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Microscope

Study the different parts of the microscope, with the aid of
the plate. Preparation of material for examination:

Place a drop of water on a clean slide. The material to be
examined is placed in this water. With the edge of the clean
cover slip touching this water and tilted at an angle with
slide, drop the cover slip until no air bubbles are formed.
Blot of f any excess water.

General remarks on using the microscope: -

1-Before using the microscope be sure all lenses are clean.
2-Always, keep the stage clean and dry.

3 - Move the mirror before the ftest to provide the best
illumination and the best image.

4 - To study an object use first the low power and then high
power. Do not use the latter before putting a cover slide.

5 - When you use the high power, use only the fine
adjustment.

6 - Use both your eyes when looking in the microscope.
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Plant anatomy

Structure of the plant cell.

I. Living cell contents:

a) Cytoplasm b) nucleus

Examine a stripe of upper epidermis of fleshy onion.

c) Plastids

1- Chloroplast: Examine the leaf of Elodea and examine
the spiral shape chloroplast of Spirogyra.

2- Chromoplast: squash little of fomato fruit and

observe the different shape of chromoplast.

I. Non-living cell contents:
1- Starch grains:

a) Potato starch: three types which are simple
(with excentric hilum), semi compound and
compound grains.

b) Phaseolus starch: characterized by a
branched hilum.

c) Wheat starch: simple grains with a concentric

hilum.




d) Rice starch: very small and grouped in
compound grains.

e) Zea starch: characterized by elongated and
branched hilum.

2- Aleurone grains: composed of crystalloid and
globoid (e.g. Ricinus seed).

3- Calcium oxalate crystals:

a- Solitary crystals as in Tamarix stem.
b- Druses as in Tilia stem.
c- Raphides as in Draceana stem.

4- Calcium carbonate: Examined T.S. in Ficus elastica
leaf. Notice the enlargement of some epidermal
cells forming a cystolith. A cellulose protuberance
arises internally on the cell wall and becomes
impregnated with calcium carbonate.

5- Anthocyanin pigment: stripe off a piece of the
upper epidermis of a Pelargonium petal and
examine to notice the red colour of anthocyanin

pigment.
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Strand of cytoplasm

Cross-Section of a Plant Cell
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Cells and tissues
a-Epidermal cells: -
1- Normal epidermis: T.S. in Helianthus stem.
2- Cutinized epidermis: T.S. in Aloe leaf.
3- Multiserriate epidermis: T.S. in Ficus elastic leaf.
Hairs and tricomes: -
1- Simple hair: Zea hairs.
2- Compound hair: Helianthus hairs.
3- Glandular hair: Pelargonium hairs.
4- Branched unicellular hair: Matthiola hairs.
5- Peltate hair: Olea hairs.
6- Papillae: Pelargonium petals.
Stomata: -
1-Kidney shape: e.g. Vicia faba leaf.
2-Dumb-bell shape: e.g. Zea leaf.
3-Sunken: e.g. Pinus leaf or Aloe leaf.

4-Sunken stomata with hairs: e.g. Nerium leaf.
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b- Parenchyma cells: -

1- Polyhedral (spongy)  2- Armed 3-
Aerenchyma
4- Lignified parenchyma 5- Chlorenchyma
c- Collenchymas cells: -
1- Angular 2- lamellar 3-
lacunar

d-Sclerenchyma cells: -
1- Fibers 2- stone cells
e- Xylem tisse:

1- Vessels: differ in the type of lignifications:-

a- Annular b- Spiral c-
Scalariform
d- Pitted e- Reticulate

2- Tracheids: posses bordered pits.
3- Xylem parenchyma.
4- Xylem fibers.
f- Phloem: -
1- Sieve cells

2- Companion cells

24




3- Phloem parenchyma 4- Phloem
fibers
g- Secretory tissue: -
1- Schizogenous gland : e.g. Pinus stem.

2- Lysigenous gland: e.g. Citrus.
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Anatomy of the stem
A-young dicotyledonous stem
1- Helianthus stem
Examine a T.S. in Helianthus stem and notice the
following layers:-

1- The epidermis: this tissue covers the outside of
the cortex.

2- The cortex: it is composed of collenchymas and
parenchyma. The innermost layer of the cortex
which is adjacent fo the vascular cylinder may
have a specialized type of parenchyma having
starch grains known is starch sheath.

3- Pericycle: composed of fibers.

4- Vascular cylinder: it is composed of the vascular
tissues and the surrounding tissues such as the
pith and medullary rays. The vascular tissues is
composed of xylem consists of vessels separated
by rows of xylem parenchyma. The vascular
tissues are arranged in bundles generally forming

a definite cycle. The xylem is endarch i.e. the

38




protoxylem is directed inwards. The cambium
persists in the vascular bundle which is
therefore said to be open. The strips of
cambium within these open bundles or fascicular
cambium. The pith (medulla) is composed of

parenchyma.
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2-Luffa stem

Not that:

1- The pith is hollow.

2- Presence of a broad ring of sclerenchyma
(pericycle).

3- There are two rings of vascular bundles of
which the larger and inner alternate with the
smaller and outer.

4- The vascular bundles are bicollateral i.e. fwo
group of phloem occur in each bundle, one
external, the other internal and separated

from the protoxylem by parenchyma.
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B- Monocotyledonous stems

1- Zea mays (maize)
Stems of monocotyledons exhibit a large number of
bundles which frequently appear scattered throughout
the whole of the ground ftissue, so that a definite
cortex and pith can't be distinguished.
The phloem is composed of sieve tubes and companion
cells, phloem parenchyma is absent. There is no
cambium between the xylem and the phloem i.e. the
vascular bundle is closed. The shape of xylem as a
whole is often roughly that of Y, the stem of which is
occupied by a radial row of protoxylem vessels, whilst
the arms are formed by a pair of large metaxylem
vessels. The phloem fends to be sunken beftween the

xylem. The bundles are enveloped in a sheath of fibers.
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The differences between Dicot. and Monocot. stems

CHARACTERS DICOT STEM MONOCOT STEM
(e.g., Sunflower) (e.g., Maize)
. Epidermis
a) Trichomes ' Present ‘Absent
b) Cuticle Present Present
. Hypodermis ' Made up of collenchyma Made up of sclerenchyma
. Ground tissue Differentiated into cortex,  Undifferentiated

endodermis, pericycle,
medullary rays and pith

. Vascular bundles

a) Number Eight Numerous

b) Arrangement "In the form of a broken ring Irregularly scattered
c) Bundle Cap ' Present Absent

d) Bundle Sheath ' Absent Present

. Nature of the vascular | Conjoint, collateral and open Conjoint, collateral and
bundles with endarch xylem closed with endarch xylem

. Xylem vessels Many protoxylem and meta- Only two protoxylem
xylem vessels in each bundle vessels in each bundle




Anatomy of the root
a- Dicotyledonous root

Vicia faba

Examine and note:

1- The piliferous layer: one and thick.

2- Cortex: several layers of parenchyma cells.

3- Endodermis: signal layer of cells.

4- Pericycle: one layer of thin walled cells.

5- The xylem consisting of 4 to 8 radiating strands.
Note that the smallest xylem elements (protoxylem)
are sitfuated towards the periphery and the widest
(metaxylem) towards the centre.

6- The phloem consists of 4 - 8 strands alternating
with xylem. Parenchyma cells are found between the
xylem and phloem.

7- Medulla: consist of parenchyma.

48




93l g i
CHIRIAY <) g3 ) g
Jsil
V) Byl Jl i i e U san
et A5 oS Jadatodt 38 LA (e 2 g Ciua 140 j3a ) ) e i) dsida ]
Jalii 3 guse LIA Lelaa Jad J58 o) Cli Y dapdall o3a 5 4y 3
(e g
Agarlii LA (e Dliada 3ac 13,48l -2
o Loy Apilall jaall e dlalie LA (e 2al g Ciua tpae 25331 -3
DblS Loy
Agarlii s LA (e 2al 5 Chua 1S 5l 4
¥ g o3 oda dae g o JAN oY) Al b o 3 e o S5y il LB
£ 8 e
i) e 0 5S5 (g ) Ukl Caleail e aial) e Joliy elalll -6
el dapls oy 488 e LOA 5 AL 2

A Y g Aaandd b LA (e 4 S b jua Adhia g Al U7

49




o oo <







b- Monocotyledonous roots
Zea mays (maize)
Examine and note:

1- Exodermis: one or more layers (subarised).

2- Cortex: several layers of parenchyma cells.

3- Endodermis: one layer of cells with thickening on
the radial and inner walls (casparian stripe).

4- Pericycle: complete circle one cells in thickness.

5- Vascular tissues: consisting of numerous
alternating strands of xylem and phloem. The
protoxylem elements are placed towards the

periphery and the metaxylem towards the centre.
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The differences between Dicot. and Monocot. roots

Young dicot. root

Monocot. root

1- Wide cortex

2- Small number of
xylem arches (2-8).

3- Numerous xylem
vessels in each arch.

4- Medulla narrow.

5- Phloem parenchyma
present.

6- Casparian strip on the

lateral walls only

- Narrow cortex.

- Large number of xylem
arches (more than 8).

- Few xylem vessels in
each arch.

- Medulla wide.

- Phloem parenchyma
absent.

- Casparian strip on the
lateral and radial

sides.
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The differences between young root and young stem

young stem young root
1- Cortex is narrow and with - Cortex is wide and with
starch sheath. endodermis.
2- Pericycle consists of - Pericycle consists of one
parches of sclerenchyma layer of thin walled cells.

fibers opposite the

bundles.

3- Vascular bundles are - Vascular bundles are radial,
collateral, i.e. xylem and i.e. xylem and phloem are
phloem are on the same on different radius.
radius. - Protoxylem is directed

4- Protoxylem is directed outwards while the
inwards while the metaxylem is directed
metaxylem is directed inwards
outwards. -

5- Pith is usually wide. - Pith is usually narrow.
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Anatomy of leaf
1- Dicot. leaf

Ricinus leaf
Examine a T.S. in Ricinus leaf to see the following:-

1- Upper epidermis: one cell thick. Notice the
absence of stomata.

2- Mesophyll:

a- palisade tissue: elongated cells perpendicular to
the epidermis and full of chloroplasts.

b-spongy tissue: parenchyma cells with large
intercellular spaces and contain less amount of
chloroplasts than palisade cells.

3- Vascular bundles: surrounded by collenchyma and
parenchyma. Each bundle is formed of xylem and
phloem and covered from above with pericycle
(sclerenchyma).

4- Lower epidermis: similar to upper epidermis except

the presnt of stomata.
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2- Monocotyledonous leaf

Zea mays
Examine a T.S. in Zea leaf and notice the following:-

1- The leaf is bifacial with stomata equally
distributed on both surfaces.

2- The mesophyll is not differentiated into palisade
and spongy cells but composed of one type of cells.

3- Each vascular bundle is surrounded by a
sclerenchymatous sheath.

4- Strands of sclerenchyma occure on both sides of
the vascular bundle beneath the upper and lower
epidermis.

5- The arrangement of the elements of the vascular
bundle is similar to that of the dicot. leaf, i.e. the
metxylem is fowards the lower epidermis of the
leaf, while the protoxylem is towards the upper

epidermis. The phloem lies below the metaxylem.
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Secondary thickening
a- Old dicot. stem

Vitis stem

Examine a T.S. in an old Vitis stem and notice the following:-
1- Epidermis: one cell thick covered with cuticle.
2- Cortex: contains collenchyma in patches followed by
parenchyma.
3- Vascular cylinder:
a- Pericycle: patches of sclerenchyma.
b- Phloem:

- primary phloem: small compressed elements of
sieve cells, companion cells and phloem
parenchyma.

- Secondary phloem: alternating patches of
sclerenchyma and sieve tube cells, companion
cells and phloem parenchyma.

c- Cambium: complete ring, comprises fascicular and
inter fascicular cambium.
d- Xylem:
- Secondary xylem: wide vessels, fibres and xylem

parenchyma.
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- Primary xylem: narrow vessels and comprises
protoxylem and metaxylem.
e-Medullary rays: comprise the primary medullary rays
connecting the pith with the cortex and secondary
medullary rays.

f- Pith (medulla): parenchyma cells.
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b- Old dicot. root

Gossypium root

Examine a T.S. in an old Gossypium root and notice the
following:-

1- Periderm: more than one layer covering the root.

2- Cortex: composed of parenchyma.

3- Phloem: as in old dicot. stem.

4- Cambium: as in old dicot. stem.

5- Xylem:

a- Primary xylem: present in the centre of the root
and are opposite to the primary medullary rays.

b- Secondary xylem: as in old dicot. stem.
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PLANT MORPHOLOGY Clall) s sl 58 ) g

SEEDS AND SEED GERMINATION
DICOTYLEDONOUS SEEDS

1- Vicia faba (Broad Bean)

Examine the dry seed and sketch its outline from the side
and front views. Label the hilum and the microphyle. Examine
also the different stages of germination. In an old seedling, note
the development of 2 small primary leaves or prophylls and later
the first compound leaves typical of Vicia faba. note the enlarged
epicotyl which is the part between the point of attachment to the
cotyledons and the propyls. the hypocotyl on the other hand
remains small and thus the cotyledons remains below the soil

surface. this type of germination is called hypogeal germination.
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2- Lupinus termis (Lupin).

Examine lupinus seed and note the hilum, the microphyle
and position of the radicle. Remove the testa and make a drawing
of the embryo. Within the embryo there are the two cotyledons,
plumule and radicle. The seed is exendospermic. Examine the
seedling and note the long hypocotyl carrying the fleshy
cotyledonary leaves. Note that the hypocotyl is longer than the

epicotyl. This type of germination is called epigeal germination.
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3- Ricinus communis (Castor Bean)

Sketch the seed from the outside and note that the
microphyle is covered by a spongy structure called caruncle.
Crack the shell and cut transverse and longitudinal section to show
the relation of the different parts. Note the embryo which consists
of two membranous cotyledons, a radicle and a plumule. Note that
the embryo is surrounded by the endosperm. The seed of Ricinus
Is called endospermic, while the seed of Vicia and Lupinus in
which the reserve food is stored in the embryo itself is called
exendospermic. Note that in the seedling stage, the hypocotyl is
long and the two expanded cotyledons form the first green leaves
of the plant. So the type of germination here is epigeal
germination.
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MONOCOTYLEDONOUS SEEDS
1- Zea mays (Maize)

Note that one end of the grain is more or less tapering and
leads to the former point of attachment to the cob, while the other
end is broad and slightly rounded. Note also the oval depression
on one of the flat faces. This marks the position of embryos.
Above this, note the presence of sear-like projection marking the
former stylar attachment.

Take a soaked grain of the same, split it into two halves
along the axis of the embryo using a scalpel or safety razor. This
cut will show the parts of the embryo and their relation to the
endosperm. Make a sketch to show the plumule, plumule sheath,
radicle, radicle sheath, the single cotyledon (Scutellum) and the
white and yellow endosperm. In a young seedling note the
appearance of the plumule sheath and radicle sheath enclosing the
plumule and radicle respectively. The plumule and the radicle
soon pierce through their sheaths and develop into the young shoot
and young root. In an older seedling note the development of

adventitious roots which come out from the base of stem.
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Grain germination of Zea mays . 33 s &) & ghad
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ROOT SYSTEM

Roots classified into:
I- Primary or tap root: Originate from the radicle and
classified in to:
1- Normal tap roots: (e.g: cotton root).
2- Storage tap root:
a- Conical root: (e.g: carrot root).
b- Fusiform root: (e.g: radish root).
c- Napiform root: (e.g: turnip root).
I1- Adventitious roots: Originate from some other organ than

the radicle. It classified into:

a
b
C
d

e- Aerial roots (Pillar): (e.g: Ficus beneghalensis).

Fibrous roots: (e.g: onion).

Prop roots: (e.g: maize).

Storage roots (tuberous): (e.g: sweet potato).

Climbing roots (tendrils): (e.g: Cereus).

f- Respiratory roots: (e.g: Avicennia sp).

g- Haustoria of parasites: (e.g: Orobanche and Cuscuta).
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SHOOT SYSTEM
The Stem

The buds:
1- Classification according to their position on the stem:
a- Terminal bud: found at the tip of stem (e.g: Duranta).
b- Lateral (axillary) buds: found on the sides of stem in the axils
of leaves. Note also the accessory buds.
2- Classification according to their nature:
a- Leafy buds (summer buds) or naked buds: (e.g: Cabbage)
composed of main axis from which arises folded bud leaves.
b- Scaly buds (winter buds) or covered buds: (e.g: Morus or
Populus) the bud is enclosed in scale leaves.
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Branching of the stem:

1- Monopodial branching: (e.g: Casuarina) the axis of the plant is
given by the same terminal bud, leaves very small, whorled and
united at the base, on short green branches.

2- Sympodial branching: (e.g: Vitis) the axis of plant consists of
many segments which differ in origin. The terminal bud is
transformed into tendril and the axillary bud completed the
growth to form one or more segments or internodes of stem.
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Forms of aerial stems:

1- Erect stem: e.g. Duranta.
2- Climbing stem
a- By tendrils: e.g. Vitis.
b- By twining: e.g. Convolvulus.
c- By petiols: e.g. Tropaeolum.
3- Weak stems
a- Prostrate stem: The stem creeps on the ground, but the
roots do not arise at the nodes, e.g. watermelon.
b- Creepers — The stem creeps on earth and the roots arise

at the nodes, e.g.: Strawberry.
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Modified stems:

The stem may be modified to serve the following functions:

1- Assimilation:
a-Ruscus: Here the shoots generally develop a reduced

leaves, while the branch becomes flat and performs the
functions of leaves (leafy stem).

b- Opuntia: The metamorphosed shoot is large, flattened
and green. It is fleshy owing to storage of water
(Succulent stem). It bears small fleshy leaves which
drop often very early. Spines occur in leaf axis.

2- Reduction of transpiring surface: (e.g: Alhagi). The
branches take the form of spines.

3- Climbing: (e.g: Vitis). Here the bud instead of giving a
branch, gives a tendril.

4- Perennation, food storage and vegetative reproduction:
In this case the metamorphosed stems are subterranean and
bear scale leaves. The reserve food material is stored in the
underground stems or in the leaves.

a- Rhizome: underground stem, horizontally divided into
nodes and internodes, and covered by scale leaves. Note
the adventitious roots, axillary buds, terminal bud and

the aerial shoots. (e.g: Rhizome of Canna and Cynodon).
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b-

Tuber: (e.g: Solanum tuberosum). Fleshy tips of
underground stems, small leaves and buds occur in
surface pits (eyes). Note the terminal bud at one end and
the position of attachment to the stalk at the other end.

Corm: (e.g: Colcasia anticorm). Subterranean swollen
stem, vertically divided into nodes and internodes. Note
that the internodes are encircled by scaly leaves arising
at the nodes and axillary buds. Make a median
longitudinal cut in the corm and sketch the cut surface.
Note the corm of the present year (main bulk), with a
remainant of the corm of the last year at its base. Corm
of the next year will arise from any of the lateral bude.

Bulb: (e.g: Onion). Shortened shoot with a flattened
discoid stem and fleshy leaf bases in which the reserve
food material is stored. The terminal bud will give a
flowering shoot. An axillary bud will give the bulb of the
next year. Note also the dry brown scales and the

adventitious roots.

5- Dwarf stem: e.g: Pinus.

6- Discoid stem: e.g: Carrot and radish.
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Leaves and their modifications.

Leaf petiole:
a- Sessile: petiole absent: (e.g: Linum).
b- Petiolate:
1- Normal petiole: (e.g: Eucalyptus).
2- Elongate petiole: (e.g: Colocasia).

3- Climbing petiole: (e.g: Tropaeolum).
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Leaf base:
1- Exstipulate: e.g. Eucalyptus.
2- Stipulate: classified into the following:
a- Hairy stipules: e.g. Corchorus.
b- Ordinary stipules: e.g. Rosa.
c- Leafy stipules: e.g. Lathyrus.
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d- Stipuleolate: e.g. Phaseolus.

e- Spiny stipules: e.g. Acacia and Ziziphus.
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Leaf venation:
1- Reticulate:
a- Pinnate: e.g. Ficus.
b- Palmate: e.g. Ricinus.
2- Parallel:
a- Longitudinal: e.g. Triticum (wheat).
b- Transverse: e.g. Musa.
s 3lus¥) & il
teSed @0 -1
Ol (8 LS gl (S
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el LS s sk g gha -]
Dsall (8 LS 1l i (5 ) g -G
Leaf arrangement:
1- Alternate: e.g. Eucalyptus.
2- Opposite superposed: e.g. Duranta.
3- Opposite decussate: e.g. Calotropis.
4- Whorled or verticillate: e.g. Nerium.
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Leaf blade

A- Shape:

1- Needle like or acicular: e.g. Pinus.
2- Linear: e.g. wheat.

3- Ovate: e.g. Ficus.

4
5
6
7
8
9
10- Tubular: e.g. Allium.

Spathulate: e.g. Portulaca.

Cordate: e.g. Ipomoea.

Reniform: e.g. Bauhenia.

Peltate: e.g. Tropaeolum.

Lanceolate: e.g. Eucalyptus.

Hastate: e.g. Convolvulus.

11- Sagittate: e.g. Calla.
12- Elliptical: e.g. Poinciana.

:Jualll
il g8

i gl s i 4847 nsiall 1Ay 485 -1
S diaa, 485 -8 el Ay 48 -2
Galall 148 )50 48559 Ol sAadan 43 -3
el iy 5l 48,5210 Ala ) 1diala 48 -4
VSN sAsaga 4B -11 Omall G 1418 43,9 5
Uil ) sAuLta] 48,4212 Jaall Cad 1dy4lc 48 )5 -6

-53-



Claill Lin gl 58 ) g0

PLANT MORPHOLOGY

ayenyyeds

Cocty.
9)e[020UR"]

f e
Jenony

s =P sadeys ape[g

i

1eaur|

i

-

remqng,

-54-



T 3JepIo)

[eondiyg

Clail) L ol 48 ) g0

PLANT MORPHOLOGY

STFy ,Iv

E.Sm._cum

TSP = sadeys ape[g




PLANT MORPHOLOGY Cleil) L 5158 50

Sagittate

Blade shapes daill JIi
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B- Leaf margin:

1
2
3
4

5- Sinuate: e.g. Cuercus.

Entire: e.g. Ficus.

Dentate: e.g. Duranta.

Serrate: e.g. Rosa.

Crenate: e.g. Morus.
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C- Leaf apex:

H
1

Acute: e.g. Duranta.

N
1

Laminata: e.g. Dalbergia.

w
1

Caudate: e.g. Ficus religiosa.

ESN
1

Obtuse: e.g. Albezzia.

ol
1

Emarginate: e.g. Bauhinia.
2489l dad
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D- Leaf composition:

1- Simple: e.g. Ficus nitida.
2- Compound leaf:
a- Compound pinnate:
1- Paripinnate: e.g. Albizzia.
2- Imparipinnate: e.g. Rosa.
3- Bipinnate: e.g. Poinciana.

b- Compound palmate: e.g. Lupinus.

3- Lobed leaf:

a- Palmately lobed:
1- Palmatifid: e.g. Pelargonium.
2- Palmatipartite: e.g. Ricinus.
3- Palmatisect: e.g. Ipomoea sp.

b- Pinnately lobed:
1- Pinnatifid: e.g. Chrysanthemum.
2- Pinnatipartite: e.g. Sernaria.

3- Pinnatisect: e.g. Foeniculum.
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Modifications of the leaf

1- Scale leaf: e.g. Cynodon.

2- Tendrils: e.g. Pisum (leaflet modified into tendril).

3- Spiny leaf: e.g. Acacia (stipules modified into spines).
4- Storage leaf: e.g. Zygophyllum.

5- Insectivorous plants:

a- Nepenthes: The leaf modified into pitcher.
b- Drocera: Possesses cylindrical petioles and oval shape

blades covered with glandular hairs.

(e}
1

Dionaea: The blade composed of two lobes which
captures insects.

d- Urticularia: Some leaflets are modified into bladders.
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