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Introduction

Epidermis
Phloem

The vascular cambium is a lateral meristem. ' | Coitex
In dicots, it lies in between the xylem and Xylem
phloem elements. |
In the woody dicotyledons and gymnosperms, Procambium
the primary vascular tissues (primary xylem and i e i e
phloem) of the stem and root exists for only parenchyma
short period, and their function is taken over by
the secondary vascular tissues (secondary Vascular
xylem and phloem). undio

Secondary vascular tissues are produced by Primary Phloem
the cambium. N Brimary Xylem
In many herbaceous angiosperms and in most Cambiam lar
g}‘o tsheen iower vascular plants, cambium is » Fascicular
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Cortex
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Procambium

* Procambium lies just inside of the protoderm. Ground

« Procambium produce primary xylem and SEN
ohloem.

* In woody dicots and gymnosperms, the
procambium becomes the vascular cambium
(secondary meristem).

* Procambium is not originate from the shoot
apical meristem (SAM).

* Procambial cells arise from ground cells
(parenchyma) during growth and development
of lateral organs

../..

<: \Proc:smbu'n
- /
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Cell division In Procambium

- Procambial cells get their narrow AR /§ Q\

shape through periclinal division.

Periclinal

divisions > 7
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Difference between Procambium and
Cambium cells [Fahn et al.,1972]

Procambium Cambium

Posses globosed cell ends Flat cell ends

Shorter cells Elongated cells

Cell - storied one Both storied & non-storied cells present
Protoplast - non-vacuolated Protoplast - vacuolated

Protoplast take stain deeply Protoplast not take stain

Cells homogenous i(riliet:zsr;eterogenous (fusiform and ray
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« The meristem present in apical
regions of stem and root is called
promeristem.

* |n stems, beneath the insertion of the
leaf primordia, the promeristem cells
undergo periclinal divisions without a
considerable increase in width of cells
produce somewhat elongated cells.

 After cell divisions in the
promeristematic cells, the resulting Shoot
daughter cells undergo differentiation Development
leads to form three meristems namely,
protoderm, ground meristem and
procambium.
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 The primary vascular tissue is built up by the
maturing cells of procambium.

* In plants that have no secondary growth (most of
the monocots), all cells of the procambium (i.e.,
Initials as well as derivatives) undergo . Dicat staiiia
differentiation and form primary vascular tissues
(primary xylem and phloem). A cortx g opidems

« In plants in which secondary growth later appears
(almost all the dicots and gymnosperms), a part of
the procambium cells remain meristematic even e \ &8 /..l
after the completion of primary growth gives rise to K e
the cambium proper.

« Cambium by division produces the secondary
vascdular tissues (secondary xylem and phloem) or
wood.

fundemental tissue vascular cambium

20/03/2017 8



* In stems, cambia have a double origin.
* One part is Initiated within the provascular

strands (procambium) and is called P———
fasicular cambium or intrafasicular QN Primary Xylem
. y nterfascicular
cambium. cafblin 9
. L. . cambium
« Second part Is originates in the ground vascular

tissue between the vascular strands and Bodtex
forms the interfasicular cambium.
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* Procambial strands exhibit two waves
of differentiation.

* One wave Is differentiation of
protophloem on the peripheral side

« Second wave Is differentiation of
protoxylem towards the inner edges In
normal angiosperm.
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Figqure 23.2

Schematic diagram of
longisection of procambial
strand from the apex to
illustrate the mode of origin
and development of xylem
and phloem. Proto-phloem
originates earlier than
proto-xylem. The edges of
procambium strand
differentiates before than
centre. The undifferentated
region of procambium
becomes cambium
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Figure 23.3

Diagram of longisection of angiosperm shoot apex illustrating

the topographical relationship between leaf primordium and

provascular strand, and representing the hinkage of differentiating
20/03/2017 provascular strand and existing leaf trace.




In monocotyledons the two waves of differentiation meet and the
whole procambial strand form the primary vascular tissue.

In most dicotyledons these waves do not meet.
A zone of procambial meristematic cells remains.

This zone that occurs between primary xylem and phloem is the
vascular cambium.

If it Is not In the form of a continuous ring, a continuous ring of
cambium Is formed by dedifferentiation of Interfascicular
parenchyma into interfascicular cambium and their subsequent
lateral union with fascicular cambium.
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Procambium gives rise to permanent tissues and is designated as
primary.
The derivative cells of cambium are designated as secondary.

In normal dicotyledonous stem the ring of vascular cambium is
composed of fascicular and interfascicular cambium.

In the normal dicotyledonous root the vascular cambium Is wavy.

In dicot root, there Is no distinction between fascicular and
Interfascicular cambium.

The ridges of the wavy cambium occur overarching the
protoxylem while the furrows lie below the primary phloem.
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(a) Initial formation of vascular cambium in stem
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Activity of Vascular Cambium

The vascular cambium is one cell thick and the cells
of cambium are compactly set without having any
intercellular spaces. S L
Cambium and its immature derivatives form a cambial |
zone where it is difficult to differentiate the cambial psss
initial.

Two types of mitotic divisions characterize an active
cambium periclinal and anticlinal.

Periclinal cell division produces

Anticlinal cell division produces
two cambial cells

As a result of periclinal divisions new cells of
secondary xylem and phloem are produced.

Anticlinal divisions give rise to new cambial initials.

20/03/2017
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« At the time of secondary growth the fusiform initial divides
periclinally.

e One of the two cells thus formed remains as fusiform cambial
Initial whereas the other is an immature cambial derivative that is
added to the cambial zone.

« The fusiform cambial initial continually cuts of new cambial
derivatives to the exterior and to the interior.
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Figure 23.4

Schematic drawings of the production of secondary xylem and
secondary phloem by cambial initial cells (A-E).
Broken lines indicate periclinal division.

F. & G. are fusiform initial and ray cell initial in
three dimensional view respectively
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« The derivative cells may differentiate
directly into new secondary phloem to the
exterior and new secondary xylem to the
Interior.

* In this case the cambial zone Is narrow.

« But more commonly the cambial initial and
Its derivative cells divide further.

« As a result a wide cambial zone iIs formed.
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Continued periclinal divisions in fusiform cambial initials and iIn
their derivative cells result in radially oriented files of cells of
similar shape that mature to secondary vascular tissues.

Such radial oriented files of cells are conspicuous (detectable) In
the secondary xylem of conifers where the secondary xylem is
largely composed of tracheids.

In angiosperms such radial files of cells are less conspicuous due
the formation of vessels.

Vessels often increase greatly in diameter and as a result
distortion [to change something from its usual condition or shape]
of files occurs.
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vascu qf
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(2) Types of cell division. An intial can divide
transversely 1o form two cambial initials (C)
or radially 10 form an intial and ether a
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(b) Accumulation of secondary growth. Although shown here
as alternately adding xylem and phloem, a cambial intial usually
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« As the fusiform initlals compose the axial system of vascular
cambium, their derivatives mature into the elements of vascular
tissues that compose the axial system.

* The derivative cells mature into tracheids, vessel and xylem fibre
of xylem and sieve tube, companion cell and phloem fibre of
phloem as they compose the axial system of plants.
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and xylem from vascular cambium. A—G, diagrams as Fig. 39.3. The cambium. A—H,_ diagrams
showing the formation of xylem and phloem

Fig. 39.4. The cambium. Ditferentiation of phloem
seen in radial secticn, showing stages in differentiation of vascular cambium cells.
by the cambium, and changes in position of

phlcem and cambium by this activity.
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« The ray cell initial divides periclinally to form two cells.
* One of the daughter cells remains as cambial ray initial.

* The other cell differentiates into either xylem parenchyma Iif it is
the inner cell or phloem parenchyma if it is the outer cell.

« Ray Initials produce mostly xylem and phloem parenchyma.
* In gymnosperm ray Initials form albuminous cell.

 The ray Initlal and its derivatives compose the radial system of
plants.
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 Normally the amount of secondary xylem formed Is in excess In
comparison to secondary phloem.

« The ratio of differentiation between secondary xylem and
secondary phloem is 3 to 1 in conifers.

* |n dicotyledons the ratio is variable and may be as great as 10 to
1.

* In an experiment Eucalyptus camaldulensis was exposed to
labeled '4CO, that was incorporated in secondary vascular

tissues.

* The incorporation of 4CO, indicates that the ratio of layers of

secondary xylem and — phloem produced by the cambium is 4 to
1.
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« The cambial activity is related to rainfall and
temperature in tropical and temperate zone
respectively.

* In tropical zones the vascular cambium of some SRy }, Tfjr‘rmlorn\ 't,'
species is continually active throughout the entire
life.

Tropical zone ) 4

* In temperate zones the vascular cambium remains
dormant in winter. It activates in spring and
produces secondary vascular tissue.

« Activation and cessation of cambial activity occur at ,D
an earlier age in ring porous trees (e.g. Quercus)
than in diffuse porous trees (e.g. Fagus).

« There iIs experimental evidence that day-length
affects the duration of cambial activity.

ifferent Seasons

/d

*
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* In short-day condition the cambium remains dormant in Robinia pseudacacia.

« Activation / reactivation of cambial activity followed by a period of dormancy
occur over the entire life of a plant.

It leads to the formation of growth rings that reveal approximate age of plant.

 Thus the age of Pinus aristata and Sequoiadendron was estimated to be
more than three thousand years.

« The cambial activity causes the increase in girth of axis.

« The circumference of vascular cambium also increases to cope up with the
Increase in girth of axis.

« This is accomplished by the formation of new fusiform- and ray initials.
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Formation of the fusiform cambial initial occurs in the
following ways

* Fusiform initials in a storied cambium divide by anticlinal
divisions and thus new initials are added to cambium.

« Short fusiform initials divide by radial anticlinal divisions
where the partition walls occur parallel to long axes (Fig.
23.6A-C).

« The production of new initials from long non-storied
fusiform initials occurs by obligue anticlinal divisions
with walls of various degrees of inclination (pseudo-
transverse).

« The daughter cells thus formed elongates by apical
intrusive growth of overlapping ends (Fig. 23.6 D — E).
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Fusiform initials give rise to ray initials in the following ways

 An entire or part of short fusiform initial divides by a
series of transverse anticlinal divisions thus forming a
tier of ray cell initials (Fig. 23.6F).

« Fusiform initial cuts off a single cell on its lateral side by
an arcuate wall.

* In the small lateral daughter cell series of transverse
anticlinal division occur and as a result a new ray initial
Is formed (Fig. 23.6G).

* Fusiform initial cuts off a single cell at its end (Fig.
23.6H).

« A fusiform initial is reduced to a ray cell initial (Fig. 23.6

).
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* Inthe above cases a uniseriate ray initial is formed.

« The ray Initials may divide by a series of longitudinal anticlinal divisions to
form biseriate or multiseriate rays.

 During secondary growth as the cambium increases In circumference a
balance between the number and distribution of fusiform and ray initial is
always maintained, because rays are the passageways for the transport of
nutrients to cambium and its immediate incipient derivatives.

* In case of dicotyledons the wavy cambium of root donates secondary xylem
towards interior and secondary phloem towards exterior.

« The portion of the wavy cambium ring that occurs at the furrow forms more
secondary xylem.

« As aresult at later stage of development the wavy ring becomes more or less
circular.
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* In dicotyledonous stem the fascicular cambium
becomes active before the differentiation of
Interfascicular cambium (Fig. 23.7A-D).

* In many plants at the Interfascicular region
there originate provascular strands.

« The strands arise close to the Initial vascular
bundles (Fig. 23.7B).

« At later stage differentiating provascular
strands and Initial vascular bundles may
contact to each other laterally thus forming
vascular cambium continuous across the
vascular bundles (Fig. 23.7C & D).

20/03/2017

Figure 23.7

Diagram Illustrating stages of formation of provascu lar
strand, vascular cambium and secondary vascular
tissues, Secondary xylem = crosshatched. Secondary
phloem = obliquely hatched.
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 In many woody herbs (Fig. 23.8A & B)
Interfascicular cambium originates from ground Rl
meristem when it differentiates early.

« In later stages mature Interfascicular
parenchyma by  dedifferentiation  forms
Interfascicular cambium.

 The fascicular cambium becomes active initially R

IN the vascular bundles.
@ e @ © @

« When the vascular cambium becomes

Ex. Geum a dAg and Impatier

continuous and complete, the derivative cells of

Dgram hw ng fascicular cambium, formation of
interfascicular camblum, formation of secondary

cambium cause the increments of secondary Mk
vascular tissues in normal secondary growth.
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In  herbaceous dicotyledons, e.g. Geum,
Agrimonia etc. (Fig. 23.8D) the fascicular psiscyim
cambium is active only.

* In Ranunculus, Impatiens etc. (Fig. 23.8E)
cambium does not develop usually or If it
develops It remains Inactive.

* In annuals the vascular cambium remains

active only during the growth of the plant and @ -
ceases Its activity before the plant dies. i @

s dicotyledon
Ex. Geum a dAg and Impatier

« The vascular cambium functions throughout the o Y —

interfascicular cambium, formation of secondary

xylem (= crosshatched) and secondary phloem

life of woody perennials.
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|t IS to note that vascular cambium Is absent

Primary Secondary
phloem Dhloe Cambium

from most monocotyledons, pteridophytes and 4# ke

some herbaceous dicotyledons.

* In woody lianas, e.g. Aristolochia, Clematis etc.
(Fig. 23.8C) the derivatives of fascicular
cambium differentiates Into characteristic
secondary xylem and phloem.

« But the derivative cells of interfascicular
cambium differentiate into parenchyma cells
only.

 This type of cambial activity is regarded as :;a;:iw—f.f

am fmt
td ular cambium, forma rseond
na ary phioe

abnormal. R o) o e 3

)lt
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