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Slightly ocut around the sdicam of this mase and split it into two
halves. What comes to Iip“t? Than is bthe EABRYO. Note its two ;
delicate leaves ecplled UUl: OIS and Ates tiny stem below the

ecotyledons (hence IYVZOUO! n waich they are attacked. Zre the
cotyledons provided wilh VAIWC? Towsed widsh end or the ssed does !
the hypoootyl peint? .‘

B. Draw the embryo as it lies eurceurded by the eandoeperm (4 cm.
long). Show around the endosperm the section of TESTA wrd TEGHEN. .

C. Remove the embryo. OCerefully seperate its two cotyledons and
make a careful sketch of it.

h Th You will now be fu'nished with a germinating seed of
Castor bean. Note the mathod by which i¥ breaks through the scil.
What about the sbilily of &n arch to recist a strain? Cerefully
separate the perts, if Neture hes not already done it for jyou, and
identify each one. What foree broke the testa? ‘What is happening
to the COTYLEDONS? EYPOGUTYL? ENDUSPERM? Does a tiny LEAF BUD
‘appear betwsen the cobtyledeons?

D. Make a careful sketeh (twice natural size) of the germinating
‘geed.

Examine the second stag: of germination. The particulari,
important points to obsorve are: Fate of erdosperm, COTYLEDONS, I=4
BUD, EYPOCOTYL. How does the oolor of the asrial perts compare wi)®
that of the same parte while =till in the seed? How do cotyloduns
and first leaves differ in schape? Cempare the second leaves wilh
‘those taken from an old castor benn piazt, On these laaves ave
usually found extra-flors]l nrctapinc; their funetion is in douht.
What other differencs taan more £isf is seen? It is very poobablo
that the ancient ancestors of cestor boeane had only the simpier
type of leaf, Ontogeny i3 said Lo rceapitulate phylogeny. Waul Jow
}h‘ivg mean? Does your owin catogeny thow the working of the sume

a

E. Draw the fully established young plant, natural sizz or slight-
1y emnller.

F. Draw side by side the outiine of ths cotyledon, of the Tirst
leaf, and of a mature leaf raduced or ealargsad to the same sizo.

G. Write up your work on the sesd of Ricinus aeccording to the
following outline:
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I, Description of the sesd - external and internal.
I1s " devsloping s22dling.
1II. 4 " % gegtmolished plant,
IV. Conelusious zuf inrsraness: (INDUGCTIONS - See Lecture
% Nobtes.)

A, The provivioa mede oy vhe mechher plant for the
geedling ant Hav LoOF

B. The adaptabicn of
prealring hhruu~n a tus .

C. The doctrine of vsplnnﬁation and how illustrated.

Exercise 3. The Exendospermous ssed of the common bean.
(Leguminosae; Tea Femily.)

Examine the dry bean sseds farnished. On one side note ikhe
HILUM. A%t one end of the hi'um lies a Tiny heart-shaped CUARUNCLE,
but it is so small that 1t duos not enancsal the hiivam as in the
Ricimis seed. Abiis other end lies a minute hole, the miscopyle.

Exanine two sosked seeds of beeon furnished. One has had
its micropyle covered with vaceline: the other was untreatsd. Waan
is the difference between them? Wnet then is one use of the
micropyle?

A. Make & sketch 4 em. long of the face of the soaked seed to show
the hilum,

Remove the seed coat. Within lie two halves of the bezn
attached on one side to a smell cyvliindricel structure. What is i
Toward what does this struciure point? Ceparate the halves nf L~
bean (what are they) and what appears? You are dealing with exac o
the same parts as in the castor besn except that there is 2n
endosperm and the embrjyo ie more siruagly developed. The fwo semall
leaves and the tiny EPICOTYL cornstiitute the FPLUMULE.

B. Draw the embryo from the facs with testa removed.
€. Draw the parts visible when one cotyledon is removed.

How do the cotyledons differ Trom those of the caster
bean? Would it seem probable that the cety_edons epuld fora es
efficient seed leaves as in the ecastur bean? At one time tliere was
endosperm in this sced but the estylsdons began to feed on it when
Young and absorbed it all invo themsslves. Vhat is the difference
between garden bean and castor bean in this respectf
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We will now study the gsrmincting bean. Note how parts
develop and comporc with (ke gasior vean,

D, Draw the germinating Lean., Tabel cotrlcions, epieotyl, first
leaves, hypoestyl, primnry rooh, seoaciay reob.

The e=tablishsd seedlirg. The Tollowing points are to

be noted.
1. What happens to the cotyledons at first; what even-

tually? Wny?

-

Compare young and old leaves as you did in the eastor
bean.
E. Draw the growing plant.

F. Draw cotylcdon, Tirsi and second leavcs =ide by side.

G. Summary and conclusions:
l. Conecise description of seed aud seedlings.

2. Advance or moditiecation over eastor bean,
$. Result on funciional power of cotyladons.

Exercise 4, The exerdospermous seed of pen.

Examine the soaked seed. It balongs to the same family as
the bean (Leguminosse) ard is little different in anatomy except
that the cotyledons are more btullky. You will see what Hhis has
led to. Open the seed - observe hemispherical cotyledons -
hypocotyl and plumuie,

A, Draw the embryo from the face with testa removed.
Examine seedlings well adverced in germination.

What important difference over the last two studied in position of
cotyledons? Of color of cotyledons with same in bean., What part
of embryo has grown and puched out cf s0il? Tabel it. VWhat are
the first leaves 1like? They represent stipules only. Is there anr
evidence at all of petiocle or blade? Why don’t the cotyledons
attempt to serve as leaves (green; as they do in castor besn and
garden bean?

B. Draw the germinating pea so that the seed part is 1.5 em. ix
diameter. Show ground level.

€. Summary and ~onrlusions:
1. Advance over gerden bean and result on method of
germination.
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G. (Construct a serics o diagrammnitic figures of the three germinat-
ing seedlings just studiec wi'h secd parts atteched, and indicate
homologous parts in each oeoliling.

The seedliugs so far phwlisd Al baye two cotyledons and belong
to the division of mezd plavha 2novn ay édicotrledons., We will now
study a member of the other duvision of sgeed ylants: the mono-
cotyledons. - Practically &ll menscciyledons nave endospermous seeds

Bxercise 5. The Onion Seed (Liliaceae - Lily Family)

Study the germinating onion seed furnished you, and verify the
following description.

From the endospermous ssed there comes out first the tip of the
HYPOCOTYL just as in the sseds already studied. This moves down-
ward in the soil. Slowlr the single long COTYLEDON is dravmn from
the seed. Don't get cuunfussd just begause it is elongated and nof
oval as in the bean or pea. It turms gireen - a2 primitive feature -
and a strong arch with & knee in it dewvelops. If hypocotyl is pre-
gent at all it is very chert - 8 mere kmet. There is no apparent
difference between hypocctyl and cotyledon. Sometimes the seed is
pulled out of the soil into the air. Last of all the PLUMULE be-
gins to grow from what seems to be thes side of the cotyledon. It
really is enclosed for some distance by the cotyledon sheath. Sitrir
open the sheath and follow the plumule dowaward to hypocotyl regicr.

A. Sketch the germinating seedling twice natural size and show
where plumule has its origin.

B. How do you imagine that the menocobyledoncus seed came into
being? Could it have arisen from an cdvanced type like bean or
pea?

€. Draw 2 reconstruction of = purely hypothetieal ancestor of the
onion in the process of germiaation.

Exereise 6. The date secd and geedling. (Palmaceae: Palm family)

How does this sesedling differ from that of the onion?
Compare the shape of the first leaf with one from an old tree.

A. BSketch the seed and seedlirz natursl size. Show level of
ground and point wherc plummle has its origin.

B. Bketeh the mature leaf much reduced.
Bxepcise 7. The corn grain and its germination.

Note in the socked grain the shield-shaped single COTYLEDON
and the yellow ENDOSPERM.

Hunt Institute for Botanical Documentation
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A. Sketch the grain from the face, two times natural size.

Split the grain through She small dismeter and note the
small EMBRYO lying on ths f2.c¢ of the cotyledon. It has well
developed ROOT and PLUMULE.

B. Sketch the longisection cn a scale of 3.

Studyt the seedling snd noete what has happened to
hypocotyl and epicotyl. Does tha cotyledon leave the grain?

C. Draw the seedling about ftwice natural size and label cotyledon,
endosperm, primary and secondery roous, adventitious roots, Lirst
node of growth, leaf sheath, leaf.

To what use has the cotyledon been adapted? (Important)!

Exercise 8, Summary: How do onion, date and corn show a series
comparable to that of castor bean, garden bean, and pea? TWhat,
however, is the difference in function of the cotyledon in the two
series?

Having seen how the young plant comes into existence we
may now proceed to a study of the parts of the developed plant. A
logical sequence may well be root, stem, leaf, flower, fruit and
seed. Thus we shall come back to the starting point.
The Root - Subterranean.

Exercise 10. Fibrous root system of a small tree.

You have already studied the root of an herbaceous plant
and have learned to recognize its parts. Observe the root system
of a small tree. Is there a main root? The irregular branching
and distal division into fibers is roteworthy aes is also the corky
layer which covers it. The cork often appears covered with longi-
tudinal elefts due probably to what fact? Do any of the roots show
flattened or hollowed areas on their surfaces? To what are these
probably due? Consider the intense strains to whiech the root systen
of old trees is subjected. Is it adapted to these?

A. ©Sketech the root system accurately.

Hunt Institute for Bot
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Exercise 11. The tapiroot of crrrot or parsuip.

How conld this vint be derived from one like that of the
tree just stuiied? Gerc you 5o auy advantage in the elongate form?
Alfalfa has an exbreus.y & ts tar oot end is & rémarkable plant for
dry land farmirg. Why? Denuek »oct £/4% nefnral size, Are lateral
rootlets present at =l2% Apiit the voot longitudinally through the
center and note where the lateral rcoblets sriginate. Peel away the
bark. How did theme rooble:z reach the outside? This bark consists
of three layers: (1) an ouber delicat2 skin or EPIDERMIS, (2) a thiek
mess of CORTEX and an inner zogse of FITLOEM. Inside the bark lies
the W0OD and PITH. Cut a cross scctinanl slice through the root.
Hold to light and note the whibish WOOD-RAYS running through the
wood and phloem. Inside thw wood is found the pith.

Draw the root showing botha its longitudinel and transverse
aspects.

Tagste a bit of %iie corhex. What seems to be present? OF
whet velue cen it Le to Bthe rgat? How shall we account for the
swollen form of thz ronhT hat perh of the carrot or parsnip rcob
probebly takes in water and salts? The main.part of this root then
has adapted itself to whuot furction? The carrot and parsnip are
biennial plants. How is this intimately related to the root form?

The dahlia; sweet votatu; turnip and beet are also pro-
vided with storage roois.

Exercise. Adventitious roots: PARSONSIA or Sugar Cane

Observe cuttings that have been kept some time in water.
The white roots which have come from the siem are conspicuous.
(0f what possible advanitage to a piant can this be in nature? O0Ff
what value to horticulturists is this ability of plants to form
sdventitious roots?)

A. Sketch the base of the cutting with its adventitious roots.
Exercise 13. Adventitious roots: Bryophyllum.

Observe the lcaves of this curious plant which have been
éyi§3102 wet sand and sse what has happened. What other leaves will
0 this?

A. Sketch the leaf with the young plants and ADVENTITIOUS ROOTS:
B. Write a perpgraph to explain the volue to the plant of this

ability to throw out adventitious roots. What value to gardeners?
To your previous lis' of root adaptations you may add another. “Thatl?

Hunt Institute for Botanical Documentation
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Eyersise 14. Climbirg rocts PIOTS Stipulssies .
ipred. Note on which side of
35 - muye awey into dark crevices,
Such rootE always move away o into wne earkaess and are
said to be negatively photoomeuis.  Taal al.psation to 1ife con-
ditions is evident? In whav elass ¢f rachta will you place these
elimbing ones? 3

Pieces of
stem the roots orig

A. Sketech the piece of stem glven you.
Exercise 15. Prop roois: [The corn plaut.

L Do they seem to be of auy oshsr use than for support?
Here is another inveresting adapbation of aerial roots. Whenee do
they spring. Note thail tlny zriss ancugenously and break thru the
outer tissues. 2a other sats daveloping nigher up? Such props

are sometimes so exiendively fevalcpsd in some tropical planis as to
conceal the wholc stem, (Ohia, Benyan)

A. Sketeh the base of the corn piant with is prop roots.

Exercise 16. Air roots for water abssyption and food meking.

_ Observe the aerial orcnid and its pendent roots with
papéry covering., This pspsr cuter layor is ealled the velamsn and
soeks up rain water or dew liks 1 spunge. UNote that the root is
green underneath the white covering. This green matter {ehlorophyli
is of course particularly characleristic of lsaves. You will learm
that it is ebsclutely necessory to a plant which mekes ifts own fosd
out of gases and water.

.A. Sketch one of the orchid plants.

B. Write a summary of the ideas developed from your work on roois.
To assist you the follewing outlins is suggested:

The subterrancan root
1, Primitive functiions
2. Secondary funciions
a., The biennigl habit and adaptation to storage
b. The effect of cultivation on storage
3. adventitious roots: iuportance to plant; to
gardeners.

The Aerial Root
l. Climbing adaptation

2. Adéaptation to support
&. Adaptation to water absorption and food making.

Hunt Institute for Botanical Documentation
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THE ST AND IT8 MODIFIC.TIONS

ko complete plart with which the

Regall the stwiy o
lzerned about the stem.

laboratory work started trd =g facis

Exercise 17. The stuly o 2 f=zs3 stem in ths dormant condition:
From simple inspecticn and comparison whet are some of
the differences between this sien s1.d shal of the green plant pre-
viously studied? That plant wiliced rapidly in the warm dry air.
doesn't this one? 'nat caused the horseshoe-like 3CARS on the
branchf The "nails' are the leaf trace scars. Whak stands above
each scar on the lsst year's growth? How does last year's growth
differ in color from the older parts? Just how far backward does
1ast season's growth extend? What separates it from the growth
of year before last? What sicod ot that point last spring? What
produced these marks? How mury nedes and internodes are represented
by the girdle? On tPe vlder parss of the main axis do you still
find buds? What dnez tnke their Ul“?3° (Sometimes one does find
so-called "RESTING BUDU" on sueh old growth). EHow old is the branch
you have? Cut 2 cross-sectinn througn the base of thse branch and
count the rings of wood. UNole the maay tiny breaks in the epidermis
scattered over the twig. DThese are called LENTICELS, through which
‘gases pass in and out,

A, Sketeh the whole branch natural size.

B. BSketch the area of junction betwsen two years' growths to show
the girdle of bud sears. Iliake Grawing 2.5 cm. in diameter.

C. ©Sketeh a leaf scar magnified to 2 cm.

Observe the TERMIN.T, BUD. Note how the seales overlap
dike shingles on a rcof. They are said tda Le IMBRICATED. How dnes
it differ from the terminal bud of the growing plant studisd in Ex.
1. Carefully remove the sciles. fThere is evidence that they are
the flattened bases of leaf svalks. OSearsh fop it

D. iketch a developing lsal bud, and label BUD SC.LES, SHOOT, and
LEAWES. -

H, Write up this work according to the following outline:

l. Markings on twig and their significance.
2. Method of eomputing age of branch,
3. The leaf buds.
4, ZXositions
b. “Structire
¢. Llevelopment of paris in spring.
4, The adaptation of the branch to dormant conditions.
. A comparison of such budas, ete., to those of a
Vigorously growing plant.
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Exercise 1B. The Ste:

act & certain leaf or bud and

25 bty the nexy leaaf directly
hauae ~t these lemves, Starting
bers 1 ard 2. How nany
It thirse peavas-and you |
~paxy: if Shere are five |
£ 2/5. The various panyllctaxies

On the sten
then move up the sten
above it. Stick tvo 3
g}tb Nombexr 1 couns the

mes 'do you eircla the
make one turn the plank
leaves in two turns thz
form a series as follows: |
1/2, 1/3, 2/56, 3;8, 5/13, 8/71. vmat curiocus fact do you ob-
serve in the series? How do svea arrangements conduce to the idea ]
expressed in the hsading tc this axerelise? !

k. Write out your obssrvestious and inferences concerning FPhyllotaxy.
No drawing is required. .

Exercise 19. PRoseti s:

Study the rcse'be plant g&ivan youn., Fow do the leaves
ayold shading one another® Juen an arrangzement constitues o lead
moBaicx Many perennisl herizcecus planty pass the wiepter in this
eondition. what advantage iz 137 ©Souch planis are sometimes called
stemless (acauleseent). Spiiv the rusette through the crown and ss¢
if it really is stemless,

A. Sketch the hal? of the vlant very carefully to show both top 2s54
cut edge. Remember each line in ycur drawing musi have a definite
meaning.

N Exeroise 20. Croeping, Climbing, or Twining Stems:

Such as are availlaovls snould be noted and their adaptation
to leaf Gisplay thorcughly -ealized. Wnat advantnge to sueh o plun.
is its weak stem? MNany such stems climb on walls and form elsboracs
leaf mosaigs,

A. Write a brief description of these climbers or twiners.

Exercise 22. Mcdifications of Scoondary Stom fxes.

Tendriés: To assist the weak stem of certain climbers in getting
0 best 1light relation accessory stem modifications called
tendrils are often instituted.

Tendrill-bearing plents available will be furnished.
Members of the gourd family - comprising sguashes, cucumbers, and
melons - are provid i with remerk:bly sensitive tendrils. The
Passion flower is also af interest in this respect and the stem
nature of its tendril is proved by its position. How?

£, Write a paragraph summarizing your work on tendirils.

|
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‘dentation to Food and Hater Storagse.

Kodification of

Exercise 25. re patnre of this storage orszan is
evident from L 1ok T¢ is & stew behaving much in the
same way as does the roov = hie prraain.

4. Sketch the specimen.and show tie ground level. p

furnished you. Did it svow ancve or balow vhe surface of the soil?
tmat is the true natwure of th2 vapary z0ats on the outside? .re
they of eny value? What proves that the corm is a stem and not a
root? Are there any LTAF 2U05 on 1L7?

( Exercise 24. The Corm of Cracus cr Cladiolus. Study the Corm

A, Sketeh the co=m both as a vhole and as cut longitudinally.

lighifiortions of the Ureeping .xis.

/ The Stolen - Rummer Series.

Exercise 25. STOLONS. Cbzcwve the radiating shoots from the base
of the plants. These are synions, 1o any show evidence of rooting
at their tips? Such tips balke root and azain send out stolons.
ihat is the advantage of such a meshod of growth?

A, Carefully sketch the plant.

Exercise 26. THEZ RUINIZR OF STRABEREY or of Jacquemontia. The
runner is but an extensively developed stolon. Is the runner or the
stolon more elfiicient?

A. Sketech the plant with is runners.

B. W¥rite a paragraph on siclors aud runrvers considering thelr uses,
progressive efficiency, and horftisuliural importance.

If the stolon or runner becomes subterranean another interesting
funetion is added to that of reprodustion.

Exercise 27, The Rizome-Tubzr Series.

~Rhizome of Witch Grass. Study ecarefully and explain why this
structure is not to be eali=d a root. If it is a stem it should
show HODES, IFTEZRNODES, ..0DAL BRACIES or BUDS and LTiVAS. Is there
evidence that old ar umal ctems have died away in years »ast? ‘here
do roots come out? what function besides that of reprocduction can
you infer?

A. Sxetch a portion of the Rhizoue, three times its natural size.
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This

3 lasti. How
" the rhizome and
¥hat meaning?®

Exercise 28. TI'E
interesting rhizoms 1=
does it differ? Cut & thia =
epply a little weak indiae.
Does this rhilzcme bear LODIS,

Kt
"ir A

A. Sketch the rhizome.

Exeroise 29. The Potats Tuhzr. £Stabs avidence thabt this too is a
stem, not a roct. Vvaa: are LYES"? TLaock at the ridgs unéer
sach eye for a tiny membrasc soals. What is 11? When potatoes
are exposed bto light in & hiil whail haopens? "

A, Apply & drop of iciine %o the ent surisce of the potato. Result?
B, Draw the whole tubter uatural size.

C. Draw the eye and iis evtexd=nt perts, thres times natural size.

D. .ﬁite a paragreph considuring Lhe rhizome tuber series.
pAw

'@"wlmroise 30, Modifications for Defensa. (?) Observe the branches

available and Hote thHAS Some uf 5l Sour shoots show a tendency to
become pointed and hersh, Szns hove peliieved that these form a
means of defense against broweing animale,

A, Sketch a branch with tyv.eal sharp spurs.

Exercise 31. Note the rrozressiv? rerfection over the abtove. 'hy

7(: must these thorns still be consilsred as branches?

A. Sketoh the branca with izs Yhorns.

Exercise 32. The nrickles of the ragnherry: Are these of the same
nature as the thoens you hove deen couziderirng? Ixplain. What
structure of irrsfular distriburicn have we fuund on plant stems
which eould give rise to suan prickles?

A. BSketeh a portion of stem, four timss natural size.

B. Nrite a resumes considering this series of thorns.

Stem modification to subserve the lea® funetion.

Exercise 35, JMuhlenbeckia platyelada (The seaside grape)

Interpret the flat members of this curivus plant. Are
there any leaves at all?

A. ©Sketeh portions to show its features.

Hunt Institute for Botanical Documentation
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uscus and Phyllanthus: If withse of ihegs vnlanks is available
7 ~he furnishod. Work out tae morrholozy cof the leaf-1like
members: (CLADOPELLS )

B. Sketch portions of the pvlanis.
C. Draw & portion of the plant.

Exercise 37. The Bactus Flans. (Aponiia and Cereus). fhege
odd plants run into wany 1o  The flattened types are particularly
interesting from our sterapeini. In vhat places do Cacti grow? To
what other use besides t.e 12af fanetion are these stems being put?

of them bear sunll lesves when youns but these cuickly dry up
and fall off. The spinss are probevly Lo be interpreted as a branch
system.

A. Sketen one of the plante.
B. Wribe-a resume of the subject of stems servirg as leaves.

C. Construct a careful outlinc and summarize the whole subjeet of
the stem and its modifieations to sunserve various funetions.

PHE LEAF A({D ITS LODIFICATIONS

Teaves in exactly the same way ac stems can bs noulded into many
forms and adapted to many uses. In This rogerd thore is such o
ypichness of material theb we shall study some of the most casily
obtained and striking cases. They will bo taken up according to
the following scheme:

1. TLeaf adspted to climking
2. Leaves adapted to food snd water storag
%. Loaves edapted to reproduction y
4, Teeves adaptéd to the water life
: 5. ILeaves sdapied to eating meat (earnivorous
metrition)
6. TLesves pdaptod to withstending arid conditions.

Fxercise 38. Climbing lenves, Examine thc leaves furnished you
and study their special adentation for climbing. Draw one leat of
each type enumeratsd avove. Write a reswne of leaf acaptations to
the climbing function. F

Leaves adapted to storage.

Exercise %9. The Asave or Centmry FPlant. ¥ow do these leaves show
that they are used for this purposet wnere do Agaves grow naturally?
Is therc any relation betwesn the thick leaves and the rare flowsrin:
periods? No drawing is required. The Agave leaf may be called a
dunl purpesc loaf. Why? ILet us study now 2 set of leaves which ars
used for a single funetion.
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THE IBAl 4D 178 HCDIFICATIONS

Leaves in exsctly the same Wa7 E3 :3’-‘9:;-3 can be moulded into many
forms and adapted to meny usns. ir. this regerd there is such s
richness of material thss we spell only study some of the most
ensily obtained and strikineg cussa, Ther will be taken up
sasurding to the fallowing schews.
1. Tesf adaptad ¢ elimbing

2. Leoves tacpiod to food end weler storage

LeLTE9 aaapsad tn yeprnduction

78a adrphced L0 dhe wober Sifes
c4yEesS t2 sating meat (carnivorous

6; Leaves adupied to wibthstanding arid conditions.

Exercise 28, Climbing ¢ 9. Ezemine the leaves furnished you
and study their speclal Zetion for olimbing. Draw one leaf
of each type enumersted &bova. Write n resume of leaf odaptat-
ions. to the climbing funcilcne

Leaves ndapted to storage

Exercise 33. The Agave or Tsntnry Dlart. EHow do these lesves
show that they oré being USes for this jurvose? Where do Ageves
grow naturally? 1Is there may reistlon between the thick leaves
and the rare flowezing perindsy o dravwing is requlred. The

agave leaf may be called s duel pupome leof, Vny? let us study

now a set of leaves wnlch are usen oo a single furction.

Exercise 4D. The Cabbnge Ila

3 Plants Split a emall cabboge through
the middle, Whal rame hase %4 spplied bofore 0 a set of leeves
borne on a short aris end folded slcas ftogather? Are there any
sxillary buds present? How do *he imnor leaves differ from the

cuter? $ou1d they moke foond: Is 2 cebbaze biennial or
perennisl S

4»  Sketeh the longitndingl ssciicn somewnat dlngrammatized.

If the cabbage should retrest underground snd its leaves
should become even thicker it would corstitute a bulb.

‘Exercise 41. The Hvmeintl Buld Bpiit the bulb lengthwise
through the middie. Is Tya aaivere clear? Note tne dry distal
extremities of the scales. Want parv of the leaf does the fleshy
white part represeni? ¥oat atem moiificaolion is snalagous to the
bulb? What is the structure focund in the middle.

L. Draw the longitudinel geation of the hyaeinth bulb,

Be Write a resume 9i the lesi in relstion to storage.
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Lerves siarted to reproiuction.

Exercise 42, Loaves of a fern will befurnished. How would the
small plantiets become isoleted snd free eventuslly?

A Sketch & portion of the leaf snd write & brief note (enneider
your wark on Bryophyllum niso);

Lsaves wdapted t2 the water life.

- o [ ants i 3 1 as
Exercise 43, Growiilg waicr-plonts will be furnished as wel
preserved matericl. Ecw %8 5ha whcl? plani adgptedd;o the
; prae the ves partiicular apte
ggggg %é-g; wator £ho ggﬁelgg;%ﬁoéarﬁn %ﬁu ag}§a0§; Canjige
uprper surface be wet?

4. Draw a plant to show the wesk habit end the two kinds of
leaves. W 5

The Weter Hyacinth. This curious plant is & bad pest in the
south @8 1% blocks up the streams. Hew does it keep itself
afloat? A section of one of the pevioles will be handed around.

B.  Sketch the growing plant end take notes on the struecture of
the petiole.

Leaves sdapted fo eating mest.

Exercise 44, Such specimens of these strenge plants es can be
obtained will be furnisned aua their hebits explsined. The three
following are not rare in New Pnglend, the Sundews, the Pitcher
plant, and the Aquatvic Blodderworts.

As  Make sketches ond toke notes,
B, Write a resume on the subject of Leaf Adaptations,

Exerecise 46. We shsll now tn:e un quite a different kind o
work on the leaf from any tha* we have so far considered. ;he
nature of the lsaf furnizhass cn imporient means of identifying

* 1 olants. Beforec we cen use them i ae this purvose however we
must become familia with many terme wsed to describe them. Thres
wethods for fixing theso in nmind are to be used. Some students
rotein such feets better from & dlegran of the objeect; mthers frem
the resl thing; others from a deseription, Let us use all three
methods, Simple keys have been brepared. Classify each leaf by
use of the keys as to its voination, shape, fpex, bese, mergin
divisioning and surfsce charocter, Sketch each one as accurately
48 possible and vndernesth i+ Place 1ts Latin rame sna its des-
eription. If single terms will nct accurately describe the leaf
use compounds such ss lanceciete-ovate or sarrate-dentate,
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Eey to Teef Veiretion
A. Teef with rumercus, cpproximately parallel veins, connected

by WMINUTD STRAIGET veinlevs. Korzin of leaf usnally entire.
The typicnl lerf of Gymoosperms snd Monocotyledons

veination.

B Veins running rrom midrio or ceosta to margin
g e e il G Costel-veined

br nerve

B. Veing running frcm Lage T& @pox.
C. Veins undéivided end approximately persllel -
Basel-norved or veined.
C. Veins repestedly forking (dichotouizing]) butb
keeping roughly persllel. A fan-like leaf,
Flabellinerved.

Ae J > nich may run strai t n or. ma
‘u‘reak]il&%n_ iﬁ%gaals glﬁgga%e%s am&.uge if}.}"j'e 't.s::aj gHb soc%%ﬁg %%ed by
ANASTOMOSING NIUTWORL (reticulum) of veins snd veinlets, Margin
of lezf entire or cut. The typical leaf of dicotyledonous plents-
net or reticulate veinstion

(The two types of net veination are:

B. Mzin veins springing from midrib producing a fecther-like

effect. -- - ----=-Pimmotely nNek-veined.
Bs Main veins springing trom apex of veiiole .ike fingers of a
hand. —-cc-mmmm e Relmately net-veined.

as  Leaf longer than brosd.
Be Mein body of asbovt the same width throughout.
C. Nerrow and ribbon-like; ofton many times longer than

wide. Typical Of BraSS6S ———---——cowaw Tincas
C. Lbout twice or thrice as long &s broad--——-0bT
B, Brocdest below or in the mlidleg e

c. More than twice as lonz us broad; widening shove
the bese and tepering to the apex,----Lancenicto
C. Not move then twice s long as broad.
D. Broasdest below. .
. Bheped lile the section of & hen's egg; viz
the outlinu & flowing curve.----Ovato.
E. Teperirg by sbreight lines to the Bpeax; viz,
shapes like thne Greek letter Delta--Deltoic
D. Brdedest in the middle - She ouiline s Flowics —
ellipse. _5

Hunt Institute for Botanical Documentation

e ——— ——— T ———




— e

1

ARR . =

' (4 =
] 3 E. Breedth nob more than one-mudL ths_1afipth

Elligthal
%. Bresith considerably more than one-ha tHe =
T Eb e - e et S e e e g ] Oval

Po Wriraant 2 middie e
C. lﬁvh§3233-$gqui1xhe; viz., more than twice as loxig as
brogcd, widening bsiow the epex end tepering to the base.
D. Tzpering by gentle curves Oblanceolate
D. Tapering by straight lines. Cuncate er wedge-

Toesh
C. Broad and rounded nbtove - tapering nbruptly be Tho a.
long nmarrcw "handia" ddike & ppotula-——————n Spatulate .
€. Inversely ovate, vis. somewhat like the section of &
hen's €55 with the small end down. 3
D. Tepering aownward by curvid lineg----e--- Qtovate
D. Tapering dcwmwerd iy streight lines.----- Cuneate or

Wedge-sheped

A. Leaf not longer then “roszd
B. Circular in outlire or mesrly so. Orbieular or Rotund
B. Elongate transversely with broad henrt-sheped base
y Reinform or Kidpey Shaped

‘Key fo Lecf Apices

A Leaf not turned in at the spex.
B. Apex sharp. :
C. Leaf tepering to a point (viz. by lines concave

irperd)
By Mepering pradially -—=———-oc—oo o Acuninate
tIf SThe enex is long cnd tail-like, use--
Candete
D. Ta{eiing auruptly to & smell point,
0 R o Yo e s G il Cuspidate
C. apex & ehurp point l7ke a projection of the
Midrdb. ~emm e Mucronste
C. ipex sn scute angle (viz. by lines convex outwarde |
. Acute
B. Apex not sh=rp.
S BT R S T Y O SR S Obtnse

C. A8 if cut off transversely Ly shearsvewr----iruncate
fe Leaf turned in st the cpex, g
B, Reentram angle s very Slight depression----- Retuse
B. Reentrant angls = dezided noteh Zmarginate
B. Reentrant amgle rroducing a hesrt-shaped apex.-Otcordaat

=
m
o+
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Yey 10 Ler

Teef petiols attached to lower mmigin of l=af
B. Leaf base mot suroce in e £

C. Bese terminating in an scute angla--—-—--—-TAcute
0. Base tepering to the petiole-—e-cmmmmcmaaaa Louminete
C. BugSe DlUNE ——--memmim o e e e m e m e Qb tuse

B. Leaf bese rounded snd turned in (The following terms
apply not cnly to bases but to 8 more or less ovate
leaf with sueh o buse.)

C. Lobes roundcd E
D. Lotes nct slongstc 1ato ears
Be Lobes caurl i 8ige —--ceomommmnaa= Cordate
E. Lohee urnecual 31 8ige ——----memme=m= OElique
CQrgaEe
D. Lobes clongated into eAr8--—--e-—m=cowm- Auriculate

C. Lobes sharp pointed

D. Divected backwerd persllel to the petiole
Sogittate or Arrow

T Sneped
D. Plaring sway from the petiole

Heatste or speer sheped
Lenf petiolc attechod to Llade on the uUnucr side some

distence from the merzin Peltete or Shicld shaped

Ker to Lesf llerzing
Margin an even CONtiNvous CUYVE-——mmm=——me—e—evae- Entire

Margin not en cven contiliucls CUIVa.
B. Margin beset with G2eth.
C. Teeth shkarp
D. eeth »eguliar
Ey Tecth suell and directed forwerd like thoseo
O B Sull-m s e e e e e Serrcte
(or dimin. Serruiste)
E. Teeth larger und not direeted

TOrWard jm== commmmem e Dentate

D. Teeth irresguler, cutting less then one-helf
way to the midrib.—--e—oaccaamonao Sezmentation)

€. Teeth blumi srd dirseted forwarf--—---- Cronate

Bs Margir a pronoureed wevy line =
Gs Depocesions very slighf-e———-—oaea Repoand or Unduleis

dinuate

Loct Begmentation #

Incisions or lobes rourdedl and resching not more then helf Wey
skl b 4 e e e e S e s s e o e G Lobed

Incisions or lobes sherp and reaching helf way or somewhet
more to midrib.

Incisions or lobes either roundad or sherp.
B. Ineisions reaching slmost but not quite to midrib--0 Parted
B. Incisions severing the blede into iistinet losflets, — — —

Diviaed

comy C‘-.i.:l__._"

The leef then beoomes
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o lows: Pinnstely
# Bxprees ruer. and dterocilifon of paris as follows:
Five-lobed, palmatsly thrce-clzft, - rerted - divided, etc.

comtrl Imaves
Express number and aisposition of leafiets as follows:

. o e 4 - --
£:Ti8PRES)Y 105 TokpLato, Lout s elyat s fofolislets, (95, trig, g i
a leaf is present. Srimecy pinnas of the leaf may also be
pimmate or palmate. Thee v3e terms like: bipinnate, tripimmate,
ete., or use decompcund 23 o geunersl term.

Atvechmens
As to the Stem,

A Leaf without & stelk o~ pstiols
Leaf attached to stam by nerrow bass —————emeeen Sesslle
‘ Leaf attached o ctem Uy brosd, pertiy cirelipg Pese
. Segsile and Clasving
Leaves opposite and seemiiag *tc have theif‘bases BrCWa
together sround the stea {stem parfcliate}:—;-Conng&g
Bstialate

As 1t wrfocg
A Leaef with neither heiri ror other removeble material on the
B FRC G - e e Glabrons
T A Leaf surface haizy
Be Hairs spt So teznk
€. Hazrs ghcrt zrd eruct i
D.. Hairg dencely ssgregated like very fire pile

TR o e S SRR R R e Pubeseent
D. Heirs soft but lopger and individusily distincs
Pilose

C. Hairs soft io toueh but appressed .
g. gairs 3c;aiggz 8:d metted-—meuae Tomentose
: « Hailrs twiste curled and metted- Wooly
B. Hairs harsher !
G« Haire bristle like but not perticulerly harsh to
teuch Higpid
1 il wesker {hs term hirsute mey be used)
C. Lesf decidediy harsh to touch when stroked backwardr
Scabrous
4. Leaf surface bearirg a coating other than hair R =

. Mater;al of coet @ wnitish waXy bLoOmeee—-o—__ Glsneous
B. Material of coat a whitish dust o» scurf---—__Pulveruient
fulverulent
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Exercise 46. Go througch this work on the leaf from page 33-38-
and eonat;uct en idesl ;kstnt of esch - shrope, morgin cpex, etce.
and hand in for correction. z

Eey to Inficrescencas

A« Main axis of inflorescence not terminnted by s flower: hence
the axis may contimu growth for some time, Indeterminate
Infloresgaice
+ ILeterdl gxos springing from axils of bracts, unbranched,
and cach fterminatinz in a flower.
Ca Plcwers on nedicsls. -
D. Lein exis elongute mnd pedicels sbout equal in
Jsngth Racems
D. Mein axis shortened. Tho lower pedicels clongete
to form & rathcr flet topped inflorescence

Corymb
D. Kain exia urdevelopeu. Pedicels radisting and
about cqual in lengih Umbel
D. Flowers sz3cils |
D. Mein exis very short - lemdinz to a glogase
Hes
De HMain exis elonpste
L. lodn axis erect and fleshy Spadix
Le Main sxis srecl ana net fleshy ¥a
E. Masin axis scely brected snd often drooping
Ament or
Gatkin
B. Tatersl axis brenchcd one or aove snd bearing clustors
insteal cf singls flowers.
. Irresulsriy resencs? or coryutosely brenched
Panicle
C. Regularly cowpound losding to compound racemes,
gouponnd umaels, compound corymbs, cempound spikes
As Main axis of inflor.scenca terainato
exis cannot cuntinue srowik bar lat
development of the infloresasn
to terminel flowers,

d by a flower hence this
eral axes must take up tha
ce and in their turn zive riee
Doterminate Inflorescs-
< 1CH
B. TFlower etalk sinele ane erisinate b -~8eap
B. Flower stalk br:ﬂchinp k fonsen Uy cnel S1ower--S0kpe
Co Two or ucre loteral exes developing at a node--Cyme
C. Only one laterel nvis developing ut & node--oveoo
Or False na

——

Zxercisc 47. Congtruct en iaes]l diagraz. of each of the above
inflorescences. Use lines for awes g circies for flowers, Do
not onit bracts.
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The Flowsr
A foundational flower tyre - Hyupkssnesea Family:

Exercise 48, We will study fivst a3 o type a very simple and
primitive flower, that of ihe weler-1ily (Castalia sp.). Vhet
terms will Jou epply to the lgaf shepe, margin and bage? The
flowers are borne ov PEDUNCLES. Bach consists of an outer set
of members constituting tho PERTANTM, Arc the outermost ones
glored at ell differently from the irriermoat? In many flowers
%he outermost conetiirie m fpeclel zrcen cup or ealyx mades u
of sepels, while the innze trighter colored ones cons{itute a
corolla made uy of pztzls. Ws cell &11 the outer members SEPALS,
or collactively 8 CATLYY . G Lay also be ealled g diplochlamy-
deous perianth, (etyriolozy?) How mony sepals are thero? Does
the number very in d;ffevent Tlewers? Do they show mey chloro-
phyll? How many petsls are thers? Does the number of PETALS
vary? Inside the perianth list the ANDROEC TUM. The members
&re called STAUENS or ATORUSPORCPHYVLS. Their large and in-
definite number is Bgain & prinitive charscter. Inside the
androecium stends the GYNCEC LUK mace up of several united CARPELS
or MEGASPOROPHYLLS. 3

4+ Drew the flower from its feeial aspect 5 Chly ACross.
Remove the perianth. Ouserwe {hat the sepels rest on a
8lightly enlargee poriion ¢ che pedicel called *he RECEPTACLE
or TORUS. Note particulerly the shepe snd veination of the
sepel. To what cetegory of Orgens does it belong? :

» Bs Draw the sepal.

Detach several stemsng ead #tudy with the lens. . The stalk
is called the FIZ:2NT- the dlstal swollen part, the ANTHER,
If the anther is withe—esa toke fresh stamens from & nearly
opened bud. See 3f you can determine that the enther consisie
of a middle CONNRCTIVE anl Pour elonzats pouches [seemingly
two), the pollen or ANTEFR SACS (alsSo calied pollen cells,
locull, or MICROSPORANGIA).

C. Draw a stomen whose anther hes not yet opensed. (Make
anther 4 cm. long)

D. Draw a stamen with opening anther on the fmme scele. Tabel
the yellow granuiar POLLEN GRAINS or WICROSPORES,

Remove &ll +h. stamens frem a flowsr »ather advanced in sge,
The gynoeciunm &lone remoins on the torus, Carefully rote %ha
conical form of iha TORUS and the SCARS left by the Tall of
Perianth aexd stemens, These secars gollectivoly form a low
8piriel around the torus. Such an elonzate torus with

Spirel arrsncement of florel parts is 288in very primitive,
Agproximately how many ncdes &nd internodes make up this
flower of caStclia, Define & flower an ]




97
Ee . Draw the whale -structure 4. cms in-diameter.

Study the gynoooium, fThis hes become g0 modified that its
atructure may be confusivrg nulesa 1t be compered .with thet of
A more primitive. synoroiull

Fa Drew ‘I’;hokﬁyu_oectum Z am, soreen, Jdoaving pufPiafant yoam flok
1abaeling tho diff.rent perhts lator on.

Gs Drew n cross-sectlion of fau gyneecium.

Preserved material of Celthe im st hand showing the gynocium
only, the other Iloral mewtars be/ivg Fellen off cffer
flowering tims. hote the T0RUS LND THE SCARS left by perisath
members and stameng. Note theti e gyroscium ig composed of a.
variable number 92 separats (AREILS, Such & sywnoscium ia
called an APOCARPUUS GINCGESIUH (2tym?)

He Drawe

1. Draw an individual CARUEL of Calthe. Its elonzete and swallen
~ bagsl pert is celled the OVARY, its roughened tip constitutes
the STIGMA. Whe's was recelved here? HMany cerpels have an
elongate narrow xnack or style T=issen ovary and stigma but ia

Balgga' the stigma 18 practil=ally seselle.

Slice open & cervel longitudinslly with the resor. Its
cevity 1s called the cell or LOCULTS. Inside it liss the
OVULES. What will thsy becons woen mature? To what region
are they stteched? Do thelr MIC20PYLES point inward toward
the loculaer ceviiy or cwey from 3% toward the wall? Whet
term I8 applisd to thelr tiny zitalka?

J« Draw the opened csarpoi 2.5 oms. 82rogE.

X+ Blice open a cerpel trausversely ond make = sketch of the
gection on thecsama sesle.

L. Tura back to your drewings of ths weter-lily under ¥ snd G end
1abel, when pogsibie s8 for Ueithsa. Castalia differs cheifly
from Celthe in havin¥ 2 SYIICARPOUC GYNOECIUM.and not en
apocerpous one (etyn?) Be svre you understand their homolo-
gous atructures., ond how the Cestalia gymoecium might havs
evolved from thet of & flower eimilar 1o Celtha.

Exercise 49, A Liliscecun y2owor. This flower shows congider-
ghle advance over tnoes of Jeithia opd Captalis. Note firsi of all
thet the whole flower is put togathusr on & plan of thraa.

HINS and

Without tearing the Flower actermine how meny S5TA

what 18 their poeition ma repords SEPALI ond FRTALS? oW meny
2T5TILE? How mimy OVARIES, 2MYLRS and STIGIL.S? Suppose one

were to blend three carpels of Calthe intoc one tut leave their
tiny curved stigmas frec woula the result throw mmy lizht on ths
structure of the vnistil here? It constitutes a synoarpous
synoecium; Colthe haes an apocerpous gynoeciunm.
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k< Draw the whpIé flowsr in its natursl position end on & scele
suah &g fo show parts clearly.

s e e

Remove o stamen. How wre %ha ANTEERS Ffixad to-the PITAMENT?
They ere either ' annim: r VEESATILE.

B, Draw tho stapeu.

Rewmove w1l the stamens apa drew the pistil. With sharp |
scalpel or razor slice thLe pistil trkroush the ovary and examine |
the eut. section with 1srs, How neny cavities or CELLS in the
Overy? There sre thep how nery CARPELS fused together to

make up this COMPOUND 2I8TIL?  Hov neny CVULES are visible?
S1it one of the 38lle open lenpinwise. How many rows of
Ovules? The ovules a=h attecksd by their FUNICLES to the
fleshy axis of 1ho CVE2Y. Such ovules are ssid to pocsess
AXTTLARY PLACTNTA™ICT.

Ce Hoke & careful sketch cf the corss-section of the ovary 6 cm.
2cross.

‘Lxereisec 50. We will now stuny = rether complicated flower, that
of the pee family. 4t first ~lanze how dces 1t differ in it
gsgs}ﬁgtgaﬁgﬁaiﬁgﬁaﬂabggabracaenr;? It is wonderzully adapted

Stert a8 beforse with CALYX how nany SCPALS do you find?
(Look varg elosely st the lowrr or ventrsi lobe)  ire”they Fres as
in castulia ond Drecsena or UNLITED INT) A TUsny The corolls st
first sight scems +o have how many PRI Ger Actuslly there ere
five for the two which s1c00d below Yaeve fused togsther to form the
curious boat-ghaced struetura, The pnrts of tha Gorolla in guch a
flower have received special nemas. Ihe laree uprizht upper petnl
18 called the STAIDARD. Tae Bag datetal ones eph the WINGS whilo
the double betton oro is eziled tha ©in The keel is the lanji
lace for insects. Eresa dnwn wiin Jour pencil on the Eesl. What
2 Ppgns?t Gaxlzlsrou a;* Low tka Bees? Yeniral surface would be pow-

e ollen emd huw Uhe stigma Tilg N e i 2 51
poﬁ_&nw%rgu\gmt frog another £1 o‘:'r:f? I-JE}LJ'r: zggtlnfeg %ﬂgtéﬁ'{{hg%shura
sheeding pollen ihe stignn ig Cuncealca; sfter the enthers wither
t_hghsh 'aty%e elglj:;_‘-afe? and it? s¥izme i expoged., 4 flower whoge
eénthers mature fire+ =8 ealled protererar 0E,
ones whose pistil maturss f:rssf b Pevisda torm for

Ae Drew n partiasl sige view of the whole f£] ower 4 cm. long,
B. Remove tha whotle Celyx end drew i1 2 cm, long.
C. Carefully remove standasxa, winzs and keel snd drew esch one.,

Now exanine the ANDRORCIN and GYNOLC TN, With needle carefully
gggare.te the stamens sna pissil, The ten stomens heve theiy : 3

ements fused into s tnte Which embreces the Pistil, Sush en
a8rrengement is seid to Le Monadelph

O¥s (one brotherhood e
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Ds Draw the Monsdelphous ntemeng rather diggromueticully 6 cm.

P ' L i bee: t naturity?
; iatil alone remains. Whet woulid it heve become a :
glquepiga 'OVERY, STYLE and STIGIA.  How aeny of each?

Jraw the pietil 5 com. lonz.
gincg it is ugs{er te study the piei’l when larger, examine the

; sFa Bop e DORSATL
fruit Noke the prraistences of celyz. The pod has a !
Sﬁ’.{'lml.! fwha:t'a seeds are ctiseled) cnd o VENTRAL SUTURE. 4t
maturity. 1t splits into two Lilyis. With how many earpels cre
we dealing? Is this 4 siwple or compound pletile Such & fruit

is called legume.
F: Draw the LEQIMY natursl size.

Open the pod aid nute the svtechment of the SDIDS Ly their FUNICLES
tc the Dorstl suture.

0o Draw the opencd pod.

Dxereise 51. he flower of sraflewss, 4 Tepresontative of the
highest fawily °F aiaotyicacnons T aiks (compocsitae)

In superficiel fpreacence ihis “icwer seecns to ha sonmevhat liks
that of Drececns. «0%elly, howsver, it is cntirely different,
Breek one ¢f thc hecis ek the éfe0 apg romove some of tho
eentrel struotwyes. Luck OUC 18 B ucparate Plower or floret,
Obscrve that thu fiowers engeda centxipeially, Sxplcin hew the
Composite hend HEOBQOLY neme Into enictence., If sunflowar heeds
&re avaellabdlo, exaniy: n 1 Oret Trod e plant, fhey sare larger
and more cesily stauiad, a2 tka img 15 vhat gcemg 10 be a goed.
It is really & opme-scod CViNY 93 £86 top atands & tubnlsr
DOROLLA with five lcten o PATALS.  In othar werds tho rerianth
has climbed UE on top of b2 ovary raa horca the overy ie said to he
m?ER%OR-,_ or {9 Spagk QTT ho 15 rianth np being epigynons {etym).
#aat ter s WO_8DDLY t3 tha eonti +
3 lowars_rgtﬁ'&iad? Th§‘ cE.I:j ’:vgqrfl‘:iu Ef-ofl-i?s tnfr.ggr?;?. thrg"om the
throst of the esralls Projants o SOYL™ witn twe STIGIAS, while
folded close around the scylec sre fiva STAYMES.,

4+ Draw the whole floret 3 on, lorg. Dissect avay the corolla end
€xyupe the strrepy: “a- T Enlhore sxe qromm towether arsund the
8tyle - their fileoni- Bre frie,

B. ts%wuh' androecium. Slit open the enther tube and expose the
atylo. 3

C. Draw the pistil,

Remove one of the MARGINAL or RAY FLOREDS

J B Instond of 5 O=potellad
20rolls, the eorolla loues have all 1 L end beocome = 1.\nr-..+?:1 into
% Gtrap-chaped structure, A COROLLA TUEE ig 8tilL zrosent sna ig
8eeted on the ovary just as in thn disz floret, are LNDROZOIDM snp

GYNOECTUN pregento
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Ds Draw the rey floret with strap-like corolle 5 cm. Iong. — °

Observe the flattoncd disc or igtzptacle wvon which all the
florets are seated. Sumetimes tiny sanles lle between the
florets and constitute the GH.FF. Obaerve also the cup of green
leaves which surround the nead, This of courss cannot be called-
8 onlyx but Insteud is »2alled an THVOLUCER ard is made up of
BRACTS.

E. Draw the whole bead at Jeas*t 6 e, in dismeter. . Label RAY
FLORETS, DISC FLORET s INVOLUCRE, BRACTS.

>, Muke a diagrem of o Lonpituding? cestion taken through the
diss and show tiie florccs in Fosivian, If CHAFY is present
show this also.

Ixercise 52. The Grass Flower.

In taking up the stesvcture of +the gross flower we find s
strueture which Es entir='y different from eny before studied. We
know, hawever, that it nae swisen ©eom a medified 1ily flower,

The grass furnished will Le ona with o8 lerge flowers ag we can
get, Are its flowers in e panicle cr spike? On the' tips of the
ultimate PEDICELS we fiua “he Erall green SPIKELETS. These con-
sist of from one to Lany FIOJHET 3,

A Sketch o porticr of +hs -nfloresconce natural slze.

B.  Remove & single BPIKZT2m Use 1and lens throughout the
following, With reedles yiricve ‘he very outermost scele et the
base ofnghe floraet. This ~5 ecalled “ne PIRST GLUME, Is 3%
Shorter or longer than ths c-nc, A Ftele?  Whet ds its shape?
Remove the next scoie direltly voucsite. Tais is the SECOND GLIVE,
The remaining strr:ci.es =u.., - ®.57 A2 twe ting leaves flattencd
together. The cutesmeat s s “ne LEMIZAS the innermosy is @a
called the Palea. Ienms nog prdess snnlose 3 stamens end o ’
PISTIL, The latter hoe n ons-peils) Cvary. ané two festhery
stigmas.

Draw e spikelet 4 om, 1088,

B. Disgrem the siruature of o single floret.

LB TRUTT 4D sEE

Exercise 54, The Fyuit is whe Hattred pistil sometimes with othex

largety

Parts of the flowur ntinched. £t5 many modifications mwe
adaptations to dispersal,
Les ug stert with n CAPSULE, ¥iz., a dry papery

fruit which 8plits open wnen mature 804 discherges seeq.
CARPELS arc present? Do the earpels =11 ap: g
open slong the VENTEAL SUTURE (SDPTINTILT, DEE
carpel split down ihe beck (LOCULICIDAL DEiTaC R} g &
only the tip of the capsule opens, Do the sseds shaoy oxins,
Peristal or basal PLACENTATION?
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A. | Sketch the capsule entire.

B. Make a diegrem to show the ssme capanle with top cut off
{4 em. diam.)

Lxercise 55. A few of the more impor tant: fruits may now be con-
Sidered slong wiih the asdaptstious of fruite and secds to dis-
perssal.

1. Simple end dehiscent ary fruits,
Ihe follicle:- From whet kind of a pistil is this derived?
What was the Tilanou‘cus Tip on esch Follicle? Does the
folliels dehnisce sicng the suiure whers the seeds are attached?
After it has dehisced how Zoas its sppearencas suggest that the
wWord sporo-PHYIL i. periicainnly epprapriate?
What is the relation of the folliele 4o the capsule?

A. Sketeh the opsned follicle 4 cn. long.
The Legume

d Where have wo seen this type of fruit before? How does
its dehiscence differ from thet of the follicle? What form ds
the valves of the Pea and bern tazs o tc fecilitate dispersal?
B Sketch the legume.

The Loment

y Ow:dese 4t differ foin the Jegume $n ite methsd of broaking?
What sdaptation te aispergeiy

C.  Sketch the lomeas 1.5 em. in dianmeter,

D. Study such othex typea of f1vit a5 sve availsble,

Write up your work on fruits eseording 4o the folla
outline: = e e

I. Definition of Troit,

II. The simple ana dehisuent ory frait - Origin eof
?agaaporaphyil; modificstions of g Primal unilocular
JPE. :
IV The simpic eril Sxdahiscont owy fruit: Primitive sy re-
duced? L3TaTl ‘MTerpretation 6 the met of homologies

enalogies erd’ gigoseesra LEsnepRisms involved,

IIT, Origix ¢f +the cepsuler typa,
V. The fleshy indehiscent fruit.

VI. Aggregate ang multiplo fruite — Tntersrat,
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Typicel gueationa basea on Leacture I.

What is the derivation cnd the actual wesning of the word
asinnse? “Wast is moeit by philoacphy: by motophysies; by ontology?
How do we gain the fscts of sciencc end how does the aversge man's
factual content of mind differ from that of the scientist? What
is meant by affirminz thaet the sonses are naotoriously untrustworthy?
Whot voelue con we see in coilegs sclence besides its sconomic valune?
Contrast science with tigshmmanitics? Is there any proof that
gcientists become dehumanizew -thru thelr studies? Wnat is an ext?
Whet: are the fine sxte” e e follllwing sciencee or erta:
Agriculture; Chemistiry: Horticulturs; %celozy; Painting end Sculp-
ture? Which typu of mep is mwést revarded by the commercinl world -
the devotee of purc er cprlicd science? Is this &s it should be?
How do the two types of men diifer? Whet is meant by the trinity
of men's being? To whet Joue extreme emphasis upon any one of
these lernd? Garefully distinguish botween induetion and deduction.
Define Iaw, Theory cmd Hypothoeia, thet is meant by the field of
sensible reality? What ie research? Is the business world
beginning to reslize the vzlue of resaarch? Is there g denger in
letting eelfish men kiaow too mugn? Taat 43 you suppose is the
resson for the oath of secrscy to whish members of certain oceult
schools are sworn?  Whut aid Christ meen by "Cast not your pearls
before swine'.
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Exercise 1. Introductory study of a seed plant.

_ The plant used will be as iypical a one as is available.
Note the obvious divisione nf its body into root, stem and leaf.

The voot: Eow Soes ins ~olor compare with the parts of the
plant above $he soil? le thei2 a n2in axis or does the root divide
at once into many rootlets? Whai i the oldest part of the root?

Ts it of a different texture here than in the younger part. Is the
surface smooth or has it become rcugh through the formation of cork?
The junction of the root and stem constitutes the COLLAR. At about
what angle do ROOTLETS leave the main root? Is there any regulari-
ty in their distribution? Which are oldest? Do they pursue a
straight course outward? If not explain reason. What is the
funetion of the root? What is the value of so many ROOT FIBRILS?

A. MNeke a drawing of the root on such a scale that the collar shall
be 5/10 em. in dizmeter.

The Stem: Is there o main or PRIMARY AXIS? lateral or
SECONDARY AYES? Is there regularity Zn the branching? Are the
branches related to leaves? The points at which the leaves stand
are cnlled NODES; the length of stem bLetween nodes are the INTER-
KODES. At what angle do the branches leave the main axis? The
undeveloped upper bfanches are called BUDS. Can you detect youup
leaves in them? Are there terminal buds on the branches or dosg
a flower terminate the branch? If tke latter condition is found
will that branch ever grow eny longer? Normal buds or the branches
which grow from them stand in the upper axil of a leaf invariably!

Is the ster smooth {glabrous) or hairy (pubescerti:
Does it show traces of longitudinael grooving? If so, ridges mark
the position of inner woody masses. Does the stem differ in texturs
below and above? To what is this due? 1Is the color as well as the
pubescence different below from that above? Is there evidence that
leaves have been lost below?

B. Draw the leafy stem on a scale to show these features clearly.

Are one or two leaves found at & node? Are the leaves of
successive nodes attached to the same side of the stem? Where are
the leaves youngest? Wherc oldest? Which are simpler in outline?
It is often the case that the youthful struetures formed by a plant
are simpler than the adult.




The laaf consists of an expanded BLADE or LANMINA and &
stalk or PETIOLE. There may be appendages at the base of the
petiole called STIFULES. What are the most striking differences
between stem and leaf? Such differences are related to their
different funetions. Is the lsaf glabrous or pubescent? Are the
two surfaces alike? lNote that woody strands from the stem pass up
the petiole and enter the blade. These arc called LEAF TRACES,
They become the RIBS and VEINS of the leaf. Hold the leaf to the
1ight and note the complicated branching of the VEINLETS. Vhat
is one obvious use of the ribs and veins?

C. Draw a single leaf to show these features.

After plants have been lying on the table for some time
how do the leaves differ from first appearance? Why? If flowers
are present note their terminal or lateral position. By using a
needle or scalpel note that the plant body is covered with a skin
or EPIDERMIS. Below the epidermis of the stem lies the bark; its
outer layer is green. Inside the bark lies the wood, wnile in the
very center of the stem is found the pith.

THE ORIGIN OF THE SEED PLANT.

Exercise 2. The seed; its germination and evolution.

The Endospermous Seed of Ricinus - the Castor Bean.
(Euphorbiaceae.~ Spurge family.)

Examine the soaked seeds given you. The hard covering
constitutes the TESTA. Can you imagine any possible significance Iu
the odd ornamentation? At one end is seen a curious outgrowth, the
CARUNCLE. It is not present on most seeds. More or less hidden
by the carpncle is the scar left when the seed fell from its attack-
ment. This scar will be much better seen in other seeds, It is
called the HILUM. Running from the hilum along one side of the seed
is a narrow ridge, the RHAPHE, This is really the seed stalk grown
fast to one side of the seed.

A, Draw the seed 4 em, long to show these features. Represent
markings by shading.

Remove the brittle testa and expose the "meat".
N. B. Do not eat these; they are poisonous.
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Slightly cut around the edges of this mase and split it into two
halves., What comes Lo ligrt? Thiz iz the EMBRYO. Note its two
delicate leaves cellec COIYLADOFS and its tiny stem below the
potyledons (hemes HYZOUSLYL) va whlch they are attached. Are the
eotyledons provided with VLEW.? Toward whish end ot the seed does
the hypocotyl point?

B. Draw the embryo as it 1lss surroinded by the endosperm (4 em.
long). Show around the endospsrm the section of TESTA und TEGMEN.

C. Remove the embryo. Carefully separate its two cotyledons and
make a careful skeich of it.

| You will now be furnished with a germinating seed of
Castor bean. Note the mothed by which it breaks through the soil.
What about the zbility of an arch to resist a strain? Carefully
separate the parts, if Niature has nut already done it for you, and
identify each one. What iforece brolte the testa? What is happening
to the COTYLEDONS? HYPOCOTYL? ENDOSFERM? Does a tiny LEAF BUD
appear between the cotyledona?

D, Make a careful sketch (twice natural size) of the germinating
seed.

Examine the second stags ci germination. The perticula>i:
important points to observe are: Fate of endosperm, COTYLEDONS, LEA
BUD, EYPOCOTYL. How does the color of the aerial parts compare wiv
that of the seme parts while =still in the seed? How do cotyledcus
and first leaves differ in shape? Compare the second leaves with
those taken from an old cashor bean plant, 0On these leaves ave
usually found extra-floral nectariec; their function is in JIsubi.
What other difference than merc size is seen? It is very probebla
that the ancient ancestors of castor beans hnd only the simpler
type of leaf, Onbtogeny is said to rccapitulate phylogeny. iWhat ok
{hia mean? Does your own ontogeny show the working of the same

aw?

E. Draw the fully established young plant, natural size or sligh:-
ly smaller.

F. Draw side by side thc outline of the cotyledon, of the first
leaf, and of a mature leaf reduced or cnlarged to the same size.

G. Write up your work on the seed of Ricinus according to the
following outline:
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1. Description of the seed - external and intermal.
" i

% b Ly ' dev:loping seedling.

L n " 7 estaplished plant.

IV. Conelusiowns cind i1rarenees: (INDUCTIONS - See Lecture
= Kotes.)

A. Tho proviui~a made by vhe mother plant for the
seedling and - recessicy for this.

B. The adaptation of the scedling to its work of
breaking throuzh & luved of soil.

C. The doetrine of rseapitulation and how illustrated.

Exercise 3. The Exendospermous seed of the common bean.
(Leguminosae; Fea Famin.?

Examine the dry bean seeds furnished. On one side note the
EILUM. At one end of the hium lies a tiny heart-shaped CARUNCLE,
but it is so small that :t fdics not eonceal the hiivm as in the
Ricinus seed. Atits other end lies a minute hole, the mizrapyle.

Examine two soaked seeds of bean furnished. One has had
its micropyle covered with vaseline; the other was untreated. What
is the difference between them? What then is one use of the
micropyle?

A. Make & sketech 4 cm. long of the face of the soaked seed to shew
the hilum,

Remove the seed coat. Within lie two halves of the bear
attached on one sife to a small cylindrical structure. What is =
Toward what does this struciure point? Separate the halves of v
bean (what are they) and what appears? You are dealing with exau”.
the same parts as in the casfor besn except that there is a0
endosperm and the embryo is more strongly developed. The two smy.
leaves and the tiny EPICOTYL constitute the FLUMULE.

B. Draw the embryo from the face with testa removed.
C. Draw the parts visible when one cotyledon is removed.

How do the cotyledons differ from those of the caston
bean? Would it seem probable that the cotyiedons could form as
efficient seed leaves as in the castor bean? At one time there wase
endosperm in this seed but the cotyledons began to feed on it when
young and absorbed it all into themselves. What is the difference
between garden bean and castor bean in this respect®
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We will now study the gormincting bean. Note now parts
develop and compzre with the cas*or vean.

D. Draw the germinating tesar, Iabel cotricions, epicotyl, first
leaves, hypocotyl, orimnp:s rioh, sccoriary root.

The establishsd scedlirg. The Tollowing points are to
be noted.

1. What heppens to the cotyledons at first; what even-
tually? Why?

2. Compare young and old leaves as you did in the castor
bean,

-

E. Draw the growing plant.
F. Draw cotyledon, Tirst and second leaves side by side.
G. Summary and conclusions:

1. Coneise description of szed and secedlings,

2., Advance or modification over castor Dbean.
&. Result on functional power of cotylodons.

Exercise 4, The exendospermous ssef of pea.

Examine the soaked seed. It Delongs to the same family as
the bean (Leguminosse) and is little different in anatomy exeept
that the cotyledons are more bulky. You will see what this has
led to. Open the seed - observe hemispherical cotyledons -
hypoeotyl and plumule.

A, Draw the embryo from the Zece with testa removed.
Examine seedlings well advanced in germination. |

What important difference over the last two studied in position o
cotyledons? Of color of cotyledons with same in bean., What part
of embryo has grown and pushed out of soil? Tabel it. What are
the Tirst leaves like? They represent stipules only. Is there anr
evidence at all of petiole or blade? ¥Why don't the cotyledons
attempt to serve as leaves (green) as they do in castor bean and
garden bean?

B, Draw the germinating pea so tnat the seed part is 1.5 em. 12
diameter. Show zround level.

C. Summary and conclusions:

1. MAdvance over grrdon bean and result on method of
germination.
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€. Construct = serics or diagramuntic figures of the three germinat-
ing seedlings just studied wi*h s22d paris attached, and indicate
homologous parts in each seesdling.

The seedlings so for stolisd all have ©wd colyledons and belong
to the division of sezd piaats ¥zorm a3 Cicobyrledons. We will now
study a member of the other division of seel Jlants: the mono-
cotyledons, - Practically all mcnocctyledons have endospermous seeds

Exercise 5. The Onion Seed (Liliaceae - Lily Family)

Study the germinating onion seed furnished you, and verify the
following description.

From the endospermous seed there comes out first the tip of the
HYPOCOTYL Jjust as in the seeds already studied. This moves down-
ward in the spil. Slowlr the single long COTYLEDON is drawn from
the seed. Don't get cunfussd just because it is elongated and not
oval as in the bean or pea. It turns green - a primitive feature -
and a strong arch with a knee in it develops. If hypocotyl is pre-
sent at all it is very chort - & mere mot. There is no apparent
difference between hypocoly' and cotyledon. Sometimes the ssed is
pulled out of the soil into the air. TLast of all the PLUMULE be-
gins to grow from what seems to be the side of the cotyledon., It
really is enclosed for some distance by the cotyledon sheath. Strir
open the sheath and follew the plumule downward to hypocotyl region.

A. Sketch the germinating seedling twice natural size and show
where plumule has its origin.

B. Xow do you imagine that the monosotyledonous seed came into
being? Could it have arisen from an advanced type like Dbean or
pea’?

C. Draw 2 reconstruetion of = purelv hypothetienl ancestor of the
onion in the process of germination.

Exercise 6. The date secd and seedling. (Palmaceae: Palm family)

How does this seedling differ from that of the onion?
Compare the shape of the first lcaf with one from an old tree.

A. Sketch the seed and seedling naturszl size. Show level of
ground and point where plumule has its origin.

B, Sketeh the mature leaf mueh reduced.
Exercise 7. The corn grain and its germination.

Note in the sosked grain the shield-shaped single COTYLEDON
and the yellow ENDOSPLRM. P 3
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A. Sketeh the grain from the face, two times natural size.

Split the grain thr-ugh the small diemeter and note the
emall EMBRYO lying on the face of the cotyledon. It has well
developed ROOT and PLUMULE.

B. ©Sketch the longisection on a scale of 3.

Studgt the seedling and note what has happened to
hypocotyl and epicotyl. Does the cotyledon leave the grain?

C. Draw the seedling about twice natural size and label cotyledon,
endosperm, primary and secondary roots, adventitious robtts, first
node of growth, leaf sheath, leaf.

To what use has the cotyledon been adapted? (Important)!

Exercise 8. Summary: How do onion, date and corn show a series
comparable to that of castor bean, garden bean, and pea? What,
however, is the difference in function of the cotyledon in the two

geries?

Having seen how the young plant comes into existence we
may now proceed to & study of the parts of the developed plant. A
logical sequence may well be root, stem, leaf, flower, fruit and
seed. Thus we shall come back to the starting point.

The Root - Subterranean.

Exercise 10. Fibrous root system of a small tree.

You have already studied the root of an herbaceous plant
and have learned to recognize its parts. Observe the root system
of a small tree. Is there a main root? The irregular branching
and distal division into fibers is noteworthy as is also the corky
layer wnich covers it. The cork often appears covered with longi-
tudinal clefts due probably to what fact? Do any of the roots show
flattened or hollowed sreas on their surfaces? To what are these
probably due? Consider the intense strains to which the root systen
of old trees is subjected., Is it adapted to these?

A. Sketeh the root system accurately.
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Exercise 11. The tap-root of carrot or parsnip.

How could this roo% be derived from one like that of the
tree just studied? Can you see any advantage in the elongate form?
Alfalfa has an extremely lon; tap root and is a remarkable plant for
dry land farming. Why? S«eich root 2/3 natural size. Are lateral
rootlets present at all? Aniit the root longitudinally through the
genter and note where the lateral rootlets originate. Peel away the
bark. How did these rootlets reach the outside? This bark consists
of three layers: (1) an outer delicate skin or EPIDERMIS, (2) a thick
mess of CORTEX and an inner zone of PHRLOEM. Inside the bark lies
the WOOD 2nd PITH. Cut a cross scctional slice through the root.
Hold to 1ight and note the whitish WOOD-RAYS running through the
wood and phloem, Inside thw wood is found the pith.

Draw the root showing both its longitudinzl and transverse
aspects.

Taste a bit of the cortex. Thet seems to be present? OFf
what value can it be to the root? How shall we account for the
swollen form of the root? '/hat part of the carrot or parsnip root
probebly takes in water and salts? The main part of this root then
has adapted itself to what function? The earrot and parsnip are
biennial plants. How is this intimately related to the root form?

The dahlia; sweet potato; turnip and beet are also pro-
vided with storage roots.

Exercise. Adventitious roots: FPARSONSIA or Sugar Cane

Observe cuttings that have been kept some time in water.
The white roots whiech have come from the stem are conspicuous.
(0f what possible advantage to a plant can this be in nature? Of
what value to hortieculturists is this ability of plants to form
adventitious roots?)

A. ©Sketeh the base of the cutting with its adventitious roots.

Exercise 13. Adventitious roots: Bryophyllum.

Observe the lcaves of this curious plant whieh have been
%yiggioE wet sand and sec what has happened. What other leaves will
o 87

A. Sketch the leaf with the young plants and ADVENTITIOUS ROOTS:
B. Write a paragraph to explain the value to the plant of this

ability to throw out adventitious roots. "hat value to gardeners?
To your previous list of root adaptations you may add another. Thet:

F{lquf !rjcbfi+||+r\
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root - Aerial

¢bs FICUS Stipularic.

Exercise 14. Climbing rof

Pieces of stem wi!. Y2 fvrnished. Note on which side of
stem the roots originate anl Tow they mcve away into dark crevices.
Such roots always move away fiom lighu into Lhe carkness and are
said to be negatively photoireni:. Tant aduptation to 1life con-
ditions is evident? In what class c¢f roots will you place these
climbing ones?

A.g Sketeh the piece of stem given you.

E#:rsise 15. Prop roots: The corn plant.

Do they seem to be of any other use than for support?
Here is another interestinz adaptation of aerial roots. Whence do
they spring. Note that they arise endogenously and break thru the
outer tissues. Are other sets developing higher up? Such props
are sometimes so extensively developed in some tropical plants as to

conceal the whole stem. (Ohia, Banyan)
A. Sketeh the base of the corn plant with 1s prop roots.

Exercise 16. Air rcots for water absorption and food making.

Observe the aerial orehid and its pendent roots with
papery covering, This paper outer laycr is called the velamen and
soeks up rain water or dew like a sponge. Note that the root is
green underneath the white covering. This green matter (chlorophyll
is of course particularly characteristic of leaves. You will learn
that it is absolutely necessary to a plant which makes its own food
out of gases and water.

A. Skectch one of the orchid plants.

B. Write & summary of the ideas developed from your work on roots.
To assist you the following outline is suggested:

The subterrancan root
1. Primitive functions
2. Secondary functions
a. The biennial habit and adaptation to storage
b. The effect of cultivation on storage
3. adventitious roots: inpertance to plant; to
gardeners.

The Aerial Root
Climbing adaptation

1-
2. Aidaptation to support
¢, Adapiation to water absorption and food making.
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THE STEM AND ITS MODIFIC.IIONS

Recall the stwly o7 the complete plant with which the
laboratory work started -rd ihe facts learned about the stem.

Exercise 17. 1he study cy 2 “res ctem in the dormant condition:

From simple insre:ticn ané comparison what are some of
the differences between this stem and that of the green plant pre-
viously studied? That plant wilted rapidly in the warm dry air.
Why doean't this onef Vhat caused the horseshoe-like SCARS on the
branch? The "nails" are the leaf trace sears. Whaah stands above
each scar on the last year's growth? How does last year's growth
differ in color from the older parts? Just how far backward does
last ssason's growth extend? What separates it from the growth
of year before last? What stood ot that point last spring? What
produced these marks? Eow mury nodes dnd internodes are represented
by the girdle? On the vlder poris of the main axis do you still
find buds? Whet does take their placz? (Sometimes one does find
so-called "RESTING BUDS" on such oid growth). How old is the branch
you have? Cut a cross-section througn the base of the branch and
count the rings of wood. No.e the many tiny breaks in the epidermis
scattered over the twig. These are called LENTICELS, through which
gaees pass in and out.

A. Sketch the whole branch natural size.

5. Sketch the area of junction betwsen two years' growths to show
the girdle of bud scars. liake drawing 2.5 em, in diameter.

C. Sketch a leaf scar magnified to 2 cm.

Observe the TERMIN.L BUD. Note how the scales overlap
like shingles on a roof. They are said td be IMBRICATED. How does
it differ from the terminal bud of the growing plant studied in Ex.
1. Carefully remove the sc2les. There is evidence that they are
the flattened bases of leaf stalks. Searsh for it.

D. Sketch a developing leal bud, and label BUD SCALES, SHOOT, and
LEAVES.

E. Write up this work according to the following outline:

1. HMarkings on twiz and their significance.
2. Method of computing age of branch,
3. The leaf buds.
a. Positions
b. Struecture
c. Development of parts in spring.
4. The adaptation of the branch to dormant conditions,
9. A comparison of such puds, ste., to those of a
vigorously growing plant.
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Exercise 18. The Stem. Its adaptations to leaf display; 1
Phyllof=xr.

On the stem fuinished select & certain leaf or bud and
then move up the stem until ycu come to the next leaf directly b
above it. Stick two pins into the basss of these leaves, Starting

th Number 1 count the leaves betyeen Nurbe»s 1 and 2. How ma
gimgs do you eircle the stem? If there ars three leaves and yo&y I

make one turn the plant has a 1/3 phyllotaxy; if there are five
leaves in two turns the phyllotaxy is 2/5. The various phyllotaxies
form a series as follows:
1/2, 1/3, 2/6, 3/8, 5/13, 8/21. Vhat curious fact do you ob-
serve in the series? How do such arraengements conduce to the idea s
expressed in the heading to this exercise? j

L, Write out your observations and inferences concerning Phyllotaxy
Neo drawing is required. 3

Exercise 19. Kosettes: }

Study the rosette plant given you. How do the leaves ;
avoid shading one another? Such an arrangement constitues a leaf
mosaic. Many perennial herbaceous plants pass the winter in this
eondition. What advantage is it? Such plants are sometimes called
stemless (acaulescent). Split the rosstte through the crown and see
if it really is stemless.

A. Sketch the half of the plant very carefully to show both top and
cu;ngdge. Remember each line in ycur drawing must have a definite
me Ng.

Exereise 20. [Crseping, Climbing, or Twining Stems:

Such as are available should be noted and their adaptation
to leaf displey thoroughly realized. \hat advantage to sueh & plaiat
is its weak stem? liany such stems climb on walls and form elaboraie
leaf mosaics.

A. Vrite a brief description of these climbers or twiners.

Exercise 22. Modifications of Secondary Stem £xes.

Tendrils: To assist the weak stem of certain climbers in getting
intc the best light relation accessory stem modifications called
tendrile are often instituted.

Tendrill-bearing plants available will be furnished.
Members of the gourd family - comprising squashes, cucumbers, and
melons - are provided with remarkably sensitive tendrils. The
Passion flower is also 6f interest in this respeet and the stem
nature of its tendril is proved by its position. How?

A« VWirlte a paragraph summarizing your work on tenirils.
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The Stem: Jis ‘daptation %o EL.Q and Uater Storage.

Kodification of upeight

Exereise 25. The Xohi Roi. The nafure of thils sfhiorage orzan is
evident from simpis insuwcuiod. Lu is a stem behaving much in the
same way as does tx ncon: bf Whne PEXEZLD.

A, BSketeRl bthe speolmsn,éqd Show bac grouait Le VEL . =

Exercise 24, The Corn of COroecus or Gladiolus. Study the Corm
furnished you. Did it = ;rov ubove or beiow tne surface of the soil?
that is the true natuce of ths vapery zuats on the outside? .re
they of any value? What proves that tne corm is a stem and not a
root? Are there any LTAF BULS on 1t?

A, Sketch the corm both as a vhole and as cut longitudinally.
lisdifications of the Crseping axis.
The Stolon - Runner Series.

Exercise 25. STOLOLIS. OCObozrve the radiating shoots from the base
of the plants. These are sinions. Do any show evidence of rooting
at their tips? Such tips btake root and azain send out stolons.
ihat is the advantage of such & method of growth?

4. Carefully sketeh the plant.

Exercise 26. THESE RUFELR OF STRAWBERRY or of Jacguemontia. The
runner is but an extensively developed stolon. Is the runner or the
stolon more efficient?

A. Sketch the plant with is runners.

B. Write a paragraph on siclors aud runners considering their uses,
progressive efficiency, and horticultural importance.

If the stolon or runner becomes subierranean another interesting
function is added to that of rerroduction.

Exercise 27. The Rizome-Tuber Series.

Rhizome of Witch Cress. Study carefully and explain why this
struecture is not to be called a root. If it is a stem it should
show HODES, IFTERIODES, [.0DAL BRAKCIES or BUDS and LEAVES, Is there
evidence that old a: mal stems have disd away in years »ast? ‘fhere
do roots come out? ‘that funciion vesides that of reproduction can
you infer?

A. Sketch a portion of the Rhizome, three times its natural size.
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Exercise 28. THE RHIZJE (7 LUT-GRASS (Cyperus roturdus). This
interesting rhizomz is fo b2 virefully cemparrda with the last. How
does 1t difrfer? Cult a thiu 31 cve fyom tlie/end of the rhizome and
apply a little weak iodine. ReInlitt swollza What meaning?

Does this rhizome bear NCDES, LLATEE, BULS,

A, Sketch the rhizome.

Exercise 29. The Potato Tubor. State evidence thatthis too is a
stem, not a root. What are vhe "EYES"? Look at the ridge under

each eye for a tiny membranevus scale. What is it? When potatoes
are exposed to light in a hill whal happens?

A, Apply a drop of iodine to the cut surface of the potato. Result?
B, Draw the whole tuber natural size,

C. Draw the eye and its atterdant parts, three times natural size.
D. Write a paragraph considering the rhizome tuber series.

Exercise 30, Modifications for Defense. (?) Observe the branches
available and note that some of The spur shoots show a tendency to
become pointed and harsh. ©Some have believed that these form a
means of defense against browsing animals.

A. ©Sketch a branch with typical sharp spurs.

Exercise 31. TKote the progressive perfection over the above. Why
must these thorns still be considered as branches?

A. Sketch the branch with its thorns.

Exercise 2. The prickles of thc raspberry: Are these of the same
nature as the thorns you have been considering? Explain. What
structure of irregular distribution have we found on plant stems
which could give rise to such prickles?

A, Sketch a portion of stem, four timess matural size.

B. Write a resume considering this series of thorns.

Stem modification to subserve the leaf function.

Exercise 35. JMuhlenbeckia platyclada (IThe seaside zrape)

Interpret the flat members of this curicvus plant. Are
there any leaves at all?

A. ©Sketch portions to show its features.




o )

Ruscus and Phyllanthus: If e ihar of Lhzes nlanis is available
Ye Turnished. Work osut tue moruiology of the leaf-like
members- (CLADOFHILLS )

B. Sketch portions of the plants.
¢. Drawa portion of the plant.

Exercise 37. The @actus Plant. (Apuniia and Cereus). Rhese

odd plante run into many forms. [he Tlaitened types are particularly
interesting from our standpoint. In what places Go Cacti grow? To
what other use besices the leaf funetion are these stems being put?
Many of them bear susll leaves when youns but these cuickly dry up
and fall off. The spinss are probably to be interpreted as a branch
system,

A. Sketch ons of the plants.
B. Write.a resume of the subject of stems sserving as leaves.

G. Construct a careful ocutlins and summarize the whole subject of
the stem and its modifications toc subserve various Tunctions.

THE LEAF &7 ITS HODIFICATIONS

Ieaves in exactly the same way ac stems can b2 moulded into many
forms znd adapted to many uses. In this rogerd tkore is such a
riehness of material that we shall sbudy some of the most casily
obtained and striking cases. They will bo taken up according to
the following scheme: 5

1. Leaf adsptod to climping

2. Leaves =dapted to food and water storage

2. Ieaves sdapted tc reproduction

4, Ticeves adapted to the water life

5. Leaves adapied to eating meat (carnivorous
mitrition)

5. Lesves ndaptcd to withstanding arid conditions.

Exercise 38. Glimbing leaves. Exnmine thc leaves furnished you
and study their special adcptation for climbing. Draw one leaf cof
‘ gach type cnumeratcd above. Write a resume of lcaf adaptations %o
the elimbing function.

Leaves adapted to storage.

Exercise 39. The Agave or Centmry Plant. Fow do these leaves chov
that they arc uUsed for this purpose? wnere do Ageves grow naturally’
Is there any relation betwecn the thieck leaves mnd the rare flowerin:
periods? No drawing is reguired. The Agave leaf may be called &
dunl purpose leoaf. Why? Let us study now 2 set of leaves which ars
used for s single funetion.
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ut ine = % : subject-of
1 & careful cut ire an? cummarize the whole :
?ﬁq gsgﬂsa§?°$+g mraificelicas to subserve various funchions.

THE LEAF aND ITE MODIFICATIONS

exactly the same way &s Stems cen be moulded into many
gg:;:saig adapteg to many uses. In this regerd there is such a
richness of materisl tnat we shell only study some of the most
egsily obtained and striking ceses. They will be taken up
according to the following scheme: :
+ TLesef aiepisd tu elimbing

2. Leaves ndepted to fodd end water storage

3. ILeaves cdapted to reproductisn

4, TLeaves wdepted to the woter life.

H. Leaves andspted to soting meat (carnivorous

nutrition)
6. Lcaves ndavied to withstanding arid conditions.

ercise 38, Cliuwbing lesves. Exemine the leaves furnished you
E:a study their apeo?%l sdzptation for climbing. Draw one leaf

of each type enumerated above. Write a resume of leaf sdaptat-

ions. to the climbing function.

Leaves mdeptsd to storsge

Exercise 39. The Azave or Century Plant. How do these leeves
show that they @re being uset for ghis purvose? Where do Agaves
grow nsturally? Is there any relation tetween the thick leaves
and the rare flowering perinis? No draving is required, The
egave leaf may be called a dusl purpose leaf. Yhy? Let us study
now & set of leaves which are vsed fu- a 8ingle function.

Exercise 40, The Cabbage Plent. Split a small cabbage through
the middle, Iiame ﬁave we srplied before to & set of lseves
borne on a short axis asni folded close together? Are there eny
axillary buds present? How do the i=ncr leaves differ from the

cuter? gould they muke food? Is & cchbbase biennisl or
rerennisl 1k

A Sketeh the longitudina® ssction soumewhnl diagrammatized.

If the cebhage should retreat underground and its leaves
should become even thicker it would corstitute n bulb.

Exercise 41. The Hvmointh Buln. Spilt the bulbt lengthwise
through the middle.” 15 its noture clesr? Note the dry distal
extremities of the scales. Whaot parti of the leaf does the fleshy
White part represent? Whet stem modification is analasgous to the
bulb? ~ Whet is the structure found in the middle.

A Draw the longitudinsl ssction of the hyacinth bulb.

Be Write & resume of the les? in relation to storage.
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Lesves sinrted to reprciuztion.
Exercise 42, Ioaves of & fern will}befurnished. How would the
3mall plantleta become isolated and free eventusliy?
Ae Sketch a portion of the leaf and write a brief-note (considexr

your work on Bryophyllum slso);

Leaves cdapted o the water life.

i ' 11 s
Exercise 43 Growing weter-plents will be furnished as we
preserved m;teriel. How is The whole plant adapted to the

¥ﬁ3§§ %% g; wa%gg %ﬁg gggalggvggcggrgéc%ﬁgr%grggggsed?CQBA{ﬁQ
upper surface be wet?

A« Drew a plent to show the week habit emnd the two kinds of
lesves. i =

The Water Hyseinth. This curious plant 1s a bad pest in the
south es 1 ocks up the stresms. How does it keep itself
afloat? A section af one of the petioles will be handed around.

B. Sketch the growing plant snd take notes on the structure of
the petiole.

Leaves sdopted to eating mest.

Exercise 44. Such specimens of these strenge plants as can be
obtained will be furnished snd their habits explained. The three
following are not rere in New Englend, the Sundews, the Pitcher
plant, and the Aquatic Bladderworts.

As  Meke sketches and take notes.
Bs Write & resume on the subject of Leaf Adaptations.

Exercise 45. We shall now take up quite a different kind o

work on the leef from any that we have so far considered. e
nature of the lsaf furnishes cn imgortant means of identifying

* 1 vlants. Before we cén use them for this purpese however we
bust become familis. with meny terms used to describe them. Three
methods for fixing these in mind ere to be used., Some students
retein such facts better from & dilagraum of the object; sthers from
the reel thing; others from = description. Let us use all three
methods. Simple keys have been prepared. Classify each leaf by
use of the keys as to its voination, shape, apex, base, margin
divisioning and surface charneter, Sketch ecach one as scourately
88 possible and undernesth it place its Latin name end its des-
cription. If single terms will not accurately describe the lesf
use compounds such es lanceolate-ovate or serrate-dentate,
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Key to Lesf Veipovion

srous, opproximately persllel veins, connected
%} H:ﬁg%g g%ﬁ?IEﬁ? vcinietg? Morzin of lesf usually entire.

‘The typicel leaf of Gymuosperms snd MonaU?E?}fésgi-u-rurnllel

veination.

i g drib or costs to margin
B. Veins runnipg o S G R g---COStgl—veinad

or nerve

B. Veins running from base t9 spoxX.
Cs Veins undivided ecnd aspproximetely psrallel -
Bagal-nerved or veined.
0, Veins repeatedly forking (dichotoiizing) but
keeping roughly parsallel. A fen-like leaf,

Flabellinerved.
which trei to margi T me
gieak“%%nigigasfgﬁggga%einﬂ and Velntets. g%iﬁa conngcted by

ANASTOMOSING NETWORK (reticulum) of veins and veinlets. lUergin
of lesf entire or ocut. The typiczl lesf of dicotyledonous plents.
net or reticulete veinetion

(The two types of net veination src:

B. Msin veins springing irom midrib producing a feether-liks

effect, ~-==mecmmmm e m e Pinnately ne¥-veined.
3+ Main veins springing irom arex of petiole 1lke Zingers of e
hande =-----mmmemmme e Pelmutely net-veined.

Key to Lesr Shapes

A Leef longer then brozd,
B. Main body of about the same width throéughout.
C. Narrow and ribbon-like; often many times longer than
wida. Typlical of EraAESeR m—r—cr—=—ecas Linear

G. About twice or thrice as long as broad--===UtTong
B. Brosdest below or in the middle

C. lMore than twice as lonz us broed; widening sbove
the tose and taperiug to the apex,----Lenceolate
€. Not more than twice &8 long as broad.
D. Brosdest below.
Z. Sheped liko the section of & hen's egg; viu
the outlinu & flowing curve.----Ovate.
E. Tepering by streight lines to the apex; vis.
shapes like the Greek letter Delta--Deltoic
D. Bréadest in the middle - the ouiline s flowing
ellipse.
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BExercise 46. Go through this work on the lecf from page 33-38
and construct en idesl sketch of cach - shnpe, margin apex, etce
and hand in for correction. .

Key ©tu Inflorescences i

4+ Main exis of inflorescence not terminasted by s flower: hence
the axis may continuc growth for some time. Indeterninate
Inflorescence
. atera. exes springing from axils of bracts, unbranched,
and cech termineting in a flower.
C« Flowers on pedicels. -
D. Mpin axis elongate end pedicels sbout equal in
length Receme
D. Main exis shortened. The lower pelicels elongete
to form & rather flat topped inflorescence

Corymb
D. HKain exis undeveloped. Pedicels radieting and
apbout oqual in length Unbel

D. Flowers seugile
D. Mein axis very short - leading to a glnbose
ead
D. HMain exis elongate
E. Upin axis erect snd fleshy Spadix
L. Main exis .cect and not fleshy E%IEE_
E. Main axis scsely brected snd often rooping
Ament or

catkin
B« Latersl axis branmchcd one or aore and bearing clusters
instead of single [lowers.
C. Irreculsrly racemcss or corymbosely brenched

g bty Penicle
+ Regularly rowvound leading to compound racemes,
Sompound wnbels, ¢omp oung ccrymEa, compound spikes

A« Main axis of inflor:scencs ternunated by a flower hence this
&xis camnot continue crowtk but lateral axes muet take up the
development of the inflorescence and in their turn give rise
to terminel flowers. Determinete Infloresce-

3 nece
B. Flower etslk sinele ana teruinated by one flo = pe -
B. Flower stalk branching g = i

C. Two or uors letera) esxes developing at o noda--cI%e
C. Only onc latersl uaxis developing at a node--Sympodium
Or Fzlse Raceme

Exercise 47, Construct an idesl diegran of each of the above

inflorescences. Use lines for esxes snd circles
T g 8 for flowers. Do
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The Flower
4 foundetional flower type - Nyuphaessase Family:

Exercise 48B. We will stuiy first es » tTpe & very simple and
primitive flower, that of tke weter-lily (Cestalis sp.). What
terms will you apply to the laaf shepe, margin and base? The
flowers sre borne or PEDUACLES. Bach consists of an outer set
of members constituting the PERIANTH. Are the outermost ones

d 8t ell differently from the innermost? In many flowers ™
%ﬁ%oggte%moat eonstitute & specisl green CUp Or cslyx made up

of sepals, while the inn e brighter oolored ones constitute a
oorolla made up of petels. W2 call £11 the outer members SEPALS,
or collectively = CALYX . (It may also be called a diplochlamy-
decus perienth, (etyrology?) How nany sepals are there? Does
the numbser vary in different flcwers? Do they show ary chloro-
Phyll? How many petels mre there? Does the number of PRTATS
vary? Inside the perianth lier the ANDROEC TUM. The members
ere cclled STAMENS or iICROSPOROPHYVLS. Their large and in-
definite number ig again o primitive character, Inside the
androecium stends the GYNCECIUK made up of several united CARPRLS
or MEGASPOROPHYLLS. o= By

A+ Drew the flower from its facial aspect 5 em across.
Remove the {erianth. Obac=ve chat the 8epals rest on a
slightly enlargee portion of the beiicel culled the RECEPTACLE
or TORUS. Note particulerly the Shepe and veination of the
seral. To what category of organg does it belong?

» Bs Draw the sepal.

Detach seversl stamens ana study with the lens, The stalk
is ealled the FILANENT: the distal swollen part, the ANTHER.
If the anther is withorea teke fresh stamens from s nearly
opsned bud. See if you can determine that the anther consists
of a middle CONNECTIVE ani rour elongate pouches {seemingly
two), the pollen or ANTHER SANS (also called pollen cells,
loculi, or MICROSPORANGIA).

C. Draw a stamen whose anther has not yet opened. (Make
anther 4 cem. long)

D. Draw a stemen with opening anther on the same scele. Lebel
the yellow granular POLLEN GRAILS or HICROSPORES.

Remove &1l th. stamens from a flower rather advanced in Se
Yhe gynoecium alone remains on the torus, Carefully note fhe
conicel form of the TORJS end the SCARS left by the fall of
Perianth sxd stamens, These scars collectively form a low
spirial asround the torus. Such an eloncats torus with
8pirel srrangement of florel parts is agnin very primitive,
Approximetely how many nodes and internodes mske up this
flower of casteclia, Define a flower and explain why a

ilower with coniesl torus is meére primitive than one with flat
orus.
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Ha Tiraw the whole structurs 4 ema dn A{smober,

Study the gynoecium. This hes becomc so modified that its
structure may be cunfusing nnless it be compared with that of
a more primitive rynoecilil.

F. Draw the zynoecium 3 cm. across, leeving sufficient room for
labeling ﬁgo difforent perts later on.

G. Drew = cross-section of the gynescium.

Preserved material of Calthe is st hand showing the gynocium
only, the other florsl members having fallen off after
flowering tine. NHote the TORUS AND THE SCARS left by perianth
members and stsmens. Note thet the gynoecium is composed of a
varisble number of separate CARPLIS. Such a synosciun is
called asn APOCARPOUS GYNOECIUM (etym?)

He Draw.

1. Draw an individual CARZEL of Czltha. Its elonsete snd swollen
basal part is called the OVARY, Its roughened tip constitutes
the STIGHA. What was received here? Meny cerpels have an
elongate narrow neck or style beyveen ovary and stigma tut in
Calt the stigma is procti-ally sessile.

slice open & carpel longitudinslly with the rezor. Its
cavity is called the cell or LOCULITS. Inside it lies the
OVULES. What will they become when mature? To what region
are they ettached? Do their MICROPYLES point inward toward
the locular cevity or aswey from it toward the waell? Whet
term 18 applied to their tiny stslks?

Js Drew the opened csryucl 2.5 cms 8cCross.

K. Slice open & cearpsl transwsrsely and moke a sketch of the
section on thecsame scalc.

Le Turp back to your drawings of ths weter-lily under F and G and
lebel, when poseible as for Celtha. Castclia differs cheifly
from Celthas in having a SYNCARPOU. GYNOECIUM-and not an
apocerpous one (etym?) Be sure you understand their homolo-
zous sgtructures, and how the Cestelis gynoecium might have
evolved from that of & flower pimilar %a Celtha.

Exercise 49. 4 Lilisceuvus ¥lower. This flower skows consider-
able advance over those of Jaithe end Custelis. Hote firses of =ll
thet the whole flower is put together onm & plan of three.

Without tearing the Blower determine how meny STAMINS and
what is their position aB rsperds SEPALS and ZRTALS?  How many
PTISTILS? How mammy OVARIES, STYLHS snd STIGHUAS? Suppose one
were o btlend three carpels of Calthe intc one but leave their
tiny curved stiegmas free would the resujt throw any lizht on the
structure of the pisetil here? It constitutes s syncargous
synceciun) Caltha hes an spocsrpous gynoscium.
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“=  Draw the whole flower in its naturek position and om a gesle
fuch as te show pnrts 2learly.

Remove & stumen. How nre ‘the ANIFTRS Tixad to tha FITAVNENT?
They are either 'apr,.m3 re VEESATILE.

B, Draw the stamen,

Remove w1l the stamens wnd drew the pisgtil. With sharp
scalpel or razcr slice the Pistil trroush the ovary and examine
the cut. ssction with lens, How nmeny cavities or CELLS in the
Ovary?  There sre than how uzny CiRPELS fused together to
make up this COMPOUND PISTILY How meny OVULES are vigible?
Slit one of the celle open lengthwise. How nany rows of
ovules? The ovules arc atteched Ly their FUNICLES to the
Tleshy axis of thc ovary. Such cvules are said to possess
#XTLLARY PLACENTATION.

Ce Make & eareful sketch cf the corss-section of the ovary 6 cm.
across,

ILxercise 50. We will now stuuy & rethor complioa}ed ﬂowe{é that
e family. it first .lanze how does it differ in 8
E§g§i3§E%§0f§§§a§§3ﬁ&§}abg ghracaena? It is wonderfully adapted

Stnrting as_before with CALYX hew nany SEPALS do you find?
(Look VEry cicsely et theo lower or ventral lohe «re they free as
in castulia and Draceena or UNITED INTO A TU3BT The corolls et
first sight scems to have how meay PETiLS? Actually there are
five for the two which stood Lelow beve fusod together to form the
curious btoat-shaped structurae, The parts of the corolls in such a
flower have receivea special nusmas, The large uprizht upper petal
is called the STANDARD, The two Jateral ones are the WINGS while
the double bottom one is enlled che Kool The keel is the landing
ﬁiaue for insects, Press down with your pencil on the Eeel, What

Ppens? Cen you ses how tre dees’ ventrnl surface would be Dow-
deifd ith pollen end how “he 8tizma mizht receive a dusting with
Pollen rou%ht from another flowe:r? Liote that when the an hers are
Sheeding pollen the 8tirma is einceales; after the anthers wither

he sh style elongates snd its atisms is exposed, 4 flower whose

enthers mature tirst is csiljed protercrirous, Devise s term for
ones whose pigtil matures firsg,

A+ Drew 2 partisl 8ide view of the whole flower 4 om. long,
B. Remove the wrole cely=r end drsw it 2 op, long.
C. Carefully renove stenderd, winzs and keel engd drew each one.

Now exenine the ANDROECTIRI ana GYNODCTULL. With needle carefully
8sparate the Stamens ang Fissti. The ten stomensg have their e
idaments fuscd into & tute which embraces the pistii. Such an
8rrengement is saia to bc Monadelshous (one orotherhood).

™ A~ A~ ~ 1Nt A i
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A.

B.

L

o0
3 B 't i/ ore thin one-twa+ $ha 1=4gth
s Brecldih nol n (s 18—k P O
: Ellig%ical
L. Breadth considerably more than one- a
length -——-----mmm i -0Oval

Brundeat sbove the middle :
Ce Igverag13 lanocolate; viz., more than twice as long as
broed, widening below the epex and tapering to the base.
D. Dapering by gentle curves Oblanceolate
D. Tapering by straight lines. Cuneate er wedge-

shaped
C. Broad and rounded nbove - tapering abruptly beIUwEIEto a
long narrow "hendlae" like s gpatulf-—m-m=-- Sgatulate
C. Inversely ovutc, viz. somewhat like the section of &
hen's egyz with the small end down,

Dy Tapering cownward by curved lines----- ---Obovate
De Ta%aring downwerd Ly straeight linesg.----- Cuncate or

Wedge-shaped

Leaf not longer then broed
B. Cirecular in outlinc or nesrly so. Orticular er Rotund
B. Elongate transversely with brosd heart-shapoa base

Reinform or Kidney Sheped

‘Key to Leef ipices

Leaf not turned in at the apex.
B. Apex gharp.
€. Leaf topering to a point (viz. by lines concave

irwerd)

D Peperdty pradially —scomeeacsnva Acuninate
(If the avex is lonz cnd teil-like, use--

Candate

D« Tepering sabruptly to a small point,
Liks m To0tHs e e oL L -Cuspidate
C. ipex & shurp point like a projection of the
I D s i e e e S AT Mucronste

C. Apex sn ncute angle (viz. by lines convex outwards )

Acute
Apex not sherp.
P BIIUR G1 POMBIER. ~ihn b o e SR L
C. As 1f cut off transversely Ly
Leaf turned in at the epex,
B. Reentrunt =ngle a very Slight depression
B. Reentrant angle e dezided noteh

48D NMUTCR~ -~ —mccm e Zoarginste
B. Reentrent angle rroducing o héart-shaped apex.-Qbcordate

Ottuss
Shetrevwrv----Truncate
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Key to Leof Bases

Leef petiole attuched to lower margin of leaf
B, Leaf base not turnsd in to form & notch

C. Bese terminsting in an acuie mgle--—===—--- ;aoufe .
C. Bese tepering to thu petiole--—---==—emon--—w Guminate
04 BESE DITNE . mSmmemmm e m e e S m o T T

B, Leaf bese rounded snd turned in (The following terms
apply not only to bases but to & more or less ovate
loaf with such = buse.)

. Lobes roundcd
D. Lotes not clongete into esrs

E. Lobes cquel in size —---cec-mmema—- Cordate
E. Lobes unequsl n size —=-----e---m-- Obligue
? Eor&afe
D. Lobes clonguted into earg--—---e-mea---—- Auriculate

C¢. Lobes sharp pointed

D. Directed backwerd parallel to the pstiole
-Bogittete or Arrow

“Sheped
D. Flering esway from the petiolc
. Hestste or speer shgped
Lesf petiole atteched to Lladie on the under side sSome
distance from the nargzin Peltete or Shicld shaped

Key to Leef Margins
Margin nn oven continuous CUIVe--------cmeocaeaaa- Entire

Margin nol cn cven contilmuous curve.
B. Masrgin beget with t:eth.
C. Teeth sherp
D. [Teeth regular
E. Tecth suall and directed forwserd like those
0f £ SEW-mom e e e Serrete
(or dimin. Serrulate)
B. Teeth larger wnd not directed
Torward.-=—- cmmmmmmmm e Dentete
D, Tceth irregular, cutting less than one-helf

way tu the midrib.-—-ccccmmmamaaaao Segmentation!
Cs Tecth blunt =pd dirscted forward------- Crenate
B. Margin a pronourced wevy line
C. Deprossions very slight---————eaaeae Repand or Undulst:
Sinuats

Leef Secmentation #

Incisions or lobes rounded snd reasching not more than helf wey

to I:l:}drib ———————————————————————————————————————— Lobed
Incisions or lobes sherp und reaching hulf way or somewhat
more to midrib.-—-e—cemmmeeee . Cleft

Incisions or lobes either rounded or sherp.
B, Incisions reaching almost but not quite to midrib--@ Parted
B Incisions severing the blade into distinet lesflets. '

Divider
The leef then becomes compounr




-

“ -2~

# Exprese nurper snd dispoctsron of parts as follows: Pinnately
FPive-lobed, palmately three-cicfi, - parted - divided, etc.

Compcvul Leaves

Express number and disposition of leaflets as follows:

i ¥ . P - tri- ;
2oRiBRAEE}Y 105otiolete 10T BRaRatoLy Antol 30ER. 195, " Suon 1

a leaf is present. Primary pinnae of the leef may also be
pinnate or palmate. Then use terms like: bipinnate, tripimmate,
etoc., or use decompound, &3 & general term.

Attechment

As td the Stem.

As Leaf without & stalk or petiole
Leaf attached to stom by nerrow bage ———-ea-ceaeo Sessile
Leef attached to stem ty brosd, partly circling bese

: Sessile and Claspin
Leaves opposite end seemiing to have tha!?“ﬁﬁﬁi?‘ﬁ?ﬁwﬁ‘il_ia

together around the stem (stem perfoliste)--- -Connate
Peticlate

As to Surfesce

A Leaf with neither hairs nor other removable material on the
surface---- - - Glabrous
as  Leaf surfsce hairy PR
‘Bs Heirs soft to touack
C. Hairs short snd erect
D. Hairs densely essgregated like very fire pile

. on velvet-mcce cmmm e Pubescent
D. Heirs soft but longer and individuslly distinet
Pilose

C. Hgirs soft to touch tut appressed 2
D. Hairs svraight ai.d metted------- Tomentose

D. Hairs twisted, curled end matted- WooIz
B. Hairs hersher

C. Haeirs bristle like but not rerticularly harsh to

cue ) Hispid
{If weader the term hirsute may be used)
C. Leaf decidedly harsh to touch when stroked backwardc

Scabrous
4. Leuf surface bearing a costing other then hair
B. Materisl of coaf o whitish WEXY DloOMm==eccaae_o Gleucous
B. Material of coet a whitish dust or scurf------ Pulverulens
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. hnot omit bracts

Exercise 46,
and construct a
and hend in for

Ao Main axis o
the axis nm
Infloresce

»

-25-

Go through this work
n idesl sketch of esc
correction.

on the leaf from pege 33-38
h ~ shape, margin aspex, ete,

Key to Inflorescences
Ley to ==t 0rescences

and each terminatirg in a
C. Plowers on bedicels.

Dl

D.

Mein axis

f inflorescence not termi
2y continue growth for

nee
B, Tatera: axes spri

nging from axils of bracts,

nated by a flower: hence
some time, Indeterminnte
——=-Frinate

unbranched,
flower.

elongate sna Pedicels sbout sgual in
lenzth

Mein exig shortened.

Raceme

The lower pedicels elongate
to form a rether flat

topped inflorescence

Corymb
Main exis undeveloped. Pedicels rediating sna

about cqual in length

Umbel
0. Flowers sessile
D. Mein axig very short - leading to a globose
Hend
Ds Main axis elongate
E. Main axis erect and fleshy Spadix
B. Main axis ercct apg not fles ‘ET—__
E.

B. Istersl ax
c'
C.

B, TFlower stelk si

Regularly compound le
compound umbela.

hy Spike
Main axis Bcaly bracted ang of ten rooping

is branched one or nor
i instead of single flowers,

ngle

and terming
B. Flower stalk brauching

c.
c.

Exercise 47,

Construct ap idez). diazrag of each of the above
1n£10raacenoas. Us ines for axes md circles f

-

Two or more lete
Only one lateral

g

ral axes developing at a
axis develaping at a no

Ament or
catkin
€ and bearing clusters

Irregularly racemose or corymbosely branched

Penicle
eding to comgounﬂ racemes,
compound corymbs

» COmMPCUNd gpikes

urn give rige -

nce
ower-—Scage
node--Cyme

da--ngpo um
Oor Felse Raceme

ted by one £l

or flowers. Do
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k* S Eastespping cUr ctudi-s tealt wholly with mscroscoplc

1 gaa-urce of the secd planis. Me= we begin te po into detsils

[garsying our investigation of living plants s far as racdern
spezruments will permat, aftcr learning Mow the plent orecns arc
vt topether (Anz=tony, Histclogy and Cysology) #we shall thep 5
logacelly teke up treir vericus activitics H?hysiclcﬁy]. Thet
coaTse- it endarith o very bricf-pesuss ef—the—varicus—kinas

FEou
o

g b 5

A " ‘#" y

nt LHistulo:y'and Cyvtoleey)

The ‘liercscopic snatomy of the Ila

You have scen that plants and pl=nt parts giffer much in
texture. Some parts arc soft =nd setsry; some hard “nd woady;
sciae dry =nd papery; =te. Taise aifferencis are duc to the
differences ¢f the iicrcséopic paris ¢f which plants are composed.,

Just 2s the w2lls of houscs are sometines ade ef hollow

f tilezs sc¢ the plant is built of tiny structures which we call
cells, “ese cells, however, are not mere emply boxecs but each
cintains within itsclf = living substancc knowr as protoplasm.
The cell then is really 2 small mass cf Pretoplasm enclioscd by

h ~ cell wall., We shall first censider the cell in some detail,

1 then advance tc a study cf cells apgregated dnte tissues, end
finally learn hcw these tissuce arc combined to form the urgans
which make up the plant ind hew 'these organs swerlk. The scquence

5 of study will be the samc 28 that of last—epring fIviz, iTo0k,
b stem, leaf, flcwer, sced. i AN OWE S A e 45 )
: A
y The Structure of the Cell

Exercise 1, Elder Pith - ~ plant tissue (parenchyms) made up of
dead cell walis.

: With the discecting lens study the bit of elder pith that is
given you, Note that it is made up ¢f Very erall compartments
or CEBLLS.

Make 2 water mount of a cross section of the pith tissue, and
cbsengye it with the low power of the micruscope, This magnifies

5 the cells =zbout 90 times, The CELL WALLS now appear. \fhat is i
'\:) the effect on the image of turning the fine adjustment screw to

A 5 new foecus? Note mcre or less abundant heavy, refractive eircles

b geen in scme of the gells, Do they ever cccur in the water ocut-

”  gide the section? What are they? Study them under changing reei

and neYer bother with them agrin.

.
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It is easy to sse that the compound microscope gives but a tw
dimensional image - a so-called optical section. If you have a
transparent object on the slide how will it be possible to study
successive planes or optical images in it from top to boitom?

What is the general shape of the cells and at about what angle
do their walle meet one another? Is the inner contour of the cells
sharply angular? Note that they are often broken apart at the
angles to form INTERCELLULAR SPACES. Do any of the cells show
their walls in surface view? Is the wall perfectly plain or is
it perforated by holes (SIIPLE PITS)? Vhat is the probable use
of these pits? The chemical substance of the walls is cellulose
(CeH1005)x  Paper consists of a fa2irly pure cellulose,

A. Draw about 5 of these dead cells, each about 2 cm. acrosss In
any drawing of cells always start the walls of an adjoining row as
though your fragment had been torn from a larger tissue.

Carefully put on high power. The walls will now be seen to
have a definite thickness, Bach cell has its own wall and between
the two lies a very delicate ITIIDDLE LAMELLA or cementing substance
which binds them together so that all three form a single menmbrane
separating the two cells, In the formation of intercellular spaces
the cells split apart through the middle lamella, ZFind a SIHFLE
PI7 which has been cut by the razof., Is the middle lamella also
perforated by the pit?

B. Draw = few cells under h, p. lzke each cell 4-5 em, across. In-
clude an intercellular space, Show by = double line the thickness
of the wall and suggest the middle lamella. Show pits in face
view and in sectional aspect.

_ Study a longitudinal section of the pith with 1. p. Try to
find 2 place where the cells lie in rows, Thost with triingular
ends were cut practically t:rough their middle.

C. Draw about 5 cells,

D. Construct a diagram of an idealized pith cell in 3 dimensions.
Such a drawing is called a stereogram (Etym.)», Add the simple pits
to the figure. What is meant by saying that the cell is the unit of
structure of plant and animal bodies?

A plant tissue made up of thin walled and essentially isodi-
't:) ametric cells is called PARENCHYIIA.
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Exdrcise 2. The inner epicermis cof the onictn = living cells,

With the dissecting lens study the roncave surface of the
onion scale given you. Note the delicate cells. iJith the point
of ‘the scalpel a2nd furceps remove o small picce of the epidermies
free from underlying tissue and mount on a2 slicde, free side of
epidermis up,

How does it compere with the elder pith: in shape <f cells,
in presence of intercellulzr spaces, in cell centents? How many
cells thick is the evidermis? Are there pite in the cuter walls?
Would such be of advantage to the plent? &sre there PITS between
the cells? Is the pit rezlly = cemplete hele or chainnel running
from cne cell to ancther? Focus carefully,

Draw some half dozen cells as secn under 1, p.

With h, p. look carefully aleng the wells or at the engles of
the cells and find the protoplasm, It forms = layer covering
the wall (Frimotdial utricleg and often extends in strands thru
the sap vacule, ™

Draw seme half dozen cclls, each 6-7 cm, long.

Is there any evidence of an oval, more denscly granular
body - the nucleus - in the cell?

Turn on 1, ©, Remcve the slide frem the stage; take off the
cover gless and add a drop of iodine sclution, Draw off excess
icdine with filter paper, The tiesue shculé appear deep yellow.
:gg?mcra water if necessary, and femount, «hat changes can you

Put on h, p. Nocw carefully study the nucleus. What might
lead ycu toc believe that it is either chemically or physically
different from the rest of the PROTCPLASH? A distinction may then
be made between NUCLECPLASH and CYTOPLASH, Are NUCLEOLI present?
Can you detect the wall of the nucleus? Is there more than one
nucleus per cell?

Add the nucleus tc¢ ycur drawing in B,

Exercise 3, The Stomen-haire of Tradescantia, &7

These long heirs are made up of bead-like cells and active
streaming moticn is usually visible in the wall layer of CYTCPLASM
and in the strands and cables cf eytoplasm which traverse the SAP-
VACUOLE, 1If awvzilable it will be given,

The hairs of squash and pumpkin leaves will show the same
mvenent of cirgulation and may be substituted fer Tradescantia,
Jodine will bring cut the NUCLEUS.
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Draw the whole hair merely to show the form and nuwbers cf the
cells,

Draw two cells, each at lsast 4 cm, azioss and put in a2ll <he
details observed, ©Show tne gireciion of prolepizemic siream.ng L
the threads by adding arrows,

BExercise 4, The leaf cells of Blodea, Tear off a young leaf

frcm the plant ara make 2 water mount. With 1. p. observe ihe
cellular structure of cthe leaf, What is the nature of the

LARGINAL TE=TH? Note zhe midrib. Is the leaf more than one cell

in thickness? Lock carefully at ihe cells cn either side of the
mid-rib. Dc the contents show any trace of motion? If so, put

on h. p, and study carefully. The CHLOROFLASTS are now plainly seen;
what is their shape? Do any show evidences of dividing into two
rarts?

DPraw 2 cell toc show details cf struciure and add arrows to in-
dicate the direction of movement of the contents,

Exercise 5, Epithelial cells from the mcuth., GCently scrape the
surface of the tongue with the finger nail and transfer the sedi-
ment to 2 ..rop of water cn a clean slide, Add a drup ¢f iodine
soluticn, BStudy with low power, Ie 2 heavy wall wvisible on these
animal cells as in plant cells? & NUCLEUS? PROTOPLASH? Are the
cells all shaped 2like? Are they iscdiametric? BSuch 2 tissue

is called PAVEMENT EPITHELIU¥. Ycur body, then, is made of cells
as 1s that of a plant.

Draw a few cells as seen free and also adherent in plates,

Having studied the grosser features cof the cell we may ncw
turn to a mocre detailed study, particularly cf the nucleus. This
requires sections cut by special machine to abcut 5 microns in
thickness and stained with analine dyes,

Exercise 6,

With 1, p, study the section of a rapidly dividing tissue
which is furnished. ©Note the large nuclei in the cells. Very
carefully put on high power. Observe that the nucleus is imbedded
in CYTOPLASK and surrcunded by a NUCLEAR MEWBRANE. Inside the
nucleus observe NUCLEQLUS cr NUCLEOLI. You will also nuserve dots
ai:d masses of cdensely stained material, This is CHROMATIN
gupposed to be the bearer of all the hereditary characters of the
plant.
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s, Draw the cell with nucleus 2 cm. in diameter,

THE ACTIVITIZS OF TH3 CELL - PHYSICLOGY

— Now that we realize in scme measure how the cell is con-
i s 1 [ f its 1 ti
structed, let us brierly study a few of its functions,

Exercise 7, The relation of the cell to water,

Two eets of beet slicee have been prepared, One set stood
in pure water over night, the other in 5% salt water., What dif-
ference is seen in their condition?

Exercise 8, Very thin secticns of beet cut with razor will now be
furnished, Make a water mount, Observe the red color, This is
due to a pigment, anthocyanin, dissolved in water and contained

in a large central SAP-VACUOLE. The protoplasm consiste of a

very thin layer just inside the cell wall, This layer has been
called by Von Mohl the PRIMORDIAL UTRICLE, It is probably too
delicate to be differentiated.

A, Make a sketch of a few cells under h, p.

Remove cover glass and put a drop of salt solution on the section.
Add cover, draw off excess liguid and study again. What change
has taken place? Where does the layer of PROTOPLASN (PRIMORDIAL
UTRICLE) now lie? Cells in this condition are said to be plas-
molyzed, What now lies between the protoplasmic membrane and

th: ceé% wall? Has the anthocyanin from the cell sap diffused
outwar

B, Bketch a few cells in this condition and label PROTOELASMIC
MEMBRANE, SAF VACUOLE, CELL WALL.

Remcve the secticn t¢ a drop of pure water, Rinse well and in a
few minutes examine again, Result? \hy did the beet sections
beccme limp in salt water? What is osmosis? It the cell wall
the osmotic membrane in our experiment? What is turgor and what
is its significance to plants? Strong fertilizers are said to
burn roots, What probably happens?
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Exercise 9, Osmosis, The above csmotic interchange of water
throuch membranes may be simulated by @ simple physical experi-
ment. In the laboratory is set up an apparatus lo aemonstrate
this. Make sure that you understand the essentizl principles
and see the relation tc plants,

Exercise 10, Dialysws. How do sslts enter the cell?

A considerable amcunt of common salt sclution 1s to be
prepared, Tc =2 small portion in a test tube a few drops of silver

nitrate (ﬁ8N03} is added, Reslllt. Repeat the same test on pure
water, T, z

A parchment cac filled with pure water is to be suspended
in the salt soluticn, In & few Lours repeat the silver nitrate
teat on the water inside the parchment sac, Result?

Supnose we imagine the parchment sae replaced by a young
cell and immersed in soil water which always contains certain
salts in soiution, Would results be similar? If the salt were
continually remuved {7om thé cell sap as fast zs it enters,what
will happ=n? How coula such constant removal be mairntziagsd? !
Some species of seawned contain 0.6% of i1odine, ye: icdins cccurs
in sea waisr in & aorcentration of only of 3.

1000000

Living protoplasmic membranes do not behave cuite =0 mechani-

cally as might be infarred from the preceding experiment on
dialyeis. dAccording to strrt physicel laws of dialysis what
should happen to the anthocyanin (a salt) of the bteet gell-sap
when bests =re put in water? Did this happen? Let uz ses if
living protoplasm differs frcm dead in this respect.

Exercise 11. Rinse a piece of beet roct and place is water,
Nete that the water is not colored, Eoil the test. BResult?

Exercise 12, Root hairs and Osmosis.

Examine the roots of young seedlings of the oat .
whick have been germinated in a mcist chamber, What appesrange?
Remcve the last quarter inch of 2 seedling root, flced with
water and add cever glass. Study with 1, p. and h, p. "hat is
the ralation of the root hairs tc the cells of the EPIDERLIS cor
cutey layer of the roct? What 1= the obvicus function cf t hese.
root hairs? What advantage do they get by gluing themselves to
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goil particles? ‘nat relation can you see between their structure
ard the experiment performed on oemosis? Work on this until you
understand, add a drop of iocdine to the slide and see if you
can detect cytoplasm and nucleus, 7
o
Sketch a portion c¢f the epidermis and its hairs, /
x I.Jo'.

Mitosis or Karyokinesis

When the cell is about to divide the nucleus first passes
through & series of remarkable changes which constitute the
process of mitosis cor karyokinesis, These changes effect the
qualitative and guantitative division of the chromatin, and lead
to the fermation of tye nuclei afitsx which the cytoplasm itself
jie divided by means cof a new celleﬁruwn across the equatcr cf the
cell,

BExercise 13, Since it is difficult for the beginner to work out
the process unaided we huve set up a4 series of demonstiration
microscopes under which are mounted the main stages of Karyo-
kinesig. iy ) :

I not mcve the slide or touch the
coarse adjustment, If the slide becomes displaced, call the
attention of the instructor to the fact,

(1) The Prophase of Karyokinesis,

In the large nucleus cbserve the one to several NUCLEOLL
and 2lsoc a delicate coiled and tangled thread. The latter is
called the SPIRENE. Note that it is made up of thousands of
delicate granules ¢f chrumatin, These are called CHRCMOIERES
and they rest here yvon a delicate filament cr LINEN THREAD.

Draw very accurately the field visible under the micToScore,
M:-Xke nucleus 2,5 t¢ 3 cm., acposs.

(2) The lletaphase of Karyokinesis (Nuclear - plate stage)

The spireme has split crosswise into a definite number of
CHROMOSOMES, The chromcscmes have arranged themselves at the
equator cf the cell, To them are attached the SPINDLE FIERES
which run tc them in two sets from the two poles. Remember that
there are no centrosomes or asters in angicsperms. Is the
muclear membrane still present? Nuclecli? Observe chromcEomes
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carefully, Can you see that they are horseshoe shaped? Do all
lie in the same focus? How many can you count? Do their loops
or their shanks point inward? How many spindle fibers would you
estimate to¢ be present?

.-y Drew the mitotic figure 3 cm, acrcss at the equator, Include
cytoplasm and cell wall,

¢ Construct a dereccram to shcw this same stage, The effect of
perspective can be brought out by making structures in the fore-
ground much bolder,

(3) The Anaphase of Karyckinesis.

The individual THROMOSCHES have now split lengthwise and
one-half of e.ch is Bzing drawn tec the pole, How are the loops
now directed? Are the SPINDLE FIBRES still visible? Were all
of the spindle fibres attached to the chromosomes?

r. Draw the ap.aratus 3 cm, across as in last figure,

(4) The Telcphase of Karyckinesis, Ncte what has happened
to chromosomes and spindle, Observe the two new NUDLEI (NUCLEOLI)'
and the delicate new CELL FLaTZ,

by

Draw the two cells with nuclei 2 cm, acrcss.

¥,  VWrite a resume of your work on the cell according to the follew-

ing cutline, It represents a asyntheais of the variocus types cfl
studied, galos

I, Definiticn of the cell
II, Structure cf the cell (cytelosy)
A. The cell wall; pits, middle lamella
B, The cell contents
1, Cytoplasm (ectoplasm and endoplasm)
a, Chlorcplaats, vacucles, granules
. 2, The nucleus (nuclecilasm
Q lembrane, chromatin, nucleolus
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IIT, Physiclogy of the cell

4. Relation of the cell to water and salts
1, Csmosis, plasmoclysis and dialysis
2. Living vs. dead protoplasmic
ﬂ membranes
3. The root hair and osmosis

B, Karyokinesis /

THdE ANATCMY OF THE VEGETATIVE SYSTEM

) THE STEM 7 4
DA Y T (,"G: 5 s Ba - . ._-" & 'f./.\ § o A,
Exercise 14, , Ret=Gedar—{Jumperus-viseiniana-Ly) Sections of

the trunk’

N. B. DO NOT IZARK UP THESE BLOCKS WITH BENCIL)
Note PITH, HEART-WOOD, SAP-WCOD, ANNUAL RINGS. If KNOTS
are present study their relation to the wood. What is a knot?

A, Diagram the cross section to show these features,

Exercise 15, The Structure of the Fine Stem

We shall now turn to the study of the structure of the
stem cf the pine tree, It should be realized that ro matter
how complicated this structure may appear, yet all the various
kinds of cells have arisen by karyckinesis and have differen-
tiated to their present form,

Let us start with the cross section and use the 4i secting
lens on a l-year old twig of Pinus austriaca, 4 E

The deep red arcs cn the outer ancles areéectians of the
cuter hard tissue cf the leaf cushiuns of the=meale leaves,

BT

eV E—and-mbedded—Iin BCOTEEX Note the CORTICAL RESIN
CANALS, On the inner border of the CORTEX lies 2 narrow purplish
band of PHLOZM separated from the XYLEM or WOOD inside by a
deeply stained- lins of CALRBIUM,

What causer the irregular outline of the wood? Observe the
#00D RAYS and RESIN CANALS in it, The arms which run out from
the PITH and give the inner crder of the wood its lobate outline
3 are ERANCH GAFS, viz. they are the tongues of pith which run

X intc the shcort shoots,
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7. DLast of all we come to the pith. What cther tissue does
it resemble? Obscrve the parcnchyma of the BRANCH GALS,

-~ 8. Review each of the above tissues and sse if you can tell
. the function ¢f cach, Remcmber that Yyou are dealing with a
eroes-section, The tracheids and sieve tubes are really much
elongated vertically as you will see later,

B, Draw rather diagramatically a narrow band seme 6 cells wide run-
ning from epidermis tc pith, Make the cambium colls about 5 om,
long and keep the cther cells in correct proportions,.

Q:ﬁésfSecticn of TW¥E of the Sprqu‘jPicea]. -

o sya?t?shhgépif The arma yumning fr

nd constitute
thelr course, o N -

Qe leaves as heavily puttresscd with-SCLERENCHYILA
2 hew we%f the cambi shows, Ng drawing is requdred,

Exercise 17, The detailed structure of Pine wood,

We' shall now take up a careful and detailed study of the
structure °f pine wood both in its macroscopic and microscopic
aspects., The follewing work demands Farticular care and thou ht,

Yellow Pine (Binus rigida ). These blucks have been
prepared tc exhibit TRANSVERSE (or cross), TANGENTIAL «rn: RADIAL
aspects of the wood,

A, lake a sketch of any cylinder (such as is the trunk of a tree)
cut by 2 plane in these thres aspects, Label each plane,

Carefully study the cross-secticr (transverse) cf the block,
In what dirsetion lay the center of the tree? How do yeu know?
Nete the annual rings znd woca rays which transverse the mass of
dense weed cells oy TRACHEIDR, How does the woed vary in density
within a ring? The less dense part is formed in early Spring and
is called SERING WOCD, the dernser mass 1s called the SUMMER WOCD.
One other featurs, the BISIN CANAL, is visible,

'I Hunt Institute for Botanical Documentation

e ———|

ar€ with the twig cf-Dine ‘and observe clhs rity.

c » i
gy, b ‘tna&aagafzig subkte t\ \
GAPS ~ NolZ—the“traces efit imy rious,




S

B, Bketch a snell porticn of the croess-scction,

Turn tc the tangential face ¢f the blick and identify the same
I features as befire by full.wing their extensiine (ver the edge.
If the annual ringe appear like “mcuntaine and valleys" explain,

C. Sketch a small porticn cf the tangential secticn.
On the radial faee again identify the parts,
D. Sketch a small portien ef the radial secctionm,
E. Combine the three sketehes te nake 3 rerspective drawing of a

block of pine wpod. DNepresert resin canals in three aspécts.

Exercise 19, MHistologicel study of pine wood. A cross-section
of a piece of pine wood with radial and tan;ential sections of
game will be furnished. Identify each one with lens.

Transverses section,

Pinus Btrobus - A Coniferous or Soft Wood.

Upder the low power observe the ANNUAL RINGE of wood traversed
by-the WOOD RAYS. The thick-walled cells of the wood are called
TRACHEIDS. Are the tracheids 21l alike in size and thickness of
wall? You can now see the reason for the rings of wood, Do the
woed yays all run clear across the section?

Note the resin eanals zlso, Is there any evidence that they
link radially with others of like nature?

Focus pavefully on the margin of annual ring with h, p,

Each tracheid, particularly in the swamer wood, can be seen to have

8 distinct thick wall, and is separate from its fellows by a

darker parrayw lins, This 1s the MIDDLE LAMELLA pnd represents the

wall which Poth cells cnce had in common before they acquired

the secondary ihickerin: of which almost all the wall is now maae,

Pbserve & SIRING TR.CEETH, Yow do 1ts walls zompare with those

of the SIELTR TR.CHRIDS? Note in some of the radial walls an oval,

radially elengate structure which usually shows a purple spindle-
::> shaped area in its middle, The whole structure is called a ROR-

IERED FIT, You are seeing it cut in section. Can you detect

INTERCELIULAR SPACES? Is there any evidence of protoplasm or

muclei in iracheids?
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A. Draw a group of about ten tracheids under h, p, to include both
summer and spring wood, Do not darken the woody walls,

= In what direction are the R.Y CSLLS elongated? Can you de-
Lo tect a nucleus in them? Trotoplasm? How do they differ fros the
r tracheids? Their walls may appear oulpad sut: You will find that
| these bulges push through & pit iniec an adloining tracheid, 8Such
a bladdery irojection 1s ¢alled & TYLGER,

Turn on 1, b, and find a well-pressrved RESIN CANAL, It is
‘ surrounded by an area of BRSINIFZA0US FARRYCHYEA, Do the eells
contain protoplasm?

B, Draw the resin canal under h, p, (Use section of twig if they are
better preserved there) .

Turn the 1, ©. to the radial section. Distinguish ANNUAL
RINGS and note difference between BFRING and SULWMER 4COD, the
J0OD-RAYS, the LONGITUDINAL RESIN-CANALS. On all the tracheids
you can now see the BORDERED FITS in face view, Search for a
Place where the ends of the tracheids are visible, What is the
shape of the termini and how do they fit tozether? How do the
srring and summer fracheids differ from cne andher? Compare the
pits, Turn on h, p. and observe @ single tracheid, Try to find
a place where it abuts on & ray. Can you see the MIDDLE LAMELLA?
Iook for evidence of oblique striations on the walls, Study a
+it carefully and see if you can interpret the various concentric
circles, Beneath each pit is ofcen seen & darker band, It is a
> local modification of the cell wall and is called a BAR OF SANIO.

: It is only found in woods which are closely related to the pine,
Cbserve the RAY CELLS. What is the character of their walls?
Do they btear bordered pits? Search fer pits between two ad-
jacent cells which have been cut by the plane of section. Note
the YMARGINAL or RAY TRACHEIDS, Do they bear simple or bordered
pits? What is their probable function? Do they stain the same
color as the other ray cells?

C. Draw a potion of a ray crossing several complete trache.ds.
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Refer to the tangential section. Why do the rays have a
different appearance in this section? How d the ;its now appear?
Do the termini of the tracheids lcok the same as in the radial
~ gection? What is the actual solid shape of a2 trache1d? Do the
resin canals diftfer in this view from their appsarance in radial
aspect?

D, Draw a portion of the tancential secticn,

E, Construct a stereogram of a tracheid cut transversely through its
middle; show all details,

This completes our study of one of the soft or gymnospermous
woods, Let us compare it with one of the hard or angiospermous
woods,

Excerise 20, The ¥iond of the Oak. An ingiospermous or Hard Wood.
The blocks have been prepared tvo exhibit the structuce of the
wood in three planes: cross, radial, and tangential.

N, B. DO NOT MARK WITH FENCIL

Study the cross-section of the block, Observe the annual
rings of growth - how old is the piece of wood yun nave? Using
hend lens observe the openings of the watsr-condurtiing VESSELS,
Where are the lariest ones found? Note that thco wool rays are
of two kinds: large or COMPOUND RAYS and small STLPLE or UNI-
SERIATE RAYS, Two other types of tissue may alsc be secn; dense
FIBER AREAS and mcre open areas made up of TRACHEIDS.

A, With hend lens study 2 stained and mounted scction, Make a
diagran about 4 cm. square, magnpified 10 times.

Turn to the block a2gain and study the tangential aspect.
Identify ANNUAL RINGS, VESSELS, RAYS, FIBERS. and TRACHEIDS by
following their extension from the cross-section,
;:) Turn to the equivalent section on the slide: identify the
areas as before,
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B. Diagram the tangential section, as you did the transyeree,

=y €. Repeat for the radial aspect of the block and the eguivalent
gectionon the slide,

D, Combine the three sketches into a stereogram of a vlock 8 em,
on a side,

Study various polished woods used for cabinet work. Make
sketches and explain the meaning of the markings of the "grain",
What is quarter-sawed oak and how is it vrepared? What is veneer?

From the previous exercise you are able to identify the
various areas cn the sections,

Cross-section, Focus on the end of an annual ring where it
is cut by a COMPOUND RAY and note the great differentiation of
the cells,all of which are specialized for particular functions.
The VOSSELS and TRaCHEIDS conduct water; the FIBERS add mechanical
rigidity to the wood, Do these elements contain protorlasm? The
RAYS conduct dissolved foods radially through the wood. They,
also, along with the WOOD FARENCHYMA, serve for storage of food,
Do the RAY CELLS and 7OCD FARENCHYIlA CELLS contain PRCTOFLASM?

E., Draw with care a small portion of the cross-section,

Turn to the tangential aspect, You will observe delicate
markings on the walls of TRACHEIDS and VESSELS; these are called
TITS, They are tiny pores through which water moves from cell to
cell, Note how the ends of the various cells fit together, The

vessels are chennels formed by fusion of many large cells end to
end.

F. Draw a2 small portion of the tangential section,
Turn to the radial section and repeat your observations,

< ;.

Draw a portion of the radial section,
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Exercise 21. The Bark (Cortex, Cork and Phloem) of Tilia -

the Basswood e Linden.
B e S

Tilia is used instesd of the ocak becausc its phloen cells
are larger and morce 2a5ily studied,

Turn to the Crosc-cection on the slide. On the outside lies
a band of cork easily recogrized by its Tilea of tiny brick-like
cells. The epidermis has died and has eithor beer shed completely
or crushed beyona resognition. Under the sork comes the cortex,
while still farther inward another band of cork has arisen from
another cork-cambium. (This latter corky layer has really started
in the phloem and has cut off the tips of the phlcenm masses.) All
the tissues outside the cork band will eventually die and scale of
(acaly bark) since they are cut off Trom food and water by the
impervious cork.

Inside this secone band of cerk lies the unmodified vhloem
made up of several kinds of tissue. Its banded gpdearence is dpe
to annual rings of grovth. Ths 00D RAYS are conspicuous; they
vary much in size,

Carefully turn or b, D~ and study a small portion of ihne
phloem. The masses ox bright red angular cells with extremely
small cavitics are the Protective BAST FIBERS; the large cells
with square, crackled znd glassy bodies within them are the
CRYSTAILOGENOUS PHIODH PARENCHYIIA CZLLS; the smaller cells with
dark contents which run in rows At right angles to the wood rays
are also PHLOEN PARENCHVIZA CEILS. The large colorless cells are
SIEVE CZLIS: taey condvet most of the food of the plant. They
contain protoplasm but no nucleus. Note in their corners the very
small angular COIPANION CELLS. It is the work of the latter to

control the activities of the sieve cells. What is the origin

of this mmss of Phloem?

A. lake a earefyl h. p. drawi of a bit of the hloenm onl
show the above elements, - = Lo
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Sxercise 22, The Phloen of Zilia - Radial Section

Identify a1l the elements which were seen in transverse
aspect. The SIEVE TUBZS are to Dbe studied with great care in
order that SIEVE PLATES may be seen and interpreted.

~ Note the length and wall thickening of the BAST or
STEREOI® FIBEZRS. Wrat is the part of flax which is used in spinning
¢loth? What is the value of bast fibers to a plant?

A what plant mey grow eix feet high with a diameter at
‘the base of 1/4 inch. If man could eonstruct a tower on these
principles, with a base 20 feet across, how high would it reach?
Yhat is the shape of the CRYSTALS in the CRYSTALLOGENCUS CELLS? -
ga.n ;.y?'ou suggest any reason for storing up calcium oxalate in this
orm
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Draw a portion of the phloem in radial aspect %o show aill feat ures,

THY FERBACEOUS €790

We have now studied tae two mein wypes of wood and have
also seen the imveortant elepents which conatitute the phloem
or bast of ftress Tie mest impoxtant remaining =ubject ccnnected
with stem anatomy is the origin und strurture 57 ihe hErba~eous
s%em, Heros have beea derivea from woody plarts, We will study
(1) a woody twig (Tilia); (2} a half voeody otem ard (3) an
extreme he=b,
dxerciee 23, A Woedy Biem. Tilie - tre Bacswaod or Lirden.
With dissecting lens work out the general topography of the
cross-section furnished, In the center lies the MEDULLA or PITH,
Note the dark masses in it, These are MUCILAGE CELLS, rather
characteristic of the order of plants to which Tilia belongs,
(Marshmallow is obtained from another genus in the order), The
outer slightly bluer ring of pith constitutes the MEDULLARY
SHEATH., It usually bears guantities of starch,

How old ip the twig? Note three arms of Fith running cutward into
the wood, At their outer ends there 1s an aggregation of denser
and more deeply stained wood cells, The latter are LEAF-TRACES
and the arms of pith are LEAF-GAPS (Foliar lacunae). This section
was cut just below & node and the thres leaf-traces are about to
enter a leaf,

On the very outer border of the wood is a deep purple line, It
18 a cross-sectiocn of the CAMBIUM LAYER. The red pyramids out-
eide it are masses of PHLOZM or BAST, They are separated by
the flaring WOOD-RAYS, Outside the phleoem lies the CORTEX
bounded exteriorly by a broken EPIDERMIS.

Diagram the Tilia twig 7 cm. across.,
Construct a stereogram of a half-cylinder cut longitudinally

along 2 diameter so as to split a leaf trace and show its out-
ward course,
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Exercise 24, The Half Woody Stem ofs@STSR-FUNICETS

We are now advancing toward the herbaceous stem condition.h With
the dissecting microscope study the cross-section of-ﬁsﬁaﬂvstem,;
It is cut just below a node where the three LEAF TRACES are

&5 sweeping out to their leaves. See if you can detect them. One
of the laterals is much farther out than the other, Note the
LEAF GAFP inside each trace and the broad parenchymatous LEAF RaY
oputside it and on its flanks., What is the prhysioleogical value of
the leaf ray?

A. Diagram the stem. Bring out the leaf traces clearly and show
parenchyma of leaf gap and leaf ray by shading.

N
|
|

|
]
'.'io' o 3 > -J-'
/".-\ .-"-'-:l"‘w - /
Refer to chart showing the aster condition in stereogram and see
that the anatomical features are clear,

BExercise 25. An Extreme Herb - Ranunculus - the buttercup.

The buttercup stem has attazined the extreme limit in herbaceous
evolution., From a study of the chart be sure you understand how
this stem evolved from a type like that of aster., Note the follow-
ing points:

fl) The amount of secondary wood is remarkably reduced and
thie is due to the fact that the CAVBIUM functions scarcely 2t all,
Hence nearly all the wood of the leaf traces is primary (viz. de-
rived from primary meristem - not from cambium.)

{2) Since there is almost no secondary wocd there are nc leaf
rays. In order then for storage to 8o on the FLANKING PARENCHYMA
becomes highly developed and strongly isolated the leaf traces or
fibro-yascular bundles from one another,

(3) Support is gained thru heavy SCLERENCHYWMATOUS BUNDLE
SHEATHS around each bundle,

A. Copy the stereograms of, aster an&-at%buttercup from the chart,
With dipsecting microscope examine a stained section of the butter-
cup stgm. Observe the cut ende of the leaf traces and their dis-
tributicn, What about the destipgtion of the larger ones? (If one
were to follow these traces up og’down thru the stem they would be
found to link together at the nodes into a complex network,)

@
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B. Diagram the stem 7 cm. across.

~ Study now with compound microscope, The traces with their curious
. BUNDLE SHEATHS are conspicuous. 'See that you understand how the
topography conforms to tke chart djagram, Note details, Observe
PHLOEM made up of SIEVE TUBES and tiny COMEANICYN CELLS, Note the
thick protective cap ocutside the delicate phloem. The CAMBIUM is
well developed in each trace but cobserve that it no longer circles

the whole stem but is confined to each bundle only (fascialar cam-'\-

bium). The XYLEM with its la rge VESSELS alsc shows up well.
Sometimes the end wall of a vessel with its porous perioratiocn is
also vieible. Toward the inside of the xylem there is much WOOD
PARENCHYMA,

Note the FLANKING FARENCHYMA and the PITH. The latter has partly
broken down leaving a Nollow stem, What differance can you see
between CORTICAL PARENCHYMA and that which lies deeper, Note
FEPIDERMIS, .

€. Select a2 medium sized leaf trace and draw under h, p. with its
accompanying flanking tissues, pith and cortex,

If the leaves of a plant became large and crowdsd on the stem and
too many leaf traces were entering to be accomodated in a circle
what path would they necessarily take?

THE STEM STRUCTURE OF MONOCOTYLEDONS

Exercise 26. The stem of Indian corn - ZEA MAYS,

Dissect the corn stem furnished and note the leaf traces, How

does the arrangement differ from that of the btuttercup stem? Count
the number of traces passing in from a leaf and ohserve how closely
get the leaves are. Did nature follow the logical path which you
predicted above?

St:dy 2 stained cross-section of corn stem with dissecting micro-
scope,

A. Diagram as for the buttercup,

:) Tgrp to compound microscope, Note that the bundles are rather
similar to those of the buttercup., They have the BUNDLE SHEATH
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of sclerenchyma and their PHLOEM is very much the same. Is a
cambium present? If not, you are dealing with what is called a
Welpsed bundle" in oppositicn to an open one such as that of the
buttercup. Most monocotyledons have closed bundles, Is the wood
as abundant as in buttercup and is it primary or secondary wood?
How many vessels can you find in each trace? Note the odd re-
semblance to a face; the "eyes" are two FITTED VESSELS; the others
are SEIRAT, and ANNULAR vessels, Beneath the "mouth" lies an ir-
regular intercellular space ( PROTOXYLEM CANAL), It arises thru
disorganization of the earliest formed tracheids (protoxylem).
Note that one can no longer distinguish between cortex, flanking
tissue and pith, For what is this parenchymatous or FUNDAMENTAL
TISSUE used? How is the stem stiffened? In what respects does
the stem 8 tructure of corn show extreme specialization?

Select a well preserved trace and draw under h. p.

THE LEAF ¥
Exercise 27, The Anatomy of the Leaf. Strip off a bit of the
lower epidermis of leaf and make a water mount, Observe first
with 1, p. Note the STOMATA scattered over the leaf, Turn on
h. p. and study a stoma indetail, How many cells comprise it?
They are called "GUARD CELLS". What lies between them? Do they
differ in contents from the other epidermal cells? ‘hat do you
suprose 1s one function of the stomata?

Draw a portion of the tissue to show stomata and other epidermal
cells,

Exercise 28, The Vascular System of the Leaf, Study with micro-
scope mounted fragments of a thin leaf from whnich the chlorophyll
has beenr emoved by hot alcohol and which has been rendered trans-
parent by chloral hydrate, Varying foci will show that there are
several layers of cells., Red stained multicellular HAIRS also
occur on the epidermis. The point to be particularly observed is
the extensive ramification of the VEINLETS. High power will show
that the cell walls of the veinlets are curiously thickened, How?
The phloem is continued to the terminus of the vein in the form of
elongate cells, What do you infer moves in these channels?

Draw a portion of the terminal regicn of a veinlet under h. p.
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Exercise 29, Cross-section of a typical dorso-ventral leaf. Sec-
tiors of a living Rhe@esewsesen leaf will be furnished. “Hote the
heavy CUTICLE ard ‘cuble ErIDEREIS on the upper sice, The MESO-
THLL or CHLOREVOHVEA (=.im.) makes up the bSulk orf ihe leaf, It is
tiztad inte an upper PALISADE T.AYER and a lcwer mass o
SECONCY ZAHENCHY How 15 the latter adsylsd <o g:s - akion?
ery aimilay CHLOROYLASYS Toarere? Obseive ihat

Wiaere lisve ycu
ia the chiprenchyaa src fto be seen rathe i1ﬂe ifiiie grayish

misges. Cur sectior is too thick %o sn Aedr detiRils What are
they? Is ta2 lowar espidermis also more th 1 ceil in thickness?
Sectionz of stomata wiil be better seen in ‘he n=xf 1=2ai section.

&, Carefully draw under h, p. a portion of the crogs-csection.
]r'_'r"l" 3 e &2

0. Stained cross- sectlo; of piE=tess leaf.

Exercise
How does jthe positicn of the Epde leaf on the plant differ from
that of=< How does the CHLORENCHYHA of this leaf

differ in arpearance from that of the last leaf? 1In what direction
are its cells elongated? Note CHLCROFLASTS. Obsernve that the
gdges of the leal are heavily buttressed by a HYPCDERMAL BAND of
SOLERENCHYIA as are also the main veins, Carefully sindy che
section of a VEIN. 1Two veins commonly lie together with Snasir
xylems touching or actually fused, Vaiere lBve you sesn esscntially
guch structures before? Note PHLOEK with SIEVE CELLS and COMPAN-

ION CILL8. Is a2 CAMBIUM present? Is the iris a monccot or a dicot?

The xylem is composed of VESSELS and /OOD PARENCHYMA. Look care-
fully along either epidermis and find a STOMA cut in section., Note
ite two small GUARD CELLS,

A, Draw a portion of the section to include two medium sized veins
and a sectioned stoma. -

COAL AND ITS FCRMATION

Exercise 31, A Study of Coal and the Method of its Fow -:at-ﬁn
Coal is largely furmed cf piant debris and thit seems o “be 4
good place to introauce its study. Let us first examihe the pri-\
mary materials from which coal is formed. Inioc a drou of water cm
& slide stir a little fine pomd muck derived from

Examine with low porer and s ,ﬁe what you can identify. Lock par-
u

’D ticularly for emall rounded(unicellular bodies Wm
TFeicgewsngs; they are poﬂow-mna of=pines,
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Make a liet of the materials which you can identify and call (ju-
diciously) upon the instructors for helr -n things you cannot
identify,

Examire mountay Secticns of a 207\ sa mUuck igken from o lake in
Province of Quekec, Oniaria, Fragments or Wood, ping Rezdles,
bark, charcoal, poller Erainse may all pa found, Such' deSris ig
thé\;oundation‘cgncoal. TRy X

\

ﬂakgia 1ist as before of the things which you have found,

club moss. You will find that these Sfores are all alike, During
the coal beriod, however, giant ¢lub mosges growing 100 feet high
flourished in the hat wet lands, They formed quantities of epores
of two kinds, The smell cnes \iicrospores) Corresponded tg pollen
grains, while the large ones (megaspores) corresponded to struc-

tures found inside the ovule of the seed Plants,

Draw a few of the spores {iscsFores} from the living Lycopod.

A Microscopic Study of Li nite. Lignitic wood consists of wood
= ——==-FC0plc Study of =ignite ] _ 0L
which is about half way advanced to the bituminous eoal condition,

In ancient days it Ccollected in bodies of water and was there
silted in ang Preserved, It differs from wood in its higher

Sections of lignitic wood,

Study the sections of lignitic Wood furnished, How do they differ
from ordinary wood in color? In s tructure? Observe carefully the
effect of Prolonged soaking and intensce Pressure to which the wood
was subjected during the millions of years in which it lay buried.
What part of the wood is least modified? I: it a harg (Angiospernm)
or a soft (Coniferous) wWood? Its age is roughly 735,000,000 Year s,

Sketch a smal) Portion as seen under h. p,

D

Hunt Institute for Botanical Documentation




rotany =5, . -2
Lak. Cutline i

A Study of Canpel Coal.

Cannel 1s known to have veen formed in fresh water lakes and _
seems to represent the result of converting muck essentially like
that we have studisd into the coal conditioen.

QHL Study the piecss of camnel handed arcund. Note its homogeneous
texture and dull eslar,

Cn the slide furnished you there are three sections or fragments
of them to be studied, The narrowest, cften fragmentary, section
lying next one side of the cover glass, it from a Liece of cannel
coal, It is cut transversely to the bedding planes,

See if you can determine what the detazils zeen under the micro-
scope really mean, Remember that these materials have lain here

eince the coal perivd - at least 300,000,000 years and are crusped
flzt by the tremendous weight of rocks above them,

iﬁ. Draw a bit under h. p, and label wuod, megaspores, MicroELores,

A Study of Bituminous Ceal.

dith hand lens study the fresh surface of & pises of bitumingus
coal furnished you, In the face broken acrese tha bedding planes
cbserve the streake of brignt gleaming, "glance coal', and the
duller streaks of "mat coal", On the surface cleaved B rallel

-to the bedding planss fragments of friable charred "mcther of coal!

my sometimes also be found. Thie is only charcoal swept into the .

pond after some old forest fire.

b

Sketch a portion of the fragment Yroken acrose the bedding nplanes,

dounted coal sections., Let us now find out of what the bands of
glance and mat coal are really ecomposed, Turn to the middle
section on the mounted slide, It i5 cut from a Fiece of Illincisg
bituminous coal, Study and interiret,

=

s Sketch a porticon to bring ocut the banded structure, How will you

account for the formation in bands? Does cone of the glancs or mat
stripes at all represent the thickness of the layer when first
deposited? 5
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The third and last section on the slide is the same as the last coal
only cut parallel to the bedding planes, Amorphous wood, yellowigh
spdres, and sometimes pieces of charcoal are to be found,

! I. No drawing.

THE PHYSIOLOGY OF THE VEGETATIVE SYSTEM

We have seen when studying the root-hair how water and salts
enter the plant. e mey now inavire as to the channels through
which they rise tc the parfs above greund.

Exercise 32, The course & water in plants.

Examine various plants waich have bnen kKeof some time in eosin
solution. Study roots and stems and cbeerre tnru wnat channels
the colered water mover.

Full off the leaves {roum the siems and datermine btnz channels
through which the liguid enters and moves througl. the leaves.
Recall the appearance of the ultimate veinlets in the blade,

Exercize 33, Relation of the leaf Xo water. - Transpiration.
Observe the apparatus set Up to show that plants give off quantities

b of w ater,

We have learned that tre plant through its root hairs takes up
dilute e3lt soluxions foo: the 5011, The saltls and water are
carricd to the ifwves through the Xyler and tnore elaborate
chemical rezctions take place,

No carbon romss Irom tke So0il, and ye: plarts centasn a high
per cent, o1 carbon. It is 21l derived from the carbon-dioxide
gas of the air. This gas, under the influerce of sunlight and
the green chlorophyll of tke leaf,combines with water to form
starch. The process may be roughly represented thus:

i1l
ik 6 €O, plus 5 H " under influence of sunlight &Hy0 L 1
wl ; ‘81.:5
B (et e or switgitpat
. {ca it;iie} wafer) lerergy) and chlozophyll (slarng;:nxggen)

A compeund sucli as starch made up of carbon combined with water
ie caliled a carbohydrate, Let us try to Tind it in green leaves.

9
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Lrer=zise 34, Remove a leaf from a plant that has been s tanding l
it pright sunlight for some time. Extract the green coloring |
matter by soaking in hot alcohol; dip into hot water to remove !
britileness and then submerge the leaf in a solution of potassium !
” iodide and iodine. What is the effect? The chemical compound to

wiich the blue color is due can be best studied microscopically
from certain tubers and seeds, whither it has been transported
from the leaves,

Mount in water a thin section cut from a potato tuber and ex-
amine with 1, p. What is found in the cells? Place a little
weak iodine solution at the edge of the cover glass and draw it
under with a piece of filter paper., Watch the section during the
process. What happens? Does any of the material take a yellow
color? What is it and what is its distribution?

A, Make a sketch of several cells and their contents.

Into the tube of starch paste on your table drop a little icdine
solution. What results? Starch is the only known substance
which gives this color with iodine,

Mount in water a bit of the milky liguid from the potato tuber

and examine the starch grains again with 1. p, Tep lightly on the
cover glass to make them revolve, What is their real shape? With
h. p. study very carefully and observe HILUY and LAMINAE,

B, Draw several forms as seen under h, P.

Return to 1, p,; shut of f most of the light, and draw a little
rotash solution under the cover glass, Watch carefully as it pene-
trates, Vhat happens? Exactly the same thing occurs when starch
is boiled to form starch paste. It is not in true solution but

is in the colloidal (colla = glue) condition. (Forms of starch
gralns vary mucr. among different plants, and adulterants in foods,
etc., can often be thus detected.?

gta;ch. ther, gave the bluish color to the leaf treated with
iodine in a preceding experiment. What is the chemical formula
for starch?

From 2 plant which has been kept at least 12 hours in a dark place

;:) detach a leaf, Remove the chlorophyll and test for starch. Result?

Set the plant in sunlight and after a few hours test another leaf
for starch. Result?
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To the leaf of a plant taken from a dork place attach a light

screen and after a few hours in sunlight remove the screen and teest

the leaf for starch, HResult? (These leaves may be preserved in
“‘\ 50% alcohol - the color fades but may be restored at any time by

traatment with iodine.) What conclusion do you reach from the

lasu three experiments?

geirct a leaf from a variegated Abutilon which has been etanding
ia 1ight; remove chlorophyll and test for starch. What result?

Exorcise 35. A Gtudy of Chlorophyli.

Take a test tube of alcoholic solution of chlorophyll solution
and note the color of light reflected from the surface, Add a
little carbon tetrachloride to the eolution and shake. What
happens? Carbon tetrachloride LLCI4) is sold as a grease spot
remover under the trade name of "Carbona'. This suggests that
chlorophyll is a fat which has been found to be true,

Stand a solution of chlorophyll in a lightedw indow and leave
several day{L’ Epsq;t? Does this g ggest what happens to ligvea.
= 1. ?;-' ¥ i :

rRstamn? A i Yoo e :

A+
. AT, - e il

i 2 ?.,?%,4.4_.n,___ il g o/ Sl s
4. From careful consideration of all the above expe riments and
ovservations on Fhotosynthesis etc, write up a summary of the
chemico-physiczl aspect of the process, Be sure you thoroughly
grasp all the factors necessary,

Exercise 36. (a) Starch is formed in the leaves in the
form of grains, Can it osmose from the cells and reach tubers,
roots and stems? Set up an osmotic apparatus, Inside the mem-
brane place a solution of cooked starch (water paste) into which
has been stirred some uncooked starch, After a few hours determine
wheilier it Ims dialysed into the outer water. Wnat ha=we learned
about camctic propevties of colloide? Let us see if we can de-
termire in what form carvohydrates do move through the plant,
Translocation. Put a little starch m ste into three test tubes

and mix irlo one a weak solution {D/?%] of commercial diastase;
into the ceccnd s tir a little saliva, wnd leave the taird un-
toached. In atout 15 minutes test for sugar, using Fehling's test.
Result? What name is applied to such substances as diastase, or
pty=lin from saliva?

::) Do plants contain diastase? Zxamine graine of starch from un-
germinalirg and germinating corn. Is there evidence of corrosion
in pither? Compare the taste of germinating corn graine with un-
germinating, What results? A Fehling's test will prove the same
thing,
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A, Write up conclusions concerning transocaticn,

(At this point could be inserted the science of plapt chemistry
= which is concerned wholly with anabelic and katabolic compounds, )

Energy for growth and all other a ctivities ie obtained by plante
and animals through oxidation of foods, What compounds result
from oxidation of carbohydrates? hat becomes of the gas formed
bty an animal? What is an easy test to apply for this gas? Let
us see if plants produce the same gas.

Exercise 37, HRespiration.
1, Arrange a wide mouth bottle with a two-hole rubber stopper,

Through one hole put a2 thistle tube, Through the second a curved
tube for gas delivery. Place branches of a leafy plant in the
bottle and set it aside in a dark warm place, After a few hours
bubble the gas through fresh lime water by displacing it with
pure water poured through the thistle tube, What is the gas?

Sketch the apparatus and discuss the experiment.
In a paragraph compare photosynthesis with respiration.

b

Exercise 38, The Utilization of food.

The energy contained in the food is utilized for chemical syn-
thesis and decompaition, for growth, and for the manifestations of
irritability. A few of the =impler activities will be exhibited,

.

A, Take notes and write out your observations,

THE FLOWER AND REFRCDUCTION

The goal of the plant is to produce other plants like itself and

all the elaborate vegetative functions we have been considering

lead in the last analysis to this process, We shall now study

the more minute features of sexual reproduction in the higher plants
starting with the stamen.

Exercise 39, A Study of pollen.
v Remove a fresh stamen (microsporophyll) from a flower and place a
\:) little pollen in a drop of water. Add cover. How many cells in
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each spore? 1Is the surface smcoth or ornamented? Are there
any special caps or thin areas?

Draw a few pollen grains (microspores) and repeat for other
flowers available.

Exercise 40, Production of pollen tubes. On the hardened sur-
face of a 1% sclufion of 2gar-agar mixed with about 3-4% of

cane sugar, rollen grains of a certain flower were thickly sown,
This medium produces conditions so similar to those on a fresh
stigma that the pollen grains quickly start to germinate,

Frepare water mount of 2 thin slice of the agar and add a cover
glass, Press gently to flatten the mount. Note that the
EXINES of the pollen grains have cracked open and that the IN-
TINE is protruding through the crack as a long FOLLEN TURE.

Draw the gefminaiing gréinﬁ with the‘tubéé in various siages of
growth, liake grains 1,5 cm, broad,
Thru this pollen tube two sperm nuclei are conducted teo the ovuls.

Exercise 41, The study of a flower of Caltha in cross-section.
By imbedding Caltha buds entire in celloidin we can get sectione
of all the parts in one slide, The close resemblance of these
cross-sections to our conventional "floral diagrams" is of in-
terest, Study with 1, p, Identify sections of SEPALS, ANTHERS
é;nggpidermis is often torn off.) FILAMENTS, CARPELS, and

Diagram the whole flower about & cm. across,

With h. p, observe the EOLLEN CRAINS; many of them show the
GENERATIVE and TUBE NUCLEI,

Sketch 2 bit of the anther with the pollen grainsg 1 em, zcross,
With 1, p. lock at the carpels again and select one that con-

tains an OVULE cut through the FUNICLE and MICROEYLE. What name
is applied to such an inverted ovule? Within it note a more oples

Hunt Institute for Botanical Documentation




— e - — ——— =
P —
| [l f'
L &
Sotany f£5, NS N e

Lav;, cutline EIViE -

open Cavity - the legcig-s-s. This lie inside an oval cellular

mass, the NUCELLUS, which in its turn is enclosed by two integu-

ments, The INNER INTEGUMENT is usually more advanced in growth

than the outer at this stage of the ovule, What happens to the

part of the OUTER INTEGUMENT on the FUNICLE side? Note MICROPYLE.
N What name did we give to the integuments of a mature seed?

€, Carefully put on h.p. and draw the ovule.

(other and more modern terms for all the carpel and ovule structures
should be learned, The following table homologizes them:

Carpel or simple pistil Megasporophyll
Ovule Megasporangium en-
closed by two in-
teguments.,
r Nucellus Megasporangium itself
Embryo-sac Megespore

] Inside the embryo sac or megaspore at maturity lie the follow-
ing naked (viz, without walls) cells: at .the micropylar end, two
synergids and an egg or ovum; at the other end of the megaspore,
three &ntipodal cells, In the middle of the embryo sac a primary
endospet? nucleus,
o

Exercise 47, It is practically impossible to furnish a large class
with the stages of fertilization and embryo formation. These are
to be copied from a chart hung up in the laboratory. The following
list of labels is to be added to each figure. The parenthetical
term is the newer one, It may be added in red ink if so desired.

Stage I. Two carpels {megasporophylla) (In the case here
figured the two stigmas prove that you are dealing with a bicarpell-
ary gy?oecium but the loculus of only one carpel is diagramatically
shown,

Ovary, ©iyle, stigma, ovule (integumented megasporangium),
funicle inner and outer integuments,; micropyle, nucellus (megaspor-
angiuvm) embryo sac (megaspore), synergidae, egg, primary endosperm
nucleus antipodal cells.

& Stamen (microsporophyll), anther sac (mierosporangium), pollen
grain (microspore), pollen tube, tube nucleus, sperm nuclei.
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Stage 2. Inner integument, nucellus and embryo sac, micropyle,
g¥nergiade, egg, endosperm nucleus, antipodals, broken pollen tube,
') sperm cells fertilizing egg and endosperm nucleus,

- Stage 3. Inner intesument, micropyle, nucellus, embryo sac,
3-celled embryo, 3 antipodal cells, exndosperm formation with nuclei
in anaphase and tel:phase,

Stage 4, Embryo with suspensor, endosperm, antipodals,

Stage 5. lature seed: embryo with cotyledons, hypocotyl,
plumule; endosperm, shriveled nucellus, tests, tegmen, raphe, hilumy

Stage 6. OGerminating seed: testa, cotyledons, hypocotyl,
primary root, hilum.

v e . - PART II. — —
e \
\"*.__ - A BRIEF INTRODUCTION TO THE KINDS OF FPLANTS. e
. e
Unicellular and eimple colonial Green Algac. s

The simplest green plants Enown on earth are almost all
aguatic and are called Green Algae. They are included in a greot
division of plants - the Thallophyta. These "thallus plants" have
no stems, rocis or leaves,

Exercise 4, Pleurococcus.

This is a good form to begin with. It is an exception to the
ordinary aguatic life of algat since it forms the green film so
common on tree trunks. Scrape off a bit intec a drop of water;
after Tirding a favorable small colony turn cn h.p., UNote that the
individual globulaw cells adnere~slightly to cae anofher and that
each is surroun:iegx%y a wall, Find.a cell that has recently di-

! ar:j.‘ded and note that the two DAUGHTIR €ELLS adhere for some time be-
fore separating and rounding off. The densge chlorovhyll usually
masgks gll internal structure; 4t is contained in 2 peripheral
CHLORDPLAST.

A. Mzke m detailed drawing of several cells and colonies to show the
above features,. :

If the cells be crushed by pressing on the cover glass. the contents
will extide and the CELL WALLS will remain as empty capsules. How
might a Euglena become like Pleurococcus? Euglena actually does
often encyst and then resembles Pleurococcus closely.

. e —
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’ THE ANATOMY AND PHYSTOLOGY OF SEED PLANTS =

Up to date our studies dealt wholly with macroscopic
features of the seed plants. Now we begin to go into details
carrying our investigation of living plants as far as modern
‘instruments will permit. After learning how the plant organs are

ut together (Anstomy, Histology and Cytology) we shall then
fogically teke up their various activities Physiology). Tereafter
we will study systematically the Plant Kingdom, beginning with the
simplest of plants and ending with the .most complex.

The Microscopic Anatomy of the Plant instolch andCytology

You have seen that plants and plant parts differ much in
texture. Some parts are soft and watery; some hard snd woedy; some
dry snd papery, etc. These differences are due to the differerces
of the microscopic perts of which plants are composed.

Just as the walls of houses are sometimes made of hollow
tiles so the plant is built of tiny structures which we csll cells.
These cells, however, are not mere emply boxes but each contains
within itself a living substance known as protoplasm. The cell
then is really a small msss of protoplasm enclosed by a cell wall.
We shll first consider the cell in some deteil, then advance to a
study of cells aggregated into tissues, and finally learn how these
tissues are combined to form the organs which make up the plant end
how these organs work. The sequence of study will be the same as
tha; of the previous laboratory work, viz.: root, stem, leaf, flower,
seed.

The Structure of the Cell

Exercise 1. Elder Pith - A plent tissue {parenchyma) m=de up of
dead cell walls.

With the dissecting lens study the bit of elder pith that
is g%;gn you. Note that it is made up of very small compartments
or S.

Make & water mount of s cross section of the pith tissue,
end observe it with the low power of the microscope. This mag-
nifies the cells about 90 times. The CELL ‘WALLS now appesar. What
is the effect on the image of turning the fine adjustment screw to

& new focus? Note morc or less abundant heavy, refractive circles
8een in some of the golls. Do they ever. occur in the water out-
side the section? 42t are they?  Study them under changing foei

end never bother with thom again.
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gce that the compound microscops gives but &

two dimensionsl image - = so-called opticel section. If you have
& trensperent object on the glide how will it be possible to gtudy

successive plenes or opticel imsges in it from top to bottom?
e cells and at szbout what

What is the generasl shape of th
Is the inner contour of

gngle do their wells meet one another?

the cells sharply enguler? Note thet they sre often broken

apart st the sngles 1o Fform INTERCELLULAR SPACES. Do any of the
cells show their wslls in surface view? Ts the wall perfectly plsi=z
or is it periorated by holes (STMPLE PITS)? What is the probable
use of these pits? The chemical substence of the wells is cell-
ulose (CgH1005)%- peper consists of & fairly pure cellulose.

A Draw sbout 5 of these desd cells, each sbout 2 cm. Bcross. In
eny drewing of cells slweys start the wells of an sdjoining row as
though your fragment had been torn from & larger tissue.

{
1t is eaosy to

garefully put on high power. The walls will now be seen
to have o definite thickness. Esch cell has its own wall and bet-
ween the two lies & very declicate MIDDLE LAMELLA or cementing sub-

stance which binds them together so that a1l three form a single
membrane separating the two cells. In the formation of inter-
art through the middle lamella.

cellulsr speces the cells split &p
Find & SIMPLE PIT which has been cut by the razor. Is the middle

lsmells also perforated by the pit?

B, Draw a few cells under h. De. Meke each cell 4-5 cm, 8CT0SS,
Include en intercellular space. Show by & double line the thick-
ness of the well and suggest the middle lemells. Show pits in

face view and in scotionel aspect,

Study & longitudinal gection of the pith with 1, P. Try
to find s plece where the cells lie in rows. Those with trisnguler
ends were cut prectically through their middle,

¢, Draw sbout 5 cells.

h cell in 3 dimensions.
Add the simple
thet the cell is the

D, Construot a disgram of an ideszlized pit
Such & drewing is called & stereogrem (Etym, ).
pits to the figure. Whot is mesnt by ssying
unit of structure of plant and enimal bodies?

4 plant tissue made up of tnin walled and essentislly
igodismetric cells is cslled PARENCHYMA.
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Exercise 2. [The inner epidermis of the onion - living cells.

With the dissecting lens study the concave surface of the
onion scale given you. Note the delicate cells. With the point
of the scelpel and forceps remove & small piece of the epidermis
free from underlying tissue and mount on a slide, free side of
epidermis up.

How does it compsre with the elder pith: in shape of cells,
in presence of intercelluler spaces, in cell contents? How many
cells thick is the epidermis? Are there pits in the outer walls?
Would such be of sdventage to the plant? Are there PITS between the
cells? Is the pit reslly a complete hole or channel rumning from
one cell to another? Focus carefully.

A Drew some hslf dozen cells as seen under 1l.p.

With h. p. look csrefully along the walls or at the asngles
of the cells and find the protoplasm. It forms & layer covering
the wall (Primordial utricle) end often extends in strands thru the

sap vacule
B. Draw some half dozen cells, esch 6-7 cm. long.

Is there any evidence of en ovael, more densely granular
body - the nucleus - in the cell?

Turn on l. p. Remove the slide from the stege, teke off
the cover glass and add a drop of iodine solution. Draw off excess
iodine with filter paper. The tissue should appear deep yellow.
Add more water if necessery, and remount. What chenges can you
see?

Put on h. p. Now cerefully study the nucleus. What
might lead you to believe that it is either chemically or physically
different from the rest of the PROTOPLASM? A distinction may then
be made between NUCLEOPLASM snd CYTOPLASM. Are NUCLEOLT present?
Can you detect the wall of the nucleus? Is there more 2an one
nucleus per cell?

Add the nuecleus to your drswing in B.

Exercise 3. The Stamen-hsirs of Tradescentia or Sqguash

These long hairs are made up of bead-like cells and active
stresming motion is usually visible in the wall layer of CYTOPLASM
and in the strends and csbles of cytoplasm which trewerse the SAF-
VACUOLE. If gvailable it will be given.

The hairs of sgquash end pumpkin legaves will show the same
movement of circulction and may be substituted for Tradescantia.
Iodine will bring out the NUCLEUS.
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A, Draw the whole heir merely to show the form and numbers of the
cells.

B. Draw two cells, each st leest 4 cm. scross and put in all the
details observed. Show the dircction of protoplesmic streaming
in the threads by adding arrows.

Exercise 4. The leaf cells of Elodea. Tear off a young leaf
from the plant and make a water mount. With 1. p. observe the
cellular structure of the leaf. What is the nature of the
MARGINAT TEETH? Note the midrib. Is the leaf more than one
cell in thickness? Look cerefully 2t the cells on either side of
the mid-rib. Do the contents show any trace of motion? If seo,
put on h. p. end study carefully. The CHLOROPLASTS sre now
plainly seen; what is their shape? Do any show evidences of
dividing into two parts?

A Draw & cell to show details of structure =znd sdd arrows to in-
dicate the direction of mowement of the contents.

Exercise 5. Epithelisl cells from the mouth. Gently scrape
the surface of the tongue with the finger nasil and trensfer the
sediment to = drop of water on & cleen slide. Add & drop of
iodine solution. Study with low power. Is = heasvy wall visible
on these animal cells as in plant cells? A NUCLEUS?  PROTORLASLKT
Are the cells all shsped alike? Are they isodiametriec? Such
& tissue is called PAVEMENT EPITHELIUM- Your body, then, is made
of cells as is that of = plant.

L., Drew & few cells as seen free and also sdherent in plates.

Having studied the grosser features of the cell we may now turn
to & more detailed study, particularly of the nucleus. This re-
guires sections cut by special machine to sbout 5 microns in
thickness and stained with esnaline dyes.

Exercise 6.

With 1. p. study the section of a rapidly dividing tissue
whiech is furnished. Note the lerge nuclei in the cells. Very
carefully put on high power. Observe that the nucleus is imbed-
ded in CYTOPLASK and surrounded by a NUCLEAR MEMBRANE. Inside
the nucleus observe NUCLEOLUS OR NUCLEOLI. You will z=lso observe
dots and masses of densely stained materisl. This is CHROMATLN
g%ppzaed to be the beszrer of ell the hereditery characters of the

ant.
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T Draw the cell with nuecleus 2 cm. in dismeter.

THE ACTIVITIES OF THE CELL - PHYSIOLOGY

Now that we realize in some measure how the cell is constructed
let us briefly study a few of its functions.

Exercise 7. The relation of the cell to water.

Two sets of beet slices have been prepared. One set
stood in pure water over night, the other in 5% sslt water.
What difference is seen in their condition?

Exercise 8. Very thin sections of beet cut with razor will
now be furnirked. Meke a weter mount. Observe the red
color. This is due to a pigment, anthocyenin, dissolved in
water and contained in & large centrel SsP-VACUOLE. The
protoplasm consists of a very thin lsyer just inside the cell
well. This layer has been called by Von Mohl the Primordisl
Utricle. It is probably too delicate to be differentisted.

A. Make a sketch of a few ecells under h. p.

Remove cover glasa and put & drop of salt solution on the
section. Add cover, draw off excess liquid =snd study asgsin.
What change has taken place? Where does the layer of
PROTOPLASH (PRIMORDIAL UTRICLE) now lie? Cells in this con-
dition are said to be plasmolyzed. Whaet now lies betwesen the
protoplasmic membrane snd the cell wall? Has the anthoeyanin
from the cell ssp diffused outward?

B. Sketch a few cells in this condition and label PROTOPLASHIC
MEMBRANE, SAP VACUOLE, CELL WALL.

Remove the section to a drop of pure water. Rinse well snd in
& few minutes examine sgsin. Result? Why did the beet
sections become limp in salt water? Whaet is osmosis? Is the
eell well the osmotic membrane in our experiment? What is
turgor and what is its significance to plants? Strong
fertilizers azre seid to burn roots. Whet probably happens?
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Exercise 9. Osmogis. The sbove osmotic interchange of wat?l
through membrencs may be simulsted by a simple physical experi-
ment. In the laboratory is set up an appsratus to demonstrate
this. Make sure that you understand the essential principles

and see the relation to plants.

Exercise 10, Dislysis. How do salts anjer the cell? i

~ considerable smount of common salt solution is to be
Prepared. To & small portion in a test tube a few drops of
silver nitrete (LgNOz) is added. Result; Repeat the same
test on pure water. 3

4 parchment ssac filled with pure weter is to be suspended
in the salt solution. In a few hours repeat the silver
nitrate test on the water inside the parchment sac. Result?

Suppose we imagine the parchment sae replaced by & young
c¢ell and immersed in soil water which elways contoins certain
salte in solution. Would results be similar? If the salt
were continuelly removed from the cell sap as fast as it enters
What will heppen? How could such constant removel be main-
teined? Some species of seawood contain 0.6% of iodine, yet
iodine occurs in sea weter in o concentration of only 1

0

of 1%.

Living protoplaesmic membranes do not behave gquite so
mechinically as might be inferred from the preceding experiment
on dislysis. According to strict physical laws of diaslysis
what should hoppen to the anthocyanin (e salt) of the beet
cell-sap when beets are put in water? Did this heppen? Let
us see if living protoplaosm differs from desd in this respect.

Exercise 11. Rinse s piece of beet root and place in water.
Note that the weter is not colored. Boil the beet Result?

BExercise 12. Root Hsirs and Osmosis.

Examine the roots of young seedlings of the oat which
have been germinated in & moist chamber. Whet appearance?
Remove the last guarter inch of a seedling root, flood with
water and =2dd cover glass. Study with 1, p. and h. p. What
1s the relztion of the root hairs to the cells of the EPIDERIIS
or outer layer of the root? What is the obvious function of
these root hairs? What advantage do thsy get by gluing them-
selves to soil perticles? What relation can you see between
their structure and the experiment performed on osmosis? Work
on this until you understand, Add 8 drop of iodine to the
slide and see if you cen detect cytoplssm snd nucleus.

Sketeh a portion of the epidermis snd its hairs.
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Mitosis or Karyokinesis

When the cell is about to divide the nucleus first passes
through a series of remarkable changes whiech constitute the
rrocess of mitosis or keryokinesis. These changes effect the
qualitative and gquantitative division of the chrometin, snd
lead to the formation of two nuclel softer which the cytoplasm
itself is diviled by mesns of =2 new cell well thrown ecross the
equator of the cell,

Exercise 13, Since it is difficult for the beginner to work
out the process unsided we hayve set up a series of demonstrat-
ion mieroscopes under which sre mounted the main stages of
karyokinesis.

Do not move the slide or touch the coarse sdjustment. 25 i
the slide becouwes displaced, call the attention of the
instructor to the fact.

(1) The Prophase of Keryokincsis,

In the large nucleus observe the one to seversl
NUCLEOLT end elso & delicate coiled and tengled thrsad. The
latter is called the SPIREME. Note that it is mede up of
thousends of delicate granules of chromstin. Thege are called
CHROMOMERES and they rest here upon = delicate filsment or
LINEN THREAD.

A. Draw very sccurately the field visible under the microscope.
Make nuecleus 2.5 to 3 cm. across.

(2) The Metaphese of Keryokinesis (Hucleaf - plate
stoge

The spireme hsas split crosswise into a definite
number of CHROMOSOMES. The chromosomes heve arrsn :d them-
selves at the equator of the cell. To them are attached the
SPINDLE FIBRES which run to thcm in two sets from the two poles.
Remcmber that there sre no centrosmmes or asters in angiosperms.
Is the nucleaer menbrens still yresent? Huclecli? Cbhserve
ehromosomes cerefully. Can you see that they are horseshoe
sheped? Do =11 lie in the same focus? How meny cen you
count? Do their luops or their shenks point inward? How
meny spindle fibers would you cstimate to be present?

Draw the mitotic figure 3 cm. scross st the cquator. Include
cytoplasm and cell wall,

8. Construct a sterogram to show this same stege. The effsct of

Perspective ccn be brought out by meking structures in the
foreground much bolder.
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(3) The Ancphase of Keryokinesis.

The individusl CHROMOSOMES have now split lengthwise
end one-half of ecch is being drawn to the pole. How are the
loops now directed? ire the SPINDLE FIBRES still visible?
Were sl11 of the spindle fibres attached to the chromosomes?

D. Draw the spparatus 3 cm. seross ss in last figure.

(4) The telophase of Keryokinesis. Note what has
heppened to chromosomes znd spindle. Observe the two new
NUCLEI (NUCLEOLI) end the delicate new CELL PLATE.

E. Draw the two cells with nueclei 2 ecm. escross.

F. Write a resume of your work on the cell according to the
following ouuviine. It represents a synthesis of the various
types of cells studied.

I. Definition of the cell
II. Structure of the cell (cytology)
A. The cell well: pits, middle lamella
B. The cell contents
1. Cytoplasm (ectoplesm end endoplasm)
&. Chloroplests, vacucles, grapules
2. The nucleus (nuclecplesm)
Membrane, chromatin, nucleolus
III. Physiology of the cell
A. Relation of the cell to weter snd szlts
l. Osmosis, plesmolysis snd dialysis
2. Living vs. dead protoplasmic membreanes
3. The root hair and osmosis
B. Keryokinesis.

THE .NATOMY OF THE VEGETATIVE S ‘YSTEM
THE STEW

Exercise 14. Ironwood (Casusrina equisetifolis L) Sections of
the trunk. =7

N. B. DO NOT MARK UP THESE BLOCKS WITH PENCIL!

Note PITH, HEART-WOOD, SAP-WOOD, ANNUAL RINGS. If KNCTS
eére present, study their relation to the wood. What is e kmot:

L.  Diegrem the cross section to show thesc festures.

Exercise 15. The Structure of the Pine Stem

We shall now turn to the study of the structure of the
stem of the pine tree. It should be reslized that no matter
how complicated this structure may appear, yet a2ll the various
kinds of cells have srisen by karyokinesis snd have differen-
tiated to their present form.

Hunt Institute for Botanical Documentation




LT

Let us start with the cross section and use the dissecting
lens on & l-yesr old twig of Pinus sustriaca, ’

The deay red mcrs on the outer sngles are modified £
sections of the outer hard tissue of the leaf cushions of
leaves. Note the CORTICAL RESI?igéﬂﬁLSé ngHEge inner b%rger

i £ Nerrow pur banid o0 separate
$§0£h§h20§¥%%ﬂl$$BWOGD insidg bg a deeply 3tainedE¥;ne of
AMBTUM.

iy What causes the irreguler outline of the wood? Obsgerve
the WOOD RAYS znd RESIN CANALS in it. The arms which run
out from the PITH and give the inner border of the wood its
lobate outline are BRANCH GAPS, viz. they are the tongues of
pith which run into the short shoots.

Diagram the whole section 8 cm. in dismeter.

Turn now to the compound microscope and use low power
except where airected otlLerwise.

1. Focus_on the outer border and observe the bands of
thick-walled cells over the leeves. The very outermost tow
is the epidermis. Such & tissue constitutes SCLERENCHYMA.
How does it differ from parenclima? What name do we spply
to the tiny pores which run thru the cell wells? Do those of
separate cells meet one snother? Do they ever branch? What
name is aﬁplied to the dark cementing substance between the
cells? ow does such & tissue originate ontogeneticelly?

2 Just under this sclerenchymstous band lies seversl

rows of very delicete large Eﬁle cells often crushed and dis-
torted, They constitute CO CELLS and were produced by the

division of the nerrow band of brick-shaped deeply stained
cells just inside them. The latter is the CORK CAMBIUM or
PHELLOGEN. If the cork continues to increase, what will
eventually happen to the o0ld leef beses?

3. Passing thru the cork cembinm we come to the CORTEX.
To what category of tissues does it belong? Why .3 it so
spongy? Whet is its color when slive? What are the largs
round openings in it? Observe their enclosing zone of
SECRETORY CELLS.

4, Passing still inward note the PHLOEM. Carefully
put on h. p. It will be seen that the phloem consists of
rows of pink cells ( SIEVE TUBES), inside cmsch of which is a
shrunken mass of protoplaesm but never =z nucleus. In add-
ition one sees larger and oval cells (PHLOEM PARENCHYMA), along
with the files of wood RAYS which run out from the wood.

5. Note cerefully how the phloem cells grads awey on
their inner border into the delicete CAMBIUM LAYER snd how this
in its turn melts away into the wood, prectieslly sll of which
came from its successive divisions.
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od or Xylem. Go back to 1. p. end study the
wooa.ﬁ' It i G poa s Y% rows of TRACHEIDS which have Sained
bright red. Do they contain protoplasm? Obsgrve the WD?D‘
RAYS traversing the mess gnd also the RESIN CullALS surrounded
bty nucleated RESINIFEROUS PARENCHYMA. We shesll shortly study
the wood in more deteil so need not linger too long now on its
structure.

Ts Tast of sll we come to the pith. What other tissue
does it resembie? Observe the parenchyms of the BRANCH GAPS.

8. Review each of the sbove tissues and see if you can
tell the function of esach. Remember that you sare dealing
with & cross-section. The tracheids snd sieve tubes are
reslly much elongated vertically as you will see later.

B. Draw rather disgramatically a narrow bsnd some 6 cells wide
running from epidermis to pith. Make the cambium cells gbout 5

mm. long and keep the other cells in correct proportions.

Exercise 17. The detoiled structure of pine wood.

We shall now take up & careful and detailed study of the
structure of pine wood both in its macroscopic amd microscopic
agpects. The following work demsnds particular care and
thought.

Yellow Pine (Pinus rigids). These blocks have been
prepared t0 exhibit TRANSVERSE Eor cross), TANGENTIAL and
RADIAL aspects of the wood.

A. Mske & sketch of eny cylinder (such as is the trunk of a trce)
cut by & plane in these three aspects. Label each plane.

Carefully study the cross-section (transverse) of the
block. In what direction lay the center of the tree? How do
you know? Note the annual rings and wood rays which trans-
verse the mess of dense wood cells or TRACHEIDS. ‘low does
the wood vary in density within 2 ring? The less dense part
ig formed in early ri and is called SPRING WOOD, the denser
mess is called the S iR WOOD. One other feature, the RESIN
CANAT, is visible.

Be Sketch & smell portion of the cross-section.
Turn to the tangentiel face of the block and identify the same
features as before by following their extensions over the ei~e.
If the annual rings eppeer like "mountains and valleys" explair.
C. Sketch a smaell portion of the tangentizl section.
On the rzdiel fsce again identify the parts.
D. Sketch & small portion of the radisl section.

K. Combine the three sketches to make s perspective drawing of =&
block of pine wood. Represent resin censls in three aspects,
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Exercise 19. Histologicel study of pine wood. A
cross-section of & piece of pine wood with radisl and taugent-
inl sections of same will be furnished. - Identify each one
with lens.

Pinus Strobus - A Coniferous or Soft Wood. Transverse section

Under the low power observe the ANNUAL RINGS of wood
traversed by tne WOOD R.YS. The thick-walled cells of the
wood are celled TRACHBIDS. Are the tracheids all slike in
size and thickness of wall? You can now see the reason for
theaings of wood. Do the wood rays a2ll run clear amcross the
section?

Note the resin canals also. Is there sny evidence that
they . lint Yadially with others of like nature?

Focus cerefully on the margin of annual ring with h.p.
Each tracheid, particularly in the summer wood, can be seen
to have a distinct thick well, and is seperate from its
fellows by & darker narrow line.  This is the MIDDLE LiMELLA
and represents the wall which both cells once had in common
before they acquired the secondary thickering of which almost ,¥?
all the wall is now made. Observe a SERING TRACHEID. How
do its wells compere with those of the | ZR TRACHEIDS?

Note in some of the radisl wells an oval, radislly elongate
Structure which usually shows a purple spindle-sheped areas in
its middle. The whole structure is cslled a BORDERED PIT.
You are seeing it cut in section. Can you detect INTERCELL>
ULAR SPACES? 1Is therc ony evidence of protoplasm or nuclei
in tracheids?

A: Draw a group of sbout ten tracheids under h. p. to inecludse both
summer and spring wood. Do not darken the woody walls.

In what direction are the RAY CELLS elongated” Can you
detect & nucleus in them? Protoplesm? How do they differ
from the tracheids? Their wzlls may sppsar bulged out. You
will find that these bulges push through & pit into an edjoinirsg
tracheid. Such a bladdery projection is called & TYLOSE.

Turn on 1. p. and find & well-preserved RESIN CANAL.
It is surrounded by an areas of RESINIFEROUS PARENCHYMA. Do
the cells contain protoplasm?

B. Draw the resin canal under h. De (Use section of twig if they
are better preserved there)
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Turn the 1. p. to the rzdial section. Distinguish
ANNUAL RINGS snd note difforence htetwecn SPRING and SUMMZR
WOOD, the WOOD-RAYS, the LONGITUDINAL RESIN-CANALS. On all
the tracheids you cen now see the BORDERED PITS in face view.
Seerch for a place where the ends of the tracheids are visible
What is the shepe of the termini and how do they fit Foether?
How do the spring end summer tracheids daiffer from one snother?
Compare the pits. Turn on h. p. and observe a single tracheid
Iry to find & place where it sbuts on a ray. Can you see the
MIDDLE LAMELTLA? Took for evidence of oblique striations on
the walls. Study a pit carefully and see if you can interpret
the verious concentric circles. Beneath each pit is often
seen a darker band. It is 2 1local modification of the cell
wall and is cslled a BAR OF SaANIO. It is only found in
woods which ere closely related to the pine. Observe the
RAY CELLS. What is the character of their walls? Do they
bear bordered pits? Seerch for pits between two adjacent
cells which have been cut by the plsne of section. Note the
MERGINAL or RAY TRACHEIDS. Do they besr simple or bordered
pits? What is their probable function? Do they stein the
same color as the other ray cells?

Draw a portion of a ray crossing several complete tracheids.

Rofer to the tangentiel section. Why do the rays have a
different sppearance in this section? How do the pits now
appear? Do the termini of the tracheids look the same as in
the redial section? What is thc actusl solid shape of a
tracheid? Do the resin cansls differ in this view from their
appearance in radial aspect?

Draw a portion of the tangentisl section.

Construct & stercogrem of = tracheid cut transversely through
its middle; show 211 detsils.

This completes our study of one of the soft or gymnosper-
mous woods, Let us compare it with one of the hard or
angiospermous woods.

Exercﬁsedao. The Wood of the Oak. An Angiospermous or Hard
5 Wood. S
The blocks have been prepsred to exhibit the structure of the
Wood in three planes: eross, radial, and tangentisl.

N. B. DO NOT MARK WITH PENCIL.

Study the cross-section of the block. Observe the
amnuel rings of growth - how old is the piece of wood you have?
Using hand lens observe the openings of the water-conducting
VESSELS, Where are the largest ones found? Note that the
wood rays are of two kinds: large or COMPOUND RAYS snd small
gzmple ordUNISEg%ggE ﬁéYS. Two other types of tissue may also
€ seen; dense BER EAS and more open 8
TRACHE TBS. P areas made up of
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A, With hend lens study o stained and mounted section. Make a
diagram ahout 4 cm. squere, magnified 10 times.

Turn to the tlock sgaip end study the tamgentinl as gct.
Tdentify AUNUAL HINGS, VISSELS. RAYS, FIDERS, and TRACEEIDS by
following their oxtengion from the crogs-seetion.

Turn to tne eguivelent section on the slide: identify the
‘arees za before.

B. Diagram thc tangentisl section, &s you did the transverse.

Cs Repeat for the redial aspect of the block snd the equivelent
section on the slide.

D. Combine the three sketches into a stercgram of o block 8 cm on
& side.

Study verious polished woods used for csbinet work. Hake
sketches and explain the mesning of the markings of the "Grain"
What is quarter-sewed osk and how is it preparsd? What is
veneer?

From the previous exercise you are abls to identify the
verious areas on the sections.

Crogs-section, Focus on the end of an snmual ring where
it is cut by & COMPOUND R4Y and note the grest differentiation
of the cells, all of which ere specielized for particular
functions. The VESSXLS and TRACHEIDS conduct water; the FIBERC
add mechanical rigidity to the wood, Do these elements contaii
protoplasm? The Ra¥S conduct dissolved foods redially through
the wood. They, also, along with the WOOD PARENCHYMA, serve
for storage of food. Do the RAY CELLS and WOOD PARENCHYMA
CELLS contain PROTOPLASH?

E. Drew with care a small portion of the cross-section

Turn to the tangential asgect. You will observe delicate
merkings on the walls of TRACHEIDS and VESSELS: these ars
called PITS. They ere tiny pores through which wster moves
from cell to cell. Note how the ends of the various cells fit
together. The vessels gre channels formed by fusion of many
large cells end to end.

F. Draw & small portion of the tangentisl section.
Turn to the radial section and repest your observations.

G. Draw & portion of the radisl section.
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Exercise 21. The Bark (Cortex, Cork snd Phloem) of Tilia - the
Basswood or Linden

Tilis is used instead of the oask because its phloem cells
are larger and more easily studied.

Turn to the corss-section on the slide. On the outside
lies a band of cork easily recognized by its files of tiny
brick-like cells. The epidermis has died snd has either been
shed completely or crushed beyond recognition. Under the cork
comes the cortex, while still farther irward another bend of
cork has arisen from another cork-cambium. (This latter
corky layer has really started in the phloem and has cut off
the tips of the phloem masses). £11 the tissues outside the
cork band will eventuslly die and scale off (scaly bark) since
they are cut off from food and water bty the impervious cork.

Inside this second basnd of cork lies the unmodified phloem
made up of several kinds of tissue. Its banded eppearance is
due to ammusl rings of growth. The WOOD RAYS are conspicuous;
they vary much in size.

Carefully turn on h. p. and study & smsll portion of the
phloem. The mosses of bright red angular cells with extremely
smell cavities arc the proteetive BAST FIBERS: the large cells
with square, crackled and glassy bodies witnin them &re the
CRYS OGENOUS PHLOEM PARENCHYMA CELLS; the smeller cells with
dark contents which run in rows &t right sngles to the wood
rays are elso PHLOEM PARENCHYMA CELLS. The large colorless
cells sre SIEVE CELLS; they conduct most of the food of the
plant. They contzin protoplasm but no nuecleus. Nete in
their corners the very amsll znguler COMPANTON CELLS. It is
the work of the latter to contrel the sctivities of the sieve
cells. What is the origin of this mass of phloen?

As Meke acareful h. p. drawing of a bit of the phloem only, to
show the above elements.

Exercise 22. The Phloem of Tilia - Radisl _Section

Identify 211 the clements which were seen in transverse
aspect. The SIEVE TUBES ere toc be studied with great care in
order that SIEVE PLATES may be seen and interpreted.

Hote the length and wall thickening of the BAST or
STEREQME FIBERS. What is the part of flex which is used in
spinning cloth? What is the value of bast fibers to a plant?

-

A whet E}ant may grow six fect high with a diameter st
the base of 1/4 inch. If man could congtruct & tower on these
principles, with a base 20 feet mcross, how high would it reach?

Wnat is the shape of the CRYSTALS in the CRYSTALLOGENOUS CELLS?
Can you suggest any reason for storing up calcium oxslate in
this form?
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Draw a portion of the phloem in radisl aspect to show all
features.

THE HERBACEQUS STEM

We have now studied the two main types of wood and have
also seen the importunt elecments which constiftute the phloem

or bast of trees. The moat ‘wpuriins remaining subject
connected witii slem cnotomy is che origin and structure of the
herbacaons sten. Hervs have becn derived from woody plants.

We will study (1) & woody twig (Tilisa); (2) a half wcody stem
and (3) an extreme herhb.

Exercise 23. A Woody Stem. Tilia - the Basswood or Linden

With dissec’. lens work out the general topography of the
cross-gection furnished. In the center lies the MEDULLA or
PITH . Note the dark messes in it. These are MUCILAGE

CELLS, rather cheracteristic of the order of plants to which
Tilis belongs. (Morshmellow is obteined from snother genus

in the order). The outer sligshtly bluer ring of pith con-
s:itutsa the MEDULLARY SHEATH. It usuelly bears quantities of
starch.

How old is the twig? Note thrce arms of pith running outward
into the wood. At their outer ends there is an sggregstion
of denser and more deeply steined wood cells. The letter are
LEAP-TRACES end the arms of pith are LEAF-GAPS (Folier lecunce)
This section was cut just below & node snd the three leaf-
treces are gbout to enter a leef.

On the very outer vorder of the wood is a deep purple line.

It is a cross-section of the CAMBIUM LAYER. The red pyramids
outside it are masses of PHLOEM or  BAST. They are separstsd
by the flarinz WOOD-RAYS. Outside the phloem 1lit¢ = the

CORTEX bounded exteriorly by a broken EPIDERMIS.

-Disgram the Tilie twig 7 cm. scross.

Construct a stereogram of & half-cylinder cut longitudinally
elong s diemeter so es to split & leaf trace and show its
outward course.

Exercise 24. The Helf Woody Stem.
We are now sdvencing toward the herbsceous stem cond:tion.
With the dissecting microscope study the cross-section of the
stem given you. It is cut just below a node whers the three
LEAF TRACES are sweeping out to their leaves. See 1f you can
detect them. One of the laterals is much farther out than
the other. Hote the LEAF GAP inside each trace and the
broad parenchymatous LEAF RAY outside it snd on its flanks.
What is the physiologicsl velue of the lesf ray?

Hunt Institute for Botanical Documentation




ﬁ'

A'

=16-

Disgram the stem. Bring out the leaf trsces clearly and show
parenchyme of lesf gzp and leaf ray by sheding.

Refer to chart showing the partisl woody condition in stereo-
gram snd see that the enstomical festures are clesr.

Exercise 2b. in Extreme Herb - Ranunculus - the buttercup
The buttercup stem has stteined the extreme limit in herbaceous
svolution. From & study of the chsrt be sure you understend
how this stem evolved from & type like that of aster. Note
the following points:

(1) The smount of secondary wood is remarksebly reduced
and this is due to the faset that the CAMBIUM functions scarcely
at 8ll. Hence nearly =11 the wood of the leaf traces is
prinery (viz derived from primery meristem - not from cembium).

(2) Since there is .lmost no secondary wood there are no
leaf rays. In order then for storsge to go on the FLANKING
PARENCHYHML becomes highly developed and strongly isolateg the
leaf traces or fibro-vescular tundies from one another.

(3) sSupport is geined thru hesvy SCLERENCHYMATOUS BUNDLE
SHEATHS around each bundie.

Copy the stereograms of the partisl woody stem and the stem
of the buttercup from the chart. With dissecting microscope
examine a stained section of the buttercup stem. Observe

the cut ends of the leaf traces =md their distribution., What
about the destinstion of the larger ones? (If one were to
follow these traces up or down thru the stem they would be
found to link together at the nodes into a complex network).

Diegram the stem 7 cm. across.

Study now with compound microscope. The traces with their
curious BUNDLE SHEATHS are conspicuous. See thet you under-
stend how the topography conforms to the chart dia rem. Note
deteils. Obscrve PHLOEM made up of SIEVE TUBES and tiny
COMPANTON CELLS. Note the thick protective csp outside the
delicete phloem. The CAMBIUM is well developed in esch truce
but observe thet it no longer circles the whole stem but
is confined to esmch bundle only (fascicular cembium). The
XYLEM with its large VESSELS nlso shows up well. Sometimes
the end well of a vessel with its porous perforation is also
visible. Towerd the inside of the xylem there is much WOOT
PARENCHYMA.
Note the FLANKING PARENCHYMA &nd the PITE. The latter hsas

« " partly broken down leaving = kollow stem. Whet differenc
difference cen you see between CORTICAL PARINCUYVMA snd irhat
which lies deeger. Note EPIDERNIS.

Select o medium sized lezf trsce and draw under h. p. with its
accompanying flenking tissues, pith and cortex.
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If the leaves of = plent became large and crowded on the stem
and too meny leef traces were entering to be accomodated in a
circle what path would they necessarily take?

THE STEM STRUCTURE OF MONOCOTYLEDONS

Exercise 26. The stem of Indizn corn - ZEA MAYS.

Dissect the corn stem furnished end note the leaf traces.

How does the arrangemcnt differ from that of the buttercup
stem? Count the number of traces passing in from & leaf snd
obgerve how clogely sect the leaves sre. Did nature follow
the logical path which you predicted above?

Study & steineda cross-section of corn stem with dissecting

microscope.
Disgram es for the buttercup.

Turn to compound mieroscope. Note that the bundles are

rather similer to those of the buttercup. They heve the
BUNDLE SHEATH of sclerenchyma mmd their PHLOEM is very . muech
the seme. Is & cambium present? If not, you ere dealing
with whet is called & "closed bundle" in oprosition to en open
one such es that of the buttercup. Most monocotyledong have
closed bundles. Is the wood as sbundent ss in buttercup and
is it primary or secondary wood? How meny vegsels cso
you find in easch trace? Note the odd resemblance to & face;
the "eyes" are two PITTED VESSELS; the others are SPIRAL and
ANNUTLAR vessels. Beneath the "mouth" lies en irreguler in-
tercellular space (PROTOXYLEM CANAL). It eriges thru dis-
or%anization of the esrliest formed trecheids (protoxylem).
Note that one can no longer distinguish between cortex, flank-
ing tissue end pith. For what is this perenchymatous or
FUNDAMENTAL TISSUE used? How is th= stem stiffened? In what
respecta does the stem structure of corn show extr=me
specisligation?

Select a well preserved trace and drew under h. p.
THE LEAF

Exercise 27. The Anatomy of the ILesaf. Strip off a bit of
the lower cpidermis of lecf end make o water mount. Cbserve
firat with 1. p. Note the STOMLTL scattered over the 1lraf.
Turn on h. p. end study & stoma in detsil. How meny cells
comprise it? They ere called "GUARD CELLS3". ¥hat Jies bet-
ween them? Do they differ in contenzss from the othar
epidermal cells? Whet do you suppose is one function of the
stomata?

Draw a portion of the tissue to show stometas and other epider-
mel cells.
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Exercise 28. The Veeculer System of the Leaf. Study with
microscope mounted <cagmmts of o thin ieaf from which the
chlorophyll has Leen removed by hot slcechol and which has
been redni rendered transperent by chloral hydrate. Varying
foei will show that thers ere several layers of cells. Red
stained multicellvlar HAIRS alsc occur on the epidermis. The
point to be particulerly sbserved is the extensive ramification
of *he VEINIETS. High power will show that the cell walls
of the veinlets are curiousiy thickened. How? Th= phloem
is continued to the terminus of the vein in the form of
elongate cells. What do you infer moves in these chanrels?

Drew a portion of the terminsl region of a veinlet under h. Ds.

BExercige 29. Cross-section of a typicel derso-ventral loaf.
Seotions of & 1iving ler? woll bo furnished. Note she heavy
CUTICLE end double EPIDFRIS on the upper side. The MFSO-
PHLL or CHLORENCHYMA 9 etym.) mekes up the bulk of the leaf.
It is aifferentieted into an upper PALISADE JwYER end a lower
mass of SEONGY PARENCHYMA. How is the latter adepted to gas
circulstion? Where heve you seen similar CHLOROPLASTS kefore?
Observe that in the chlorenchyma are to be seen rether in-
definite grayish masses. Our section is too thick to show
their details. What are they? Is the lower epidermip alan
more then 1 cell in thickness? Sections of stomata will be
better seen in the next leaf section.

Carefully drew under h. p. & portiom of the croggs-section.

Exercise 30. Steined cross-section of leaf. How doea the
position of the monocot leat on the plant differ from that of
the dicot? How does the CHLORENCHYMA of this leef difier

in appearesnce from that of the last leaf? In what direction
are its cells elongated? Ncte CHLUROPLASTS. Observe that
the edges of the leef are heavily buttressed by & YPODERMAL
BAND of SCLERENCHYMA as are slso the main veins. Cerefully
study the section of a VEIN. Two veins commonly lie together
with their xylems touching or sctually fused. Where haye
you scen essertislly such structures before? Note PHLOEM
with SIEVE CELLS and COMPANION CELLS. Is & CAMBIUM present?
Is the iris 2 monocot or e dicot? The xylem is composed of
VESSELS and WOOD PARENCHYMA. TLook carefully along either
epidermis snd find a STOMA cut in section. Hote its two
smell GUARD CELLS.

Draw a portion of the section to include two medium sized veinz
and & sectioned stoma.
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COAL AND ITS FORMATION
BExercise 31. £ Study of Conl an. the Method of its Formation.

Goal ie largety formed of pisnt debris snd Chie seems ©o ca
good place to intraduce ifs study. Let us first examine the
primery materiels from which cosl is formed. Into a drop of
weter on 8 slide sbtiv & litile ©ine muck derived from & marsh
Ixsmine wi.th low power end see what you can identify. Look
particnlariy for smell rounded yeliow unicellular bodies.
they ere the spores of lycopods end ferns.

Meke 8 1list of the materianls which you can identify and eall
(judiciously) upon the instructors for help on things you can-
not identify.

Prepere & siide with spcres (essentislly pollen grains) of &
club moss. You will find that these spores are sll alike.
During the coal period, however, gient club mosses growing

100 feet high flourished in the hot wet lands. They formsd
quantities of spores of two kinds. The small ones (microspore
corresponded to pollen gresins, while the large ones (megzsoporec:
corresponded to structures found inside the ovule of the

seed plents.

Draw & few of the spores (isospores) from the living Lycopod.

A Microscopic Study of Lignite. Lignitic wood consists of

wood which is sbout helf way advenced to the bituminons coal
condition. In ancisnt days it collected in bodies of water
and was there silted in and preserved. It differs from
wood in its higher carbon content.

Pieces of lignitic wood will be furmished for observation,

Sections of Liznitic wood.

Study the sections of lignitic wood furniched. How do they
differ from ordinsry wood in color? In structure? Observe
cerefully the effect of prolonged sosking snd intense pressure
to which the wood was subjected during the millions of years
in which it lay buried. What part of the wood is laast
modified? Is it a hard {ingiosperm) or = soft (Conifersus)
wood? Its age is roughly 75,000,000 years.

Sketch a smell portion as seen under h. p.

A Study of Cannel Cosl

Cennel is known to have been formed in fresh water lskes snd
seems to represent the result of converting muck essentislly
like that we have studied into the cosl condition.
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D. Study the pieces of cannel handed around;‘ Note its homogene-
' ous texture and dull culor. -

-

% = '
On the slide furnished you there are three sections of
fregments of them to be studied. The narrowest, often
fragmentery, section lying next one side of the cover glass,
ig from a piece of cannel ceel. It is cut transversely to
the bedding planes. ; . AR

See if you can determine what the details.seen under the miero-

scope really mesan. Kemember that these meterisls have: lain
here since the cosl period - at lesst 300,000,000 yesrs and

are crushed flat by the tremendous weight of rocks sbove them.

E. Draw a bit under h. p. and lzbel wood, megespores, microspores.

A Study of Bituminous Coal.

With hend lens study the fresh surface of a piece of bit-
uminous ccal furnished you. In the fsce broken scross the
bedding plenes observe the stresks of bright gleaming, "glance
¢oel", and the duller stresks of "mat cosl'. On the surface
clesved parzllel to the bedding plsnes fragments of frieble
charred "mother of coal" may sometimes slso be found. This

is only chercoal swept into the pond efter some old forest five

r, S{atch & portion of the fregment broken across the bedding
Plenes.

Mounted oosl sections. Let us now find out of what the bands
oI glance and mat coal are reslly composed. Turn to the
middle section on the mounted slide. It is cut from s piece
of Tllinois bituminous cosl. Study and interpret.

G Sketch s portion to bring out the banded structure. How will
you account for the formation in bands? Does one of the
Elanca or mat stripes st all represent the thickness of the

ayer when first deposited?

The third end last section on the slide is the same as the las.
coel only cut parellel to the bedding planes. Amoerphous wood.
yellowish spores, and sometimas pieces of charcosl are to be
found.
I. No drawing.
THE PHYSIOLOGY OF THE VEGRTATIVE SYSTEM
We have seen when studying the root-hair how water and salts

enter the plant, We may now inquire as to the chamnels
through whieh they rise to the parts sbove ground.
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Exercise 32. The course of water in plants.

Exsnine verious pL&nts which have been kept some time in eosin
solution. Study roots ond stems and observe thru what
channels the colored water moves.

Pull off the lesves from the stems and determine the chennels
through which the liquid enters and moves through the leaves.
Recsll the sppecrance of the ultimate veinlets in the blade.

Zxercise 33. helation of the leaf to water. - Transpiration.
Observe the apparaius set up to show that plants give off
quantities of water.

We have lesrned that the plent through its root hairs takes up
dilute selt solutions from the soil. The selts end weter are
carried to the leaves through the xylem and there elaborate

chemical reactions take place.

No ecarbon ecomes from the soil, and yet glants contain & high
per cent. of cerbon. 1t is all derived from the carbon-
dioxide gas of the air. This ges, under the influence of
sunlight and the green chlorophyll of the leaf, combines with
water to form starch. The process may be roughly representec
thus.:

6 COp plus 5 H.0 under influcnce of sunlight [Cgl{;c(} v 6P hs
carbon {wa%er} energy) end chlorophyll {starch] (oxygsn!
dioxide)

A compound such as starch made up of carbon combined with weter
is called a carbohydrsate. Let us try to find it in green
leaves.

Exercise 34. Remove & leaf from a plant that has been standine
in bright sunlight for some time. Extract the green coloring
matter by sosking in hot alcohol; dip into hot water to remove
brittleness ani them 1. submerge the leaf in & solution of
potessium iodide emnd ioadine. t is the effect? The chem-
igsl compound to which the blue color is due can be best studicsd
microscopically from certasin tubers and seeds, whither it hes
been transported from the lecves.

Mount in water in & thin section cut from a potato tuber and
examine with 1. p. Whet is found in the cells? Place a
little weak iodine solution at the edge of the cover zlass and
draw it under with a piecce of filter DEPET. Wetch the section
during the process. What happens? Does any of the material
take a yellow color? Whaet is it and what is its distribution?

A. Make a sketch of several cells end their contents.
Into the tube of starch paste on your table drop & little

iodine solution. What results? Starch is the only known
substance which gives this color with iodine.
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Mount in weter a bit of the milky liquid from the potato tuber
&nd exsmine the starch grains agein with 1. p. Tep lightly
on the cover glass to meke them revolve. What is their resl
shape? With h. p. study very carcfully mnd observe HILUM end
LAMINAE.

B. Draw severcl forms as seen under h. p.

Return to 1. p.; shut off most of theo light, and draw & litfle
potesh solution under the cover gless. Watch carefully as it

L enetrotes. Whket heppens? Exscetly the same thing occcurs

.~ & s wnen sterch is boiled *o form stsrch paste. It
is not in truec solution but is in the colloidsl (colle = ~lue)

condition). (Forms of sterch greins vary much smong different
plants, end adulterants in foods, etec., cen often be thus
detected).

Starch, then, gave the bluish color to the leaf treasted with
iodine in & preceding experiment. What is the chemical
formuls for starch?

From a plent which has been kept st least 12 hours in & dark
Place detech a leaf. Remove the chlorophyll end test for
starch. Result? Set the plant in sunlight end efter a few
hours test enother leaf for sterch. Result?

To the leaf of £ plent taken from = derk plece sttach s licht
screen end efter s few hours in sunlight remove the screen end
test the leef for starch. Result? (These lesves may be
preserved in 50% of alcohol.- the color fades but may be re-
stored at eny time by trestment with iodine). What coneclusion
do you resch from the last three experiments?

Select a2 leaf from a variegated Abutilon which hes been stend-
ing ig?light; remove chlorophyll smd test for starsh. What
Tresu

Exercise 35. & Stuay of Chlorophyll.

Teke & test tube of aleohslic solution of chlorophyll solution
and note the color of light reflected from the surfece. Add
2 little cerbon tetrachloride to the solution mnd shake. What
happens? Carbon tetrachloride [CCI,) is sold &8 » iresse {53210
remover under the trade nsme of "Onrbona. This suggests tha"
chlorophyll is & fat which has besn found to be true.

Stand a solution of chlorophyll in & lighted window snd lesve
several deys. Result? Does this suggest whot happens to
leaves of the Kmmani before they fell end to the lemves of
decidnous trees in asutumn in temperate regions?

A. From careful consideration of ell the sbove experiments and
observations on Photosynthesis etc. write up & summery of the
chemico-physicsl espect of the process. Be sure you thoroughly
gresp 81l the factors necesscrye. P
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Exercise 36. {a) Starch is formed in the leaves in the

form of grains. Can it ozmoss from the cells and reach tubers,
roota and stems? Set up en osmotic spparatus. Inside the
membrane place & solution of cookei starch (water paste) invo
which has been stirred some uncooked sterch. After a few
hours determine whether it has dieslysed into the outer weter.
What heve we learned sbont osmotic properties of colloids?

Let us seec if we can determine in what form cerbohydrates do
move through the plent. Translocetion. Put a little starch
geste into three test tubes and mix irto one & wesk solutiopr

?0/5%} of cocmmercial diastase; into the second stir s little
saliva, and lesve the third untouched. In sbout 15 minutes
test for sugar, using Fehling's test. Result? Whei name

is spplied to such substences as diastase, or ptyslin from
salive?

Do plasnts contein diastase? Examine grzins of starch from un-
germinating and germineting corn. Is there evidence of
corrosion in either? Compere the taste of germinating corn
greins with ungerminating. What results? A Fehling's test
will prove the ssme thing.

Write up conclusions concerning translocetion.

(4t this point could be inserted the science of plant chemistry
which is concerned wholly with snsbolic and katabolic compourie

Energy for growth and all other activities is obtained by
plants and animals through oxidstion of foods. What compouvnd !
result from oxidation of carbohydretes? What becomes of tks
gas formed by en enimal? What is an easy tesat to sprly for
this gas? Let us see if plants produce the same gas.

Exercise 37. Respiration.
1. Arrange a wide mouth bottle with = two-hole rubber stopper
Through one hole put & thistle tube. Through the second =

curved tube for gas delivery. Plece branches of a leefy plen

in the bottle and set it sside in & derk werm place. After =a

few hours bubble the gas through fresh lime water by displacin:

%;Ewith?pura water poured through the thistl= tube. What is
€ gas

+

Sketch the apparstus snd discuss the experiment.
In a paregraph compere photosynthesis with respiration.

Exercise 38. The Utilization of food.

The energy conteimed in the food is utilized for chemical a8yn-
thesis and decomposition, for growth, and for the menifestab-
ions of irritebility. & few of the simpler sctivities will
be exhibited.

Teke notes and write out your observationa.
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or less open cavity - the EBHBRYO SAC. This lies ineide
ggrgvai callulgx mass, the HNUCELIUS, which in its turn is

osed by two integuments. The INNER INTEGUMENT is usuglly
;ggi advangéd in %roﬁth than the ocuter at this stege of the

: ovule. Whe C
on the FUNICLE side? Note MICROFYLE. What name did we

give to the integuments of & mature seed?
0 Carefully put on h. p. and draw the ovule.

(Other snd more modern terms for =11 the carpel snd ovule
structures should be learned. The following tesble homologizes |

them:

Carpel or simple pistil Megasporophyll

Ovule Megasporangium en-
elosed by two in-
teguments.

Nucellus Megasporangium it-
self

Embryo-sac Megaspore

Ingside the embryo sac or mgfa ore &t meturity lie the
following neked (viz. without w 12% cells: at the micropyler
end, twe synergids end an egg or ovum; £t the other end of the
megespore, three .. antipodal cells. In the middle of
the embryo sac & primary endosperm nucleus.

Exercise 42, It is precticelly impossible to furnish a large
clags with the stages of fertilization and embryo formation.
These are | to be copied from & chert hung up in the lsborstory.
The following list of lebels is to be added to each figure.

The perentheticel term is the newer one. It may be added in
red ink if so desired.

Stege I. Two cerpels (megasporophylls) (In the case
here figure 4 the two stigmes prove that you ere dealirgz with
a bicarpellery gynoecium but the loeculus of only ome cerpel is
disgremticelly shown).

Ovary, style, stigme, ovule (integumented megasporeangium)
funicle inner and outer inte ents, mfcroFyle, nucellus
(megasporangium) embryo saec [megaspore), synergidae, egg,
primery endosperm nucleus antipodal cells.

Stemen (microsporophyll), anther sac (microsporangium),
POliez grain (microspore), pollen tube, tube nucleus, sperm
nuclei,

happens to the pert of jthe OU INTEGULENT ?
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Stage 2. Inner integument, nucellus andi embryo sac,
micropyle., synergisde, egg., endosperm nucleus, antipodels.
broken pollen tuga, gperm cells fertilizing egg end endosperm

nucleus.

Stage 3. Inner integument, mizropyle, nucellas, embryo
sac, B-celled embryo, 3 antipodal cells, endosperm formation
with nuclei in ensphase and telophese.

Stage 4. Embryo with suspensor, endosperm, antipodals.

Stege 6. Mature seed: embryo with cotyledons, hypocotyl.
g%gmule; endosperm, shriveled nucellus, tests, tegmen, rsphe,
UL«

Stage 6. Germinating seed: testa, cotyledons, hypocotyl,
Primary root, hilum.
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éﬁ }71 \\rljf;' First Semester ///,

\ (ml e UNIVERSITY OF HAWAII
v

Intrcductory Directions

1. Provide yourself with a 4H pencil, an eraser, .a-hand-
dens-and a loose-leaf note book.

2« Follow directions carefully and before advancing from
one exercise to the next make swre you grasp its full meaning.

3. Do not bird the pages of the laboratéry outline into
the notebook. KXeep free so that they may be constantly in view
while you are working. ;

4. At intervals throughout the term the laboratory note-
books will be called in for correction. Keep work up to date.

, 5. TIecture motes will also be called in from time to
time and are to be written up in ink or typed in a neat and concise
manner.

6. The liberty is reserved of requiring any carelessly
executed work to be repeated. .

Irawings and Written Exercises.
1. Write or draw only on the right hand page.
2., Use a 4H penzil for drawing and labeling.

3. ~A¥—rrivten-work-is—bo—be-tone +mrink.

A In the drawing work we insist upon care and aceuraecy,
The following scheme of procedure is to be practieced till it becone
an established method.

a. Enter the exercise number and topical heading,

b. Decide on the position of the drawing and its
s8ize. The size is often indiecated; if not it
Should be large enough to permit you to draw easily
the smallest detail which is to be shown. Avoid
the extremes of tiny drawings and of excessively
larg: ones.

¢. With light lines establish dimensions, proporticn-
and the various angles at which the parts of the
objeel meet one another.
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Herbarium =znd Related ‘.'.'0'13.;.

{' for
)_ Dotany 3.
OhE of the zins of the rcouired courses in Bstany is to famila-
B the student wilh ne common ’-'T.l-- plants. To insure
that this shall pe accrupiusacd, esc studont will be eXxamined

toward the cnd of the spring tern c.n_ a-0 in the -fall term on
his knowledge of Wid ty spitlis of Tlow (“114.L rlants. TFor the
gpring examination, ne shzll present 2 Jist of twenty-Tive
species of wild plants upan waieh he stands preparesd to be
examined. In the fall, hc shall do the same thing with a sccond
list of twenty-five specics.

No herbarium is required yet it wikl be found that the
simplest and safest wey to know these plants is to csllect,
press and mount them, They may, nowever, be placed in a large
book unmounted, or preserved in any other way the student may
sec fit to employ.

The examination may be basc® on either living or pressed
specimens. These mey not always be in flower, hconce the plants

-shoula also be known from their lesaf and fruit chsractcYss.

E.&!:’li student may be examincd on his knowledge of the
following points:

1. The Latin and common neme of the plant and the

‘derivetion of the Lgtin neme,

2. The latin and cormon nemcs of the family to which the
plant belongs and elso whether it is 2 gymnosperm or an
angiospcrm and vhether & monocotyledon or a dicotyledon,

3. The characteristics of thc following plant fanmilics
and why certzin plants of this 1list arc plesid in onc of them:
Pinaccae, Gramincae, Liliaccac, Renunculaccas, Cruciferae,

TosBaccae, Legumingsac, Umbelliferac, Labistse, SBcropliulariaccac,

Compositae.
4, The netive .aone and present Amcriesy range of the

species; station where colleected by the student, hedifat and
goil, whether a hydrophytc, mesophyte, Xcronayic or tropophyic.

5. Cuazracter of the underground -pert; tap or fiDrous
Yooted, cormosa, bulbous, rhizomstous; ccolo.icel fceturcs
connected therewith.

§. Tyve of stem; shepec and veination of lcavis; cecological
or evolutionary fecaturcs of su,nlfzcmcc.
7+« The inflorcscence type, timc of flgwering and fruiting.
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d. Bloek in the outline with light free lines using
wrist and forearm motion as mueh as possible.

e. Go over ths 1light sketeh with a bolder and
heavier lin? e£nd introduce dstails.

f. Erase all guiis lines. Ilake sure that every line
which remaias has a definite meaning. Never let
two lines over-lap or cross, Leave no gaps.

8. Label the arawing by means of broken lines drawn
with a ruler outward and at the end of these print
horizontally in small letters every term which
appears in capital letters on the outline.

Several drawings may be placed on the same page

provided sachk has correct heading and is not crowded.
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8. The flower as to size, color, odor, monoecious,

diosecious or perfect; mct.od of polliastioin.

9, The fruit as to kind, special mecaanisms for

distribution and morphology of suel: devices.

-
10. Fconomic imporiance=-28 & weed, & poiscnous vlant,

food of man or animals, timocr, O USCS by aborigines.

We prefer that the study te mazde on the common weeds of

ecultivated ground, on grasscs and clovers and on the native
shrubs and trees, both C€VCIrgre and decidous. Not only are
such plants more importent toi%ﬁ& beginner but we wish also
to avoid the wholesale destruction of our delicate woodland
plants by largc collece clesses. The examination will be
based particularly on the groups of plants suggested above.

Fach student who fails signally in the examination will

be conditioned in tiie course.

The follewing list of reference works should be useful

in preparing for the examinations.

AI

El

For the study of Family Features:
1, Baillen. Histoire Naturelle des Plantes, 13 vols. Paris
1869. English translation by Hartog, T
London, 1271.
2. Engler and Prantl. Die Hsturlichc Pflanzenfamilien;
20 vols. Leipsig, 1900.

3. Bargent, F. L. Plants and thelr uses. New York, 1913.

4, OBtrasburscr's Text-nook of Hotany, Part 11, Divieion 1l
Translatcd by Lang, it. B, Fif:h English
¥dition, Londeca, 1821,
§. Thoday, D. Boteny for Cemor gtucents. Bection 4.
Cambridge, 1919.

Far species identification and descriptioin.

. Britton znd Bfown. Illustratcd Flora of the Lorthern

Unitcd States end Canada. New York, 1813,
8, Dena, ¥rs. W. §. How to know the Wild Flowers,

mew York, 1853,
3. Grey's Menusl of Eotany. 7th cdition. HNew York, 1908.
&, ZILounsberry, &. L. A Guide to the Wild Flowers,
Hew York, 1899,

5. Peterson. How to know thc Wild Fruits. New York, 1905.

Work on Economiec Dotany.
1, Bailey, L. H. Cyclopcdiz of Horticulture, & vols.
New York, 1914.
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lp('j ’ 8., The flgwer as to size, ‘color, odoT, monoccious,
5 disccious or perfect; metood of pollinatiol.
9. Tre fruit as to kind, spcecial mtchanisms for
distrivution ané morphology of sguclh. devices.
10. Teonsamic importsnce--2s a woth, @ Doisonous nlant,
food of man or animzals, timbér, or uses by 2CoTigihes.

We prefer thzt the study be made on the common weeds of
eultivatcd ground, on grasscs and clovers end on tie native
anrubs and trees, both evorgreen and decidous. Giot only are
sich plants more importent to the beginner but we wish also
to avoid the wiolesale destruction of our delicate woodland
plants by large collese classes. “he examination will be
baged particularly on the groups of plants suggested above.

Fach student who feoils signslly in the examination will
be conditioned in the course.

_ The follewing list of reference works siould be useful
in preparing for the cxaminations.

: A, For the study of Family Features:
1. Baillon. Histoire Iiaturelle des Plantes, 13 vols. Paris
. 1869, English translation by HarTtog, H.
T London, 1871,

) 2. Engler end Prantl. DIie Haturliche Pflanzenfamilien;
| 20 vols. Leipsig, 1300.

' 3. Sarment, F. L. Plante end t.¢ir uses. New York, 1913.
4, Strasburger's Text-pook c¢f Doteny, Part 11, Division 1l.
! Translated by Lans, .. B. Fifth English
| Edition; Londecn, 1921.

b » 5. Thoday, D, Botany for femior SLudents. Section 4.
il Cambridge, 1819.

8. Far species identification and degseription.

i. Britton and Rfown. Illustratcd rlora of the liorthern
United States and Cansda: New York, 1813,
2, Dana; Mps. W. 3. How to know the Wild Flowers,
I fiew York, 18383,
Foz A. Gray's Manusl of Botany. 7th cditiom, New York, 1908.
'3;2 4, Iounsberry, A. L. ™A Guidec to the Vild Flowens,
L How York, 1899, -
5. Petevson. How to know the Wild Fruits, New York, 1905.

Q. Vork on Fconomic Dotany.
1. Bailey, L. H. Cyclopcdia of Horticulture, 6 vols.
Hew York, 1914. !
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B., Bize of subject: According fto ingler and Yrantl there are about 50
orders of vascular made up of J00 f‘am;lgea of which 234700 species
are monocots and 108,800 are dicotis.

C. The major problem of Botany is to trace the course of evolutioi--
the past dealt with a special Crezation.

D, Gmeral-‘frinc ipies. '

) 1s D_am-i‘n'a Theory of Zvolution based on Overproduction, Struggle
for Existence, ‘variatinn, Hatural Selectivn or the Survimal of
the iittest, and Heredity.

2. Lemarck's theory is that change in an organism during &ges is
caused by the use or disuse of parts-this belief of late years
has been rather abandoned although Lammerer in "The Inheritance
‘of Eegquired Charactieristics" published in 1924 again champions
ihia view.

3. Weisamann opuoses Lamarck's view--this is still an open question
--possibly both cases are true.

4, DevVries Hutation Theory is that rather extreme unsccountable
changes occur from one gengraticn to the next .nnd tHat such .a
chenge remains relatively aonstant in futare generations.

5. Three R's of Compzrative Anatomy of jeffréy (Anatomy of Voody
Plants, Chap. XiTII): Retention , Reversion, =nd Recapitudiation.

6. Bilogenetic Law,

e

< Jd 2. ,
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D, Evidence employed do show how species originete and how they are

related texonomicalily.

1. Direct origin of speciles has been observed.

a. Zxamples.

1‘

4

Seeds were grown from the seme plent and striking varia-
tions were noted.
in 1590 in the garden of Uprengel, a Heidelberg apothecary

the Grester Celandine, Chelidonium majus, gave rTise to a

new specics now callisd the Fringed Celandine, C. lacinietum,

and this has bred true ever since.

The purvle beech h=s appeared historically as a mutant
among ordinary beeches upon at least three occasions in
.tida-ly separated localities, and it has always given rise
to a constant progeny.

A large number of new cultivatud forms or incipient species
are know to have arisen repeastedly such as apricots from
Ppeaches, déubll flovered plants from single flowered, cert
certains forms of sugar-cane from bud sports, ete., ete.
Zaco, a Portuguese, in 1420 set free on the isglend of Porte
Santo a female .\:‘ab'r?it and her litter. After 400 years it
was classified as a new species beause Itho rabbits are
sma.ler, differ in color, and nociurmal, wild, end will no

mate with ordinary rabbhits.

Difficulties encountered.

1.

Sometimes when we think we see new spec ies Arise, we see
but the breaki g up into Lendelian ratios-of and organiam
whose parent or earlier ancestor was a hybrid.

ixample: DeVries Uenothéera

Unly a very few so-called new speclies have ever been ob-
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gerved to arise in nature =-this gives us no clue to the
evolution of even genera of plsnis, much less of important
evolutionary links.

2. Geographical distribution, espec:ally with aid of fossilks.

a. Ancient groups of plants tend to have an almost world-wide

S

digtrivution- the older they =zre, the more time they had for

dispersal.

———

b. beeds in general are #0 eas:ly distribuied, that rather recent
plants may have a wide distribution alse. '
9. oSerodiagnostic evidence-this is giving much important evolution- :
ary evidence of a comfirming nature, This metliod, however is still
in the experimental stage.
4. Comparative anatomy of living forms.
a. This gives us the best practicsl clue as the the evliution of
plants, but it does not give us exzct information-merely a !
clue.
b. Difficul-ies encountered.
1. None of the present day plants could possibly be the direct
ancestors of other present day plants-all we have ere
plants that have evolved at different rates so .hat a recent
primicive plant is not the ancestor of a recent highly
evolved plant, but at most merely shows us not what the
ancestor was but it might have been. Here of course the mar
margin of error must be enormous. -
2. Uangers of confusing homologous and analogous features:
Luphorbias vs. Cacti; Phyllocladus and pinnate-leaved plant
3. Dangers of misinterpreting cases of prallel evolution.
a, beleria testacesz of lawaii may be identical ¢e a
Scleria of Cuba, or this may bve merely a case of papallel

evolution,
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b. Acacia loa of Hawaii may be identicel %o and Acacia growing

in Mauritius, or iis may be merely = case of parallel evO0-

lution.

4. 1t is frequently impossible to tell whether & plant is more or

primitive then ancother, or whether it merely appears more

primitive due to degeneration-thus one might sccidently read

the evalutionary series of the Lemnaceae from Wolffis to Lemna

and then to Spirodela instead of from Spirodela to Lemna then

to Wolffia, which is correct.

5. Palaeobotanical evidence is the most reliable.

a. Advantages.

1.

b. lhe

the paucity of fossil material and the imperfect preservatian

1t shows us the aciual ancesiors of the living plants.
For example, annectant groups or groups that have char
acteristica between those of two others are frequently
found. The Cycadofilicales are an annactani group betw
between the Filicales and the Cycadales.

1t shows us exactly ar what period of geologic time th
the direct ancestors of the recent plants lived. Nothi
Nothing higher tnan bacteria and algae was found in
Proterozoic Zra, then Pgilophytsles and primitive &y
Lycopsida and Pteropsida in Devonian, then Lepidodendr
and Cycadofilicales in Carboniferous, then Ginkgos and
Cyacds in Triamssiec, then Pinee and Araucarians in
Comanchian, and finnally most of the present day famil
femilies of higher plants form the Cretaceous on.

difficulties that minimize palaeobotandcal evidence is

of the few fossils that we do find.
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E. The naming of plants.

1. For rules see Hitchcock "descriptive Lystematic Hotany" and s

gee "American Code of Botanical “lomenclature™ in Bull. Torr.

Baz.

2. Units of Classification with their endings:

a.
! b.
bl

Cohort is

Club &4 : 167-178. 1S07.

Phylum.
Division.
Subd ivision.
Class.
Subelass.
Order
Suborder.
Family
gﬁbfamily
Iribe
Subtribe.

. Genus

Subgenous
Sectilon)
Subsection)

Species

Subspecies or variety (variety according to ‘merican Co

-ales:
-ares
-aceae
=atae
-gae

=anae

Code i. relegated to horticultural usage, but hardly

anyone follows this).

tead of Order which is incorrect
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Class ingiogpermae (vessel" i "seed" -plants with seeds enclosed iz an

OVary).

Subclass Dicotyledonese ( "two"y " seed-lobe"--plants with 2 cotydedons
fohort Archichlamydaea ("ancient" ¢ "mantle"=-generally with u.nfua.ed
petals or sepals).

1. Order Anonales (derivation of name probably aborginal)-Custard
Apple Order.

A. Magonoliaceae. iognolia Family-
1. Named after Pierre ~agnol \d. 1715,, Prof. of Bontany at
Hontpelier.
2. rloral Formula:
3. Affinities and characteristics.
a. [hought by Arbor and ?ark_in to have derived from
“robennettitales.
b. Are probably the most primitive angiosperms--their
primitive features are:
1. All trees or shrubs--the herbs are supposed to have
been derived from trecs.
2. Floral axis selongated and strobiloid with flowers
usually spirally arranged.
3. Large and indefinite number of perianth parts.
.4. Perianth parts free from one another,
. 6. Gradual transition from green bractis to perisanth
parta.
6. Up differentiation of perimnth into ealyx or corolle
in most genera.
7. Yollen powdery.
8. dicrosporophylls leaf-like and pollen sacs exceded
by connective.

Y. Flowers actinomorphiec, not zygomorphic.

- Hunt Institute for Botanical Documentation
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10. Yo style.

11. GCeeds large and fleshy

12. Seed lacking distributive mechanism.

15. Zmbryo very small snd embedded in large emount of
endosperm.

14. Iwo cotyledons.

15. Leaves simple in outline.

Uther characteristics

1. Alternate position of leaves, which is not a primitiv
charac ter as the opposite position is said to have
preceded.

2. All aromatic.

4. Distribution.

Zspeclally common along Atlantic coast of Horth America
and in Japan, and s fossils practically circumpolar. Now
they are chiefly subtropical, which of course indicates
that past climates differed from the present.

Gray's glacial theory partly explains the queer dis-
tribution of this family. He thinks that when the
glaciers moved southward they pushed the plante ahead
of ihem. The Lagnolias died out in Europe as they could
not pass the Alpa.a.nrl Limalayaa; while in America they
had 1litile difficulty in migrating southward as the
cold admenced, i‘hen when the glaciers began to recede,

they erawled northward agein to their Present range.

5, Genera.

a. Magnolia.

1. There are 21 living species in trovieal Asis,
Eastern Asia, and North fmerica; while 30 fossils
are described from the lertiary of North America,

Greenland, Spitzbergen, all of Europe, vap
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Australia. This wide distribution indicaiss extreme &g
age. Hagnolis has Bars of Savis in root-good evidence
of sntiquitly.
Y. grandiflora L. is occasionally planted in Hawail
and commonly in other couniries s en ormental. 1t is
native io the Atlantic coast from Aorih Carolins to
¥lorida, where it is a tree 100 feet o more high with
stiff lvcr:grtsn ghiny Stipulate leaves bearing large
wax-1like fragrant flowers 7-8 inchiks across that resem=
ble & water lily. According %to Roeck, it is stunted and
barely 20 feet h.gh when grown in Hewaii. The seeds ars
red and hang from the inflorescence by probably the
funicle. Ascording to sngler and ¥rantl the odor of the
flowers is deadly to bees while Pammel says that it is
injurious to some people. According *o Loudon who
wrote in 1860, "the flowers are pickled in some parts
of devonshire, England, end are considered exquisite
in flavor. "This possibly is due to the arcmatic oils
found in the family. Webbstein pg. 604 E. and P.3.2:1§F
M. yulan of China and Japan is used in similar fasgh=
ion to M, grandiflora. the Chinese pickle the flower-
buds, after having removed the crlyx, end then use
them for flavoring rice.
U, glauca of the Hiddle and Southern U.S.. is used in
medic ine. The bark contains a volatile oil, resin,
tannin, colaring matters, gum, and an importsnt
erystalline glucoside magnolin which is used as &
diepnoretic, tonie, and febrifuge.
Eany bybrids are grown in temperate climestes for
ornament. The Asiatic specics usuzlly bloom before pro-

ucing leaves in Spring while the Americesn ones flower
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flower after produc ing leaves.
b. idehelda is practically the some as Lagnolia excep: that ]
there is &8 definite node beiween androecium and gynoecium.

i, champaca L., mative of India, is & suall tree cultivated

in lionolulu where it is known as Mulang. The fruit is said
to be edible. M. fuscata Blume, native of China, is & bush
also cultivated here., Both-are very fragrant and are used
in perfumery.

¢. Liriodendron, the tulip tree, lived in Morth Americe and
Xurope in the Tertiary, Now L. tulipifera is found from
Vermont and liichigan to Mississippi. A form sometimes
called L. ¢hinense, is found in China. The plant ocecurs no
other placc. This is more eyidence for CGray's Glaecial
‘heory. The encient type of leaf was simple as is that of
present, seedlingiAll prensitions from simple lesf in the se
seedling to palmate in the mature plant exist, showing
evidence of the Theory of Recapitulation. The tree in North
America may become 180 feet high and have diameter of 5=64
It hes.gtipules. The wood' is called whiie wood or "White
poplar" becouse it is soft =nd flexible. One cubiec food
wieghs 26 lbs. This is the most valuable timber tree of thes
Tamily. The root was formerly used to Prepare an agreesble
liguor while the Candians according to Baillon (1871) use
the root to correct the bitterness of'}apruce beer and to

1 give it a2 lemon flavor . An infus_lon of the bark 1s now used

as & tonic, febrifuge, and vermifuge. Liriodendron is dige

tinguished from Magnolia chiefly by the aspect of the

extrorse anthers and by the fact that the carpels ripen int

sameras which fall from a common axis when ripe. 1t is thus

| "a Hagnolia with extrorse antherse and szmaroid carpels
which deparated from the common receptscle" Webd
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d. Drimys is without stipules. Ihe gynoecium consisis of but

one row of cerpels, thus a reduced Mggnolia in thet regpect.
there are 10 species: 1 in New Guines, 1 in Bornea, 4 in ‘\
New Hollend, 2 in lNew Zesland, 1 in New Caledonia. This wide
distribution again indicates great age. It has no true vessel
in its wood. Lotsy therefore erroneously thought that this
plant wes primi’tiva end called it'cc_;niferen-hol:.a“, but

this lack of ves=els has been proven to be due to degene-
ration, not to primitiveness. D. Winteri Forst. in several
varieties from Hexico toc lerra del Fuego has =an aroma
gimilar to ¢ innamon. The bark of this tree, called Winter's
Bark in the trade, was forwerly much used in medicine,
Illicium is Confined to 2 species in Florida, 2 in Indis,

2 in China and 1 in Japan while in the Tertiary it grew in
England and in the Fliocene in Australia. This genus is sim
gimilar to Drimys.

1. I. religiosum is cultivated ne=mr Puidhist temples in
Japan as & holy tree and there cslled "ghikimi" ar
"ghikimi=-no-ki". It has a nonpoisonous seed surrounded
by the poisonous pericarp conteining sikimin.

2. 1. verun (apparently incorrectly nemed I. anisatum)
of China has a nenpoisonous fruit sbout en inch in Ada
diameter which forms an important articie of commerce.
The Chinese mix the fruit with coffee and tea to impro
improve the flavor. The Lichammedsns of India season =0
some of their dishes with the capsules. The capsules a
are also largely imported as star snige into Germany,
France and ltaly where they are used in the manufae turs
of the ligueur anisette.

Vebbetein Handb. Syst. Bot. Pe. 604. »
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B. Anonaceae-Custerd Apple Family.

1. Name fyom the aboriginal.

5= lo=

5. Floral formula P3 # 6 Ameny G (many)

3. A tropical family of Asia, Africa and fmerics and a few in

Lustralia.

4. Affinitieés end cherescteristica: This family seems to differ

from the Magnoliacesze chiefly in having ruminated endosperm

and that usually the perimnth is convolute in the bud instea

of imbricated. It may be significant that the numericeal

arrangement of flowers pollen development. Vorblabbstelling

R o=

is a3 in the 1™

5, Genera:

e. Asimina triloba, the North /merican Papew, is like a

muth reduced and numerically stableaagnalia. I1tisas
small tree with 3 sepals and & petals in 2 rows, stamens
many, and aaveral.sto " inch leng sweet, edible, oblong
fruits. Flint, writing in 1828 says " The pulp of the #£»
fruit resembles egg-custard in consistence and aprearanc
1t has the same cresmy feeling in the mouth and unites
the taste of eggs, cream, sugar, and spice. 1t is a
natural custard too lucious for the relish of most
people. The fruit ies nutritious and a grest resource to
the savages. " While the papaw is edible, there are

gome cases of poisoning on record. The leaves contain
alkaloids. (see Britton & Brown 2! 82. ¢ Engler&Prant
3.2:24.) Wettstein 606

fnona muriceta)., the Soursop, MAmerican but introduce in
ligwaii, is'a asmall branching evergreen tree with 6-8inch
fruit somevhat derk green, heart-chaped, with very meany
soft spines painting toward the apex. The smell and tas

taste of the fruit, flowers, and whole plent resemble mu
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much those of the black currant. The pulp of the fruit

ig soft, white and of a sweetish taste, intermixed with f
oblong, dark colored seeds, and, according to.S8loane, th

the unripe fruit dreszed like turnips tastes like them.

liprelet says the rind of the fruit is thin, covering

i g ———

a white unctuous pulp of a peculiar, but deliciocus taste,

which legves on the palate a flavor of perfumed cream

(Wider, Fruits of the Hawaiian lglanda)

¢. @nona sguemosae,. the sugar Apple, Americen buti iniroduced
in Hawaii, is eimilar but the fruit is not spiny. 1t is
about the size of an orange and composed of loosely cuherl-hg
rounded carpels that readily fall apart. The filesh is whiu,.,
full of ling, brown granules, wery aromatic and of an
asgreeable strewberry-like, piquant taste, Rhind (1853)
says the pulp is delieious, having the odor of rose watier
and tasting like clotted cresm mixed with suger. Master (
(1870) says the fruit is highly relished by the Credles
but i.s little esteemed by Europeens. Drury (1858) says th
the fruit is delicious to the taste and on occasions of
famine :n India has literally proved t-he staff of life of
the natives. (see Engler & Prnatl 3.2:37)

d..;mona rlaticulati.. the Bullock's Heart or Custard ipple,
Jmerican but introduced in Hewaii, has a non-spiny fruit
in which the carpels do not fall apart. It is edible but
not as good as other species. (Wilder. Fruits Haw. Is. p

115)

e, Mnona Cherimolia, the Cherimoya, nafive of Peru but intro-

duced in Hawaii, has leaves velvety pubescent beneath.

fhe fruit is said to be deliopus. \;.d;ﬂ,&).» -,f] e PRUCE
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f. Artobotrwys uncinatus of india hes been planted near the
Normal School. 1t is a climber. A related spécies, if n
not this one,.hes strong hocking side branches for the
purpose of olimbing. (see Lotsy p. 466)
g. Cenangia odorata, the Ylamng Ylang of the Philippines is
not uncommonly plented in Hawaii. The flowers &Pe very
fragrant and greenish but turn yellow at maturity. The b
fruit is 2 cluster of distinct carpels borne on stalks. ,
The oil from the Ilowers produces & perfume. (See Wett- g
stein p. €06 q
h. Polyalthia, a genus of about %C :;pscies, is found chief-
ly in Malaysia. One tree is growing in thc‘ Queen's Hog#
pital grounds.(Wilder p. 239) ,l.J
iy Sageraes cadliflore is a natice of India. lt produces 2
flowers directly on the trunk. At the base of the tree '
and even under the soul, pietillate flowers sre berne v
which ©produce 3 inch fruits while the upper part of th

the trunk bears the sisminate flowers.(see Lotsy p. 459

A
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C. lyristicaceae-lNutmeg Fmaily.
U‘ 1, Neume .from the Greek. aliudmg to the aromatic qualities.
5. *Plopal formula: p 3 A 3 -18 G 03P 3 A0°G L
3. Phe fmaily is entirely trofical. kcl'c'o‘rd ing.:o :l'rantl in
fngler & Prantl, the family is limited <o the genus
lyristica only with 80 species,. Byt i: the supplement to the
pame work writted by Warburg, there are 15 geners and 235
species; namely 179 in *sim, 38 in South America, 4 in Hade-
" o gascar, 11 in Africe, 2 in Australie, and 3 in Folynesia.
4o J.kffinit.ies and characteriatics: The Myristicacea may bt con-
P aide-red reduced or @egenercted Anongceae:
. &a. The flowers have changed from perfect to unisexual con- b
dition-namely there ere definite atajnin&te and pistillate

| - flowers end thepe are found on separate plantis,

b. The double circle of perianth members has been reduced

S

o to one circle and here furthermore the: are uniied
almosted to tip.

c. The varieble number of stamens in Anonacesce. hag remain- 4

ed the same in the staminate flowere of the Myristicacess,
d. The free characters of the stamens hes changed to stemen
with united filamentis.
e. The varible number of carpels has been reduced io a sine
gle one (although we get in thw nutmeg 'i;l..tite of ten a
reversion to 2 carpels, seldom to 3, and extremely sel- 1

dom to 4). .

f. The peeds of Anonaceae and of Muristicacese both possess
rumines ted endosperm.

g- The liyristicacese possess a third seed coat called aril Iﬂk
which is irregularin shape.

h. Hone are herbs, indicating primitiveness zs in the other

fmeilies,
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i. Most of them are striking aromatic as in the other famillies.
5. Mymistica frnlérane, the nutmeg, Le the only reslly lmportant
plant. it is endéude to the liolucca Llglands where it hns long
been cultivated by the Dutch who jenlously tried to keep the

moniopoly. But now it is cultivated in other tropical countries.

an nil}
Ihe chief plantati®ns are on Bandea Aalanr!,ﬂolpl'the Lolucces less

than a square mile in area, and from here 40% of the World'sg
supply comes. The nutmegs .arve harvested in April, July and Nov-
ember, end the seed cured with lime. Ilhe plant is a very sym-

metrical tree. lhe fruit ie sald to be the size of a pear, having

a fleshy end ddible pericarp which is aleo frequenily cooked with
sugar to meke candy. “ushrooms’ that Qrow on the decaying fruits
are especielly palatable., When ripe the fleshy pericarp splits

ppen and expuges the irregular thard seed coat or aril. This when
fresh is red but yellow whean dried. ihe dried aril is the mace of
‘commerce while the geed is the nutmeg. The seed 'has a dark ruminated
testa, lighter endosperm and a minute embryo. Nutmege seem to be
poisenous. A boy who ate two died. The oil contained in it seems . i
to act on the central nervous system mrod the symtoms sre burn=
ing pain in the stomagh with anxiety or giddyness followed by
drowsiness, stupor, and diplopis. The plents seem to be dhaaeminahcr
by queer fruit pigeons of the genus Lysristicivorms. Connecticut

is the putmeg stae, a nickname alluding to the accusation that

ip that state wooden nutuwegs are manufsc *..ured and palmed off on
purchasers as genuine. A single nutmeg tree, = male, grows 1in

drs Foster's garden 1. Honolulu. (Wettstein 607, Zngler & Prantl

111, 2:41)
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D. Calyc=nthaceae

1. Name

2. Floral formula: Bd-many A many G many
3. Distribution: There are 4 species-1 in Japen, 1 in Celifornis,
and 2 in sastern North fmerica. d

4, Affinities and charsctristics:

a. Related to the Lagnoliscese and Anonaceae. in fac:, they

may be considered as Mamolias with sunken carpels.

b. Differ from Magnoliasceae and Anonaceae: 1

1. In having opposite leaves instesd of alternale ones-
this is probably a more primitive characteristic as r
evidenced by the fact that the cotiyledons of plants & |
are alwaps opposite and naturally the first leaves of ‘l
a plant should simulate more or less the shape end I
position of the early encestors of the plant-ontogeny
recapitulates phylogeny.

2. In having a large embryo with spirally wound cotyledong [
and almost uo endosperm-this is & advanced characteris |
tic since it means that the female gemetophyte emllede
endosperm in seed plants hes been almost compleiely |
absorbed by ‘he young sporophyte or embryuc previous
to the gurminatioﬁ of the geed. An analogous instance
is observed in animals. Primitive snimels lays eggs or
potential ewbryos while in the more highly evolved
animals the eggs develop into complex embyyos previous
to birth.

3. In having inferior gynoecium-this is an advenced char-
acteristic since the perisnth hed to grow up to surround

the pistils.
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¢. &%t least 17 commo: plants have a peculier purplish-brown
color as appears in the flowers of Caycantihus, bul when
studied we find that it is no? due fo the same substsance.

Calycanthus is purplish-brown because of & mixture of the

pigments anthocysnin and anthophaein, both in solution in the

cell sap. These same pigments mrc also found in a single legum
(Vicia fabe), in 2 Ranunculsceae (Delphinium triste and D. -ela-
elatum), and in & single orchid (Coelogyne Massangeana). This
may mean that the Legumes, Buttercups, and Urchids have come
from the Anonales snd that these families therefore have the
potential atllity to manufaciure these 2 pigmentis snd that 3
or 4 of the species actuslly did do so. ' .
5. Caycanthue is the only genus.C. floridus, the Stravberry Bush, of |
the Eastern U.S. is the best known. The flowers have a delious es
odor. (#ngler & Prantl 3.2:93) Staminvdia arc present.
&, Monimiaceae. |
1 lame.
2. Floraliformula
3 LJistrivution: ¥ogadbly 100 species entirely tropical or subtropi-
cal and concentrated in Southern lemisphere such as in Folynesia,
Australia, and somewhat in South fmericsa.
1 4. #&ffinities shomn to:
a. saguolia in respect to:
1. bweet scent.
2. Female flower like lMagnolia flower with carpels sunk in
torus.
b. Calycanthus in respect to:

1. Carpels sunk in torus bui separate.

2. Staminodia sometimes preseat.
€. Lauraceae 1il respect io :

1. Aromatie
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2. Anthers opening by vakves.

3. Carpels 1 or 3.

L auraceae.

1. Hame.

o

Floral formula: P 3 # 3 A3 #3561

%. Distribution: About 40 genera found mostly in the tropics. They

first sppeared in the Cretaceous Yeriod while in the Tertiapy they
ran far notth into Burope to be pushed south by the ice later on.
in faet, fossil flowers (Cinnamomum prototypum end Trianthera
ensideroxyloides) belonging %o plants of generasstill existing
today were found perfectly preserved in amber on the shores of

the baltic. At present in North America, lkassachusetts is about

the northern limit of the fawily.

4. Affinities are with the sonimisccse ns the following shows:

.

&, The carpels from 3 have been reduced to 1 with 1 hanging seed
yet in some Lauraceae the stigma is deeply 3-cleft while in
others thne single ovary is sutured snd may even bear more then
one ovule. This of course suggests that they are derived from
a bricarpellary gyncecium es found in the ¥onimiaceae.

b. Anthers open by waives.

e. 0il cells abundant, especially easily eeen in the sepsals.

d. Ovary often sunken in receptscle.

e. otamens in 3-4 whorls, the inner being of ien changed to scales
or glands as in the Calycanthacege.

. Calyx often united.

Genersa.

a. Cinnamomum zeylanicum, the Cinmamon Iree, is a native of
india and Ualaya but now cultivated throughout the tropica.
Une tree grows on the Campus. The tree is L0-30 feet high and
bears 3-nerved evergreen leaves. 1t is now cultivated extensive-

ly in Ceylon for the bark which is the cinnamon of commerce.
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The plant was first cultivsted sboul 17%0 hul know ino m wild
state long before and even used by the sncieni Romans, lero-
dotus who lived around 450 B. C., even knew of it and said
thas "The bark wes the lin.ng taken from virds' nests built
With clay sgainst the fece of precipitous mountaing inm those
countries where Hacohus w nurtured." The cinnamon we buy is
merely the bark peeled from shoots which are 3 or 4 but pre-
ferably 8 years old. The eniire plsn. is very zromatic Tue %o
ainerenl o.ils pul these ere differeant in rows, BErR, Fod Leger
ihe ppice 18 Treguently usedl limedigile L0 liude Alga.peennll
flayers. | Lotsy 480)
b. Camphora camphora, the Camphor Tree, is & large tree over
40 fest high with long petioled lesves that are pinkish when
Young. fny part of the plant will g.ve of & strong odor of
camphor when bruised. lhe plant is native to Asia but widely
planted. A huge tree is found neer Lihue while msny smaller o
ones grow in Honolulu. The old.r the trees:sre the more
camphor will they proiuce. oo trees 50-60 or more Years old
are cus into small pieces: These erve then put in wooden tubs
with holes in the botiom, snd these in “urn placed in & metal
distillary. When heat is applied, the diszilla<e composed of
water, comphor and comphor o0il is collected. The cauphor =nd
oil soon concentrates on top, is removed and filtered through
straw. -y further purification, pure cmpphor is obtsined.
Camphor probably actuaily does rot ogc 'ur 1 the Iiviang plent.
A8 winereal odl oecurs which unon sxidation then chenges to
camphior, Deside 1Us insecs vepell .- quslifies, ceuphor iz Qeed
i medicige., 13 is frequently mixed with olive o6il for external
use 1i cdlds, while 11 herst disesse & Sineure or mixture ef
camphior end aleohol i: sonetimes injected into the veins =3

8 sirong heert stimulaent,
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¢. Laurus nobilis is the tweed Bay or Laupel of the Buropeans whic

guss not be confused with the American Laurel (Kalmia)which =
belongs to the Heath Femily end hes nothing in common except
that in both cases the leaves are evergreen and shiny. The

' Bweet Bay i1s =n evergreen tree 40 feel high with gtill dull gre
green leaves and small dark purpte berries. 1t grew thruoghout
Zurope before the Ice Age but now is native only to the eastern
Hedi terrenean. Because of its aromatic odor snd taste, the

Greeks finally considered it an emblem of victory sacred to

Apodlo. Vietorious general and ethletes of the Olympic Games
were crowned with it as & mark of the highest honor. This honor ’
yine later transfeered to poets who then became "poets laureate"
Baccelaureate arises from bacca laurea, meaning "laurel beery".
Laurel oil which is greenish in color due to chlorophyll is
pressed from the fruiis. 1t is used as a salve. flexander's
soldiers, according to Xenophons "Ansbasia', during the campaign
in Asia Minor became sick from ea:ing wilé honey which bees

had made from the nectar of the laurel. (Strasburger 641)

d. Cinnemomun Cassia of China produces a common but inferior sub-
stitute for the true cinnamon but the bark is thicker, coarser
and not as delicately floavored. ‘his plant as well as C. zey:d [
zeylanicum seem to have been known since esrliest times. 1t is
the "kinnamomum" of Herodotus, a name which he states the Greeks 1
learned from the Phoenicians. 1t is spoken of in Exodus, is
referred %o by Hippocrates, Dioscorides, Yliny and oether
ancient writers.

I e. Yerpea gratissima, native of tropical “exico, is the lLvocado or

£lligator Pear. The name "avocado" is = corruption of the lexico

; "ahuaca". The plant is a swall tree with yellow flowers. The
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fruit is very oily and eaten =s a salad. The flesh can also be
made into & delicivus sauce with citron Jjuice and sugmer. It is czaid
that the immature fruit is very poisonous. The first tree grown in

Hawaii was probably planted by Don liarin in Pauoa Valley in Honolul |

(Lotsy 481)
| | 2
[} f. Cinnamomum protocypum is the foesil cinnamon which lived in the Cre
w Cretaceous 100,000,000 years ago. lts flower was found perfectly

preserved in Bal tic amber. This amber is merely the fosilized fesin .
' of Pinue succinifera in which a flower of the Cinnamon was sur-

rounded. Die to its water content, the resin did not impregnate the
flower. Now the amber contrins =am exact mold of the Ilower, while t

the flower itself consists merely of a few black pariicles of car- |
von. (Lotsy 480) lﬁl
v g Gaasytha‘ filiformis is the only representative of the entire order I
which is parasitéc., It ig practically cosmopolitan and also
indigenous to Hawaii. Because of its parasitic mode of life, it is

now a rootless, pale green vine with scale-like leaves and numerous

haustoria. lrees in Kauai and Hawaii somtimes are covered by the

P plant to such an exitent that they appear as though light green
fishnets had been thrown over them. (Lotsy 485) J

h. Cryptocarya Mannii is the second indigenous representative of the

Lauraceaw. 1t is found in Bauai.
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G. lactoridaceas.

1. Distribution: This is a monspecific family limited to the small
igland of Juan Fernandez.
2. Floral formula: lmperfect lowers arc produced &s well as perfect
ones with the formula ¥ 3 A3 # 3 G (3)
3. Description: Lactoris fernandezisna is & much branched shrub a |
few feet high with alternate leaves. The nodes are swollen. |
4. Affinities: Lactoris was first put into the Yeper Family. Its

gwollan nodes certainly give it a .uperficial risemblance to

|
many of them. Engler, however, says that the plant is related to "

the Magnoliaceae, not fﬂv')t’rom Drymis. For want of a better link, !
we will take this n3 a transitionzl pl=nt belonging to the
Anonales which leads to the Fiperales. We must emphize, however, I

that we are very uncerie:i aooul ihe correctiness of this view.
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11. Piperales.

A, Saururacesne-lizzerd's Teil Family.

1. Distribution: & very smell fauily, the genus SEUTUrUsS consise
ing of 2 spec.es, one Li the nstern U,8. and the other in

2. China.,¥lorsl £ rxmula of Saururus is usutlly PO A3 # 3G 3
oy

——

while .;mu‘.tuynir-, of Asia shows reduction o P U A3 # 0 & (3)
Eagler gnd Frantl 3.1:2
4. Affinities: Thnis may be closely r-lated to Lectoris since it

has the same floral formula except that the perisnth is 'santihg i

(It leck of perianth is due to degeneration, we are! probably

on the right track. But if the perianth is wenting because the

plant is primitive and has not yet evolved one, then we are

wrong sbout its relationship. Engler believes the has not

yet evolved a perienth and therefore spys that it shows no

relation to the Eagnolisceae but has evolved from the

Casusrinaceae or lronwoed Yamily. ) Whether we are correct

or not in likking the Anonales with the *iperales through

Lec toris and Sururus, we are at any rate correct in putting

the ~aurumscease .ntoc the Fiperales.

B. Piperaceae.

1. Histribution: A fimly of over 1000C species which are chief
ly tropical. lhe two imporiznt genera are Piper and
Peromia, both consisting of over HO. species. The plants
possess endosperm as wekl as perisperm which is the nucellus
of orole charged with starch.

2. Affinities: The ‘iperacese mre still more reduced than the
Saururacese as the florel diagrams show

SAURURACEAES

Baururus: P<«Q A3 # 5 G 3

Houttuynia PO A3 #0 G (B)/
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PIPLRACIAL

Piper smalago B Q A 3 # 3G (3)

Piper Bp. PO A3 #L1G (3)
Piper s PO AL #O0G(3)
Piper sp. PoAa3goc (z)

o

O A2 #0G () but with evidence of 3
rorpels because of its 3
stigmes.

Piper nigrum

=)
I

Peperomia aps. P U A2 7 O
stigma brushlike
d. Geners.

2. Piper nigpum is a wooRly vine sometimes 20 Teet long with
swollen nodes and alternate leaves. The flowers are spikate
and sunken into the axis which partly covers it over like a
roof. The ripe fruits are red. The plant is native $o India
and C.m'hin-chinla. The: unripe berries are dried to form the
black pepper of commeice. White pepper, on the other hend,
28 forwed from the ripe fruit which is allowed to lie in
wabter for a few days to soften Thne pericarp or skin which
2@ then rubbed off. The aromezic =nd stiwnlant properiies of
pepper depend on '8 volatile oil G‘EOHIS while the pungent
taste and medicinal sciivity arc mainly due to a resin
called chavicin. I[his pepper wes frequently mentivned by

the early Romans =nd much used by them. The spice was in

such demand that when Alaric the Goth besieged Rome in 4086

i he asked Tor a ransom of 5000 lbvs. gold, 30,000 lbvs silver,

; 4,000 silk dresses, and 3,000 1bs pepper. ( Lotsy 496)

b. Piper methysticum or =swa of the Hawaiisns is grown in
several varieties in Hawaii and some other FPolynesian lsland
where it is nati.e, It is a large branching shrub agout &

Teet high with & spongy Toot. e odor is fragrant, like a

perfume rather then = spice while rm taste 1s sligntly
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benumbing. he plant is used as a remedy in the treatment of
Aisenges of the mucous meémbrene, 3 tonie tu the digesiive o
organs, and as & stimulent to the nerves. It contains methy=
sticin, clﬁhlégs' By the Hawsiisns il was drunk as =n”
intoxicating beverage. Ihe preparation of ithe drink iz in-
teresting. A Group of people with awa would sit =round a
large bowl and then sdd woter. Tnis materizl, after being =%
strained through coaconul husks, wes resdy for drinking.

P, betle, or Betel Pepper, of the Haei lodies mnd lalpys is
introduce in Honolulu, 1t is used extensively in ihe Orient

for wrappiug pellets of Betelk nut, the 3 em. long cinnamon-

wolored seed of the palm Areca cetechu which is removed from

the oval yelbow to brange fruits. Io this is added lime and
the wrole mess is then chewed like tobscro. 1t is hot, merid)
agtringent, =nd reddens the salive and ringlly corrodes ihe
teeths ( Eapler-Prentl 3.1:9) =
Hiper cubeba, the cubeb pepner, native of the Hest Indies, is
s elimbing, almosi tree-like vine. its fruits can be distins
guished from that of P. nigrum in beiug stalked. The uaripe
fruiis are dried and wused as an expectorant in lung disease
The leaves are also dried and suwoked medicinally.
(Strasburger 6222, Engler-Frantl 3.1:8)

Peperamia is a huge genus distinguishable from FYiper in have
ing a single carvel without clesr evidnece of its having for
formsfirom the union of 3, by confluent anther sacs, and by a
single seed coat. The plants arc usually small epiphytes or
terrestiria herbs with thick water-storage tissues. Casimir
DeCandolle, who recenily died, was the specialist of this
very critical genus. lie described 73 species from Hawaii, 67

being endemic, There are no doubt twice as many species in
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these islands sitill to be diacove;ed. There sre two general
types of Yeperomlia, those with oovosite leaves =nd those with
apparently verticillate or whorled lzaves. This lesst appesrance
is due to the shortening of alternate internodes so as to

bring 2 nodes with their leaves together. Peperomia is extremely
important as it introduces us to the Theory of the Origin of
Mdonocotyledony:

1. Miss Sargent thinks that monocotyledony arose by the growth
of both cotyledons into one. Thie view is probably in=-
correct in this case.

2. i1l showed that in Jeperomia one of the cotyledons be-
comes modified into an apsorption organ =nd does not leave
the seed. Ihis fact leads directly over to the Aracese,
one of the monocots. It is significent that Peperomia
has even monocot stem anatomy. Hill's evidence is best

shovm by the following figures:
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Hill's Theory on the Urigin of Monocotyledony

Peperomia pellucida
2 Terfect coytledons.

P, peruvisna £
One cotyledon remains pE
and hole (h) is left
where other cotyledon
drews out.

irst leaf 1
which Hill
says is the |
free cotyled
on.

P. parviflors
" The cotyledon becomes
inflated-hence the hole is not se

endospam when the other cotyledon\
dravs out

TYPICAL HONQGOT - iy
showing second cotyledon no /s
5[ longer functioning =as i
5| ebsorptive orgean.
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I11. “padiciflorales-as the nsunt(zéoi:}npliea, this order includes helero-
cotyledonous families characterised by the presence of a spathe
that protects the spedix.

A. Araceae-sirum Femily.

l. Pistribution: There are over 100 genera and over 1,500 speciecc
The family is essentislly a tropical one with about 8j extra
tropical while no representatives are found in cold regions.

2. Affinities: This family Jjoins into the Zfiperaceae through
their simplest subfamily lothoidese (foorus for example)
which exhibit piperaceous characters such as having flawers
in eatkins, having seeds with perisperm, germinating like
Yeperomia with heterocotyly, having net-veined leaves, =and
being aromatic.

3. Characteristic: Herbs or even trees, and very commonly 1 .- .
lianes or vines; some epiphytic with clinging and adsorptive
roots like those of some orchids. They often have latex,

erystals of calcium oxalate as raphides, snd are frequently

—

poisonous. The leaves vary being either parskleli-or net-vein

and some have even holes in them. The spadix is enclosed by

a spathe which may or may not be brillisntly colored. The

flowers theoretically have the floral formula ¥ 3 # 3 A 3 #

5 G (3) but almost all possible r ductiias snd variations ;

occur, the most i‘relq-uent resulting in uaisexuslity. The

plants generally have a putrid odor s»nd are pollinated by

Tflies. The fruit is usually a red, bluish, or white berry.
4. Genera.

&. Acorus, consisting of 2 species, is the most primitive
genius since the spathe acis ms.a leaf and the Thowers
have a perianth. A. gramineus of Japsn has normal
pollen and ovules, snd produces meny seeds. A. calamus,
the Sweet Flag. also a uarsh pl=ant, is ssid to have

been brought from Eastern Asis to surope by Clusius sboul
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