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BOTANY 520,~ SEMINAR OCTOBER 10, 1947

SEQUENCE OF TOPICS FOR DISOUSSION

Rating Rank
1. Gross morphology, Anderson, 11 g
2, Domesticeted grasses. Sauer, 88 3
3. Gresslands, Thomes, Schery. 53 2
4. Epidermis. Meyer, 10 8
5. Seedling. Rogers. -] 10
6. Brewing. Pavcelk, 14 6
7. Vernalizstion. Commoner, 3 12
8. Coleoptila, Rychardson. 4 L
9, Floral morphology. Ven Schaack. 18 B
10, Locel grasees 36 &
( Beology=~Schery)
11, Ewplution in the Gramineas. 59 1
(Fossil record--Andrews)
(Evoluti onary pstterns~-Anderson)
(Phylogenetio relations--Woodson)
18, Diseasss. Mehlguist, 7 9
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BYTANY 520 - SEMINAR OCTOBER 10, 1947

The Grose Morphology of Zes liays L, as an Example of Grass lMorphology (Features of
genernl significence {n the Gramineae are underlined.)

A. Root system,

1. Primary roots--to be investigsated.

2. Brece, prop, or nodsl roots--appear immediately sbove node end push through
sheath, rerely brench before reaching soil. Size is proportional to geno-
type and distance from ground, but is slso greatly affected by length of
day. Covered with slime &t pesk of growth,

B, Culm (hsulm)
1. Mein exis.
a. Nodes-~(demonstration of morphology by Ko Ko Ley).
(1), Above the last ear--shoy No branching.
(2). Below the laet ear--brenching (as evidenced by prophylls).
b. Internodes.

(1). Above the lest ear--not grooved except for first node above the ear,
not buckled.

(2). Balow the lagt ear--grawed in proporfion to size of branch, buckled.

(3). Growth pattern,
(e). Mexicen dents: f” ﬁ'i

(b). Belt
Corn com: l”ln”

(o). Papago com:

2. Bragohes. ;i'f”

&. Male inflorescence~-~terminel, not discussed in deteil. (Ths dioecious habit
is not common in grasaaa.j

b. Female inflorescence-~~an axillary braench, the development of which is pro-
portionel to the number of branching nodes it is from the base of the plant.

(1). Nodes--mey give prilse to tertiery branches (female inflorsscences).

(2). Internodes--very short and sometimss veyy buckled.
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#—j .;J. r: ".-';/-‘I‘- o‘,': -
o, Tillers--axillary branches rising from the base of the plant) the develop-
ment of which 18 inversely proportional to the development of the in-
| florescence (and hence greetly affected by changes in latituds), There
ere conelderable differences in tiller production between verious strains
of corn.

a! l“e!!'.
&. Husks or shucksa—to be investigated by all,
b. Foliar lsaves,
{1). Blade.
(2). Sheeth.

(3). Liguls.
(4). Auricles.

¢. Prophylls-~characterized by having two keels and thelr position es first
leaves of a branch, (Report by Holm on Arber's "pressure theory".)
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Botany 520 October 17, 1947

Continuation of Study of Zea lMoys as rma Example of Grass Morphology

1. Detailed gonsideration of tillers

a.
b.
e,

d,
-1
T,

Importence in cereel grains,
Importance in pasture grasses.
Tiller differences in Mays

1. Dent = no %illers,

2, Flint - tillers.

Tillers do not appear to increase prodiotion materially,
Viestern Mexico and Hopli corn tillers produce normel sized ears,
In Northern Flint corns tillers produce no or poor ears,

2. Stem leaves va. ear leaves.

8.
b

Stem loaves (see last week).

Husk leaves,

1, Bledee suppressed,

2. Ligule present in many cases,

3. Shoath dominant.

4, Fleg leaves characteristic of Northern Flints.

3. Mrs, Arbor's pressure theory.

a,.
b
c.

4.

Grooveo oceused by pressure of brenches when plent wes in formative etege.
Frequently the prophyllum is the only part of brench evident.
No relation between grooving end buckling.
1, Buckling in ear interncdes great, no branches present.
Progsure and the prophyllum.
1. Report by R, V!, Holm,
A. The prophyllum of gresses ard the importance of pressure in the
development of gresses,

1, In grasees, the prophyll end the palea are bikealsd or even bifid.

Thig condition bas been described ess the result of the fusion
of two leeves and mlso es the consequence of pressure on the

growing orgen, The morphologicel end anetomical evidence is ame

follows:
a. The prophyll hes two prominent ksels.
B. It ia the firet leel of ths axillary brench end, as such, is

e e e e e,

tightly pressed between the branch snd the culm or rachilla.

o, In grasees the veine in the two keels are unequal in size.

d. The larger of the two is earlier in development, has an axillary
bud opposite it, apnd 1z direotly opposed to the median bundle
of the next eucoeseive leaf,

e. Cortein ligules, etipules, end bracte in other planta develop e
bikeeled structure whan they are preesed ageinst ths axis by
another atructure,

f. Palea lsck the blkeeled strmoeturs when they occur in a terminal
flower which is above the axis,
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2, This evidence would indicate that the prophyll derives its bikeelsd
form from the pressure it experiences, Collins has reported,
however, that two brahches are frequently found in the axils of
the prophylls of certain Mexicen corn and in e bybrid between
meize and teosinte.

&, Pressure has been invoked to explain the structure of grasses since
1819 when Turpin used 1t to explain the absence of & back lodicule
in oertein species. GCodron, Bugnon, and Arber believe that the
effects of preasure on the orgens of grasses in thelr embryonic
stage ere greater than is generslly realized., The stem of &
grass at an early age is very tightly enveloped by the series of
overlapping shoaths of all of the leaves it will heve. Because of
the fact thet there is but one prophyll in the monocots, it is
caught, 8o to speak, between the exillent leaf and the stem; and
4t cooperates with the exillent leaf in en anterio-posterior pres~
sure on the branch, This pressure on the floret results in the
loss of the back lodicule amd other modificetions, (Sterilization
of florets which is very common in grasses is not wholly expliceble
on this theory, however.)

(Arber, Agnes. 1934, The Greminese. Cambridge Univ, Press. All
references are here.)

4, Deteiled study of nodal region.
u. Report by Ko Ko Lay ~ Demonstration on nodes.

1, Nodes ere highly specislized reglons end they have definite zones for:
{the following order from base up)
a. Developmen®t of the leaves.
b, Development of the buds,.
¢. Develophent of the roots.
d. The meristematic zone,

2, The position of the true nods Just beneath the false node.

%, Development of the roots., Usually ell roots which succeed the radicle are
borne on the nodes.

4, The meristematic ares remeins unlignified in most grasses long after
flowering end retains the power of growth longer then other regions.
The power of curvature of this region causes a lodged plent to be up-
right egein,

5, The branching of vascular baundles usuelly occur ae the strands enter the
node. Few, if any, pass without branching., Interlacing and formation
of net-work &t ths node, Later ensstomosing with other smaller ones
and joining up with the vascular strends,
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PRELIMINARY LIST OF CULTIVATED GRAMINEAE
(Only species generally recognized in recent literature are listed)

Iy R A I NS
SUBFAMILY POOIDEAE
Tribe Festuceae
yeceria ultans, R.Br.--Manna Grass
Eragrostis abyssinica L.--Teff
Tribe Aveneae
vena strigosa, Schreb. (2n)=--Hairy Oats
A. brevis, Roth. (2n)--3hort Oats
A. abyssinica, Hochst. (4n)
A. sativa, L. (6n)=-Oats
A. orlentalis, Schreb. (6n)--Banner Oats
A. byzantina, C. Koch. (6n)--Red Oatas
A. nuda, L. (6n)=-Naked Oats
Tribe Chlorideae
eusine coracana, Gaertn.--African Millet
Tribe Hordesae
ordeum vulgare, L. (2n)--Barley
Secale cereale, L. (2n)--Rye
Triticum monoecoccum, L, (2n)~-Einkorn
T. Dicoccum, Schilbl, (4n)=~-Emmer
T. durum, Desf. (4n)=--Macaroni Wheat
T. polonicum, L. (4n)~-Polish Wheat
T. turgldum, L. (4n)--Rivet Wheat
T. vulgare, Host. (6n)=-Bread Wheat
T, compactum, Host. (6n)=~Club Wheat
T. Spelta, L. (6n)~-Spelt
T. sphaerococcum Perc. (6n)=-Indian Dwarf Wheat

Tribe Oryzeae
Oryze sativa, L. (2n)--Rice

SUBFAMILY PANICOIDEAR
Tribe Paniceao
gitaria sanguinalls, (L.)Scop.=-Crab Grass
Panicum milieceum, L.--Millet
Echinochloa frumentzcea, Link.--Japanese Barnyard Millet
Setaria 1talics, Beauv.--Foxtaill Millet
Pennisetum glaucum, R.Br.--Pearl Millet

Tribe Andropogoneae

Sorghum vulgare, Pers,~=~3orghum
Tribe Meydeas

Colx Lacryma=-Jobl, L.--Job's Tears

Zea Mays, L.--Maize

II. SUGAR=-CANES S
SUBFAMILY PANICOIDEAE

Tribe Andropogoneae
Saccharum o%?{cinarum, L.==Sugar Cane

Sorghum vulgare, Pers.~--Sorghum
Tribe Maydese
Ze8 Mays, L.=-Malze
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IJ11. PERFUMES
SUBFANILY PANICOIDEAE

Tribe Andropogoneae
Vetiveria s?zanioidaa, Nash.=-Vetiver

Cymbopogon cltratus, Stapf.--Lemongrass
C. Nardus, Rendle,--Citronella Grass

C. Schoenanthus, Spreng.=-Camel=hay

C. Martinil, Stapf.--Ginger Grass
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MEMBERS OF TiE SEOINAR

STAFF GRADUATE STUDENTS
Anderson Ayers
Andrews Baxter
Commoner Etter
Dodge Hall
Lindegren Holm
Mehlquist Lay
Pavoek Lleno
Schary lamay
Ven Schaack MoClary
Veoodeon MeQuade

Meyer
Thomas

Morey

Mundlur

Ogden

Raut

Richerdson

Fogers

Seuer
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Botany 520

Ootober 24, 1947

I. Grasses used dirsctly by men {only ebout 40 speciecs).
Textiles

Fuels

Perfumes

Ornements

rl

Gl

H.

1.
2.

Horticultural grasses
Job's Toars in Rosary

Bedding

1.
2.

Corn huask mattrepses
Strew ticking

Faper

ll
8.

Esperto grass
Bamboo

Shelter

&
8.

Bamboo

Thatch

Sod shanties

Adobe bricks

Insulation

s. Dagasse (refuse of sugar cane)

Food

L.
2.

3.
4.

8.

Flours end meala
041
8. Mazola
CGrucls
Bavorages
&8, Non-elcoholie
{1) Parched cereals
(2) Corn drinke
(3) Tea gresses
b, Alocholic
(1) Distilled
{2) Non-gistilled
(a)"Soak and rot"

1. Jap rice wWins

2, Tepache le msiz

3. Rum

(b) Melting (sprouting to breask down molecules)

1, Beer (btarley)

(e) "Chew end opit"

1. Chiche — Prepered by Imiians by cheving corn and collecting
grindings which introducss disataese end yeast., Dried in
pun, eoaked overnight, Liguid decented, refuse boiled
down, Towdersd dry sweet corn sdded, and also refuse syrup.

Sugar and Byrups
&, Sugar cans
b. Sorghum
¢, Corn
Uses of the seed
a. Popping
(1) Internel pressure end water release
(2) only & few graine can be popped
(a) Comn
(b) Rice
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b. Puffing
(1) Release of pressure on outside
{2) Most grains csp be puffad
(a) Rice
(b) Theat
{e) Sorghum
¢, Parching
(1) Prevalent in pre-Columbian esr with Indians from St. Lawrence
river to Bolivia
() Pinol
1. Made from corn or coix
d. Roasting
(1) corn
e. Immature cooked kinds
(1) corn
f. Food color (elther stem or kernel used)
(1) Hopi (N.A.) to Inca (S.A,) raise purple com
(a) Coloring drinks
{b) Pikd breed (Hopi snd Zuni Indiens)

1, Corn flour made into dough end purple coloring matter added,
meking & pink dough. Ths douch is thrown onto hot rocks
and cooka quickly. It looks like a pink parchment which
is mlled into balls.
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Botany 520 October 17, 1947

I. Reports on COrass in Paper Making.
{1) Te Origin and Development of "Rice Paper”.

a. Early western usera of this paper thought it made
of rice because orisntal in origin (Japan and
Formosa, chiefly). Rice paper is not technically

paper; it is made from pith of Aralia papyrifera.
Orientals make paper similarly Trom Ehgoam of

Brousaonetls gggqirera. Before 1521 Chinese made
paper om rice straw. Thls paper will not bleach;
it i1s used in ceremonies.

b. Three=fourths Chinese paper made from bamboo &as.
follows: a pit i1s dug and lined with stones,
bamboo is split and layered alternately with lime.
After two months® soaking, bamboo 1s cleared,
pulped, snd molded in hand=-molds.

¢. In general, any rettable grass of high fibre content
has besn used to make paper aome time or other.
Todey, bamboo, rice, straw, and esparto are the
chief paper materials made from grass. See D. Hunter,
Paper Meking Through Eighteen Centuries. A. Enopf,
1943.

{2) Esparto Grass in Paper Making.

a. Stipa tenacissima is an outs tanding paper conatituent
in Eﬁrope. Used for ropes, sandals, baskets, mats,
cables, First used by the French, introduced into
England in 1857, grows in poor solls in the Mediter-
ranean Basin, 1s not a practical commercial crop.
Good substitute for raga in paper. Used extensively
in English bookmaking. Prepared by boiling mature
dry leaves with caustlic soda, washing end bleaching
with chlorine.

II., Origins of Cultivated Grasses.

A, Cultivated plants have in many cases a very anclent hb tory.
How can origins be traced'

{1) Ethnological evidence.
a. Historical == written and apoken information.
be. Philology, which in part is the tracing of common

roots of names, De Cendolle, laufer, and E. D.
Merrill have contributed to thila.
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Criticiam of the philological approach is that 1t
givea evidence of diffusion, but not neceasarily
evidence of or-iﬁln. Examples:

Rye =~ means "weed in the wheat". Was cultivated
because it was able to establish 1tself in sites bad
for wheat. j

Plumeria =- tropical, ornamentel. Called in the
Philippines %Apulco’', the name probably derived from
‘Acapulco', Mexico, where 1t probably originated.

(2) Archaeologlcal evidence,

a. Extensive work done for the cultivated European
wheats by the Germans.

b. Chronologies caen be established through excavation
of different levels in sections of deposition.
This can be cross-checked by tree ring chronologies
which are worked out by a cross-identlfying tech-
nique. The only organisms which can be atudied on
this basls are the very resis tant ones, such as
corn, since perishable organisms sre so sphemeral.

{(3) Genetiocal evidence (Polyploidy).

a. Man can induce polyploidy by use of colchicine.

An interesating question arises =- Do hybrids con-
tribute anything new in evolution, or are they
aimply new combinations?

be. After hybrids ere derived, the passage of time may
bring about changes whi h make 1t difficult to
trace their origins through the study of comparative
morphology.

¢. In many cases, resyntheslzing can be accomplished,
®.gs, cotton, tobacoo, wheat, and plums. A good
example of what can be done in the study of culti=
vated plants 1a the "Evolution of Gnsay‘ﬁlum," by
J. B, Hutchinson. "Vikings of Sunrise,” by Buck,
will go well with Hutchins on’s book,

d. The chilef criticism to the polyploidy technigue of
tracing origins 1s the criticism which applies to
all of the aclences =~- the monater specialization.
Geneticiats have opened the lock of the door into
& very broad field, but the 1light is too bright for
them to see clearly.
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otany 20 Ovolsor T, 1947

(1) ke ‘pidorals of drasscsS.- .-lscuassed by Ur, llonpy rratt of
the niversity ol -ontreel,

~s WO busle tyscs of epider.ial cells,
(1) darly in devolopuent tloy arc all isodikieiric,
(2) Differentiate ldler into low; am!l Ji:ort cclls.

e Iong(f nddaentul)eolls.
(1) .ay be 200-500 t1:cas ul lons as wide.
C. JSlort(speciallzed)cells.

(1) SHoautu fortod of 4 cells from lon:itudinal dlvision
of a ai: la giori cell.
(2) ixoderiic hairs(prod.ced by siort eclls)

4, wluvicellular

b. biwceolluluar

¢, cusiioned,

(5) toderile spines(produced by short cells)

Qe Sii8ll

b. largoe

c. ciis::ioned

(4) silieon cells.

a., -oried by a Lra.sverse division of a short cell,
Bre woper eell 'illing witi: colloidul silica
whiideh laler solidiilys.

b. Shupe of the silicu cells vury and constliud a ood
taxonoile char.cter,

¢. Tho lower cell(rosaliiug fron the awie division
forair~ the sllica cell? beco.ies suberized.

d, cotii tho silleu ecll aud tio suborous cel: are
doad and lacl sroloplaat.

e ypes of —plderaal Tissues.

(1) -omorene(non-dit'Torentiated)

(2) ixodc guel: itk hulrs and s)ines)

(2) Silico-subereux(sllicon-subers..a cells)

(4) ‘he pattuin of thoese Liss.o Uy os is consbuut for

<ifferont specics and zoneraf aiwi sec.: Lo
iniie_te nl-ylo-fienclle 1elationsuiss, when closcly
siniliar,
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(6)As an exauplo,larley has the following upldorial
pattern(us indicuted by the nusbers 1,2, and & rivon
to the types listud above.)
adaxial surfacce of leaf: sheath(y) - veins(2) -
blace(l).-

Abaxlal s rface of leaf: sieath(l) - lcde(l) -
1i 1de(1) - base of veins(3) - iop of veins(2).

(3) Leuves near tlie to. of viic slant have wmore typa(s)
shiun tlie louer loaves.

(7) “amboo(one of ihio most priultive crasscs) hius Jrob bly
tio wost Liphly difforonti_ted epidermis, unlle so.ao
of the uorc modorn pgonera ure less differontiuted.
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Botany 530 14 November 1947
Origin and Bpread of Cultivated Grasses (oont.)

I. Classes of Evidence

A. Evidence on phylogeny--biologlcal relationships with wild relatives
end between differentlistes within the cultivated complex.

: : iutm““ SRR & Ph!'&gliagal analysis
8. Epidermis c. Bﬁou?reahtmo
8, Cytogenetics d. Environmental tolerances

o« Analysis of individual charscter inheritance

b. Analysie of ploidy

¢. Gonom anslysis
(Concopts of phylogemy checked for oonsistency with evidence on ohronology
end diffusion.)

B, Evidence on chronology snd diffusion=-sequence of appesrance and past
end present distributions of both wild relatives and cultivated
differentiates,

1. Archeology
3. Hlstory
3. Bthnoboteny
a. Techniquss of oultivation and utliliszation
b. Linguistios
4. Prosent distributions
e, Distributions of taxonomio groups
b, Anelysis of populations and location of gene centers

(Conoepts of chromology and diffusion chocked for consistency with evidence

on phylogeny.)

II. N.I. Vavilov

Interest in orlgins of cultivated gresses bas largely arisen since De Candolls.
Vavilov is one of major contributors. (See Dobshansky's biographioel sketoch
in current Journ. of Hered.) Vavilov trained in cereal breeding in England
under Batesan. Direoted moet ccmprehensive studies to date of many cultivated
plants in both 0ld and New Worlde.

A+ law of homologous varistion. Perallel variation in independent groups;
matant genos produce similar characters in species which are mot closely
related. E.G3. shatbering and noneshattering inflorescences.

B. Osno conters. Dominant geres mot distribubed at random, usually
consentrated in one or o fev arcas. Deminsnts, associsted with wild.
plants, thus indioste centers of origin or diversification. FPowerful
technique, but requires ceution, because soncemtreticn of dominanta
is affooted by many feotors other then $ime of occupance of an ares.

III. Significancs of Dietributione.

Distributiona often used instinctively, without conscious philosophy of
slgnificance. They are significant in thet they refleot the relationship
of the plant to 1ts enviromment. This relaticnship can be utilized in two
ways: evidence on plant itsel?, or, in palecboiany end orthodox climstology,
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Botsny 520 14 November (p/2) i

III. Significence of Distributions (conb.)

for evidence on environment. Plant distributions not et random but
correlated with other variebles, including other distributions. E.g.,
oulture tralts often correlated with plant distributions and eild in
studying prehistory of plants. (Cf. Laufer, Hahn)

IV. Relative Importence of Different Kinds of Evidence

Depands partly on availability, largely on amount of wriability in each
type of evidence. E.g., in maize, sweet oharscter based on single factor,
may turn up enywhere; dent character based on multiple faotor, may have
originated only once. Sweet corn has very specisl uses; dent corn almost
interchangeabls with flint and flour corn. Thus, evidencs on distribution
of uses valuable in study of swest corn, genetlo svidence not valuable,
while in dent corn the reverse is trus.
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TENTATIVE DERIVATION AND CHRONOLOGY OF WHEAT

B'B' AR Bp ce
[Agropyron triticeum]ITriticumraegiloooida_J msropyron Sp. ][hegilopa sguarrosa/
| =
\ | _OSAABBE T / !’
| i [T, dicoccoides) ity
\ 7 /
WILD \ ! - : /
i [ Lg Il
CUTTIVATED | } e i« !
\ Einkovn KA AABE Emwar 7/ /  wEoLITHIC
! 185 monoﬂacogj s dicoacum[ / / (1o0,000-2,500 B.C.)
"y i
esdnacd itk AAB'B'& ~ i y /
veisre  [Ta_antiquormmllakeDwellor [\ s /
+gtea’ Ploy o o | il
I R Vi
T - BRONZE AGE
J%:z*‘ﬁ~2L% ~ (2,500-1,000 B.C.)
Cuna oo &) ;
e Y -:-f-i‘_"-‘-!-'t—vf_ﬂx_._
Paed .y IRON AGE
: (1,000-0 B.C.)
l A
v v
AAB'B' AABB P4 4s@oiior s NLA(ORRISTIAN ERA
T, persicum H“V"" e
T. durum AAB'B'CC
T. polonicum - |T._sphaerococcum|
T. turgidum
T. pyramidale

Other ancient European cultivated grains:;

Derived from Near East and 3.W. Asia Derived from Far East

Barley: Hordeum sativum--Neo0lithic Uommon millet: Penicum miliaceum--

Oats: Avena fatua--Iron Age o ST S Neolithic
Avena strigosa--Bronze A %ﬁr XLH Italian millet: Setarla italica--

Rye: 3ecale cereale--Iron Age S Neolithic
No other cereals known in Europe until after beginning of Christian Era.
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SEMINAR DISCISSIONS ON GRASSLANDS

Topical order of coverage:

1.

‘.

Definition end classification of grasslands

a. Geogrephy of grssslands - physical location
b, Tropical grasslends
0. Temperate gresslends

1. Short gress
2, Tall grass
3, Mixed prairie
Crassland dynsmics
@. Climatic - climate, slope and altitude; (time?)
b. Biotio - grasses and other organisms
o, Edsphic - interplay gresses and soil typee
Grasslands end men
a, Orassos as woeds
b, Man's effect on gresslands
¢, Future utilizstion of grasslands

1. FPrivate
2. Netionelization

The evolution of grasslends

8. Geological history
b. Recent history

Authors end works worthy of review(end reviewer)

Veaver, ot sl. (Hall)

0., F. Cook

Stapeldon, et al, of Valss (Etter)

Sauer "Men and Gresslends" (Morey)

Glesson "Vegetationsl History of Xiddle Tiest"
Trenseau "Prairie Peninsula"™

Dept .

Interior "Renge and Ranchlands of Test" (Thomas)

Coverage dates:
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April 9

Thomas
Thomes end Schery - developmen  chernozem

April 16 - Schery end Hall
April 23 - Meyer
April 30 - Etter

EEEE
BNPQ

Lol

Oglen, Mamay and Bexter

) author reports
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GRASS SEMINAR 1947-48 - SEED AND SEEDLING

I. Importance of sesd and seedling
A, Use for specific studi es--hormones end enzymes, morphologicel and biochemicel
studies.
B. Used in study of phylogeny through comparative morphology.
C. Use in commerce-starch, oil, malt, eand digestive enzymes.

1I. Morphology of seeds
A, Parts--pericarp, remeins of integumsnt, nuceller membrane; aleurone layer;
endosperm (starchy and horny); embryo.
B, Embryo enatomy--three types distinguished by Ven Tieghem, represented by Zea

Mays, Avens sativa, end Triticum vulgare.

1, Paerts of embrye--scutellum (cotyledon?); exie of embryo; coleoptile; 3
nodes; elongated first internode (mesocotyl); scutellar node; primary
seminel root; adventi tious roots.

2. Differences in types of embryes:

Zea Mays Avena sativa Triticum wulgare
1, No epiblast. Epiblest. Epiblast.
2. Primordia of seminel Primordis at, or belew Primordia in 2 pairs at
roots erising just above the scutellar node. scutellar node.
scuteller node,
3, Procambium bundle of Procembium bundle in Procambium bundle in upper
scutellum in upper end upper pert only. pert only.
lower parts.
4, In dorment embryo, Neo elengation, No elengation.

region between soutellar
node and coleoptile

elongated,

5. Epitheliel glends in Ho epithelisl glands, No epithelial glands.
scutellum.

6. No "ventral scale™ en "Ventrel acele" over- "Ventral scale" near apex of
scutellum, hengs coleaptile. soutellum.

III, Physiology of seed.
A, Cormn.

1, Two typss of sterch--hard end soft, Starch grains same structure differing
in the mirrounding protein network. Hard starch--heavy network; eoft sterch-
fine network. Great problem in corn--how to get weter out for gmod storege.

B, Barley.
1. Aleurone layer--proteins: hordins end glutenine (very insolubls in water)
sugara: mono- and di-saccharides
fats end sterols.

2. Endosperm--proteins: glucosine (soluble in water)

fats, sterols and starch.

7, Husks--tennins end bitter resins,

1V. Physiology of seedling,
A. Barley--processes of germination (malting).
1. First etep i& sbsorption of water.
2. Digestion of cell well of endosperm emd dissolution of intercellular metrix
which lalds atarch grains together.
5. Not sll sterch is completely disrupted, usuelly only starch next to epi-
thelisl leyer is digeated in firet few days.
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4. Vhen wheat seedling with root 1 om. long and melize 3 om, long, sugar can
- be detected.

5. Epitheliel layer, according to Sachs, pssses enzymes to endosperm end re-
passes suger end proteina to embryo.

6, The process begins et contect of soutellum and epithelium.

7. Complete digestion of starch and proteins takes place only in later growth
of seedling,

B.Theories of digestien.

1. 014 school.
2. To a secrotion of endosperm itself,
b. To a secretion of aleurone layer.

2, Modern school,
a, To a secretion by epitheliel layer of scutellum.
b. Proof of this theory.

1. The grain minus embryc--no digestion,

2, Scutellum part of embryo slone-~will digest starch.

3. Removal of epitheliel layer--no ai gestion,

4, Alsurone lsyer not too involved in digestion--made of living cells
which live on after starch in digssted, Function of aleurone--to
prevent entry of bacteria end fungl. It has a high concsntration of
thiamin and flavine,

Sterch in eE0ZYM0
endospern | Suger and> epithaliun—>scutellun —» STy o-resynthesis for

Amino Acids germinating tissue.

V. Veriation in seed composition in the Greminesas,

A. In practically all seeds of grasees, the embryo is smsll, therefore it is not
complately trus that man seems to have made endosperm large, but probably the
whole grain large, In general, cultiveted grains are much larger then their
wild relativea,.

VI. Anstomy of ocorn seedling,
A, Primery root.

1, Esgentially the eame 88 the primary root of all grassee.

2., Anatomicelly, lateral seminsl roots eimilar to primary root, except that
they are smaller and have fewer protoxzylem points.

B. Adventitious roots.

1, Eseentislly seme as earlier seminal roots, but much larger, and frequently

heve @8 meny ag 48 protoxylem pointe,
C. Seedling exis.

1, Transition from exarch xylem of root %o endsrch xylsm of stem begins at
vascular plant of scutellar Node, and continues upward through first three
or four internodes,

2. Elongation of first internmode sccomplished by meristematic activity at the
topeof the internode, rether than at base of intemode, as in higher inter-
nodes,

3, Second internode not elongeted in embryo, but consists lergely of meristematic
tissue,

ViI. Theat seedling.
A. Uaries tut littls from cats end cora.
1, Firet internode iz not elengated, but sscond internode becamss elongated
on germinatien, 5
VI1I, Bibliography.
1. Avery, G. S, Jr,, Comperative Anatomy end Morphology of Embryocs end Seedlings
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of Maize, Osts, and wheet, Bot. Gas. 89: 1-30, 1930--A consideration of the
problems reised by Sargant and Arber. Disegress with them in part as to
interpretations.

Corn in Industry, Corn Industries Research Foundetion, 5 E. 45th St., New
York--Excellant propegende booklet, smummarizing uses of meize in modern United
States industry.

Harlan, USDA 180, 1916--Sumwmary of the morpholegy and physiology of germina-
tion in barley.

Kennedy, P. B,, USDA (Agrostology) 19, 1899-1901--Survey of sizes and shepes
of endosperm and embryo in various greasses, Numerous line drawings.
McMegters and Cox--Study of hard and soft starch as digested by wet milling
process,

Sargent end Arber, Ann, Bot, 29; 1915--Anatomical inveatigation of Zea, Avena,
and other grasses, largely concemed with homologles between grase seedlings,
and those of other plants, Meny clear esnatomicel illustrations,

Ven Tieghem, Ann, Sci. Nat, Bgt. V, 15, 236-276, 1878, 1bid, VIII, 3, 1897~-
One of first criticel studies of morphology of gress seeds end seedlings.
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GRASS SEMINAR 1947-48 - SERD AND SEEDLING

I. Importance of sead and seedling
A, Use for specific studi es--hormones end enzymes, morphologlicel and biochemical
studies.
B, Used in study of phylogeny through comparative morphology.
C, Use in commerce-starch, oil, malt, end digestive enzymss.

II, Morphology of geeds
A, Parts--pericarp, remeins of integument, nucellar membrane; sleurcne layer;
endospsrm (sterchy end horny); embryo.
B. Embryo enatomy--three types distinguished by Ven Tieghem, represented by Zea

Mays, Avena sativa, and Triticum vulgare.

1, Parte of embryc--scutellum (cotyledon?); axis of embryo; colesoptila; 3
nodes; elongated first internode (mesocotyl); scuteller node; primary
seminal root; adventi tious roots,

2. Differences in typss of embryos:

Zea Maya Avens sative Triticum walgare
1, Neo epiblast. Epiblast. Epiblast.
2, Primordie of seminel Primordie at, or belew Primordie in 2 paira at
roota arising juot sbove the scutellar node. scutellar node.
scuteller node,
3. Procembium bundle of Procembium bundle in Procembium bundle in upper
gcutellum in uppar end upper pert only. part only.
lower parts.
4, In dorment ambryo, No elengation. HNo elengetion.

region between soutellar
node and coleoptile

elongated.

5. Epitheliel glands in No epithelial glands, No epithelial glands,
scutellum.

6. No "ventral scals™ on "Tentrel scele™ ovVer- "Ventral scale" near apsx of
scutellum, hengs coleoptile. socutellum,

III. Physiology of seed.
A, Corm.

1. Two types of sterch--herd end soft. Starch grains same structure differing
in the surmounding protein network. Hard starch--heavy network; soft starch-
fine network. Great problem in corn--how to get water out for mod storage.

B. Barley.
1. Aleurone layer--proteins: hordine end glutenine (very insoluble im water)
sugars: mono- end di-saccharides
fate and sterols.

2. Endosperm--proteins: glucosine (solubls in water)

fats, sterols and starch.

¥, Husks--tennins end bitter resins,

1V. Physiology of seediing,
A, Barley--processcs of germination (melting).
1. Firet step is absorption of water,
2. Digestion of cell well of endosperm end diszolution of intercellular matrix
whieh holds etarch grains together.
3. Not ell starch is completely 2isrupted, ueuelly only starch next to epi-
thelinl leyer ie digested in Tirst few daye.
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- 4, Then wheat sesdling with root 1 om. long and meize 3 om, long, sugar can

be detected.

5. Epitheliel layer, occording to Sachs, passes enzymes to endosperm end re-
pesses suger end proteins to embryo.

€, Ths process begins et contact of soutellum and epithelium,

7. Complste digestion of starch and proteins takes place only in later growth
of seedling,

B.Theories of digestion.

1. 014 echool.
8., To a gecretion of endosperm itself,
b. To & secretion of asleurone layer.

2, Modern school,
8, To a secretion by epitheliel layer of scutellum.
b, Proof of this theory.

1, The grsin minus embryo--no digestion,

2, Scutellum part of embryo slone--will digest starch,

3, Removal of epitheliel layer--no di gestion,

4. Alsurons layer not too involved in digestion--made of living cells
which live on after sterch in digested, Function of sleurone--to
mreveat entry of bacteria end fungi., It has & high concentration of
thiamin end flavine,

s RhE embryo-resynthesis for
endospern m:: el epithelium—->scutellun —> pmss e g sptpens|

V. Veriation in seed composition in the Greminsse,

A. In practicelly all seeds of grasses, the embryo is small, therefore it is not
completely trues thet men seems to have made endosperm large, but probably ths
whole grain large, In generel, cultivated greins ere much larger than their
wild relatives.

VI. Anstomy of corn seedling.
A. Primsry root.

1, Essentielly the seme &8 the primary root of all graeses.

2, Anstomically, lateral seminsl roots similer to primery root, except that
they are emaller and have fewer protoxylsm points.

B. Adventitious roots.

1, Essentially same a8 eerlier seminal roots, but much larger, and frequently

have &8 meny &s 49 protoxylem pointe,
C. Seedling axis.

1, Transition from exarch xylem of root %o enderch xylsm of stem begins at
vascular plant of scutellar node, and continues upward through first three
or four internodea,

2, Elongatien of first internode mccomplished by meristematic activity at the
topeof the internode, rether theh at bese of intemode, as in higher inter-
nodes,

3, Sscond internode not elongated in embryo, but consists largely of meristematic
tissue,

ViI. Vheat peedling,
A. Varies but littls from cate and cora.
1, First intsrnode is not elongated, but sscond intarnode becomes elongated
on germination,

VI1I. Bibliogrsphy.
1. Avery, G. S. Jr., Comparative Acatomy end Morphology of Embryce and Seadlings
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3.
4.
5.
6.

7.

of Meize, Oets, end wheet, Pot. Gas. 89: 1-30, 1930--A consideration of the
problems reised by Sargent and Arber. Disagrees with them in pert ss to
interpretetions.

Corn in Industry, Corn Industries Research Foundation, 85 E. 45th St., New
Yorik--Excellant propegende booklet, summarizing uses of maize in modern United
States industry,

Harlan, USDA 180, 1916--Summary of the morpholegy end physiology of germina-
tion in barley.

Kennedy, P, B,, USDA (Agrostology) 19, 1899-1901--Survey of sizes and shapes
of endosperm end embryo in various grasses, Numerous lines drewings.
McMasters and Cox--Study of hard and soft starch as digested by wet milling
process,

Sargent end Arber, Ann, Bot, £9; 1915--Anatomical investigation of Zea, Avena,
end other grasses, largely concemed with homologles between grass seedlings,
end those of other plants, Meny clsar enstomical illustrations.

Ven Tiegham, Ann. Sci. Nat, Bgt. V, 16, 236-276, 1878, Ibid, VIII, 3, 1897~
One of first critical studies of morphology of gress seeds end seedlings.
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The comnmonly spoken of seed in the family Gremines 1s actually the
mature frult or caryopsis, in chich the secd coet or testa has become 80
— ¢losely invested by the pericarp es to appeer fused with 1t. :

_ _ “Most eriticel studies of the snstomy of the caryopsis have been dore
l'—'"j_ on the cultivatsd gresses, but the study of eny one cen glve us a generel s
g picture of them all, since the only variance is in size end shape; cather
_than in diffevence of parts. Corn, for example, has been studled essidu-
ously, as have been oets, wheat, rice, etc e
= " The mature grain consists of the hull, which is mede up of the perdi-|

. _.carp, remeins of the integuments which may be present or absent, the
l‘ mucellar membrane, the sleurone layer, the sterchy endosperm, and the
'''' embryc. The stolk at the base of tho grain is the pedicel, The point el

| gttachment of the silk of corn mey be seen as a smell bump or depression
on the side of the grain where the embryo 1s.
~~— ~The p ricerp 1s composed of seversl layers, the outer layepr—or——
. _epicerp consista of elongated cells with & well-develouped eutlely on the
-' outer frce. The mesocarp, o: next inner layer has much the same constructl
i gs the eplcarp, except that the cell wells sre thicker. The next leyer;is—
e conposed of parenchyma with lerge interc :1lular spaces. Adjacent to the |
perehchyns, and fo ming the inne: layer of the pericarp, is & lajer of
- f;ube cells, These cells are drawn spert 3z *tre grain matures; forming—— |
7 a net-work over the inner face of the pericerp. i~ NI
L The integuments are rather poorly develcoped, end et meturity ere
‘6rushed or resorbed, In somé cases however, the inner integument persists; |
— being two-layered, except rear the micropyle, where there may be $-5 layers.]
Weatherwex hes called this leyer the tests, but Rendolph, in a study
i of the variety Pride of wichigen concluded that "the meize ceryopsis has no
.~ true seed coat". S T
The nucellus in the meture grein consists lergsly of disintégratsd

|~ “selluler reméins forming & suberized membren between the perlcarp eand aleu= |
- I —-pone layer;, D

The endosperm is composed of the sleurcne leyer and the starhhy
“endosperm. The cells of the slsurone leyer are cublcle, thick-welled, and
— — —geperslly only one leyer thick. However, by periclinsl division, they |
| #sy become two layers thick. The layer of the endosperm immedistely
beneath the eleurone layer has cells pIving It the sppesrences of & hormy |

------ —_anbstenoe, These cells are higher in protein content then the sterchy |
__endosperm. The smount of horny and sterchy endospermk is variable, de-

pending on the veriety. Thruout the endosperm there are strands of materiel
———of e protein neture which forms a network. e
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Demprexyrethiyye

Anatomy of the Embryo of Graminsss

There &re thrae mein morphological types of embryos in the Greminees distinpuished
by Van Tieghem--Zsa Mays L., Avena sstive L., and Triticum Vulgare Vill., Of these, I
heve choson corn to discuss in detsil, and will compare it with both Avenz and Triticum.
%5 show the veriance botween them.

Bistoricslly, 1litile oritiocsl work was done on the anatomy of the embryo prior
o whEm 1872 when Van Tieghem published his firss study of the anatomy of the embryo of
certain grasses. He renounced certain of the idess given in this work in snother sppearing
in 1897. According %o Van Tieghem, the scutellum was the 1st cotyledon, the epiblast
representing the rudimentary second cotyledon. To him the coleoptile wes the 3rd leaf
superposed to the scutellum or first leaf, and the lst green lenf superposed to the
epiblast was the 4th leaf of the plant.

Schlickum considerad the scutellum and colsoptile to be the cotyledon.

Cslnkavaéy lhuught +hat the scutsllum wes homologous to a blede of grass,(agreeing
in part with the sarlier published works of Ven Tieghem) the coleoptile as the sheath,
sAvinprtoxthsxregivnxyhizholpinpdxthextun ke nzxexweEecotyir. He considered the
spiblast to be an =ppendsgs to ths scutellum, comparabls to an auricle, as is found at
the base of some blades of grass.

Coulter thought that in the evolution of monocoty ip from dicots, thers was a
suppresaion of ons cotylsdon. Hs cited msizs =nd other members of the monocot families
as showinp that the epiblast was the 2nd cotyledon, which attained only & rudimentary
stage of development. The scutellum represented the one remeining funetionalg cotyledon.

Sergent and Arber thought the cotyledon to consistz of & sucking apex ( the scu-
+pllum) and & sheath (the coleoptile); the latier being perhaps squivelent to a pair of
stipules, The epiblast was considered to be &n outgrowth of the cotyledon, of the axis,
or of both, and as being of littlef morpholoricel significance.

Others have had vari ms intsrpretations, but none of zny particular sigpificanoe.

These suthors were particularly interestédy in the embryo, and the discussion has
delt only with the embryo. The following discussion deals with the sesdling, and in
particular, that portion of the axis which in corn lies between the scutellum underground,
and the node at the surPace of the ground where the coleoptils diverges from the axis.
This structure ia equally evident in oats es in corn, but that in wheat is much le s
conspheuous.

This portion of the axis has been studied in s one detall by warious authors,
the first among them being Clos who saitisfied himself by calling it simply & "neck".
Van Tieghem was the first who made 2 careful s tudy of the structure. His view was thet
The structure is an slongated first node, belonging neither to the epicotyl of to the
hypocotyl. DeBary was the first to consider th e structure in question an internode.
Celakovsky, in complete agreement with Van Teighem's earlisst work, considered the
?EEIEE-iEZﬁa an slongated node, and was the first to give the structurs the name "meso-
ecotyl", Sergant end Arber regorded the region as having resulted from = fusion o ths
cotyledonary stalk with the hypocotyl, and thus neither a node nor an internods.
Other authors have either agrsed with Van Tisghem or with a gentlemen% named Bruns,
whose interpretation z® wes much the same as DeBary's internode. e

Now that we have discussed the historic &l aspects, we can begin to consider the
-structures which were in question. The embryo lies imbedded in the endosperm, on one side
2nd toward the base of the caryopsis, with the Jlower end towards the base »frthexzx
Looking at the longitudinel section, (S1ide 1) the upner part of the axis may be s=en to
consist of nodes bearing the primordia of leaves. The internodes are unelongated.

There is a short neck-like interval in the exis betwssn the levels of divergence of the
embryonic leaves and that of the scutellum. The apex of the axis consists of & smell grow-
ing point Thoq;;?r onic leaves and growing point ere coysred by the coleoptile, and
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the primordia of two or more adventitious roots arising in the region just alove the
scutellar node. ASs you can see, they are dirested laterally upward.
(51ide one again, plsase)
The scutellum is a prominent structure attached to one side of the axis. largely
of parenchyma, it has & prominent layer of epithelial cells in contzct with the
endosperm tissue during germination. (¥igx #iidwxi3} The epithelirl layer often has in-
foldings in its surfacs, which have been described by Sargant and Robertson as epithslial

glands,

The embryonic vescular system consists partiyxmfxs partly of & large procambial
strand laid down in the scutellum, Its method of branching mey be seen on the slide.
The upper and lower bundles joine at the level of divergence of the acutellum from the
exis and within the embryonic exis are connect ed directly with the stelel. Continuing
from the placa of attachment of the mcutellum bundle to the stels, one can sasily
trace procambial elements to the first lsaf above the coleoptile. The vascular bundle
of the colsoptile consists usually of two wvascular bundles one on either side. They
arise directly from the stele of the smbryonic emis, et the upper end of the necklike inter-
vel in the axis.

At the lower end of the embryo may be scen the root cap, the primary rootand the

coleorhiza. 31ide 3, please.

The structure of the embryo of Avene is very similer to that of Zea, but much
smeller. The scutellum much exceeds the embryonic axis in length, is slender, and has a
sherply convex face towsrd the endosperm. Com pared with the meize embryo, it differs
in the following siz respects: (1) There is an epiblast(slide 3) (2) the primordia of the
seminal roots other than the primery root appeer in, or slightly below the region of the
scutellar noda, being directed leterally downwerd. (3) The lerge procambiel bundle in
the scutellum shows smell branch strends divergin from the upper part of the muin trunk,
with the eppsarance of & fan whose ribs ere bent over toward the handle, and no development
in the lower part of the scutellum. (%) In the dorment embryo there is no elongated in-
tervel in the axis betwsen ths scutellum &nd the colsoptile. (5) The epithelium of the
scutellum has not been observed to possess infoldings in its surfece, and (6) On the ventral
face of the scutellum is the "ventrel scale", 2 smell protrusion of tisaue e considerable
distance down from the apex and slightly overh anging the colsoptile.

The embryo of wheat veries but little from thet of Avena. They both possess
epiblasts, similar scutsllar, snd axisl vascular systems. The points of difference &re:
(1) The primordia of the seminal roots, emcluding the primary root, ocour in two peirs.
They appeer in the region of the scutellar node, being directed laterally downwerd.
These may be seen in slide 2. (2) The scutellum is e short structurs, extending only
slightly beyond the tip of the colesoptile. Its ventral scale is therefore near its apex.

Since it is rather difficult to determine the nature of the tissues, both vascular
and non-vascular, in the dormant embryo, much study has been devoted to the seedling
in grasses for deteiled anatomy. The remeining portion of this discussion will concern
the enatomy of the seedlings of the seme ggpgsgdiscussed previously.
generaid
Again, the most detesiled discussion will deal with the sesdling of corn, with
comparisons of it to that of Avena and Triticum.

The primary root has & pith composed of large parenchymatous cells, isodismetric
in tresverse section, consiftuting the larger portion of the stele. The pith cells about
the metaxylem vesscls become thick-welled with in ten days dfter germination. The
number of protoxylem points waries from aiv"'u.u en to more than twize that number.

Tharn i.. usually one lmiﬂ matexylem vessel for each two or th groups.
Alter w1+"| the prot rJ).\rlr\m EYO 5. groups of p! JJL. auu. comaposed of
ss\rarr\l coql ¥ezt T‘"o pericycle is churacteristice 1 ” " of UEL‘I
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Mozt of the cells of the sndodermis have ir entire inner tangential walls conspicuously
thickensd. The epidermis is lost early, ¢ t ho walls of the outer few layera of cob-
tical cells often hecome thickened. This thickening does not take place to any marked
degree, howaver, until after ths root hairs have become functionless; it is simultensous
with the thickening of the wa 1s of certain cells of ths pith, already described.
Anetomically the roots srising from the exis just above the lavel of attachment of the scu-
t0llum ara similar to the primary root. They deffer in heing smaller and having fawer

protoxylsm points.

The siructure of the first adventitious roots to appesar at the surface of the pround
is sssentislly the seme es that of earlier seminal roots. They beceme much larger, however,
end frecuently have as many as fort-eight or more protoxylem poinis.

Slide 2

Seedling Axis: The first step in the "transption" from the exerch condition of the
xylem of the root to the enderch condition of the zylem of the stem takes place in the
vascular plete et the scutellar nods. (gee 3lide 4. ) In addition, the intervel in the
axis beiween the level of divergence of the scutellum and thet of the coleoptile is &
transition repgion. Exarch exylem groups mey be observed as far up &s the divergence of
the coleoptila.

The exis ebove the scutellum is partly sheathed at its lower end by the scutellum Al
In transverse section it resombed the primery root., in having smell exarch exylem groups,
There are, however, fewr of these groups. There is e large pith of thin-walled isodie-
met:ie parenchymetous cells. In addition, bet ween the exarch mx xylemgroups are endarch
collatersl bundles whose phloem alternates wit h the exarch mylem groups., The collateral
bundles are not a2s shorply defined as are those in the upper internodes. The enderch and
egerch bundles are errenged in & circles just inside the periphery of the stele, similar
+o the circle of vascular tissue in the root. Ordinerily exarch groups and endarch
tundles occur elternately, or there may be two or more endarch bundles separating success- -
ive exarch groups. The pericycle is easily identified as the prominent layer of cells
immediately within the endodermis. Adventitious roots mey arise from the pericycle &t
any level between the scutellum and the coleoptile. The radiel and inner tengentiel
walls of the endodermel cells are heavily thickened. The cortex is several cells in
thickness; surrounding it is = layer of epidermal cells whose outer walls are lightly
cutinized. The wells of one or more layers of corticel ecells beneath the epidermia are
aften slightly thickened.

Therintervael on the axis betwsen the scutellum and ths colsoptile (called at
present mmximx the first internode) elongates by means of division and enlargement of cells
just below the level of divergence of the coleoptile. You will recall from Mr. KoKolay's
discussion earlier this year thet in the higher innner nodes, the meristematic region
at the base of the internode ceuses elongetion.

The vascular supply of the coleoptile diverges from two bundles z that occur on
the side of the stels toward the scutellum. At the level of the coleoptilar node, approx=
imately half of each of these bundles diverges laterally outward into the colsoptile.
The remaining half of each bundle continues upward in the exis, giving rise to one or
mora traces to the leaf above the coleoptile. Only minor veriations have been observed
to take place in the origin of the vascular supply of the coleoptile and of the leaf next
ebova it. It is obvious that the bundles of t he coleoptile are ordinary lsaf traces from |
the stele. The internode betwesen the coleoptile and the foliage leaf next above it is |
sheathed by the coleoptile and differs anatomically from the hirher intermodes. It poss- I
esses a rather thick cortex, very indefinite and poorly defined bundles, and en almost
continuous sheath of meristematic cells among which may be found sane differentiated
®x xylem &2nd phloem. While no particular atudy has been made of this meristematic sheath, )

it would appear to be of peric{clic origin. T he internodes above the second and third
foliage leesves resemble more closely the higher internodes.
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Colsoptile: The colsoptils has alresdy been describsd as sheathing the growing
N point and embryonic leaves during the early siages of germination, and &s being slevated
by the growth of theslongating axis. It has also been described as having commonly a
vescular system composed of two bundles, one on either side. The origin of the colsoptile
traces has been described,

There are exceptions to the usual numbe r of vasculer bundles in the coleoptile.
Avery hes reported the presence of 2s meny as five bundles. The sxire bundles have ordi-
narily en origin similar to that of the usuel +two, slthough in the case of five, the
#ifth bundle usually arises de novo in the cortex below the coleoptilar node.

=3 In transverse section the coleoptils displays & very simpls structure, being largely
parenchymatous. The vascular bundles are large. Each bundle has many xylsm groups and

a considersble amount of phloem tissue. The perenchyma making up the body of the coleoptilel
is closely &rranged, having only smell intercelluler spaces, OStometa are present only
in the ou%er epidermis, They ‘are usually confined to one or & few rows on either side
of the two vesculer bundles. The guard cells are small, as are the a2ir spaces beneath
them. OChloroplasts are most numerous in the region of the bundles.

ixbndxwe

Buds are present in the axil of the coleoptile rather infrequently. Avery states
i that the presence of & bud appears to depend largely upon moisture end temperature
conditions at the time of germinstion.

Foliege leaves:; Structurally the later foliage leaves of corn are typically similar
to an ordinary grass leaf, being composed of a sheeth and blade.

.::)_ = In the seedling of Avena, &s contrasted with Zea, the following differences ocaur.
fhexprimzryrroptxhesxexsizgiexizrrexoetex yien: vexmi i mEhow mgme nidgak fo ed mwe decm b m
In the amfewmimymx The number of protoxylem points of the polyarch mylem varies, seven end eipht
‘root being the most common numbers, wherses in corm, the number of proxylem points is eighteen.
The transition zone in Avena is rather abrupt,im es in corn, end much the same process
occurs,: Above this sbrupt transition region is a trensition interwvel which extends from
the level of divergence of the scutellum to th at of the coleoptile. The slongation of
this intervsl with a diagramatic view of internal development mey be observed in figs.
= 25=27, slide 4. The location of the meristematic region in this interval is similar to
that in meize. Howevsr, when elongation takes place it is seen to be slightly different,
being sbove the vascular plate at the scutellar node and su rounding the scutellar bundle,
— Therefore the scutellar bundle in the seedling eaxis extends upwerd persllel to, but
does not become part of , the stele until it reaches the level of divergence of the
coleoptide.

At the level of divergence of the coleoptile, the scutellar bundle forms part of
the stele end turns downward within it. At th is point two brenches diverge from it
which extend first laterzlly and then upwerd in the axis. As they extend upward each
brench in turn diverges. These last two trace s thus derived, one on either side, are
coleoptilar bundles. Sargent &nd Arber descri be the same situation by seying that half
of sach coleoptile bundle arises fram the stele. Even though this is apperently turse,
the half coming from the stele comes from the same scutellar bundle that has turned down-
werd within it. lompatndtwedsferermeoiicmenof x dier The scutellar bundle is entirely
responsible for two (more often four)bundles of the leaf above the coleoptile, in addition
to being partly responsible for its midrib. In & similer manner some of the iraces of
the second leaf ahove the colsoptile mey be traced in their origin back to the scutellar

\J tundle.

Theinternode between the coleoptile and the next foliage leaf is shasthed by the Il

coleoptile. It differs esnstomically from the hi-her internodes. It too is s transitiom
interval, being more like the higher internodes than the internocde next below it.
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Coleoptile: The coleoptile iss structurslly similar to that of maize, although
much smaller, being about the size of that of what. It differs from the coleoptile of
gorn in the following respects: (1) the vescu lar bundles are smell, with few xylem
groups end relatively abundent phloam; (2) e bud is slmost universally present in the
2xil of the coleoptile; (3) no mors than the usual two vascular bundies have been
obeerved in the colsoptile.

The Seedling of wheat: The most siriking difference betwsen the seedling of
wheat and the two previously described is that the pert of the axis betwsen the level of
divergence of the scutellum and that of the coleoptile ( the first internode) is very

~— —ghort. A slight elongation takes place in this region as the ssedling develops, but the

principel repion of elongation in the young wh eet axis is the internode above the coleoptil

gshown in fig 35, slide 4.

The scutellar bundle within the axis di verges (frequently extending upward in the
axis for a short distance before becomign part of the stele, (fig 35, slide 4)), the
centrel third of it becoming part of the stele directly. Each outside divergence extends
laterslly upward for a short disfance, then egein diverges into two bundles, the outer
one of each pafr being a coleoptile trece. Th e inner bundle of each peir extends upwerd
4n the axis end finelly diverges, giving rise to one or mors bundles of the leaf above the
colsoptils, as in the oat, The centrsl third of the original scutellar bundle may be
treced downward in the stels to the vascular p late 2t the scutellar nods, whers it turns
upward. At this level a few vasculsr strands from the root add to it, and it extends
upwerd in the stele, finelly diverging as the midrib of the leaf above the coleoptils.
The scutellar bundle is, therefore, entirely responsible for at least two bundles of the
Jeef above the coleoptile and partly responsible for its midrib. 3

“The internode betwsen coleoptile and the next foliags leaf is approximately the
same as in corn and oats,

The coleoptile of wheet in contrast to thede of corn and oats, is not slevated
(or only slightly so, &s already pointed out) by & growth of the elongating axis, tut
instead, itself sheathes the elngeting sxis. The coleoptile has been observed (Avery)
to reach a length of more than 4 inches.

The foliage leaves present the same peterns as those of corn and oats.
Summery

1. The scutellum in meize, oets, and wh eat is the cotyledon. The “ventral scale"
of the cotyledon, when present, mey bs interpreted as its ligule. The epiblast, when
present, zmyxke cammot be considersd & rudimentary cotyledon; it probably has little
morpholopicel significance. These interpretetions hold elso for other grasses, including
barley, rye, and rice.

2. Te coleoptile is homologous with a foliege leaf, and is the second leaf of the
plant, the leaf distel to it being the third lesf of the plant.

3. In maize and oat seedlings, the elon gated struciure betwsen the cotyledon and
the coleoptile is the first internode of the sxis. The term "mesocotyl" as applied to
ihis structure is meaningless:. In +heat, the corresponding structurs, although not slon-
gated, is likewise the first internode of the asxis. This holds true for other Gremineas
that develop similerly to maize, such as osts end rice, and those that develop like
wheat, such as berley and rye. The principal elongating structure in the young wheet
axis is the second internode. It is nlways sh eath d by the coleoptile.
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T ﬁ—iﬁiﬁ'_ﬂ_ﬁi' tirst node, and in the first internode. The transition continues in the .

_4, There is no hypocotyledonary region of "transition" in the grasses. The irens-
rts and tskes place largely in the vascular

ition is confined to stem structurs, It stz
ven in the third end fourth internodes.

5, The three morphologicel types distinguished by Van Teighem =re fundamontally
“ons type, appearing differsntly upon developmont beceause of the diTference in location
_of the meristematic region in the first internode. These differences often show in the
maturs smbryo, before germination begins. The similerity of the vescular skeletons has

"been pointed out.

_second internode, and to some degres e
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