
EPIDERMISTHICK CUTICLE

PINUS

LEAF

C.S.

?



THICK CUTICLE EPIDERMIS

?

PINUS

LEAF

C.S.

S



STOMATE

THICK CUTICLE EPIDERMIS

PINUS

LEAF

C.S.

+



GUARD CELLS

SUNKEN

STOMATE PINUS

LEAF

C.S.

?



THICK CUTICLE EPIDERMIS

STOMATE

?

PINUS

LEAF

C.S.

H



HYPODERMIS

THICK CUTICLE EPIDERMIS

STOMATE

PINUS

LEAF

C.S.

?



THICK CUTICLE EPIDERMIS

STOMATE

HYPODERMIS

?

PINUS

LEAF

C.S.

M



MESOPHYLL

THICK CUTICLE EPIDERMIS

STOMATE

HYPODERMIS

PINUS

LEAF

C.S.

?



THICK CUTICLE EPIDERMIS

STOMATE

HYPODERMIS

MESOPHYLL

?

PINUS

LEAF

C.S.

R



THICK CUTICLE EPIDERMIS

STOMATE

HYPODERMIS

MESOPHYLL

RESIN DUCT

PINUS

LEAF

C.S.

VC



THICK CUTICLE EPIDERMIS

STOMATE

HYPODERMIS

MESOPHYLL

RESIN DUCT

VASCULAR

CYLINDER

PINUS

LEAF

C.S.

?



THICK CUTICLE EPIDERMIS

STOMATE

HYPODERMIS

MESOPHYLL

RESIN DUCT

?PINUS

LEAF

C.S.

E



ENDODERMIS

THICK CUTICLE EPIDERMIS

STOMATE

HYPODERMIS

MESOPHYLL

RESIN DUCT

PINUS

LEAF

C.S.

E



LEAF

ENDODERMIS



PINOPHYTA

LEAF ENDODERMIS

PINOPHYTA

LEAF ENDODERMIS

RETAINS WATER

WITHIN

VASCULAR CYLINDER

?



TRANSFUSION

TISSUE

THICK CUTICLE EPIDERMIS

STOMATE

HYPODERMIS

MESOPHYLL

RESIN DUCT

ENDODERMIS

?

PINUS

LEAF

C.S.

T



TRANSFUSION

TISSUE

THICK CUTICLE EPIDERMIS

STOMATE

HYPODERMIS

MESOPHYLL

RESIN DUCT

ENDODERMISPINUS

LEAF

C.S.

T



TRANSFUSION

TISSUE



PINOPHYTA

LEAF TRANSFUSION TISSUE

PINOPHYTA

LEAF TRANSFUSION TISSUE

RETAINS WATER

WITHIN

VASCULAR TISSUE



TRANSFUSION

TISSUE

THICK CUTICLE EPIDERMIS

STOMATE

HYPODERMIS

MESOPHYLL

RESIN DUCT

ENDODERMISPINUS

LEAF

C.S.

X



TRANSFUSION

TISSUE

XYLEM

THICK CUTICLE EPIDERMIS

STOMATE

HYPODERMIS

MESOPHYLL

RESIN DUCT

ENDODERMISPINUS

LEAF

C.S.

P



TRANSFUSION

TISSUE

PHLOEM

THICK CUTICLE EPIDERMIS

STOMATE

HYPODERMIS

MESOPHYLL

RESIN DUCT

ENDODERMIS

XYLEM

LEAF

PINUS

C.S.

$



TRANSFUSION

TISSUE

THICK CUTICLE

SUNKEN

STOMATE

HYPODERMIS

ENDODERMIS

LEAF

PINUS

C.S.

>



LEAF 

ADAPTED

ZERIC 

HABITAT

^



EMBRYO

^



EMBRYO

STRUCTURE



EMBRYO

PINUS

EMBRYO

L.S.

?



EMBRYO

PINUS
?

EMBRYO

L.S.

M



EMBRYO

PINUS
MEGAGAMETOPHTE

EMBRYO

L.S.

?



MEGAGAMETOPHTE

EMBRYO

?

PINUS

EMBRYO

L.S.

C



MEGAGAMETOPHTE

EMBRYO

COTYLEDONS

PINUS

EMBRYO

L.S.

C



COTYLEDON



PINOPHYTA

EMBRYO COTYLEDON

EMBRYO SEED LEAF

PINOPHYTA

EMBRYO COTYLEDON

?



MEGAGAMETOPHTE

EMBRYO

COTYLEDONS

?

PINUS

EMBRYO

L.S.

S



MEGAGAMETOPHTE

EMBRYO

COTYLEDONS

STEM APICAL MERISTEM

PINUS

EMBRYO

L.S.

?



MEGAGAMETOPHTE

EMBRYO

COTYLEDONS

STEM APICAL MERISTEM

?

PINUS

EMBRYO

L.S.

H



MEGAGAMETOPHTE

EMBRYO

COTYLEDONS

STEM APICAL MERISTEM

HYPOCOTYL

PINUS

EMBRYO

L.S.

H



HYPOCOTYL



PINOPHYTA

EMBRYO HYPOCOTYL

EMBRYO STEM

PINOPHYTA

EMBRYO HYPOCOTYL

?



MEGAGAMETOPHTE

EMBRYO

COTYLEDONS

STEM APICAL MERISTEM

HYPOCOTYL

?

PINUS

EMBRYO

L.S.

R



MEGAGAMETOPHTE

EMBRYO

COTYLEDONS

STEM APICAL MERISTEM

HYPOCOTYL

RADICLE

PINUS

EMBRYO

L.S.

R



RADICLE



PINOPHYTA

EMBRYO HYPOCOTYL

EMBRYO ROOT

PINOPHYTA

EMBRYO HYPOCOTYL

?



MEGAGAMETOPHTE

EMBRYO

COTYLEDONS

STEM APICAL MERISTEM

HYPOCOTYL

?

RADICLE

PINUS

EMBRYO

L.S.

R



MEGAGAMETOPHTE

EMBRYO

COTYLEDONS

STEM APICAL MERISTEM

HYPOCOTYL

ROOT APICAL MERISTEM

RADICLE

PINUS

EMBRYO

L.S.

?



MEGAGAMETOPHTE

EMBRYO

COTYLEDONS

STEM APICAL MERISTEM

HYPOCOTYL

?ROOT APICAL MERISTEM

RADICLE

PINUS

EMBRYO

L.S.

S



MEGAGAMETOPHTE

EMBRYO

COTYLEDONS

STEM APICAL MERISTEM

HYPOCOTYL

SUSPENSORROOT APICAL MERISTEM

RADICLE

PINUS

EMBRYO

L.S.



MEIOSIS

GAMETOCYTES 1N

MITOSIS

GAMETE

SPERM

1N

GAMETE

EGG

1N

MITOSIS

MITOSIS

SYNGAMY

SPORES 1N

ZYGOTE 2N

SPOROCYTES  2N

SPOROPHYTE

2N PHASE

MULTICELLULAR

SPORE PRODUCING PHASE

2N PHASE

MULTICELLULAR

SPORE PRODUCING PHASE

SPOROPHYTE

2N PHASE

MULTICELLULAR

SPORE PRODUCING PHASE

PINOPHYTA

LIFE CYCLE

SPOROPHYTE

2N PHASE

MULTICELLULAR

SPORE PRODUCING PHASE

GAMETOPHYTE

1N PHASE

MULTICELLULAR

GAMETE PRODUCING PHASE

^



GAMETOPHYTE 

CHARACTERS

^



MICROGAMETOPHYTE

^



POLLEN GRAIN

^



POLLEN GRAIN

STRUCTURE



POLLEN GRAIN

MICROGAMETOPHYTE

PINUS

?



?

POLLEN GRAIN

MICROGAMETOPHYTE

PINUS

P



PROTHALLIAL CELLS

POLLEN GRAIN

MICROGAMETOPHYTE

PINUS

?



? PROTHALLIAL CELLS

POLLEN GRAIN

MICROGAMETOPHYTE

PINUS

G



GENERATIVE CELL PROTHALLIAL CELLS

POLLEN GRAIN

MICROGAMETOPHYTE

PINUS

?



GENERATIVE CELL

?

PROTHALLIAL CELLS

POLLEN GRAIN

MICROGAMETOPHYTE

PINUS

T



GENERATIVE CELL

TUBE CELL

PROTHALLIAL CELLS

POLLEN GRAIN

MICROGAMETOPHYTE

PINUS

?



GENERATIVE CELL

TUBE CELL

PROTHALLIAL CELLS

POLLEN GRAIN

MICROGAMETOPHYTE

?

PINUS

W



GENERATIVE CELL

TUBE CELL

PROTHALLIAL CELLS

POLLEN GRAIN

MICROGAMETOPHYTE

WINGED EXINE

PINUS

W



POLLEN GRAIN

PINUS

WIND DISPERSAL

AP



POLLEN GRAIN

PINUS

ANEMOPHILOUS POLLINATION

AP



ANEMOPHILOUS

POLLINATION



PINOPHYTA

ANEMOPHILOUS POLLINATION

WIND POLLINATION

PINOPHYTA

ANEMOPHILOUS POLLINATION

^



SPERM

N



PINOPHYTA

SPERM

NON-FLAGELLATED

^



REPRODUCTION

^



MONOECIOUS

GYMNOSPERM

VS

DIOECIOUS

GYMNOSPERM

M



MONOECIOUS

GYMNOSPERM



GYMNOSPERM

MONOECIOUS

GYMNOSPERM

MONOECIOUS

MICROSPORANGIA

AND

MEGASPORANGIA

SAME PLANT

>



PINUS



PINUS



MICROSTROBILI

PINUS

MICROSPORANGIA



MEGASTROBILI

MICROSTROBILI

PINUS

MICROSPORANGIA

MEGASPORANGIA M



MEGASPORANGIA

MICROSPORANGIA

D

^

MONOECIOUS

PINUS



DIOECIOUS

GYMNOSPERM



GYMNOSPERM

DIOECIOUS

GYMNOSPERM

DIOECIOUS

MICROSPORANGIA

AND

MEGASPORANGIA

DIFFERENT PLANTS

?



?



GINKGO

M



GINKGO

M

MICROSTROBILI



GINKGO

“M

MICROSPORANGIA



GINKGO

M

MICROSPORANGIA

^

“MALE” PLANT



GINKGO

M



GINKGO

M

MEGASTROBILI



GINKGO

“F

MEGASPORANGIA



GINKGO

2

MEGASPORANGIA

“FEMALE” PLANT



“FEMALE” PLANT“MALE” PLANT

MICROSPORANGIA

GINKGO

D

MEGASPORANGIA



DIOECIOUS
^

GINKGO

“MALE” PLANT

MICROSPORANGIA

“FEMALE” PLANT

MEGASPORANGIA



PINOPHYTA

SEX 

CONDITION



PINUS



MICROSTROBILI

PINUS

MICROSPORANGIA



MEGASTROBILI

MICROSTROBILI

PINUS

MICROSPORANGIA

MEGASPORANGIA M



MEGASPORANGIA

MICROSPORANGIA

^

MONOECIOUS

PINUS



MICROSTROBILUS



PINUS

MICROSTROBILI



MICROSTROBILUS

PINUSL.S.



PINUS

L.S.

?



PINUS

L.S.

?
M



MICROSPOROPHYLL

PINUS

L.S.

?


