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Sieve plate inside a phloem sieve tube
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Xylem vessel
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Pith

Cross-and vertical section
of a vascular bundie

Protoplasmic
= strands inside
i |_~@ sieve wbe
o o : Sieve plate
i |~ (perforated
cross-wall)

Phioem
i companion cell

Fibre cells - .' - o

Ring of lignin

b
R [
: —

—_—
Xylem i Phloem
Cambium

gl ptl o g g4



-~

qe § .5t J F I BEG P

cC
R
¥ k
(3 1 i 5
e i
) «Joy o) o o~ N m
oy O ) o fe
o SO Q e Ve D g
0} ] o] O
°°°° < .’.ao.- m
3 mr
.a. o,
T - 2500 o
4 = °-0° mr
o 005,
ono D;ﬁ s
joecle ,aoou )
0 =7
: ) 3107
226 Do o_'op.o
Do G509
0' 0
DrOas
74 a (e
% °.I .
Q o
0
(=) o
A
§o50
2
&)
>pPx

=Di

Tecoma A detailed portion of stem. cc, cork - cambium. ck, cork. cu, cuticle.
ep, epidermis. co, collenclyma. ch, chlorenchyma. pe, parenchyma- tous
cortex. en, endodermis. pe, pericycle. mr, medullary ray. ph, phloem. ca,
cambium. sx, secondary xylem, px, protoxylem. pi, pith.
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sc, secretory cells. en,
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Hibiscus. A detailed portion of stem enlarged. cu, cuticle. ep, epidermis. co,

collenchyma. pec, parenchyma- tous cortex.

endodermis. pe, pericycle mr, medullary ray. sph, secondary phloem. fb.

fibrous band ca, cambium. s, secondary xylem mr, medullary ray. px,

protoxylem. pi, pith.
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Seed

(a) Com (monocot)

germination
Seed germination in corm, &
monocot (a), and the common

’ bean, a dicot (b), differs in detail
Ai80pEAS coleoptile i but involves the same three prin-
ciples: (1) use of stored food to
provide energy for seedling
growth until photosynthesis can
take over; (2) rapid growth and
branching of the root to absorb
water and nutrients; and (3) pro-
tection of the delicate shoot ripas
it moves upward through the soil.
In monocots (a), the delicate
shoot tip is protected within a
tough sheath, the coleoptile,
which pushes up through the soil
when the seed sprouts. In dicots
(b), the hypocotyl (shown here)
or the epicotyl forms a hook that |
emerges from the soil first, pro- |
tecting the shoot tip.

leaves

withered
cotyledon
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PLANTAE FUNGI ANIMALIA

EUKARYOTES

PROKARYOTES

The tree of life
The five kingdoms and some of the major phyla or divisions within them are illustrated.
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Energy flow, nutrient cycling, and feeding
relationships in ecosystems |

Note that nutrients ( purple ) neither enter

nor leave the cycle, whereas energy ( yellow )
is lost at each level as heat and must be
constantly replenished by sunlight.
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A few of the many creatures found in soil and among dead leaves

— 1
[

Tha characteristics and variety of living things
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A B
(A) Hydrophilidae. Hydrophilus triangularis, the giant water-scavenger
beetle. (B) Staphylinidae. Creophilus maxillosus, the hairy rove beetle. (From Essig.)

Diplopoda. (A) Polyxenidae; Polyxenus lagurus. (B) Julidae; Julus

nemorensis. (C) Polydesmidae; Polydesmus collaris. (From Koch.)
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(A) Coccinellidae. Adalia bipunctata, the two-spotted ladybird beetle.
(B) Scarabaeidae. Scarabaeus sacer, the sacred beetle of the Egyptians. (A, from Essig;
B, from Sharp.)

(A) Cerambycidae. Acanthoderes decipiens, a long-horned beetle. (B)
Chrysomelidae. Leptinotarsa decemlineata, the potato beetle. (C) Chrysomelidae.
Acalymma vittata, the striped cucumber beetle. (After various authors.)
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| ulothrix. A - C U. implexu A, part of vegetative filament: B. filament with zoosporagia: C. |

| filament with germinating aplanospores. D - E. U fluccu: D, part of vegetative filament:

| E, vegetative filament after prolonged exposure to adverse conditions. ( A fler lok horst |
1978 ).
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The life cycle of a zygomycete

Here we illustrate the black bread mold (genus Rhizopus). During asexual reproduction (shown on top), haploid spores are produced within
sporangia. These disperse and germinate on food such as bread, producing haploid hyphae. These in turn may produce additional spores with- |
in sporangia by mitosis. During sexual reproduction hyphae that appear identical bur are acrually of different mating types (designated + and
_ on the slice of bread) contact one another and form specialized cells called gametangia at the point of contact. The gametangia (with hap-
loid nuclei) then fuse, producing a diploid zygospore (bottom center and inset). The zygospore undergoes meiosis and germinates, producing a
sporangiophore (center left), on which spore cases, or sporangia, are formed (upper left). These produce and liberate haploid spores that begin
the asexual reproductive cycle described above.
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.Oryzia sativa jfl"l QD) .Triticum vulgarae c_.ill (V)
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Ay gl ol Loty Uredosours ) audy sl ol 2l 0,5 4
Al oA L dpmes Jlad 223, 0l el i Sl s a5 ( Uredospores )
Ol d2ale ( Teleutosoures ) axddl < 2l =13 ( Teleuto spores )
tl i e gl anly oA e ¢l et 3L 55 & ool 1S,
Stage 0 Spermogonium ( also called pycnidium or pycnium ), bearing
Spermatia and receptive hyphae.
Stage I Aecium bearing aecidiospores.
Stage I Uredium - bearing uredospores.
Stage III Telium - beaing teleutospores.
Stage IV Basidium bearing basidiospores.
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Puccinind graminis. section thvough the uredosorus showing

binu cleate uredospores in vorious stages of development.
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puccinia graminis. Section through a teleutosorus showing two

in various stages of development, and ruptured host epidermis.

Bicellular telentospores

Mycelium

Host cells

- celled teleutospores
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Binuclaate mycelium
penétrating to lower
surface of leaf

Receptive hyphae f’vcnldlosporas

Pyenidium
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Aecidial cup

pucinia graminis. Cross section of berberry leaf showing two pycnia on upper
surface and three aecidia on lower surface in various developmental stages.
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Binucleate mycelium
penetrating to lower
surface of leaf

Aacial primordium

Aeciaium wall
Paridium

Intercalary
call

Aacial pustules

Aecidiospore F

(]

Aecidial stage of puccinia graminis. A - fusion of spermatum with rece - ptive hyphae,
B - a section of barberry leal showing two pycnia on upper surface from which
binucleate hypha have penetrated to lower surface of leaf, and an aecium initial near
lower surface, C - section through an aecium on the lower surface of the barberry leaf
showing the formation of binucleate aecidiospores, D - section showing aecidial cup,
E - chain of aecidiospores alternating with intercalary cells, F - leaf of barberry with
groups of aecidia and G - enlarged view of a group of aecidia.
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Germinating basidiospore

Host cells

Receptive hypha

Pycnidiospores
or
o Spermatia

Ruptured host apidermis,

Paraphyses

Host cells

Spermatia

: Spermogonia
J Spermatiophore K

Spermogonial stage of p. graminis. A - germination of basidiospore infecting the leaf
of barberry; B and C - sections through infected tissue showing intercellular hyphae;
D - section through a pycnidium with receptive hyphae and pycnidospores; E to J -
stages in the devlepment and abstriction of pycnidio spores or spermatia.
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Basidiospores,

Sterigmata

Bicellular teleutospore

Basidium

Germinating
teleutospore

puccinia graminis. A - a young two - celled binucleate teleutospore, B - mature
teleutospore after the fusion of conjugate nuclei in each cell, and C - germination of
; teleutospore to produce two four - cwlled basidia that give rise to basidiospores.




Bdsidiospores

T

BARBERRY plant
infection

Teleutospores

Germinating %y
teloutospore 2B

PUCCINIA

Binucleate mycelium
“penetrating to lower
surface of leaf

Aecidial hyphas

Aecidial cup

Aecidiospores—~ J j

g Germinating
L Aecidiospore

Infected
WHEAT plant

Life cycle of p. graminis. A - a portion of infected wheat plant; B - uredo - pustules on
leaf and stem of wheat plant deloped during early summer. These pustules develop
from a dense layer of binucleate hyphae lying just below.
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( The life Cycle of Chlamydomonas )

G sy ¢ o2z bl -0 Chlamydomonas U gt S (el —
b ols J.Q.:Ji 4ol }f Ji.:Ji & a8 Al O3 ( Unicellular green algae )
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iady dy ( pyronoid ) Ladl S 0 g J§_:Jl| &l 3. ( Chloroplast ) &l iz
-( Contractile vacuoles ) Oluzaiw Olgds ( Eye spot }T Stigma ) 4o

Sy ( Asexual reproduction ) (e S Ll G, -
.( Sexual Reproduction ) u_.._;L‘»

:( Asexual reproduction ) wmill Al Y ;I
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-( Asexual reproductin or mitosis )
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The life cycle of the unicellular alga
Chlamy domonas Chlamy domonas
multiplies asexu ally by mitosis of
haploid cells.

When nutrients are scarce, spe cialized
haploid cells ( usually of different cell.
meiosis then immedi ately produces
four haploid cells, usually with different
genetic composition than either of the

original parental strains.
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Schematic representation of the life cycle of Chlamydomonas. A -D—Asexual reproduction; E- L—Sexual
reproduction; A—An adult individual; B- C—Division of the protoplasm to from 2 and® Zoospores, respectively;
D—A young zoospore which would gradually grow into the adult; E—The cell has lost the flagella and has formed
numerous gametes; F—Wall of the parent cell has burst to release the gametes; G -J—Stages in the fusion of two
gametes; K—Zygote with thick wall; L—The zygote has ruptured and released haploid zoospores.
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( Life cycle of Volvox )
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colony

Antheridium Gonidia
— Volvax.

ction of the colony of Volrox.

|

STRUCTURE ad  REPRODUCTION.
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ASEXUAL REPRODUCTION

VOLVOX
coenoblum

SEXUAL REPRODUCTION Zoospan:
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Qospore

Fartllisation

sshematicrepresention of life cycle of volvox
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( Life Ccycle of Fucus and Sargassium )
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Assimilating
layer

Cortex

Wall

RN S

— V.5. of the thallus of Fucus showing female conceptacie.
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A, oogonium; B-C, formation, and liberation of ova.
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( Life cycle of Riccia )
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Rhizoid

Riccia spp. A - v.s of a portion of thallus of Ricciocarpos natans possess ing
sporophyte; B - V.S, of thallus of Riccia fluitans ( aquatic form ) and C - V.S. of
thallus R. fluitans ( terrestial form ). Forms show polyhedral chambers.
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Diagrammatic representation of life cycle of Riccia.
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( Life Cycle of Marchantia )
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( Life Cycle of Flowering Plants )
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Plant Reproduction and Development
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Pollination and fertilization of a flower
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