
LEAVES

1) Photosynthesis
2) Gas Exchange



Branched-netted 
venation of DICOT 

Leaves

Parallel Veins 
of MONOCOT 

leaves

Family Lamiaceae /Labiate(Mint Fam.): Callicarpa 
americana –American beautyberry



Upper epidermis & cuticle

Palisades Mesophyll

Spongy Mesophyll

Lower epidermis

Collenchyma

XYLEM

PHLOEMStomata

Air 
spaces

Air 
spaces

Air 
spaces



Upper epidermis & cuticle

Palisades Mesophyll

Spongy Mesophyll

Lower epidermis
PHLOEM

XYLEM
Stomata

Midvein & vascular bundle

Bundle Sheath

Phloem of Veins carry sugars to the stem & roots Xylem of Veins carry water from the stem to the leaves

Air 
spaces

Air 
spaces

Air 
spaces

Collenchymacuticle

cuticle

Poplar leaf ( Populus )



Upper epidermis & cuticle

Palisades Mesophyll

Spongy Mesophyll

Lower epidermis

Air 
space

Air 
space

Guard Cell      Stoma

Vascular Bundle / Vein

Bundle 
Sheath



Upper epidermis & cuticle
Palisades Mesophyll -1 cell 
thick, but most chloroplasts

Spongy Mesophyll

Lower epidermis

Variegated Croton Codiaeum
variegatum: Euphorbiaceae, a 

Dicot

Midvein

Upper epidermis & cuticle

Palisades Mesophyll-1 cell 
thick, but most chloroplasts

Spongy Mesophyll

Lower epidermis



Genetic mosaicism: lower epidermal 
cells variegated due to chimeral type 

mutation(maybe viral)- clear cells 
don’t produce chlorophyll

Few 
stomata

Anthocyanin & carotenoids in 
red cells



CRUSHED PHLOEMMidvein

Lateral vein: 
note Xylem & 

Phloem

Phloem

Xylem Xylem

Phloem



Annular to spiral 
2ndary thickening 

in Xylem vessel 
elements

Tracheary elements

Companion cells of Phloem
Sieve Plate of Sieve 

Tube Member

Phloem: Sieve Tube Member

Lateral vein: 
note Xylem & 

Phloem



LEAF

stomata

Midvein

Bidens alba



Epidermis w/ hairs

Collenchyma

VB

VB

Parenchyma



Epidermis w/ hairs

Collenchyma

VB
X

Ph

Parenchyma



Longitudinal section of 
young Coleus stem

Leaf Primordia
with Procambium

Apical
MERISTEM of 

SHOOT

Meristem of 
Axillary Buds

VB

LEAF TRACE GAP

cotyledons

Epicotyl



Axillary
Bud

ABSCISSION LAYER

When Fall comes & a leaf’s 
chlorophyll breaks down, 
they store their sugars in 

their the roots & shoot, the 
leaves fall off to seal the 
vascular system from the 
effects of the cold & frost. 

This also leaves yellow, 
orange & red pigments 

(masked by green) to color 
the leaves before they are 
lost to abscission, rot & get 
recycled as nutrients (via 

the soil) for next year’s bud 
eruptions.



ABSCISSION LAYER

Axillary Bud

Leaf petiole

STEM



Axillary Bud

Leaf Petiole



Monstera
(Phyllodendron)

Monocot

Bundle Scars

Leaf Scar



CT. Fall 
Foliage, 2010



CT. Fall Foliage, 2010



DICOT: Lower epidermis of 
oak leaf showing ‘netted 

venation’, unlike //-veined 
Monocots



Axil of leaf w/tendril 
coming out of it: stem 

tendril, not leaf tendril. If 
they come out of tip of 

stem = Leaf Tendrils 

Petiole

Blade

TENDRILS

Petiolar
Gland

Stipule

Passiflora



LOWER 
SURFACE

UPPER 
SURFACE

Trichomes 
galore

Glands

Family Lamiaceae 
/Labiate(Mint Fam.): Callicarpa 

americana –American 
beautyberry



LOWER 
SURFACE

UPPER 
SURFACE

Family Lamiaceae /Labiate(Mint Fam.): 
Callicarpa americana –American 

beautyberry



Red and violet ends of 
spectrum are absorbed by 
plant pigments. Only green

part of spectrum is 
reflected, imparting a 

green color to chloroplasts, 
leaves, etc.

Least                                     Most
Energetics

R    O   Y       G             B          V



Oleander



Oleander (very 
poisonous)

Trichomes in 
deep pit (where 

stomata are 
found) in lower 

epidermis

Multi-laminar 
epidermis 

Palisades 
Layer

This wasp-mimic lepidopteran’s
caterpillar eats only oleander and is 

poisonous to predators.

O2 CO2



Calcium Oxalate xls. 
called Druses

Upper epidermis & cuticle

Palisades Mesophyll

Spongy Mesophyll

Lower epidermis

Upper epidermis & cuticle

Palisades Mesophyll

Spongy Mesophyll

Lower epidermis



Upper epidermis & cuticle

Palisades Mesophyll

Spongy Mesophyll

Lower epidermis

VIBURNUM LEAF

stomata



Viburnum Leaf

Upper epidermis & cuticle

Palisades Mesophyll

Spongy Mesophyll

Lower epidermis

Collenchyma

Fibers

Phloem of Veins carry sugars to the stem & roots

Xylem of Veins carry water from the stem to the leaves



In Dicots, the stomata
are not in rows

Guard 
cell

Guard 
cell

Guard 
cell

Guard 
cell

LOWER 
EPIDERMIS

Guard 
cell

Guard 
cell

Air 
space

CO2 in

O2 out
Guard 

cell
Guard 

cell

Air 
space



Stomata in Dicots = 
random orientation



Monocot 
stomata are 
oriented in a 

parallel fashion

Stoma
Guard cells –
note large # of 
chloroplasts

African lily, lower epidermis
Turgid = open
Flacid = closed



Heliconia: Lower epidermis (2 cells thick) – many // stomata
Upper epidermis (2 cells thick) – NO stomata

Large “drip-tip” leaves for tropical environs

Epidermis

Subdermis

Open stoma, 
rest closed



Heliconia: Upper –stomata free-
Epidermis showing uppermost of 

two cell thick epidermis 
(crenulate cell walls) & lower 
layer (subdermis)  of bigger, 

straight-sided, hexagonal cells. 

Guard cells and Subsidiary cells 
of Stoma



25 um stomata length ( 7 um wide )

Heliconia : Lower epidermis –
STOMATA (sing. STOMA) with both 
guard & subsidiary cells Guard cells 
have many chloroplasts, subsidiary 
cells with amyloplasts and fewer 
chloroplasts. Stoma closed, flacid.

Subsidiary cell

Subsidiary cell

Guard cell

Guard cell

chloroplasts

amyloplasts



Palm Leaf Petiole

Palm 
Leaf 
c.s.



Sussex U.

Grana

Pine ‘needle’ note green 
mesophyll

Intergrana

starch



In photosynthesis , chlorophyll-a uses sunlight to oxidize water to 
Oxygen and releases Hydrogen & 2 electrons with high energy levels. 
These e- are passed down a cytochrome transport system to a 
hydrogen pump molecule in the thylakoid membrane which uses the 
e- energy to pump the hydrogens across the membrane giving a large 
positive charge to the thylakoid space. The H+ ions free fall 
(equilibrium) back through a machine-like molecule (ATP Synthase) 
which spins and the energy is used to turn ADP + P into ATP to be used 
in the Calvin Cycle to make sugars. This is called Photosystem II (P680). 
Photosystem I (P700), also on the Thylakoid Membrane of the Grana of 
the Chloroplast, simultaneously  uses light to re-energize e- through a 
cytochrome system which powers NADP-synthase to turn NADP plus 
H+ into NADPH. ATP & NADPH are used as energy currency to link up 
Carbon atoms from CO2 to make sugar molecules in the stroma of the 
chloroplast via the Calvin Cycle and an enzyme called RUBISCO.



CH3

CHLOROPHYLL-a in 
thylakoid membranes of 

Grana of the Chloroplasts

mesophyll

Hydrophobic 
tail

Magnesium 
‘porphyrin’



Stroma

Thylakoid 
Memb.

grana
grana

Chlorophyll a, in 
groups – reaction 
centers

C3

e



STARCH Grains

From     Light Cycle

e



Potato Starch Grains stained 
purple-black by iodine

Glucose molecules are linked 
by dehydration synthesis into 

branched or unbranched starch 
chains which are stored in 

Amyloplasts or ‘starch grains’



Collenchyma

HIBISCUS



Upper epidermis & cuticle

Palisades Mesophyll

Spongy Mesophyll

Lower epidermis

MID VEINBLADE

VB



Calcium oxalate  
DRUSES: like a 

mace

hollow
sclereids





Epidermal GLANDS



Fire 
cracker 
plant

Pachystachys



Ligustrum Leaf

Very tall 
palisades 

layer
Very tall 
palisades 

layer

Air 
spaces

Air 
spaces



Xylem

Phloem

Blade Midvein or 
midrib

vein

Upper epidermis & cuticle

Palisades Mesophyll

Spongy Mesophyll

Lower epidermis

epidermis



Pine Tree Needles are the 
Leaves

Endoderm



Podocarpus: a yew Gymnosperm

Transfusion cells



Nodes

Internode

Flowers

Katydid: a grass 
eater

Grasses



Phloem

Xylem

Air 
space

Air 
space

Bundle Sheath

Sieve Tube 
Member

Grass (Monocot) 
Vascular Bundle 

no vascular 
cambium

Stem

Leaf 
Sheath

Blade

Leaf 
Sheath

Stem

Parenchyma

Companion 
cells







Leaf 
Sheath

Internodal
Intercalary 
Meristem

Stem

pith



Blade

Sheath

Stem

Leaf 
Sheath

Stem



Leaf 
Sheath

Stem

Stem

Sclarenchyma
fibers



Cystoliths of 
CaCO3

Leaf sheath

Stem



Corn (Grass) Leaf with BULLIFORM 
CELLS & ‘Kranz’ type bundle 

sheaths



Bulliform cells: if turgid with 
water= open; if flacid= closed

C4 St. Agustine Grass



C4: St. Augustine Grass: 
in monocots, the 

stomata are in // rows

O2

CO2



AGAVETrue succulent leaves –
not stems (as in cacti)

P
h
l
o
e
m

xylem

Water 
holding 
parenchyma

Spines, not thorns

Note vascular 
bundles



~ 14 cell contacts with 
each other

Bundle Sheath        Phloem

Companion cell

Sieve tube 
Member

Xylem

Bundle Sheath                                    Phloem

Sieve 
plate



Plasmodesmata

Water holding parenchyma



‘Bladderwort’- angiosperm 
plant that has underwater 
“bladders” for capturing 

protists & small arthropods = 
Carnivorous plant : Utricularia 

vulgaris . It also provides a 
major pond habitat



Utricularia vulgaris flowers

Bladderworts



Young bladders

bladders



Utricularia
bladder



BLADDERWORTS: 
Utricularia bladder –
modified submerged 
leaves for catching 

zooplankters- trigger 
causes door to open in 
1/100th of a second & 

suck in prey

Trigger 
hairs



Pitcher plant’s (Asian) LEAVES are 
Carnivorous: water in ‘pitcher’ 
traps insects for amino acids & 

other nutrients

Nepenthes



Digesting 
midges

Inner surface is waxy & slippery and covered with downward pointing hairs

Glandular 
secretions 

attract insects

Hood or 
operculum



Glandular Prickle cells of 
epidermis: Nettle family 

(Urticaceae) Pilea sp.: 
Costa Rica, Apr. 2013



Sundew (insectivorous)

Venous Flytrap



Venous Flytrap

Trigger 
hairs

(insectivorous)

sundew



Water Lily ‘pads’ are leaves

flower

Leaf anatomy, next 3 slides



Upper epidermis & cuticle

Palisades Mesophyll

Spongy Mesophyll with large air 
spaces for hydrophilic habitat

Lower epidermis

Sclereids

VB

CS of leaf (pad) of water lily: Nymphaea



Sclereids

Sclereids

Upper epidermis & cuticle

Palisades Mesophyll

Spongy Mesophyll with large air 
spaces for hydrophilic habitat

Lower epidermis
CS of leaf (pad) of water lily: Nymphaea



Lower epidermis

CS whole mount of peel

Sclereids
VB

Floatational air chambers VB

Upper epidermis & cuticle

Palisades Mesophyll

Spongy Mesophyll

Lower epidermis

chloroplasts

Nymphaea, cont’d

No stomata (in water)



Stomata on upper surface only: O2 out to air, CO2 in from air

Peel of upper epidermis of water lily pad/leaf (Nymphaea)



Tendrils can either be stems (originate from 
Axillary bud) or modified leaves 



Bougainvillea

THORNS are actually 
stems, not leaves,  

because they originate 
from the AXIL

Note lenticels

Large epidermal PRICKLES of Smilax bona-nox



Vine

Cecropia (Costa Rica)

PALMATE LEAVES



Pinnately compound 
leaf: touch-sensitive 
partridge-pea plant
Cassia fasciculata

Bumble Bee 
w/ pollen sacs

Leaf

Leaflet

Rachis



PULVINUS

K+ ions move to 
touch, water follows 
and turgor changes = 

leaflets close

PULVINI
PULVINI

Ph
X

PULVINI

PULVINI

Osmotic movements in 
leaves: sensitive plants, 

venus fly traps,etc.

Bundle 
sheath



Air space-rich leaves 
of water dwelling 

water plantain

Aerenchyma
cells



Cacti spines are 
leaves; stem is 

fleshy green 
cladophyll

fruit

Opuntia

CAM photosynthesis- malic 
acid holds CO2 in vacuole: 

released to Calvin cycle 
when stomata closed in day 

Cactus spine is a leaf 
modified to prevent 

water loss (spine c.s.) 
note sclerenchyma 

fibers

fruit



Trichomes all over surface 

of plant

20 X: 

Leaves 

(1-2 mm 

wide)
Bromeliads: 
Pineapple & 

Spanish 
Moss



Trichomes

Central Disc Cells

‘Wing’

Ring Cells

Function as directional 

one-way entrances for 

dew/rain to enter and 

stay in leaf under 

Central Disc Cells

Cross section



Cental disc cells

Ring cells 

Wing

Capillary draw of water 

under wings when leaf 

is wet indicated by RED 

arrow

epidermis





Compound fruit

Abaxial grooves w/ 

trichomes

Nasty spines



CAM: where water conservation is important

Crassulacean Acid Metabolism (CAM)





Hand section of pineapple leaf – adapted for arid climate

Trichomes in lower 

grooves



Raphides

upper epidermis & thick cuticle

VB

VB

Air chambers w/ star-shaped 

cells= Aerenchyma

Palisades 

mesophyll

CAM plants



CAM plants: store CO2 as malic acid-in 

vacuole. As in C4 plants(grasses) but no Kranz type 

vascular bundle sheath; instead stomata (few) open 

only at night to conserve water and let in CO2 

storing as Malic acid(C4) and closing stomata in day, 

releasing CO2 from malic acid    malate (to form 

Pyruvate – C3) so light independent reaction can 

occur(Calvin Cycle).

Air chambers w/ star-shaped cells 

= aerenchyma



Phloem

sclerenchyma

aerenchyma

xylem

Upper epidermis


