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PRACTICAL BOTANY.

SECTION T—MORPHOLOGY

GENERAL STUDY OF THE PARTS OF PLANTS, %,

Secure a number of annuals. Remove them carefully
from the ground without much injury to thenr roots.
1. Examine cach of these plants and note that every one
of them consists of the two main portiong—
(¢) the aerial or the above ground part or the shoot,
(4) and the portion buried 1 the so1l or the root.

2. The shoot —Observe that m all these plants the
shoot 1s green, that it consists of several branches (except in
seedhimas) and these consist of a stem or axis bearving the
leaves 1 every case, and o some flowers and fruits in
addation.  In a full plant note 1t anv portion of the mwn
stem 18 below ground.,  Observe the thickness and strength
of the main stem.,

3. Select a branch from every one of the plants gathered
and observe that—

(¢r) the axis or stem bears the leaves either singly, in
pairs, or 1 groups of three or more at the same place

The part of the stem whick bears the leat 18 termed a
node, and the part of the sten  lving between anv two
~uccessive nodes 18 called an internode.

(h) The mternodes and the Jeaves get smaller and
smaller towards the free end of the branch imdicating that
they arise in acropetal succession.

(¢) "Every branch terminates 1n a bud which is merely
a number of very; voung leaves in the course of development
closely packed. 3

(d) Branchés armse 1 the angler formed by the leaf
with the stem, 1.e., the axil ; these branches develop from
small lateral vegetative buds situated in the axils of leaves,
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4. The leaf.—Observe the leaves of all the plants
chosen and note— .
®  («) Parts of the leaf. cas S

(1) The parts of the leaf, namely, the bage, the stalk
auu the blade.

(2) The form and shape of the blade, the margin and
surface also.

(3) The colour of the leaf on both the sides.

(4) The venatian of the leal parallel or reticulate, .
and the general nature of the frame work of the leaf., The
frame work of veins 1s well scen in the ““skeleton leaves”
of Ficus religiosa.

(0) Arrangement of leaves on the stem,

(1) The leaves ave borne by the axes m a definite
order and they spring on the axis from the nodes.

(2) They are so arranged on adjacent nodes that a
leaf at one node doex not stand immediately above the leaf
at the node just below 1t. The advantage of this mode of
arrangement is evident.

(3) Whorled or cyclic,—In the whorled or eyche
arrangement of leaves two or more leaves are at each node
and these leaves alternate with the leaves of adjacent nodes.

(4) If two leaves ocenr at a node, as m Morinda
tinctoria, the leaves of a stem form four vertical rows along
the stem ; if three leaves are borne by the stem, as 1n
Nerium, the number of rows will be six.

T (3) Kach leaf m any one row 1s separated from the
leaf immediately above or below it in the same row by two
internodes.  1f one observes a stem with leaves arranged 1n
a cyclic manner from above the 1ows can be very clearly
geen. The plants 17vnea_rosea and Nervinwm show the rows
very well.

(8) Spiral or alternate.—At cvery node there is
gnly one leaf. Select a leaf at randgm and from it follow
thegeaves round the stem up the successive nodes, until vou
reach a leaf standing exactlv above the one with which you
gtarted. The sixth leaf will be exactly above the first, the

venth exactly above the second and so on. Beginning
with the first leaf, if vou pass a thread round the stem
onching the nodes successively until you reach the sixth
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node, it will be seen that the thread makes two spirals. Th
difference between any two successive leaves will be §
360 degrees, i.e., 144 degrees. The leaf arrangeme
phyllotaxis is spiral.

It must be remembered that the spiral arrangeme..
of leaves is generally distorted by growth, and it is therefor
difficult to trace it on a mature shoot It 1s clearly seen a
the apex of a branch where the twisting effects of growth d«
not occur.

5. The root.—Note—

() that the main root 18 in continunation of the man
stem,

() that 1t 18 pale n colour,

(¢) that the mam or tap-root goes vertically down-
wards,

(d) that 1t bears branch yoots 1 acropetal succession
and these take lateral dirvections,

(¢) the vogt haws in the younger portions of the roots
of plant growimg 1 loose sand or caw dust (especially in
seedlings of mustard or other plant).

t. The flower —Note—

(a) the position of the flowers, axillary or terminal,
sigle or grouped tog,othm ur)

(h) the ﬂ()wh-stalk the bract, and theyfloral leaves,
namelv, sepals, p,fa_ls Stamens and the pistiland

(e) the attachment of the parts of the flower at the end
f the flowcr stalk or the receptacle. “n

7. The fruit —Tear or cut open the fiuits and note that
hey con<ast of chambers filled with seeds.  In some fruits
Drotalaria, Cleonie, :/numl; «opsis) there is only one cham
er, while 1n others there may be more than one. Note th
>lacentas and the pericarp or fruit wall. The seeds ar
‘ound in four hines in Gyuandiopsis, but in Crotalarie ther.
8 only a single line of seeds.

FIELD OBSERVATIONS,.

1. Herbs—
(«) Note—(1) the gencral form of the ghoot system
»f the entire plant,
(2) whether the leaves, flowers and - fruits are
lisplayed on the branches cffectively to sunlight and air,
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(3) the root system as regards the spread and the
jrection of the growth of the main root and its branches.
{b) Construct an accurate outline drawing of the plant
,ou are studying indicating the following points—
(1) the general form of the entire plant and the
lisplay of the absorbing root and the leaf surfaces,
(2) the form of the main central axis and the arrange-
ment of lateral members,

B (3) the plan of the lateral branches, including the
position of the leaves, flowers and fruits, if present.
2, Trees—

(@) Form and arrangement of the parts.

(1) Observe whether the trees arve of the erect or of
the spreading type, and also whether the branches have any
regular arrangement on the stem.

(2) Are the leaves properly disposed over the crown
of the tree to secure the maximum amount of sunhght »

(3) Sketch the outhine of the whole tree.

() The plan and the development of the
branches. -

Select a ternunal shoot of the tree representing three
ar four years of growth, and note the following pomts —(1)
leaves and buds, (2) seasonal growth of buds and branches

(¢) The plant and the development of the tree as
a whole.
Observe this in young as well ag old trees.

THE STRUCTURE OF THE SEED.

Zurr £ (A) EX-ENDOSPERMOLS SEEDS.

Y, spongy white outgrowth, the hilu

1. Examine the seeds of Dolichos Lablah and note—
(@) thewr attachment m the fruit, o
(h) the general outhne, the s;;:l;coat, the rg‘g_hz, the
liluffF and the micropyle.
The micropyle hes at one end of the wlate outgrowth and 1t
can easily be located by squeezing a soaked seed between
the fingers, for then water will he seen oozing out from
the micropyle.
(¢) the seed-coat which really consists of two parts, the
outer one the testa and the inner the tegmen,
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(d) the mass invested by the seed-coat or the em'iaryo
which consists of two fleshy cotyledons (seed-leaves) a_
the primary axis to which these are attached, and
(¢) the primary axis which 1s curved ; the Lo
tion outside the cotyledons is called the radicle o
hzgocotyl the upper 1)01tmn within the cotyledons being
termed the plumule. _,J (
As farther examples of ex-endospermous seeds, stud:
the stmctme of the seeds of Cicer arietiniin, Eryyyyx
md{m. Crpanres tndicus and Cucurbita or Cucinns,

(B) ENDOSPERMOUS SEEDS.

1. As a tvpe of endospermous seed examune the seeds of
Recinus comnurnes and note—
T () the polished and marbled bhard seed-coat and the
white outgrowth at the narrow end, the caruncle,

() the white mass mside the seed-coat and the embryo
within this mass. This mass or endosperm may casly be
cut and then separated 1into two portions and within cach of
these lies a cotvledon which s thin and leathike, and

(r) the very short primarvy axis, which is without
dufferentiation.

2. Study the structure of the following seeds as further
examples of endospermous seeds :—

Hibiscus cannabinus, Phener, Coconut, Trigonella
fawnwm-gracam, Delonir regia, and 1w,

Note the variations in the endosperm and in the parts
~f the embryo.

(C) PERISPERMIC SEEDS.

1. Examine a longitudinal section of the ft‘l'lit of Piper
and note—
(@) the embryo at one corner lying amidst a small
quantity of endosperm, and
(b) the portion helow, which is mygh larger than the
endosperm, the perisperm.
2. Place seeds of Curdamomum in water and note
the thin anl~ enveloping the seed. Cut the seeds both
transversely and longitudinally and note (4) the seed-coat
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L) the white persperm, and () the grevish oily endosperm
rrounding the embryo.
3. As further examples of perispermic seeds examine the
Nymphea.

(D) SEED-LIKE FRUITS.

1. Examme the so-called seeds of Mirabilis. They are
really one-seeded fruits. Remove carvefully the outer coat
(perianth) without mjuring the parts mside and the brownish
:&ﬂy exposed 18 the frmit. A comparison with the ovary?,
apd* peranth 1 a faded flower will make this apparent.
Note the sgale scar,  Tear away the brown membrane (sced-
coat and pericarp) and note the Houry endosperm and the
embryo counsisting of two cotvledons and the primary axs.

2. Zra Mays—The gram s a single-seeded frmt,  Noto
the general shape of the grain and the embryo lving on one
of itg sides,  Detach the embryo cavefully, and observe that
it consists of a straight axas and a single thick-folded cotv-
ledon.  Also note the attachment of the coty ledon to the axis.
The vest of the gramn consists of a starchy substance which 18
the endosperm. One surface of the cotvledon (or the
scutellum, as 1t s called 10 gramnsg) 18 1w cloge contact with
the endospernt,  Cut longitndinal and transverse sections
and note the above parts. ’

3. Carthamns or Helwnthus—The * seeds” used for
sowing are really truts, and this fact can he venified by
examining them n position on the receptacle of the head.
Each fruit 1s an achene narrower at the base and broader at
the apex.  The style scar 18 clearlv seen at the apical end.

Remove the white shining pericarp and note the seed
enclosed in a delicate seed-coat. The embryo consists of ~
the primary axis and two cotyledons. The radicle 1s towards
the base and plumule towards the apex and hence the seed
is anatropous or inverted.

GERMINATION OF SEEDS.

1. Sow some seeds of Dolichos Lablab in the germination
box, dry seeds in the left half and soaked seeds in the other
half. Place the seeds in as many different directions as
possible and also at different depths. Also sow mm moist
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saw-dust these seeds as well as those of Cucer aretinitin, S
few each day, for about a week.

2. Weigh out fifty air dry seeds of Dolichos Bablab
after noting the weight put them in a graduated
containing water. Note the merease 1 the volume of wat
which represents the volume of seeds. Take thcgn out and
place them 1 moist saw-dust.

3. Take four jars and after marking them .\, B, C and D,
place 1 A a few soaked seeds of Creer aimetinin with sorfgg
water below, 1n B a few dry seeds without water, i C (%
seeds with some water below, 1 D some seeds comy
mmmersed in water and leave them 1 a dark . place unti
requmred

4. Place mside a lamp ehimney a prece of blotting paper
rolled up and fill 1t with saw-dust.  Place a few soaked
seeds of Dolichos Lablah and Cicer arietiinnm m different
chirections between the glass and the paper and then keep
the chimney m a dark place after waterimg it,

2. Remove from the saw-dust the fifty sceds of Dolichos
Lablab that were sown durng the previous lesson.  Find
out the weight of the seeds and also determmne the volume of
water absorbed by the seeds by putting them m a graduated
vessel of water.  Calculate the amount of water ahsorbed by
a single seed.

6. Examine the four jars A, B, C and D, which were left
m the dark place. What do you learn from the experi-
ment ?

7. Observe the germimated secedhings i the chimney,
prepared 1n the previouns lesson.

STUDY OF SEEDLINGS.
1. From the saw-dust select germinated seeds and the
youngest plants of Dolichos Lablal and ohserve —
() the testa which 18 swollen and spht irregularly
somewhere cloge to the micropyle, and
(6) the emergence through the slit in the testa and the
rapid growth in length of the hypocotyl.
2. In somewhat older seedlings note—
(a) the root at the end of the radicle,
() the root-hairs and the tree tip of the root, and
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(¢) the four longitudinal rows of lateral roots spring-
B from the man root.

Observe the elongation of the hypocotyl, the forma-
the loop, the escape of the cotvledons from the testa,
#he straightening of the hypocotyl, the emergence of the
plumule fgom the cotyledons, the separation of the coty-
ledons and the gradual shrivelling of the cotyledons due to

the depletion of the reserve materal.
., 4. Study the seedlings of Cwees arietrnnum also 1 the
*‘&smm‘ wav. The cotyledons m this case remam mside the
'ﬁ&l“"hnd never appear above the ground as in the case of
Dolichos seedlings.  Hence the seeds of (Tiee) are sad to be

hypogeal and those of Dolichos, epigeal.
J. Study the seedhings ot Reconns commns, noting the
differences compared with Dolichos and Crcer seedlimgs

RESERVE FOOD MATERIALS IN SEEDS.

Starch —1. Place 1 a watch glass bits of the coty ledons
of Dolichos and also scerapimgs from the surface of a coty ledon
and pour some quantity of the aqueous solution of 1odine.
The resulting blue colour indicates the presence of starch.
This is the test tor starch.

2, Examme under the microscope™® very thin shees of
the cotyvledons of Dolichos and note the cells and the starch
grais.

Obgerve the starch grams under high power and note the
striations 1 the grains and the dark spot (hilum).

J. Alro examine thin sections of a cotyledon of Cires
and of the endosperm of Ze« Muys, and note the starch
graing,

4. Observe the starch grains of potato 1n thin slices. The
starch grams are larger than those of Dolichos or Cicer.
Note that——

(@) the stratifications near the hilum are concentric
whilst the external layers are eccentric and elliptical,

(b) the layers are wider on the side further from the
hilum,

® Read carefully the mstructions regarding the use of the microscope
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(¢) many of them between the llum and the broadey
end are incomplete,

() some grans are compound grains, 1.e., (wo graifl
remaming m contact by their hroad ends and covolm
several lay ers common to hoth

9. Note the corrosion of starch grams m the enffosperm of
a germinated grain or seedhing of Zrea Mays due to a ferment,

6. Place m a test-tube a pinch or two of starch and heg}
the test-tube.  Fme drops of water will condense in the
upper part of the tube. Contiue to heat until the st 'c]ia
begms to turn black amd white tumes are evolved. i
fumes are iflammable and acid m reaction. From this we
learn that starch consists of ¢, H and O,

7. Put a pmch of starch into a test-tube of cold water and
shake it well Tt does not dissolve  Boil 1t and 1t will tarmm
mto a paste Add a few drops ol 1odine solution when it is
cold and a blue colour 1s formed.  On boiling thhy the blue
colour disappears but returns on coohng

8. Add to starch paste a few drops of sulphurie acid.
Test the solution from tume to time for starch At first there
will be starch, but later 1t gradually gets lost and sugar
appears mstead.

9. Puta pimeh of starch in water contained 1 a test-tube
and boil 1t t1ll vou get a dear hquid.  Pour this hquid into
three test-tubes A, Band €. Add to .\ a httle saliva, to Ba
small quantity of diastase anel leave (‘alcne,  Place all these
in a water bath at 35%to 40° C. for some time.  Take a small
quantity from ecach and add wodine solution and note the
result. Next add to a little of Fehhng's solution a small
quantity from each of these tubes and note the result after
heating the Fehling’s solution.

Proteid and oil.—1. Mount a section of the endosperm
of Rucinus seed 1 castor o1l and examine it under a micros-
cope. In the cells of the endosperm small ovate bodies
appear and these are the aleurone grains. Near the narrow
end of the grain 18 seen a small rounded body (globoid). It
consists of a double phosphate of lime and magnesia,

When the same sections are mounted in water the aleu-
rone grains appear as oval hodies. Within the grains are seen
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‘:o proteul crystals (crystalloids). These come out very
arply when exannued m aleohol.
Note that in these sections the aleurone grams are
ded 1 a ground substance rich in o1l which 1s 1n the
Form of very munute globule«,

3. Cufip few preces of the endosperm of the same seed
and put them in a test-tube contammg some water  Add to
these pieces a small quantity of Milon's reagent (acid mtrate
f mercury ) and hol the water, The preces become brick

?&51. This s the test tor protends

% EXTERNAL MORPHOLOGY OF THE ROOT.

Sow seeds of Dolichos Lablab, (Cunaealice ensefornas,
Reconus communes, Zea Mays and Lndr opogon Svrghiin i
saw dust o1 1 a seedhng observation box amnd use the seed-
Lings for obsersation and study,

1. In the seedhngs of Dolichos, Canavalie and Ricenies
note that--

(et) the first rool springs from the tip of the radicle and
grows in length

(h) the lateral or secondary 1oots appear on the main
or tap-root m towr distinet vertical 10ws, and 1 oacropetal
succession;

() the lateral roots grow horizontally or obhquely and
not vertically downwards

() all the vootx are connected, with the tap-root
direetly -

(#) Dranches arwse trom the lateral roots also and they
grow 1 directions different from those taken by the lateral
roots.

2, In the seedlings of Zea My or Andropogon Sorghum
note that—

() the first root grows from the tip of & radicle and
that other simlar roots anse from the axis.  Such roots as
these, all ansmg trom the axis, are called adventitious
roots.

(6) these adventitious roots do not arise in acropetal
guccession.

3. Note in all the seedhings—

(@) the root tip,
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(0) the region of the root having root=hairs, and

() the older portion m which the root-hairs have
dried up.

Observe—

(a) the root-cap, using the lens if necessary.  This may
not be eastly visible to the naked eyve though it couﬁlm well
seen with a low power lens  In Ay ks seedhings and
the aerial voots ot Pawdanes (uul. Frous benghalenses the
root-cap can be seen even with the naked eye

(0) the root-hamrs.  These are seen to the hest wdviiy
tage m mustard or radish seedhnes

4. As examples of modified voots studv the roots ol
Reaphaiis setrens (Radish), Lpomoea batatas (Sweet potato)
Dandanns,  Apdropogon Sorglion (Cholamd, Piper beter
(Betel vine), Veanda Rochirgler Gan epiphy ie orehud), an
the breathimg voots ot JLeveenni

Observe that—

(e} the roots ave all adventitious 1 these plants exeept
m Raphayns and Arvenna,

() m the radish the swollen underground part consists
of the mamn stem whieh 15 continuous with the tap-root and
that the root j ortion hears two rows of lateral roots,

(¢) 1 the case of the sweet potato the whole of the
underground swollen part 15 an adventitious 1oot,

(ef) m the ored Vanda the 1oots ave all adventitious
and completely aenal and that they never get into the sol ;
sometimes some 1oots mav adhere to the supporting portions
i this and m Pipesr belel vines,

(#) the acrial roots m Awdi opogorn Sorghum and Pund-
anus finallv penetrate the col,

(f) the voots of .Livenma carry some special roots
which grow vertically upwards and stand out well 1n the
air above the soil.  These roots are termed pneumathodes
or pneumatophores (breathing roots).

STRUCTURE OF THE CELL.

1. Select a voung flower-bud of Cuweurbitu, and mount
in water a few hairs found on it, and then examine them
under a low power and note ;:—

(@) that a hair consists of a row of cells, and
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(b) that the cells at the base are broader and shorter
and those above arc longcl and narrower.

amine any oﬁo of the basal cells under a high power
bserve—

(%t 11-wall and 1ts contents, the protoplasm,

( layer linimng the cell-wall and 1its separation
into a pgt free from granules and another granular,

k) the numerous s#rands stretched across the cavity on
11 sides with spaces or cavities (vacuoles) ; in some of the

s crystals of calcium oxalate may oceur,

" (@ a denser body in the protoplasin occupying various
pesitions 1 ufferent cells, the nucleus, and
. (e) that the granules mn the strands and the layers of
protoplasin just withm the hyaline layver aganst the cell-
wall are in constant motion,

(f) that the protoplasm i these cells 18 1 active
motion 1 various directions and that i thick strands extend-
ing across the vacuole two currents mav be seen flowing
gimultaneously m opposite ducctions,  This kind of stream-
g movement of protoplasni 15 termed circulation.

The cells of the stamunal haus ot Cyanotes and Trades-
cantue also exhibit such movements in their protopalsm.

2. Note the young embryonic cells in the sections pro-

vided. (Transverse sections of the ovary of Liltwin, of the

vegetative buds of Corchorus and Neriune and longitudinal
sections of root-tips of the roots of any cereal or grass.

3. Examine the root tips~ of the seedlings given and note
the embryonic cells, the lavers of cells of the root-cap, the
older cells and the root-hairs.

4. With a razor take off thin slices from the middle of
the upper sarface of u leaf of Vwllisnerie, mount them and
then examine them under a low powenr and observe—

() the elongated cells, oblong it shape and the chloro-
plasts imbedded in the protopalsm, and

(b) the motion of the chloroplasts round the cell; these
are pasgively conveyed owing to the fact that the layer of
protoplasm in which they are imbedded is in a state of
movement round and round the cell (rotation).
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Under high power observe—

(e¢) the cell wall,

(&) the protoplasm and it vacuole,

(¢) the nucleus, and

(d) the movement vound and vround of the protoplasm
and note that the divection of the motion is not the same in
all cells, in one cell it may be clockwise and anti-clock wise
in the cell next to it.

Rotation of protoplasm may  also be seen in the cells of
the leaves of Flodea and in the cells of the internodeg ig
Nitelle and Clara,

D Peel off or cut with the razor thin slices from the
fleshy scale of the bulb of AW Don and mount them in water,
Toxamine fivst under a Jow power and then under a high
power and note the cells and the various parts of the same,

F1c. L—-Microphotograph of o longitudinal section of the root-tip of
Tradescantin showing nuclewr division in different stages. Frow a
section prepured by Dr. Smmpathkuwmaran,  (High power.)
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6. Mount slices of Vallisneria leaf and of the bulb of

Wium in iodine solution. Examine under high power

obsgerve the cell and 1its parts. Note the differences in

r gof the various parts. The nucleus will be more
deepl own than the protoplasm.

7. Cell division can be studied with ease in the root-tips
of Tradescantia or Allinn, by selecting the roots at the
proper time and by fixing them carefully. As satisfactory

tions could be obtained only by the use of a microtome,
ﬁ advisable to use prepared shides. Different stages of the

clear division 1n the root-tip of 7radescantia is well seen

in Fig. 1, which 18 a microphotograph of a longitudinal

gection of the root-tip. (See Fig. 1.) N
STUDY OF TISSUES.

1. Examine thin slices cut transversely and longitudi-
nally of the pith portwon only of any herbaceous stem, e.g.,
Beassica or Gynandropsis. The cells m the transverse
gection are somewhat rounded Note small spaces at the
places where the cells mect (intercellular spaces). In the
longitudinal section the cells are oblong, elongated trans-
versely, and have more or less square ends.  These celly are
typical parenchymatous cells.

Mount some of these sections in 10dine solution and
after adding a drop of sulphure acid (acid two parts and
water one part) put on the cover glass. Examine and note
the blue or violet colour of the cell-wall. This 15 the test
for cellulose cell-wall.

This reaction does not always appear. Spirit material
is better than fre<h material.  Treatmnent with potash some-
nmes yields good results. The section must be well im-
pregnated with the 1odine solation before transferring it to
the acid.

The sections may also be mounted m chlorzine iodine
and the r¢sult noted.  If chlorzine iodine 18 not available,
the sections may first be stamed in iodime solution (1:1.100 :
[odine : Potassium Iodide : Water) and then transferred to
zinc chloride solution (2 1 -, zinc chionmde : water). If
staining is not quick add rodine solution agan,



TISSUES

2. Examine transverse sectiongy of any fleshy leaf, ‘
Calotropis or Portulaca and observe that the bulk of tiy

section consists of parenchymatous cells.

O R
i 3@ °<>Q
]DS@?E?%@:%
S
7#1 AT X

Fii 2—Transverse section of sclerenchyma n the stem of
Hibigens cannalinue ' Verv hichlv maonifiad \
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3. Strip the bark from the stem in the material supplied
butilon or Sida) and note the net-work of fibres 1n it.
e out a bit of this net-work on a slide and observe the
dual fibres under the microscope.

; . mine transverse sections of these fibres 1in a section

of the ¥Bm of Hibiscus cannabinus (gogu) and observe the
h;thickness of the walls and the small cavity. These fibres
hform the tissue termed sclerenchyma.

5. Mount some preces of the fibre in—
(1) aqueous solution of aniline sulphate,
# (2) alcobolic solution of phloroglucin acidulated with
hydrochloric acid.
(3) aqueous solution of potassinm permanganate
followed by ammonia.

Observe that the fibres are stained yellow, violet-red and
red respectively. This 18 the test for lignin a substance
which is the cause of the thickeming of the cell-wall.

6. Examine transverse sections of the pith of the stem of
Nerinm and note the sclerotic cells. The laminations are
well seen. Both sumple and branched pits are present.
Sections of the endocarp of Lzadirachta also show selerotie
cells.

7. Examine transverse and longitudinal sections or the
stem of Andropogon Surglum m amhine sulphate or phloro.
gluem.  In the trangverse section observe —

(@) the somewhat rounded cells without any colour
forming the bulk of the scetion (parenchyma), and

(1) the yellow or red-staned thick-walled cells, some
having very thick walls and veryv small cavity (fibres) and
others with large cavities and thick walls (vessels)

In the longitwdinal section note -~
(@) the parenchy matous cells,

(0) the fibres, and
(r) the vessels.

Observe that the vessels are not all umiform ; some have
rings at distant mtervals (annular vessels) and others have
spirals (spiral vessels). There are also vessels with a large
number of dots (pits), in the cell-walls. These are pitted
vessels.
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8. Tease out on a slide the vascular strands given

examine the vessels.
9. Exammne longitcdinal and transverse

Cucurbitu stem after staning them with eosin o T
... blue. Note the sieve_tubes and sieve plates&
" have taken the stamn

7 10. Mount on a slide a trangverse gection of the stem
Ny 'f' Helianthus and observe the cavities limed with small ce
these are resin ducts. "« [ 2

11. Cut longitudinal sections from the perfuh'bral 1
of the root of Lartucw iitnrinati and note the regul
work of channels therein.  These are laticiferous vessels.

12. Examme the glandular haws m Pefienia, Pavonid ov
any other plant

13. Note the large oil glands m the frut rind of Criyus.
("ut sections and examine them under the microscope  Also
observe the same m sections of the leaves of (ilrus or
rraya

CELL INCLUSIONS

1. Starch grains —Note these o the parenchymatous
cells of the stem of Nervron or any other plant.

2, Chromatophores.—(«) Note the green-coloured bodies
m the parenchymatous cells of the leaf of Ofielic or any other
plant  These are known as chloroplasts or chlorophyll

grains
o (h) Note the red-coloured bodies m the cells of the
{ 7 frwat rind of Capseeron and Withania, They are called
chromoplasts.
3. Caleium oxalate crystals —Note—
N («) Simple crystals m the cells of Citrus leat and
“dzadirachta frat rmd, J:'J,’c

(b) Clustered erystals in Thespesir stem,
(¢) Needle-shaped crystals (raphides) in the cells of
d)l’the petiole of Colgrgsie, 1 the cortical cells of Mitwr root
and 1n the stem of Mirabilis

4. Calcium carbonate.crystals (cystoliths) —Kxamine
these 1n the sections of a Firus leaf

5. Aleurone grains.— Note these in the endosperm of
Ricinus. There are crystals mside the grains, and the
substance surrounding it is the protein globulin,

5 .
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MICROCHEMICAL REACTIONS,

tarch.—~Examine the starch graing found 1n the cells

wverse section of the stem of Neriwm or Arwstolochie

Fanyg e plant Run 1n aqueous solution of 10dine and

ote the 1t. .

. Sufr—Take a little of Fehling’s solution and after
ling it add a piece of the fruit of plantain or country pear
b bulb scales of omion and continue the boiling. The
will turn brick red.
roteids.—Add Millon’s reagent to some shces of the

gaesperm of castor and these will turn red on heating,

'/ 4. Fats —Note the o1l globules 1 the sections of the
cotyledons of almond or groundnut staimed black by Osmic
acid.

5. Cellulose cell-walls.—These staun blue or violet with
sulphuric acid and 1odme.  Chlorzine 1odine (Schultze’s
solntmn) has a similar effect.

y .. Lignified cell-walls.—Stanced bright yellow with
nmlme sulphate, pink by phloroglucin, and brown with
Schultze'’s solution.

7. Cuticularised cell-walls —Staned  yellow  with
schultze’s dolution, bright vellow with potash

8 Calcium oxalate.—Insoluble 1n 1 per cent acetie acid
but soluble in mitrie and sulphurie acids

9. Calcium carbonate —Soluble 1 weak acetic acul
with evolution of carbonie acid gas

GENERAL STRUCTURE OF THE ROOT.
1. Mount a voung root of Brassiea ov Selarie m water
and note under the microscope :—

(@) the tip of the root with the root-cap whose super-
ficial cells are lying loose, 1solated or jointed in rows and
evidently m the act of becoming shed or peeled off the cap,

(b) the root-hairs arising from the superficial cells as
outgrowths. These are very small near the tip and get
longer gradually towards the other side. Observe that the
root-hairs consiwst of thin cell-walls and protoplasm,

(¢) the transparent outer tissue or cortex,

(d) the dense inner tissue or vascular cyiinder
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2. Cut thin transverse scetioms of o yvoung root of Ceer
arictinune o Dolichos Lablah and examine them in chilorzine
iodine or aniline sulphate and observe —

(«) the epidermis or piliferous layer with o withouw
root-hairs,

(#) the mass of thin-walled rounded par N IV RERTES
cells forming the cortex, the intereellular spaces, aAd the cell-
inclusions, it any.  The cortex i very hroad and the majo.
portion of the root consists of this part.

(¢) the single layver of cells with some thicker.
radial walls known as endodermis.

. () the single Tayer of cells inside the (-mlmlm'mim
sisting of one layer of eells and forming the pericycle, b

i (¢) the four radiading primary_‘_xylem hundles, or
p‘rdtoxylem, with centripetal development,

¥) the fowr primary phleem, bundies, or proto-
phloem, alternating with the primary xylen, ‘

f’y) the parenchivima in the centre of the root.

P

afﬁ[,TCTUIHC OF DICOTYLEDONOUS ROOTS.

1% Examine transverse sections of a rool of (Neer i
tirn -8y Dolichos Lablad o lit e older than in the previous
Tesson and observe-—

T lee) the piliferous layer and the root-hairs,

Licrophotograph

; tvonnyg root
Of Dl)lir'/w.\‘ Yy, :\i,u.. power),

2-A
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(1) the cortex andd the endodermis which can be re-
nized casily by the small®dots occwrring in the radial
swallgoof the cells,  These spots ave called Casparian dots,

Fic. 4 - Transverse seetion of a root of Dolichos Lablad older than
in fig. 3 showing thestela portionconly (High power), ’
() the perieyele, .
() the four primary phloem
aroups of sclerenchyma,
{¢) the tour primary xvlem groups, their centripetal

roups, ad the four

development and theiv mecting in the centee, and
() the very delicate laver of cells forming a wavy line
between the primary xyvlem and the prinmary phloem which
is known ax cambium.
2, In seetions ot Cieer or Dolichos voot older than in

the above note the following —
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() the well formed cambimm region,
(0) the secondary xylem, and
() the secondary phloem,
S0 EFExamine transverse scetions of the yvoung roo
Cucurbita, Ricinus and Raphanis.  Note (ll%?ﬁnlllbwm
protoxylem groups in these and mark other dif #ces also.

Fra. h.—Microphotograph of i transverse scetion of the root of;
Rapheons sativns (Liow power),

1. Examine the sections of the old voot of  Arackis
hypogarea, Dolichos and Lactuea and note the protoxylem
and the sccondary xviem.  Observe the cork cells forming
the outer portion of the cortex with a cork-cambinm at its
inner limit, the secondary phloem and the secondary xylem :
it must he specially noted that the cortical part including the
cork layers originates from the perievele and henee is of
stelar origin.  The endodermiss cortex and the piliterous
layer are thrown off on the formation of the cork from the
pericycle.
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| N T

Transverse seehon QoL O Laphdnns salorns, showing
the two frotoxylem groups,

Fic. 7.= Microphotograph of
a transverse seetion  of
the  voot  of  Dalichos
Lablal showing the for-
mation of cork i the
pericyele (iow power).
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soleropiiotooc pho ol the Tra@sverse section ot the stefe ol

Diolichos Labilal voor showing the formation of cork in the
perieyele (Hhigh power).

erse section of an old root of lyachis hypogaea m

Fm./i).»‘ Tra1



Frooto, Microphotom

crohl piotoy s s (Low power).

l’]' ol airansverse section of o root with

STRUCTURE O MONOCOTYLEDONOUS ROOTS.
1. Pake transverse <ccetions of the voot ol Colocasice and
cxcanine them,
N ol
‘(rl) the comparatively wide cortex =urrounding  the
an:t hounded externally by the piliferous Liver, consist-
andl collzs xome of which have grown out into long
root-taes, The cortical pavenelivima congists of regularly
arranye. d rouaded cells with plenty of intereellular spaces,
() the small stele,
Y the endoderi< very well norked by the thicken-
the of the inner aoed Literad walls,
(+7} the perievele comsisting of a zingle laver of cells,
(+ the protoxylem groups varyving in number from 7
to 12 or more,
) the phloem groups altermting with the xylem
o,
central pith,
G e transverse <ections of the voot of U0 and

pote the parts, Obaeve in whe < this difters from
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the root of (¢ ~ The proto&ylem groups ape fow
number than in Colocasia. Note that in the ln)('cr stag
lateral and the inner walls of the endodermal cells b

thickened, but the cells Iving close to the protoxyden: do n'}:?
become thickened as they serve as pagsage cells.
3. Prepare transverse scetions of the v
S’u;'{//zluu and study it struceture.
Observe-—
{a) the l'HerA-‘lvl:lil'.\‘ and the piliferon- oo and th
Javer or Lavers of thiv=walled eI helow,
§5 A8 S 7

Fro 11, Mir,‘v e 0 seetion thronoh b tip
] .
of the root ot antio (IHgh power). Fromw n
prepaved by Decvocpcaikuwnram, CHighier maanific

() lavers of thick-walled cells heneath forming the
exodermis.
() the broad e S o thinewalled eclls,



26 PRACTICAL BOTANY

{
(¢ the promment laver of  endodermis consisting
laver of cells with thin walls when voung, but i old
hith walls thickened on three sides, the outer wall

merous \y lem gronps,

Hocm eroups alternatime with the sy lem, and
Cmedualla o path ;

ne transverse ~ectians ol Wirse root and note
cts 1t resamblos and i what respects 1t diflers
Dot~ of monocotv] dons abircady exammed  Note
nad philoem croups Townd scattered m the region
nth

Propare Tonaitudimal and Gansvarsc <cctions o Wi
d other 100t S0 as to have <ome Tateral 1oots and obscrve
bow these ongmat Note that the Tataral toots alway s arise
Just at the back of the protoxyient and from the periey e,

ENTERNAL MORPHOLOGY OF THIE STINM
I Normal ot stam
« Monopodium Ny Th tenmal growing
pomt produces mternodos and nodos o succcssion
thr Sympodium — | i/iv The mtenodis of (he asas
are nob all daved from the sane tomnmal growime pomnt
Compare the flowanz branches of Gossyporne cotton)
! Spinzs (o tho_rns Cctrissa Cutyis L3l e The
branches have ¢ assd b crom and have brcome spimes
3 Twiner —Dolichnos anl Tpoa Note the direction
of the (wining
I Tendril climbers —"rusbita, Coccinea, 1 1 liose -
Heos Passefiora and 1his Bianches have boconte {endrils
Note the duection ot the sprrals i the tendaals
5 Stolon. - Cendiltie Thestem creeps along the ground
and produces a hventittous roots at the nodes and the axalla v
buds developnto short uapneht <hoots  The term stolon 1«
used tor any basad braneh which 1 disposed to 100t
Sometimes the term runner 15 used mstead of stolon
Branches of subtennancan ongin are sometimes known ag
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suckers The Literal shoots espeaally when they ¢ e b
used for propacation often co by the name offset

6 Rhizome.— v idica The ~tem 1s h
and underground  Note the scale Teayves, node
roots and the actal hranches
7 Tuber ——Nolawime tuberosine (potato)
15 a swollen branch and remams undergronn

N Bulb. = /v onon The stem s \§
reduced  Note the amrangement of the modified
astllary buds, the stem and the toots

9 Corm. -~ Luos phophetlies ov Synanlhes s
1s condensed mto a short fleshy mass Nole the hulSg
depressions at the top - Note the Teal-scar~ and the 100

10 Cladode —(usicsime "The hranches are green and
oy hindrcal and the leaves are reduced to < dl <cales at the
nodes

Dovecerosie The stem s crcen and Boshy and Joaves
are not doveloped  Tnovery voune branches sl Teaves
sonmetimes appear but thoy also dvop ofl

The  pear-shaped secments e Oprndor are also
ladodes

BUDS AND LIVEF-SCARS

I Structure and growth of buds -\~ c¢xamples ol
huds exammne the huds on the bhvanches ol Voo, Ney oo,
Frous and oUtocaspes The axallary buds aie <malle
while the terminal buds ae larga

Obscive that- v

“a the termmad huds<an the finst two plants mentioned
above consist ol untolded voung Teaves wineh have the same
arrangement as that of leaves on the mam ~tem The
anrangement and the conoral <stractnre can casily be made
out by cxamimme the cut st face after bisccting the hud

B the other two plants the terginal huds consist
of Teaves as well as large stipules

2 Studv the sealy buds “yestmg huds, i Rhododend, on,
Mango and Mahogany  Thev aie covered by a series of
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cerin wtl may reman - this condition for a long

bserve the unfolding of these buds and the gradual
the fohage Teaves

f the branch i the case of these plants can
v looking at the scars Teft by the bud seales

B t1ansyerae sections of the buds of the plants
ove, and note the airangement ot the leaves
)

beve the crow th and the unfolding of the leaves
Pts mentioned above o
‘examples @ 1o adventitious buds <tudyv the
oveloping i the leaves ot Byyoplylhon,  Scilla and
ftea and (5 {or accessory buds, the buds developing
pn the twies~ of cotton, Ahulilon and Pavonia plants

¢ Leaf-scars  The leal-scars vany very much in shape
and yvery often thev are quite charactenstic of  the plant
Note the scars in the branches of about a dozen plants
avatlable

EXTERNAL MORPHOLOGY OF THE LEAIF

I Examme the coty ledonary leaves ol Wangiferoa indica
Doleclos  Lablaly and Llibiscees coenecinnns and note how
they dufter .

2 The tnst leaves of a plant and those at the base of
branch are trequently <mall and .\(ull\u—sggle.-l-eava As
examples stady Seevetera mhogany aond Creer wreel i,

3 The leaves below the lowers are frequently small and
leat-like, ¢ o . Gyncandropses poadapliylla., ,

1. The parts ot a leat ave the leat=base. the leat-stalk ot
pet\’lgle and the leat-blade or lamt_t;a., \ute these . {__)LLALZ

wens, Morinde and Nevoum. 7

5 Eaamine the stipules o (Tessew «,w'a«,/(lum, Fiew
glomerala, Polygorron and Phaseolis and note the peculiar
1tres in them. wr !

6. Study the arrangement of leavos on the axis 1n the
following plants .—
¢ ) Alternate.— Abutilon, Withwwa, Anonu, Deloni
elatu.
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are such a¢ have thewr lamima dl\’l(l(‘d up co
sepavate parts.  Simple leaves are not so d&ivi
Simple.—Thespessce, Hibisens  ficulner
madtefida, Thevetia and Cureea papaya. ’
Compound.—Cussia  siomea,  Cratacva
Delunir regia.
8 Note the arrangement of the leaflety m ¢

mg — ' '
Pinnate —sser sinen L oadiiac il tndrea
v Palmate —~(Teune viscosa, Cataera religiosa
Blgp‘lnl)ate.ﬁ/)r'hmu, Cardiosprnien, Melwg 28

Vol

raclda
9 Note the shape of the deal o Teafle i the Tollowimg -—
Linear o1 strap-shaped  Cyuwdon, Pundanys,
N ’
Oblong  (wlulyopis, Cussiee sidiniu
Ovate  (Taorylon, Hibisons 1 osa=stsensis
Cordate  Abutilon, Thespesia
Saglttate C'oloccasio
l,anceolate >oliygonnin, ‘\'/_'/‘_/Nllm
Orbicular  Nelwwibiiim,
Reniform  ('wulella

10 Margin of the leal — b :
Entire  (lotropis, Fions
Sinuous  Dolyalthia, Do e,
Crenate. 3y yophylhim .
Dentate  Lippict, Hilisers rosa-sinensis.,
Serrate. . Acalypha,
Lobed. (itrutlns Colocyntios, Hibiscus  coannn
Q'IIIU‘:. Lewetvca s uncineda, Jatvophea b fide,

11. Apex of the leaf :—
Acum’mate, Dolichos,
Acute. Thevetia.
Obtuse. Calotroms.
Mucronate. Cassia iy wculatu.
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. Vernation of leat —
Circinnate  #e) 0.
. Conduplicate. .lhutilon, Thespesia.
gvolute. Cuanna, Musu
! Nipmphaea, Ottelia

Fy of leaf ——

bal symmetry. (‘wlolio)

Tque symmetry  Jelie, Begona,

cations of leaves —

yllode  Acacia auricnliformis. The apparent
Fleaves are only petioles flattened and the lamina
is not developed.

endrils.  Brgnomie  The leaflet 15 modatied mto
a tendril  In Gloriosa the tendril 1s the apex of
the leaf prolonged

STRUCTURE OIF DICOTYLEDONOUS STEMS,

1. Take thansyerse sections of a yuﬁ);g stem of Heliwuthis
panens and selecting a complete section examine 1t with a
low power lens of the simple dassecting microscope and note
(1) the cortex, (2) the vascular bundles and (3) the pith

Mount thin sections m a diop of glveerine or chlorzine
iochime  Obgerye under a loyy power of the microscope . —

(¢) the eprdermis completely covermg the surface
formung the outermost lay er and consisting of a simgle lay er
of cells J'l‘lwru may be a few haws also growing out from
this laver  Note the chloroplasts i the cells of the eprdernis
m thas case,

(h) the several layers ot cells with thewr corners thick-
ened Iving next to the epuderms. This kind of tissue s
called collenchyma.

) a few lavers of thim-walled cells (pa%gphyma)
with mter-cellular spaces below the collenchyma. .

(d) resin ducts xcattered here and there m the if%rh-
cal parenchvma # -

(r) a continuous layer of large b:\m:ék,shaped cells in
close lateral contact and with <tarch gramns in them—the
endodermis. It 1s not possible to make out the endodermis
w.plder stems, though 1t 15 conspicuous 1n a very y oung stem.
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The parts (b) to (» constitute the cartex.

(f) the gtele or central eyhinder which occupj
whole central region of the stem. Of this the mn_
nent structuval features are

(1) the vascular bundles mirangcd i "
(1) the medulla or pith, and hmg' ; 5,!
() the medul'ary rays '
2. Examine the same sections under a high
study  the structure of the  vasenlar bundles
Observe —
() that each vascular bundlc consists of —
(1) the thick-walled tissue of xylem, and
(1i) the more delicate  smaller celled  tiss
phloem and the cambium.
() the pith, a massive tissue forming the centre of the

stele

() the parenchyvma separating the vascular bundles
laterally from each other and formimg the medulluy rvay
tissue, and

() the pericycle, Iving bhetween the vasceular hundles
and the endodermis The pat of the pereyele behind the
vascular bundles widens out and consists of sclerenchy ma
while opposite the modullary 1avs the periey ele 1 narrower
and consists of thin-walled celle,

‘and

3 Take very thin transverse sections of a somewhat older
stem of  Helwnths and mount them i glycerine o
chlorzine 1odine. . T
Note — - '

() the epudermal layer whose cells e contiguous
except where a .st(.ml;{—hus . the thickened outer walls of the
cells forming a laver called euticle, the scanty protoplasim n
some cells, and the chloroplasts which are nsually absent n
the epulermis of many plants,

(#) the collenchyma celks 1n the cortex with walls vers
much thickened at the angles where the colls meet. The
walls are highly refractive and stratified and consist mostly
of cellulose The cells contain thin lay ers of protoplasm ane
chloroplasts. Note also the larger parenchyma cells witl
intercellular spaces and the resin passaces  The endoderm
is difficult to make out in thig,
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(¢) the V’alls of the fibres in the éricycle which are
nd lignified and show differen fation into layers of
camost prominent is the bhright looking middle

. 12, Microphotozrip e ibro ovascular bundle
ol wostety of Melianthons auens (High power).

(d) in the vascular bundle observe—
(i) the xylem consisting of vessels which wre radially

5

%9

arranged and cmbedded in the s o poscd of xylem (or
wood) fibres and xylem (or wo ¥enchyma. the latter
being thick-walled lignified cells with protoplasmic con-
tents.

The xylem next 1o the pith is ealled protoxylem and
consists mainly of spival and annular vessels, mostly crushed
and out of shape. The rest of the xylem is sometimes
called metaxylem.
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(ii) the phlocim consisting of steve tubes and phlug
parenchyma, and o

(i11) the cambium consisting  of nurrow tlyid

e —.T"'
cells arranged In regular tangential rows. n o
e —————
4. Cat vaclial longituding tfsoctmns and unote dl* 2,,“» B

parts.  The sieve tubes being smallave difficult to
presont in the seetion they ean be readily recogn

high power.  Observe the various vessels of
spival vessels near the pith and pitted vessels ne
bimm. Note the U';l‘n,\'i(iunnl fornys between thes

5. Kxamine sections of wostill older stem of Hel
andd study them noting the differences existing hety
and the younger stems.

6. Prepare transverse seetions of the stem ol Crertrbils
and mount them in glveerine and  examine them, Ohsery
first under a low power and note (-

() the epidermis with reealar cells, hairs and ste

moaday,

Fic. 15-=Microp ln,(wrl ph n] trane- ron of a
b Cuenrhila s liow pover),

(0) the cortex browd at the corners and narrow at tl
furrows, t% collenchyma und the endodermis,
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¢) the st/ele hound externallv by a continuong band of
k ma which 18 a part of the broad pericycle the
which consists of thin-walled parenchyma, and

wo scries of vascular bundles the outer being

uowor examme one of the bhundles of the
d note the xylem and the two groups of phloem
atside of 1t (bicollateral bundles). The xvlem
ve large cavities and gome are hlled with ingrow-
ocking the cavity (tyloses).

eve tubes m the phloem have large lmnmn and the
Ates are clearly seen. Compamon cells are also pre-
The rest of the phloem consists of small parenchyma-

The cambium consists of thin-walled ¢ells elongated tan-
‘gentially  and navrowed rvadiallv, showimg  very  regular
a!‘ll'ag&mont m radial rows  The tangential walls arve espe-
eially thin mdwcating repeated and recent diviston,

7. Examine longitudinal sections ot the same stem after
staimme  them with eosin or Hoffman's blue Note the
clements ot the xviem and particulualy the sieve  tubes
rendered conspreuous by the stan,

Todime-stuned sections also show the steve tubes well as
1t colours the contents

8. Examuime transverse sections of the stem of reséoloc i
Oracteqta and observe —

(1) the eprdernns and the cortex,

L) the selevenchy ma formme a continwous band which
together with the parenchyma Iving insuide torms the peri-
cycle,

(») the vascular bundles and thewr parts the xylem,
phloem and the cambium, and

(d) the medullary rays and the interfascicular cam-
bium 1 them just beginning to form, between the cambium
of the separate vascular bundles (fascicular cambium).

Prepare transyerse sections of the stem of Ricrnns or
Hibiscus cannabionns and examme them,  Obhserve —

(¢) the epidermis which 1 a contimuons layer only
mterrupted by the stomata,
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(1) the collenchyma. the large parenchymatou e |
and the endodermis forming the cortex,

(¢) the xylem and the phloem in the stol «
cially the cambium which is here o more or 1
ring.

Lxamine clogely and carefully the cambiwg
vascular bundles, The cells arve all arranged in®
and the cell walls ave thin and consist mostly

F1c. 14.—Microphotograph of a transverse section of the
stem of Hibiscus cannabinus (Liow power).

The tangential walls wre the thinnest and therefore the more
recent divigions have been in this direetion and have heen
repeated.  In the primaey medullary ravs some cclls are
geen radially wrranged hetween the caanbivm of the hondles,
This is interfascicular cambiwin which completes the ring.
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fograph of atran-verse seetion of the

. i
stera ol bl s cagmnalion s (HHgh powerd

ARBOREOUS TYPE.

10, Pake thin trans<vers- secetions ol an young stem of
Thespesia popred ned ond examine them after mounting them
m glyeerine or chlorzine iodine.  Note -~ ’

() the epidermis with cutinised walls and the <cales
which are scattered,

) the wide cortex consisting of a collenchymatous
sone below  the epidermix, thin-walled parenchyma and
mucilage cells. The endodermis could he made out by the
stareh grains stained blue with the reagent,

o that the stele consist< of the pith il the vasceular
ring surrounding it. and the pericyele is not well detined.
Obhserve the sceandiery xvlem, the zecondary phlocm and the
nu,‘«lull"f_\‘ vy s Nso note the small bands of scleren-
chyma alternatine with thin=walled phloem, and
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(d) the cork tissue lying just below the epidermal
ayer and the cork-cambium (phellogen).

11. Take transverse, longitudimal and radial sections of an
older stem of Thespesia and obsevve the various tissues. ™

12 Cut radial sections of an old stem of Thespesia, or
Azadirachta indica and note — -

() the epidermis, (A the cork cells, (¢) the cortical
cells with large mucilage canals or resin duets and crystals,
() the phloem concicting of alternate hands of thin-walled
tissue and bast fibres, (¢) the cambium, (1 the xylem, (g) the
medullary rays, and (2) the pith.

13. Cut tangenital sections of the same stem first through
the phloem and then through the xviem, In the first
observe —

(er) the medullary ravs, (0) the fibres disposed m rregu-
lar sinvous strands with thew walls thick and higmitied, and
() the sieve tubes i cosm-stned seetions

In the other seetion note (o) the modullary ravs vars ing
i hewght and consisting of one to three or more lavers of
cells, and ' 4) the elements of the sy leom,

AQUATIC TYPE
14 Exaamne transverse sections of the stem of Heppestis
Monniera and note —

(r) the distimet ’epldermis,

() the cortex consisting of a hroad band of puren-
chyma with large mtercellular spaces and the endodermis
with the radial walls thickened 1 the middle wlieh is
characteristic, and

(r) the stele consisting of the perieyele which isll-de-
fined, the conspricuous xylem which 15 not very much
strengthencd by lignification, the phloem which has sicve
tubes m groups and the not very abtiv e cambium.

15. Examine transverse rections of the stem of Hygro-
phila spinosa and néte 1 what regpects this differs from the
stem of Hm*pﬂshv

STRUCTURE OF CORK AND LENTICEL
Cut transverse scetions of the _gtem of Jab)opha, Azadir-
achta or* Odima wodie) xﬁclxﬁe@ stages and nnte the
formation of coﬂg»cambiunfand le icel,

S

#
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STRUCTURE OF MONOCOTYLEDONOUS STEMS

. Prepare o o

«eetion of a stem of A ndropogm
Surghtne or any { mount it in chlorzine iodine. The

Fia 6. Mierophotograph of afransverse s

ion of the stem of
“opogon Seloenant oss Var, coesins (Low power),

Fis. 17, -Microphotograph of a transverse section of the stem of
Paccwm ramesum {Low pHwer),
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various parts stand out clearly even to the naked eve by
reason of the colouration.  If the glass slide is placed on a
white back ground or held against lght, the vaseulir bundles
are clearly scen. You will find them seattered frregutarly,
thongh they are more crowded together towards the periphery
of the stem. Under avery fow magnilving lens the parts
can be made out more casily. The vaseulor bundles are
found embedded in the ground tissue (fundamental
tissue), ’

-

f

Fia. 18.—Microphotograph of a  iransverse seetion « f the sten

Pewnisetine conchroides (Low power).

2. Examine transverse soctions ol the stenr of A vd ropagon
Sorghin and observe under a low power of the compouna
Microscope —

(i) the epidermis with thick-walled colls,
() the cortex made up of three or four layers of cells

algo thick-walled, and
(¢) the ground tissne of thin-walled parenchyma with

vascular bundles inbedded in them irregularly.
3. Note the various parts under a high powey (—-
(@) the thick-walled epidennal cells ol vorying sizes
with a well developed cuticle.
() the thick-walled cells of the cortex,
(¢) the parenchyma of the ground tissue and
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(of) the vascula bundle consisting of xylem represent-
ed by threee or fowr large vessels wrranged like a V7 with
the ancle towards the centre of the stem s of these the one or
two stler are developed fivst, and when there are two the
< an annular and (he inner s a spiral vessel.

L =

outer one

T

16, 19 —Microphotograph ot a transverse scetion of the stem of
Andeopogon pectusus (Low power).
The remaining (wo larger ones are pitted vessels. The
phloem conzists - of sieve tabes and companion cells and
may he recognized by the thin celluloze walls, Both the
xylem and the phloem ave swrrounded by o sheath of
sclerenchyma.

- STRUCTURE O THE LlsATK.

[. Examine transverse sections of the pettole ol Zdeliantlos
or any other plant. . The general stracture resembles that of
an young stem bt ic differs in the following respeets =

a0 the outline is somewhat semilunar, dorsiventrally
and not radkially - syvimetrical ¢

o the areangement of the vascular bundles is in a
curve: there are three Lurge bundles and four or five or more
smaller ones ¢

) the cambium of the vascular bundle ix not very
active aud no interfascicular cambium is present.
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2. Cut sections of the lamina of the same or any other

plant and observe :— —

(@) the upper eprdernus and the cutin laver,

(4) the palisade parenchyma,

() the spongy parenchyma,

(@) the lower eprdermis, and

(¢) the wvascular bundles with the xylem towards the
upper and the phloem towards the lower surface.

3. Take a piece of the lamina from a bleached leaf of
Dolichos Lablal or any other plant and examine 1t under a
low power. Note —

(#) the mudnb,
(0) the lateral vems, and
(¢) the finer vens of the net-work and their ends.

4. Examne picees of the eprderns both from above and
below of any leaf blade and note the eprdermal cells and the
stomata with thenr guard-cells.

—— am——.

INFLORESCENCE

Study the arrangement of flowers on the floral axig m the
following exagples —
A. Racemose, Centripetal or Indefinite.
Racemose.  Crofalaria verincosa ov (' juneen,
Splke. Al anthes aspera, Diger o arvensis.,
Corymb. Cuescdpenra prlcherrima and Cassie Si-

mea.
Usmbel. .. Calotiopts qigantea
He Tradar procwmbens, Heliwanlhus annuus,

B. Cymdse, Centrifugal or Definite.
Dichotomous type or Dichastum. Nerowm odorum
Ipomoea carnew, Thevelia nerifolia,
Monochasium.
Helicond eyme. Hainelia patens.
Scorpioid cyme.  Heliotropnon indicimn.
Verticillasgter. Lewcas aspera or L. Linifolia.

:

STRUCTURE OF THE FLOWER. ol

Examine the flowers of Tribulus terrestris, Dolichos
Lablab, Crotalaria verrucosa or C. Juncea, Ipomoea sepiasia

i
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or any other species, Coccinea (ndice, Achyranthes aspera
and Crinum asieticun

1. Tribulus terrestris :—The flowers arise singly from
the axils of leaves. The parts of the flower are inserted upon
the somewhat enlarged apex of the pedicel or the floral
receptacle, also called torus, thalamus,

Observed that .—

(@) the flower 1s bisexual or hermaphrodite,

(h) the calyx consists of five green narrow free sepals
inserted below the other organs,

(¢) the corolla has five ycllow free petals alternating
with the gepals,

() the androeceum consists of ten stamens which are
free and m two whorls; the stamens of the outer whorl
are shorter and alternate with the petals and those of the
inner whorl are longer and alternate with the sepals,

(¢) there are five glands conmected with the five shorter

stamens, .
(f) the gynoccenm at the centre of the flower consisting
of five carpels united togethoer (syncarpous ovary) 1 mserted
on the veceptacle above the other floral organs and hence
superior andd that the style 13 very short not distinet and
with five stigmas note that m the small leaved forms the
style is distinet,

(¢) the five cavities of the ovary have numerous super-
posed ovules on axile placentas,

(k) the tlower 15 actinomorphic or radially sym-
metrical.

9. Dolichos Lablab (ov Crotalarie juncea or C. ves ru-
cusew).—The flowers of Dolichos Lablal ave clustered together
g0 as to form a compound raceme, and the pedicels spring
from the axils of bracts and there are also two bracteoles
placed laterally. In Crofedaria the flowers are m racemes,
and the bracts and bracteoles are small,

Note that :—
(@) the calyx is cupular with five teeth and green in
colour, .

() the corolla has five free petals, one large and pos-
tevior (vexillum or standard) two lateral (alae or wings)
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and twd anterior cohering together to from the keel or
carina; the colour of the petals i Dohchos 15 white®or
pmkish, in Crotalarie juncea yellow, and m C. verrucosa

/ blue, /“

S 4y () the androeceum econssts of ten stamens, nine
umted and one free (adelphous) in Dolichos Lablab , but in
Crotaluria the stamens are in one bundle (mapgdelphous) and

") the anthers are of two forms (duworphgus) .zltornate]y short
and long, Zhab o)

[ (@) the superior gy, vQe_(:eu:n(hws only one "U_C and
L 1t consists of a long style, o stigfia and an ovary. Note
the very small ring or annular disk at the hase of the ovary
which secretes honey and this colleets at the base of the

' staminal tabe. In the flowers of Seshanie qrandifiora, the

&, annular disk 18 very promment and 1t seeretes honey in
abundance,  When the flower 13 open the cauby formed at
the lmse of the androeceunt will he tull of nectar, »u/)

~ 1 t” (¢) the ovules on the ventra] suture, ‘
3. Ipomoea —The flowers are m Cymes and they ave
hisexual, '
7 Observe that -— l/{
- ‘76 (r) the cal,yx consists of hvc free, qumcunulalls im-
¢ bricatimg sepals, T v
(h) the co\ro/lla is monopetalous, tunnel or bell-shaped
,and five lobed,
i~ (¢) there are five epipetalous stamens, with long hla-
ments and large limear anthers,
(d) the gynoeceum consists of  two or four-celled

,# ovary with two or one ovule respectively, a long style and a

Ly ln glabose stigma.

{4 Cwernen tndica—The plant hears either male Howers
or female flowers only on the same plant and henee it is
?,0' o dioecious. Flowers are solitary and axillary. J,

’ Observe that :—
() the calyx is small, bell-shaped, green and five
toothed in both ‘male and female flowers,

¢

)

rw

({1?’{’

)

A

v

.

%

’ () the corolla is white, campanulate and five-lobedin .,
)11 both stamipate and Distilate flowers, AL

-

(¢) the stamens in the male flower are three, the anthers
of two stamens are complete but that of one ig half and they

-t
\/)9}

)

v

g
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are all united, and that the anther tlobes are long and sinu-
.,J /J ouflly folded,
o (d) that the ovary in the female flower is inferior J"
U /,7 narrowly fusiform, one-celled with three parietal placms Lu )
bearing ovules.
5. Achyranthes aspere.~The flowers are small and are mn

) V‘{ long spikes at the ends of branches.

Observe that ;— L N
(«) the flowers are deflexed and crowded, U et :
(b) the bract and the two bracteoles are spuwegeent ~ 7
Yand persistent, ;! T o b Q, ’ ’

U ’ N (¢) five lanesolate or ovate oblong g,lablouﬁ pelmnth '
/  lobes green or reddish ab the edges with spmescent apex,

(d) five stamens and the five alternatmg truneatey's
) hmlnmlo stanunodes,

(¢) the gynoeceum m the centre of the flower consists '
of an ovary with membranous pericarp and a short style /¥
terminating i a stigma. ’

. 6. Crineme asiadierwine —The Howers ave large, showy and,
\ *s arc umbellate on a stout scape, Sy
‘ Observe .—
(1) the long bract, '

(2) the tubular whate perranth with six hnear lobes,
(3) the six stamens with versatile anthers, and
(4) the mferior ovary, three celled and with many
RWLN ovules m each cell. )

'

1)

vy

\

¢

ryor

STUDY OF¥ THE PARTS OF THE FLOWER.

1. Examine the brdet and the bracteoles m the flowers
of Crotalaria juneea, C. verrucosu. Cassie avriculate and
Hibiscus rosa-sinensis, .

2. Study the calyx ina numbex of flowers. It consists
. »of Sapals. Note the nature of the cal;x in the following :—
@ o (1) it 1s polysepalous in Tpomoca carnea, Tribulus
* " tvrestrs and in Cleome viseosa,
"\ vi7  (2) gamosepalous in Datwra fastuosa and Thespesra
G 0 llnea, . .
, o | (8 the gepals are caducous in Argemone mexicana, O
¢ (4) persistent in Octmum canum, and
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(5) acereseent in 1Withamia somnifera and Physalis
nimd,

(6) The sepals are petaloid in Cussie avyiculate and
Cassalpima pulcherroma, ™ )

3. The corolla consists ot petals and variations occurring
in the corolla must be noted by examining a number of
ﬂowers

\Iot(‘ that it 1§ . —

?w [? 1) polypetalous and deciduous in 7ribulus lerres-

(118, (: Ju((mh opsis pentaphglle and Cleame viseosa,

(2) papilionaeeous m Croluluri juncea, Seshania
grandieflora aad Alysicarpis monlifer,

(3) gamopetalous and funnel-shaped in Dulura
Jastvosa anal Lpomoea sepras i or Lot nen,
/12 (4) tubular w Zocoma stans and Ruellu prost ata,

(5) rotate or wheel-shaped m Solwnim ranthoogr-
. Py

(6) sulver-shaped v Vi s osen, and

(1) ligulate i fletinthues annins and v dar pro-
ctnhens,

4, Note the foldmg of the petalsand sepals on therr edges

in ‘lhe follo\wuu.r. '
) (N cumgﬁed w Thespesia popiil new,

*» (2) tmbr1 beany Cusso s aculatn and Tecoma stans,

iy tat
: (3 valvate W ¢ wlolropis qrgantea, v

(1) quincuncial w the sepals of Ipomoew cwrnee and
Cassia awricndata

3 . . ulh\
J. Examne the stamens noting their number, insertion °

and umon of parts.  Thev are —

,,4 » (1) indefinite and free m Argemone mericana,

(2) monadelphous w Crofalaria verrucosn and in
Azawdirachta indica, )
(3 ) diadelphous in Seshania grandifiora, < 7 **°
4) didynamons 1 Tecoma stans,
(.)) epipetslous m Dutwra fustuose and Ipomoee
separia, *
gynandrous i Aristolochie bracteata, or other
species, and

. *o w
(7) syngenesious (anthers) in Tridnr procumbens

and Helianthus annuus.

f
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\ ‘," 2 6. Note the mode and the direction (with regard to the
P2 centre of the flower) of the dehiscence of anthers m the
\ follgwing flowers :— A

"y' ! I3
(1) Helianthus annuus—ingrorse dehscence, L’ + * » »
o

(2) Argemone mezicana--extrorse dehiscence, .

‘ 7 (3) Berberis tinctora—dehiscence by recurved valves o’
.17 (valvular dehiscence), and
v oY 4) Cassia auriculate and Solanwm ranthocarpum=—

) \)"\(lehiscence by apical pores.
ot 7. Ohgerve the mode of attachment of the anthers to
the filament 1n some flowers.
/ }7\ The attachment is :— -,
N ) (1) adnate in Cassiw auriculata, RN
70 (2) bagifixed in Datura fastwosi, and
"o/ (3) versatile in Crinum asiaticum. \,/;
/ 8. Note the ontgrowths called coropd m :(— -
.""?’ (1) the corollas. of Nertum odorum, Wrightie tenc- -
2 toriaand Passion flower (corolline corona). o
(2) the stamens of Culotrops giganteq and Nertum
odorum (stgeninal corona),

2% E e the gynoecemm noting its parts in Daturae
stramoniwm, Solanum ranthocarpwm, Hibiscus nucranthus,
Crotalarma juncew or C. verrucosa, Argemone mexricond,
Terminalie catappe or Quisqualis tndice and Portulaca
oleracea.

10. Note the position of the ovary in flowers.

o Tt ig:— )
7 (1) supgeior in drgemone mericana,
v (9) inlpeﬁ:)r m Coceinea indica, Citrullus Colocynthis
and dristolochia bracteata, and
v, (3) half-inferior in Punica granatum.
3" 11, Cut the ovaries of the following and note the parts
and the attachment of the ovules :—-
(1) Argemone mexicanc, Iondivm suffruticosum.
(2) Aristolochie bracteata and ddutilon indicum,
(3) Crotalaria verrucosa,
; (4) Datura fastuosa and Solanwin xanthocarpunt.
12,ﬂxamine transverse sections of the anthers of Datura
in different stages and note -~
(1) the anther-wall,

{

¢

X
S .
3



Zobs FLOWER 47
(2) the lognli, and
(3) the pollen gwains.
13, Examine under the microscope the pollen graing
of different flowers, e.g., those of Tibulus terrestris, Cucur-
hta mazima, Thespesue populnea, Tridax procumbens and
L» the pollinia in the flowers of Calotropis gigantia.
' 14. Note the germination of pollen grains on the stigma
,m Tridaz procumbens and in the grass Cynodon dnctylon.
+ . 'The germination of the pollen grains and formation of the

»

B 3
“hal
>

‘b(;llmiubes may be obgerved by keeping pollen grains ina .

"Nj watch.-glass in a solution of cane-sugar or cane-sugar and
. gelatime (5 to 10 per cent solution). They may also be

y  mounted mn one hanging drop and be kept in a moist

¥ chamber, For success the sugar solution should be made in
spring water and 1'd per cent of gelatine should be added.
The pollen of many of our common flowers germinates
readily in the solution, but the strength nccessary must he
previously determined for each. The strength may vary
from 3 per cent to 20 per cent or more,

STRUCTURE OF THE OYARY,

" 1. Simple_ovary—Any species of Crofulara, Note

the wall or the pericarp enclosing a single cayity and the

_ )2 two sgtures, the one having the ovules 1s the ventral suture
, and the other the dorsal sature. In this case the ovary
/ consists of a sm;zlecm*pel only and so this is a monqsarpel

,v)nry ovary. ., _i» Com JA
g 2. Compound ovary*TImpma populneu Cut the
" ovary across anil note that it has three to five cavities. Fach
cavity corresponds to 4 carpel. Thiy is a polycarpg!lary

., ovary.

7 3 Axile placentatlon—-Thespes;u populned, The ovules
' are arranged round a central axis, . .»,

' 4, Parietal placentef tion—Argemone mexicana, Cagica
papaya. In these there i only one cavity and the ovules are
attached to the wadl of the ovary in four or five places in
rows, . [}

e

5. Free centeal placentation—Portulaca oleracen. The

ovary has a single cavity and the ovules are attached to g
central axis,

IS
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6. Sometim s the ovary is compound but has only a
single cavity and a sinele terminal ovule inside, c.a Anli-
Yoo,

STRUCTURE OF THE OVULIL

1. Cut transverse scetions of the ovaries of any lily,—
Torvenion asicativa, Gossypivon fiepbocene, Stemodin viscosa

v 1G. 20~ Micvophotograpl o adovgitndinal scetion of the ovule
of alily showing the division of the nuclensin the embryo sae
From a section prepued by es Sampathhunaran
(High power).

ov Towiditn setftrnelioscron. Note the cavities, pervicarp. the
placentas and the attachment of the ovules to the placenta.
Detach the ovules and observe that they are all attached
to the placenta by means of their stalks or funicles.

20 Detach anmber of ovales hy trazing from the ovaries
of Torrewic asictiva without causing any injiry and mount
some ina 3 per cent solution of sugar and others in methyl
gresn acidulated with acctic acide 1odine or other stains,
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The ovules though very small show the embryo-sae and its
contents very well,
Note in the ovules :—
(1) the long funicle or th stalk arising from the pla-
centa and ending at the hase (chalaza) of the inverted ovule;
the united porlion of the stalk is called raph

16, 20— Longitudinal section of an ovuale of Lily showing the

embhryo-sae containing the egg-colls synergids
vegetative nuelensand the antipodial eclls

(High power)

(2) the single integument starting from the chalazaand
ending at the apex of the ovule in o fine c'zgml, the micro-
pyle. .
(3) the embryo-sac of which the upper portion pro-
trudes bevond the niicropyie and is swollen s the portion of
the embroy-sac enclosed by the integionent is narrow el
slightly swollen and spindle shaped al the buse,
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(4) note the antipodal cells at the base and the egg-
cell and-the synergids at the top in the protruding part of
the sac.#

3. Teaseout ovules of Stemodic viscosce and note the
funicle, integuments, micropvle, the embryo-sac, antipodal
cells, egg-cells and the synergids.

4. Cut transverse sections of the ovaries of Ion dauem
suffeadecoswm and cotton and seleet sections which have
passed through the middle of the ovule.

Observe in the ovules :—

") (1) the funicle, chalaza, raphe and the integuments.
(2) the mass of cells lying between the integumentsand
the embryo-sac, called the nugellus, and !

* (3) the embryo-sac contaming the egg-cell, synergids
and the antipodal cells.

SYMMETRY OF FLOWERQ

1. Study the mgertion and armm.,enwnt of the parts of
the Hower in Zbilis terrestyis and make a diagram, The
plane of symmetry 15 sad to be radial or actinomorphic.

2. Note the arrangement of parts and the plane of ‘sym-
metry in Crotedaric verriucosa, Vigne Catienyg ov Dolichos
Lablab—Dbilateral or zygomorphic svmmetry. J

3. Examine the flower buds of Cussia, Caesalpinia and
Crotalei ag regards the folding of the sepals and petals and
draw diagrams showing the velative position of the floral

)
1 .

parts.
4. Examine the parts of the Howers given and draw floral ¢

diagrams —A\nv specres of Tecon, Abhubilon or Pavonia and
Ipomoea. /) JM/
{JW}ISEXU AL AND INCOMPLETE FLOWERS.
1. As examples ol unisexual flowers study the Howers
of Euphorbia, Coccinea and Cucumis,
2. Examine the flowers of Achyranthes, Digera and
Amarantus as examples of incomplete flowers.

/ STULY OF THE MORPHOLOGY OF THE FRUIT. E}”
sf, 1. Legume.—Examine the fruits of Sesbania, Poincrana.

and Cliloria or any other legupynous plant and note the two
sutures and the mode of dehigcence,
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/, 2. Follicle.—As examples study the fruits of Calofropis
) \gugantea and Sterculia guttate. The fruits open through
/nno suture only.

3 Capsule.—(a) Hibiscus ficulneus, The dehiscence
takes place in the middle of the carpel so KU sto. expose the
cavities (loculicidal dehiscence). Jrp 1,48

{b) Aristolochi. In this case the carpels segaﬂ(tt,,

¥ by dehiscence through the wa (septicidal dehiscenady™" iy )

g, (¢) Datura. The pepiearp breaks away from the

-

.
[
k]

), ‘septa leaving them as a column in the centre (septxfragaL

dehiscence). ran-fz A~ [m«z’ Jé

"3 i\ 4 Sc‘_‘z_gcarp’.—‘{buhhm. Recinus, Tribulus,  The

W _ fruits break into separate parts called c_gggi, and each coccus
may contain one or more seeds,

\j 5. Pyxis —Portulaca oleracea,  I'he fruit opens trans-

)\y versely by means of a cap-like ld

w2,y 6. Achene.—Carthamus tinctorius. I'rider pi orwimbens.

¥ T'he fruit contains a single seed almost filling the cavity and

. (« 7 the pericarp is leathery and does not fuse with the seed-coat.

;\’ 7. Caryopsis.— Oryzu (paddy). The gram 15 a frmt en-
57 closed by the bracts (glumes) ; and the pericarp and the seed-
coats have fused 1nto one coat.
/r’ 8. Berry.—Solanwin. The pericarp is ﬂesh) thronghont
* and numerous seeds arc imbedded init. As further examples
study the fruits of Guava, Tomato, Cephalundra and Crtrus.

/”,"’ 9. Drupe.—Calophyllim Inophyllum.  Thevelis  ney-

- Joliw. The pericarp is fleshy outside and stony and hand
ingide. As another example examine tha coconut.- The
2 pericarp in this cage ig fibrous outside and stony inside,

2% 10, Samara (winged fruit).—As examples study the
following fruits noting especially the morphology of the partq
adapted for dispersal :—

1. Pterolobrum indicum.
2. Hardwickia binata.
3. Avdan{hus excelsa.
4. Holoptelew 1ntegrifolia.
5. Combretuwm ovalifolivin.
6. Gyrocurpus Jacquini.
D va /11 Spmy fruits.—Tribwlus tappostris

v

S

J
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12. Hooked fruits—7"riumfetta pilosa, Pupalia atro-
prpurea, Tragus racemosus.
. Study the morphology of the hooks in these fruits.
J”(‘j 13. Aggregate fruit.—Polyalthic longifolia. The fruits
are one-geeded berries and are developad from a single poly~—
J" ~ carpellary ovary whose carpels have become free in fruit. As
7 another example examine the fruit of Micheliw. ___ < <o,
SR Syncarpous fruit —Anona squamosa.  The carpels. l'
v are ﬂeﬂhy and are fused together in one masy formmg a
bBl'l'yv JJ I ol [/ e }
15. Collective or multxple fruxts —As examples study
thedlek fruit (Artocarpus imtegrifolin) and the pine-apple © =
( nas sativus). In the former thqr,male and female
wf g are on different spikes. The Succulent cdible boe- 0 v
fl/ on ig the perjanth and the membranous covering over the
} geed is the pericarp In Ananas the flowers are hisexnal— Y
', */ and the lower portions of these flowers hecome {fleshy ’
together with the axis.
,  The fruits of the banyan and the fig are also colleetive
5 ’ ! fruits (syconm/m) the cup-like wall being really the axis of
/ e inflorescence hollowkd out,

8

J, v 16. Falsaltutt—(!ashg-nut ( Anacardium weedentale),

K

"
9

)g The flower_stalk beco hy i this case and bears the
fruit at the top.

STUDY OF SEEDS.

; 1, Note the variation in colour and size of the seeds of
Mucuna monosperme, Canavalit ensifornis, " Pongamia
{/labm,é Strychnos nux-vonuca, ’I’gmumduq indica, Adenan-
thera pavonma, Mimusops Eleng, "Phenir sylvestris, Thes-
sia populnes, Abrus precatoriug, B'alwmodmdron Berryi,

VY Abrus preoatm-m& (pink 3@5513) Y Cunna mdica, " Albizzra
Lebbek, C’m‘urb:m marime 1e§ampel4m sPareira, Ipomoea
sepiaria, "Azima tefmcantha Ternonia cinerea,"Cussia
aumculata")l[ukra mbrella"Pavmua gle ham:ﬁ)lm"‘“(]alo.
Alropis gantea, (éé melina benglzalf;mls,“ lanum nigrum,
< Oleome viscosa,’ Nerium  odorum,’ Cmmlam verrucosa,
8 ~"Achras Sapota) Tmoma stans Barleria pzlnsa olygonum
indicum var. plebosjum” Cardiospermum Hahoacabum,
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Argemone mexricana, Hibiseus mm'antl{me FEuphorbia hir-
ta, “Aristolochia indyea o1 brae teata,” Ricinus, communis,

d {
v 9 Oroxylum indicwm, Chenopodiem ambrosioides, Amarantus

viridis,

2. As cxamples of seeds adapted for disperal study the
following :—
!, («) Fleshy seeds—Punica granatum, Lycopersicum

', osevlentim,

)

D/ (b) Winged seeds—Tecoma, Oroxylum indicum,

‘

Dolichandrone, Cedrela Toona.

,)bf (¢) Comose.__seeds—Cwlotrops  grgantea, Alstonin

scholaris, Nevoon odorum, Anodendron pan-
cilatium,

[ “ (@) Hairy seeds—Hibisens nueranthus, Eriodendron

anfractuosion. “h ¢ ot
3. Aril—This1san extra fleshy or memhranous outgrowth
covermg the seed either partially or wholly and avises from
ncar the mgropyle. 1t 15 known as carunele in Ricinus
,and stroghlo e m DPolygala. It forms a fleshy covering in
1’4(/14'4 oloboom dulee and m Myrishica it appears as a coarse

net-work (mace). '

4. Note the ruminate endosperm in the seeds of A nena,
{

Polyaltine and Myristica,
5. Note the variation in the cotyledons in the qeeds of
Hupm, Vterwe and Artorarpis,

. Y r’dx’

STUDY OF FAMILIES. '

The following families may be studied taking as examplés
the plants mentioned under each family. They should be
deseribed 1m detail, sketches bemg made wherever neces-
sary :——

1. Anonaceae— Anona 8guamosa.,
Polyalthia longifolia.
2. Nympheaceae—  Nelumbnn speciosum.
. Nymphea pibescens,
3. Cruciferae— Brassica juncea.
Raphiunus sativus.
4.. Capparideae— Cleome viscosa,
Gynandropsis pentaphylla,

»
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10

11

12,

13.

14.

16,
17.

18

19.

PRACTICAL BOTANY

Violaceae—
Polygalaceae—

Portulacaceae—
Malvaceae—

Sterculiaceae—
Tiliaceane—
Linaceae—
Geraniaceae—

.
Rutaceae —
Meliaceae—
Rhamneae—
Vitaceae—

Sapindacese—

Anacardiacee—

Leguminosae—
i. Papiliona-
cee—

Cappariz horrida or any other
species.

Cadabe 1ndica.

Toniduemn suffruticosum.

Polygala chinensis or any other
species available,

Portulaca oleracea.

Hibiscus oitifolius,

Pavoniw zeylanica.

Sida veroniceefolie or any other
species.

Abutiton 1ndicum,

Meloclua corehorifolia,

(Fuazuma tomentosa.

Corchorus acutangulus or any
other species.

Linwn usitatissimum.

Hugonic Mysta.r,

O.ralis corniculata.

Impatiens any species available.

Murraya exotica.

Citrus aurantium,

Azadirachta indien.

Melia Azadirachte,

Zizyphus Jujuba or any other
species.

Cissus quadrangularis,

Sapindus trifoliatus.

Cardiospermum Halicacabum.

Dodonaea viscosa.

Mangifera indica.

Odina wodier.

Bucehanania latifolia or
B, angustifol:a.

Crotalaria verrucosa or any other
species.

Tephrosia purpurea or T. villosa

Clitoria Ternateq.



ii. Caesalpi-
neae—

ili. Mimoseae—

Combretaceae—
Myrtaceae—

Cucurbitaceac—

Aizoaceae—
Uwmbelliferac—

Rubiaceae—

Compositae—

Sapotaceae—

Apocynaceae—

Asclepiadaceae—

Boraginaceae—

FAMILY

Caesalpinia pulcherrima.

55

Jassia auriculatla or any other

species.
Tanwarindus indica.
Acacie aradica.
Dichrostachys cinereu.
Neptunia oleracee.
Albizzia amara.
Pithecolohiwin dulce.
Terminalia any species.
Quisqualis indica.
Psidium Guyara.
Syzygium Jambolarwm.
Cucumis pubescens.”
Catrullus Colocynthes.
Coccenea indica
Trianthema Portulacastrim

any other species.
Centella asiatica.
Coriandrum saliviin.
Morinda tinctoria.
Oldenlandia any species.
Spermacoce hispida
Vernonia cinered.

or

Blumea wightiana or any species.

Tridax procumbens.
Vicoa curiculata.
Bassia longifolia.
Mimusops Eleng..
Vinea pusilla or rosec.
Neriwm odorm.
Wrightia tinctoria
Calotrepis gigantea-
Daemia extensa.
Leptadenia reticulata.
Pergularia minor.”
Trichodesma indicum.
Heliotropivm ovalifolium or
species.

any
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34

3.

J6.

J37.

38,

39,

40.

1L

42
43

44

rrauviivau pOTANY

Convolvulaceae— Iponwora sepieiric.
Evolvulus alsinoides.
Lettsonue elliptice

Solanaceae— Solanum ranthocer pene
Solanvm wegrion.
Capsicum annnim

Scrophularineae— Stemodia viscosa.
Herpestis Monniera.
Bounaya verowicaefolia.

Pedalinaceac—  Pedalirviin Mirer.
Sesanvon rndiciin or S, prostro-
tiem.
Acanthaceae— Ruellia prostrat.

Ritwgia repens.
Hygrophtla spinosc.
Labiatae— Lewcas aspere.
Aonsonmeles sadabarica,
Octicene canrm or O, sanctiom,
Amarantaceae—  Achyranthes aspera.
Ameerantus verides ov AL sprnosug
Celosia argentea
Euphorhaceac—  Kuphorbia lnyta,
Phyllanthus maderaspatensis.
Aealypho rndia,

Urticaccae— Artocarpus inteyrifolin
Fieus benghalensis or auv other
species.
Orchidene — Euloplaa virens.

Veanda Rorbusghu.
Habenariw veridiflora or
H. platyphylla.

Scitamineae— Musa paradigiaca,

Zingrber officenalis.

Cannc ihdica or any other species.
Amaryllideae—  Crinvum asiaticune. '
Lihaceac— Allivin satevum, |

A. cepa.

Gloriosa superba.
Comimelinaceae— Conmimelina benghalenss.



45.

46.

47,

48.

Palmeae
Aroideae—

Cyperaceae—

Graminecae—

FAMILY a7

Cyanotis axrillars or
C. cucullata.
Aneileina any species.
Cocos nuciferda.
Borassus flabellifer.
Colocasia antiquorum.
Lmorphophallus campenwlatus,
Cyperus rotundus or C bulhosus.
Fonbristylis  miliacee  or any
species.
Paricum yavanicuin or
P. ramosum.
Cynodon dactylon.
Eleusine aegyptiaca.
Andropogon punilus.
Chlors barbata.
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SECTION I1L.—PHYSIOLOGY.

L
WATER AND SAND CULTURE.

1. Water culture.—Take nmne uniform glass jars of
about two litres capacity each, and clean them carefully with
nitric acid and water and again with a strong solution of
mercuric chloride. Wash thoroughly with tap water and
finally with distilled water, preferably boiled water. Fit
cach jar with a cork or wooden cover having one hole in the
middle and a sht running to the edge, and also provided with
another hole through which passes a long bent glass tube.
Sclect a seedling of Dolichos Lablad or any other plant of
about two or three inches height which has been growing in
saw dust for a few days, clean the roots of saw dust and wipe
off the moisture at the collar. Insert the seedling through
the slit of the cover and fix it by means of dry sterilized
cotton wool, or dry ashestos passed through the flame of a
spinit lamp.  Fill the jar with one of the solutions prepared
according to the formulas given below and keep the cover ab
the top so as to 1mmmerse the roots, but without damping the
cover or the wool.  In the case of seedlngs with hypogeal
cotyledons the regerve magerial should not be allowed to dip
m water but must be sufficrently above it.  Aerate the jar by
means of the aspirator and the bent glass tube and leave 1*
m a large wooden box, or cover the jar with a dark paper s
as to shut off the hght,

Wateh the progress of the plants every day and compare
thewr behaviour m the several solutions. Aerate the jars
every day once or twice for about fifteen minutes each time,
without much disturbance to the roots. At the end of every
week change the plants to pure distilled water for a day and
then to fresh cultuyolnﬁons of the respective formula.
The experiment is to last for six weeks and must be watched
with proper care,

Test the solution in the culturé. jars occasionally and, if
you find it alkaline, correct 1t by adding a little of 5 per cent

)l/;}’h )
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phosphoric acid. If the solution decreases due to evay oration
make 1t up by adding distilled water.

Normal Solution (Crone).

Potassium mitrate w10 gm.
Ferrous phosphate ... . o,
Caleium sulphate wy o,
Magnesium sulphate ... . o,
Dastilled water . . o Tto 2 It
Minus Calcium.
Potassium mitrate . 1'0 gm.
Ferrous phosphate .. . . D,
Magnesium sulphate . D
Dastilled water . . 1 to 2 Int.

Minus Potassium.

Calcium nitrate . . 1'0 gm.
Ferrous phosphate . o,
Calcium sulphate . Ny,
Magnesiuin sulphate - My,
Distalled water . . 1 to 2 ht.

Minus Phosphates.

Potassinm nitrate . e 10 gm.
Ferric chlonde . . I or2 diops of
a watery solution.
Calcium sulphate . . . 25 gin.
Magnesium sulphate . oo,
Distilled water . . [ to 2 Iat.
Minus Sulphur.
Potassium nitrate . .. o 10 gm.
Ferrous phosphate ... . - Do,
Calcium phosphate .. . Y.
Magnesiumn carbonate N S,
Distilled water. . 1to 2 It.
Minus Magnesium,
Potassium nitrate e 10 gm,
Ferrous phosphate ... o,
Calcium sulphate - . .. I

Distilled water e 1 to 2 lit.
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Minus Nitrates.

Potassium chloride ... o 10 gm.
Ferrous phosphate ... . I TR
Calcium sulphate 23,
Magnesium sulphate ... 25,
Distilled water .. . 1to2ht.

Minus Iron.

Potassium nitrate ... we 10 gm.
Calcium phosphate ... o,
Calcium sulphate N 25,
Magnesium sulphate ... e T 25,
Distilled water w. 1to?2ht.

2. Sand culture.—Obtain sand called silver sand or pre-
pare it by pounding pure quartz erystals (Silica, $10:).  Clean,
the sand well by washing it several times with dilute sul-
phuric acid or hydrochloric acid, and then ringe 1t repeatedly
with tap water and finally with distilled water. DPrepare
three small new flower pots for sowing by filling them with
sand cleaned as above. Sow goaked seeds of Dolichos Lablub
n these pots and water them with distilled water only for
about a week, and afterwards water, one pot with Crone’s

normal solution, anot, 1th solution without mtrate. Add
a small quantity of M and water 1t with dig-
tilled water or solution. For contr8l, sow some seceds in two
pots contaming ordinary garden soil. Watemwith
distilled and tap water respectively. S ”

Watch the progress of the plants daily for about a
month,

3. Mix with prepared and cleaned sand an ounce or two
of garden soil and fill one pot with this mixture of sand and
earth and another with sterile (burnt) sand only. Sow
Dolichos or other plant in both these pots and water them
with culture solution lacking in mitrates. The plant'growing
in the first pot will grow well and that in sterile sand only
not so well. Bacterial nodules will be present in the first
and not in the second.
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THE WATER CONTENT OF PLANTS AND ASH
ANALYSIS.

1. Out into convenient pieces the plant or its parts you
wish to use. Weigh the pieces putting them 1n a porcelain
basin 1 the fresh state at first, and later again after the
material is completely dry. The difference represents the
amount of water present. The percentage of water present
is very high in succulent plants. For example, in aloe it
was 94'6, agave 8345, euphorbia 86°5 and opuntia 88°5.
In the case of woody or wiry plants the amount of water
may be as low ag 40 to 50 per cent.

2. The dry matter left over consists of organic matter
composed of carbon, hydrogen, oxygen, mitrogen, sulphur,
phosphorus and ash contaiming mineral matter. The
presence of C, H, N may be demonstrated as shown below—

(¢) Heat in a strong test-tube or a small porcelain
basin a bit of the oven-dried dry wood or leaves for some
tune and it chars thus showing the presence of carbon. Or
heat some dry leaves or pieces of twigs with copper oxide
and pass the gas evolved through Ime water, and 1t becomes
milky therecby showing the presence of carbon dhoxide
contaiming carbon,

(b) If some dry leaves or small chips of twigs with
copper oxide are heated in a test-tube moisture condenses on
the cool sides of the test-tube. From this we infer the
presence of hydrogen.

(¢) In a test-tube or crucible heat some dry leaves with
soda Iime, and ammoma gas 18 given off, thus showing the
presence of nitrogen.

3. Ash analysis,—The elements to be tested for in the
analysis of the ash of plantg are calcium, potassium, magne-
stum, phosphorus and sulphur. Putn a flask some quan-
tity of ash, moisten it with a small quantity of mitric acid
and then add hydrochloric acid and digest it for half an hour
or so in a water or sand bath.  Filter this liquid. If there
is any residue on the filter paper it 1s silica.

(«¢) Take a small quantity of the filtrate in a test-tube
and add to it barium chloride solution. A white precipitate
(barium sulphate) is formed. This indicates the presence of
sulphur.
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(M) To a small portion of the filirate contained in a
strong test-tube add strong nitric acid and then two or three
times its hulk of ammonium molyhdate and heat it. A yellow
precipitate i8 formed and this indicates the presence of
phosphorus.

(#) Onadding to the filtrate ammonium chloride, ammo-
nia and ammonium oxalate a white precipitate is formed.
This shows the presence of calcium,

(d) Filter the above liqmd and te the filtrate add sodium
phosphate and leave it for a while after shaking : a white
precipitate occurs showing the presence of magnesium.

(¢) The presence of sodium is inferred from the yellow
flame observed when a clean platinum wire dipped in
hydrochloric acid and the ash 15 held over a colourless flame.

(f) On looking through a blue or cobalt glass the
yellow flame, the flame appears reddish violet and this shows
the presence of potassium.

() To the filtrate add potagsium ferrocyamde and a
dark blue precipitate appears.  This indicates the presence
of iron.

PHOTOSYNTHESIS.

1. Chlorophyll.—Gather some leaves of Dolichos Litbiub
or any other plant and hoil them 1 water for a r;,;nute or
two. Then place the leaves in a loosely stoppered sample
tll_be containing about 20 c.c. of alcohol and keep the tube in
a water bath at 60 or 70° C, untal the leaves are fully bleached.
Instead of boiling the leaves, they may be left in alcohol for
several hours or a day. The alcohol abstracts the green
colour from the leaves.

(w) Pour into a clear test-tube some quantity of this
green extract of chlorophyll, and cxamine it in both trans-
mitted and reflected light. The extract will appear bright
green by transmitted light and red in reflected Light, If the
test-tube containing the extract of chlorophyll is placed

J7

7y
Vd

against a black back-ground and the light concentrated on -~ »'

the test-tube by means of a biconvex lens the red colomr “

hecomes very conspicuous. -

(b) Pour into each of the three test-tubes marked A, B

and C some quantity of the aleoholic extract of chlorophyll,

I
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and exrose A to direct sunlight, B to diffuse light and keep C
in darkness. Note the effect of strong sunlight, diffuse
daylight and of darkness on the colour of the extract. The
solution turns brown very soon in A and slowly in B and in
C it undergoes no change.

() Takeinatest-tubea quantity of chlorophyll extract
and add a few drops of distilled water to it : then add a little
benzol ; shake it and allow it tosettle, The benzol heing
lighter floats above the alcohol and it wall be bright greenish
blue, while the alcohol will be yellow.

2, Examine the chlorophyll extract containedin a test- u

tube or in a flat parallel-sided bottle through a spectrogcope.
A dark band will he geen in the red end of the spectrum. JJ
If a syectroscope 18 not avarlable, secure an optical lantern
and to its lens fasten a card with a vertical slit and obtain a
continuous spectrum on the screen by using a prism. By

., interposing between the slit and the prism a test tube con-
v+J "taining the chlorophyll extract, the dark bands can be seen

in the spectrum, especiaily at the red end.

3. Presence of starch in leaves.—Pick leaves from
two or three different plants which have been exposed to
light for a sufficiently long time.  Bleach them 1n the nsual
way, and steep them in water until they soften, Then place
them in an aqueous solution of iodine, If the leaves contain
starch they turn blue or almost black. By the use of henzol
iodine may be removed from the cell-wall and the protoplasm
without affecting the starch gramns.  Then the blue colour
shows up very well,

3. Disappearance of starch from green tissue in
darkness.—Place a few plants of Dolichos Lublab growing
in flower pots for two nights indarkness. Testthe leaves
of this plant for starch and there will be none,

5. Condition necessary for starch formation—

(«) Light~In-one of the Dolichos Lablab plants
stencil four of the starch-freed leaflets by means of the
light screens and using stencils with some designs . and
expose them to good diffused day-light. Remove the leaflets
after one, two, three and four hours, and test them for starch
after bleaching them in the usual way.

SATT
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The differences in the depth of the colour indicate the
difference in the amount of starch formed.

The time required for the appearance of the starch may
be easily determined by exposing to light starch-free leaves
and examining them at intervaly of ten minutes, Traces of
starch are seen after ten minutes exposure if the light is good
and the leaf vigorous. Filaments of spirogyra freed from
starch by keeping them in dark, show starch after an expo-
sure of five minutes to light, For the test chloral-hydrate-
jodine should be used.

() Carbon dioxide.—Fit up an young Dolichos plant
hy means of cork to a bottle filled with Crone’s normal solu-
tion and after it has been growing in it for a day or two in
darkness place it on a slab in a digh containing a strong solu-
tion of canstic potash ~ Keep this m a larger dish containimg a
layer of mercurv and water and cover it with a bell-jar
having a tubulure at the top. Fit the tubulure with a one-
holed rubber cork through which passes a bent glass tube
which 18 connected with an U-tube filled with peces of
pumice stone soaked 1n caustic potash.  Expose the apparatuy
toT@lt and test the leaves for starch at the end of the dav.

"Also set up a sumlar control experiment without caust«
potash solution and test the leaves for starch,

,/, 6. Etiolation.—Compare the seedlmgs of  Dolichos

¥ Lablab in the two pots—

A. Grown 1n darkness for eight days.
B. In light for the same period. s Jiwe
7. Evolution of Oxygen during photosynthesis.—
Fill a narrow glass jar or a test-tube with water and
support 1t inverted over a large glass jar, also filled with
water and previously charged with carbon dioxide which
hag been prepared separately in Woulff’s bottle, by the action
of dilute hydrochloric acid on marble or chalk. Place a few
vigorous shoots of Vallisneria, Hydrille or Otteliw in the
larger jar and just thrust the cut ends of these into the
narrow jar so that they may project a littls into the jar or
test-tube and keep the apparatus in good diffused sunlight
for some hours. Note the evolution of bubbles and when
gufficient gas has been collected invert the narrow jar by
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qﬂ:losmg its mouth with a groupd glass and introduce a red hot -
t7 splinter into it. The flaming of the splinter shows that the
7 gas evolved is oxygen. .

8. The Phosphorus method.—Take a glass tube about
eight inches long and one inch diameter open at Dboth
ends and fit it with a good rubber cork at one end, Fix
a wire on the inside of another cork and attach a piece
‘of phosphorus to it under water. Introduce two or three
vigorous leaves of Tallisneria ov nts of Hydrillu branches
into the tube filled with water and partially replace
the water by hydrogen and carbon dioxide prepared
geparately, the former gas by means of a Kipp's apparatus
using pure zinc and sulphuric acid.  Fix the cork carrying
the phosphorus to the other end of the tube and keep the
apparatus nto the dark for two or three hours till the white
fumes subsile and then expose 1t to sunlight. The oxygen
evolved will 1gnite the phosphorus and white fumes will
appear.

9, Effect of light of different intensities on photo-
synthesis.—Fit up an apparatus similar to the one arranged as
above to show evolution of oxvgen by assimilating plants,
Introduce a Vallisnerie or Ottelia leaf keeping the cut end
half way up the jar. Select a branch which gives a fairly
rapid and constant stream of bubbles of oxygen from 1ts cut
end and note the rate of evolution of the bubbles (1) in sun-
light, (2) in shade and (3) in dim light by counting the
number of bubbles evolved per minute.

10. Effect of different coloured lights on the photo-
synthesis of plants.—Take two large wide mouthed glass
jars and partly fill one of them with a solution of potagsium
bichromate and the other with ammoniacal copper sulphate
solution. Into each lower a narrower jar placing in the latter
gome weight o as to sk it in the solution. Introduce a
healthy Vellisneria or Ottelia leaf into another small glass
jar keeping the cut end below water and place thig in the
second jar., Cover the arrangement with a dark card-board
and leave it exposed to light. Compare the rate of evolu-
tion of bubbles in the two different lights, viz., orange and
blue. Under the orange colour the bubbles come out ag
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under diffused white light, but vnder the blue colour they ..
are very slow or they do not come out. y
11. Is carbon dioxide necessary for the assimilation J

of plants.—Fill a flask about three-fourths with water which

has been boiled and cooled so as to drive out all the carbon
dioxide contained in it. Place a small quantity of Vallisneria

or any other aquatic plant and fit the flask with a perforated
rubber stopper through which passes one end of a bent glass
tube whose other end is connected with an U-tube containing

/(/ fragments of pumice stones soaked in potash solution. Set . 9 1)
up a similar controlexperiment with water containing carbon i
dioxide. Expose both the apparatus to sunlight and watch
the regult.
RESPIRATION.

1. Evolution of carbon dioxide in respiration—
Ganong’ method.—Fit a wide mouthed bottle with a cork
having two holes. Push the tube of a thistle fupnel through I
one of the holes, until it nearly reaches the bottom of the jar
and cork its wide mouth, Insert into the other hole a short
glags tube connecting it by rubber tubing carrying a clip with
a J-shaped tube the shorter end of which is drawn to a fine
point, On the bottom of the bottle place a wet blotting
paper and a few Dolichos or Cicer seeds that have been
allowed, to germinate until the roots are about one quarter of
an inch lohg., Dip the J-tube to the bottom of a large test
tube filled with lime or baryta water and clip the rubber
tubing, Also set up a similar cogtrol apparatus without
geeds. After a few hours loosen the clip uncork the thistle
tube and pour water into it, 80 as to drive the gas out of the
jar through the J-tube from the fine opening of which it
will escape into the re-agent causing a precipitate,

«2, Sach’s method.—Place some quantity of germinating
seeds 1n a glass jar fitted with an India rubber cork pierced
by two holes and fitted with glass tubes. Connect the tube _ ,
on the right side with an agpirator interposing a jar or .y v
washing bottle (Drechsel’s) containing baryta water., The
left side must also be connected with a similar bottle con-
taining baryta water and this with a flask having a strong
golutien of KOH and a tube fitted to its mouth containing
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pumice stones soaked in the same solution, When water is
allowed to flow from the aspirator air deprived of CO, which
passes through all the jars and flask to occupy the aspirator
bottle. The hapyta water in the jar to the left of the
geedlings will remain clear whereas that interposed between
the aspirator and the seedlings becomes turbid and milky,

Set up another similar apparatus using pellets of paper
or seeds boiled mstead of seedlings as control, \

\ 11 3. Abgsorption of carbon dioxide by potash.—Take a

» ‘conical filtering flask having a lateral opening. Place some
gquantity of germinating seeds of Dolichos ov Creer on a* wet
piece of blotting paper insule the flask and introduce a test
tube half filled with a strong solution of KOH. Close the
mouth with a sound rubber stopper and attach a glass tube
to the lateral opening hy means of a piece of a rubber
tubing and wire ties. Place a beaker contaiming coloured
water (or mereury) 80 as to dip the glass tube into it and
warm the flask a little by the hand so that when the air
cools again the water may be sucked a little way up the
tube to a point which mav serve as the zero for obgervation,
The CO, produced by the germinating-seeds will be absorbed * .
hy the KOH and the coloured water (or mercury) will rige
into the tube m a few minutes or within an honr,

Also have a control apparatus with killed seeds or pellets” ~

of paper and note the absence of rise of the coloured water
in the tube.

N B.—Instead of seedlings young vigorous shoots may also be used
in the above experiments

.

4. Oxygen necessary for the germination of seeds.—
Take three tubes (U shaped or retort like) and three jars,
Place six soaked seeds of Dolichos or Cieer int one arm (or in
the bulb) and invert the tube after mserting a cork with a
wad of cotton wool soaked in water to keep the seads moist.
In the case of retort-hke tubes no cork 18 necessary. Fill
the jars to about half (@) with water () with solution of
KOH (¢) with pyrogallic acid solution 1n potash and place the
open ends of the tubes in the jars. Examine the seeds afte
two dayg-and note the result. (See fig, 22,
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}Jl ‘; 5 Quantitative study of the exchange of gases in

respiration.—By the use of the two tubes fitted in a
wooden frame the quantity of CO, ean be determined
volumetrically.  The narrow part of the tube 15 graduated
and each division represents ('2 c.c. Hang the tubes on the
wooden support so that the lower ends dip into water
contained in the vessels. Put some moist glasg wppl and
about 20 seedlings 'of Cicer or Dolichos Lablab indide the

Fre, 22 - -Apparatus to show that oxygen 18 necessargifor gdrm-
nation. .
Rotort-like tube with (1) pyrogallic acid, (2) caustie potash and
(3) water.

broader portion of the tubes. Ingide one of these hang a
small test tube filled with KOH solution. Suck up water to /
a cortan height in both the tubes “close the stop_cocks and
leave the apparatus aside.  After some hours or the next day
observe the change in the column of water in the two tubes.
In a day there may be a rise of about 20 to 40 c.e. of water
and this represents the CO, given off by the seedlings.

6. Intra-molecular respiration.—In water previously
hoiled and cooled soak a few seeds of Cicer fora few hours.
Peel off the seed coat carefully witnout injuring the embryo.
Fill a test-tube with mercury and mvert 1t 1 a small dish
of mercury by closing its mouth and clamp it to a stand.
Pass three or four peeled Cicer seeds into the test-tube
without admitting air and by means of a bent tube introduce
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some quantity of boiled water into the test tune to keep the
seeds moist, Observe the tube for one or two days and note
that it is about half or one-third full of gas. Pasg into the
test-tube some more water and a solid piece of KOH. After
gsometime the mercury will rise to the top of the test tube
due to the absorption of carbon dioxide by the caustic
potash. Instead of KOH baryta water may also be used and
the tnbe lifted above mercurv when the former solution will
rise into the tube and form a-preeipitate due to the presence
of carbon dioxide.

1. Passage of air through stomata.—Fill a small
wshottle or jar about 300 c.c. capz}eitv with water almost fully
and fit up an India rubber
cork having two holes.
Insert the petiole of a
Colocasia leaf  through
one hole keeping the cut
end below the level of
water. In the other hole
fit up a bent glass tube so
that the end of the tube
18 not. very much below
the cork. Suck the ar
through the tube and note
what happens. 4

2. Insert the petiole
of a Colocasia leaf at one
end  of a cyhndrical
straight glass tube of
about a foot long and one
inch in diameter fitted
with single-holed rubber-
stoppers to both the ends,

F1d. 23 —Apparatus to show the Wfter filling the tul')e with

" passage of ayr through the .va‘&er to about 9 inches.

stomata of a leaf Msert a bent tube into

the upper cork (see fig. 2.3)

and suck the air and note the result. Instead of sucking the

air, the tube may be connected with a suction tube attached
to a water tap and worked,

5-A
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3. Take a large bottle having a tubuiure at the bottom and
close the tubulure with a tight fitting rubber cork after pass-
ing the petiole of a Colocsice leaf through it, Fill the jar
with water leaving only a small quantity of air at the top.
Bung the neck with a rubber cork having one hole and insert
a three-way glass tube so as to have the inner end above
water. Counnect the outer end of the tube with mercury
pump by means of a rubber tubing and rarefy the air from
the bottle” Notethe bubbles.of-aiv rising ﬁmm the petiole of
the leaf when the air 18 so rarified.

4, Fill a Hask (500 c.c.? with, 300 c.c. of water and close
the mouth ith a rubber-stopper having a hole. Ins ot a

/‘ 4 7
= /
ﬁbzf"'

v -Apparatus to show the passage of air throughdhe
stomata of a leaf,

twice bent tube after fixing a leaf in its free end and filling
the lapger end with water to about three-fourths of its height.
Heat the flask until thegwater just begins to boil. Then cool
the flask, At once a stigam of bubbles will be seen to rige
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through the'water in the bent tube.  If the lower surface of
the leaf is vaselined no bubbles anse.

TRANSPIRATION.

1. Fit ap a potted plant of Dolichos Lablab into an
aluminium shell and close the pot with a rubber sheet as
shown inthe figure. (See fig. 25.) Seal the overlapping
edges with rubber solation 8o as to prevent evaporation and
tighten #t in the groove by means of the metal band and screw
Weigh the shell in the balane» and note the loss of water at
intervale of one hour (1) in shade and (2) in sunlight and also
from day to day for a few days and note the result.

. Fillina U tube with uneggal arms with water, tix a rub-
ber cork into the shorter arm agd msert a shoot of 7 oudr or

/"’wr \\
DS

= -
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Fi« 25 —Apparatus to Q: rnu e the amount of water
trsusplw ¥R plant

Uelic intoat.  Fill the longer arm of the tube with water ana
ix into it a rubber dork fitted with a twice hent glass tnbe
vhich is filled with water.. Add a drop of oil nto the free
nd of the tube and place the apparatus in a glass gessd
Cransfer the whole arrangement to a balance and deter !&m
it intervals the loss of water suffered by the shoot.
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3. Take a glass vessel (Calcium chloride tower) having a
tubulure at the bottom and fit a graduated glass tube nto it.
il the vvsgc-l with water and add a few drops of oil mto the
graduated tub(}o’ Pass a shoot of Teconna through a rubber
cork having onc hole and fix it into the neck. By means of
*he balance estimate the loss of water for every half hour due

o trangpiration and compare 1t with the amount of water
absorbed. (See fig 20.) ]

4. Fill a funnel with Plastep of Paris made 1mto a some-
what thick hquid by means of distilled water. Conncgt it by
ruhhtm’tubing with a long glass tube filled with water and

L16, 26 Apparatus to detem;fzp‘ the amount of water lost by
a‘twig by tfanspiration. “

keep the end of the tube under mercury.  After some time
mercury will 1se mto the tube owing to the evaporation of
water from the [unnel.

:'): Tie a piece of parchment to the -mouth of a thistlefunnel”
making it airtight. Fill the funnel with water and closing
‘he end of the tube with the finger invert it and open under
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mereury. Note the gradual rise of ygeEcury as a rocult of
sucgion due to evaporation of water through the parchment.

6. Connect a vigorous shoot of Tecoma or Melia abont 2
feet long with a glass tube and make 1t airtight.  Fill the
tube with water and closin® the cnd with the finger dip 1t
under mercury and withdraw vour finger leaving open the
end under mercury. As the water is used up mn tianspira-
sion mercury enters the tube. (Se,(x li‘, 27)

7. Allow a few branches
of Tecoma and Melia, to
“hecome= flaccid. Tnsert the
lower end of the eqt_shoat
into the shortir arm ot a
bent glass tube, fill 1t with
water and then pour mer-
cury mto the longer arm
In a few mnutes the shoot
will become turgid owing to
the pressure exerted by the
mercury on water, X

3. Potometer (Darwim
and Acton) —Fit up a perfo-
rated cork to the lower end
of the potometer tube, meert
a capilary tube nto 1t and
fill the whole with water.
I1x a branch of Zrconmia to
the openend of the bhent

b logse the other
¥i« 27.—Apparatus to show the Lu]ﬁ lm’? ? sk\'u ort the
suction power of transpiration ~ Witht a cork. - Sunp

apparatus with a stand and
leave the end of the capillary tube to just dip into water after
admitting a bubble of air into it. The rise of the bubble
serves as an index of the rate of absorption.

9. Fix branches of Tecoma or Melia or Mirabiis 1 the
other models of potometers (Ganong’s, Farmer’s and Mec-
Dougal’s models) placed before you and calculate the rate of
absorption of water in sunlight, shade, darkness and windy
places.
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10. Place the shoots of Tecoma, Melie and Mipabihis in
cosine and safrunine solution . Exaimmne the shoots at inter-
vals of 10 or 15 minutes and note the height to which  cosine
or safranine has arisen.  Note also the path of ascent of the
colbured solution. )

Instead of shoots seedlings of Dolichos Lablab or other
plants may be ased.

TURGIDITY.
Osjmsns. The a piccee of parchiment to the mouth of
i thlstl«' fannel and fill 1t with a golution of sodium chloride.
Keep the end of the tube in distilled water  contained in a
heaker and after some time test the water with silver mtrate,
A "white precipitate will be formued showing the diftusion of
the chloride through the parchment -

2, Osmotic strength of cell-sap —Place 1 distilled
water strips of the hypocotyl of Ricinns or other seedlings
split longitudmally, and atter sometime these carve outwards,
i.e., with the epideruns on thouwvv stde,  TE these strips
e placed i D per cent solution of common salt or potassinm
nitrate they straighten or become curled with the epdernmus
am the conyexside. A solution of a lower strength wall cer-
twindy keep the strip sttaight and this strength should be
onsudered as equivalent to the osmotic foree of the (M

3. Plasmelysis.—Examme the parenchymatous cells of
the leaf of  Oftelia, tilaments of Sporogyra or tissues with
radotired sap under the microscope and note the protoplasmic
layer  Irrigate witha ) per cent solution of potassium mitrate
w common salt and wateh the separation ot the protoplasm
from the cell-wall (pla§mglys1s) Again run i pare
water and note the retwrn to normal condition.  Also use
solutions ot difterent concentrations of  sodimin  chloride,
'r.uu"ﬁm.,\l and cane sugar and determine the strengths of

Jrese anlunons-m-cemn'v to mduce plasmolysis

ROOT_PRESSURE.

1. Cut acruss the stem ol o vigorous pot plant at about
wo inches from the soil and tie a prece of rubber tubing
tbout 10 can. Jong over the stamp. Insert a capillary
sluss tube after filhng the tube with water colopred red with
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eosine and tie firmly. Support the capillavy tube horizon-
tally by means of a cleft stick or stand.  Pinch the rubbor
tubing slightly so as to press some Hud out at the open end
of the capillary tube, and absorb
t  with  Dblotting paper. On
ccleasing the rabber” fubing air
will be drawn into the glass tube,
Use this bubble of air as an index
and watch the advance of the
coloured water.

2, Insteadd ot the capillury
glass tube, a manometor supplicd
by Bausch and Lomb  Optical
Instrument Company may he
used,  This will enable one Lo
measure  the  root  pressure
roughly.

3. IF o manometer is not
avaalable the picce of apparatus
suggested by Darwin and Acton
may he used.  Connect a T-tube
whose one arm 18 bent at the end
s0 as to be parallel to the other

rm with the rubber tubing con-

weeted with the root on one gide

Fig. 28 -Apparatust o and with the rubber stopper of

show root-pressure the bottle containing mercury on

1 Flower pot con- ) iher side. A narrow mano-

taming the plant. ..

9. Manometer tube.  meter tube is inserted through

the rubber stopper so as to reach

the bottom of the hottle.  The T-tube and the bottle should be
filled with water and the {op of the T-tube should be cloged.

GROWTH.

1. Growing regiop of root.—Select two or three seed-
lings of Cicer or Dolirhog with roots grown to ahout one inch
long and mark the roots with waterproof ink at very short
intervals. Keep the seedlings on a wet Dblotting paper
between fwo glass plates and leave the arrabgement to rest
arainst one eduze of'a trav contaming some water, After a
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day or two examing the roots and note where the lengthen
ing has occurred.

24Tie a cork on the side of a glass jar containing water
and pin a seedling of Canawvalict or Dolichos to 1t with the
root grown to about an inch long. Give cnough water
supply by means of a strip of blotting paper dipping 1 the
jar. Adjust the scale-pan againstthe growing root so as to
allow il to press into a sealed glass tube set 1n the cork which
is fixed to the pan. Observe the next day and note the
pressure with which the pan has been depressed.
+ 3. Growth rate of stem.—By means of a fine thr.ad
attach the tip of the growing stem of the potted plant to
the shorter end of a light lever whose long arm 15 about 20
‘inches long. Yix the lever to a stand and keep a scale
againgt a pointer. Since the lever arm to the right 1s ten
times as long as the other, the growth of the stem will be
magnified ten times on the scale. Combare the rate of
growth at night with that during the day.

HELIOTROPISM AND GEOTROPISM.

1. Experiments with the Klinestat.—Fix the young
seedlings to corks resting on a jar contwmng water so as to
immerse the roots, Keep one mn a fixed position and place
the other on the dise of a khinostat revolving on the vertical
axig. Ghve strong one-sided light and obscrve the position
of leaf, stem and root.

2. Keep one of the potted plant on 1ts side and attach the
other firmly to the klinostat revolving horizontally. Note
that the curvature takes place in one case but not in the
other. — 2

3. Pin a few seedlings of Qg_(,_)\ to the two corks in
corresponding position and fix them tothe two bars one of
which is fixed to the frame and the other s freely moveable
on pivots. Attach the frame to the khmostat and under-
neath the frame keep a dish of water in order to wet the
seedlings at every turn. Note the direction of growth of
the root and the shoot after three or four days.

1. Experiments with the centrifugal apparatus.—
Select six germinating seeds of Cicer with roots grown to
about an inch long and pin them in different directions to
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the corks of the wat@;,fwheel and on the gides not struck by
the stream of water. Keep the apparatus in a sink and
attach it to the tap by means of a rubber tube and allow
the wheel to revolve rapidly (2 or 3 times a second). Inthe
course of a day the roots will be seen to bend away from the
centre of the wheel and growing straight-away in the
direction of the radius and the shoot will point towards the
centre of the wheel.

2. Pin seedlings carefully to another apparatus of the same
kind and place it on its side so that the wheel may revolve
horizontally. Note the direction taken by the stem and the
root after a day or two.

3. Experiments with twining plants.—Rotate horizon-
tally on the klinostat a potted twining plant of Ipamoeas
which has made a few coils on the support. After a day or
80 note that the youngest turns unwind and straighten
themselves out.

4, Tie a fine thread to the growing tip of a twining plant
which hag already coiled a few mternodes roundmf)m)rt
and pass the thread over a hghtly running pulley placed
vertically over the plant. Hang a small weight (one gram)
to the free end of the thread just sufficient to support the
stem. Observe the next mormng that the terminal portion
would have formed a few coils which will ultimately
straighten owing to geotromsin.
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SECTION HL—CRYPTOGAMS.

SELAGINELLA.

A. Generahexternal characters.—
These plm*gw pretty plants growh in giecnhonses.
Note the general®habit of the plants, which vary according to
the species.

Obgerve that :—

(1) the profuse branching of the slender wiry stems
which oceurs in one plane in an apparently dnchotomous
manner but really monopodial ; e T

(2) the alternate pairs of small simple smgle vemed
leaves arranged in four rows; note that each’ pair conslsts
of a small dorsal leaf and a larger ventral leaf . -

(3) the long wiry and stiff cyhindrical organs (rh.xzo

hg:es) arising at the forking of the stoms and growing
vertically' downwards and producing roots i profusion after
penetrating the soil ;

(4) the terminal portions of hranches (cones) having
four rows of leaves all alike 1n size and shape and bearing
sporangia (sporophylls) .

(3) two kinds of sporangia.—The megasperangia
‘ound in the axils of the leaves confined to the base of the
jone (megasporophylls) and the microsporangia tound
n the axils of the leaves of the upﬁer portion of the cone
microsporophylls) ;

(6) the MNbed megasporangia with four large
megaspores and the microsporangia with numerous much
smaller microspores.

B. Internal structure.—
1. Stem.—Kxaminpe the transverse sections of the stem
md note—

(1) the epraermis with cuticle ;

(2) the cortex consisting of an outer compact portion
vith thick walled hgmhed cells towards the epidermis and
wn inner portion of thin walled cells :
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(3) the stele usnany surrounded bv an aWc
bridged over by trabeculae representing endodermis_con-
sisting of rows of cells; 1n some spegies the air-space may
not be very prominent :

(4) the pericycle and the phloem smrrounding the
solid central xylem ;

2. Examine some longitudinal sections of the stem and
note that the xylem consists mostly of scalariform
tracheids. 4 -

3. Structure of leaf.—Detach carefully leaves from the
stem and examine one under the microscope and note—

(1) the single vascular bundle, the small outgrowth
ov ligule at the base of the leaf on the upper side, (2) the
single large chlovoplasts in the cells and (3) the stomata on
the lower epidermis near the middle.

4. Structure of sporangia and spores.—Examine the
entire cone under low power and observe the position of the
megasporangia and microsporangia. Detach the sporangia
and isolate the megaspores and microspores. cither by
teasing or by pressure, and then note the shape and size of
these spores. Obgerve the thick coat and markings and the
three radiating lines 1n the megaspore,

ADIANTUM OR MAIDEN-HAIR FERN.
The Sporophyte.

A. General external characters.—

The maiden-hair fern is easy to obtain as 1t is grown in
almost every green house. Select a well-grown plant and
wash out the soil from the rhizome and the roots.

Observe that -

(a) the rhizome is creeping and horizontal, and is
covered by the leaves, the old hases of leaves, roots and scale-
hgirs (ramenta) the very young parts of the rhizome are so
completely ¥ invested by the ramenta that the actual surface
of the rhizome could not be seen ;

() the leaves or fronds of the current year are all
pinnately-compound and that each leaf consists of a main
leaf stalk and secondary ones, all black shining with numer-
ous cuneate pinne or leaflets,
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Note the gnite chwracteristic forked  venation and the
Tobing of the Teaflets. The veins branch quite regularly in
acdhichotomaons manner.

fe) The young leaves are erowded together near the
apex of the rhizome and they are in all stages of development
the voungest are mere coils without any stalk and the younger
have very short stalks, The apex of  the rhizome with
its young leavesare thickly clothed with the ramenta. The
coiled condition or the circinate vernation is churicteristic
of the leaves of ferns. "'"W ,

(«f) buds oceur at the base of some of the leaves and
these are not axitlary <

() the roots are numerons, hrownish black in celour,
monopodially hranching and in acropetal succession ¢

(/) the sort or groups of sporangia are found at the
back of the leatlet of mature Teaves,  The folded flaps of
the leatlets at their apices have the groups ol sporangia.

B. Internal structure.—

Cut transverse seetions of the rhizome and note that the
major part of it consists of ground tissue in which wre

F1: A icrophotggraph otra gansggrse section ot a stele mn the
;}".\ “rhizome of a fer@bplant.
i 12
imbedded 2 namber of vasceular  strands., 'l‘lwm"‘:nuls
s adgZout with a low power Jens.  Each of these
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vaeular strands correspon-t to o stele and so the rhizome is
polystelic.

20 Prepare transverse sections of the rhizome or of the
leaf-xtalk.  Scdeet a thin 2eetion and examine it under the
MICroscope.

Under a Tow power observe @ )

Y the epidermis with thickened  brownish  outer
wally ;

(0) the ramenta :

(¢) selerenchyma ;

() outer ground tixsue

() the vaseublu <trands or steles s and

(1) the central ground tissue,

J. Study un b high power a single  vascunuw strand.
See fie, 20), 1 consists of —

Fre o0 Microphotograph of a transverse scetion of the
root of Jldicntinm.

() a <harply murked endodermis made up of a single
Laver of cells with hrownish walls surrounding the stele,
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() the pericycle surrounding the vascular elements of

the stele,
(¢ the phloem next to the perxc\ cle, and
(d) the central xylem. e

4. Examine a longitudinal gection of the leaf-stalk
) , and note the parts of the xyKm and the phloem. Tlgg
L "“ 7 xylem consists of scalariform ..iracheids and smal,’g;i
. tracheids, and the phloem consists mostly of sieve tl@:f
Q“ &4 with sieve plates on lateral walls and paxench,*{%
5. Study the structuve of a ropt m a transverse ¢ f!?»
(see fig. 30). A transverse 4ect19ﬁ shows :— ?

e Py
w7 (a) the piliferous layer with or without 2 yﬁ%ff{g

o .tccm'dmg to the age of the r0ot, ,'/2 ; ‘,‘J* LA J'}
(b) a few large cells constituetinig the cort Y ‘_‘IZQ‘:{&,»
N J‘\ (¢) the endodermis consisting of a few I ,w'gwg -
7 rounding the stele, x”,,' A Z) !
(d) the pericycle consisting of a singl o4, PRI
(#) the two strands of phloem, and =~ ‘;g,, ;
. _ 8
,/76"\}\5 (/) the diarch xylem. oy ‘
. 6. Fxamine sections of leaves and note in them<§;
S

’

o A (a) the upper eprdermis with chloroplasts,
y - +#) the mesophyll consisting of star shaped cells with
A (,hloroplasts inside and with air spaceg amongst the cells
“ outside, v
(¢) vascular bundles, and
(d) the lower epidermis and the stomata in them.
{,? 7. Sporangie and spores.—Cut vertical sections of the
-\ _ folded flaps of the leaflets in which the sporangia are deve-
loped. On examining these gections sporangia in different
stages of development may be seen. Instead of taking
sections the sporangia may be teased out and examined,
Select mature sporangia and observe that—
(@) the sporangium consists of a stalk composed of a
s, row of cells and the spore-case or capsule containing
"¢ spores, —
(h) the spore-case is lenticular in shape and possesses
a wall one cell thick all flat and thin walled, except those
forming the or annulus round the edge whose inner
and lateral walls abe thicke&ed ; the annulus extends from the
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stalk on one side over the edge to half wav down on the
other sude of the capsule,
(¢) the spores are wside the spore-case and that they

/\ have cutimsed thick walls.

;’

Mount some intact 1mpe sporangia m water and cover

f them with a caverslip.  Place a drop of strony glyeerme near

the edge of the cover glass and draw 1t in by means of a It

of filter paper at the opposite side.  While doing so obserse
the dchlscence of the <pomngmm under the mier oscnpe

The Gamegophyte or the Prothallu(’ "’(JJ

Fern prothallia may be obtamed from terneres where
they will be abundant on the flower pots or on the ground.
They may alko be raised from spores by sowing them on
sterilised bits of tile or brick kept sloping i a vessel of water.
Prothallia make their appearance m about tour or five weeks,

1. Secure a well developed  prothallus aad study ats
oxternal features,

Note—

(er) 1ts flattened torm, obcordate outline and the notehed
anterior end in which the growing point Hes,
(b) the green colour,

. (¢) the smooth upper surface and the lower surface
hearing fine rhizods.

2. Examme a prothallus under the microscope and
observe :—

Tr- (@) 1ts thin marginal portions consisting of polygonal
thin waled cells contaimug chlorgplasts ‘a(ltlition to pro-
. L toplasm, nucleus and cell:sap. Ca e )
s () the cushion formed of several layers of cells,
(¢) the rhizoids or unicellular prolongations on the
lower surface which fix 1t to the substratum,
(d) the growing point in the notch at the anterior side,
(e) antheridia on the cushion on the hider side and
. laterally amidst rhizowds, and
(f) archegonia near the growing pomt on the cushion.

3. The development of the antheridiy and antheyozoids
and of the sporophyte from the urchegonia can be studted by
selecting prothallia\ of different ages. Old prothallia show

K i
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o p
§ AL



84 , PRACTICAL BOTANY

.the gporophyte still attached to them. The parte of;;a verf
voung sperophyte still eonnect:edwifhmmﬁhn&!waré"cl&rly
#own in fig. 31, )

Fi6. 31.—Section through' a protnalius ana a young sporo .
‘ From a section prepared by Dr. M. A Sm1pathkunmrm ,

MARSILIA OR WATER-'FERN
1. Secure plants of either Marsilia minuia or M.
woromandelica.  Both these species flourish in wet places
gsuch ag ditches, corners of paddy fields and margins of
ponds. Note the general habit of the plant and its vegetative
. parts, namely, the glender creeping stems, leaves, roots and
i 3’)0:00&??3!
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2.0 Seleet a well developed phint and observe the mode of
branching.  The branches do not arise vegularly from the
ixils of Teaves,

3. Cut transverse =ections ol the stem and selecting a
section that ix entive note under Tow power =

“u the stele,

" the cortex with air spatces and trabeculie separating
the air spaces, and also the 1li;;|»ln':|_um stretehing across the

Ar eavities in some cavities, and

the endodermis,

G 520 Microphotograph of s transverse seetion of astem
of Marsilia,  (Low power))

1. Prepare a thin seetion and under high power obs rve: =
Yoo the two lavers of the cells forming the perip heral
part of the cortex,

“hithe air spoces separded by the gabecealiv of one

cont) act inner portion of the cortex having no

the encdodermis —bhoth the inner and the aonter, andd



bl PRACTICAT, BOT AN,

(¢ the =tele consisting of xylem surrounded by the
1hiloem.
S Kxamine @ transverse section of the stalk of the leal
and note ;-
(e the cortex containing air cavities,
(h the endodermix, and
o the stele consisting of xyvlem swrvonnded by the

phloem.

=

Fra. 330 Microphotograph of a transverse section of a stem of
Marsilia, showing the centeal portion. (High power)

6. oo leal note its fong stalk and the two bilohed oppos
site lenves simulating four leaflets. Note the eharacteristic
yenation in the caneate leatoets,

ST The sporocarps oceur at the base of the stalk.  They
are somewhat bean-shaped and very firm and hard when
ripce.

Cut the sporocarp both length wise and breadthwise at right
angles to the plane of the sporocarp and note the chimwnbers
and the sori in them.

S, Place in water a few sporocarps and watch them.  In
about lifteen Lo twenty minutes they hurst and a gelatinous
stalk bearing sporangia gradually comes out. Fully ripenced
sporangia aone should he used.
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Even old sporocarps preserved on herbarium sheets or in
spirit show activity. Before placing in water the sporocarps
should be scraped at the sides and faces to a slight extent,
otherwise they do not burst.

9. Tease out the spores from the gsporangia and note the
difference in the sporangia and the spores. The larger
spores are the megaspores and they are found singly m
the megasporangia. The mlcrosBores are smaller and
numerous in each nucrosporangia.

10. Leave the gelatinous stalk bearing the sporangua
water for a day or two ';mdvexaminé; the spores. They would
have germinated. In the megagpore the prothallus will be
seen as a green mass protruding out and 1n its proximmty a
large number of sperm-cells will be found in the gelatinous
mass above the green prothallus. Numerous rhizoids may
also be seen at the sides of the prothallus -

LYCOPODIUM.

1. Secure specimens of Lycopodine cevnurim.  Observe
and note the general habit and plan of the plant body.
Clompare the plan with that of true ferns and Selaginella.
Are these characters concerned with the stem or leaves
which distinguish Lycopods from the other Pteridophyta
already studied ?

2. Note—

(@) the shoot system consisting of much branched stems
that are tough, flexible and creeping ; some branches are
creeping while others are ascending,

(4) the roots on the lower side of the stem springing
from the point of branching and also from other parts and
their dichatomous branching,

(¢) the very small narrow leaves crowding and cover-
ing the creeping and erect branches, and

(d) the cones at the ends of some of the erect branches.

3. In the cones obserVe that :—

(n) the leaves hear sporangia in their axils,— one
sporangium in the axil of eachi leaf (sparophyll), *. .y &
(b) the ripe sporangia open by slits, and -5

(¢) the spores are all small and of one kind (homos-
porous).
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4. Examine the spores under high power and note —

(«) that the spores are round and tetrahedral in shape,

() covered with verv minute projections externally,
and

(¢) that the spores cannot be wetted by water.

The prothallia are buried in the ground completely or
partially. They remain 1n an active growing condition for a
ygar or more. The sexual organs archegania and antheridha
mf borne by them. ﬁ’l’l ~“

BRYE
BRYOPHYTA.
Pogonatum or Funaria.

As examples of mosses, species of Pogonatum ov Funaria
may be examined.
1. Secure some plants of Pogonatum and observe in well-
grown specumens —
(¢} the erect unbranched stem attaiming a considerable

length,
N (h) the leaves covermg the whole of the stem, and
k¢ (o) the dense mat of rinzoids.

It must be remembered that the leaves and stems of a
moss plant cannot be compaved with the leaves and stems of
the flowering plant. The mogs plant g the gametophyte and
the flowermg plant 13 the sporophvte. ) {fw’:

2. Mount a leaf and examme 1t under a low power.

Note—

() the general shape of the leat,

(0) the two portions of the leaf, namely, the basal
\:@heathmg portion of the leaf and the upper free portion,
w2 (e) the serpated margin, and the somewhat thickened
mddle portion of the narrow hinear or linear lgrlggglm,e
upper free portion of the leaf, and

(d) the basal portion which is thin, membranous and
consists of one layer of cells only.

3. Take transverse sections of the stem and note in a thin
section under the low power the following :—

() the peripheral region consisting of thick-walled
cells, with brownish cell-walls,
(&) the central mass of yellow-walled cells, and
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{c) the central portion consisting of a few layers of
small cells with brown walls and protoplasm surrounding
the central mass of cells that are slightly larger and free from
any contents and hence empty.

'y 4. Select plants bearing anthepidia. Such plants are
l> made out by the cup-like vogeftes of leaves at the apex.
Detach the starlike apical portion of the stem and dlS‘i(’Ct 1t
and note .-— PR
(w)y-+he perigonial leaves, R
() the parayhyses, either simple narrow filaments or
L )Q spathulate, }
() the club-shaped antherihia rising from the axils of
the perigomal leaves, and
P (d) the short stalk and the club-shaped body of the
" antheridium consisting of a wall of one layer of cells enclos-
ing mothee -eells of sperm cells or sperm cells themselves
according to the stage of development
3. Choose some plants bearing archegonia and by teasing
the apical portion of the plant several archegonia may he
detached. Select one and note n 1t :—

/

(1) the neck, .
(0) the ventral portion, L 9) ol _—
- (¢) the canal cells, and & ¢

Al (d) the ovum or the egg-cell.
The plants bearmg archegonia 1 Pogonatum ave not so
common and easy to detect as the antheridha bearing plants.
They occur only in spring and summer and so they have to
be collected then and preserved. ., o
6. The sporogonium or the spore capsu‘lema) be seen at
the apex of plants. Select some plants i which the sporo-
gonia are not very ripe and note .—

ﬁ, @ 2 i oy
" (n) the erect stalk or seta bearing the spore gase or
<theca. Y _7 £

}J‘

-

, (b) the hood or the calyptra covering the theca, ..
(¢) the lid or operculun closing the mouth of the theca,
(d) the membrane stretehed across the mouth of the
theca and closing 1t (epiphragm) and the 32 teeth forming
) the peristome attached to the membrane, and
Te) the spores inside the theca.
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In case Pogonatum 1s not available Funaria hyyrometrice
may be substituted as this 18 a widely distributed common
species. Tnig moss can easily be recogunized by the cal_y_p,tra‘
which 18 obliqﬁ?'and tipped with a progess and the seta
bent at the top just below the sporogonium.

1. Select a well-grown plant and detach the leaves from
it andnote that they are sessile, oval and with entire margins
and that each leaf hasa mudmb m the centre and simgleavered
on either side.

s e Funaiw hygrometiea, 1 Full plant, 2, the sporogamwu
1th 1ts hood, 3. sporogontum with the hood removed W, hood
or calyptia.
+2. Choosing some plants having the starlike ‘‘male
flower ” at the apex, tease out and note, the paraphyses,
leaves and the antheridia.

3. To examine the archegonia tips of shoots which look
lhike buds should be obtained. Bv teasing these archegoma
will be detached and they may easily be examined and the
parts made out.

4. Select’ plants bearing archegonia and note -~—

(«0) the stalk or seta bent at the top,
(#) the theca or the sporangium, pyriform and obligue,
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(¢) the calyptra or the hood which is short and oblique
with a slender vrocess on one side, covering only a portion of
the capsule,

(d) the oblique lid and the mouth,

(e) the peristome-consisting of two series of iriangular
teeth, sixteen in each series,

(f) the small disc of tissne connecting the teeth in the
centre, and

(¢) the annulus which 1s reddash.

4 ~ .
g 4o e Y4 Wt YA ‘)"L:pr"""‘f

Fra. 3h—Funaria hygrometrica 1, Leaf.’ 2 Peristome 3, A
portion of the peristome thowing the teeth  (All magnified Nd

LIVERWORTS.

Marchantia polymorpha
In fresh specimensof this plant observe the general habit,
the way in which the thallus grows und elongates and the
repeated forking of the branches,
1. Exannne a portion of the fresh thallus and note . —
(a) the dorgiventral character and the flattened form of

the thallus, o
, (#) the difference i colour hetween the dorsal and the
ventral surfaces,, , .», P

(¢) the prostrate position and the wavir margin,

(d) the dull green upper surface showing several
diamond shaped areas with a distinet pore (stOﬂQ appearin.
as a small dot in the centre of each of these areas,
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(¢) the growing apex in the terminal depression and the
midrib marked in older portions by a shallow groove, and,
(f) the small civcular cups with crenate  marging

;6 contaimmg gemmze

!

JRNEN

R
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2. To stud_v the appearance and structure of the lower
surface, the thallus should be washed well without njuring
any part. Take a Mt of the thallus and after washing 1t
examine 1t and note :—

(1) the numerons rhzowds springing maimlyv from the
midmb, and -

() the scaleshike structuves called amphigastria,
These may be casily and elearly seen near the apex of the
thallus.

3 Cat verhical sections and selecting a thin one which 18
entire note —

{«r) the superficial laver consisting of one laver of snrall
cells,

(h) the pores or stoma n the superficaal layer consist-
mg of tiers of small cells s surrounding the central cavity and
the air casities,

(/) the rows of oval cells sontaining chloroplasts spring-
mg from the floors of the air cavities : 1t 1s these ar cavities
that appear as diamond shaped areas ;n surface view,

(d) the vertical plates of cells by which the superficial
layer s attached to the subjacent layers ot cells,

(¢) numerous layers of cells with sparselv scattered
chlompllmstq or without them, and

() the outermost layer of cells forming the ventral
gurface, hearmg rhizoids and amphigastria.

4. Sexual organs are not commonly yfound on plants on
which cupnles are numerous. Gemmie are formed during
autumn and sprme while the sexual organs occur only in

L/ summer. Plants in the sexua) stage are easily recogmzed as

.

AN

these organs are, ])ome by vertical branches, These branches

* . bear exther ahthondia alone (antheridiaphore) or archegofifa

alone (grchegoniophore) and both kinds of Nas never

o v uméar on the same plant. Ty

ﬂncure plants having branches bearing termmal disks
with erenate margms. These are antheridiophores having
antkeridid sunk i the disks on their upper surfaces,

w},

-

2 )
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Cut sections through the terminal disk, examine the
,/ sections and observe :—
NN (@) the air_cavities similar to the cavities seen on the
dorsal sude of the prostrate thallus as diamond shaped areas,
(b) the cavities which are flask-shaped in each of which
is seen an antheridium occupying the whole cavity,
(¢) the wall of the antheridium conmstmg of one gingle

laver of cells, and 7
(d) the sperm mother cells or the spor(ns accpnlm;. to N
the stage of development) within the antheridia. v’
Branches bearing the archegonia look like a terminal star
| at the free ends of the slender stalks. These star shaped
“ bodies vary m dameter from } to 5 an nch. In each of
these bodies there are nine radiating arme, e
N ecns
('ut sections both horizontallv and vertically and hy
examining these sections obhserve - — /PU'\“ YA
(@) the archegonia in vonny ones and the sporocarps m 2.
olil ones, and - - !
(h) the general structure of the hmbs,
J. Detach trom mature female receptacles a few sporo- ‘Y
¢ gnma (ov %])O]Ql)ll,'tes) and note in them — K T
iy () the peggymum or the loose covering. ; .

(I; the sporogonium and 1ts calyptra, -,

\°] " () the massive comcal seta or stalk, and " ) 'l’_L l‘\i
(d) spores and e‘aters msiude the sporogonium or (7
capsule ‘21\
ALGE—
Pleurococcus.

As an example of Alge of the simplest structure, we
may study Plewrococens, which forms green patches on walls,
bricks, flower-pots and barks of trees,

1. Scrape a little of the green powder from a wall or the
bark of a tree, and mount et on ashde in a drop of water,
and then examine 1t under a low power of the microscope.

Note that the powdery stuff consists of cells, some
igolated and free and others aggregated in groups. The

- calenies of cells occur as the result of active cell division
and the aggregation of cells is only temporary, As division
and growth continue the cells get separated.

Cra s
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2. Examine an isolated free cell under a high power and

2

note :— v}
(«) the well defined cell.wab, ' ey,
N (1) the lobed and perforated cth, n
o7 (¢) the protoplasm, and .
°, (d) the nucleus.__——-{ ¢+
On mounting these cells 1n iodine or chlorzine iodine

their parts become clearly visible. o
Chlamydomonas. {5, \»*".’”

Sometimes the green colour of water in ponds, puddles and
ditches is due to the presence of the plant Chlamydomonas
in large numbers.

1. Mount on a slide a drop of water containing Chlamy-
domonas and examine it under a low power of the microscope.
Note :—

(«) the small green bodies running in all directions m
water,
(b) the differences in the rate of motion of these bodies,

rd

and
(¢) the few stationary spores
2. Select an mdividual plant of Chlaniydvinonas at rest
and note under a high power :—
() the singl?é‘ﬂl composing the individual and its
pear shape,
(0) the cell-wall,
v (#) the two cilia at the pointed end,
(d) the bell-shaped chloroplast open towards the
.anterior pomted end or the beak,
“' () the pyrenoid embedded m the chloroplast at the
broad end of the cell,
(f) the nucleus lying in the protoplasm within the
chloroplast at the broad end of the cell,
\ (y) vo;g_ligle at the beak, and
f 9 (/) the eygzspot, ared dot of pigment lying on one side
just behind the vacuole.
3. Sometimes Chlamydomonads may be found in their
;resting or palnIellgi_ngondition.” That is te say, the plant
comes to rest, loses 1ts cilia and eye-spots, and the cell-wall
swells and becomes ml}cilalinous. 1thin this mucilage the

.
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cell hegins to divide very actively and the cells remamn ! e
aggregated together. These cells escape and become lmml/e/ .
on the occurrence of favourable conditions,
'vv 4. This plant varies in its mode of reproduction, according
-V to the species. It isasexual or sexyal according toits nutritive
Y conditions, When the supply of food material is abundant
asexual reproduction 18 the rule, and under starvation

LN

N conditions sexual reproduction occurs. S
! () Tf these plants are placed m culturg solutions sueh)d' ¢~
as Knop's or Crone’s and allowed to grow, we not mfrequently

/ 1\ find a large cell gontaming four ovaid cells,  The contents of A
L Jhe coll beeome disided mto four ovoud cells by cell division,
© .~ These four mmer cells sooner o1 later begin to move within
the lavge cell and they finally escape as complete chilamvdo- -+ .7
monady, 1 all respects hike the parent. Thiss the usual
asexual mode of reproduction.
(#) In some species the contents become divided nto -
o number (32 or 64) of small equal sized b_.gﬂmte » v
~€‘ zoogametes. These zoogametes {use m pairs and  the
resulbimg-<«ygote acquires a thick coat and vests tor o e, ]
The szygote germmates and the protgplasm hecomes sub- 5+
v vaded tato 4 or 8 mdividual cells, and cach of these develops  ~ ¢
walls and ¢ihia and become mdependent mdiaduals. s a L
/" general rule the gametes that fuse together come from ~ e
s difterent individuals. K :
B (0) The z0 zoogametes that are {ormed m certan species ) '
are of two sizes, some smaller (micr ogametes) others larger ¢
(megagametes) Fugion takes place between the mega- oy
»/‘) and micro-gametes. 2
When chlamydomonads found growing in calture solutions

are transferred to distilled water, zoogametes are formed.

W

v

’; pr.togyrg.
,,;V“' ! Yilaents of sprrogyra commonly occur as freely Houting

wasses of bright green colour in low-lying waters of tanks,
ponds, puddles and running streams. The filaments are slimy
Vv to the touch and unbranched
] 1. Mount in \\mter on a shde filaments of thus mfmt and
examine them under a low power. Note that the filaments
are simple and unbranched, rounded gt the extremeties, and
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partitioned off into a number of relatively short cells by
** transverse septa ; that the filaments arc not all ahke some
" being thick and others thin ; that spirally cotled green bands
are found in each cell in all the filaments, but they vary m
size and number accorcing to the species. .
2. Select filaments that are thick, mount them and
examine them under a low-powel and obgerve :—
. (@) the mdividual cells, J N fj
(7) the spiral green lmmls of chloroplasts, - L
Y {¢) the longltudlml cell-wall ind the transverse walls " e
~ 1 or septa dividing the filangnt mto a row of cylndrical cells,
(d) the protoplasm & /
() the nucleus. : A%
3. Examine a single cell of a hlmnent undcr ahu, Mp,gm(r
of the microscope and note :—-- == " ~= - L N
() the thick outer longitulinal cell-wall, —
(1) the disc-like septa or transverse walls which are
continnous with the outer wall.
(¢) the thin contmuous film of fine graned protcplasm
Iying within the cell-wall,
(d) the spiral bands of chlorcplasts mbededed in the
% o pnmordlal utricle,
s (¢) The serrated edges of the hands ()t chloroplasts />
’ and the refractive bodies (pyrenmds) found in the muddle of #/ 7'
the band at regular intervals, ™
(/) the large central vacuole containing the colourless # \9
) cell- ell-gap, and R
W0 (g) the strongly refractive nucleus Iying m the contre \
of the cell and surrounded hy a layer of protoplasm from 7 «
which-proceed fine radiating protoplasnpc.theeads, L Jb”
In the filaments in which the green spival bands are close
together, the nucleus of the cell is nol easily seen, hut in
those in which the spirals are farther apart the nueleus is
visible, If the filaments are mounted, after bleaching thew
in aleohol, in iodine or chlorzine iodine the nucleus hecomes
very conspicuous,
4. Sptrogyra reproduces itself both vegetatively and sex-
ually The filaments break into segments and these segments
develgg into filaments by cell division, and this is the asexual
meth

a3
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»' 3. For the study of the sexual mode of reproduction or

'7

.9

,
4
)

i

’
14

o

;¢ conjugation as it is called, obtain filaments in different
stages of conjugation and cxamine them. Observe the
different stages mentioned helow ,— (N

() The cells of filaments opposite one another put ong _

» rounded projections or processes, which meet ;

() the wall at the pont of junction is absorbed, so that

L
Jthe two opposed cells hecome contiguous by a transverse

conjgganon tube : -

(¢) meanwhile the contents of the two cells become
rounded off, one (male) doing so earlier than the other
(female) ,

{d) the*protoplism of the male tilzmwlﬁ»kﬂuhr«mgh
the central canal arid coalesces with the prntof}lasxi] m the
female filament to form she zygote :

(¢) the zygote, surrounds itself with a thuck stratified
cell-wall which 18 smooth, or shows various markmgs of
the surface according to the species,

Botrydium

Botrydnon is of cosmopolitan distribution, Tt grows on
damp claygy soil.

L. Get, if possible, fresh gpectmens and with ¢ lens note
that an individual plt\tnt CONSISES of a green balloon-shaped
aerial portionand of a wolourless underground part consisting
ot dlchotomoml\' bratching rhl/m(ls The whole plant, is
really a smgle anl-nncleaLed cell The protoplasm con-
tdlllb numerous chloroplasts 1n the part exposed to light.

2. Mount an individual plant freed from mud on a shde
mul note the cell-wall, protoplasm and the chloroplasts
imbedded m it. The nuclei can he made out ouly with
difficulty by staining them either with idine er other

, nuclear stains.

3. Reproﬂgl;xction 18 generally by means of zoospores
produced 1n large numbers by the division of the contents.
These escape by an opening at the summit.  Kach zoospore
has a single cilium and contains two chloroplasts.

Sometimes, the protoplasm recedes inte the underground
rhizoids and gets divided into a number of resting svofeés

t i '
[N A

{

]
‘

20
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The contents of a rhizoid may also get to the end of the tube
and these become transformed nto one single large resting
spore covered by a thick, cell-wall and mucilage. Such
gpecimens were collected by Mr. M. O. Parthasaradhi
Ayvangar of Madras. Occasionally l)lﬂ“_}_}g occury in the
halloon-shaped aerial part and the budded part developes
into an individusl and gets separated from the parent.

Ulothrix.

One of the commonest filamentous algwe oceurrmg mxed
with other alga s the Ulothrer.  These are found attached
to leaves and stams of other gquatic plants or to filunents of
other alge or even to stones. This 1, however, not so
commonly met with as spiroyys .

1. Mount specimens of Ulothrir on a shde and note —

(1) the rows of short cells fornnng the simple un-
branched filament,

(») the protoplasm, and

(¢) the band-shaped chloroplast.

2 The process of reproduction may be observed 1n
Ulothir when it is brought into culture  Both asexual and
sexual reproduction occur in this plant.

The protoplasm 11 a cell becomes transtormed into one or
two zoospores with four cilia. These escape through a
lateral opening formed by the absorption of the cell-wall,
After moving abeut for sometine the zoospore comes to rest,
germinates and developeb into a filament. This 18 the
asexual mode of reproduction.

T'he contents ot a cell mstead of developing into one
or two zoospores break up mto a large number of biciliated
zoospores, which are incapable of developing into Ulothsir
filaments by themselves. They fuse in pairs and the fused
mass is capable of giving rise to a filament. Hence thesc
small zoospores are of the nature of gametes (zoogametes),
The fused mass 18 a zygote. This 1s the sexual-method of
reproduction and the zeogametes are both alike (isogamous).

Qedogenium.
Several species of Oedogonsgum occur in ponds, puddles
and in rupning water. All. the species are alike in the



OEDOGONIUM

=3
=

vegetative part of the filament, which 15 sumple and un-
branched. There are differences m the distribution of the
sexual organs and 1n thewr lite hstorv.

1. Mount some filaments of Oedogonniom in water and
examme them under a low power and note -—

(«) the unbranched long filaments, of uneven thickness,
tesminated at the apex either by a rounded cone or by
an attenuated process, and the wregularly lobed dise of

. attachment at the hase of the filament,
o\ () the septa dividing the filunent into a series of cells
‘3 with green coloured contents, and

(¢} the transverse stria or septa oceurring elose together
at the npper ends of some cells—the socalled * caps.” o &

2, Examme the cells of the filument under a hign power
and note i— ’

, (@) the colourless protoplasm. = ° 4
SP S (b) the parital reticulated protoplast with large
pyrenoids and starch graws,
() the nucleus,
(d) the vacuole,
, (¢) the cell-wall, and the transverse septa and the
;‘b «“ cﬁps- 12
3. I specimens are examined 1 the morning formation
J"" of the zoogpores may be seen,  Onkeeping plants in Knop's
or other enlture solution Gveak—01 or 072 per cent) in a
colil place and raising the temperature of water to 15°
or 16° C, zovspores appear in a day or two.

The protoplasm m a c. 1l contracts and escapes us a
motile pear-shaped zoospore, through the slit formed by
the rupture of the transverse wall of the cell.  The anterior
end of the zoogpore is surronnded by a {rnge of eilia,

. 4. The sexual organs are cawv 1o see in this plant. The
') female gameses or the Qogomnia occur as rounded hodies 1
spherically enlarged cells of the filament. In some species
oogonia only occur in a filament, while in others oogonia as
well as the male gametes (antherozoids) are formed in the
game filament,

Tho male gamnetes or antherozoids are formed in cells
that are smaller and shortsr than those of the ordinary
vegetative filament. The contents of each of these cells

« I
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(antheridia) become divided 1nto two parts, which without
further division become transformed to two motile bodies
or antherozoids, similar 1n form to the zoospores but
smaller.

The oogonia may occur singly or in rows of two or more
in the same filament,

3. In some species of  Oedogorinm what  are  called
“dwar{l_male plants” occur on or near the oogonia hear-
mg cells.  Antherozoids are formed in these dwarf males and
they escape and fuse with the oogonia,

The dwarf male plants develop from androspores which
are mtermediate 1 size between zoospores  and  the
ordinary antherozoids, The androspore swims about and
then settles down in a place by it clear c¢iliated end and then
changesinto dwarf male plants  The androspores are formed
m short cells appearing m female filaments either singly’r
in chains.

FUNGI.
Rhizopus Nig

Place under a bell-glass m a moiwst chamber picees of
moistened bread. Affer two or three days a white floccule nt
mass with a col=webby appearance forms on the pieces of
bread. This flaffy mass 18 the vegetative portion or the my-
celium of a fungus. In all probabihty more than one
fungns may appear. but the first to appear ig the fungus
Rhuzopus nigraans. This plant can easily be made out
hy the out growth from the mycelium of crect sporangt-
nphores. each bearing at 1ts tip a small hlack head. If the
bread 15 kept under the bell-glass for a long period, the
Rhezopus fungus is succeeded usually by the bluish green
Pearcillinni with short conjdiophores, like miniature paint
hrushes, and then by Ewrrotrum (dspergillns) which is
rather like Pmuvillion but with larger and longer conidio-
phores bearing globular cluster of chains of conidia.

1. Take a small pece of bread on which Rhzopus is
growing and examine 1t with alens. Note that the cob-
webby mass or the mycelium really consists of fine cylin-
drical threads or hyphe, rtnning in all dircctions, some
pepetrating the substamce of the bread, others crecping
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horizontally and a few growing ercet and terminating in
black heads.

2, Pick up some portion of the mycekuin, rather
carefully, without damaging the hyphae and tease 1t out
gently on a slide i water and cover 1t Observe first under
a low power and then under a high power the following
Charactenistics of the mycelium :(—

(n) Some of the hyphae of the myeclium creep along
on the surface horizontally, and these are somewhat thick
and without any transverse walls.

(5) From these pimarv filaments branches avise and
these grow mto the substance of the bread and rvamfy ‘
through 1t 1 all directions.  These hypha also are unseptate
and thev are thimmer than the primary hvpha, These thinner
branches penetrating the substratum branch repeatedly and
beeome finer as branching proceeds.  In fact the whole of
the myechum congsists of unseptate hyphe, and  hevce
coenocytic.

(r) The epeet hyphe ave alsothick hke the ereeping
primary ones and are sporangiophores. A

3. Mount a it of the mveelium of fresh Rhrzopius m
water on ashde, and after noting that the protoplasm is
close contact with the cell-wall run in salt solution. This
will canse plagmolysis of the protoplasmie hiing, thus
making 1t wvisible,  Tf 1odine solutior 18 run m the
protoplasm stains brown

To make out the numerous nuelar the myeehum should
first be fixed and then staned with Delafield’s haematoxylin,

1. Cut off a number of ercet branches with sporangia n
different stages of development and mount them carefully m
aleohol wilh least damage. Note—

v (@) the eylindrical sporangiophores, cach termmated by

() the somewhat rounded sporangium,

() clear space.or the columella within the sporangjum. ;

By cxamining anumber of sporangiain different stages of
development ohserve the points mentioned helow ;—

(n) The free onds of the erect hypha hecomes swollen
and a cross-wall is formed below the swelling cutting off the
swollen portion (sporangium) from the rest of the hyphae,



102 PRACTICAL BOTANY

(0) the enlarging of the sporangium and the bulging of
the cross-wall into the cavity formang the columella.

(r) the formation of spores, and the mucilage mside the
cell-wall ot sporangia, which when mature have. radiating
crystals of caleium oxalate.

Select a mature sporangium and mount 1t carefully n
alcohol  Run m water and observe the sporanginm under
the microscope. s the water gans access to the sporangia.
they burst saddenly and the wall breaks up into fragments
and the spores are set free. The bursting is due to the
swelling up ot the mucilage by the absorption of water,
The dense contents of the sporangia consist of spores and
mucilage.  The columella is seen as a clear space

3. Rlazopus wgricans dso reproduces itself by incans of
gexual reproduction, but it does so only rarelv.  When ot
occurs it 18 as detaled below,

When the hyvpha of two mveeha having quite «listinet
origins growing mn the same mediwm come into close proxi-
mity to cach other, short club shaped branches arise  some-
times on  the adjacent hvphae and  grow towards each
other. When thewr ends come mto contact, a transverse
cross-wall develops in each, cutting off the protoplasm from
the rest of the branch. At the point of contact the wall
digsolves and the protoplasm at the ends fuses. In the
dilated ends of the hyphe there are many nuclei before
fusion, and these nucler fuse m paws from the opposite
branches

The mycehia growmg from spores origimating from the
same sporangium will not unite, but fusion occurs between
two distinct strains cultivated together.

Penicillium Glaucum.

This mould 1s casily recognized hy its blue green colour.
When young the mycelia appear as white patches, and as
they grow hecome first pale blu&*and then dull green, the
change of colour starting at the centre of the patch and
gpreading to the outside.

1. From a growth of Peawicillinem on moist bread isolate
a portion of the myealium and m>unt it in a drop ot aleohol,
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add a drop of water and cover. Note that the myceliun
consists of : — ;

{a) horizontal and creeping hyphae,

() submerged hvpha growing mto and penetrating
the bread i all directions,

{¢) erect hyphw developmg mto conidiophores.

2, Examime under a high power and make out the
tollowing features of the mycelinm.

(1) The myeelium consists of separate hy phe.

&) The comdophores are non-septate, and cach of
these bears at its free end a cluster of comdia, gome of which
will have hecomne detached and will be seen in the water,

(¢) The hyphae of the whole my celium are umtorm 1w
thickness.

() The conidiophore 15 an unbranched shaft bear-
mg five or six oy hndreal segments. These support other
branches which give rise to lateral branches, which i their
turn may again branch, Al the branches thus formed finally
arrange themselves parallel to one another and sertical to the
mycehum.  On the termmal segments of this branch system
hottle-shaped scgments (sterigmata) are tormed.  From the
tip of each sterigma a mmufc globude or conidium 1s form-
ed. Another one forms pushing up the first. By a repeti-
tion of this process chains of conidia are formed from the
tips of sterigmata.  The older conudia forming the outer end
of the chain have a blue colouration 1 their walls which
confers the characteristic blue colonr to the mould when
seen with the naked eye.

3. Peweedlnin resorts at times to sexual reproduction,
T'wo short branches arise from the mveelinm and these coil
rognd one another <pirallv.  From this coil short branches
(agcogenous hyphe®) crow ong in every direction. The
hyphae supporting the spival coil also give 1% to numerous
hypha which grow up over the ascogenoug hyph:e and form
a compact cover. The walls of the outer layers become thick-
ened and dark yellow in colour and torm a hard resistant
coating or rind. After several weeks QSBL arise from,
ascogenous hyphx.  Each ascps bears eight ascospores.
The ripe ascqearp bursts and hscospores are set free. The
development ¢f the ascocarp takles about six months’ time,
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)7 Agaricus.

1. Obtain some Lpeclnwns or f{resh mughrooms and
obgerve that each one consists of a whate stalk which 18 short
and usually guite solid and a eap which 18 dry and cottony
above. On the underside of the cap are scen closely-set
gills radiating from the stalk to the rim of the cap.

Ifthe mushrooms or the spore-producing organs of the
fungus are carefully dug out, 1t will be seon that they arse
from mycelia permeating the soil.

2. Get mushrooms of different sizes angdl observe the
following pomts m them -- v,',*‘;é

(er) Young mushrooms artse assmall button-like masses
from the underground mye¢ liun, -

(4) When quite young these consist of umitorm sohd
tissue.

(¢) The button-hke mass gets differentiated mto the ¢ap
and the stalk later.

() The eills and gillchamber come  mto existence
gradually.

(¢) The tassue forming the Hoor of the gill-chamber acty
raptured, and the gills get exposed.

(r) Simultaneously with the formation of the gills th
stalk grows and eclongates careymg the cap up into the air,

3. Cut across the stalk of & matured mushroom, just below
the cap, and lay the cap with the gills downward ona shect
of white paper. After a few hours, note that the spores fall
out m the usual way and collect 1 ridge hike heaps, forming
hnes correspondimg to the gills. If the paper 1s smeared
with gum and then used, a permanent ** gpore print” of the
mushroom may be obtained.

4. Cut“seetions of the stalk and the eap from material
hardened and preserved in spirit.  Note (@) in the stalks that
the tissue consists of branched septate hypha closely inter-
woven and that the peripheral portion ismore compactly
packed than the central’; (4) in the gills cut across tangen-
tially that the main tissue is similar to that of the stalk, that
the tigsue in the middle of the gills is somewhat loose, that
séme hyphae grow erect at right angles to the surface of the
i1l on both sides and swell at thew tips and form basidia
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bearing fodr very short branches ?yﬂ cach of these branc%es

or sterig.éa carrymg a basidiosgore and that some hypha

oInain ¢ - e )

remain ag pﬂﬂ)l/l)ses. A
. Puccinia Purpugea,

hxamnw risted plants of cholatn (Andrapogun Sorghum)
showmg red or puple spots on thew leaves and stems.
With a lens note that these spols are cracks or slits from
which an orange powder is shed or can easily be seraped.

1. Serape off some of the “rust " and note the numerons
uredospores, cach consisting of an ovord cell wath a thick
outer-coat (covered with fine spines. when mature). The
mner layer is thin and the contents of the spore are coloured
with drops of orange or yellow oily matter

2 Examine transverse sections of stem or leaf hearmg
patches of these spores and note —

{«) the pateh between two of the vascular bumllc;

" below the epudermas,

() the group of uredospores, each spore with a slen
der stalk, an ontgrowth from the underlyimg myceliun,

(¢) the broken remnants of the epulerns of the leafl of
the host plant.

() the mycelium of the fungus consisting ot slender
threads traversing the soft parenchyima of the leaf and form-
me a dense layer just below the yateh. The hyphe do
not affect the bcloronchynm and the X\l&,Ul of the vascular
hundles. e

3. Examine the “rust” patehes formed later on on the
stems and leaf-sheaths and blades.  Instead of being reddish
purple, the patches appear darkish rod. This change
colour 15 due to the appearance of spores of a different kind.

Cnt section through these patches and examine them,
Note that the spores are two-celled, thick_walled and spin indle;
shaped. These spores are called teleutospores. Wl

Mixed up with teleutospores a few uredaspores also may
oceur,

The teleutogpores germinate on a flowering plant and affect
their leaves. These spores do not at all directly attack the

‘

cholam host.  On germination lmsifia are formed and these,

produce basidiospores.

“y
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The intermediate host plant on which P.\H]‘ul)?nl/'f'(t
flourishes 1n  the absenes of cholam plant has not heen
definitely made out.  The species of Puecinia affecting  the
wheat plants has as 1its intermedaate  host  the Berberes
plant.  Ths fact has been established beyond doubt.

4 If plants of the species Blepharis molluginifoliv or I3,
boerhoai folia are examined red or brown spots are often
seen on their leaves.  Kxamine these patches with a lengand
note that these appear as swellings, some closed, others
espccially older ones, open and appearing as cups.

2. (at sections of the leaf through these spots ov ae__cj_«_iia
and note : —

(i) The mveelivm of Pueciroa consisting of  hy pheae
iy ing  through the intercellular spaces in the mesophyll
tissne of the leaf.

(4) The aecidium containing closely packed parallcl
chains of aecidispores and

(¢ the wall of the aecidium,
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9 The'fine adjustment, 2 screw at the top of the arm or on 1ts /
sides below the coarse adjustment, This 1s used for more )j\.
accurate fogussng, especially with the Ingher power objec-
tives. When this serew 15 turned the movemett 1s very shght.

Adjustment and the use of the microscope for work —Plicc
the microscope on a table opposite a window with the pillar of the
microscope next to you. Turn the plane surface of the mirror so that
the hight from the sky 18 reflected through the diaphragm n the stage N
up the tube of the microscope Light reflected from white clouds 15
the best  Direet sunlight should never be used for microseopic work

See that the low power objective 15 m proper position at the lower "~
end of the tube. "Insert the eye-prece at the upper end  Look through
the tube and rotate the eye-piece and 1f any specks areseen to rotate
with 1it, they are ou the lenses of the eye-piece  Thene specks must be
removed with a clean soft cloth ot wilk 1t the field 15 dim and does
not rotate when the eye-prece 16 turned, the dnnness 18 due to the
presence of grease o1 dut on the front lens of the objective  This
dirt also should be eleaned with a cloth.

The objecd to be examned s placed on the stage so that 1t 1 just
above the hole mn the stage  Lower the body-tube by means of the
tack and pumnon until 1t 18 about one centunetre above the object. Look
mto the eye-prece and adust the mirror vntil the eye-prece 18 filled
with hight.  Close the diaphragm until its opening 14 about quarter of
an mnch across or less and turn the coarse adjustment up until the
object comes mto view  Now use the fine adjustment till the object
appears with the greatest clearness

Observatons should be wade always with the lowest possible
power suflicient for clear vision and afterwards 2 mgher power may
be used, 1f recessary For the low power use the flat nurror and a large, /, ‘
hole mn the diaphragm and with the high power the concave mirrgt” >
and a small hole m the diphragm In focusang nse the m)m;st-
ment at first, and the fine adjustment should be used only after the
focus has heen obtamed with the coarse focussing  In usg the high
power iery great care 1s necessary, since, the objective when m foeus
15 very close 1o the object  The obrect to be exammed with a lugh-, - 0l
power should always be covered with a cover-glass St

Accustom yourself to use both the eyes  While observing through
the microscope kecp both eyes open.» This wall lessen the fatigue.

When the high power is used special attention should be paid to
the fine admustment, to the manipylation of the mirror and the hole of
the duphragm to obtan satisfactory results, While using the high
power 1t 18 advisable to keep one’s finger on the fine adjustment and to
move 1t continuously backwards and forwards "

The objectives are very delicate things and so they' must be
handled with care. Never unscrew the lenses, especi;.dfy those of the
Ingh power objectives, The black coatiug imade the tube should not
be mterfered with.

,
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APPENDIX III.

o MAKING PREPARATIONS

Preservation of material.- Fresh materal should always he
used for examimation with the microscope.  Specimens that are small
and do not requie to be sectioned may be simply mounted on a shde
i water for observation  But 1t 1 obten convement to keep spear-
mens for a time and the best hquid for this purpose 15 methylated
aleohol  Matenal preserved in aleohol 18 hest tor seetion cutting
since the aleohol dinves out the an babbles and renders the tissue
more readily to cut Tt must he remembered that aleohol dissolses
out chlotophyll, oils, 1esms, ete  Another very good presenvative
hygmd 16 50 per cent spant, 30 per cent water and 5 per cent formahne

Fixing and hardening —Although methylated aleohol 15 4 good

condition, 1t 18 necessary to use reagents which will Tall the plott__p].l‘%lll
as rapidly as possible and fix 1t and other contents of cells mas neatly
as possible the natural condition  For detaled iformation on fixing,
ete,, see Chamberlun’s methods i Plant Ihstology, Stiasburgher’s
Hand-book of Histology o1 any other standard work on Blant

Histology.
~T'he tollowing fluids are best swited for hang and hardenmg —
(1) Absolute aleohol or strong methylated spint
(2) Formalme 4 per cent solution
(3) Chromic acd § to I per cent solution (water 300 ¢ ¢, ¢hromy
aad 2 grans and 3 ¢ ¢, of glactal acetie acid).

Specimens fixed m c¢hromie acid should be washed munmng water
until no more yellow colour 1 present.  Then 1t <hould bhe passcd
through graduated strengths of aleoholand finally ese ved in strong
alcohol (about 95 per cent alcohol)

Section cutting —For a complete study of a »ohd bhody such ay
the roet, stem, ovule ot a plant 1t 1+ necessary ta cut sections - three
directigos at right angles to each other.

The best way to study the strncture of a sohid mass such as 4
cylindrical stem would be to cut —

9(, (¢)] ‘l’t;;yveru sections, 0 planes at right angles to the long
18,
{2) Ra longitudinal sections, n longitudimal planes passing
through the orgamie axis.

[
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(3) Tangential longitudinal scctions, i longitudinal plunes
but not pasaing through the organe avs

The sections must always be cut accurately m the plane intended,
othetwise the difficulty of makmg out the structwe will be enor-
mously ncreased

For section cutting a 1azor of good quihty with a keen edge 1s {A
essential  If the edge 15 not good 1t should be stropped to a keen $
edge  The obtammg of good sections s dependent upon the keen
edge of the rasor and the proper dmection of the section. The
spectmen to be cat should of cowse be m a good condition of
preservation

While cutting sections 1t 18 necessary to keep both the razor and
{he matenal well wetted with 50 per cent aleohol. Water mav
sometimes be used, but 1t has « tendeney to run mfo drops instead of
spreading over the blade  Always have at hand aleohol m a dish to
hip both 1azor and material mfo winle cutting the sections,

In cutting sechions hold the speamen between the thumb and the
forefinger of your left hand and grasp the 1azm tighily with the
night hand  The blade ot the 1azor should be held so as to be
horzontal with ats edge dnected towads you  Note the posttion of
the lett hand, the nght hand, the position and the movement of the
1azor while the demonstrator 1< catting sections and do similaly

Mounting.—T'ake o shide and dean it with a doth and <ee that its
smface 18 polished and quite dean  After deamng o shde never !
touch 1ts swiface with vowr fingers  Take hold of a (lean shde by it« ~ -
cdges with the thumb ard forefinger of vour left hand and lay 1t on a
clean black o white background

On the centre of this shide place @ dwop of the mounting flnd-
water, dilute glycetine or (hlorzme 10dine as the case may be, and
vt the speamen ot the seetion you wish to examme  Then 2
net-glass which s quite dlean and clear by ats edges between o
gets and brng it down upon the diop m a tilted position so,
that®he cdge of 1t s fiest wetted Dy the medium. Then support the»
cover-shp with a mounted needle at the other end and gently lower
i by gradually withdrawmg the needle v

The mounting fhud used should he just enough to fill the space ‘l
between the cover-shp and the shide and extend to the margin of the
cover-glass I too much has been uyed the excess must be removad , ‘79
by means of bits of blottmg-paper or filter-paper )b

The shdes and the cover-glass should be perfectly diy and elean,
and should show o buight pohshed swiface Thewr surfaces’ should
never be touched with the fingers.

Great care should be taken to see that no air bubbles are presm}t Ly 0y
mn the medinm surronnding the object -

It should be 1emembered that alcohol, water, and their solutions
will evaporate, while gy cerine and chlorzine 10dine do not.

Reagents and their use.—Always exanune the spectmen in water
first, I)efomi applying special reagents, The reagents 1 common use
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are 10dine, anmiline sulphate and chlorzine 1odme. These may be used
as mounting media, If, howcver, these or other reagents have to be
applied to sections mounted 1in water or alcohol, place a drop of the
reagent close to one edge of the cover<lip, taking care that 1t does
not get on to the upper side of the cover-glass, and then place a small
torn prece of blotting-paper at the opposite edge of the ship so as to
draw 1n the reagent, If by irrigation the reagent does not reach the
section apply the reagent dlrcci:y by raising the cover-shp and mount
as usual,
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LIST OF REAGENTS GENERALLY USED.
Acetie aeid —An aqueous solution of 1 {o 5 per cent
(1) dissolves caletum carhonate with evolution of bubblos of )
cathon dioxide gas, o
(2) bungs out clearly the nudler of cells when used 1n conjune- ,L»' 3

t10n with methyl green , o !
{3) used m the preparations of fixatuves. /' T
+Aleohol --This 1« largely used as a presenvatfie, hardeming and
. ¢ fixingagent  For debydration absolute aleohol sheuld be used. Joe
JU7 Stiong alecohol (95 p o) or methylated spnit 18 used for .
preser\ing
Aniline sulphate —\ satwrated solution n water, acdulated with | J
a few drops of sulphunc aadwused  The walls of higmfed
tissues twn yellow when this solution comes i contact with
them  Othar tissues ate not affected )
Benzol.—This 1vused as a olvent of the dmk green colourng
matter of the chlovoplast | also a solvent of latex, wax, ete, 4075
Chloral hydrate —It 1s used together with wodine for finding out .
the starch grams withm the chlovoplasts  In 5 parts of water -
8 parts of chloral hydiate s diwsolved and o tew erystals of
1odine are added.
Chromic acid —For fixing a very weak solution of this acid 1s
used, Usually § to 1 per eent aqueous solution 1s used,
Chlorzine iodine (Schultze'ssolution) —This reagent may he fre-
pated as follows, 1f 1t could not be purchased ready made

(@) Take 110 grams of 7me and dissolve 1t m 300 ¢ c. of pme
hydrochloric acid and  evapoate 1t to 150 ce (sp gr
about 1 8)

(h) Dssolve 12 grams of potassium odide m as httle water as
possible add 15 grams, of 10dine. Mix (a) and (}), and
filter 1f necessary through asbestos  The solution should
have dark-red sherry brown colour, « ; .

Eosin. —A dilute aqueous solution of eosin 15 a good *1 stan A

for protoplasmic cell contents and cellulose cell- Wiy, It s

used to demonsirate the structure of the sieve tubes, 1

Fehling's solution —This 18 nced as a test for grape-sugar, It 1y .
prepared as follows

(@) Dussolve 35 grams of copper sffiphate in 200 c.c. of water,

() Dissolve 70 grams of Rochelle salt (potassic-sodic-tartrate) m

i
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Use equal parts of (a). () and water. Keep the solutions (a)
and () 1n separate bottles.

Glycerine — A most generally used medium for mounting and
for this 1t 1x diluted with an equal volume of distilled water
Heamatoxylin (Delafield’s)—This 15 the best of the gencial stains.,
1. may be purchased 1eady made It may be made as

follows --

Add 4 ¢ c. of saturated alcohohic <olution of hacmatoxylin to
150 c.c. of a saturated aqueous solution of ammoma alum
After evposing this {o hght for a week o1 more, filter and
mix the filtrate with 25 ¢ of glycerme and 23 ¢¢ of
methylated spimt.  After <ome time filter and keep 1 a
stoppered bottle,

Hoffman's Blae —Tlis is used as 50 p ¢ aleoholic solution to
stain the cell contents and the contents of sieve tubes. The
solution must be acidulated with a few drops of acetic acid,

TIodine ]t 15 one of the most useful 1eagents.  An aqueons solu-
tion 18 genetally nsed  Dissolve a small quantity of potassium
10dide 1n distilled water and add a crystal of1odine  If the solu-
tion 18 deep 1n colour 1t should be diluted with distilled water to
the colour of sheirv

Millon’s reagent —Onc cc. of mercury 18 dissolved i 9 ¢ of
strong mtric aad and 10 ¢ ¢, of water 18 added  This stans
protems biizk-red, heating hastens the reaction

Phloroglucin.—A small quantity 1~ dissolved i strong sprut, and
strong hydiochlonie acid 15 gradually added nll spreapitation
begins  Under this reagent hgmbed walls twrn bight ved
colow

Potash — A dilute aqueous soution of about I tod peois usad as a
clearing agent,

Safranin.—A good general stamn, A saturated solution in aleohol
diluted with an equal yvolume of water 18 made and then the
hiquid is ased



PREFACE.

THIS small book is intended to serve as a practical guide to
general botany. The laboratory exercises are largely based
upon the matter contamned in my * Manual of Elementary
Botany for India.” These exercises have been in use with
successive sets of students for over ten years and have been
found to mect their requirements,

The unportance of the study of botany as a disciplinary
as well as an mmformational subject 1s now widely recogmuzed.
As to the method of teaching botany there 1sa diversity of
opmion. Some hold the view that the student should be
merely led m the laboratory to discover everythimg for
himselt. This view, no doubt, 13 an ideal one and the
student 18 certam to gamm knowledge and power by such
work. But i our schools and colleges the time available for
4 science course 18 not much, and ay such thiy go-as-you-
please pace implied m this method s impossible.  Further
the students, who ave of varying capacity and lumted
resource, 1f compelled to discover things for themselves, the
result will be mere confusion and mecoherent knowledge.
To obtain satisfactory results 1t 18 necessary to help them by
giving them clear instructions and guidance as to what they
should do.

In this book ftull and fairly definite mstructions are
given, and 1t 18 expected that each teacher will make adda-
tions or ehminations according to his requirements.

The physiological experiments deseribed in this book
have all been found to work fatisfactorily year atter year by
my colleagues 1n teaching, M.R.Ry. P. S. Jauvanna Rao, M.A.,
and M.R.Ry. S. N. Chandrasekhara Ayyar, M.A. Though
these experiments take time, they should not be omitted.
Time spent on them is not a waste of time, 1t 18 really tiune
well spent.

MADURANTAKAM, K. RANGACHARI.
v September 1923.
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