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Fig. 9.2. Root hair. A, young seedling of radish with root hairs developing acropetally; B, highly
magnified mature root hairs with vacuolated cytoplasm.
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Fig. 9.1. The root. L.S. of a root tip of tobacco. (After Esau). Fig. 9.3. Function of root. In this diagram the arrows indicate the movement of water and salts
absorbed from the soil by root hair.

In the aerial roots of certain epiphytic orchids a multiple epidermis, or velamen is present. This
\issue is derived from the epidermal initials and may be several cells thick. The cells are dead and
devoid of contents, the cell walls are strengthened with bands of lignin. On the inner side of the
yelamen there is a specialized layer of cells which is derived from the periblem and not the
(lermatogen, and may therefore be considered as the outermost layer of the cortex, the exodermis.
his layer is composed of alternating long and short cells; the long cells become thick-walled on their
fudial and outer tangential surface, but the small cells remain thin-walled and are called passage cells.
'he velamen is thought to function as a protective tissue, preventing undue water loss from the
delicate cortical cells of the exposed aerial root. Formally this was believed that the cells of the

o ili £ roots, root hairs develop
The epidermis is also known as epiblema or piliferous layt?r. In mgst of roots, g
from some of the epidermal cells at a little distance from the apical meristem. The cells, gwfl 2 .
root hairs are known as trichoblasts. In the roots of the grass (Phleum), tr\choblasts a.rethon;iz‘a”y
unequal division, of a cell of the immature epidermis, the prot_oderm. The mchoblas't is ; eth o th);
situated cell of this division. Root hairs are outgrowths of single cells, and functmn' 0 u g
absorption and in anchorage. Root hairs are usually eventually sloughed off, but6 gcc;s;o‘:;; Vza“ oy
are persisten‘l. Electron microscopy reveals (Leecl?, Mollenhauer and Whaley,1 19f h) l a{dermal .
emerging root hair is a continuation of only the inner component of ﬂ}e wall o ‘: ehepl o,
which gives rise to it. In some species, root hairs are formed from special cells whicl a.reh o
size and metabolism from the neighbouring epidermal cells. These cglls are known as trrc1 oth u;el
other species, root hairs may develop from a whole row of cells, which stain more densel y‘ an

neighbours.




178 Plant Anatomy

SIEVE TUBE

Y

VASCUALR s ENDODERMIS
CYLINDER B s
: PERICYCLE ¢ -
EPIDERMAL ROOT CAP PROTOXYL
CELLS SHORT CORTEX . EPIDERMIS 1) /ceeRENTIATED)
ENDODERMI META XYLEM

PERICYCLE

D PROTOXYLEM £

Fig. 9.4. Tissue differentiation in root. Cross sections at various levels of root showing tiss
differentiation. A, T.S. root apex showing apical meristem and root tip; B, T.S. showl!
root cap, epidermis cortex and elements of sieve tubes; C, endodermis, pericycle, si
elements and xylem elements are seen; D—E, show later stages of development.
velamen also absorbed and conserved water drawn from the atmoshphere, but recent experimej
show that the mature velamen and exodermis are nearly impermeable to water and solutes.
CORTEX
In most roots the cortex is parenchymatous. In some roots, the cells of the cortex are Vi
regularly arranged, both radially and in concentric circles. Conspicuous intercellular spaces may
present, and especially evident in aquatic species, where they form a type of aerenchyma.
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CORTICAL PARENCHYMA

Fig. 9.5. The root. T.S. ,Of thg outer part of the Smilax root showing a thick-walled exodermis
beneath the epidermis. The passage cell of exodérmis is thin-walled.

METAXYLEM SECONDARY
XYLEM

PROTOXYLEM

,9.6. Anatomy of root. A—D, T.S. of tetrarch root i i
. , T.S. of Ranunculus in

morik ety successive stages of
cal cells often contain starch, and sometimes crystals. Sclerenchyma is more common in the roots
monocotyledons than those of dicotyledons. The characteristic trichosclereids are found in the
s of Monstera. Collenchyma is occasionally present inroots (e.g.,Monstera). The outermost
or layers of the cortex, just beneath the epidermis may be differentiated as:an exodermis, a kind

A s




Fiant Anaoiiy

PARENCHYMA |/

STARCH e
GRAINS

INTERCELLULAR® °
SPACES

ENDODERMIS o

PERICYCLE " D\

METAXYLEM~_S£" D)

PROTOXYLEM ~_> X

CONJUNCTIVE oL
TISSUE

THIN WALLED
PASSAGE CELLS

PHLOEM

Fig. 9.7. Root of dicotyledon. T.S. of root of Ranunculus repens— A, diagrammatic; B, detail.

of hypodermis, with suberized walls. The innermost layer of the cortex is usually differentiated as ail

endodermis.
ENDODERMIS
The endodermis comprises a single layer of cells differing physiologically and in structure and
function from those on either side of it. In the young endodermal cells a band of suberin, Casparidll
strip, runs radially around the cell and is thus seen in the radial walls in transverse sections of rf)otl.
This suberin deposit, to which the protoplast of the cell is attached, is continuous across the middle
lamella of the radial walls, but is absent from the tangential walls. A study of the endodermis with the
electron microscope (Bonnett, 1968) reveals a thickening of the wall in the region of the Caspariill
strip. The plasmalemma is thicker here and adheres strongly to the cell wall. The thin-walled passagé
cells often remain in the endodermis in positions opposite the protoxylem.
PERICYCLE

The pericycle is usually a single layer of parenchym : t
and peripheral to the vascular tissues. The pericycle has a capacity for meristematic gro

atous cells lying just within the endodermli
wth, and givi
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Fig. 9.8. Structure of root. T.S. of a typical monocotyledonous root.

fise to lateral root primordia, parts of the vascular cambium, and usually the meristem which produces
cork, the phellogen. The pericycle is sometimes called pericambium.
VASCULAR SYSTEM

The vascular system of the root as seen in transverse section consists of a variable number of
\tiangular rays of thick-walled, lignified tracheary elements, alternating with arcs of thin-walled
phloem. In the root, the xylem and phloem do not lie on the same radius. The xylem may form a solid
gentral core, or there may be a parenchymatous or sclerenchymatous pith, as in the roots of many
ionocotyledons. Roots with 1,2,3,4,5 and many arcs of xylem are respectively called monarch,
diarch, triarch, tetrarch, pentarch and polyarch. The xylem is exarch, i.e., protoxylem lies towards
periphery and metaxylem towards the centre. The xylem is always centripetal in its development. The
phloem bundle consists of sieve tubes, companion cells and phloem parenchyma. The protoxylem
gonsists of annular and spiral vessels and metaxylem of reticulate and pitted vessels.

The parenchyma found in between xylem and phloem bundles is known as conjunctive tissue.
The pith may be large, small or altogether absent.

ANATOMY OF DICOTYLEDONOUS ROOTS
The important anatomical characteristics of the dicotyledonous roots are as follows:

1. The xylem bundles vary from two to six number, i.e., they may be diarch, triarch, tetrarch,
pentarch or hexarch.
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Fig. 9.13. Anatomy of dicot root. T.S. of young root of Phaseolus radiatus prior to cam
ig. 9.13.

firmly attached to the Casparian strip. This firm attachment controls the movement of the mater jals il
the root and their passage into xy\em cells. The (hm-Wa]led passage-cells are also found in the

endodermal layer which lie against the
protoxylem poles. The passage cells
either remain unmodified as long.as the
root lives or develop thick walls like the
rest of the endodermis.
PERICYCLE i
The layer next to the endodermis 18
commonly known as pericycle. The

UNICELLULAR
ROOT HAIR

EPIDERMIS
(EPIBLEMA)

pericycle of relatively young roots (PAR%I;E%{MM
consists of thin-walled parenchyx?la‘ It

makes the outer boundary of the primary

vascular cylinder of the dicowlec?on?us

roots. It may be uniseriate or mu]usenafe

(e.g., Morus, Salix, Ficus éenghalgnsr;,

etc.). The lateral roots in dicots arise In ENDODERKIS
this tissue. The phellogen and part of ehicYoLE
yascular cambium originate in the N
pericycle. Roots without pericycle are rare

but may be found among water plants e
and parasites. dae

THE VASCULAR SYSTEM

The phloem of the root occurs in the oROTONTE SCLERENCHYMA
form of strands distributed near the Fig. 9.14. Anatomy of root. T.S. of dicot root sho

periphery of the vascular cylinder,
beneath the pericycle. Generally t'he
xylem forms discrete strands, alternating

beginning of secondary growth. Details
sector and central stele.

um formation;

T
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Flg. 9.15. Anatomy of dicot root. T.S. of root of Phaseolus radiatus showing beginning of cambium
formation.

With the phloem strands. Sometimes the xylem occupies the centre, with the strand-like parts
projecting from the central core like ridges. If xylem is not differentiated in the centre, the centre is
cupied by a pith. The root typically shows an exarch xylem, i.e., the protoxylem is located near the
riphery of the vascular cylinder, the metaxylem farther inward. The phloem is also centripetally
\fferentiated, i.e., the protophloem occurring closer to the periphery than the metaphloem. Most
cotyledons have few xylem strands. The taproot is frequently di-, tri-, or tetrarch, but it may have
ve to six and even more poles, (e.g., many Amentiferae, Castanea). Only one xylem strand occurs in
¢ slender root of the hydrophyte Trapa natans. In Raphanus, Daucus, Linum, Lycopersicon and
cotiana the roots are diarch. In Pisum the root is triarch. In Cicer, Vicia, Helianthus, Gossypium
| Ranunculus the roots are tetrarch. In Certain dicots the root of the same plant may show di-, tri-
und tetrarch xylem. For example, tetrarch and polyarch roots have been reported from Nymphaea
llensis. (Wardlaw, 1928). Banerji (1932) reported tri-, tetra-, and pentarch roots in Enhydra fluctuans.

h roots are known as heteroarchic roots. The protoxylem consists of annular and spiral vessels
lereas metaxylem of reticulate and pitted vessels. The phloem strand consists of sieve tubes,
mpanion cells and phloem parenchyma. The parenchymatous conjunctive tissue occurs in
Iween xylem and phloem strands. The pith is scanty or altogether absent.

ANATOMY OF MONOCOTYLEDONOUS ROOTS
The distinctive anatomical characters of the monocotyledonous roots are as follows:

The xylem groups are numerous (polyarch condition) and generally vary from twelve to
twenty.

The pericycle gives rise to lateral roots only.

The cambium is altogether absent even in later stages, as there is no secondary thickening
in such roots.



182 -Plant Anatomy

2. The pericycle gives rise to lateral roots and X
the successive concentric layers. The

secondary meristems (e.g., cambium and PERICYCLE )
phellogen). PHLOEM rresence of schizogenous intercellular spaces

. E METAXYI $ typi
3. The cambium appears later as a secondary NDODERMIS PROT;?:,LEM RE cal of the root cortex. In the water plants
the intercellular spaces are large and form

meristem.
4. The pith is scanty or altogether absent.

EPIDERMIS
The epidermis consists of closely packed
elongated cells with thin walls that usually lack a
cuticle and stomata. In some dicotyledons thickened
outer walls occur in root parts growing in air and also in
roots that retain their epidermis for a long time. The root
epidermis (also known as piliferous layer, rhizodermis
or epiblema) is typically uniseriate. Most of the
epidermal cells extend out in the form of tubular
unicellular root hairs. Normally, the root hairs are
confined to a region between one and several Fig. 9.9. Vascular system—stele of a
. . 3 " dicotyledonous root.
centimetres in length near the tip. They are absent in the
nearest proximity of the apical meristem, and they die off in the older root parts. Some roots also
develop a specialized layer—the exodermis—beneath the epidermis. The exodermis arises from one
several of the sub-epidermal layers of the cortex. The cell walls of exodermis become suberized. Th

exodermis is found to be present in few dicots.

distinct air spaces. The cortex of roots is
usually devoid of chlorophyll. Exceptions are
loots of some water plants and aerial roots of
many epiphytes (e.g., Tinospora spp). Various
Idioblasts and secretory structures are found
the root cortex. Some dicotyledons (e.g.,
rassica, Pyrus, Prunus, Spiraea, etc.) may
eyelop prominent reticulate or band-like
ickenings in cortical cells outside the

The innermost distinct layer of the
rtex is known as endodermis. The
dodermis is uniseriate and almost
iversally present in the roots. The cells of
dodermis are living and characterized by the
sence of Casparian strips or Casparian
nds on their anticlinal walls. The strip is
.ed during the early ontogeny of the cell
is a part of the primary wall. The strip is
ically located close to the inner tangential
|. Guttenberg (1943) says, that the suberin-
¢ materials are found in the strips. The
oplasm of an endodermal cell remains

con o ENDODERMIS
JJUNCTIVI J
SIS £ PERICYCLE

SIEVE PLATE
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4
m
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E
=<
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m
<

COMPANION CELL

Fig. 9.10. Dicot root—transverse and longitudinal sections of the stele of a typical dicot root.

CORTEX

The cortex is massive and consists of thin-walled rounded or polygonal parenchyma ¢
having sufficiently developed intercellular spaces among them. The parenchyma cells of the co
contain abundant starch grains in them. In the roots of dicotyledons which possess second
growth and shed their cortex early, the cortex consists mainly of parenchyma. As seen in transvi
sections, the cortical cells may be arranged in radial rows, or they may alternate with one anoth
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Fig. 9.11. Dicot root—T.S. of gram root.
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Fig. 9.12. T.S. of young dicotyledonous root. The cambium has not developed.
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4, The pith is large and well
developed. In certain cases (e.g.,
in Canna), the pith becomes
sclerenchymatous.
EPIDERMIS

The epidermis or outermost layer of
the root is commonly known as
rhizodermis, epiblema or piliferous layer.
It is uniseriate and composed of compact
tabular cells having no intercellular
spaces and stomata. The tubular
unicellular root hairs are also present on
this layer. A well known example of a
multiseriate epidermis is the velamen of
aerial roots of orchids and epiphytic
aroids (Guttenberg, 1940). The velamen is
a parchment-like sheath consisting of
compactly arranged nonliving cells with
thickened walls. The cells of velamen are
quite big in size and contain air and water

Fig. 9.16. Th
mays (monocot)

PROTOXYLEM

Fig. 9.17. The root. Transection through root of Zea mays (
cortex and xylem are clearly visible in the lateral root.

e root. Transection through root of Zed

monocot) showing a lateral rof

Plant Anatomy

showing a lateral root.

CORTEX

XYLEM
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in them. The cell walls develop fibrous thickenings. Generally, beneath the epidermis there are present
ohqe or more layers of exodermis. Usually the exodermis consists of a single row of cells with
thickened outer and lateral walls except certain passage cells which remain thin-walled

CORTEX .

Imrqedialely beneath the epidermis a massive cortex lies consisting of thin-walled parench;

tells having sufficiently developed intercellular spaces among them. Usually in an oldproot ofyZma
fays 2 few layers of cortex immediately beneath the epidermis undergo suberization and give riseia
Il simple or multilayered zone—the exodermis. This is protective layer which protects inteilal tissue(;

ROOT HAIR
PILIFEROUS LAYER
CORTEX

ENDODERMIS

STELE

UNICELLULAR ROOT HAIR

PILIFEROUS
LAYER (EPIBLEMA)

CORTEX

ENDODERMIS
PERICYCLE
PASSAGE CELL
PROTOXYLEM
METAXYLEM

PHLOEM

Fig. 9.18. Root. T.S. of monocotyledonous root (/ris). A, diagrammatic; B, detailed.
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from injurious agencies. The starch grains
are abundantly present in the cortical cells.
The sclerenchyma cells are commonly
found in the cortex of monocotyledons.
ENDODERMIS

The innermost layer of the cortex is
called the endodermis. It is composed of
barrel-shaped compact cells having no
intercellular spaces among them. The
endodermal cells possess Casparian strips
on their anticlinal walls. The Casparian strip
is the part of primary cell wall. The strip is
typically located close to the inner
tangential wall. In most of monocotyledons
the endodermis commonly undergoes
certain wall modifications. There are two
developmental states, sometimes very
distinct, in addition to the primary state
when only the Casparian strip is present.
In the secondary state a suberin lamella
covers the entire wall on the inside of the

~——————— CORTEX

cell. At a later stage of development this X s PROTOXYLEM

suberin lamella is covered by a layer of
cellulose which in some monocot roots
attains a considerable thickness. Thus the
walls of the endodermal cells become

Plant Anatomy

EPIDERMIS

EXODERMIS

ENDODERMIS

PERICYCLE

The Root—Primary and Secondary Structure 189
protoxylem poles. The iffusi
ik Cuf:) passage cells are meant for diffusion and are also called the transfusion cells.

It is usually uniseriate and composed of thin-walled paren
‘monocotyledons, the pericycle often undergoes sclerification in c?lder rf)gz;?l;;ft;l; (::reélnst.irg1 ﬂ;:
:\ru:e); ::lnl(mtyledons (eg’., some Gramipeae, Smilax, Agave, Dracaena, palms) the pericycle con};ists
ayers. The pericycle may be interrupted by the differentiation of xylem (many Gramineae
wnd Cyperacgae) or phloem elements (Potamogetonaceae) next to the endodermis (Guttenbs 1943
ere, the pericycle gives rise to lateral roots only. o ”
VASCULAR TISSUE

The vascular tissue consists of alternating strands of xylem and phloem. The phloem occurs in
form of strands near the periphery of the vascular cylinder, beneath the pericycle. The x; lém fi mlq
\crete strands, alternating with the phloem strands. The centre is occupied by lmée pith }v,vhichomas

pargqchymatous or sclerenchymatous. Bundles are numerous and referred as polyarch Thy
ventitious roots of Palmae and Pandanaceae have considerably higher number :f vas;:ulai

UNICELLULAR ROOT HAIR

EPIDERMIS

sufficiently thickened and the thick-walled
passage cells are formed opposite the

UNICELLULAR ROOT HAIR

Fig. 9.20. Anatomy of monocot root. Cross section of root of Commelina.

Fig. 9.19. Anatomy of root. T.S. of Smilax{
(monocot)—detai! of a sector.

PASSAGE CELL
(THIN WALLEDCELLS
IN ENDODERMIS)

PITH
(PARENCHYMA)

CONJUNCTIVE
TISSUE

0.21. Anatomy of monocot root. T.S. of a portion of root of Hedychium coronarium, showing
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UNICELLULAR ROOT HAIR

‘i CUTICLE

Fig. 9.22. The root. T.S. of monocot root of Oryza sativa (rice) showing air-spaces in cortex i
sclerenchymatous pith.

bundles, as many as 100 or more. In some roots (e.g., Hydrilla, Triticum), a single vessel occupies
centre and is separated by non-tracheary elements from the peripheral strands. In other varid
numbers of large metaxylem vessels are arranged in circle around the pith (e.g., Zea mays). In
woody monocotyledons the inner metaxylem elements may form two to three circles (e.g., Latana);
they may be widely separated from each other (e.g., Phoenix dactylifera), or scattered throughout
centre (e.g., Raphia hookeri). In some monocotyledons (e.g., Cordyline, Musa, Pandanacel
phloem strands are scattered among the tracheary elements in the centre of the root.

The xylem is exarch, i.e., the protoxylem lies towards periphery and the metaxylem towards
centre. The vessels of protoxylem are narrow and the walls have annular and spiral thickenis
whereas that of metaxylem the vessels are broad and they possess reticulate and pitted thickeni|

The phloem strands consist of sieve tubes, companion cells and phloem parenchyma.
phloem strands are also exarch having protophloem towards the periphery and metapholem tow

The Root—Primary and Secondary Structure 191

NICELLULAR
ROOT HAIRS
CUTICLE

EPIDERMIS
HYPODERMIS

CLERENCHYMA
(CORTEX)
PARENCHYMA
(CORTEX)

© ENDODERMIS

PERICYCLE

X IC

PASSAGE
CELL
METAXYLEM
ADDITIONAL
METAXYLEM
PROTOXYLEM

PITH
(SCLERENCHYMA)

9. 9.23. The root. T.S. of monocot root (Avena sativa—Oats) showing sclerenchymatous pith and

additional metaxylem vessels. The cells of cortical region are being arranged ir tinct
g g g dis

TISSUE

d g >PITH
Fig. 9.24. The root. T.S. of monocotyledonous root (grass).
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the centre. The parenchymatous Of sclerenchymatous conjunctive tissue is found in between and
around the xylem and phloem strands. The central part of the stele is occupied by a well developed

Plant Anatomy

pith. In Canna, Oryza sativa, Avena sativa, the pithis sclerenchymatous.

FORMATION OF LATERAL ROOTS
In flowering plants, the lateral roots are endogenous in origin, that is, they originate in the innel
tissue of the mother root, and appear externally only after their growth is well begun. The rool
meristems arise in the pericycle found immediately beneath the endodermis. (In ferns, and othel
pteridophytes the lateral roots originate in the endodermis). Usually the lateral roots areé restricted

the regions opposite the xylem and
come out in vertical rows, the number
being equal to that of xylem strands
present. In the formation of a lateral
root, the cells of the pericycle lying
against the protoxylem become
meristematic and begin to divide first
tangentially and then periclinally and
anticlinally, thus 2 few layers of cells
are cut off. This way, the endodermis
is pushed outwards and a protrusion
is being formed. Very soon this
protrusion comes out of the cortex
and three regions of root apex, that
is, dermatogen, periblem and
plerome, become quite distinct. The
endodermis and some of the cortical
cells form a part of the root cap. The
lateral root forces its way out
through the cortex, endodermis and
epidermis, and passes into the soil.
Very soon the root cap is sloughed
off and renewed by the calyptrogen.

The lateral root primodria are
formed in distinctive positions in
relation to the xylem and phloem of
the parent root. In diarch roots they

usually occur between the xylem and the phloem, in triarch and tetrarch roots in positions oppo
the protoxylem, and in many polyarch roots opposite to the protophloem. However, in some po!
roots, the lateral roots are developed in sites opposite to the protoxylem.

MYCORRHIZA

This is also known as ‘fungus root’. This is an association of fungus with root of a higher
Mycorrhizas are of common occurrence. There are two main types —(1) endo- trophic, I
fungus is within cortex cells of root, e.g., orchids, and (2) ectotrophic, in which it is external, {0
smaller roots, €.8-» Pinus. The mycorrhizas are bell
beneficial symbiotic association, probably evolved
original host parasite relationship. It has been clearly shown (a) that mycorrhizal plants ben¢!
the association, €.8-» under natural conditions presence of fungus partner is vital for establl

a mantle that completely invests the
constitute an example of a mutually

R

EPIDERMIS

PARENCHYMA

PHLOEM

XYLEMCAVITY

Fig. 9.25. T.S. of monocot root of Hydrilla showing I
air spaces in cortex and single xylem cavl

The Root—Primary and Secondary Structure 193

Q—~UNICELLULAR ROOT HAIR

PROTOXYLEM
METAXYLEM
VESSEL

PHLOEM

g.9.26. Th
e root. T.S. of monocot root of Hordeum vulgare showing the central metaxylem vessel
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and growth of seedling trees of a number of different species, e.g., pines, and (b) that association of

fungus with tree is necessary for development and reproduction by fungus.
FORMATION OF ADVENTITIOUS ROOTS

The adventitious roots may occur on the hypocotyl of a seedling, at nodes and internodes of
stems, and in roots. They may be formed in young organs or in older tissues which are still
meristematic. Most adventitious roots arise endogenously. Stem-borne adventitious roots make the
main vascular system in vascular cryptogms (pteridophytes), in most monocotyledons, in
dicotyledons propagating by means of rhizomes or runners, in water plants, in saprophytes and in
parasites. The roots which are developed on cuttings, directly from the stem or from the callus tissue,
ure also adventitious.

Usually the adventitious roots are initiated in the vicinity of differentiating vascular tissues of
{he organ which gives rise to them (Datta and Majumdar, 1943). In young organ, the adventitious
primordium is initiated by a group of cells near the periphery of the vascular system. In older organ,
It is located deeper, near the vascular cambium. In young stems, the cells that form the root
primordium are derived from the interfascicular parenchyma, while in older stems from a vascular
fiy. In certain cases the adventitious roots are initiated by divisions in the cambial zone (Smith,
1936). Usually the seat of the root primordium in the case of stems is known as pericycle. The
origin of the adventitious roots in the vascular ray, or in the cambium places the young root close
10 both the xylem and the phloem of the mother axis and makes the vascular connection between the
Iwo organs (see fig. 9.30).

Fig. 9.28. Arrangement of primary \)ascular tissues and thg orientation of Iafera! rooT with referehnc.o

to the vascular tissues of the main root. A—D, diarch to tetrarc‘h (in dicot); E, polygrc (in

monocot). Lateral root arises opposite the phloem poles in A and E; opposite the
protoxylem poles in C and D; between xylem and phloem poles in B.

CORTICAL PARENCHYMA

. 9.30. Origin of lateral root. A, initiation of branch of carrot root through formation of meristematic
cells in pericycle; B—C, enlargement of meristematic region, D, young root
pushing through cortex.

lateral roots. A—E, various positions found in gymnosperm§ as
here root has less than three xylem rays; F, position (opposite xyl
lar plants where there are three or more xylem rays.

Fig. 9.29. Position of origin of
as in angiosperms wl
rays) found in roots of all vascul
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he pith consists of thin-walled parenchymatous cells having well-defined intercellular spaces. Rhizodermis. The outermost limiting layer of the root is represented by rectangular cells. A

The pith cons thick cuticular layer may also be seen.
ANATOMY OF BANYAN ROOT (FICUS BENGHALENSIS-DICOT) Cork. Just beneath the rhizodermis there are several layers of cork cells. These cork cells are

halensis reveals the undermentioned

The transverse section of the aerial root of Ficus beng somewhat rounded, suberized and having intercellular spaces.

structure : Phellogen. The phellogen or cork cambium is fouﬁd beneath the cork cells. The rectancular cells
of cork cambium divide tangentially forming cork cells towards the outer side and secondary cortex

towards the inner side. The secondary cortex is composed of a few layers of parenchyma cells.

Endodermis and pericycle. In young roots, the endodermis and pericycle are distinctly clear,
but in older roots they are inconspicuous.

PHELLOGEN

\ \\ PRIMARY PHLOEM
v
B ‘\‘\“m- FIBRES

L seconpARY
113~ PHLOEM
PRIMARY XYLEM

Vascular system. Just beneath the pericycle a crushed layer of primary phloem is visible,
which is immediately followed by well developed secondary phloem. The secondary phloem is
composed of sieve tubes, companion cells, phloem parenchyma and phloem fibres.

The cambium forms a complete ring in the older roots. Just beneath the cambium there is
secondary xylem. The secondary xylem possesses vessels, tracheids and xylem fibres. The primary
Xylem strands are easily recongnizable having protoxylem poles towards periphery and metaxylem
towards centre. The vascular strands are more than six in number.

In the central region there is well developed pith. The pith is composed of thin-walled
parenchyma cells having well developed intercellular spaces.

ANATOMY OF THE ROOT OF TINOSPORA CORDIFOLIA (DICOT.)

The transverse section of the aerial root of Tinospora cordifolia shows the underimentioned
Structure:

Rhizodermis. The outermost limiting layer of the root is represented by rectangular cells.

Cork. Just beneath the rhizodermis there are few layers of rectangular cork cells. The cork cells
Are arranged in radial rows.

Phellogen or cork bi The phellogen is found beneath the cork. The cells of phellogen
divide tangentially forming cork towards the outer side and secondary cortex (of chlorenchyma)

SECONDARY
XYLEM

o slimuie ovards e s

SECONDARY The endodermis and pericycle are inconspicuous.
PARENCHYMA Vascular system. The crushed primary phloem is found beneath the secondary cortex
(FHELLODERM)/\ (chlorenchyma). Next to crushed primary phloem there is secondary phloem. The secondary phloem
EN;%?;?&': — 1§ composed of sieve tubes, companion cells and phloem parenchyma. In between secondary phloem
CRUSHED PRIMARY ind secondary xylem there is distinct cambium. Towards the inner side of the cambium there is
PHLOEM Jecondary xylem. The secondary xylem has large vessels. The primary xylem strands are easily
FIBRES Iecognisable possessing protoxylem poles towards periphery and metaxylem towards centre. There is

SECONDAF(i:c %EIBO%M letrarch condition. Scanty pith is present in the centre. The meduallary rays of parenchyma are visible.

2 (See figs. 9.36 and 9.37).

=}

% ANATOMY OF STORAGE ROOTS

>
» B[ PROTOXYLEM g The underground roots may become very much thickened and serve as organs for the storage
ﬁi) METAXYLEM F= { food. Such is the case in sweet potatoes, radishes, turnips, carrots and dahlias. In such roots the
=3 Q 0d may be stored largely in the cortex or xylem region or in both.

w

In turnips food is stored largely in the xylem, and the phloem and cortex are relatively narrow. In
¢ radish and sweet potato the xylem is also the chief region of food storage, but food is also stored
) ) ) hed primary phiog tside the xylem. In the carrot there is a more even distribution between xylem and bark. In beets
S. of dicot aerial oot showing periderm, crushed primary P ere are alternate layers of xylem and phloem owing to the formation of successive cambia. The

Fig. 9.34. Ficus benghalensis. T. condary xylem, primary xylem and large ol

secondary phloem with fibres, cambium, se
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ENDODERMIS

ANATOMY OF EPIPHYTIC ROOTS
ANATOMY OF ORCHID ROOT (MONOCOT)
The orchids (of family Orchidaceae-monocotyledons) are epiphytes. They possess the aerial
roots hanging in the air. The anatomy of the root of Dendrobium (an orchid) is given here.

FIBROUS
THICKENINGS

Velamen. The velamen consists
of 'several layers of dead cells often
with spirally thickened and
perforated walls, which act as
sponge, soaking up water that runs
over it. The velamen is multiple
epidermis. The velamen is thought to
function as a protective tissue,
preventing undue water loss from
the delicate cortical cells of the
exposed aerial root.

Exodermis. It is the outermost
layer of the cortex. This layer is
composed of alternating long and
short cells; the long cells become
thick-walled on their radial and
outer tangential surface, but the
small cells remain thin-walled and
are called passage cells.

Cortex. The main cortex
consists of thin-walled parenchyma
cells having intercellular spaces
among them. The innermost layer of
the cortex is endodermis that
consists of compact barrel-shaped
cells having starch grains in them.
The endodermis completely
encircles the stele.

Pericycle. Immediately
beneath the endodermis a single-
layered pericycle is found. The cells
are thin-walled.

Vascular system. The vascular
bundles are radial, i.e., the xylem
and phloem strands are equal in
number and atranged alternately. The
bundles are more than six (i.e.,
polyarch condition). The xylem is
exarch. The protoxylem poles are
found towards periphery and
metaxylem towards centre. The
wvessels of the protoxylem are narrow

CENTRAL CYLINDER
ZONE OF
ENDOTROPHIC
MYCORHIZA

STARCH GRAINS IN
INNER CORTICAL CELLS

@@g UNDERGOING
o S

HIGHER PLANT

Fig. 9.31. Structure of Saprophyte. T.S. of Neottia root; A,
diagrammatic; B, detail of outer region.

Ir VASCULAR
TISSUE

T.S. OF ROOT \{
A

INFECTED
REGION

NUCLEUS OF CELL

GRANULAR
APPEARANCE
OF CYTOPLASM

B CAUSED BY BACTERIA

Fig. 9.32. Root. The root nodules. A—B, T.S. of root in
region of nodule.

LIMITING LAYER

VELAMEN

EXODERMIS

PASSAGE CELL

AIR CHAMBER

CORTEX (PARENCHYMAY .

ENDODERMIS
PERICYCLE

SCLERENCHYMA
PHLOEM
METAXYLEM

PROTOXYLEM

PITH

PASSAGE CELL

B
Flg. 9.33. Anatomy of Orchid root (Monocot—Orchidaceae)—A, T.S. of root (diagrammatic); C,
velaman and exodermis enlarged; B, T.S. of Dendrobium (orchid) root showing detailed

structure.

und possessing annular and spiral thickenings whereas the vessels of metaxylem are broad and
possessing reticulate and pitted thickenings on their walls. The phloem bundles are made up of sieve

{ubes, companion cells and phloem parenchyma.

The conjunctive tissue is represented by the presence of parenchyma cells in between and

around the vascular bundle.



STORAGE REGION

Fig. 9.35. Anatomy of storage roots (dicot). Left—cross section of s.torage r

right—cross section of root of carrot.

secondary tissues of the root
accurnulate starch in the same kind of
cells as those of the stem, that is
various parenchymatous and some
sclerenchymatous cells of the xylem
and the phloem. In genaralf roots
possess 2 higher proportlon‘of
parenchyma cells than do stems.
Daucus_carota. Carrot
(Umbelliferae-Dicot). In this case,
the hypocotyl and base of taproot
form jointly one fleshy structure.

PRIMARY PHLOEM

SECONDARY XYLEM
PRIMARY XYLEM
PITH

MEDULLARY RAY

Fig.9.36.T.S. of the aerial root of Tinospo
(dicot)‘—diagrammatia

CORK

PHELLOGEN
CHLORENCHYMA
PRIMARY PHLOEM

SECONDARY PHLOEM
CAMBIUM

SECONDARY XYLEM
MEDULLARY RAY

PROTOXYLEM

(PRIMARY XYLEM)
METAXYLEM

PITH

Fig. 9.37. TS of the aerial root of Tinospora cordifolia (

Plant Anatomy

oot of Ipomoea batatas,

SECONDARY PHLOEM

ra cordifol

dicot.) showing secondary growth-
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TORAGE REGION
(MAINLY XYLEM)

Fig. 9.38. Anatomy of storage root (dicot.) A, cross section of turnip root; B, cross section of radish
root.
Here, the fleshy organ has large amount of storage parenchyma associated with ordinary arrangement
of tissues. In this type of development, where the hypocotyl and the upper part of the tap root, after
sloughing off the cortex, become fleshy through a massive development of parenchyma in the phloem
and the xylem. Besides the cambial activity the massive parenchyma, that makes the storage tissue,
adds to the thickness of the root.
Raphanus sativus. Radish (Cruciferae-Dicot)
The fléshy roots of radish show a
proliferation of parenchyma in the pith and in
the secondary xylem, and a differentiation of
goncentric vascular bundles within this
parenchyma. Here, the fleshy roots show a
diarch primary xylem. The normal cambium
futs off secondary phloem towards
periphery and secondary xylem towards the
entre. Several concentric vascular bundles
Wre seen in the transverse section of the
fleshy root. The concentric bundles are
tomposed of secondary cambial rings with a
w vascular elements in the centre.
omoea batatas. Sweet potato (Convo-
laceae-Dicot.)
It exhibits a complicated type of

] PERIDERM

CORTEX

SECONDARY
PHLOEM

CAMBIUM
SEC. XYLEM

STORAGE
REGION

ANOMALOUS
CAMBIUM

STORAGE

malous secondary thickening, In primary REGION
te the root is pentarch or hexarch. The
rtex is delimited by a single-layered
tinct endodermis from the stelar region. In :
¢ normally developed but highly PQ\%QSY

Ifenchymatous primary and secondary
lem, anomalous cambia arise around
ividual vessels or vessel groups and
luce phloem rich in parenchyma and with ~ Fig. 9.39. The root. T.S. of a sector of root of
¢ laticifers away from the vessels, and Raphanus sativus (dicot.)
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Fig. 9.40. The root. T.S.

tracheary elements toward them.
Massive amounts’ of storage
parenchyma cells are developed in
both the direction, thus forming the
tuberous roots.

Beta vulgaris. Beet root (Chenopo-
diaceae-Dicot.)

The anatomy of beet root has
been described in detail by
E.F. Artschwager (1924, 1926). The
young beet root possesses a diarch
protoxylem plate. The sugar beet forms
its fleshy hypocotyl root organ by
anomalous growth. It shows a useful
type of primary and early secondary
development. The primary cambium
that gives rise to the innermost
vascular ring in the beet root develops
in the interstitial parenchyma except
opposite the two protoxylem poles
where it is derived from the pericycle.
The first secondary cambium in the

Plant Anatomy

XYLEM VESSELS
ANOMALOUS
CAMBIUM

NEW XYLEM
ELEMENTS

of storage root of Jpomoea batatas a sector.

N
AR PeriDERM
\\}‘\ﬁ}_\\g\,ﬂ/w__w_:_m_»i\m\\&&‘ PE

STORAGE
PARENCHYMA

SEC.XYLEM

VASCULAR
XX~ CAMBIUM

PRIMARY XYLEM

Fig. 9.41. Anomalous secondary growth in Beta vul
root (T.S.), showing alternate layers of vasg
bundles and proliferated pericycle, phloi
lignified xylem cells in radial rows, xyl
parenchyma and secondary interfascid
tissue. (After Eames and MacDaniels).
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STORAGE
PARENCHYMA
SECONDARY
PHLOEM

PARENCHYMA

SECONDARY
PHLOEM

STORAGE
PARENCHYMA

Fig.

ig. 9.42. The root. The root of Beta vulgaris showing growth layers.

1ot and lower part of the h: ises i ,

ypocotyl arises in the phl i

. ] ¢ 2 phloem parenchyma, whereas in th
ou(qi{iz ;]‘LW[: (;s de:lved from the Pencycle. Later, however, a series of supemur:;r . “PPe;'PaTtLOf
.‘,,,;,. o lx;m: vfascular cylinder and produce several increments of vascuél?; :“s:" R,
yer of parenchyma, parenchymatous xylem and parenchymatous phloem. P; ue’t'ealclh
. Practically

PROTOXYLEM

0.43. Heteroarchy in roots of Nymphaea chilensis. A
seven xylem strands; C, root with t
(After Wardlaw, 1928).

, root with tetrarch condition; B, re i
; B, root, with
en xylem strands; D, root with twelve Xylem strands.
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all the supernumerary cambia that give rise to the vascular rings in the mature root haye
developed when the diameter of the young root is no greater than five millimetres or so. All the
cambia are active at the same time.

HETEROARCHY INROOTS

In certain cases, the same plant may bear roots of different types. In such plants, the roots may
be tetrarch, pentarch, hexarch and even polyarch. This condition is known as heteroarchy, and the
roots, the heteroarchic roots. Wardlaw (1928) reported heteroarchy in Nymphaea chilensis. This
plant bears four types of roots. The small roots possess tetrarch condition; the slightly thicker roots
possess seven xylem groups alternating with the seven phloem groups; more thicker roots possess
polyarch condition (i.e., 12-14 xylem groups) and still more thicker roots are also polyarch (i.¢.,
they bear 16-18 xylem groups alternating with equal number of phloem groups). However, these
roots lack secondary growth and present on the same plant. They are of various diameters. Wardlaw
(1921) reported the presence of such roots in some species of Eryngium (of Umbelliferae).
Majumdar (1932) reported heteroarchy in the roots of Enhydra fluctuans (of Compositae). Here,
the normal terrestrial plants bear tetrarch roots while the plants growing in marshy places bear the
roots having triarch, tetrarch and pentarch conditions. (See fig. 9.43)

DIFFERENCES BETWEEN DICOTYLEDONOUS AND
MONOCOTYLEDONOUS ROOTS
Monocotyledonous Root
Usually they are numerous, rarely a
limited number (e.g., in Onion).

already been

Dicotyledonous Root

The number varies from two to
six (di- to hexarch), rarely more.

Xylem
bundles

It is small or absent. It is large and well developed.

Pith

It gives rise to lateral roots and It gives rise to lateral roots only.

secondary meristems, i.e., cambium
and cork-cambium.

Pericycle

4, | Cambium It appears later as a secondary It is altogether absent.

meristem.
SECONDARY GROWTHIN DICOTYLEDONOUS ROOT
The roots of gymnosperms and most dicotyledonous undergo secondary growth. Most of the

dicotyledonous roots show secondary growth in thickness, similar to that of dicotyledonous stems,
However, the roots of extant vascular cryptogams and most monocotyledons do not show any
secondary growth; they remain entirely primary throughout their life. The secondary tissue
developed in the dicotyledonous roots are fundamentaly quite similar to that of dicotyledonouf
stems, but the process initiates in some different manner. Certain dicotyledonous roots do not show
secondary growth. The secondary vascular tissues originate as a result of the cambial activity. The:
phellogen gives rise to the periderm.
FORMATION OF CAMBIUM AND DEVELOPMENT OF SECONDARY TISSUES
s a limited number of radial vascular bundles with exarch xylem,
Normally the pith is very little or altogether absent. On the initiation of secondary growth, a few
parenchyma cells beneath each group of phloem become meristematic and thus as many cambidl
strips are formed as the number of phloem groups. The cambial cells divide tangentially again
again and produce secondary tissues. Thereafter some of the cells of single layered pericycle becol
meristematic lying against the protoxylem groups, which divide and form a few layers of cells. The fi

The dicotyledonous roots posse’

) ri.se to secondary xylem on its inner
~ side and secondary phloem towards

Frrvar p wrrae sesesener v
J s
-

PIDERMIS

CORTEX
(PARENCHYMA)

ENDODERMIS

PROTOXYLEM

PASSAGE
CELL

CONJUNCTIVE
TISSUE

formed cambium now extends
towards both of its edges and
reaches the inner most derivatives
of the pericycle, thus giving rise to a
complete ring of cambium. The
cambium ring is wavy in outline, as
it passes internal to phloem and
external to xylem groups. The
cambial cells produce more xylem
elements than phloem. The first

formed cambium produces PRIMARY PHLOEM
secondary xylem much earlier, and ssg&[«g ol
E ' ‘ i EM
:, e wavy (':amb|um ring ultimately PRIMARY XYLEM
ecomes circular. Now whole of the
SECONDARY XYLEM

cambium ring becomes actively
meristematic, and behaves in the
similar way as in the stem, giving

R \\_/ VASCULAR RAY
Fia. o CAMBIUM
ig. 9.45. Secopdary growth in root A, cross section of a
root without secondary growth; B, the same after

outside. considerable secondary growth.
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UNICELLULAR
ROOT HAIR

EPIDERMIS
(EPIBLEMA)
I

PRIMARY

CORTEX
/> (PARENCHYMA)

Fig. 9.48. Beginning of secondary growth in dicotyledonous root.

77~ CAMBIUM

X METAXYLEM

PHLOEM EPIDERMIS (EPIBLEMA)
PROTOXYLEM SGLERENCHYMA Sohrey

ENDODERMIS
PERICYCLE- /U'/
PRIMARY PHLOEM b
SECONDARY PHLOEM
CAMBIUM.

e
@8y

Fig. 9.46. The root. T.S. of gram root (dicot.) showing the beginning of the formation of cambium.

PRIMARY XYLEM EPIDERM SECONDARY XYLEM
CAMBIUM (EPIBLEMA) PRIMARY XYLEM B
-CORTEX CORK CAMBIUM CORK

ENDODERMIS
PERICYCLE

CAMBIUM i
ECONDARY XYLEM"
PRIMARY XYLEM

(o MEDULLARY RAYS

A SECONDARY XYLEM

ot. A, diagrammatic cross section of a dicot root showing thi »
ction showing secondary phicem and xylem with vascular ra . 9.49. Secondary growth in dicot root. A—D
. growth of a typical dicotyledonous root.

Fig. 9.47. Secondary growth of ro
cambium; B, a similar se
(medullary rays) indicated in white lines.

, diagrams showing stages in the secondary




The Stem—Primary and
Secondary Structure

The part of the axis of the plant which is usually ascending and aerial in nature, and also bears
the leaves and reproductive structures is called the stem. The stem together with the leaves which it
bears constitutes the shoot; the relationship between leaves and stem is very close one and 4
separation of the shoot into its component parts is to some extent artificial. The stem bear§
conspicuous nodes and internodes and fundamentally differ from roots in their vascular structuré,
The difference lies chiefly in the arrangement of the xylem and the phloem—in the root the strands of
primary xylem and phloem lie in different radii, separated from one another; in the stem the strands lie
side by side in the same radius, i.e., they are conjoint, collateral. The xylem of the root is alwayl
exarch, whereas that of the stem is exarch, endarch or mesarch, being endarch most commonly ifl
present-day plants.

ORIGIN OF THE STEM

The first stem meristem is organized
during the development of the embryo. The
fully developed embryo commonly consists of
an axis, the hypocotyl-root axis. The axis bears
at its upper end, one or more cotyledons and
the shoot primordium, whereas at its lower
end it bears the root primordium covered with
a root-cap. The radicle (embryonic root) is
found at the lower end of the hypocotyl and
the embryonic shoot is found above the
insertion of the cotyledons. The embryonic
shoot is composed of an axis bearing
unextended internodes and one or more leaf
primordia. This shoot (first bud) is commonly
known as plumule and its stem part is termed
epicotyl. The origin of shoot organization is
found in the hypocotyl-cotyledon system
where the hypocotyl is the first stem unit of
the plant and the cotyledons are the first
leaves. The hypocotyl is located below the
cotyledonary node, but not in between nodes.
During the germination of the seed, the root

HYPOCOTYL
ROOT AXIS

Fig. 10.1. Seedling of Medicago sativa. A, 1
younger seedling bears its cotyledo
high above the ground level; B, the ol
seedling has pulled down |
cotyledons close to the ground
contracting the hypocotyl and the up)
part of the root.
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meriste
m forms the first root, whereas the shoot meristem develo;

o ps the first shoot by adding new

nodes and internodes to the shoot ystem formed i € embryo. © lateral stems normally

h S; m

Jeuil n th b The lateral st 11

arise by the development of new apical meristems lateral 'y In the terminal meristem of the mothe:
by the devel f 1 1 teral the t 1 i f the mother axis.

The adventitious branches develop on both stem and roots, by the formation of meristems
P n y
secondarily in the pericyclic, phloic or cambial regions.

ROOT-STEM TRANSITION

The root and stem us C! calle € axis o € plan vascula
i{ make a continuo t] p € cular
structure called th, is of the plant. Th 1
bundles are continuous from the root to the stem. The epidermis. cortex, endodermis, pericycle and
secondary vascular tissues are directl continuous in the two organs, root and stem, bu
y N stem, but the

arrangement of vascular bundles is quite different in the two organs. The stems possess collateral
bundles with endarch xylem, whereas the roots possess radial bundles with exarch xylem. Of course
s

s <)

?O%?

10.2. Root-stem transitior iagram r n: aria type. ucurbtia
on. Diagrams of foul ty| A F B, Cucurbt
, 4 pes. A, B, C and D. A, Fumari: pe; i
type; C, Lathyrus type; D, Anemarrhena type. (After Fames and MacDaniels)
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PHLOIC PROCAMBIUM

~PROTOXYLEM
METAXYLEM
CORTEX
XYLARY PRIMARY PHLOEM
PROCAMBIUM

VASCULAR
CAMBIUM

CORTEX

310A01H3d

FIBRES
i

SECONDARY
PHLOEM

XYLEM

Fig. 9.50. The root. Secondary structure. Development of root in Pyrus.A, procambial state; B,
primary growth completed; C, vascular cambium in between phloem and xylem
produced some secondary vascular tissues; D, further secondary growth, pericyclé
increased in width by periclinal divisions; endodermis partly crushed cortex breaking
down; E, further secondary growth, periderm developed, cortex has been shed. (Aftor
Esau.)

The secondary vascular tissues form a continuous cylinder and usually the primary xylem gelk
embedded in it. At this stage distinction can be made only by exarch primary xylem located in the
centre. The primary phloem elements are generally seen in crushed condition. The cambial cells th
originate from the pericycle lying against the groups of protoxylem function as ray initials an
produce broad vascular rays. These rays are traversed in the xylem and phloem through cambiun
this is characteristic feature of the roots. Normally, such rays are called medullary rays.

|
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CORK
(PHELLEM)

CORK CAMBIUM
(PHELLOGEN)

SECONDARY
CORTEX
(PHELLODERM)

SECONDARY
PHLOEM

CAMBIUM

SECONDARY:-
XYLE

MEDULLARY
RAY

o
&W?QS

P
R RIMARY XYLEM

Fig. 9.51. i
9. 9.51. Secondary growth. T.S. of dicotyledonous root showing secondary growth (later stage)

PERIDERM

il few b i
ph:rlv()d;or\;vnn;sh layers of co‘rk cells or phellem towards outside, and the phelloderm on the inside. Th
0€s not contain chloroplasts. The pressure caused by secondary tissues ruprure.s th:

vortex with endodermis, which is ultimat 1 i i
o cnd ately sloughed off. The epiblema dies out earlier. Lenticels may
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a region exists where these changes occur and the two different types of vascular tissues maintain
their continuity. The change of position involving inversion and twisting of xylem strands from exarch
to endarch type is referred to as vascular transition; and the part of the axis where these changes
occur is called transition region. Commonly this region is quite small and rarely of several

Plant Anatomy The Stem—Primary and Secondary Structure
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centimetres. These changes may be found gradually or abruptly in the top of the radicle or at the base S

of the hypocotyl, near its middle region, or in the upper part. The phloem bundles remain practically
in the same position. The transition may be of four main types which vary from species to species. £

Type A. In Mirabilis, Fumaria and Dipsacus, and other plants each xylem strand of the root 5
divides by radial division in the branches. As these branches pass upward, they swing in their lateral
direction; one bends towards right and the other goes to the left. Simultaneously these branches join
the phloem strands on the inside. The phloem strands, however, do not change their position and
also remain unchanged in their orientation. They remain in the form of straight strands
continuously from the root into the stem. In this type as many primary bundles are formed in the

stem as many phloem strands are formed in the root.

Type B. In Cucurbita, Phaseolus, Acer and
Trapaeolum and several other plants the xylem and
phloem strands fork, the branches. It is to make a point
here that the strands of xylem and phloem both divide.
The branches of the strands of both swing in lateral
direction and pass upward to join in pairs. After
joining in the pairs they remain in the alternate position
of the strands in the root. The xylem strands become
inverted in their position and the phloem strands do
not change their orientation. This way, in the stem, the
number of bundles becomes double of the phloem
strands found in the root. This type of transition is
more commonly found.

Type C. In Medicago, Lathyrus and Phoenix, the
xylem strands do not fork and continue their direct
course into the stem. These strands, however, twist
through 180 degrees. The phloem strands divide soon
and the resulting halves swing in the lateral direction to
the xylem positions. The phloem strands join the xylem
strands on the outside. In this type as many bundles
are formed as there are phloem strands in the root.

Type D. This type of root-stem transition is rarely found and is known in only a fe!
monocotyledons (e.g, Anemarrhena). In this type half of the xylem strands fork and the branch
swing in their lateral direction to join the other undivided strands of xylem. Soon after the xyld
strands become inverted. However, the phloem strands do not divide, but on the other hand th
become united in pairs. Simultaneously these united phloem strands unite with the triple strands
the xylem. This way, a single bundle of the stem consists of five united strands, and thus half
many bundles are formed in the stem as there are phloem strands in the root.

In the stems where internal phloem is present, the
root depart at the level at which the roots begin to change into the stems. These branches of phl
strands pass inward and lie inside the new xylem strands giving rise to bicollateral bundles. In s
of the monocotyledonous plants the transitory region is very short and from that too several laf

roots are given out.
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Ig. 10.4.
y a
Fig. 10.4. Anatomy of d icot stem. Diagrammatic combined transverse and ongitudinal sections of
The seed plants are generally divided into two groups—the perms and the g
The angiosperms are further sub-divided into dicotyled: and . In a cross section
e stems of di otyledons a nosperms the vascular bundles are found be arranged in
C dons and gymnosperms ] ascular bundles ar und to ai 2
0f the st a

fing, whereas in most of thy
» e monocotyledon
Neattered. Y ous stems the vascular bundles are numerous and

sperms.

RADIAL PLANE

TANGENTIAL PLANE

Fig. 10.3. Diagrammatic representation of
the stem, showing transverse,
radial and tangential planes of
the section.

ANATOMY OF DICOTYLEDONOUS STEMS

In young dicotyledonous
stems ther isti E 3 J
fhe stele. e are three distinct regions—the epidermis, the cortex and

Epidermis. T i i i i
¥ tpcontains St::l etplde;mls consists of a single layer of cells and is the-outermost layer of th
e e sox af atz'm' produces various types of trichomes. The outer cell walls are ré:atle
g transversey cu'mxzed. The cells are compactly arranged and do not possess intercgellul ‘
B i :;;tl?n the ctells appear almost rectangular. It serves mainly for restricting tI:F

or protecting the underlying ti ical inj

B g o ying tissues from mechanical injury and from

Cortex. Th i i i
- ey endoc; :il'on kt:at lies next to the epidermis is the cortex. The innermost layer of th
B o andz.: own also as the starch-sheath. It consists of a single layer of cells whicli
o tis(;::a:’ns tr}llumerous starch grains. Frequently it is most easily distinguishable

y the presence of these starch grai
! 4 grains. The part i
;;\teen the epidermis and the endodermis is generally divided into i e
lenchyma cells and an inner zone of parenchyma cells

forked branches of the phloem strands of
two regions, an outer zone of

Collenchyma. On the inside of the e; idermis there is usually a ban co. C a. The cells
Y] P ually a band of collen hyma.
the collenchyma are modified parenchyma cells with cellulose walls thickened at the angles
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lant Anato
214 are not greatly elongated in EPIDERMIS ENDODERMIS
where three or more cells are in EPIDERMIS any direction. They are CUTICLE PITH
tact. The collenchyma CORTEX living cells and contain a iTH RAY
contact.
resembles parenchyma in being ENDODERMIS moderate amount of > = s
. . protoplasm. When they are 2 COLLENCHYMA
alive and in having a moderate PERICYCLE exposed to the light the -
amount of protoplasm. The chief PRIMARY PHLOEM P s y / % PARENCHYMA
. £ collenchyma cells is develop chloroplasts and are 5
function o . I SECONDARY PHLOEM known as chlorenchyma Halit = S CAMBIUM
to serve as strengthening CAMBIUM Jls. Chlorench 11 ! 2
al in succulent organs 7[ cells. Chlorenchyma cells are i - P ERTEVELE
materia SECONDARY XYLEM I ial kind of
. develop much thus only a special kind o & (FIBRES)
which do not deve tphe soft PRIMARY XYLEM parenchyma cells. The | b &
ody tissue, or in 1 = p
‘;ooungyparts of woody plants N PITH parenchyma cells in the 7 § HLOEM
before stronger tissues have cortex of a stem are near Ll - XYLEM
b developed. They are enough to the light so that SIS
een dev . f R e
especially fitted for giving —EPIDERMIS s(')]r]ne orlall tofthedm de\;‘elop j 3 = S
strength to young, growing 4 conTex chloroplasts and perform ‘ Sl et i ik VASCULAR
sth : \ photosynthesis. The turgid : BUNDLE
organs, since the thickened parts \ ENDODERMIS h 1ls fi tl
of the walls have considerable § PERICYCLE :aieﬂc )’_mfi cel ASA;_equen y “ CAMBIUM
rigidity, while the thinner parts § ARV PRLOEM D:gpa:ln g,‘[}’}:[;g ;:]gl:c,l?;;o :,; i
allow for an exchange ofmatem}llls § | 1 s conpany pHLOEM , pnren(-:hyma FATAE I SCLERENCHYMA
between the cells and for the \ BN R G g v f
stretching and growth of the \ B ) s G i —ENDODERMIS
Is. The collenchyma cells of \ [~ SECONDARY XYLEM Mems and in the young
cells. The coller : \ - PRIMARY XYLEM parts of the stems and PITH RAY
stems sometimes contain \
hloroplasts and carry on \ L pirh Woody plants before strong
ch . pnthesis \ Mechanical tissues have EPIDERMIS
photosy ; been developed. The
Paretichya. Tlhle Fig. 10.5. The stem. Diagram showing s_trugture of .l'leOt :)'(:I. parenchyma cells serve for
parenchyma cells are generally A, transverse section; B, longitudinal section. (Aftd Bhe slow conduction of
regular in shape, have Eames and MacDaniels). Water and food. In the case == STOMATA

comparatively thin walls, and
ARK TRANSVERSE SE.CTION

uf the cortex of stem it
hecomes evident that the | HH

uter which is received by 4 n
le collenchyma and the

T
—

'}I\DIIAL SECTION pidermis  must  be H H

[ onducted through the ) . . X
PlT¢ PITH Mrenchyma The Fig. 10.7. Anatomy of dicot stem. Three dimensional diagram of a
RA .

portion of an internode of a stem to show transverse,

renchyma is the special
rage tissue of plants.

radial and tangential sections.

Sclerenchyma. The sclerenchyma cells are found in the cortex of some stems. There are two
eties of these scelerenchyma cells — short or irregularly shaped cells, known as stone cells, and
lerenchyma fibres. Sclerenchyma fibres are long, thick-walled dead cells and serve as strengthening
erial. Stone cells give stiffness to the cortex. The sclereids have been reported from the cortex of
y water plants (e.g., Limnanthemum, Nymphaea, etc.).

Endodermis. The innermost layer of the cortex is the endodermis consisting of barrel-shaped,
ligated, compact cells, having no intercellular spaces among them. Usually the cells contain
h grains and thus the endodermis may be termed at starch sheath.

; ”u’ l

T
)
M’u ‘(mﬁ ': M,‘"\ ‘h“hz‘ '\

I !
TANGENTIAL SECTION !

Fig. 10.6. The dicot stem. Three dimensional structure.
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Stele. The part of the stem
inside of the cortex is known as the
stele. The stele consists of three
general regions — the pericycle, the
vascular bundle region and the
pith.

Pericycle. The region between
the vascular bundles and the corte'x
is known as the pericycle. It is
generally composed of parenchyma
and sclerenchyma cells, but the
sclerenchyma cells may be absent.
The sclerenchyma may oceur as
separate patches or as a continuous
ring in the outer part of the
pericycle, forming a sharp line of
demarcation between the stele and
the cortex. The sclerenchyma cells
in the pericycle are like other
sclerenchyma cells in being long,
thick-walled dead cells which serve
as strengthening material.

Vascular bundles. The

vascular bundles as seen in cross
section, are arranged in the general
form of a broken ring. Each
vascular bundle consists of three
parts. That nearest the centre of the
stem contained thick-walled cells
and is known as xylem. Thg
peripheral portion of the bundle is
composed of thin-walled cells
called phloem. The xylem a'nd
phloem are separated by a cambium
layer, which is comeged of
meristematic cells. By division the
cambium layer increases the size of
vascular bundles by forming xylem
cells on the inner side and phloem
cells on the outer side. In some
stems the bundles are separate and
run the length of the intemode: In
others they are more or less unltgd
and form a hollow cylinder in
which the medullary rays occur as
radiating plates with slight vertical
extension.
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Fig. 10.8. Vascular system. Stele of a dicotyledonous stem.
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Fig. 10.9. Anatomy of dicot stem. T.S. of a sector of st
Ricinus communis.
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SCALARIFORM VESSEL
RETICULATE VESSEL

Ig. 10.10. The primary xylem. Types of vessels that occur in primary xylem in an elongating

branch. Annular vessels formed first, and are therefore the oldest are more stretched.

The pitted vessel formed last is the
vessels will not be stretched.

youngest. Elongation has stopped, so the pitted

Xylem. The xylem which is formed before the activity of the cambium has begun to produce

iylem and phloem cells is called primary xylem. It is composed of two parts. The xylem formed first is

irest the centre of the stem and is called
known as metaxylem.

d vessels; wood fibres and wood parenchyma.

The tracheids are elongated dead cells,
liers. They serve both as water conducting
heavily impregnated with lignin.

ducting elements of the dicotyledonous stem.

Ils are thickened. Annular trachear
uheary cells have spiral thickenin,
tkened except for thin places in th
el is said to be scalariform.

leary elements of the secondary xylem are pitted.
The wood fibres are long,

iching that of wood fibres are called fibre tracheids.

protoxylem. The more peripheral part of the primary xylem

The xylem is composed of three different types of cells— tracheary cells, that include tracheids

with walls that are thick in some places and thin in
and as strengthening cells. The walls of the tracheids

The vessels are composed of rows of tracheary cells the cavities of which are connected by the
il or partial disappearance of the cross walls. The diameter of vessels is usually much greater
I that of tracheids. They form long tubes, and therefore, th

ey constitute the principal water-

The tracheary cells may be divided into several types according to the method by which the

y cells have thickenings in the form of rings, while spiral
gs. Pitted tracheary cells have walls which are uniformly
e form of pits. When ladder-like thickenings are present, the

The protoxylem is composed largely of annular and spiral vessels and parenchyma, while the

slender, pointed dead cells with greatly thickened walls and only
paratively few small pits. They serve as strengthening cells. The tracheids that have a structure
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The parenchyma cells in the xylem
are known as wood parenchyma. They
serve mainly for the storage of food.

Phloem. The primary phloem of the
dicotyledonous stems consists of three
types of cells — sieve tubes, companion
cells and phloem parenchyma.

The sieve tubes consist of thin-
walled, elongated cells arranged in vertical
rows. The adjacent cells of a sieve tube
are united by small holes in the cross
walls. The areas on the walls of sieve
tubes which contain such holes are called
sieve plates. The mature sieve tubes do
not contain any nuclei. The sieve tubes
serve primarily for the conduction of food
material.

The companion cells are small cells
which are attached to the sieve tubes.
Each companioh cell is the sister cell of
sieve-tube cell, the two being formed by
the division of a mother cell.

The phloem contains parenchyma
cells whose structure is very similar to
that of other parenchyma cells. These are
known as phloem parenchyma.

Cambium. There lies a layer of
meristematic cells between the xylem and
the phloem is known as the cambium. The
cambium consists of a single layer of cells
which, by division gives rise to xylem
cells toward the centre of the stem and
phloem cells toward the periphery. At first
the cambium is confined to the bundles,
but later the parenchyma cells of the pith
rays which lie between the edges of the
cambium in the bundles divide and forma

cambium becomes a continuous cylinder.

Pith rays. The vascular bundles are separated from each other by radial rows of parench
cells known as pith rays. The pith-ray cells are usually elo

layer of cambium which reaches across the pith rays and connects that in the bundles,

Plant Anatomy

CORTEX

STARCH GRAINS
TANNIN CELLS

PROTOPHLOEM

PRIMARY PHLOEM

VASCULAR
CAMBIUM

METAXYLEM

PRIMARY XYLEM

PROTOXYLEM

CRUSHED
PROTOXYLEM

Fig. 10.11. Anatomy of dicotyledonous stem. T.S.

Prunus stem showing details.

so that

primarily for the conduction of food and water radially in the stem and for the storage of food.

Pith. In a dicotyledonous plant the centre of the stem is composed of thin-walled parench;

cells and is known as the pith. The cells have distinct intercellular spaces.

VARIATIONS IN STEM STRUCTURE

The above mentioned description of structure of the stems is applicable to the great majori
dicotyledonous plants, but there are a few which show minor variations. The relative developme
the various parts, however, varies greatly in different species. In some cases the pith is wide, whi

ngated in a radial direction. They s¢
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EPIDERMIS
PARENCHYMA

COLLENCHYMA
ENDODERMIS

VASCULAR BUNDLE

Fig. 10.12. T.S. of a dicotyledonous stem (Helianthus annuus).

14 it is n i i i

vnscma:rir;z\:]v&llésmay be w1d.e and tra‘nsxtory and its early disappearance results in a hollow stem.

Q. o e l\:ary considerably in number and size, while the pith rays and cortex vary i ,
. which have the phloem only on the outside of the xylem. are called collaZr:}

les. The bundles of some
' plants have phloem on both the outsid insi
|, in the members of Cucurbitaceae) and known as bicollateral i)lu:dalzzl the nside ofthe xyem

'TOMY OF CUCURBITA STEM

Epidermis. This si i
pi is. This single outermost layer consists of compact barrel shaped cells having no

ellular spaces. The epide Vi Wi thin cuticle. Some of the epidermal cells
. pidermis remains covered with a P
w8 multicellular epidermal hairs.

Cortex. This region consist:

s of exte

-y rnal collenchyma, chlorenchyma (photosynthetic tissue)
) Coll e b

() Collenchyma. This lies immediately beneath the epidermis consisting of many layers of

Ils in the ridges, wherea OW: r thre ered or times altogether
N s in furrows it is o
s only two or three ayered or sometimes all 0og h
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Fig. 10.16. T.S. of dicotyledonous stem (Xanthium).

COLLENCHYMA
EPIDERMIS .

(c) Endodermis. It is innermost SECONDARY PHLOEM

layer of the cortex, lying immediately
outside the sclerenchymatous zone
of pericycle. This layer is wavy and
contains many starch grains.
Pericycle. Just beneath the
endodermis there is a multilayered

PRIMARY PHLOR

PRIMARY XYLEM

SECONDARY  XYLH INNER PHLOEM

zone of scleren‘?hy{ngtous ;;encycle. CAMBIUM & INNER CAMBIUM
The cells are lignified and appear TS XYLEM VASCULAR
polygonal in cross section. CHLORENCHYMA BUNDLES
OVTEX CAMBIUM
OUTER PHLOEM

Ground tissue. The vascular
bundles are found lying embedded in

0,19. T.S. of C i i ,
the thin walled parenchyma cells of ucurbita stem (diagrammatic representation). Each vascular bundle possess
es

external ar er oe collateral bundles mal rands ot sieve tubes ai
d internal pt (b at bundles). S strand ve tubi d

Fig. 10.17. Structure of stem. T.S. of Peristopht companion cells traver:
. " se the iy
(dlagrammatlc). cortex. (After K. Esau). parenchyma of the vascular region and the tissues of the
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10.14.The stem. Cross section of a young stem of Aristolochia. Just beneath the uniseriate

layer of epidermis a few layers (2 or 3) of collenchyma are present. Chlorenchyma is also
visible. The pericyclic region consists of a continuous band of sclerenchyma. Seven
bundles are arranged in a ring. Each bundle shows typical dicot characteristics. Pith is

large and conspi .
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Fig. 10.15. L.S. of stem of Aristolochia
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ground tissue. The ground tissue extends from just below the sclerenchymatous pericycle to the
central medullary cavity.

Vascular bundles.
in two rows, those of the outer row corresponding to the ri
furrows. The vascular bundles are bicollateral each consisting o
of cambium and two strands of phloem (inner and outer).

(@) Xylem. It occupies the central position of the vascular bundle, consisting of very widg
pitted vessels towards periphery-of the metaxylem, and on the inner side of narrow vessels whidll
form the protoxylem. In the xylem certain tracheids, wood fibres and xylem parenchyma are alil
present. The xylem vessels are not arranged in radial rows.

(b) Cambium. In each vascular bundle two strips of cambium are found. The cambial activi
remains confined within the vascular bundles. The cambial strip is found between xylem i
phloem on either side of the bundle. Of the two strips of cambium it is only the external one whil
divides and causes growth in thickness. The cells of cambium are thin walled, rectangular
arranged in radial rows. Usually the outer cambium is many layered and flat while the infl
cambium is few layered and somewhat curved. Only fascicular cambium is found. The stem is
woody, and therefore, the periderm and lenticels are not formed.

(c) Phloem. On the extreme ends of the vascular bundle the phloem occurs in two patcli
th, the inner phloem. Each strand of phll

towards the periphery, the outer phloem, and towards pi

Generally vascular bundles are ten in number which are found to be arranged
dges and those of the inner to the
f xylem, two strips (inner and outef)

ULTICELLULAR
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— »
Fig. 10.20. T.S. of young Cucurbita stem (dicotyledonous) showing bicollateral vascular bl

-
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consi . .

dc:j;z::e:j)f-ﬁlive- tubesl, companion cells and phloem parenchyma. Sieve tubes are very well
. sieve plates with perforations isi i . ¢

E ) are also visible. Fibres and ray cells are absent.

The bi
¢ bicollateral open vascular bundles are found each consisting of xylem (central position)

Iwo strips of cambium (outer and i
ind 10.20) inner) and two patches of phloem (outer and inner). (See figs. 10.19

ANATOMY OF BRYONIA STEM

Epidermi i i
Imcrce[[[)mar Spasc.e'sl"hlej smlglle l(l)utermost layer consists of compact barrel shaped cells having no
. Usually the epidermis is cover: i i i i
e ed with a thin cuticle. At certain places stomata
HLOROPHYLLOUS
CELLS CORTEX
OLLENCHYMA

BICOLLATERAL
BUNDLE

COLLENCHYMA
CHLOROPHYLLOUS
CELLS

ST SCLERENCHYMA
(PERICYCLE)

GROUND TISSUE

OUTER
PHLOEM

PRIMARY b
XYLEM | PARENCHYMA

INNER
PHLOEM

PARENCHYMA
SIEVE PLATE

. 10.21. Bryonia stem (Cucurbit
aceae). Tran ion—, f .
structure. ) sverse section—A, diagrammatic; B, detailed
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Cortex. This consists of collenchyma, loose chlorenchyma and inconspicuous endodermis.

(a) Collenchyma. This lies immediately beneath the epidermis consisting of rounded or oval
cells (in cross section) usually thickened laterally due to the presence of cellulose. The
collenchymatous region is multilayered. :

(b) Chlorenchyma. Below the collenchyma few layers of chlorenchyma are found. The celly
are thin walled, rounded or oval, with chloroplasts and having intercellular spaces among them,

(c) Endodermis. The single layered endodermis is inconspicuous. The endodermal cells may
contain abundant starch grains in them.

Pericycle. Immediately beneath the endodermis multilayered sclerenchymatous pericycle in
found. The cells are lignified and polygonal as seen in cross section.

Ground tissue. The ground tissue extend from immediately beneath the pericycle to the
central pith cavity. The vascular bundles are found lying embedded in it.

Vascular system. Usually the vascular bundles are found to be arranged in two rows. Thi
are open and bicollateral. Each bundle consists of xylem, cambium and two strands (inner an
outer) of phloem.

Xylem occupies the central position of the vascular bundle consisting of bigger vessels (pitt
of metaxylem outwards and narrower vessels (annular and spiral) of protoxylem towards pit
Certain tracheids, wood fibres and xylem parenchyma are also present.

In between the strands of outer phloem and xylem a strip of cambium is present. The cells
cambium are thin walled, rectangular and arranged in radial rows.

The phloem strands are found on extreme ends of the vascular bundle. Each strand consi
of sieve tubes, companion cells and phloem parenchyma. Each sieve tube is accompanied by
conspicuous companion cell. Sieve tubes are well developed. Sieve plates with perforations are al
visible in cross section.

Pith. It consists of thin-walled rounded or oval parenchymatous cells having well defin
intercellular spaces among them.

SPECIAL STRUCTURE

The bicollateral and open vascular bundles are present. Each bundle consists of central xyl

a cambial strip and two strands (inner and outer) of phloem.

ANATOMY OF MONOCOTYLEDONOUS STEMS

The monocotyledonous stems are similar to dicotyledonous stems in having an epidermi
cortex and a stele. The cortex may be well developed and sharply marked off from the stele, or it
be quite narrow and inconspicuous. It is in the structure and arrangement of bundles |
monocotyledonous stems, differ markedly from dicotyledonous stems.

Stele. The vascular bundles of monocotyledonous stems, instead of being arranged l
cylinder as in dicotyledonous stems, are usually scattered throughout the stele, including the
so that there is no distinction between pith and pith rays. Sometimes the centre of the stele 1§
from vascular bundles and is occupied by parenchyma cells, which dry up and disappear at an
stage, resulting in a hollow stem, as in most grasses.

Vascular bundles. The vascular bundles of monocotyledonous stems are like thou
dicotyledonous stems in consisting of xylem towards the centre of the stele and phloem toward
periphery. The vascular bundles of monocotyledonous stems do not possess a cambium layer Wi
is found in dicotyledonous stems. This means that monocotyledonous stems usually do not
secondary thickening. Each bundle remains more or less completely surrounded by a sheil
sclerenchyma cells, the bundle sheath, which is particularly well developed on the sides towil
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1 10.22.T.S. of a portion of stem of grass (Cynodon dactylon) typical monocot stem, showing

detailed internal structure.

lte and toward the periphery of the stem. The i
! . phloem is made up mostly of si
panion cells, and the xylem of vessels and wood parenchyma. ’ At
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Fig. 10.23. Anatomy of monocot st

The most distinctive and characteristic anatomical features of the monoco

=
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\
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(sugar cane).

as follows:
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2.

10.
11.

The vascular bundles are many.

Plant Anatomy

em. Cross section of a vascular bundle of Saccharum officinarufil

tyledonous stem are

The stele is broken up into bundles. The vascular bundles are lying scattered in the groun

tissue of the axis.

The endodermis is not found. The cortex, pericycle and pith are not differentiated becau

of the presence of scattered bundles throughout the axis.

The vascular bundles are collateral and closed. The secondary growth of usual type |
lacking, but vestiges of cambial activity in bundles may present in the plant body.
penetrate deepl

Leaf trace bundles are numerous. The leaf traces when enter the stem,

The median traces penetrate more deeply than lateral. The bundles are common. Ead
common bundle somehow or other fuses with other bundle in the due course of time. T

anastamoses occur at the nodes.

Each vascular bundle remains surrounded by a well developed sclerenchmytous sheall

The vascular bundles are commonly oval shaped.

The phloem is represented by sieve tubes and companion cells only. The phloel

parenchyma is not found.

The pith is not marked out.

Usually sclerenchymatous hypodermis is present.
Usually epidermal hairs are not present.
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Fig. 10.24. Anatomy of monocot stem. L.S. of a vascular bundle of Saccharum officinarum (sugar

cane).
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ANATOMY OF THE SCAPE OF CANNA

Epidermis. It is the outermost uniseri
cuticularized outer walls,
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rm b ists of sieve i ells. Bundle
fi of Y and protox; lem, the base. Phloem consists of sieve tubes and companion ¢ 1ls
orm arms y 3

sheath is not found.

ate layer consisting of small, polygonal cells with

Ground tissue
system. Just beneath the
epidermis a few layers of PARENCHYMA
parenchyma occur for- CHLORENCHYMA
ming small cortical region. L
The cells of cortex are ~ SCLERENCHYMA — 2
sufficiently large and
polygonal. Immediately
below the cortex, a single-
layered chlorophyllous
lissue is found consisting PROTOXYLEM
of chloroplast bearing
cells. The sclerenchyma
patches also remain
lttached to the
thlorophyllous tissue

GROUNDTISSUE
(PARENCHYMA)

PHLOEM

METAXYLEM

GROUND TISSUE

SCLERENCHYMATOUS liere and there. The rest of
FERICYGLE it e lhe portion consists of a
v ‘b""‘(‘-} 9%?30“ fontinuous mass of large,
S IO I e, X
54@@@5@%3@36@%(%38% liin walled, parenchy-
g@g@ QQ%@@Q%GQ litous  cells having
O

lfficiently developed
flercellular  spaces
nong them. It is called
¢ ground tissue.

Vascular bundles.
liey are many and of
Wtious  sizes, lying

VASCULAR BUNDLE

GROUND  TISSUE —

PHLOEM

METAXYLEM =<3 Asue. The bundles are Fig. 10.29. The monocotyledonous stem. T.S. of scape of Canna.
Ned and collateral. Each

lidle is incompletel
lerenchyma patch

PROTOXYLEM:

'ge spiral vessel with one or two smaller vessels
Mime nature. The phloem consists of sieve tubes and campanion cells.

ATOMY OF THE STEM OF WHEAT (TRITICUM AESTIVUM)

Epidermis. It is the outermost uniseriate layer, usually composed of compact tabular cells with
ltularized outer walls. The Stomata are also seen here and there on the epidermis.

Ground tissue system. Just beneath the epidermis the sclerenchyma cells occur in small patches

Ieh are not arranged in a continuous band, but are interrupted by chlorenchyma tissue here and

« The stomata are confined on the epidermis only in chlorenchymatous regions. The rest of the
d tissue consists of thin walled rounded or oval parenchyma cells having sufficiently developed
Icellular spaces among them. The central region of the stem is hollow.

VASCULAR BUNDLE

|
f a vascular bundle of Asparagus
i f monocotyledonous stem. T.S. o -
o :::;zrgayr;growth. Crushed protophloem and protoxylem are also seen
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ANATOMY OF THE STEM OF ZEA MAYS

Epidermis. The epidermis consists of a single layer of compact cells having no intercellular
spaces among them. It is covered with thick cuticle. The epidermal hairs are altogether absent.

Hypodermis. Below the epidermis, usually two or three layers of sclerenchyma cells represent
hypodermis. '

Ground tissue system. It consists of thin walled parenchyma cells having well-defined
intercellular spaces among them. This tissue extends from below the sclerenchyma (hypodermis)
to the centre. It is not differentiated into cortex, endodermis, pericycle and pith.

Vascular sysfem. It is composed of many collateral and closed vascular bundles scattered in
the ground tissue. The vascular bundles lie toward periphery in greater number than the centre.
Comparatively the peripheral bundles are smaller in size than the central ones. Each bundle is more
or less surrounded by a sheath, which is more conspicuous towards upper and lower sides of the
bundle. The bundle consists of two parts, i.e., Xylem and phloem.

SCLERENCHYMA

CRUSHED

S
Y companion | PHEOEM
@ CELL

SIEVE TUBES

METAXYLEM
(PITTED
VESSEL)
olPROTOXYLEM
(ANNULAR

> VESSEL)
PROTOXYLEM
(SPIRAL VESSEL)
XYLEM
PARENCHYMA
LYSIGENOUS CAVITY

(WATER CAVITY)

XYLEM

Fig. 10.26. A vascular bundle of maize stem—magnified.

Usually the xylem is Y-shaped and consists of pitted and bigger vessel of metaxylem and
smaller vessels (annular and spiral) of protoxylem. In between metaxylem vessels, small pitte

tracheids are also found. Around the lysigenous or water cavity wood parenchyma is present. The:

" lysigenous cavity is formed by the breaking down of the inner protoxylem vessel.

Phloem consists of sieve tubes and companion cells. Phloem parenchyma is altogether absel
_ in most of monocotyledonous stems. The outer phloem which is broken mass may be called
_protophloem and the inner portion is metaphloem. Sieve tubes and companion cells are qui

conspicuous.

|
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SCLERENCHYMATOUS
CORTEX
EPIDERMS PARENCHYMATOUS

CORTEX

CUTICLE VASCU
LAR

BUNDLE

Fig. 10. i
g.10.27. T.S. of stem of Avena sativa (oat), showing hollow pith in the centre.

TOMY OF THE STEM OF ASPARAGUS

Epidermis. It is outermost uniseri
3 niseriate la i
T e yer composed of approximately rounded cells with
Gr . ; .

C;);::l tl;lsue syste@. Just beneath the epidermis a few layers of parenchyma are found
R Cm::l oroplasts in them. This may be called cortex. The innermost layer of the 0011;1
|e;e Ay 0?asu:lt cells and called the starch sheath. Below the starch sheath a multilayer: 2
- :: erenchylrna occmts, which gives mechanical support to the stem. The rest ():f tfle
‘“u'agr Space;::z w}ll}::h co;}sllsts of thin walled parenchyma cells having well developed

ng them. The vascular bundles remain i
. scattered in the ground tissue.
. m-: ::nfystelp. The vascular bundles remain scattered in the ground tissue. The central
.- bus:;atlvel)f larger than the peripheral ones. They are always collatera.l and clos r:
€ consists of xylem and phloem. The xylem is Y-shaped. The metaxylem vessZIs-
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SCLERENCHYMA PARENCHYMA
CUTICLE PAHENgg;“T"QIOUS PALISADE EPIDERMIS STOMA VASCULAR BUNDLES
EPIDERMIS SCLERENCHYMATOUS

CORTEX

PARENCHYMA CAMBIUM j’~ VASCULAR
BUNDLE
Fig. 10.31. Homalocladium platycladum (Muehlenbeckia platycladus)—phylloclade (dicot.). A.
transection of phylloclade (diagrammatic); B, transaction of phylloclade showing
detailed structure. The stomata, the cambium, the vascular bundles, the sclerenchyma
and the chlorophyllous cells are clearly visible.

VASCULAR
BUNDLES

EM
prLol ANATOMY OF THE PHYLLOCLADE OF COCOLOBA (HOMALOCLADIUM-

PLATYCLADUM—MUEHLENBECKIA PLA TYCLADA). DICOT.

Epidermis. The surfaces are bounded on both the sides by upper and lower epidermal layers.
A thin cuticle covers the epidermis. The epidermis is interrupted by numerous stomata on both the
Mirfaces. Distinct guard cells of the stomata and sub-stomatal chambers are visible.

Fig. 10.30. T.S. of wheat (Triticum aestivum) stem showing many closed vascular bundles.

Vascular bundles. The closed and collatlclarfe]a\;a;ceu::;gu:gzz ?:z?;;;;:i:s:;: T
. . o :
l‘::;i:l;l;ae:ﬂj:;: Z?::f«: gefrisza;::rl)lji‘;ngd:::;l)‘e’tided in sclerenghyma band. The bundl';s‘ :lt; :,:
series are also surrounded by sclerenchymatous bunn:!le shgath like that of maize stem.
sheath of peripheral bundles actually touches the epidermis.
ANATOMY OF THE PHYLLOCLADE -
Numerous stems are specialized for photosynthe'sis- and take the ple;lce.:;!:z::(;r(l'
manufacture of carbohydrates. Some stems which are specialized for pht():tosyrlnt [::iMuehle,,b“
Casuarina, Euphorbia tirucalli, etc.), others are flattened (e.g. ,M oc?':) P
latyclada), and others even have the form .Of leaves (e,g., Ruscus,' fyrsiphy i ,eCialized
2rot):‘actus, etc.). Such stems as those of cacti (e.gl; Ofplflnuaana]rJr:ga:;:pel:z);f aiatomy !
i ollowi s
ii;ﬁ:;::isey:; tl?;:l:;:jj:l::?li;i;::f :}:;:la;a—Homaiacladium platycladum) and Ru

Chlorenchyma. Just beneath the epidermis there are few layers of chlorophyllous cells. The

hlorophyllous cells are found only underneath the upper and lower epidermal layers. However, the
lilorenchyma is not found at the edges of the phylloclade. The stomata are confined to
hlorophyllous regions. There are well developed intercellular spaces among these cells. This is
Mimilatory tissue.
Sclerenchyma. The multilayered sclerenchyma tissue is found at the edges of the phylloclade.
lils is meant for mechanical strength. Just below the chlorenchyma there is a single layer of
lorenchyma cells, which delimits the central parenchyma and the peripheral chlorenchyma.
Wually each vascular bundle is capped by a well developed sclerenchymatous patch.

Vascular bundles. Around the central parenchyma the vascular bundles are found to be
inged in the peripheral region. The vascular bundles of the two corners are bigger in size than
Iemaining ones. Each vascular bundle is capped by a sclerenchymatous patch, and is composed
Xylem, phloem and cambium. The Xylem consists of metaxylem and protoxylem groups. The
lem parenchyma is also present. The phloem strand lies towards periphery. The phloem is

has been discussed.
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Fig. 10.32. T.S. of phylloclade of Asparagus (monocot).

n cells and phloem parenchyma. In between xylem and phloem
bium is confined to the bundle.

occupied by parenchyma. It is composed of thin-walled,
developed intercellular spaces. This is storage tissue. ‘

composed of sieve tubes, companiol
strands there lies the cambium. The cam

Parenchyma. The central region is
rounded or oval, living cells having well

ANATOMY OF THE PHYLLOCLADE OF RUSCUS (MONOCOT)

Epidermis. The phylloclade possesses two surfaces (upper and lower). Both the surfaces remaifl
bounded by upper and lower epidermal layers. The upper epidermis consists of a single row of
radially elongated epidermal cells. The epidermis is interrupted by stomata at certain places. The subs
stomatal chambers and guard cells with chloroplasts are distinctly seen. The upper surface become
somewhat bulged in the central region. The lower surface in the central region becomes somewh
angular, otherwise the anatomy of the lower epidermis is quite similar to that of upper epidermis.

Chlorenchyma. Immediately below the upper epidermis few layers of chlorophyllous cells a
are rounded or oval shaped, containing chloroplasts and having well develoj

present. These cells
and lower epidermis the well develop

intercellular spaces among them. In between upper
d and represented by many amphivasal.(phlo@

The phloem bundles remain surrounded by
f sieve tubes and companion cells.

parenchyma is present.

vascular system. It is well develope:
surrounded by xylem) vascular bundles.
sclerenchymatous sheath. The phloem consists 0

SECONDARY GROWTHIN DICOTYLEDONOUS STEMS

t is developed from the apical meristem. Sometimes a§
he primary plant body is complete in itself and does not g
1, in dicotyledons, the primary permanent tissues make
further growth in thick mness is completed by can
sues, formed during secondary growth
f two types—the vascular tissues that

The primary body of the plan
monocotyledons and pteridophytes, t
in thickness by cambial activity. Howeve
fundamental parts of the plant, and the
activity, called secondary growth in thickness. The tis:
called secondary tissues. Secondary tissues may be 0

The Stem—Primary and Secondary Structure
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Fig. 10.33.
[] 33. Ruscus (monocot). Transection of phylloclade (diagrammatic)
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Fig. 10.
9. 10.34. Ruscus (monocot). Transection of phylloclade (detail)

called secondary tissues. Secondary tissues
may be of two types—the vascular tissues
that are developed by the true cambium, and
cork and phelloderm, which are forme’d by

phellogen or cork-cambium. PRIMARY PHLOEM

In a typi i
ypical dicotyledonous stem, the SECONDARY PHLOEM

Necondary growth starts in the intra- and
xtrastelar regions. The process is as follows.

The vascular bundles of dicotoledonous
m.ms are collateral and open, and arranged in
A ring. Thety contain a single layer of cambium
vells, which separate the xylem from the
:hk;)em, called fascicular cambium, i.e., the

imbium of the vascular bundle, (fas i I/ .
i h | » (fascicle = bundle). When the primary xylei i
i ;if:ln:lt;sj;here is no cambium across the pith rays or med:lrliliryyra;ls atro‘(i:(l:rrll:l arytlll) o
- lax;:;sc:}lllar b]undles. AsAsoon as the differentiation of the first xylemezcl;d effldges !
place, the cells of the pith or medullary rays which lie in between the dp oelt:n}?f
edges of the

SECONDARY XYLEM
PRIMARY XYLEM

Fig. 10.35. Seconcliary growth. A herbaceous
stem with some secondary growth.
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Fig. 10.36. Secondary growth in thickness. A — D, diagrams showing stages in the secondary
growth of a dicotyledonous stem upto two years.

. FUNCTIONING
. ) L : . SECONDAR
cambium within the bundles, divide accordingly and form a layer of cambium across the medullary ARY PHLOEM

rays. The newly formed cambium connects the fascicular cambilum found within the vascular [o] / coflk

bundles, and thus a complete cambium ring is formed. The newly formed cambial strip which occurs PROTOXYLEM C

in the gaps between the bundles is called interfascicular cambium, i.e., the cambium in between two METAXYLEM 3

vascular bundles. Thus a complete cambium ring is formed. : I~ PRIMARY
The cambium layer consists essentially of a single layer of cells. These cells divide in a direction e ——— P;"égggﬂ

parallel with the epidermis. Each time a cambial cell divides into two, one of the daughter cells remain 2% el ﬁ

meristematic, while the other is differentiated in to a permanent tissue. If the cell that is differentiated g [l =

is next to the xylem it forms xylem, while if it is next to phloem it becomes phloem towards the outer L =

side of the cambium. The cambium cells divide continuously in this manner producing secondary. .

tissues on both sides of it. In this way, new cells are added to the xylem and the phloem, and the = = ORTEX

vascular bundles increase in size. While there is more or less alternation in the production of xylem
and phloem cells from a cambium cell, more cells are formed on the xylem side than on the phloen
side. The cells formed from the cambium in the region of the pith rays become pith-ray cells. The
activity of the cambium thus increases the length of the pith rays grow equally. (See Figs. 8.2 and
83).

The formation of new cells from the cambium result in an enlargement of the stem that is known
as the secondary thickening. The formation of new cells in secondary thickening continu SECONDARY XYLEM
throughout the life of the plant. It is in this way that the trunks of trees continue to grow i
diameter. The cambium perpetuates and remains active for a considerable long period of time.

The thin-walled cells of the vascular cambium are highly vacuolate and in this respect a
unlike most other meristematic cells. The electron microscopic structure reveals their highl
vacuolate nature. Many ribosomes and dictyosomes, and well developed endoplasmic reticulum, a
present (Srivastava, L.M., 1966).

SECONDARY XYLEM -/
NON-FUNCTIONING PH OEM

Fig. 10.37. Secondary growth. A — i
sections'ry g . D, primary and secondary structure of Prunus stem in transverse

The cambium ring cuts off new cells on its inner side are gradually modified into xylar

llcmentls, called the secondary xylem. This tissue serves many important functions suyh .
tonduction of water and nutrients, mechanical support, etc. The secondary xylem of tree’t ck P
0l great economic value, since it constitutes the timber and wood of commerce ik
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Il ANNUAL RING OF
WOOoD
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AV Hlid

tion of a portion of two-year old stem 0

. 10.40. Stem—secondary structure. A, cross gec "
.15 Liriodendron tulipifera, B, cross section of a po'mon of three-year old stem @
Liriodendron tulipifera (tulip tree) with three annual rings of wood.

ANNUAL RINGS OR GROWTH RINGS.

The secondary xylem in the stems of perennial plants commonly consists of concentric layel

each one of which represents a seasonal increment. In "cransverse section of thle al::;’ etge:sealzz
appear as rings, and are called annual rings or gro‘jvth rings. They arefcomr.nolnrz el
rings because in the woody plants of temperate regions and in those o tropxc: g S
is an annual alternation of growing and QOrtnant period, each layer represents tfe hgro oo
The width of growth rings varies greatly an(? depends upon the rate o t; gor:es "
Unfavourable growing seasons preduce r:jan‘orv rmgsE atmd fz\;:::‘acti:; saetz;ssonssu\zlll :ings ;ue .
i racteristic of woody plants ol temp & ng .
flzzzz)};gzil‘liisuf;ccal;z‘foms except where there are marked climate char;ges such as distinct moist
dry seasons. Annuals and herbaceous stems show, naturally, but one layer.
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Fig. 10.41. Secondary growth in thickness. T.S. of a two-year old dicotyledonous stem.

In regions with a pronounced cold season, the activity of the cambium takes place only during
Apring and summer seasons thus giving rise the growth in diameter of woody plants. The wood
e season is sharply distinct from that of the next season. In spring or summer the cambium
Ore active and forms a greater number of vessels with wider cavities. As the number of leaves
uses in the spring season, additional vessels are needed for the transport of sap at that time
pply the increased leaves. In winter or autumn season, however, there is less need of vessels
Mip transport, the cambium is less active and gives rise to narrow pitted vessels, tracheids and
fibres. The wood developed in the summer or spring season is called spring wood or early

, and the wood formed in winter or autumn season is known as autumn wood or late wood.
over, the line of demarcation is quite conspicuous between the late wood of one year and the
wood of next year. An annual ring, therefore, consists of two parts—an inner layer, early
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Fla- 1038 :I\:erient and associated parenchyma. Earlier part of the xylem is towards left. Annular,

spiral (helical) scalariform and pitted vessels are clearly visible. Protoxylem consists of

annular vesséls.

tribution of wood parenchyma, tha

. Diagrams showing dis
< oré shad ffuse; C, vasicentric. (After E'and M).

ig. 10.39. Secondary xyl ; :
Fla-10 s are shaded. A, terminal; B, di

parenchyma cell

The Stem—Primary and Secondary Structure 241

The secondary xylem consists of a compact mass of thick-walled cells so arranged as to form
two systems—a longitudinal (vertical) and a transverse radiating system. The longitudinal system
consists of elongate, overlapping and interlocked cells—tracheids, fibres and vessel elements—and
longitudinal rows of parenchyma cells. All these cells possess their long axes parallel with the long
axis of the organ of which they are a part.

The secondary xylem consists of scalariform and pitted vessels, tracheids, wood fibres and
wood parenchyma. These elements of secondary xylem are more or less similar to those occur in
primary xylem. Vessels or tracheae are most abundant and are usually shorter than those of primary
xylem. Mostly the vessels are pitted. Annular and spiral tracheids and vessels are altogether absent.
Xylem parenchyma cells may be long and fusiform, but sometimes they are short. They are living
cells and usually meant for storage of food material (starch and fat) in them. Tannins and crystals
are frequently found in these cells. Xylem parenchyma may occur either in the association of the
vessels or quite independently. The fibres of secondary xylem-possess thick walls and bordered pits.

DISTRIBUTION OF WOOD (XYLEM) PARENCHYMA

Wood parenchyma is distributed in three ways: (i) Terminal wood parenchyma; (ii) diffuse or
metatracheal wood parenchyma and (iii) vasicentric or paratracheal wood parenchyma.

Terminal wood parénchyma. In some gymnosperm woods, wood parenchyma is absent; in
other (e.g., Larix and Pseudotsuga), and in some angiosperm woods (e.g., Magnolia and Salix),
wood parenchyma cells occur only in the last-formed tissue of the annual ring. Such woods have
terminal wood parenchyma.

Diffuse or metatracheal wood parenchyma. Where parenchyma occurs not only in this
region, but also remains scattered throughout the annual ring, some of the cells lying among the
tracheids, and fibre-tracheids the plant has diffuse or metatracheal wood parenchyma (e.g., in
Malus, Quercus, Diospyros etc.).

Vasicentric or paratracheal wood parenchyma. Where parenchyma occurs at the edge of
the annual ring and elsewhere only about vessels and does not occur, isolated among tracheids and
fibres, the plant possesses vasicentric or paratracheal wood parenchyma (e.g., in Acer, Fraxinus .
ete.).

Xylem rays. The xylem rays or wood rays, extend radially in the secondary xylem. They are
strap or ribbon like. They originate from the ray initials. The xylem rays run as a continuous band
to the secondary phloem through the cambium, thus forming a continuous conducting system. All
vascular rays are initiated by the cambium and, once formed, are increased in length indefinitely
by the cambium. Commonly these rays are known as medullary rays, or pith rays, on the basis of
their similarity and parenchymatous nature with the pith rays of herbaceous dicotyledonous stems.
These radial rays may be best called vascular rays, as these rays are of vascular tissue partly of
xylem and partly of phloem.

The xylem rays traverse in the secondary xylem and establish communication with the living
cells of the vascular tissue. In gymnosperm wood where no wood parenchyma is present, every
tracheid is in direct contact with at least one ray. Vessels also in their longitudinal extent, come into
contact with many rays. In herbaceous stems, such as of Ranunculus, where vascular bundles are
separated by projecting parenchymatous wedges, and in vines, such as Clematis, where the bundles
nre separated by bands of secondary parenchyma, vascular rays are not found. The xylem rays help
In the exchange of gases. They also aid in the conduction of water and food from phloem to the
cambium and xylem parenchyma.
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DENDROCHRONOLOGY >
Each annual ring corresponds to one ‘ g

year’s growth, and on the basis of these PHLOEM FIBRES H

Irings the age of a particular plant can easily KT o
! be calculated. The determination of age of a - WOooD|F

tree by counting the annual rings is known SPRING WOOD |2

as dendrochronology. Sometimes two ATN“SQLLOFET,.GS 2 g

annual rings are formed in a single year, and 4 <

in such cases the counting of the annual AUTG’;’:"?\:LQ"OOD k4

rings does not show the correct age of the

tree. This happens perhaps because of the
drought conditions prevailed in the middle of
a growing season.
TYLOSES

In many plants, the walls of the xylem
vessels produce balloon like outgrowths
into the lumen of the vessels, are called
tyloses. Usually these structures are formed
in secondary xylem but they may also
develop in primary xylem vessels. Tyloses are
formed by the enlargement of the pit
membranes of the half-bordered pits present
in between a parenchyma cell and a vessel or
a tracheid. Usually they are sufficiently large
and the lumen of the vessel is almost
blocked. The nucleus of the xylem
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Fig. 10.43. Annual rings. An annual ring in sectional view (magnified).

ANNUAL RINGS

Fig. 10.42. Stem—secondary structure. Diagram of
secondary thickening in a vasculal
bundle showing four annual rings.

parenchyma cells along with cytoplasm passes into this balloon like outgrowth. The delicate
membrane forms the balloon like tylosis inside the lumen cavity. In fully developed tyloses, stai

Fig. 10.44. Annual rings (growth rings)—cut surface of a stem showing annual rings.

XYLEMVESSEL | Y-OSES

‘ XYLEM PARENCHYMA CELLS

R XYLEM VESSEL
. 10.45. Tyloses. ArL.S. of vessel with Fig. 10.46. Tyloses. A -
tyloses; B, T.S. of vessel with el vigsete Japicind Lo

in xylem vessels depicted in L.S. and
tyloses. TS.

lnls, resi-n gums and. oth?r substances are found, but they are not found very frequently. The
OT ty}osns may remain thin and membranous or very rarely it becomes thick and even lignified
lylosis may remain very small or sufficiently large in size as the case may be. They may be one:
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or few in number (e.g., in Populus) in a single
cell or many (e.g., in white oak) and may fill the
complete cell. They are commonly found in
many angiospermic families. Normally they
develop in the heart wood of angiosperms and
block the lumen of the vessels, and thus add to
the durability of the wood. Tyloses also occur in
the vessels of Coleus, Cucurbita, Rumex,
Asarum and Convolvulus. Tyloses prevent rapid
entrance of water, air and fungus by blocking
the lumen of the vessel. Tyloses are said to
undergo division in some plants and form
multicellular tissue, which fills the lumen
compactly, as in Robinia and Maclura. The
tyloses are characteristic of certain species, and always absent in others. In many plants th
development of tylosis takes place by means of wounding. They may be present in the inner part i
leaf traces after the leaf has fallen. Such tyloses occur rarely; they are irregular in shape and size.
In the wood of conifers there is also found a closing of the cavity of resin canals by th
enlargement of the epithelial cells. These enlarged cells are commonly known as tylosoids.

SAPWOOD AND HEARTWOOD

The outer region of the old trees consisting of recently formed xylem elements in sapwood
alburnum. This is of light colour and contains some living cells also in the association of vesse!
and fibres. This part of the stem performs the physiological activities, such as conduction of wal
and nutrients, storage of food, etc.

The central region of the old trees, which was formed earlier is filled up with tannins, resi
gums and other substarices which make it hard and durable, is called heartwood or duramen. It lo
black due to the presence of various substances in it. Usually the vessels remain plugged Wi
tyloses. The function of heartwood is no longer of conduction, it gives only mechanical support
the stem.

The sapwood changes into heart wood very gradually. During the transformation a number
changes occur—all living cells lose protoplasts; water contents of cell walls are reduced; fi
materials are withdrawn from the living cells; tyloses are frequently formed which block the vest
the parenchyma walls become liginified; oils, gums, tannins, resins and other substances devel
the cells. In certain plants—for example, Ulmus and Malus pumila, the heartwood remains satur

SAP WOOD
(ALBURNUM)

HEART WOOD
(DURAMEN)

Fig. 10.47.T.S. branch of Fraxinus, showing
heart and sapwood. (diagrammatic).
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Fig. 10.48. Transections of old dicot stems—left, sector showing heartwood and sapwood;
sector showing annual rings.
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wn.h water; in other plants, for example, in Fraxinus the heart

rcsm.s and colouring materials infiltrate the walls, and st
In Diospyros and Swietenia, the cell cavities an; fi
tolour of heartwood, in general, is the result of
h)canwood is darker in colour than sapwood. Ho
Picea, Agathis the heartwood is hardly darker in

y become very dry. The oils
gums and resins may fill the lumina of the cells)
lled with a dark-coloured gummy substance The;
the pre.sence of these substances. Gcnerall'y the
Wever, In some genera, such as Betula, Populus.
The proportion of sapwood and hy i Co‘lour o bt |
B e e han eartwood is highly variable in different species. Some trees do
- A eartwood (e‘.gA, Populus, Salix, Picea, Abies), others possess thi
B Ly , Morus, Taxus), the still others possess a thick sapwo ( ; ss‘ .
ko pwood (‘e4g., Acer, Fraxinus,
From eco ic poi i i
o t}r::;n;z ;)‘321; dofbwew, heartwood is more useful than sapwood. Heartwood, as timber, i
| Dty ,t ec];zuse the redufmon of food materials available for palh’dgens b, t’hls
B e gum:’z:‘recnd;;l:zef(ivn::(t;([)n of resins,A oils and tannins, and the blocking o};' th:
¢ haemotoxylin is obtained from the heartwo:e)jisosfl‘l Is~f epnble:ﬁ]ﬁ::“k o '{le Orga“]i;ms v
campec ecause of the

ience of resin, gums and colouring substance: apwood 1s preferred for pulpwood, and for woo
N g subst: S, S: d i f d ] d d f d
be impregnated with preservatives.

'ONDARY PHLOEM

The cambi ivi i
1 I\mmqa”ylzﬁ1 Ze;:ts1 divide tangentially and produce secondary phloem elements towards outsid
g dic,m - ou.m ofsecondary. phloem is lesser than the amount of secondary x: ;’“ SIIe
il phloen}: ofns, usually th<-3 pmpary phloem becomes crushed and functionﬁssyaf:-hn
34 performs all physiological activities for sufficiently.a long period of tim, ho
P : A e.
R Theas::;n”}sﬂ:r); ::ist:es‘m‘alde uphof various types of cells having common origin in the
j imilar to the cells of primary phloem. How
X ever, the secondary phloem

PRIMARY PHLOEM
FIBRES

SECONDARY
PHLOEM

SECONDARY

10.49. TS of grapevine (Vitis vinifera) stem, showin:
epidermis, the cortex and the ,
cambium which interpolated a
(After K. Esau).

g arrangement of the vascular tissu

t es. The

;l):maryfphloem were cut off by the activity of the. cork
yer of cork between primary and secondary phloem
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PERIDERM

ds to rupture and followed by the death of epidermal cell
layer is developed called periderm. The formation

periderm is a common phenomenon in stems and

increase in thickness by secondary growth. Structurally, the periderm consists of three parts—1,

meristem known as phellogen or cork cambium, 2.

outer side, the phellem or cork, and 3. the ce

phelloderm.
The periderm appears on the
in thickness by secondary growth.

branches in gymnosperms and woody dicoty!

surface of those plant parts that possess a continuous incre
Usually the periderm occurs in the roots and stems and thi
ledons. It occurs in herbaceous dicotyledons, someti

limited to the oldest parts of stem or root.

Phellogen. In contrast to the vascular cambium, the phellogen is relatively simple in struc
— ez CUTICLE

and composed of one type of cells.
The cells of phellogen appear
rectangular in cross-section, and
somewhat flattened radially. Their
protoplasts are vacuolated and may
contain tannins and chloroplasts.
Except in the lenticels, intercellular
spaces lacking.

When we consider the place of
origin of the meristem forming the
periderm, it becomes necessary to
distinguish between the first
periderm, and the subsequent
periderms, which arise beneath the
first and replace it as the axis
increases in circumference. In most
stems the first phellogen arises in
the subepidermal layer. In a few
plants the phellogen arises in the
epidermal cells (e.g-, Nerium,
Pyrus). Sometimes only a part of the
phellogen is developed from
epidermis while the other part arises
in subepidermal cells (e.g-, Pyrus).
In some. stems the second or third
cortical layer initiates the
development of periderm (e.g.,
Robinia, Aristolochia, Pinus, Larix,

etc.). In still other plants the
phellogen arises near the vascular
region or directly in the phloem
(e.g., in Caryophyllaceae, Cupre-
ssaceae, Ericaceae, Punica, Vitis,

Due to continued formation of secondary tissues, in the older stem, and roots, however, the

epidermis gets stretched and ultimately ten
and outer tissues, and a new protective

11s cut off by phellogen towards inner side, t
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etc.). If the first periderm is followed by the
formation of others, these are formed
repeatedly, in successively deeper layers of
the cortex or phloem.

At the time of the beginning of the
development of a phellogen in epidermal
tells, the protoplasts lose their central
Vacuoles and the cytoplasm increases in
Amount and becomes more richly granular.
As soon as this initial layer develops, it
divides tangentially and, to a lesser extent
Indially, in the similar way as division takes
Jlace in true cambium. The derivative cells
Mre normally arranged in radial rows.

Generally, several to many times as

roots of dicotyledons and gymnosperms thi

the layer of cells cut off by phellogen on t

< [ ] i F‘EP‘DERM'S any cells are cut off toward the outside
- \ hellem-cork cells) as toward the inside
" ) T ork p liclloderm). Phelloderm cells are few or c
a B é sent; rarely phelloderm is greater in %%:ng%,;g)w
( = / rerocen |2 ount than phellem.
N L oDERM Phellem (cork cells). The cells that =— EPIDERMI
§ Nstitute phellem are commonly known as °
urk cells. They are like the phellogen cells
R m which they are derived. As seen in SORTEX
jgential section, they are polygonal and
\form in shape, and often radially thin as FHRORERMIS
I in cross section of the stem. The cells oK
e the commercial cork (Quercus suber) are y PHELLOGEN
lully elongated as seen in transverse > PHELLODERM
tion. In the periderm of Betula and (SSHERENCHYMA
A stapriatd nus, the cork cells are elongated oF FERIGYCLE
FIBRES entially as seen in cross-section. There

Fig. 10.51. Secondary growth in dicot stem. T.S. of P

1o intercellular spaces among cork cells.

Commercial cork. The development
e periderm layers in the cork oaks

Fig. 10.52. Phgllogen. Origin and its development. A,
epidermal; B, hypodermal; C, deep-
seated.

o ey ""“; suber) is of special interest. The
& eydoi nt:l}:’, plan(; prtc.Jducef phellogen in deeper layers when the superficial periderm is removed is
e production of commercial cork from th
METAPHLOEM m the cork oak (Quercus suber). At the age of about

ly years, V\{hel’-l the tree is about 40 cm in circumference, this outer layer, known as vi.gin cork i
ved by strlpp{ng to the phellogen. The exposed tissue dries out to abou’t 1/8 in. in deAgth A "
gen is established beneath the dry layer and rapidly produces a massive cork c;f a belt)ter. unl"ew
the ‘ﬁrst. After nine or ten years the new cork layer has attained sufficient thicknes;1 tcz: ll:y
crcnall){ valqable and is in turn removed. Of course, this cork is of better quality than the vi n
but of inferior quality than the cork obtained at the third and subsequent strippin, se ”‘l,“:gm
lngs takel p]éce at intervals of about nine years until the tree is 150 or more yea:spc}:ld gA.fter fls1e
a!uve strippings the new phellogen layers develop at greater depth in the livin: ti.ssue The
18 lost after few strippings and the subsequent cork layers are formed in the secon%lary phl.oeme

e

stem showing periderm, cortex and prl
phloem details.
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live been reported in gymnosperms. The phloem of Pinus strobus lacks sclerenchyma; well
leveloped tangential bands of fibres are found to be present in Juniperus, and large masses of
\tlereids are present in Tsuga. In Thuja occidentalis, the fibres are arranged in uniseriate tangential
lows. These rows of fibres alternate with rows of sieve cells and phloem parenchyma.

CTIONING PHLOEM
NON-FUNCTIONING PHLOEM FUN
PART OF RAY SIEVE TUBES COMPANION CELL

Y.

G
(g

In Platanus and Fagus sclereids are the only type of sclerenchyma present in the phloem. The
\lereids are found abundantly in the older, living, but nonconducting phloem of the woody plants.
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Phloem rays. The pholem rays are usually present in the vascular tissues developed by the
imbium. The vascular rays are formed in the cambium and develop on either side of it with the
condary xylem and secondary phloem of which they are a part. The phloem rays may be one to
veral cells in width. Normally they are of uniform width throughout their length. They may
trease in width outwardly, the increase being due to the multiplication of the cells or to the
rease in size of cells toward the outer end of the ray. The phloem rays may be one cell wide (e.g.,
(Castanea and Salix), two or three cells wide (e.g., in Malus pumila) or many cells wide (e.g.,
Robinia and Liriodendron). However, in oaks there are two types of phloem rays—one very broad
(l the other uniseriate.
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Commonly the phloem ray cells in woody plants, as seen in transverse section, are rectangular
radially elongated. In herbaceous plants, commonly the ray cells are globose. In Cephalanthus,
imonia and Potentilla the ray cells closely resemble the phloem parenchyma cells. All phloem
cells are parenchymatous with active protoplasm, but as they become older many of them
ome sclereids.

% ¢
IBRES CRYSTALS LATE (S)E’:ASON
PART OF RAY PHL

Fig. 10.50 Secondary phloem. T.S. of the secondary phloem of Vitis vinifera (grapevine). (Al

Esau). ) ) ) )
possesses a more regular arrangement of the cells in radial rows. The jleve t::)es are co::j:a nllv
i lements of secondary phloem are
i mber and posses thicker walls. The e . : f
lz::rie;:\‘i‘o:ucells phloem parenchyma and phloem ray cells. Sometimes sclerenchyma xso z:l;z“::
;resince of siéve tubes is characteristic of angiosperms, howeve}', theil1 are nnDt 8
gymnosperms In gymnosperms, sieve cells are present. The compamo¥ hce s are ot ol
| i f angiosperms. The compa
bly they are present In all types O .
e g i i i i bes. Phloem parenchyma cells are also found in
found accompanied with the sieve tubes. ! p p
:::z:gary phloem of all plants except few primitive types. Phloem Palienchysrn:l cellcsharr:am(i)s
directly from parenchyma mother cells, which are formed from cambial cellg. cleren fa}]' "
found )i’n the secondary phloem of several plants. Usually the ﬁ.bres occur in tzmge;l';}ll !
(:;ain plants which possess 2 hard or tough bark, the fibres consist the greater part o
¢ .
hloem and surround the softer tissues. . o
- Sieve tubes are series of sieve-tube elements attached end to xlend wnfhdgentz;llr;;:\;e a:;e::
iali i dary phloem of dico
i than others. The sieve tubes of the secont :
iy o e :hape and nature of the end and side walls. In many woody Specwsb(e. %;1:;
cordiformis), the oblique end walls of the sieve tube elements frequgntly exte}r:d for;( eo:lomp
length of th;, element. These oblique walls possess many a'reas w'hl.ch togelt er ;:d © col
siefe lates. The other type, i.e., simple sieve plate is found in Robinia, Maci urad ol
f Ulr’;ms I;Iere the terminal walls of the sieve-tube elements are transverse }:m .onda : -
(s)pecializx;d sieve area. In the majority of species, the sieve tube elements of the sec ry
ossess simple sieve plates. o
? Sclerenchyma of one type oOf another is a characteristic of thc? sec‘o'nda\'ydphlm’,‘r::i (;)fau
species. Fibres occur frequently in definite tangential bandg, (e.g. mdl‘;:ruujint hr:r;_l ;\res co:
‘ f i However, in Carya coraijormis,
halanthus, the fibres are found singly. s ] b
It:ecger’;a“tlef;an of the secondary phloem and surround the groups of softer tissues. All con

A special type of ray cell known as albuminous cell is found in gymnosperms. These
minous cells are found to be situated at the upper and lower margins of the phloem rays. The
minous cells differ from the ordinary ray cells both structurally and functionally. They are
ed directly with the sieve cells by sieve areas. They do not contain starch, and are of much
ter vertical diameter than the normal ray cells. They retain their protoplasts as long as the sieve
|\ with which they are connected function. It is thought that they function like companion cells
ngiosperms. '

Q hl

1 rings in dary p The tissues of the secondary phloem are generally
ged in definite tangential bands. These layers of tissue have the appearance of annual rings.
ever, these ring like bands do not possess definite seasonal limits like those of secondary xylem,
use there is no sharp distinction between the phloem cells formed in the early and late growing
on. Seasonal formation of sclerenchyma bands may exist, but this is not constant feature. In
{al plants new layers of phloem and xylem are formed with each period of new growth.

Function. The functions of secondary phloem are normally the same as that of primary
em. The various cells of secondary phloem are structurally adapted for the function of
location of food. The sieve tubes, companion cells and some phloem parenchyma cells are
lally adapted for lengthwise conduction, and certain phloem rays help in horizontal conduction
d from the xylem and the cambium. Some of the phloem parenchyma cells in some plants act
rage tissue of starch, crystals and other organic materials.

types as regards th

ficonomic importance. The secondary phloem of various trees and shrubs of the Malvaceae,
eae, Moraceae has provided bast fibres for economic purposes. The tapa cloth of Pacific
s is composed of mainly of phloem fibres. Tannin obtained from the secondary phloem of
s plants is utilized for the preparation of spices and drugs. Secretory canals are abundantly
in the secondary phloem, and the secretions are of much economic value—such as rubber
Wined from the latex of Hevea brasiliensis, and resins from various gymnosperms.
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=
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/\‘ > . 10.54. The periderm. Diagram: i iti
3 v oo o ga onz iz::vg;g ,tvflrleg p;;,slt;_onrand extent of successively formed
@ - A, a one- o , the first periderm layer, i
formed beneath the epidermis; B, a two-year-old twig, the epic};erl‘n;'as :1/;7!;’{:9;’6 pr{ZIder
@@ ruptured; C, a - - isst o more
> P three-year-old stem, the outer tissues weathered away and more

periderm layer formed deeper in the stem; D, a f
| l ' . : . ; D, a four-year-ol
Fig. 10.53. The periderm. Origin of periderm. A - B, partly in epidermis and partly beneath it, secondary phioem with their periderm layers Iargel}}/’ Weatﬁ;:";':’f;conex e

Pyrus, C-D, beneath epidermis in Prunus.

The important properties of the commercial cork are its imperviousness, its lightness, toughness

elasticity.

Phelloderm. The phellogen cuts off the phelloderm cells towards inner side. The phellode
cells are living cells with cellulose walls. In most plants, they resemble cortical cAellAs in Wi
structure and contents. Their shape is similar to that of phellogen cells. They may be distinguis

[5id)
Ocv OQ

from cortici cells by their arrangement in radial series resulting from their origin from et O :

tangentially dividing phellogen. In some species they act as photosynthetic tissue and aid in stal ’2\@@@?@%&%?0{'\(
storage. They are pitted like other parenchyma cells. Occasionally, the sclereids and O‘hEI; [ OOOWDO @0@009
specialized cells occur in phelloderm. The term secondary cortex is sometimes applied (\Q\Q\ /\OAQ(\

phelloderm, which dacs not seerm {0 he pproprizie 10.55. The lenticel. Beginning of lenticel formation under a stoma of Morus alba (mulberry)

BARK

The term bark is commonly applied to all tissues outside the vascular cambium of the sl
in either primary or secondary state of growth. In this way, bark includes primary phloem
cortex in stem with primary tissues only, and primary and secondary phloem, cortex and perid
in stem with secondary tissues. This term is also used to denote the tissue that is accumulate
the surface of the stem as a result of the activity of cork cambium. As the periderm develop
becomes separated, by a non-living layer of cork cells from the living tissues. The tissue layer§
separated become dead. The term bark in restricted sense is applied to these dead tissues tog
with the cork layers. In wider sense the term is applied to denote the tissues outside the vas
cambium. However, the term bark is loose and non-technical.

:nt i:'lsc;s; (;i {)‘iantts},1 asfsoon as the first phellogen ceases to function, second phellogen develops
w the first one. In this way additional la; i i
s 1 yers of periderm are formed in: th
essively deeper regions of the stem, thus n s of the
4 N ew phellogen layers arise in d i
X which may exceed even upto i s oo
phloem. As the phellogen arises in di i

or phellem towards outside, all the livin i it ot et ey
D 3 g cells outside the phellogen do not get

futrients, and become dead. Thy i i e

R ese dead tissues formed outside the phellogen constitute the

l"n‘ .501;1: l;’hytidomes pan?nchyma and soft cork cells predominate whereas others contain large
s of fibres usually derived from the phloem. The manners in which the successive layers if
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periderm originate possesses a characteristic effect upon the appearance of the rhytidome. When the
sequent periderms develop as overlapping scale-like layers, the outer tissue breaks up into units
Ielated to the layers of periderm, and thus formed outer bark is termed scale-bark. On the other
land, if the phellogen arises around the whole circumference of the stem, a ring bark is formed,
Which shows the separation of hollow cylinders or rings from the stem.

LENTICELS

Usually in the periderm of most plants, certain areas with loosely arranged cells have been
lound, which possess more or less raised and corky spots where the underneath tissues break
rough the epidermis. Such areas are universally found on the stems of woody plants. These broken
tas are called the lenticels. Wutz (1955) defined a lenticel as a small portion of the periderm
ere the activity of the phellogen is more than elsewhere, and the cork cells produced by it are
sely arranged and possess numerous intercellular spaces. These areas are thicker radially than
it of the periderm because of the presence of loose complementary cells. The lenticels perform

function of exchange of gases during night or when the stomata are closed.

Lenticels are first formed immediately beneath the stomata or group of stomata and the
mber of lenticels, therefore, depends upon the number of stomata or groups of stomata. The
licels may be scattered on the stems or they may be arranged in vertical or horizontal rows. The
licels also occur on the roots.

COMPLEMENTARY
CELLS
CLOSING CELLS

10.58. The lenticel. A portion of T.S. of stem of Prunus showing lenticel. Successive layers of
complementary and closing cells are visible.

The lenticels originate beneath the stomata, either just before, or simultaneously with the
lion of the first layer of the periderm. In most of plants, lenticel formation takes place in the
Jrowing season and sometimes previous to the growth in length has stopped. As the lenticel
ition begins, the parenchyma cells found nearabout the sub-stomatal cavity lose their
phyll and divide irregularly in different planes giving rise to a mass of colourless, rounded,
Walled, loose cells called complementary cells. Such cells are also produced by phellogen
% outside instead of cork cells. As the complementary cells increase in number, pressure is
against the epidermis and it ruptures. Very often, the outer most cells die due to exposure

I atmosphere and are replaced by the cells cut off by cork cambium or phellogen. The thin
loose complementary cells may alternate with masses of more dense and compact cells called
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PHELLOGEN

PHELLODERM

Fig. 10.59. The lenticel of Mangifera indica (mango).

the closing cells. These cells together form a layer called closing layer. With the continuo
formation of new loose complementary cells, the closing layers are ruptured. The lenticels are fill
up with complementary cells completely in the spring season whereas in the end of the sprif
season the lenticel becomes closed by the formation of closing layer.

The complementary cells are thin-walled, rounded and loose with sufficiently develop
intercellular spaces among them. Their cell walls are not suberized. Due to the presence of profi
intercellular spaces, the lenticels perform the function of exchange of gases between the atmosph
and internal tissues of the plant.

Sometimes, lenticels develop independent of the stomata. In such cases the phellogen cuts
sometime the cork cells and then loose complementary cells which ultimately break the cork
rise to a new lenticel.

SECONDARY XYLEM AND SECONDARY PHLOEM IN CONIFERS
(GYMNOSPERMS)

SECONDARY XYLEM (WOOD)

The xylem of gymnosperms is generally simpler and more homogeneous than that
angiosperms. The chief distinction between the two kinds of wood is the absence of vessels il
gymnosperms (except in Gnetales) and their presence in most angiosperms. The gymnosperm W
possesses a small amount of parenchyma, particularly vertical parenchyma.

THE VERTICAL SYSTEM

In the secondary xylem of gymnosperms, the vertical system consists mostly of tracheids.
late wood tracheids possess relatively thick walls and pits with reduced borders, and therefore,
are known as fibre-tracheids, but libriform fibres do not occur. The tracheids are long cells (0.5 10
mm) with their ends overlapping those of other tracheids. The tracheids of existing gymnospermnik
interconnected by circular or oval bordered pit-pairs in single, opposite or alternate arrangement,
number of pits on each tracheid may vary from 50 to 300 (Stamm, 1946). The pit-pairs are abund|
present on the ends where the tracheids overlap each other. Generally the pits are confined |
radial facets of the cells. Tori are present on the pit membranes in Ginkgo, Gnetales and
Coniferales. The tracheids possess thickenings of intercellular material and primary walls alon|
upper and lower margins of the pit-pairs. These thickenings are called crassulae. Another
sculpture is represented by the trabeculae. They are found in the form of small bars extending
the lumina of the tracheids from one tangential wall to the other. Helical thickenings on pitted
have been recorded in the tracheids of some conifers. Wherever present, the vertical X
parencliyma of the Coniferales is found to be distributed throughout the growth ring and oc¢
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long strands derived from tran ivisi
sverse divisions on the mostl i i
ong y long fusiform camb
conifers (Taxus, Torreya and Araucaria) do not have parenchyma in the vertical 1 Some
STRUCTURE OF RAYS ' e

R ;Il':g :?Zshzf‘igsynfl{x;oslt)ermhs are compos_ed e.ither of parenchyma cells alone, or of parenchyma
i h;Ck yf racheids are distinguished from ray parenchyma cells chiefly by their
Qi 7o it anc ek c)thpr:loplasts. The ray tFachcids possess lignified secondary walls. In some
s those wals ;he ick and sculptured, with projections in the form of bands extending across
- g resmo. ; rax pérenchyma cells possess living protoplasts in the sap wood and often
el widean rom 11 30 1 Sometimes pta 50 cel igh. Ry racheds may ooou sngy or
- ‘ 0 50 cells high. Ray tracheids may occur si i
L;veess, :,: dﬂga margins ofa ray4.The rays serve to transport the assimilation pro}(;ucts fof‘xl]rlleg(liyir? rt}lln
owing downwards in the phloem in a radial direction into the wood of the stem and roolsc
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Tracheids show pits with full borders and are associated with crassulae. (Afl
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ichyma cells occur in longitudinal strands. They store
Ive food material and also contain resins, crystals and
Ins. The phloem rays of the trees of advanced age are
Cleristic in having albuminous cells. The albuminous
Iay also occur among the phloem parenchyma cells (in TRACHEIDS
Grtical system) and in still other plants only among the

AJVE

BORDERED PITS

ite directi i
They conduct water away from the wood in the opposite direction. The rays penetrate equally
ited for these functions.
the xylem and the phloem and thus suite . -
);lesin ducts. In certain gymmosperms the resin ducts are develoPed in the v.emcal ﬁy]s:;r:
both the vertical and horizontal systems. The resin ducts arise as schizogenous mt;rcteh ulininp
b; separation of resin producing parenchyma cells from each other. ’;‘hese cel}s m: :y ; :e enl:
i i he resin. A resin duct may become close
ithelium, of the resin duct and excrete't ; .
Z’;)lithilial cells. These tylosis like extensions are known as tylosoids (Record, 1947).

SECONDARY PHLOEM

|
. 10.62. Secondary xylem. Three-dimensional 2&
structure of wood of Pinus strobus.
Tracheids are shown in the figure.
The sieve cells are slender, elongated elements appear
the fusiform initials from which they are derived. They
tlap each other at their ends and each sieve cell remains
ontact with several rays. The sieve areas are abundantly
l on the ends which overlap those of other sieve cells.
connecting strands in the sieve-areas are aggregated
the groups, and the callose associated with the strands
e group fuses into one structure. The phloem

i parenchyma cells. The albuminous cells contain Fig. 10.64. Tracheids with bordered
Cytoplasm and distinct nuclei. They are irregular in

pits of pine stem in T.L.S.
iind store food materials. The secondary phloem also

Ins resin canals. In Picea canadensis, they occur in rays and possess cyst-like bulbous
nlons.

. . ins sievoll
The structure of phloem of conifers is quite simple. The vertical system con:autns :;Zvere
enchyma cells and frequently fibres. Companion cells are absent. The sieve plates are p
par

i i
on the lateral walls. The rays are mostly uniseriate and contain parenchyma only or parenchym
albuminous cells.

SECONDARY GROWTH IN THE MONOCOTYLEDONS

Commonly, the vascular bundles of monocotyledons do not possess cambium, and therefore,
I no secondary growth. However, it occurs in some monocotyledons (e.g., Dracaena, Yucca,
um, Aloe, Sansevieria, Xanthorrhoea, Kingia, etc.). In these plants the secondary growth
I by the formation of the cylinder of new bundles embedded in a tissue of less specialized
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Fig. 10.63. Tracheids with bordered
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Fig. 11.2. The stem—anomalous structure. T.S. of stem of
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0. 11.3. Aristolochia (dicot). T.S. of stem showin
cork layers are present; the pericycle
fascicular cambium does not produce se

ATOMY OF BIGNONIA STEM

The most interesting anatomical feature in Bignonia of Bignoniceae is the occurrence of
Jalous secondary structure. (See fig. 11.2) This is as follows:

A. Presence of phloem wedges in the xylem. The young stems which exhibit this type of
\Itture when mature are provided with a normal ring of vascular bundles. The vessels of the
fIjy stem are narrow in diameter. The wood formed in later stages contains wider vessels, As soon
Ihis stage is reached four furrows at four equidistant points appear in the xylem, extending almost

g secondary growth. Beneath the epidermis the
splits into groups of sclereids and the inter-
condary vascular tissue.
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nature. Here a cambium layer is formed from the meristematic parenchyma of th«; peru(:iyzle or :f ;::
: i bium of this type forms in the endodermus.

i t cortical cells. In roots of some plants, a cam c type !

:Ezlt::l ?)Sf t;?s cambium may be polygonal, rectangular or fusiform in different species. They are found

in tiers forming a storied cambium.
STEM OF PINUS—PRIMARY AND SECONDARY STRUCTURE

ANATOMY OF YOUNG STEM _
It resembles the anatomy of dicotyledonous stem in many respects. The gene;a\(li i%mgearrslg?;[e:tt :
the various tissues from the circumference to the centre is the same. I-;%we‘;lzrl,lcts SR fo,und i
dicot stem in having a large number of resin dqcts ﬁ!led with resin. 1 es! it A fovn
distributed almost throughout the stem. The epidermis has an irregu atr ouS gl S;Clcrenchyma‘ :
ericycle are like those of the dicotyledonous stem, bqt the pericycle contain: / e
Sascular bundles are not wedge-shaped, as in the éilcfltyled;ns;::i;?znio‘?;r::::tsof et
spiral tracheids which are irregularly dlqused towards tl Z cen eéial e il
tracheids with bordered pits. The tracheids are arranged in ra krd sl
jon of the stem. The pits of the pine wood are large and mostlyArestncte o odial, 3
::t:; true vessels. The details of the anatomy qf young stem of pm; are as Sfc‘;llnj)(:vt;1 es]zp;;l‘c:/n;l;tsCh
consists of a single layer of cells with a very thick cuticle. Sclerenchyma—!
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Fig. 10.65. Secondary growth in thickness of the pine stem. T.S. of a tyvo-yearold pine sl
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of sclerenchyma occur here and there below the epidermis. Cortex—Many layers of more or less
rounded parenchyma cells, with conspicuous resin ducts lying embedded in the cortex.
Endodermis—A single layer lying internal to the cortex; the innermost layer of the cortex is treated as
endodermis. Pericycle—It consists of parenchyma cells, there is no sclerenchyma in it. Medullary
fays—They run from the pith outwards between the vascular bundles. Pith—There is a well defined
pith, consisting of a mass of parenchyma cells. A few resin-ducts are also present in the pith.
Vascular bundles—These are collateral and open, and arranged in a ring, as in dicot stem. Each
bundle consists of phloem, cambium and xylem. Phloem—The phloem consists of sieve tubes and
phloem parenchyma, but no companion cells. It lies on the outer side of the bundle. Cambium—A few
layers of thin walled, rectangular cells in between xylem and phloem. Xylem—It consists exclusively
0f tracheids; there are no true vessels. Resin ducts are also present here. Protoxylem lies towards the
ventre and consists of a few annular and spiral tracheids which are not disposed in any regular order.
Metaxylem lies towards the cambium and consists of tracheids with bordered pits which develop on
the radial walls. These tracheids are four sided and are arranged in definite rows.

SECONDARY GROWTH IN THICKNESS OF STEM

The secondary growth in pine stem takes place in exactly the same way as in a dicotyledonous
Mlem. However, the points of differentiation are as follows: The pine stem is characterized by the

[iresence of conspicuous resin-ducts which are distributed throughout the stem. The secondary
Wood consists exclusively of tracheids with numerous bordered pits on their radial walls. As in the

itotyledonous stem, there are distinct annual rings, consisting of the autumn wood and spring
00d. The autumn wood consists of narrow and thick-walled tracheids, and the spring wood of wider
d thinner-walled tracheids. The secondary medullary rays are usually one layer of cells in
Ickness and a few in height. The phloem portion of the medullary ray consists of middle layers of
irch—containing cells, called starch cells, and upper and lower layers of protein containing cells,
lled albuminous cells. The xylem portion of the medullary ray consists of similar starch cells in the

Iddle, and empty cells with bordered pits, called tracheidal cells, in the upper and lower layers.
wssels are absent.

ANATOMICAL DIFFERENCES BETWEEN DICOTYLEDONOUS AND
MONOCOTYLEDONOUS STEMS

Stem

It is collenchymatous.

It consists of a few layers of

parenchyma,

D;LUIJ led

Monocotyledonous Stem
It is sclerenchymatous.

. Hypodermis

Cortex There is a continuous mass of paren-

chyma up to the centre. It is com-

monly known as ground tissue.
Endodermis

Pericycle

It is a wavy layer of compact cells.
Usually it consists of parenchyma
and sclerenchyma.
Medullary There lies a strip of parenchyma in
ray between vascular bundles.
Pith The central cylinder consists of
{ parenchyma.
(a) They are collateral and open.
(b) They are arranged in a ring.
(c) They are of uniform size.
(d) Phloem parenchyma present.
(e) They are wedgeshaped.
(/) Bundle sheath absent.

It is not differentiated into distinct
tissues.

It is not marked out.

Vascular

They are collateral and closed.
bundles

They are scattered.

They are larger towards the centre.
Phloem parenchyma absent.

They are usually oval.

Bundle sheath strongly developed.
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i in bulk, and
the pith. The cambium is situated on the inside of the furrows. The phloem ;lxree(z;iise ;:pmem .
:fle tis§ues. slide along the lateral surfaces of the furrows. Later on, because o

y

furrows again become closed. The four radial groups of the phloem are un ted by medullary ra;
Jot 1 . r 1al group: tl ry ray
tissue. In transverse section the narrow medullary rays may be seen traversing the phloem of

B in fai tems. First
furroB Presence of fissured xylem. The fissured xylem may only be seen in fairly old stem:

dilation
f all wedges of phloem are formed and thereafter the xylem strands becomes fissured by
of al 4
ivision i d pith. .
11 division in wood parenchyma an e
o CIe Aristolochia, segments of the cambium cut only parenchyma cells both on outer an
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(anomalous secondary structure).

Fig. 11.5. The stem—anomalous structure. T.S. of old
secondary growth.
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parenchyma thus increasing in diameter. As the vascular cylinder, broken by wide rays, increases in
circumference the cylinder of sclerenchyma that encircled the bundles become ruptured and adjacent
parenchyma grows intrusively into the gaps. Eventually a very fluted vascular cylinder is formed.
Species of Aristolochia are woody climbers or /ianes, which have diverse taxonomic affinities and
often show anomalous structural features. Among other characteristics, the vessels are often of
unusually wide diameter. (See figs. 11.4 and 1 L.5).

In Bauhinia rubiginosa, there is restriction of the activity of the cambium to certain regions
which results in the formation of ridged stems. In other species of Bauhinia, the strap like stems
are formed because of restricted activity of the cambium in certain regions. In this case the cambium
is more active at two opposite sides. (Fig 11.1 E.).

In some climbing plants (e.g., Vitis, Clematis), the interfascicular cambium forms only
parenchyma, so that the original vascular bundles remain discrete throughout secondary growth.
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11.6. Stem-anomalous structure. T.S. of a portion of stem Bougainvillaea (dicot.) showing anomalous
secondary growth, periderm, thick-walled conjunctive tissue and medullary bundles.
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Vascular system. It consists of well developed, collateral and open vascular bundlgs arranged
in a ring. Both primary and secondary tissues are found. Secondary phloem consists. of sieve tubels,
companion cells and phloem parenchyma and found in the form of continuous cylinder. Xylem is
also found in the form of a continuous cylinder traversed by narrow medullary rays. Vessels of
primary xylem are comparatively smaller and arranged in radial rows towards pith. Later developed
vessels are comparatively larger and confined to certain regions of xylem cylinder.

Laticiferous canals. Commonly the laticiferous canals are found in the cortical region of

Convolvulus.
Pith— The central region of the axis is occupied by pith, consisting of thin-walled parenchymi

cells with intercellular spaces.

S—— PERICYCLE
(SCLERENCHYMATOUS
PATCHES)

SECONDARY
PHLOEM

aVATAYAY

CAMBIUM
SECONDARY
XYLEM

INTRAXYLARY
PHLOEM

Fig. 11.31. The stem—anomalous structure. T.S. of Asclepias stem .(dicot-AscIepiadaco
showing a complete band of intraxylary phloem around the pith.

Special anatomical features. Intraxylary or internal phloem is found in continuous band a

the pith.

Anatomy of the stem of Asclepias
As seen in cross section, the stem shows the following parts.—Epidermis— The outel
layer, the epidermis is normal and ramains qovered with a thick cuticle. -
Cork and cortex— The cork arises superficially usually in the epidermis or sub-epidermig,
cells of cork are rectangular and thick-walled. The greater portion of the cortex is representfed by
walled parenchymatous cells having well defined intercellular spaces among them. The inngi
layer of the cortex is endodermis.
Pericycle— It consists of grouped fibres with intervening parenchyma. The fibres pi

usually unlignified walls.

Vascular system. It is well developed and consists of phloem and xylem. Phloem is found
form of continuous cylinder. It consists of sieve tubes, companion cells and phloem parendl
Primary xylem is represented by wide metaxylem vessels and narrow protoxylem vessol
secondary xylem is found in the form of protoxylem vessels. The secondary xylem is found
form of continuous cylinder traversed by narrow medullary rays.
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Special anatomical features. The intraxylary or internal phloem is found in the form of a
continuous band around the pith. Laticiferous canals are present among the parenchyma cells.

VASCULAR BUNDLES ARRANGED IN A RING IN MONOCOTS

Normally, the cross section of monocot stem exhibits many scattered bundles. However, in
Tamus communis of Dioscoreaceae, the vascular bundles are arranged in a ring around large pith. The
vascular bundles are also arranged in a ring in several hollow monocots (e.g., Triticum, Avena,
Hordeum, Oryza and several other members of Gramineae.)

Anatomy of the stem of Tamus communis—Epidermis— It consists of a single layer of compact,
barrel shaped cells having no intercellular spaces. A thin cuticle covers the epidermis.

Cortex. The presence of cortex is an anomalous feature in monocot stem. The cortex is well
developed and consists of thin walled, rounded or oval parenchyma cells having well defined
intercellular spaces among them. The innermost layer of the cortex is endodermis. It is conspicuous,
tonsisting of barrel-shaped cells, having no intercellular spaces.

Pericycle. Immediately beneath the epidermis, multilayered sclerenchymatous pericycle is
present. This makes a complete cylinder of sclerenchyma.

Ground tissue. It is represented by large, thin walled, rounded or oval parenchyma cells having
Intercellular spaces.

Vascular system. It consists of many vascular bundles arranged in a ring (anomalous feature).
Usually they are arranged in two rings (outer and inner). Each vascular bundle consists of Xylem and
phloem. The bigger vessels (pitted) towards outside constitute metaxylem, whereas narrower vessels
(innular and spiral) towards centre form protoxylem. Phloem consists of sieve tubec and companion
tells. Phloem parenchyma is absent. There is no secondary growth or cambium formation.

Pith. The central region of the stem is occupied by pith. It consists of thin walled, rounded
Jrenchyma cells having well developed intercellular spaces among them.

Anomalous features. The vascular bundles are arranged in a ring; well developed cortex is
Iesent; endodermis is conspicuous; the sclerenchymatous pericycle is present; the central region of
© stem is represented by pith.

SECONDARY GROWTH IN MONOCOTS

The secondary growth accurs in herbaceous and woody Liliflorae (4/oe, Sansevieria, Yucca,
ave, Dracaena) and other groups of monocots (Cheadle, 1937). The meristem concerned with
Is growth is called cambium. The cambium appears to be a direct continuation of a primary
Ickening meristem (Eckardt, 1941). However, the cambium functions in the part of the axis, that
i completed its elongation. The cambium originates in the parenchyma outside the vascular
Nidles. This part of the axis is sometimes identified as cortex, and sometimes as pericycle. Here,
anatomy of the stem of Dracaena has been discussed.

Anatomy of Dracaena stem. The cross section of Dracaena stem exhibits the following
Clure: The single layered epidermis remains covered with thick cuticle. The lenticles are also
Il on the epidermis. Beneath the epidermis and hypodermis, the cork cambium arises which gives
10 the cork towards outside. Below the cork cambium, well developed parenchyma is present.

Anomalous structure. Dracaena shows anomalous secondary growth. The cambium appears
Ihe parenchyma outside the outermost vascular bundles. This region in which the cambium
irs, is sometimes identified as cortex, and sometimes as pericycle. The newly formed cambium
cells towards outside and inside both. The tissue developed on the inner side of the cambium is
lly differentiated into vascular bundles remain separated from each other by lignified tissue,
Blimes this tissue remains unlignified and thinwalled. The cells formed on the outer side of the
hium make parenchyma.
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Fig. 11.28. Nyctanthes arbonriétis (dicot). T.S. of stem showing inversely oriented cortical v
8t bundles. A, diagrammatic; B, detailed.
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Convolvulaceae; Punicaceae; Loganiaceae; Solanaceae, Apocynaceae; Cucurbitaceae; Lythraceae
und several others).

Anatomy of Punica stem. As seen in cross section, the stem is provided with appendages.
Iipidermis is single layered. Usually cork arises in the inner part of the pericycle. The pericycle is
Iepresented by a ring of fibres along the outer periphery. Phloem and xylem are found in continuous
Wylinders. Xylem forms a closed cylinder, traversed by narrow medullary rays. The vessels are
jrovided with simple perforations. The pith consists of parenchyma cells. Usually rosette crystals are
ubundant in the phloem. Secretory cells are also found in cortex and pith.

Special anatomical feature. The most interesting anatomical feature is the occurrence of
ltaxylary phloem in a continuous strand around the periphery of pith.
Anatomy of the stem of Convolvulus floridus. As seen in transverse section, the stem exhibits
following important parts:
Epidermis. This is single outermost layer consisting of thin walled compact cells covered with
thin cuticle.

CAMBIAL ZONE

z

' TERNAL
PRIMARY PHLOEM

| 11.29. Internal (intraxylary)
bm in T.S. of young stem of
num tuberosum. Primary

m cells are seen in small
u external and internal to
cambial zone. (After
hwager).

Cork and cortex— The
Is usually superficial in
n and consists of thin-
o rectangular cells.
only the ‘primary cortex
uts of collenchyma. The
0st layer of the cortex is
ormis.

vricycle—TIt consists of a
walled grouped fibres
wd in discontinuous ring.
lervening gaps are filled
parenchyma cells.
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SECONDARY
PHLOEM
SECONDARY
XYLEM

INTRAXYLARY
5 PHLOEM PATCHES

CAMBIUM

Fig. 11.30. The stem—anomalous structure. T.S. of the stem of
Capsicum spp. showing intraxylary phloem patches
around the pith.
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Fig. 11.32. Anomalous secondary growth in Aloe arborescens (monocot) stem; T.S. of the stel
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XYLEM
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VASCULAR
BUNDLE
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showing secondary growth.

370NNg HYINOSVYA

Fig. 11.33. Tamus communis (monocot). T.S. of stem (detailed structure) showing vascular bui
in a ring.
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PFlg. 11.34. Anomalous secondary growth. T.S. of a portion of stem of Dracaena (monocot) showing
secondary growth.

I'hickening in Palms

The palm stems do not increase in girth, because of any cambial activity but this thickening is
the result of gradual increase in size of cells and of intercellular spaces and sometimes of the
pioliferation of fibre tissues. This is the type of long continuing primary growth. The process is as
{ullows:
Most of the monocotyledons lack secondary growth, but with the result of intense and long
Untinuing primary growth they may produce such large bodies as those of the palms. The
nocotyledons often produce a rapid thickening beneath the apical meristem by means of a
tipheral primary thickening meristem as shown in figure. The activity of the primary thickening
ristem resembles with secondary growth found in certain monocotyledons such as Dracaena,
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SHOOT APEX PRIMARY THICKENING

MERISTEM

BASES OF LEAVES

Fig. 11.35. Secondary growth in monocotyledons. The diagrams of the upper part of shoot of a
monocotyledon (palm plant) showing the meristems concerned with its growth. (After
Eckardt).

Yucca, etc. The apical meristem also known as shoot apex produces only small part of the primary
body, i.e., a central column of parenchyma and vascular strands. Most of the plant body is formed
by the primary thickening meristem. The primary thickening meristem is found beneath the leaf*
primordia, which divides periclinally producing anticlinal rows of cells. These cells differentiate
into a tissue formed of ground parenchyma traversed by procambial strands. These procambial
strands later on develop into vascular bundles, The ground parenchyma cells enlarge and divide
repeatedly, causing increase in thickness. This way, both apical meristem and primary thickening
meristem give rise to the main bulk of the stem tissues of monocotyledons. The thickening takey
place in monocotyledons, such as palms, due to the activities of the two meristems mentioned above,

Anatomy of the Leaf and the Petiole

Commonly there are two types of leaves—1. dorsiventral leaves (dicdtyledonous) and 2.

Wobilateral leaves (monocotyledonous). The dorsiventral leaves usually grow in a horizontal
lirection with distinct upper and lower surfaces, the upper being more strongly illuminated than

EPIDERMIS (UPPER) PARENCHYMA

COLLENCHYMA

PALISADE
PARENCHYMA

EPIDERMIS (LOWER)
PHLOEM

SPONGY PARENCHYMA

PARENCHYMA A COLLENCHYMA

CUTICLE

UPPER EPIDERMIS COLLENCHYMA PALISADE

PARENCHYMA

/
SPONGY STOMA

PARENCHYMA
COLLENCHYMA SUB-STOMATAL
CHAMBER
LOWER EPIDERMIS XYLEM

PARENCHYMA PHLOEM

. 12.1. Anatomy of bifacial dicot leaf. A, T.S. of leaf (diagrammatic); B, T.S. of le¢
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internal structure between the upper and lower Turf"la::sa::
i inati he dicotyledonous lea
1 illumination. Most of tl aves o
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' ONOUS LEAF
OMY OF DICOTYLED! -
e al sections passing through the mid-rib &

the lower. There exists a difference in the
the dorsiventral leaf due to its unequa
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EPIDERMIS
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epidermis are usually thickened, and covere

by a single-layered epidermis. The outerAwall}; ofu
d over with a waxy substance called cutin. The 0

=—THICK CUTICLE

>THHEE LAYERED
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Fig. 12.2. Anatomy
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surfaces of the epidermis are frequently covered with a thin or thick cuticle. This cuticular layer is
formed of cutin. As the outer walls of the epidermis are thick and cutinized, water does not pass
through them rapidly and the transpiration from the surface of the epidermis is greatly reduced, only
small quantity of water is evaporated by transpiration. The epidermis checks the transpiration to
i great extent. The epidermis also prevents the entrance of pathogens into the interior of the leaf.
Another function of the epidermis is the protection of the soft internal tissue of the leaf from the
mechanical injuries. Sometimes in the xerophytic leaves the epidermis cells become radially
¢longated and somewhat lignified. In Nerium
leaf, the epidermis is multilayerd.

Numerous small openings called
Momata, are found in the epidermal layers of
Ihe leaves. Stomata are found in most
bundance in the lower epidermis of the
dorsiventral leaf. They are very few in the
lipper epidermis and sometimes altogether
ibsent. In the floating leaves, stomata remain
tonfined to the upper epidermis; in the
Mibmerged leaves the stomata are absent. In
Aerophytic leaves either stomata are sunken
0l situated inside the depressions.

STOMATAL -4 ™
OPENING

Fig. 12.3. Stomata in epidermal layer—surface view.
Each stoma remains surrounded by two
Umilunar guard cells. The guard cells are living and contain chloroplasts, they regulate opening
Iid closing of stomata. The guard cells may remain surrounded by two or more accessory cells in
dition to epidermal cells. The stomata are found in scattered condition.

|- CHLOROPLASTS

=1-SUB-STOMATAL
CHAMBER

Flg. 12.4. Stomata. Diagrammatic representation of a stoma—surface and sectional views.

Usually the stomata are meant for exchange of gases in between the plant and the atmosphere.

licilitate the diffusion of gases properly, each stoma opens internally into a respiratory cavity
bstomatal chamber. The transpiration takes place through the stomata, and the surplus water
Ing evaporated.
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MESOPHYLL TISSUE

. . ins
The tissue of the leaf that lies between the upper and lower epidermis and between the vein

consists of typically thin walled
parenchyma is known as mesophyll.
This tissue forms the major portion of
the inner of leaf. Commonly the cells of
mesophyll are of two types—the
palisade parenchyma or palisade
tissue, and the spongy parenchyma or
spongy tissue. The mesophyll tissues
always contain chloroplasts in them.
The palisade parenchyma is
generally composed of elongated and
more or less cylindrical cells which are
close together with long axes of the
cells perpendicular to the epidermis. In
transverse section the cells appear to be
arranged quite compact, are rea}ly
separate from each other having
intercellular spaces among them. The
palisade tissue may consist of a single
or more layers. These cells are arranged
near to the upper
surface of the leaf,
where they receive
sunlight and facilitate
to carry the function of
photosynthesis.
Sometimes the leaves
hang vertically (e.g.,
Eucalyptus), so that
both surfaces of leaf are
equally illuminated. In
such leaves the palisade
parenchyma may occur
on both sides. The
compactness of the
palisade parenchyma
depends upon light
intensity. The leaves
which receive direct
sunlight develop more
compact parenchyma in
comparison to the
leaves which develop in shady places.
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Fig. 12.5. The leaf. Termination of veins in a [eaf, as
seen in a section cut parallel with the
epidermis.
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Fig. 12.6. Anatomy of leaf. Cross section of a vgnical leaf of Eucal)
showing a palisade layer on each side.

The lower portion of the mesophyll in the leaf is kngwn as spongy parer;chylrlnahc:lrvr
tissue. The spongy tissue is usually composed of loose, irregular, thin walled cells
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intercellular spaces (air spaces) among them. The cells of spongy parenchyma also contain
chloroplasts and carry on photosynthesis, but in comparison of palisade parenchyma less
chloroplasts are developed. Due to the presence of a large air space in the spongy tissue they are

more adaptable to the exchange of gases between the cells and the atmosphere.
UPPER EPIDERMIS

PALISADE PARENCHYMA

BUNDLE SHEATH

BUNDLE SHEATH
LOWEREPIDERMIS ~ EXTENSION
Fig. 12.7. Anatomy of leaf. T.S. of pear leaf. Palisade parenchyma towards upper side consists of
2 or 3 layers. Bundles are enclosed in bundle sheaths. The large vascular bundle has
bundle sheath extensions reaching to the epidermis on both sides of the leaf.

The large air spaces that surround the spongy parenchyma cells are near the stomata and
directly connected with them. There is therefore a much more free circulation of gases around these
vells than around the palisade parenchyma cells, with the result that they are better suited to the

#xchange of gases between the cells and the surrounding atmosphere. The air spaces of the spongy

Whlorenchyma are not isolated chambers but a series of intercommunicating passages.

Both spongy and palisade parenchyma contain discoid chloroplasts arranged in parallel rows
i th

¢ cells. As the chloroplasts are more dense in the palisade tissue than the spongy tissue the

\pper surface of the leaf appears to be deeper green than the lower surface.

LECHANICAL SUPPORT IN THE LEAF

The functions of the midrib and the lateral veins are to stren

Mie giving mechanical strength to leaf are—collench
indy xylem.

gthen the leaf. The important
yma, sclerenchyma, turgid parenchynia and

li ire more or less turgid, and so give stren,

gth to the leaf in the way also. The weight of the leaf
MeN it to tend to bend downward, with the

result that there i

0 midrib in which there is the greatest need for strengthening material.
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302 Veins. The structure of large veins is more or less similar to that of a midrib. As they pass from

the base of a leaf blade towards the apex or margin of the leaf, they get reduced in size, and simple in

structure. The small veins consist of only of few conducting cells. The xylem is always found towards

the upper surface and phloem towards lower even in very small veins. The cells of the mesophyll

(chlorenchyma) are usually arranged so that the conduction of materials to and from the veins is
facilitated.

The bundle sheath. The larger vascular bundles of dicotyledonous leaves remain surrounded by

UPPER parenchyma with small number of chloroplasts, whereas the small bundles occur in the mesophyll.

vi PALISADE EPIDERMIS However, these small bundles do not remain in contact with intercellular spaces but are commonly
enclosed with a layer of compactly arranged parenchyma, the bundle sheath. In dicotyledons the
bundle-sheath parenhyma is also called border parenchyma. The bundle sheaths of dicotyledonous
leaves usually consist of cells clongated parallel with the course of the bundle and having walls as
thin as those of adjacent mesophyll. In some plants these cells have chloroplasts similar to those the
mesophyll (e.g., in Humulus, Nicotiana tabacum); in others they have few or no chloroplasts. The
bundle sheath cells are in direct contact with the conducting cells of the vascular bundle of

parenchyma and on the outer face with the mesophyll tissue. Individual sheath cells may contain
EXTERNAL PHLOEM crystals.

SPONGY
MESOPHYLL

INTERNAL PHLOEM

The parenchymatous bundle sheaths are more common, but in certain dicotyledons bundles of
various sizes are enclosed in sclerenchyma, e.g., Winteraceae, Melastomaceae; (Bailey and Nast,
1944; Foster, 1947).

Vertical leaves. The leaves of many species of Eucalyptus do not spread out horizontally but
hang vertically, so that both surfaces of the leaf receive direct sunlight. In keeping with this fact,
palisade chlorenchyma is developed on both sides.

i f.
Fig. 12.11. Anatomy of dicotyledonous leaf of Nicotiana tabacum. T.S. through a part of leal
Diagrammatic detail. (After Avery).

|

VEINENDING TRACHEID

PALISADE SPHAERAPHIDES UPPER EPIDERMIS STOMA CUTICLE
BORDER PARENCHYMA

Fig. 12.12. Veins of the leaf. Diagram of vein ending in a leaf. The parenchyma tissue borderin|
vein is conspicuous.
Xylem is composed of various kinds of vessels, trachieds wood ﬁl;resd and w9<>1d p:relns(;h
i iral. Xylem conducts water, raw food material and a
Specially the vessels are annular and spiral ] t : o,
i ts of sieve tubes, companion ce pl
hanical support to the leaf. The phloem cons.ls t r
::‘:nchyma. The phloem serves for the translocation of prepared food material from the meso|
of the leaf.

12.13. Hydrophytic leaf. T.S. of floating leaf of Trap

a bispinosa, showing big air spaces, the
stomata confined to upper epidermis only.
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CUTICLE
COLLENCHYMA

PALISADE PARENCHYMA

SUBSTOMATAL
CAVITY

Fig. 12.10. Anatomy of dicotyledonous leaf.

Cross section through a midrib and a part of leaf blade
of a leaf of Ixora.
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Fig. 12.14. An isobilateral leaf. T.S. of lily leaf.
BULLIFORM CELLS MESOPHYLL

BUNDLE SHEATH

ANATOMY OF MONOCOTYLEDONOUS LEAF
PROTOXYLEM

The monocotyledons as a group show greater diversity of specialized leaf types. The leaves of
this group are not made up of stipules, petiole and leaf blade. In general monocotyledonous leavel
are parallel-veined.

Most of monocotyledonous leaves are nearly erect and more or less both surfaces usuall
receive direct and equal amount of sunlight. Such leaves are called isobilateral (isos = equal; bi
two; lateris = side). The internal structure of such leaves is more or less similar in both the uppi
and lower halves. The epidermis on either sides contains the stomata and the mesophyll is usuall
not differentiated into palisade and spongy parenchyma, but consists only of parenchyma cel
having chloroplasts and intercellular spaces among them.

ANATOMY OF LEAF OF ZEA MAYS (MAIZE)—MONOCOT
Epidermis. The epidermis is found on both upper and lower surfaces of the leaf. i
epidermal layers are uniseriate and composed of more or less oval cells. The outer wall of
epidermal cells is cuticularized. The upper epidermis may be easily identified due to the pres
of xylem and bulliform cells towards it. Stomata are confined to both the epidermal layers.
Mesophyll. As the leaf is isobilateral, the mesophyll'is not differentiated into palisade
spongy tissues. It is composed of compactly arranged thin walled, isodiametric chlorophyllous @
having well developed intercellular spaces among them.
Vascular bundles. The vascular bundles are collateral and closed as found
monocotyledonous stems. Most of the bundles are small in size but fairly large bundles, also @
at regular intervals. The xylem is found towards upper side and phloem towards lower side |
bundles. Usually each bundle remains surrounded by a bundle sheath consisting of thin W
parenchyma cells. The cells of bundle sheath generally contain starch grains in them. X
consists of vessels and phloem of sieve tubes and companion cells. Sclerenchyma cells oed
patches on both ends of the large vascular bundles which give meehanical support to the 16

GUARD CELLS SCLERENCHYMA

YLEM PHLOEM
SCLER ENCHYMA SUB-STOMATAL CAVITY EPIDERMIS LOWER

Fig. 12. isobil
ig. 12.16. Anatomy of isobilateral leaf. T.S. Triticum aestivum (monocot)
ATOMY OF THE LEAF O |
F TRITICUM AESTIVUM
Epidermis. As usual the e o b et

I A . pidermis layers are fo
e oo e ot the y und on both upper and lower surfaces of the

iate and c
> omposed of more or less oval cells having no intercellular

ﬂul'mvcells are found in the upper epidermis, The stomata are con
Aib-stomatal chambers are also seen in vertical section,
"M('r!mphyll. It is composed of more or less oval
them. Th i i
1] € mesophyll tissue is not clearly differentiated into palisade and spon
gy

tllyllld,‘ however, the cells towards E[)ldel maj Iayexs are somewhat elongated and palisade-like
3
\natal chambers ar € seen beneath the stomata.

chlorenchyma cells having intercellular spaces
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Fig. 12.17. Anatomy of Aloe (monocot) leaf. T.S. of a portion of leaf showing detailed inta
structure.
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ANATOMY OF GYMNOSPERM LEAF

The anatomy of the conifer leaf is described here with reference to the needle of Pinus because
the leaf of this genus has been investigated in most detail.

The leaf of Pinus is xeromorphic. The whole anatomy of the leaf makes it adaptable to
Withstand the low temperature and the scarcity of water supply.

The outline of the needle (foliage leaf) in a transverse section depends on the number of
hieedles in the dwarf shoot (spur). In P. monopylla the spur bears a single needle and therefore, the
outline of the needle is circular. In P. sylvestris each spur consists of two needles and the outline
0f each needle is semi-circular. In Pinus roxburghii and P. wallichiana each spur consists of three
licedles and therefore, the two flat faces of each needle are towards the inner side and the curved
fice towards the outside. Here the outline of the needle appears somewhat triangular. The centre
0f the needle is traversed by one or two vascular bundles surrounded by a peculiar vascular tissue,
Villed transfusion tissue, and a thick walled layer the endodermis. Outside the endodermis is the
Mesophyll. The peripheral layers are the epidermis and the morphologically differentiated
liypodermis.

low the level of the epidermis.

Hypodermis. Just beneath the epidermis there is a hypodermis which is composed of one or
0 layers of sclerenchyma cells. The hypodermis is several layered at the corners. The hypodermis
Interrupted by air-spaces beneath each stoma. )

Mesophyll. The mesophyll is not differentiated into palisade and spongy parenchyma. It
Nnists of thin-walled cells containing a large number of chloroplasts and starch grains. These

EPIDERMIS TRACHEIDAL CELLS

SUNKEN STOMA
SCLERENCHYMA

MESOPHYLL
TISSUE

Fig. 12.18. Leaf. T.S. of pine leaf.
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The Tissue

Groups or masses of the cells that are alike in origi
plant body consists of vegetative tissue a
I somewhat more com

The cells differ very much in their kind, form
ind origin in higher plants. Morphological]y,

a tissue is a group or a mass of cells or vessels, alike
In form, origin and function. From the study

point of view, the tissues may be grouped into three
principal groups — 1. Meristems or meristematic tissue; 2. Permanent tissue, and 3. Secretory
lissue.

1. MERISTEMS OR MERISTEMATIC TISSUE

A meristematic tissue consists of a

Wlivision or they retain their power of divisi
W [ollows:

'
2.
M

group of cells which remain in a continuous state of
on. The characteristic features of meristematic tissue are

They are composed of immature cells whi
Usually the intercellular spaces are not fo

The cells may be rounded, oval or polyg
walled. y

ch are in a state of division and growth,
und among these cells,

onal in shape; they are always living and thin-

4. Each cell of meristematic tissue possesses abundant cytoplasm and one or more nuclei in
it.

8. The vacuoles in the cells may be quite small or altogether absent.

RISTEMS AND GROWTH OF PLANT BODY

Beginning with the division of the oospore, the vascular plant generally produces new cells
forms new organs until it dies. In the beginning of the development of the plant embryo cell
lon occurs throughout the young organism. But as soon as the embryo develops and converts
il independent plant the addition of new cells is gradually restricted to certain parts of the
I body, while the other parts of the remain concerned with activities other than growth. This

A\ that the portions of embryonic tissue persists in the plant throughout its life, and the mature
o composite of adult and juvenile tissues. These juvenile tissues are known as the meristems.
Wience of meristems remarkably differentiates the plant, from the animal. In the growth
I from meristematic activity is possible throughout the life of the organism, whereas in

body the multiplication of the cells mostly ceases when the organism attains adult size and
ber of organs is fixed.

¥ lerm meristem (Greek meristos, m
Illitic of the tissue which bears this
¢ I8 a fundamental part of the process

eaning divisible) emphasizes the cell-division activity
name. It is obvious that the synthesis of new living
of the formation of new cells by division. The living
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tissues other than the meristems may also produce new cells, but the meristems carry on such activity
tuate themselves, that

indefinitely, because they not only add cells to the plant body, but also perpe
is, some of the products of division in the meristems do not develop into adult cells but remain

meristematic.
The meristems usually occur at the apices of all main and lateral shoots and roots and thus their
number in 2 single plant becomes quite large. In addition, plants bearing secondary increase in
thickness possess extensive meristems, the vascular and cork cambia, responsible for the secondary
growth. The combined activities of all these meristems giverise to 2 complex and large plant body-
The primary growth, initiated in the apical meristems expands the plant body and produces the
reproductive parts. On the other hand, the cambia, aid in maintenance of the expanding body by
increasing the volume of the conducting system and forming supporting and protecting cells.
CLASSIFICATION OF MERISTEMS
Various systems of classifying meristems have been proposed by many eminent workers which
are based on the characteristics such as stage of development, position in plant body, origin,
function and topography- No system is exclusive and rigid. A few important types have been

discussed here:

1. Meristems Based on Stage of Development
ordial meristem. Promeristem is the region of new gro
of organs is initiated. Sometimes, it is also called

Promeristem or prim! wth in a plant
body where the foundation of new organs or parts
primordial meristem, urmeristem and embryonic meristem. From the view point of its structure, this
region consists of the initials and their immediate derivatives. The cells of this region are
isodiametric, thinwalled, vacuolate, with active cytoplasm and early stages of pits. Prominent nuclel
and inconspicuous intercellular spaces may be seen. As soon as the cells of this region begin 10

shape, and character of wall and cytoplasm, setting off the beginning of tissué

change in size,
art of typical meristem; they have passed beyond that earliest

differentiation, they are no longer a p
stage.
2.AMe'ristems Based on Origin of Initiating Cells

condary meristems. The meristems aré classified as primary and secondar)

Primary and se
on the basis of type of tissue in which origin occurs.

The primary meristems are those that build up the primary part of the plant and consist in pil
of promeristem. In primary meristems, promeristem is always the carliest stage. The possession
promeristem continuously from 2 early embryonic origin is characteristic of primary meristems. T
main primary stems are the apices of roots, stems, leaves and similar appendages.

The secondary meristem appears later at a stage of development of an organ of @
Secondary meristems always arise in permanent tissues and they are always found lying laté
along the side of the stem and root. Sometimes, sOmMe of the primary permanent tissues acquire
power of division and become meristematic. These tissues build up the secondary merist@
Secondary meristems are so called because they arise as new meristems in tissue which i
meristematic. The most striking example of secondary meristem is phellogen or cork cambiurll

is formed from mature cells — cortical, epidermal or phloem cells.

The primary meristems build up the early and structurally and functionally complete pl
body. The secondary meristems later add to that body forming supplementary tissues
functionally replace the early formed tissues or serve in protection and repair of wounded regl
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PP t Body . . ups —
. on Position in Planf ) d into three group:
3. Meristems Blas'ed B i plant body, the meristems may be classifie
i ;
As regards their pos ’ lateral meristem. ular
apical meristem, intercalary meristem and lies at the apex of the stem and the root of vasC

The apical meristem o the activity of these

Apical meristem. one or more cells

lants. Very often they aj .
lr)neristems, the organs increase “}r 1::53 e
situated at the tip of the or%an.' D T
are called ‘apical cells’ or ‘apica lm i
in higher vascular plants they oceur
in position.

" Intercalary meristems. The
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portions of -apical meristems t ;
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of more mature or permanent tisSU 1
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meristematic, but later on some (:e
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rapidly than the r.est and‘m o

internode a definite continuo i
sequence of develqpmem1 !
maintained. The interca ary

meristems are found 1ym.g in

between masses of permanent tissues
either at the leaf base or ?n the base
of internode. Such meristems aref

commonly found in the stems o

grasses and other monocotyledonous

d horsetails, where they are

plants an
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4. Meristems Based on Function

As regards their function a system of classification of meristems was proposed by Haberlandt
in the end of nineteenth century. He suggested that the primary meristem at the apex of the stem
and root is distinguished into three tissues — protoderm, procambium and ground or fundamental
meristem. The protoderm is the outermost tissue which develops into epidermis. The procambium
develops into primary vascular tissue. It forms isolated strands of elongated cells very near to the
central region; in cross-section each procambium appears as a small group of cells in the ground
or fundamental meristem, but in longitudinal section the cells appear to be long and pointed. The
ground or fundamental meristem develops into ground tissue and pith; the cells of this region are
large, thin walled, living and isodiametric. In later stages, they become differentiated into
hypodermis, cortex, endodermis, pericycle, pith rays and pith. .

Meristem and meristematic. The terms meristem and meristematic, as applied to developing
cells and tissues, are somewhat loose. According to Eames and MacDaniels, the term ‘meristem’
I8 applied to regions of more or less continuous cell and tissue initiation; the adjective
'meristematic’ is used to indicate resemblance in an important way to a meristem, but not

Necessarily as consisting of or constituting meristem, i.e., it is applied to those cells, tissues and
Iegions that have characteristics of developing structures — especially cell division — but do not
{hemselves strictly constitute meristems. For example, the apices of the stems and the cambium are

gions of tissue initiation, developing xylem and phloem are meristematic tissues, because they

{brm some new cells and are immature but they are not permanent or semipermanent initiating

jtlons (meristems). On the other hand, cells in mature tissue, such as the primary cortex of stems,

y divide. Such cells are meristematic, but neither they nor the tissues of which they are a part
Iistitute a meristem.

MERISTEMS AND PERMANENT TISSUES

In active meristems there occurs a continuous separation between cells that remain
Istematic — the initiating cells — and those that develop into the various tissue elements —
erivatives of the initiating cells. During this process of developing the derivatives gradually
jie, physiologically and morphologically, and assume more or less specialized characteristics.
lier words, the derivatives differentiate into the specific elements of the various tissue-systems.
{he cells of vascular plants vary in their physiologic and morphologic characteristics, they also
In details of differentiation. Different types of cells attain different degrees of differentiation
ipared with their common meristematic precursors. For example, various parenchyma cells
¢ relatively little from their meristematic precursors and retain the power of division to a high
, On the other hand, such as sieve elements, fibres, tracheary elements are more thoroughly
lled and lose most, or all of their former meristematic potentialities. These variously
Hlated cells are known as mature or permanent in the sense that they have reached the degree
lnlization and physiological stability that normally characterizes them as components of
tissues of an adult plant part. During the differentiation of tissues from meristems the
vos of meristematic cells synthesize protoplasm, enlarge and divide. It is difficult to delimit
Mtem proper from its recent derivatives. The development of meristematic derivatives into
Wolls also is gradual. In other words, the differentiation is a continuous process.

2. PERMANENT TISSUES

permanent tissues are those in which growth has stopped either completely or for the time
Inetimes, they again become meristematic partially or wholly. The cells of these tissues
llving or dead and thin-walled or thick-walled. The thin-walled permanent tissues are
living whereas the thick-walled tissues may be living or dead. The permanent tissues may
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be simple of complex. A simple
tissue is made up of one type of cells
forming 2 uniform of homogeneous
system of cells. The common simple
tissues are. parenchyma,
collenchyma and sclerenchyma.
complex tissue is made up of more

than one type of cells working c
together as 2 unit. The complex
tissues consist of parenchymatous
and sclerenchymatous cells;
collenchymawus cells are not
present in such tissues The common
examples ar¢ — the xylem and the INTERCELLULAR
phloem. b AIR SPACES :
5. NTERCELLU
SMLE“SSUFS Fig. 53 parenchyma. A, from pith of rhizome of Iy, 5.4. Aerenchyma—in the petiole of AlR SPACELSAFi
1. Parenchyma: The paren~ Polypodium; g, from cortex of root of Commonly the pare Canna. Fig. 5.5. Aerench
chyma tissue iS composed of living Asclepias, the cells containing starch grainsi ‘ ury walls. Some Sto‘[’;’;‘z’fsa cells have thin primary walls. S chyma—in the petiole of banana
arenchym s. Some s .
: yma develop remarkably thick l:::“c:gs:“zy have also thick
e carbohydrates

C and D, from pith of Zea in transverse and

cells which are yariable in their
longiludinal sections.

morphology and physialagy, but

generally having thin walls and @
plant. The individual celld

polyhedral shape, and concerned with vegetative activities of the
ma is derived from the Greek pard, beside and p BHLOROPLA
1 STS

known a8 parenchyma cells. The WO

chein, to pour- This combination of words expresses the ancient concept of parenchyma as a A

liquid substance poured besi i d earlier and are more §0!

Phylogenatically the parenchyma is a primitive tissue since the lower plants have given rise 10
ion and since the single type OF the few types of cells found I\

higher plants through specializat
lower plants have become by spec'\alization the many and elaborate types of the higher plant,
unspec'\al'\zed meristematic tissue is d is often called parenchyma thus it can be

parcnchyma an
that, omogemically parcnchyma is a primitive tissue.
renchyma consists of '\sod'\ametric, thin-walled and equally expanded celln
olygonal in shape having well developed spaces
rection. The cells of this tissue are livh
or more i

Usited in these walls, the hemicellulose, are regarde: 'y SOome€ WOrKers as reserve materials
ted in th tl a SEerve m
he h ded b ki 1 1

k walls oc .
cur, in the
lea. T endosperm ;
a. The walls of such endospermolf) Phoenix dactylifera, Diosp.
ecome thinner duri > yros, Aspara
ring germination gus and Coffea

parenchyma cells are oval, rounded or P
them. The cells are not greatly elongated in any di
contain sufficient amount of cytoplasm in them. Usually each cell possesses one

Parenchyma makes up 1arge parts of various organs in many
the pulp of fruits, endosperm of seeds, cortex of stems and roots, and other organs of planti
mainly of parenchyma. The parenchyma cells also occur in xylem and phloem.

In the aquatic plants, the parenchyma cells in the cortex POSSEsS well developed
(intercellula\' spaces) and such tissue is known as aerenchyma. Pparenchyma
water storage tissue in many succulent and xerophytic plants. n Aloe,
Hakea and many other plants chlorophy“—free, thin-walled and water-turgid cell
represent water storage tissue- i

chloroplasts in them, and such tissue 1 known as chlorenchy
developed aerating system- I

ntercellular spaces
(ch\orenchyma) of stems t0O0-

AIR SPAC
IN ES
(INTERCELLULAR SPACES)

| Palisade
parench
aral i yma. Secti
:Ont;‘el with the epidermis éllon cut Fig. 5.7. Spo
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paces. rcellular
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0 maintained thy s help in giving rigidi
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Wi water stor s. In many succule yancy of the pl ynthesis
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epidermis at variable distances. They are known as cortical fibres. The fibres forming sheaths around
the vascular bundles in the monocotyledonous stems arise partly from the same procambium as the
vascular cells, partly from the ground tissue. The fibres present in the peripheral region of the vascular
cylinder, often close to the phloem are known as pericyclic fibres. The extraxylary fibres are sometimes
combined into a group termed bast fibres. Generally the term extraxylary fibres is used for bast fibres,
which are classified as follows — phloem fibres, fibres originating in primary or secondary phloem;
vortical fibres, fibres originating in the cortex; perivascular fibres (Van Fleet, 1948), fibres found in
the peripheral region of the vascular cylinder inside the innermost cortical layer but not originating in
the phloem. The extraxylary fibres may vary in length, and their ends are sometimes blunt, rather than
lupering, and may be branched. The longest fibres (primary phloem fibres) measured Boehmeria
flivea (ramie). The cell walls of extraxylary fibres are very thick. The pits are simple or slightly
hordered. Some possess lignified walls, others non-lignified. The fibres of Linum usitatissimum are
on-lignified, and their secondary walls consist of pure cellulose. On the other hand, the extraxylary
bies of the monocotyledons, are strongly lignified. Concentric lamellations are found in extraxylary
bies. In the fibres of Linum usitatissimum the individual lamellae vary in thickness from 0.1 to 0.2p1.

Xylem fibres typically possess lignified secondary walls. They vary in size, shape, thickness of
ull, and structure and abundance of pits. :

Sclereids. The sclereids are widely distributed in the plant body. They are usually not much
jier than they are broad, occurring singly or in groups. Usually these cells are isodiametric but
0 are elongated too. They are commonly found in the cortex and pith of gymnosperms and
lyledons, arranged singly or in groups. In many
les of plants, the sclereids occur in the leaves.
loaf sclereids may be few to abundant. In some i
A the mesophyll is completely permeated by
Ids. Sclereids are also common in fruits and 5
, In fruits they are disposed in the pulp singly =
Jtoups (e.g., Pyrus). The hardness and strength

weed coat is due to the presence of abundant A
Iy, SUBEPIDERMAL SCLEREIDS
lie secondary walls of the sclereids are

ly lignified and vary in thickness. In many

i the lumina are almost filled with massive @ @

posits and the secondary wall shows B c
Il pits. Commonly the pits are simple and
lered pits may also occur.

EPIDERMIS MACROSCLEREIDS

7
|

e

Fig. 5.12. Sclereids of leguminous seed

coats. A, the epidermis of a
Aclereids are grouped into four categories solid layer of macrosclereids; B,

1949, They are 35 follows — 30geepidermalmacre
w;:'lids, macrosclereids, osteosclereids and sclereid s.‘ ( Aﬁ‘er K. Esgu).
ils.

ysclereids. These stone cells or sclereids are short and more or less isodiametric. They are
distributed in cortex, phloem and pith of stem and in the pulp of fruits.
p p pulp

Aclereids. They are more or less rod-like cells forming palisade-like epidermal layer of
(0f Leguminosae) and fruits and frequently found in xerophytic leaves and stem cortices.
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Origin. As regards their origin, the parenchyma tissue of the primary plant body, that is, the
parenchyma of the cortex and the pith, of the mesophyll of leaves, and of the flower parts,
the ground meristem. The parenchyma associated with the primary and \

differentiates from
secondary vascular tissues is formed by the procambium and the vascular cambium respectively-

Procambium——parenchyma associated with the primary yascular tissues-
vascular tissues.

Vascular cambium——parenchyma associated with the secondary
e phellogen in the form of phelloderm, and it may be

Parenchyma may also develop from th
increased in amount by diffuse secondary growth.
Phellogen——?hél\oderm (parenchyma)r

2. Collenchyma. Collenchyma is a living tissue composed of somewhat elongated cells with

thick primary nonlignified walls. Important characteristics of this tissue are its early development

lity to changes in the rapidly growing organ, especially those of increase in length:

and its adaptabi
When the collenchyma becomes functional, no other strongly supporting tissues have appeared. It

gives support to the growing organs which do not develop much woody tissue: Morphclogically.

collenchyma 15 2 simple tissue, for it consists of one type of cells.

a typical supporting tissue of growing organs and of those mature herbaceoul

Collenchyma is
organs which are only slightly modified by secondary growth or lack such growth completely. |
e main supporting tissue

is the first supporting tissue in stems, Jeaves and floral parts. It is th

many dicotyledonous Jeaves and some green stems. Collenchyma may occur in the root cortl
panicularly, if the root is exposed to light. It is not found in the leaves and stems$
s. Collenchyma chiefly occurs in the peripheral regions of stems, and leaves. It

monocotyledon s |
commonly found just beneath the epidermis. In stems and petioles with ridges, collenchymé

particularly well developed in the ridges. In leaves it may be differentiated on 0n€ or both sides

the veins and along the margins of the leaf blade.
sists of elongated cells, various in shape, with unevenly thickened W

The collenchyma con
rectangular, oblique or tapering ends, and persistent protoplasts. The cells overlap and interl

forming fibre-like strands. The cell walls consist of cellulose and pectin and have a high W

content. They ar€ extensible, plastic and adapted to rapid growth. In the beginning the strandi
atic 1l

of small diameter but they are added to, as growth continues, from surrounding meristem:
The border cells of the strands may be transitional in structure, passing into the parenchymi
As regards the cell arrangement (here are three types of collenchyma — angular, lamellar
tubular. In angular type the cells are irregularly arranged (2.8 Ficus, Vitis, Polygonuni
Rumex, Boehmeria, Morus, Cannabis, Begonia); in lamellar type the cells lie in tangential
(e.g Sambucus, Rheum, Eupaturium) and in tubular type the intercellular spaces are present
Compositae, Salvia, Malva, Althaea). The common typical condition, is that with thickenl
the corners. The three forms of collenchyma have been named by Muller (1890) o
), lamellar (Pla\tencolenchym), and tubular or Jacunate (Luchencollcno

(Eckenco\\enchym
respectively- The word jamellar has reference to the plate like arrangement of the thicken

lacunate (tubular) t0 the presence of intercellular spaces.
The walls of collenchyma are chiefly composed of cellulose and pectic compounds and

Majumdar and Preston, 1941). In some species collenchyma walls pof

much water (
alternation of layers rich in cellulose and poor in pectic compounds with layers that are

nds and poor in cellulose. In many plants collenchyma is 2 compact tissue

pectic compou
intercellular spaces- Instead, the polemial spaces are filled with intercellular material (M

1941).

.5.8. Coll
and?rr;?]rsr)\llr:a. A and B, longitudinal Fi
SMtrans rse sections from stem of I
tuberosum; C, transver: y
) se
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of Cucurbi

ang]esl;'rbéla stem (thickenings in th

Lacmc‘; S;elyancunar collenchyma o(:

et where intercellul
present and the thickeningsr

The matur are loc
€ C ated ni
ollenchyma cells are living and ¢ * oxt to these spaces.
ontain

plasts. Chloroj
plasts also .
y are found occur in variabl
aches parenczbunqamly in collenchyrenzualﬁ?rs' ‘
bng narrow cyerTla in form. Collenchyma COnsistl'Ch
s contai ng
ropl ins onl
CE asts or none. Tannins m y a few small
yma cells. ay be present in
Ontogeneti
cally collench
mbium li chyma develop fi
r¢:ntiatinlke cells that appear vel:yr:;nlelo.ngate’
R . ag meristem. In the beginn~r y in the
car inpa;es are present among these ceiln g{, small
gular and lamellar types assrhUt thley
e cells

¢, either b
y the B
lular substance. enlarging cells or filled by

NARROW
& LUMEN

¢ chief prim 5
ary functi A

10 the on of the tissue i . LIGNIFIE
the plant body. Its supporti sue is to give TN WAL
ripheral position i pporting value is increa
mid-ribs. Wh on in the parts of stems, peti sed
they ca' en the chloroplasts are ,rp IOI?S

rry on photosynthesis present in

lerench:
yma. The scl
lyma, an infusi erenchyma (Greek
, an infusion) consists of thick wa’l::;eml,;s’ Fig. 5.10. Sclere‘:ch
cells, yma. A, L.S
» L.S. of

ified, wh :
ose main function i i
P on 1S me ¢ 3 fi .
ng tissué that withstands vari echanical. This is SF”GS, B, T.S. of fibres; C
’ various strdins which Ilngle fibre as See’n .‘a
' ongitudinal secti in
ction.
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1 A
114, Tracheids. A, L.S. and T.S. of tracheid from Pinus strobus; B, L.S. and T.S. of normal

tracheid from Quercus alba; C, flattened and distorted tracheid from the spring wood of

Quercus alba. (After E & M).

X TISSUES
bie the vascular tissues have been treated as complex tissues. The most important complex
We — xylem and phloem.

lem is a conducting tissue, which conducts water and mineral nutrients upward from the root
Ves. The xyleni is composed of different kinds of elements. They are: (a) tracheids, (b) fibres
Wrucheids, (c) vessels or tracheae, (d) wood fibres and (e) wood parenchyma. The xylem is
| for mechanical support to the plant body.

richeids. The tracheid is a fundamental cell type in xylem. It is an elongate tube like cell
ting, rounded or oval ends and hard and lignified walls. The walls are not much thickened.
| protoplast and non-living on maturity. In transverse section the tracheid is typically
ligh more or less rounded forms occur. The tracheids of secondary xylem have fewer
I¢ more sharply angular than the tracheids of primary xylem. The end of a tracheid of
ylem is somewhat chisel-like. They are dead empty cells. Their walls are provided with
Idered pits arranged in rows or in other patterns. The cell cavity or lumen of a tracheid
Without any contents. The tracheids possess various kinds of thickenings in them and
Wlistinguished as annular, spiral, scalariform, reticulate or pitted tracheids. Tracheids alone
i of ferns and gymnosperms, while in the xylem of angiosperms they occur associated
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llecreases and the number and size of the pits found
Uil the walls also decrease. Sometimes the lumen of the
eIl becomes too much narrow or altogether
Abliterated and simultaneously pits become quite
il in size. At this stage it is assumed that either (\

lere is very little conduction of water or no

@® -

O%?T%HED liduction through such type of cells, typical fibres
formed. Between such cells (i.e., fibres) and normal
| TRACHEIDS theids there are many transitional forms which are
Iher typical fibres nor typical tracheids. These H
hitional types are designated as fibre-tracheids.
pits of fibre-tracheids are smaller than those of
s and typical tracheids. However, a line of I
Ication cannot be drawn in between tracheids
libre-tracheids and between fibre-tracheids and d
. When the fibres possess very thick walls and Vi
(l simple pits, they are known as libriform wood ; /
ids of pine stem in because of their surnle}nty to phloem fibres (}1ber ; i
; Fig. 5.16. Tracheid_s. Trachei S oits em ﬁbres).' The libriform wqod ﬁbres.chleﬂy
Fig. 5.15. Tracheids. A, @ scalar“?\rmv‘vr:ﬁh;wt:; R.L.S. with bordere lT| WOfO f('i[}), dlCOt}}’lle_‘;ons fie.f'gl; i Lfegummosae)' /
1g. 9-19- R ortion of the . § of fibre tracheids and fibres of many genera "
;e;;éar;l:ggifIEd' The tracheids are specially adapted to T:?l;:‘:u rent families possess gelatinous Iayersi The / / H
. d other xylary elements. id in support and where there are Nsessing such layers are known as ge{atmous 0
with the vessels af‘ d rigid walls of tracheids also aid 1 he support of an organ. IS, fibre-tracheids and fibres. In certain fibre- 7| i Vi
conduction. The thick mtlhe t;gacheids play a prominent partin ! at of the fibre, the thickneid ili the protoplast persists after the secondary " 14
other supporting cells. heids. In the phylogenetic developmle es the length of the celld linture and may divide to produce two or more s i
(b) Fibres and i'mre_“(-is"cmeter of the lumen decreases. In most typ! 15. These protoplasts are separated by thin
the wall increases while the dial @ partition walls and remain enclosed within /
nal wall. Such fibre tracheids are called A C N
bre-tracheids. In fact, they are not individual @ @ ©
@ @ I@ @ 1ows of cells. Here, the transverse partitions B D F
uI.Is, and each chamber has a protoplast Fig. 5.19. Wood fibres and fibre-
@ @ \ r : tracheids. A and B, L.S. and
= essels. In the phylogenetic development of T.S. of fibre-tracheid from
@ ! BSRDS,?\ED Il the diameter of the cell has increased Malus pumila; C and D, L.S.
@“ N@ ain ull has become perforated by large and T.S. of libriform fibre from
o\ @ Ol Due to these adaptations and Quercus alba; E and F, LS.
® J: 0 —/—I Q“ lons water can move from cell to cell v and T.S. of septate fibre-
L = fesistance. In the more primitive types of tracheid - from  Swietenia
@6 W © @ 2 TRACHEIDS jieneral form of the tracheid is retained mahagoni. (After E. and M.)
@ @- . in diameter is not much. In the most advanced types, increase in diameter is much and
@ Il BORP?TESF‘CD himes drum-shaped (e.g., Quercus alba). The tracheid is sufficiently longer than the
@ © @ e @ \\ | {rom which it is derived. The primitive vessel is slightly longer than the cambium cell.
@ @ @ @ \‘ nnced _type of vessel retains the length of cambium cell or is somewhat shorter, \yith a
© @ @ u ler than its length (drum-shaped vessel). The ends of the cells change in shape in the
© I to highest specialization. The angle formed by the tapering end wall becomes greater

ig. 5.18. Tracheids with border

pine stem (diagramr\‘\I“ il the end wall is at right angles to the side walls (as in drum-shaped vessel in Quercus

pit
Fig. 5.17. acheids with borde ed pits of piné

stemin R.L.S.
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The secondary walls of vessel-elements

levelop in a wide variety of patterns. Generally,
I the first-formed part of the primary xylem a
iore limited area of the primary wall is covered
y sccondary wall layers than in the later-
imed primary xylem and in the secondary
lem. The secondary thickenings are deposited
the vessels as rings, continuous spirals or
lices, with the individual coils of a helix here
there interconnected with each other,
Iy the wall a ladder-like appearance. Such
Ndary thickenings are called — annular,
| or helical and scalariform respectively. In
Il later ontogenetic type of vessel elements,
liculate vessel elements, the secondary
uppears like a reticulum. When the meshes

F feticulum are transversely elongated, the
ium | ning is called scalariform-reticulate. The

s sel) — A, the cambiu 1
ement. (Ontogeny of the vesse!) elements are characteristic of the latest

plasm restricted

ent of vessel el
he mature, perfo!

B, the much enlarged cell; C.t |

periphery; E, the cytoplasm lost,

empty cell. (After E. & M.) .
alba). Some intermediate forms pos:ess :;:;
vessels is much greater than that 0 Ka i
partition walls they form long ulxbzs st mr;\;i g
P alre (;:ltli:nnf‘z\r;c;‘ “‘:‘“ e adant hey are either scattered
closely.

walls of the vessels. ;

he cell further enlarged; D, the cyto

hin end walls disintegrating; F, 1 ylem and of the secondary xylern.

essels are characteristic of the
erms. However, certain angiospermic
W lack the vessels — the Winteraceae, Fig. 5.22. Vessel elements. A and B, L.S.
lendraceae and Tetracentraceae. In and T.S. of vessel from Betula; C
nocotyledons (e.g., Yucca, Dracaena) and D, L.S. and T.S. of vessel from
ibsent from the stems and leaves. They Liriodendron; E and F, L.S. and
In some species of Selaginella, in two T.S. of vessel from Malus.

Fig. 5.20. The developm

¢ end wall. Usually the dliam
he presencé of perforationt
onducted from root t0 e
£ tracheids and cover !
efinite patterhl

-like lips beyond th
ds and because of
h water is being ¢
those 0
or arranged in d

abundance t

PERFORATION
PLATE

oo
020252 008 £05000965°5° °

258 SSSTFTeIN T,
)

s from Quercus alba,

4B, LS. and T.S. of vessel

i ings

l-element walls are known as perforations- "\th}\:i; r:ﬁ:r; i rgﬂ"
i ering types. The area in whi

e Slenderr’xlljpthis %s an end wall. The stripes of cell .

on bars. The perforation plate thn bears A

1. 1f there are two OF more openings, they

Fig. 5.21. Vessels. A an

AN
PERFORATION PLATE PITS D

The openings in vesse
~—SCALARIFORM —=— LSIMPLE -

ept in C
{o the end walls excep e
is known as perforation plate. Comm §
scalariform perforations are the perfora. i
is described as having simple perforatio

multiple perforations.

FORMINATE

walls of vessels with perforation plates. A scalariform vessel of Pteridium; B,
Inate type of Ephedra; C, scalariform vessel of Vitis and D, simple type of Vitis.
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starch or fat. Tannins, crystals and various
other substances also occur in xylem
parenchyma cells. These cells assist directly
or indirectly in the conduction of water

upward through the vessels and tracheids.

2. PHLOEM

The xylem and phloem have evolved
lar lines. In xylem a
structurally and
as become 2 vessel

along more or less on simi
series of tracheids,

functionally united, h
whereas in phloem 2 series of cells similarly

united, forms a sieve tube. The fundamental
cell type of xylem is tracheid, whereas in
phloem the basic cell type is the sieve
clement. There are tWo forms of sieve element
— the more primitive form is the sieve cell of
gymnosperms and lower forms where series of

united cells do not exist, the unit of a series,
the sieve tube element. Phloem like xylem, is 2
d consists of the following

complex tissue, an
elements — (@) sieve elements, (b) companion

cells, (c) phloem fibres and (d) phloem
parenchyma. In the pter'\dophyles and
gymnosperms only sieve cells and phloem
parenchyma are present. In some
gymnosperms, sieve cells, phloem
parenchyma and phloem fibres are present. In
angiosperms, siev
secretory cells are present.
(a) Sieve elements.
elements. They may be segregated int

COMPARISON OF T

Tracheid

1. The tracheids are sh
upto 1 mm. in length.

length becomes upto 1.2 cm. Of s0.

nsists of a single elongate

2. Itco
which possesses tapering end walls.

3. The tracheids are not tub
tracheids fou
separated by cross wa

ardered ni h

e tubes, companion cells, phl

The conducting elements
to the less specialized sieve cell

ort and are generally
In rare cases their

d cell

ular. The

nd one above the other are
11s which bear

Plant Anatomy. The Tissue

lubes or sieve tube elements. The

morphologic specialization of sieve

¢lements is expressed in the

ceve ‘ovlclopmem of sieve areas on
S s Iheir walls and in the peculiar
udifications of their protoplasts

b o .\'[m./e areas are depressed wali
; = us with clusters of perforations,

SIEVE PLATE

c
Y @ mgh which the protoplasts of
4 ! P~A:E Loem .ndjacent sieve elements are
{ - . '\J:_EEYMA tconnected by connecting
‘ i mla:. In a sieve area each
‘ » \ » 1 NUCLEUS 0 ]l.ng strand remains encased

4] . tyh

‘ : somp il ylinder of §ubstance called
Ia I ) i . The wall in a sieve area is a
i “ ‘ . l¢ structure consisting of two
» .:{: » ( UCLEUS ' 'uf primary wall, one
kl S]'DELY\%TT%%E Nging to one cell and the
: lk S5 to 'another, cemented
\ \ PAF;EL r: g ?,Y)M A lier by intercellular substance.
\ the pits in the tracheary
SIEVE PLATE 14, the sieve areas occur in

numbers and are variously
lled in sieve elements of
{ plants. The wall parts
(e highly specialized sieve
unl.led sieve plates (Esau,
Wl sieve plate consists of a
ve area, it is a simple
(¢. Many sieve areas,
i wealariform, reticulate,
@I manner, constitute a
sleve plate. However,

Fig. 5.27. Phloem. Phloem tissue from the

Nicotiana.

oem parenchyma, phloem fibres, sclerd

of the phloem are collectively knowh
Is and the more speciall

RACHEID AND VESSEL
Vessel

1. They are comparatively longer
reach upto 10 cm. in length. i1
they attain the length upto 2
(e.g.,In Eucalytus, Quercus,

2. The vessel consists of a 10
placed one above the ol
intervening walls are absent.

3. The vessels are tubular and Iy
walls. They are well adap
conduction of water. Th

perforated by small or largé yompanion cell

PUC
' ‘%S'EVE PLATE

m, T.S. through a sieve plate
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Fig. 5.28. i
g. 8. i';hes iZZI?ﬁm. Sieve cells and sieve-u:ée elements
iew and cross-section, wi i
- , with
s?ructure of sieve plates. A and B, L.S ancée';aslled
sieve cell of Pteridium; C and D, L.S . and T.S' 0;
sie i i olls - od Ir
Liri;se::jl:snwghdg?r_!rp?mon cells attached in
; E, detail of sieve plate i H
F and G, sieve tubi : Lo e
) e from Malus ilai ’
T.8.; H, detail of siev e e
i H, e plate in sarhg; | i
::)be from Robinia in L.S xd a;dSJ S\I:i‘:z
mpanion cells att; H letai jeve
compant ached; K, detail of sieve plate

Fig. 5.30. Phloem. Differentiation of sieve
tube members in Cucurbita.
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2 o -:T‘; > o) 'HJE rrn-%(; o 3 125. Protoxylem. A, L.S. of protoxylem from Arisaema fruit, the elements are all annular; B —
35 = z z %rg ‘2 % fg 3 2C g‘ 3 m C, L.S. and T.S. of protoxylem from Zea, the surrounding parenchyma pulled away from
£ %é m £ o b3 og %E% ro the protoxylem elements, leaving a large lacuna.
Z z m <X g2 mz : ; s
B > '6')%’ £ E 2 = li. When the cell reaches its maturity, the cytoplasm of the os
Q Z gins to disintegrate. In certain woody plants the nucleus oY
m
~ W

% quite small and flat and lies in scant cytoplasm against
Il where perforation is about to occur. As soon as the
wall becomes mature, the perforation of the end wall and
the protoplast begin. The wall in the perforation area
W thinner and thinner and ultimately disintegrates. The
on in all members of a vessel series takes place from one
¢ other and not simultaneously (see Fig. 5.22).
Wood parenchyma. The parenchyma cells which
ly occur in the xylem of most plants. In secondary xylem
occur vertically more or less elongated and placed end
known as wood er xylem parenchyma. The radial

n longitudinal A, and transverse s00

and metaxylem i )
ek agid taxylem towards right.

i imary xyle
Fig. 8:2% Fl;:lotoglem towards left and me

erms, in the Gnetales (
f Pteridium among the pteridophytes; among the gymnosp
species of Frel

Welwitschia and Gnetum).
Ontogeny of the vesse
cambium by the fusion of the

1. The vessels are formed from pr ocambium cells or derly
cells end to end during the last stages of developmer t. DUl

fusion the end walls are lost and the lumina of the series of the cells are freely open
another. forming a lon From the mer: ematl age the vessel € ements increase
S
s It tube m the m ist c stag
g
2

imply perforate |
i he elongate, simp
i i erforations and t oo
i els with scalariform p : : ol ariR
diameter. Tlhe Vtehs Sto some extent, the tips forming tl'r;ﬂsdwhx((::'ne;iongate g
el dev tified cambium cells, do 1 someiiiy
Py i i cell wall, remains
e g i h in cell size, the primary : cons
g e e the perforations. These ‘
e athote i disintegrate to form the p ol
i which later disinteg f e

o i mo'se ahm'asm'rn'gins In the sectional view they are lens-shap
and limited in their .

seen to be three layere om| ng of the prima Wi of the two adjacent cells and
h lay d, composing the p ry alls : €
3

I xylem ray parenchyma. The xylem parenchyma cells

long as the fusiform initials, or they may be several
er, if a fusiform derivative divides transversely before
llon into parenchyma (wood parenchyma). The shorter
n parenchyma cells is the more common. The ray and
renchyma cells of the secondary xylem may or may

oo
Sols

02

&
i
0 o
B

series of the cells form the wood rays and are known Fig, 5.26. Wood parenchyma. A

and B, L.S. and T.S. of
wood parenchyma from
Quercus alba; C and D,
L.S. and T.S. of wood
parenchyma from
Carya ovata.

ondary walls. If a secondary wall is present, the pit pairs between the parenchyma cells
licary elements may be simple, half-bordered or bordered. In between, parenchyma cells
pit pairs occur. The xylem parenchyma cells are noted for storage of food in the form of
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just as vessels may have
perforation plates in their side
walls, sieve tube elements may
have sieve plates in their lateral
walls.

The two types of sieve
elements, the sieve cells and the
sieve-tube elements differ in the
degree of differentiation of their
sieve areas and in the distribution
of these areas on the walls. Sieve
cells are commonly long and
slender, and they are tapering at
their ends. In the tissue they
overlap each other, and the sieve

areas are usually numerous on
these ends. In sieve-tube elements,
the sieve areas are more highly
specialized than others and are
localized in the form of sieve
plates. The sieve plates occur
mainly on end walls. Sieve-tube
elements are usually disposed end
to end in long series, the common
wall parts bearing the sieve plates.
These series of sieve-tube
clements are sieve-tubes.

The lower vascular plants
and the gymnosperms generally
have sieve cells, whereas most
angiosperms have sieve-tube
elements. The sieve-tube elements
show a progressive localization of
in the orientation ©
compound to simple sieve plate
on the side walls.

The sieve elements generally poss
¢ elements is their relative thickness (Esa

evident during the late stages
tionally thick. The thick sieve

the primary walls of siev
wall generally becomes
plants this wall is excep

The most important characteristic

nucleus when the cell completes

occurs during the diffi

resembles other procambial or ca
s. Later the nucleus disorganizes and disappears.

a conspicuous nucleu
The important property ©

variable amounts of a relatively viscou

£ these end walls fro
s; and a progressive decrease in

erentiation of the elem

£ the sieve-element

Plant Anatomy The Tissue
’l‘hle slime appears to be located "
St ‘ mainly in the cell-sap together with

various organic and inorganic
Ingredients. The slime originates in
the cytoplasm in the form of
(liscrete bodies, the slime-bodies.
Iliey may be spherical, or spindle
lnped, or variously twisted and
uiled. They occur singly or in
ultiples in one element.

(b) Companion cells. The
mpanion cell is a specialized
of parenchyma cell which is
wely associated in origin,
\lion and function with sieve-
¢ clements. When seen in
verse section the companion
|y usually a small, triangular,
o or rectangular cell beside
o-tube element. These cells
llving having abundant
lar cytoplasm and a
Inent elongated nucleus
I retained throughout the
the cell. Usually the nuclei
Yompanion cells serve for
lol of sieve tubes as they
. The companion cells
Pontain starch. They live
long as the sieve-tube
| with which they are
und they are crushed with those cells. Th i
- ! . The companion cells are formed by longitudi
T e s o

- 0 . ¢ tube element. The companion initi
b Cyc Z;:,;:ll :::,S Producmg a row of companion cells so t}?at one :zus:‘:::’::

il diziSion s;evejmbe element'. A companion cell or a row of companion

- ok The_ e Ofo a 51ng!e companion-cell initial may extend the full length of

B e i oot s ey phloet o
n oo

plants whereas numerous companion cells oczur li:nt;eeusse(;z‘r::galrr; l;f;fl';:i’] ]:)];l[\;/em; ]

oody

PARENCHYMA
CELL

CONNECTING
FILAMENTOUS
RETICULUM

.\ CONNECTING

STRANDS

FILAMENTOUS
RETICULUM

CALLOSE

. " __—SIEVE TUBE
MEMBER

PLASTID

SIEVE TUBE
MEMBER

Fig. 5. i i
ig. 5.32. Phloem. Diagrammatic representation of the ultra-

Fig. 5.31. Phloem. Structure of sieve areas. A, compou
structure of a sieve plate.

sieve plate of Nicotiana in surface view; B, pi
of sieve tube members and 2 phloa

parenchyma cell.

highly specialized sieve areas on the end walls; 2 gradual
m very oblique to transverse; @ gradual chanj
i conspicuousness of the sievs

ess primary walls, chiefly of cellulose. The chara¢
u, 1950). The thickenl
of differentiation of the element;

element is usually called the nad

feature of the sieve-element protoplast is that |
its development and becomes functional. The loss of the
ent. In the meristematic state the sieve
having a more or less vacuolated protil

ipanion ce Is occur onl an ‘ms where they accompany most sieve-tube
y 1n anglosper! he y pany
the phloem of many monocotyledons, they are abundant, together with sieve tubes
entire tissue. The sieve cells of the gymnospe and V: ar v
f the g sperms d vascular cryptogams have no
i fibres. In many flowerin ts, fibre: a prominent part of both prima
b y g plan S, s form a p p: p ry
y phloem The phloem fibres are rarely found or absent in phloem of living

mbial cells in

protoplast of dicotyledons is the
s substance, the slime. The slime is proteinaceolis
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Digestive glands. In certain insectivorous plants there are special glands which se
digesting enzymes. These enzymes act upon insects so that the products of dige
absorbed by the plant. In Drosera, the secretory tissue is at the tips of the leaf tentac
addition to the digestive enzymes, there are secreted viscid substances which hold th

are internal glands.

Hydathodes (water secreting glands)- Many plants possess special structures which exudal
water under conditions of low transpiration and abundant soil moisture. These modified spech
structures are known as hydathodes of water stomata. The water stoma resembles an ordind
stoma, and morphologically it is considered to be enlarged stoma which has lost the power
movement and serves for water secretion. Commonly, the hydathodes occur at the tips of the leaV
of Pistia and other aroids, water hyacinth, grasses, garden nasturtium and many other plantd

humid climate. The hydathodes are internal glands.

syncarpous ovaries where the carpel walls are fused incompletely and the ep
glandular. These glands are external in nature. .

crete proteins
stion can be
les. Here ill
¢ insects. Thes®

Nectaries. Many insect-pollinated plants produce nectar which attracts insects. This substi
is secreted by special cellular structures, the nectaries. Definite and elaborate nectaries oceU
certain families (€8> Euphorbiaceae). In the less specialized nectaries the se
superficial upon the floral parts. Here, the epidermal cells do not possess cuticle. The neck
exuded through the wall and exposed upon the outer surface. The septal nectaries are comil
found in many monocotyledonous flowers where they make pockets in the septal wall
idermal cell

creting celly

6

Apical Meristems

I'he apical meristem includes eristematic initials an eI Imme erivatives at the apex
I ristem includes the merist ti t] d the de t] t th

P diate p

IhOO: or root. The apical meristem, thus delimited corresponds approximately to the promeristem,

y T >

1o contrast with the partly developed derivatives of the promeristem, i.e., the pr()t()denn the

(| meristem, and the procarr bium. This seems quite 1mpractlcable, to think of the apical meristem
nsisting of the initiating cells only because cells may be poorly d ferentiated from 0

2 y y dif tiated f their most

| derivatives.

The terms sh
oot apex and root g,
. . pex are more ¢ i .
ot and apical merist onvenient to use in: i
stem . stead of :

X are more convenien:f the root, respectively. In the similar way, the te:rl:lcat: meristem of

fhlon, which is Characteriy[ lused as the _substitutes of growing poin;s Growtksls' Obc pex and

B occurs abundantly sal:dof the lr)nerlstematic state, is not restricte d.  the 56 Ln ]tlhz sense of

- may be even more i -called growin,
i (Wardlaw, 1945; Goodwin an ore intense — at some di 2
5 ; Goo e distance <
dwin and Stepka, 1945). On the other hand growthf?on:\the g

s in the sense of

In size of ce i al

1ls, tissues, an i em, but in 1ts
. s , and organs 1S most pronounced, not in the apical merist b

f t) N ini

piloal meristems. A, sho i i
. s ot apex with apical cell of Equisetum shoot; B, shoot ap f
; B, ex 0

INITIALS AND DERIVATIVES

/ or initiatin i
g cell, is a cell that remai o
8lIi to the plant b emains within the meristem i i ;
o . ndefini
Wltils, imptics that adz'eﬁ)zsc:mb}r}ITg self-perpetuation. The conce;l{e:::i‘the
4 : n initial, not be its i ng
o of its parti iy, T N cause of its inherent i
particular position in the meristem, a position that ca;}r:irtalc)‘ensms, o
¢ treated as

17
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ptendophytes They are also not found in some

i i found

i ly simple pits are
and angiosperms- Onl A
gymnospelll-mzt" phloem fibres. The walls may be hglr}lﬁe.fed
o it The Cannabis (hemp) fibres are ligmied,

e ifed,
“0;‘;;5: \;;‘is of Linum (flax) are of cellulose and withou
W]

ecause O the stre th of stra ds of hloem fibres,
lignin Becaus! f the ng h N p \!
they have been used for alon; time 1N the manufacture of
g
Yy pes.
cords, ropes, mats and cloth. The fibre used in this way has

Yy
been known since ear ly times as bast ot bass, and this Wa;

the phloem fibres are also known as bast ﬁb-res;he mary
The sclereids are occasionally fom}d “::ny trzes oy
slder secondary phloem of

B i Th: :clleereids. These cells develop from phloem

P o i cease t0
) a:::lchyma as the tissue ages and the sieve tubes

e contains
. The phloem i1
o P P’"e“c“yma i'zh many activities

hat are concerned Wi

P it Cil:slitving parenchyma cells, such as stora'%‘e;

and other organic subslance;. '\'hee ,:Z:;‘m g
i 1ls. The par

also found in these ce Y
longated and are

phloem are € ot
i here are two SY

i eve elements. T m

e ek found in the secondary ph‘loem‘ o

Pa"e“Chyma vertical and the horizontal.
system is known as phloem
composed of

characteristic
of starch, fat
and resins are
cells of primary

B s f—'_h ertical
hyma of the v 0
‘;)erir:tcch?\jma. The horizontal ?arenchyma is e
_In the active )
phloemh r::l}: and the ray cells ha've only Z;::}r\\;:;
pa;:gr:\:ﬁzd walls. The walls of both kinds of par
unl

Phloem parenchyma in

i .v .34. .
e Liriodendror;, G - H, from Malus

Plant Anatomy’

LUMEN

. BLUMEN

i em fibres. A and
Fis. 08 ::lg T.S. of phloem
from Malus pumild; [+}

LS. and T.S. of phi

from Robinia. (After

LS.and T.S. A - B, from Salix, C—-D» from Robifl

The Tissue "

yells have numerous primary pit fields. The phloem parenchyma is not found in many or most of
monocotyledons.

3.SECRETORY TISSUE

The tissues that are concerned with the secretion of gums, resins, volatile oils, nectar, latex and
lier substances are called secretory tissues. These are further subdivided into two groups — (a)
liciferous tissue and (b) glandular tissue.

(a) Laticiferous tissue. Usually latex is present in the families of many, flowering plants. This
hstance may be white, yellow or pinkish in colour. This is a viscous fluid and established to be

vidal in nature. Many substances like sugars, proteins, gums, alkaloids, enzymes, rubber, etc.,
in suspended in a matrix of watery fluid. Starch grains may be abundantly present. The latex
Jome plants is of great importance, especially as a source of rubber (e.g., Haevea, Ficus, etc.),
\¢ (Achras), and papain (Carica). The laticiferous ducts, in which latex is found may be of two
latex cells or non-articulate latex ducts and latex vessels or articulate latex ducts. The

{ons and the contents of the two are same but they differ in their nature and morphology. They
I numerous nuclei in the thin layer of cytoplasm along the cell wall. The function of these

A I not yet clearly understood. They may act as food storage organs or as reservoirs of waste
018,

XYLEM
LATICIFERS

SCLEREIDS

Latlciferous tissue. Three dimensional diagram of bark of Haevea brasiliensis showing

tangential sections, laticifers
foim a reticulum. pi

leulate latex ducts or latex cells. These ducts
ndent units which extend ‘as branched
| long distances in the plant body. They
minute structures, elongate quickly and
directions of the plant body by repeated
I they do not fuse together, thus no netted
formed as they are formed in articulate
Iy of the ducts are soft and very often thick.
wte commonly found in Calotropis,
lm, Vinca, etc.
Hunarticulated laticifers commonly occur
{liey travel through the vascular bundles, Fig. 5.36. Latici

wophyll, and often reach the epidermis. cells.
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angiosperms to 3.5 mm i
y : Cycas
thange durin 10 Cyeas revoluta (Foster, 19 i
g the plant develo T, 1949). The size and
pment, nd shape of the a
pex marked by

Pteridophytes (vascular ¢

ces is variable. In most of pteridophytes a singlé

plants, as well as in the higher, several initials &
and is commonl

The number of initials in root and shoot api
initial cell occurs at the apex. In the lower vascular
present. The single initial in its morphology is quite distinct from its derivatives
known as the apical cell. 1f the initials are numerous, they are called apical initials.

APICAL INITIAL APICAL INITIAL  TWO-LAYERED

(SOLITARY)  APICAL INITIALS  (SEVERAL) TUNICA
(MANY)

B thc aper poees (18 Typtogams). In the vascular ¢
s either from one or few initial cell
cells,

- Morphology (Bower, 1889; Hartel, 1938: Wardl 1
N 3 aw, 1945),

I¥ tetrahedral (; ;

. pyramid like) in shaj .
ramid i pe (e.g., i

;{1 .'s‘n lld Is turned towards the free surfag:; in Psilotales, Eq
¢ atvinia and Azolla (water ¢, and the new ¢

- : ferns) have three si i
B :ut off. In Sglagmella apical growth oczlded "
group of initials, and the two situaltlrs v

e ty ions

or four initials, the leptos;
n the two groups with re

ry};;togams (lower tracheophyta) growth
I .
Molcth are usually distinctive in their
. ts commonly the single apical cell
a :Z raecczae, ar(xid ferns). The base of this
ormed at the other th i
cal cells with two s e i
sides from whi
poala ich ne
maz; slljnglfc three or four-sided apical ce‘;],
€ found in the sam
2y b e plant.
fporcmglate ferns have one, but there i;r he
erence to this character, As regards th;(r)

A B
tem-apex initials. A, initial solitary, with obliqué
superficial, divisions both anticlinal and periclif
oth anticlinal and periclinal; D, initials in thre@
forming a two-layered tunica and the innell
(After Eames and MacDaniels).

Fig. 6.2. Position and planes of division of s
anticlinal divisions; B, initials many,
initials several, superficial, divisions b
the two outer, with anticlinal divisions,
with divisions in all planes, forming a corpus.

Usually the apical initials occur in one or more tiers. If there is only one tier, all cells of i
body are ultimately derived from it. On the other hand, different parts of a plant body are (i

from different groups of initials.
VEGETATIVE SHOOT APEX
pe, size and cytohistologic structure, and |

Pinus and other conifers are commuonly nal
on the otli

L
MOTHER CELLS

TRANSITION
ZONE

The vegetative shoot apices vary in sha
relation to the lateral organs. The shoot apex of
conical in form. In Cycas (cycads) and Ginkgo they are usually broad and flat
the apical meristem of a grass and some other monocotyledons remains elevated above the
leaf primordium. In many dicotyledons the apical meristem rises above the primordia, and

cases it appears to be sunken beneath them. The diameters of apices range from 90jt | o Surf
. central mother cell zone. T| surface layer, also divide

lransitiof he central moth L
N zone. The products of these diViSiS:‘SC?c'S':smd:r‘:lde actively and contribute to the
e

rib meristem. (After K. Esau).

LEAF SCAR  AXILLARY BUD AP
ICAL INITIAL
GROUP

STIPULE SCAR
TERMINAL

BUD TRANS
ITIO!
N ZONE CENTRAL MOTHER CELLS

SURFACE LAYER
BUD SCALE / ‘
TN PERIPHER
. . i N - / SUBSURFAélé
Fig. 6.3. Apical Meristem. Stem of Aesculus hippocastanum in winter condition showl LAYER
axillary and adventitious buds. Axillary buds may be classified according 10
RIB MERISTEM

single bud at a none, (2) opposite, with
and (3) whorled with more than two
the plant except at the tips of stems
this figure, terminal bud is located
f the leaf stalks. Leaf trace scar Al
| bud are shed a ring or gl

at a node into (1) alternate with a
node on opposite sides of the stem,
node. Buds which arise anywhere on
of leaves are called adventitious buds. In
|eaf scars are left by the breaking away 0
ends of leaf traces. When the scales of termina

:hloolf apex. The zones
n (it
4 if."']rhe apical initial group gives rise

€ central mother cells by pericli

lons in the m
other-cell ;
linally. (After Fosteri Zone are shifted to

and their r ode of growth seen ir the shoot apex of Ginkgo
kg

to the

il di\zlsjfr;ice layer by anticlinal divisions

ward the t s. The outermost products of
ransition zone where they divide
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i 1 initials
f apex with severd well defined than in Gi
120 ) ts the view that in the ferns the types ;’93; Wardlaw, 1945). ell defined than in Gmlfgo. -
y much information suPpOh ingle apical cell (Bower, 1890, > nich are derived In Gnetales, there is a definite
ontogen ithas nes W
that the one W

eral interrelated growth zo

is more primitive in the formation of

N Aeparation into a surface layer and an

vV 0 . .
commonly show severa iclinally resulting © A liner core derived from its own
Gym‘“’sp;r;:,sf';:eixymials. These initials dw&e ‘:::C;:?sazn is quite slow in t:e “;‘fl:;‘:; ;’ {iitials. The shoot apices of Ephedra
. The . s o
from a group © known as mother cell‘sl atives of the divisions along the flan itials. All Iid Gnetum (Johnson, 1950) have

f cells,
subsurface group o A iohery. :
. is active on its pernp . ticli
this group b:g;‘:n e with products resumngﬂfr?i‘::e:;ripheral zone of dee |
cell group ivatives form a mantie- 1is and the cel
lateral derivatiV! ! han the mother cells :
together these lat tiated (eumenstem) than 16 become pith o€
which are 1ess d‘ffe:ie‘éed at the base of the mother-cell Z;’the pith may arise from the b
e e e ?lr)om‘:’ffis“"m form of growh The‘pan (:s the seat of origin of leaf primordia
h a rib- ich in cytoplasm, A
pass through ¢ | mantle of cells, rich in €Y * the axis.
zone. The periphera d the vascular tissues © of g
idermi cortex an ; ifferent groups
of the ep‘derm.‘ls , ﬁ;e bove mentioned pattern vary in the diffe
The details of &

¢ D o
n the initiating Z
umber of cells 1 i . .
ave wide apices and possess e face of the meristem and its peric!

of the apical in
ply stainable sm

The de nal divisions

ymnosperms.

cads,

. : tic of the cy
cycads b < a large portion of the sur is is characteristic of
initiati cupies a large ; ic mound. This 15 ntral
initating 2000 *7 thz centre of the mensteman:; ::ﬁstem derived from the base of the ce

converge toward.
mother-cell zone 1
is conspicuous. '
In Ginkgo the zones are qmt'etce
o . s
to the apical initials. Thesnb mer
central zone. (se€ Fig. 6.5)-

cycads is ill-defined. The ol

i iates
_cell zone differential
st harply deliminated fr0

i s. Th
onspicuou e

m and the peripheral zones

nica and Corpus organization.

Fig. 6.6. Tu

all cellk
Is or initiating oM
1ls, and usually thi
the periphe

e. This way
linal derivatl

en described as having a tunica-
pus pattern of growth.

Angiosperms. There is tunica-
Ipus organization in the shoot
X of angiosperms. One to five
I tunica have been observed in
tlicotyledons, and one to three-
#red in the monocotyledons.
ver, tunica-corpus organization
not found in Saccharum
Inarum. To draw a clear cut
Ication line in between tunica
Ipus is not simple matter. In
perms, the number of parallel
il layers in the shoot apex may
ling the ontogeny of the plant
und under the influence of
| growth changes.

the angiosperms the
on of apical-meristem zones
dlefinite than in lower groups.
two sets of initials, one
other, which give rise to
corpus. The tunica has no
periclinal divisions and
thickness from several
¢ with two or three layers
Mt frequent. The number
the tunica may vary even
il plant.

EORIES OF SHOOT
NIZATION

I of shoot apex organi-
theories have also been
Dermen (1947) put forth
Wic layer concent.
him there is no distinct
meristems. He named

The apical zonation in Pinus and other Coniferales is less diversified than
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in the cycads and less

PROTOXYLEM POLES

IMMATURE PART OF
SIEVE TUBE

— <N =
< OTOPHLOEM POLES
5 b = w
u F kﬁ/
0 ug [Eu [ >ROOT HAIRS
u :1 n Wi =
=i ;*I F—EPIDERMIS
i i }:} ~TE—CORTEX
. | |
i Tl Il E
J0 il H FPERICYCLE
EII ) i
I L
=H i n Mo FF—MATURE XYLEM
= ||| B [~ ELEMENTS
EI N L
- I -
i moE
P M—TT—ENDODERMIS WITH
w || {:, il || CASPARIAN BANDS
1] 1 1 1
@3l I T IMMATURE XYLEM
EE H Hy H i BANDS
. |
i 1 e
538 o :L T——-TENDODERMIS WITH OUT
zoll I CASPARIAN BANDS
Qml) I
2 [
g MATURE PART OF
0 b SIEVE TUBE
T
[
| I
o
1
1

260u

Fig.6.7. L.S. of root tip of tobacco. The epidermis and
the root cap show common origin. The cortex
and the vascular cylinder have separate
initials in the apical meristem. The pericycle
is delimited close to the apical meristem. The
sieve tubes mature first within the vascular
cylinder. The root hairs develop beyond this
region. The Casparian strips develop in the
endodermis close to the position of first
mature xylem elements. (After K. Esau).
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Apical Meristems
the different layers of apical meristem as L, L,, L, etc. He recognized these layers on the basis of
their origin. However, this concept did not get any support. Popham and Chan (1950) put forth
Mantle Core Concept. This concept is comparable to tunicacorpus theory- They used the term mantlé
instead of tunica and core in place of corpus. Plantefol (1947, 1950), Buvat (1955) and Amefort (1950
propounded the concept of F rench school and recognized three distinct regions in the apical meriste
According to these authors, peripheral active zone wWas known as Anneu initial, the zone next 0
Meristeme de attente and the central zone wWas termed Meristem medullaire. Newman (1961) put foi
his concept and recognized three kinds of shoot apices. According to him, Monoplex type is fou
in vascular cryptogams and ferns; here the shoot apex is denoted by one Of more cells which div
by walls parallel to the inclined walls in the stem- The Simplex type is found in gymnosperml\
consists of one or more initial cells arranged in a single layer; these cells divide anticlinally
pcriclinally. The Duplex type is found in the shoot apex of angiosperms; it consists of atleast I
successive layers of cells; the cells of surface layer divide anticlinally and that of inner layer divid
more than one plane.

located benea
th the root cap. T!
|ntelra[ appendages compal:abllnleetmot apex also differs from the shoo ; e
:lm:ilated beyond the region of mo: the leaves, and no branches ’rht meristem in that it forms no
odes, and internode active growth, and ches. The root branches
; ; s, and thi , and they arise e are usuall

Which the internodes elO"gateel:"f,of’ the root grows more uniforx::;)g?n‘:usly. It also produces n()),
' c! in

(CAL CELL THEORY more than the nodes. y in length than the shoot, in

This theory was
. put forth b ;
Vopteris, a single tetrahedral ay iI;Ialgeh. I.n the roots of vascular crypto, .
pical cell is present, it is generally th[:)ug:m; (pteridophytes), e.g.
ght that by its division this
n this

0N rise to a. e tissues o € o0 owever, the apical cell theory was superceded by the
\q t the t; f th t. H t 1 y ded by th

ROOT APEX

During the later stages of development of embryo, the cells at the root pole become arran|
a pattern characteristic of the species. This group of cells comprises the apical meristem U
primary root. The cells of this region are all relatively undifferemiated and meristematic, ¢
protoplasmic and with large nuclei and they all undergo active division. The tissues of the
root are eventually derived from 2 number of these cells of the apical meristem, which aré
initials. In contrast to the apical meristem of the shoot, that of the root produces cells no
toward the axis but also away from it, for it initiates the root cap and because of the preadl
root cap the root meristem is not terminal but subterminal in its position, in the sense I

), The root a .
' pex. Diagram: o g
2 B, initials i s showing differe
B el (o ! nitials in two grou| different root apex SR
?a%%%%%%@ QQ%%%"%@g 8 @8853 distinct; D, initials in tr’:rséec;‘r)ozgtsdlcstmgt structurally:tyc? ooy, cap distnct
= A & = Y , cap distinct e ree groups, :
SO QB ORCH AROS Nimber, the initials , and independent in origi ps, cap not
\%ﬁ@%@%g&@%@a@g@@ﬂ@@ggg)} 0 o In one to four fairliz;,ngrstffom one to many. Where the intials in origin. (After E. & M.)
@QF“&& ‘%@%@@@9@@ Y @§ o P ©@@@%@‘ Where there is more thal: cot, uniseriate groups. In each ,gm:reﬂr?ore than one, they are
: > '@Qd@@@@@a : r;? : @‘@a@@ﬁ il axis of the root. Each of tl:leeseg roup, the groups lie adjaCelI)lt t:rz gt onp 1o soveral
S @ pag (4 groups quickly d ne another
d ® © '@@ y develops one or mo on the
: re growth zones. In

n T
these zones appear to represent ‘the histo n
ens’
gens’. The terms dermatogen, periblem and
»

CENTRAL CYLINDER CORTEX

2
i ’: "g;;g@ SWOLLENW,
ALL
ROOT CAP ‘&”Q | sussTance
CELLS APICAL CELL 3 CLELL oy o INTIALS OF
TETRAHEDRAL CEl
RPICAL CELL b NTRAL CYLINDER

F-INITIALS OF G
Fig. 6.8. Root apex of Pteris (fern) in Jongitudinal Fig. 6.9- Root apex of Pt ORTEX
section showing tetrahedral apical cell. cross section i
sided apical cell, OF

in contact with the

INITIALS OF ROO
T CAP
(CALYPTROGEN)
ROOT CAP

apex. Root tip of Ze
A 'ea mays i
linization of the wall betw};se:tlr-\.es};- h(e swollen wall substance originat
ot cap and the inates through
protoderm. g
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. Korper-kappe theory
ntinued
124 - ntogeny but they have been €O is This theory was put forth by Schuepp in 1917. Since the root changes in diameter during
-1 descriptions of stem ONtOEEHy - the calyptrogen; | ) ) . : S
longer in general use 1N escrip! Jopment. A fourth histogen, tht lant groups: prowth, there are various points at which a single longitudinal file of cells has become a double file as
plerome are nO dies of root develop are basic patterns for the major p i result of cell division. At these points a cell first divides transversely and thereafter one of its

ones in stu

e y
; initials, the zon®
has an independe i

t origin. There
L ot ndence of the

the number of groups © tlaughter cells divides longitudinally. This was known as T division, because the cell walls form a T-

to indicate general z

added where ":fe:;fni ned by the number of i“mals’f the cap, and the degree of indepe! haped structure. In some zones of the root, mainly in the centre, the bar of the T faces the root apex,
The pattern 1S the morph(ﬂoglca‘ nature O’ o Il other it faces away from the apex (L). These zones of the root, delimited by the planes of cell
formed by each group, ferns, some species of Selaginelli \Vision, were called Korper (body) and Kappe (cap) respectively. This theory may be compared with
cap. as horsetails, most of the ferns, d the cap. i lunica-corpus theory in the shoot apex.

forms the entire root an
inner forms
proliferatior:

togams such
Y n the roof
there are two Sroup:
p. The cap appe
X, as in
where the bas :
rarely four groups of int

1 TOoup,
the median g pnd dermatogen.

Mainly in roots with a very regular arrangement of cells in the apical meristem, such as of Zea
i, it is possible to conclude from the study of cell lineages that there is a central region of cells
luh divide rarely or not at all. The cells on the periphery of this hemispherical or cup-shaped region
meristematic. This inactive or passive region of cells is known as ‘quiescent centre’.

The Quiescent Centre

In the apical meristem of root of Zea mays, and other plants with a regular arrangement of cells
Apical meristem, it is possible to conclude from the study of cell lineages that there is a central

t. This one cell
s of initials. The
ars as a distal
all other groups, bu
e of the cap 18 8
tials. In th
the periblem;

The vascul 2
have a solitary apical cell 1
In many gymnosperms
forms the periblem and the ;‘:avery -
dermatogen is not set off at the e
the periblem 2 little away from

three,
iosperms there are )
In the angiosp d the dermatogen;

the plerome; the oul
of the periblem
t is formed from the 1ay,c“
eparated from the peribld
¢ dicotyledons the di
the innermost,
In monocotyled

he cap an . igin of cap & . ntly, fi ich divi . inacti i i
group forms t }Laracleﬁs‘ic is the common 0rg but the outermost, mdepgnée yh' I of cells which divide, rarely or I.IOI at all Thgse mzfctlve or passive cells consm‘ute the
plerome. The most ¢ < hitials which form four zones, most characteristic of this vent centre. The cells on the periphery of this hemispherical or cupshaped region are
there are three groups of initia d periblem. The at are form matic and may be regarded as the constituents of the promeristem (Clowes, 1958). By various
t ne:
the cap, and tha!
is that the origin an

one group of i q
9 1 ons.

formed in the dicotyle CORTEX

CORTEX

t beneath, the dermatogen an

f cap is independent.-
d periblem) and di

the two zones th

A (cap dermatogen

d structure O
nitials (dermatogen an

Moreover,

simil
fferent from those )

l|ues; the existence of quiescent centre, has now been demonstrated in the root apices of a
rable number of species. The quiescent centre develops during the ontogeny qf the root
, 1958). A quiescent centre is not found in the roots with a single apical cell. In 1956, Clowes
I to show that there was a central region (quiescent centre) in the roots of Zea where the
i had the lower content of RNA and where the cells had smaller nucleoli. He was also able to
Irate that the cells in the quiescent centre did not actively synthesize DNA.

physiological and cytological properties of the cells in the quiescent centre have now been
Il 4 number of species. The cells in the region have a lower concentration of DNA, RNA and
{lian any other cells in the root apex (Clowes, 1958; Jensen, 1958). The cells of quiescent
o have fewer mitochondria, little endoplasmic reticulum, and the smallest dictyosomes,
nucleoli (Clowes, 1964). They are less sensitive to radiation damage than other cells of the
(Clowes, 1959, 1964).

function of the quiescent centre may be to provide a reserve block of diploid cells within
l\e quiescent centre may be the site of hormone synthesis.

\“ % l RISTEM
\b“'l i (1961) has defined the promeristem as that part of the root apex which is capable of
" 10 ull the tissues of the root. In the roots of vascular cryptogams, for example, the

STELE
!

lggested that in many roots the promeristem is broad and consists of a somewhat
up of cells on the periphery of a central inactive region. This grouping of the initial
meristem was suggested by Clowes (1950) on the basis of an anatomical study of
Wl Fagus sylvatica.

' would consist of apical cell only, and in angiosperms it would comprise the initials
( QUIESCENT
CENTRE

8, This way there is a tendency to regard the promeristem as a rather small region,
lnally in the root apical meristem, below the root cap. On the basis of modern work
Zea mays. The 0
After Clow!

RIES OF STRUCTURAL DEVELOPMENT AND DIFFERENTIATION

discussed by several workers (Foster, 1939, 1941; Sifton, 1944; Wardlaw, 1945), the

ot apex of il the number, the arrangement, and the activity of the initial cells and their

" in the ro

of cell lineages re indicated. (
. t apex. Pattern (escent centre @

Fig. 6.12. RoO root cap and qu

cylinder or stele,
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TUNICA

.
6.16. A cal me stem. L.S. through shoot apex O Vinca, showir g three-laye ed
P

corpus peneath it.

als, and the corpus
umber O
from a singl!

Fig.

ch initials. In thy i
hat is, each layer of tunica

ich divi

has |
de first periclinally o

has one layer of su
£ layers of tunica, t
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10 group of derivatives, which divide in various planes resulting in the formation of the inner mass of
cells.

The number of initials varies from few to many. For example, in small very slender apices, such
I those of grass seedlings, there may be only one or two in the tunica and about two in the corpus.

In vascular plants, the differentiation of the zones of stem-apex follows more or less definite
putterns that seem to be characteristic of the major groups. These patterns show increasing
tomplexity from the lower to the higher groups and appear to represent a series in specialization
flom simplicity to complexity.

As regards the concept of tunica and corpus, there may be several types which are found in

b stem apices of several vascular plants. The types may be as follows.

The primitive type of stem apex having no distinction of tunica and corpus. Lycopodium,
vles, Selaginella (pteridophytes) and cycads (gymnosperms) belong to this group. They have
ple apices with surface initials and no distinction of tunica and corpus. In Lycopodium, the
llnting layer is weakly defined, having uniseriate surface area which divides freely bot:
lulinally and periclinally. Here all the cells of the layer are morphologically alike. The anticlina!
Iilons increase the area of the surface layer, whereas the periclinal divisions form the inner core.

The stem apices with weak tunica-corpus demarcation. The demarcation of tunica and
i layers begins in some of the lower conifers. In Abies and Pinus (Coniferales), the initials
An apical uniseriate group. These initials further give rise to a central core and an enveloping
tate layer by both periclinal and anticlinal divisions. The uniseriate layer that envelops the
| core suggests a tunica in appearance, but there is no clearcut demarcation between the
of two regions. However, in the apices of Sequoia sempervirens, the initials are a small group
ce cells in one tier, with both anticlinal and periclinal divisions. These divisions result in
tion of a dermatogen like layer and a central mass. The outer layer suggests a tunica and
Iral mass, the corpus. The species of Cryptomeria and Taxodium (Coniferales) have a
jen, in which there are no periclinal divisions. There appears to be structural segregation
und corpus in the apices of many Coniferales, but there is only one tier of initials and no
lent meristematic regions are recognized.
# stem apices with distinct tunica and corpus. In angiosperms the demarcation of
lic zones of apical region is usually more distinct and definite than in lower groups. There
Aoty of initials, one above the other, which give rise to tunica and corpus which seem to be
y independent. The tunica has no or only rare periclinal divisions. It ranges in thickness
10 several layers. Usually there occurs two or three layers. The larger numbers of tunica
ir more frequently in the dicotyledons. A single-layered tunica occurs in the grasses.
In monocotyledons the number of tunica layers is one to three. In Zea, tunica divides
¥, which shows an exceptional condition. The number of the layers in tunica may vary
Individual plant. The corpus varies from a large complex type to a slender, simple type.
ficance of the tunica corpus theory. The tunica-corpus theory served well in the
| of meristematic patterns of the shoot apices of seed plants. The position, number and
[ the initiating cells in seed-plant stems, and early stages in the development of primary
shoot are now much better understood. The tunica-corpus theory is of topographical
lew of detailed development. The lateral organs of the stem, i.e., leaves, branches and
, irise near the apex and studies of tunica and corpus have added greatly to a
origin and early development of these organs.
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derivatives in the apical meristems has undergone many changes since the shoot apex was first
recognized by Wolffin 1759 as an undeveloped region from which the growth of the plant proceeded.

The Apical Cell Theory

This theory was put forth by Nageli in 1858. Solitary apical cells occur in many of algae,
bryophytes and vascular cryptogams (pteridophytes). The discovery of the apical cell in cryptogami
led to the concept that such cells exist in phanerogams (seed plants) as well. The apical cell wal
interpreted as @ constant structural and functional unit of apical meristems governing the wholé
process of growth. However, this was confirmed by later researches that this theory may hold go!
for cryptogams but is not applicable to the phanerogams. Further researches have refuted !
universal oceurrence of apical cells and replaced it by 2 concept of independent origin of differel
parts of plant body. The apical cell theory was superceded by the histogen theory.

The Histogen Theory
This was introduced in 1870 by Hanstein who considered that the primordial meristem
sharply separable into three distinct zones or histogens. According to this theory the apical meri
or growing region of the stem and root are composed
of small mass of cells which are all alike and are in 2
state of division. These meristematic cells constitute
promeristem. The cells of the promeristem soon
differentiate into three regions — dermatogen,
periblem and plerome. Every zone consists of a group
of initials and is called a histogen or 2 tissue builder.
Dermatogen — This is the single outermost layer of
the cells which later gives rise t0 the epidermis of the
stem. In the root it is also single layered, but at the
apex it merges into the periblem and just outside the
periblem the dermatogen cuts off many new cells
resulting into a small celled tissue, the calyptrogen,
which is also meristematic and gives rise to the root
cap. Periblem — This region is found internal to the Al
dermatogen, and is the middle region of the apical .
meristem. It is single layered at the apex but in central
part it becomes multilayered. It develops into the cortex
of the stem. In the roots it is also single layered at the
apex and many layered in the central portion. In the
case of root, it also develops into the cortex. Plerome
__Ttis the central ‘meristematic region of stem apex and
lies internal to the periblem. It is also composed of thin
walled isodiametric cells. Ultimately it develops and
differentiates into the central stele consisting of
primary vascular tissues and ground tissues, such as,
pericycle, medullary rays, and medulla. In the roots the
function of plerome is practically same as in stem. Ata
little distance behind the apex certain strands of cells
show a tendency t0 elongate. These strands of
elongated cells make the procambiu. The procambial Fig. 6.13. The shoot apex
strands ultimately become differentiated, into vascular showing histogen 1)
bundles. A portion, however, remains undifferentiated, longitudinal section;
and it forms the cambium of the vascular bundle. section. (After E. & M)
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(Ficus elastica), banyan tree (Ficus bengalensis), oleander (Nerium spp.), etc- It becomes two 10
multilayered. The epidermal cells may be somewhat irregular in outline, usually varying in shape and
size and arranged very close to each other having no intercellular spaces among them. The cell§
possess a large central vacuole and thin peripheral cytoplasm. The cells may contain leucoplasts,
anthocyanins and chromoplasts, but no chloroplasts except in guard cells. In the epidermal cells of
certain aquatic (e.8 Hydrilla) and shade loving plants the chloroplasts are also found. Sometimes;
the substances like mucilage, tannin and calcium carbonate crystals (cystoliths) are also found in
these cells. The walls of epidermal cells are unevenly thickened. The inner and radial walls aré
comparatively thicker. This additional thickness is due to the impregnation of suberin or cutin. T!

suberization and cutinization of the walls protect the epidermis from mechanical injuries and prevel

from loss of water.

In the case of roots
the outermost layer is
known as the epiblema,
piliferous layer orf
rhizodermis. Usually its
cells extend outwards in
the form of tubular
unicellular root hairs,
which help in the
absorption of water and
mineral nutrients from the
soil.

Functions of the Epidermis

1. The epidermis is
primarily a covering layer
which helps in the
protection of the internal
soft tissues against
mechanical injury-

2. It prevents exce-
ssive evaporation of water
from the internal tissues,
for this, several
adaptations like develop-
ment of thick cuticle, wax,
hairs, etc., take place.

3. It also serves in
photosymhesis and secre-
tion.

4. The epidermis acts
as store house of water in
many xerophytic plants.

5. Some of the epidermal cells develop into the secretory tissues of nectaries, the i
leaves and stems, and the absorbing hairs of roots.

STOMATA

The stomata are minute pores which occur in the epidermis of the plants. Each st0
surrounded by two kidney or

Plant Anatomy The Tissue System
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. e epidermis—stomata f epidermis of a dicot edonous leaf showin
'. Th t ta. Surface view of P y! g
stomata. Ar epidermal hair is shown at the left

Fig. 7.7. Development of root hair from protruded cells. A,C, in Cyperus. B.D, in AnigoZi

number of stomata may also range on the surface of a single leaf from a few thousand to hu
thousands per square centimetre. Stomata occur on both upper and lower surfaces of |
especially they are confined to the lower surface. In floating leaves stomata are confined O
upper surface of the leaf. Under normal conditions the stomata remain closed in the absencé
or in night or remain open in the presence of light or in day time. Structurally the stomati
different types. The four main types of stomata which occur in dicotyledons are kn
Ranunculaceous or anomocytic type — type A; 2. Cruciferous or anisocytic — Y|
Caryophyllaceous or diacytic — type C; 4. Rubiaceous or paracytic— type D. the fifl
stomata is commonly found in monocotytledons are known as —gramineous type.
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Coniferous Stomata
They are sunken and appear as

though suspended from the subsidiary
tells arching over them. In their median
parts the guard cells are elliptical in
Jection and have narrow lumina. At their
Nds they have wider lumina and are
ungular in section. The characteristic of
ese guard cells is that their walls and
use of the subsidiary cells are partly
ified and partly non-lignified.
ction of Stomata

They are used for the exchange of
¢5 in between the plant and
osphere. To facilitate this function,
I stoma opens in a sub-stomatal
ber or respiratory cavity. Evapo-
I of water also takes place through
o,

OR TRICHOMES
Some of the epidermal cells of most plants, grow out in the form of hairs or trichomes. They may
nd singly or less frequently in groups. They may be unicellular or multicellular and occur in
i forms. They vary from small protuberances of the epidermal cells to complex branched or
multicellular structures. The cells of the hairs may be dead or living. Very frequently the hairs
Ir protoplasm in their cells.

SUNKEN STOMA

Fig. 7.16. Sunken stoma. Sectional view of a sunken
stoma of pine leaf.

Xz

AN

P AR
SN 7

LUMEN \<\\§\?//>/ .
CELLWALL” H

velopment (A—D) and structure of stomata (E—H) in sugarcane (a monocot). A, stoma
her cell; B, stoma mother cell with two subsidiary cells derived from two adjoining
In; C, early stage of guard-cell development; D, young stoma with two guard cells; E
F, mature stomata seen from the outer surface in open (E) and closed (F) states; G,
. 0f one guard cell; H, transection through the central portion of two guard cells from a
0d stoma
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Fig. 7-18- Development © S i n in two guard cells; |':ymature guard cells with und wolls; B—D, stoma and other cells from Pinus spp; E and F, stomata and other cells from

4 cells begun; Sequoia.
W capitate stalked hairs, non-glandular peltate hairs, glandular peltate hairs and

W hairs.

pefore an
thickening of th

i \ls;
thickened walls
SWOLLON INTERCELLULAR
Sl ‘ MOTHER CELL

ard cell.
one mature gu
G, GUARD CELLS

homes may be classified into different morphological categories. One common type is
10 08 hair. The hairs may be subdivided into (i) unicellular; and (ii) multicellular. The
hairs may be unbranched or branched. Multicellular hairs may consist of a single row of
Veral layers. Some multicellular hairs are branched in dendroid (tree-like) manner, others
lies oriented largely in one plane (stellate hairs.)

lmportant types have been described here.

Iy hairs. They are one of the most interesting types of the trichomes. it contains a
liguid and consists of a basal bulb like portion from which a stiff, slender and tapering
Jlven out. This tapering structure ends in a small knob like or a sharp point. The tip is
what oblique, and as the body of an animal or human being comes in its contact with
Al tip is broken off, and the sharp pointed end readily penetrates the skin of the animal,
Ing transferred from the basal knob of the hair to the body of the animal.

lir hairs. Many plants possess glandular hairs. These hairs may secrete oil, resin or
Aypleal glandular hair possesses a stalk and an enlarged terminal portion, which may be
pland. The glandular hairs may be uni- or multicellular. Active secretory cells of
mes have dense protoplasts and elaborate various substances, such as volatile oils,
ilages, and gums. These substances are excreted and accumulate between the walls
It final removal from the hair occurs by rupture of the cuticle.

ltate hair. A common type of trichome is the scale, also called peltate hair (from the
jet-shaped or shield like, and attached by its lower surface). A scale consists of a
Lelly, often borne on a stalk or attached directly to the foot.

’ A, development
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lairs often produce thick secondary walls as, for instance, the cotton seed hairs or



Plant Anatomy’ The Tissue System

146
147

J TRICHOMES
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Fig. 7.21. Various types of trichomes (hairs). A, from petal of Epigaea; B, from leaf of C
from petal of Phryma; D, from \eaf of Avena; E, from sepal of Heliotropium; F, INOID FORKED  DENDRIT
IC  CANDELABR,
A

Onopordum; G, from Cucumis \eaf; H, from Platanus leaf; |, from Rubus !
Aubrietia stem. (After E. & M).
the climber hairs of Humulus. The walls or trichomes are sometimes impregnated with sill
carbonate. Their contents are varied in relation to function. Cystoliths ai

SHAGGY SINGLE-CELLED

_
DI
ENDROID OR DENDRITIC ————JL_ MULTI-CELLED
- GLANDULAR———

Fig. 7.22. Trichomes of different types.

me, 1956’ ng and ROblllSOll, 1969, 1970; Ra”]ayya: 19 2) ng and Robinson (1 >

e types to determine genetic limits amon, Composntae Ram ayya (1972), used the
limi .

richomes

develop in hairs.
Development

A trichome is initiated as a protuberance from an epidermal cell. The protuberd
and if it develops into a multicellular structure various divisions may follow the initial

Trichomes and Taxonomy
The trichome types have been successfully used in the classification of genet!

i dense coverin
g of wo i
oly trichomes controls the rate of transpirati
species in certain families and in the recognition of interspecific hybrids (Metcalfe and piration. They also

‘nﬂ effect of sunlight. They aid in the rotection of plant body from oute; urio
g p
t Yy p T Injurious
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lissue into pith and cortex. The
ground or fundamental tissue
Aystem consists of main bulk of
plant body and extends from below
Ihe epidermis to the centre, leaving

The ground tissue found
neath the epidermis which
Itounds the central cylinder and
tlelimited from the cylinder by the
lodermis is called the cortex.
lly the cortex of stems consists
{hin-walled parenchyma cells
Ing sufficiently developed
Icellular spaces among them.
lly some of the cortical cells or
I them contain chloroplasts at
In young stems. The cortical
also contain starch, tannins,
Mls and other common
ons in them. The cortex may
Il collenchyma, sclerenchyma
Aclereids in addition to
parenchyma. Collenchyma
lly arranged as a cylinder or
form of strands near or
the epidermis. In most of
dicotyledonous  stems
hyma is often found in the
In the corners and in other
i 1o give temporary support to the plant body. Sometimes a few layers of fibres of
ma develop just beneath the epidermis forming an outer protective layer called hypodermis.
puth the hypodermis a few layers of parenchyma and chlorenchyma are found. The
| layer of the cortex is endodermis which is single-layered and sometimes known as starch
T'he cortex of roots is more homogeneous than that of stems and usually consists .of
i only.

tlssues of the cortex are strictly primary and as a whole, mature with the primary tissues of
but there is considerable overlapping of development with secondary-tissue formation
Mele. Collenchyma develops early, but sclerenchymatous cells are usually late in reaching
The cortex of an axis in which marked secondary growth has occurred has tissues crowded
ore or less crushed radially.

of the Cortex

W it acts as a protective tissue, but secondarily carbon assimilation, storage of water,
d and other functions are also carried on. Collenchyma of the cortical region aids in the
Mechanical support of plant cody. In roots it is a storage tissue and helps in pumping
linirs to the xylem.

Fig. 7.25. Various kinds of trichomes. A and B, leaf of
Hamamelis; C, leaf of Cassia; D, leaf of Datura; E,
testa of Strychnos nuxvomica; F, petal of Arnica;
G, leaf of Verbascum; H, testa of Strophanthus.
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The secondary xylem consists of a compact mass of thick-walled cells so arranged as to form

two systems—a longitudinal (vertical) and a transverse radiating system. The longitudinal system

consists of elongate, overlapping and interlocked cells—tracheids, fibres and vessel elements—and

longitudinal rows of parenchyma cells. All these cells possess their long axes parallel with the long
ixis of the organ of which they are a part.

The secondary xylem consists of scalariform and pitted vessels, tracheids, wood fibres and
Wood parenchyma. These elements of secondary xylem are more or less similar to those occur in
primary xylem. Vessels or tracheae are most abundant and are usually shorter than those of primary
Aylem. Mostly the vessels are pitted. Annular and spiral tracheids and vessels are altogether absent.
ylem parenchyma cells may be long and fusiform, but sometimes they are short. They are living
0lls and usually meant for storage of food material (starch and fat) in them. Tannins and crystals
¢ frequently found in these cells. Xylem parenchyma may occur either in the association of the
Wsels or quite independently. The fibres of secondary xylem'possess thick walls and bordered pits.

SCALARIFORM PITTED

R
ARRUEA HELICAL

ISTRIBUTION OF WOOD (XYLEM) PARENCHYMA

Wood parenchyma is distributed in three ways: (i) Terminal wood parenchyma; (ii) diffuse or
lutracheal wood parenchyma and (iii) vasicentric or paratracheal wood parenchyma.
Terminal wood parenchyma. In some gymnosperm woods, wood parenchyma is absent; in
I (e.g., Larix and Pseudotsuga), and in some angiosperm woods (e.g., Magnolia and Salix),
l parenchyma cells occur only in the last-formed tissue of the annual ring. Such woods have
inal wood parenchyma.
Diffuse or metatracheal wood parenchyma. Where parenchyma occurs not only in this
I, but also remains scattered throughout the annual ring, some of the cells lying among the
ids, and fibre-tracheids the plant has diffuse or metatracheal wood parenchyma (e.g., in
\ Quercus, Diospyros etc.).
Vasicentric or paratracheal wood parenchyma. Where parenchyma occurs at the edge of
llual ring and elsewhere only about vessels and does not occur isolated among tracheids and
| the plant possesses vasicentric or paratracheal wood parenchyma (e.g., in Acer, Fraxinus

g

T
CALARIFORM
s PITTED

PARENCHYMA
oung Aristolochia stem showing
xylem is towards left, Al

and L.S. of a part of y
sible. Protoxylem GO

ted parenchyma. Earlier part of the

d pitted vessels are clearly Vi ylem rays. The xylem rays or wood rays, extend radially in the secondary xylem. They are

I ribbon like. They originate from the ray initials. The xylem rays run as a continuous band
condary phloem through the cambium, thus forming a continuous conducting system. All
I tays are initiated by the cambium and, once formed, are increased in length indefinitely
dimbium. Commonly these rays are known as medullary rays, or pith rays, on the basis of
\larity and parenchymatous nature with the pith rays of herbaceous dicotyledonous stems.
il rays may be best called vascular rays, as these rays are of vascular tissue partly of
il partly of phloem.
Xylem rays traverse in the secondary xylem and establish communication with the living
0 vascular tissue. In gymnosperm wood where no wood parenchyma is present, every
In direct contact with at least one ray. Vessels also in their longitudinal extent, come into
Ith many rays. In herbaceous stems, such as of Ranunculus, where vascular bundles are
by projecting parenchymatous wedges, and in vines, such as Clematis, where the bundles
(| by bands of secondary parenchyma, vascular rays are not found. The xylem rays help
nge of gases. They also aid in the conduction of water and food from phloem to the

M xylem parenchyma.
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Fig. 10.36. Secondary growth in thickness. A — D, diagrams showing stages in the secoll

growth of a dicotyledonous stem upto two years.

cambium within the bundles, divide accordingly and form a layer of cambium across the medl
rays. The newly formed cambium connects the fascicular cambilum found within the Vil
bundles, and thus a complete cambium ring is formed. The newly formed cambial strip which
in the gaps between the bundles is called interfascicular cambium, i.e., the cambium in betwd
vascular bundles. Thus a complete cambium ring is formed.

Thee cambium layer consists essentially of a single layer of cells. These cells divide in d di
parallel with the epidermis. Each time a cambial cell divides into two, one of the daughter cell§
meristematic, while the other is differentiated in to 2 permanent tissue. If the cell that is diffe
is next to the xylem it forms xylem, while if it is next to phloem it becomes phloem towards
side of the cambium. The cambium cells divide continuously i
tissues on both sides of it. In this
vascular bundles increase in size.

n this manner producing ¢
way, new cells are added to the xylem and the phloeny
While there is more or less alternation in the production
and phloem cells from 2 cambium cell, more cells are formed on the xylem side than on i
side. The cells formed from the cambium in the region of the pith rays become pith-ray
activity of the cambium thus increases the length of the pith rays grow equally. (See Fijh

83).

The formation of new cells from the cambium result in an enlargement of the stem that
as the secondary thickening. The formation of new cells in secondary thickeninj
throughout the life of the plant. It is in this way that the trunks of trees continue
diameter. The cambium perpetuates and remains active for a considerable long periad

The thin-walled cells of the vascular cambium are highly vacuolate and in this
unlike most other meristematic cells. The electron microscopic structure reveals |
vacuolate nature. Many ribosomes and dictyosomes, and well developed endoplasmic 18
present (Srivastava, L.M., 1966).
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growth rings are Charaaz:xcept where there are marked climate cha.nlgese :
dovelone! isn :‘:11:3:1:‘;;“; herbaceous stems show, naturally, but one layer.
dry seasons.
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10.41. Secondary growth in thickness. T.S. of a two-year old dicotyledonous stem.

ons with a pronounced cold season, the activity of the cambium takes place only during
(| summer seasons thus giving rise the growth in diameter of woody plants. The wood
Il is sharply distinct from that of the next season. In spring or summer the cambium
¢ and forms a greater number of vessels with wider cavities. As the number of leaves
the spring season, additional vessels are needed for the transport of sap at that time
Increased leaves. In winter or autumn season, however, there is less need of vessels
I, the cambium is less active and gives rise to narrow pitted vessels, tracheids and
The wood developed in the summer or spring season is called spring wood or early
Wood formed in winter or autumn season is known as autumn wood or late wood.
line of demarcation is quite conspicuous between the late wood of one year and the

Next year. An annual ring, therefore, consists of two parts—an inner layer, early
ter layer late wood.
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DENDROCHRONOLOGY
Each annual ring corresponds to one )
year’s growth, and on the basis of these
rings the age of a particular plant can easily
"be calculated. The determination of age ofa
tree by counting the annual rings is known
as dendrochronology-. Sometimes two
annual rings are formed in a single year, and
in such cases the counting of the annual
rings does not show the correct age of the
tree. This happens perhaps because of the
drought conditions prevailed in the middle of
a growing season. N e e e . NUAL AING
TYLOSES ' 5 o IN XYLEM
In many plants, the walls of the xylem
vessels produce balloon like outgrowths
into the lumen of the vessels, are called
tyloses. Usually these structures are formed
in secondary xylem but they may also
develop in primary xylem vessels. Tyloses are
formed by the enlargement of the pit
membranes of the half-bordered pits present
in between a parenchyma cell and a vessel or  Fig. 10.42. Stem—secondary structure. Dl
a tracheid. Usually they are sufficiently large secondary thickening inaw
and the lumen of the vessel is almost pundle showing four annual fl
blocked. The nucleus of the xylem
parenchyma cells along with cytoplasm passes into this balloon like outgrowth. The &
membrane forms the balloon like tylosis inside the lumen cavity. In fully developed tyl
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Fig. 10.43. Annual rings. An annual ring in sectional view (magnifl
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Fig. 10.59. The lenticel of Mangifera indica (mango).

the closing cells. These cells together form a layer called closing layer. With the conti
formation of new loose complementary cells, the closing layers are ruptured. The lentic CAMBIUM
up with complementary cells completely in the spring season whereas in the end of the
season the lenticel becomes closed by the formation of closing layer.
The complementary cells are thin-walled, rounded and loose with sufficiently dev
intercellular spaces among them. Their cell walls are not suberized. Due to the presence of
intercellular spaces, the lenticels perform the function of exchange of gases between the atm!
and internal tissues of the plant.
Sometimes, lenticels develop independent of the stomata. In such cases the phellogell
sometime the cork cells and then loose complementary cells which ultimately break the
rise to a new lenticel.

SECONDARY XYLEM AND SECONDARY PHLOEM IN CONIFERS
(GYMNOSPERMS)

FUSIFORM
‘| INITIALS

SECONDARY XYLEM (WOOD)

The xylem of gymnosperms is generally simpler and more homogeneous th
angiosperms. The chief distinction between the two kinds of wood is the absence of Vel
gymnosperms (except in Gnetales) and their presence in most angiosperms. The gymnoi|

possesses 2 small amount of parenchyma, particularly vertical parenchyma.

THEVER’HCALSYS’I’EM

In the secondary xylem of gymnosperms, the vertical system consists mostly of U
Jate wood tracheids possess relatively thick walls and pits with reduced borders, and thi
are known as ﬁbre—tracheids, but libriform fibres do not occur. The tracheids are long ¢¢
mm) with their ends overlapping those of other tracheids. The tracheids of existing gy
interconnected by circular or oval bordered pit-pairs in single, opposite or alternate art
number of pits on each tracheid may vary from 50 to 300 (Stamm, 1946). The pit-pairs
present on the ends where the tracheids overlap each other. Generally the pits are ¢
radial facets of the cells. Tori are present on the pit membranes in Ginkgo, Gnel
Coniferales. The tracheids possess thickenings of intercellular material and primary.
upper and lower margins of the pit-pairs. These thickenings are called crassulae:
sculpture is represented by the trabeculae. They are found in the form of small bars &
the lumina of the tracheids from one tangential wall to the other. Helical thickeningh
have been recorded in the tracheids of some conifers. Wherever present, the
parenchyma of the Coniferales is found to be distributed throughout the growth tl
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Ve been reported in gymnosperms. The phloem of Pinus strobus lacks sclerenchyma; well
tloped tangential bands of fibres are found to be present in Juniperus, and large masses of
Ieids are present in Tsuga. In Thuja occidentalis, the fibres are arranged in uniseriate tangential
M. These rows of fibres alternate with rows of sieve cells and phloem parenchyma.

In Platanus and Fagus sclereids are the only type of sclerenchyma present in the phloem. The
ids are found abundantly in the older, living, but nonconducting phloem of the woody plants.
Phloem rays. The pholem rays are usually present in the vascular tissues developed by the
jum. The vascular rays are formed in the cambium and develop on either side of it with the
dary xylem and secondary phloem of which they are a part. The phloem rays may be one to
| cells in width. Normally they are of uniform width throughout their length. They may
e in width outwardly, the increase being due to the multiplication of the cells or to the
¢ in size of cells toward the outer end of the ray. The phloem rays may be one cell wide (e.g.,
lanea and Salix), two or three cells wide (e.g., in Malus pumila) or many cells wide (e.g.,
ia and Liriodendron). However, in oaks there are two types of phloem rays—one very broad
other uniseriate.

M
FUNCTIONING PHLOE
NON‘FUNCTIOMNGYPHLOEM SIEVE TUBES COMPANION CELL
PART OF RA'

o\t P i 2

mmonly the phloem ray cells in woody plants, as seen in transverse section, are rectangular
iilly elongated. In herbaceous plants, commonly the ray cells are globose. In Cephalanthus,
la and Potentilla the ray cells closely resemble the phloem parenchyma cells. All phloem
iire parenchymatous with active protoplasm, but as they become older many of them
Aclereids.

pecial type of ray cell known as albuminous cell is found in gymnosperms. These
i cells are found to be situated at the upper and lower margins of the phloem rays. The
i cells differ from the ordinary ray cells both structurally and functionally. They are
ctly with the sieve cells by sieve areas. They do not contain starch, and are of much
ical diameter than the normal ray cells. They retain their protoplasts as long as the sieve
Which they are connected function. It is thought that they function like companion cells

fera (grapevind).

the secondary phloem of Vitis vinil

Fig. 10.50. Secondary phloem. T.S. of
Esau).
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definite tangential bands. These layers of tissue have the appearance of annual rings.
oie ring like bands do not possess definite seasonal limits like those of secondary xylem,
I8 no sharp distinction between the phloem cells formed in the early and late growing
nal formation of sclerenchyma bands may exist, but this is not constant feature. In
Il new layers of phloem and xylem are formed with each period of new growth.

I, The functions of secondary phloem are normally the same as that of primary
various cells of secondary phloem are structurally adapted for the function of
0f food. The sieve tubes, companion cells and some phioem parenchyma cells are
led for lengthwise conduction, and certain phloem rays help in horizontal conduction
Xylem and the cambium. Some of the phloem parenchyma cells in some plants act
of starch, crystals and other organic materials.

Importance. The secondary phloem of various trees and shrubs of the Malvaceae,
teae has provided bast fibres for economic purposes. The tapa cloth of Pacific
fed of mainly of phloem fibres. Tannin obtained from the secondary phloem of
Ii utilized for the preparation of spices and drugs. Secretory canals are abundantly
undary phloem, and the secretions are of much economic value—such as rubber
the latex of Hevea brasiliensis, and resins from various gymnosperms.
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0.62. Secondary xylem. Three-dimensional 2& ) k
structure of wood of Pinus strobus. Q(
Tracheids are shown in the figure.

It sieve cells are slender, elongated elements appear " h

fusiform initials from which they are derived. They Q

fich other at their ends and each sieve cell remains %

il with several rays. The sieve areas are abundantly

the ends which overlap those of other sieve cells.
tcting strands in the sieve-areas are aggregated
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i cells occur in longitudinal strands. They store \ j[
( material and also contain resins, crystals and Af
BORDERED PITS
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ay from the wood in the opposite direction. The rays penetrate e(
onduct water aw ' e
—tfnte)}(]yclem and the phloem and thus suited for these. ﬁ;n(;t;o:rse LA i
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i . In certain gymmosperms : " P e
l}{xesmr(t‘il;::sand horizontal systems. The resin ducts arise a; Sd;;:ieceus v
:mh ;)aer:t?on of resin producing parenchyma cells from‘ ea:l:hc?tm :; s
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SECONDARY PHLOEM

is quite si ical system containi
i te simple. The vertica n
of phloem of conifers is qui ) !y
s Struc:(:ﬁ:eandpfrequemly fibres. Companion cells are absenx::th g
parel;m?);mal walls. The rays are mostly uniseriate and contain parenchy
on the lateral S.
albuminous cells.

nchyma cells. The albuminous cells contain Fig. 10.64. Tracheids with bordered
lusm and distinct nuclei. They are irregular in

pits of pine stem in T.L.S.
ore food materials. The secondary phloem also

In canals. In Picea canadensis, they occur in rays and possess cyst-like bulbous

SECONDARY GROWTH IN THE MONOCOTYLEDONS

nly, the vascular bundles of monocotyledons do not possess cambium, and therefore,
tondary growth. However, it occurs in some monocotyledons (e.g., Dracaena, Yucca,
U¢, Sansevieria, Xanthorrhoea, Kingia, etc.). In these plants the secondary growth
formation of the cylinder of new bundles embedded in a tissue of less specialized
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and the cortex. During the healing process of a wound the c_allus is formed. In this there is at
Itzlkrl;‘t)‘:tr)lundzmt proliferation o%the cambium cclls,' with the producgoq of massive };:a;enchy;?z;. [}::E
outer cells of this tissue become suberized, or pendgrm develops w;thm them, with the resular  barg
is formed. However, just beneath this bark the cambium remains active and forms new \l/asc: " tizony
in the normal way. The new tissue formed in the n(?rmal way extends Athe g:lov;"mg ay(:.j [?ecomes
wound until the two opposite sides meet. The cambium layers then unite and the woun

completely covered.
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Fig. 8.5. econdary thickening in monocotyledonous stem. T.S. of Dracaena stem.

Cambium in budding and grafting. In the practices of budding aru_i grafting, the carinbiun:h(:{

both stock and scion gives rise to callus which unites and develo;f)sha contn})quous gzggll(uan; das)zg b
i i ing ti i | union of the cambium o
es rise to normal conducting tissue. There is an actual :

tg\::o plants during the practices of budding and grafting and therefore these practices are nol
commonly found in monocotyledons. ;

Cambium in monocotyledons. A special type of secondary growth occurs felv:‘
monocotyledonous forms, such as Dracaena, Aloe, Yu_cca, Veratrum and some ot(iileg genifas.u.
these plants the stem increases in diameter forming a cylinder of new bundles embedded in a tissut:

Here a cambium layer develops from thie meristematic parenchyma of the pericycle or the innermosl
cells of the cortex. In the case of roots, the ‘camblum‘ of
of cambium strand in tiers to form a storied cambi

dicotyledons.

his develops in the endodermis. The initily
um as found in the normal cambium of somg

9

The Root — Primary and
Secondary Structure

The roots are generally divided into two categories: (1) primary, normal roots, which originate
from the embryo and usually persist throughout life, and (2) adventitious roots, which arise
secondarily from stem, leaf or other tissues and which may be either permanent or temporary.

The functions of the primary roots are to anchor the plant in the soil, to absorb water and
soluble substances and to serve as storehouses of food materials. The functions of adventitious roots
are very various. Sometimes they enter the soil and act as primary roots. In other cases they may
be modified into climbing organs, stilts or props, thorns, haustoria, etc.

The anatomy of roots is in many respects simpler than that of stems and it is considerably
more uniform, perhaps as the result of a rather uniform environment underground, which is in
marked contrast with the extreme variability of the conditions affecting aerial shoots. Root anatomy
Is more ancient in type than that of stems. Roots preserve, in their primary condition, the actinostely
of the vascular tissues, which in the lower Pteridophyta is characteristic of both stems and roots.

GENERAL CHARACTERISTICS OF THE ROOTS
The roots possess a tendency to grow downwards or sidewéys rather than upwards.
There is absence of chlorophyll in the roots.
The roots are not susceptible to the influence of light.
There is absence of leaves and hence, of course, absence of buds.
The roots possess a root cap over the apex.
They possess endogenous origin and branching.
In roots, the phloem and xylem are situated on different radii in the primary structure.
There is a relatively short zone of growth at the apex.
They possess root hairs near the apex.

© PN AN

ANATOMICAL CHARACTERISTICS OF THE ROOT
ROOT CAP

The root cap consists of parenchymatous cells in various stages of differentiation. It is
protective in function. Recent experiments have indicated that the root cap has another function that
is physiologically of great importance. The root cap is apparently the site of the perception of
gravity; thus it appears to be capable of controlling the production in the meristem of the growth-
regulating substances involved in geotropism or their movement. However, the root cap itself is not
the site of synthesis of growth substances. The experiments show that the root cap can control the
movement, if not also the synthesis of endogenous auxin in the root apex.
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