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BLOCK2B KEY AND GLOSSARY

- This resource- cum-reference bIo ck contains two main components -
“Identification Key’, and a Glossary of Taxonomic Terms’. The Identlﬁcatlon
Key is required partlcuIarly for the taxonomy-based exercises, # 22-24, Why
we did not include it in Block-2A, you may wonder. There are two reasons for
this: one, we felt it would be convenient for you to use the key that is either

"loose, or is in a separately bound block. Thus, the latter form was opted for, as
you are required to refer to the key several times for the above-mentioned
taxonom§ exercises: 7Two, thinking in long term, we thought you could use:
this block for your reference after you have completed the course. It seemed
natural to us that your botanical interests would continue and flourish much
beyond this course.

‘Glossary of Taxonomic Terms’ is the other component forming the major . -
portion of this block. It contains the basic terms that are generally required at
this level of study. You are expected to have a clear understanding of these
terms not only for the taxonomy-related portion, as the title of the Glossary
indicates, but many of these terms are equally important for areas like
morphology,-anatomy, and economic botany. The Glossary includes both the
general terms as well as organ/structure specific terms. To locate any
unfamiliar term, first go to the structure of the Glossary , i.e., the index on the
pages #11-12, and then look under the General Terms’ on pages #13-18.
These are given in alphabetical otder. If your term pertains to a specific
organ/structure, then the job becomes very sxmple Look for it.under the
organfstructure concerned. :

You can expand this Glossary by noting down the additional new terms, and
making their illustrations in the box spaces provided for the purpose.

© Hope you will ﬁnd your study very interesting and rewarding. Our best

w1shes are with you.







1. AN IDEN TIFICATION KEY - _
Artificial key for the identification of some families of Angiosperms.
This key is based on the Bentham and Hooker's system of classification,

1. Leaves reticulately-veined; flowers 4- or'S-merous; bractebles {when
present) usually 2, lateral; tap ropt usually present; embryo with two
cotyledons ..., . L .....2. (Class Dicotyledons)

1. Leaves parallel-veined ; flowers 3-merous; bracteoles (wheh present)
usually' 1, adaxiz_ll; tap root usually absent; embryo with one cotyledon .....

I 3.(ClassMonocotyledons) _

. Key to Sub-classes of Dicotyledons
2. Perianth of 2 whorls, Lis'ually distinguished into éaly)_: and corolla ......... 4.

4. Inner whor| of perianth (corollaj parts mdstly free up to the base (le.,
petals free); stamens not epipetalous +--eeni:5. (Sub-Class Polypetalae)

4. Tnner whorl of perianth (corolla) parts.mostly united (i.e., pet,afs fused);
stamens few and mostly epipetalous ..... ... 6. (Sub-Class Gamopetalae)

_2: Perianth absent, or of | whorl (calyx-like) or 2-whorled with the segments

not distinguishable into calyx and corolla .. - : ‘e
............................. TP 2 (Sub-Class Monochlamydeae)

Key to Se.ries of Polypetalae

5. Perianth and stamens usually hypogynous; ovary mostly superior; sepals

mostly distinct and free ... - e e 8.

8. Conspicuous disc below the ovary not present~............. ..
....................................................... 9. (Series Thalamiflorae)

8. Distinct disc below ovary present ....... .. e, (Series Disciflorae)

Stamens twice ag Mmany as sepals; in one or two whorls; gynoecium _

of many carpels, axile placentation ... .......: +-+w. Order Geraniales

‘Leaves generaily smooth, glavid-dotted and exstipulate; flowers
. actinomorphic, 4-;or 5-merouis; Stamens 3-10;, free or united
\ into bundles, in one or two whorls, Obdiplostemonous ;
' gynoecium typically of 4-, 5- or numeérous _ :
' _caq:el,s............._..............;........._.;;....Fami!yRufaceae



Highexr Plants S Perianth and stamens mostly perigynous or epigynous; ovary often inferior
..................................... evieieeieeeininnn 100 (Series Calyciflorae)

. ) - a .
Key to Orders and Families of Series Thalamiflorae

9. Gynoecium composed of free carpels (i.e., gynoecium apocarpous);
stamens usvally indefinite; floral parts in whorls or spirals .........iiiiennn

Herbs or (rarely) climbers; leaves exstipulate; flowers bisexual,
actinomorphic (sometiriies zygomorphic), floral parts free, generally many
“and spirally arranged around a toyrus; placentation marginal or axile; fruit a
cluster of achenes or follicles ............oooinnn Family Ranunculaceae
) 9. Gynoecium compdsed of united carpels (syncarpous); stamens usually of
definite or indefinite number; floral parts inwhorls..........coo 11.

11. Plants without mucilagenous sacs or cavities; stamens free; gynoecium
2- carpelled; placentation parietal ............. PO 12. Ord‘gr Parietales

12. Herbs with milky or watery latex; flowers actinomorphic or
‘. _ zygomorphic; sepals 2 or-3; petals 4-12; stamens mostly more than
6; fruit not a siliqua or silicula .............. Family Papaveraceae

12. Herbs without latex; flowers actinomorphic; s.epals'4; petals 4;
stamens 6 (rarely lesser) and tetradynamous; fruit a siliqua or
' silicula ......... SUUUPPRURT .. Family Brassicaceae (Cruciferae)

11. Plants with mucilagenous sacs or cavities; stamens united by filaments;
-gynoecium many-carpelled; placentation axile ........... Order Malvales
@ : ’

Flowers actinomorphic; whorl of bracteoles or epicalyx generally
- present; stamens indefinite and monadelphous; anthers-are single-lobed

- ceannnnCont.
(Key to Orders and Families of Calyciflorae)



Key to Orders and Families of Series Calyciflorae Key and Glossary

10: Gyhﬁgcium- of ¥ o more-carpels; (carpels‘f_i'eé‘in'bud, afterwards enclosed
within the swollen peduncle); ovary superlor of semi-inferior, rarely
1 : Lo Order Rosales

- Flowers actinomorphic or zygomorphic; stamens often united;
gynoecium one-carpelled; ovary Sup erior or semi-inferior; often
staliced; fruit a legume ... SO

13. Leaves bipinnate; spines present; flowers actinomorphic; 4- or
5_ merous; corolla vatvate; stamens 4 indefinite, in one to
many WHOTIS «.oorrsrrerseere Sub-Family Mimosoideae

13. Leaves uii- Of bi-pinnate; spines _gene:ally absent; flowers
zygomorphic; 5.merous; corolla imbricate; stamens generally of
definite number (5-1 0) in one of tWo WhOILS +.evnenervemmenss 14.

14. Coroila dscending imbricate; stamens usually free, some
reduced to staminodes ..Sub-Family Caesa!pinioideae

14. Corolia descending jmbricate, papilionate; stamens usually
mono- or di-adelphous, 1O SHATMANOGES. «ovnensmrermmeressss st
: ' Sub-Family Papilibnoideae

10. Gynoecium of many carpels, syncarpous, ovary serpi-inferior to inferior. ..
15

15. Flowers bisexual or unisexual; ovary 1-loculed; placentation parietal;
inflorescence not an 1Y) INVUTPRTRPRPRI PRI Order Passiflorales

“Tendrillar herbaceous climbers; flowers unisexual; stamens free ot
united into 3 bundles or oneé syna_ndriuni; gynoecium of generally 3
(rarely 4 or 5) carpels; fruit @ pepo ...~ . Family Qucurbi,taceae

15. Flowers bisexual; ovary more than one-loculed; placentation not

parietal; inflorescence a simple or compaund umbel. -...oeereirt
' Order Umbellales

.................................................................

Aromatic herbs; leaves alternate, often pinnately dissected; petioles
“with sheathing base; sepals reduced, bicarpellary, Syncarpous T
" gynoecium,; pendulous ovule in each locule; placentation axile; : I.

stylopodium present ......---= Family (Apia_&eae) Umbelliferae

!



Higher Plants - : Key to Series of Gamopetalae

6. Stamens as many as corolla lobes (rarely fewer); Gynoecium 2-c carpelled;
OVAry INferior ... ...ooeeeee Series Inferac

Key to Order and Families of Series Inferae

Gynoecivm of 2 carpels, ovary 1-loculed-with one ovule and basal

placentation ..................o.o Order Asterales

Herbs or shrubs, often with latex; inflorescence on involucrate head
(capitulum); flowers bisexual or unisexual; actinomorphic or

zygomorphic; calyx modified to pappus; anthers syngenesious; fruit

acypsella................. ... Family Asteraceae ( Compositae)

6. Stamens as many;as @r generally fewer than the corolla lobes; Gynoecium
2-e0 carpelled; ovary inferior, .......................... ...16. Series Bicarpellatae

Key to Orders and Families of Series Bicarpellatae

16. Latex mostly present; flowers actinomorphic; stamens as many as
corolla lobes; gynoecium apo- or syn-carpous .......... e,

Herbs, shrubs or trees, leaves opposite; stamens with short
filaments inserted at mouth of corolla fube and often surrounded by
hairs, scales, etc. arising from corolla tube; nectar secreting disc
present below ovary: ovaries free or united; stigma clavunculate .. ..
............................... e, Family Apocynaceae

16. Latex absent; flowers zygompq')hic; corolla often 2-lipped; gyhgecium
syncarpous; ovary falsely four-loculed with one ovule in each locule
e i ere et neer e b e e rararas .+...0rder Lamiales

. Herbsl, sometimes shrubs; aromatic; stem quadrangnlar; inflorescence
verticillaster; style gynobasic; one ovule in gach false locule, fruit

carcerulus, a cluster of dnutlets ......occeeiiiitennnn, et en gt e
..... e e, Family (Lamiacae) Labiatae



Key to Sverles and Famlhes of Monochlamydeae Key and Glossary -

BRI

'}' Flow ers umsexual or b:sexual or polﬁ“a;nous, embryo curved latex not
present ..... vty PRI ST PR Series Curvembryeae

."

Herbs or. shrubs leaves exst1pu1ate covered by hairs; mﬂorescence
with scarious bracts'or scalés; perianth — —~ membranous, dry, not green,
gynoecium 23 carpelled, syncarpous ovary one-loculed, 1 ovule, basal
placentatlon Crrereeeare i rreveeenean F amily Amaranthaceae.

7 Flowers umsexual ernbryo not curvcd latex usually prese;;t»
T O U PP O ORS PP RIS PP PE TR Séﬁesgumsexuales-
Herbs, shrubs or trees; leaves stlpulate, inflorescence racemose or
CYMose or cyathmm flowers without penanth or without corolla or
calyx; gynoecium 3- carpelled with 3- 1oculed ovary; 1-2 carunculate

ovules in each locule, fruit a SChiZOCAIPIC TEGMA «.evvrrirrrevrarnessrrss
Family Euphorb:aceae

(I\cy to Scnrzs of Monocotyledons)
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Key. to Serles and Famllles of Monocotyledons

3. Flowers arranged in sp1kelets higfily- reduced sessnle m the axtls of bracts;

perianth absent or reduced to scales (lodicules); ovary superlor, one-
loculed with one ovule, with a basal placentatron fruita caryopsis or nut or

capsule ..o, e Serles Glumaceae

Stem tereté or compressed usually hollow leaves oﬁen llgulate wnh
- sheathing leaf bases; each flower or floret enclosed by two glumes, and
a bract lemma, and bracteole palea 1-3 carpelled gynoecium; :
: umlocular ovary with one ovule basal placentation ... ...

. Flowers not arranged in ‘spikelets; perlanth well developed ovary 3 or

more than 3-loculed; erut not a caryopsls. e e el 17

17. Ovary mfenor R eefec e [ -.I....IS Serles Eprgynae :

18. Tennm;ﬂ racemose: 1nﬂorescence flowers asymmetrical most of the
stamens petaloid, sterile and cormate at base, adnateto petals and

- style; style flat and petaloid, fruit a warty capsule ......................
........... TP .._..........._.,....-...Famh'y Cannaceae

1¥. Inflorescence umbellate cyme (rarely racemose) or sohtary flower o

. on ascape with spathaceous involucre of bracts; flowers
- symmetrical; most stamens fertile, eplphyllous style cylindrical
and filiform .........0....c. e e Famrl’y Amaryliidaceae

17. Ovary SUPETIOF ........ RATEXIN e 19 Serles Coronaneae
- 19. Leaves basal or caulme 1nﬂorescence racemosé oﬂen on ascape;

- petianth homochlamydeous usually petalold staminodes generally
absent Fam:ly Lmaceae

19. Leaves cauhne w1th closed basal sheaths mﬂorescence cymose
penanth heterochlamydeous stamjnodes often present................

eeieeeerer e e — treeerivieeseiaii,.Family Commehnaceae ;

Lk AU T SURT S Fam:!y (Poaceae) Gramrneae |
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21 GENHFI,RAL TERMS e T  Keyand Glossar

A-:a pref X medning wrthout as in asepalt)us (w1thout sepals)
Abaxial / Dorsal : side of an. or gan away from the axrs or center of axis, lower
surface SR :
Abortive : defective, imperfectly developed _
Acropetal : arising or developing upward in a Iongttudmal plane ﬂom a lower
to a more apical position; tlie opposite of basipetal
- Acyclic : aianged spirally, not whorled
Adaxial / Ventral : side towards the axis, or adjacent to axis, upper, surface _
Adherent : close proximity of dlssumlzu organs without fusion of tlssucs or
hisiological continuity- S
Adnate : fusion, with histological continuity, of dissmular organs
Acerial or epigeal : above ground or water, in air ,
Aestivation / Vernation : arrangement of leaves or.perianth parts w1th respect
to each otherinabud -
" Albumen : nutritive material accompanymg the embryo (e g endosperm in .
seed ) .
Anthesis : flowering; opening of ﬂower for pollmatton
" Anthotaxis : arrangement of sporophylls :
‘Apex ( pl: apices ) : the tip or dlstal end
- Aphyllous : leafless - '
_"Apical /. Teuminal : at the top, tlp, or distal end of a structure
‘Appendage : an attached subsidiary-or addltronal part. _
Arborescent : tree-like in appearance and-in size ST o
' Articulate : jointed; with nodes or joints o ' B
Attenuate : tapering gradually'to a slende1 tip
Awn/ Arista ; a bristle-like appendage S
Axil : upper angle area formed between the or: gan and the ax1s th'lt bears 1t
A\lllaty : pertammg to.or srtuated n the axil

Basal s at the bottom or base of a structure

Basicaulus : near the base of stem

Basipetal : devéloping downward in a longttudmal plane froni an aprcal or
distal point towards the base

Bi- : a prefix meaning two or twice, as in bilobed or two- lobed

Bifid : two-clefted or divided apically into two parts

Bifwecate : divided into two forks or branches’

- Biseriate : in two rows, series or whorls

Bladdery : thin-walled and inflated :

Bloom : whitish easily rubbed:off powdery covering ona surface

Bristle : short, stiff trichome or hair

Caducous: falling off early or prematurely'
Calciform/calyculate : calyx-like

Canaliculate : with a longitudinal channel or groove
Cauline : belonvmg to main conspicuous stem
Cell : locule or cavity in an organ (this does not refer to the cell — the unit of life)
Centrifugal : developing or progressing from center to periphery

Centripetal : developing or progressing from periphery to center

Circinate : coiled from apex downwards

Coalesced : with like or unlike parts or organs incompletely separated;

partially fused In more or less irregular fashion ' ' 13
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,Coherent two similar organs in close proximity without fusion or histo]ogrcal

“continuity. :

Colpus : an elongated groove

Coma : leafy crown or head (of palms), a tuft.of hair

Composite : compound, apparently simple or homogeneous organ or structure
made up of several distinct parts

Compound : of two or more similar parts in one organ

Connate : union or fusion of similar structures with histological contlmuty

. Comiculate : terminates in a small hom-like protuberance

Crown : corona; that part of the stem at the surface of ground
Cyclic: whorled

Dec1duous fallmg at the end of growth season

Definite :.a number small enough to make: easy an exact count, as opposed to
indefinite or numerous

Delnscence process of-opening or splitting, particularly of a fruit or anther

Deliquéscent : to quickly become soft and semi- liquid

Determinate : growth of plant parts limited by cessatlon of menstematlc '
activity during the year .

Di- : a prefix meaning two, as in dicyclic or two-whorled

‘Dichotomous : forked or divided into two equal parts

Diffuse : spread over a large surface

Digitate : hand-like _ _
Dimorphic : occurring in two differenit forms, (sizes or shapes)
Dissected : irregularly divided into many slender segments
Distal : away from point of origin or attachment

‘Distichous : organs (leaves, leaflets, ﬂowers) arranged in two opposite Tows on

- a longitudinal axis
Distin¢t / Free : separate, not fused or closely appressed
Diurnal : opening only dunng light hours or day
Divided : separated to very near the base
Dorsal back or‘abaxial side , pertaining to the surface most distant from the
axis

Dorsiventral : flattened surface having 'dis'tinct‘?:lorsal and ventral'surfa'ces

E-orEx-:a preﬁx denotm g wrthout as- ebracteate meaning'without bract

- Emergent : with part/s of plant aerial and part/s submerged; rising-out of the

-water above the surface
Emersed : with parts extending above water
Enation : an epidermal outgrowth
Epliemeral : persisting for a short penod oL
Epi- : prefix denoting on or upon, as in eplph.ytlc }on/another plant)

Eurypalynous / Multtpalynous a-taxonomic group {with more than one pollen .

type

" Eusporangiate : type of sporanglum which forms from more than one cell
Eustele » cylindrical arrangement of vascular bundles separated by parenchyma

. fissue
Evident : clearly vi isible macroscoplcally
Excrescence : outgrowth on surface . _ . R
Excurrent  extend beyond the ma.rgrn or tlp, L A
Exfoliate : to peel off S T
Exserted : stick out, projeét beyond LT T

- Eye center ofa ﬂower orabud on tuber




. _Fasclated lumaturally and often monstrously connate or adnate the coalesced

 parts often unnaturally proliferated in size:and number; much ﬂattened; "

: e. g., inflorescence of Celosia (cock’s comb)
- F ertile : with. fl.mcttonally viable gametes -

Fertilization : fusion of male and female gametes to gwe rise to a zygote
. Fetid : havmg dlsagreeable smeil ' -
Filiform : slender thread-like
Floriferous : flower bearmg
‘Foliaceous : leaf-like’ | . .
- Foliar :-pertairniing to leaves or leaf-like parts
Frond : large leaf, as that of palms and ferns
Fruticose : shrubby -
Fugacious : falling or W1thermg away shortly after development -
Furcate : forked :
Furrowed : with longltudmal channels or giooves,

Gameto phyte generatlon or body that produces gametes ‘

 Gamo- : a prefix meaning united - '

Germmatlon is a process of activation of dormant structure under favourable
_conditions, as of seecl pollen grain or spore; the process ends with

_ emergence of activated part from. the proteotwe coat of the structure

Gland: a semetmg body or appendage -

Glomerate.: in dense or compact clusters

Gregartous growmg in cornpany

Habit : general appearance of pla.nt and the duratlon and mode of 1ts lrfe

Hemi- : prefix denoting half -

Hetero- : prefix signifying varroUs as in heterostyly meamng occurrence of

" styles of different sizes, lengths, and shapes in dlfferent populations

within a species -

~Homo- : prefix signifying alike or similar

Hook : a sharp, curved structure; may be modification of mﬂorescence axis,
“axillary bud, leaf or leaflet

Hygroscoplc capable of expandmg or COnltactmg wrth changes in humidity

Incised : cut sharply, irregularly and rather deeply
Included : present within, not protruding or exserted
Indefinite :'a number large enough to make-an exact count difficult
Indehiscent : not regularly opening as a pod or anther -
Indeterminate : continual growth of plant parts, not hmlted by cessatron of
meristematic activity
Indument : having hairy or pubescent covering
Indurated : hardened, usually ontogenetically : "
Inflated : blown up
Inflorescence : mode of flower bearing or less correctly arrangement of
flowers on the stem
Infra- : prefix signifying below, as in infrafoliar (below leaves)
Inserted : attached to, the point of origin
Intercalary : near the base of an internode or base of a blade
Inter- : a prefix meaning between, as in interfoliar (between leaves)
Interstitial : all over; no localized region

Ke::,' and .Glossary _

15



Higher Plants Jointed : with nodes; with points of real or apparent articulation
- Jugum : a pair, as of leaflets

Keeled : ridged like the bottom of a boat

Lacerate : torn; irregularly cleft or cut

Laciniate : slashed into narrow pointed and parallel ribbon-like or strap-like
projections

Lactiferous : producing or bearing latex

Lacuna : a cavity, hole, or gap

Lamellate : provided with many fin-like blades or cross-partitions

Lateral : on or at the side L

Latex : milky sap

Lax : loose, not congested

Leptosporangiate : type of sporangium development where the sporangium
forms from one initial cell

Lineate : lined, bearing thin parallel lines

Lobe : any part or segment of an organ .

Locule / Loculus ( pl. Locules / Loculi } : a compartment or cavity

"Marcescent : withering but the remains persisting

Marginal : pertaining to the border or edge

Medial : upon or along the longitudinal axis ,

Megaspore : the spore which on germination gives rise to female gametophyte
from which develops female gamete or the egg cell .

Megasporophyll : 2 sporophyll that bears megasporangia, often produced in the
axil of a bract; a carpel in an angiosperm T

Meristem : undifferentiated tissue whose cells are capable of developing into
various organs or tissues : '

-merous : a suffix indicating the number of parts.in a whorl of stems, leaves or
floral organs, as a tri-merous flower having perianth parts in sets of
three _ '

Microsporangium : sporangium containing only microspores

Microspore : the spore which on germination gives rise to male gametophyte
from which differentiate the male gaimete or sperm cell

Mono- : a prefix meaning one or once, as in monocyclic (one whorled) °

Mucilage : sticky and slimy substance produced by glandular cells in plant
tissues - : - T

Multi- : a prefix meaning several or many, as in multicellular (many-celled)

Nectary : a secretory gland producing sugary liquid that attracts pollinators

- Floral : present in the flower : : - T
- Extra-floral : present in organs of plant other than the flower, as in leaf,
bract ' '

‘Nodose : knobby; knotty

Ob- : a prefix usually signifying inversion, as in obovate (inverted ovate)
Oligo- : a prefix signifying few, as in oligospermous (few seeded)
Operculum : a lid or cover produced by circumscissile dehiscence

Ortho- : a prefix indicating straight

Ovuliferous : bearing ovules

16 .




. Palmatifid : cut palmately

Palmatisect : sectioned or divided palmately into dIStlHCt segments

Pectinate : having closely paralle] tooth-like projections; comb-like

Penta- : a préfix meaning five, as in pentacyclic (ﬁve-whorled)

Perennate : lasting the whole year through self-renewing by later aI shoots

_ from the base

Persistent : remaining attachcd not falling off

" Perulate : scale-bearing, as most buds

Plhyllotaxis / Phyllotaxy : arrangement of leaves

- Pinnatifid : cut pinnately

. Pinnatisect : sectioned or divided pmnately into distinct segments

Plapentatlon the arrangement of ovules within the ovary

Poly- : a prefix meaning many, as in polycyclic (many-whorled)

Prefoliation : form and arrangement of young leaves and perianth parts in bud
condition; comprises of ptyxis and aestivation/vernation

Prickle / Emergence a sharp pomted outgrowth of epidermal, or ep1derma1
“and sub-epidermal origin of any organ, lacks vascular supply

Proximal : nearthe point-of ongm or attachment

Pseud- / Pseudo- : A prefix meaning false, not genuine, not the true or the
typical o

Ptyxis : form of an individual part in a bud; the way a part is folded and rolled _

in the bud
Pulvinate :-cuslion shaped

Quadrifid : cut or divided into four lobes or parts

Radiate : spreading outwards from a comuion center.

Ramiform : branched

Rank : a vertical row; leaves that are 2-ranked are in two vertical rows, and
" may be alternate or opp031te

Rostrate : having a beak or beak-like projection

" Rudimentary : imperfectly developed and non-functional -~

Sac : a pouch or baggy cavity

Sapling : a young tree = ‘

Scale : a small, dry, scarious to coriaceous flattened structure

Scar : the mark left on stem or axis after detachment of organ

. Seasonal : occum/ng during a seasonal cycle, or each season

Seedling : a young plant developed from a seed

Semataxis : arrangement of semaphyils (sepalls petals, tepals)

Septate : divided by internal partitions int6 locules or cells

Seriate : in series, usually.in whorls er apparent whorls

Serrated : cut into saw-like teeth

Sigmoid : said of a structure that is curved sidewise in opposing directions;
S-shaped

Sperm : a male gamete or reproductive cell

Spine : a small, stiff and pointed outgrowth lackmg vascular supply, may be a
modified stipule or leaf

Sporophyte : the organ or plant which can bear sporogenous tissue

Stenopalynous : a taxonomic group with only one pollen type

Sterile : lacking functional sex organs ‘or gametes

17
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Higher Plants

Stoma / Stomate { pl. stomata / stomates) : an aperture or pore in epidermis
bounded by two guard cells which provide regulated gas exchange
between the fissue and atmosphere

Stomatal apparaius / Stomatal complex : stoma together with the subsidiary
cells, if present -

Sub-:a pref' 1x signifying somewlnt slightly or rather as inl sub- b'lsal or near
the base

Subtend : to stand below and close to, as a bract underneath a flower

Subterranean / Hypogeous : below the surface of the ground

Suppressed : vestigial to the degree of not being evident superficially or
macroscopically, but whose presence in ancestral forms may be .
indicated by other features, such as anatomical

Surficial / Epigeous : upon or spread over the surface of ground

Tapering : gradually becommg smaller or diminishing in diameter or width
. toward one end :

Tendril : slender twisting appendage, an organ for support -

Terrestrial : of the ground

Tetra- : a suffix signifying number four or 4-times, as in tetracyclic (four-
whorled)

Thallus : a flat leaf-like organ without differentiation into stem and foliage

Tri- : a suffix signifying number three or 3-times, as in trigonous (three-
angled) :

Trichome : a hair or bristle; surface appendage of diverse form, structure and
function represented by hair, scale, and papilla, of epidermal or
sub-epidermal origin =~ -

Tunic : a loose membranous outer skin other than epidermis; the loose
menibrane about a corm-or bulb

Unarmed : without prickles or spines
Uni- : a prefix meaning one or single, as in uniseriate (one-rowed)

Venation : disposition or arrangement of veins

Ventral : adaxial; top or upper side of a swrface, adjacent to-axis -

Verticil : a whorl

Vesicle : a small bladdery sac or cavity fi filled with air or fluid

Vesture / Vestiture : anything on or arising from a surface causing it to be
other than glabrous

Vivipary : development of seedling on 1 the parent plant; seed germinates inside
fruit while still on the parent plant

Voluble : twining

Xylem : the wood elements of a vascular cylinder; a water conducting complex
tissue of tracheary elements, par enchyma and fibers

Zygote : the first cell of new sporophytic generation that gives rise to the
embryo

Additional terms




‘22 SHAPES (Plate 1)

Acerose : 1iaedle-shaped; sharp -
Angular : many angled
Annular : ring-like

Botuliform : sausage-shaped

Capitate : liead-like

Clavate : club-shaped -
Complessecl / Complanate / Flattened : complessed on two sides, flat
" Conical : cone-like

Cruciform / Cruciate : cross-shaped

Cylindrical / Terete : long-tubular with circular cross- sectlon
Cymbiform / Navicular : boat-shaped

Discoid : orbicular with convex faces

Ifalcate / Seculate : sickle-shaped

Fistulose : liollow, as a culm without a pith

Fusiform : spindle-shaped; broadest in middle and tapering to each end

Globose : nearly spherical

Lenticular : biconvex, usually elongate and flat; lens=shaped
Ligulate : strap-shaped

Napiform : turnip-shaped
Nodiform / Nodulose : knotty or knobby, as the roots of most of the Fabaceae

Pyriform : pear-shaped

Spiral : twisted like a corkscrew
Stellate : star-shaped

Torose : cylindrical with contractions at intervals
Turbinate : top-shaped; obconic

Turgid / Tumid : swollen or inflated

Vasiform : elongated funnel-shaped

‘Vermiform : worm-shaped

Alsa see leaf shapes

Key nond Glossary

Additional fernis
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Higher Plant:

Plate — 1: Different shapes.

' Acerose Angular Annular Botu]zform Capitate. Clavate Compressed

A*l"(

" Conical Cruc:lform Cylmdncal - Cymbiform Dlscg}d Falcate

_

<>

Fistulose Fusifonn Globose . - ‘Le'nticular" I'_:Ligtilate,- .

Torose  Tuwbinate  Turgid

- Vasifotm  Vermiform .

- e
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3 ORIENTATION OF PARTS (Plate 2) 0 KevandGlossay

. Agglomelate f Conglomerate / Clowded / Agglegate dense structures W1th
~varied: angles of divergence
,-Adplessed / appressed-: predsed closely to axis quards

Ascendmg dlrected upwald '

_Cemuous drooping . -

S Condupllcate folded together length\wse upward or downward along the
central axis -

'Connivent : -convergeht aplcallj,r w1thout fusmn

Contm ted ;w1sted a1011nd a central axis -

Deﬂexed bent abruptly downward

Depressed pressed close to axis- downward

Descending : directed downward :

Dextrorse : rising helically from right to left, a characteristic of twunng stems
D1vergent spreading away

Ecce_ntri_c : 'o_ne-sided; off-center
) Ceni_culzﬁe_ : Abruptly bent like a knee

JIncurved : curved inward or upward
" Inflexed : bent abruptly upward
Involute : margins or oute1 portlon of sides 1011ed Inward over uppe1 or ventral
surface- :

" Peidulous : hanging loosely or freely
Plicate : with series of longitudinal folds; plaited

Recurved / Retrorse curved or bent outward or downsward -
Revolute': margins or outer portion of sides rolled outward or downward over
lowel or dorsal surface

,
Sinistrorse : rising helically from left to right, a characteristic of twining stems

Tortuous . irregularly twisted

Undulate : with a series of vertical curves at right angles to central axis

Additional terms
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Higher Plants

Plate — 2: Different orientations of plant parts,

e ¥ Voo

Agglomerate Adpressed Ascending  Cemuous Cenduplicate Connivent

ddhbadT

Contorted  Deflexed  Depressed Descending Dextrorse Divergent

Eccentric Genicu_l&!;e Iﬁcurved_ Inflexed TInvolute Pendulous

N\

Plicate Recurved Rt_avolute Sintirorse Tortuous  Undulate -




24  SURFACE CHARACTERS oy and Glossary

241 Texture Types
As’perqus_ : hax;ing a rough surface
Baccate /-Succulent : fleshy or juicy and resistant to ciry.ing
- Cartilaginous : hard and tough but flexible
Corraceous : thick and [eathery

Corneous : horny
Crustaceous : hard, thin,.and buiﬂe

FlblOLl‘S fiber-like; having loose woody fibers
Flaceid : lax and weak; limp

Gelatinous :jcllj-lil{e; soft and semi-solid
* Glutinous / Viscid : sticky

Herbaceous : soft and succulent, not woody
Hyalmc thin and translucent or transparent

Ligneous / Woody / Sclerous : hard and lignified

Membranous / Membranaceous - membrane-like; thm and semi-translucent
Mucilaginous : gummy or gelatinous’

Scabrous : rough

Scarious : thin and dry, appearing shrivelled
Shining / Nitid / Laevigate : lustrous, polished
Spongy : soft / sponge- -like

Suberous : (,011()*

Velutinous : velvet-Jike

2.4.2 Surface Types Based On Epidermal Vestures (Plate — 3)

Aculeate : Prickly; covered with prickles

Barbed : with short, rigid, reflexed (pointing backward or down) bristles or
processes

Bristly : covered with bristies -

Ciliate : with conspicuous marginal trichomes
Comose : with a tuft of trichomes, usually apical

Echinate / Spiny : covered with spines
Farinaceous / Farinose / Mealy : covered by white or blmsh mealy powder or : S

bloom
Floccose : covered with dense, appressed, woaody trichomes in patches or tufis

I
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Glabrous : smooth; devoid of outgrowths

Glandular : covered with glands or trichomes with enlarged tips
Glaucous : covered with a bloom or smooth, waxy coating that rubs off
Glochidiate : with barbed trichomes, glochids, usually in tufts

Hairy : covered with epidermal hair or trichomes; generally used when type of
hair not specified '

Hirsute : covered with long, rather stiff trichomes

Hispid : covered with very long, bristly, stiff trichomes

Hoary : covered with very short dense tiichomes giving a whitish appearance
to the organ ' -

Paleaceous : with small membranous scales; chaffy

Pannose / Felted : with maited, felt-like layer of trichomes -
Papillose / Papillate : covered with minute tubercules
Pubescent : with straight, slender trichomes

Scabrous / Scabrid : having a harsh surface, often due to very stiff hairs or
projections ' '

Spiculate : with crystals in or on the surface

Strigose : covered with sharp, coarse, bent haifs usually with a bulbous base

Tomentose : covered with dense, woolly, matted , interwoven trichomes

~ Tuberculate / Verrucose : with a warty surface

3

Uncinate : covered with trichomes having hooked tips

Villous/ Villose : covefed with long, soﬁ, crooked trichomes
Viscid : sticky or glutinous; covered with glandular hair exuding a sticky liquid

Waxy / Ceraceous / Ceriferous : covered with wax or wax-like coating

Additional ternts
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- Plate--3: Surface types based Qﬁ' ppid#fﬂlél 1.v'e-'s't'ufjcs. L

Key and Glossary

'_ Aculle'ate_ Barbed" L Brié’tly"'

Nnda
hiEs

Scabrous

Strigose Tomentose

Ciliate

D@ O

Glandular

n&%

Paleaceous

Tuberculate |

" Comose Echinate

iy

Pubescent

- 00 QO % -
=
E_-_a-_.."“"';"‘::l-

o0QQ0qQ

Uncinate




Higher Phants 2.5 TRICHOMES (Plate — 4)

2.5.1  Glandular : unicellular or multicellular trichomes involved in
secretion of various substancesisuch as chalk, digestive enzymes,
mucilage, nectar, poisons or tissue irritants (stinging hairs), salts,
terpenes or essential oils, aqueous solution of organic and inorganic
substances (stigmatic papillae, trichome, hydathodes), and sticky
substances {colleters) '

2.5.2  Non-glandular : unicellular or multicellular trichomes not involved
* in secretion : ' :
Barbed : trichome with short, reflexed projections

‘Candelabra : candelabrum-like
Clavate : club-shaped

Dendroid / Dendritic : branched and tree-like
Echinoid : spiny, multicellular

Falcate : sickle-shaped
Forked : bifurcated

Flirsute : long and somewhat sti,ff.
Hooked : unicellular with tip bent like a hook

Moniliform : like stringed beads
. Papillate : short and biunt

Setose : stiff and bristle-like _

Shaggy : multicellular and rough

Squamiform : flattened and multicellular.
Stellate : star-shaped '

Strigose-: sharp; coarse, bent with a bulbous base

Aa"ditiorml ferms




Plate — 4: Different types of trichomes. o . * Key and Glossary

GLANDULAR :
£landular cefl {
epidermal cell *
o . Mucilage e
S ha
Chalk gland ~ Digestive gland secreting gland  secr etmg {inging hair

gland

Essential oil Hydathode _
Saltgland  secreting gland trichome Colleter

W

NON-GLANDULAR:

i 2 7

Barbed Candelebrum-like Clavate. Dendroid Echinoid - Falcate
V eystolith IE g !]
Forked Hirsute Hooked" Moniliform Papillate
ﬁ % = é N o
Setose . Shaggy - Squamiform Stellate Strigose




Higher Plants 2.6 SPECIAL CHARACTERS OF PLANT AND ITS

PARTS

2.6.1 The Plant
A. Plant Parts {Plate - 5)
Bud : immature vegetative or floral shoot or both, often covered by ‘scales

Flower : reproductive shoot of flowering plants bearmg sporophylls withor
without protective envelopes, the calyx and corolla

Fruit : mature fertilized ovary of flowering planis, with or without the
acte’s'sory parts :

_ Leaf: a photosynthetlc organ deve10ped from leaf prlmordmm in the bud and
borne on the stem of a plant :

Root : an absorbmg and anchoring organ usually positively geotrople and
mlttally developed from the radlcle :

Seed : mature, fertilized ovule of seed—plants _

Shoot : part of plant developed from the shoot apical merlstem and it generally ‘
consists of parts of plant other than roots '

Stern : a supporting and conduction organ developed mltially from the
epicotyl, and is negatwely geotropic - - -

Plate — 5 _Different parts of a seed plant._

;ﬂeﬁer bud ‘-!:;: -

ﬂbwef' YA P 'ldrénch
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Acaulesccnt . plant apparently stemless w1th extremely condensed stem as in - Key and Glosiﬂ_ry.-

some monocots -
Aeropllyllus with leaves i air, above g[ound or water :
Amphlcal pous : with fruits in two environments, viz., aerial and subterranean
' ‘from chasmo- and ciéisto- -gamous flowers, l'CSpCCflVCl}’
_ Annual with life cycle of one season duration-or hvmg for one yem or less
Alhlzous \wthout loots o S
: Blonmal w1th llfe cycle of two years durauon usually ﬂowermg in the second
yeal : . :

Calcifuge : 2 Pl'mt that dlshLes lime or chalk, e. g 1hododendron

Caulescent : plants with distinct stem ,

Caulocarpic : with stem living for many years, bearing ﬂOWﬁlS and fraits
directly on'the main stem

Climber : a weak- stemmed; mostly heLbaceous annual or perenmal plant
which climbs up a support -

Creeper :-a herbaceous plant which c1eeps houzontally on the support gmng
rise to roots and shoots mteumttent[y -

Deciduous : with leaves fallmc at the end of growing season; not evergreen
Diclinous : plant with unperfect flowers; stamens and car pcls In separate
flowers :
- Dioecious : mile (staminate) and fema[e (carpellate) flowers borné-on
different plants :
- Monoecious : male and {female flowers borne on same plant

-

Epiphyte : plant growing on another plant
Evergreen : bears leaves throughout the year

Femate / Carpellale / Pistillate : beaving {lowers without functional stamens

Halophyle : tolerant of excess amounis of salts (usually sodium chloride ) in
the soil solution

Fleliophyle : can grow only in well-lighted places

Herb : a usually short and soft plant with annual, above-ground stems lacking
definite woody structures

Hermaphroditic / Monoclinous :plant with all perfect flowers

Heterocarpic : bearing two types of fruits, both above ground

Heterotroph : cannot manufacture food on its own and is dependent on other
sources of nutrition”

- Parasite : dependent on another living plant (host) for nutrition partially or .'

totally
e Partial rool parasite : obtains partial nuiritional requirement from
the roots of host, ¢.g., Santalum album
e Partial stem parasite : obtains partial nutritional requirement fromn
the stem of host, e.g., Fiscum alburit
Total root parasite : obtains enlire nutritional requirement {rom
roets of host, e.g., Rafflesia
e Total stem parasiie : ebtains entire nutritional rcquirement from
stem of host, e.g., Cuscuta

Lo ]



Higher Piants _ - Saprophyte : a plant (usually lacking chlorophyll) that draws its nutrition
] from dead and decaymg organic matter of vegetable or animal
origin :
Hydrophyte : plant growing in-water or in very wet place
- Amphibious : with roots and stem embedded in"Water or water saturated
soil and foliage of plant raised above water surface, e.g., in Typha
- Floating : foliage of plant floating on the surface of water, plant may
' or may not be anchored to. the substratum
- Submerged : plant completely under water, may or may not be anchored -
to substratum
Hygrophyte : plant which grows in constantly moist places .

" Insectivorous : which derlves nutrition partially from 1nsects nap and digest
insects :

Male ! Staminate : plant with staminate flowers only

Mesophyte : plant growing in normal environment, i.e., in avelage conditions
of temperature, light, soil and water

Monocarpic / Hapaxanthic : fruiting once; perennial, biennial or annuai,
flowering and fruiling once, then dying; usually applied to perennials
that grow for several years before flowering and dying -

Perennial : plant.that persists for more than two years
- Herbaceous : a non-woody perennial with the aerial shoot system dying
after each growing season, persists with the help ofa perennate
underground shoot system -
- Woody : a tree or shrub, the shoot system remains above ground -
Polygamous : plant with perfect and imperfect flowers

Sciophyte : plant which grows only in shady places; shade-loving plants

Shrub : a much-branched woody perennial plant usually without a single trunk

Straggler : plant with a weak stem which climbs other supports with the help of -
hooks -

Subshrub / Shrublet : a suffrutescent perennial ( the stem basally woody.) or a
“very low shrub of less than 30 cm t'\ll often creeping over ground

Tree : 2 tall woody perennial plant usually with a single trunk
Trioecious : plants with staminate, pistillate or perfect flowers

Undershrub : a perennial f}lant having stems that are woody only in the basal- |
parts, the upper part dying back

. ) * Vine/Liana : an elongate, weak-stemmed, often climbing annual or perennial
plant, with herbaceous or woody texture

Xerophyte : a plant of dry, arid habitat, such as the desert

Additional terins
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'2.6.2 The Root . - o ey aud Glossary’

A. Root Parts (Plate - 6)

Region of elongation : part of root where cells undergo rapid elongation and
‘ enlargement :
Region of maturation : part of root whera cells undergo differentiation into
various kinds of primary tissues, aiid where root haits are present
Root cap : parenchymatous, protective, cap-like tissue at the apex of the root
" Root hair : lateral, single-celled, absorbing outgrowth of the epidermal cell
. Root pocket : a type of root cap which does not regenerate, found in water -
' - plants -

- Secondary root / Lateral root ; root branch with root cap and hairs, derived
~ endogenously from the pericycle of main root

B. Root Types (Plate=7)

Adventilious : arising from organ other than embryonic root or radicle
Annulated : root-with a scries of ring-like swellings
'Assimilatory : green roots of somec plants which help in photesynthesis

Bullress : root with bcrard like or plank- like mowlh on upjper side, a supporting
struclurc

Climbihg : above-ground, fibrous, adventitious root arising from node, some
times from inlemode, frequentty with an adhesive disk; a crampon
" Clinging : acrial root of epiphyte which enters the crevices of support to keep
the plant in place
Contraclile or Pull : root capable of shortening, usually drawing the plant o
plant part deeper into e soll, generally has a wrinkled surface

Epiphytic : root of cpiphyte, with a special spongy velamen layer, concerned
with absorption ol moisture ,

Fibrous : fine, thread-like or slender, generally adventilious root

Hauslorial : absorbing root within host of some parasitic species
Holdfast / Haptera : root which helps in atlaching plant to surface on which it
1s growing

Nodulated : root with nodular outgrowths, as roots of legumes with nitrogen
fixing nodules

Pacunatophorous : acraling, apogeotropic or negatively geotropic root with
lenticels/pores/pncumathodes which help in gaseous exchange , usually
found in marsh plants

Primary / Seminal : which devclops [rom the radicle of embryo

Prop : adventitious, supporling root, usnally arises from the horizontal lower
branches of trees and grows vertically down, gels anchored in soil,
becomes thick, strong, and pillar-tike



Higher Plants

Reproductive  contain buds that readily develop into new individuals, aid in
vegetative propagation

Respiralory / Floating : adventitious, soft, light, spongy, colourless, and above
water roots of aquatic plants which help to store air and also function as
air float -~ :

Stilt : supporting root which arises from the lower portions of stem, grows
obliquely down, gets anchored in soil and provides additional support
~ to main stem :

Storage : swollen, fleshy root which functions as storage and may be
perennating organ :

Conical : a tap root with a broad upper part gradually tapering below like a

~ cone, as in carrot

Fascicled / Fasciculated : fleshy or tuberous roots in a cluster, a
modification of adventitious roots '

Fusiform : a tap root where the middle part of root is swollen and it tapers
towards both ends gradually;-spindle-shaped

Moniliform / Beaded : élpngated roots with regularly arranged swollen areas

Napiform : a modification of tap root, upper part considerably swollen and
tapers suddenly downward ' o :

- Nodulose : slender root with'swollen tip _

- Tuberous : fleshy root resembling a tuber, generally modification of
- adventitious root

Tap: persistént well-developed primary root

Plate — 6: The parts of root.

secondary root A . — root hatr
- region of maturation
- region of elongation

- region of cell division
— o0t c2p

Root system |
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Plate — 7: The-types of root— . - - Key and Glossary

S Cl-imBing: :
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A

Prop - Reproductive Respiratory / Floating Stilt
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Higher Pitinty

2.6.3 Thé Bud (Plate -8)

-A. Bud Parts (Plate —8)

Apical meristein : meristematic tissue that gives rise to other bud parts

. . ) . . - - - (‘ﬁ‘lﬂf-""' -
Bud primordium : meristematic tissue that gives rise to a bnc_l g ot Ieat

k-

or f]owel pr li‘I]Oldl'l and a]JlC'll mericte.
Flower primordium : meristematic tissue that gives rise to a flower

Leaf primordium : meristematic tissue that gives rise to a leaf

Scale : protective leaf surrounding the bud
B. Bud types (Plate — 8)

Adventitious : bud arising [rom more or less mature tissues 6f organs other
than the node )
- Epiphyllous / T'aliar : buds arising from leaves
-- Radical : buds arising on roots ’
Axillary : in the axil of leaf or leaf scars, generally gives rise to branches

Flower / Floral : bud which will give rise to one or more flowers

Protected / Covered / Scaly : shoot and/or ﬂO“’Cl pllmordn smrounded by
scales

Terminal : situated at apex or end of stem”

Vegetative / Leaf : an inumature shoot consisting of a short stem, apical )
meristem and young leaves coveung, meristem; gives rise to a branch
with leaves

Additional terns




Plate — §: Bud types. - Key and Glossar:;' -

L.S. Protected vegetative bud . Adventiticus Epiphyllses
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Highcr Plans

a0

A. Stem-Parts

* '

- ]

Bark : tissués of plant-outside wood or xylem .
Branch : lateral shoot of main-stem, generally -arises from an axillary bud
Branchlet : latéral shoot of a braneh :

- - - - . ' I- - - -
Internode : a section or region of stem belween successive nodes .. -~

Lenticel : lens-shaped or wart-like patches of parenchymatous tissue or a
“breathing” pore on the surface of stem and branches, sometimes on
fruit : '

Nodc : region of stem from which leaf, leaves, or branch(es) arise

Pith : soft, spongy, central cylinder of tissue inner to wood, usually
. parenchymatozs

Scar : a mark indicating former place of attachment, may be of bud scale, leaf
~or stipule _ : : )

Trunk @ wide lower part ol stem hearing the branches, especially of a tree
Twig :a young weady stem; more precisely, the sheol of a wood plant
represented by growth of ithe current season

Woodl: central part of stem consisting of xylem
B. Stem Types (Plate - 9)

Acerial 1 above ground stem
Angular ; many-angled in cross-scction
Arboresent : tree-like in appearance and size

Branched Ramose : possessing branches or lateral shools

Bulb : a shori. erecl. condensed, underground stem surrounded by fleshy leaves

Bulbil : a small bulb or bulb-like body produced on above-ground paris: a
vegelative bud.

Bulblet = a small bulb, irrespective of origin

Caudex © a slow growing, upright, woody underground or subterranean base ol
a herbaceous perennial that each year gives rise to leaves and flowering
slems

Cespilose / Caespitose : a short, much-branched stem growing in a clump and
[orming a cushion

Cladode: greem evlindrical main stem of xcrophyte bearing Nattened branches
ol limited growth. usually with single inicrnode, resembling leaf in
form and function

limbing : grewing upward by means of tendrils, petioles, or adventitious
roots . :
olumnar : a tall, woody, unbranched stem, usually with a crown of leaves
orm : underground, upright, enlarged, fleshy stem with scale leaves; a storage
slem )
~ormel : small corm produced at the base of parent corm



Culm : _]omted stems (flowermg and fruiting ) of grasses and sedges W1th
swollen and solid nodes and liollow mternodes

" Cylindrical : circular in cross-section .

Decumbent : reclmmg or lying on the ground with the nps ascending
Erect upright

Fruticose: shrubby, woody throughout, commonly with scveral main stems
but no main trunk

Herbaceous : soft and succulent
Heterophyllous : bearing more than one type of leaves
Holow / Fistular : without pith, generally-in the internode

Innovations : sterile shoots of grasses and sedges

Offset : a short, stout, horizontal branch which grows to a Ilmlted extent and
- produces at the apex a tuft of leaves above and a cluster of small’ rools
below :

Phylloclade / Cladophyll : green, flattencd ér cylindrical stem and branches of
_many internodes of cértain xerophytic plants resembling a leaf in form
" and function °

Procumbent / Prostrate / Reclmmg / Humistrate : trallmg or lymg flat, not
rooting at the nodes :

Repent / Trailing : creeping or lying flat and roolmg at the nodes

Rhizome : a horizontal tnderground stem with scale leaves, generally has
fleshy and a storage stem

Rootstock : a term applied to miscellaneous types of underground stems or
parts .

Runner : a slender, prostrate branch with nodes and long internodes, which
produces roots and shoots at tip, and forms a new plant

Sarcocaulous : fleshy

Scandent : climbing without aid of tendrils

Scleracaulous / Woody : hard, dry; not herbaceous

Solid : with pith; not hollow

Spur : a very short branch on which leaves or flowers and frults are borne

Stolon : a prostrate, horizontally growing lateral branch with nodes and short
internodes, and which produces roots and shoots at the nodes

Sucker / Surculose : an underground branch growing upwards to form an aerial
shoot, roots arise from nodes below ground

Suffrutescent : semi-shrubby, lower parts of stem woody and upper herbaceous

Tendrillar : tendril-like modification of branch, adapted for climbing

Thorny : a sharp, pointed modification of branch, usually with vascular supply
Tiller : a branch produced from the base of the stem, especially in grasses
Tuber : a thick, swollcn underground, storage stem, usually not upright

Unblanched / Eramous : without branches or lateral shoots

1)

Key and Glossary
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Plate - 9: Different types of stems.

Erect, Hollow Cylindrical
with Corinel  Culm  * ‘and Salid

g




| ."'C Br’mchmgPatterns (Plate 10)

‘ _,-'Dichotomous two branches formed at the tlp by the dms;on of apical”
merlstem comimonly found among lower plants, as in Riccia ,
Lateral blanches are pr oduced Iaterally from the sides of the main stem

Celn Monopodral f Racemose / Indeﬁmte maift stem contmues to grow” .

~ indefinitely, branches develop in acropetal successron, the lower

- ‘branches are older and larger-than the .ipper ongs " . '
- Sympodlal / Cymose / Definite : growth of the main stem is limited or

definite, lateral branches at each stage of. branchmg, develap at: the up
below the inactive terniinal bud e

. Blparous/ Dichasial: with.only two lateral branches at each stage

below terminal bud

-,

¢ Multiparous / Polychasm[ with more than two Iatera[s at each stage of

br anchmg
e Uniparous / Monochasium : with On].}" one branch at each stage of
branchmg

° Helicoid : a type of ump:lrous sympodlum branchmg where o

successive lateral branches arise only on the same side of stem
® Scorpioid : a type of uniparotis sympodium branching where

successive lateral branches arise on eilher side of the stem

Phte - 10 Vanous kmds of branching patterns.

Key and Glossary,

NM% a1

Di'chotomeus_ Monopodial Brpar_ous Multlparous

c

Helicoid ~ Scorpioid
i—_._‘_._;

Uniparous

Additional terms and ﬁgures
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2.65 The Leaf (Plate-11)

A. Leaf Parts (Plate—11)

Apex : tip or exireme distal-part of lamina

Base : lower or proximal part of lamina

. Larnina/ Blade : flat, expanded por;tion of leaf.

Leaflet : a distinct and separate segment of 2 compound leaf

‘Ligule : a strap- shaped flap of tissue outgrowth or prolectron from the surface

of leaf

Midrib : the central conducting and supportmg structure of blade of a simple
leaf: a continuation of petiole

Midvein : the central conducting and supporting structure of the blade of a
leaflet SR

Nerve : one of the prmclpal veins of a'parallel- vetned leaf

Petiole : teaf stalk

_ Patiolule : leaflet stalk

Pinna (pl. pinnae) : pnmary division of a compound ieaf bearmg leaflets ’
Pinnule : secondary dmsmn ofa compound leaf beanng leaﬂets

i

Rachilla / Rhachilla : drmmuttve secondary axis of compou'td leaf

Rachis (pl. rachides { rachises) : the mam axisofa pmnately compound leaf .

{(also.of 1nﬂorescence)

Sheath : portion of leaf surroundm £ the stem
Stipel : one of a patr of appendages at the base of a petrolule
Stipule : one of a palr of appendages at the base of 2 petlole

Vein:ia secondary conductmg structure in the leaf blade arrslng from mldrlb
or petiole - :
Veinlet : a tertiary conducting structure 1n the leaf blade arlslng from a vem
\ _—
B. Leaf Arrangements (Plate— 11) .
N :
Alternate / Acyclic / Spiral : one leaf per node, leaves arise splrally around the
axis In a clock-wise or anti clock—wrse direction accordlng to Frbonaccr
phyllotax1s*

* F1bonacc1 phyllotaxls a fundamental type of leéaf arrangement
-expressed as a fraction in which each succeeding fraction is the sum
of the two prewous numerators and the sum of the two previous

= denommators ie., 1/2,71/3,2/5, 3/8, 5/13, 8/21, etc. The numerator

v represents the number of turns or sp1rals around a stem before one |
" leafis drrectly above another and the denominator represents the |
‘ number of. leaves between—t‘lf/ first leaf and the next leaf thatis - l
directly- above thié first, The 2/5 phyllotaxy ‘would mean between the

one leaf directly above it, there are two, twisfs and ﬁve leaves before .
one lea_fﬁr_sdrrectly above the other =



Key and Glossary

- Distichous : 2-ranked, ¥ arrangement with two leaves in one spiral 50

that the third leaf develops over the first one o
- Octostichous : eight rowed or ranked; 3/8 arrangement wuh elght

leaves in three spirals so that ninth leaf ariscs over the firstleaf, as in

Carica papaya '
— Pentastichous : in five rows; 2/5 arrangement with five leaves in lwo

spirals so that th_c sixth leaf develops over the first one. . .
- Polystichous : in many rows .
- Tristichous : in three rows, 1/3 arrangement with three leaves in one .

spiral so that fourth leaf arlses over the first one

Conglomerate / Agglomerate / Crowded / Aggregated : densely clustered
usually irregularly overlapping cach other - . - .. .

Equitant : 2-ranked with overlappmor bases, usually sharply folded along
midrib

Opposite : two leaves bome on opposite sides of a stem

: - Decussate : opposite leaves at right angles 1o preceding pair,
tetrastichous or four rowed with fifth leaf developmc over the first
one after two cycles of leaves

- -Superposed : opposite leaves directly above the precedmg pair in-the:
same plane, distichous with two leaves in one cycle so that the tlurd
leaf develops over the first one

Rosette : an arrangement of leaves radiating from a crown or center and
usually at or close to the gfound

Secund / Unilateral : on one side of the stem
Tunicated : arranged in circles when viewed in cross-gection, as in onion

Whorled /Radiate / Verticillate : three or more leaves per node

Additional terins
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Plate — 11: Leaf parts, simple and compound, arrangements.

ventral/adaxial surface:
lamina/blade
vEin
2" veinlet
midnb
petioles

\\ ' stipule

Complete and Simple leaf _ Compoud leaf
' LEAF ARRANGEMENT

Equitant L ~ Whoiled




C. Leaf Types (Platc—12) ' ) - : _ Key and Glossar)

Bi- fohate / Geminate/ Jugatef Um_]uoate with two leaflets from a common
point, palmate or pinnately compound '

Bigeminate/ Bijugate / Di- or bi-foliate : with two orders of leaflets, each
bifoliate; doubly paired, palmate or pinnately compound '

Biternate : with two orders of leaflets, each ternately compound

Bract : modified leaf at the base of flower or inflorescence

Bracteole / Prophyllum / Prophyll : small leaf, usually on a pedicel or below

" the perianth of flower

Cauline : more or less evenly distributed on stem

Complete : leaf with lamina, petiole, and stipule -

Compound : with leaf divided into two or more leaflets (see Plate -11) _ -
s Palmately compound’: with leaflets arising from one point at end of

petiole :

Bipalmately compound with two orders of leaflets, each palmately
compound

Digitate / Miltifoliate : palmately compound leaf w1th more than four
leaflets

Quadrifoliate : a palmately compound leaf with four leaflets, as in
Marselia

Tripalmate : with three orders of leaflets, each palmately compound

e Pinnately compound : with leaflets arranged oppositely or alternately

along a common axis, the rachis

Bipinnate : with two orders of leaflets, each pinnately compound

Imparipinnate : with odd number of leaflets, odd leaflet terminal

Paripinnate : with even number of leaflets, without a terminal leaflet

Tripinnate : with three orders of leaflets, each pinnately compound

Unipinnate ; with one order of leaflets, pmnateiy compound; leaﬂets
borne directly on the midrib '

Cotyledon : embryonic leaf

Deciduous : falling at the end of growing season

Decompouid : a general term for leaflets in two or more orders - bi-, tri- eic;
pinnately, palmately, or ternately compound; simple leaf with many
times parted or dissected lamina

Dorsiventral : with structurally different dorsal and ventral surfaces

Elaminate : without lamina or blade
Exstipellate : without stipels
" Exstipulate : without stipules

Hook : hook-like modification of leaf or leaflet .

Incomplete : leaf without one or more paris — lamina, petiole, stipules
[sobilateral : with structurally indistinct dorsal and ventral surfaces

Palmate-pinnate : with first order leaflets palmately arranged, second order
pinnately arranged

Petiolate : leaf with a petiole

Petiolulate : leaflet with a petiolule

- A0
]



Higher Piznis

Phyllode / Phyllodium : leaf with much reduced lamina, but with flattened
lamina-like petiole or midrib

Radical / basal / rosulate; near ground, arising from top of rootstock

Ramal / Ramous : more or less evenly distributed on branch

Reproductive : with foliar buds present on the leaf, aid in vegetative
propagation

Scale : small, non-green leaf on bud or modifiéd stem

Sessile leaf without a petiole or epeticlate, (leaflet without a pétiolule or
epetmlule)

Slmple leaf not divided into leaflets

Spinose : spine-like modification of whole. leaf or ]eaflet

Sporophyll.: a spore bearing leaf

Storage leaf : succulent, fleshy leaf - -

Tendrillar : a slender, c01led tendril- l]ke modification of a leaf, or leaflet

,'_Ternau: with leaflets in three’s
_ Trifoliate : with three leaflets, pinnately compound with terminal petiolule

longer than lateral, or palmately compound with petiolules equal in
-length

L Umfollate with a single leaflet, petlolule distinct. from the petiole of the whole

leaf as in Cercis- : : -

Ar{rlf}‘fouqi ferms

44.



V. Style Types (Plate - 36), A P . Keyand Glossary

“Apical / Terminal : at tﬁe apex of ovary
Bifid : divided into two .

Eccc‘ntric : 0ff-éenter

Fla‘bella“re__: faﬁ-shap'ed -

Genjculate : bent abruptly , _
Gynobasic : attached at the base of ovary in a central depression

Lateral : at the side olf ovary

Petaloid : petal-like |

I-S_t'}.;lopodiac : witl; a stylopodium or swollép base
Terete : c‘ylindrical and elongate

Plate — 36: Different types of styles,

Apical & Terete Biﬁd | _ Eccentric . --Fiabﬁiléte. Gemculate

ovary

Gynobasic ' L_.a.'téral_ ' Pqtalo_id- s _Stylopodiacl

Additional terins and fisures

81



Hngher Phnts

D. Stipule and Stipel Types (Plate — 13)

" Adnate : attached to the petiole or petiolule

Foliaceous : -flattened green and leaf-like, as in Lathyris

Free-lateral : small, green and free, borne on two 31des of leaf base, as in
Hszscus

Interpetiolar : present between the petioles of opposite leaves, as in Rubiacéae,

Lateral : adnate to_petiole, with ﬁjee part located along the petiole

Ochreate : hollow, tube-like, encircling the stem from the node up to a certam
height of internode, as in Polygormm

Scaly : small, dry, and scale-like
Sheathing / Protective : enclosing a leaf
Spinous : small, sharp, and pointed; spine-like

Tendnl]ar tendril-like

Plate -13: Varlous types of stlpule and stipel.

Ochreate | _

, Foliaceoué Free-latefa] Interpetlolar Lateral

o<l ©

Scaly 'She‘athmg _ Spmous Tendrillar

Additional terms

- 46

u




‘E. Petiole and Petiolule Types (Plate — 14) - - Keyand Glgssary
" ‘Inflated : swollen qr thickened, as in E:fchhornfa
‘Pericladial : with a sheathing base, as m 'Apilaceae _

Phyllodial : flattened and lamina-like; leaf-like

Pulvinal / Pulvinus : with swollen-base, as.in Fabaceae

-Sheathin : flattened-and encloses stem

Tendrillar : tendril-like, as in Clematis
‘Terete : cylindrical -

* Winged : with margins flattened and lamina-like

Plate — 14: Different types of Petiole and petiolule.

Pericladial © Phyllodial Pulvinal
Sheathing Terete Tendrillas " Winged

Additional terms and figures
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HigherPlants . B, PraitTypes (Plate ~38)

Accessory / Pseudocarp / False - fiuit derived from simplé or compound ovary
' “suriQunded by some closely adpressed nop-ovarian tissues such as
.. . calyx, hypanthium, and bracts, ‘ o ' e
- == Hip/ Cynarrhodion : an aggregation of achenes swrrounded by an
el ‘ureeolate receptacie ot iypathium, as in Rosaceae -

M N = Péme fruit with cartilaginous pericarp surrounded by fleshy receptacle,
B R <o casin Malus S ' _ .
R PP = Pseudocarp - an aggregation of achenes embedded in a fleshy receptacle,

Lol TR e strawberry R - '
. = Sorosis : multiple fiuit derived frbm an apgregation of fruits of individual
01 flowers along with the fleshy perianth and fleshy or-woody peduncle,
"+ 85 In pinedppl., jack-fruit'and mulberry - -
-Syconus / Syconium : multiple fiuits surrounded by a hollow, fleshy, pear-

-+ shaped receptacle, as in Ficus

e Aggiegate : collection of simple fruits developed from-separate carpels of a
single flower ' : . '
- - Etaerio of achenes / Achenecetum : an aggregation of achenes
- Etaerio of berries / Baccacetum : an aggregation of berries -
- ‘Etaério of drupes / Drupecetum : an ‘aggregation of drupelets
-~ Etderio of follicles / Follicetum : an aggregation of follicles _
-~ Etaerio of samaras / Samaracetum : an aggregation of samaras

. Muiltiple / Composite : derived from coalesced ovaries of several flowers on an
" inflorescenice axis L e
Lo T . - Sorosis : fused fruits on a spike or spadix; as in pineapple, mulberry, jack-
oL - = Syconus / Syconium : an aggregation of achenes in a hypanthodium, as in
. Ticus™ . -

Adfff'ﬁqis'a! terns
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21  GENERAL TERMS . ;. “" =0 "7 . . omiSesn

A-:a pref x meaning without, ‘as'in asepalous (w1t.hout sepals)

Abaxial / Dorsal - : side of an cngan away from the axls or center of axis, lower
surface - T -

Abortive : defective, imperfectly developed

Acropetal : arising or developing upward in a longttudmal pla.ue from a lower ' R - o

to a more apical position; the opposite of basrpetal
Acyclic : arranged spirally, not whorled _ -
Adaxial / Ventral : side towards the axis, or ad_]acent to axis, upper su1face .
Adherent : close proximity of dissimilar organs wrthout fusion of tlssues or
histological continyity: SR
" Adnate Tusion, with histological continuity, of dtssnmlar organs
Aerial or epigeal : above ground or water, in air -
Aestivation / Vermnation : arrangement of leaves Or. perranth parts’ wrth respect
' to each otherinabud -
" Albumen : nutritive material ‘accompanying the embryo (e. g endosperm m
seed) . :
Anthesis ﬂoweung, opening of flower. for pol[matlon
~ Anthotaxis : arrangement of sporophyils :
Apex ( pl: apices ) : the tip or dlstal end
: -Aphyllous leafless
jAptcal / Teunmal .ai the top, tlp, or distal end of a structure
Appendage : an attached subsidiary or addltlonal part.
*Arborescent : tree-like in appearance and-in size - o
 Articulate : jointéd; with nodes or joints . S
-Attenuate : tapering graduallyto a slende1 tip
Awn / Arista : a bristle-like appendage : Co
Axil : upper angle area formed between the organ and the ax1s that bears 1t
A\Jllal')' peltammw to, or situated in the a:ul

B'tsal - at the bottom or base of a strLicture

quxcauius neart the base of stem

Basipetal : developmg downward in a long1tudmal plane froni an aprcal or .
distal point towards the base ) o

Bi- : a prefix meaning two or twice, as in bilobed or two lobed - o

Bifid : two-clefted or divided apically into two parts '

Bifwucate : divided into two forks or branches -

. Biseriate : in two rows, series or whotls

Bladdery : thin-walled and inflated :

-Bloom : whitish easily rubbed:off. powdery covering ona surface

‘Bristle : short, stiff trichome or hair

Caducous: falling off early or prematurely'
Calciform/calyculate : calyx-like

Canaliculate : with a longitudinal channe! or groove
Cauline : belong,mg to main conspicuous stem’
_"Cell locule or cavity in an organ (this does not refer to the cell — the unit of life)
Centrifugal : developing or progressing from center to periphery

Centripetal : developing or progressing from per iphery to center

Circinate : cotled from apex downwards

Coalesced : with like 01 unlike parts or organs incompletely separated;

pattially fused ¥n more or Jess irregular fashion ‘ i3




!HigherPlants

_Caudate :rwith a long, tail- like protrusnon

G, L.edf Apices’ (Plate - 16)

-Acummate -with a.small, taperecl protrusmn of.;a.nglefless sthan: 45°
~ Acute witha. sharppratrusmn of angle between45-9¢°

Anstate with a-much-elongated, "NATTOW protrusnon usually a stralght and.stiff
@AW Or; bnstle -

-

Cirrhose /. Cirthous : 'with a slénder, coiled and flexudus protrus;on tendnlla:

-Cuspidate*: with:an:abruptly elongated.- sh '-rp, stiff and- coriacedus -protrusion
?Emarginate : -shallow notch-in the middle of a broad apex
“Mucronate ::dbﬁme:/wim short, sharp, abrupt spur or spiny-protrusion

“Obcordate :-notched:with rounded lobes on'both sides

Obtuse : blunt orrounded-with'a terminal angle of more than 90°

' Rctuse obtuse or truncated apex with a shallow notch m lhe middle
- Rounded .apex forms. a smooth are

| Spinose / Pungent : Spme-tlppécl; coriaceous and stiff—acmhinate apex

Truncate : straight across, at ri ght angles to midrib or m1dvem

_ Plate - - 16: leferent types of leaf apices.

CAriswts  Caudite  Obtuse  Rounded

QZ)/WWW

Truncate

\,,/\mom

50

| Cnspldﬂ Emersmue Mucronate . Oboordate . Cirrhose Acute Spinose
T Additional terms and figures R %
-_.:)_;;_.\}' - [\:.
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‘H. ;Le#'f ‘Bases (Plate =17)
"‘Amplexicaﬁl-: basal lobes edmpietely'clésp'the stem -

Auriculate / Auricled : with ear-shaped lobes projecting on both sides -

‘Connate / Connate-perfollate bases of opposite-leavesfused. a:ound the stem
Cordate : desply:invaginated; with rounded lobes -
-Cuneate - wedge-shaped tnangula.r, with:narrow. end at. pomt of attachment

.-.:-Decurrent :-Iextendmg alongithe- stem downward from leaf base

‘Hastate : with two basal- lobes onented outward or dv.fergently in relatlon to
petlole or m1dr1b

-Obtuse : Llunt and rounded

Peltate ::base near cenfer: of lamina; pefiole'ﬁ?ttached on-the underside of -

. . Jamina ‘ '
Perfoliate :-basal lobes ﬁlseél-and.completely-sm'round the stem

‘Sagittate :'two basal Iobes pointing down or concavely toward the stalk
Sheathing : tube-like, enclosing the stem above insertion of lamma or petiole

‘Tunicate : straight across, at ri_ght.angles to midrib or midvein

Plate — 17: Various kinds of leaf bases.

‘Key.and Glossary

Peltate ‘Perfoliate

Y

Ample‘:ii Auriculate - Connate~ -Cordate Cuneate
caul : perfoliate -

!

Saglttate Sheathing . Tunicate

¥ !

“Decurrent:

Hastate -

Sl
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"Marcescent : withering but the remains persisting

Jointed : with nodes: with points of real or apparent articulation
Jugum : a pair, as of leaflets

Keeled : ridged like the bottom of a boat

Lacerate : torn; irregularly cleft or cut

Laciniate : slashed into narrow pointed and parallel ribbon-like or strap-like
projections '

Lactiferous : producing or bearing latex

Lacuna : a cavity, hole, or gap :

Lamellate : provided with many fin-like blades or cross-partitions

Lateral : on or at the side c _

Latex : milky sap ' ' o i

Lax : loose, not congested '

Leptosporangiate : type of sporangium development where the sporangium
forms from one initial cell

Lineate : lined, bearing thin parallel lines

Lobe : any part or segment of an organ .

Locule / Loculus { pl. Locules / Loculi ) : a compartment. or cavity

Marginal : pertaiping to the border or edge

Medial : upon or along the longitudinal axis : _

Megaspore : the spore which on germination gives rise to female gametophyte
from which develops female gamete or the egg cell o

Megasporophyll : a sporophyll that bears megasporangia, often produced in the
axil of a bract; a carpel in an angiosperm o T

Meristem : undifferentiated tissue whose cells are capable of developing into
various organs or tissues .

-merous : a suffix indicating the number of pbarts in a whorl of stems, leaves or
floral organs, as a tri-merous flower having perianth parts in sets of
three R '

Microsporangiiim : sporangium containing only microspores

Microspore : the spore which on germination gives rise to male gametophyte
from which differentiate the male gamete or sperm cell

Mono- : a prefix meaning one or once, as in monocyclic (one whorled)

Mucilage : sticky and slimy substance produced by glandular cells in plant
tissues ' : T

Multi- : a prefix meaning several or many, as in multicellular (many-celled)

Nectary : a secretory gland pi‘oducing.sugary liquid that attracts pollinators

- Floral : present in the flower T
= Extra-floral : present in orpansg of plant other than the flower, as in leaf,
bract - - ' N ’

Nodose : knobby; knotty '

Ob- : a prefix usuvally si gnifying inversion, as in obovate (inverted ovate)
Oligo- : a prefix signifying few, as in oligospermous (few seeded)
Operculum : a lid or cover produced by circumscissile dehiscence

Ortho- : a prefix indicating straj ght :

Ovuliferous : bearing ovules



J. Leaf Venations (Plate—19) . _ Key and Glossary

Dichotomous : with veins branching ih pairs equally

Multicostate : with more than one primary vein arising from a common point
_at base :

Parallel : with veins extending from base to apex, unbranched and essentially
parallel - :
- Palmate-parallel-convergent : parallel veins diverge from the base but
converge at apex, as in grasses _
- Palmate-parallel-divergent : parallel veins diverge from the base and

remain divergent, as in Borassus
- Pinnate-parallel / Penni-parallel / Penni-nerved : unicostate with veins

extending from midrib to margins, essentially parallel, as in banana

Reticulate : with veins branching and anastomosing to form a network
- Palmate-reticulate-convergent : multicostate with main veins converging

at tip, secondary veins forming a network, as in Zizyphus
- Palmate-reticulate-divergent : multicostate with main veins diverging
_ toward margins, secondary veins forming a network, as in cotton,

grapes ' _
- Pinnate-retioulate ; unicostate with secondary veins arising from the
midrib and forming a network '
Unicostate : with only one primary vein or midrib

Plate — 19: Types of leaf venation.

7 ¢

Palmate-convergent Palmate-divergent .. .
_ Pinnte-unicostate

Dichotomous _ _] 5 Illl |
oy aralle

Multicostate ~ Palmate-convergent Palmate-divergent Pinnate-]micostate
Reticulate

LA
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Higher-Plants-

2.6.6 The Inflorescence

A. General Terms Related to Flowéring, Inflorescence and Flower

Aestival : flowering in summer
Aianthous / Semperflorous : flowering throughout the year ~
Amnotinal : flowering once in a year - '

.

"Autumnal : ﬂoweung in 'lutumn

Cauhﬂ01 y/ Cladanthy mﬂoresccnce arising directly from the surface of old
steins
Dichogamy : maturation of stamens or anthers and carpcls or stigma at
different times
- Protandry : stamens or anthers maturing before carpels or stigma
- Protogyny : carpels or-stigma maturing before stamens or anthers
Diurnal : flowers opening during the day

Heterogamous : inflorescence with flowers of different sexes .

Heteromorphic : inflorescence with flowers of different morphological forms.
and functions, as in capitula of some Compositae

Hibernal/ Hiemal : flowering in winter - -

Homogamous : with maturation of stamens or anther and carpels or stigma at
the same time; in some Compositae, mﬂorescence with flowers of same
morphological form and function

Homomorphic : inflorescence with flowers of same morphological form

Pseudanthium : cluster of several flowers appearing as a single flower, as
«  capitulum of Compositae

Resupination : the complete inversion of flower by the torsion of its support
such that the anterior part of flower becomes apparently posterior, and

vice-versa

Seasonal : flowering during a particular season or during each season
Secund : with flowers arranged on one side of axis

Vernal : flowering in spring

Additional terms and figures
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B: Infloréscence Paits -(Plate~20)

Floret : a small flower, usually one-of a-dense:cluster:
Flower : modified-reproductive shoot-of angiosperms

Inflorescence axis / Peduncle: main stalk for entire inflorescence -

Rachilla : central axis of a grass or sedge spikelet

Ray : secondary aXis in a compound inflorescence, as branch of a compound

umbel
Scape:: leafless inflorescence axis.

Plate — 20: Parts of 'inﬂbrésqence;

Key and Glossary

Spikelet

Additional terms-and figures




Higher Plants C. Inflorescence Types (Plate — 21) A -

Cymose / Determinate : sympodial branching; infloréscence axis ends in'a

flower, with younger, lateral axis or axes developing below the flower;
flowers develop in basipetal succession '
--Cincinnus : a dichasial cyme in which each branch is a tight, modified
monochasial cyme with flowers having short pedicels
- Compound cyme : 2 branched cyme

- - Cymule : a diminutive of cyme, usually few flowered

Dichasium / Biparous : a cymose inflorescence with two lateral flowers
devéloping below the central flower at each sfage of branching
Monochasium, / Uniparous : a cymose inflorescénce with only one lateral
flower developing at each stage of branching '
° Helicoid cyme : a monochasium with all flowers developing only on
one side of axis, forming a helix ' '
® Scorpioid cyme : 2 monochasium with successive lateral flowers.
developing altemately on opposite sides below the central flower
Polychasium'/ Pleiochasium / Multiparous : a cymose inflorescence with
more than two lateral flowers developing at each stage of brariching
Simple cyme : a cyme with.only one stage of branching

Plate — 21: Types of [nflorescence Cymose.

Cymule

: - Simple , Compquﬁ'd‘
Compoud - L Dichasium

Helicoid . Scorpioid

LMOHOChaSil_lm-_[

Po lychasium

Additional terms and figures
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C.. Inﬂorescéﬁée Types. (G’o;zr.)_. (Plate —22) . Key and Glossary
" Racemose ! Inde'ermmatc monopo dlal branchmg, main mﬂorescence axis
: _Erows mdeﬁmtc ly and gwes ‘off flowers laterally in acropetal -
. succession , i.¢., lower and outer flowers are older than the upper and
_ -inner-flowers
- = Coryinb : a flat-topped raceme where extra eIongatlon of the lower flower
7 stalks raise-the flowers of whole inflorescence to d common level at the
tep : B
" Compound : with branched inflorescence axis '
v .. SlmpLe with smgle unbranched mﬂorescence a.XlS '
* = Panicle : a branched racerhe :
- Raceme :an unbranched recemose mﬂorescence wn‘.h pedlceiled ﬂowe:s
+ - Spadix : a splke with elongated and somenmes ﬂeshy mﬂorescence axis,
subtended by a spathe :
Splke ‘a recemose inflorescence of sessxle ﬂowcrs
Splkelet:’ Locusta : a small, few flowered splke

'Scapose with 4 solitary ﬂower or 1nﬂ0rescence on'a scape
Secund :-inflorescerice with flowers appearing to ‘be borne from only one side

_.Solltary one- ﬂowered ‘not a cluster of flowers

Plate — 22: Types of Inﬂores\c\ence - Ra_cemosc._

Compound Simple . ' _
| 1 - Panicle Raceme

Corymb

unisexual
flowers

© Spadix Spike (Scapose) - Spikelet. ~ Secund

Addmmmf rerms and figures
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Higher Plants . . C. Infloreseence Types (Cont.) (Plate=23) " R
B ‘Speclal or Mixed Type . . y ' - GO T
. - Capitulum / Head : a erowded group of sessile or subsessile flowers ifi -, "7 °

TACEmMOse OF Cymose arrangement on a coriipound receptacie or torus ;" - o

e Heterogamous : with flowers.of dlfferentsexcs LA T

o Homogam@u‘_s - with flowers of samie ';)jiq:ph 1o glca.lfonnand :

- function o R G AL
= Catkin/ Ament : a spike or spike-ike infloréscence of cymules with . .~ -
unisexual flowers. " | o s TR T
- Cyathiium : a special typk 6f cymose inflorescence with several highly
. reduced unisexual flowers clustered within a cup-shaped involucre, =
. often with petaloid glands. Male flowers reduced to single stamens are |
generally present in cymose clusters opposite each bract, and a single
female flower reduced to a pistil present in the center of thecup  °,
- Hypanthodium : a special type of infloreseence with Howers (generally
unisexual) borne on inner side of a hollow, fleshy, pear-shaped
receptacle with a namow apical opening guarded by scales
Thyrse (pl. Thyrsus) : a mixed inflorescence with an irideterminate
central axis and many lateral cymes ' Co S
Umbel : a recemose or.cymose inflorescence with flowers arising from a
common point forming a flat or rounded cluster e IR
¢ Compound ; a branched umbel; an umbe] with primary rays arising
- .ata common point with secondary umbel arising from the tip of the
primary rays - ' :
©  Simple : unbranched with one cluster of flowers
¢  Umbellet : the secondary umbel in a compound umbel _ ,
Verticillaster : a mixed inflorescence with paired and sessile dichasia at
each node of an indeterminate, clongated main axis '

Plate — 23: Types of Inflorescence — Special or mixed type.

4
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D. Inﬂorescence Positions. (Plate 24)

Axﬂlary in. fhe axll of leaf

Eplphyllous ona phylloclad or bract

Extra-axillary’: emerges from T.hc internode above the axll of leaf as in’
Solanum .. : :

Inter_c’alary : between leﬁfy or vgg‘eta_ﬁye fegions of an axis.

Leaf-opposed : on -s'tem'_olppgsité‘, the I_:.i-a_selof leaf, ;.a.is in CorChbrbus

Terminal :at or near tip of bratich .-

Plate — 24: Various positions of inﬂ(:)llieécehqé._ T

Key and Glossary

| Additional ternis and figures
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2.6.7  The Flower (Plate — 25)
A. Flowér Parts (Plate~25)- . | S |

Accessory organs / semaphylls : the sepals and petals or the tepals
Androecium : a collective term for all the stamens in a flower
Androgynophore / Gynandrophore : the elo ngated internode above the
perianth, bearing the stamens and pistil ' - . :
Androphore : the elongated internode above the perianth, bearing the stamens
Anterior: part of flower away from the mother axis; towards the subtending
bract; abaxial - S <o '
Anthophore : elongated internode between calyx and corolla

Bract : modiﬁed; usually‘reduced, leafin the a:éi_[ of which one or more flowers
arise - : . '

Bracteole / Bractlet /Prophyil 7 Prophyllum : a secondary or smaller bract on
the pedicel or below perianth S

Calyx ( pl. calyces ) : the outer whorl of floral eénvelopes or perianth,
composed of sepals, a collective term for sepals

Carpel : ferhale sporophyll within flower; fioral organ that bears ovules in
angiosperms; a unit of gynoecium: a simple pistil or part of a
compound pistil '

Column / Gynostemium / Gynandriunt- rod-like structure formed by fusion of
stamens, stigma and style, a3 in Orchidaceae

Corolla : the inner whotl of floral envelopes (above calyx), composed of

petals; a collective term for petals - :

Disc / Disk : a discoid structure developed from receptacle or stamens below
ovary o '

Essential organs : the androecium and gynoecium

Floral envelope : envelop of accessory organs present around the sporophyll
usually these are the calyx or corolla

Gynoecium : acollective term for carpels or female sporophylls in the flower;
comprised of a single carpel of a simple pistil, a group of separate
carpels, or fused carpels forming a compound pistil

Gynophore : the elongated internode between the androecium and gynoecium

Gynostegium : disc-like structure formed by fusion of stamens, stigma and
style, as in Asclepiadaceae )

Hypanthium : fused or coalesced basal portion of floral parts (sepals, perals, -
and stamens ); extension of floral axis around ovary bearing the
perianth and androecium at its margin; may be cup-shaped, saucer- i
shaped, tubular or rod-shaped . .
Mother axis : axis on which flower is borne |
Pedicel : stalk of a flower o o
Perianth / Perigone : collective term for the floral envelopes, corolla and calyx; |
generally used when'the envelops are not distinct: an aggregation of
tepals -




Pericladium : a sub-floral stalk of compound nature, formed by fusion of ' Key and Glossary
gynophore and the bases of other floral parts, found in many members ‘
of Liliaceae -

Posterior : the reglon of the flower next to the mother axis; away from the
subtending bract adaxial .

Stamen : the male sporophyll wﬁhm the flower, bearing pollen a linit of
androecium

Staminode : a rudimentary or vestigial stamen

Thalamus / Receptacle / Torus : the end of the stem or flower axis on which
some or all of the flower parts are borne

Plaie — 25: Parts of flowers.

pistil .
staminode
gynophore

' androgynophore
anthoplfore -

~ L.S.Complete, Bisexual, Cyelic,
Heterochlamydeous flower

thalamus

Gyuestegil_lm L.S Flower
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B.-Tlower Types .(Plate — 26)

Acatpous : 1o carpels or carpellate whorl; no pistil - -

Achlamydeous : without perianth =~ = ,

Acyclic / Haplomorphic : with floral parts arising spiratly on the (halamus al «
simple level in‘a semispheric or hemispheric form

Asynuetric / Amorphic / Paleomorphic / Iiregular - having perianth without
symmetry; usually with an indefinite number of stamens and carpels,
and usually subtended by bracts or discolored upper leaves as in Salix '
discolor; sometimes 1éferred (o flower withoul symmetry as in Cenna

Biscxual / Perfect / Hemlapilroditc_-: with both stamens and carpels or pistils

functional
Bracleate : will: bract

Bracteolate : with bracteoles

~Chasmogamous : flowers that open or expose their reproductive organs for

pollination and fertilization -
Chlamydeous : with perianth
Cleistogamous : flowers that do not open for pollination; remain closed

throughout .
Complete : with all the floral organs, i.c., with sepals, petals, slamens and
carpels '

Cyclic : wilh floral parts arising in whorls or circles on the thalamus

Dichiamydeous : with perianth composed of two envelopes
- Heterochlamydeous : with the two envelopes distinguishable into calyx
and corolla -
- Homochlamydeous™: with the two envelopes of similar parts, not
distingutshable into calyx and corolla, each part called a tepal

Ebracteate : without bract

Ebracteolate : without bracteole

Epigynous : with perianth and androecial parts inserted above ovary, ovary
“inferior ' '

Hemicyclic / Spirocyclic : with some floral parts arising spirally and others in
' circles _ ' '
Heteromerous / Anisomerous : wilh different floral envelopes consisting of
_ different number of members _ ,
Hypogynous : with perianth and androecial parts”attached below the ovar Y,
' ovary superior ' '

Incomplete :with one or both the accessory organs absent bu( possessing 1wo

essential organs
Monochlamydeous / Haploclilamydeous : with only one perianthi envelope
Neuter / Agamous / Sterile : without stamens and carpels; sex organs abortive - ¢

Pedicellate / Pedicillate : with pedicel
Pentamerous : with each perianth envelope composcd of five members



Perigynous : with perianth and andreeciat parts inserted on hypanthium around Key and Glossary

the ovary, 11}’panthlum and Gvary may not be united (ovary supeuor) or
may be pautially united (ovary semi-inferior )
Polymerous : with each perianth envelope composed of many members
Pseudomonomerous ; with each perianthi envelope seemingly composed of one

21 efdles

member whlch is a fusion product of two or more parts

© Stereomorphic : flowers 3-dimensional with basmally radial symmetry parts
- many or reduced, and usually regular as in Narcissus

S) mmetric : with symmeh ically arranged perianth parts
- Acnnomolphlc/ Regular : perianth with radial symmetry,le can be cut

into equal halves in any plane
- Zygomor pluc perianth with bilateral symmetry, i.e., can be cut into equal

halves in only one, vertical, oblique or transverse pl'me

Teétramerous : with each perianth whorl composed of four members
Trimci'ous > with each perianth whorl composed of three members

Umse\mi / Imperlect : flowers with only stamens orcarpels
- Pistillate / Carpellate : with only plstlls or carpels

- Staminate : with only stamens

Plate — 26: Types-of flowers. .

Siamen

padicel
Acarpous,

Achlamydeous, Asymmemc Epigynous, Sessile [ § Hypogynous, Pedicellate

Unisexual, .
Staminate flower Bisexual, Complete, Heterochlamydeous, flower

peta;

L.S.Incomplete, Actinomofiphic, Trimerous, , Pentamerous,
wionochlamydeous flower  Homochiamydeous, Pistillate flower Zygomorphic fiower




Higher Plants

- C. Bract and Bracteale Types (Pléte'¥'2?)- =

-

Chaif / Pale : scale or bract at base of tubular flower in members of Cbmpés_itaé
Cymba : a woody, durable, boat hke persistent spathe -~ T :

Epicalyx / Calycle / Calyculus : a whotl of bracteoles below calvx but
resemblmg true calyx

Foliaceous : leaf-like \ - L o e "
Glume : bract, usually occurring in pairs, at the base of the spikelet of grass

Involucel : small or secondary involucre ‘ .
Involucre : a group or cluster of bracts subtendinig an inflorescence

Lemma : outer scale or the fertile bract s'uBtending grass floret

Palea : inner scale or bracteole subtending grass floret

- Petaloid : coloured and petal-like .

Phyllary : individual bract of ‘an involucre.

Scaly : scale-like
Spathe : a large sheathmg bract enclosmg an inflorescence

Piate - 27: T} pes of bracts and bracteolcs.

Glume, Lemma, Palea Involucre & Involucel Spathe Petaloid

- inﬂore;cenc’e

involucre

Additional terms and fig igtres
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D. Perianth Parts (P_latc - 28)
Claw : the long narrow petiole- Jike base of a sepal, pefal or tepal
Corona : a crown; an outgrowth of “petal between stamens and corolla; can -

1[50 be of shmmal ougm .

Hood :"a cover-lil{e_ perianlh parl, ,u_sﬁ'all}'f wilh a turned down margin

Keel / Carina : a plO]ectmg central lonmludmal lmc o ndge as in the bottom -

ofa boat the two umted pct'lls ofa P‘lplIIOIlaCCOUS flower

Labellum / Ll]) one of the lwo pzuts of a dmdcd corolla or calyx

Limb : expanded porlion of corolla or calyx above the tube, throat or claw

Lobe : any, usually rounded, segment of part of the pertanth

Lodicule : hyaline, s_cale-_li'ke,'aborlii*e perianth part at the base of ovary in
, fanﬁlyPoaceﬁe,'functions to p'_u“sh apart lemma and palea :

Palate : alsed area or rounded plommence in the tlucnt of sympetalous
especially personate, ¢orolla : -
Petal - a co_101|'\ member or scgmcnt, a umt.of_corolla

Scpal : a caly:\ membm or seﬂmenl A umt of calyx usmlly green a 'md
foliaceous

Spur : a tubular or pointed projectiofi from thc perianth

Standard / Banncr / Vexillum : the upper usually wide petal in a
Papilionaccous cmolla :

Tepal : a perianth member or segment; generally used for perianth parts
undifferentiated into distinct sepals‘and petals_

Throat / Mouth : open, expanded part of the fused perianth tube .

‘Tube : the eylindrical part of the perianth

Wing / Alate : latcral petal in a Papilionaceous corolla; appendagc or
NG 1 ] » APf £
projection from a perianth part

Key and Glossary

Addifional terms
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_E_.' Perianth Types (Plate —28)

Bis-eri_ate : consisting of both calyx and corolla

Caducous : fall-off early

Calcarate / Spurred : with spur -

Carinate : keeled.

Coronate : wnlh tubulau or ﬂaunnr outgrowth petalold appendagc

Demduous : falls at maturlty

G'lmopetalous / Symipetalous / Sy npetalous ! Monopetalous w1th fused or

1

uniled petals of various forms

- Bilabiate : two-lipped

Campanulate : bell-shaped; with flarmg tube and llmb
Cucullate : Hooded

'Gibbous : Inflated on one side near the base, as in snapdmgon

Infundibular : Funncl-shaped
Ligulate / Ray : Strap-shaped
Operculate : fused petals forming a cap-like structure or opmcu[um

- adnateto ca!yptla which falls off at anthesis, as in Lucalyptus

Personate : two-lipped with the upper one arched, and with a projection;
the palate, from the lower lip protruding into and almost closing the
corolla throat -

Rotate : wheel-shaped, w 1t11 a short tube and a wide limb at uﬂrht anglesto -
tube

Saccate : pouch-like

Salverform / Hypocrateriform : Trumpet shaped, with long slender tube
and limb nearly at right angles to {ube -

Tubular : eylindrical; tube-like - -

Urceolate : corolla tube urn-shaped

/ Gamophy]lous with fused or uniled tepals (C\hlblts galnopet'llous or

gamosepalous forms)

Gamosepalous / Symsepalous / Synsepalous / Monosepalous : with fused or

"uniled sepals of various forms

Bilabiate : two-lipped _

Calyptrate : sepals fused forming a cap-like structure, the calyyira, which
falls off at anthesis, as in somé member of Papavemceae

Campanulate : bell-shaped

Clefted : sepals fused to the middle

Entire : sepals {used completely

Partite : sepals fused only at the base and free above . :

Toothed : sepals almost completely fused , only the tips are free

Tubular : cylindrical; tube-like ‘

Persistent : remain attached tiil fruit formation
Petaleid : petal-like sepals or tepals
Polypetalous / Apopetalous / Choripetalous : with separate petals

Caryophyllaceous : with five free petals having long claws, and limbs of,
petals placed at right angles to the claws
Cruciate / Cruciform : four separate petals in cross-form



- Paplhonaceous with large postenor petal (standard) two lateral petals
(wmg‘s) and usually-two connate lower petals (kee); as in.

.~ Papilionaceae
- Rosaceous ; free petals w1th very short claws, and limbs sprcad outward
rolyphyllous / Apophyllous / Choriphyllous : with separate tepals
. Polysepalous / Apose;alous / Chorisepalous : with separate’ sepals
' - Pappus: bnstly, hairy or scaly calyx, common in the Asteraceae
L. Spmous spme hke sepals as in Trapa b:spmosa

:Sepalold : sepal-llke petals or tepals

- -

- Ungmculate perianth members with limb a.nd claws, claws well- developed
Umsenate con51stmg of one ﬂoral envelope, calyx of corolla

. Plate —28: R_arts-, agd_ typcs (_Jf perianth.

K_ey and Glossary

, " Unguiculate
Cannate/Paplhonaceous corolla lobe .

& Biseriate. ~ - - Gamopetalous

Cuculate - Bilabiate

Operculate

Personate & Calcarate -

7T U

Sacc ate Salverfoml Tubuiar

Campanulate Gibbous

Urceola‘te
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Plate - 28; Parts; and t7pes of perianth (Cont.)

ot cﬁl'}'ptrn _‘I' .

Bilabiate Calyptra- ' - Caipanilate -

vy o

Entite’ Patite. ~ Toothed

~© . Gamosepalous .

" Clefted

' Tl_lbu_lar' :

Persistent Petaloid

Polypctélo_us |

B W

Caryphyllaceous Cruciform Papilionaceous - Rosaceous.

Polysllepalous'

' sepal
ﬁ'uit

Sp_inous_,

standard

wi_ng

keel

f

Typical
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F. Aestnatlon (Plate 29)

Imbncate members w1th overlappmg margms w1th.m oné whorl
- Ascendmg with five members, of ‘which the posterior one is the
‘innermost, three with one margin inside or overlapped and the other
- outside, and one member Hutermost w1thout any overlapped margins,

-as in the Caesalplruaceae
- Contorted / Twisted / Rotate : ‘with one margm ofa member ‘overlappmg

. that of adjacent meinber
- Descendmg / Vexillate : with five members, of whlch the posterior one is -

the outermost -and anterior two keeled, as in the Papilionaceac .
Qumcunmal -with five members, two of which are exterior, two intérior,

" and: a fifth w;th one margm outside and other inside

: Open w1thout overlappmg ma.rgms w1thm one whorl

Valvate w1th margms of ad_]acent structures touchmg at edges only

Plsite = 29:_ Types of aestwatlon. -

Key and Glossary

Quincuncial —

Additional terms and figures
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2.68 The Androecium
A. Androceial Parts (Plate - 30)

Corona : a crown; an outgrowth of stamen between the filamerits and corolla;
can be of petalline origin \

Stamen : male sporophyll within the flower; organ that bears pollen in
angiosperms; a unit of androecium -

* . Staminode / Staminodium : sterile stamen, may be in a reduced form or

modified as nectary or petalmd structure
Staminal disc : a ﬂeshy, elevated cushion formed ﬁom coalesced stammodes
* or nectaries

B. Androccial Types (Plate — 30)

l Antipetalous : stamens opposite p'etal's

Antiphyllous : stamens opposite tepals
Antisepalous : stamens opposite sepals

. Apoéstemonous / Flee stamens separate, ot united

Dmdelphous stamens connate by their ﬂlaments to f01m two bundles

Didymous : having four stamens in two equal pairs

Didynamous : with four stamens in two pairs of different Ienuths

Dlplostemouousi with stamens-in 1wo a!ternalmg whorls, outer allernating
witlh'the petals

Epipetalous / Petalostenionous : with stamens attached to or inserted upon the
petals; filaments partly or wholly fused to corolla, anthers free

Epiphyllous : with-stamens attached to or mserted upon tepals filaments
adnate to tepals, anthers free

Episepalous : with stamens attached to, or inscrted upon sepals

Exserted / Phanerantherous : with stamens protrudirg out of the flower

Gynandrial / Gynosteminal / Gynostegial : with stamens and carpels (style and
stigma) fused, as in Orchidaceae and Asclepiadaceae

Haplostemonous : with stamens in one whorl, alternating with petals

Included / Cryptantherous : with stammens present inside the flower, not
protruding out

Monadelphous : with stamens in one group connate by their filaments

‘Obdiplostemonous : with stamens in two alternating whorls, outer opposite

petals

Polyadelphous : with several groups of stamens connate by their filaments
Polyandrous : with many stamens
Polystemonous : stamens in more than iwo whotls

Synandrous : with stamens connate by their filaments as well as anthers
Syngenesious / Synantherous : with stamens coherent by their anthers,
filaments free

Tetradynamous : with six stamens, four inner longer than the outer (wo
Tridynamous : with six stamens in (wo equal groups of three



. Stamen Parts (Plate — 30) -

Key and Gl_qslls_ary

Anther part of stamen bearing m1crosp0rang1um (pl. mlcrosporangla) and pollen

‘Filament : stalk of stamen ,

Plate — 30: The parts, andl_t}'plelé."c;‘f androecium.

" Front view
Stamen

Polyadelphous Synandrous -

- Babk view

Syngenesious

Altcmpetalous/\
Antisepalous

Haplostemongus

Antipetalous

Epipetalous/

Episepalous/ Exserted

Monadelphous Obdiplosiemonous

s goherent
anthers

filament

Tetradynamous

i/ i)

Additional terms and figures
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."-

D. Stamen Type's (Plate -31)

S

: Appe11d1cula1 / Appendlculate typical slamcn with vauously-shaped or”

mod[ﬁed protruding cormective, as in Viola.

' Peta[anthcrous with a teunmal anther and dlstmctly peta[cud f Iament as in

_ Saxifraga : v
Petaloid : petal-like stamen \wthout dlstmct antller and ﬁlament but with '
m’ugmal miclospomnola as in Magnoz’m muda

Typlcal /F 1lamhelous ‘stamen ‘with dlstmct anthel and f' Iament w1t11 or

without thecal appendages

E AntherParts (Plate —36)

Caudlcle! Retmacu[um thread-like or strap shaped stalkthat forms the lower

sterile portion of a pol[en mass (po]lmmm) in the Orclndaceae -and
Asclepiadaceae . . : ,

‘Cell/ Lobe : the protruding region of the anthel contammg the mlcmspmangm

a typical anther has two lobes, with two sporangia in each. lobe

‘Connective : central tissue connectmc lhe nucmsporangla to wlnch is attached

> the filament
Cor pusculum a two-parted gland forming part of tlanslator apparatus in (the
Asclepiadaceae) .

“Locule / Loculus ( pl. locules / loculi?) : ccntral region of a mlcrospoxangtum :

contammo reproductive or gerni cells

Microsporangium : male sporangium c0n51stmg of wall layers (epxdernus
endothecivm, tapetun, with or without middle layeis) and sporocenous
. cells which differentiate into pollen grains _ :
Microspore : male spore with a single haploid nuclens

Pollen grain : male gamctophytc-

£

Septum tissue sepalatmg adjacent sporangla or locuies in a lobe

" Theca ( pl thecae )/ Pellen sac * sac- Ich cavity containing all the pollen

grains of one anther lobe, formed after-breakdown of septum between
locules of adjacent mlcrosporancla of a matwre anther -

Additional terins




Plate — 3_1: The types of ‘s'_t-amél'ls,jar_ld _pa_rt_s_ of anthers. . '_Key _und'GIFlssdrY

T.S Bilobed, Tetrasporangiate snther

Additional figures
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. Anther Types (Plate - 32) '-

Adnate : with elongated anther [obes attached length-wise to {ilament, either
extrorse, introrse or latrorse

Basifixed : anther attached at its base, to apex of filament
Bilobed : with two lobes N
Bithecous / Dithecous : with two thecae or pollen sacs

Distractile : with transversely elongated connective separaling the two anther
lobes

Divergent : anther lobes divaricate or separated from one another at an acute
angle to the connective or filament; connective may be bifurcated

Dorsifixed : anther attached dorsally (o apex of fitament - '

Extrorse : anther lobes facing and dehiscing outward, away from the center of
flower ' '

Introrse : anther lobes facing and dehiscing inward or towards the center of
flower :

Latrorse : anther lobes facing and deliiscing laterally, neither inward nor
*
outwaurd ) -

Monothecous : with one theca or pollen sac
Multithecous : with many thecac or polien sacs formed due to septation of
thecae, as in Acacia nilotice :

Oblique : anther lobes lower on one side of connective than the other

Parallel : anther lobes longitudinal to each other and along the sides of
coniective

Transverse / Explanate : anther lobes with maximum divergence of about 90°
from the conuective or filanient

Unilobed : witl single lobe

Versalile : dorsifixed bul attachment to filament is limited to a single point on
the connective so thal the anther swings freely on the filament -

Adlditional terms
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Piate — 32: The different types of anther. - : : KEY and Glossary
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Additional terms and figures
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Higher Plants C G Anther Dehlscence (Plate 33)
Longltudmal dehlscmg along the Iong-axls of anther Iobe |
: Pormdal / Poral dehlscmg through a pore at the apex of a.nther lobe
Transverse deh:scmg at el gﬁumgles fo the Iong-ax1s of anther Iobe _
Valvulm- dehlscmg th:ough a pore covered by a ﬂap or valve -

Plate - 33 Different types of anther dehlscence

Poticidal ©  Transverse ~  Valvular

Additional terms and figures
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3,69 The Gynoecmm

__,A Gynoecnal Parts (Phte 34)

Carpel female sporophyll w1thln ﬂower, ﬂoral organ that bea.rs ovules in
. angiosperms; a unit of gynoecium.
: Carpophore prolonged ﬂoral axls between carpels of a compound ova_ry

”0va1'y ovule—bearlng part of plstlL:_-, :
PlelI A umt of gynoeclum, qompnsed‘ of 0vary, style (when present) and

stigma _
- Compound cons1stmg of more thar.one: carpel S
- Simple ; consnstmg ofi one carpel : o

.Plstlllode a rudimentary: or vestigial p15“t11 wlnch does not bea.r ovuIes present |

-in some stammate ﬂowers

Sugma pollen- receptive surface of earpel present generally at the tip of style

Stipe : ptstlllate or carpellary stalk formed by the sterile basal part of
gylioecium or ovary ©

Style : attenuated, non-ovule bearing portlon of plstll between stlgma and
ovary -

- B. Gynoecial Types (Plate—34)
Apocarpous : with free carpels
Biearpellery : with two carpels

'Monoearpellary / --Ulllit::en"pellarf,r . with single.cerpel
Mullicarpellary / Polycarpellary : with many carpels

Synearpous r' Coenoearpous with ovaries of adjacent carpels completely
“fused, styles and st;gmas may or may not bé fused

~ C. Ovary Parts. (Plate —34)

Locule / Loculus ( pl. loeules / loculi ) - cavity of ovary containing ovules-

Ovary wall : wall formin g the ovary

Ovule : megasporangiim with integument(s) contammg the megagamete or
egg cell; embryonle seed. :

Placenla (pl. placentae) : tissue in ovary from which ovules develop

Replum false septum formed by extension of placental tissue, as in

Brassicaceae

Septum ( pl. septa ) : partition or cross-wall in the ovarian cavity

" Keyand Glossary’
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Higher Plants

Plate — 34: Gynoecium — parts, types; and pa-rts of ovary;

L.'S.Ca_rp,eUSﬁpl_e pisti} L.S.Compound pistil :
(Monocerpellery) (Bicarpellary & Syncarpous)

1.S. Compousnd ovary T.S.Trilocular ovary

L.S.Compound pistil
(Multicarpéllary &
Apocarpus)

ovule

ﬁlagarta

T.S.Uiiiiopﬁiar ovary

Additional figures
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D. Ovary Types (Piatc —-35)
Bilocular : with two locules
Compound : 6va1y of a syncarpous gynoecium; fused ovaries of many carpels

Inferior : ovary positioned completely below other floral organs which are
inserted on it’ :

Multilocular : with many locules

Semi-inferior / Half-inferior : othef floral organs inserted on a hypanthium -
which is adnate to lower hail of ovary; basal part of ovary is below the
point of attachment of other floral organs

Simple : ovary of a single calpel -

_Superior : ovary above the point of attachment of 011161 floral organs and

~hypanthium, if present

Trilbcular : with three locules

Umloculal - with one locule
n

L. Placentation Types (Plate - 35) \

Axile : with ovules borne along the central axis in a compound ovary with
septa

Basal : with ovules arising from placenta at the base of a compound ovary

Central : with ovules borne along the central axis in a compound ovary without
sepla .- :

Free-central : as in central placentation except that the central axis is not
attached to ovary wall at its apical or distal end

ELamellate / Laminate / Superficial : a modification of parietal placentation
wherein the ovules areborne” on the mner surface of plate-like lamellae
or septac formed by invagination of placentae

Marginal / Ventral : with ovules borne atong the ventral suture or margm of
simple ovary

Parietal : with ovules borne on the wall of a unilocular compound ovary

Key andl Glossary

Additional terms
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__'Hig'ilé_!-_Pls_irils o - S R

P]_ﬁtt —;5:- 'lfhe"type_s of oviry, and plaéeﬁtéﬁon. T ‘j ': R . ° B
. L S Infenor Blloculm' T S; Tnlocular ovary LS. Supenor Umlocular ovary
 overy _ - with . g | with Basat phcontauon .

1 . Axile placentatloq N |
LS. . TS N 7
Sem,l inferior; Umlocular ovary Umlocular ovary w1t11 _ T.S.Unilocular ovary

with Central placentation Free-central placentatlon with Lamellate pl_aoentatlon-

-II}.nSilocular' ovary with' . T.8.Unilocular ovary with -
© Marginal placentation . Parietal placentation

Additional figures
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F. Style Types (Plate - 36), | o ‘ T . Key and Glossary

Apical / Terminal : at tﬁe apex of ovary
Bifid : divided into two .
Ecce-ntric . off-center

Flabella;[ta_ : fati-shaped

Geniculate : bent abruptly - o
Gynobasic : attached at the base of ovary ina central depression

Lateral : at the side of ovary
Petaloid : petal-like
Stylopodiac : with a stylopodium-or swollen bise

Terete : cylindrical and elongate

Plate — 3G: Different types of styles.

Apical & Terete . Biﬁd _' Eccenfric - Fl_abe,l'llate‘ Geniculafq:

- stigma.—_, . ."—étigmn |

stylopodium
- —sgpal
o (1= cvary
Gynobasic  Lateral - © Petaloid . . - Stylopodiac

Additional terms and figures
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_Higllel_'_ Plants - G ".Stign'la 'TypeS"(Pla_te =37
a B'iﬁcl' : forked 'or‘di'v‘ided into two

E Cap1tate head- Ilke
Clavunculate : dumb-bell shaped with a receptive ap1ca1 and a thlckened
glandular basal part, asin Apocynaceae -

_Decurrent elongate extendmg downward
. Diffuse’: spread over a' wide surface
DlSCOlCl “disc- hlce . :

' I‘Infund1bullform furmel shaped asin- C'rocuv sarwus

Lmeate!Lmear mlmes stlgmatm surfacelmear
Lobed divided mto lobes :

Plumose : feather—hke

Sensitive : sensmve to touch as in Mlmulu.s' Manyma
-Sessile ;. without style.

Stellate ! Radiste : star—shaped

Terete cylmdncal and elongate

Plate 37 leferent types of stlgma

Stellate

Infundibuliform  Lineate

stigma lobe
A s [—gland
" membrane :
. — style ——
- Clavuculate Decurrent
i 1obe
i ﬂ'ﬁ@ stigma lobe
ovary _
\ style ——
Sessile & Terete- Lobed - Plumose
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2:610 The Fruit (Plates 3§ ~40) S siite . KeyandGlossary

A Fl’!llf. Parts (Plates 38 40)
- Attlcle one of the segments ofa Jomted fruxt such asa lomentum

. Carpoplore extended ﬂoral axis between adj acent carpels, as in Apiaceae
Coccus (pl. COCC! ). one-seeded part of a lobed and leathery or dry fruit,
" opens along ventral suture to expe[ seeds

"Husk outer covenng denved from penanth or mvolucre
. LocuIe / Loculus (pl. locules/ locuh 3 cav1ty or chamber w1th1n frult

Mericarp : an mdehlscent one- seeded part of fru1t that sphts off and seemmgly
matures as a separate fruit - :

- Nut[et / Nuculi : a small one- seeded part of frutt that sphts off and resembles a
_nut W1th hard pencarp S K

Pericarp : matured ovary wall frunt wall generally eomposed of three
differentiated layers :
- Endocarp : innerinost layer
- Epicarp / Ectocarp / Exocarp : outermost laver
- Mesocarp : middle layer ;
Perisperm : nutritive tissue dérived from nucellus or infeguments .
Pyrene : pit or stone of ﬂeshy ﬁ'mts contammg stony or bony endocarp with .
seed(s) : _

'Replum false septum ( of placental ongm ) between the two Iocules of coe .
cruciferous fruits - :
Rostellum / Beak : persistent stylar base on fruit

Seed : a matured ovule :

Septum / Dissepiment : partltlon sepa:atlng adjacent locules of a multllocular

- fruit : :

Suture : demarcation on the ovary wall md1cat1ng the marginal fusmn of
carpel(s); a line along ‘which fruit opens .

tu

Valve:a segment ofa capsule

Addrt:ona! fernis
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--Higlll(:l' Plants . . _ B, :Fl',llit:_;r}'l)ﬁs. _(r'p']atc__ggl)_

Accessory / Pseudocarp / False ;- frinit derived from simplé or compound ovary
“ swrrqunded by somé closely adpressed nop-ovarian tissues such as
- calyx, liypanthium, and bracts, o o ' o

~ = Hip/ Cynarrhodion : an aggre gation of achenes surrounded by ‘an

. urceolate receptacle or hypathiuni, as in Rosaceae e

' Pome : fruit with cartilaginous pericarp sutrounded by fleshy receptacle,

* asin Malus o _ L

‘Pseudocarp : an aggregation of achenes embedded in a fleshy receptacle,

" as'in stawberry U _
. Sorosis : multiple fruit derived from an aggregation of fruits of individual
flowers along with the fleshy perianth and flesly or-woody peduncle,
7+ "as in pineapplé, jack-fruitand mulberry - -
.- -Syconus / Syconium : multiple fruits sutrounded by a hollow, fleshy, peat-

shaped receptacle, as in Ficus

- Aggregate : a collection of simple fruits developed from separate darpels of a
' single flower - : . ‘ :
Etaerio of achenes / Achenecetum : an aggregation of achenes

Etacrio of berries / Baccacetum : an aggregation of berries. :

Etaério of drupes / Drupecetum : an aggregation of drupelets

- Etderio of follicles / Follicetum : an aggregation of follicles
Etaerio-of samaras / Samaracétum : ari aggiegation of samaras -

. Multiple /-Composite : derived from coalesced ovaries of several floweérs on an
- iflorescericeaxis i S .
~ - Sorosis : fused fiuits ona spike of spadix, as in pineapple, mulberry, jack-
‘  finiter IR o L - o
T Syéo_uus / Sycdn‘i_i.m_l - an aggregation of achenés in a hypanthodium, as in
. - Ficus’+ T :

Addftioiml ternis
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" Key and Glossary

-

Plate — 38: The different types of fruit.

- FruitPerts

embryo - . 7 .
- éndosperm {~seed - . - " o j
( O ,M f seed coat | R : \ IR L
endoce_trp-_- - . ' : . ' -
\ mesocalp pericarp ~ - E o o -
N/ epicarp _ - Cereal grain E
L.S.Coconut fruit - o L
' _Fruit Types
Accessory - :

i °5 757 receptacle

achiene
L.S.Pome Psuedocarp
_ fleshy receptacle
drupes with fleshy ' :
perianth achenes

Sorosis
Aggregate
berries
fleshy
] . recept_acle
Etario of Etario of [ ) ' .
, : . Etario of Etario of Etario of
Achenes Berries  Drupes Follicles . Samaras

Additional figures




Higher Plants

_ B. Fruit Types (Cont.).(Pl_até - 39)

Si-mple : derived from ovary of 4 solitary ﬁistil iri a single flower. |
- Dry dehiscent : non-succulent fruits that open along definite sutures and -

© - lorizontal axis of the fruit .-

sedms, have indistinct layers of pericarp . - _ _
" Capsule :: derived from a compound ovary of two or more carpels- = .

* dehiscing in various ways

Cireumscissile / Pyxis./ Pyxidium : dehisces t.ré-nsv_e:se.ly, a_Ibng‘ the -

-~ Loculicidal : dehisces longitudinally opposite the ldéuig expdsin’!g the
-, cavity R AT
- Poricidal': dehisces thirougli pores, which may be covered by.a lid
(operculate) as in Papaver. - : - _
Septicidal : dehisces longitudinally along the septa SRR

Septifragal : dehisces irregularly loculicidally or septicidally with
valves falling away, leaving the seeds attached 1o the central axis -
Follicle : derived from a simple ovary that splits along one suture = ..
‘Legume / Pod : derived from a simple ovary that splits along two' h
sutures ' coL AR L
Silicula / Silicle : short and broad fruit derived froni a compound ovary,
with two valves and a pefsistent partition after dehiscence
Siliqua : long and narrow fruit derived from a compound ovary, with
two valves and a persistent pariition after dehiscence '

- Dry indehiscent : non-siicculent fruits that do not open at maturity and -
~_have indistinct pericarp layers ' "

-Achitng / Akene : 2 one-seeded, one-loculed fruit with seed coat free .
.ffom the thin pericarp, derived from a simple, superior ovary
Capsule': derived from a twa- or more-loculed ovary, as in Peplis
Caryopsis :a one-seeded fruifwith séed coat adnate to pericarp, -
' derived from 4 one-loculed superior ovary: S i
‘Cypsela.: an achene derived from a compound oné-loculed inferior
ovary :

. Nut : a one-loculed; one-seeded fruit with a hard pericarp, generally

'+ “derived ffoma compound, two-or more loculed, superior or inferior
ovary by abortion of all but one ovule -~ -~ :
Samara : an achene with wings, that are derived from pericarp -

Additional terms
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. Plate— 39: The different ty
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o Capsule

. Circumscissle ' -

sepal

Silicula

- Dry [ndehlscent )

. ‘:‘I;dpulicidal Ca;:lisule.-




Co 1 . oL AR : . - .

Higher Plants -B. Fruit Types{Cont) (Plate <49)- .= . “* -

"~ Fleshy : having succulent or fibrous pericarp.with well-differentiated -
‘ epicarp, mesocarp and endocarp o T
.o Berry/Bacca : with thin, coloured epicarp, fizshy.mesocarp. and-
.\ - membranous endocarp, derived from a sunstior or inferior ovary,

. -as in Lycapersicon esculentum, Psidiiin:; , S _
°  Drupe :with fleshy mesocarp and stony endocarp, detived froma . |
~ superior ovary, single-seeded, as in Ma::.sifera, or many seeded, as
_ in Jlex. . o ' - '. : '
© - Hesperidiur.+'a berry with leathery epicarp, "5:aus mesocarp; and
~ membranous endocarp bearing fleshy ¢! -2::lar hairs, as in Cifrus
o' Pepd:a I:)_'gr'i-y- with leathery epicarp, derive” “omaninferior ovary, as
- in Cucurbita - - B ‘
- Schizocarpic : derived from two- or more-locu! . compound ovary in,
which the locules separate at niaturity- appe: .2 as fruits derived from
simple pistils L N
e Carceritus : dry fruit derived from a comp: I, pzacrally superior,
ovary which at maturity separates into ¢ - o many-seeded loculés.
“or mericarps, ds in Althaea. - S
. Cremocaip : derived from a two-loculed, in“:ior ovary, the locules .
‘ separating at maturity into two single-scedead, dry, indehiscent - i
mericarps, as in the Apiaceae - SN
o Lomentum: a fegume which is constricted o partitioned between the
~ seeds and splits into a number of one-secded compartiments or -
articles at'maturity, as in Acacia - . -
*  Regma: derived from a compound, multilo -ular ovary which separates
at maturity into dry, one-chambered, on- or two-seedeéd cocei
which open along ventral suture to expel, as in Ricinus
e Schizocarpic achenes : separating achenes, as in Sida’
e  Schizocarpic berries : separating berries, as in Phytolacea
o Schizocarpic follicles : separtating follicles, as in Apocynaceae
= Schizocarpic nutlets / Cenobium : separating nutlets enclosed in a calyx
- tube, as in Lamiaceae

« - Schizocarpic samaras : separating samaras, as in Acer -

Additional terms . : ' _ g

.i
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Plate — 40: The different types of fruit. (Cont)

Key and Glossary

'| Additional terms and figures
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- . Higher Piants

00

2.6.11 The Seed (Plate — 41)
£ E4 -
A. Seed Parts (Platc —41)
Aril : an outgrowth of funiculus or ovular stalk outsidé tiie seed coat, generally

_covers the seed more or less completely
Arillode : an aril-like outgrowth of integnment at the micropylar region

Carunclé : a fleshy tissue at the micropylar end of the seed, derived from the

tip .of outer integument

Embryo : a mass of cells derived from the zygote; the young sporophyte
'Endosperm : nutritive tissue derived from fertilized central cell ~

Hilum ; scar left behind on the set_sd coat after détachmc_ut of funiculus

Jaculator / Echma / Retinaculum : a persistent indurafed, hook-like funiculus
on which seed rests, as in Acanthaceae; helps in dispersal of seed

Micropyle : pore through seed coat

Raphe : ridge on seed coat formed by fsion of funicu lus with seed when

~ funiculus is bent
Seed coat : outer protective covering of seed derived from infegument(s)
- Tegmen : inner seed coat derived from inner integument and, rarely, outer
- layers of nucellus .
- Testa . outer hard and leathery seed coat derived from one or both
integuments
B. Seed Types (Plate — 41)

AriIIa_ie : seed covered with aril

Carunculate : seed with a caruncle
Comose / Plumed : with a tuft of hair at one end

Endospermous / Albuminous : with ;'ood reserves in endosperrﬁ
Fleshy : covéred by a fleshy outer coat

Hairy / Woolly : covered with hair or trichomes
Non-endospermous / Exalbun:tinous' : without endosperm
Perispermous : wiih_food reserves in perisperm

Winged : with wing(s) or flat membranous expansion(s) of seed coat



C. Embryo Parts (Plate~41) Key and Glossary

Coledptile protective sheath around epicotyl in grasses

Coleorhiza : protective sheath around l'EldlC[e in grasses
Cotyledon : enibrioriic leaf

Lmbryonic axis : axis of embryo contalmng shoot apex at ome end and root

apex at tlie other i . -
Epicotyl : part of enibryonic axis or stem above the point of insertion of '

cotyledon(s) gives risé to shoot system

' Hypocotyl part of embryonic axis betweern the pomt of mser‘ucm of
cotyledon(s) and the radicle
Plumule : embryonic leaves and shoot apex derived from epicotyl; first bud of

embryo
Radicle : embryonic root with the root apex that gives rise to Toot system
Root apex : extreme tip of tadicle containing the root meristem and the .
underlying undifferentiated cells derived from them

Shoot apex : extreme'tip of embryonic axis ¢ontaining shoot meristem and the
underlying undifferentiated ceils derived from them

D. Embryo types (Plﬁte— 41)
Dicotyledonous: with two cotyledons

Monocotyledenous: with one cotyledon

Additional terns




Higher Plants

: Plate — 41: Seed - the parts, and types; and. {
Lmbryo - parts, and types.

L..8.Nonendospermous seed

, E Graminaceous
-with Dicotyledonohs embryo o ‘

-L:S. seed ‘with Monocotyledonous embryo .

Additional figures
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Key and Glossary

2.7 GERMINATION TYPES (Plate 42)

Eplgeal gerrmnatlon where cotyledons are pushed upward by elongation of
hypocotyl o

Hypogeal : germmatlon where cotylédons remain 1n soil and the plumule is
pushed up by elongatlon of epicotyl :

Plate — 42: Types of germination.

_‘}_@_ s

Epigeal germination

Hypogeal germination

Additional terms and figures
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Block

1

Cyanobacteﬁa, Algae, Fuﬁgi and Lower Plants

Exercises ' Page No.

1. Investigation of a plant of your choice .9
Study of sub-cellular organization of proharyonc and 15
eukaryotic cells )

3. Comparative study of prokaryotic and eukaryotic organisms 19

4. Comparalive study of characteristic features of cyanobacteria, 25
algae, fungi, bryophytes and pteridophytes

5. Comparative study of morphology of some representative ‘ 31
genera of unicellular, filamentous and colonial algae

6. Comparative study of morphology of some representative -39
genera of advanced algae

7. Comparative sludy of reproductive features of some 43

- representalive genera of algac

§. Comparative study of habit, external features and asexual 47
reproduction in some representative genera of fungi

9. Study of sexual reproductive structures in fungi 33

10. Study of common fungal diseases of crop plants : 59

11- Study of morphological, anatomical and reproductive 63
features in lichens

12. Comparative study of morphological features of some. 67
representative genera of bryophytes : -

13. Comparative study of anatomical features of some 73
representative genera of bryophytes

14 Comparative study of asexual and sexual reproductive 19
structures of some representative genera of bryophytes

15. Comparative study of morphological features of some 85
representative genera of pteridophytes _

15. Comparative study of anatomical features ) 91
of some representative genera of pteridophytes

17. Coinparative study of reproductive structures : 99

of some representative genera of pteridophytes




PLANT DIVERSITY LABORATORY

The course Plant Diversity Lab [LSE-14(L}] is based on Plant Diversity-I
(LSE-12) and Plant Diversity-1I (LSE- 13) theory courses. It is a 4 credit course
and consists of the following;

Block 1 Cyanobacteria, algae, fungi and lower plants (2 credits, based on
LSE-12 Course)

Coordinator: Dr. (Ms.) Swadesi Taneja
Block 2 Higher Plants (2 credits, based on LSE-13 Coursé)

Coordinator: Dr. (Ms.) Jaswant Sokhi and
Dy (Ms. ) Amvrita Nigam

Further details of the two blocks are given in the “Block Intreduction” of
the respective blocks. You must read them carcfully before going throught
the exercises.

Assessment

You will be assessed on this laboratory like the previous Lwo Laboratory
Courses LSE-04(L) and I.SE-O8(L).

You should bear in mind that attendance in the Laboratory courses is
compulsory. Every exercise is evaluated and is included for {inal evaation,
the weightage being 70%. Hence you should perform all the exercises in order
to be able to secure maximum marks. The remaining 30% marks are assigned
for the final exam, which will be held on the last day of the course.






BLOCK 1 CYANGEACTERIA ALGAE, FUNGI‘“F :

AND LOWER PLANTS

3

Dear students,

This block is designed to give you ‘hands on’ experience of the various classes
of organisms you studied in the course Plant Diversity —1 (LSE-12). You will
explore the morphology, anatomy, cellular structure and reproductive features
of cyanobacteria, algae, fungi, bryophytes and pteridophytes. Many of these
organisms are microscopic in nature and you will probably see them for the
first time. This study is planned it I'7 exercises and will be conducted in 12
sessmns of 4 hours each..

To ensurc that your curiosity and interest are maintained we have tried the
investigatory approach and designed this manual differently from the routine
manuals. This manual does not include observations on specimens/slides under
- study in the form of drawing and description. In fact, the challenge of a -
scientific investigation is lost if the results are available beforehand. We would
like that you develop the ability and skills to prepare specimens for
examination, study the organisms, record observations, analyse the results in
view of what you-are taught in the theory course.

It is seen that students at times are not serious about laboratory work. Some do
not understand what they do and some copy from the manual/report of fellow
students/reports of previous years and thus rely on the observations made-by
others. This may relieve them from the workload and reward them for a short
term but in the long {erm they cannot benefit from such practice. These - -
students miss the opportunity of cxploring the biological world and their spirit
of scientific inquiry remains buried. We want to discourage this practice and
will try that you develop a true spirit of scientific inquiry. During ‘hands on’
experience. it is necessary to be mentally alert also otherwise the purpose of
these exercises will be defeated.

Our effort is that you get trained and develop the ability to work independently
and be confident about your own observations. Initially, it is quite likely that
you may hot see in a preparation the structures described in the theory text.
You must not make conclusions after a first glance of the material/preparation.
It 15 necessary to explore a few preparations of the material and study them a
few-times. In scientific investigation repetitions are necessary to confirm the
results. The results are not valid if they are different when repeated. Therefore,
if you are not sure about your investigation you should repeat it one or more
time, till the outcome is satisfactory. Besides, you must cultivate intelligent
curiosity and sharpen your critical faculty of exploration. Problems will of
course, occasionally arise and when they do, seek the help of your counsellor.
Once you have finishied with the exercise it is often valuable to discuss the
findings and conclusions with your fellow colleagues.

You must realise conducting laboratory work is a very expensive affair. It also
requires a lot of effort on the part of the counsellor and technical staff of the
laboratary. Therefore. it must be taken seriously from a learning standpoint. So
yout must avail (this opportunity to learn the scientific method and apply it in
real life situations.

;



Practical work is an interesting and enjoyable exercise. To avoid many of the
difficulties you must come prepared with background knowledge on the topic.
You must read the text pertaining to the topics as mentioned in Sec. “Prior
Readings” in each exercise. You will not be allowed to bring Blocks of the
theory course or any other botany book to the lab. To do the exercises you will
gain most of the information from the manual.

-Objectives
After doing the exercises included in this block you should be able to:

e follow a suitable procedure for the study.of morphological, anatomical and
reproductive features of cyanobactena ‘algae, fungi, bryophytes and
pteridophytes, ’

» prepare whole mounts, peel mounts, smears to study them,

 dissect and cut sections of the organisms or their parts,

o classify the organisms into respective sub-groups on the basis of your
observations on their distinguishing features,

« display the characteristic features of these organisms by selecting suitable
lechniques,

e us¢ specific stains reqmred for resolving the anatomlcal features of the
organisms,

o identify the studied organisms in their natural habitats,

» collect the specimens from their habitats and svitably preserve them using
appropriate methods and

= exemplify the range of structural vanatlons and the evolutlonary Lrend in
the groups examined. -

We wish you all the best for the course.

Swadesh Taneja
(Coordinator)

I A note for the counsellors

There is a separate counsellors’ manual for conducting exercises of this block. A
copy of it can be abtained from the Coordinator of your Study Centse. If the
: Coordinator has not received a copy, he/she may write/e-mail to:

Coordinator LSE-14(L)

School of Sciences

Maidan Garhi

: E-mail: swadeshjil @hotmail.com




SESSION PLAN FOR PLANT DIVERSITY LAB (BLOCK 1)

Introduction

145 hour

Session I

Exercise 1 Investigation of a plant of your choice
Exercise 2 Study of sub-cellular organization of
prokaryotic and eukaryotic cells

2% hours
I-hour

Session 1X

Exercise 3 Comparative study of prokaryotic and
eukaryotic organisms

Exercise 4 Comparative study of characteristic
features of cyanobacteria, algae, fungi,
bryophytes and pteridophytes

2 hours

2 hours

Session IXI

Exercise 5 Comparative study of morpliology of
some representative genera of
unicellular, filamentous and colonial
algae

Exercise 6 Comparative study of morphology of
some representative genera of
advanced algae

2 hours

2 hours

Session IV-

"| Exercise 7 Comparalive study of reproductive

features of some representatwe genera
of algae

4 hours

Session V

Exercise § Comparative study of habit, external
' features and asexual feproduction in
" some representative genera of fungi
Exercise 9 Study of sexual reproductive structures
in fungi

2 hours

2 hours

Session V]

| Exercise 10 Study of common fungal diseases of

crop plants
Exercise 11Study of the morphological, anatomical
and reproductive features in lichens

2 hours
2 hours

Session VII

Exercise 12 Comparative study of morphological

features of some reprcsentauve genera J

of bryophytes

4 hours

Sesston VIII

Exercise 13 Comparative sludy of anatomical
features of some repiesentative genera
of bryophytes

4 hours

Session IX

Exercise 14 Comparative study of asexual and
sexual reproductive structures of some
representative genera of bryophytes

£ hours

Session X

Exercise 15 Comparative study of morphological
features of some represéntative genera
of pteridophytes

4 hours

Session X1

Exercise 16 Comparative study of anatomical
features of some representative genera
of pteridophytes

4 hours

Session XII

Exercise 17Comparative study of reproductive
structures of some representative
genera of pteridophytes

4 hours

Session XIIT

Revision of work

Session XIV

Initiation of Block 2 A lab work



You will be provided with the'iteris listed below in ?“Bi'ciloﬁy
Laboratory Kit. .

Biology Laboratory Kit

Dissection microscopes/hand lens
Compound microscopes

Plane slides

Cover slips

Petridishes

Droppers’

Staining solutions

Filter paper

Tissue paper

You must bring the items listed below in Biology T.aboratory
Student Kit. '

Biology Laboratory Student Kit

A pair of sharp scissors

A pair of fine tipped forceps
A pair of dissecting needles
Scaipel :
Razor blade

Hand lens

Camel hairbrush

Lens cleaning tissue

2 HB pencil

Eraser

Ruler :
Practical record book




"EXERCISE 1" INVESTIGATION OF A PLANT OF
T YOUR CHOICE

1.1 INTRODUCTION

In scientific work it is important to make true, systematic, adequate, unbiased
and independent observations. This is what we have in mind while formulating
this exercise. It is an open-ended investigation of a plant that you will select
for study. This should acquaint you'wilh the procedure of investigation and
help you to study the organisms included in the exercises that follow. We
would like to encourage you to apply methods of i mvcsugatlon other than
routinely employed or we have mentioned here.

Prior Readings

Tor doing satisfactory work, you'mﬁst read the following before coming to the
lab. You will not be allowed to ¢arry the theory course blocks or any other
botany book with you to the labh.

¢ - Laboratory Course — I (LSE-04 (L)), Experiment : Microscopy', Sec.1.7
Operation of a compound microscope, p 8; Sec.1.8 Precautions, p. 8; Sec. 1.9
Dissection microscope, p. 9. ‘

¢ Laborafory Course — I (LSE- 04 (L)) Experiment 7: Squash technique for the study
of mitosis and meiosis, Sec 1.3 Procedure for the squash preparation of onion root
tips for the study of mitosis, p. 44.

+ You may revise morphology and anatomy of plants from “Botany for Degree
Students” by A.C. Dutta, Oxford University Press, Calcutta, or any other botany -
textbook.

Objectives
After doing this exercise you should be able to:

e appreciate the merits of mdependent investigation ; and develop an attitude
towards it,

e suggestthe steps that could be used for the study ofa given pl'mt material
for its gross-features and anatomy,

¢ suggest and test new methods that could be used to study a given biological .
material,

¢ record your personal observauons of a material in the form of well-labelled
sketches,

¢ _ suggest a method of recording observations and
e write areport of your investigation. )

‘1.2 MATERIAL REQUIRED

1. The biology laboratory kit (se¢ items given on page 8)
2. The biology laboratory student kit (see items given on page 3)
3. A plant of your choice

Rl
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Fungi and Lower Plants

The magnifying power of a
hand lens and dissection

microscope is almost equal.
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1.3 PROCEDURE

You may select any plant from the college campus or any other area for
investigation, '

L.

Make a thorough study of ts gross features such as stem, branches, ro
(if possible), leaves, flowers, seeds and fruit (if any) etc. in ils natural
environment. ' '

For laboratory (lab) studies cut a small young branch and bring it
immediately to the lab. Begin examination of its parts from the base ¢
apex. For a detailed study you will need to separate its parts. Before yi
separate the parts draw a sketch of the branch and label it. Now study
minutely each part with help of a hand lens or a dissection microscope
Draw whatever additional details are visible of each part. If need be, y
may prepare whole mounts of some parts for examination under
compound microscope. , o

For anatornical studies select a part (leaf, bud or floral parts) that.inter:
you and prepare a few slides by using any of the methods listed below.
You may consult your counsellor for selecting the stain. Examine_'[he
stained slides and compare them with unstained ones by placing each {

- under low and then high power objective lens of a compound microsec

The following two methods are routinely used for the study of anatorn
plants. ‘

Section cutting

Peal mount :

It is important that we innovate some new methods of investigation.
Therefore you must test the following methods or any other that you ca
think of to see if they can be used to study plants.

Squash preparation
Smear mount

1.4 RECORD OF OBSERVATIONS

To facilitate your investigation on the plant, its various parts and to record

observations, we have listed several technical terms in Appendix 1."You ma’

select the terms, which will describe your observations correctly.

1.

2.

Stl_.ldy of the plant in its natural environment

You are expected to write at least 10 points about its external features.
Study of a young branch of the plant

You should record };our observations on the gross features of the branch

and also of its parts, as they appear under hand lens or dissection
microscope and compound microscope in the form of labelled sketches.

Also write explanatory captions, optical form and magnification employe
~ Give a brief description of your observations. Do not write what you

could not observe or the additional information given in theory
textbooks,



3. 'Anatqmy of a part of the plant . -

You would record your observations on the tissues, cells and on sub-
cellular organielles whatever is visible. '

Sitbmit your report in the format given in Laboratory Report 1.

Marking Scheme

Characteristic features of the plant I mark
. Observations on a young branch of the plant 1 mark

Preparation of two samples ¥ax2 = ] mark

‘Anatomy ' 1 mark

Laboratory skills ! mark

Total 5 marks

Investigation of a Plant
of Your Choice



Cyanobacleria, Algae,
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Appendix 1

General parts - Vegetative shoot, Reproductive shoot, Leaf, Buds, Fruit,
Flower, Node, Internode, Pod, Thorn, Hook, Root, Tendril, Scale

Stem - Erect / Climber / Prostrate / Stolon / Rhizame

Root - Fibrous roots / Foliar roots / Adventitious_roots / Prop roots / Epiphytic
roots / Assimilatory roots / Climbing roots

Leaf - Type of leaf - Simple / Compound, Pinnate / Palmate, Size of leaf -
Small / Big, Shape of leaf — Linear / Elliplical / Oval / Qvate / Oblong /
Rotund/ Reniform / Oblique, Leaf-apex, Leaf-margin, Leaf-blade, Leaf -base,
Sheath, Stipules, Pulvinus, Petiole / Sessile, Vein, Mid-rib, Veinlet, Venation —
Reticulate/Parallel, Lateral appendages, Scales.

Flower - Carpels, Stamens, Androecium, Gynoeciﬁm or Pistil, Sepals, Petals.

Penianth, Bracts, Thalamus, Pedicel, Filament, Anther, Stigma, Unisexual,
Bisexual, Staminate, Monoecious, Diceciocus, Polygamous

Buds - Axillary buds, Lateral buds, Foliar buds, Accessory buds

Seed - Seed coats, Testa, Teglﬁen, Hilum, Micropyle, Raphe, Embryo,
Cotyledons, Radicle, Plumule, Monocotyledon / Dicotytedon



f " ' Investigation of a Plant
I - LABORATORY -REPORT -1 ' _ of Your Choice
NAME: vvvvirviierreeraeesresersassrans Enrol NO vreveeirenracsenasvanns |
Session: I . DALE: vuerernrnenesesessracsrsersanress
Time allotted: 2¥ hrs. : Time spent: ...,

EXERCISE 1 INVESTIGATION OF A PLANT OF
YOUR CHOICE

1. Materials and Procedure

Technique(s) used for slide preparation (W.M., section cutting, smear etc.) -

Nole: You should write this section if you have used a methed other than the one
given in the manual. Otherwise omit it.

2. Observations

Study of the plant in its natural environment
(Characteristic Features)

Study of 2 young branch of the plant
(Gross Fealures)

Habit sketch of the branch
Anatomy of a part of the plant
Under low power

~ Under high power

(mention magnification)

3. Comments/Problem/Suggestions



e
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Notes



EXERCISE 2 STUDY OF SUB-CELLULAR
ORGANISATION OF
PROKARYOTIC AND
EUKARYOTIC CELLS

1

2.1 INTRODUCTION

The invention of microscope in the 17™ century opened up a world of unseen
structures. The biologists found out that living organisms are composed of
small units and there is a fundamental unity of life that underlies the apparent
diversity of living things. Since then tremendous improvements in the
construction and resolution of microscope as well as in the methods of
preparing specimens, sectioning and staining have been made. A major
technological breakthrough occurred in 1950 when transmission electron
microscope (TEM) was developed. The resolution of this microscope was
1000 times greater than light microscope and 500,000 times greater than
human eye. The resolving power of EM is about 0.5 nm or less as opposed to
0.2 pm of light microscope. '

Under the electron microscope it was possible to study sub-celiutar structuges -
of various groups of organisms such as bacteria, protozoa, algae, fungt, plants
and animals. The study revealed two.types of sub-cellular organisations and
formed fhe basis of regrouping of organisms into prokaryotes and eukaryotes.

In thi§ exercise you will jeamn 1o study sub-cellular organisation as revealed in
the eleciron micrographs of the twe cel! types and make a comparison.

Trior Readings

Fer doing satisfactory worlk, you niust read the following before coming to the
1ab. You will not be allowed to carry the theory course blocks or any olher
bolzny book withi you to the lab. '

¢ Laboratory Course — 1, LSE-04 (L), Experiment 1: Microscopy. Se¢. 1.5 Resolving
power of microscope, p. 7.

¢ The course “Plant Diversity — 1" (LSE-12), Block 1A Diversity of Plants and Relaled
Organisms, Unit 1: Plants and reiated organisms and their classification, Sec. 1.5,
Organisaticn of cells — prokaryotes and eukaryotes; Fig.1.1, Tadle 1.1, p. 10-11.

Objectives
After doing this exercise you should be able to:

e point out the finer derails of a cell i a given.electron microzraph,

o distinguish batween the electzan micrographs of prokaryotic and eukaryotic
cells on the basis of thzir sub-cellular organisation,

o make a comparison and iist ihe differences beiween the (w0 cell types and

» draw peal dizgrams (o show sub-cellutai structures of the two cell types.

-
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2.2 MATERIALS REQUIRED

1. The biology laboratory student kit _
2. Electron micrographs of a prokaryotic cell of a blue-green alga and a
eukaryotic cell of a plant

2.3 PROCEDURE AND RECORD OF OBSERVATIONS

1. First study the micrographs one at a time. Begin your observations from
the periphery of the structure and gradually move toward the centre. Try to
observe very minute details also. Draw the two cells and label them.

You are expected to make and record the observations on the micrographs
as follows: ' '

~ Outer most layer(s)
Detailed structure of the cytoplasm
Sub-cellular organelles and their details

2. Now keep the two electron micrographs side by side and compare them.
Give comparative account of the structure of the two cells as mbulated in
Laboratory Report.2.

You will find Appendix.2 useful for sélecting the terms appropriate for
labelling the electron micrographs.

Marking Scheme

Labelled, drawing and description of 1x2 = 2 marks
the two electron micrographs .

Comparison of the two cell types _ 2 marks
Neatness in work. I mark

Total 5 marks




Appendix 2~

Sub-cellular Structures — Ribosome, Cell wall, Nucleus, Chloroplast,
Mitochondria, Plasti'd,l Smooth endoplasmic reticulum, Plasma membrane,
DNA fibrils, Nucleoplasm, Nuclear membrane, Nuclear pores, Dictyosomes,

Cristae, Photosynthetic lamellae, Thylakoids, Stroma matrix, Granalamellae,

Siroma lameliae, Cytoplasm, Endoplasmic reticulum studded with ribosomes,
Free ribosomes, Chromatin, Chromosomes, Mitochondrial envelop,
Chloroplast envelop, Pyrenoid, Vacuole, Tonoplast. ‘

Study of Sub-ceillular
~ Organisation of
Prokaryetic and
Eukaryotic Cells |



Cyanohacleria, Algae, } -

JLFungi and Lower Plants LABORATORY REPORT - 2
Name: (oo Enrol. No.: cooocveeiien, veesrriin
Session: I ' Date: .ovviiiiiiininans everiraan
Time allotted: 1 hour : Time spent: c..ocveerrececinvannnnn.

EXERCISE 2 STUDY OF SUB-CELLULAR
ORGANISATION OF PROKARYOTIC
AND EUKARYOTIC CELLS

1. Observations
Ultrastru.cture of a prokaryotic cell.
DeSCL:iplion
Ultrastructure of a eukaryotic cell
Description

2. Comparison of sub-cellular structures of [irokarybtic and
eukaryotic cells as revealed in the electron micrographs

Features Prokaryotic Cell Fukaryotic Cell




EXERCIE:E 3 COMPARATIVE STUDY OF
: PROKARYOQTIC AND
EUKARYOTIC ORGANISMS

3.1 INTRODUCTION

In the previous exercise you studied the ultrastructure of prokaryotic and
eukaryotic cells with the help of electron micrographs and compared their sub-
cellular organisation. You know that cells of prokaryotes are much smaller .
than eukaryotes and possess a primitive type of cellular organisation. They
lack nucleus and other cell organelles such as chloroplasts and mitochondria.
Bacteria and related organisms are prokaryotes and rest of the organisms is
eukaryotes.

Among algae, blue- green algae are prokaryotes and are true bactena. They are
called cyanobacteria because they posses certain accessory pigments such as
phycocyanin and phycoerythrin. The presence of these pigments and
chiorophyll a together impart characterislic blue colour to these organisms. In
" Plant Diversity — 1 course you learnt that algae are not true plants but they are - !
includad in this study because traditionally botanists study them.

In this exercise you will examine the live specimens of a bacteriaanda .
eukaryotic algae, and a slide of a nitrogen fixing cyanobacteria found in the.
nodules of leguminous plants. You cannot distinguish between their cell types
under-a compound microscope because the details observed are substantially
limited. However, it is a valuable tool and will enable you to compare cellular
organisation of various organisms and help you to distinguish among them.

Prior Readings

i‘or doing satisfactory work you must read the following before comiing fo the
fab, YVou wilt ngt be allowed to carry the theory course blocks or any other
botany book with you fo the lab.

¢ The course “Plant Diversily - I (LSE-12), Block 1B Algae, Unit 3: Comparative
morphology and cell structure in algae, Sec 3.2 Algal morphology, p. 6-14. If you
are short of time, look at the figures 3.1, 3.2, 3.3 and their captions. Unit 6: Algal -
habltats and distribution, Sec. 6.4.3 Algal-symbiotic associations, p. 72-73.

F

Objectives

In this exercise you should be able to:

) prcpan:\well stained whole mounts of Lactebacilli and an algae,

examine the structure of bacteria in root nodules of legumes and curd and

o compare the structures of a bacteria with an alga and identify the
characteristic features that can help to distinguish among them.

19
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3.2 MATERIALS REQUIRED

war-

The biology laboratory kit.

The biology laboratory students kit

Fresh curd : : :

Permanent slide of root nodules of any Ieuurmnous plant showing cells -

filled with hacteria ° i
Fresh/preserved/permanent slide of an alga
Crystal violet stain

Glycerine -

lodine solution

00 = Oy A

Precautions - : |

1. Always use a-brush for holding the mounting material. Do not use forceps.

2. Ensure that your temporary mounts do not dry up. Keep them immerged in
the mounting liquid.

3. View the temporary mounts lmmedlately as they tend to dry up or become
distorted in a short period of time.

3.3 PRO CEDURE

1. To prepare a fresh mount of curd it is best to use the water; which separates
in fresh curd. This will give you a'good slide as ithas limited number of |
bacteria. Place a drop of curd water on a clean slide and a drop of crystal
violet stain. Wait for two minutes and then place a cover slip on the top.-

2. Ifyouare prowded with fresh/preserved material of alga, prepare a whole
‘mount and stain it with iodine solution. Refer to Exercise 5 for preparatlon
of whole mount of algae.

3.4 RECORD OF OBSERVATIONS

Observe the three slides - curd, root nodules and the alga under the low and
high power objective lens of compound microscope. Make sure that you focus
sharply on the specimen. You should spend enough time on-each slide and
make a record of the number of cells, their size, shape, colour, cell wall and .
ground substance etc. in the three materials. Also see if nucleus, -chloroplast,
pyrenoid, flagella etc are visible. Record your observations accordmg to the
format given in Laboratory Report 3. Appendix 3 is provided to guide you for
making observations systematically and correctly :

Also compare the features of the three preparatlons. It is quite unlikely that you
will be able to see all organelles listed in the Appendix 3. Therefore do not .
write in your report what is not visible. . ' !



Marking Scheme

W.M. of two samples _
Labelléd diagrams and description
of the three specimens
Compaziscr of 3 specimens
Laboratory skills

Viva voce

Comparative Study ot

Prokaryotic and -
" Eukaryotic Organisms

1><2; =2 marks a v
1x3 = 3 marks

3 marks

1 mark

1 marlt

Total 10 marks

......

2
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Appendix 3

- Colour/pigments - greenfbroxﬁnjwhitef'black, chlorophyllous/achlorophyllous

Form - microscopic/macroscopic, unicellular/multicellular
Multicellular

Organisation of cells - single/aggregates/clumps, colonial/filamentons
branched/unbranched

Differentiation - main body, holdfast ( present/absent)
Comparative size of cells - uniform/not uniform

Shape of cells - round/ oval/ spherical/cylindrical/ rectangular /square/
indefinite .

pigmented
Sub-cellular structures
Cell sheath - (visible/invisible), mucilaginous/rough, thick/thin

Cell wall - (visible/invisible), thin/thick, even/uneven, light/dark, layered/not

layered -

Plasma membrane - (conspicuous/inconspicuous), uniform/uneven,
extensions '

Cytoplasm - smoéths’granular

Nucleus - chromatin/chromosomes (conspicuous/inconspicuous)
Nucleoli - {visible/invisible)

Chloroplast/plastids (visible/invisible) - photosynthetic lamelae
{visible/invisible)

Shape of chloroplast - cup-shaped/star-shaped/ girdle-shaped/stellate/spiral
Orgalls of motion - cilia!ﬂagella.:numbér, length

Pyrenoid - (visible/invisible)

Eye spot - (visible.finvisible)

Vacuole - (visible/invisible)



LABORATORY REPORT -3 ' _ Comparative Study of

Prolaryotic and
Eukaryotic Organisms

Name: «.oovivemmemniinind 011 o) P T,
Session: II Date: covvrviriiiiiiii,
Time allotted: 2 hrs. . Time spent: e rteeesiert et aararann

EXERCISE 3 COMPARATIVE STUDY OF
- ~ PROKARYOTIC AND EUKARYOTIC
ORGANISMS -

1. Materials and Procedure

Technique(s) used for slide preparation (W.M., section cuiting, smear elc.)

Note: You should write this section if you have used a method other than the one
given in the manual. Otherwise omit it.

Lo

Observations

Diagram of bacteria (give magnification used)
_Description '

Diagram of the section of nodules containing bacteria (give magnification
used)

Description

Diagram-of alga (give magnification used)
Description
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3. Compazrison between proka'rvotic angd eukaryotic specimens as observed under

compound mic.onscope -

Jeatures

Bacteria

Cyanobacieria

:].'I-

‘Gross features _
Unicellular/multicellular
Organisation of cells
Type of cell(s)
Any special features
Individual cells -
Shape '
Comparative size of individual cells
Pigmentation/colour
Organs of motion
Sub-celiular structures-
Zell sheath - -
—ell wall
~lasma membrane
Jucleus/Chromatin
Nucleoli
Mitochondria
Pyrenoid
gye spot
Vacuole .
Stained structure(s) ;
Identification (prokaryotic/eukaryotic cell)

4. Comments/Problems/Suggestion

[l
EY



EXERCISE 4 COIV.[PARATIVE STUDY-OF
CHARACTERISTIC FEATURES OF

. _ CYANOBACTERIA ALGAE, FUNGI |

BRYOPHYTES AND
PTERIDOPHYTES -

41 INTRODUCTION

In Plant Diversity Course —1 and 2 you learnt that diversity of plants and

related organisms on the earth is tremendous ranging from bacteria, algae, -

fungi, mosses, ferns, conifers and flowering plants. These organisms show

differences in size, shape, colour, cellular organisation, differentiation,

habitats, distribution, mode of nutrition as wellas in their sub-cellular
structures.

In this exercise you will be provided with representative specimens of
cvanobacteria, green algae, fungi, bryopliytes and pteridophytes for study.You
will make a comparative study of their gross morphology, extent of
differentiation, complexity in organisation, cellular and sub-cellular structures.
- On the basis of comparative features you will try to list their characteristics
and cla351fy them according to the pnnc1ples of five kingdom classification.

Prior Readings

For doing satisfactory work you must read the following before coming to the
lab. You will not be allowed to carry the theory course blocks or any other
botany book with you to the Iab.

@  The course *Plant Diversity — I (LSE-12), Block 1A Divcrs..nv of Plants and
Related Organisms, Unit 2; Introduction o cyanobactcna fungi, algac and lower
plants, p. 28-41.

Chjectives

In this exercise you should be able to:

» make systematic and comparative investigation of the gross morphology, , *

- extent of differentiation, cellular and sub-cellular organisation of
Tepresentative samples of cyanobactcna algae, fungi, bryophytes.and
pteridophytes,

e give an account of your observations in the form of sketches and wrtten
* description,
.¢ list and compare the characteristic morphologlcal cellular and sub cellular
features of the specimens provided,
~ ¢ point out the features in the specimens that show gradual increase in
complexity in organization and
* compare and contrast the characteristics that-are the basis of categonsing
- . the samples into different kingdoms.

25
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4.2 MATERIALS REQUIRED

b =

W

o = Gyt

The biology laboratory kit

. The biology students laboratory kit

Permanent slide of
a cyanobacterium
a green alga (showing vegetative stage)
Living material of
a cyanaobacterium
@ green algae
a fungus growing on bread
living/preserved thallus of a bryophyte
living/preserved material of a pteridophyte
Cotton blue stain
Lactophencl
Safranine stain
Glycerine

4.3 ‘PROCEDURE

. Examine all the specimens by unaided eye and under hand lens. On the
basis of your observations classify them into mICl'OSCOpIC and macroscopic

forms. First study microscopic forms.

“Prepare a slide of fresh algal material by mounting it in fresh water (follow

the procedure given in Exercise 5).

Examine contaminated bread with hand lens and record observations. Pick
up a few hyphae with the help, of a forceps and place them on a slide; stain
with cotton blue; add lactophénol and gently tease out the hyphae; mount -

ncatly without air bubbles.
In macroscopic specimens note if the specimens show any structural

_ Organisation in the form of thallus, root/rhizoids, stem/rhizome, leaves/
sporophylls, sorus, scales and/or any appendages. Examine the dorsal and

ventral surfaces under the dissection microscope.
Mount vartous distinguishable structures and study them under low and
high power magnification of a compound microscope.

44 RECORD OF OBSERVATIONS

You may like to use Appendix 4 to make a systematic study Record your
observauons as given below: .

1.

2.
3.

Gross morphology (as Qbserved with unaided eye) - make sketchesand
describe them.

Differentiation (as observed by hand lens or dissection microscope)
Cellular organisation {as observed under the low power objective of
compound microscope hefore and after staining)

. Sub-cellular details {as observed under the high power objective of

componnd microscope)

. Classification (on the basis of your observations, classify the specimens

according to five kingdom classification and justify your decision).



Marking Scheme

. Preparation of whole mounts

{mark 2 best out of 3 to 5)

Labelled sketches and their description
{mark 4 best out of 5)

Justification of assigning the 5 samples to
. the respective kingdoms

Viva voce_

1X2 = 2 marks

ix4=4 mﬁrks
Y2x5 = 2V2 marks
1% marks

Total 10 marks

Comparative Study of
Characteristic Features of
Cyanobacteria, Algac,
Fungi, Bryophytes and

’ Pteridophytes
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Appendix 4

Gross Morphology
Appearance/touch - soft / hard / slimy / cottony / mouldy -

Colour - chlorophyllous/ achlorophyllous/ pigmented

Form - microscopic / macroscopic, unicellular / multicellular

Microscopic multicellular - filamentous (uniseriate / branched / unbranched /
colonial)

Macroscopic multicellular — size, shépe (thalloid — single layered sheet /
muitilayered sheet), mycelium (septate / non-septate)

Differentiation - (undifferentiated / highly differentiated)

Underground structures - rhizoids / roots, stolon / rhizome

Aéria’l parts ~ shoot

Vegetative structures - [eaves / .spor.ophylls, rachis, trichome, scales
Reproductive structures - spbrangia / archegoniophore / antheridiophore
Cellular Organisation |

Special type of cells - heterocyst / akinetes / photosynthetic / storage cells

* _Sub-cellular struactures - outer sheath mucilaginous / cell wall, cell wall

projections, cytoplasm (thin / thick / even / uneven, ectoplasm / endoplasm),
movement of ectoplasm, nucleus, nucleolus, plasma membrane, photosynthetic
lamellae, chloroplast, shape of chioroplast — (cup / girdle / star), vacuole
{number - one / many) '
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NAMIP? vetrenenrmrennanronsnononnres aone Enrol. No.: ceverviieiioreirenannesnen
Session: Il Date: ceineieirictinrarncanearannenes
Time allotted: 2 hrs. - Time spent: .....cccviceimennnes e

EXERCISE 4 COMPARATIVE STUDY OF
CHARACTERISTIC FEATURES OF
CYANOBACTERIA, ALGAE, FUNGL,
BRYOPHYTES AND PTERIDOPHYTES

1. Mate_rials and Procedure

Note: You should write this section if you have used a method other than the one
, 8iven in the manual. Otherwise omit it. ‘

Technique(s) used for slide preparation (W.M., section cutting, smear elc.)
2. Observations
Gross morphology,

 Habit sketch aind cellular and sub-cellular organisation of -
specimens 1to 5

3. Classification

4, C0mments/Prol_)leIils/Suggestions

Compar'ali{rfe Study of

Characteristic Features of
Cyanobacteria, Alaae,
Fungi, Bryophytes and
Pleridophytes
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'EXERCISE 5 COMPARATIVE STUDY OF

) MORPHOLOGY OF SOME .
REPRESENTATIVE GENERA OF
UNICELLULAR, FILAMENTOUS
AND COLONIAL ALGAE

51 INTRODUCTION

You have leamt-in Unit 3 of Plant Diversity -1 course that algae show range of
forms from simple microscopic to more complex macroscopic organisation.
The simple forms show single cells either with or without flagella, loose
grouping of individual cells within a mucilaginous envelop forming a colony
or single row of cells attached 10 each other formmcr a filament. In advanced
forms the filaments are intricately branched and form flat, leaf-like sheets
either by tight packing of individual filaments or by division of cells in two or -
more planes. There are also heterotrichous algae where thallus is differentiated
_ into a projecting erect system and prostrate creeping system, which is for
anchorage to the substratum. In kelps the algal bodies became very large and
o~ differentiated into structures called stipe and blade (frond} that superficially

appear like stem and leaves respectively bui are unlike them in the internal
structure.

In the previous exercise you examined the distinguishing features of
cyanobacteria, algae, fungi, bryophytes and pteridophytes. In this exercise you
will be provided with uniceliular, colonial and {ilamentous algae to study their
comparative morphology and cellular organisation. In the following exercise
you will study forms relatively advance in differentiation.

As a student of Botany, it is important that you take interest in the study of
algae of your arca and acquire knowledge aboul their occurrence, abundance,
and distribulion, and explore their role in human welfare. Thare may be some
algae of value and commercial interest also. Therefore we are including
methods of collection of algae from their different habitats.

It this exercise you will collect two samples of algae from their habitats and
you will be given specimens of representative unicellular, colonial and
filamentous algae for laboratory study. '

‘Prior Readings

For doing satisfactory work you must read the [ollowing before ccfning to the
lab. You will not be allowed to carry the theory course blocks or any other
botany book with you to the lab.

¢ The course “Plant Divessily — I (LSE-12), Block 1B Algac, Unit 3: Comparative
merphology and cell structure in algae, Sec.3.2.1 Unicellular forms, p. &; Sec. -
3.2.2 Colonial algae, p. 7; Sec.3.2.3, Filamentous forms, p. 9.

_ : .. . ]
In ¥ase you are short of time, just go through the figures 3.1, 3.2 and 3.3 and their ;
capiions carefully so that you get some idea about Lhis exercise.
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Objectives
In this exercise you should be able to:

¢ collect samples of algae for laboratory study,

* prepare a temporary mount of an alga under study,

¢ examine a specimen of an alga with hand lens/dissection microscope and
compound microscope and make observations on its morphological
characteristics and cellular features,

. develop skills to distinguish among unicellular, colonial and filamentous

algae,

» 1dentify the genzra of unicellular, colonial and filamentous algae studied in
the theory course, o

* diagrammatically represent an alga as viewed under the compound:
microscope and label its structure appropriately and

* write a report of your observations and discuss them in light of the
information given in the theory course.

NS

o

5.2 MATERIALS REQUIRED
For collection

1. Vials/flasks/glass jars/polythene bags or any type of wide mouthed bottles
with lid . ‘

2. Planktonic net (optional)

3. Knife

4. Scalpel

5. Spatula

6. Permanent pen marker

7. Labels

For study
The biology laboratory kit
The biology laboratory student kit.
Samples of algae (collected)
Specimens 1-7 of fresh/preserved samples/permanent slides of algae

(provided)
Staining solutions
Glycerine

r

5.3 PROCEDURE

Collection of algae
Locaticn

You should collect two samples of algae from any iocatiPn of your choice.
Algae can be easily spotted in ponds, streams, and temporary water puddles,
lakes and ocean shores because of their bright colour and profuse growth. They -
are alsc seen on soit surface, old pots and damp walls particularly during the



rainy season. In case you live near the coast you can find them in abundance
on shore focks.

Collection

When you go for collection carry the items listed in the section “Materials
‘Required"” for collection. You should follow the method of collection
according (o the habitats of algae. These are given below: '

Collection from sub-aerial surface

Use a dull edged knife to scrap greenish coating from the surface of a wall,
rock, tree trunk or other objects wherever the algae appear to grow and place
the mat in 2 vial or in any other container contammg enough water.

Collection from soil

Usc a scalpel/knife to carefully remove the crust of algae present on the surface
of the soil and store it in a vial containing water.

Collection from fresh water bodies

Using your fingers you can pull out the submerged grass or aquatic plants from
their attachment and scrap algae with a scalpel or knife and store in a vial. A -
planktomc net is generally used to collect large samples.

Collection from sea-water

Marine algae are also pulled out from their submerged attachment. A marine
alga needs to be procured carefelly. The alga should be transferred from saline
water to normal water before it is fixed in formalin. It can also be left in an
open dish containing marine water so that it is not deterioraled till fixed.

Labelling

‘Tae vial in which you have collected the sample must be labelled. Record the
following information.

Sample specification

Common name (if any)-

Habitat (terrestrial / sub-aerial / soil / sub-soif / aquatlc / marme)

" Location

...................................................................................

. Most likely you. w111 not go to the laboratory unmedlatc[y after the collectiod,
therefore store the samples at home in a cool place in dim light or ina
-refrigerator. When you take the samples to the lab, transfer the content of the
vial in a shallow dish so that they are well aerated.

Comparative Study of
Morplhiology of Spme
Representative Genera
of Unicellular,

Filamentous and .

Colonial Alaae
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Preservation

Before you preserve the samples clean them by carefully pouring each ina-
shallow dish and changing the water a few times. The so1l particles attached to
the algae will settle down at the bottom of the dish. You can pick up algal
material using a forceps and place it in a pelnd[sh or a vial containing 10-15
ml of 4% formalin. :

Preparation of slides

The algal material is generally in the form of dense clumps of opaque mass. It
should be spread out evenly in thin layers with the help of a needle and

forceps. If your sample is in the form of balls then using a pair of needles pull
the green ball apart releasing out the strands. Then using a fine forceps transfer
a few strands about the size of 2 dot along with a drop of water on a clean
slide. Spread out material 1o get a very thin layer of single cells so that light
can pass through easily making the cells visible through the microscope.

5.4 RECORD OF OBSERVATIONS

You must remember that a scientist begins an investigation by making correct
observations. Therefore you should not hesitate to ].'f:COl'd your observations if
they do not correspond to what is given in the theory. However you must try to
find out the reasons for different results and give an explanation for the same.

First using a hand lens/dissection microscope you can make some general
observations about the appearance, colour and texture of the fresh/preserved
materials under study. Then observe the prepared and permanent slides one by
one under the low power of the compound microscope to see shape, size,
density, aggregation and organisation of cells.. Try to distinguish clumps of .
unicellular cells of an alga from a true multlcellullar form. Distinguish between
colonial and filamentous forms and record your observations. Examine
carefully if all the cells of an alga are alike or they can be disfinguished-into
more than one types.

Next fix the sample under the high power for detailed study and again cbserve
shape, size, colour and density of each cell and their contents-such as
cytoplasm, hucleus, chloroplast(s) and flagella and try to see if there is

- anything unusual about them. _

Use Appendix 5 as well as the previous appendices to choose the appropriate
terms and describe your observations correclly. Also menticn the optical forms
used for taking the observations. Record your observation as directed in
Laboratory Report 5.



Marking Scheme

Collection of algae (mark any 2 samples)

Preservation and labelling of samples

Labelled diagrams and description of collected and
| given samples (mark 6 best out of 8)

Yiva voce

Yix2 = 1 mark
Yax2 = 1 mark
1x6 = 6 marks

2 marks

Total 10 marks

Comparative Study of -

Morphology of Some
Representative Genera
of Unicellular,
Filamentous and

Colonial Alpae

a3
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Appearance - soft/hard, slimy/cottony/ ahy other
Colour - green/red/brown/yellow, chlorophyllous/achlorophyllous/ any other-

Form - unicellular/multicellular, microscopic/macroscopic, differentiated/not
diferentiated

Multicellular.
“Organisation of cells - aggregates/clumps, colonial/ coenobium/ filamentous -
branched/ unbranched, uniseriate, thin hair like/thalloid, single layed/

"multilayered sheets

Differentiation/distinguishing structures - main body, holdfast, gonidial
cells if any : :

Shape of cells - round!ovaI/spheticalfcylindricalfrectangularfsquarefindeﬁnitc
Cot'nparative size of cells - uniform/not u;iform

Um'cellu!ar/cell-s

Sub-cellnlar Structures

Cell sheath - visible/invisible, mucilaginous/rough, thick/thin

Cell wall - visible/invisible, thin/thick, even}uneven, light/dark, layered/not
layered

I

Plasma membrane - conspicuous/inconspicuous, uniform/ui. *ven, any
extensions

Cytoplasm - smooth/granular, pigmeated, distinguishable regions
Nucleus - conspicuous/inconspicuous, aninucleate/multinucleate/coenccytic,

position — central/ perietal, chromatin/ chromosomes, minute/large, shape,
appearance -

Nucleoli - visible/invisible

Chloroplast/plastids - size, appearance, number, position, photosynthetic
laniellae (visible/invisible), -

Shape-of chloroplast/plastid - cup-shaped/star-shaped/girdle-shaped/stellate/
spiral/disc-shaped/band-shaped/plate-like

Organs of motion - cilia]ﬂagellé. nu1t1ber, length - equal/unequal

Pyrenoid - visible/invisible



Eye spot - visible/invisible
Vacuole - visible/invisible, position, number, siie, éhape

Special cells - heterocyst/akinete/cap cells/any other

Comparative Study of
Morphology of Some
Representative Genera
of Unicellular,
Filamentous and
Colonial Algae
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EXERCISES  COMPARATIVE STUDY OF .
MORPHOLOGY OF SOME
REPRESENTATIVE GENERA OF

UNICELLULAR, FILAMENTOUS AND

COLONIAL ALGAE

1. Materials and Procedure
Technique(s) used for slide preparation

Note: You should write this section if you have used a method-other than the one
given in the manual. Otherwise omit it.

2. ‘Observations a

Cellular erganisation

Labelled diagrams ang description of speciinens 1 to 3
(Give magnification)

3. Comments/Problems/Suggestions



EXERCISE 6 COMPARATIVE STUDY OF
MORPHOLOGY OF SOME _
REPRESENTATIVE GENERA OF
ADVANCED ALGAE

6.1 INTRODUCTION

Ire the previous exercise-you prepared temporary mounts of unicellular,
colonial and filamentous algae and studied them. In this exercise you will
continue this study and examine some representative genera of heterotrichous
thalloid and polysiphonoid forms of algae.

Prior Readings

For doing sutisfactory work you must read the following bet‘orc coming fo fhie
Iab. You will not be allowed to carry the theory course blocLs or any other
botany book with you to the lah.

" ¢ The course — “Plant Diversity — I (LSE-12), Block 1B Alpae,

Unit 3: Comparative morphology and cell structure in algae, Sec.3.2.4
Heterotrichous forms, p. 11; Sec. 3.2.5 Thalloid forms, p. 13; Sec.3. 2.6
Polysiphonoid forms, p 14

In case you are short of time, just go through the Figs. 3.4, 3.5, and 3.6 of the unit
-and their captions carefully.

Objectives
In this exercise you should be able to:
° examine and record the characteristic features of thalloid, heterotrichous

and polysiphonoid forms of algae and distinguish among them and
¢ identify the algal genera on the basis of the features observed.

6.3 MATERIALS REGUIRED

1. ‘The biology laboratory kit

2. The biology laboratory student kit

3. Fresh/preserved specimens or permaneit stides of heterofrichous, thalloid
-and polysiphonoid forms of algae

4. Methylene blue

5. Glycerina

64 PROCEDURE

Prepare temporary mounts of the fresh/ preserved specunens of algae as
described i in the previous exercise (Sec. 5.3.4}, for rmcroscopsc exanunatlon

39
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To avoid confusion you-must number your slides. Examine the shdes one at.a
time under low and high power objective lens of compound microscope.

6.5 RECORD OF OBSERVATIONS

You must make observations as instructed in the previous exercise in Sec.
5.3.4. Try to recall the observations you made on Chilamydomonas a
unicellular alga, Volvox a colonial alga and Ulorhrix a filamentous alga, while
you examine the advanced forms of algae and pay attention to further
differentiation in the cells. On the basis of shape, size, number, position and
organization, note the various types of cells that are distinguishable. See how
similar cells are assaciated together and what is their position with respect to
other types of cells. In case you find branched filaments, observe the pattern
and the origin of branching and describe them. In some samples you will find

“cells arranged in layers. See if the layers formed are distinguishable as outer,

inner, middle/central. Draw and label them appropriately. Choose from the
terms-given in Appendix 5 and 6 to describe the organization of cells, and
identify algal forms. You may like to refer to Appendices 3 and 4 aiso for
describing the cellular and sub-cellular details. -

Record observations as given in Laboratory Report 6.

Remember, the resolving power of your microscope is limited and therefore
once again we strongly suggest that you should record your true observations
only. It is unscientific and unethical to put down 1 rmaomary or someone clse's
observatlons in your practical record book.

Marking Scheme

Labelied diagrams of 6 specimens df algae 1x3 = 3 marks
(mark 3 best out of 6) . '

Description of the algae examined I%3 =3 marks
(mark 3 best out of 6)

Comparative account of the specimens 2 marks
Viva voce 2 marks

Total _10 marks -'




Appendix 6

Colour — green/deep-green/yellow/brown/blue/red/any other
Appearance — tubular/cylindrical/filamentous/bushy/flaUshect-like/any other
Vegetative differentiation — prostrate/erect sysiem or both/any other

Foria — heterotrichous/polysiphonoid/thalloid/filamentous

Filamentous — branched/unbranched, origin of branching, regularly branchedl ‘

irregularly branched, sparsely branched/much branched/profusely branchéd
row of cylindrical/tubular cells, uniform/not uniform cells /apex cell- thickness/
shape-rounded/tapered/hair-like bristles

Thalloid — dlfferentnted!not dlfferentlated nodes/mlemodes hoeldfast/
rhizoids, stipe, blade-like (fronds)

Polysiphonoid - disk-like/cushion-like, septate/non-septate, midrib,
receptacle, -air bladder, layer of cells/outgrowth of cells :

Comparative Study of
Morplology of Some
Representative Genera
of Advanced Algac
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EXERCISE 6 COMPARATIVE STUPY OF

MORPHOLOGY OF SOME
REPRESENTATIVE GENERA OF
ADVANCED ALGAE

. Comparative account

. Materials and Procedure

Mention the technique(s) and the stains used for slide preparation.

Note: You should write this section if you have used a method other than the one
~ given in the manual. Otherwise omit it.

. Observations’

J.abelled diagrams of specimens 1 to 6
(give magnification used)

Description

. Comments/Probiems/Suggestions



EXERCISE7 COMPARATIVE STUDY OF
REPRODUCTIVE FEATURES OF

SOME REPRESENTATIVE GENERA
OF ALGAE

7.1 INTRODUCTION

Algae show all the three types of reproduction — vegetative, asexual and
sexual. Vegetative reproductton is the most common method and it oceurs by
fragmentation of parent algae. In asexual reproduction specialized cells are
formed. In Nasroc the specialized cells called akinetes are formed by
transformation of vegetative cells into thick-walled dormant cells containing
accumulated food. Akinetes can withstand dryness and high temperatures for a
long time. In algae such as Chlamydomonas, Ulothrix, Oedogomum
Ectocarpus, Draparnaldiopsis and Ulva, flageliated motile spores called
zoospores initiate new filaments. They are formed when the entire cell content
divides by mitosis a few times and produces several zoospores. The number of
flagella in zoospores of different genesa varies. In many-algae zoospores are
formed in special structures called zoosporangia which are unilocular or
plurilocular and produce single or several zoospores respectively. In some
species when the conditions are unfavorable zoospores shed the flagella and
round up. Such non-motile zoospores are called aplanospores.

-The formation of zoospores, their structure and the number-of flagella are
characteristic of a species. Therefore, zoospores may be sludied for the
identification purposes also.

In sexual reproduction, division of cells of an algal thallus forms gametes. The
two gametes male and fermale (- and + strains) may develop on the same
thallus (homothallic) or different thallus (heterothallic). You learnt in the
theory course that in algae the two gametes may be molile and similar in size
or male gamete may be somewhat smalier than the female gamete or the
female gamete may be non-motile and much larger than the male gamete.
Accordingly the three types of gametic fusion-isogamy, anisogamy and
oogamy are observed in algae.

Prior Readings

For doing satisfactory work you must read the followmg before coming to the
lab. You will not be allowed to carry the theory course blocks or any other
botany book with you to the lab.

¢ The course “Plant Diversity — I" (LSE-12), Block 1B: Algze, Uni 4:
Reproduction in algae, Sec. 4.2.2 Asexual reproduction, p. 28-29; Sec. 4.2.3
Sexual reproduction, p. 30-31; Sec. 4.3 Reproduction and life cycle, p. 32-40.

If you are s;llorl of time study the figuces in Unit 4 and also go through their caplions.

a3

3

]



Cyanobacteria, Algae,
Fungi and Lower Plants

Qhjectives
In this exercise you should be able to: 7

* examine and record the asexual and sexual reproductive features of some
representative genera of algae and .
o 1dentify the specimens of algae on the basis oheproductive structures.

7.2 MATERIALS REQUIRED

-1. The biology laboratory kit

2. The biology laboratery student kit
3. Permanent slides of specimen of algae showing reproductive features

7.3 RECORD OF OBSERVATICNS

Examine the slides of algae focused under compound microscopes by your
counsellor. For comparative study examine 3-4 slides at a time. You must
spend enough time on each. Try to distinguish between vegetative and
reproductive cells/structures. Make your observations as suggested in the-
previous two exercises on algae. Compare the types of sporangia, structure of
spares, antheridia and cogonia, sperms :and oospore, whichever is visible in the
slide. - - '

By now, we hope that with the experience guined from the previous exercises,
you can make systematic and correct observations. You may find some terms
given in Appendix 7 applicable to your observations. Record your observations
on each slide and also write a comparative account of the repreductive
structures of different algae examined.

Marking Scheme

Labelled diagrams of 6 specimens of algae - 1x5 =5 marks
(mark 5 best out of 6) , ' :
Description of the above - 1x6 = 6 marks
Discussion ) 2 mark
Viva voce 2 marks

Total 15 marks




Appendix 7

_ Appearance — microscopic/ macroscopic
Gametophytefsporophyte - éhapc, size, colour

. Reproductive cells — thick- walled cells (akmetes), dividing cells!ceﬂs w1th
flagellated spores

Reproductive structure — spore-bearing cells, sporangia, sporeé, antheridia,
oogonia, gametes

Sporangia — position, number, size, shape, type (umlocular/plunlocula.r
stalked/sessile) : :

Spores — number (single/a few/numerous), shape, size, outersheath
-ﬂagellatedfunﬂagellated ornamentation

OOgoma — position (restricted/all over), number (few/numerous), size, shape,

wall, margins, contents (starchy/oil drops), oospore
Antheridia — number, position, size, shape, wall, sperms )

Fusion of gametes — Isogamy/anisogamy/oogarmy

Comparaiive Study of
Reproduclive Featurés
of Some Representative
Genera of Algae

45
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EXERCISE 7 COMPARATIVE STUDY OF .
REPRODUCTIVE FEATURES OF SOME
REPRESENTATIVE GENERA OF ALGAE

1. Observations

Labelled diagrams of specimens 1 to 6
(Give magnification used)

Description

2. Discussion

3. Comments/Problems/Suggestions’



EXERCISE 8 COMPARATIVE STUDY OF HABIT,
EXTERNAL FEATURES AND
ASEXUAL REPRODUCTION IN :

- SOME REPRESENTATIVE GENERA
OF FUNGI

8.1 INTRODUCTION

In Unit 8, “Fungal habitats and morphology” of Plant Diversity — I course, you-

learnt that fungi are heterotrophic and live as saprophytes, parasites or
symbionts. They vary in size, color, morphology, habitats as well as in the
reproductive structures. Fungi show mii:roscopic, unicellular, filamentous and
pseudoparenchymatous forms that may be cellular or acellular, uninucleate or
multinucleate. The macroscopic forms such as mushrooms, Ascobolus,
puffballs and morels are compact aggregates of fungal filaments. The

vegetative body of a great majority of fungi is composed of branched, tube-
like, septate or non- septate. coenocytic filaments.

!

Thus we find fun gi vary greatly in morphological features, habitats, method of
nutrition, fructification and in the types of spores they produce during asexual

and sexual reproduction. However, each group shows certain special features
which help us to.distinguish it from another.

Prior Readings

For doing satisfactory work you must read the following before coming to the

lab. You will not be allowed to carry the theory course blocks or any other
botany book with you to the isl.

¢ The course on ‘“Plant Diversity — 17 (LSE-12), Block 2: Fungi, Unit 8: Furgal
habitats and morphology, Sec. 8.2 Fungal habitats. p. 8; Sce. 8.3 Nutrition and
eeowth in fungi, p. 3-6; Sec. §.4 Fungal moiphelogy, p. 6-12; Unit : Comparative
account of reproduction in fungi, Sec. 9.2.2. Read asexual reproduction in
~ Rhizopus, Neurospora and Puccinia.

Oljeciives
In this exeicise you should be able to:

o follow an appropriate procedure for examination of morphological and
cellular features of an unknown fungal colony with unaided eye and using
opiical devices,

o examise the habit, general morphology, cellular organization and
fructification of a fungal colony,

° glvc a comparative account of the above features in given 11.ngal

. sgecxmens -

e study asexual reproductive bodies in the given materials or slice,

e record your observations in the form of sketches and give detailed
explanatory notes on the specimens examined and

47
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identify and list the external and asexual reproduche features that may be
used to dlstmgmsh among fungal Eroups.

8.2 MATERIALS REQUIRED

Sevt b b=

The biology laboratory Kit

The biology laboratory student kit
Cultures of fungi

Permanent slides of fungi
Glycerine

Lactophenol

Cotton blue

8.3 PROCEDURE

1. You will be provided with four cultures of fungi labelled I to 4. Since there
will probably be a single culture of each fungus, you may work in groups
and study a fungal culture at a time. '

2. First observe the habit, colour, growth of the colony and gross morphology
of the fungus. Use a hand lens for making accurate observations. Record -
your observations.

3, Place a very small portion of the specimen from the petridish along with its

substrate and fruiting bodies (if any) on a slide and observe under
dissection microscope. In case the sample is in liquid form mountiton a .
slide and observe. To record your observations draw sketches of the
" specimens examined and describe them. :
4, To study cellular organisation and asexual reproductwe bodies in detail
you need to prepare lemperary mounts as follows:
. i) Place a small drop of cotton blue on a clean slide; pick up a few hyphae
from the substratum and place them in the stain.
“ii) Gently tease out the hyphae; add a small dropof lactophenol to the
preparation.
ii1) Use bits of filter paper to remove excess stam by gently slanting the
/ slide. :
iv) Place a cover slip neatly and-avoid air bubbles.
5. Prepare a scrape mount of spores of Puccinia as demonstrated by your
counsellor.
6. Study the preparation under low as well as high power objective of a
compound Microscope. Compare them with the permanent slides of the
spemmens

34 RECORD OF OBSERVATIONS

You will record observations on the specimens in the format given in
Laboratory Report 8. Use Appendlx 8 to choose appropnate terms to record
your findings.



1. Gross morphology

Record the substrate, appearance, texture, microscopic or macroscopic nature,
colour, general morphology, fructification and other distinguishable features-of
the specimens, as observed with unaided eye or under a dissectipn microscope.

Draw, label and give writtén éxplanatory notes.
2. Structural details

Examine the temporary mounts and permanent slides under-a compound -
microscope. Observe mycelium, its branching patter, differentiation and
cellular structure. Draw sketches and describe them.

You may consult Appendix 8 to make systematic investigations of the
' specimens. -

3. Asexual reproductive bodies

You should observe fructification, which may be in the form of
sporangiophores, conidiophores or other kind of spores. Record size, colour,
shape etc. and make neat labelled diagrams. Submit a report of the exercise in
the format given in Laboratory Report 8.

Marking Scheme

Preparation of the whole mounts and scrape mount ' ~ 2 marks
. {mark any 2}
Diagrams and description of gross morphology and [>x3 =3 marks

irffepnal structure of 6 fungi
{inark 3 best out of 6}

Report on asexual reproductive bodies 2 marks
Comparative account of 6 fungi 2 marks
Viva voce : 1 mark

“Total 10 marks

Comparative Study ot

. Habit, External
Features and Asexual
Reproduction in Some
Representative Genera
of Fungi
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Appendix:8- ' o

Colour --blackishfbrownishﬁgreenjshf.wJﬁtefbluishfor- any-othér,
Appearance~ slimy/cottony/mouldy/powdery/soft/hard
Pigments ~.chlorophyllous/achloropiiyllcus

Size — microscopic.- (visible to unaided eye/seen under hand lens!compound
microscope)/macroscopic, umcellu]arlmulncellular

/
Distinguishable parts — within the substrate - rhizoids/roots, creeping on the
substrate, ramification, filamentous-- branched/unbranched, .colonial

Hyphae — septate/non-septate, branched/unbranched, nitmber of nuclei -
few/many

Rhizoids ~ present/absent, single in groups

Fructification - fruiting bodies, spare/profuse, stalked/sessile, asexual bodies-
sporangmphoresfconldlophores! sexual bodies - apothecium/perithecium/
cleistothecium S

Sporangiophores-- origin/ distribution (spemﬂcfrandom) branchedf
unbranched, smglehn ‘groups '

Sporangia‘u shape, colour, size,‘slalkedfsessile, structure - coliumella (visible
not visible), at similar developmental stage / at-varions stages of development-

Conidiophores ~ sterigmala, branched/unbranched, type of branchma,
erect/horizontal

-

Lime nodules - present/absent, shape, size, colour

Spores — colour/colourless, shape, position, origin, hyaline/opaque, spore wail
- smooth/spiny/reticulate, flagella — present/absent, number, length,
uredospores, teleospores -

Conidia - size, number, beaded chains - types of chains, exogenons/
endogenous, origin

Cells — single/in groups, approximate number, relative size, shape, type of
association

Cell organelles — nucleus, number, uninucleate/ binucleate /multinucleate,
size, chloroplast, vacuole, other structures

-

_ Buds - visible/not visible

Staining pattern ~ the organelles stained, colour

+ Nete: The appendix gwen should not be considered complele because there may be lot

mo to observc in your specimens.
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. ~Habit, External .
" - Features ‘and‘Asexusl -
o “Reproduction in'Sorie
- e -Representative Genera
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Session:'V _ Date: coreeeeiennceannrerares veersavede '
Pime:allotted: 2 hrs. -Time spent: ccieveieruenenn veesseans
EXERCISE'S  COMPARATEIVE :STUDY <OF ‘HABIT,
' - {EXTERNAL FFEATURES -AND ASEXUAL
‘REPRODUCTION IN SORE
‘REPRESENTATIVE GENERA OF FUNGT
-1. -Materials and Procedure
Technique(s) used for slide preparation
"Note: You should write this section if you have used a method other than the one
-given.in the manual. Otherwise omit it.
2. Observations
“Grossmorphology and infernal structure
Diagrams and descriptions of specimens 1 to 6
Asexual reprodu,ctive siructures
3. Comnara ti-e account of fungal material
Features Specimen Specimen | Specimen Specimen Specimen Specinten
! 1 i 1 v Y Vi
Colour
Appearance
Pigmenis
Size
Differentiation
Hyphae -
Sub-cellular
features
Fructification -
Sporangiophores
Contdiophores
Sporangia
Spores
| Conidia_

"You are expected to further elaborate the above points
4, CommentsfProblemsISuggestlons
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EXERCISE 9 STUDY OF SEXUAL
| ~ REPRODUCTIVE STRUCTURES IN
FUNGI

9.1 INTRODUCTION

In the previous exercise you examined habit, mode of nutrition, distinguishing
morphological features, fructification, types of spores and their formation in.
fungi. In this exercise you will study stages of sexual reproduction and the
resultant fruiting bodies in some representative genera of fungi.

In fungi during sexual reproduction the hyphae produce different types of sex
organs such an antheridia and oogonia in Oomycetes, (example Phytophthora),
antheridia and ascogonia in Ascomycetes (example Penicillium and
-Neurospora). No sex 0rgans are formed in Basidiomycetes (example
Puccinia). In Zygomycetes (example Rhizopus) the fusion of gametangia of

+ and — strains results in the formation of a zygophore which on germination
forms zygosporangium bearing zygospores. ‘ '

The zygote or its derivatives, the spores, are very characteristic of a fungal
group. They are called zygospores in Zygomyceles, ascospores in
Ascomycetes and basidiospores in Basidiomycetes. The structures bearing
ascospores and basidiospores are called ascus and basidium and the fruiting
bodies ascocarp and basidiocarp respectively. The ascocarp is cup or saucer-
shaped in Ascobolus (apothecium), flask-shaped in Neurospora (perithecium}
and indehiscent (cleistothecium) in Phyllactina and is therefore valuable for
identifying them. '

In this exercise you will study sexual reproductive structures of some fungal
species. : '

Prior Readings

For doing satisfactory work you must read the following before coming to'the
lah. You will not be allowed to carry the theory course blocks or any other
botany book with you to the lab.

¢ Thé course on “Plant Diversity-I" (LSE-12), Block 2: Fungi, Unit 9: Comparative
account of reproduction in fungi, Sec. 9.2.3 Sexual reproduction p. 22-26; Sec.
0.3.2 Rhizopus, p. 29-32: Sec. 9.3.3 Neurospora p. 33-34; and Sec. 9.3.4 Puccinia
p.35-38 . Also see Figs. 9.7,9.11,9.13 and 9.14.

. Objectives

After doing this exercise you should be able to:

e identify the stages of sexual reproduction in some fungt,

o examine the sexual fruiting body of different fungi and distinguish among

them,
o prepare a scrape mount of spores of Puccinia,
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1o cnlisections of ascocam‘ofAscobaIu&and

v _classify.a:fupgus-in. mappropnat&group on; the- basns of structure-of-its
“fruiting'bodies. . -

) --:MA.IERJM;;S:«P.E.UIRED

ﬂ@@#WMF

. The:biology laboratory.kit.

“The biology laboratory student kit.
“Permanent slides.of various-groups of fungi. showmgrcproductlve stages
-Fresh/preserved:material:of:Ascobolus

Glycerine

Lactophenol.

Cotton blue

9.3 'PROCEDURE

1. Study of.permaxient-‘SIides (1:to 5)

Examme the focused slides one at a time under the low and high power
objectives of compound microscope. Try to 1dent1fy the repreductive structures
and the probable genus. ;

2. Section cuftting of a fruiting body of Ascobolus
From Ascobolus cultufe, plucL a cup-shaped body with the help of forceps and

place it on a slide. Cut a thin vertical section, stain it with cotfon blue .
(lactophenol) and examine.

9.4 RECORD OF OBSERVATIONS

Record your observations as follows:

1) Draw and describe the features visible in the slides, including the different
stages of reproduction.

i1} Give detailed account of differentiated stiuctures.

iii) Mention cellular details that are visible.

Make neat and labelled diagrams of the slidas and describe them. You should
look for the details in the slides given in Appendix 9. Compare your
observations with information given in the theory. Try to identify the genus on
the basis of fruiting bodies.




Manking:Scheme:
Section-cutting-of apothecium '

Diagram and description.of apothecium

Scrape mount-of Piccinia
Diagrams:anddescription of permanent slides L to 5
{Mark 4-best.out.of 5)

Viva voce

2 marks
I mark
2 marks.

2x4 = 8§ marks

2 marks ‘

Total 15 marks

Study:of-8exual-

Reproductives

Structures:inFungi-

[ 4]
Lh
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_ Appendix S

Reproductive structures — Gametangial copulation/fruiting bodies,
progametangia, gametangia, suspensor, zygophore, zygosporangia, ascocarp —
shape (cup-shaped/ saucer~shapedfﬂask—shaped!indehisccnt), colour

Asci — location (all over/at-the base), shape (erect/, globular) number of ascus _

(a few/many), penphyses appendages’

. Ascospores — arrangement in the ascus, number in each ascus (2/4/8)

1
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EXERCISE 9 STUDY OF SEXUAL REPRODUCTIVE
STRUCTURES IN FUNGI '

1. Materials and Procedure
Techniqué(s) used for slide preparation

Note: You should write this section if you have used a method other than the one
given in the manual. Otherwise omit it.

‘2. Obserxfafions

Diagrams and description of slides Lto 5
. (Mention magnification used)

Diagram and description of section of apothecium

3. Comments/Problems/Suggestions

~ Study of Sexual
" Reproductive
Structures in Fungi

LA
~1
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EXERCISE 10 STUDY OF COMMON FUNGAL
"~ DISEASES OF CROP PLANTS

10.1 INTRODUCTION

In the theory course you learnt about fungaldiseases such as late blight of
potato, powdery mildew of rose, red rot of sugarcane, loose smut of wheat and
wheat rusts. You learnt that each of these diseases is caused by a specific
‘fungal pathogen. In this exercise you will study the specimens of crop plants
infected by fungi, examine the symptoms and try to identify the disease.

Prior Readings

For doihg satisfactory work you must read the following before coming Lo the
lab. You will not be allowed to carry the theory course blocks or any other
botany book with you to the lab. '

+ The course “Plant Diversity-1" (LSE-12), Block 2 Fungi, Uit 10: Fungal
" diseases, Sec. 10.2.1, p. 44; Sec.10.3.1 p. 46; Sec.10.4.1 p. 48; Scc.10.5.1 p. 50;
Sec. 10.6.2 p. 52, read the scctions on symptoms.

Objectives
After doing this exercise you should be able to:

o distinguish a healthy plant from an infected plant,

o identify whether a crop disease is due to a fungal or any other pathogen,

o cxamine the infected area of a plant to see how the pathogen has
manifested itself,

e list the identification symptoms of a disease,

o altempt to identify the class of fungal pathogen and

¢ " make a proper record of your observations.

10.2 MATERIALS REQUIRED

The biology laboratory kit
The biology laboratory student kit

N N

Slides of infected parts of the plants

Infected specimens of 4-5 crop plants (fresh/herbarium specimens/slides) '

10.3 PROCEDURE

First examine in each specim~n the part of the plant and the surface(s) infected
with a pathogen. Note the location, extent of spread, change in colour and the
way the pathogen has manifested itself. If you are provided with a fresh
specimen, scrap out the infected part under a dissection microscope or hand
lens to study the nature of the pathogen. Also observe the slides of infected
host.
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104 RECORD OF OBSERVATIONS

- Make neat, labelled sfcetches of host plants infected with the pathogens and

write appropriate captions. Give a comparative account of your observations in -

.tabulated format as given in Laboratory Report 10. Glance through Appendix

10 before your write down your observations. Like previous appendices you
can use it for making a systematic investigation. Choose the terms from the
alternatives given in describing your observalions correctly.

Marking Scheme

Sketches of the host plants infected with pathogens 124 = 4 marks
(mark 4 best outof 5) N

Comparative account of 5 specimens : 5 marks

Viva voce 1 marks

Total IQ marks




' . . . ‘ ' s Study of Common
Appendix lQ . _ B Fungal Diseases of Crop

Plants

Infected aerial plant part - leaf/shoot/spikelet/bud/flower/branches/
stem/underground parts — root/rhizoid/tuber

Infected surface(s) - partially/completely infected, dorsal/ventral surface or
both.

Colour change in host - redfblackfashyfbrownfwhite!rustyfor_an gel yellow/any
other

- Colour of the pathogen - yellow/brown/black/white/any other
Extent of spread-of infection - slight/moderate/heavy

Change in the appearance of host plaat/or its part - dry/burnt/shrunken/gali
formation/spots/raised surface/changes in the margin.

Nature of the pathoegen - powdery mass/water soaked regions/spores -
uredia/telia/pustules/ sporangia, shape - oval/round/lemon
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Time allofted: 2 hrs. Time spent: ..cevecienersiaseasiaen.
EXERCISE 10 .. STUDY OF COMMON FUNGAL
DISEASES OF CROP PLANTS
‘ 1 Observatlons
Sketches of specimens 1 to 5
s Comparative account of symptoms of fungal diseases
Specimen Speéimen Specimen | Specimen | Specimen
Symptoms X I I v \Y
1. Part infected with pathogen '
2. Surface(s) infected '
3. Change in the colour of the
host
4. Colour of the pathogen as
_ manifested on the host
5. Change in the appearance of
the host
6. Spread of the pathogen as
observed on the surface of
the host
° area
° size
¢ shape
7. Nature of the pathogen
S. Any other symptoms
9. Identification of pathogen

5




EXERCISE 11 - STUDY OF THE MORPHOLOGICAL,
* ANATOMICAL'AND = |
'REPRODUCTIVE FEATURES IN
'LICHENS

11.1 INTRODUCTION

Lichens are derived as a result of symbiotic association of a fungus and an

alga. The two partmers together produce a thallus distinct in morphology and

anatomy. Three major kinds of lichién thalli are crustose, fruiticose and foliose

that can be distinguished on the basis of their morphological appearance on the
_substrates. They occur on various habitats such as bark of trees, soil and rocks.

In India you would find them in Qoty, Shillong, Darjeeling and on the highest

mountains in Himalayas. = '

Lichens reproduce both by vegetative and sexual reproduction. In this exercise
you will study morphological, anatomical and reproductive features of lichens.

Prior Reading

For doing satisfactory work you must read the following before coming to the
lab. You will not be allowed to carry the theory course blocks or any other
botany book with you fo the 1ab.

¢ The course™'Plant Diversity — 1" (LSE-12), Block 2: Fungi, Unit 12: Lichens, Sec.
12.2.2 Structure and anatomy of lichens, p. 72 and Sec. 12.3 Reproduction in
lichens, p. 75-76, Figs. 12.3 and 12.4. )

Ohjectives
After doing this exercise you should be able to:

o identify the three Lypes of lichen thalli on their substrates,

¢ examine the anatomical features of a lichen thallus and investigate the type
of symbiotic association of fungal and algal partners,

¢ observe the modifications in the anatomical features of the fungus and the
alea in such symbiotic association,

¢ record your observations on the specimens and slides in thé form of
labelled diagrams and give their description,

e recognise reproductive structures in lichens and describe them and

¢ prepare a report of your investigation. | '

112 MATERIALS REQUIRED

. The hiology laboratory Kit
The biology laboratory student kit
. Lichen specimens on the substrates
Permanent slides of lichiens showing vegetative and reproductive structures

1) B !--‘

6
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11.3 PROCEDURE |

1. First examine carefully one at a time the three specimens provided to you
on their substrate. Examine both the surfaces and margins, and the distinct
morphological features. Then make a comparative sLudy of the three
specimens. [

2. Next examine permanent slides focfled under the macroscope by your - .
counsellor. Try to distinguish the dii¥rent fungal and algal regions. Study 1
minute details to see the type of arrangement of the cells within a region '
and their association with the cells of the adjacent region(s). You must
spend enough tirre on each slide so that you can compare their anatomical
features. Also identify the special structures, if any, formed for
reproductwe function.

11.4 RECORD OF OBSERVATIONS

- .# . . s '
You should make observations on the specimens provided and make a record

‘of it in the format given in Laboratory Report 11 for submission.

Marking Scheme
Morphology - Labelled sketches and descnphon of - lmarks
specimens 103
-Anatomy — labelled diagram and description - Imarks
Asexual reproductive structures — labelled - Imarks

- diagram and description
Sexual reproductive structures — labelled diagram .- Imarks
and description
Vivavoce - - Imarks,

- Total 5 marks
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Study of Morphologlcat,
Anatomical and
Reproductive Fealures
in Lichens

EXERCISE 11  STUDY OF THE MORPHOLOGICAL,
ANATOMICAL AND REPRODUCTIVE

FEATURES IN LICHENS

1L Obser_vationé
~ Habit sketches of specimens 1 to 3
Study of sliﬂes 1to3 |
| Specimen 1
Morphological features

Colour

Texture . . .

Moiphological appearance on the substrate
Structure of a single thallus

‘Structure formed by the grouping or union of thalli
Any special structure(s)

Type of lichen

Slide 1
Anatomical features

Distinguishable regions

Cellullar organisation in the upper region
Cellullar organisation in the lower region
Cellullar organisation in the middle/central region
Zone(s) similar to fungal structures (if any)
Zone(s) similar to algal structures (if any)

Type of section

Asexual reproductive structures

Type of reproductive bodies
Shape

Size’

Frequency

~ Type-of cells

Specimen 2

Slide 2

Specimeﬂ 3

Slide 3
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Fungal like asexual reproductive structures (if any)

l Algal like asexual reproductive structures (xf any)

Identiftcation of structures

Sexual reproductive structures

Shape

Size

Type

Frequency

Nature of the constituent cells

Fungi like sexual reproductive structures (if any)
Algae like sexval reproductive structures (if any)

Spore like structures, if any (visible/not visible)
Spores enclosed within some structure

Other distinguishable structures

Similarity to fungal reproductive bodies
Identification of type of structure




EXERCISE 12 COMPARATIVE STUDY OF
- . -MORPHOLOGICAL FEATURES

OF SOME REPRESENTATIVE

GENERA OF BRYOPHYTES

12.1 INTRODUCTION

In Exercise 4 you examined the structure of a typical bryophyte and compared
its features with those of a typical alga, fungus and pteridophyte. You know
that bryophytes are the simplest primitive non-vascular land plants, which
thrive in habitats that are intermediate between aquatic and terrestrial,
particularly in those which are more or less perpetually wet. Itis believed that
they were the first land plants and might have originated from fresh water
photosynthetic ancestor probably from algae. In Unit 13 of LSE-12 course you
learnt that bryophytes acquired certain adaptations to survive on land. In this
¢xercise you have an opportunity to observe and verify them.

Like all other land plants bryophytes show two well-defined phases in their life
cycle, sexnal and asexual. There is distinct alternation of generations between
gametophytic and sporophytic phases. One of the remarkable features of
_bryophytes is that their gametophyte is conspicuous, independent and
photosynthetic while the sporophyte is wholly or partially dependent on it. In
other groups of land plants it is the sporophyte that is visible to the naked eye
and forms a dominant phase of the life cycle and the gametophyte is
microscopic and remains well protected within the sporophyte.

With this background you can begin this exercise and do a comparative study
of the morphological features of representative genera of the three classes of
bryophyies — Hepaticopsida, Anthocerotopsida and Bryopsida, and try to
identify them. '

Prior Readings

For doing satisfactory work vou must read the following before coming to the
Iab. You will not be allowed to carry the theory course blocks or any ofher
botany book with you to the Jab.

¢ The course --“Plant Diversity — I (LSE-12), Block 3: Br)ropflyles, Unit 13:
Morphology and anatomy of bryophytes, Sec. 13.4, p. 12-22. Stwudy only
morphology of the genera described and go through Figs. 13.1, 13.3, 13.4, 13.6,
13.7, 13.8 and 13.10.carefully.

Cbjectives
After doing this exercise you should be able to:
“e foilow aright procedure for examination of a specimen of bryophyte for
investigating its morphological characteristics,

o make a sketch of the morphology of a specimen observed and label its
features, ' '

67
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write a report on-the morphological features of a specimen examined,
compare and contrast the morphological features of bryophytes with those
of algae,

distinguish among some representative genera of bryophytes on the basis
of morphological features observed and

investigate the features which help them to survive on land.

12.2 MATERIALS REQUIRED ' ]
1. The biology laboratory kit
2. The biology student laboratory kit ' ' '
3. Fresh/preserved-specimens of bryophytes

4. Safranine stain (1%) ' B

5. Glycerine -

'12.3 PROCEDURE

Study each sample using a hand lens/dissection microscope. Prepare whole
mounts of the parts and examine them under low power lens of compound
microscope.

1.

External features

1} Dorsal and ventral surfaces — observe both surfaces for colour, form,
size/dimension, branching pattem surface features, appendages,
leaves etc.

ii)  Reproductive structures (if any) - observe, location, size, type, and
their arrangement.

Study of parts

Using a forceps and needle detach rhizoids, scales, lcaves, reproductive bodies
and any appendages/outgrowth from dorsal and ventral surfaces, Prepare a -
whole mount of each in glycerine. Use safranine to stain the rhizoids and .
leaves. The scales need not be stained. Observe the slides under the low power
of compound microscope.

12.4 OBSERVATIONS )

Record your observations in the form of drawings and label them. Also draw
and label the cellular details of rhizoids, scales and leaves as seen in whole
mounts under dissection and compound microscopes. Use Appendix 12 to
'make systematic investigation of the specimens and select appropriate terms
for describing them.

Make a comparative account of the specimens examined in tabulated format as

given in Laboratory Report 12, Circle common features of the specimens with .
'same ink colour so that the commonalities and distinctions among them

. become apparent. You ‘may need 3-4 colours to circle the commonalmes of the

5 specimens.



Marking Scheme

Labelled sketches of 6 specimens and their parts
Comparative account of the 6 specimens
Classification and identification

Mounting and staining

Viva voce

1456 =3 marks
=3 marks

156 =3 marks
4 marks

2 marks

Total 15 marks

_ Comparalive Study of
Morphological Features
of Some Representative

Genera of Bryophyles

._...._G‘_\____,..____‘_.._... -
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Appendix 12

) Gametophyte/ Sporophyte or both

.Colour — green/ deep-green/ brown/ transparent/ colourless/any other.

Size — visible to unaided eye/not visible to unaided eye, dimensions

Appearance/form — prostrate/erect or both, upright leafy shoot/ flat thylloid,
thin/thick, fleshy, lobbed, ribbon-like, dorsi-ventral, embedded

Differentiation — dorsi-ventral, thallus, rhizoitds!roots main shoot,
branched/unbranched, dichotomously branched, leaves, scales, foot, seta, -
capsule.

Dorsal view ~ thalloid/erect axis, surface — smooth/rough, even/uneven,
skinny/fleshy, midrib {present/absent), markings (pentacronalﬂlexagonalfany
other), ridge/furrow, spores, scales, rhizoids

Yentral view — sur,facc - even/uneven, smooth/rough, ridge/furrow, scales

Rhizoids — colour, shape, number (a few/many), unicellular/multicelil}lai',
branched/unbranched, smooth/tuberculate.

Scales — colour, Shape, arrangement of cells

Leaves ~ shape, size, thickness of lamella, midrib, arrangement of leaves
(coma},type of cells ( dense/perforated/hyaline),with or withoui chloroplasts,
arrangement of cells

Sex organs — present/ absent, archegonia/antheridia or both

Sporophyte - foot, seta, capsule (their position, origin, shapg, size)

The appendix should not be considered complete. There may be several other
details that you may observe which may not be mentioned here.
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Comparative Study of

Morphological Features
of Some Representative
Genera of Bryophytes
B0 F: 11 s 1 Enrol. No.: cevevecieiiinrinnnnnn <
Session: YII Date! civve cervisiinsirinriienreennae
Time alloited: 4 hrs. - Time spent: .oovvomveiecinicrnnenens
EXERCISE 12 COMPARATIVE STUDY OF
MORPHOLOGICAL FEATURES OF
SOME REPRESENTATIVE GENERA
OF BRYQOPHYTES
1. Materials and Procedure
Technique(s) used for slide preparation (W.M.}
Note: You should write this section if you have used a method ‘other than the one
given in the manual. Othenwise omit it. ’
2. Observations
Labelled diagrams of specimens 1 to 6
3. Comparative account of morphology of specimens 1 to 6
. Specimens
:No. Features 1 2 3 4 5 6.
Gametophyte/Spqrophyte | : <
1. | Colour
2. | General appearance
3. | Size
| 4. | Dorsal view
5. | Ventral view
6. | Extent of differentiation
| 7. | WM of rhizoid
| 8. | WM of scales
(9. | WMofleaves
10. | Sporophyte

You may further elaborate the above points for giving a comprehensive .
description. '

4. Classification and identification

5

. Discussion

6. Comment/Problems/Suggestions
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_ -EXERCISE 13 ICOMPARATIVE STUDY OF
ANATOMICAL¥EATURES OF -
.SOME REPRESENTATIVE
GENERA OF BRYOPHYTES

13.1 INTRODUCTION

In the previous exercise you observed morphological features of gametophyte
and sporophyte of liverworts and mosses. You found that they are very small
plants and show a little differentiation in comparison to higher plants. In this

- exercise you will examine and compare their internal structure, and determine
the relationship among the genera of different groups as well as with that of
algae. Therefore, it is important to keep in mind the structure of the stmplest
thallus of algae while you make observations. )

Prior Readings

For doing satisfactory work you must read the following before coming to the
Iab. You will not be allowed to carry the theory course blocks or any other
botany hook with you to the lab.

¢ The course — “Plant Diversity — I (LSE-12), Block 3 Bryophytes, Unit 13:
Morphology and anatomy of bryophytcs, Sccs. 13.4.110 13.4.3, p. 13 —22. Read
sections on internal structure and study Figs 13.3, 13.5 to 13.11 carefully.

Objectives
After doing this exercise you should be able to:

e prepare mialerials for examination of internal structure of a specimen of .
bryophyte,

e cxamine the anatomical features of an unknown bryophyte, draw a diagram
and wrile explanatory notes,

o point out the distinguishing features of bryophytes on the basis of internal -

structure observed,
 classify a specimen of bryophyte in one of the three groups on the basis of
internal structure and -

e identify the genera studied in Plant Diversity - [ course.

13.2 MATERIALS REQUIRED

The biology laboratory kit

The biology student laboratory kit

Fresl/preserved/ permanent slides of liverworts and mosses
- Glycerine

Safranine stain

Iodine solution

Pith {pieces of potato tuber/Caiotropis stern /unripe/papaya)

OV A R LR

=1
el




Cyanobacteria, Algae, _ — . —

_'Fungi and Lowérlll"_jlanls 133 PROCEDURE =

- Perinanent slides

The permanent slides to be studied are focused under the compound

microscopes by your counsellor. Examine each slide carefully, make a diagram i
and record your observations. Then make a comparative study of mtemal i
structure of the thalli and erect axis. Record your fmdmos o

Preparation of W.M. and smear of thallus

Can you judge which of the thalli of the four specimens of bryophytes has
Nostoc colonies and pyrenoids? Take that thallus-and prepare a whole mount
as well as a smear as demonstrated by your counsellor.

Section cutting._

Take a piece of potato tuber, Calotropis stem or uaripe papaya fruit as pith.
Make a longitudinal slit with the help of a scalpel. Place the material in the
desired plane. As demonstrated by your counsellor, try 1o cut thin sections of
the material using a razor blade: To avoid drying of the material, add o' few
drops of water at small intervals of time while cutting sections. Transfer the -
sections (o a watch glass or a petridish with the help of a camel hairbrush.
Select, thin and perfect sections and stain them with safranine. Remoye excess:
stain by washing sections in another watch glass. Pick’ up the sections with the
brush, mouat in glycerine on a slide, and examine under low and high power
objective lens of compound microscope.

13.4 RECORD OF OBSERVATIONS

Observe the slides under low power obiecuve of compound microscope. What

do you find? Are these the V. S. of halli? Critically observe cells of a thallus

in dilferent layers from the periphery towards center or from tfie upper to lower
region. In some speciinens you may probably find distinguishable regions as

outer, inner and central or green photosynthetic and non- green storage regions.
Sce if the pores are present. What could be the function of pores? Pay attention

to the cavities containing Nostoc colonies or mucilage. What could be the
advantage of Nostoc colonies to the plaat? Look for the presence of rhizoids

and scales. Use Appendix 13 to aid in observation on details on the

photosynthetic and storage regions.

Record your observations by making outline diagrams of varioust thalli.

Undér a high power objective lens you can observe cellular and probably some
sub- ccllular features of different regions.- Note the Sh.lpu, siza, colour, cell
wall, cytoplasm, cellulaz arrangement cic.

These are the earliest and most primitive plants. Do you fiad vascular bundles
in the T.S. of thallus/erect axis? Make a drawing to show the anatomical
features and inciude finer details of the cells. . !

-l
-



Tabulate compata ®z account of the distinct features of the specimens
provided and ry to 1dent1fy them. Record your obsewaﬂons as given'in -
ILaboratory Report 13.

4

Marking Scheme

Section cutting - ' = 1 mark

Preparation of smear - ' . = 1 marks
" Line drawing, intemnal structure and description 1¥8 =8 marks
‘of specimens (fresh/permanent slide) of bryophytes

(mark 8 best only)

Identification (any 6} “ . ¥x6 =3 marks

Viva voce - 2 marks

Total 15 marks

Comparative Study of
Anatomical Featuras of
Some Representative
Genera of Bryophyles
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Type of section ~ thallug/ axis
. Types of cells — parenchymatous / any other

e Internal differentiation — differentiated into distinct zones/not differentiated,
number of zones/layers, photosynthetic cilorophyllous/non photosynthetic,
upper and lower regions, epidermis, corlex, central cylinder, rhizoids,
hydroids, leptoids o

Photosynthetic region — epidermis, column of cells — number of cells in a

column, type of cells, top cell, air channels, archegonia, antheridia, air

chambers, air pores, partitions, photosynthetic filaments — number of cells

Non-photosynthetic storage region — mucilage cavities, mucilage, cells with
pyrenoids, male and female organs, number of layers of celis in cortex, type of
walls of cells in cortex, central core, shape, retort cells, Nostoc colonies

-
Ch



| .LABORATORY REPORT - 13 -

Name:l ................................. En.r'ol. NO: vrvvvrvirircenr e,
Session: VIII - Date: cevvereerennnerennenoreeieiinanas
Time allotted: 4 hrs. o Time spent: .ue.vvevviveverencaceneen

EXERCISE 13  COMPARATIVE STUDY OF
] ' ANATOMICAL'FEATURES OF SOME
REPRESENTATIVE GENERA OF
BRYOPHYTES

1. Materials and Procedure

Describe the method of preparation of smear of thallus containing Nostoc
colonies.

2. Observations
‘Line drawing of speciméns
A’natqmj’ of specimens
Description
3. Comparative account of anatomy of specimens

We are sure that with experience gained in the previous exercises you will
be able to tabulate the features and record your observations.

4. Comments/Problems/Suggestion

"Comparative Study of
Anatomical Featutes of
Some Representative
Genera of Bryophytes
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EXERCISE 14 COMPARATIVE STUDY OF
ASEXUAL AND SEXUAL
REPRODUCTIVE STRUCTURES
OF SOME REPRESENTATIVE
GENERA OF BRYOPHYTES

141 INTRODUCTION

From the previous two exercises you got a fairly good idea about the
“morphology and anatomy of a-few genera of bryophytes. One of the most
remarkable features of these tiny plants is that their chief photosynthetic body
is. gametophyte. The gametophyte develops gametangia,-the structures that bear
--gametes for sexual reproduction. The gametes — egg and sperms are protected
in gametangia in the jacket of sterile cells. You may recall that in algae
gametes producing cells rarely have protection beyond the wall of the parent
cell. Algae also show isogamy, a primitive form of sexual reproduction, where
two alike gametes unite to form a zygote. Since bryophytes are advanced in
"compaxison to algae they show only oogamy involving an epg and a sperm.

The position of male gametangia — antlieridia and female- archegonia varies
from genera to genera. They may be embedded in a thallus, borne on stalked .
receptacles or borne on special branches. The plants may be monoecious or
dioecious in nature.

In common with all land plants bryophytes shelter and retain their embryo
within a protective body. The embryo develops into sporophyte. The spore
mother cells develop insige the capsule and form tetrad spores by meiosis. You
-will observe a progressive sterilisation of potential sporogenous tissue and
increase in protective tissue from liverworts to mosses.

In mosses the sterile tissue consists of a foot, a long seta and a capsule. The
capsule comprises — apophysis, its manyjayered wall, columella, wall of the
spore sac, peristome, annulus and operculum.

In this exercise you will examine reproductive features of some bryophytes.’
Prior Readings

For doing satisfactory work you must read the following before coming fo the
lab. You will not be allowed to carry the theory course blocks or any other
botany book with you to the lab, -

¢+ The course ""Plant Diversity — 1™ (LSE-12), Block 3 Bryophytes, Unit 14:
Reproduction and evolutionary trends in bryophytes, Scc. 14.3: Study of
reproduction in representative genera, p. 29-55, read sub-sections on sexual
reproduction only and Jook at the figs. 13.3, 13.4, 14.1 to 14.19.
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Objectives .
After doing-this exercise you should be abie__to_: |

o prepare the slides for examination of reproductive structures,

* examine, identify and describe the reproductive structures such as gemmae
cups, antheridia, archegonia and spore bearing structures in the materials
provided, - : )

° enumerate the reproductive features of the given specimens,

° compare the reproductive structures of the specimens provided,

° identify a genera on the basis of reproductive features and

° discuss the evolutionary trends in reproduction in light of the specimens of
algae and fungi studied in the previous exercises.

14.2 MATERIALS REQUIRED |

The bioiogy ‘laboratory kit

1.

2. ‘The biology studerit Jaboratory kit

3. Glycerine ' _

4. Safranine )
5.

Fresh/preserved plant materials of

Anthoceros with sporophyte
Funaria with sporophyte o

6. Permanent slides showing reproductive fedtures of
representative genera-of bryophytes

14.3 PROCEDURE

First you should observe the permanent slides focused by your coanseller
under the microscope. It should pe possible to identify a.bryophyte from the
structure of its thallus and gametangia. You will need to recall one or 1wo of
its characteristics of reproduction in bryophytes studied in LSE-12 course.

1. Dissection of female head of Funaria

Place the specimen in a drop of glycerine on a slide and observe under
dissection microscope. With the help of needles remove the leaves. Also’
remove periphyses and dissect out the head to separate operculum, perstome,

‘annulus and spores.

2. Dissection of capsule of Anthoceros

- Preparation of the above is little tricky. So you must work carefully.

Place the sporophyte on a slide with a drop of glycerine. Split it into two parts
by rumding a needle through it. Alternatively lower the cover slip and slightly
press or tap to expose. ' '

3. Preparation of whole mount

Mount the following parts separately in glyceriné and cover it with a cover |
slip. Observe under low and high power of compound microscope.



Funaric Comparative Study of

; . . : o - S i Repreductive .
W.M. Peristome . : Structures of Some
W.M. Annulus _ . : Representative Genera
W.M. Operculum - -~ ' _ ' . of Bryophyles
W.M..Spore. - ' ' ) -
Ai:t!iqceros _

W.M. spores

W.M. pseudoelators

144 RECORD OF OBSERVATIONS

You should make your observations on prepared and permanent slides as -
instructed below and draw a diagram of each.

1. Asexual reproductive bodies

Identify the gemmae cups, observe their position, shape, margins and detailed
structure. : ;

2. Sexual reproductive structures
Note the origin, position, shape, size, colour and number of antheridia and
archegonia. Also see if they are protected by some structures. Can you observe -
the cellular organization of the reproductive bodies? If so make.observations
and record. ' '
Sporophyte
Distinguish foot, seta and capsule and try to observe details of each.
Capsule

Note the shape of the capsule, its different cellllayers, epidernus, hypodermis,
meristematic zone, chlorenchymatous tissue, involucre, columella, air spaces,
trabeculae, conducting strands, spore sac, pseudoelators, stomata, spore mother
cells, spores, their number anc ornamentation.

W.M. Peristome

Try to distinguish layers of the peristome, number of teeth in each ring and
their size.

W.M. Annulus
(Observe shape and size of cells and number of rows of cells
WA Operculiun

Note its featlures and record.

o

- ) o " Asexuval and Sexual -
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Spores
Record their colour, shape, size and ornamentation.
Record your observations on the whole mounts and permanent slides as

suggested in the previous exercises. Make use of the terms given in Appendix
14 and submit your report in the format given ir Laboratory Report 14.

Marking Scheme '
Preparation of WM 3 marks

(mark best 3 out of 5-6) '

Observations on prepared slides 3 marks

(mark 3 best out of 5- 6)

Observation on permanent slides 10 marks

(mark any 10 slides)

Viva vace ' 4 marks

Total 20 marks




 Appendix 14 . B

Gametophyte — archegoniophoreé, antheridiophore, perichaetum, archegonia,
gemma cups, monoecious, dioecious, , antheridia, sterile jacket

Gemmae cup — position, origin, size, number, structure (stalk, main body,
-furrow/motch)

Antheridia and archegonia - origin, arrangement, position, shape, size,
cqlour,.margin, distinguishable regions, neck, neck canal cells, venter, venter
canal cells, egg, cover cells, stalk, androgonial cells

~ Sporophyte - posilion, size, colour, parts (foot, seta, capsile and their détails)

Capsule — peristome, spores, epidermis, hypodermis, chlorenchyma tissue, .
airspaces, trabaculae, columella, conducting strands, spore sac, spore mother
cells, psudoelators, involucre, calyptra, operculum, annulus, (shape, size,
number of rows of cells) spore-sac, jacket. peristomo inner and outer, teeth,
number, size, number of rings

Spores — size, shape, number, tetrad, ornamentation

Note: The above appendix should not be considered complete. Your counsellor may liclp
you to see-more details in the given materials and they must also be recorded.

Comparative Study of .
Asexual and Sexual
Reproductive
Structures of Some
Representative Genera
of Bryoplhytes
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LABORATORY REPORT - 14

Name: .coviviiiiiiiieiieine e Enrol. No.: ....... e S '
Session: IX : S DAtE: ..evumseeneeneeciannannn TR
Time allotted: 4 hrs. Time spent: ....... feaemnceasn. -

EXERCISE 14 COMPARATIVE STUDY OF ASEXUAL |

AND SEXUAL REPRODUCTIVE
STRUCTURES OF SOME
'REPRESENTATIVE GENERA OF
BRYOPHYTES

. Materials and Procedure

Note: You should write this section if you have used a method other than the one
given in the manual. Otherwise omit it.

. Observations

Well-1abelled dtagrams of W. M. of specimen 1 to ...........
Description of specimens

Well-labelled diagr ams of permauent slides ofspecunen 1to..
Description of slides

. Discussion

. Comments/Problems/Suggestions



EXERCISE 15 . COMPARATIVE STUDY OF
o MORPHOLOGICAL FEATURES
OF SOME REPRESENTATIVE
GENERA OF PTERIDOPHYTES

15.1 INTRODUCTION

Pteridophytes include an ancient group of plants that have survived till present
times. They include Iycopods, horsetails and ferns, The lycopods are probably
the oldest of vascular plants. )

‘The major advancement of pteriodophytes over bryophytes was the evolution
of specialized vascular tissue which enabled them to achieve larger size than
their predecessor. There was also evolution of microphylls and megaphylls as
the main organs of photosynthesis.

The life cycle of pteriodphytes involves a clearly defined alternation of
generations. The plants we observe represent diploid or sporophytic
generation. The sporophyte shows a horizontal undergound stem, called
rhizome and above the ground an erect stem. The plants bear roots, branches
and leaves/fronds. The conspicuous plant body forms spores in sporangia
which may be borne solitary, terminal, in cone-like strobili at the tip of stem or
" in the sporophylis. In ferns the sporangia are clustered togethet in the form of

. distinct sori. - ' -

The gametophytes are tiny-green microscopic structures bearing antheridia’
and archegonia. '

As you know pteridophytes are next to bryophytas in.eveluiianary hierarchy of ‘
land plants. The plants included in this group show a range of morphological

forms in spite of basic similarity in their life cycle. In this exercise you will

examine the morphological features of a few representative genera of

pteridophytes. : s,

Prior Readings

For doing satisfactory work you must read the following before coming to the
lab. You will not be allowed to carry the theory course blocks or any other
botany book with you to the lab. '

¢ The course “Plant Diversity - 17 (LSE-12), Block 4: Preridophytes, Unit 16:
Pteridophytes: Comparative morphology and anatomy, Sec. 16.5, p. 20-39. Read
the morphotogy of Psilotum, Lycopodivm, Equisetum, Selaginella, Preris and
Marsilea and go (hrough Figs. 16.7 to 16.14.
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Objectives
In this exercise you should be able to:

o follow an approptiate procedure for examination of a specimen of
pieridophyte for finding its characteristic morphological features,

¢ observe, make diagraims and list the gross and I' ne morphological features
of the specimens under study,

o distinguish among the genera of pten’dophytes on the basis of their
morphological characterisics and iy 2 identify them and

o exemplify gradual increase in complexity in their structure in view of
organization of thallus of aloae and bryOphyles

15.2 MATERIALS REQUIRED

e

The biotogy laboratory kit

The biology student laboratory kit

Glycerine '

Safranine stain

Fresh/herbarium specimens of pteridophytes

153 PROCEDURE

- Examine specimens one at a'time with unaided eye beginning from the base to

the apex. Also observe carefully the surfaces using a hand lens. You may find
réproductive structures. as well. First list the structures observed and then
examine the finer details of each. You may follow the procedure given in
Exercise 1 if you are working with fresh/ preserved specimens.

For systematic examination you should use Appandix 15. The terms relevant Lo
this exercise are listed in it. You may also look at the table given in Laboratory
Report 15 for making necessary observations.

15.4 OBSERVATIONS

You are expected to record observations on each specimen as follows:

1. Morphological features -
Make a habit sketch and write its description.

2. Structure of the parts
Draw the structure of each part as observed with hand lens

3. Comparative account of the genera studied
Compare the features listed in Laboratory Report 15

Precautions

1. Detach'the appendages carefully without causing damage to the plant.

2. A material should be kept in the centre-of a slide, while preparing a whole
mount.

J(_:



3. . Do not over stain the matenal

4. Remove excess of glycerine w1th the help ofa blotting paper.

Marking Scheme

Labelled habit sketches of the 6 specimens and their parts
(mark 4 best out of 6) ‘
Description of the specimens

Comparative account of the 6 specimens

Identification of the specimens

Viva voce’

= 4 marks

Vs x 6 =3 marks
=3 marks
16 %6 =3 marks
=2 marks

Total. 15 marks

Comparative Stud5 of

.Maorphological Fealures

of Some Representative

Gencra of Pleridoplhyles

.y |
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Appendix 15

General appearance - s.lender, tufted, bushy, delicate/stout, herb/shrub

SizefDimensf_ons- big/small, actual measurement

Colour - green/bro wn/black/any other ' - 2
Main parts — erect system, prostrate system — rhizome — surface, size and °
other details, rhizoids — short/long, origin, rhizophore — short!longr‘creepmg,

roots — origin, nature — fibrous, slender, cluster, adventitious

Erect system — main ams!swm—ndces furrows, branched/unbranched, nodes,
internodes, leaves, fruxtmur bodies

Branching - sparsefprofuse, monopodial/ dichotomous

Leaves - inconspicuous/conspicuous, size, arrangement, nature - scaly/thorny,
types (if more then of one kind) - microphyll/megaphyll, simple/compound,
leaﬂets pmnate;"pa!rnate lamelia and its surface, venation, cell strucure

Appendages - ligule/any other, glasspodium,sheath

Spore-bearing bodies —syn angmnﬂstoblhfsonfsporocarp their arrangement,

. position - axialfterminal/lateral, on leaves - sporophylls, shape, colour, size,
solitary/in groups, protective structures (present/absent), sporangia, spofes,

uniform in size (homosporous) not uniform in size (heterosporous), shape, -
number

Note: The above appendix should not be considered complele. Your counsellor may help
you fo observe more details in the given materials and they must also be recorded.
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Comparative Study of

(1)  Nature {(microphyllous/megaphyllous)
(ii) Origin §
(iii) Type (simple/compound)
(iv) Size -
(v} Shape
(vi) Arrangement
- {vii) Venation
7. Root
8.  Spore producing structures
(i) Position
(1) Shape .
(1) Arrangement (solitary/in groups)
(iv) Protective structures (if any)
{v) Spore size
(vi) Spore shape
(vii) Spore nuinber

Morphological Features
of Some Representative -
Genera of Pteridophytes
NAME: 1iveiiiniiii v v varaann Enrol. No.: cccoovviiiniiiinnnnen.
Session: X _ Date: coiveeiniaiiiiiiiiiiiaiieanae
Time allotted: 4 hrs. _ - Time spent: .ocouvevriirenviicnnne.
EXERCISE 15 COMPARATIVE STUDY OF
MORPHOLOGICAL FEATURES OF
SOME REPRESENTATIVE GENERA
OF PTERIDOPHYTES
1. Observations
Labelled sketches of specimens 1 to 6 and their parts
Description of specimens 1 to 6
2. Comparative account of the morphology of specimens 1 to 6
Specimens i
Teatures 1 2 3 4 5 6
1. Habit
2. Size of plant _ ‘
3. Degree of differentiation
4.  Stem surface and other surfaces
5.  Type of branching
6. . Leaves

o]
sl
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EXERCISE 16 COMPARATIVE STUDY OF
ANATOMICALFEATURES OF
SOME REPRESENTATIVE y
GENERA OF PTERIDOPHYTES

16.1 INTRODUCTION

In the previous exercise you examined the morphological features of some
pteridophytes. In this exercise you will continue with their study and examine
anatomical features of stem, rhizome, roots, leaves and rachis in detail. While
you do this exercise, it is important (o keep in mind that pteridophyles are early
vascular plants that show origin and evolution of stele. You will recall that
stele is the central core cylinder axis in sporophy[lc plants. The primitive
smplest stele is found in all living pteridophytes in the sporeling stage and is
retained in some pteridophytes till maturity. The siphonostele is found later in
the evolutionary sequence from which a variety of steles evolved when the
vascular cylinder diverted into a leaf or branch. Therefore you must pay
attention to the stele of the specimens under examination and also learn to
identify their type.

Like stele, first simple leaf appeared in early pten’dophytes. Later the two kinds -
of leaves — microphylls and megaphylls and very large leaves of ferns evolved.

We believe-that this is a very important and exciting exercise because you get a
chance to see internal structure of early vascular plants that led to the evolution
of higher plants. .

Prior Readings

For doing satisfactory “ork'yfou must read the following before coming to the
lab. You will not be allowed to carry the theory course blocI\s or any otiter
botany book with you 1o the lab.

¢ The course “Plant Diversity - I" (LSE- 12) Block 4: Pteridophytes, Unit 16:
Preridophytes: Comparative morphology and anatomy, p. 17-39. Read the sections
on internal structure and carefuily sce the figures showing their anatomy.

Objectives
In this exercise you should be able Lo:

o prepare W.M.{ sections of parts of pteridophytes for examinalion of the
finer/anatomical featlures,

¢ cxamine analomical details of leaf, petiole, rachis, rhizome, stem and roots
of a given pteridophyte, make diagrams and describe them,

¢ distinguish between the sections of root and stem of pteridophytes,

o make a comparative account of the anatonucal fealures of pteridophytes
under study,

e point out the features th'lt are unique 1o a genera,
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e identify a given pteridophyte on the basis of its anatomical features,
distinguish different types of stele and _ :

e distinguish between non-vascular and vascular plants on the basis of their
anatormucal features.

16.2 MATERIALS REQUIRED ‘

The biology laboratory kit

The biology student laboratory kit

Glycerine )

Safranine

Fast green

Pith (pieces of potatoestalon ‘opis stem)

Fresh/preserved specimens of some representative genera of ptendophytes
Permanent slides showing the anatomical features of pteridophytes

el R o

16.3 - PROCEDURE

The materials provided in this exercise are quite familiar to you since you have
examined their morphology in the previous exercise. To study their finer
details/anatomy you will prepare whole mounts/cut sections of the parts as
given below. '

Whole mounts
Prepare W.M of the f_ollowing'p_arts:

Rhizophore

Leafl _

Peel mount (1o see stomata)
Young sporophyte '

Place the material on a slide under dissection microscope. With the help of
forceps detach carefully the parts you would like to examine. Prepare the
whole mounts in glycerine and stain them with safranine and fast green stains
like you did in some earlier exercises. If a part is more than one cell in
thickness, it would be difficult 1o see its features in the W.M. Theérefore cut
thin sections of the thick materials. You may also think of an innovative
method to study their anatomy. Tty it out.

Seetion cuiting
Cut T.S. of the following parts

Stem
Rhizome
Leaf
Petiolz
Rachis
root



Take a piece of potato or Calotropis stem to serve as pith. Make a slit and keep
the part of the plant you want to SeCtIOI'l Make sure that itis placed in correct
orientation so that you get sections in ‘the desired pIane Try to cut thin séctions
of the material using a razor blade. Transfer these sections to a watch glass or
petridish and stain them with safranine and fast green stains. Remove excess
stain by washing the sections in another watch glass: Transfer the section on a
slide with a brush and mount in glycerine. -

16.4 RECORD OF OBSERVATIONS

Observe the whole mounts and permanent slides of the specimens under low
power objective of the compound microscope. Begin from outside and
gradually move towards the centre. Try to distinguish various layers/tissues.
Make outline diagrams of the preparations and label them.

Now study each slide under high power of microscope and critically observe’
the organization and structure of the cells from the periphery towards the
centre. Note the arrangement of the cells, their shape, size, cell wall and other
visible features in different layers. ‘

The sbecimens:’slides along with the features are given below. The features
given are not in any sequential order. Identify your specimen by comparing its
features with the following:

Pstlotum

T.S. of Rhizome
Phloem, inner cortex, xylem,-cuticle, endodermis, epidermis, middle
_cortex, ouler cortex, fungal hyphae
“T.S. of stem
Endodermis, stoma, cortex, cuticle, outer cortex, inner cortex, middle
cortex, Xxylem, phloem, epidermis

Lycopodium

T.S. of stem
Inner cortex, endodermis, xylem, phloem, middle cortex, outer cortex,
epidermis

T.S. of root
Inner cortex, xylem, outer cortex, phloem, epidermis

Equisetum

T.S. .of stem (nodal region)
Endodermis, vallecular canal, chlorenchyma, sclerenchyma, stoma,
epidermis, protoxylem, metaxylem, phloem, pith, carinal canal

Sclagir:el.[a

W.M.of rhizophore
Epidermis, cortex, xylem, phloem, endodermis

Comparative Study of

.. Aﬁa_tomica.l features of

Some Represenlalive
Genera of Pteridophytes
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_T.S. of stem

Trabeculae, cortex, ben’cycle, epidermis, xylem, phloem, stele

WM. of leaf

Mesophyll cells, air spaces, stoma, vascular bundle, epidermis (upper and
lower)

Marsilea

T. S. of rhizome

Cortex, acrenchyma, phloem (outer and inner), endodermis (outer and
inner, pith, xylem, septa '

T.S. of petiole

Sepla, aerenchyma, xylem, phloem, endodermis

T.S. of root

Endodermis, philoem, protoxylem, septa, metaxylem, epidermis, cortex

Pteris

T.S. of rhizome
Hypodermis, root trace, meristele, cortex, phloem, epidermis, xylem .
endedermis, pericycle

T.S. of root :
Pericycle, erdodermis, outar cortex, inner cortex, metaxylem, protoxylem,
root layer, epidermis

T

S. vt peticle

Corlex, xylem, phloem, pericycle,endodermis, epidermis
!

T.S. of rachis _
Cortex, xylem, phloem, pericycle, endodermis, epidermis

Precautions

1. Cut thin sections of uniform thickness.

2. Do not overstain the sections. .

3. Always cover sections with a cover slip before observing them under the
compound microscope., '

4. Remove excess glycerine around cover slip with the help of a filter paper.

5.

Place the cover slip in such a way that no air bubble js trapped in glycerine,



Marking Scheme -

Preparation of W.M. of specimens
(mark 1 best only)

Section cutting

(mark 3 best only)

Line drawing of anatomical features of specimens
(mark 3 best only)

Observations on permanent slides
mmark 3 best only)

(dentification of specimens

‘mark 6 only)

Viva voce

= ] mark

13 =3 marks
I¥3 =3 marks
Ix3 =3 marks

‘/2><6. = 3 marks
2 marks

Total 15 marks

CompatutldgStidysf
* Atintornical felturés of
~Some Representafive
Genera of Pteridophytes

95
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Appendix 16

Ty pc_bf stele — Haplostele, actinostele, plectostele, siphonostele, dictyostelc,‘
protostele T :

Note: The terms relevant for this exercise are givén in text therefore they are not
repeated here, '
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Time allotted: 4 hrs. : ‘Time spent: veevevereeess reeerenaste

EXERCISE 16 COMPARATIVE STUDY OF
o ANATOMICAL FEATURES OF SOME
- REPRESENTATIVE GENERA OF
- PTERIDOPHYTES

1. Materials and-Pro‘c‘edﬁre
“Technique(s) u_séd for slide preparation (W.M., section cutting, smear etc.)

Note: You should write this section if you have used 2 method other than the one
given in the manual. Otherwise omit it.

2. ‘Observations

3. fédm'pﬂr‘ative accﬁunt of the anatomy of s'pecim_ens 1to5 ~
- " Specimens
'Features_ - i 2 3 4 , 5
' Rc:;fi)t
Rhizome
Stem/axis
Leaf

i4. Comments/Problems/Suggestions
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EXERCISE 17 COMPARATIVE STUDY OF
REPRODUCTIVE STRUCTURES .
OF SOME REPRESENTATIVE
GENERA OF PTERIDOPHYTES

17.1 INTRODUCTION

You learnt that pteridophytes like bryophytes also have two distinct generation
in the life cycle: gametophytic and sporophytic that alternate each other in
regular succession. The gametophytes are microscopic in size and short-lived.
The male and female gametes are produced in antheridia and archegonia
respectively. Like other embryophyte, the zygote gives rise to a multicellular
embryo that undergoes its early development within an archegonium or an
embryo sac. Since this phase is microscopic, it is difficult to procure materials
for laboratory study. You will be given a whole mount of gametophyte
(prothallus) to study the reproductive features.

Pteridophytes show a distinct advancement over bryophytes. The dominant
sporophyte is organized into root, stem and leaves. It can synthesize its own
food. You may recall that in pteridophytes the sporangia are either born on a
terminal shoot called fertile axis or on leaves called sporophylls. They may be
organized in a cone like structure called strobilus. The study of reproductive
structures of a specimen may help in the identification of its genus. You may
recall that spore-bearing structures are varied in pteridophyes. One of the
remarkable features they show is the transition from homospory to
heterospory. You should semember this fact while examining them.

Insthis exercise you will examine prothallus with antheridia and acchegonia and
different spore-bearing structures of plants. On the basis of their distinct
structure and arrangement you will try to identify the genera.

Prior Readings

For doing satisfactory work you must read the following before coming to the
lzb. You will not be allowed to carry the theory course blocks or any other
botany book with you to the lab.

¢ The course “Plant Diversity — I’ (LSE-12), Block 4: Pieridophytes, Unit 17:
Pteridophytes: Comparalive Study of Reproduction in Pteriodophytes, p. 49-78.
Read sections on Psilotum , Lycopodium, Selaginella, Equisetiun, Pteris,
Marsilea and look at the Fig. 17.1, 17.4, 17.7, i7.12,17.14, 17.15 and 17.18.

" Objectives
After doing this exercise you should be able to:
¢ examine, identify and describe the reproductive structures of pteridophytes,

e examine the reproduciive structure of a pteridophyte in a given slide, make
a diagram of the structure observed and describe it,

¢4
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compare the gametangia and spore- bearing structures of different genera of

. pteridophytes,

identify the specimens on the basis of reproductive structures observed and
exeniplify the evolutionary trends in pteridophytes in light of the
specimens examined.

17.2 MATERIALS REQUIRED

1. The biolbgy laboratory kit
2.
3. Permanent slides of some representative genera of pteridophytes showing

The biology student laboratory kit

reproductive features

-17.3 PROCEDURE AND OBSERVATIONS

We hope that by now you can make observations on the featurcs of a specimen
in a slide. The permanent slides given in this exercise are listed below along
with the features you may observe in the sections of specimens provided to
you. Make observations on each slide and match the observed features with the
list and identify the reproductive organ. Réport your results by making diagram
of the slides and describing them.

Synangium

-Spores

Tapetum

Spore mother cells
Septum

Lobes

Strobilus

Sporophyll
Sporangium
Microsporangium
Megasporangium
Ligule
Microsporophyll
Megasporophyll
Spores
Microspoie
Megaspores
Spore mother cells
Stalk

Disc

Leaf

Annulus
Sporangiophore
Sporangia



Sori

5

+ Sporangia

Receptacle
Stalk

- Spores

Annulus
Stomium

Prothallus

Archegonia
Antheridia
Prothallus
Rhizoids

- W.M. spores

Exine
Intine

~ Spore’

LElaters

Sporocarp

Gelatinous ring
Placental vascular supply
Indusium
Megasporangium
Microsporangium
Receptacle

Cumpamuve Sludy of

- ReproductiveStructures
of Some Representative

_ Genera of Pteridophytes

Identify the genera on the basis of the structures observed. You should use the
terms listed above in making your observations. A separate appundlx 15 not

provided, as it is not necessary.

Marking Scheme

Well-labelled diagrams and description of |

observations on slides
(mark 10 best only)

Identitication of reproductive bedies and the gencra

(mark 10 best only)
Neatness in work
Yiva voce

1x10 = 10 marks

¥x10 = T marks

2 mate
3 marks

Total 20 marks

10!
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LABORATORY REPORT - 17

NAmMe: ceveniiiiiiniirrreee e Enrol. No.: cocoiiiiieiiiiciiniin
Session: XIT Date: cuverrereereiseriesenereenss
Time allotted: 4 hrs. Time spent: . cooiviiviinicviiannan.,

EXERCISE 17 COMPARATIVE STUDY OF
REPRODUCTIVE STRUCTURES OF
. SOME REPRESENTATIVE GENERA

OF PTERIDOPHYTES.

1. Observations
Labelled diagrams of permanent slides examined

2. Comments/Suggestions
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BLOCK 24" HIGHER PLANTS

This block pertains to the lz'zborator-_',r exercises on higher‘planls about which -
you have studied in the Plant Diversity — II Course, Course code: LSE—13.

Block # 2A & 2B : Design; and purpose

This block (#2A) i$ accompanied by Block # 2B, entitled ‘Key and Glossary’.
Block # 2A, the one i your hand, is designed to serve two purposes : One as
yowr self-instructional learning material; and fivo, as your work-book-clun-
record-book. Biock # 2B would be your chief resouirce book for this course,
and you would be using it extensively for the taxonomy related exerdises. In
addition, it would also serve as your reference book after the completion of this

- COUISE.

Credit weightage of l‘a‘b work on higher plants

The lab course on higher plants has a total weightage of 2 eredits, requiring
abour 60 routs of your working time. In terms of days, it involves 6 days of
learning by working through the guided exercises, followed on the last day by~
-a formal assessment — by means of unguided exercises, coupled with the
evaluation of your Project-Report. More details regarding the *formal
assessment component’ are given balow.

Lab. Curriculum of these 2 credits

- The com[ioncnts .
As reflected in the content page, guided exercises (# g) and project wozk
(# p). constitute the learning component of the curriculum on higher plants.
The evaluation (# ¢) of 1 a) your performance in the unguidad exercises;
and b) vour Project-Report, constitute the formal assessment component.

- Successful Completion of Course
'or carning these 2 credits, it is essential to successfully completz all the
above-mentioned three components : #g, #p, and #e. '

How to go about

o The-exercises, 27 in number, are given in this block. As stated earlier, this
block has been designed as a work-book, meaning thereby that you have to”
record all your observations in this book itself. You can use additiona}
sheet(s) wherever needed, but don’t forget to attach it/them at the right
piace in the work-book. ]

o Each exercise begins with the date and session # recording, followed by the
time allocated for the exercise. In some of the exercises, at the first glance,
you may think that the time allocated is too short for the given numbers
and kinds of tasks. It’s true, time is a constraint, but the right strategies
should sce you successfully through any or all kinds of consiraints. We
have suggested some.effective ways of working, and time management,
cither in the Study Guide or in the texl, in the cxercises where we thought it
was required. "And we believe that by using these sirategies, you should be-
al v to complete all your exercises in an easy and enjoyable manner.




» Projeci-work has been slotted as Exercise # 28. Detailed guidelines are
given on page # 5, but one Juggcﬁtowcd?putﬁwzﬁnlulgwofﬁwprqect work, iy
that yow coudd take it up well ahead of the lal- cowrser. The first reason being
that you ivould need your Project-Report at tlie time of your formal
assessiment or examination, slated for the last day of this lab course. The
other reason is, that it may not be convenient for you to handle both the lab
work and project work at the same time. :

o Another point-about your Project-Report! You would have to make all
your project-work related recordings separately, as no provision has been
made for this purpose in the work-book (Block #2A). The vast range of
probable topics, the approaches that could be taken,, and the consequent’
findings and outcomes are Lhe obvious reasons for doing-so.

Objectives
Afier completing this pii' of the lab course, you should be able to:

o gjve a brbad overview of the diversity pertaining to higher plants;

o select, and use the right tools and techniques for studying the
morphological, anatomical, taxonomical, and economic botany-related
aspects of higher plants;

o describe and illustrate the specializations related to the above-menticned
aspects (morphological, anatomical, ............... ) in the representative
plants that you studied;

o handle, study and mterpret any unfamiliar higher plant material prowded to
ycu; and

o make an in-depth study on.a selected topic on higher plants lhrough project

work, and present-the outcome in the form of a Project-Report.

Attention:

Dear Student Block 2 is-being printed in three blocks:

24, — will contain Gymnosperm and Anatomy from Page (1 —240),
2A; — Economic Botany from Page (241 —428),
2A; — Taxonomy and Economic Botany from Page (429'- 594).




EXERCISE2S PROJECK WE)RK L

’

‘What? ................l. '. ..the. last exercise.of the course, here
in place of the first exercise .....ooovveene.. ... ?.Perhaps a prmtmg and bmdmg
mistake!!” — these may-be- thc thoughts crossing your ming.

:Dear. learner, this is.a well thought-bf ‘intentional mistake’.committed with
‘the sole purpose of catching your aftention aad getting your thought-process

rolling, so that you plan and begin working on this exercise, ahead of this lab
course. :

Time of submission of@rq;ect Report (BR): In the Txamination Session: of this course on
fiigher plants. It would be on the fast day of thelab course.

-Structur_e Page No.
28.1  Whatis project work? ..., -5
282 Whatyouhavetodo? ... 6
28.3 How ‘big’ hasthe project to be ..oovvvevvvneeieeeeerneen.. 6
28.4  The weightage for project-work ........cccoocoeveiennn..... 6
28.5 When to do the project work .........ooooiviiiie 7
28.6  Steps in effective project work \..........co.ooiiee. 8

28.7 Some suggested themes ........... ROV 12

981 WHATISPROIECT- WORK?

Laboratory exercises and project work are the two main and compulsory
components-of the lab course on higher plants. While the Taboratory
exercises are structured activilies, the project work is an independent arca of
-enqulry and investigation in your area of inlerest. PIO_]CC[ work is a typeof
action-oriented research that includes clements of planning and designing. By
including project work in this lab course, our objective is not just to give you a
feel of research work, but also develop your ability to analyse and evaluate
your observations. As you begin and gel involved with the project work, vou
will find that it hones up your earlier known skills and develops some new
skills; it encourages you to think and develop an insight in the area of study;
discover solutions to problems; and develop your interpersonal ard
communication skills. Taking your own decisions and successfully complctmg
a project gives you self-confidence and, more importantly, a sense of
achievement!

For us, it is a very encouragmg and a satisfying feclmg that you wili be going
beyond what you learnt through the related theory course, i.6., LSE-13.
Through this project work, you will be locating information in your area of
interest, organizing and analyzing it, and then writing down your obscrvations
and results of your expenimental/exploratory work that you obtained afler

applying different approaches such as surveys, interviews, case study and 50
on. :
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28.2  WHAT YOU HAVE TO DO?

You are required to choose a problem or theme related 1o the topics covered in
the carresponding theory course on Higher Plants — Course Code: LSE-13,
Some suggestions for the problems/themes are given in Scetion 23.7 for your
guidance. Howevér, none of hese suggestions are sacrosancl. You can
definitely think about and work on a new prablem/theme which is not
meitioned in our suggestions'— we would appreciate that!

28.3 HOW ‘BIG’ HAS THE PROJECT TO BE

We expectthat you choose some activily that can be completed in aboul 30
hours time. If you can spare on an average two hours a day, you can spread thi
work over a period of about 15 days.

This 30 hours is the total time in which you have 1o carry out all the steps
starting from identifying the theme and (he topic, fine-tuning the topic til} the
complction of writing of the PR (Project Report). Remembear! There : are lot
many steps i between these twe- ends'

The Project Report of about 3000 words {~ ?0 p'\ces) is required t¢ be
presented on the |ast day ofthis fab course, i.c., althe time of your-assessment
of the ungnidéd exercises.

284 THE WEIGHTAGE FOR PROJECT WORK

The weightage for Project Work is 15 marks.

The evaluation of your project work comprises evaluation of ibe PR and
reldted viva-voce to be conducted during your practicalexamination session.

“The break-up of these 15 marks, from the point of view of evalualion, is as

follows:
Marks out of I5
1. Plannmg 2 marks .
Clear objectives and a clearly dir ected plan ' .
of work , . :
2. Procedure © 2 marks
The means and ways to achieve the objectives
of the project
3. Data Collection, Observation and Recording 2 marks

Systematic and correct methodology . ' !

4. Results . _ © 1 mark
. The findings of the report



5. Discussion and Conclusions . 4 marks
Interpretation, logical analysis of data,
exploration of literature

6. Presentation : 1 mark .
The style and clarity in presentation,
Bibliography and other aspects

7. VivaVoce S 3 ruarks
Clear and thorough ma’e:s!a;rdmg aboui
the topic, coherent presentation of the
details asked for, communication skills. -

28.5 WHEN TO DO THE PROJECT WORK

As suggested in {he previous section, you require about 15 days’ time when
you devote nearly two hdurs daily 6pn your project work. And if you have
already looked at the schedule of the lab course, you may not find it casy time-
wise and energy-wise to work on your project during your iab course. And
since, you have fo bring in your PR for cvaluation on the last day of the lab
course, you need to complete your work ahead of the iab course. The best way
would be to start your project work as you |egistcr for the lab course at
your study center. To make it clearer, supposing you find out about the daic

“ when the lab course begins, and you give your consent to attend the same, at
that time you can have preliminary discussions with your Counsellor, who
would be your guide, about your proposed project work. And thereafler, you
could start your work on it. You can scek all kinds of guidance and
clarifications from your Counsellor. You arc also welcome to interact with the
facuity members whose names are given below, through e-mail or telephone or
letter, or by visiting our ‘Head Quarters at Maidan Garhi, if you ere based in
Delhi and it 1s convenient to you. The detalls for conlact by ihe above modes -
are gwen below : :

Name of faculty members: - Dr Amnta Nigam

Dr Jaswant Sokhi

e-mail addresses: | amuifaasthanaf@hotinail.com
ot : Loklllﬂlﬂnou ac.in; 150k;1|f5“101n‘.al| com

Postal address: School of Scienccs,
' Indira Gandhi National Open University,
. Maidan Garhi,
New Dellu —~ 110068.

Office telephone no.: ' 26857067 (STD Code 031}

Days and hours of contact
" through telephone, or -
personal visit {(with
piior information): = - - From Monday to Friday
v between 10.00 a.m. and 3.00 p.m.

Project Work
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286 STEPS IN.EFFECTIVE PROJECT WORK

Before hstmg and elaborating on the various steps of prcuect work, we draw.
your attention to the word ‘effective’ in‘the above title. Its relevant dictionary
meaning says — producmg the intended effect’, and ‘making a striking :

‘impression’. This terminal pro_]ect of your Bachelors Degree Progra.mme.ls

expécted to be of this order! This'is achlevable with an.honest, sincere and
disciplined approach - '

‘The foilowing four steps are involved in any science-based project work:

i) Preparation of a detailed plan of the project work
ii) Conducting the project work

"iit) Analyzing observations and dravnng conclusions

w) Wntmg the Project Report (PR)

1) : Preparahon of a detailed plsn of Project Work

This is the same as preparmg a pro_lect proposal Ttisa descnptmn of what you

' hope to achieve and how you intend to go about it. To elaborate it further, it

involves jotting down- briefly the objectives of the proposed work, and the

-methodology. to be used.

~ This stage is veéry crucial, therefore don t rush over this stage. Takmg t1me to

think through the project beforehand can save you from much nf the anxlety
and overwork later.’ .

For drmi.ring out a p’ro;ec't plan, first g'o through the suggested themes #1-24

-givenin Section 28.7. Choose the one which interests'you and you-think you

. can handle You can also select a new theme, other than the ones mentioned
. here ) Lo —

' Decide on the area, ie., place/community/village/forest a.reaffactoryfinsti_tution-_

and so on,; where you want to work. If your work is based on any institution, or

-~ industty your Counsellor'may be able o guide you as ta whom to contact
. the;re

Visit your area of work in advance to get an idea of the ground situation: *

Take a demsmn on the approaches and strategles you would use to collect the

: lnfonnatlon or the data

After all these, puf down your project ﬁroposal in about $00-600 wofds and
showit to your Counsellor for advice and feasibility of work. You may fine
tune your proposal on the basis of the suggesnons received.

We would like to draw your special attepgion to the following points: You
should not be over-ambitious while selecting a project topic. Choose a project
that you feel confident’about and think you can handle. Your project ficed not
be earth shattering or mind boggling. Approach your project with an open
mind. The reason-being that most profound observafions in science were made
by schtlsts when they approached science (nature) with humlhty and with an
upen/and free mind. There are plenty of examples to supportwhatve havesaid,



_ for instance, you might have heard the stories of great scientists — Archimedes, Projeet Work
Edison, and Newtor. Another point you should keep in mind is that n6 one has

all the answers to all the questions and everyone has some problem 4t some

stage o1 the other. Do not hesitate to discuss your ideas and doubts with your

Counsellor at any stage of your project work, B

1) Conducting the Project Work .

Once your detailed project plan s prepared and approved by your Counselleor,
you éan begin work on the theme in a step-by-step manner. Focus on only one
aspect at a time, and never allow yourself to be side-tracked, as time is too

short for any fascinating secondary aspects that you may come across. -

For a project involving field-work, visit the area that you have chosen for
collecting the data. Collect the relevant information say where the factory is
located, where the plants you are interested in are grown, who are the people
involved in collection, what are the names of the plants your grandmotlier
mentioned, procure the statistical data if needed, and so on. The various steps
for conducting the project work would depend on the topic.

Using a diary/laboratory notebook for record keeping — You must
keep adiaryora laboratory notebook, in which you should record the
experiment(s) you performed and the observations made on any particular day,
and the results as you obtain them. You should also enter any
obstéclesfsnagsz’problems that you faced, your thoughts on how to overcome
them and-the things you wish to remember to do at a later date. List the points
you wish to check on, in the library, or anything you would like to ask your
teacher. - '

“Interim evaluation and modifying the project - As you proceed with
your project work, you should monitor your prog?ess regularly. Don’t leave the
analysis of your results to the very end. Instead, camry out preliminary analyses
too. This will help you to modify your experimental/exploration work, if you
feel you have bitten off more than you can chew, or iIf some unforeseen
difficulties have cropped up, or you find something really interesting and
unexpected, and you decide to follow that up, instead  of your original aim.
All these are valid reasons fgr modifying your project. You may say, we are
now advising you against sticking to the original topic and design. Remember
there is a fine line between sh wing perseverance and inflexibility. As a
student of science, you need to.constantly evaluatc your progress, and think
about whether to continue as intended, or change track/make certain additions
or deletions in your work.

Ethical considerations - While pursuing your work on scientific lines,
never compromise on the code of conduct of that particular place, along with
the relevant ethical considerations. Never cause any suffering or inconvenience
to any living being during the course of your work. While interacting with
people personally or through questionnaires, don’t ask unduly persondl
questions. Also do not cause damage to the environment, for example, by
uprooting plants in large quantities. Take care that (he rare plants are not
completely eliminated, or the ecosystem is not dislurbed or harmed in any way.
12 case you need some plant material from a private garden or farm, or a wild
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- bridging the gaps, you should work on to conclude from your findings. Side by

area declared as a protected-area, seck the necessary permissions for procurir -
the plant materials. Coming back fo the data collection part, please do riot
‘copy’ the ‘story’ from any book. It would not only be unfair, but you woulc
miss out on the intended development arid expansion of your mind. Yes you
can refer to the literature available, and freely get others’ views on the subje:i
but one major aim of your doing the project work is that you add your
perspective too to the chosen topic of study. One more important point, don’t
forget to acknowledge the source of data/information 1hafy0u have used for
your projecl work. :

Safety considerations — Your safety is our prime concem on anything
you do regarding your project work. Take all precautions and steps to ensure
your safety — in the field, at home or in the lab. Ensure that you let your -
parents!famlfy know where vou are, Whenever you go out in connection with’
your project work. Do not taste or sinell any unknown or a chemically
plesewed plant material. It could be poisonous or injurious te your health.

iii) Analyzing observations and drawing conclusions

After collecting substantial data/information, retumn to your desk and table.

Start compllmcr all the information that you have collected in various forms-

such as in lables, in c}u'onolo01cal/a1phabct1cal order, linking and fitting- in the
related pictures/graphs/iflustrations, and organizing the contents to construct
some meaning out ofit, and see if they fulfill your objectives of the project

work. If there are any gaps in your data/information, complete them. After y
side, plan the layout of your PR. Make sure you leave plenty of time to write
down your PR. -

iv) Writing the Project Report (PR)

When you reach that wonderful stage of having completed your field work or '
data collection, surely there would be a sense of satisfaction. Well, the next
stage, when you put everything down on paper can be both challenging and
time-consuming. '

Before beginning to write the report, you must first think about how you would
like to organize the report. Suggested headings for different sections of the
report are dealt with after the following paragraph. It would be of great benefit

to first collect the information/materials on the following at one place. T

o The hsl of tools and techmques used
e Original and English/Hindi franslation. versions of materials when workmg

in any regional language like the local names of plants and varieties,” local -

- terms for various products, technical Processes and so on
o . Data orgamzcd in the form of tables
o Analysis and conclusions on the basis of the observatlons
o ' Herbarium sheets of the plants that you have collected
o Samples of economlcally useful products you have collectcd Keep them in -
~ small plastic bottles/card boxes or in other ways, and label them
o Detiilbrochures from factories/industries/institutions you had vlslted
o Photographs of the area in which thg conccmed plants!trees are grown and
ihe places where tliey are processed : : '

.



. e e T - Projecl Work
The basic elements di‘a_scien_tific PR usually include the following in one form
or the other:. -

» List of contents

e Introduction .

«  Materials and Methods

* Procedure )

» Observations

¢ Results and Discussion

« Conclusions

» Bibliography

However, tl2re can be some variations in the above, from one theme to
another. You can club two or more headings, and likewise make any changes
as per your heed. Now, we snall explain in brief as to what we mean by the
above mentioned headings in the context OE{ PR. :

» Listof contents — This is the route map of your PR, and has to be placed
- fust of all. You counld write this out in the same way as we write the
structure vf any unit/exercise. Indicate page numbers corresponding to each
- section/subsection in the final PR. Though it is the first page, it is the last
. one 10 be prepared in the PR.

~* Introduction — [t entails the description of the topic/theme and about the
place of exploration/study. It needs to reflect on as to what the project aims
to achieve, and why this topic fascinated you to take up as a projecl. The
objective should be clearly listed after the Introduction. The introduction
can also include the reasons of any modifications made in the project work,
and their precise explanation.

* Materials and Methods - The various materials, tools used/chemicals
prepared, and describe the way these were used.

* Procedure - I1 consists of how you went about the various steps and stages
of the project work, the techniques employed for study/exploration/data
collection; and Lhe timing of the project work.

B Observatibns —This involves description of what actually happened when
. the project was conducted, note what all you felt and perceived in the form
of description-and data,

» " Results and Discussion - It is the elaboration of the facts that you learnt in
© relation to your theme. If you felt thal™he results you obtained were
influenced by some special factors, those must be discussed in detail under
this very heading. Similarly, there would be some feafures or.aspeclts you
might want 1o explain or highlight, this is the place in the PR to do this.

* Conclusions ~ It'is the sum-total of vour project work, what you have learnt
or what the outcome of your work is, in a summarized form.

* Bibliography — Prepare and attach a list of the literature/references/sources
' of information consuited. These details should be complete in the , . .
- following aspects. Authors name(s). name of the editor(s) if any, year of o
publication, title. page numbers, publishers, country where published.”
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287 SOME SUGGESTED THEMES

¢ o 4 & & a »

" You have two very broad canvases for selecting your project theme. One is

Angiosperms, and the other is Gymnosperms. First, choose any one of them.
Next, decide the aspect of study you are interested in — the economic aspect,
the morphological and anatomjcal aspect, or the taxonomic aspect. :Each-of
these three aspects has many sub-aspects, or may be sub-sub-aspects. For r

.nstance, if we take the first one, i.e., economic aspect, its one sub-aspect can
~ be medicinal plants, and its sub-sub- -aspect can be — i) the listing of the -

endemic planis; ii} the process of drug manufacture from a resource plant; and
iif) the current issues of i importance, and so on.

- After these general guidelines, some themes in outline form and randomly

amranged are given below:

i) Endemlc med1cmal plants

° ‘Endemlc and ‘medicinal’ ase the key words in this themeit is essential to
first understand their meaning
Highlight the phytogeograply and climatic cond.ltlons _
Find out about such plants from local people, your family members, local
farmers. About 25 plants would be a fairly good number -
o Tdentify the morphologmal postion/structure of the economically useful
.- plant part
* I,nfonnahon regarding the medicinal use, precise method/way of
consumption of the ‘medi 1cme , 1s it 'to be taken alone or together with~
. something else
¢ - Identification features of the plants '
Observations of plants in the field — ecology, social nature, the characters
“of plants as they appear in field conditions -
o Collect a representative specimen for Herbarium for each; make a detailed
illustration of each plant
] "Identify the ta_‘:o_nomic'status of these plants
o Samples of the medicine made out of these plants
© . Current scenario vis-a-vis the usage of these plants
¢ What potentials do you see in this area?

i) A Herbarium colléction of locally available cereals and miliets

e The meaning of ‘cereals’ and mlllets to be clearly understood

e Identify your area, geography and cllmatic conditions and the edaph.lc
conditions where these plants grow. _ :

e The following could be the sources of your mformatmn the local grocery

shop, town/village elders, friends, and tribal people . - ;

Local name(s) of plants ' :

Areas where these plants are grown

Method of their cultivation

Yield , o |

Method ofplant use. - ' C - |

Collect samples of grains along w1th their rnot.her plants :

Make herbarium sheets contammg ‘the requisite information



iii) Story of the manufacture of a drug from a resource plant to the final

product

While tackling this theme do not ‘copy’ the story from the book. The project

will be considered valid only on giving proofs of your original study and work.

The botanical name of the plant
Common names

- Plant part used for drug making
. Plant cultivated/gathered from nature
Soil and climatic cenditions

Development stage of plant when it is collected for drug pre;iarati'on
Method and time of collection
Various steps in the manufacture of drug

Efﬁclency of the process, i.e., how much of the plant material is consumed

to yield how much drug : E

Is this an environmental-friendly process

Whether any pre-tests are done before marketing, .

This project can be done at the local Vaid’s place or by visiting a clrug
factory

iv) Method of oil extraction from a specific oil-yielding plant

o_

..up.lt-.-.‘q_q'o._

<
g’

-eooq_o

Same advice as for #iii. Don’t copy from book or sﬁbmlt a ‘processing/
technology’ from a vanaspati oil factory. Take pains to collect information
about the traditional and local extraction procedures
Botanical' name

Common narae(s) _

Plant part used:for oil extraction

Time of the year when *¢ plant material is avallable
Is it a year-round activity or seasonal

Method of extraction ‘ o
Conditions required for expre_ssing'the oil

Factors affecting the oil quality

Whether the extracted oil is purified-or is used as such
Input of resource material: output of oil

Rating of the process — environment friendly or not -
Usé'of oil cake or the left-overs after oil expelling

-

© Aromatic Species of an area and their utilization

What are aromatic species .

‘See the guidelines given for Topic # il

Chemical nature of the aromatic substance(s)
Their uses
Also see LSE-13, Unit—19

vn) Process of essential 6il extraction in a specific plant species

.Follow the same adv;ce i.e., don’t copy from any book. Try to collect
" information regarding the method used locally.

See the guidelines given for Topic # iv,
Refer to LSE-13, Unit - 19.

Project Work



Higlier Plants vii) Identification of common adulterants of spices

e Collect information from housewives/grocers as to how they ascertain the
purity of their purchase -

* _ Different ways and means of identification of spices -

° Identification of pure spices and their adulterants on bofanical basis

viii) Local practices in the extraction of fibers from plants of an area

¢ Mark the terms “local practices’, elaborate in context of your work
¢ Discuss the histological, cytological, chemical nature of fibers

* Factors affecting/goveming the quality

Local innovations " o

* Cost-effectiveness of the process

ix) Compendium of the products of fjlant fibre(s)

You may choose to either work on one fibre, say Jute, or some more fibreg
Plant source of the fibre ] | _

The pari from where it is'extracted _

Whether specific treatment is required for specific use

Products

* Nature of fibre - its particular usage -

!

X) Ways of utilizing by-products emanating from oilfsﬁgar producing
units/industries . -

* Youmayselect this theme if you belong to areas like Meerut, Saharanpur,
Vijayawada, Muzzaffarpur, Aurangabad, Hoshiarpur, and so on.

* Process in brief ' .

~*  By-products e.g., Sugar industry — molasses, beverages, medicines, Astons

and other chemicals; Oil industry - oil cake, fertilizers and other uses

¢ Name of stages at which by-products are marketed

* Local/natior.al/international ufility of products

° Economic retums of by-product marketing vis-a-vis ths main product

xi) Icons of 20 local wild plant species

° Youmay take up this project if you have an aptitude for drawing
.o First take a plant, observe its habit in nature — tree, shrub, etc. Make as real
a sketch as you can, on a herbarium-sized sheet, _
° Enlarge its morphological peculiarities such as flowers, thorns,
modifications of plant parts, and so of. _
* Make your drawing conveying more information about its varicus parts by
use of colours. This would enhance the clarity of your illustrations

xii) Detailed study of a timber plant like Pfuus, Deodar, Shisi:_am, Mango,
Teak and others along with their local, economic uses -

- You may select one plant for your project-for a detailed study
Don’t copy from book R
Highlight the diagnostic features of the plant using illustrations _
Mention specific local uses of cach ' g ‘

14 .



ain) kdentification of common grasses ol a locality used for various

purposes

Here you have to collect information regarding grasses that commonly
grow in a locality/region, and are used for various purposes. These may
include their use as fodder; making mats, brecoms, thatch and so on.

The purpose of this project is to link the identification of grasses 1o their
use in day to day life. Write the botanical name, common names,
taxonomtic status, identification method or making a dichotomous key, the
lime of the year it is available and is vsed, and the way it is used for each
of the species

xiv) A local p:ocess of paper-making

xv) Collection, and key-based identification of 25 naturally growing plants -

You may study the paper making process if there is a local paper-making
cottage industry ' _

You can begin by collecting information about the various plant resources
used in paper-making; the process details, i.c., inputs and time involved al
each step, the by-produclts emanated — their use or method of discarding.
Analyse its costing,-1.e., whether it is a profitable way of paper making
Also evaluate if it is an ecofriendly way of paper manufacture

Any suggestions for improvement of the process

of a family/genus in your region

This taxonomy-based project requires sound knowledge of the diagnostic
features of angiosperm families, along with an ability as well as interest to
study plants in the real .r field situation :

If you have not done any such exercise previously but are willing to gain
the first hand expenence in identification of species of a particular.
family/genus, you may take up this project

Not only would you' leamn or practise the way of identification of species,
you would also get an idea ¢f the extent of variation among species of the

~same family or even in the same genus. For example, both potato (Sofanum

tuberosum) and brinjal (Solanunt melongena)belong to the same genus,
potato — a stem modification, and brinjal — a fruit. Potato needs temperate
climatc, and brinjal is almost an all weather crop. Similarly, you can also
look for diversity in plant characters

Select the members of a family/genus, coliect as many specimens of
specles as you can. Observe for variations — both floral and morphological,
and on this basis try to place species in an order of similarity. Question
which variations are greater — floral or vegetative, and try to correlate the
vanations with the environment in which these species exist. Find out if
you could get any ‘ecotypes’ within the species

After studying the diversity, jot down the diagnosiic features of each
species, and prepare a key for their identification

Project Work
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xvi) Prepare z detailed account/essay-on one economically-impmjtant plant

product of your area, e.g., arecanut, jute, coconut, coffes, citrus,
. Mango, tobacco, tea, and so on : ’

Again like Project #xii, select a plant product. Now, remember first you
will have to make up your mind about the ‘product’ _
The following flow chart indicates one way of going about this project:

Product — plant source/plant part used —» morphological nature of the
product — cultivation of the plant — improvement of plant-to promote

- quantity and quality of the product — processing of the product —

conventional and modern methods of utilization of the product

xvii) The lesser known fruit/vegetable planés of an area.

Note the key words — ‘lesser-known', ‘fruits and vegetables’, ‘an area’,
four or five such examples that are well-studied should form a decent
project work

~ Try to know and understand why these fruits and vegétables ofa particular

area are lesser-known

Is it because of their endemic nature

Or, due to local preferences thaf remain restricted to a small community of
people with a particular way of life angd cc?nsumption paftern

Or, lack of awareness outside tle area o :

List these fruits and vegetables. Collect their botanical details - botanical
name; plant part {used.. This is relevant particularly for Vegetables, for

Afruit is a fruit; season when it is available; is it sold in market or is it

cultivated by people; the food value in tenns of nutrient elements provided
by these - .

It would be interesting to know whether thiere has been a change in the
“availability’ or the consumption pattern of these fruits and vegetables with
time ;

Or, is there 2 scope of changing their*Jesser-known’ status {0 a ‘well-
known’ status? What strategies should be adopted for this?

viii) Seasonsl variations in an economically important species

This can be a monographical account encompassing the botanical
intricacies of the species, alongwith the related sociological aspect. -

For study of botanical intricacies, you would rieed to make detailed
investigations on the morphology, anatomy, taxonomy, and-ecology of the
plant — to get well-acquainted with the species. You may carry on this work
for a particular season or for a longer duration o

But remember, you require good lab support for this work, and the long
time required to complete your study -

Lookilig at the species from the second angle, i.c., the sociological one,
you may study that how local food habits are related with this species in

- different seasons. You could also observe the local practices of

ptéservation of economically important plant products for use in off-

- season; and so on.



xix) Make an album e’xhibiting diversity in leaves/flowers, inﬂbrécences_f

seeds of members of a family/genus/‘ecotypes’

o Thisis largely a herbérium_-base‘d exercise . )
& . For getting an idea of diversity, you require to have a “wide’ range of -
. specimens to look into. We are.not suggesting any iumber as some
tamilies/genera/ecotypes may not exceed two digit numbers. We suggest
you take up this project, if a good number of specimens at any of the three
levels indicated above are easily available in your region
°  You can observe the following aspecis: '
Leaf: size, shape, venation, colour, pattein of margins, and so on.
Flower: colour, size, mimber of floral parts, and positicn of
gynoecium ‘
Inflorescence: types of inflorescence, and its size
Seed: shape, size, time, nature of germination, and ¢he duratien of
dormanc_y

xx} Species of horticultural value — how tc know them?

° You may take up any of the following:
- " Rock plants '
- Bulbous plants
Orchid species
- Cacti and succulents.
- Dahlia species
- Varieties of Bougainvillea
- Palms and cycads
- Aquatic plants
- Rosu species -
A study of ten specimens of any one of the above categories should be
ckay '
® Frepare a detailed manual of their identification. Also, give details
pertaining to their morphology, particularly the part(s) that give it the
horticultural value (e.g., in rose — the flower morphology — colour,
structure, esc.) ' "
®  Youare required to complement your description either with their actual
Photographs taken by vou or by making their outline sketches, or -
subnutting ihem as herbarinm sheets :

xxi} Size and age correlation of cones of any gymnosperiz

°  Youmay take up this activity if you belong to a temperate zone [ike -
Kumaon, Garhwal, Shivalik or Himalayan hills.

s Again, this work too requires study over an extended periad, at least over a-

full growing season. So keep tiis in your mind while taking up this topic.
Coliect cones — both mate and female of different sizes/different stages of
development ' ) -

© Examinc how size can be correlated with the age of the cone

H

Project Work
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xxii) E_lqi.lipm.ent'used in growing any erops — cotton, potato, soybeans,
_ sugarcane, wheat, sunflower and others -

o Collect information about the various equiprents used from sowing to
harvesting of a particular crop and making it market-ready

s Get their photographs/make outline diagrams

o TFind out the variants in a particular equipment, that is, the local innovations
made : i

o Try to link the design of the equipment, and the plant part it has to handle.
That is, how is care taken of, or is ‘built’ in the design to prevent damage )
to the plant part it is handling, €.g., the panicles while harvesting , the
dehusking of grains and so on -

xxiii) Profile of how an agronomic crop is grown in your area

o Select any one example of the crop
« Indicate the details like:

- source of seed stock

- seedbed preparation

- seeding rate

- fertilizers required and applied’

- pest control

- harvesting

- marketing

xxiv) The oil seed sources of some esmmercially used vegetabie oils

e Visit grocery store(s), and after seeking the owner’s permission, read the
labels on the bottles/cans of vegetable oils of different brands and make
notes on the oilseed source

s Also, note other information that the labels of these brands display

¢ Put this information, the product name, and the botanical name for the
oilseeds used,in a chart-form

o Collate information about the local consumer preference, and the reasons

why somg are popular brands and others are not — price-line can be one
factor, ingredients can be other, various incentives and gifts with the oil is
an irresistible factor '

We fope by now you could make up your mind about your project drea. As you go about
your project work, do remember to weave it in a scientific matrix, with due ethicaland »
safety considerations.

®est of fuck for your project work, Letiltobea pfeasure-cum-worﬁ;cum-&pﬁw&r{ge
gathering exercise.



EXERCISE1 TOOLS AND TECHNIQUES FOR
' THIS COURSE . :

Time allocated - 1Hour

Structure ' Page No

g¢ INo. m Read {his exercise
_ . before beginning
LT Introduction .......ccecvuevuenireeeoeo 19 your work.
Objectives
Study Guide - ' Dog’c
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1.2 Labu.atory etiquettes .................................__ 20. o ,Orgc *e
d oth ) - 21 ] wear your lab
1.3 Instm[_nents and otfer requirements ......................... coat while working
1.4 Chemical requitements ...............................__ 22 v

1.5 Some frequently used techniques ..................... .. 24 10 lab.
- 15.1  Free-hand sectioning

152 Peel mount preparation

1.5.3  Squash mount preparation

1.54 Maceration
1.6 Microchemical tests
1.6.1  Carbohydrates
1.2  Proteins
1.6.3  Fats/oils

............................................ 33

.1 INTRODUCTION

3eing a student of Biology, you must be familiar with the sei-up and working in a
yiology lab. Here is another opportunity for you to improve and develop some new
kills, particularly those relating to the study of higher plants. In this first exercise
f the week-long laboratory course, you would learn about laboratory etiquettes,
equirements for the various kinds of lab work, and some frequen:i, used
scimniques for studying angiosperms and gymnosperms. The techniques explained
ere are largely used for studying the morphological, anatomical and histochemical
specis of higher plants. Some special techniques, other than the ones tncluded in
1is exercise, would be explained separately in the exercises.

Jbjectives

Jter completing this exercise, you should be able to:

conduct yourselfin a disciplined way, following all the safety guidelines of
. lab, to-accomplish tha outlinegd objectives of the COUursc;

select and use the correct technique(s} for studying particular aspeci(s) of
the plant materizal(s); and

prepare the exercise-wise lists of various instruments and chemicals required.
tudy Guide

Read this exercise thoroughly tzfore you come to the lab, The techniques

explained in Sections 1.5 and 1.6 would be demonstrated to you by your

Counsellor. Observe them carefully as you will have fo use them .

indzpendently in the later exercises. 19
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1.2

- LABORATORY ETIQUETTES

To get the most out of any lab work, one needs to inculcate or develop certain

“qualities such as curiosity to leamn, sincerily, honesty, and an unbiased,

analytical frame of mind. This laboratory course besides helping you to
increase your knowledge on the subject matter, would also give you an
opportunity to further develop the qualities mentioned above. To utilize any
opportunity fully, it is essential to respect and follow certain rules or observe
the etiquettes for the given situation. The six points given below may be
helpful to you in this regard:.

i.

.

iil.

iv.

vi.

It is important that you should read each of the laboratory exercise in

advance along with the related theory portions gwen in the course LSE-13.

Make a sincere effort to complete the assigned work w1thm the stipulated
time. Prior planning and proper use of time would help in accomplishing
your targets.

Judicious and optimum utilization of the facilities provided is the key to
success.

Follow the instructions written in the work-book as well as those given by
your Counsellor and get your work checked immediately aﬁer completing
the gwen exercise.

Never underestimate your observational skills. If your abservations are at
variance with the expected ones, do not hesitate to explore its reasons.
Also, freely discuss with your Counsellor whenever in doubt.

Han‘dlc'laboratory provisions with utmost care and leave your place clean
and in order at the end of the class each day.

By following these points, both success and satisfaction will be yours!

Your Notes

20



1.3 INSTRUMENTS AND OTHER REQUIREMENTS Tocls and Techaiques

Before your laboratory course gets underway, we suggest that you prepare. a.
small £it containing the following items. o not forget to cany this .Kit
euegva&y with you for the onc-week [ab course.

A pau' of forceps
o Two fine, long-handle dissecting needles
o A sharp razor or a fresh unused blade
e A pair of fine-hair brushes
® A pair of scissors
¢ Two sharpened pancils, one each of HB and H grade,
e Six coloured gencils (for highlighting the important points and

details)
e A pencil eraser
o A sharpener

e A small (6" or 15 cm) scale
o A clean, soft, handkerchief-sized piece of cloth
e A lab coat —to be worn throughout the lab session

Along with the above kit, carry a small note-6ook (80-100 pages), and this ‘Worﬁ;@oo{
(that you are holding) evar)ld'ay to the &IE

Instruments and items such as the dissecting and compound microscopes,
“staining racks and bottles, microslides (=slides) and microcoverslips

(= coverslips) and other requirements for your practlcal work would be mac‘e
gvailable to you in the lab 1tself

Your Notes
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1.4 CHEMICAL REQUIREMENTS

The broad list of chemicals given below indicates the concentrations/dilutions  *

.that are largely used along with the metheds of thejr preparatjon:

1. Ammonium hydroxide | Dissolve 5 g in 100 m] of distilled waler
(5%) (DW)
2. Ammonium molybdate | Dissolve 5 g1n 100 ml of DW
(53%)
é 3. Barfoed’s reagent Dissolve 13.3 g of copper acetate in 200 m) of
_ 1% acetic acid solution
Aic;t&zs:::d 4. Benedict’s qualitative 1) Dissolve 86.5 g of hydrated sodiom
reagent - citrate, and 50 g of hydrated sodium _
carbonate (Na;CO3.10H,0), in 350 ml of
DW. You may need to warm it gently.
Filtering may also be necessary.
i) Dissolve 8.65 g of copper sulphate in
50ml of DW. )
1ii) Slowly add this sohtion (made in Step i)
to the citrate and carbonate mixture (made
in Step1). Stir constantly, and make up to
500 ml with DW.
5. Chloroform Use as such
6. Cobalt chloride (5%) Dissolve 5 g in 100 ml.of DW
7. Copper sulphate (1%) | Dissolve I gin 100 mt of DW
8. Copper sulphate (5%) | Dissolve 5 gin 100 ml of DW
A_ 0. | Ethanol 50% (VV) nDW
Highly flammable 10. | Ethanol 95% (V/Vyin DW
Ethanol
il. [ Ether Use as such
12. | Fehling’s reagent Mix equal volumes of Fehling A, and
- Fehling B solutions.
13. | Fehling’s A solution - | Dissolve 35 g of copper sulphate in 500 m] of
DwW .
14. | Fehling’s B solution Dissolve 50 g of sodium hydroxide, and 173 g
of sodium-potassium-tartarate (Rochelle salt)
o in 50" ml of DW. '
Hydrco?:l;?;:i‘::cacid 15. H)_,rdroch]on'c acid Use as such
(dilute)
16. | Iodine solution Dissolve 0.5 g of iodine in 100 ml of
A 1% potassium iodide solution. You may need
Irritant to leave it overnight or perhaps longer, for
Jodine solution ] iodine crystals to dissolve, :
17. | Lead acetate soluifen Dissolve 5 g in 100 ml of DW.
(5%)

22—




18. | Mercuric chlonde Dissolve 5 g in 100 mi of DW.
solution (5%) ] . _
19. | Millon’s reagent Put 5 g of mercury in a beaker, and add 95 ml
' ofconc. sulphuric acid aud then diluteto
200 ml by addition of DW after the complete
dissolution ai mereury.
20. | cc-Naphthol solution Dissolve 1 g in 100 ml of 70% ethanol.
(1%} : S
21. | Ninhydrin solution Dissolve 5 g in 100 ml of DW.
(5%) :
22. i Nitric acid Commercially available acid may be used as
(concentrated) such or carefully diluted one part in two with
DW.
23. 1 Nitric acid (dilute) 1% (V/V) in DW
24. | pH papers —broad Available ready made
range
25, | pH papers —~ different Availabie ready made
Narow ranges
26. | Potassium chlorate Use as such
(crystals)
27. | Seliwanoff’s reagent Dissolve 100 mg of resorcinol in 100 ml of
50% (V/VYHCL. '
28. | Schultze’s solution i) Prepare solution A — Dissolve 20 g
(Chloro-zinc-iodine) . zinc chloride in 10 ml of DW.

i) Prepare solution B - Dissolve 1 g of
potassium iodide, and 0.5 g of iodine in
20ml of DW.

i iif) Add a few drops of solution A, o the
whole of solution B until a precipitate of
iodine crystals appear and remain even
afler shaking thoroughly.

29. | Sodium bicarbonate Dissowve 0.5 g in 100 ml of DW.
(mild solution)
30. { Sodium hydroxide Dissolve 5 ¢ in 100 m| of DW.
(5%)
31. | Sodium sulphite (3%) | Dissolve 3 g in 100 mi of DW.,
L 32. | Sudan III stain Dissolve 0.5 g in 100 ml 70% ethanol. You
(saturated solution) mayncecl to-place it in a warm water bath to
help :he dye dissolve. Allow it to stand
ovemight. Fiiler, if necessary:
33. | Sulphuric acid CommiSreially available concentrated H;SO4
(concentrated) may be used as such, or carefully diluted one
part in two with distilled water.
34, | Tannic acid (20%) Dissolve 20 g in 100 ml of DW.

Tools and Techniqu
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Poisonous
usc 2 fume cupboard {
make this soluiion

A A A

mflzammable  Toxic lritz
Ninhydrin  Ninhydrin  Ninhys

Corrosivre
Nitric acid

Corrosive

BCl

b
Very poisoncus
" Schullze s solution

|

Caution
Always add acid ven
slowly 10 water and not
otner way round. Coc
continuously




ligher Plants 1.5 SOME FREQUENTLY USED TECHNIQUES

The main focus of studies on higher plants in this course is on their

- morphological, anatomical and histochemical details. Therefore, you will have
to be well-versed with four basic techriques that would be used several times
in the following exercises — (1.5.1) free-hand sectioning; (1 -5.2) peel mount
preparation, (1.5.3) squash mount preparation; and (1.5.4) maceration.

1.5.1 Free-hand sectioning

Aost of the plant materials When we want (o examine the jntemal structure of a plant (for instance, the
eing opaque and thick types of tissues, cell arrangement, and structure), we usually cut thin sections
Tevent light passing of the plant part of interest and stain them. The stained sections are then

arough them, But a thin
cction of the same allows
nough light to pass through

examined under the Jight micros¢ope. The anatomical details vary with the
part of the plant. To get the three-dimensional anatomical picture of an organ

- making it possible to see say, a stem, its sections are cut in {ransverse, radial and tangential planes,
5 anatomical details, By These sections after stainj ng are vigwed under a light microscope, and a
e use of suitable stains and composite picture is constructed. Figures 1.1 and 1.2 will make this point
taining techniques, the -

I . clear,

isibility of the anatomical

ctails can be further - .

nhanced. Transverse Section

When the section is cut at right angles to the long axis of the organ, the section
is called transverse section (Fig. 1.3 a). It is abbreviated as t.s,

For cylindrical organs like steriis and roots, the section cut in this way is
referred to as transverse section or t.s. On the other hand, for dorsiventral
organs such as Jeaf, its transverse section is referred to as vertical transverse
section, abbreviated as v.t.s. or simply as v.s. (Fig. 1.3 b). '

The term cross-section abbreviated as c.s., is also used by some people for the
transverse section of a dorsiventral organ. To put it in other words, vertical -
transverse section (v.t.s.) and cross-section (c.s.} are one and the same.

Your Notes
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£nd of lirst year's growth

End of second years growth
End of third year's growth

Cambium' — AN

—-l Tools and Techniqués

Pith

A
K LAl <€
rk — LA =
Ba ' ,_Zu /'
e Primary ray
<
‘_
A% Annual ring
. 2
End of rays

Spring wood

Summer wood
_Secondary ray

(a)

2 . R 8, PRI
ZARY = RS
S AN N

SN
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g- L1z u) A sector of three-year-old stem of pine (Pinus) cut in transverse (see
the top portion), radiaj longitudinal (towards the right hand side}, and

tangential longitudinal (facing the front) sections represented

dingrammatically, _

D) An enfarged, three-dimensional view of a block of stem. Note the

different kinds of details visible in {he three planes.

{Source: a) Hartman, H.T. ef. al., 1988. Plant Science. 2™ cd. Prentice

Heall, New Jersey. by Romberger, J.A. et.al. ,1993. PlantStructure
Function and Development. Sp ringer-Verlag, Berlin.]

I~
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ligher Plants

= Spongy mESOphyli

TFig. 1.2: Three-dimensional cutaway viéw of an apple leaf. Note the relationship
between the different cells and the ceflular details of tissues as seen in
diffrent sections cut'at different levels and planes.

[Source: Eames, AJ. & L.H. McDaniels. 1947. An -Introduction of

P

Plant Anatorny. 2™ ed, McGraw-Hill, New York.]-
Longitudinal Section

Wlen a section is cut parallel to the long axis of the organ, it is called
longitudinal section (see Figs 1.4 a & b). It is abbreviated as L. Refernng to

a cylindrical plant material such as stem or root, if the plane of the Ls. is
parallel to its radius, then such a section is known as radial longitudinat
segtion (Fig. 1.4 4), and it is abbreviated as r.ls. And ifthe plane of the L.s. is
parallel to the circumference of the organ, i.c., at right angles to the radius,

then such a section is called tangential longitudinal section (Fig. 1.4b),

abbreviated as t.1.s. The tls. and r.l.s. are pariicularly important in the study
of wood anatomy.
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Transverse section

;
3 Vessels
:
H:E; R F
21l AL : ‘Primaty medullary ray
.:" : 3 . Secondary medullary ray
, ; :éé 'g ' .
Autunin Ea“ Xylem parenchyma
weod - and sclerenchyma
(2)

(Eine®
pTelmlel=I=To.

i

Fig. 1.3: Diagrammatic depiction of the plane of cutting transverse section in: a
piece of woody stem a); and in a leal b). Mark the kind of details visible
in cach scctions. ——

Rédial section

Vessel

Sclerenchyma fibres

S_econdary medullary ray ..

"Tangential seclion
féﬁu

|

J

g. 1.d: a) & ) Radial aud tangential longitudinal sections, respectively,
through the woody stem. Note that each scetion reveals different kinds
of details. Compare these with (lose shown in Fig. 1.3 a.. . 27 -

Vessel

Primary medullary ray
—— Secondary medullary ray

Sclerenchyma fibres

el
o)

-
1




aer Plants

ran it
adie the razar/ blade with
care and do not injure
yourself.

Handle the razor/ blade with
care and do not injure
yourself,

Caution
Be careful while drawing
the razor for cutling the

How tocufa section-"-

A free hand section of 20 pm can be prepared if the material i is
sufficiently hard to withstand the pressure of a sharp cutting -

‘Instrument. Very thin sections, of 4 to 10 um can be easily cut by

experience and skill. Figure 1.5 depicts the niethod of section cutting,
and the Jegend explains the process step-wise.

Use of pith in section cutting

Sectioning can be perfected, especially for soft materials like young
stems, ieaves and roots, by placing the material in a vertically split
piece of pith. Internodal segments of Calotropis stem, tapioca stem;
tuber of potato; roots of carrot, and radish; wood of Aeschynomene;
cork-blocks; and many such materials can be used as pith material. A’
method of free-hand sectioning with the use of pith'is explained below.

o Trim a firm piece of pith into a rectangular block of about 5 cm.

o  Split it vertically to its % length if the material is a flat structure.
For cylindrical materials such as roots, make a hole with a needle.

» Place the given material vertically in the slit/ hole. Hold firnily in
the left hand between the thumb and fore-finger (ac shown in
Fig. 1.5 a). Ifal.s. is desired, then the material must be placed
horizontally in between the lobes of the pith.

o Take a razor (shave-sharp and preferably plano-concave) or a fresh
unused razor-blade. ' Place a drop of water on the concave surface,
Hold the razor exactly horizontal the handle directed away from
you, at the level with the pith (Fig. 1.3 b)

o Draw the razor towards the body in a gentle, long, sliding
movement. Repzat until thit =200d, median, and complete sections
are obtained (Fig. 1.5 ¢).

= Care should be taken to see that the cur surface of the matenial and

e the pith are not oblique Iest the sections become obliaue.
- Transfer the sections from lhe razor with a brush to a watch glass
filied with water. '
o Select thin, complete sections for observations.
o Selected sections may be stained suitably, as per requiremeént.
‘Your Notes
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1F

-Fig. L.5: Diagrammatic depiction of the method of cutting sections.
a) This shows the'correct way to hold the material. ‘
b) Similarly, the way to hold a razor is shown in tiis figure,
¢) The position of holding the material ready for the stroke of the
razor is illustrated in this figure. '

1.52  Peel mount preparation

Epidermal tissue of a plant organ can be examined by observing its peel
mount. When you view such cells under the microscope, you view them as if
looking down: at them. This is known as the aerial view. - In this view the
surface'characteristics ‘such as the types and. arrangement of epidermal ceils,-
stomata and trichomes, and other structures can be studied.

Peelip\g off the epidermis can be done as follows:

e Take a leaf, or the organ to be studied. The remaining method that is
~ explained here with respect to leaf can be similarly applied to any other
organ of the plant. '
* . .Puta drop of water on a microslide.
 Ifthe peel from the adaxial (top or upper) surfacs of the leaf is required,
then fold the leaf over so that its adaxial surface is broken (Fig. 1.6a).
- Using forceps, grasp the edge of the epidermis that is exposéd along the
bréak (Fig. 1.6 b). :



i Plants

30.

o Gently pull the epidermis away from the break as shown inFig. 1.6b. A
thin sheet of tissue should peel off. Repeat the process if yoware not
successful.

° Slmllarly, a peel fium-the-ventral surface can be obtained by peeling off the
epidermis on the ventral (lower, under) side of the leaf.

¢ Float the epidermal pect on a drop of water kept on the slide. The peel

* should be clean without any underlying tissue. -If your peel inclides some
portion of mesophyll tissue, cut this portion off with a razor blade.

¢ Qenlly place a coverslip and view the tissues under the compound
microscope.

J* Farceps
(0) ‘ -

Fig. 1.6: Making an epidermal peet mouant from a leaf.
a) Bending the leaf such that to cause 2 brealk.
b) Pecling off tize epidermis.

1.5.3  Squash mount preparation

If one wanis to study an intemally placed cell in totality without sectioning,
then squash mount is the most preferred method. It is both an easy and
inexpensive method. On the other hand, maceration and clearing techniques,
which are pretty drastic as most of the internal structures of cells are lost, are
preferred less. However, these two technjques are mostly used to study
reproductive cells, chromosomes, and so on.

The technique of squashing is used for materials that are neither sufficientiy .
soft to make a smear nor sufficiently hard to be sectioned without embedding
in wax. The materials like root tips, ovaries/ovules, petals, tendrils, stigmas .
and so on, reveal minute details that are best visible in a squash preparation.
Prior to squashing, the cells have to be separated well. This is done by
removing the pectic material of the middle-lamellae. It, is either done by acid-,
or by enzyme-hydrolysis. We shall be using the former agent and the method
as follows:



Acid-hydrolysis
" Place the material in a drop of 10% hydrochlonc acid or 45% acetic acid
'~ .on amicroslide.
e Placea coverslip on it.
Tap it gently, till the tissue is spread out evenly.
¢ Remove the coverslip, wash gently with water, stain as per your
requirement.

1.5.4 Maceration n

The separation of cells of plant materials through hydroly51s of their cementing
middle lamellar materials is known as maceration. It is generally used to study
hard tissues such as phloem, xylem and sclerenchyma. Macerated cells/tissues
can be observed in a three-dimensional view, The reagents and techniques
_used in the process largely depend upon the nature of the middle-lamella.
Mere boiling the tissue in plain water separates the cells of several herbaceous
plants. In woody tissues, however, the middle-lamella is more ligneous and
can be hydrolyzed by treatment with alkali, acid or enzymes.

The common methods employed for maceration are:

A, Jefirey’s method :
e Cut fresh or dried material into small pieces, thinner than tooth-picks.
o Boil the material in water in a test-tube until it settles down.
¢ Replace water with a solution of 10% nitric acid and 10% chromic
acid mixed in equal parts.
¢ Heat the test-tube containing material dipped in acid hll the material
becomes soft and pulpy.
¢ Transfer the above mentioned contents in the test-tube to a watch
glass.
o Drain out the fluid and wash the macerated materials gently several
times with water till all the acid is removed.
¢ Stain the material with safranin. Destain in water, if stained in
excess. Mount in glycerine.
e Tap the microcoverslip gently so as lo spread the material evenly on
the microslide. Observe the preparation under the microscope.

B. Harlow’s method )
+ Slice and boil the material with chlorine water for two hours.
*  Wash it in running tap water.
o Boil the washed material for 15 minutes in 3% sodium sulpliate.
e Wash again in water, -
o Macerate (as above), stain, destain (if needed), mount and observe’
under a compound microscope.

Tools and Techniques

Corrosive
Hydrachloric acid
Acelic acid

Caulion
The squashed malerial
may be washed off the
slide, if washing is
not done gently,

Con'osn ¢ nitric acid
chromic acid

Caution
Held the test-tube
with a test tube helder.
Keep mouth of the
test-tube away from you.

31
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Corrosive
Nitric acid

Schuitze’s method,

[+

e

Shice and boil the material in water in a test-tube. -

Remove water and replace it with conc. nitric acid

Add a few crystals of potassium chiorate..

Heat it gently, and slowly till the material is bleached white.

Drain out all the liguid from the test-tube.

Wash the malerial with tap water, repeatedly.

Macerate, stain, remove excess stain if required, mount, and observe
under a compound microscope.

Gmr Notes




1.6 MICROCHEMICAL TESTS

This section describes methods to identify the main classes of chemical

compounds in ground-up tissues, intact cells, food stuffs and extracted juices.

Methods to detect the more common substances such as caibohydrates,
proteins anS fats are being described in the following pages. Since you wifl 6e
handling marly chemicals and some procedures require fieating also, so pay foremost
atiention to your safety.  The icons given in the margin space here and before
will alert you to be careful while handling dangerous chemicals, and suggest

ways to work with safety. While working in the lab, always wear a lab coat -

and the use of safety spectacles would be ideal. It is safer to use water baths

for heating liquids.

1.6.1 Carbollh'lydrates

Experiment

Observations

Inferences

1) All ) .
Carbohydrates

Molisch’s test:

1) Add a few drops of
| a-naphthol solution to

1-2 ml of sample
solution. Shake it.
Finally, add conc.
sulplric acid slowly

along the margin of the

test tube,

A violet ring or
purple violet
colouration is
formed at the
Jjurclion of the two .
lignids.

A positive test indicates the
presence of all types of
carbohvdrates.

2} Reducing
sugars

i) Benedict’s test:

‘Add 2-3 mi of

Benedict's qualitative
reagent to equal
volume of the test
material. Boil it for
3 minutes.

it) Fehling®s test:

Add 1 ml of Fehling
solution A, and 1 ml of
Fehling solution B to a
dry test tube. Mix
them theroughly. Add,
2 ml of test solution to

The solution first
turns green, then
yeltow and finally
ted depenq{ing upon
the amount of
reducing s‘ugars in
the sample.

The solution first
tums green, then
-yellow and finally

Nonreducing sugar present.

{Cont.)

red depending upon

Tools and Techniques

Use of safety spectacles
1s a good practice

é.i‘éné

Corrosive
Sulphuric acid

Caution
Danger of liquid spilling
over you while boiling.,
Hold the test ube with a
holder, and keep the mouth
of the test tube away {rom



Hicher Ti2Ris

Be careful while boiling the
mixfure.

A

Corrostve
NaOH

Be carefu] while boiling the
mixture.

34

it. Boil the mixture in
a water-bath for 5-10
minutes.

iif) Barfoed’s test:

Add 1 ml of test
solution to 3 ml of
Barfoed’s reagent ina
test tube. Boil for 1-2
minutes. Let it cool
down.

iv) Moore’s test:

To about 2 ml of
sample solution add
2 ml of 5% NaOH
solution. Boil for 2-5
minutes in a water
bath.

v) Seliwanoff’s test:

To about 3 ml of
Seliwanoff’s reagent
add 1 m] of the test
solution. Boilina
water bath for 5
minutes.

vi) Cobalt chloride
test:

Add 1-2 m! of cobalt
chloride (5%) solution
to about 3 ml of
samplg solution. Heat
the mixture till it boils.
Allow it to cool before
adding a few drops of
NaOH (5%) solution.

the amount of
reducing sugars in
the sample,

Red precipitate is
formed at the
bottom of the test

1 tube.

The solution tuins
yellow and then
reddish brown due
to the formation of
a condensation
product of the
sugars.

A red colouration is
observed.

If the solution turns
greenish-blue

Or

If the solution ums
purplish-violet

Or

Reducing sugars present.

|l

Positive test means reducing

sugars are present in the test
sample.

Positive test indicates
presence of reducing sugars,
particularly ghucose.

Presence of ketohexose
(fructose) in test solution 18
indicated.

This indicates presence of
ghicose.

This indicates presencé of
fructose.

(Cont.)




vii}) Ammonium
molybdate test:

To about 2 ml of
sample solution, add
2-3 ml of ammonium
molybdate solution
(53%). Heat it to,
boiling point in a water
bath.

The upper part of
the solution tumns
greenish-blue and
the lower part turns
purplish-violet.

If the solution turns
bluish-green.

This points out that both
glucose and fructose are
present (in the hydrolysed
sucrose solution)

Presence of ketohexose )
(fructose) in sample solution
is confirmed.

L
v

3) Non-reducing
sugars
(Sucrose)

i} Except the
monosaccharides and
a few disaccharides,
all other
carbohydrates are of
non-reducing type.
They all test negative
for any of'the
reducing-sugar test
prior to thair
hvdrolysis.

a¥ TFehling's’
‘Benedict's reagent
test for a2 solution
of non-reducing
disaccharide.

b} Test solution (3-3
ml) is hydrolysed
by the addition of a

. few drops of dil.

HCI and then it is
beiled. Neutralize
with mild solution
of NalHCO;

. Counuiim the loss of |

acidity with pH -
paper. The
neutralized

No reaction.

Indicates absence of
reducing sugar.

{Cont.)

Tools and Techniques
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If you are wsling a food
stuff in water, a blue colour
sometimes appears on the
foodstuff itself rather than
the solution, as starch is
relatively insoluble in
water.
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and hydrolysed-tc_st

solution is-
subjected:to
(any/all of the-
following as per
requirement):

¢ Fehhng’s test

Te Benedict’s test

‘|« Cobalt chloride test .

\

o  Seliwanoff’s test

« Ammonium
molybdate test

Red precipitate

F
Red precipitate

Upper part green,

lower part purplish

Red colouration

Solution turmg
bluish-green

| Indicates reducing:sugars

are present in hydrolysed
sample: )

Confirms the.piesence of
reducing sugars in
hydrelysed sample.

Indicates both glucose.and--
fructose are:present.

Positive for ketohexose in
hydrolysed sample.

Test positive for ketohexose.
in the hydrolysed sample,

4) Non-reducing.
. polysaccharides.

i) TIodine test:

To about 2-3 ml of .

sample solution add
a few drops of dil.
lodine solution.

If the solution tums
blue immediately.

Or

If the solution turms
reddish brown.

Positive testindicates the
presence of polysaccharides.
(starch) in the sample
solution.

This indicates that Dextrin.is
present :
Or

Clycogen type of : q
polysaccharide 1s-present in
the sample solution.

(ant.)_ '




-it) Tanniciacid test:

Add 5-6 ml'of 20 %
Ianqic=acid 10-3-4mlof
sample solution.

A-precipitate is

immediately
.| formed.

-| This indicates presence of
-starch/glycogen_
" |{polysaccharide)in the

sample solution.

‘B)Cellulose

Add Sohultze’s
solution to sample
mixture.

Blue-violet patches
appear.

The:presence of cellulose is
indicated wherever the purple
colouration is observed.

Tools and Techiniques

Your Notes
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Inflammable Ninhydrin

A

Toxic Ninhydrin

A

Irritant Ninhydrin

R

Corrosive NaOH

Corrosive’
H.S0,

“Corrosive
Millon's reagent

A\

Toxic
Millon’s reagent
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1.6.2 P_roteins

Al

Experiment

- 'Observations

Inference -

1) Test for antino
acids

Add a few drops of 5%
ninhydrin solution-to a
small dmount of test -
sample. Heat in water
bath for 10 minutes.

If the solution tums
purple or bluish.

This indicates that the
sample contains amino
acids.

2) Tests for ‘
" proteins

i) Biuret test:
Add 1 mtof 5% NaOH
solution to 3 mi of test

solution.

Next, add a few drops of

i 1% CuSQy solution.

ii) Xanthoprotein test:

Add 1 mlof conc.
H.S04 to 3 ml of test
solution/sample.

iii) Miltlon’s test:

Add 3 ml of test solution
to 4.5 ml of Millon’s
reagent. Heatit.

a

iv) Precipitation test:

To the test solution any
of the following can be
adlded:

| a). 5% CuSO; solution

b) 5% HgCl; solution
¢} 5% Pb (CH4COO),
solution.

If a violet or blue
colouration is-produced.

‘| 1f 2 white prepipitéte is

formed which tums
yellow on boiling, and
turnstorange when
NH,OH solution is
added to it.

If a white precipitate is

produced which turms
brick red on warming.
The precipitate may
dissolve and make the
solution red..

If 3 white colloidal

This means that the test
sample has compounds

-with.(CONH) peptide
| bonds.

| It shows that test sample

has proteins-as well as
the amino acids
tryptophan and/or

‘tyrosine.

This confirms tile
presence of protein. - -

.This test mainly detects

insoluble proteins.

The presence of
proteins is confirmed.

precipitate is formed.




1.6.3 Eats/Oils

Experiment

Observations

" Inferences

i) Sudan III test:

1
L.

Add a drop of Sudan
111 to a section of the .
plant material. After
15-20 minuies, wash
the section int 50%
ethanol and mouat in
glycerine, and
observe under the
microscope.

Take ground-up
tissue in a test-tube
and add water to it.
Boil it. Qils/fats if
present will escape
from the tissue and
rise to the surface.
Now add a few

~ drops of Sudan HI..

Keep the test-tube in
the test tube stand
and aliow the oil
layer to settle.

If red stained oil
droplets can be seern:
within the cells of the
section as well as
floating around the

‘| section.

If the surface (upper)
layer of the mixture
turns red.

The presence of oils
and fats in the test
material is confirmed.

The presenc;e of
ojls/fats is confimned in
the plant tissue.

ii) Solubility test:

To the ground-up
tssue add water,
935% ethanol, ether,
and chloroform in
different test tubes. -

. Shake them

thoroughly. Allow

" them to stand for a

féw minutes.

«QO1il is insoluble 1n water;

but soluble in 95%
ethanol, sther, and
chloroform.

Presence of oils-in the
tissue is confirmed. .

Tools and Techuique

Fad

£

Higily flamimable
Ethanol
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EXERCISE 2 DIFFERENTIATED TISSUES

Time allocated - 1% Hours

Structure Page No. L Read this exercise
' thoroughly before

2.1 Introduction ... 41 beginning your
Objectives . work. - :
Study Guide : ' T :

2.2 Parenchyma ... 42 Don’t fotger to

2.3 Collenchyma ................................ 50 wear your lab

2.4 Sclerenchyma ................................ 54 coat while

2.5 Xylem ... 61 working in lab.

26 Phloem ........................... e e 08

2.7 Epidermal System ......................... e 72

2.1 INTRODUCTION

£

In this exercise, you will study six categories of differentiated tissues. Each of
this category is dealt with in a separate section, from sections # 2.2 to 2.7. The )
objectives for each category are listed in each section and the instructions for
study, materials to be used and procedures are also explained for each

separately. You have to record your observations/findings, write answers to

the Sell-assessment Questions (SAQs) in the Worksheets.

Objectives

* After doing this exercise, you should be able 1o identify the constituent cells of

the following tissues, highlighting their characteristic features:

¢ parenchyma;

° . collenchyma;

e sclerenchyma;

¢ xXylem;

s phloem; and

o the epideimal systerm.

Study Guide

e This exercise is based on the Unil 7 — Tissues, of the LSE-13 courss. It
will be very helpful to revise this unit before taking up the present
laboratory exercise.

° Itwill be a good idea io make a tinie utilization plan for this exercise. This
will help vou to complete your lab work in the stipulated time and
accomplish the objectives outlined 501' this exercise.
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2.2 PARENCHYMA

Parenchyma is composed of cells that are most abundant and the least
differentiated amongst the various cell types that are found in vascular plants.
They may be primary or secondary in origin. Their cell walls are-generally
primary and are rather thin and plastic.

3

Cell Shape and Arrangement

The newly formed cells are'more or less spherical. Subsequently, they may
assume various shapes and sizes. ‘Their cells arc vacuolate,living and may
contain small and simple pits. The célls of parenchyma occasionally contain
air-spaces within them and exhibit tremendous functional diversity. You will
observe the variations in ¢ell shape and their arrangement in Fig. 2.1 in
Worksheet # 2.1.

Cell Inclusions

Puring differentiation and maturation, certain structural changes take place in
a parenchyma celi. These changes very often are correlated to the functional
adaptations of the plant. You will observe some of them inFig -2.2 in
Worksheet £2.2. '

a) Plastids: Plastids are the cell organelles characteristic of plant cells. They
arise from pro-plastids which are present in the meristem cells. Prominey!
kinds of plastids ate: chloroplast (Fig. 2.2 a); chromoplas! (Fig. 2.2 b, ¢);

_and amyloplasts (Fig 2.2 d). Fig. 2.2 e shows oils/fals which are produce
by elaioplasts. The elaioplasts are not easily observable under the
cormpound microscope. :

b} Ergastic substances: Reserve and waste materials produced by the cells
are called ergastic substances. A few of such substances are: starch,
proteins, fats/oils and crystals.

i) Starch: [tis a carbohydrate comprising long-chain molecules. It
eppears within the cells in the form of grains which commonly stain
bluish-black with a solution of I;-KI. The starch grains generally
show lavering around a point, called hilum. The position of hilum
within a starch grain is significant. It can be central (e.g., Triticron)
or eccentric (e.g. Musa sinensis, Solanum tuberosum). The stracture
of starch grain is taxon-specific. The starch grains when occurin
aggregates are called compound starch grains (e.g., Oryza sativa, -
Iponicea batatas, Avena sativa, Fagopyruni esculenium).

i)  Proteins: The outermost layer of endosperm, the aleurone layer m
caryopsis of cereals is rich in amorphous proteins. Proteins could
also be found as cuboidal crystalloid (as are found in peripheral ceils
of tuber of potato; in the parenchyma of fruit of capsicum). The
crystalloid and amorphous proteins are-found together in aleurone
grains in the endosperm of Ricims conmunis. .

iii) Fats/oils: They are very common reserve.food materials i (he plants.
These are mostly present in seeds and fruits in the form of glycerides
of fatly acids. They slain reddish when treated with Sudan VTV,

\ :

-
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Waxes, esters of long-cham fatty acids and long-chain monohydric Differentiated
alcohols are widespread in plants. They provide protective coating ' T‘““‘fs
on the epidermis of stems, leaves, fruits and seeds. Lipids, other than.
fats, oils, waxes; e.g., terpenes/essential oils are usually produced by !
specialized secretory tissues. ‘

iv)  Crystals: The crystals are depositions of excess inorganic materials
within the cells. Most of them are salts of calcium or deposits of
silicon dioxide. These crystals are classified on the basis of their
shapes and forms as follows:

Prismatic: Tectangular, pyramidat (Fig. 2.2 g)

Druses: spheroidai aggregates of prismatic crystals (Fig. 2.2 h)
Raphides: thin, elongated crystals with tapefing ends (Flg 221andj)
usually in aggregates

St}lOldsf’Pseudm aphides: long prismatic crystals which taper as
blade, and octur solitary.

The crystals are found in the vacuoles of cells and are surtounded by
an envelope. Crystals of calcium carbonate are found rarely in higher
plants. They are.associated as ingrowth of cell walls. These crystals
are known as cystohth The cell, wherein the cystolith deposition
takes place is known as lithocyte (Fig. 2.2 k). The trichomes in
Cannabis, and Boehemeria have cystolith deposition’s.

Note: Follow the mstru-.,tlons prowded in Worksheets In case you find the
shape, size, location, contents in variance with the drawings in the Worksheet,
consult your Counsellor and follow your own observations, if approved by
your Counsellor.

Objectives

‘On completing this exercise concerning parenchyma, you should be able to:

o 1dentify the various shapes the cells acquire at maturity;

+ identify the absence or presence of intercellular spaces; aerencliyma;

~ schizogenous and lysigenous cavities:-

* identify various kinds of cell contents, viz., plastids and ergastic
substances; and

e appreciate the diversity of its distribution, structure and function.

‘Mode of Study

You will study the lissue by observing the temporary/permanent slides
provided to you. Observe the tissue, comprehend its structure and arrangement
of celis; complete the diagrams given in the worksheets, label tite focused
structures, and answer the given questions.

Optional: Time permitiing, you could try to prepare a few unstained/stained
temporary mounts of the materials provided.

Materizls required

Listed below are various plant materiais that are réquired to study the
structures/parameters represented in the Figs 2.1 and 2.2. You can choose other

plant materials. 1fneces,sa1_,. a3




Higher Plants

Figure #

2.1a
2.1b,d
21c¢
Z.1le
211
21gi

2.1j

21k

2212

2.2b,c

2.2d
22e
22f
22g
2.2 h,

224,

Procedure

Cortical cell$ of primary dicot root (¢s5.).

Source Material

Mesophyll of a dorsiventral leaf (v.s.).

Palisade parenchyma of Lilium candidum leaf (v.s.)/photograph. = .
Mid-rib region of Canna leaf (v.5.). - _ :
Endosperm of a cereal grain (I.5.). ' r
Storage paris of fleshy axial organs/fruit (£.5.);" '
Pith cells of primary dicot stem (£s.); and

Ground tissue of Nymphaea (v.s.) / stem of szcus (£.5.)/ leaf of
Canna (v.s.)/ leaf of Musa (v.s.).

Resin ducts in stem/ leaf of Pinus (t.s.)/ secretory ducts in stems

of Compositae, Apiaceae (Umbelliferac) plants (1.5.).

Cortical zone of root of Poaceae (Gramineae), Cyperaceae (f.5.)/

rind of Cirrus fruit (1.s.)/ ground tissuc in primary stem of

Mangifera indica {t.5.). '

Hydrilla leaf (won).

Pulp of Lycopersicon fruit (w.m.)! epidermal peel of petal of
Calendila (w.m.).

Tuber of Solaran tuberosum (1.s.).

Endosperm of Cocos nucifera (£.5./1.5.).

Aleurone cells in endosperm of Ricinus communis (t.s./l.s.),1and
cereals.

Cortex of petiole of Begonra (£.5.)/ mesophyl! of leaf of C:frps
(v.s.). A
Cortex of petiole of Begonia (1.s. );’ mesophyll of leaf of

Datura stramonium, Ruta graveolens (v.s.).

Ground tissue of leaf of Artm, Zebrina (v.s.)f slem of Zebring,
Tradescaiitia (t.5.)/ thizome of Colocasia esculenta (t.5.)/

epidermal peel of petals of Impatiens balsamina (w.m.)/ ground
tissue of root of Ipomoea batatas (1.5.). : !
Multiple epidermis (adaxial) of leaf of Ficus elastica (v.s. )!
trichome of Bozhenieria (w.m.)/ hooked trichome of Cannabis
Oirpn).

Study cavefully the given preparations under the compound microscope. Focus
the region as mentioned in the section — materials required (remember, the
given slide may have many other kinds of tissues which are not part of this

exercise).

e After you have iade the observations, check thern with the drawings on

the worksheets. Follow the instructions provided on the workshesat. .
e \Write down the comments/answers as istructed. : |
o Consult vour Counsellor in case of doubt. = - - ' ' '

Observations and 'Iuterprctations

Pay attention to the shape of cells, amrangement of cells, and note if any air
" spaces are present or not. Also observe and study the cell mclus;ons Rccord
vour observations in the Worksheets #2.1 = 2.4,

.
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Differentiated
Tissues

WOi'kshpet:#Qi-lﬁﬁtudy of parenchyma. -

Q.1: Identify the cell shaées in Figures a, b, d and.e.

Ai-rc-l,ngemcﬂ:l__

f)Cells without i-ntei'c-elfu!ar g) Cells with small h & iresp.) Cells with large intercellular spaces

spaces. intercellular spaces

Q.2: Draw arrows to identify cell spaces in Figures g-1.

Cavities.

Poa
8
ol

| Q.3: Name the kind of cavities in figures j & k.

Fig. 2.1: a-k) Different shapes and arrangement of parenchyma cells.




iphier-Plants Worksheet # 2.2: Study of parenchyma (cont.)

Plastids

|

Chromoplasls

s Chloroplast

" a) Cells (shown here partly) b & ¢) Celis containing chromoplasts.

1 with chloroplasts, . -
. Q.1: After observing the slide, Q.2: Idenify chromoplasts in the given préparation/permanent slide,
draw a few chloroplasts . '
_in the blank cell.

Glotoids

-

d) Cells with amyloplasts. e} Oils/fats containing cells. £) A cell from aleurome laver with globoids and

crystalloids.
Q.3: Draw a few starch .Q.4: Indicate the gil/fat Q.5: Identif_v the ‘?-marked’ cell inclusion.
grains in the blank globules in the -

cell. cells, '

e Fidmic praze

PYTSPS B—

*f R
I £,
i . i ;'rg_ -
,'* 5.
| | | A
‘u_ /{_;" ;‘_‘.- E pe
. T Fts 1 \ A fs
\““-——--"'"" \\“ ............... - i ‘“"--.__._/"l, (])
g} Celt with solitary. h) Cell with aggregate i & resp.) Fig. i-shows raphides. %) A cali witl_l a part of
prismatic crystals. prismatic crystals. e eysialith.
Q.6: Draw one crystal. Q.7: Draw a druse Q.8: Draw one/iwo raphides in Q.5: Draw the remaining

from the siide. fig. space j, . nanion of the cystolith,

+ Fig. 2.2: a-k) Various iinds of cell inclusions in porenchyma -cells.
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Dilferentiawd

Worksheet # 2.3; Study of parenchyma (cont.) _ Tissues

I. Shapes:

Q.1  Write down the five different kinds of shapes that you have observed in
Figures 2.1 a to e. (in the Worksheet # 2.1).

...............................................................................................................
...............................................................................................................

Q.2  How is the polygonal shape of a parenchyma cell brought about?

‘Q.3 In what mannsr are thc cells depicted in Fig. 2.1 ¢ (in Worksheet # 2.1} unique?

Q.4  Where does spongy parenchyma occur? What is its functional significance?




a

ligher Plants Worksheet # 2.3: Study of parenchiyma {cont.).

iI. Arrangement:

Q.5 Whatis a lysigenous cavity?

Q.6 When are the schizogenous spaces in a parenchyma formed?

Q.7 Meniion the functional significance(s) of asrenchyma.

48



Workshect # 2.4: Self-assessment Questions. ‘ " putterentiated
. ' Tissues.

SAQ1I

Mention 5 characteristics of a parenchyma cell.

SAQ 2

..............................................................................................................................

e T
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Higher Planti 2.3  COLLENCHYMA

Collenchyma is another form of simple tissue Because it is coniposed of only

;- one kind of cells. This tissue is primary in origin and mainly functions as
supporting tissue in the growing organs of dicotyledonous plants, viz.;
hypocotyls, young stems, petioles, pedicels, and peduncles. The cells of
collenchyma are live, flexible and possess considerable tensile strength. The
main characteristics of the tissue are:

o The cells are live when active and distinctly va(?uolated. The cells are
more long than broad, may be chlorophyllous and may contain tannins.

e The cells possess simple pits and may have small intercellular spaces
between thent. .

o The tissue elongates along the axis of the organ in which they are
differentiated. They are generally peripherally situated in an organ, mostly
below the epidermis. They often form a cylinder near the periphery of the
organ or occur in the form of discrete strands. '

e The cell-walls are primary and cellulosic. In addition, hemicellulose
and/or pectin are also deposited. The wall materials are either evenly
distributed within the cell or are more concentrated in certain regions of the
cell.

e Based on the kind of wall-thicknenings, three distinct types of collenchyma
have been recognized: o ) '
a) Angular collenchyma: These are the commenést type. The exira wall

depositions are predominantly at the corner or angles of the cells.
" b) Lacunar collenchyma: The additional wall thickenings are deposited
mainly around the intercellular spaces between the cells.
¢) Lamellar collenchyma: The additional wall thickenings are deposited
more heavily on the tangential walls than on the radial cell walls.

Objectives

On completion of this exercise related to collenchyma, you should be able to:

®

identify the three main kinds of collenchyma tissue;

» recognize their distribution within an organ, and be able to identify whether
they aré present as a cylinder or as discrete strands; _

o identify the middle-lamella, the thick cell wall deposition and lacuna
(intercellular space) whenever present; and

« identify its protopiasmic contents and tell whether the given collenchymais .
¢chiorophyllous or not: :

Your Notes
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Materials required o * Dilferentiated

Tissues
Listed below are some plant materials that are required for the study of
collenchyma tissue. The examples mentioned here are only representative
_.ones, you can choose otlier plant materials that are easily available.
1. Angular collenchyma: T. S. pétiole' or young stem of Aptaceae
(= Umbelliferae); Vitis, Morus, Cannabis, Begonia,-Coleus, Beta, Datura,
Cucurbita (Fig. 2.3 aand d, in Worksheet # 2.5). _
2. Lacunar collenchyma: T. 8. peticles/young stems of Asteraceae, Salvia,
Malva, Althaea, Asclepias (Fig. 2.3 band e).
3. L'uncll'\r collenchyma: T S. stem of Sambucus nigrum, Rhamnus
(Fig. 2.3 cand £).
Procedure
o Youare provided with permanent slides/temporary-stained preparations.. | *

s Focus the slide under the low power of compound microscope. Now, .
locate and identify the band/strands of collenchyma. Find out whether it is
in form of a cylinder or present as discrete strands.

e Next, focus a portion of the tissue under-the high power of compound
microscope. Study and compare the structures as shown in the diagrams
(a-f) in Worksheet # 2.5. .

«- In some tissues, you will have to make some effort to locate and observe
lacunae in the lacunar type collenchyma.

o Similarly, you may have to search for an ideal focus showing.lamellar ;
thickenings. Take the help of your Counsellor wherever needed.

Observations and Internretations

While observing the preparations, give special attention to the following
aspects:

e The identification of middle lamella, cell wall and protoplast. -
e Qutline/shape of a cell as delimited by middle lamella.

o The extra thickenings on the cell walls, Correlate them with the diagrams
in the Worksheet # 2.5.

Note: Follow and complete the exescise as per 1nslruct10ns provided on the
Worksheet # 2.5.

Your Notes

Si




Higher Plants Worksheet # 2.5: Stidy of collenchyma.

A) e e collenchyma. - b) A portion of figure a magnified.

Q.1: Identify the type of collenchyma. Q.2: Label the marked portions in the abn'._re figure,

Middle lamelia’

Thickening around fvs-rcee..

) et e, collenchyma. d) A portion of figure ¢ magnified.-
Q.3: Identify the type of ¢ollenchyma. Q.4: Label the marked portions in the above figure.

|

. More thickenings
at tangential
coll walls

~ Radial ceil walls
{with_litte thickenings)

) S e e . collenchyma. f) A portion of figure e magnified.
Q.5: Identify the type of collcnchyma:

Fig. c.3: Collenchyma - types and structure. -
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Worksheet # 2.6: Self-assessment:Questions. . Di““"“;;}}iﬂf“d
) . 155Ues

SAQ 4

In a rightly stained prepairation- of collenchyma, why do we encounter lamellations in the celi-wall?

..............................................................................................................................
..............................................................................................................................
..............................................................................................................................

SAQS

What 1s the chemical nature as well as the structure of the region that delimits a lacuna in a kcunar iype
of collenchyma? '

SAQG .
Write down five characteristics of collenchyma. |
........................................................................................................... s




Highcr Plants

24 SCLERENCHYMA

Sclerenchyma constitute the third type of simple tissues. It comprises a group
of thick-walled cells. Its main function is to provide mechanical strength to the
organ tn which it differentiates. The main peculiarities of this tissue are:

s At malurity, the sclerenchymatous cells generally lack protoplasm and are
mostly dead.

¢ They may be both primary or secondary in origin. They may also

~ differentiate from the parenchyma or collenchyma cells.

* Their thickened cell walls are mostly secondary in origin and are often
lignified having a few to many simple-pits.

o They develop in any or all parts of the primary or the secondary plant
body.

s They have the ability to withstand various strains arising out of activities
such as stretching, bending, addition of weight, and pressure and so on.
This ability is attributed to their elastic nature.

The sclerenchyma has two distinet kinds of cell types, the fibres and the

. sclereids.

(A} Fibres

The fibres are long cells; in fact many times longer than they are broad. They .

. are elongated elements with tapering ends which overlap and often are fused to

each other. Their secondary cell walls are usually lignificd leaving a narrow
lumen or cell-cavity. They often lack live protoplasm at maturity. However
cerfain xylary fibres may retain live protoplasm for several years.

Fibres may occur in roots, stems, leaves, or fruits, and in association with the
different tissues of these organs. In fact, they are also principle components of
vascular tissue.

Classification

a) Fibres are classified based upon their occurrence in the plant body as
xylary and extra—xylary fibres. )
!) Xvlary ﬁbres leres associated with xylem by origin are called xylary
fibres.
ii) Extra-xylary fibres: Fibres that occur in plant body in any place other
" than the xylem are called extra-xylary fibres, e.g., phioic, pith, cortical
and pericyclic. Exira-xylary fibres are often very long cells.

Your Notes

'
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Xyiéfy—ﬂbrcs are further classified based upon their structure. _ Differenziated

The}r may be:

*, Libriform-fibres: They resemble phloem fibres. They show
extremely thick cell walls and simple pits. They are longest of all kinds
of xylary fibres.

, Fibre-tracheids: They are intermediate between trac11e1ds and
libriforms fibres. Their cell walls are of medium thickness. The pits
on their walls are bordered. Their cell-lumens may possess protoplasts
which are often degenerated.

3 Septate fibre-tracheids: They are similar to fibre-tracheids except that
their protoplasts are divided by one or more pseudo-septae.

*, Gelatinous fibres: In such fibres, the innermost layer of cell wall has
depositions f cellulose and is poorly lignified. This layer may absorb
much water and may swell and fill the lumen. On drying, they shrink
irreversibly. They are also known as mucilaginous fibres.

Some of the extra-xylary fibres such as phloic-fibres can be septaie and are
called septate bast-fibres.

{(B) Sclereids

These are highly variable in shape and very hard in texture. They alsa lake the
form of stone cells. They occur singly or in groups. They may be associated

with xylem, phioem, cortex, pith, and mesophyil. They are also found in fruits
and seeds. '

The sclereid cells have heavy deposition of secondary cell walls which are
highly lignified. The pits on the walls are simple but often highly branched or
ramified. The cell lumen generally lacks protoplast at maturity. Sclereids are
generally classified on the basis of their form:

i) Brachysclereids: Commonly called stone cells, they are isodiametric,
occur as idioblasts/in groups. They are very hard cells.

ii) Macrosclereids: They are rod-shaped, often forniing a continuous laver in
the testa of seeds. -

iii) Osteosclereids: The:,a are bone-shaped (dumb-bell shapad). The ends are
enlarged.

iv) Astrosclereids: These are variously shaped, with many arms of unequal
lengths.

v) Trichosclereids: These are 10ng. halr-llke elongated cells.

Objectives
" On the completion of this sclerenchyma-based exercise, you shouid be able w:

o identify the constituent cells of sclerenchyma;

o classify the sclerenchyma cells as fibres or sclereids;

o ideatify the various kinds of fibres and sclereids; and

e differentiate between simple-pits, ramified pits and bordered pits.

Ln
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Higher Plants

(A)

Fibres : : : -

Materials required

1.

2.

7.
8.
9
1

3.
4,
5
6

0.

Macerated materials of wood/stem for-

i) Libriform fibres: Cannabis sativa, Linum usitatissimum, Corchorus,
Quercus

i) Fibre-tracheids: Xylem of Ephedra, Malus pumila

11i) Mucilage fibres: Secondary xylem of Aristolochia, Quercus E

iv) Septaiz fikres: Secondary xylem of Vitis vinifera, Aristolochia -

Permanent/temporary stained slide of T. 8. of Linum, Corchorus,

Helianthus stems.

Watch glass

Slides

Coverslips

Dropper

Safranin

Glycerine

Compound microscope

Your instruments kit

Procedure

1.

2.

You may be provided with temporary or permanent slides. Observe them

carefully under the compound miicroscope.

Alternatively you may be provided with macerated materials. If S0,

proceed. as follows: o . : ,

i} Wash the macerated material provided thoroughly in water by placing
it in a watch glass.

1) Draw out water with the help of a dropper.

111) Stain it with safranin (1.0% aq. solution).

iv) Wash the excess stain. Take a clean dry slide and place a smail piece
of stained material on it. Tease the materials well with a pair of fine
needles. Mount in glycerine and observe under the compound
microscope. '

Observations and Interpretations

For studying the fibres in cross-section (Fig. 2.4 f), focus the phloem in t.s,
- stem of Lintum/Corchorus or the pericycle in t.s. stem of Helianthus.

‘When you observe a macerated material, it may contain many cell types

other than the fibres. Ignore them. Identify the elements of fibres and
correlate them with the diagrams in Worksheet # 2.7.

Look for a librifornt fibre in your preparation or pennanent slide and
complete the diagram 2.4 a. _ .

Draw atleast one of the other kinds of fibres as shown in Fig. 2.4 a-einthe
space provided in the Worksheet # 2.7.

Look for a septate fibre. Is the septum true? Record your observanons in
the description space. -

Compare Fig. 2.4 f and the structure, and observe under the mmicroscope.
Complete the labdling of the given figure. Correlate the structures in the
figure and in the slide. 1f you have any other observations, recerd them as
weli, - '



Worksheet # 2.7: Study of sclerenchyma — fibres. . o Difr"";:‘;::g

.I".t
o
LN

{

| a) Libriform fibre  b) Fibre-tracheid c)Septate-fibre-tracheid ~ d) Gelatirious fibre  €) Septate bast fibre.

Plagram space

-Q.1: Complete the diagram a.

Simple pit

f) A portion of bundle of fibres in c.s. Q.3: Draw the fibre types (a-€) seen in your
preparation.

Q.2: Identify the various ‘areas’ marked in the diagram.

Deseription sp:_ice

Fig. 2.4: a-e) Types of fibres in a macerated material.
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(B)  Sclereids
Materials required- o
Macerated materials of the following:

1. Brachysclercids: Pulp of fruit of Pyrus, sced coats of Juglans.

2. Macrosclercids and Osteosclereids: Seed coat of leguminous seeds, e.g.,
Pisum.sativum, Phascolus.

5. Astrosclereids: Leaves of Nyniphaea, Dendrophthoe, Thea,
Trochodendron. _

4, Trichosclereids: Leaves o'f Olea, aerial roots of Monstera.

Procedure

Same as given for fibres.

Observations and Interpretations

c Look at Fig. 2.5 a—i in your Worksheet # 2.8.

o Observe your preparation/slides under compound microscope, and

- correlate the structures and the given figures. )
¢ Follow the instructions given on the Worksheel.

Your Notes

‘_
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Worksheet #2.8: Study of sclerenchyma — sclereids. D"“""“;_‘ia“fd
. . - . 1s51es

Diagram space

Thick cell walls

Cell lumen

(Highly reduced)

B

a) Brachysclereids Q.1: Draw a few b, ¢) Brachysclereids showing ramified simple pits.
- an aggregate brachysclereids  Q.2: Label the areas marked in the above figures.
from yourslide.

-D"-I[I"Ilﬂ IPIC}/ .
Cell lumen
\ Thick secondary celi wall

BE)

. Cell lumen
- Thick secondary ) :
celi wall *, :

d) An aggregate of €) Macrosblérejds. f) Q.4: Identify the type of sclereids in the
macrosclerids. Q.3: Draw a macrosclereid from above figure.
your preparation. BT TP S e

Arms of sclereids

Cell lumen

| g. h, 1) Q.5: Identify and name the type of sclereids represented in the above three diagrams (g —1).

Fig. 2.5: Sclerenchyma - sclereids.




Higher Plants Worksheet # 2.9: Seif-assessment Questions

SAQ 7

You have now studied the simple tissués that is, parenchymea, collenchyma and sclerenchyma. Based on:
your observations, answer the following questions:

i. A cell type which is living even at maturity — what is ils name?

2. Acell type which is mostly dead at maturity — write itsname. ...
............................. R MDA PP
3. A cell type which always has secondary cell walls lignified— which is this cell? ..........ooooio

5. Which of the tissues that you have studied is the most versatile?

6. Which tissue can revert to the meristematic state?

7. Which tissue can never revert to the meristematic state?

SAQ 8

Write a minimwm of two characters and miximum as many as you can, to differentiate the following:

a) Collenchyma Sclerenchyma

' D L)
H) HY
HI) D)
IV) V)
1 13 S

b) Fibre Sclereid
) SO AUV D
H) H) e,
HI) HI)
IV) AV)
V) e V) e

P LR T T T T T S L R T T T P PP R PP TR PR P PR P PR
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Differentiated

2.5 XYLEM l e . - ) | Tissucs

In this and the nextsections you will stady complex tissues. A complex tissue
is the one that is made up of more than one kind of cell type and they have
similar origin. The two most prominent complex tissues in a plant are xylem
and phloem. The xylem functions primarily in transport of water and
minerals, while through phloem, the transport of food/organic metabolites
takes place. Together, they both constitute the vascular tissue of the plant
body.

The xylem is characteristically present in all the vascular plants. In addition to
its role in transtocation of water and minerals within a plant, it also aids in
providing mechanical support to the plant body and also acts in storage of
nutrients. It is both primary and secondary in origin. It consists of four
different kinds of celf types, namely: parenchyma cells, fibres, vessels, and
tracheids. The basic structure of parenchyma and fibres is similar to the one
you studied in Sections 2.2 and 2.4. These are not therefore repeated in this
EXETCISE. :

X The vessels and tracheids have several features in commeon and are often
referred to as tracheary elements. Their common features are:

o Both of them are elongated along the axis of the organ in'which they are
differentiated.

o Both of them are dead at maturity.

¢ The have lignified secondary cell walls. The 11 gmn is deposited in a
number of patterns leaving some/large areas of primary cell wall uncovered
through which waier is transported across the cells. '

o The chief differences between vessels and tracheids are as follows:

Tracheids . Vessels

1. They are always one-celled. 1. They are always more than one-
celled, The individual cell of 2
vessel Is termed as vessel
member/vessel element.

2. Their ends are tapering. 2. The ends of a vessel member may
be tapering, inclined or even
horizontal.

3. They are joined to one-another 3. The vessel members in a vessel

through their side (lateral) walls. are joined together by a
The ends of the cells overlap with transverse/end wall called
each other. . perforation platé: Within a

perforation plate, the dissolution
of cell wall provides charactenstic
pattern to end wall. A vessel
joins another vessel through the
side walls of its vessel members.

< The pattem of secondary wall depositions in the tracheids and vessels,
varics according to the stage of clongation of the organ ih which they are
situated at the iime of d1fferent1atlon Some patterns of secondary wall
depositions are; G



her Pliants

‘Annuiar: They are in the form of separale rings and are characteristic of

the elongating state.

Spiral: The thickenings are in a continuous spiral.
Sealariform: The thickenings are rings-like, just as the steps of a ladder.
Reticulate: The thickenings are net-like secondary cell wall depositions.

It generally takes place when the clongation of the cell type is
over. The pits are simple or bordered.

Simple-pitted: The secondary cell wall deposition is dense leaving numerous

small simple pits as openings.

The perforation-plates of a vessel member may also have different types
of secondary cell wall depositions. The resultant pattemns commonly seen
are;

1) Scalariform — ladder-like
2)  TForaminale — circular-discs
© 3)  Simple — one large opening

The xylem which originates from procambium is called primary xylem. The
primary xylem which matures earlier than elon gation of the axis in which it
occurs is called protoxylem. The primary xylcm which matures concurreritly
or later than the axis in which it occurs is nzmed as metaxylem. The
secondary xylem originates by the activity of vascutar cambiwm. It has axial
as well as ray systems. :

The elements of primary and secondary xylem are similar.

Objectives

At the end of this exercise on xylem tissues, vou should be abie to:

-]

understand the concept of complex tissues in the context of Xylem;
identify the various xylary elements;

differentiate between xvlary fibre and tracheary elemant or racheid:
differentiate between a tracheid and a vessel;

identify a vessel member:

differentiate between various kinds of thickenings in tracheary elements;
and - '

identify the various kinds of perforation plates.

our Notes




Dillerentiated
Tissucs

Cell_t'ypes ' o .

Materials required

Macerated materials of secondary xylem of Aristolochia / any wood sample
and/or permanent slides of the same.

Procedure

Rollow the same procedure for the preparation of temporary rmounts for
nacerated materials as in Section 2.4 (see the ‘Procedure’ for ‘Fibres’).

Observations and Interpretations

The preparations you make, or the permanent slides that are provided 1o you,
wre to be observed under the compound microscope. As you observe the slides,
sou may see many kinds of cells. Some of them may not Ge xylary in nature. So, be
careful.  Scan the slide and took for the various xylary elements as are shown
n worksheet in Fig. 2.6 (a-¢). Identify, correlate and fill-in your responses in
he spaces provided in the Worksheet # 2.10.

You should concentrate, particularly on the relative sizes, volumes, lengths/breadths
>f the various cell types. Also, focus your attention on the relative thickness of cell
walls, size of cell lumen, number, kind and position of pits.

Your Notes




Higher Plants Worksheet # 2.10: Study of xylem - cell types.

{dj

(b}
{a)

"Fig. 2.6 a-e) Xylary elements isolated from macercted secondar‘y xyiern‘of 4ristolochia.

Q.1:  Observe the above figures (2-e) and identify the various xylary elements. Wnte thelr names in the-
space provided below:

64



" Cell Details - : _ “ " -Differentia o
oo . : : ) " Tissnes
. Materials required

Macerated materials and/or Permanent slides of the following:

1. Tracheids: Sccdndaiy xylem of 4ristolochid, Pinus.

" 2.. Annular thickenings: Fruit of Arisaema, ﬁrotoxylem of. Zea stem,

Primary xylem of Phdaseolus stem. - oo
.3'. Helical or spirﬁl t‘hiék;:n\i'ﬁgs;:‘ Primary xylem in .sterln of }.’ha‘séo!u.;.
" 4, Scalnriforn; thickcnings: Xylem of ster-nl of Dryop:‘er-r.'s', }I’ql_;rﬁbdium.
5.  Reticulate thickenings: Primary-xylem in stem of Pha;*éo!us'. o
6. Sir_np'le pitted: Primary -xylelln In stém Phaseo!us. |

7. . Scalariform perforate plates: Xylem of Phoem’x, dac:jzfr_'ﬁzra, Rhoeo
discolor, Pteridium, Liriodendron, Betula (all stems).

8. Fdj'hnlinatc perforation plates: Secondary xylem in stem of Ephedra,
Gretum. o :

; 9 ,Silmple perforaf-ion_' plates: Secondéry_ Xy,lén.l in-st;er_ﬁ_dfj- Vms, Malus.
10. H(-)rizont'al perf;i-a;tioln- plaltcs: -Se_'(ion-dary’xylle;n in Stf‘:_Ir_l.bf Que}-c‘-us.
1[. - Perforation plates with tails: S‘GCOI'lldal')’ xylem 'in-sterri of Md!m.

.Procedure
Same instructions as in Section 2.4 (i.c., the ‘Procedure’ of ‘Fibres’).
Observation and Interpretations

Study carefully as many (preferably all} preparations as possible that are
prepared in your class, and the permanent slides provided to you, Study the
 cliaracteristics of various xylary elements and cotrelate with the given -
diagrams. A word of caution! The diagrams (in Fig. 2.7 a-k) given in the
Worksheet # 2.11 are representative in nature. What you observe may not be
cxactly like what is drawn in these outline illustrations. Nevertheless, these
figures can be used as your ready reference and for making a comparative
study of the two. Observe; correlate and follow the instructions given in the
Worksheet #.2.11. : :

Your Wotes
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Worksheet # 2.11: Study 'of xylem — cell details.

(2)

(b)
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anmular thickenings.
€1.1: Complete the diagram

and partly spiral thickenings.

2) Apartof tracheary clement with  b) Tracheary element with panily annular — Q.2: Identify the types of thickenings depicted in the sbove figures (G.d,e).
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G.3: Draw two vessel memBers from your shides.

Fig. 2.7: a-e) Trucheaﬂ;g_!erhants from a young stem, showing wall thickenings and pits on the lateral cell walls.
f-k) Vessel members with perforation plates, taken from the macerated stem of a dicotyledonous plant.”




Tissues

Waorksheet # 2.12: Test your understanding of xylem. | ' Differentiated

SAQY
If you observe a tracheary element, how would you confirm whether it is a tracheid or a vessel number?

SAQ 10

Name two angiosperms that lack vessels.

) R e S T

SAQ 12

Name two gymnosperms which possess vessels.

) e e e e [T

SAQ13

67



" Higher Pm'l:ls 2.6 PHLOEM

Phloem is another example of complex tissue. Unlike xylem it is a softer
tissue. The phloem can be of both primary and secondary origin. The one that
originates from procambium is called primary phloem. The primary phloem
that matures earlier than the axis of the organ where it is being differentiated is
known as protophloem. Metaphloem matures concurrently or later than the -
axis of the organ where it is being formed. Secondary phleem is formed due
to the activity of vascular cambium. The structures and functions of different

cell types present in both the primary and the secondary phloem are generally
similar. :

The various cell types.constituting the phloem are: phloem parenchyma;
phloem fibres; sieve cells (present in pteridophytes and gymnosperms); sieve-
tubes; albuminous cells (present along with the sieve cells), and the
companion cells (differentiate along with sieve elements). The sieve cells and
sieve tubes together are also termed as sieve elements, and are primarily the
sites of translocation of organic metabolites within a plant body.

. Sieve elements: These are live but possess highly modified/degenerating
protoplasmic contents at maturity. The various disorganized protoplasmic cell
contents in a mature sieve element form a'proteinaicéous slime body, which can
be seen very prominently undera compound microscope: The . :
plasmamembrane of the cell, however, remains intact. The cell, though l1v1ng,
is generally anucleate at matunty The cell-wall becomes thick, nacreous and
is always primary.

The cell wall of sieve element at places develops spe01ahzed structires, called
sieve-pores. A sieve-pore is the smallest unit through which the transport of .
food takes place. A number-of meye‘po_res foml_ed together in a region of a
cell wall is called sieve-area. On a cell wall, theré might be one to many sieve-
areas.

The sieve-areas in sieve cells are restricted only to their lateral cell walls.

- Such cells are often with tapering ends. The sieve-areas in a sieve-tube
element are, however, restricted or characteristically formed on its end-wall,
called sieve-plate. A sieve-plate with only one sieve-area is termed as snmple

sieve-plate. A compound s:eve-plate has more than one sieve-area on a sieve
: plate

4

Whereas; a sieve cell is a solitary cell a s1eve -tube con51sts of more than one

cell placed one above the other. The individual cells of a sieve-tube are called

sieve-tube elements or sieve-tube members. The two members of a 51eve-tubc
- are connectedfseparated bya 51eve—plate

Callose, a polysaccharide, which is formed during the development of a sieve-
- ' : pore as well as a result of injury, is very often seen occupying the site of a
: sieve-area when we observe these cells under the compound microscope.

" Albuminous cells: These are found adjacent to the sieve cells.

, Companion cells: These are found adjacent to a sieve-tube member. They
68 : originate from the same initial from which the sieve-tube member arises. In



: -t S., only one compamon cell per sieve-tube’ member can be seen. However, in
. I.'s:; more than one companion cell per sieve-tube member can be observed.
The protoplast of both albummous and companion cells i is very dense and is
nucleate:

Phloem parenchyma: These cells are live cells that are scattered among other

cells of the phloem. They are generally narrower but longer than the
. parenchyma of simple tissues. -

"'Phlocni fibres: These are clongatred cells and are generally lignified.

Whereéis, thé phloem in monocots contains mainly the sieve-tubes and the
_ companion cells, alt the cell types are characteristically present in the
dicotyledonous phloem. -

Objectives
-On the completlon of this exercise on phloem you should be able to:

o explain the concept of complex tissues in context of phloem,
e identify’ the various phloic elements;
"o differentiate between the sieve-tube members and the sieve cell;
‘e recognize the companion cells; -
e identify sieve-pore, sieve-area, sieve- phtc slime bodies, and callose in a
sieve element; and
e appreciate that a niature sieve-tube has a ubiquitous structure.

Materials required
Permanent slides of:

1. Sieve cells, albuminous cells: T. 8. stem of Pinus
2. Sieve-tube members, companion cells, simple sieve-plate:
T. 8. stem of Cucurbita,
. stem of Zea,
. stem of Fitis,
. stem of Pyrus,-
. stem of Pinus,
stem of Pyrus
Macerated phloem tissue in: Cucur bzta/Zea/Pmus

S e e
R R R RN

2

Procedure

“You will study this exercise largely through permanent slides provided to you.
If these are not available or are not of good quality, observe the temporary
preparations provided to yowmade by you.

Observations and Interpretations

You will observe the given slide under the compound microscope. Focus the
phloem region under the low power of the microscope. Now, turn to high
power of the microscope. Look for, identify and label the different phioic
elements as instructed on the Worksheet # 2.13 (Fig. 2.8 a-e).

Differentiated

Tissucs



Higher Plants Worksheet # 2.13: Study of the phloem.

Phloem parenchyma ceils

-Companion cell

Sieve tube plastids

Sieve plate

(a)

a) The phloem clerents as seen in a cross section of a dicot stem.

.Q:1; Label the areas rarked in the figure. )
: b,c) The phlocm elements froin the I.s. of a dicot stem,

£2.2: Label the parts marked with *?”

Parenéhyma cellss

{7
q
Connecling sirands .{5
¥ Y -(black) b
I fi .:
) 24 7 H
R A ) '}
d 138 : Cylinders of calldse %I
o r Loz . o -
2 i (white) - |
s = ol
.'g }.=_' v E 8.
=3 H K H E H
. aF H o {
Ef Ongsievearea H © (
S 1 —F {
T ; 'a \ .
- i
I i
g . \
LA :
Y
() , (e
'd) A compourd sieve plale. €) A part of sieve-lube member and a phloem parenchysma cell-

Fig. 2.8: Various elements of phloem.” . L
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Worlksheet # 2.14: Test your understanding of phloem, Differentiated

Tissues
SAQ 14
Fill-in the blanks with appropriate words. ' ‘ o [
1.  The phloem is a complex tissue. The various phloic clements that you observed were: |
2 In c.s. (cross section) of phloem tissue, the size of sieve-tube elements is ......ovvvvnervennaionns than

that of the companion cell.

3. You could observe dense, nucleated cytoplasm in a phloem clement. Name this phloem clement.
4. Inl s.of a phloem strand, the sieve-plates are confined to ... e wall.
1 5. A companion-cell was always found contiguous to @ ...........oie
6. Inasicve-area, callose SUTOUNAS @ ....vvieeniiiiiiinie e
7. The callosefslime is observed more concentrated near the ........oooeviiiiinii s
Your Notes . 1
\
\
A
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Higher Plants

2.7 EPIDERMAL -SYESTEM o -

The root and shoot systems of all herbaceous plants are covered by an
outermost epidermal tissue system. It constitutes the interface between the
plant and the environment, including both its biotic and abiotic components.
Functionally and morphologically, cells of this system are not uniform and
exhibit a wide range of variation in structuse and function. However,
topographically and, to a certain extent, ontogenetically also, these cells form a
uniform tissue. ¢

The diverse functions this tissue system performs are regulation of water
movement and gaseous exchange; protection from sunlight; protection from
other organisms; protection from non-biological agents; secretions; and
{ranspiration. S

The epidermal systen of a flowering plant is composed of four kinds of cells:
the epidermal cells, the guard cells, trichomes, and the roots hairs. The
epidermal cells are more in number and cover a greater part of the plant body.
These exhibit a wide range of variation in shape, size and contents. These may
be variously modified in relation to the organ and the environment where they
occur. In the surface view they appear mostly thomboidal or sinuous. These
cells are firmly attached to each other b'u__t\are less firmly attached to the tissue
beneath. Hence, they could be easily pecled away as a sheet. The cells are

living and are rich in protoplasmic contents; especially the leucoplasts and

anthocyanins. The outer cell walls of these cells have low'to heavy deposition
of substances like the cutin and the cuticle. This layer helps in the regulation

. of water, and reflection of excess solar radiations due to its shiny nature.

In this exercise, you will also study. two other important companents of the
epidermal system, namely, the stomata (singular: stoma) and the trichomes.

(A) Stomata

Theléontinuity of the epidermis of aerial parts of the plénf {especially shoot
system) is interrupted by several minute openings known as stomatal pores or

stomatal apertures. Each pore is surroynded by two specialized cells known
" ds the guard cells. These guard cells differ from the background epidermal”
cells in their size and arrangement. -

-~

- Sometimes, the cells adjacent'ts the guard cells are also different in size, shape

and contents from the epidermal cells. Such cells are called subsidiary cells.

~ The two giiard cells, the stomatal pore within it, the subsidiary cells (if present)
all together are termed as the stomatal complex. ~ .

Your Notes




C'assification _ ’ . - ] -Dil'l'crentiated
S . Tissues

The cIasmﬁcatlon of stomata that we shall follow in this exercise is basedon -

the number and arrangement of the subsidiary cells.

a) Amnomocytic stomata: The guard cells are surrounded by a certain number
of cells that do not differ in size and shape from the background epidermal
cells. . .

b) Anisocytic stomata: The guard cells are surrounded by three unequally—
sized subsidiary cells. :

¢) Paracytic stomata: The guard cells are accompamed by the subsidiary
cells, longitudinal axes of wlnch are parallel to that of the guard cells and
the stomatal pore. -

"d) Diacytic stomata: The guard cells are surrounded by two subsidiary cells,
the common cell walls of which are at right angles to the long axis of the
stomatal ¢ '\pel ture.

. Objcctivcs

.On the completion of this exercise pertammg to the study of stomata, you
should be able to:

» prepare an epidermal peel mount; :

+ identify the epidermal cells and the stomatal complex

e identify the various components of a stomatal complex, viz., guard cells,

_ stomatal pore, subsidiary cells; '

» 1dentify major kinds of stomatal complex organizations, anomaocy'tic,

anisocytic, paracytlc and diacytic; and -
o differentiate and identify dumb bLell-shaped guard cells that are
- characteristic of the of family Poaceae (Gramineae).

Materials required

A pair of forceps,

a new razor blade,

a pair of mounted needles,

filter paper,

one or two fine camel-ha‘r brushes,

lwo petridishes,

Slides,

Coverslips,

waler, _

10.  50% glycerine,

11.  compound microscope

12.  Plant materials:

- 1)  Bean-shaped guard ccls: Leaves of Rhoeo, Tradescantia,
Zebrina.

i}  Dumb-bell shaped guard cells: Leaves of Spccharum, Zeéa.

lii) = Anomocytic stomata: Leaves of members of Ranuriculaceae,
Malvaceae, Papaveraceae, Cuctrbitaceae, Geramaceae
Capparidaceae, Scrophulariaceae.

tv) Anisocytic stomata: Leaves of members of Brassmaceae Solanum,
Nicotiana, Sedum, Bryophyllum. - - _ 73
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v) - - Paracytic stomata: Leaves of members of Rubiaceae,
Magnoliaceae, Amch:s Phaseolus.

vi) Diacytic stomata: Leaves of members of Caryophyl[aceae
Acanthacene, Dignthus.

vii) Permancnt slides of the above materials (from i to vi).

Modes of study

1.

2.

Procedure

Through the study of permanent slides.
Through the study of preparations of tcmpor'lry—stamed epidermal peel
mounts.

Preparation of the epidermal peel whole mounts

1.

w

Peel off the abaxial (lower) epidermis of the leaf, from the faminar region,
witl the help of a fine forceps and a needle. Avoid peeling above the
vein(s).

Put the peel in a watch glassfpetndlsh ﬂlled with water.

If the peel is floating, gently submerge it in the water with the help of a
brush. It helps in removing the air bubbles from the peel.

If the peel is of irregular outling, cut it to a rectangular picce with the help
of a sharp razor blade. g

Take a microslide, put a drop of 50% aq. glycerine on it. Place the peel
over this drop with the help of a brush. Cover the peel with a coverslip.
Gently tap it with a needle to remove the trapped air bubbles and the excess
glycerine. Soak out extra fluid with the help of a filter paper.

Observe first under low and then under lugh power of compound " .
microscope. .

Your Notes .
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Observations and Inferpretations : ' : . Differentiated

a)

<)

Tissues

qtomqtal complex of bean-shaped stomata: -

i) It consisis of a pair of guard cells, a stomatal pore and sub51dlary cells
(if present).

ii) The guard cells are usually reniform (bean-, kidney-shaped). The cell
wall of guard cells towards the pore is called the dorsal wall and the
wall of the guard cell towards the subsidiary cell is called the ventral
wall.

ii1) The cell wall of the guard cell towards the stomatal pore is usually
concave. The opposite placed, concave, dorsal cell walls of two guard
cells of a pair of stoma give the stomatal aferture, a biconvex shape.

iv) The dorsal cell wall of the guard cell is thicker than the veniral cell
wall.

Graminaceous stomatal complex:

i) The guard cells of the stomata in the members of families Poaceae and
Cyperaceae are elongated and dumb-bell shaped.

ii) The ends of these guard cells are expanded and thin-walled.

11i) The middle-portion is elongated and thick-walled.

1iv) When the turgour pressure increases, the expanded ends swell and push
apart the middle elongated portions of thie cells.

Guard cells are also characterized by the presence of chloroplasts.

Points for observation

Correlate the observations you make with that of the diagrams given in

1.
Fig. 2.9 in the Worksheet # 2.13.
2. Tollow the instructions as provided in the Worl\sheet #2.15.
3. Also, write the name(s) of the plant(s) in whicl a particular observatlon
was made.
Your Notes
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- Worksheet #2:15: Stiudy.of epidermis

—
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‘Guaddeells | ' Epidermalcdils

Subsidiary cells

1!

b A granunaceous stomatal comiplex: ™

Subsidiary cells -

Guard gell _ -

-.Guard cell .

‘Subsidiary cell

........................... [NRR DURRRRP 1 a1y <

Q-2: identify the various kinds of slomiala depicted in the figures c-f, Wrile the names of (heir respective blank spaces.

eeeeeren eSO -

Fig. 2.9: The epidermal tissue system - stomata.’
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(l';l) ‘ Tr lchomes

All umcellular or multtcellular appendages of epldermal origin are de51guated
as trichomes.” They can be classified as: (i) non-glandular; and

(i1) ghnduhr, or secretory. “The trichomes perform a w1de range of functlons
rangmg from secretlon lo protecuon .

E OlJ jectwes

At the end of this exercise related to thetrichomes, you should be able to: -

. 1dent1f3r aud differentiate between the backglound eprdermal cells stomata

*and trichomes; -

\'-

& recognize that these appendaoes are a part of-epidermal system
o * differéntiate between non—glandular and glandulat trichomes, and
I 1dent1fy the varrous kmds of tl‘lCllOIl‘lBS on the lbasrs of t11e1r morphology

_M:iterials requx'r_ed .

All reqtlil'elﬁents 'exle‘ept plant mateérials aré tlie same as for stomata. K

1 Plant Mateuals
) Non crl‘mduhr

‘Slmple unicellular : Root hairs, leaves of C'ammbrs Triticum,

Hordewm,-Amaranthus, Pelargonium, seeds of Gossypium,
Simple multicellular : :
a) Umsernte Leaves of Lycopersicon, Chenopodmm -Mimosa,

b) Uniscriate (upper cell bladder-like, vesiculate): Leaves of

Chenopodium -
¢) Squamiform (flattened and multicellular):

- Peltate: Leaves of Olea

- Dendroid/dendrite: Leaves of members of Brassrcaceae
Branched multicellular:
a) Tufted: Leaves of Dombeya

" b) Stellate: Leaves of Stryax, Sida, Althaea

¢) Candelabrum: Leaves of Platanus, Verbascum
Shaggy multicellular: Base of petioles of Por tulacca, Schizanthus.

11) Ghndular

* Simple: stigmatic papillae

Salt-secreting:

a) Bladder-like: Leaves of Airiplex

b) Multicellular: Chalk glands of Plumbago, Limoniun

c) Hydathede: Young leaves/stem of Cicer ariefinuny

Nectar secreting: Calyx of Abutilon, corolla of Lonicera
Tropacolum majus :

Mucilage secreting: Membranous sheath arising from leaf base of
Rumex, Rheum - '

2. Permanent stides of the plant materials mentioned above.

Differéntiated.
- Tissues
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Higher Plants Procedure

Follow the same procedure as described for the study of stomata.-

The following morphological characters are useful in the identification/
. classification of trichomes when you observe them under the compound
microscope,

i)

A) Non-glandular trichomes: They exhibit wide range of variations.

Uniccllular:

» These are one-celled appendages. -

* These are more common in root-epidermis, e.g., all kinds of root
hairs. ‘ ' '

* The specialized cells of the root epidermis which extends as root-
hair is termed as trichobast. L '

® These are thin-walled, with thin-cuticle and are live at maturity.

* These are generally ephemeral. ' _

 Cotton fibre is alse an example of this kind of trichome.

° Papillae/bladder known as vesicular hairs in Crassulaceae are also
examples of this kind of trichome. '

" /

Multicellular:

a} Uniseriate: . .

* These are long, multicelled but with only one row of cells.
e These may be hard or soft in texture.
© The lower cells are wider and the upper cells are tapering.

b) Vesiculate: These are 2 or 3 celled, uniseriate but with their upper- -
most cell enlarged as a baldder. ' )

¢) Ramulose: These are branched, candelabrum-like in appearance:
They could be dendroid with complex branching patterns.

d) Steliate: These are multicellular trichomes with one or more celled
stalk, on top of which are present a number of cells radiating as
various arms of a star. :

e) Peltate: These are multicellular trichomes with a few-celled stalk
which supports a multicelled, umbrella-like (shield-like) dise. This
disc-like plate cells can be directly attached to the foot.

Bj Glanduijar tl;ichomes: These have a secretory Yole. These secrete oil,
resins, camplor. These exhibit considerable variability and could be {ith
uni-/multicelied gla?dular head. -

1)

Unicellular Glandular trichomes: These are single celled epidermal
extensions, which become secretory.

1i} Trichomes with Unicellular Glandular head:

78

a) Simple: It has a row of cells, the terminal cell of which is secretory.

b) Stinging-hair: These are highly specialized glandular trichomes.
They have a broad dilated base and a narrow pyriform or
obpyriform upper part. The epidermal cells surrounding the base of
such trichomes divide repeatedly to form a dome-shaped collar
around the base.




Dillerentiated

iii} Trichomes with Unicellular Glandular Heads: These trichomes are -
- ) 1s50cs

" not only multicelled but generally have an embedded foot and a
projecting body.
a} Capitate/glandular: The sccretory cell which generally occupies
the terminal portion of the projecting body is either unicellular or
 capitate (when multicelled). '
b) Shaggy glands: These trichomes have a core of cells surrounded by

- palisade-like elongated secretory cells.

'¢) Nectar-secreting: In these trichomes the cytoplasm at the time of
secretion is very dense and is especially rich in endoplasmic
reticulum (however, you cannot observe its details under the

- compound microscope).
d) Hydathode trichome: The trichomes secrete aqueous solution
containing inorganic and organic salts. Each one consists of:
e auniseriate stalk and a multicellular oval head, and
» asub-cuticular space formed at the time of secretion between
the cellulose layer of the cell wall and the cuticle at the top of
the gland. :

-Observations and Interpretations

¢ Prepare temporary preparations as directed by your Counsellor.

» Make usc of the permanent slides or the temporary preparations made
available to you by your Counsellor.

o With the help of compound microscope, observe, identify and correhte the
trichomes with those drawn on the Worksheet # 2.16, Fig. 2.10.

* Mark out the trichome types that you can identify, paying special attention

- to their peculiarities,

* If you observe any variation(s) from the given {igures / explanations,
record them in the “Your Notes’ space on p. # 82.

» Follow the instructions provided on the Worksheets # 2.16 and # 2.17.

Your Notes
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E Higher:PIa!:lts. ‘

Worksheet # 2,16 Study of epidérmis (cont)) .~ -,

-

a) Unicellular root hair. ’

Q.1: Complete thé-aboye dingrag:r;.by _
sketching on-the dotted portion.

. E} @mulﬁccllﬁlar, soﬂ,

"Q.2: Fill in the above blank space. .
" Q2: Complete the dotted portion in'the above -

disggram. . N

) i, UNISETTALE,
~ hard trichome.

Q.4: Wrile the name of a plant material
that would be a good source- for

making. 2 preparation tike the above. -

Dlagram space
\\
. ,\\
o
1 -
!
!
{
!
f

i
Il
!

e

viieer e plant. -

) TR n;ichqmc,mnbcobscrvcd in

¢) Ramulose .............

Q.7: [denufy the above

9 .
structure and write your response in the

Q.5 Fillin the blank spaces.

blank space.

Q.8: Draw one such structuce from your, preparation.

Q.6: Dfaw-a trichome in the space proi.rided‘ on right-hand side.

Q.9: Namic the plants/organs in which you observed the stetlate trichomes.

f,g) Stellate trichome in side view ([, left figure), and acrial view (g, right figurc)

h) A peliate Irichurﬁr: in top vicw,
Q.10: Name the plant/argans that show such
trichomes?.....oocooii e,

80




Worksheet #2.17: Study of epiderinis (cont,) .

Differentiated

Tissues '

Stalk cells

. Foot -

a) Glandular trichome with chloroplasts !:;)'Capitate.gla_.ndular-ﬁichbmc,-l\.v_i'ﬂ{ wnicellular head .

'Q.1: Write the name of one source.
© plantforit e

Q.2: Labe) the different parts pf the abow‘: trichorne.

- ;:} Capitate glandular trichbme with multi-

celled head.

Q3: Observe the above structure in your

. ‘Stinging tip

Dilated base

preparation / permanent slidie.

d) (left) & e (right)): stingy hairs

w

) GeR) & g (right)]:"shaggy glands -

< 'h)-Nectar secreting tri chome

Q.4: Write the names of sourct plants in which you obscrved the trichomes simlar to those s

Fig. 2.11: The epidermal tissue system - trichomes .,

A

ho'wn in figures h nnd‘ i
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Your Notes




EXERCISE 3 CYCAS

‘Session #.....

Time qllocated - 1% Hours

Structure

3.1 Introduction .......coceveeee. L., )

Objectives ~
Study Guide
3.2 Morphology
' 3.2.1 Sporophyte
3.2.2 Normal and coralloid roots
3.2.3  Stem
3.2.4 Bulbil
3.2.5 Scale and foliage leaves
" 3.2.6 Male cone, microsporophyll .
3.2.7 Female strobilus, megasporophyll
33 ANatomy .....oooiiiiiiiiiii s
3.3.1 Coralloid root
3.3.2 Stem
3.3.3  Rachis
334 Leaflet
3.3.5 DPollen grains
353.6 Ovule

3.1 INTRODUCTION

After studying about the various tissues comprising the plant body you will -
now study two major groups of higher plants — the gymnosperms, and the
angiosperms. We begin first with gym nosperms. The Exercises # 3 to 7 are
devoted to this group. In this exercise, you will make a detailed study of a
representative member of Cycadopsida, i.e., Cycas. It is abundantly distributed
both in the Eastern and the Western Hemisphere, In our country, the members

of this genus grow naturally, in the North-east and the Southern regions.
However, in cultivated form, 1t can be seen throughout the country.

- Objectives

After cbmpleting this exercise, you will be able to:

. 1dent1fy the Cycas plants;

e describe the various structural specmllzatmm in Cycas at morphologlcal

level: .

- coralloid root,
- remnant leaf bases on the sfem,
-~ scale and foliage leaves,

- bulbils,

- male cone, and
- female strobilus;

' Read this exercise-

thoroughly before
beginning your
work.

wear your lab
coat while

working in lab. '

83
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Higher Planis

@ bolh dlagr'lmmatlcally depict and descrlbe the followmg unique analomlca]
details of Cycas;»
- algal zomne in the coralloid root,
- leaf girdies in the stem,
- omega-shaped () arrangement of vascular bundles in the rachis,
- transfusion tissue and the xeric adaptations in the leaflet,
- boat-shaped pollen grains, and
- lype of ovule, archegontum and nucellus.

Study Guide

'©  Read Unit-3 of LSE-13 Course, particularly the Sections 2.2 (o 2 4

thoroughly before coming for this laboratory session.
e -Also, read this cxercise beforehand to know about the {ach; to be
.accomplished.

» Make atime utilization plan so as to complete all your lab work in the
allocated time frame of 90 min.

Your Notes




© Cyeas

32 MORPHOLOGY S
3.2.1 Shbrophyte o | | B . ‘ -
Materiais required |

‘1. Photographs of male ;md-female plants or_livé plﬁnts in natﬁrc-
Proéed'ure | | |

Study the morphological details of the male and female plant of Cycas.
Observations and Interpretatiohs'

Study the habit of the plant by focusing on the following aspects, detailed
study at macro-level would be taken up in the subsequent sub-scetions:

- the nature of the plant whether herb/shrub/tree,

- therelative size and structural peculiarities of various organs (like stem,
leaves, bulbils, and the reproductive structures — these are elaborated
below). '

Stem — shape, branched/unbranched and any other organs/structures present
on it. : '

Leaves — arrangement and structure of each leaf and the leaf bases.

Bulbils — present or absent, if present — their structure.

Male/Female reproductive struclures - single structure or as a number of
structures, arrangement, structural featurcs.

Your Notes
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Higher Plants Worksheet # 3,1: Sporophyte.

Q.2: Make an outline sketch of the given Cycas plant,
‘and label its various paris. Mention whether it is
a male plant or a female plant.

_Diagram space Cléssiﬁcalion
- Class:............ J e
Order: ..oooiiiiiii i
Family: ...,
GEIUS: «.evviive e ises e e e e e eees oo

Q.1:"Write the classification of Cycas.

Description space

Habit:

Stem:

Bulbils;

Léa_ves:

Reproductive struct‘ure(s)';.
Any other fea?:ul-'es:

Q.3: List the s,aiient features of the specifmen
drawn in the leff hand column.

Q.4 Write five ﬂiagnoslié feateres for the identification of the sporophyte of Cycas.




3.2.2 Normal and coralloid roots.
Nodial Root

1. The primary root persists and forms a tap root system.

2. Ttis well-developed, almost as long as the stem.

3. Most of the lateral branches of prlmary root matuie and are called as
normal roots.

Coralloid Root

1. These are the roots which develop near the surface of the ground and get
impregnated with a blue green algae - Anabaena cycadacearum.

2. Some of the lateral roots give out branches which become apogeotroplc
grow vertically upward from just below the ground level.

3. They branch repeatedly to form dwarfed, dichotomously branched coral-
like masses. They are called the coralloid roots or corallorhiza.

4. The surface of the coralloid root is beset with lenticel-like aperlures.

Materials required
1. Fresh or preserved specimens of normal and coralloid rools.
Observations and Interpretations -

» On the basis of the above points, observe the given specimcns and make
outline diagrams of both the normal and the coralloid roots in Worksheet
#3.2.

» Also list their salient points in the_description space.

Cyr.‘

Your Notes
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Higlher Plants Worlksheet # 3.2: Study of normal and coralloid roots.

| Normal Root

Magram space Deseription space

-Q.1: Make an outline diagram of the normal root and write in points about its salient features.

Co‘ral-loic] Root

Bingram space Description space

»

Q.2: Make an outline diagram of a coralloid root and also write in points about its salient features

e

|
1
1

88



3...3. Stem

The aerial trunk is straight, colugnnar and unbranched. .

It is covered with a thick armour of regularly alternating bands of large and
small thomboidal leaf bases, "
The larger ones among them represent the bases of the foliage leaves and
the smalizr ones are of the scale leaves in the male plants, and the scales
and megasphorophylls in female plants,

4. The various leaf bases are spirally arranged and so closely packed that the
surfaces of adjacent ones seem to be in'superficial contact with each other.

o

(¥

Material required
. Photograph or/museum specimen or thie real plant (in the field)."
Observations and Interpretations

Study the above-mentioned features in the given specimen and.depict them in
Worksheet # 3.3‘. Also, note down the main descriptive points_.

3.2.4  Bulbil

1. The bulbils arise as adventitiods buds from the lower fleshy portions of old

leaf bases. .

The bulbils serve for the vegelative propagation of the plants both

artificially and in nature. By separating them and putting them in the soil

for rooting, ncw plants can be easily grown.

3. To begin with, the bulbils only have a number of scale leaves around a
small stem, but later they start producing crowns of leaves like the main
trunk. o

4. Many of the bulbils produce adventitious roots, usually on their lower side

-even while they aré attached to the stem. ;

[~J

Material required
Fresh material or museum specimen.
Observations and Interpretations

Make an outline diagram of the given specimen, and label its parts in
Worksheet# 3.3. Also, note down 1ts diagnostic features. '

Cpeus

Your Notes
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Higher Plants

Worksheet # 3.3: Study of stem and bulbil.

‘Diagram space

Description space

Height of Stem e e :
Girth of Stem ....ooovvviien e

Q.1: Draw a portion of gtem as seen in surface view. Note down its salient features.

Dingram space

Descriplion space

Q.2: Make an outline diagram of a bulbil, making a note of its salient features.

90



3.2.5 Scale and foliage leaves

1. "There are two types of leaves:
" a) scale léaves,” and.
B} foliage leaves.

2. The scale leavts are brown and are far more in number than the foliage
leaves. They are persistent and protective in function and cover the stem
apex and offer protection to the young foliage leaves.

3. Foliage leaves are produced iif large numbers, are pinnately compound,
showy, large, very thick and leathery. These are spirally arranged.

4. Young leaves are with its leaflets circinately coiled, and the apices of

raclis incurved. :

5. Leaves are attached to the stem by their transversely expanded rhomboidal
leaf bases, each with a long petiole and long stout rachis.

6. There may be 80-100 pairs of leaflets in a single leaf.

Materials required

1. Fresh material or museunvherbarium specimen.

Observations and Interpretations

Study and record your observations on the given specimens focusing on their

salient features as mentioned above. Complete the diagrams of a young and an
old foliage leaf in the Worksheet #3.4.

(& yc.f.; ¢

Your Notes

91



" Higher Plants

Worksheet # 3.4: Study of foliage [éa_vgs.

Dingram space

- Deseription space

Descriplion space

Q.2: Complete the above diagram of a mature foliage leaf, and note down its characteristic features,

9



'3.2.6 Male Cone, Microsporophyll -

,ar_

: Male 'Cone

o All llvmg spec1es of ‘Cycas are dioecious.

¢ The male cones.are bome singly and termmally on the main stem. The
stemt of male  plant is sympodial.

¢ The male cones have short stalks, are woody, oval or conical, compact
structures about.40-50 cm long in C. Fevoluta, even more.in other
speciés like C. ‘cireinafis:

» Each male coné consists of a central large woody axis bearing la:ge
number of microsporophylls, in a close and compact splral which are_
almost perpenchcularly attached to the axis (thlS is yisible in the Ls. of
the male cone) The sporophylls at the apex and the base of the cone -
may remain stétile, while others are fertile.

. Mucrosporophyll

.». Each microsporophiyll is woody, flattened, wedge-shaped structure

consisting of a narrow lower portion broadened into a flat sterile end
part, which usually tapers into a pointed upcurved apex called
.apophysis. . '

e .Inbetween the basal parl of the microsporophyll and apophysis lies the
fertile part.

e It bears several hundred microsporangia on its abaxial surface (lower or
ventral surface).

e The microsporangia are arranged in ¢lusters of three to six, each group
is called a sorus (plural = sori). The sori are sumounded by few

- unicellular haws. The microsporangia may number up to 1,000 in

certain species. ‘

Materials required

1.
2.

Fresh or museum specimen or a photograph of the male ¢one

Two dissected microsporophylls — the abaxial side up in one and the
adaxial side facing upwards in the second. These can be viewed under the
dissecting stereo-binocular microscope.

Observations and Interpretations

1.

Study the male cone, pay attention to its size, sporophylls, the number
(approximate), and arrangement of sporophylls, colour of the cone, in
freshfpreserved specimens Note your observations in the Worksheet # 3.5.
In the I's. of male cone, observe its central axis, the arrangement of
mmrosporophylls and the pattern of arrangement of the microsporangia on
each of the microsporophyll. Note your observations in the Worksheet #
3.5.

Observe a microsporophyll-in both the abaxial and adaxial views. Note the .

* kind of details visible in each ‘of these views in the Worksheet #3.6.

Fresh male cone is
peculiar smelling.

Cycas
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Higher Plants ~ Worksheet # 3.5; Study of a male cone,

Dingram space -

Description space

Q.1: Make an outline,labelled sketch of a male con

e and write down its diagnostic features.

Diagram space .

Description space

Ay

down its salient features

Q.2: Make an oullme diagram of a male cone in longitudinal section. Label its var'i_ousl parts. Note

94



Vorksheet # 3.6: Study of microsporopyll. Cyea:

Diagram space Description space

s structural

Q.1: Make an outline diagram of microsporophyll in dorsal view. Label its parts. Write it
peculiarities. :

Diagram space Description space

Q.2: Draw a microsporophyll in ventral view, label its parts and write down the structural details visible

in this view.

935



Higler Plants

-

3.27. Female strobilus, megasporophyll

a. Female Strobilus

" A compact female cone is not organized, therefore not present in Cycas.

Instead, the female plant bears successively the foliage leaves, cataphylls and
then the megasporophylls, This sequence keeps repeating and the whole cluster
thus formed is termed as ihe female'strobil_us. : ' :

b. Megasporophylls

1. The megasporophylls arise spirally in acropetal succession and are loosely .
arranged on the stem like the crown of foliage leaves.

2. The stem in female plant is monopodial. -

3. A meégasporophyll is divided into:

. 1) an upper or distal broad leafy part which is variously lobed or serrated,
11} a middle stalk-like portion bearing variable number of ovules
(1-3 pairs), and : :
1ii) a proximal or lower sterile short or lon g stalk-like axis,

4. The ovules are sessile, orthotropous (erect), large in size (6-7 cm. in
length), slightly flattened in the plane of the megasporophyll, They are
ovoid or spherical. ' ' - :

5. The surface of ovule may be smooth or copiously covered with hairs but at
maturity the hairs are losf and ripe seeds have soft orange, red colour
(C. revoluta).

Materials required
Fresh or museum or herbarium specimens of at least two species of Cycas.
Observations and Interpretations

Observe the megasporophylls of the different species provided, note the
differences between them. Make their outline diagrams and write-their

Your Notes

differences in Worksheet # 3.7,
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Worksheet # 3.7: Study of m-egasporophyll.

Cpar

'Dingmm space’

Diagram space

CYCAS et oo et et

Q.I: Make outline diagramimes of megasporophyll of two different species of Cyeas. Label their parts.
Write the names of the species in the blank spaces, '

Description space

Dcsériptian space

Cycés

the species in the blank-spaces. -

D ey

Q.2: Write down the structural peculiarities seen

in the above illustrations. Also mention the name of
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Higher prants

3.3

ANATOMY

3.3.1 Coralleid root

[a—y

3.
4.

5.

(in transverse section)

The outermost layer is cork followed by phellogen.

The cortex is differentiated into three distinct zones:

a) Outer cortex |s composcd of compact, polygonal, parenchym'ltous
cells.

b) Middle cortex has a conspicuous, broad, blue- -green algal zone, usua]ly
one-cell thick, consisting of compactly connected thin-walled, and
radially elongated cells.

¢) Inner cortex is composed of thin- walled parenchymatous cells.

Endodermis is single-layered. .

The stele is diarch or triarch. The bundles are radially arranged and xylem

is exarch.

Pith is highly reduced.

Materials required

1.
2.

Permanent slide of t.s. of coralloid root.
Compound microscope.

Procedure

Focus the slide under the microscope. Complete the missing zone, and the
incomplete labelling in the cellular diagram given in the Worksheet £ 3.8.

Observations and Interpretations

1.

Observe the different zones of the coralloid root. The description given
above, and the outline diagram 'of the (ransection of coralloid root given in
the Worksheet # 3.8 (Fig. a). would both help and guide you in your study.
As you observe and study the permanent slide, particularly note the
location of the algal zone, and the kind of cells composing this layer.

Draw 3 or 4 cells from the algal zone in the given, cellular diagram in the
Worksheet # 3.8 (Fig. b).

Observe the nature of stele - diarch or triarch arrangement of vasculature,
and see if the xylem is exarch or endarch. Write down about these points in
the Worksheet #3.8. :

Your Notes




Worksheet # 3.8: Siu_dy of coralloid root. , _ Cycas

Pertilarm

- Quter corfex

"Algal zong
inner cortex " -
Phloem

Metaxylem -
- vPrqtéxylem .

Endodermis:

'2) An outline diagram of a coralloid rodt cut in transverse section (t.s). Observe the characteristics of its
. different regions in the permanent slide. S ‘

0 P ) Ay oy

L

e e e e R e
. 1

1 T | i — T
T 1 I—J T T y— I

b) This is a partially
madé¢ cellular diagram
of a coralloid root cut

. ..._._.;.., in transverse section.

Q.1: Draw 3 or 4 cells of
the algal zone.

Q.2: Complete the
stellar portion left
blank in the rhiddle, -
" with its cellular
details. -

.. ©Q.3: Label the different
-zones of the above
cellular diagram of
the coralloid root.

Description spéce

Q.4: Write down the characteristic anatomical features of a coralloid rbot.
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Flagyig

332 Stem’

a)
1.

N .

@ Lvos W

b}

A young stem (in transverse section)

T.s. of young stém presents an lrreoular outline on account of the presence
of numerous leaf bases.

© The stem is manoxylic. The cortex is broad, consists of thin-walled

parenchymatous cells.that are filled with starch grains.

Numerous mucilagenous duets are found in the cortex.

Girdle leaf traces and direct traces traverse the broad cortex.

Endodermis and pericycle are not distinct.

Vascular bundles are numerous, collateral, conjoint and endarch, radially
elongated and are separated by broad parenchymatous rays.

Pith 1s well- developed and is made up of large parenchymatous cells f lIed s

‘with starch grains.

A mature stem (in transverse section)

The secondary growth in the'stem results in a polycyclic condmon -The
primary cambium is short-lived, therefore, a number of secondary cdmbia -
develop. The transection shows 3, 4 or even more concentric zones of
xylem and phloem.

An armour of persistent leaf bases 1s present on the outer surface of the
stem. :

Prommem leaf traces (glrdles and direct) are present in the different parts -
of cortex. -
Both in the cortical reglon and the pith are present a numbe,r of mucilage

canals.

Materials required

1.

2.

Permanent slides of :

i) ts.ofayoung stem, and
1i) t.s. of an old stem,
Compound microscope

Procedure

Observe the slides after focusmg under the mlcroscoper Complete the

1.

rllustral:ons and write their salient features.

_ Obs'cniatio_ns and Interpretations

You'ng stem — Observe thé slide and draw a few girdle Iéaf traces, mucilage

ducts, a few starch - filled cells in the cortex and the pith region in Fig. a of

the Worksheet #3.9. .
0ld stem — Observe the permanent slide, taking help from Figs b and ¢ in
the Worksheet # 3.9. -

List the special features of secondary xylem and phloem in the correspondmg
description spaces in the Worksheet #3.9.



Worksheet # 3.9: Study of stem.

. Cyeas

Description space

a) Olﬁﬁﬂe diagramy of 4'young stem cut in transection.
Q.1: In this diagram draw:.i) girdle leaf traces, ii) mucilage ducts, iii) starch-fitled cells in the cortex

Leaf base
I~ Cortex

‘Second ring ' - Xylem

. Third ring ,

b) Outline diagram of t.s. of an old stem showing
 three rings of vascular bundles.

Phloam

5 Cambium

=5 " Metaxylem

,Xylam‘parenchyma

- Protoxylem

Phloem of firsL 1ing

régio_n. Label the differ_ent parts of the stem. Write down the salient peints.

Description Spiacc

" Q.2: List the special features of the elements of
secondary xylem and secondary phloem.

¢) A portion of vascular bundle enlarged from an old stem cut in t.s.

-



Higher Plants

3.3.3 Rachis

1. Inats., the rachis appears somewhat bicanvex, cylindrical or flattened
structure. -

2. The outermost, thick-walled and single-layered epidermis is made up of
rectangular cells. It is covered on its external surface by a thick cuticle,
except in the region of stomata. ,

3. The hypodermal region is differentiated into an outer, narrow zone of
collenchymatous cells, and an inner zone of thick-walled, compact,
sclerenchymatous cells. .

_ 4. Hypodermis on its inrerside is followed by a thin-walled parenchymatous

zone. A number of mucilage canals and a few cells with crystals of calcium
oxalate occur in this zone. -

5. A varying number of vascular bundles are found embedded fn the

" parenchymatous ground tissue, : '

6. Vascular bundles are more or less oval in shape, conjoint, collateral, open
and arranged in the form of ‘omega’ (Q) or horse shoe-shape.

7. Each vascular bundle is enclosed by a thick-walled sclerenchymatous

bundle sheath, next to which is the pericycle. The xylem faces inwards, and

is separated from the phloem by a thin strip of inactive cambium. The
vascular bundle consists of a mass of centripetal xylem and a few elements
of centrifugal xylem. The latter is separated from the protoxylem by
parenchymatous cells and the protoxylem is pseudomesarch.

(For more details, see page 35, Block 1 of LSE-13 Course.)
Materials required

1. One or two permanent slide(s) of rachis cut in t.s.
2. Dissecting/binocular microscope

- 3.. Compound microscope

Procedure

Focus and view one slide under a dissecting microsgope. Complete drawing its
outline diagram depicting the arrangement of vascular bundles in Worksheet

# 3.10. Then, view it under a compound microscope and study its cellular
details. Complete the cellular diagram (F ig.a) in the Worksheet # 3.10.

Your Notes




Worksheet # 3.10: Study of rachis.

Dingram space

* Description space

vascular bundlies.

Q.1: Draw an qutline diagram of the rachis cut in t.s. showing p_arti&ularly the arrangement of the

Diagram space

Description space

Q.2: Label the various parts of the rachis in the above diagram.
Q.3: Draw the cellular details of a vascular bundle, and label its compoient parts.

a) A partially made cellular diagram of a sector of rachis cut in t.s.




Higher Plants

COd

3.34 Leaflet

1.

1
2
3.
4.
5
6

- The v.s. of a Cyeas leaflet shows the following details:

The upper and lower epidermises are covered with thick layers of cuticle.
The epidermis is single-layered and its cells are lignified. The upper
epidermis is continuous but the lower epidermis is interrupted by the
presence of sunken stomata. _

Internal to the upper and lower epidermis lies a single-layered thick-walled
sclerenchymatous hypodermis, which in the region of midrib is two or
more layered thiriz. :

Next to the hypodermis is a zone of chlorophyllous mesophyll cells. The
mesophyll is differentiated into the vertically elongated palisade tissue
situated towards the upper side, and the loosely arranged spongy
parenchymatous lissue towards the lower epidermis.

In between the palisade and spongy parenchyma occurs three or four layers
of lignified tracheid-like, empty looking cells that show bordered pits on
their walls and these run parallel to the leaf surface from the midrib to the
margin. This constitutes the accessory transfusion tissue. ‘

In the midrib region, there is a single large vascular bundle surrounded by a
jacket of thick-walled cells. It consists of Xylem facing the upper surface,
and the phloem facing the lower surface, and.it is in the form of an arc.
The xylem strand (centripetal xylem) appears like a wedge with the
protoxylem located at its apex facing the phloem, and an arc of cambium
lies on its outer side, i.e., towards the phloem. On either side of the
protoxylem are present two or three tracheids, centrifugal xylem in
separate groups.. The latter is separated from the former by a few
parenchyma cells. The vascular bundle is diploxylic showing
pseudomesarch condition. ' s

Transfusion tissue consisting of transfusion tracheids, transfusion
parenchyma and albuminous cells, occurs on the sides of the vascular
bundle. On the sides of the xylem, transfusion tracheids with bordered pits
are present which are connected on either side by accessory transfusion

tracheids.

0.

.. Microslides

o Materials reguired

Preserved material of Cycas leaflets

Coverslips.

Safranin stain (1% in 50% ethyl alcohol)
Glycerine (10%) '
A razor or a sharp blade

7. A pair of forceps
8.
9
1

A pajr of mounted needles

‘Fine camel hairbrushes

Compound microscope

Or

1. A permanent slide of v.s. of a leaflet
2. Compound microscope.



Procedure

Cut a thin, uniform vertical section of a Cycas leaflet, stain it with safranin,
mount in glycerine after washing in acid water. The leaflets are tougl, thick,
and leathery, so pith is not required for cutting their sections. Observe your
preparation or the perimanent slide under the microscope, study its diagndstic

features as listed above. See the Figs a & b it Worksheet # 3.11 and bompare' .

with your preparation or the permanent slide. Complete the tasks gwen in thc
Worksheet #3.11. .

Observations and Interpretations
Observe and study the prepared or the permanent slide provided.

i) Idenll[‘y the transfusion tissue aud accessory transfusion t1$sue and make a
few cells in Fig. b given in the Worksheet # 3.11.

ii) Complete the cellular details of Fig. b in the same worksheet.

iii) List the anatomical, xemphytnc conditions — specific features of the Ieaﬂet
in Worksheet # 5.11 in the description space.

Crcas

)

Be careful while using
sharp blade/razor for
section-cutting,

“Your Notes
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Higher Plants . Worksheet # 3,11: Study of leaflet.

-

- -Sclerénchymatous.
- hypodermis

Endodermis

a) ‘An outline diagram of v.s. of a leaflet.

)
@J%'E:@'

\b) A portion of the above figure (a) enlarged, with its partially drawn cellular details.
Q.1: Complete the cellular détails in the portion left blank in the above figure. :

Q.2: Labet the parts in the above figure.

Description Box

Q.3: List the anatomical peculiarities found in the plants growing in xerophytic conditions that are
exhibited bythe leaflet of Cycas.

~
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3.3.5° Pollen grains h , _ R Cycas

You would study the polien grains in two ways: in the microsporangia where
they develop and mature, and the loose or free pollen grains in a squash
preparation.

a) Pollen grains in micrdsporangia.

To know about the place of development of pollen grains, a transection of
the microsporophyll can be studied. Its structural details are as follows:

1. The microsporophyll shows a copsously hairy epidermis, which has
numerous stomata, distributed cliiefly on the lower side.

2. The ground tissue is parenchymatous through which traverse numerous
mucilage canals and vascular bundles.

3. The vascular bundles are arranged in a row parallel to ifs plane of
{lattening.

4. The peripheral parenchymatous tissue shows chloroplasts and the
tannin containing cells occur in abundance. .

5. The microsporangia occur on two flanks of the microsporophyll

differentiated by a medtan sterile ridge.
The mature microsporangium is an oval sac with a short, stout stalk.

* The wall of the microsporangium is four to seven-layered.

The cells of the outermost layer, that i"s, epidermis, are thin-walled; of
uniform size and are filled with tannins. The epidermis is covered by a
thick cuticle in young microsporangia.

9. The innermost wall layer differentiates as-tapetum.

10. The tapetum degenerates during meiosis and microspore development.

I'l. At maturity, the cells of the epidermis become thickened, with the
exception of two rows of cells along the abaxial route. These become
elongated and mark the line of dehiscence.

12. The mature microsporangium contains large number of microspores. A
mature microspore possesses two sharply distinguished coats known as
exine (outer) and intine (inner). ' _ '

13. The pollen grains are boat-shaped and bear a longitudinal slit or furrow
on their distal sides.

Riaaba o)

Materials required

1. A permanent slide with v.s. of a microsporophyll whose microsporangia
contain developed pollen grains.

2. Compound microscope.

Procedure

Focus the slide under the microscope and observe under low power and study

the internal structure of microsporangium under high power and record your
observations.
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108

asetocarining stain.

Obscrvations and Interprctations

Observe the arrangement of microsporangia on the mlcrosporophyll note on
which side they are found — abaxial or adaxial, and also study the tissue

composition of the microsporophyil. Make its outline dlaglam and write the
salient features in, Worksheet #3.12.

b) Temporary squash preparation of pol[en grains

Pollen grains are produced in mlcrosporanga .

- Uninucleate microspore is the first cell of the male gametophyte ,
The microspores are almost spherical in shape and thousands of these
develop in each microsporangium. o
Each microspore develops a thick exine and a thin intine. :
The microspore nucleus divides and cuts off a small vegetative cell -

. called the prothallial cell and a large antheudral initial. The latter agar
" divides and cuts off a small antheridial cell attached to the prothalllal

cell and.a large tube cell. RN

6. The mature pollen grains are boat—shaped and bear a longltudmal sllt o

furrow on their distal sides.

7. You'can also sce pages 37-38, BlocL 1 of LSE- 13 Course for more

details.

Lo B o 0

kil

Materials required

I.. Preserved materral of Cyca.s mlcrosporophyll : :
2. Safranin ' '

3. Glycerine

4. Coverslips

5. Shides

6. Watch-glass

7. A pair of mourtted needles

8. A pair of fine forceps

9. Fine camel hair brush

10. Compound microscope

Procedure

Transfer the microsporophyll or a piece of microsporophyll from the preserved
material into a watch- glass. With the help of the forceps pick up few -
microsporangia, place them in a watch-glass and add a few drops of safranin
and let them be overstained. Now wash the material in tap water. On a clean
slide put a dvop of glycerine in the centre, transfer the stained microsporangia
on it and rupture it with the help of a needle. Remove tlie debris and carefully
put the coverslip over it. Place the slide between two filter papers and gently
press the coverslip and let the filter paper soak the extra fluid. Observe the
slide under compound microscope.

Note: The squash preparation of pollen grains'can also be prepared using



. Observations and Interpretations n Cyeas

Draw different etageS"of micmspores or pollen grains as ebserve'd by you.

Observe that the mature pollen grains become boat-shaped due to a depressmn
on one side. Dependmg on the developmental stage of the i mlcrosporanglum
you may find uni-, or bi-nucleate microspores; or the fri- nucleate 1mcr05pores :
which represents thelr inature’ stage of development gRer

Your Notes
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Worksheet # 3.12: Stﬁdy of poller grains.

Diggram space

Description s_bace '

_grains. Wnte its salient features.

Q.1: Draw an outllne diagram of v.s. of a microsporophyll w1th its microsporangia containing pollen

éd

"Furrow .

“a)'A few mature mlcrospores inw.m.

Diagram spacc

Q.2: Draw two microspores in different views.

Description space

' Q.3: Write about the characteristics of the pollen

grains that you have observed.
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3.3.6 Ovule | Cycas

" You may recall the arrangement of ovules on the megasporophyll that you
have studied in Sub-section 3.2.7. Refer to pages 39-40 of Block-1 of LSE-13
Course, for recapitulating its details.

1. The ovales are unitegmic, orthotropous and crassinucellate. These details
are clearly seen in the L.s. of ovule.

2. The mtegument is differentiated into three layers:

i)  inner fleshy (inner sarcotesta); ’

i)  mddle stony (sclerotesta); and

iii) - outer fleshy (outer sarcotesta).

On matunty the inner fleshy layer is left only as a dry papery layer.

3. The integument encloses a massive nucellus, which remains fused with the
inner fleshy layer of the integument except at the micropylar portion.

4. The apex of the nucellus grows up into a beak like outgrowth — the nucellar
beak, which projects into the micropyle. Some of the cells of the nucellar
beak disorganise to form flask-like hollow cavity called pollen chamber.
The pollen grains germinate here.

5. Within the nucellus is present an enlarged megaspore or the female

" gametophyte in a young ovule.
6. In 2 mature ovule, towards the micropylar end of the cellular gametophyic,
- Just below the pollen chamber, a small depression appears where 3-6
archegonia develop.

7. The archegonium is a simple structure consisting of a short neck of two
cells, a ventral canal cell (which degenerates later on) and an egg nucleus.
The archegonia lie in the archegonial chamber, which is formed by the
upward growth of the female gametophyte.

8. Cycas shows sim::le polyembryony. At this stage two, or three developmg
embryos with h1gh1y coiled suspensors can oe seen. -

9. Inamature seed, the integument hardens to form the seed coat. Its outer
fleshy layer dries up and adheres firmly to the middle stony layer. The
inner fleshy layer had already shrivelled. The nucellus is completely
crushed. Within the seed coat lics the female gametophyte, which functions
as endosperm. Lying embedded in the middle of the endosperm is the
straight dicotyledonous embryo which extends the entire length of seed.

Materials required
1. A permanent slide of 1.s. of ovule showing an archegonium preferably, or

any other developmental stage
. 2. Compound microscope '

Procedure

Focus the slide under the microscope, observe and record your observations.
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Observations and Interpretéﬁons' ' S ) ‘ -

Observe the structure of the ovule in the slide, note the neck of the

. archegonium ~ it is made up of two cells arranged in single tier. There are no
. neck canal cells and a degenerated ventral canal nucleus may be present. The
- egg nucleus is large, so-much that it ¢an‘be seen with an unaided eye.

Draw an outline diagram of the Ls. of ovule, label its"parts, indicate the
developmental stage of'the ovu[e and write dOWn 1ts salient features in the

- : Worksheet#3 13

Your Notes -




Worksheet # 3.13: Study of ovule.

Cycas

Diagrﬁfn space

Q.1: Make an outline diagram of the Ls. of an ovule. Label 1ts various parts clearly 1nd1cat1ng the
develoPmentaI stage of the ovule.

Description Box

Q.2: Write down the salient features of the ovule whose diagram you have made above.
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[{igher Plants Worksheet # 3.14: Test you understanding of Cycas.

SAQ1

a) In nature, the Cycas plant reproduces more frequently by vegetative means. Give reasons for
the same.

F

b) The male plants of C. revoluta are not found in north India, hence no seeds are produced here. Still
several plants are seen in many gardens. How are these plants propagated?

SAQ2

SAQ3

.................................................................................................................................




.

. - _ - S Cpen

SAQ 4 : ' B

List the primitive features that can be seen in the Cycas leaflet. . -
............................................................................................. N

SAQS .

In what respect do the ovules of Cycas distinctly stand out amongst the strictures of the entire plant .

kingdom? . ’

./.ﬁ ................... T T R e s
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Your Notes

—
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EXERCISE 4 PINUS o

Date: ...cvereircecnreecncanencese
CSession # ¢ oo,
Time allocated: 2 Hours

Structure Page No.

4.1  IntroducCtion ....c.c.oevviiiiiiiiiiiir e ereea
Objectives

Morphology ...coveeiiii e
Stem

Leaves

Long and dwarf shoots

Male cones, microsporophyll

Female cone, megasporophyll

Seed
Anatomy
Root
Stem
Wood (TLS, RLS)

Needle

Male cone and microsporangia

Pollen grains

Female cone, ovule (megasporangium) and seed
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41 INTRODUCTION

In this exercise, you will study the most well known representative of the
division Coniferophyta and of the family Pinaceae — Pinus. Pinaceae is the
largest and the most recent of the modem Conifers. Geographically, the famly
is distributed mainly in the northern hemisphere and forms pine forests.

The genus Pinus is represented by over one hundred spp. of evergreen trees.
The tree is tall and beautiful with horizontal branches arranged in whorls,
giving it a pyramidal appearance. The branches are of two typss, viz., the long
shoots and dwarf shoots.

The foliage leaves are borne on dwarf shoots; they are needle like in
appéarance and are protected by another type leaves called scale leaves.

The tree is monoecious, but the male and female cones are borne on separate
branches of the same tree. Generally, the male cones are in clusters on the
lower branches and the female cones are in pairs, on the upper branches. Seeds
-are produced in the older female cones which become hard and woody. Seeds
are released only when female cones open or fall on the ground.

In this exercise, you will be studying the morphology and anatomy of
vegetative and reproductive parts of the plant so as to understand both the
sporophytic and gametophytic generations of the Pinus life cycle.

Head this exercise
thoroughly befos >

beginning your
work.

Doa’t forget 10
wear your lulb
coat while
working In whe
lal.

Characteristics of secd
plants

2)
b)

c)

d)

Megaphylls
Heterospory

A reduced
megagametophyie
retained within the
megaspore

A megaspore
relained within
fleshy
megasporagiuim
called the nicellits
Pollen is a struciui
which carries the
male gamele or
speam cells to the
female gametes ©
ege

Seed plants do n¢
require water for
fertilization.
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In this whole exercise, you have to do three types of experiments.
o Experiments based on external morphology which will be done by
studying Herbarium/Museum specimens/video.

o Expertments which are based on temporary slide preparations.
°  Experiments which are based on study of permanent slides.

Objectives

After doing this exercise, you will be able to:

identify the plant of Pinus:

» describe internal structure of root, needles stem, male and female cones,
pollen grain, ovule, and seed,

o describe and distinguish between sporophyte and gametophyte
o understand the life cycle of Pinus.

Stmly Guide

Before attending the lab, come prepared by reading this text and the theory part
of this course,

; Study carcfully Unit 3: Pinus. It will surely help you in understandmg the
morpholog: and anatomy of various parts of Pinus.

Your Notes
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42 MORPHOLOGY | | Pitsas
v

In this section, you will study the morphology of vepetative as well as

reproductive parts of the pine tree. In Pinus the primary taproot is deep seated

having large number of lateral roots called as long roots. The long roots in turn

béar cluster of dwarf roots, which branch dichotomously and {orm corolloid

ma.sses and have ectomycorrhlza and are also called Mycorrhizal roots (Unit
3, LSE:13).

421 s'te'm
Matefials Required
° Museumf’Herbanum spe01mens of Pums twig with long and dwarf shoots

Procedure

o Study carefully the habit and morphology of Pinus tree from the VldCO film
or from museum specimen, freshly collected sp cimen (ifpossible) and
record your observations.

s Observe the museumv/herbarium specimens and complete the diagrams.

e Record your observations and label the dlagrams as indicated in
" Worksheet # 4.1.

Observations and Interpretations

H

‘1. Hints : Observe. (i) If you see a living plant in the vicinity, you must
observe monopodial branching and characteristic appearance of the main
trunk. '

Write diagnostic features of Pinus tree.

.......................................................................................
........................................................................................
.......................................................................................
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Higher Plants

Worksheet # 4.1: Morphology Pinus sp.

.

A long shoot bearing dwarf shoots

(Iabel it)

GeRuS & cvveeeeeiieiriian,

Draw dwarf shoot bearing needles and label it :

Draw a part of long shoot bearhfng?
dwarf shoot with needles and label it

7



4.2.2 © Twig with long and dwarf shoot ‘ - - : Pinus-

Observe-the following characteristics in the museum specimen.

L.

2.

L)

Pirtus monophylla monofoliar spur
Pinus merkusii " bifoliar spur
P. roxburghii, P. gerardiana trifoliar spur

P. wallicliiana, P. armandii  pentafoliar

The branches are dimorphic, the long shoots or branches of unlimited
growth and the dwarf shoots or branches of limited growth.

The long shoots are the ordinary branches which continue indeﬁnitely in
active growth by means of an apical meristem. These branches arise as buds
in the axils of scale leaves at the end of each year. In addition to these
branches, there are numerous branches of limited arowth, i.e., dwarf shoots,
borne on the ordinary branches in the axil of scale leaves. The dwarf shoot
consists of a short axis terminating in a cluster of three (P. roxburghii) (1-5
i different species of Piynus) green needle like Ieaves. The dwarf shoot is
up to 2-3 cm in length and is covered with 10-12 scale leaves which are
brown in colour. The opposite pair of scales initially borne on the dwarf
shoot are called prophylls, followed by 5-13 scale leaves called cataphylls.
The leaves are also of two kinds. The foliage leaves being long, narrow
(acicular), tough and green and are known as ‘needles’. They are borne
only on dwarf shoots. Second type of leaves are “scale leaves”. They are
brown, membranous and are protective in function.

I needle on dwarf shoot Dwarf shoot is also
2 needles on dwarf shoot called as spur shoot
3 heedles on dwarf shoot
5 needles on dwarf shoot

Observations and Interpretations

Study a leafy branch and identify type of shoot on the basis of buds and

leaves.

Study the dimorphic nature of the branches.

Identify the {ollowing leaves.

i) Foliage leaves or needles?

i) Subtending or scale like leaves in the axils of which arise foliage leaves
(needles).

4.2.3 M;lle cones

I~

La

Male cones occur laterally in clusters, each in the axil of a scale leaf at the
base of a terminal vegetative bud.

The male cones replace the dwarf shoots at the base of the developing bud
or shoot of the current year and are spirally arranged on long shoot.

Each male cone is shortly stalked and consists of an élongated central axis
bearing a number of small spirally arranged and closely fitting scale like
microsporophylis with their scaly apices upturned.

The microsporophyll is attached to the axis by a short stalk and bears two
microsporangia on its lower (abaxial) side. The microsporangium dehisces
by a longitudinal slit.

The young male cones of . roxburghii are about 1.5 ¢m - 2 ¢m long and
1 cmi in diameter. At the time of dehiscence, these become 2.5-3 ¢m in
length and contain thousands of pollen grains.

Each tree sheds a large quantity of pollen (sulphur showers).



Higher Plants

Observations and Interpretations .

Male cone '
i) Observea male cone. See on which shoot it is situated.
ii) Draw a male cone on the Worksheet # 4.2.

1) If youare prowded with fresh matenal record the length and diameter

of the male cone.
Whole microsporangia :
i) Observe a microsporophyll with two elongate microsporangia with a
long1tudmal slit.
Using a dissection microscope study several mlcrosporophyll
i) How many pollen sacs are there on each mlcrosporophyll‘? '

Your Notes
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Worksheet # 4.2: Male cones.

Pinus

A shoot bearing a cluster of male cones
(Label it) “

Draw a cluster of male cone and label it

Cluster of Male cones (label if)

Draw a microsporophyll bearing
microsporangia (dorsal, ventral and
lateral view)

3



Higher Plants 42.4 1,2 and 3" year female cones

i) Observe the 1%, 2™ and 3% year cones and note down the differences in
their size and shape.

ii) Tind mature-seeds on the upper (adaxial) surface. How many seeds are
there on each megasporophyll?
iii) If possible, study a mature seed with its attached wing.

"Observations and Interpretations

e Observe the museum specimen of female cone either from a specimen
shown or on video or photograph/or from a plant growing near by (if
- possible) and write comments.

e Write down characteristic features of female cone of Pin us Spp.

it iiemmsretaddstetreddsEEEETEEsRaEEEFFPa T AALAdEEEERdRiEEIFEmsAvesLEEENE TR SS P rRann RN anT
.......................................................................................
.......................................................................................
.......................................................................................
.......................................................................................
.........................................................................................
.......................................................................................
.......................................................................................
.......................................................................................
.......................................................................................
.......................................................................................

42.5 Seed

i. Each megasporophyll which is also called as ovuliferous scale {which 1s
woody and wedge — shaped with its broader sterile end, the apophysis
directed outwards) bears (wo seeds on its upper {(adaxial) side.

2. The seeds are winged. .

The wings are thin and papery. The outer layer of the mtegument and the

upper side of the ovuliferous scale take part in the formation of the wing.

(%]

.Observations and Interpretations

« Study the mature embryo surrounded by the enlarged megagametophyie or
endosperm (in permanent slides).

o Identify the parts of the embryo: radicle or first root (at the micropylar
end), cotyledons or emibryonal leaves, and the epicoty! and plumule (the
first bud) (if possible, in permanent slides).

o Draw a well labeled diagram of the seed with ovuliferous scalc and two
winged seeds borne on adaxial side from the specimer/photograph.
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'Worksheet #4.3: Fem;';le cone.

.
Pinits

3" year female cone

1* year female cone *

2% year femalé cone

Draw ovuliferous scale P
with two seeds

Seed
(Draw the diagram of L.S: seed)

25
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43 ANATOMY '

431 Root ’ ' o

T.S. of long root

-1

The long root of Pinus spp. is diarch or tefrarch.

2. Epidermis is following by starch filled cortex having an outer zone of small

L)

and inner zone of larger parenchyma cells. -

The endodermis is single layered with casparian strips and is followed b)fﬁ
or 7 layered pericycle. -

There are eight to sixteen protoxylem elemenlb with scalariform or
scalariform — pitted thlcknenmgs Each protoxylem point is associated ‘with
a resin duct. '

- The pith cells are rich in starch, occasionally some of them are

tanniniferous too. ¢
Secondary growth starts very early. The structure of the root in later stages
is much like that of the stem.

T.S. of dwarf root

1.

3.

4,

N

The dwarf root of Pinus is anatomically similar to long root. It however,
differs from the long root in the absence of a root cap, resin duct, starch i n
cortical cells and secondary growth.

The dwarf roots divide dichotomously and become modified into
mycorrhizal system after fungal infection, when the entire rootlet is
enclosed by mycelium.

The fungal hyphae penetrate the intercellular space in the cortical cells of
the root forming the so-called hartig’s net.

The pine fungal relationship is symbiotic.

Maferials Required

Permanent slides of young Pinus root,
Permanent slide of Mycorrhizal roots.

Observations and Interpretations (permanent slide)

1.

(5

Observe and identify pith, primary xylem, rays, resin canals, vascular
cambium, and phloem. Observe the primary vascular tissue.

Observe the prominent pith cells rich in starch.

Observe the mycorrhizal system in the dwarf roots and compare it with the
diagram drawn on Worksheet # 4.4.

Compare your slide prepared with the diagram and try to draw on
Worksheet # 4.4.



* Worksheet # 4.4: Root

Pites

Draw T.S. Root of Pinus

Draw T.S. Root with mycorrhizal association (upper half)
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Higher Plants 4.3.2 Stem

a2) Transverse section of a young stem.

T.S. of stem (Primary)

I

2.

5.

The primary stem shows irregular outline in transverse section and
anatomically shows advance features. : :
A single layered epidermis covers outer surface of stem. Its cells are highly

- thickened and outer walls are cutinized.

The cortical cells beneath the epidermis are thick-walled to form the
hypodermis. The inner cortex consists of thin walled parenchymatous cells.
It is traversed by a large number of resin canals. Each canal is lined by a
layer of thin walléd parenchymatous glandular secretory cells constituting
the epithelium. _ _

The primary vascular tissue consists of ring of conjoint, collateral, endarch,
and open vascular bundles. The narrow primary medullary rays connect the
pith with the cortex. - '
The pith is‘parenchymatous.

Materials Required

Preserved material of young Pinus stem,

.Slides, coverslips, safranin stain, glycerin (10% aqueous), razor or sharp

blade, forceps, needles, camel hair brush
Compound microscope.

. - Procedure

; Cut a transverse section of stem, stain in safranin’and mount in glycerin
(follow the instructions given eatlier). The material of stem is quite hard. No
pith is required for cutting sections. If you are unable to get a complete section,

- youcan mount a part, properly trimmed with the help of blade. In this part of
exercise, diagrams are drawn for you. '

Observations and Interpretations

Observe and identify resin canals, xylem and phloem, vascular cambium,
rays, and pith. o

Compare your slide prepared, with diagram given and try to draw a well
labelled diagram yourself. . -

Your Notes
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Worksheet # 4.5: Ste:m

Pinns -

/

Scale leaves Leaf trace”

Vascular

Gundle

- Cuticle
Epidermis
Cortex

Resin passage

Hypodermis

Phlogm

Cuticle
Epidermis
-Sclerenchymatous
cortex
Resin duct
Parenchymatous cortex
Endodermis
. Phloemn
Pericycle
Cambium
“Metakylem
Medullary
Ray

Pro'toxylern

Pith

A portion of young Pinus stem in T.S. (enlarged)




ﬁig;tm- P b) Transverse section of an ¢ld stem.
. Materials Required
o Preserved material of mature/old Pinus stem
¢ Slides, coverslips, safranin stain (1% in 50% Ethy! Alcohol), glycerin
(10% aqueous), razor or sharp blade, forceps, needles, came] hair brush
o Permanent slide of old stem of Pinus
e Compound microscope. '
Procedure
Cut a transverse section of stem, stain in safranin and mount in glycerin
(follow the instructions given earlier). The material of stem is quite hard,
therefore, pith is not required for cutting sections. If you are unable to get a
complete section you can mount a portion, properly trimmed with the help of
blade. In this part of exercise diagrams are drawn for you.
Observations and Interpretations
.¢ Observe your prepared and stained slide or permanent slide provided to
you. :
o Observe normal secondary growth, you will see annuai rings differentiated
into autumn and spring wood.
» Jdentify resin ducts.
- Diagram has been provided to you with the help of diagram and the slide
prepared by you, write your comments.
Your Notes




Comment on salient features of T.S. stem (Old) - ‘ Pinus

........................................................................................

........................................................................................
.......................................................................................

[
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Workshect # 4.6: Stem (Old)

Secondary-
phloem

-Secondary xylem

- !f{l 0

Res‘in duct
- Lﬂ

-/‘--

J:%“"
- -

0z
T

=

e

oyt i
N
L

5

Degenera-ting

primary phloem . - a2 * Cuticle

L LT XTT]

PR
TR UENT

LI S

T.S. old stem.

Sy

Cork

Cork
camb_ium

Parenchymatous
cortex

‘Resin duct

Sieve elements

Phloem parenchyma

Phioem ray

“Vascular cambium

Spring wood

Winter wood

Xylem tracheid

Xylem ray

Resin duct

Primary xylem.

Pith




4.3.3 Tangential Longitudinal Section (TLS) and Raaial Pinns
Longitiudinal Section (RLS) of wood

Radial lohgitudinal section f(RLS) of wood

—

. It shows secondary xylem and xylem rays.

2. 'Secondary xylem is composed of tracheids arid the trachelds DOSSESS

" bordered pits on their radial walls which are uniseriate in arrangement.
3. Bars of sanio or crassulae are special thickenings of primary wall. They are
present between bordered pits. - '

Xylem rays are made up of ray tracheids and ray parenchyma.

The ray parenchyma cells are rectangular containing cytoplasm, nucleus
and starch grains. They possess simple pits.

‘6. At the upper and lower ends of these rays are clongated, horizontally
situated one or two rows of short tracheidal cells. These are called ray
tracheids and have bordered pits-on their lateral ends.

o

Tangential longitudinal section (TLS)

1. Both uniseriate and multiseriate rays are present.
2. The uniseriate rays vary from 1-12 cells in height and are only onc cell
. broad.
3. The rhuoltiseriate rays are associated with a resin duct which is present in
the centre.

4. Xylem rays are composed of centrally placed ray parenchyma and at the

margins ray tracheids.

The walls of the tracheids shoivs bordered pits in sectional view.

6. A bordered pit shows pit cavity to which secondary wall form.an
overarching roof with.a narrow pore in the centre. It encloses in the centre
a small aperture called torus.

LW, ]

Materials Required

e Preserved material of old Pinus stem _

o Slides, coverslips, safranin stain (1% in 50% Ethyl Alcohol), glycerin
(10% aqueous), razor or sharp blade, forceps, needles, camel hair brush

¢ Compound microscope. ‘

Procedure

~ Take a piece of stem and remove bark from it. Hold the material in proper
position and cut longitudinal sections. Sections along the periphery will give
you TLS and those cut near the ceatre will give you RLS. Select a thin section
trim it properly, stain in safranin and mount in glycerin. Observe the slide
under the microscope, compare it with the diagrams and label the parts. If time
does not permit, students can use permanent slides for this part of exercise.

Observations and Interpretations

You can study RLS and TLS from the permanent slides.
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Higher Plants ' o Observe and identify the uniseriate and multiseriate rays and label them in
: the diagram provided in Worksheet # 4.7.
o Observe, identify and label the bordered pits.
o Make a chart and write different things you observed in RLS and TLS.

Your Notes
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‘Worksheet #4.7: Wood

':mmmmﬂﬂ\mnmmmw

|

R.L.S. of Pinus wood (A portion)
(label the diagram)

T.L.S. of Pinus wood (A portion)
(label the diagram)




Higher Plants 4.3.4  T.S. of needle

1. The needle shows a complex internal structure. _
In a cross-section the shape is like a tri-sector of a circle (P. roxburghii)
with the curved surface facing outwards and the vertex inwards.
- A single layered epidermis forms the outer boundary. Its cells are thick
walled, lignified and are covered on the outside by a thick cuticle.
4. The deeply sunken stomata are present on all sides of needle i.e. .
" amphistomatic. .
clow the epidermis, one or more layers of sclerenchymatous hypodermis i
is present which is fr2quently interrupted by airspaces beneath the stomata.
6.. Mesophyll tissue lies in between hypodermis and endodermis and shows
no differentiation into palisade and spongy tissue. Its cells are peculiar in
that their walls have numerous small infoldings which project into the |
cavities of the cells. These cells are thin walled and contain numerous
chloroplasts. The mesophyl] contains a number of resin ducts immediately
under the hypodermis. The number varies in different species. -
7. The central portion of the needle is occupied by a stele which is enclosed
by a conspicuous endodermis which delimits the mesophyll. Its cells are
large, oval with thickenings on the outer walls,
8. The pericycle follows the endodermis. In the centre vascular bundles are
present which are disposed at an angle to each other. They are separated by
+ band of sclerenchymatous tissue. Each bundle contains xylem and phloem.
The phloem faces the curved or outer side and the Xylem lies facing
inwards i.e. towards pointed end. The vascular bundle is collateral.
9. On either side of vascular bundles are present special kind of cells which
constitute the transfusion tissue. Embedded in the parenchymatous
pericycle are richly cytoplasmic cells which abut upon phloem, and are
called albuminous cells. The other types of cells are radially elongated and
resemble the tracheids. These are known as tracheidal cells. (the
transfusion tissue consists of parenchymatous, albuminous and tracheidal
cells) and help in the lateral transfusion since veins are absent.

I~J

(S ]

Lh

Materials Required

* Fixed material of Pinus needle

o -Slides, coverslips, safranin stain (1% in 50% ethyl alcohol), glycerine
(10% aqueous), Razor or sharp blade, forceps, needles, camel hair brush

o Compound microscope.

e ¥

Procedure

Place a piece (about [-2¢m in length) of Pinus needle in the center of
longitudinally slit pith (pith helps in holding the material straight) cut a
transverse section, stain it in safranin and mount in glycerin after washing the
excess stain in acid water. (Follow the instructions given in Exercise 1). .
Observe your preparation under the compound microscope, stiidy the .
diagnostic features listed bélow and compare with your preparation and try to
identify the different tissues. Comoplete the outline djagram and label it. The
cellular diagram is drawn for you and ‘you are required to label the different
tissues and cbserve the focused, permanent slide of T.S: of the Pinus needle
and try to see the above described features in the needie,



Observations and Interpretations

s Study the leaf section which you have prepared and stained.

e Identify the thick cuticle and sunken stomata each surrounded by a pair of
guard cells.

s Also observe ordinary epldermal cells, mesophyll tissue and central
vascular region with xylem and phloem and also transfusion tissue.

o Complete the cellular detail of the Fig. A in the Worksheet # 4.8.

e Label the parts of the Fig B in the Worksheet # 4.8.

Pinus

Your Notes
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Worksheet # 4.8: Needle
T.S. needle, diagrammatic representation (complete the diagram) '

Endodesmis
Transfuston tissue

Hypodetmis

B ﬂa
g_,_w_%%m,

P

n
D
G
e

N ol

T.S. néedie, cellular diagram (label the parts)
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4.3.5 Pollen Grains _. : _ . Pinus -

!\.‘l

L)

4,

L : "

¢ ' ’ _ ’ )

. Each male cone produces a large number of polien grains present inside

11110103p0rang1um .
The pollen grains consists of a body or ‘corpus’ and two air sacs or ‘sacci’. .
It has a single aperture or colpus at its distal end.

The microspore wall is differentiated into two layers, the exine and the
intine. The exine consists of an outer sexine and an inner nexine. The

sexine covers the spore along the proximal side only. The inner intine
continuous whereas the outer intine is incomplete. The intine is thinner at
germinal pore (distal end). The wings or sacci are separated from the bedy
by the nexine. The saccus becomes beautifu[ly marked by the formation of
delicate irregular ridges over the entire inner surface.

The uninucleate miicrospore is the first cell of male gametophyte. The

pollen grains are shed at four celled stage. :

‘M‘aterials Required

Preserved material of male cones of Pinus

Safranin, glycerin, coverslips, slides, watch glass needles, forceps, ca.mel
hair. brush .

“Compound microscope.

Procedure

Pick up few microsporophylls from the central portion of male cone with
the help of forceps and transfer them on to a waich glass. Add a few drops
of safranin and let them get stained. Wash the material with water taking
care that the pollen grains does not wash off. You can use the brush for
holding the material on watch glass. Now on a clean slide, put a drop of
glycerin in the centre, transfer the stained microsporophylls along with
microsporangia (two or three). With the help of needle rupture the
microsporangia. You will notice that stained pollen grains oozes out.
Remove the debris and carefully put the coverslip. Place the slide between
the {itter paper and gently-press the coverslip and soak the extra fluid.
Observe the slide under the compound microscope. If the time does not
permit, kindly see the permanent slides.

Note: The smear preparation of pollen grains can also be prepared using
" acetocarmin stain.

Your Notes
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Observations and Interpretations

1. Draw the different stages of microspores/pollen grains observed by.you.

Uninucleate - : . Mature
" Microspores : Pollen grain
2. Observe the wings/air sacs on pollen grain.

3.

Do all the pollen grains have two air sacs.

4.3.6  Male cones and Microsporophyll

L.S. of male conc

1.

LJ

The male cone js shortly stalked and consists of an elongated central axis,
bearing a number of small spirally arranged and closely placed scale like
microsporophyils.

Each microsporophyll takes its origin from the central axis, runs out
horizontally to end in a sterile flattened head, the tip of which is turned up
so as to fit over the microsporophyll above. The latter is attached to the
central axis by a short stalk. -

The microsporophyll bears two microsporangia on the lower (abaxial)
surface., '

In a mature microsporangium the epidermal cells become radially.
elongated and its tangential walls develop bands of thickening. The cells of
the middle layers remain thin walled.and degenerate when the microspores
are mature.



5.

‘The niature microsporangia are filled with numerous winged pollen grains.

T.S. of male éone’

1.
2.

3.

.The T.5. of male cone shows central ax13 in cross- sectlon

A number of Imcrosporophylls are attached to central axis and each

. microsporophyll shows two microsporangia.

You will observe similar stages of development of microsporanglum as
described above.

Requirements

Compound microscope

Binoculars or dissecting microscope
Permanent slides of: '

i. L.S. of male cone of Pinus.

ii. T.S. of male cone of Pinus.

Procedure

Focus. the slide under low power of compound microscope. If the complete

“view of slide is not obtained you can use dissecting microscope to get a

complete view of T.S. and L.S. of male cone. Draw labelled outline diagrams.
Now focus the slide under compound microscope and under high power of
microscope study the internal structure of microsporangium.

Observations and Interpretations

Observe and ideniify the L.S. (longitudinal section) and T.S. (transverse
section) of the male cone and label the diagram.

Identify the strobilus axis, pollen sac wall and microspore mother cell
under going meiosis. - .

If you observe mature pollen, try to identify the two prothallial cells,
generative cell and tube cell.

Draw and complete the diagrams as indicated on Worksheet # 4.9.

Pinus

Your Notes
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Higher Plants - Worksheet # 4.9: Malé.cones and microsporophyil

-

‘ Micfosporophyjl

N —Microsporangiun
Microsporanglum. - o |

| Stalk

- Dorsal view " Ventral view . Lateral view

Dorsal, ventral and lateral views of microsporophyll showing both the mi_cros;:orangiél

[

LS. of a Male cone ' “T.S. of a Male cone
(Draw outline, labeled diagram of L.S. Male cone}  (Draw outline, labeled diagram of T.S. Male cone)

L.S. of Microsporangium T.S. of mature microsporangium
(Complete the diagram from slide you observe) (Complete the diagram from slide you observe)

+42



4.3.7 Female cone, ovule (megasporangium) and seed.

L.S. of ydungl female cone

1.

The young female cone is small, stands eréct on short stalk and is covered
with scales. |: consists of a central axis which bears paired scales ina close
spiral, The lower scale of the pair is small and directly attached to the cone

axis4nd called as “bract scale”.
thicker and stouter. It is the “ovuliferous scale”. It develops from the upper
‘surface of the bract scale and bears two ovules side by side on its upper

(adaxial) side. :

The upper scale of the pair is larger,

The bract scale is larger than the ovuliferous scale before pollination, but

later it grows bigger than the br

act scale. The ovuliferous scale is woody

and wedge-shaped with its broader sterile end, the apophysis directed

outwards.

Seed-Scale-Complex -

The two scales, i.e., bract scale and ovuliferous scale bearing ovules, together
have been termed the seed-scale-complex.

L.S. of ovule

1.

The ovule is orthotropous and unitegmic. The integument is free from the
nucellus except at the chalazal end. It encloses the nucellus completely
leaving only a narrow passage, the micropyle at the top. The single -
integument differentiated into three layers: (a) outer fleshy (b) middle
stony, and (¢) inner fleshy layer.-

At about the time of pallination, megaspore mother cell differentiates. It

* undergoes reduction division and forms a lingar row of 4 megaspores. The

chalazal megaspore undergoes free-nuclear divisions followed by wall

formation and forms a massive
The ovules from secound year fe
Towards the micropylar end of
develop.

female gametophyte.
male cones show presence of archegonia.
female gametophyte 2-4 archegonia

Each archegonium consists of a short neck and a swollen venter. There are

no neck canal cells. The venter

which is ephemeral. The young archegonium is highly vacuolate. Later, the

contains the egg and the ventral canal cell

central cell undergoes rapid enlargement, cytoplasm becomes dense and at
the time of fertilization the venter contains two types of inclusions: (i) the
large inclusion (Proteid vacuoles) and (if) small inclusions (para nuclei).

There is a distinct jacket which surrounds the central cell. A well organised

archegonial chamber is not formed.

Pinus shows both cleavage and

number of embryos, with highly coiled suspensor can be seen. With further
development, all these embryos degenerate and only one which is central in

position attains maturity.
The mature embryo is polycoty

simple polyembryony. During embryogeny

ledonous, and straight.

Pintts -
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L.S. of seed

I.

The seed consists of the hard testa, the papery tegmen, endosperm and the
embryo with a nucellar cap at the micropylar end. {(As the seed matures a
thin layer of tissue from the upper surface of the ovaliferous scale separates
as a membraneous wing which is attached to the testa and aids in seed
dispersal)

There is the outer hard, stony seed coat, the festa which develops from the

. middle stony layer of integument.

Within the testa is a brown papery fegmen which surrounds the food laden
female gametophyte or endosperm.
The nucellar tissue is invariably crushed except for a thin cap-like structure

- at the micropylar end of the endosperm, called the nucellar cap.

In the centre of the endosperm is a distinct central cavity in which lies the
embryo. ' ' _ _

The embryo consists of a short axis differentiated into the radicle towards
the micropylar end, the hypocotyl forming a major portion below the
cotyledons-and the stem apex the epicotyl (plumule) which is surrounded
by 8-13 cotyledons. The tip of the radicle is attached to the dried up
SUSpensor. '

Materials Required

Compound microscope,

Binoculars/dissecting microscope,

Permanent slides of:

L.S. of young female cone.

V.S. through seed-scale-complex.

L.8. of ovule at megaspore mother cell stage/female gametophyte stage.
L.S: of ovule showing archegonia. ' ‘
L.S. of seed.

Option: Student can complete the study from the available siides.

Procedure

Focus the slides under the microscope, observe carefully, complete the

diagrams, label the parts and write down the comments where indicated.

Observations and Interpretations

1.

2.

Observe, identify and draw the diagrams with the hel p of description given
in the text on Worksheet #.

Ovule with a megaspore mother cell. Identify mepastrobilus axis, ovule-
bearing scale, and ovule, consisting of an integument, micropyle,
megasporangium and a large megaspore mother cell.

- Ovule with a young megagametophyte in the free-nuclear stage of
“development. Identify the integument and megasporangium, as well as the

young gametophyte, in the free-nuclear stage of development, with a large
space in the central portion. '

Ovule with a mature megagametophyte. Using low power, identify the
integument, micropyle, megasporangium and mature megagametophyte
with portions of one or two archeonia at the micropylar end. -



5. Inmnture seed. [dentify.tfe matured, enlarged megaoametopllyte

containing a young embryo (proembryo). The young embryo is made up of
- suspensor cells and embryo-forming cells, which will develop into the -
embryo proper.

6. Mature seed. (The sced coat and what was left of the nucellus were
removed before sectioning.) Find the mature embryo surrounded by the -
enlarged megagametophyte. Identify the parts of the embryo : radicle or
first root (at the micropylar end), cotylendons or embryonal lcaves, and the

: plumule {the first bud).

Pinits
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, L.5. of young female cone
- {label the diagram)

Draw L.S. of ovule with female gametophyte

L.S. of mature female cone
(label it)

Ovuliferous scalz .

=Ny

Carmpellary scale

V.S. through seed scale - complex
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Worlisheet # 4.11: Ovule and Seed

Pius

Nucellus

-

* Archagonium

F-emale.
gametophyte

L.S. of ovule showing Archegonia

Draw W.M. of embryo -

Venfral canal cell

Neck cell

~ Egg>
SIS nudleus -
O

A single archegonium enlarged
Tegmen
Endosperm

Cotyledons

Ef { Perispenn or
nucellar cap

Remains cf
- kuspensor!
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| DT ] 1 P
Session #: vvviiiiirriieinnns

Time allocated: 1% 70urs

Structure
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531 Stem : /o

5.3.2 Male strobilus

'5.3.3 TFemale strobilus

5.1 INTRODUCTION

LEphedra and Gnetum are the two representatives of Gnetopsida that you would
study in this lab.course, and the former would be the theme for this exercise.
The approach and format would be the same as in the previous exercises. You
might have well realised the advantages of refreshing the related theory details
before the laboratory session. Continue this practice for this exercise as well!

Objectives

After completing this exercise, you should be able to: -

identify the sporophylé of Ephedra,
differentiate an Epliedra plant from that of Equisetum,

s describe the morphological peculiarities in the following:
stem, male strobilis, and female strobilus;

o diagrammatically depict, and describe the anatomical details of the
following structures of Ephedra:
stem, male strobilus, and female strobilus. -

Study Guide

* Read the Sections 4A.2 to 4A.5 of the LSE-13 Course.

e To recall the details about the structure of Equisetum, refer to Block-4,
Unit-16, Sub-section 16.5.6, of the LSE-12 Course;

e Give a quick reading to this exercise to get an idea of the work involved.

L ]

Map out a time utilization.plan forthe atlocated time frame of 90 minutes.

- A thorough prior

reading and v:ork
planning would be
agood beito
accomplish lhe
objeclives of his
exercise.

Check, are you
wearing ths ab
coat? Righil Lei”
go on to do the
excreise,



Higher Plants

5.2 MORPHOLOGY

In this section, you would study the structural specificities of the plant body.
No special equipment is required for the purpose except your focused -
attention.

5.2.1  Sperophyte

I. All the species of Ephecdra are dioecious and bear male and female
reproductive organs on separate plants. These plants do not show any
difference in iheir vegetative orsanization and can be recognized as male
or female plants only when their reproductive structures appear on them,

2. The stem is green (photosynthetic), hard, ribbed, glabrous and much-
branched. It is distinctly jointed, slender and has long internodes.

3. The leaves are deciduous, opposite or whorled, more or less connate at

~ the base and reduced to membranous sheaths at the top. Each node bears
3 to 4 leaves.

4. Each leafis inervated by 1wo unbranched veins that run parallel to each
other.

5. The scale leaves bear a bud each in their axils. These axtllary buds grow
into branches. '

6. The internodes grow by means of a basal or an intercalary meristem that
is present at the base of each node. -

Materials required
A vegetative twig from a museum/ herbarium specimen/ a live plant in nature.
Procedure

Observe the given specimen or the plant carefully and complete the given tasks
in the Worksheet # 5.1. :

Obscrvations and Interpretations

Observe the plant carefully, and note its morphological peculiarities. Specially
pay attention on the details that differentiate it from Lquisetm. You would
requite these points for SAQ-1. Three tasks based on these observations are to
be completed in the Worksheet # 5.1. First is the classification, then drawing a
portion of the ridges found on the internodes, the arrangement of leaves and
the branching pattern. Lastly, write the description in the space provided. Some
ledds for the writing the details are given in the Worksheet & 5.1.

Your Notes
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‘Worksheet # 5.1: Study of sporophyte. .- : , . Ephédra .

. - Diagram space Classification
Class: ..veen.... et e
Order: ...l e i
Family: .o.covvniniiiiiniininnn s
Genus: ...cooviis i
'Q.I: Comhlete the classification
details of Epledra.

Q.2: Draw a twig of Ephedra (in the above diagram space). Enlarge a portion between its two nodes to
show the ridges on the stemi. Also depict the branching pattemn, and arrangement of the leaves. Label
the different parts.

Description Box

Branches: colour-........... e ,internodes - ............... e eareraeenriai erect or trailing?

o :

Leaves: arrangement - ....0............ creereeran ,whatisintheaxil? .............cconn. Ferrennen
other feature(s)™

Sporophyte: monoecious or dioecious, and other details - ...

Xeromorphic features: ......ocoiiivi e s SRR e

Q.3: Write the diagnostic features of its sporophyte as per the leads given above.
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Higher Plants 5.2.2 © Male strobilus

1. The male or microsporiangiate strobilus is a compound structure.
Each strobilus arises in the axil of scale leaf present at the node of
branches. The strobili arise in clusters and their number at the node
depends upon the number of scale leaves.
The male strobilus consists of a central axis that bears two to eight pairs
of decussately arranged, simple, broad and cupped bracts. The basal one
or two pairs of these bracts are sterile, whereas eaclt of the upper ones
bears a solitary microsporangiate shoot in its axil. The shoot is continued
into a short axix called microsporangiophore and bears at its base a pair
of fused bracteoles. The microsporangiophore bears terminally 3-12
microsporangia that are sessile and they dehisce terminally. This
strobilus is called as simple male strobilus, and the compound male
strobilus consists of many simpie strobili. The microsporangiophore
bearing 3-12 sessile, bilobed microsporangia, and is also termed as male
flower.
4. Atmaturity the microsporangia grow out of the bracteoles and are seen
externally.

b

(%]

Material required
Museum or herbarium specimen of a twig bearing male strobili.
Procedure

Observe andstudy the specimen, draw the diagrams, label and write down the
comments as instructed in Worksheet # 5.2.

Observations and Interpretations

In the light of the above mentioned points, observe the twig bearing male
strobili. Pay attention to the arrangement of the strobili. Draw a part of the twig
with male strobili in the diagram space. Label the parts in the given figure of
the male fertile shoot. Write the diagnostic features of the above mentioned

. structures, in the description space. ’

Your Notes ' x




Worksheet #5.2: Morphologiéal stud}%_of the male St'robi]i, S _ . .Ephedra

=

Dia'_gljplﬁ'_spacé

I

Q.l:-Drz-llwla‘."‘h‘kigE\be-aring male strobili, depicting their ~ Q.2: Label the different parts of a fertile male shoot:
arrangement: ' (as seen after dissécting the male strobilus) in the
, - _ above diagram. .

Deseriplion space

Q.3: Write the salient features of the given twig bearing male strohili.




* Higher Plants

Materials 'rcqu_ircd

'5.2.3 Female strobilus

Having studied the male strobili bearing shoot, you would now oberve closely
the female strobili bearing shoot. Its diagram is given in the Worksheet # 5.3.

—

Museunvherbarium specimen of a twig bearing female strobili. o ;

Procedure

Observe the specimen, and the two illustrations given in the Worksheet # 5.3.
Write comments as instructed in the Worksheet # 5.3.

Observations and Interpretations

Observe the given specimen carefully. Learn to differentiate the male and the
female strobilus, Write the diagnostic features in the description space.

Your Notes




Worksheef # 53 Morphological study of the female strobili. -

Ephedra

Pollinationdropt

Micropylar e,

A twig bearing- leav_es and female strobili.

A female strobilus in an enltarged view.

Description space:-

Q.1: Write the diagnostic features of female strobili-bearning twig, and a female strobilus.
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In this part of the exercise, our focus would be on the anatomical details of the
plant. This means we have to have access to the insidé of the plant body. And
being a student of botany, you very well know about thé techniques suitable

for the purpose. Cutting sections in various planes and observing them under a
compound microscope is the technique that is mainly employed for such :
studies. Ephedra presents interesting anatomical details that you would see for .
yourself in the sections that you may cut. If time is a constraint, you may use -
the already prepared or the permanent slides for your obsewatlons

5.3.1 Stem

You would be studying both a ycung and a mature stem showing secondary
growth. The salient features of stem in both the above stages are given below:

T.s. of stem (young)

1. Atransverse section of a young stem has a circular outline with ridges
and furrows.

2. The epidermis is made up @smgle layer of nearly rectangular
parenchymatous cells. It is covered with a thick cuticle. The continuity of -
the epidermis is interrupted by the stomata that are sunken and are
located only in the furrows.

3. Hypodermis consists of patches of sclerenchymnatous cells present below
the ridges. :

4. The cortex is differentiated into two zones. The outer chlorenchymatous
cortex consists of elongated, palisade-like, loosely-arranged cells,
enclosing intercellular spaces. Next to it is the parenchymatous cortex
which is made up of oval or elliptical cells that also possess chloroplasts.

- 5. The innermost layer of the cortex differentiates as endodermis. The
pericycle is not clearly defined.

6.  Vascular region consists of a ring of conjoint, collateral, endarch and
open vascular bundles. There are about 8-12 vascular bundles in the
internodal region. There are alternate pairs of large and small bundles.
Each small bundle supplies to a leaf at the upper node.

7. The xylem consists of tracheids, vessels and xylem parenchyma. The
phloem consists of sieve cells, phloem parenchyma and abluminous cells.

8. The pith occupies the center of the stem and consists of parenchymatous
cells:

-

T.s. of stem showing secondary growth.

[. The secondary growth is brought about by means of vascular cambium
present in belween the primary phloem and the primary xylem, The-
cambium forms a complete ring and starts forming secondary phloem
towards outside, and secondary xylem towards inside.

2. The cambium has two types of cells — the ray initials and the fusiform
initials. _

3. The secondary xylem consists of vessels, tracheids and scanty amount of
xylem parenchyma. Xylem fibers are absent. The vessels are with
foraminate perforation.plates.
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4.  The secondary wood is distinct as it is ring-porous: The spring wood
abounds in vessels, whereas the aufumn wood has only a few vessels and
more tracheids. The vessels and tracheids have bordered pits that may be
uniseriate in arrangement or may be irregularly scattered.

5. . The secondary phloem is typically gymnospermous, consisting of sieve
cells, phloem parenchyma and albuminous cells.

6. _The pith becomes narrow and ultimately disappears in very old stems-

7. In older stems, the epidermis is replaced by the periderm.

Materials required

1. . Preserved material of young and mature stems of Ephedra

i) " Slides
ii) Coverslips

~ifi)  Safianin stain

.iv) Glycerine

V), -Arazor or a sharp blade
vi) A palr of forceps
vii)~ A pair of mounted needles
viii) Camel hair brush
ix) Compound microscope

Or

2. Pcrmanent slides of t.s. of a young and a mature stcm showing secondary
growth — if material is not available or time is a constramt

Procedure

Cut trarisverse seclions of :he given stems, stain them in safranin and mount in
glycerine. Follow the instructions given in Exercisé # 1. Observe your

" preparations or the permanent stides under the coripound microscope. Draw an

outline diagram of the young stem, Jabel its various parts. Cellular diagram is

drawn for you in the Worksheet # 5.4. After studying the diagnostic features,

compare the cellular diagram with your preparation and label the different

tissues composing the stem.

Ohbservations and Interpretations

"Young stem: After having clearly understood the above-mentioned features
(discussed in Sub-section 5.3.1), observe the prepatation and draw an outline

diagram of the young stem, and label its different parts, in the Worksheet # 5.4.

Next, label the various regions in the cellular diagram provided in the same
worksheet. Write the salient points in the space provided.

Mature stem: As done for the young stem also have a clear understanding of
the peculiarities of a mature stem, from the above-mentioned points (Sub-
section 5.3. 1). Then observe the preparation, focusing your attention on the
types of cells, composing the different regions. i) Identify these regions and
label them in the given cellular diagram in the Worksheet # 5.5. i1) Observe
‘how the vessels look like in the t.s. Also note the important observatlon poinis
in the worksheet.

Ephedra

Ty

Be careful while using
sharp blade/razor.
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H.igher Planis - Worksheet # 5.4: Anafomicai study of a young stem.

Diagram space: Descriplion space

Q.1:' Draw an outlipe diagram of t.5. young Q.2: Write the diagriostic features of a young
' stem, and label its different parts, stém as seen in its transection.
B . ' ; Dlagram space
- Q.3: Label the different regions in the above cellular diagram . Q.4: Draw three or four vessels from
of a young stem cut in t.s. your slide of t.s. stem.
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Anatomical study of a mature stem.

Worksheet # 5.5

Ephedra

Q.1: Label the different parts in the above diagram of transection of an old stem showing secondary

growth (a cellular sector shown here).

Description space

-1
i
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Q.2: Write the diagnostic anatomical details of a mature stem.




Tigher Plants

5.3.2  Male strobilus
L.S. of male strobilus

1. The male strobilus consists a central axis which bears a number of (2-12)
opposite and decussately arranged bracts.
2. Each bract bears a microsporangiate shoot (male flower) in its axil, (except
_.the lower most bract). This shoot has a short axis or mlcrosporangrophore
-and bears at its base a pair of bracteoles.
3. The mlerosporangmhore bears 2 6 microsporaniga which are two or three-
lobed. ' :
4. Atthe earlier stages of development, each microsporangium gets divided
into two gloups by the appearance of a band of sterile cells and thus a
single microsporangium becomes iwo chambered.

-- 5. The wall of the microsporangium is three-layered, outeeeplderrms middle

Jayer and an inner tapetum. Inside is a mass of sporogénous tissue, which
later differentiates into microspore mother cells. The latter unclergo meiosis
to produce MiCIOSpores.

' 6 Ina mature miicrosporangium, only the thick-walled epldemus persists and

the other wall layers degenerate. The pollen grains are élliptical and the
+ . exine has’ parallel ridges.

,Materials re_qzri_r'eql

1. Permanent slides ofs”

i) L.S. of male strobllus

1y T.S.of mlcrosporancrmm showmg pollen grains.
2. Compound microscope

Procedure

Focus the slide under the microscope, observe and record your obsewatlons as -
instructed in the Worksheet #5.6. _ . , -

o~

Observations and Interpretations

Observe the given permanerlt slides and [abel the figures a-c in Worksheet

#5.6. Keywords are also given. Use them appropnately for labelling the
figures. ‘

From the permanent slide of t.s. of microsporangium with polien grains,

- draw its outline diagram making a part cellular to show the wall layers and

the microspores in Worksheet # 5.7,

Your Notes
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: ‘Worksheet # 5.6: Anatomiical study of male strobilus.

. Ephedra

: "_L,\ ool e,
T @\

~ AR -'? ................ oo o

AN =

G\ &l .

\hn— \ (;l', rj _
. @ .- ®

NE a,b) LS. through the-a[:'i_léxlof ﬁ}éle reprbduétivé s:lﬁoot Shoﬁﬁg ﬁi_ipr'os porangiate strobili. Note cach one

_ erent parts in the abo

p ve figures; particularly indicating the followi
bract, bracteole(s), sporangiophore, microspotangium, and microspores.

. Is arising in the axil of a bract. Figure b shows an enlarged sector of a.
Q.1+ Labél the different parts i

ng féatures:

St o
-

-

| ¢) L.S. (off-median) male strobilus.

Q.2- Indicate the following regions in the figure: microspores, microsporangia, ceniral axis, and

bracts.
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Higher Plants .- Worksheet ¥ 5.7: Anatomical study of male strobilus (Cent.).

Dizgram space . - Diagram space
'Q.1: Draw an outline diagram of 1.s. Qa2 Make a part cellular of tﬁg structure depicted
- microsporangium. in'the outline diagram (left-hand). Drawan

enlaiged view of the wall layers of the
microsporangium and also a few microspores.

. Description Space

y - . . - . B P

'Q.3: Write the salient anatomical feaituies of microsporaigium and also ’the‘miéro_s‘p‘o'res., _ '
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Pollen grains

1. The pollen grains are elllptlcal or ov01d in shape wmgless a.nd

inaperturate.
2. The exine is thick with phcate surface and is prowded thh pa:allel

' ridges along the longer axis of the grain. The intine is smooth.~

3. The nucleus of the uninucleate microspore is centrally located and it later
moves to one end. ]t divides to form a small lenticular prothallial cell, .
and a large central cell. The latter again dmdes to form second _
prothallial cell and the large antheridial initial.:The nucleus of the latter
divides into an antheridial céll and a tube cell. The formér divides by a
perclinal wall inito a stalk cell and a body céll. After some time, the

- are. released

prothallial cells start degeneratmg At the 5-celled stage Ihe pollen grains

- Matcrials required

Preserved material of male strobilus of Ephedra -
Acetocarmine ‘
Glycerine
Coverslips
Slides
Watch-glass

_ A pair of mounted needles
A pair of foreceps
Cametl hair brush

‘10 Filter papers

1. Compound microscope

000N G R W N

Procedure

" Pick up a few microsporangia from the male strobilus with the help ofa
forceps and tranfer them on to a watch glass. Add few drops of acetocarmine
stain, let the nii¢rosporangia be stained, was ,t,hgm.to remove excess stain.

- Now take a clean slide, put a drop of glycsrine in the center, and transfer the
stained microsporangia on it. Rupture them with the help of néedle and remove
the debris. Carefully put the coverslip and place the slide between the filter
papers and gently press the coverslip from the top with your thumb, and soak
the exfra fluid that oozes dround the coverslip. Observe the shde under the
compound mlcroscope

Observations and Interpretations

. Observe and study the surface of the pollen grains, and note the morphology
of the exine that has a distinct pattern of ridges and furrows. Draw the outline
diagram of a pollen grain, depicting its exine morphology in the Worksheet #
5.8.Next, try to locate the nuclei of the pollen grains in your preparation. In
case you are not successful, observe this in a permanent,slide. Count and

_ identify the different nuclei in the pollen grain. Depict them in the diagram

space in the Worksheet # 5.8. Also, note down iis salient features.

" Ephedra

163



High zr Plants. _ ‘Workshieet #5. 8: Study of pollen grains.

Diugram spg_cé, : ) Dmgrnm ipace -
F
Q.1: Draw an ontline diagram of a polleh grain to Q.2: Draw the structures visible in the given
show its exine morphology - developmental stage of the pollen grains.
: " Identify these structires and label them in the -
- ﬁgure :
Dclscripltio‘n Space - -
i
!
|
I Q 3: Wnte the characterlstlc features of the pollen grains of Ephedm I .
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533 Femalestrobilus. =~ = =~ = - . " Ephedre
-L.S: of female strobilus

I.  The female strobilus consists of a short axis to which four to seven pairs
- of opposite and decussate bracts are attached. :

2: 'Anovule is present in the axil of each of the upper-most pair of bracts.
Lower bracts are sterile. . '

The ovules are orthotropous, bitegmic and crassinucellate.

4. Each ovule consists of two envelopes or integuments. The inner
integument is thin, grows at its tip into a long micropylar tbe that
projects through the apical opening of the outer intégument. It is fused
‘with the nucellus except in the upper region. The outer integumernt is

- thicker and is completely free from the inner integument. '
5. The megaspore mother cell is differentiated in the center of the nucellus,
" _itenlarges and divides meiotically to from a linear tetrad. The lower-
~ most cell of the tetrad is functional (monosporic development).

6.  The functional megaspore divides and redivides and forms a massive
female gametophyte (free-nuclear divis’ions'fbllowed by wall formation
through alveoli formation).

. 7. The cellular ga.metophyte can be demarcatcd into two zones, a broad
micropylar zone and a narrow chalazal zone:

8.  Three to four archegonia differentiate at'the micropylar end of ihe female
gametophyte. Each archegonium consists of 2 venter and a neck of 30-40
cells which merge with the female gametophyte\ The nucleus of the
central cell divides to form an ephemeral veniral canal nucleus and an
egg nuclens: :

[FX]

Materials required

1. Permanent slides of:
i) L.S. young female strobilus; and 11)15 ovule showmg archegonia.
2. Compound microscope -

Procedure

Focus the slides under the microscope, obsérve them carefully, compare. with
the diagrams given in the Worksheet # 5.9. After readmg the- detalls given
above, identify and label the different structures in the ﬁgurcs grven in the.
worksheet. The keywords for labellmg are gwen below the- ﬁgures inthe
Worksheet # 5.9. :

.,

Observations and Interpretations

In the Worksheet # 5.9, three developmental stagés of megasporangium are
given. Note the placement of ovules in the strobilus. Observe the permanent
slides corresponding to these stages. Note particularly the bitegmic condition,
and the long neck of the archegonia. Compare the structures seen in the slide
with the line drawings given in the Worksheet # 5.9. Label the marked areas.
For your guidance and help, the keywords are given below the figures. Before
you label a particular structure with a keyword, reason out in your mind first
and write only after you are convinced.

1



Higher Plants

Worksheet # 3.9: Study of female strobilus.

a)L.s; female strob11us wnh ovules

~Q.1: Indicate the f‘ollowmg structures in the figure:
bract, inner envelope, outer envelope, female
gametophyte and hypostase

.b)Ls. ovale with cellular female gametophyte
. Q:2: Label the dlfferentparts of the figure with

the following keywords: hypostase, nucellus
" female gametophyte, outer envelope and
inner envelope :

Deseription space

c) L.s. ofz female strobilus showmg two we]l developed ovules each beanng two archegoma with long,

prominent necks, -

Q.3: By labelling, show the followmg parts in the ﬁgure nucellus, female gametophyte archegomum, '
.neck cells, pollen chamber, mlcropylar tube, inner mtegument outer envelope, and bract
- Q.4: Note the main points abouit the female sirobilus and its stnictures in the dcscnptlon space
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Seed(mls) o X Ca ‘_ ' T ' - - Ephedra

1. The seed contains a dlcot)dedonous embryo embedded in the tissue of
. female gametophyte (endosperm). .
2.  The seed coat consists of twd dlstmct layers whrch are derNed from the
- two mteguments ‘
3. Inamatire seed, the subtendmg bracts of the strobllus develop into a
thick and fleshy layer as its third covering.

'Ma_teria!_s_ required

'{.” Permanent slide of 1s. ofs’eec_l .
2. Dissecting microscope
3. Comipound microscope

.- Procedure -

;Foe'us the slide: un'der the micrdécbpe and obsérve 1t _car_efolly.

‘_Observatrons and Interpretatmns

See the sectlon first under the dlssectrng rmcroseope Try to identify its various
parts as drawn in the given figure in.the Worksheet # 5.10. Label the various
pazts. You can take the: help. of the keywords provrded below the ﬁgure in'the
‘Worksheet # 5.10- Before labellmg a: partrcular structure, reason out in your
“mind as fo why it is this onie, and not: anythmg else Note down such points in ’
the’ descrlptron space of the Worksheet # 5 10: :

Your Notes
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Higher Plants _ Worksheet # 5.10: Study of a seed. -

- —

i Q-1: In the above outline diagram of Ls. of a seed, identify the following parts: outer integ'ument,' bract,

inner integument, female gametophyte, nucellus, and colytedones.
| . - . .

Description space

Q.2: Write the characteristic features of a seed cut in |.s.
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Worksheet # 5.11: Test your understanding of .Epil-'édra_. - _ - Ep!_:ed}a.

SAQ1T1

'On the basis of which diagnostic features would you chstmgulsh an Ephedra plant from that of
Equisetum?

List the morphological and anatomical charactefistic of the stem, on the basis of whlch you would deduce
that Epledra is a xerophyte"

.....................................................................................................................
......................................................................................................................
.....................................................................................................................
.....................................................................................................................
L R R R R R R L T T T T

SAQ3

What are the points that need to be attended to for making a good squash preparation of the pollen

grains?

......-.-.-.......--.---.....-.....................-.-..‘-,-/fo-.-............---.................... ....................
(Cont.)




ﬁigher Plants Worksheet # 5.11: Test your understaudmg of Ephedra (Cont.).

SAQ 4

Compare the anatomy of the stems of Cycas, Pinus and Epne ,a.‘ Suggesuon Writing your pomt.s ina
tabular form will enhance the clarity of your pr esentanon : :

(Cont))
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Worksheet # 5.11: Test your undefétanding'of Ephedra (Cont.). . o Ephedra
SAQ 5

Differentiate the male strobilus of Ephedra from that of Cycas and Pinus. Present your points in a
tabular form. e : : : o :
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Your Notes
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EXERCISE 6 GNETUM

SeSSION # covreeiieiiraraas rennaas .

Time allocated —

Structure ' . . Page No.
6.1 Introduction ........c..ccevuneeeenn.. OIS e 173
~ Objectives
~ Study Guide '
6.2 Morphology ..o, 174

A single twig with leaves
Twig with male cone.strobilus
Twig with female cone strobilus

T 6.3 ANAOMY «oovvveivirnrereeieneennns ............... VTR 181

Stem

Stem with secondary growth

Leaf

Male strobilus and microsporangium
Female strobilus and megasporangium

6.1 INTRODUCTION

The Gnetales include only one genus the. Gretum — woody plants which are
regarded to be highly evolved amongst the gymnosperms. They resemble the
angiosperms in certain marphological and histological features. But some
features like absence of an ovary, style stigma and ‘method of pollmatlon arc
still gymnospcrmous

Gnetum includes nearly 40 species which are found mostly in tropical and
humid regions. An adult plant of Gretum resembles a dicotyledonous

‘angiosperm in appéarance. In this exercise, you will observe the morphology
and anatomy of sporophyte as well as gametophyte.

Obj ectives

_ After domg this exer01se you will be able to:

¢ identify and dlfferentlate between vegetative and reproductive parts of
Gnretum,

o describe the morphology of stem, leaves, male and female gametophyte
e describe the anatomy of stem, leaves, and reproductive organs.

Study Guide

Read this exercise a day before you intend to do it.

e  You should also study the Unit 4B Gnefum: it will help you to understand

morphology and anatomy of Greftum.
¢  Make the figure as you observe specimens and in the slides.
o Try to identify the various zones in'T.S., L.S. or V.S. by yourzelf.
o  If you find something interesting, report it to your counsellor.

Read this exercise
thoroughly before
beginning ycur
work.

Don’t forget to
wear your lab
coat while
working tn lab.



Higher Plants

174

. 6.2 MORPHOLOGY

6.2.1  Characteristic features of sporophyte of Grnetum

1. The adult sporophyte resembles a dicotyledonous angiosperm in
- appearance. [t may be a small woody tree, or a woody climber, or a
scandent shrub.

_ Woody tree - Gnetum gnemon
‘Woody climber - G. latifolium, G. montanum, G. ula
Scandent shrub - G. contractum

2. Only woody climbers exhibit two types of branches, i.e., brasiches of
. unlimited growth and branches of limited growth. The shrubs and trees

-~ bear only one type of branches. Some species have articulate stem. .

3. The shoots of unlimiteji growth are usually unbranched and bear 9 to 10
opposite decussately arranged leaves. The scale leaves occur only on long
shaoots. o '

4. The leaves are large, oval-shaped with reticulate venation and entire
margin resembling a dicot leaf. )

5. Gnetum is dioecious and bears male and female reproductive organs are
borhe on separate pldnts. These reproductive organs are organised into well
defined strobili which are organised into inflorescences which occur as
solitary or fasicled panicles in leaf axils of short branch.

~ Materials Required

e Museum/Herbarium or living spgeimens of Gretum.
« A single twig with leaves.

Procedure

‘Study carefully the habit and morphology of Gretum from video

film/herbarium or living specimen and record your observations. Observe the |
museum/herbarium specimens, complete the diagrams, label them and write
down the comments as instructed. )

Observations and Interpretations

s Observe and record the
i} the appearance of stem



' ,.r Work on the gwen Worksheet # 6 1 and draw the dlagrams
ane dlagnostlc features of sporophyte

R L e N R R I
Mmoo Emd e R EgEE R 4N EE RN - EEE EEEE Y RSN AN AR R RN R AR LR R AN AN AT TR E ARy
.........................................................................................
P L L L R R I e
.......................................................................................

.. Gnetuny

Your Notes
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Higher Plants

Worksheet #6.1: Stem.

Draw a diagram of branch with leaves

Draw a single leaf with venation and label it.




B,

622 Twig with-n-lele éime (sfrobilu‘s)

The stem is woody and branched, The branches are d1morph|c only inthe *

woody climber species.

The dwarf shoots are divided into nodes and internodes and bear follage
leaves in opposite decussate pairs. The number of leaves on a dwarf shoot
may be 9 to 10.-

The long shoots bear reduced and cup like pairs of scale leaves. The nodes -

are swollen and the branches become articulated in many species.
The leaves are subsessile or shortly pétiolate, The shape of the lamina
variés; it may be oblong, elliptical or even lariceolate. The lamina is

traversed by a reticulate system of veins, has entire margin and acute apex. '

The sporophyte bears male and female reproductive organs on separate
plants which are organised into well defined strobili (loose cones).
These strobili are orgamsed into well defined inflorescences which are
usually pamcles that arise singly or in fasicles in the leaf axils.

The cones-arise in the axils of paired and decussate scale leaves which are

fused at their bases. These are called bracts.

Male strobilus consists of an elongated axis, dlstmgmshable into nodes and
internodes. The internodes are short in young cones.

The nodes of-the axis bear scaly bracts arranged in whorls. These bracts
fuse together to form a cup-like structure called the cupule or the collar.

- The number of collars corresponds to the number of nodes on acone axjs

10.

(number varies from 10-25).
Each collar bears above it three to six rings of male flowers, each rmg

possessing a number of male flowers, the male flowers in the rings are

11.

arranged alternately. Above the rings of male flowers there i is one ring of
abortive ovules.

The young male cone is completely enveloped within the basal bracts that -

are joined at base. Later the male comne grows and emerges out of the fused
bracts,

Materials R_equired

Herbarium or museum specimen of Grefum twig with male strobilus..

Procedure : L

Study carsfully the twig with male strobili and complete the Worksheet #,

Observations and Interpretations

4 0 o 0

Observe the characteristic shape of male strobilus.
Identify the opposite pairs of bract.

Observe the protruding microsporangia.

Complete or draw the diagrams on the given Worksheet # 6. 2

Ay
-"I\.

“Cretam
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Higher Plaats ' Worksheet # 6.2: Males cone,

TR
S e
D .

'y
d%_(

A twig bearing a panicle of male cones.-

" (Label the diagram)

) )
O T Ad
SRS

Portion of male cone enlarged
(Label the diagram)

' Male cone
(Complete the diagram)

Male flower
(Label the diagram)

178
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6.2.3. Twig with female cone (strebil'us)- . T

In young stage female strobilus looks similar to the male strobxlus As T.he
strobili grow the distinguish becomes clea.r

1. in female strobilus this is a ring, of four to ten female flowers (ovules)
present above each collar :

2. inthebeginning all the ovules are alike buit later only few grow to matunty

3. the upper few collars usually lack ovules and are sterile. - S

Materlals Requlred
B Museum/Herbaruim or living specimen of Grefunt twig with feinale cone.
Procedure

Study carefully the twig with the help of dlagrams provided and write your
comments in the space provided to you.

Observatlons and Interpretations

¢ Observe and identify the characteristic shape of female cone. Identify the -
opposite pair of bracts.

e Write down comments on the twig wnth female cone witli-the help of
*diagrams given in Worksheet # 6.3 and museum or living specmlens

..........................................................................................

...........................................................................................
............................................................................................
..........................................................................................

- O'n el
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Higher Planis

Worksheet#6.3; F emal‘e cone

A twig béaring female cones

iFamale flovers

Portion of female coné enlarged

Young femaile |
cones

Female cone in which

only fwo ovules have:

. . developed into seeds and
_ rest have aborted. -

~.
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6.3:" A:N':ATIOMY * . I ~ . -I ' . -‘ : :1.‘;-- . ' | | Gr{c:r‘.;;j

6.3.1 Stem
T.S. of young stem

1. A'transverse section of the young stem presents a roughly circular outline.

2.. The epidermis is covered by thick cuticle. It consists of single layer of
rectangular cells and its continuity is interrupted by sunkén stomata.

3. The cortex consists of three distinct regtons: (a) the outer

" chiorenchymatous cortex made up of 5-7 layers of polygonal or rounded

cells with small intercellular spaces, (b) middle parenchymatous cortex -
consists of few layers of thin walled compactly arranged cells which
mainly store food materials, and (¢) inner sclerenchymatous cortex that
consists-of 2 to 5 layers of thick walled cells, show branched as well as
unbranched pit canals due to excessive thickness and are called as s plcular
cells or sclerotic cells. '

4. The endodemis a.nd pericycle are not dlstmct

5. The vascular region consists of 20-24, conjoint, collateral, endarch and
open vascular bundles, an'anged in ating. The xylem consists of tracheids
and vessels. Xylem fibres are absent and xylem parenchyma is scanty or
even absent. The phloem consists of sieve cells and phloem parenchyma.

6. The vascular bundles are separated by broad medullary rays.

7. The pith is extensive and parenchymatous.

8. Latcifer elements are seen in the pith as well as in cortex.

6.3.2  Stem with secondary growth’
T.S. stem showing secondary growth.

1. The secondary growth in the trees and shrubs is of normal type. The
cambium forms a complete ring and cuts off secondary xylem and
secondary phloem in the usual manner.. The ray initials form the secondary
rays.

2. The secondary xylem consists of three types of elements — tracheids, hylen1

parenchyma and vessels.

The secondary phloem is composed of sieve cells and phloem parenchyma,

The vascular rays are broad.

The epidermis is replaced by periderm. ;

Latciferous cells are preserit in the cortex. The pith is narrow and may also

contain latciferous cells. '

7. Anomalous secondary growth: In the.climbing species of Gnetim the
secondary growth is normal in the beginning but, at later, successive rings
of cambi-'m distinguish in the deeper layers of cortex. The first ring of
cambium stops functioning and the second ring appears outside it and
produces a ring of secondary, vascular elements separated by medullary
rays into distinct bundles.. It also stops functioning and the third cambial
ring is formed external to the second and produces the third ring of

" vascular bundles. The process continues and successive rings of vascular

" bundles’are formed. Sometimes, the successive rings are incomplete and
result in the formation of ecentric rings.

oL AW
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Higher Plants

Materials Required

Compound mipros_c‘opé, permanent slides of
o T.S. of young stem '
o T.S. of stem showing secondary growth

Procedure

Facus the slide under the microscope, observe it carefully. Diagnostic features
are written for you. By comparing with the slide, complete the diagram and

labgl the parts. . P

Observations and Interpretations

¢ Examine and identify stem of Gnetum. _

» Identify cuticle, epidermal cells, stomata, cortex, primary and secondary -
xylem, primary and secondary phloem, vascular cambium, and pith.

¢ Label the diagram of young stem in thie Worksheet # 6.4. ' -

e Observe the single vascular bundle on the sheet and identify the zones.

. YourNotes 5'_
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Worksheet # 6.4:?S;ém _

’ G‘:‘:érum i

5 Sclerotic
cells - -

Phicem .
. Tbers

' Ph_10em

- Xylem'
“yessel

Draw the outline of young stem. - Cellular details on"singlc vascular bundle.

T.S. of young stem showing primary stfucture, a portion.
_ (Label the given diagram) .

Cambium




Higher Planis

Worksheet # 6.5: Stem with anomalous secondary growth

“

- T.S. of old stem showing abnormal
secondary growth (Diagrammatic label the parts)

|Cortex - -~

Rings of sclerotic cells
— Phloem fipers * -

~ Phioem

Cambium:, ©. .

- Meduliatyrays

i :1:\

S

7
¥
-EA
¥
%
-H
()
s

Portion of stem that has undergone abnormal secondary growth.
It shows two rings of vascular bundles. (Cellular)
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633 Leaf - _ Gretum
V.S. of Leaf

1." The leaf is dorsiventral:and consists of distinct upper and lower epidermis.

The epidermal cells have undulated walls with a thick layer of cuticle.
2. "The stomata are restricted to the lower epidermis (hypostomatic).

3. The mesophyll of the leaf is distingnished into palisade and spongy
parenchyma. The palisade is composed of a single layer of elongated
(columnar) cells'that are full of chloroplasts. The spongy parenchyma
consists of (a) Loosely arranged, lobed, thin walled, chloroplast containing
cells that enclose large air spaces, (b) Stellate sclereids with thick and
lignified walls, they are confined to a portion of the spongy parenchyma
near the lower epidermis, (c) Scattered fibres with lignified walls occur in
groups around the midrib regions and (d) Latex tubes found scattered
around the midrib region. The spongy parenchyma cells around the midrib
are compactly arranged.

4. The vascular region in the midrib consists of an arc of vascular bundles.
The vascular bundles are conjoint, collateral. The phloem lies towards the
lower epidermis whereas xylem faces the upper epidermis. The former
consists of sieve cells and phloent parenchyma whereas the latter consists
of tracheids, vessels and xylem parenchyma. Each bundle has a patch of
thick walled cells capping the phloem and patches of thick walled cells are
also present above the protoxykem.

Materials Required

o Compound microscope and permanent slides of V.S. leaf of Grefum.

Procedure

are'written for you. By comparing from the slide, complete the diagram and

X‘ cus the slide under the miéroscope, observe it carefully. Diagnostic fcatures
,lakhe parts.

. Observations and Interpretations

o Observe the léaf and identify the similarity of Guerum leaf with dicot leaf,

Your Notes .
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Higher Plants -

Worksheet # 6.6: Leaf

Draw an outline of V.S. leaf and mark the varicus ZOnes

V.S. of leaf, a portion (Label the diagram)
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6.3.4 Male strobilus and mlcrosporanglum
L.S. of male

1. L.S. of male strobilus shows an elongated axis with fused nodal bracts
\ forming collars at each node. ,
2. Ineach collar, there are three to six rings, the lower ones different into
malc flowers and the uppermost ring formed abortive ovules (female
flowers). Ca
3. The collars also contain-sclereids. pf various shapes‘and sizes. Laticiferous
tubes are also present in the collars and-axis. -~ - - [
4. Bach male flower has two unildcular microsporangia,-borne on a stalk
called antherophore, enclosed in a sheath of perianth. The antherophore
- elongates at maturity and the anthers come out of the penanth cover
through a slit.
“The male ﬂowers are mterspersed with uniseriate and multiseriate hairs,
6. The wall of young microsporangium is three layered: the epidermis, the
middle layer (sometimes 2 middle layers) and the tapetum. When the
microspores have completely devcloped the tapetum and the wall layers
* have disorganised. .

7. Atmaturity, the epldermal cells persist and theii’ outer walls become thick
. and cutinised. They become rad1ally elongated and fibrous bands of the
thickenings arise from the inner tangential walls and run upwards and

" touch the outer wall, . - -
8: The pollen grains are roughly sphencal_-m shape, and are enveloped bya
thick and spiny exine and a thin intine. The pollen are shed at three celled
stage (prothallial cell, tube nucleus and spermatogenous cell).

bl

Materials Required

Compound microscope, Permanent slides of
¢ L.S. of male strobilus
e L.8. of microsporangium showing pollen grams

Procedure

Focus the slides under the microscope, observe carefully and complete the
diagrams with labelling. Focus a single microsporangium under high power of
microscope to see detailed structure of microspores/pollen grains and draw the
diagram.

Observations and Interpretations

» - Observe and.iddntify the givén material by detail description given in text
and diagrams given on Worksheet # 6.7. o

¢ Draw the L.S. of microsporophyll, observe in the axil of each bract a pair
of bracteoles enclosing a.microsporophyll.

¢ Examine pollen grains and notice their surface.

A

Gnetum
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Higher Plants : Worksheet # 6.7: Male strobilus

i

i)

fiiam]
1]

Microsporangium
Stalk

Draw L.S. of male strobilus (a portion) ‘ _ | L.S. male flower

- Exine’
~intine
Nucleus
L.S. of microsporangium showing Uninucleate miqrdspore
wall layers and sporogenous tissue
(label it) ' '
L.S. of microsporangium at uninucleate
microspore stage (label it)
-L.S. portion of mature microsporangium " Draw mature, three nucleate pollen grains

(label it) (Shedding stage)
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6.3.5. Female strob‘i_ldu-sménd megaspoi'angium .
"'L.S. of female strobilus

- 1. L.S.of female strobilus shows a ring of female flowers (ovules) above each

collar. There is total absénce of any male flowers.

2. Each ovule consists of central nucellus surrounded by three envelopes. The
inner enveIOpe grows beyond the middle one and forms a narow and
cylindrical tube called micropylar tube. The nucellus contains the female
gametophyte.

3. Out of the three envelopes, the outermost is called the perlanth the middle
is designated as the outer integument whereas the innermost is called the
inner integument. The inner integument is fused with the nucellus in its
lower part and free above.

.4. Stomata, sclereids and laticiferous ducts are abundant in the outer iwo

~ envelopes and are absent in the inner envelope.

5. The female gametophyte is tetrasporic in development. It is comparatively

broader towards micropylar end and tapers towards the chalazal end. The

free puclei (as many as 256-1500 in humber) are peripherally disposed
wuh‘L big central vacuole. There is no wall formation in the upper part
whereas the lower part becomes cellular.

6. There is no archegonia formatlon Few enlarged nuclei of the female
gametophyte act as eggs.

7. The seed consists of three envelopes. The outer enevelop is green in colour
and becomes succulent. It is made up of parenchymatous cells-and contains
many sclereids and fibres scattered in it. The middle layer is stony and 1s
thie main protective covering of seed. Sclereids, fibres and latex tubes are
present in-this layer. The inner layer is made up of parenchymatous cells
and lacks stomata, laticifers and sclereids. These enclose the massive
endosperm in which lies embedded the dicotyledonous embryo. A hump
appears in the embryo between the stem tip and the root tip; it enlarges and
is called the feeder.

Requirements

Compound microscope, Pérmanent slides of:
* 'L.S. of young female strobilus

e L.S.of ovule
o L.S. of seed.

Procedure

Focus the slides under the microscope and observe them. Diagnostic featurcs
are written, read them carefully. Identify the stage in the slide as seen by you
- and draw outline and label the diagrams.

" "Note: It is not essential to study all these slldes Students can do their study
" from available slides.

Gretum
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Higher Plants - Observations and Interpretaﬁons'

e  With the help of the text and dLagram 1dent1fy ovule microsporangia and
perianth. Also see the vascular traces, three envelo pes, cellular nucellus
and free nuclear portion of female gametophyte. - -

. ® Draw labelled diagram of seed on Worksheet # 6.8_.‘ '

Your Notes
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 Worksheet #68 Fgmale strobilus L T Grefun
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L.S. of female stiobilus, (a portion) L.S. of ovule showing three envelopes,
nucellus and female gametophyte at free.
‘Micropyle Micropylar tube nuclear stage, (Label the diagram)
' Otter envelop
-Middle envelop.
—~|nner envelop
=\ Pollen tube ’
T T=Eggs
|‘ Free nuclear” - .
i portion of female
[ B gametophyte
“" ~Nucellus
] b luiar
il =Cellutar.
AR @@ Y rtion of female
/] po .
S\ lady -gametophyte.
i ', . -
- f Pavement .
: nutritive tissue .
L.S. of ovule at the time of fertilization "~ DrawL.S. of seed and label it X
\ ,
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Higher Plants

1.

.SAQ'

Give a c-omparativ'e account of the leaf structure of Pinus and Cycas.

----------------------------------------------------------------------------------

.................................................................................

- What is the difference between endosperm of Gymnosperms and

Angiosperms?




EXERCISE 7 COMPARATIVE STUDY OF
XYLEM ELEMENTS_OF PINUS,
EPHEDRA, AND GNETUM

. Session #......... verrevensarens

' Time allocated - 1% Hours :
: x ' - ' | ' . : l

. Structure - C ' . Pagé No, ﬂlj:ﬂl " Read this exercise
: : ' o L - _ === fhoroughly | before
7.1 Introduction ,..........cceennen. e Cererreersereeanees 193 : o beginning your
; Ol‘:)jectivcs ) : . 1 'work : ii
: Study Guide ! ) : \ - ' . ;
7.2 - Thexylem elements ...ioveevereereeeniennn, PP 194 o Don't forgct to |- 7
' ' : . .I } [l 1]  wearyourlab coaH
1.1 INT.RODUCTION . T o R while working ir}

" the lgb

In the prewous three exercises, you have studied in detail the gymnosp‘erms -

Pinus, Ephedra and Gnetum wherein you have seen the different eleménts of

~xylem in transectional view. From such scct1_0ns, one cannot get any idea. as to

" how the complete elements look like. In this exercise, you will study the

~ structure’of varjous xylem elements, from the nfacerated materials proyided to

_ you. The techniques for maceration have been explained in the first ex}rc_ise'.
To recall, in maceration the separation of the ce#ls of fixed material is done’by

. treating the tissue with certain chemicals. The plus point of macerated matenal

" is that one can study the three- dupensmnal structure of an élement, lhe '

- individual cells, a.nd eveggroups of cells. :

) Objectwes

. At the end of this exercise, you sltould be able fo write a colparative account
of the structure of xylem elements in the wood of the above mentioned three
genera. ‘ ‘

Study Guide

v ~

~ ¢ Reading of- this exercise before coming to the lab is strongly rccommended
Figure 7.1 presents the morphological details of xylem elements like
tracheids, vessel members and ray parenchyma of the above mentioned
three genera. |

e Brush up your memory regarding the xylem elements of these three genera _
by revising the related theory portions. _ _ —
For Pinus, see Subsection 3.3.2 on pp. 50-51; .
Ephedra - Subsection 4A.3.2, pp.70-72; and : -
Gretur — Subsection 4B.3.2, p.88. '

»  Make a prior work plan for the session.

s



Higher Piants -

7.2 THE XYLEM ELEMENTS

In this section, we shall briefly recapitulate the salient features of the xylem
elements in context of the above three genera. These elements.are illustrated in
Fig. 7.1, and their explanations are given in (he legend. Spend a few minutes '
studying the illustrations and explanations before you begin to work on the

macerated materials.
Materials required

L Macerated material of wood of Pmus Ephedra and Gnetum

- Compound microscope
. Slides
. Coverslips

‘5. Mounted needles C B

. Droppers

8. Watch glass

Safranin stain

|

2

3

4

5

6. A pair of forceps
7

8

9.

10. Glycerine

Procedure -

- Wash the macerated materli als-provided to you thorou ghly with water by

placing each one separately in a labelled (name of the source plant) watch-
glass. Use droppers for drawmg water during washing. Next, stain the material
with safranin for 5 min. and wash the materials ‘well in water until no stain
oozes out. Take a clean, dry slide and place small piece of the stained material
onit. Tease it out well with needles and mount in a drop of glycerine. Place a
coverslip over it. In the same manner, prepare slides for the remaining two
materials also. Label each of the slide indicating the material’s name. Observe
these slides under the compound microscope.

Observations and Interpretations

-, _ -
Observe the slides one by one, and study the structural features of the tracheids
-and/or the vessels in each of these three genera. The illustrations given in

Fig. 7.1° would be helpful in your study. After having clearly perceived the
differences in the xylem elements of the three genera, note down their

-diagnostic points, along with their ottline dlagrams in the Worksheets #

71t074

\| - Your Notes
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Fig. 7.1; The features of different xylem components.

a-c) Parts of tracheary elements showing annular (a), spiral(b), and
reticulate (c) thickenings.

d) Tracheids having tapering ends and bordered pits. Bars of sanio are
prescnt between the bordered pits. These can be seen in Pinus.

¢) Blunt-ended, long tracheids with bordered pits, e.g., Epliedra.

f). Vessels with bordered pits, and forammate perforation plate at the tips,
“e.g., Ephedra.

¢) Three vessel members, two mcomplete (on left hand side) and one

" Comparatrve Study ol
Xylem Elements

- Faraminate
\>~ perforation
pPlate :.. -

d ceHs

)

complete (on extreme right); showing simple perforation plates at the

ends, ¢.g., Gretum. Note the distribution of bordered pits.
h) Two ray parenchyma cells in transectior skowing pits on their walls.
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Comparative Study of ‘

' Xylem Elements -
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