nc-biodiversity.com/taxonomic-group/mosses-liverworts-and-hornworts
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Have specialized tissues for moving food & water

Pterido P h yteS (Ferns & Lycophytes)

o PrOduce SporeS Embryophytes — land plants™ I

Tracheophytes — vascular plants —

Monilophytes

w2

Spermatophytes — seed plants
p L
r Gymnosperms 1 Angiosperms

GCymnosperms (coniters)

 Produce seeds S, sz E5 8, o 2% g
— 2 = %‘ a2 = o, = = éﬂ 5*?:3 5 —

- £ & 5|2 58 F = S E E= g
AnglOSpermS (Flowering Plants) — = T G 2 =22 R ‘
 Produce flowers \

. . Flower, carpels,
* Produce seeds in fruits stamens [ ey
Seeds
Wood

Xylem & phloem vascular tissue
Independent sporophyte

Cuticle, gametangia, embryo (s

Michael G. Simpson
Plant Systematics, 39 Ed.
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First leaf

/
sporophyte

<Second

Stem apex—

Joy Weese Mall
CC BY-NC 2.0

Dominant Sporophyte

Vascular Plants

Specialized Features (Apomorphies)
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(simple)

. sieve plaiz sieve plate
® pits nerforation plate {icosm poumd) (simple)
{comapoand ) pore =] -"i \ pore _
A A WS

e
&
seve
= aea
lignified | & 5 ;
o | czll wall .

= Lo .
- 5
P Frppon g
r‘ = ‘/\ T s ors S .
T HSFD 0D
" = :‘:x h*ﬂ-q-q—bq LT3 .
o & L - E L e
L ey @ .
voe 000606 pon @ | dove
o o B oon o oo ancas
"# & g TGOS S od
a LE-R-T- R - |
SO FODE pE e . | \‘.
LLE-T-L - R )]
@ ‘::Eg HE E w \/
® & deve plate
A e
[‘r-ﬂ{.' hEid I— Il!'lt'ﬁ\ﬁ-'ﬂlﬁ —I
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Xylem Cells Phloem Cells
Transport Water Transport Food

Vascular Tissue
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Plant Systematics
Michael G. Simpson
Elsevier

~

Fapiyl]

Sem vasculshee

True Leaves

Vascular Plants

Specialized Features (Apomorphies)

Protoderm

Lateral __4?

root . Emerging Ground meristem

lateral root

Procambium

Apical meristem of root

Root hairs

—Mucilage
sheath

Rootcap

Figure 23-1b
Raven Biology of Plants, Eighth Edition
© 2013 W.H.Freeman and Company

True Roots



MeESHEId Leaf Anatomy

Ty
/
\ midrib
Functions of a Leaf /
* Photosynthesis hlade
e Transpiration
Cuticle Vein mUuF:E::e Bundtle-sl.ieath Palis;de
| | epidermis e‘x~e|.1-5|on parenchyma Secondary
o e e veins
bud
- > petiole

\

stipules .

Spongy multiple i home Guard cell Bundle sheath Simpson Plant Systematics 2006

arenchyma : .
P yma apidermis Raven Biology of Plants 8th ed.
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Lateral

/@ root
 Absorb water & dissolved i
nutrients from the soil oot T | mersing
j ateral roo
* Anchor plants in soill

 Conduct water and nutrients : N
to the rest of the plant S5 -Mudage

Rootcap

Raven et al. Biology of Plants 7th ed. 2005



NC tX7Ension Root Distribution

Trunk

Anchor roots Transport roots

— Feeder roots

o

R AT 2Ty
-

District of Columbia
Urban Forestry Administration



At franspiration How Plants Move Water

A y 1 @ 5 = o Xylem sap
- 5 26 . “ ik ¢ L~
731 / A A . 2 "»ﬁ' 3
; X . . o ‘/,.' ” 2 Mesophyll
( BL Y. <.~ cels
" : / Stomata
Water
olecule

/Almosphere
Adhesion by

hydrogen bonding

 chnpi Water evaporated
from stomata... ousgsr

perforation plate
(compound)

perforation plate

(simple)

Figure 7-15 . ‘

ey w7 i lignified
cell wall l | ' —
...and pulled e
|
through xylem cells L
I _— Trunk xylem
9 = =08 MBa—
el 1=
A '-.'@,I B
b Soil
tracheid L vessels —— o

Water uptake from soil

Watch Video:

go.ncsu.edu/transpiration Michael G. Simpson

Plant Systematics, 31 Ed. Nature Education Knowledge 4(5):6



https://go.ncsu.edu/transpiration

