PRIMARY
PHLOEM

VASCULAR
CAMBIUM

% APICAL
/ MERISTEM |

STEM

PRIMARY GROWTH

~SG

PRIMARY
XYLEM

C.S.

VASCULAR CAMBIUM ACTIVITY



PRIMARY
PHLOEM

VASCULAR
CAMBIUM

PRIMARY
XYLEM

STEM SECONDARY GROWTH C.s.

VASCULAR CAMBIUM ACTIVITY



VASCULAR
CAMBIUM

STEM




VASCULAR
CAMBIUM

STEM

VASCULAR CAMBIUM ACTIVITY




SECONDARY

VASCULAR PHLOEM
CAMBIUM

STEM

VASCULAR CAMBIUM ACTIVITY



SECONDARY ~SX

VASCULAR PHLOEM
CAMBIUM

STEM

VASCULAR CAMBIUM ACTIVITY



SECONDARY

VASCULAR PHLOEM
CAMBIUM

SECONDARY
XYLEM

STEM

VASCULAR CAMBIUM ACTIVITY



1 SECONDARY

1G

VASCULAR
CAMBIUM

PHLOEM

STEM

SECONDARY
XYLEM

VASCULAR CAMBIUM ACTIVITY




VASCULAR
CAMBIUM

STEM

SECONDARY
PHLOEM

SECONDARY
XYLEM

INCREASE IN GIRTH



VASCULAR
CAMBIUM
ACTIVITY
SUMMARY



VASCULAR
CAMBIUM

SRR T e
| I‘ .




- Y

VASCULAR
CAMBIUM
PARENCHYMA
CELL INITIALS

v
. .‘ L

s K




- Y

VASCULAR
CAMBIUM
PARENCHYMA
CELL INTIALS
MITOSIS




VASCULAR
CAMBIUM
PARENCHYMA
CELL INITIALS
MITOSIS

: oy ' .’ Q
o RS - R
DERIVATIVE
| CELLS OUTSIDE |-.
|  VASCULAR
CAMBIUM

. R

- ",
~ "
3 W -
-
- |
-
-

' !
v s




|
| =

\{‘;\_’;* ML NN \’\“‘L' W

s B o oSS Py ol N . . I_

7 N -\ N - s N y ;
ENE L MO AN LAY

VASCULAR
CAMBIUM
PARENCHYMA
CELLS
MITOSIS

» .
P T PR

SECONDARY
PHLOEM

N2 e [ sl
» » ”\ o‘ o e
3“‘!; p.'. SRR, 4 . - < A\: ,'.”.4 -

A WEE

3
L .

\-,

0-‘




VASCULAR
CAMBIUM
PARENCHYMA
CELLS
MITOSIS

.
> “\. 3
."U‘..<,;“ ..‘T“

-- - - AL L'l b . .

-...‘.-' . R pana: o R, TR

QL s

LA
\ ?I';\‘ AN RIS

AR

‘- ¥ o gane gga
X S0 ARG L v S ]

23 L OWANNUAL QUANTITY

L
ALY e w PR SRR S . R

.




CAMBIUM
PARENCHYMA
CELLS
RIS A MITosis |
& .C'\.L- “C X3 '-__':. < .ﬂ';-.t:"':\\.‘"\-*;:":\'?x"“!fl.’_::)-\S:f"v‘j‘

DERIVATIVE CELLS INSIDE

TR 5.\ —-... -
AN Bk S

‘ y ‘s’ -s v‘v“’l

R{!

.

2 LOWANNUAL QUANTITY

AL R T e’ 3 B




CAMBIUM
PARENCHYMA
CELLS
MITOSIS

.

TREBYT 8.43% oo 7k s
“' _',t.'." ".i ‘ ."‘ ‘"

R (3

S, WL

- OW ANNUAL QUANT
ALY 2R LT I 3 N




VASCULAR
CAMBIUM
PARENCHYMA
CELLS
MITOSIS

.l 3 “’\; > s 1
v“'\\ o

HIGH ANNUAL QUANTITY

¥ A i ] T - ‘ » e - . iy

. A . CAY P e R x r-. é Lf P4 (

- - T . an » S : y . . ",- )

‘.\‘“L...L—- ".“NJ-'.-\-' ~ '".“&v.—‘u.‘él‘;a‘ ..‘*“ -
» » ' 5 "

DD PR D o e
sy

e T SR R
F .1 l( e B 1D L

05 %\"0,. '.'“'-.' '.‘s
.“\"." _’,_;.',' " - ‘ . »

b ' b . “‘.' »

\ .'_\“E‘ gk U R AN

“‘ LOW ANNUAL QUANTITY |

3 <" T AN AT 5N




SECONDARY
XYLEM
ANNUAL RINGS




ANNUAL RING



LATERAL MERISTEM
VASCULAR CAMBIUM
ANNUAL RING

1 YEAR’S GROWTH
OF ~2 XYLEM

LATERAL MERISTEM
VASCULAR CAMBIUM
ANNUAL RING



XYLEM
ANNUAL RINGS

#y
<




XYLEM
ANNUAL RINGS

#y
<




XYLEM
ANNUAL RINGS

#y
<




XYLEM
ANNUAL RINGS

#y
<




SECONDARY
XYLEM
ANNUAL RINGS




SECONDARY
XYLEM
ANNUAL RINGS




SECONDARY
XYLEM
ANNUAL RINGS

PLANT AGE




SECONDARY
XYLEM
ANNUAL RINGS




XYLEM
ANNUAL RINGS




- .

VASCULAR
CAMBIUM

. ) ‘-'\
“ : ..“‘

XYLEM

L e




CORK
CAMBIUM




CORK
CAMBIUM



LATERAL MERISTEM
CORK CAMBIUM

DERIVES
OUTER BARK

LATERAL MERISTEM
CORK CAMBIUM



CORK CAMBIUM

Sl

{ill

CORK CAMBIUM




MY
WA
A\ Y
,_/__‘..,_
M

CORK CAMBIUM

OUTER BARK

A
|
/ _,_.___.:v “.
Ao
o A

CORK CAMBIUM

OUTER BARK




CORK CAMBIUM
CROSS SECTION

CORK CAMBIUM
CROSS SECTION







. e
‘\ .' -‘..h _ .'
et 3 p Py

B,
k

- O
sy
e
<J A 7

A yir- ™

.
)
-

-~




CORK
CAMBIUM
ACTIVITY



CORK
CAMBIUM




CELL

CORK CORK
CAMBIUM CAMBIUM

STEM C.S.




CELL

PARENCHYMA
CELL INITIALS

STEM

PARENCHYMA
CELL INITIALS

C.S.




CELL

MITOSIS

STEM

MITOSIS

C.S.




OUTSIDE
CORK
CAMBIUM

CELL

OUTSIDE

DERIVATIVE
PARENCHYMA
CELLS

STEM

MITOSIS

INSIDE
CORK
CAMBIUM

CORK
CAMBIUM

C.S.




OUTSIDE
CORK
CAMBIUM

OUTSIDE

DERIVATIVE
PARENCHYMA
CELLS

STEM

CELL

INSIDE
CORK
CAMBIUM

MITOSIS

CORK

1 CAMBIUM

INSIDE

DERIVATIVE
PARENCHYMA
CELLS

CORK
CAMBIUM

C.S.




OUTSIDE
CORK
CAMBIUM

CELL

OUTSIDE

DERIVATIVE
PARENCHYMA
CELLS

STEM

MITOSIS

INSIDE
CORK
CAMBIUM

CORK
CAMBIUM

C.S.




OUTSIDE
CORK
CAMBIUM

CELL

OUTSIDE

CORK

STEM

MITOSIS

INSIDE
CORK
CAMBIUM

CORK
CAMBIUM

C.S.




OUTSIDE
CORK
CAMBIUM

CELL

OUTSIDE

CORK
HIGH ANNUAL
QUANTITY

STEM

MITOSIS

INSIDE
CORK

CAMBIUM

CORK
CAMBIUM

C.S.




OUTSIDE
CORK
CAMBIUM

OUTSIDE

CORK
HIGH ANNUAL
QUANTITY

STEM

CELL

INSIDE
CORK
CAMBIUM

MITOSIS

CORK

1 CAMBIUM

INSIDE

DERIVATIVE
PARENCHYMA
CELLS

CORK
CAMBIUM

C.S.




OUTSIDE
CORK
CAMBIUM

CORK

CAMBIUM

OUTSIDE

CELL

INSIDE
CORK
CAMBIUM

MITOSIS

CORK
HIGH ANNUAL
QUANTITY

STEM

% CAMBIUM

INSIDE

PHELLODERM

CORK
CAMBIUM

C.S.




OUTSIDE
CORK
CAMBIUM

OUTSIDE

CORK
HIGH ANNUAL
QUANTITY

STEM

CELL

EG

INSIDE
CORK
CAMBIUM

MITOSIS

CORK

1 CAMBIUM

INSIDE

PHELLODERM
LOW ANNUAL
QUANTITY

CORK
CAMBIUM

C.S.




CORK
CAMBIUM
ACTIVITY
EXAMPLE



DICOT ~2 STEM

PITH

CC

VASCULAR
CAMBIUM

CORK CAMBIUM ACTIVITY C.S.

~2 XYLEM

~2 PHLOEM




DICOT ~2 STEM

CORK
CAMBIUM

PITH

VASCULAR
CAMBIUM

~2 XYLEM

~2 PHLOEM

CORK CAMBIUM ACTIVITY C.S.




DICOT ~2 STEM

CORK
CAMBIUM

PITH

VASCULAR
CAMBIUM

~2 XYLEM

~2 PHLOEM

CORK CAMBIUM ACTIVITY C.S.




DICOT ~2 STEM

CORK
CAMBIUM

PITH

CORK

VASCULAR
CAMBIUM

~2 XYLEM

~2 PHLOEM

CORK CAMBIUM ACTIVITY C.S.




DICOT ~2 STEM

CORK
CAMBIUM

PITH

CORK

VASCULAR
CAMBIUM

~2 XYLEM

~2 PHLOEM

CORK CAMBIUM ACTIVITY C.S.




DICOT ~2 STEM

PHELLODERM

CORK
CAMBIUM

PITH

CORK

VASCULAR
CAMBIUM

~2 XYLEM

~2 PHLOEM

CORK CAMBIUM ACTIVITY C.S.




DICOT ~2 STEM

PHELLODERM

CORK

CORK
CAMBIUM

CORK CAMBIUM ACTIVITY

C.S.




DICOT ~2 STEM

PHELLODERM

1G

CORK

CORK
CAMBIUM

CORK CAMBIUM ACTIVITY

C.S.




DICOT ~2 STEM

PHELLODERM

CORK
CAMBIUM

CORK

C.S.

INCREASE IN GIRTH



CORK
CAMBIUM
ACTIVITY
SUMMARY



CAMBIUM
RN




PARENCHYMA

f_. CELL INITIALS

J . ALY e A
..rw;-wv-“_

DICOT STEM




PARENCHYMA
CELL INITIALS

J . ALY e A
..rw;-wv-“_

DICOT STEM




L NSNS ¥ . R e ot N N )
oUAN T N 2 A AR WL N
s A r ‘%-‘ X y 4‘.’. J i .}\ ".'~J/'i'\‘ : 1;/'-‘. - \
. el PR A ) \'\ D e P
“)... et ° l"‘ - p "- - 'v s ) _'\‘v —'\ ”" ;.(‘.:J. CORK
.,.».o-fzu.f.p’.;‘._j'-i TN NS CAMBIUM
“we > oy .

;/ N s PARENCHYMA
By 7t fﬁkf- L4 TN S ] CELLINITIALS
AR - N S e S MITOSIS

B
>
——— —
) J ¥ A
o \ < TA
.\ ' .

ot

br '."j..‘\ -kv.t .~al
-"—' e B ’
“._oﬁwawv-l‘ .

B o :

S | ’ e
vy, \ -
.‘ I‘b“an‘Y“. A 3

== CELLSOUTSIDE [i.
! CORK '

e




-
o
-

4
Y
‘

‘%.‘;"..: ?y\" .
X ..", '{ . s %
.,.»o LT < ig NUSSN CAMBIUM
' *";l PO ~ o=~ | PARENCHYMA
g \n‘ _ --‘_i_ : "$.--| CELLINITIALS
Fila S R R MITOSIS

'l,-\'_\',-%"‘ :

'__"“'Q"_.r PR k’ L | _ L L

e & ' ." “v-“’ N ".“- u‘““a‘;“ ._‘*“w“

- 2 pt O . L'l P b L 4
A A e g el

sy




y N
“'.. .kil l

'A»‘ .1"‘".?“ " o ,’.\'

‘u.u. i'.‘E’b.Y‘ﬂ!‘ ) b
HIGH ANNUAL QUANTITY

‘\
i} -.°.8_ 3-'.??" '* y

N "

-

ol

:

. Y

a Ve
-

. '.Ivj.“\ -kv

CAMBIUM
PARENCHYMA
CELL INITIALS

-‘—-

-...- ’rW.-.."--_;

I\/IITOSIS

S8 | - .y
.:“U.o—<~ ‘."Y“.w‘.




./\, Y . VA
\_3..\‘ N e

- r »
‘,.;. . o

V. -'.s'::.-:r -~a~. o7 e 2 A
] :. 3 '; = \‘;"'\-'\'. /v-,‘*:f;;; CORK ~
PR 15 3 O NSNS CAMBIUM
v .ny BN T ~ "z | PARENCHYMA

) CELL INITIALS
s 28 I\/IITOSIS

DERIVATIVE , LY
CELLS INSIDE  }oigo il i i
CORK ' 2 :

e e N p
CAMBIUM worpman Gy e T W
: o = A I >

b RS & p
A A L 7 41N “ - )
A, 3" —y :
LA i { ' ( T dne o
" Ts ““m ~ ".‘-' ;“‘J.‘..~ >,
W;.,"v-d

- ".“"" kcu . v«d’\"“"

-

\l tx:.h TR s LB




4 s SN O
B N o
¥ Lad 2 vk
J_ -

: . 'd
»r

> .,
i ;:? B
'~’L:u-!.)~' ‘

N » e

*..A

\ ”~ N »
—‘./ P ' . ‘ R
R B
. \‘ 3
ol N A -

CORK
CAMBIUM
PARENCHYMA
CELL INITIALS
I\/I ITOSIS

\l tx:.h R &

.\'.

g 8 .
'rv.‘-o —‘U.,_,~ -

" vm-;-—'

$




f - \, ~ N .
" S R SRSV
- ” 1 : '
J

. "

*‘ ‘ . - ; '. '_' Lis *r""‘.—; -

-”k % ~g==.f- CORK
'~-‘.l....._».o. t?‘ FENT N CAMBIUM
b Y ~ o= -.| PARENCHYMA
. TR <1 CELL INITIALS
_MITOSIS

“PHELLODERM :
' “"““*"-'—'.M_\:;}i;}«

LOW ANNUAL QUANTITY A
TS+ BRI Sis e s A
POE n Iy R

__'s‘.....‘ "r".‘“‘&,ﬁ‘“.‘l~‘

kp - $
’ m-‘.—
v e b‘-d*’-"‘.‘-«,dv—d

\1 tﬂ.h AR




CORK
VS
PHELLODERM




CORK



CORK VS PHELLODERM*™
CORK

DERIVED OUTSIDE CORK CAMBIUM

CORK VS PHLLODERM
CORK



CORK VS PHELLODERM*™
CORK

DERIVED OUTSIDE CORK CAMBIUM

PARENCHYMA CELLS

CORK VS PHLLODERM
CORK



CORK VS PHELLODERME
CORK i

DERIVED OUTSIDE CORK CAMBIUM

PARENCHYMA CELLS

HIGH SUBERIN CONTENT

CORK VS PHLLODERM
CORK



i"

i .
i

3
# —
ﬁ', ,,vfm-

WOODY STEI\/I "
*'_.\ bay, k,."n«,’

OUTSIDE

CORK
CAMBIUM

INSIDE

C.S.




N Ve T LN ik

0.‘

n X‘, ot 'E'-"t**'-\ ) &"’7‘“”

CORK

CORK
CAMBIUM

INSIDE

"' WOODY STEM -

PC

C.S.




N Ve T LN ik

"' WOODY STEM [l 4t
‘X'- y«"",'-‘&*':" hk"‘*”

Mo

0.‘

ad

-

TEA I

PARENCHYMA CELLS

CORK
CAMBIUM

INSIDE

C.S.




N Vel TN laikes AU

"' WOODY STEM [l 4t

0.‘

i X'- y«"",'-‘&*':" hk"‘*”

Mo

-

TEA I

HIGH SUBERIN CONTENT

CORK
CAMBIUM

INSIDE

C.S.




PHELLODERM



CORK VS PHELLODERM*®
PHELLODERM

DERIVED INSIDE CORK CAMBIUM

CORK VS PHLLODERM
PHELLODERM



CORK VS PHELLODERM*®
PHELLODERM

DERIVED INSIDE CORK CAMBIUM

PARENCHYMA CELLS

CORK VS PHLLODERM
PHELLODERM



CORK VS PHELLODERME=
PHELLODERM -

DERIVED INSIDE CORK CAMBIUM

PARENCHYMA CELLS

LOW SUBERIN CONTENT

CORK VS PHLLODERM
PHELLODERM



i"

i .
i

3
# —
ﬁ', ,,vfm-

WOODY STEI\/I "
*'_.\ bay, k,."n«,’

CORK

CORK
CAMBIUM

INSIDE

C.S.




N Ve T LN ik

0.‘

i X'- vt ""t"t**'-'\ ) &‘J‘«.”

CORK

CORK
CAMBIUM

PHELLODERM

"' WOODY STEM -

PC

C.S.




N Ve T LN ik

"' WOODY STEM [l 4t
‘X'- y«"",'-‘&*':" hk"‘*”

Mo

0.‘

ad

-

TEA I

CORK

CORK
CAMBIUM

PARENCHYMA CELLS

C.S.




N Vel TN laikes AU

"' WOODY STEM [l 4t

0.‘

i X'- y«"",'-‘&*':" hk"‘*”

Mo

-

TEA I

CORK

CORK
CAMBIUM

LOW SUBERIN CONTENT

C.S.




SUBERIN



CORK VS PHELLODERM*
SUBERIN

WAX-LIKE SUBSTANCE

CORK VS PHLLODERM
SUBERIN



CORK VS PHELLODERME
SUBERIN

WAX-LIKE SUBSTANCE
INHIBITS WATER LOSS

CORK VS PHLLODERM
SUBERIN



CORK

HIGH SUBERIN CONTENT

CORK
CAMBIUM

PHELLODERM

LOW SUBERIN CONTENT

C.S.




PERIDERM




PERIDERM



PERIDERM

PHELLODERM

PERIDERM



PERIDERM

PHELLODERM
CORK CAMBIUM

PERIDERM



PERIDERM

PHELLODERM
CORK CAMBIUM
CORK

PERIDERM




PERIDERM

PHELLODERM
CORK CAMBIUM
CORK
COLLECTIVELY

PERIDERM
PERIDERM



