In most of the shrubs and trees af dientyledans gy
gymnospermsic plants, giler the completion of the primary grosad i,
lengh and diameter. further growth in diameter takes place duc to g,
farmanon and addition of new secondary tissues by ghe gegivigy o
cambigm. The addition of new secondary fjssyes fo thye PrITINS Jissise
resplis i the incregse in growth in diameter or thickness of the oo agn|
ajem. This wrawth in thickness by the addition of seeqndary issue i1
mtealor and exiinstelar rogion is knawn as secapdary grawh. ihs
wecongary grawih may o thus defined as “the inevoase In growth in
thickness que (a the fprmagion angd addifion af new secapdays
tissiies Ry Whe wetivity nf gmblum apd eppk eampium”

SECONPARY GROWTH

Kegandary Grawth jn Sngflower (Ricot) Sgpm:
The Bupflawey sigm shows secongary growph in sgefar and exiry
sielar vegions.

Recandary growth in stelar pegion of the sfem:

The process af secondary growth in tho sselar yugion of Sunflow o
stem involyes the following avents such as

Ao Thersisasinglering of apen vasculap bunglon inside the sile.
The cambinum of the vascular bundjes s callod it fascie by
cambivm (fascicle = bundle) very soan same gells afthe pripn
medullary rays became meristematic and fopm a SN ety gg;;
the vascular bupdies called the interfascicular cambium

a. Theinterfiscicular cambivim grows an both sides qu gl by joptis
to the intrafuscicular cambivm, [tresplts into (e Tognimion ot .
complete ring ealled the cambiunm ring,

I The cambium ring is meristematic and few layered. The cells of

cambium ring divide and redivide tangentially, and result into the
ANGIORPERM ANATOMY+[ | 0

CScanned with CamScanner



formation and addition of new cells to both external and internal
sides of the cambium ring.

Lpdermal hane

- | Iy poderus

Creneral cortes

Intratascacular
—= b i
Endodermis cambum 1 Cambium

Intertascicular fng

Pencycle cambium —

Vascular bundles

Diagramatic T.S. of Sunflower stem =
showing primary structures Diagramatic T.S. of Sunflower stem

showing cambium ring

Fig.4.1 (A-B). Diagramatic T.S. of Sunflower stem showing primary
structures and cambium ring,

Epidermal hair
—— Cuticle
- =
~
74 \\ Epidermis
// e o \ Hypodermis
/4 3 3 Cortex
/ ) |
/A & Endodermis
/ )
| — Pericycle
[ ' ‘ } Pramary phloem
‘ by Pith . ‘ N~ (crushed)
\ ¥ ; ,I Secondary phloem
\ ¢ (well develop)
\ ; ™ Secondary
\ X / medullary ray
\ X ' .
\\ % e 4 Prumary
- A\ Y, medullary oy
Prima N NGl VY, ‘
xylem y
\\ e
\ ~ Y — = =
Cambium ring
Secondary
xylem

Fig.4.2. Diagramatic T.S. of Sunflower stem showing secondary growth.
in stelar region.

4.  The new cells produce on outer side ofhe cambiumring are
. ‘ ANclospPERM ANATOMY-1

CScanned with CamScanner



gradually differentiated into a new tissue called the secondary
phloem. The secondary phloem is composed of sieve tubes,

companion cells, phloem parenchyma and an abundant amount
of phloem sclerenchyma.

5.  Thenew cells produced on innerside of the cambium ring are
gradually differentiated into a new tissue called the secondary
xylem or wood. Cambium ring is more active on inner side than
outerside. Therefore secondary xylem is formed in large amount
as compared to the secondary phloem. The secondary xylem is
composed of vessels, tracheids, xylem parenchyma and large
amount of xylem sclerenchyma.

6. Some new cells produced on inner side of the cambium ring
here and there in the secondary xylem differentiated into
parenchymatous cells which form the secondary medullary rays.

7.  Due to the addition of new secondary tissues the primary xylem
of the vascular bundle pushed towards the centre of the stem
and the primary phloem pushed towards the periphery and finally
gets crushed against the pericycle.

Secondary growth in extra stelar region of the stem:

The secondary phloem and xylem produced in the stelar region
of the stem exert great pressure on the extrastelar region (which is
made up endodermis, c-rtex, hypodermis and epidermis). Due to this
pressure the epidermis ruptures here and there. The hypodermis gets
flattened tangentially. Similarly the cortex also gets affected. In order to
replace these ruptured and highly affected tissues, some new protective
tissues are developed by the activity of cork cambium in the extrastealar
region and result into growth in thickness of the stem. Thisis called
extrastelar secondary growth in the Sunflower stem.

The process of secondary growth in extra stelar region includes
following events such as

1.  Some outer layers of hypodermis become meristemnatic and form
a cambium ring called the cork cambium or phellogen.

P A 41
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2.  The cork canmbium divides and redivides and produces new
cells on inner side. These cells are thin walled, green and give
rise to a new cortex called the secondary cortex or phelloderm,

3.  Thecork cambium produces new cells to the outer side in radial
rows. These cells are narrow and rectangular in shape. Very
soon these cells become dead and impermiable to water due to
the deposition of suberin. The suberin deposited layers of these
cells together called as the cork or phellem.

Cork cambium (Phellogen)

Primary cortex

-

Fig.4.3. Diagramatic T.S. of Sunflower stem showing complete

secondary growth.
4.  The ruptured epidermis, cork and secondary cortex together is
called as bark.

5,  The cork cambium at certain places produces very small, thin
walled parenchymatous cells on the outer side below:v the ruptupad
epidermis. This region is called as Lenticel or air pore which

ings about the exchange of gases.
bring ANGIOSPERM ANATOMY-11
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ig.4.4. Sectors of T.S. of Sunflower stem showing cellular details

after complete secondary growth.



Secondary Growth in Sunflower {Dicot) Root:

The Sunflower stem shows secondary growth in stelar and extra

stelar regions.

Secondary growth in stelar region of the root:

The process of secondary growth in the stelar region of Sunflower

root includes the following events such as

1.

There is a single ring of four radial, exarch, closed vascular bundles
inside the stele. Very soon some cells of the conjuctive become
meristematic and form a strip called the cambium strip. At the
same time cells of pericycle outside of each xylem bundles become
meristematic and form a strip called the cambium strip.

The cambium strips grow on both sides and finally join together
and form a wavy cambium ring,

All the xylem bundles now remain inside the cambium ring and
the phloem bundles outside the cambium ring.

By further growth the wavy cambium ring becomes circular in
outline.

The cells of cambium ring divide and redivide tangentially and
result into the formation and addition of new cells to both extemal
and internal sides of the cambium ring.

The new cells produced on outerside of the cambium ringare
differentiated into secondary phloem.

The new cells produced on inner side of the cambium ring ar¢
differentiated into secondary xylem.

The cambium ring is more active on innerside than the outerside.
Therefore secondary xylem is formed in large amount 38
compared to the secondary phloem. The secondary xylem i
composed of large vessels, tracheids, little xylem fibre and wel
developed xylem parenchyma.

el
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Root har
Epidermis i ndodermis
Cortex Pericycle

L ndodermis

Xylem bundle
’hloem bundle
¢ ambium
strip

— Xilem bundle
Phlocm bundle

Diagramatic T.S. of
Sunflower root showing
primary structures

Diagramatic T.S. of
Sunflower root showing
cambium strips

Medullary ray
Primary phloem
Secondary phloem
Circular

cambium ring
Primary xylem
Secondary xylem

m \\
s \.\_\\\g//
@@"

'M

Diagramatic T.S. of Diagramatic T.S. of
Sunflower root showing Sunflower root showing

Wavy cambium ring Circular cambium ring

SEPA R S Medullary ray

o %, Primary phloem

i (- Sccondary phloem
»Circular cambium ring

i i .
i <31 Primary xylem

7 it

Lol Secondary xylem

Diagramatic T.S. of Sunflower root showing
complete secondary growth

Fig.4.5 (A-E). Diagramatic T.S. of Sunflower root showing different

stages of secondary growth.
Secondary growth in extra stelar region of the root:

. The secondary phloem and xylem produced in the stelar region
of the stem exert great pressure on the extrastelar region (which is
made up of endodermis, cortex and epidermis). Due to this pressure
the epidermis ruptures here and there. Similarly the cortex also ruptures
45
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and destroyed. In order to replace these ruptured and highly destroyed
tissues, some new protective tissues are developed by the activity of
cork cambium in the extrastelar region and result in thickness of the
root. This is called extrastelar secondary growth in Sunflower root,
The process of secondary growth in extrastelar region includes the

following events such as

@@@

T LS L)
ORI 0 ‘
) @‘@-"‘,Jéﬁ@a?, XIS
B S N O s
o NR
Fig.4.6. A sector of T.S. of Sunflower
after complete secondary growth.

1.
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root showing cellular details

The cells of pericycle become meristematic and function as the
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cambium ring called the cork cambium or phellogen.

The cells of cork cambium divide and redivide and produce new
cells on inner side. These cells give rise to secondary cortex or
phelloderm. The secondary cortex cells are thin walled, rounded
oroval, parenchymatous and with intercellular spaces.

3. Thecells of cork cambium divide and redivide and produced
new cells on the outer side in radial rows, These radial rows with

narrow and rectangular cells together called as the cork or
phellem.

4.  The ruptured epidermis, cork and secondary cortex together is
called as Bark.

S.  The cork cambium at certain places produces very small thin
walled parechymatous cells on the outerside below the ruptured
epidermis. This region is called as lenticel or air pore which brings
about the exchange of gases.

ANOMALOUS SECONDARY GROWTH

Angiosperms show a great similarity in the anatomy of stem and
root. Howerver, there are few families in which some plants show a
shight or greater amount of deviations in normal anatomical structures.
These deviations or abnormalities are generally referred as anomalies
or anomalous secondary growth. Anomalies are found in both dicot
and monocot plants. The anomalies may develop in the primary
structures or during the process of secondary growth. Examples of
plants showing anomalies are Dracaena stem, Achyranthes stem,
- Bignonia stem, Beet root etc.

~ Inmostofthe dicotyledon stems, normal structures with a ring
of collateral vascular bundles are present. During the process of
secondary growth inter and intrafascicular cambium is developed and
forms a complete cambium ring. The cambium ring produces more

" AnGIosPERM ANATOMY-TI - ' ‘ 47
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secondary xylem on the innerside and very less secondary phloem on
the outerside. In addition to this certain abnormalities are developed

either due to abnormality in the primary structures or due to the abnormal
process of secondary growth.

Formation ot Anomalous Structures in Dracaena (Monocot) Stem:

Dracaena is amonocot plant belonging to the family Liliaceae.
It is an ornamental plant and shows erect and woody habit. It shows
anomalies in primary structures of the stem. The primary structures and

anomalous secondary growth are well studied in transverse section of
the stem.

Primary Structures:
Dracaena stem is circular in outline in T.S. The T.S. shows following

® ANGIOSPERM ANATOMY-11
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primary structures such

as
1.  Epidermis
2.  Hypodermis
3.  Groundtissue
4.  Vascular bundles
Epidermis:
It is outermost
protective 1 ayer of the Fig. 4.7. Diagramatic T.S. of Dracacna stem

) showing primary structures
stem. It is made up of a

single layer of barrel shaped cells. It has thick cuticle and scars of fallen -
leave, on the outer surface.

Hypodermis:
It is present just below the epidermis. It is made up of few layers
of sclerenchymatous cells.

Groud tissue:

It is present below the hypodermis. It is multilayered and present
in major portion of the stem. It is made up of many layers of thin walled
parenchymatous cells with intercellular spaces between them.

Primary vascular bundles:

The vascular bundles are numerous, large, wedge shaped,
conjoint, collatral and closed. They are imregularly scattered in the gtound
tissue generally in the centre of the stem.

Anomalous Structures: ‘

“Dracaena stem shows anomalous secondary growth. The
process of formation of anomalous structures inchudes following events
such as

| Dunng the process of formation of anomalous structures, few
layers of the ground tissue just at the periphery of the pnmary
vascular bundles become meristematic and act as cambium ring.

2. The cambium ring cells divide and redivide and produce new
- cells to both outer and inner side of the rmg

AnciosERM ANATOMY-1 ‘ s .
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The new cells are produced on outer side of the cambium ring
are gradually differentiated into a new parenchymatous tissue
called the secondary parenchyma.

parenchymatous
tissue (ground tissue)

Cambium ring
Fig. 4.8 a. Diagramatic T.S. of Dracaena stem
showing cambium ring |

Leaf scar

Epidermis
* Hypodermis

parenchymatous A
tissue (ground tissue)

Secondary :
parenchymatous
tissue (ground tissue)

Cambium ring vascular bundles

Fig. 4.8 b. Diagramatic T.S. of Dracaena stem
showing Secondary structures
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Conjunctive tissue

Cork

Secondary
vascular bundles

Secondary
parenchymatous
tissue (ground tissue)

Primary

Cambium ring vascular bundles

e

ANGIOSPERM ANATOMY-II

Fig. 4.8 c. Diagramatic T.S. of Dracaena stem
showing anomalous secondary growth

The new cells are produced on inner side of the cambium ring
are gradually differentiated into a thick slender of wood which
consists of a group of lignified cells called the conjuctive tissue
and distinct secondry vascular bundles.The secondary vascular
bundles are more or less radially arranged and are of concentric
or amphivasal type. (Xylem surrounded by phloem). The
cambium ring is more active on inner side and hence the
conjuctive tissue and secondary amphivasal or concentric

* vascular bundles are formed in large amount as compared to the

secondary parenchyma. |
Due to addition of new tissues like secondary parenchyma,
conjuctive tissue and secondary vascular bundles, the primary

*“'vascular bundles are pushed more towards the centre. The

addition of these new tissue :esults m growth in diameter of the
sl ! . : Axd i - % 5 z
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Cork

4 Secondary
parenchymatous
tissue

(ground tissue)

Cambium
Conjunctive
tissue
Secondary
vascular bundle

& Phloem
Xylem

Primary
parenchymatous
tissue (ground tissue)

Primary
@ @ vascular bundle

Fig.4.9. Sectors of T.S. of Dracaena stem showing cellular details after
complete anomalous secondary growth

6.

7.

In peripheral region of the stem, the layers of ground tissue

anmgmdmymmchmamdmehymdmme
meristematic. These cells divide tangentially and add new cells.

The new cells differentiated into few layered bands of tissue called
the cork. The process of formation of bands of cork is repeated
several times so that in the old stem the cork appears banded or
multistorial.

Due to the addition of bands of cork, the hypodermis gets
crushed.
ANGIOSPERM ANATOMY-1T
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Anomalous Secondary Growth in Achyranthes (Dicot) Stem:
Achyranthes is a dicot plant belonging to the family
Amarantaceae. 1t is an errect herb with angular stem. The primary

structures and the anomalous secondary growth are well studied in
T.S. of the stem.

Achyranthes stem is circular wavy in outline in T.S. The T.S.
shows following primary structures with some anomalies such as

Epidermis:
It is outermost layer of the stem. It is made up of a single layer of

barrel shaped cells.It has a thick cuticle and multicellular hairs on the
surface.

Hypodermis:

It is present just below the epidermis. It is made up of a few
layers of collenchyma below the ridges and chlorenchyma below the
grooves (Furrows).

Medullary vascular

Cuticle
bundie

Epidermis

Hypodermis
L/l Y = Collenchyma

@ % Parenchyma

30 Cortex

% = Endodermis

; {”w +Pericycle
% Gy Sclerenchymatous
L]:atch
Parenchymatous
) G

patch
@ Epidermal hair

Pith
Fig.4.10. Diagramatic T.S. of Achyranthes stem showing primary

structures
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Endodermis:

It is the innetmost layer of cortex. It is single layered and not well
developed.

Pericyele:
Itis present just below the endodermis. 1tis made up ol tew layers of
sclemehyma below the ridges and parenchyma below the furrows,

Vascular system:

The vascular system is present below the pericycle, [thas conjoint,
collateral. endarch and open vascular bundles, The phloem and xylem
are scparated by the cambium, Primary phloem present in the torm of
crushed and crumpled patches generally below the ridges. Secondary
phloem forms a complete zone and made up of siove tubes, companion
cells and phloem parenchyma. Secondary xylem is embeded into thick
walled conjuctive tissue, The xylem elements and the conjuctive tissue
are not differentiated and only large vessels are seen prominently, certain
groups of phloem bundles occur mixed with the conjuctive tissue. These
phloem bundles are known as phloem islands or included phloem or
interxylary phloem. Primary Xylem groups are present in crushed form
pushed towards the pith.

During the process of secondary growthan extrastealar cambium
is developed in the form of arcs in the pericycle region. This cambium
is called as pericyclic cambium.These cambium strips produce
secondary vascular bundles and lignified conjuctive tissue. The conjuctive
tissue and secondary xylem bundles are not differentinted except the
larger vessels. Therefore the thin walled phloem of the secondary
vascular bundles apears in the form of patches in the lignified conjunctive
tissue. This phloem is called as included phloem or interxylary phloem
or secondary phloem.

Pith: | | ol |

It is the central part of the stem. Itis well developed and made
-upof many layers of parechymatous cells without intercellular spaces
‘ between them, Two vascular bundles are present in the centre of the
pith with their xylem facing each other, These vascular bundles are

ANGIOSPERM ANATOMY-I1 5
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called the medullary bundles. The medulary bundles occur throughoys
the length of the plant and these are said to be leaf traces.

—— - - - —— a - — -

Ccanned with CawScanner



Scanned with CamwScanner




Scanned with CamwScanner




Scanned with CamwScanner




== \IKAS
Cota ! / i
| Page Mo

e g e et - e e o0 v

na
s
O
13 I
=
G
e
Fé?
(o)
=S
Q.
9
o
E48
B
23
=)
X
dal
S
C
]
)
)
3
3

| e _:tm_famﬂlf Btanonlareae i
: T'S “F u- a_:Showes mdges
ST > O .r
A and fuvows m&digmama_

e Jgan:m_tL lm

|- dspasit am ot 4o N.Chyd — be XD WS -

"-9 af E’lqmmg_- (5+em ahb'u)sL |
D) Eolcz]mrmls TS wali
2), HY_DOde.wm\S b E0pL Ireuped DOy Areved : =
| e g),(éﬁkx.“. i _bao. ol ool Atantiich .;:';;'%,a m%

iJ_Lis%.

b

Tnfﬂ'&l -

CScanned with CamScanner



———— IKAS ——

(’_’ " / / ¥
— [

f_[ Perge Mo i

yasculdi bundles  3- s oy
cach vasculay bandle Is Conjoink collateral

| and_all 4he vascalax bundles ae anéng<ed tn

]

a ¥na .
'.m «Hdve (enjd_(e,_pjh_m pYesONt-.

mmnn socondasy e e Bmmma TnaLeaS‘R,

I
inha- Fcnmcula'zr ’fnmbmm bemme aChve rh)

%am Nnaxmal combi drn W‘ﬁ This._ camblam amq

ST b S

nhloem and ca‘omndamll xVlem. 6‘e(onda'zﬁ’1 Xulem

[

nhlopm '}aula'rdé ouley Chdp bl

> o

) (Y nne Loy Nauny
of phloem wdsds ouley Side.. This achvity of

mm_b_um_mkespjme_a_ bmdmaoﬂd_pims’_qm_

yesulds Todn e dowmaklon of {Sux deon “weda es

j&ﬂj_qﬂ nto xylem « ’TmD mndd—%

af . mese eupdaoq 1) S nsrpgul’a‘a’. CaxtYplum 6<mp ;
which a)exﬁsm\a nox¥mal  daivity  after shoxk

| pertad. cenbalporten becamed_abnoamdl and

Slanks_faaming more. bhloerm yavards autex spo

aA mmmmd 4o xulom Which sond

_Mlﬂld_s_ﬂﬁMDﬂQnﬁ side: . msullel@ Todn «I-hp

'mema-H of of mo

d. and ﬁmnl\ SLLd

wedaeé mf Dh\csom »Fm*mon\., '1-; 0.

| becomes cnmﬂa& R  CE T SR

Sl gt

L ' H




Scanned with CamwScanner




Scanned with CamwScanner




B S e A e .:_e_l,;:;l

In roots and stems having secondary growth, the epidermis is replacedbj
a protective layer of secondary origin called periderm. It genenlj
develops in gymnosperms and dicotyledonous axis and is rarely; formedit
leaves or monocotyledons. The periderm is also formed along surfis
exposed after abscission of plant parts, such as leaves or branches. Ity
develops as protective layer near injured parts (wound periderm).

The term periderm is more distinct than bark. The latter designatest! |
tissues outside the vascular cambium. In secondary state, it includs
secondary phloem and all tissues outside it. It can be distinguished 0"
outer non-living and inner living parts. The functional phloem is ¢ |
innermost part of the living bark.

|*-1-v—v-u-....-.......1,,.1_ - "'P""‘f‘""'"""“"b -;‘.]

: STRUCTURE OF PERIDERM -3
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ue for®
the ll\’m'

The periderm includes the phellogen or cork cambium, the me
produces the periderm; the cork or phellem, the protective tiss
outside by the phellogen, and the inner cortex or phelloderm,
parenchyma, formed inside by the phellogen. Due to the f“’manﬂ
cork, the tissues outside it usually die out.
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Rhytidome. It is a dead part of the bark
composed of layers of tissues isolated by the
periderm and of layers of no longer periderm. It is,
thus, well developed in older stem and root and
consists of outer bark.

= - -

The first periderm commonly appears during the
first year of growth of stem and root. In stem most
commonly it originates in the sub-epidermal layer.
In some species, the first periderm appears rather
deep in the stem, usually in the primary phloem
e.g., Berberis, and Vitis etc. In roots, on the other
hands, the first periderm originates in the pericycle.
In some cases, where the root cortex serves for food
storage, it may originate near the surface also. The
subsequent periderms may appear the same year or
later in the successively deeper layers beneath the
first, ie., from the parenchyma of the phloem,
including ray cells.

The first phellogen is usually initiated
uniformly around the circumference of the axis.
Sometimes, e.g., roots in localized areas which
become continued afterwards. The subsequent
periderms appear as discontinuous but overlapping
layers. These may finally appear as continuous, or
partly so, layers around the axis.

The phellogen arises from living cells which
are potentially meristematic. In these cells, the
initiating divisions may start in presence of
chloroplast and ergastic substances, e.g., starch,
tannins. But gradually these structures disappear.
The phellogen is initiated by periclinal divisions

——

and it produces the phellem and phelloderm by the
same type of divisions. The exact sequence of
divisions in the initiating periderms may p,
different even in the plants of same species growing
under different conditions. Some preparatory
divisions take place before the phellogen is defined,
The phellogen is usually the outer layer of the twy
formed by periclinal division.

The activity of the phellogen is more on the
outside and thus, the amount of phelloderm formed
is usually very small, sometimes restricted only to
few layer of cells. A given phellogen cell usually
produces a few cork cells every year. There may or
may not be some difference in the size of cells
formed during earlier part of the season or later part
of the year.

On the basis of manner of function, two types
of barks are distinguished—scale bark and ring
bark. The former occurs when subsequent
periderms occur in restricted overlapping strata,
each cutting out a scale of tissue, e.g., Pinus and
Pyrus, etc. Ring bark results from the formation of
successive periderms approximately concentrically
around axis, in the form of sheets e.g., Vitis, and
Lonicera, etc.

Wound periderm. The wound periderm is
similar to normal periderm in origin and cellular
structure (Morris and Mann, 1955). They differ
only in time and place of origin, the wound
periderm being restricted only to the injured areas.
Its formation is preceded by a sealing of the newly
exposed surface by scar (Cicatrice) tissue. This
tissue includes dead (necrossed) cells on the surface
and living cells beneath, which become suberized
and lignified to form the closing layer. Wound
phellogen arises beneath the closing layer and
forms the cork cells on the outside and the
parenchyma on the inner side.
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At the injured parts the periderm is peeled off
1o the 1iving cells underneath. The cells so exposed
gic and @ new periderm arises below them, This
reaction is made use in commercial cork production
of oak, where the first periderm is of inferior
quality. The latter formed cork is of superior
quality.

Protective tissue in monocotyledons. A
periderm similar to that of dicotyledons is rarely
produced in the monocotyledons. In most of these
plants the epidermis is permanent and therefore, the
qurface layers are not replaced. In some
monocotyledons e.g., Aloe, coconut, periderm
similar to that of dicotyledons is produced. The
method of formation, however, is different. The
parenchyma cells in successively deeper layers
divide several times periclinally and their products
get suberized. This tissue is called storied bark,
due to its storied appearance as in transactions.

The limited part of the periderm with more active
phellogen producing a tissue with intercellular
Spaces may be called a lenticel. The phellogen in
this part itself also has intercellular spaces. Because
of this special structure the lenticels are used for
entry of air through the periderm. The lenticels are
Commonly formed in stems and roots. They
Protrude out of the surface of axis. Their size is also
Variable, becoming even up to 1 centimeter.
Usually they are irregularly distributed but
:’mﬁﬁmes they occur in vertical rows opposite the
¥s.

The phellogen in the lenticels is a continuation

ofthe rest but is bent inwards in this area. The loose

tissue formed outside is called filling tissue or
complementary tissue (Wortz, 1955). On the
inner side the phelloderm is formed in the normal
fashion (Fig. 3).

Three types of complementary cells are
generally recognized: (i) Those having
complementary tissue composed of suberized cells
with intercellular spaces, e.g., Magnolia, Pyrus and
Malus, (ii) The second type consists of mainly
non-suberized cells in complementary tissue. At the
end of season, however, compact suberized cells
are formed, e.g., Tilia, Quercus. (iii) In the third
type the filling tissue is layered. The suberized cell
layers alternate with loose, non-suberized cell
layers. Each layer may be one to several cells thick
and several strata of each kind of tissue are
produced yearly. The suberized cells are called the
closing layers which are successively broken by the
new growth, but one closing layer on the outside is
always intact.

lenticel

complementary
cell

cork cambium .

Fig. 3. Lenticel.
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