UNIVERSAL
LIBRARY

OU_170317

AdVvVddl T
1VSHAAINN






OSMANIA UNIVERSITY LIBRARY
Call No 580-722—/,/ 77//‘.ccemun No 2’527
Author /{7/, WM .

/)

e iR 5T biteoryent Aongrrosms

This book should be returned on or before the datc last gharked 1713“‘!‘ <






HANDBOOK OF BOTANICAL DIAGRAMS






é /HANDBOOK OF
BOTANICAL DIAGRAMS

By
BLODWEN LLOYD, Ph.D., M.Sc.

Lecturer i the Department of Bacteniology ind
Botany, Royal Technical Collepe Glhsgon

UNIVERSITY OF LONDON PRESS Lrp.
10 & 11 WARWICK LANE, LONDON, k.C.4
1935



trinted 1n Grreat Britain for the UNIVI Rsl1Y OF LONDON PRESS, 110
by HAZFI1 WATSON & VINEY 11n, Tondon anl Aylesbury



PREFACE

’ I \HIS book contains a seties of botanical sketches designed to illustrate
a one-ycar lecture and laboratory course. It is based on diagrams
which the author has for many years provided to students to facilitate

teaching work both in the lecture-room and the laboratory. These appear

to have met very adequately the needs of students both in school and college,
so that the author has been prompted to revise them and have them issued

in book form. .

This collection of diagrams in its original form was ptepared to cover the
ground for the First Year University Fxamination and the Preliminary
Scientific Examination of the Pharmaccutical Socicty. It has sincc been
expanded, and while it has not been specifically prepared with a view to
tutoring for any other examinations, it is suitable for such University curri-
cula as the First Year Medical, Intermediate Science, and also for post-
matriculation school work for the Higher Certificate. Part I (Morphology)
and Part IV (Taxonomy of Phanerogams) may be used for pre-matriculation
classes.

With the exception of a few sketches whose sources are acknowledged,
the diagrams are original and prepared from actual specimens. The
anatomical sketches are direct tracings made with the aid of a microprojector.
Figs. 1-7, PL. 61, have been made from preparations loaned by the Botany
Department of the University, Glasgow.

In practice, the provision of a set of diagrams for cach student has been
found to have several advantages. In the lecture-room, the student may
thus have before him some reasonably accurate illustrations of the lecture
topic, thus compensating for his notoriously inaccurate and often un-
avoidably hasty copies of lantern slides or blackboard diagrams. Further-
more, in the laboratory, these diagrams may be used by the student as a
ready source of reference for the naming of plant parts—with this proviso
that the copying into the student’s laboratory notebook of anything not
verified by his own observation is strongly to be deprecated. Finally, for
the student working alone—particularly if he has only limited facilities for
the necessary field work and laboratory practice, these diagrams appear to
be a welcome supplement to the ordinary botanical text-book.

Grateful acknowledgment is here made to the author’s colleague, Mr.
J. A. Stewart, for revising the proofs of the diagrams and of the index.

Bropwen Lroyp.
1935.
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MORPHOLOGY OF PHANEROGAMS 1

1. Mustard seedling 2.lvy

seed coaf
young root

(radicle )

adventitious and

root - hairs w aerial roots
4. Longitudinal section and outside view
root - cap of Garrof

leaf - bases
3, Dahlia

root nodules
containing
Jifrogen-fixing

bacteria roots

PLATE 1—ROOTS
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1. Prunus 3. Transverse section
laurocenasus SROOF  bud of Aesculus

2. Aesculus
(Horsechestnuf) Shoot

oufer bud
scales

youn_q
leatlefs
protective

hairs infernode

branching
monopodial node
axillary

bud A.LS bud Aesculus  fentrcel

infernode

do' b
5. Longitudinal section lateral bud y* 4

bud of Bsels sprout
y =7\ bud

oufer membranous

protective leafF — aprcal shoot

scale like leaF bases

fleshy leaF bases

sterm
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without  4.Crocus corm
feaves in spring

|
3.LS corm persanth
n_winter apical bud
oung flower ovary )
lateral

bud young stemn “

R)Ilage leaves —]
aPex l

infernodes swollen
swollen stem apex
(corm) ( new corm )

withered disc old stem

of previous years (corm shrinking )
wrm

adventihious O
roofs -

6. Montbretia corms

branch

new lateral oldest
corm corm

new roots 8 Solanum tuberosum

( Potato ) underground
sterns

7. Tuber Helianthus tuberosus  young
(Artichoke)) tuber

stem_apex
7  growing point swollen stem
axillary bud tip (tuber)

leaf scale
swollen stem tip (tuber )
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m [ leaf
1. Semele androgyna % bud
cylindrical /4=
marn axis 2

flat lateral axs(/ORS
(cladode

cladode

A leaf spine
\ \ Flower bud
o 4. Asparagus _plumosus

A (Asparagus Fern)
\ tufts of

hnear \
phylloclades

foliage

leaF scale leaf

leaf scars

swollen rhizome

5. Convallaria
(Lily of the Valley )

advenhitrous
rools

apical bud

adventitious roofts

elongated underground stem
(@ rhvzome)

PLATE 4—STEMS—Continued
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twining stem

suction disc
6.Whin(Gorse)

stem-thorn
4. Bramble

prickle
(emergence)

offset
adventitious roots =

8. Ground vy

1 daughter plant
“Radventitious roots” ~scale leaf

runner

PLATE 5—STEMS—Continued
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1. Pinus: 9 pianthus ;
agcular ff \" W

4, Ligustrum
( Privet:) rovate
3, Planfago
lanceolata::
| lanceolok

8. Tropaeolum:
I 10. Rumex acetosella:

hastate

O Nepeta_glechon g
r‘enlf“or‘m g
\ 11, Brassica: "
' lyrate 15 Bellis
perennis :
Leaf margins spatulafe

13. 14. 15 6. 17 °
Ligustrum. Urtica: Digitalis: Nepera: Quercus:
entire dentate serrate crenafe sinuate
AN
N\
R W
Leaf bases 20, Heracleum:
18, Rosa: stipulate 19 Polygonum: vaginate

Leaf fips
26.Senna: mucronate

POQ Sheﬂthlng 27 OXG‘IS

\%nd and ligulafe emarginate

S\
28. Ngmphueu: obtuse
(J A
24, Erisymum: 25,Carduus:  Ficus elastica:
amplexicaul dec%rren 20 acuminate

Lonicera Caprifolium: 23, Bupleurum:  /
2. connate perfoliate Ligustrum:

PLATE 6—LEAVES

lig:
sheath
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Leaf arrangement 3. Cow-wheat

—~ ! horled
1. Salix_alternate. decufsate 4. Asperula whorled

2. Moneywyort,
opposite

Leaf shapes —-—
6. Chrysanthemum simple 7. Rufa JJTI

5. Quercus,~simple pinnahipartie ample {

pinatifid pinnahisecr ¢ |
/ ;
N W
\
\ \jl 70
§ leaflets
O. 10. \
Tritohum \ Helleborus _simple palmahisecr 11 Lupinus

sompound
NV

T 15.Prunus TS \\ 17 Sideview
conduplicate of Fern
arannate

Leaf- folding in bud (vernathion)
12.TS leaf 13. TS Rumex.revolute

Arum _convolute m ’é
< 14.TS Nymphaea 16 TS Acer leaf /§

leaf involute phcate
@) © ﬁ

o

PLATE 7—LEAVES—Continued
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(modified \

leaflets ) fendrils

leaflets

winged petiole
bud

leafy shpules

3. Ribes grossularia

Sy

(Gooseberry )
2

winged stem
folage leaf

\ tri-fid spine
4.Smilax

tendrils __\
( ‘modified \
shpules )

7. Nepenthes
(Pitcher Plant)

rolonged
P m?dm b —|

tendril

pl. of attachment
(leaf-tip )

=7

5. Gloriosa 6. Clematis
. rio

superba

pifcher

cailing (isect-trap)\

petiole

PLATE 8—LEAVES—Continued
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1. Diagram of raceme of raceme

( indefinite branching)
pedicel

3. Richardia

2 2 Veronica
P (Arum) gpadlx

raceme

peduncie
node

internode flower
prophylls
node
bract
4. Plantago
spike
f Spre 5. Quercus

(spathe)
6. lberis
(candytuft) corymb

7 Conum umbel
¥ e T 7Y
\\ AT 'ﬁ"‘:'%
g Eﬁ@;&j o
\Y/

>

\\\

2
8 Anthemis_capitulum

fhalamus vnvo/ucr'e of

9. Lychnis dichasial dlchusxal bracls 12./ [ MRanunculus
Lgmc(deﬁnlfe bmnchmg) monochasial
4 cyme
10 D’lgosors 2 4
monochasial Vo,
yme A

helicoid type |

1
11. Diagram of
monochasium
scorpioid type

PLATE 9—INFLORESCENCES
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1.L S Crassula flower
hypogynous

gynaecium (carpels )

androecium (stamens)

\\‘ \ 7 4_ corolla
\R (petals) } double
th
/ — culyx (sepals) ? peman
I

convex receptacle

3. L S Fuchsia ﬁowe

2. LS Spiraea flower epigynous
perigynous
pefals
prolonged
receplacle

receptacle
4. Dissechion of Crassula Flower sunken ovary
Floral Formula k5cs5 A5+s65 inferior

5. Floral diagram
2, / Crassula
Q

sepals
“\\}Mﬁ@/}) /o o\
Q
o

o E—————carpels @
g

)
PQATS
i b % petals ®
(o)

ﬁzf v \Q——s/amem ‘—&ﬁ% M

6 Types of aeshivation of corollas

R N N

(Chelr‘onfhus\ ( CcmduusN Malva w ( Sulene\w
EACRCIA

PLATE 10—THE FLOWER

lafera/
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1. Pofentilla

corolla actinormorphn \

pefals free (polypetalous) (.0!"0”0 actinomorplue
sepals free CP' /

( polgsepalous) \ ¢ \
) ~

Linaria

(Toadflax)
2 posterior pefals
3 anferior petals

%x - caqu

jomned peta I s

L \\?.

(qanwpelalot;))

corolla zygomorphic
and gamuopetalous

Ranuncuius 6. Tulipa
basifixed dorsifixed
oour stfamen stamen
P 2 anthers
connective
filament

O. Diagrammatic
TS malure sfamen

8. Diagrammalic
TS mmature stamen

2. Vinca (Periwinkle) srangard

—_—

(micro spores)
dehiscence sht

anther lobe _]
connective

hissue !

10. Cytisus (Broom ) monadelphous
Androecium

filament

10 elongated — ’}'I |
10 filaments Jjoined anlhers-« ' I
if jorned (syngenesious ) || I
11. Lathyrus (Sweet Pea) )
dlCldlehOuS free posterior
filament
5 free filaments —

‘9 jomned filaments

dehiscence Is |
inwand (1n1rorse)

21
3. Vicia(Velch)

petals
Free

Wlﬂg

keel

zygomor‘phlc\\\
\

7 Poa_versatile
stu sfamen

B

12, Cenlaurca
(Cornflower)
androecium

VY

anther

filamenf

tubular __
prolonged
conneefive

connechive ——{»

(4

PLATE 11—PERIANTH AND ANDRCCIUM
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1.Primula carpels 2. Geranium
entirely |oined

3.Lychnd free sigmas 4, Caltha
free shigmas and shyles free shgmas,styles
stigma "
5 sfigmas and ovaries (apocarpous )
joined slyle 5 styles
shgma
style
\ syncarpous, gncarpou.s ovar
‘7 ovary ovary 4
ypes of siyles
8. LS Ranunculus fruif emone 6.Prunus 7, Alchemilla
shgma
short style style
ovary wall ( pericarp)
ovaﬁg cawvity (loculus)

style
terrminal | lateral
style
chalaz.a of ovule gynobasic
line of raphe ovary
“ funicle (OVU.’E
stalk)

11.TSand 12.LS Viola
ovaries
parietal
micropyle placenta, | £
placenta i;:
pt of altachment 'z"
9. Pisum ovary =
pericarp e
single loculus
placenta 13.7S and 14.LS of
line of single Narcissus ovaries
paretal
placenta pericarp —
central axile
placenta
locult loculs
10. TS Papaver ovary
% 15.7S_and 16.LS of Primula
% : pericarp —
el Free-central
D A T placenta

single loculus

OVGPIQS
/4
paretal placentae
PLATE 12—GYNZACIUM
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1. LS Ranunculus A. LS Helanthus
1 achene 2. Clemalis achenes 3. Helianthus achene
I sgma achene
/\ A\ sfyle withered corolla
X ovary wall
%“'\ (pericarp)

triped

pericarp
testa

(seed coat)

’J r-ol-‘aﬂachmﬂ"f 6. Trificum

5. ngomon cypsela \SAryopsis

8. Fraxinus
7. Ulmu: samara

T st
\ embryo "X ___2winged
/ j ™ ( g carpels
/ \ ~
V&5 \

R

seed —
10.Tiha nuts

9. Quercus nut
slg

pericarp

11, Casfanea nuts

cupule of 1__styles
oracts perkanth
adnafe

s nut
12.LS Prunusdrupe  bract 4 prickly
eprcarp bracts
fleshy h

mesocarp
y pericarp

} endocarp 17, Physahs (Cape Gooseberry)
seed enclosed in woody endocarp
14.L.S Cranberry balloon
falk /7N calyx
Vaccinium oxycoccusfy
16.Rubus head
13. (Cr‘qnbﬂxiy)x of drupels
mFemon
ovary
15. IS

loculus

axile placen Ta stamens

PLATE [3—FRUITS
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1. Aconifum follicle 3. C_opliel\_u 4. Cheiranthus
shyle 2. Cytisus lequme Fcha g Sliqua
. su,fur'ez sutures carpels
(hnc of -
dchiscence, repilum
1carpel 6. Lychnis
footh-capsule seeds
8. 1ns
valve-capsule  calyx 8. Papaver
st pore-capsule
sessile N7Z=2 g, Anlirrhinum
7 qunragg shgmas :

pore capsule

Id <capsule (pYxis)  pores Sf

/ pericarp

pores

scr.ds
calgx 12.Erodium

schizocar
OTropoeolum sehizocdip

schuzocar-p awned
mericarp 13. Acer (Sycainore) A
winged S
ll Mimosa /\sehuzocarp, /) /
“ iom nrum N
C“noglossum one seeded carpo
(Hound's Tonque) 7o 71 phore 17 meeggus
carcerulus Fupechiss pome
16 Fragaria
"y pseudocarp
achene
Fleshy
[e(_epfacle

20. Morus (Mulberry)
pseudocarp

Fleshy

_mnferior
ovary

PLATE 14—FRUITS—Continued
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1. LS.fruit Zea Mas (Maize)
(@ caryopsis ) 4.

starch - sforing —shgma
endosperm pericarp foliage
/ testa leaves

Seedlings of Zea

radicle 3, [
coleorhiza radicle sheath
(cotyledon in part)

plumule

plumule

2.

6. Phoenix daclylifera

( Dafe) roof hairs#3
—coleorhiza

10.

plumule radicle

Allium Cepa (Onion)
9. green arched| l

grooved testa

cellulose-sforing - sheathing
endosperm 7. LS. seed cotyledon | !
festa food
th M
cofyledon shea curved embryo absorbing ’
endosperm — hp of cotyi-||
hypocolyl micropyle edon |
. Seedlin beginning
. 8 9 of bulb
rootlet  O- Phaenix (Date ) adv. root
testa
enclosed colyledon tip
colyledon sheot radicle
enclosing
plumule

radicle

PLATE 17—SEEDS AND SEEDLINGS—Continued
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1. YSapex Hippuris stem 2.V S growing point Allium root
meristemalic hissues

(1) dermatogen

S

e
R

e

(1) plerome
(forms stele)

4. LS endosperm Phoenix (Date)
showing thickened cellulose pitted
3. TS cambial meristem walls

Pinus_stem cyfoplasm

nevv phloem

cellulose walls  cellwall
cambium pit
cyloplasm rmiddle
young xylem lamella

= =
5. Parenchyma from Pinus 6.7 Collenchyma
stem pith  oimvail from young corfex

iming layer of Sambucus 7. LS Collenchyma

e~ I
:}proloplasm s from corfox of
— —— vacuole — =
Aer T\ Cucurbifa stem

chizogenous

8 air space /Xp o cytoplasm
o . Il ; \
LS ignified fibres cellulose thickéning \ -{"\E';cke cellulose

for support ning especially

(for support sclerenchyma) _ g Sclereids from  qf cell angles
| Lm all Kg&conm husk Sclerotic internal

] oblique { 10. hair from Nymphaea
pits (Water Lily)stem
! | _hgrufied =
: (woody) walls hignified £y
I\ dioblast or -
| 4 sclererd ik [

| prosenchymalou. &:ﬂ ;:‘: . o
ends %
|

PLATE 20—TYPES OF TISSUES
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Water conducting units _4.Scdlarifrm 5 piited vessel from
1. Spiral vessels 2, Annular vesselss‘Rﬂ‘£:llg fracheid from
F vessel from fern xylem

f
from Rheumn rom Zeq ¢ Cucurbita
llzqnlﬁed q ' L
band __te

Jcellulos%
wall

water

“eavity
(no |
icytoplasm), T

8. Pinus tracheids

6.7S tracheids with bordered 7. Pinus fracheids radial L.
pits From Pinus stem tangential L S ~ez~
N
thick wall @
forus in pit CD)
P middle lamella bordered| pits_|
pit in G)
| section
pits only on radial
\\ § walls D o bt
) = cavity
border -
10, Resin duct- Helianthus stem pit,——)
e b surface| ()
A schizogenous view ©)
duct
epithelial (secreting) \

parenchyma A

14. Latex duct in
11.L S Cucurbita sieve tube 12, Cucurbita sieve Taraxacum roof

and companion cell plate surface view
companion
cell

parenchyma

| sieve plare =ze2f coenocyfic
7 (multinucleate)
13, Sieve plate in Autumn, branching

stopped by callus plate latex tubes i
cellulose |
wall \ A
sieve plate P
callus \ / «L.\_ :

PLATE 2I—TYPES OF CONDUCTING TISSUES
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! 2. Outer stem- hissues

1. Diagram of’ vascular
hissues epidermis

:P 2 hypodermus
1 y ¢ (outer cortex

< leaf trace = ¢
f bundle parenchyma
(inner cortex

Lc‘on/unchve parenchyma )

stele

bundles travelling obliquel

| scaffered vascular }
Y
downwards

3. Single collaferal fibro-
vascular bundle

?_OI o5 mm
‘closed VB (no cambium)

conyunctive parenchyma

parhal sheath of
sclerenchyma

eta companion cell
phioem l sieve tube

el f pilted vessels
mefaxy eml tracheids

spiral vessel

broken down

rings of annula
vessel

Aylern parenchyma

protfoxylem

PLATE 22—MONOCOTYLEDONOUS STEM ZEA MAIS
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1. Diagram showing tfissue arrangement as seen in transverse section
Vanilla planifoha (climber,

epidermis

cortfex

vascular

pericycle )
bundle

stele

conunchve
parenchyma

mm

hgnified  pericycle

intercellular air space

vascular bundle
conqunchive parenchyma
(ground hissue)

sclerenchyma

sieve tube } phioern
companion cell

vessel

tracheid § xylem

PLATE 23—MONOCOTYLEDONOUS STEM  VANILLA
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1. Diagrammatic transverse section
X\ Helianthus annuus

epidermis

collenchyma

arenchyma
cortex P Y

endodermis J

I medullary ray

stele xylem

cambium
l phloem

per icychc

_ 2. Porhiop of above n detail

(A1
/ : 'g‘."‘.’-g,"gw-g epiderius

2 F__ collenchyma
[

X
>

@l
oy

—— resin duct

2
)

— parenchyma
— endodermis

- sclerenchyma)

o
—— parenchyma § pertcycie

medullary ray

SRS :‘u"A —-companion cell
(L ] P ree }phloem
p 8 sieve tube

— — cambium
24— vessel )
metaxylemn
tracheid §
' 5 —  parenchyma
} protoxylem
y —— vessel
—— —— pith

PLATE 24—YOUNG DICOTYLEDONOUS STEM: HELIANTHUS



38 HANDBOOK OF BOTANICAL DIAGRAMS

TS portion of stem Cucurbita (chmber)
Oll OI! 0‘3 mm

epidermal hair (emengence)

epidermis
collenchyma
parenchyma
endodermis
sclerenchymatous
pericycle

cortex

hgnified pericycle ol
frequent in
climbers

parenchyma

l Y > vascular bundle 1s open

/ \ te with cambium

= ba pr otophloern
’?‘0;’," ,,—,%g’ﬁ Z7\ _ sieve tubes )
Rl

A HEL 1 1S companion(melaphloem
large sreve M -1-' cells J

tubes in g‘g" 5 cambiurn
chimbers {2;1‘5,:‘3.'( 3 OB,
0D EE0aiiY s KL ICPKS Rk vessels
}x‘/ X N 3 imeraxglem
lorge vessels _eg_‘ { )\e‘\__’// ‘é" tracheids,
found in ..‘ = ,’;"'\".’
chimbers (O

@ ,;rlz;‘i;@;:g4 vessels }profoxglen

parenchyma

. @, ‘ X1 X 7 A\;"
?@53 ,:’-’;'-,,:,;?
_:;«J'-';g» sy small celled

£ g h
2’;} parenchyma

internal phloem oy .

(br-coliateral V B)) (K st ’i”' ". Co;‘f‘;il’o ‘:':’es“ }'”;‘7" nal
frequent in A 7 BT - P cells { phioem
chmbers < —) (2 G

v —/  ___ _pth

PLATE 25—CLIMBING STEM CUCURBITA
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o o1 o2mm
| POTRTVETH Y U

Radial LS. stem
Cucurbita hair

epidermus

— _ collenchyma

corfex parenchyma
endodermis
per'/cycle ( scler'enchgma
parenchyma
—— small profophloem
— — unifs
*§ sieve tube
external -~ i
}, — s———_ companion cell
phloem \ 2 ——
- = :__—- cambrum
wmbium { !

reticulale vessel

xylem W/] il {MWM/ / IM/WM’)[/ / _spiro-annular vessel
2 4//:/;};(/ ///,:A'\\\\\\\‘\\\g spiral vessel

SIS E RRIA = parenchyma
- g 0

‘L:i‘..i

il

small annular vessel
| U
I S _ﬁ.__ —parenchyma
sieve tubes
- —=—— companion cells

internal

phioem

medullary conyunchive
parenchyma

PLATE 26—CLIMBING STEM: CUCURBITA—Continued
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1. Interfascicular cambium arises 2 Pmmgr‘u cambium and
epidermis interfascicular cambum

corfex both form secondary
inferfascicular  Xylem and phloem
cambium cork cambium
phloem (phellogen) arises

cambium usually_in cortex
xylem

~— epidermis
cork
phellogen (cork camb/um)
primary cortex

primary VB medulla
secondary V B (pith)
primary medullary ray
3. Slem of Tilig 1N 4™year with
annual zones of phloem and
———-‘&m
withered epidermis 2
cork bark
29 phellogen J
Gl . —————— corfex
b profophloern ?

mefaph/oe/nj primary phioem

secondary phloerm
cambium

scecondary wood Aufumn)
X Spring J

Autumn )

4 yr’s annual ring

3%9yrs

S
2ndary medullary ray pr‘tngJ

/ A primary medullary ra
/ f’\(@ Y oY Y Autumn g0d
/ Spring } yrs

Y= mefarglem ) 2ndary wood — Autumn) 15t
pith =L profoxylem j PrIMary wood — Spring f

/

yrs

PLATE 27—DICOTYLEDONOUS STEMS . SECONDARY GROWTH



ANATOMY OF PHANEROGAMS
1. TS lenticel Sambucus

broken epidermus of the lenhcel

loose suberized cells of’

\ _the lenticel (complementary
7>

hssue)
cork
hell
pheflogen Vof the lenticel
phelloderm §
collenchyma of primary
cortex
2. TS Sambucus ( Elder) stem 1 year old
— __epidermis
NG o "
o otmm 02 & - periderm (cork)
| B —

- [=_phellogen (cork-cambium)

-phelloderm(secondary
B4 corfex)
P collenchyma
C\panenchyma
pericyciic
1 fibres
<«
phloern
S X cambiumn

primary medullary
ray
— vesse/ ) secondary

autumn xylem
h’ache/d) 137 year

IC

mefaxylem ]
profoxylem J

priunary wood

pith

PLATE 28—WOODY DICOTYLEDONOUS STEM SAMBUCUS
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Diagrammatic representation of Tia (Lime)
twig_in s fourth year

cambum
phloem(bast) - &%

prmary _|
medullary

Y\

bark —

cork

corlex-

| pith (medulia) ¢

H- primary wood
1

1¥aulumn wood

Wil primary

medullary ray
secondary

| | medullary ray
‘ 12%9qutumn wood

A — transverse view, showing all fissues
B — longitudinal fangential views, parallel fo one another

B, - exfernal view showing bark
B, - tangential section through bast
B3 - tangential section through wood

C — longitudinal radial views, parallel fo one another
C, - shows corfex and outer bast

C, -« nner bast, cambiun and wood
Cz-  wood and pith

PLATE 29—WOODY DICOTYLEDONOQUS STEM: TILIA
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. qt mm 0 3mm TS Tiha stem 4™year

withered epidermis

cork (periderm)
phellogen
2ollenchyma
‘ cortical parenchyma
Sgp— <rystal cluster of Calcium
E+ oxalale
. BY  medullary ray
i’ bast Fibres (hard bast)
85t companion cell
S38; sieve hube

starch cell ) phloem

(1

”
% ,i)f\ crystal cell § parenchyma
Mo

cambium

L2 A0

)

parenchy
fracherd
. vesse/
&),

t\'!‘ spring wood

J 4'—'-‘yr' wood

3 yr wood

STELE

2%y wood

f."
.= 2ndary xylem )
Ii*gn

wood

pith
PLATE 30—WOODY DICOTYLEDONOUS STEM : TILIA—Continued
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1. Diagrammatic TS 1year stemPine

epidermis

cork

hypodermis )
resin duct  f{corfex
parenchgmaj

phloem

cambiumn (vascular
xylem | hissue
medulla

2. TS lyear Pine stem

o _93mm

quﬁ—‘ epidermis

: cork

cork cambium

parenchyma

epithelium

phloerm

cambium
- secondary medullary ray

resin duct

secondary xylem

primary medullary ray

metaxylem

resin duct

xylem parenchyrna
— proloxylern

pith

PLATE 31—WOODY GYMNOSPERMOUS STEM  PINUS
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1. Transverse sechon
Wood of Pinus

cell cavity g C

parenchyma
|| medullary ray
¥ bordered pils

in section —___)

2. Longitudinal sechon,
cul fangenhally

L)
oo JL I

{winfer tracheids 3

summenr =
tracheids

small medullary ray

narrow end of tracheids

]

005 O lmm

bordered pit surface

@ ©
’ ® ©) view
s JePe Ko o 0] §© ®
Rl (GN lg K & ’dﬂ 8@ ®
6] I Q
O] ©
® winter wood
o
® summer wood
4 X pitted c’euslmedullarg
[ o 3“’- ) &;") (C\sfar'ch cells) Y
Rl e e )

PLATE 32—WOODY GYMNOSPERMOUS STEM: PINUS—Continued
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o o1 02 03 mm

TS stem Dracaena e e
: : TN S
(Dragon’ Blood ’ﬂ."gi

tree) NG L

SRR =
anSEe==as

S e

Fiss i%ﬁé
Cortex \ & A s 5.!
< g—( S ‘

Stele

Fundamental

HANDBOOK OF BOTANICAL DIAGRAMS

— epidermus,

cork /

3 permderm

phellogen

secondary cortex

leaf-trace bundle

primary corfex

pericychc cambium

7 VB secondary
i; ntermediate { stelar
ARy hssue J tissue
xylem
phioemn }oonoenfnc VB

VB )pl‘lmal‘y

stelar
tissue J fissue

PLATE 33—MONOCOTYLEDONOUS STEM : SECONDARY GROWTH
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o] 04 mm

TS stem Hippuris (Mare’s Taul )

thin-walled
epidermis

\ “; g vertical plafes of
' — corhical parenchyma
e
o

air space
(lacuna)

endodermis

Sal
8 SV pericycle
SR S v
3“!"‘.}?}&-““ = — phloem 2
LR small
e Qiat

stele
xylem J

pith

PLATE 34—DICOTYLEDONOUS HYDROPHYTE STEM: HIPPURIS
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1. TS aerial “bultress roof of Mauze

piliferous layer

sclerofic hypodermos)
parenchyma cortex
endodermis J

pericycle
phloem
xylem
medulla

stele

branch root arising n
pericycle (endogenous)

2. A portion of above, magnified

o1 O 2mm
J

[T TR

corlex j

branch root

primary corfex

endodermis
pericycle
®)
L) X @ X profoxylem

— ccC
: X ST } phloem

fundamental metaxylem

hssue

medulla
PLATE 35—MONOCOTYLEDONOUS ROOT ZEA MAIS
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1. Diagrammatic TS aerial water
absorbing rooft of Vanilla

root hairs
J exodermis
corfex parenchyma ( )
air space ™ /@8% L)
endodermis J@b ©. polyarch stele
'ccOmeduIIaog ( >
vascular phloem ., )
tissue { xylem \“‘&&ny

()Q/q

2. TS portion of above

root hairs

exodermis

—parenchyma

~O
o

02 olsmm

"_ __—thick walled cells

endodermis
thin passage cells |
pericycle
protoxylem
—steve tube } phloem group
companion cell

— metaxylem
—sclerofic conjunctive tissue

medulla (offen sclerotic)

PLATE 36—MONOCOTYLEDONQUS ROOT: VANILLA
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1. Dagrammahc TS Ranunculus roof

piliferous layer

@ air space
O parenchyma 2 cortex
§ % - endodermis }
xylem fetrarch
phioem } slele

N

O O

2. Outer tissues Ranunculus root

pihiferous layer 3. Stele of Ranunculus
X'\ exodermis roof

parenchyma o o1 mm

thin walled passage cells
endodermis

compamon cell

phloem { sieve tube

metaxylem plate
profoxylem

conjunchive parenchymd

PLATE 37—YOUNG DICOTYLEDONOUS ROOT. RANUNCULUS
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Pentarch roor of Vicia Faba

[+ o5 tomm 2.
piliferous layer

corhcal parenchyma

conunchve
parenchyma

old piliferous layer

corfex
endodermis
cork cambium

primary phloem
secondary phloem

AN
secondary xylem - 5 £ pericycle
primary xylem — =
cambum —| %S
broad medullary
ray opposife protoxyle
4 withered piliferous layer
’ withered outfer cortex
cork
primary phloem cork cambium

secondary phloem
vascular cambium
secondary xylem

primary (profoxylem

secondary corfex
econdary
medullary ray

xylem ( mefaxylem

PLATE 38—ROOTS: SECONDARY GROWTH
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P
N Q
NHNSY
OB )
phloem : !§3;Qs§§\¢
cambium V8 L % :{,:%5‘0& X £
) P> 2,
secondary xylem -7y KX G
resin duct at

profoxylem apex

resin duct

beginning of
broad primary
medullary ray

old primary cortex
suberised cells
pericyclic phellogen

primary phloem

cambum

secondary xylem

profoxylem
me/axglem

primary medullary

I‘GH

endogenous branch
root arising in
pericycle opposite
profoxylem

PLATE 39—WOODY ROOTS
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upper dorsal
Lavandula (Lavender) PG

1. TS leaf near midrib

: (ventral)

g mudrib

— air space
A ___ stellate hairs

_ collenchyma
glandular hair
4. VS stoma
green guanrd celis

el

non green eptdermis

2. glandular hair

ol secreting X J%)
gland ﬁ

S. Upperepidermis surface 6. Lower epidermus,

surface view

epidermal cell

2 quard cells with
chloroplasts —
sfomatal pore

subsidiary cells —

hair

PLATE 40—DICOTYLEDONOUS LEAF: LAVANDULA



54 HANDBOOK OF BOTANICAL DIAGRAMS

1. Leaf of Ficus elastica (India rubber plant)

e

channelled petiole ——

trough- shaped lamina

cutinised rain-resisting epidermis

acuminafe

drip-lip
2. TSleaf o o1 oz o3mm

T X upper epidermis

' .’ peg-like ingrowth for
l \”  cluster (cystolith)
9 ! ‘

deposition of crystal
——colourless cells

-; palisade mesophyl!

X _“collecting” cell

latex tube
colouriess V B sheath
VB

latex tube

air space

spongy mesophyll

lower epidermis

sunken sfoma

: FICUS

PLATE 4|—DICOTYLEDONOUS LEAF
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1. Diagrammatic TS [ris leaf outer(abaxial) epiderms

SQNCIIR

air spaces
collateral v.B

sclerenchyma

q()%()

bicollateral V B

2. Diagrammatic TS leafy shoot

3. VS leaf through VB

guard cell of stoma
outer (| lower) epidermis

chlorenchyma
crysfal-cluster(rapfude)

air space

sclerenchyma

ph/oern Z vascular

[ bundle
xylemn

muctlage cell

non-green parenchyma

PLATE 42—MONOCOTYLEDONOUS LEAF: IRIS
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1. Diagrammatic TS. leaf Marram Grass
R rolled info closed position

franspiration - cavily, partially
enclosed

stiff hairs fo break force
of air currents

vascular bundle
chlorenchyma along ridges

sclerenchyma
mofor cells at base of furrow

thickwalled lower epidermis
epidermal

culicle 2. The same, open position

3. The same.magnified

_ stff hair

thin walled upper (inner
adaxial epidermis)

chlorenchyma

sfoma
—_xylem

Vascular Bundle
phloem

thin-walled motor(hinge) cells

chlorenchyma

sclerotic stereome

thick-walled lower
(outer, abaxial ) epidermis
tuck cuticle on lower epidermis

PLATE 43—XEROPHYTIC LEAF: PSAMMA
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1. Diagrammalic TS leaf (centric type) Pinus sylvestris
£ = T\ Al | epidermis

sclerenchymalous
B hypoderrmis

[ _endodermal sheath
parenchyma
albuminord cells

sclerotic fibres

(;L (o]} 02 03mm

cpiderms
sclerenchymatcus
hypodermnus
4 mesophyll wilh
infolded walls

fibres } resin

C?(')?%‘i ”r:w'sgd cpithelium § duct
-ss e ‘i _ cndodermal sheath

piifed tracheidal
cell of the
transfusion hissue

albwminord cell

Fibres
parenchyma

PLATE 44—GYMNOSPERMOUS LEAF: PINUS
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TAXONOMY OF CRYPTOGAMS 6l

1. Chlamydomonas 2. C Ehrenbergn forming 3. Chlamydomonas
2 protoplasrmus asexual with 8 gqual
zoogametes/

2 contractile vacuoles
red eye-spot 4 zoospores

nucleus

) tes uh 9o
concave chi last Z003pore. g‘ﬂ——‘:yﬂf
oropias (after Goroschanki
Pgr‘eno:d —_— /ﬁﬂg
cellulose cell wall p M‘p
N
SY2 Yolvox _minor ( after) diagrammalic
4. Spirogyra sp 7 —‘( m) S e
hollow gelatinous sphe e

unbranched filament paired cilia

/ ]...gelahnous sheath ocosphere in ripe

haploid nucleus

olounless pyrenoids in immature

androgonidiume §

" Al (chioroplast ) g;cg:::t{;e

afozoid g volvox, surFuce view, showing
profoplasmic cell connections

gelchnous ,Q' ﬁ?‘ / ©
T male filament matrix I
: "lelo

@
&
é
8
L
e
]
g
=}
&
e
5
o]

) O T
& filarnent
J female filarnen 10. Yaucheria zoosporangia
6. Spirogyra. zygospores O, Vaucheria sessilis asexual slage
sexual stage before ferfilisahon éoggomrf:gﬂ:nf;
{ o smm Z (ve
8 rhickwalled an]?“:el‘:d:urn PO :
A resting spore 4 BN\ multcihate :
.Yg‘. zoogonidium

ﬂ r«‘., )
) oogonium
*_coenocyfic

« asepfate
-, filament

chloroplasts
vacuole
o1l drops

PLATE 45—CHLOROPHYCEA
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2. Fucus vesiculosus

branching

air-bladders
“leafy” thallus

“rudrib ™

cryplostoma
(sterile
conceptacle)

4. Mature everfed cogonium
stem-like
thallus

(2 gametes)

discoird
holdfast

with 64 3 gamefes 3. VS ¥ conceptacle of
7

branched hair F spiralis

mucilaginous layer.
cells of hmiting layer )

assimilahng layer- ?

6. Mature paraphysis | A ';/_
spermatozoid ~ (sterile Eqa/r‘ ) TN

young oogonium
(diploid )

mucilaginous

medullary hyphae

PLATE 46—PHAOPHYCEA : FUCUS
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1. A bacillus
° {"‘1 glycogen granule

3. B anthracis

9, Bacterial alighion
\&~. monotrich

& \
sg=ralveolar proloplasm amphitr ck\}
2 \
3 ~ 1%,
B N peritrich ; p —
ermina
»ﬁt\ “% endospores ¥ }e

L

Structure and life- history of Pseudomonas radicicola
(after Thornton) in_symbiosis with leguminous plants
5. Soil cocet infest root hairs of lucerne . 7 Nodules on

6. Infection thread gves ) o0 o
acferia  nise o zoogloea, then ePILs o2

bacteria multiply
in corhical parenchyma %
% coccus form

8. TS Lupinus root nodule with
nitrogen-fixing bacteria

@ 10.Banded rods
from nodule

| , )
zoogloea () B_qqm jo‘g(p%

xylem
from nodule

xylem vessels

bacteroid hssue E g &I

nodule

Saccharomyces
2. S cerevisiae showing
11.S cerevisiae (Brewer’s Yeast) gemmation or budding
afterWager 2., o03mm (vegetative reproduction)
j fungus-celiulose wall ¥ i L

(mefa) chromatin

granules
chromatin
protoplasmic threads
Yt nuclear vacuole [3, S cerevisiae showing

2L
s central volutin granule asexual reproduction
fat granule

voluhin cell becomes ascus

glycogen 4 ascospores

PLATE \47—FUNGI: BACTERIA AND SACCHAROMYCES
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1. Reproductive head of

9. Radial L S young mushroom A campestris

pileus

gill plates
air space

annulus

— shipe

subterranean
m Hceh um
threads

0ol 02 O3mm

trama
( pseudoparenchyma )
of

pileus 4. Portion of hymenium
showing_development
of basidia

} hymemum
paraphysis

R
>

SN

A2

(1) heterotype then homotype
division of diploid nucleus

.

—

X AL

7

(m) spores FormedW’
on sterigmata — 4

i e
RSN K

——
——— 3

SSS

—

R

3

o
SSSS

et —

Al
N

S—

(iv) nucler migrate
info spores

(v) spores are shed
from sterigmala

PLATE 48—FUNGI AGARICUS
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1 Pal hull 2. VS thallus with antheridium
. Pellia epiphylia

sporogonia
antheridial wall
sperm mother

cells
, _Xd/chofomous
growing point
young sporogoni
involucre
antheridia

rchegonial
involucre

mucilage cell
chloroplast ~
5. VS young sporegonium P rhizoid S
| ST -
sporogonial wall =

~—
3. VS apex with cluster
\—o/d archegorial

X wall of archegoma
\ L Qlmm, 0017
spores and
elaters

6. Spores and
elaters
bispiral

4, LS young
archegonium

\ thickenings Iid cell
hapioid \" Wy Yourg neck canal
thallus spore cells
hissue septa ||
haploid __{7, 75 7:5’2’72”5
diploid spore v ge
foot" issue ol venlral ___.
sporogonium gg;ahleieeu
venter

PLATE 49—HEPATIC/A : PELLIA
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3 TS ‘stem” heral 1. Protonema from spore
g periphera

rmechanical

central
conduching
hssue

2. Mature &7
plant Mnium

“eaf"n antheridia 1in

section rhizod —< )i involucre
e
Wg‘ Wy
2
5. VS Antheridial head showing 7 ‘leaves’
development of & organs P
° 0,08 _opmm 0\ “slem”

paraphysts
;“/ anthermdial wall
& !’ _sperm mother cells

_younq antheridiurn

5 6. Cluster of archegonia
A f and paraphyses
<{ 7, Sperm mother
¢/ cell extruded g’:,z
from antheridium | of
- —cell wall 2 \mature
- coiled | / arche-
\Q . b ciliate : gontum
< sperm ol ucilage
young B
archegoniuw Id neck
paraphysis Carégllls

neck canal
cells

conduching strand  ventral canal [}
2-4 cells deep cell
oosphere

stalk

PLATE 50—MUSCI: FUNARIA
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o rmm

1 VS Immature operculum
sporogonium
("capsule™) perisfome feeth

annulus

i - epidermis

- oufer spore sac
24HEspore mother cell
th- inner spore sac

s} archesporium

©. Tipof mature
capsule with

hygroscopic peristome

16 slender inner
teeth —

% —
s A
=z

AN

o 12
u;:’l .
T

N

Y

o

=Y

g

2
. 5

’\"

r—

Stages in_development of capsule

S

a4, teeth

ripe

calypira orcap ?ﬁ::

(old archegorual a
hssue)

teca ———

young
diploid sefa —

capsule foot

“leaves —

PLATE 51—MUSCI: FUNARIA—Continued
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2.TS vascular strand from

1. Circinnate
vernation sj,f;
n youngy' 7

phloem

& bipinnate lamina
N or pinna 3.Tipof
Jf7—scales or ramentum

{ ramenfa 5, Single pinnule,of
dgf’ét_perlole or rachis sporophyll,under side

4, Diagrammahic TS furcate
rhizome venation

sporangia

cork

indusiwm
conjunctive fissue
partial stele ’ -~
base of rachis

E trached
>t elongated pit

7 TSroot 83T 8. Dissection of
stele from
rhizome

foliar gaps

XH diarch stfele

,'- thick walled
¥ Inner cortex
U

leaf trace bundles

$Z_ parenchymatous
outer cortex

piliferous layer

PLATE 52—FILICALES : ASPIDIUM
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.'9.0'1‘13-,5" 1. TS leaf through young
YL 'Q‘i!’,‘f‘"’,’ sorus showing_stages in
‘é"‘& sporangial development
- N bt
= ;’ﬁ?{r:i:b;’ leaf mesophyll
placen)ra epidermis
e spore mother cell<
63 D tapetum layer
' SN . sporangium wall
SN2k b2 ure emply sporangium
' \"%_& “Ss(y) { A~ ruptured at stormium
“ l N, @ _
"‘\\\ \\‘? sfomium
' \ \G’ indusium
" .\\\ annulus ". 5. Prothallus with
\\\\ . young diploid
2. Mature prothallus >~ [T o%m

inderside (gametophyte stage haplod )

a)

first leaF

aprcal merystem

archegonia ™
“foot
antheridia
young

rhuzoids

root
rhizoids N
\

9 prothallus many layered 4., VS anthendia

‘,_6;
9 ‘jﬁgs
IS

eqg cell in venter

PLATE 53—FILICALES  ASPIDIUM—Continued
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E arvense(Horsetail )

1. Vegetahive shoot 9. Ferhle shoot 3. Sporangiophore
703
peltate n peltate top of’
sporangiophores sporangiopho
of the cone sporangia

annulus

“ 5. Male prothallium !
{ (haploid gametophyte)

after Hofmeister 52 antheridium

ridged siliceous
stem

hssue haplod
prothalhal

A, Asexual spores with fissue

elaters (spiral Der‘lmum)}

extine
elafers.
coiled _ 6.TS rhizome
D

elaters X \ arvense
exfended

epidermus

f chlorenchyma
cortfex

parenchyma

( {7
vallecular ﬂ
air cavily

endodermis
phloem
( fmeraxylem
stele VB profoxylemn

carinal
water cavily

pith

PLATE 54—EQUISETALES : EQUISETUM
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2. Part of shoot of the

2R strobilus same, magnified
» (cone)

e Hq/

. 2rows large ventral leaves

—— 2 rows small dorsal leaves
(small hgule on upper surface not (; g
shown) ) "/

rhizophore
K I e

4. TS rhizophore

protoxylem

conjunchve hissue

phloem
conjunchive tissue

metaxylem
(scalariform
o8 Z tracheids )
) corfex
5. TS polystehic stem

olmm O Olm

epidermis
cortex

PLATE 55—LYCOPODIALES: SELAGINELLA
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1. Diogrammatic VS strobilus with several
microsporangid and a basal macrosporangium

o1 02 04 mm

2. Lateral view of

spore mother cells

_ apetum (nourishing maiured” gamelophyk

layer) @xlosed in microspore

2 lage u foger) after Belajeff )
—sporophyll  cells of the (after Belayeft

rioial
; microspore anmew;;;:
- i
! @% mothercells sperm
! dividing mothen

letrahedrally
/-gule  nyucpospore wall\y
etrads of microspores prothallial

i skalk of microsporangium cell —
i apical dehiscence 3. Bicilhate
Y by transverse shif spermatozoid

|\ "2 layered wan  (@ffer Belajeff)
g4 macrospores with
} thick reticulate walls
i
4 _aborted mother cells /
4., VS mature ? gametophyte
(prothalhum’) parhially

enclosed in macrospore
(after Pfeffer)

rhizoids
{ neck cells
archegonium oospore A N
L in venter ...'

suspensor formed from upper '.!‘A‘._‘.
half of oospore(hypobasal cell) “".‘.".'5
primary prothallium (haploid) ‘v.i"’
diaphragm —) !.'.‘
aiploid embryo formed from A
epibasal cell of oospore

thick ruptured macrospore wall

secondary prothallial tissue
(haploid ) storing o1l and aleurone

cell walls formed by free cell
formathion after fertilisation

PLATE 56—LYCOPODIALES SELAGINELLA—Continued
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sylvestris LS ocone

young dwarf shoots

pollen -sac
(microsporangium )

d' cone

fip of microsporophyl|
(stamen)

3. Single_stamen

under side ‘>f:‘
2 pollen-sacs ‘r—
dehiscence b
S. Tip_of pollen tube longitudinal
(after Ferguson) sht

pt of altachment
male nucleus

l | Pollen-grain 10. Pine
male nucleus 4, (microspore) Seedling
(haploid )

epigeal i }
cotyledons { 4 |

aur sac in
extine

stalk cell of
antherdium

\ antheridial
nucleus

thypocotyl
hypocotyl ( *P°T°P hyte sperm r
radicle endosperm ”
remains of z
suspensor
micropyle icle

PLATE 59—CONIFERALES : PINUS—Continued
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upper epkdermis

— pahlisade mesophyll

tracheidal

I~ transfusion cells

3, xylem

2\ phloem:albuminoid
transfusion cells
r—medullary ray
spongy mesophyl!

oy —lower epidermis
3. Diagrammatic LS ovule V- cuticular papillae

micropyle —

integument

? plant

nucellus
young embryo-s

bud

, ovule with ,
young aril K =

younyg aril

) scales >
4. LS S(staminafe) cone = S O
—_— ripe fleshy NI ™
c / aril — S X
dorsiventral = -
o slamen leaves A J
j stalk Wz
pollen sac N /

5 Male cone,
diagrammahc 6. Pollen-grains
peltate — /

axis of cone

sramen \\ L - exfine
“Twithout
'I ’\) é"" air-sacs

PLATE 60—CONIFERALES : TAXUS
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2. VS Lilum megaspore

3 aborted haploid nucler young open

of single spore mother cell g

haploid nucleus of
macrospore —_
young nucellus
nner infegument
oufer intequment 4

diploid placenia
chalaza

hssue

Development of haploid (gamefophyte )
phases n embryo-sac of Lilum From a photo micrograph )

nucler

7 Embryo-sac of Galtha before ferfilsation 8, Lihum embryo-sac at
ferhihsahon (affer Strasburger )

2 synergid nucles
(@ gamele) pollen tube —

egg-cell synergid__
double endosperm ovum ()

ovum

nucleus generative
(secondary nucleus) nucleus
vacuoles (male gamele)
3 degenerating ~ 2°2d' gamete
i antipodal cells unihng with -
“ﬂ double endosperm
- ‘- ( ) nucleus
ypes of macrosporangia (ovules ~ lof
O Orthotropous 10. Anatropous 11.2:%_?[)3_%53% d
embryo- sac erect embryo sac wwerted ETOTY ¢ curved

micropyle

99-apparatus [ / .
nucellus
embryo sac ‘

ine of raphe

chalaza

- — Ffunicle

PLATE 61—ANGIOSPERMS: THE MACROSPORANGIUM
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1. TS unripe anthers Lilium 2. TS single pollen-sac
e ‘ connective (microsporangium )
S
pollen-sac
epidermis

starch layer
(lafer, fibrous)

parenchyma - L4
filament

tapetum
(nourishing lager)
pollen mother ceclls
3. Pollen mother cells dwiding

meiosts then mifosts

(v) (
second
division

a mitosis

(m)

first division
g)melus:s 4. TS ripe anthers Lilium

—

i tetrad of .

@ S 4 unripe

/ \ pollen

D
\Y(D

hne of
dehiscence

8. L S ovary of Polygonum Convolvulus
(@frer Schenck ar fFerhlisahion

©. Pollen-grain
polien grauns 5. Pollen-grain germmqnn%@
(& gamefophyte  Sirasburger)
4 % —exhine
¥~ inhine
vegetahive
nucleus

polien tube

style

micropyle 7. Tip of pollen-tube
,nlegu,menfs (Mrge_r)

embryo-sac

nucellus

placenta

PLATE 62—ANGIOSPERMS : THE MICROSPORANGIUM
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Development of Dicotyledonous embryo (Capsella )

perichinal (tangential ) walls
§ formed in
/ octants

colyledon
meristem

plumule

6. LS Capsella ovule with young ovule
embryo
infegument's
disintegrating nucellus
K " endosperm
cotyledons 3, A
periblem ’ : Hikhmit dhradicle
z plerome R 2
3 roo* cap
10 endosperm _
(free-cell formation)
suspensor
micropyle

Diagrammatic development of Monocotyledonous embryo

(Alisma Plantago ) (after Goebel from Vines ) 1.
8 ° 9 da cotyledon 10. cot

fem apex|

“ f 7 1 cofyledon
o= lhypocoty!

7 v
- 7 } stem apex
hypocotyl —
) radicle
suspensor

roof growing
pt ———

PLATE 63—ANGIOSPERMS . EMBRYOGENY
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1, Salix caprea
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2. male 4, J'flower
(Goal Willow)
CG“(IH ?1}0’& 3 L S &'catkin S S caprea
T\""" (staminate)
5 hairy
" ihrior ] bract —
inflorescence

(acafrkin
or amentum )

') 6. J flower of

—
v T

| stamens
|
necrary
s
¥ 7 female ()
| CGr‘pellarg
catkin Salix

11, Ripe capsule
S caprea

W)

.\1‘

10

12. Young catkin
Populus alba
Y

N
"i

/‘»

stamens

14. Floral
diagram & Flower

N
Populus 7

,. S penfandra

S caprea ?

ot budlS, ' flower Populus (Popiar)

/Q nectar y

5. Floral dagram,
S cuprea g °
o— nectfary

&
& “o
Q

= 2 9
S o
A
8 carpellary 9. LS Qcatkun
(@) flower

Fiorq) Diagram

<

D

15 ? flower Populus

/////

16. Plumed seed

\,{/@pm_us

PLATE 64—SALICACEA



TAXONOMY OF PHANEROGAMS 83

&» Buttercup)

- cymose
inflorescence

2. Longitudinal sechion flower
Ranunculus

gynaecium

androecium
corolla

calyx
.(;ped:cel
3. Single Petal
4. R repens
\ © _ Floral
expanded s L
leaf base \ /
pockel
nectary
5. Caltha palustris

6. (Marsh Margold )
Caltha floral diagram
[s)

necfary

(modified
petal)
pehaloid
calyx

8. Aconitum stamen

Floral diagram pefaloid
Aconitum filament

(Monkshood) N
e~ ”
U(P g 2 QQQ 10, Fruits of Aconitum
{ 0 8 @ o9 }
+0°0 & D0 00 ghocar
Q’ood &4

X
pedicel

PLATE 65—RANUNCULACEA
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1. Cheranthus chein 3, Florald £
N ) oral aiagram o
(Wallflower) o Androecium of Chenrgnthus
Cheiranthus

4 long stamens CD DQ
short
lateral

stamens

neclary
pedicel

} 5. LS flower of Cheiranthus

4. Petal of Cheiranthus

\

6. Tap-root of
Cherranthus

claw I
fetradynamous { sfamens
androecium short
hmb stamen

7. Frwt of Chairanthus
(si'quu—ﬂ) 8. Gynaecium of

shgmas Cheiranthus
9 Frut of
carpel Raphanus
(Radish)
— seed a loment
replum Qaceous
10. Lahiseptal sthiqua
sihcula of Lunarma
(Honesty)

11.Anqustisepral
s sihcula of Capsella (Shepherd’s
purse) 12.Winged fruir
carpel -2anged 1ruf
P wing of Tsatis (Woad )
single |
seed
replum
pedicel

PLATE 66—CRUCIFER A&
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2. Floral Diagram

4, Lychnis diorca(Red

Campion) ripening capsule
3. LS campylotropous seed Stellaria 10 feeth
- testa
hypocotyl persistent
of curved calyx
embryo
endosperm
4 cotyledons
radice mtcropy e 6. LS carpellary flower L dioica

polypetalous corolla
gamosepalous calyx

free-central placentation}

necfary
— androphore

gynophore

PLATE 67—CARYOPHYLLACEA
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Lathyrus odorata

2.LS flower of
Lathyrus

3. Diadelphous androecnum

of Lathyrus
,

od sh 4, Frut of Lathyrus ‘,
winged sfem (egume) /6
,’. (

S. Papilionate corolla

of Lathyrus 6. Floral diagram

of ,Lathyrus

standard
pefal
(vexillum)

wing (ala)

/0

m//'

N LHLOI OF
Medicago lupulina (Medick )

(carmna) <__
p_Fwisted 9. Medicogo
F legumes TW'S_'-Qd
7 Frut of Acacia legume

(lomentum )

PLATE 68—LEGUMINOS A
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5, Floral . diagram
Geum

1. LS flower Geum urbanum (Wood Avens)
/'\/7 63 G Q Q
hooked
shyle
J @%ﬂa
oS D

swollen 2. Single \ Q G a QQ 9 p))
receptacle frwlt of So o 2

Flattened Geum ) Q:)o <D
recepfacle achenc_Y - (<) ,
=

4, 1S Flower Rubus fruhcosus epicalyx

(Brambie)

6. L S flower of Spiraea

5. single drupel
of
“»~ ) Rubus

endocarp
7. LS flower Prunus

cerasus (C herr”

Fleshy Tiresocarp 0. L S Flower of Alchemilla
q (Lady’s Mantle)

hollow receptacie

epicalyx
calyx
) gynobasic receplacle
Ct%r?we > style ovary
=<y woody
10.L S flower of Rosa endocarp

Fleshy mesocarp

12. LS flower of Pyrus

urn-shaped
receplacie

ovaries

receptacle

PLATE 69—ROSACEA
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2, Actinomorphic central
1. Cowparsnip (Heracleum ) flower

% ferminal compound
'.,. %

%'g umbel 8 honey disc

I

N ~ / compouna

i leaf

ANz
,\3 } 3. Zygomorphic outer
ﬁY/, , ()

\ 25

5. Floral diagram

7
(G o 9\
\.”./

N’

vaginate leaf base

4. LS. flower of Heraclerg

8. Astrantia

o terminal umbel e
pedice % of bisexual flowers —SR\L€<
petaloid bracts N3

laferal umbel

6. Cremocarp of Cowparsni
2 styles

receplacle disc7 /i
viftae
(41 w:ng

carpophore

pedicel
PLATE 70—UMBELLIFERA
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1. Prmula vulgarts | I __ dimorphic Flowers
(Primrose) LS pin | showing heterostyly

eyed flower — long slyle thrum-eyed

Flower

epipetalous androccium

short slyle — —— /

——corolla tube —

| free ceniral placenta

3. Floral diagram
Primula

obdiplosfemonous
androecium —___

6. LS fruut Primula

\
persistent |\
calyx

10 feeth My

5. Flowering shoot of
Anagalhs arvensis (Scarler
Pimpernel )

free central
placenta

PLATE 71—PRIMULACEA
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2.LS Nicohana flower

/—(—5 )% 3. Floral diagram
1

)
v

4, Gynaecium
@—stigma
— sry le
nectary
pedicel
ovary 6. S dulcamara flower
ring-like shigia r
nectar B X
y ET S kK

5. Stamen of Solanum
apical pores

== X
l/ / \
adnate peduncle

pollen-sacs

8. Frutof Hgoscgamus %\
wd_ A
= apsule
persistent Pyxis
calyx 4‘ @ @ll Tomato fruit (Solanum lycopersicum)
Transverse section

9, Frutt of Datura Stramonium o
10.TS Datura fruit ™ pericarp

loculus

- seeds

PLATE 72—SOLANACEA
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1. Antierhinum (Snapdragon )
2. LS Anhirchinum Plower 3. Gynaecium
R shgma
posterior petals
style
anferior pouched
petals nectary
didynamous skamens

) neclary ©. Digitahis

4. Digiialiscapsule (Foxglove)

placenta

persistent
calyx

7, Eloral diagram

didynamous sfamens
anterior corolla

bifid stigma

IO.Scr‘ophuIarlq (Eigwort)
12. Yerbascum (Mullein)

8. Veronica (Speedwell )
epipetalous shgma —
staminode
stamen e
%z shyle

9, Floral diagram Scrophularia 13. Verbascum
Veromoa M N srammode S

3O1¢

\w::—/

PLATE 73—SCROPHULARIACEA

91
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1. Lamum album

3. Axillary cyme
of Lamium

= A\
/{0 8. Gynaecium of
Lamium
/7 N el e
\"""mmnﬂ"‘/ Nﬁd
shgma
7. Floral diagram of Salvia

gynobasic
— slyle

4 nutlets
anferior
nectary

10, [nflorescence(a
verhicillaster) of
fertile anther Nepeta cataria

transverse siit

O, Stamen of Salvia_pratensis
didynamous
epipelalous
sfamens

connechve

hinged filament
sterile

8. Fruit of Lamium
(a_carcerulus)

persisfent calyx

4 nutlets

PLATE 74—LABIATA
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1. LS capitulum of
Dahha variabilis
(sub-order Tubuliflorae

thalamus 4, Floral diagram of

tubular disc floret
outer bract

2. Tubular disc
floret

| syngenesious
anthers

contrachle
Filaments

membranous
bract

ring-like
necfary

inferior

ray o
3 pefals X

bract

corolla tube of'§ petals

7 Cypsela of Tussilago

(colfsfoor) orary

8. Fruitof

6. Floral diagram of

foret Dahi O, Frwil of Helianthus
ray floret Dahhia

(sunfiower)

inferior
ovary

PLATE 75—COMPOSITA
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1. Centaurea cyanea (Corntlower)

9, Sterile (neuter)floret

3, Bisexual
floret

4. Fruit
il
pappus

interior ovary

Stages in_floral development

5. pshigma 6. YA shgmas 8
style pollen cluster
shyle —
syngenes
1ous connective
(joined ) .
anthers androecium 12 (;wor‘se
elongated androecium
9, Taraxacum g e

officinale:Subor der filaments
Liguliflorae ( Dandelion)
0

11 LS Florer

floret

strap of
5 petals

sfyle

syngenesious
anthers
stalked pappus

13,Floral diagram — filaments
style - —

pappus

rng necfary

inferior ovary —

PLATE 76—COMPOSITA£—Continued
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Scilla non-scripta (Bluebell, wild Hyacinth)

cladode
- berry

PLATE 77—LILIACEA

95
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AN
1. LS Flower of

receplacie tube

inferior ovary

3. LS flower of Inis pseudacorus ( Yellow Hag)
(Imdaceae)
—_ narrow inner perianth leaf

petalora stigma
\ — exirorse anther

petalod style

broad outer perianth leaf

stylar column

4, Foral diagram of
Inis

A

9, x Q

&*
Q

PLATE 78—AMARYLLIDACEA : IRIDACEA

bract

inferior
ovary -

0606000000000000
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Orchis maculata (Spotted Orchid ) L. L Orchus flower

enlarged

9. Polinia from 2 hood —

sessile anthers

A
3y [ shicky leaves
1 polien sessile
‘} cluster stamen
9]
staminode
caudicle
rostellum -
viscrd (shgma)
disc 2 shgmatic areas
labellurn

3. Diagrammatic
LS Orchis

inferior twisted ovary

spur of labellum -
sessile anther
gynostemium
rostellum
stigmatic surface 4, Floral Diagram
labellum

spur

inferior ovary +

paretal placenta @

staminode ——

stamen __ _ _@

PLATE 79—ORCHIDACEA
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Alopec
;;afénsi :;;‘;;ow 9 One flowered Spnke\er4' Dissection of spikelet, Alopecurus

of Alopecurus
Foxtail) versatile /
A \ anthers 4
f(‘{ 3 2 feathery
N g shgmas
A Y
1 ‘ 2 glumes /
\ ovary /

awned

4 /cd;cules____QS (/A) /
awn /

palea \
(flowering 9Iun19

lumes —

g(;lfemlse
lodicule bracls)
Floral diagram Alopecur
\ 5 lﬂgo [ pecutus 9. Lolum perenne
(False Rye) J
e X Q

" + 8. Diagram of
H \ / Lolum spikelef
<@ \¥
\
6. Node of Alopecurus Kﬁ i‘{l

lamiina
7 gynaecium j
hgule androecium-=
!
sheathing leaf odicules —
base

swollen node

superior
/ ] palea
[/nf‘emon
7. Floral |
diagram of giume
Anthoxanthum * ¥

( Sweet Vernal
Grass)

NN

inferior palea

PLATE 80—GRAMINEA
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Abaxial, 55, 56

Absciss layer, 12

Acacia, 18, 86

Acer, 17, 24

Achene, 23, 24, 87

Acicular, 16

Aconitum, 24, 83

Acorn (see Quercus), 23
Actinomorphic, 21, 88
Acuminate, 16, 54

Acutc apex, 16

Adaxial, 55, 56

Adnate, 106, 23, 90
Adventitious, 11, 12, 13, 14, 78
Aetial root, 11, 49

Fsculus, 12

/Bstivation, 20

Agaricus, 64

Aggregate fruit (sec Drupels), 23
Air bladder, 62

sac, 77

s SPaCC, 35, 47, 50, 53, 545 55, 04, 70, 71
Ala, 86

Albuminoud cells, 57, 78
Albuminous (ree Endospermous), 26, 25
Alchemilla, 22, 87

Aleurone grains, 31, 72
Alisma, 81

Alltum, 12, 27, 33

Alopecurus, 98

Alternate leaves, 17
Amarylhdacer, 96

Amentum, 19, 82

Ampelopsis (ree Virginian Creeper), 15
Amphitrich, 63

Amplexicaul, 16

Anagallis, 89

Anatropous, 79

Andreecium, 20, 21, 83-98
Androgonidium, 61
Androphore, 85

Ancmone, 22

Angiosperms, 79-98
Angustiscptal, 84

Annual rings, 40

Annular vessels, 34, 35, 39
Annulus, 64, 67, 69, 70
Anterior plane, 20, 21
Anthemis, 19

Anther, 21, 80

i

99

Antheridium, 61, 62, 65, 66, 69, 70, 75, 77

Antherozoids (see Spermatozoids), 61, 62,
66, 72

Anthoxanthum, 98

Anthrax (see B. anthracis), 63

Antichinal, 81

Antipodal cells, 79

Antirthinum, 24, 91

Apical meristem, 33, 69

Apocarpous, 22, 83

Apple, 87

Archegonium, 65, 66, 60, 72, 76

Archesporium, 67

Al 26, 78

Artichoke, Jerusalem,

Arum, 17, 19

Ascospores, 63

Ascus, 63

Asexual, 61, 63

Ash (ree Fraxinus), 23

Asparagus, 14

Asparagus * fern,” 14

Aspetula, 17

Aspidium, 68, 69

Assimilating layer, 62,

Astrantia, 88

Atiopa (ree Belladonna), 31

Autumn wood, 40, 42, 43

Avena (ree Qat), 31

Avens, 87

Awn, 98

Axile, 22

Axillary bud, 12, 13

13

)(), (\7

Bacillus, 63
anthracis, 63
tetani, 63
,»  radicicola, 63
Bacteria, 63
Bacteroud, 63
Bark (see Periderm), 4o, 42, 43, 40
Basidium, 64
Basifixed, 21
Bast (see Phleem), 35, 57, 68, 70, 71
. fibres, 43
Bean (see Vica), 21, 25, 31, 32, 51, 52
Belladonna, 31
Bellss, 16
Berry, 23, 95
Bicollateral bundles, 38, 55

»

»
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Bidens, 93 Castanea, 23
Bifid stigma, 91, 92 Cataphyll, 25
Bifohar spur, 76 Catkin, 19, 82
Biscxual flowers, 88, 94 Catmint (see Nepeta), 92
Bispiral claters, 65 Caudicle, 97
Bitterswecet, 9o Cell diviston, 32
Blackberry (see Rubus), 15, 23, 87 ,» contents, 31
Blucbell, 95 5 Sap, 371
Body cell, 62, 77 .  walls, 31
Bordered pit, 34, 45 Cellulose, 31, 33, 61
Bract, 19, 23, 82, 88, 91, 95 Centaurea, 21, 94

. scale, 76 Centric leaf, 57
Bracteole (ree Prophyll), 19 Cerasus (see Prunus cerasus), 87
Bramble (iee Rubus), 15, 23, 87 Chalaza, 22, 79
Brassica (see Mustard), 11, 16 Chetranthus, 20, 24, 84
Broom (ree Cytisus), 24 Cherry, 87
Brown algi (vee Fucus), 62 Chestnut (see Castanca), 23
Brussels sprouts, 12 Chlamydomonas, 61
Biyophyta (ace Pellia, Funaria), 65, 67 Chlorenchyma, 55, 56, 70
Budding, 63 Chlorophyccwe, 61
Bud scales, 12 Chloroplast, 31, 61
Buds, 12, 13, 14, 606, 78 Christmas Rosc (see Helleborus), 17
Bulb, 12, 27, 95 Chromatin, 32, 63
Bundle sheath, 14, 54, 57 Chromatophore, 61
Buplcurum, 16 Chromoplast, 31, 62
Butcher’s Bioom, 14, 95 Chromosome, 32
Buttercup (see Ranunculus), 11, 19, 21, 22, Chrysanthemum, 17

23, 50, 83 Cilium, 61-63, 75
Buttress root, 48 Circinnate vernation, 17, 68, 75

Cladode, 14, 95

Calctum cathonate, 31 Clematis, 18, 23

I oaalate, 31, 43 Climbing plants, 11, 15, 18, 36, 38, 39
Callus, 34 Closed bundles, 35
Caltha, 22, 79, 83 Clover, 17
Calyptia, 67 Coccus, 03
Calyx, 20, 24 Cocos (see Coconut), 33
Cambium, 33, 37 57 Canocyte, 34, 61
Campion (e Lychnis), 19, 24, 85 Colchicum, 13
Campylotiopous, 79, 85 Coleorhiza, 27
Canal ccell, 65, 66 Collateral bundles, 35
Candvuuft, 19 Collenchyma, 33, 37, 38, 39, 41, 43, 53
Capitulum, 19, 93, 94 Coltsfoot, 93
Capsclla, 24, 81, 84 Columella, 67
Capsule, 24, 67, 82, 85 Companion cells, 34-57
Carcerulus, 24, 92 Complementary tissue, 41
Carduus, 10, 20 Compositx, 93, 94
Carina, 86 Compound leaves, 17
Carinal cavities, 70 s starch grains, 31
Carnation (sce Dianthus), 16 Concentric bundles, 46
Carnivorous plant (see Nepenthes), 18 Conceptacles, 62
Carpels, 20, 75, 76 Conducting tissues, 34, 66
Carpellary cone, 76 Conduplicate, 17
Carpcllaty flower, 82, 85 Cone, 70-78
Carpophore, 24, 88 Coniferales, 76-78
Carrot, 11, 31, 88 Conium, 19
Caruncle, 26 Conjugatze (1ee Spirogyra), 61
Caryophyllacce, 85 Conjugation, 61
Caryopsis, 23, 27 Conjunctive parenchyma, 35 -50
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Connate, 16

Connective, 21, 80, 92

Contorted mstivation (see T'wisted), 20

Contractile vacuole, 61

Convallaria, 14

Convolute, 17

Cordate, 16

Cork, 40-46, 68

,» cambium (see Phellogen), 40, 41, 42,

44, 46, 51

Corm, 13

Cornflower, 21, 94

Corolla, 20, 21

Corona, 96

Cortey, 11, 33, 35-57, 08, 70, 77

Corymb, 19

Cotyledon, 25, 206, 27, 72, 77, 78, 81, 85

Cover scale (see Bract Scale), 76

Cowpatsnip, 88

Cow-wheat, 17

Cranberry, 23

Crassula, 20

Cratzgus, 24

Creeping Jenny (1ee Moncy wott), 17

Creeping stem, 15

Cremocarp, 88

Cienate, 16

Crocus, 13

Cruciferzx, 84

Cryptogams, 61 72

Cryptostoma, 62

Crystal, 31, 43

Crystallowd, 31

Cucurbita, 20, 33, 34, 38, 39

Cupulg, 23

Cuticle, 56, 78

Cyeadales, 75

C)‘C:K, 75

Cyclamen, 89

Cyme, 19, 83, 92

Cymose branching, 19, 83, 85

Cynoglossum, 24

Cypscla, 23, 93, 94

Cystolith, 31, 54

Cytisus, 21, 24

Cytoplasm, 32, 33

Dablia, 11, 31, 93

Dandclion (see Taraxacum), 34, 94
Date, 27, 33

Datura, 9o

Daucus (see Carrot), 11, 88
Daughter plant, 15

Dead nettle, 92

Dcadly nightshade (see Belladonna), 31
Deccurrent, 16

Decussate, 17

Definite branching, 19

I0I1

Dchiscence, anthers, 21, 80

» fruits, 24
Dentate, 16
Dermatogen, 33, 81
Diadelphous, 21, 86
Dianthus, 16
Diaphragm, 72
Diarch, 68
Dirastatic corrosion, 31
Dichasial cyme, 19, 85
Dichasium, 19, 85
Dichotomous branching, 62, 65
Dicotyledons, 82-94
Didynamous, 91, 92
Digutalss, 16, 79, 91
Dimorphic owers, 89
Diacious flowers, 82, 85
Diplotd, 32, 62, 64, 65, 67, 69, 70, 72, 76, 79
Disc florets, 93, 94
Dotsal surface, 53
Dorsifixed, 21
Dorstventral, 78
Double samara (ree Winged Schizocaip), 24
Draciena, 46
Dragon’s blood tree, 46
Drip-tip, 54
Dropper branch, 13
Drupe, 23, 87
Drupels, 23, 87
Dryapteris (ree Aspidium), 68, 69
Dwart shoot, 76, 77

Egg apparatus, 79

Egg cell, 62, 69, 79

Elaters, 65, 70

Elder (sec Sambucus), 41

Elm (see Ulmus), 23
Emarginate, 16

Embryo, 23, 25, 27, 72, 81, 85
Embryogeny, 81

Embryo-sac, 76, 79, 8o
Emergence, 15, 38

Endocarp. 23, 87
Endodermis, 37 57, 68, 70
Endogenous, 11, 48, 52
Endosperm, 23, 26, 27, 31, 706, 77, 79, 81,

85
Endospore, 63
Entire margin, 16
Epibasal, 72
Eprcalyx, 21, 87
Eprtcaip, 23
Epidermis, 35-57, 67, 69-78
Epigeal, 25, 26, 77
Epigynous, 20
Lpipetalous, 89, 91, 92
Epiphyllous, 95
Epithelum, 34, 44, 57
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Equatorial plate, 32

Equisetales, 70

Equisetum, 70

Ensymum (Hare’s Ear), 16

Erodium, 24

Exalbuminous (ree non-cndospermous),
Exodermis, 49, so

Extine, 70, 77, 78, 80

Extrorse, 96

Eye-spot, 61, 62

False plane (see Acer), 17
Falsc ryc, 98
Ferns, 17, 34, 68, 69
Fertilisation, 61, 79, 80
Fibres, 33, 34, 43
Fibro-vascular bundle, 35
Fibrous layer, 80

. root, 11
Ficus, 16, 31, 54
Figwort, 91
Filament, 21, 80, 83, 93
Filicales, 68-69
Fission fungi (see Bacteria), 63
Flag, ycllow, 96
Flagellum (see Ciliation), 63
Floral diagram, 2o, 82-98
Floral formula, 20
Florets, 19, 93, 94
Flowers, 19-22, 75-98

Flowerless plants (see Cryptogams), 61—72

Folage leaves, 12, 14, 16-18, 27
Foliat gap, 68

Follicle, 24, 83

Foot, 65, 67, 69, 72
Forget-me-not (see Myosotis), 19
Foxglove (see Digitalis), 16, 91
Foxtail, 98

Fragaria (see Strawberty), 15, 24
Fraxinus, 23

Free-cell formation, 81
Free-central placentation, 22, 85, 89
Fuchsia, 20

Fucus, 62

Funaria, 66-67

Fungi, 63, 64

Fungus-cellulose, 63

Funicle, 22, 79

Furcate venation, 68

Furze (see Whin), 15

Gamete, 61, 62, 79

Gamectophyte, 66, 69, 70, 72, 77, 79, 80
Gamopetalz, 89—94

Gamopetalous, 21

Gamosepalous, 85

Gean (see Prunus cerasus), 87
Gelatinous sheath, 61

INDEX

Gemmation, 63
Generative nucleus, 77, 79-80
Geranium, 22
Germander (see Veronica), 19, 91
Germination, pollen grain, 75, 77, 80
» sced, 25-27
Germs (see Bacteria), 63
Geum, 17, 87
Gill plate, 64
Gilliflower (see Cheiranthus), 84
Girdle scars, 12
Glandular hairs, 53
Glans (see Nut), 23
Globoid, 31
Gloriosa, 18
Glume, 98
Glycogen, 63
Goatsbeard (see Tragopogon), 23
Gonidangium, 61
Gooseberry, 18

" Cape, 23
Gorse (see Ulex), 15
Graminex, 98
Grasses, 98
Green Algze (see Chlorophycer), 62
Ground Ivy (see Nepeta), 15, 16
Ground Tissue, 36
Growing point, 33
Guard cclls, 53, 54, 57
Gymnosperms, anatomy, 44, 45, 52, 57

' life-history, 75-78

Gynzcium, 20, 22, 82-98
Gynobasic, 22, 87, 92
Gynogonidium, 61
Gynophorc, 85
Gynostemium, 97

25

Harrs, 12, 25, 38, 39, 49, 53, 56
Haploud, 32, 61, 62, 69, 70, 72, 76, 79
Hastate, 16
Hawthorn (see Cratxgus), 15, 24
Hedera (see Tvy), 11
Helianthus anatomy, 34, 37
fruit, 23, 26, 93

. tuber, 13
Helicoid cyme, 19
Helleborus, 17
Help cells (see Synergids), 79
Henbane (see Hyoscyamus) 31, 90
Hepaticz, 65
Heracleum, 16, 88
Hermaphrodite flowers, 20
Heterosporous plants, 71-80
Heterostyly, 89
Heterotype division, 32, 64
Hilum, 25, 31
Hippuris, 33, 47
Holdfast, 62

3
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Homosporous plants, 65—70
Homotype division (see Mitosis), 32, 64
Honesty, 84

Honey (see Nectaries), 82, 83, 88, 90, 91, 92
Honeysuckle (see Lonicera), 16
Hooked style, 87

Hop, 15

Horse chestnut, 12

Horsctails, 70

Hound’s tongue, 24
Houseleek, 15

Humulus (see Hop), 15
Hydrophytic stem, 47
Hymenmum, 64

Hyoscyamus, 31, 9o

Hyphw, 62

Hypobasal, 72

Hypocotyl, 25, 27, 77, 81, 85
Hypodermis, 35, 44, 48, 57
Hypogeal, 25

Hypogynous, 20
Hypophysial, 81

[berts, 19

Idioblast, 33

Tmbricate, 20

Indcfinite branching, 19

Indian corn (see Maize), 27, 31, 34, 35, 48
India rubber plant (see Ficus), 16, 31, 54
Indusium, 68, 69

Infection thread, 63

Inferior ovary, 20

Inflorescences, 19

Insectivorous plant (see Nepenthes), 18
Integument, 76-78, 79, 80, 81
[ntercellular space, 36

Intetfascicular cambium, 40
Intermediate tissuc, 46

Internal phlam, 38, 39

Taternode, 12, 19

Intine, 77, 80

Introrse, 21, 94

Inulin, 31

Involucre, 19, 65, 66, 93, 94

Involute, 17

1ndacex, 96

Lris, 14, 24, 55, 96

Isatis, 84

Isogametcs, 61

Ivy, 11

Jacket cells, 76, 77
Jerusalem artichoke, 13

Karyokinesis, 32
Kataphyll, 25
Keel, 22, 86
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Kinoplasm, 32
Kniphofia, 95

Labellum, 97
Labiatz, 92
Lacuna, 47
Lady’s mantle, 87
Lamella, 31, 33, 34
Lamina, 18, 54, 98
Lamium, 92
Lanceolate, 16
Tateral buds, 12, 13, 14
Latcral plane, 20
. style, 22

Latex vessels, 34, 54
Lathyrus, 18, 21, 86
Latiseptal, 84
Laurel, Cherry (see Prunus laurocerasus), 12
Lavandula, 53
Ieaf bases, 12, 16, 83, 88, o8

,, scar, 12

,» sheath, 70

,» tp, 18

,» tracc bundles, 35, 46, 68
Lcaves, anatomy, §53-68

s morphology, 16-18

Legume, 24, 86
Leguminosa. 63, 86
Lenticel, 12, 41
Lid-capsule, 24, 89
Lid-cell, 65, 69
Ligulate, 94
Ligule, 72, 85, 98
Ligubflor, 94
Ligustrum, 16
Lilac, 16
Lilium, 12, 32, 79, 80
Lily of the Valley, 14
Lime (see Tilia), 23, 40, 42, 43
Linaria, 21
Linear, 16, 85
Linin, 32
Loculus, 22, 23, 9o
Lodicule, 98
Lolium, 98
Lomentum, 24, 86
Lonicera, 16
TLunara, 84
Lupin, 17, 25
Lupinus, 17, 25, 63
Lychnis, 19, 24, 85
Lycopodiales, 71-72
Lyrate, 16
Lysigenous, 70

Macrosporangium, 72, 75, 76, 79
Macrospore, 72, 75, 76, 79
Macrosporophyll, 75, 76, 79
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Maize (see Zica), 27, 31, 34, 35, 48
Male Fern (see Aspidium), 68, 69
Male Shicld Fern (see Aspidium), 68, 69
Mallow, 24
Malva, 20, 24
Mare’s Tail (see Hippuris), 33, 47
Marram Grass (see Psamma), 56
Marsh Marigold (see Caltha), 22, 83
May (see Cratagus), 24
Mcadow Sweet (ree Spiraa), 87
Mecdicago, 86
Medick, 86
Medulla (see Pith), 37-49, 62
Medullary rays, 37, 42, 44
Megasporangium  (see. Macrosporangium),

72, 79, 76, 79
Megaspore (see Macrospore), 72, 75, 76, 79
Megasporophyll (see Macrosporophyll), 75,

76, 79
Meiosss, 32, 8o
Melampyrum (see Cow-wheat), 17
Mericarp, 24, 88
Meristele (see Partial Stele), 68
Meristem, 31, 33, 81
Mesocarp, 23, 87
Mesophyll, 53, 57, 78
Metachromatin, 63
Metaphlaem, 35, 38, 40
Metaxylem, 35-52, 70, 71, 75

. plate, so

Microbe (ree Bacteria), 63
Micropyle, 22, 25-27, 85
Microsporangium, 72, 75, 77, 78, 80
Microspore, 21, 72, 75, 77, 80
Microsporophyll, 75, 77, 78
Mimosa, 24
Mitosts, 32, 8o
Mnium, 66
Monadeclphous, 21
Moneywor, 17
Monkshood (see Aconitum), 24, 83
Monochasium, 19
Monochasial cyme, 19
Monocotyledons, 95-98
Monopodal, 12
Monostelic stems, 35-46
Monotrich, 63 .
Montbretia, 13
Morus, 24
Mosses (see Funaria), 31, 66, 67
Mother cells, 66, 72, 80
Motor cells, 56
Mucilage, 31, 55, 65, 75
Mucronate, 16
Mulberry, 24
Mullein, 91
Multinucleate, 34, 61
Musci, 66, 67

INDEX

Mushroom, 64

Mustard (see Brassica), 11, 16
Mycelium, 64

Myosotis, 19

Naicissus, 22, 96
Neck cells, 65, 66, 69, 72
,» canal cells, 65, 66, Gg
Nectary, 82, 83, 84, 85, 88, 90, 91, 92, 93,

94
Nepenthes, 18
Nepeta (see Ground lvy), 15, 16, 92
Neuter florets, 94
Nicotiana, 9o
Nightshade, Deadly, 31

. Woody (see Bittersweet), 9o

Nitrogen fixation, 11, 63
Node, 12, 19, 85, 98
Nodules, 11, 63
Nuccllus, 76, 78, 79, 80, 81
Nuclear diviston, 32
Nucleolus, 32
Nucleus, 31, 32, 61, 706, 77, 79, 80
Nymphza, 17, 33
Nut, 23
Nutlet, 92

Oak (see Quercus), 17, 19, 23
QOat, 31
Obcordate, 16
Obdiplostemonous, 89
Obtuse, 16
Ochrea, 16
Octants, 81
Oftscts, 15
Otl, 206, 61, 63
Old Man’s Beard (see Clematis), 18, 23
Onion, 12, 27
QOogamous reproduction, 61, 62, 66
Qogonium, 61, 62
Qosphere, 61, 62, 65, 66, 69
Qospore, 65, 72
Open wstivation, 20

»  bundles, 37, 38, 39
Opecrculum, 67
Opposttce leaves, 17
Orchud, 97
Orchidacex, 97
Orchis, 97
Orthotropous, 79
Oryza (see Rice), 31
Ostiole, 62
Opvary, 20, 22, 24, 82
Ovate, 16
Ovule, 75, 76, 78, 79, 81
Ovuliferous scale, 76
Ovum (see Egg-cell), 76, 79
Oxalss, 16
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Palea, 98
Palisade tissue, 53, 54, 78
Palmate, 17
Palmatiscct, 17
Papaver, 22, 24
Papilionate, 86
Pappus, 23, 93, 94
Parallel venation, 18
Paraphysts, 62, 64, 66
Parcnchyma, 31, 33-57, 63, 68, 70, 72, 80
Parietal, 22, 97
Passage cells, 49, 5o
Passiflora, 1§
Passion-flower (see Passiflora), 15
Pca (see Pisum), 11, 22
Pedicel, 19, 83, 84, 88, 92
Peduncle, 19
Pellia, 65
Peltate, 16, 70, 78
Pentarch, 51
Pepper, 11
Perfoliate, 16
Perianth, 13, 20, 23, 24, 82, 96, 97
Periblem, 33, 81
Pericarp, 22, 23, 24, 20, 87, 9¢
Periclinal, 81
Pericycle, 36-52
Periderm, 41, 43, 46
Perigynous, zo
Perinium, 70
Perisperm, 77
Peristome, 67
Pernitrich, 63
Pertwinkle, 21
Persistent, 85, 89, 90, 92
Petal, 20
Petalodd, 83, 96
Petiole, 18, 54, 75
Phzophycer, 62
Phanerogams, 75-98
Phelloderm (ree Sccondary cottex), 41, 46
Phellogen, 3o, 41, 43, 46, 52
Phloem, 35, 57, 68, 70, 71, 75
s fibres, 43
Pheeniy, 27, 33
Phylloclade, 14
Phyllodc, 18
Physalis, 23
Pigment spot (see Eye-spot), 61, 62
Pilcus, 64
Piliferous layer, 48-52, 68
Pimpernel, 89
Pine (see Pinus), 16, 33, 34, 44, 45, 52, 57,
76, 77
Pin-cyed, 89
Pinna, 68
Pinnate, 17, 18, 75
Pinnatifid, 17

14

Pinnatipartite, 17
Pinnatisect, 17
Pinnule, 68
Pinus, anatomy, 33, 34, 44, 45, 52, 57
,»  Dfe-history, 76, 77
Pistillate flowers (see Carpellary), 82, 85
Pisum (sec Pea), 11, 22
Pitcher plant, 18
Pith (ree Medulla), 37-46, 70
Pits, 34, 45, 68
Pitted vessel, 34, 35
Placenta, 22, 23, 79, 80, 90, 91
Placentation, 22
Plantago (see Plantain), 16, 24
Plantain, 16, 24
Plastids, 31, 66
Plerome, 33, 81
Plicate, 17
Plumed sced, 82
Plumule 25-27, 72, 77, 81
. sheath, 27
Poa, 16, 21
Pod (legume), 24, 88
Pollen grain, 21, 78, 80
mother cell, 32, 8o
sac, 21, 75, 77, 78, 80
,»  tube, 75, 76, 77, 79, 80
Pollintum, 97
Pollinodium (ree Antheridium), 61
Polvarch, 49
Polygonum, 16, 80
Polypetalz, 83 88
Polypetalous, 21, 84
Polysepalous, 21, 84
Polystelic stem, 71
Ponme, 24, 87
Poplar, 82
Poppy (1ee Papaver), 22, 2
Populus, 82
Pore-capsule, 24
Postertor plane, 20
Potato, 13, 31
Potentilla, 21
Prickles, 15
Primary bundle, 46
cortey, 40, 48
phlaems, 51, 52
root, 11
» wood, 40, 41, 43
Primrose, 89
Primula, 22, 89
Primulacex, 89
Privet, 16
Prophyll, 19, 83, 95
Prosenchyma, 33
Protein grains, 31
Prothallal cell, 72, 75, 77
Prothallium, 72

»

»
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Prothallus, 69, 72

Protonema, 66

Protophleem, 35, 38, 39
Protoplasm, 31, 33, 61
Protoxylem, 35-52, 68, 70, 71, 75§
Prunus, 12, 17, 22, 23, 87
Psamma, 56

Pseudocarp, 24

Pseudomonas, 63
Pseudo-parenchyma, 64
Pteridophyta, 68-72

Pyrenoid, 61

Pyrus, 24, 87

Pyxidium (see Pyxis), 24, 89, 9o
Pyxis, 24, 89, 90

Quercus, 16, 19, 23
Quince, Japancse (see Pyrus japonica), 24

Raceme, 19
Rachis, 68
Radial section, 42, 45
Radicle, 11, 25 -27, 72, 77, 81, 85
Radish, 84
Ramenta, 68
Ranunculacez, 83
Ranunculus (see Buttercup), 11, 19, 22, 23,
50, 83
Raphanus, 84
Raphe, 22, 79
Raphudes, 31, 55
Ray floret, 93
Receptacle, 20, 24, 83, 87
. tube, 20, 96
Reduction division, 32
Reflex corolla, 89
Reniform, 16
Replum, 24, 84
Resin ducts, 34, 37, 44, 52, 57
Resting spore, 61
Reticulate vessel, 34, 39
Revolute, 17
Rheum, 31, 34
Rhizoids, 65, 66, 69, 70, 72
Rhizome, 14, 68, 70
Rhizophore, 71
Rhubarb (see Rheum), 31, 34
Ribes, 18
Rice (see Oryza), 31
Richardia, 19
Ricinus, 26, 31
Ring cells, 69
Root anatomy, 49-52
» C€ap, 11, 25, 27, 33, 81
,» hairs, 11, 25, 27, 49, 63
,» morphology, 11
,» nodules, 11, 63
,» tuber, 11

INDEX

Rosa, 16, 24, 87

Rosacez, 87

Rose, 16, 87

Rostellum, 97

Rubus (see Bramble), 15, 23, 87
Rumex, 16, 17

Runner, 15

Ruscus, 14, 95

Ruta, 17

Rye Grass, 98

Saccharomyces, 63

Sage, 92

Sagittaria, 16

Sagittate, 16

Saltcacex, 82

Salix, 17, 82

Salvia, 92

Samara, 23

Sambucus, 33, 41

Scalariform, 3.4, 68, 71

Scale leaves, 12, 13, 14, 15, 78, 95
Scaly bulb, 12

Schizocarp, 24

Schizogenous space, 33, 34
Schizomycetes (see Bacteria), 63
Schizophyta (ree Bactera), 63
Scilla, 95

Sclereid, 33

Sclerenchyma, 33, 35, 37, 39, 57, 70
Sclerotic cell, 33

Sclerotic fibres, 57

Scorpiotd cyme, 19

Scots Fir (see Pinus), 16, 3.4, 44, 45, 57, 76, 77
Scrophularia, 91

Scrophulariacez, 91

Scutellum, 27

Seaweed (see Fucus), 62
Sccondary cortex, 41, 46

» growth, 4o, 51
. nucleus, 79
» prothallium, 72

,. roots, 11, 25, 26
Scedlings, 25-27, 77
Secds, 23, 24, 25-27, 77, 85, 86
Seed-plants (se¢ Phanerogams), 75-98
Selaginclla, 71, 72
Semele, 14
Senna, 16
Serrate, 16
Sessile, 19
Seta, 67
Sexual organs, 61, 62, 65, 66, 69, 72
,» reproduction, 61, 62, 65, 66, 69, 70,

77- 79
Shepherd’s Purse, 84
Shield Fern (see Aspidium), 68, 69
Shoot, morphology, 12-15
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Sieve plates, 34

, tubes, 35-50
Silene, 20
Silicula, 24, 84
Siliqua, 24, 84
Simple leaves, 16, 17
Sinuate, 16
Smilax, 18
Snapdragon (see Antirrhinum), 24, 91
Solanacez, 9o
Solanum dulcamara, go

» tuberosum (see Potato), 13, 31

Sorus, 69, 75
Spadix, 19
Spathe, 19, 96
Spatulate, 16
Speedwell (see Veronica), 19, 91
Sperm mother cell, 65, 66, 69
Spermaphyta (see Phanerogams), 75-98
Spermatozoud, 61, 62, 66, 72, 73
Spharocrystals, 31
Spike, 19
Spikelet, 98
Spindle threads, 32
Spines, 14, 18
Spirzxa, 20, 87
Spiral vessels, 34, 35, 39
Spirem, 32
Spirogyra, 61
Spongy tissue, 53, 74, 78
Sporangiophore, 70
Sporangium, 68, 69, 70
Spore, 63-72
Spore mother cell, 67, 69, 72, 79
Spore sac, 67
Sporogonium, 65, 67
Sporophyll, 68, 70, 72
Sporophyte, 67, 77
Spur, 97
Stalk cell, 62, 77
Stamens, 20, 21, 23, 75, 77, 78, 80 82-98
Staminate flower, 82, 85
Staminode, 91, 97
Standard petal, 21, 86
Starch cells, 45, 80

“ grains, 31, 50

' layer, 80
Stele, 11, 33, 3550, 70-75
Stellaria, 85
Stellate, 33, §3
Stereome, 56, 66
Sterigma, 64
Sterile floret, 96
Stigma, 22, 23, 24, 27, 82
Stipe, 64
Stipule, 15, 16, 17, 18, 86
Stitchwort, 85
Stoma, 53-57, 67-70

Stomium, 69

Stork’s Bill (see Erodium), 24
Strap floret, 94

Strawberry (see Fragaria), 15, 24
Striz, 31

Strobilus, 71, 72

Style, 22, 8o, 85
Sub-hymentum, 64

Suberized cells, 41, 52
Suction disc, 15

Sunflower (se¢ Helianthus), 13, 23, 26, 34,
. 37,93

Suspensor, 72, 77, 81

Suture, 24

Swarm spores (zoospores), 61
Swect Pea, 21, 86

Sycamore (see Acer), 17, 24
Symbiosis, 63

Synapsis, 32

Syncarpous, 22

Synergids, 79

Syngencsious, 21, 93, 94
Syringa, 16

Tangental section, 42
Tap root, 11, 84
Tapetum, 69, 72, 80
Taraxacum, 34, 94
Taxus, 78
Tendril, 15, 18
Terminal bud, 12, 13
Terminal style, 22
Ternate, 17, 86
Testa, 11, 23, 25-27, 77, 85
Tetrad, 8o
Tetradynamous, 84
Tetrarch, 5o, 52
Thalamus, 19, 93
Thallophytes, 61-64
‘Thallus, 62
Theca, 67
Thorn, 15

»  Apple (see Datura), 9o
Thrum-cyed, 89

. Tilia, 23, 40, 42, 43

Tissues, 33

Toadflax, 21

Tobacco flower, 9o
Tomato, 9o

Tooth capsule, 24, 85
Torus, 34, 45

Trabecula, 71

Tracheids, 34, 35, 37, 43, 45, 68, 75
Tragopogon, 23

Trama, 64

Transfusion tissue, 57, 78
Trifolium, 17

Tritomta, 95
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Triticum (see Wheat), 23, 31
Tropzolum, 16, 24
Tuber, 13

Tuberous root, 11
Tubular floret, 93, 94
Tubuliflorz, 93, 94
Tultpa, 21

Tunicated bulb, 12
Tussilago, 93
Twining stem, 15
Twisted wstivatton, 20

Ulex (ree Whin), 15
Ulmus, 23

Umbel, 19, 88
Umbecllifera, 88
Unicellular plants, 61, 03
Unisexual flowers, 19
Urtica, 16

Vaccinum oxycoceus (see Cranberry), 23
Vacuole, 31, 33, 61, 03
Vagina, 16, 88
Vallecular cavities, 70
Valvate xstnyation, 20
Valve capsule, 24
Vanlla, 36, 49
Vascular bundles, 35-57
»  Cryptogams, 68-72
Vauchera, 61
Vegetable Marrow (see Cucurbita), 20, 33,
34, 38, 39
Vegetatrve cell, 77, 80
»  reproduction, 1
Velum, 64
Venter, 65, 66, 69, 72, 70
Ventral canal cell, 65, 66, 69, 72
Verbascum, 91
Vernal Grass, 98
Vernation, 17
Veroniea, 19, 91
Veraatile anthers, 21, 98
Verticdlaster, 92
Vessels, 34-41, 43, 63

INDEX

Vetch, 21

Vexillum, 86

Vicia, 21, 25, 31, 32, §1, 52
Vinca, 21

Viola, 22

Virginian Creeper, 15
Vittzx, 88

Volutin, 63

Volvoy, 61

Wallflower, 84
Water conducting tissues, 34
Water Lily (see Nymphaa), 16, 17, 33
Willow, 17, 82
Wheat (ree Triticum), 23, 31
Whin (ree Uley), 15
Whorled lcaves, 17
Wing bract, 23

. frun, 23, 88

»  petal, 21, 86

»  seed, 76, 77
Winter wood, 45
Woad, 84
Wood (xylem), 33 57, 68, 70, 71
Woodruff (see Asperula), 17
Wood Sotrel (see Oxalts), 16

Xerophytic leaf, 56
Xylem, 33 57, 68, 70, 71
»  plate, 5o

Yeast, 63
Yew, 78

Zea (vee Maire), 27, 31, 34, 35, 48
Zoogametes, 61

Zooglaa, 63

Zoogonidium, 61

Zoogondangtum, 61

Zoosporangium, 61

Zoospore, 61

Zygomorphic, 21, 88

Zygospore, 61

\ Zygote (see Zygospore, oospore), 61, 65
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