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Secretory structures
Secretory structure are structures
~in  plant that participate in
secretion of water or/and other
substances, such as salts, gums,
resins, nectars and digestive
enzymes. of these

structures are of epidermal origin

Some

and are known as trichomes as
-those described in .Chapter 3
(Fig.3.23 & 3.29).

Plant secretions result from
the activity of certain cells,
either individually or
accumulated in groups forming
specific  structures. Individual
secretory cells usually keep
their cells as in the case of
lithocysts which secrete grape-
shaped clusters of calcium
carbonate known as cystoliths

inside the cells (Fig.2.15).

Secretions in complex
secretory structures are exuded
outside the secretory cells and
gathered in certain collecting

cells as in tamarisk (Fig.4.2) or

in reservoir cell as in the glands
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of  Pinguicule  grandiflora
~leaves (Fig.4.1), orinducts as
in resin ducts (Fig.4.8).

The secretory structures may
release their secretions outside
the plant as in hydathodes
(Fig.4.10) and nectaries (Fig.
4.4), or may keep them inside
the plants as in laticiferous
ducts  (Fig.3.35) which differ

“- from other glands of being

made of one or more linked
cells and their secretion known
as latex is kept inside the cells.
' Two types of glands are
recognized external occurring
on the plant epidermis as in
glandular hairs and nectaries,
and internal = which
embedded; in the plant tissues
as in oil and resin glands.
Detailed descriptions of re-
presentatives ~ of  different
secretory structures are given
below.
1- Salt
tamarisk: The  tamarisk
(Tamarisk aphylla) salt gland
(Fig.4.2) is formed of eight
cells, six of which are secretory
and the basal two cells are the
collecting cells. The group of
the six secretory cells is
enclosed in a circular layer

are

secreting glands of ‘

220

A2 PR ik JUDLLE X B PO B
- (4.8 Ja) dganl )

A Sl A 5 s o
35l (LS Sl ol gl Y )
aaall B LSy (4.10 Jsi) Asla
=5 a8 (4.4 J$3) g )
o—d LS bl Joals & o 8y
s ¢ (3.35 J) Tl il
(Y G:q‘_g);‘uzt aaall e calias
Alaie 56 Al ey
A e L ) Y B8y LAk
<Al Jala sl sl

el e (e 9 e S

Qu‘i)j;‘rshjﬁaeajham
J&J‘&éﬁj‘i\)—&t\n .JS‘_,J@L«S
Mi‘réfs_)j_ai.d JA_}'EJ:\__:XS‘J

And o W) sl Sl

Al g

L I P OO g PR DY
. ddbaall & S Al o
(0 B pdall 530l aail ~1
0555 (4.2 J82) Aald) JY) st

C Lgie DR T ¢ LR 3l (e

Lol o taelil cladally i

i) e Ay a3 Ay )



secretory cells §),4a 1_.!?;

[ Y

. epiderinal eell &2y Al

collecting cell ina® il

- chs;lk\-,_.-‘piii‘,,g.:gdubft&i
_T.S. im tamarisk leaf epidermis showing sall gland.

citicular layer as5! a3}

secretory é:ells 55 _)u

collecting cell inos .
T ; Ce

plasmodesmat

- Sl

: mesophyll GE:') =

Enl;lrged diagram of the glandé.l.au J‘g. ‘sb._.hi r‘)«

© . FigA.2: Salt glands in tamarisk leaf (8 55 o duale s

221



except in the

surface cuticular layer of the

lower part,”
between the secretory cells and
+ the basal collecting cells. The

upper two cells of the gland are _ .

connected by each other
vertically by plasmodesmata.
Plasmodesmata are also present
between the upper mesophyll
cells and the collecting cells.
Salty solution passes through
plasmodesmata  from the
mesophyll to the collecting
cells, then moves upwards

from cell to cell. The solution

accumulates in the micro-
vacuoles lining the secretory
cells, then fuse with the plasma
membrane lining the micro-
vacoules. The salt is, then
released , into the pectin-rich
cell wall, and moved towards
the top of the gland where it is
released through the cuticular
pores in the surface layer. The

cuticular layer surrounding the -

gland prevents the back flow of
salt.

2- Nectaries: Nectaries are
special structures that sectere a
sweet liquid known as nectar,
and is found mostly in insect
polinated plants. They may be
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found in the base of sepals and
petals, 1n stamens, on a disc

© below the ovary (Fig. 4.3).

Also they may be found on

leaves. In Abutilon the nectar is

secreted from a special

secreting trichome (Fig 3.25).

Nectaries present on flowers
are termed floral nectaries,
other are called extrafloral
nectaries. The secretory cells
of nectaries are thin walled and
usually posses dense cytoplasm

and distinct nuclei.

In extrafloral nectaries such as
that of castor oil, which occur
at the junction of petiole and
leaf blade, a nectar excreting
palisade-like epidermis can be
foun(:l (Fig. 4.4).

3- Digestive glands: Digestive

gland can be found among
insectivorous plants such as
pitcher plant (Nepenthes) and

sundew plant (Drosera).

The digestive glands secrete
proteolitic enzymes which act

on the captured insects. These
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glands are considercd external
glands. In sundew plant, leaves
are covered with tentacies
having on their ends secretory
glands, which bend over the
insects secreting viscid acid

secretion (Fig.4.5).

4- Internal glands: Two types
of internal glands are known;
* lysigenous and schizogenous,
depending on the method of
duct of cavity development. In
lysigenous type the cavity is
formed by cell destruction
which is often achieved by
enzymatic
schizogenous type the space is

dissolution. In

formed by the separation of
cells. Some types of internal

glands are given below:

a) Oil glands: They are often
of the lysigenous type, and
occur mostly in the mesophyll
of some plant leaves, e.g.
orange and camphor. In orange
the oil glands are also found in
the ovary (Fig4.3) and in
orange peel (Fig.4.6). Glands
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are spherical in shape and are
formed hy the disintegration of a
group of cells forming the cavity
(Fig4.7), and the secretions
previously formed in the cells are
released in the cavity.

b) Resin ducts: They are often
of the shizogenous type and are
found mostly in the secondary
xylem and leaves of many
gymnosperms.

* They are formed by the
separation of parenchyma cells.
The diameter of the duct
may be enlarged by division of
the surrounding cells in a plane
perpendicular to the boundary
of the canal. Theseresultina
regular canal surrounded by
layer of small cells having
secretory function and known
as epithelial cells. In pine these
cells are thin waliled and not
lignified. ~Resin ducts are
produced mostly as result of
injury (Fig.4.8).

" Resin is a mixture of high-
molecular  weight compounds
mostly terpenoids, which are
soluble in ethanol and not in
water. On exposure to air the
volatile components evaporate
leaving a solid or semi-solid
residue, protecting the damaged
area.
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¢} Gum ducts: These are
found in dicot woeds in a way
similar to that of resin ducts in
pine. Gum ducts may arise
normally or as a reaction to
injury. Ducts due to injury may
develop  schizogenously or
lysigenously and sometime
shizolisigenously.” In the latter
case the cavity is formed,
firstly, schizogenously, then the
cavity enlarges by disin-
tegration of the boundry cells.
This process in  known as
gurhmosis, and result in gum
accumulation in the ducts.
Diseases and insect injury may

cause gummosis (Fig.4.9).

(Gums are mostly complex,
highly branched poly-
saccharides that swells in
water to form jels or sticky

iy
solttions.
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S5-Hydathedes:  Hydathodes
are special secretory structires
that secretes water from the
interior of the leaf and deposit

it, in the form of drops, on leaf

surface. This phenomenon is
called guttation.
Hydathodes occur,

commonly, along margins and
tips of leaves at vein endings.
Excess water passes from the
terminal tracheids of the veins
through the intercellular spaces
of loosly packed parenchyma,
devoid of chloroplasts, édlled
the epithem. The epithem may
be bound by suberized cells. or

with  cells having casparian

strfps. Some hydathodes lack a

typical epithem. The inter-
cellular spaces of the epithem
open to the exterior by special
permanently  opened pores
surrounded by guard cells of
stomatal origin. - Beneath the
pore there is a large inter-

cellular space (Fig.4.10, 4.11).
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Guttation drops are brought to
the surface by the terminal
tracheids of the veins, and are
usually seen in early morning
after a cool night. Normally
guttation from hydathodes is a
passive process and is forced
out by hydrostatic pressure.

Vascular bundles

The vascular bundle is 0ﬁ¢ of
the strands of primary vascular
tissue constituting the vascular
system. The vascular system
is the continuous network of
vascular tissue through out a
plant.

A vascular bundle when fully
formed is génerally composed
of two well-defined complex
tissues; xylem and phloem,
whic}?\ may be separated by
fascicular The
vascular bundle is considered

conjoint if it consists of both

cambium.

xylem and phloem.

Different types of vascular
bundles
follows:

are considered as

1- Collateral bundle: It is a
vascular bundle in which the
phleom occurs on only one side

of the xylem in one radtus.
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Phloem occurs only towards
the outside of the xylem. If
. cambium is present between
xylem and phloem as in dicot
stems the bundle is described
as open collateral bundle, and
if cambium is abscent it is
called closed collateral bundle
as in most monocot stems
(Fig.4.12)

2- Bicollateral bundle: Itisa

vascular bundle in which the
phloem occurs on both the
sides of the xylem. Cambium,
if present, occurs only between
the outer phloem and the
xylem. The internal phloem
may be embedded in the outer
part of the pith .and not
adjacent to xylem. Bicollateral
bundles are found in solanaceous
and cueurbitaceous plants (Fig.
6.4).

3- Concentric bundles: These

are vascular bundlesin which
one vascular tissue surrounds
the other. Concentric vascular
bundles are of two types.

a) Amphicribral, in which the
phloem surrounds, completely the
xylem, and is found in many ferns-
and few dicots, asin rhizome of
Polipodium sp. (Fig.4.13).
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b} Amphivasal, in which the
xylem completely surrounds
the phloem, and is found in
many monocots and few dicots,
as in stem of Cordyline sp. (Fig.

4.13),

4- Radial bundles: These are

 vascular bundles in which the
xylem and phloem occurs at
different and alternating radii
and separated by parenchy-
matous cells. This type is found
among roots of Angiosperms
(Fig.4.14).

Stele (Vascular cylinder)

The stele is the centeral core
of the stems and roots of the
sporophytes of vascular plants,
including the pericycle, the
vascular tissue, the medullary
rays and the pith. Three basic
types of stele are recognized

(Fig4.15).

1- Protostele : It consists of
solid central core of xylem,

surrounded by a ring of phloem

baay Leds ¢ elalll 458 50 0 3a (@
Ly o olallly 44 Akla) Cuzal
Baal gl A sl sl g 538 8
il J e OR8N < 53 e Sl

- (413 J88) gl <

oo st Akl a5a —4

el (IS L 3% Atle s

ke Glad Lo LAl
LI Lagly oy Ailiay it
oste gl e ety Auadi gy
- (4-14 J82) 5 ke il
Lale g 43 gl
‘__\_\ELCH dle ) Ayl
DB haly el (5 538 5l
Jaiti g ¢ A 3l ool Ase & yall
AaaY s dle M Ass¥) 5 S il
D oSy g LAy Ae il
Adle ) i shal) G gl gl 220
(415 Us3)
Al Aele gl A3 gk -1
2D (e (5 38 pa o (e S 5

gladangYselall o4l Hlas



Actinostele Lelad Lile ¢ dilglau! Haplostele by Lile s 3“.
- ]

=/, meristele z___,}-, i;.\.f.} Lt |

Ectophloic siphonostele . ‘_ ' -
' P phopostele’ Dictyostele iS5 ajley &yl Amphipholic siphonost
i

ollr s b gyt Al At | e et eid 3
ndlr ol 15 Byt e

Eustele i.id> il y Algaot

phloem
xyllem
Fig.4.15: Different types of stele - &le gl il ghau)l) (e Adlida g},

239



and lacking central pith.

Protostele is considered the

most primitive type of stele and
are charactesistic of stems of

lower pteridophytes and of

roots of most vasular plants.
Three types of protostele are
recognized: = -

a) Haplostele, is the simplest
type of the protosteles. The
xylem appears, in cross section,
more of less circular, e.g.
Rhynia & Psilotum (Fig.4.16).

b) Actinostele, in which thé

xylem appears, in cross section,
stellate or lobed, e.g. Psilotum

(Fig.1.26).

c) Plectostele, in which the

Xylem splits- into several
elongated plates surrounded by
phlo\em. Some of the plates
may '\ be joined together and
others remain separated, e.g.

Lycopodium (Fig.4.17).
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2-Siphonostele: This type of
stele has a central core of pith
surrounded by ring or rings of

vascular tissues. Siphonosteles

are found among more
advanced pteridophytes and

spermatophytes.

‘Five types of siphonosteles

are recognized:

a) Ectophloic siphonostele,
in which a ring of xylem
surrounds the core of pith,
followed externally by another

ring of phloem, (Fig.4.15).

b) Amphiphloic siphonostele
(Solenostele), in which two
rings of phloem surround the
xylem both externally and
internally. When endodermis is
present, two layers of
endodermis occur, one outside
the outer phloem and the other

inside the inner phloem,e.g.
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Adiantum and Marsilea.

(Fig.4.15).

¢) Dictyostele is atype..of

dissected siphonostele separated

' s

by parenchymatous areas, and
usually associated with large
closely placed leaf gaps. Bundles
are inter-connected to form a
cylindrical network and each

bundle is of concentric structure,

consisting of a central strand of
xylem surrounded by phloem.
Each bundle is termed nieristele,
and is considered amphicribiial
bundle (Fig.4.15).

| d) Polycyclic stele is a t}'fpe

of stele similar to the
'dictyostele, but with two or
more concentric  rings of
vascular tissue. The individual
cylinders are interconﬁected.

e.g. Pteridium (Fig.4.18).
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¢) Eustele is a type of
dissected
which  vascular  cylinders
appear as a ring of collateral or
bicollateral bundles separated
by medullary rays as in stenis
of most dicotyledonous plants
Fig63). |
3- Atactostele : This type of
stele is characterized by the
irfeéularity of arrangement of
vascular bundles in the ground
tissue as in stems of mono-
cytoledonous plants (Fig.6.12).

In rare cases the stem or the

oot contains more than one

independent  stele, such a

condition is termed polystely,' ’

as in case of aerial axes of
Selaginella sp., which possess

several protosteles.
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