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ABSTRACT,

The arrangement of outer three layers (i,e,
dermatogen, hypodermis, and subhypofermis) in the spikelet
apex and floret primordium is similar to that of the
vegetative apex, In their origincthe lemma, palea, lodi-
cules, carpel and integuments are leaf-like, whereas the
floret and stamen primordia are similar to axillary buds,

The integuments arise almost entirely from the repeated
divisions of dermatogen cells,

Each stigmatic hair develops by the elongation and
characteristic division of a single epldermal cell of the
stigma,

A main vascular strand enters the base of each lodicule
and by repeated divisions forms a ramification throughout
the lodicule,

The procambium appears as an isolated patch of tissue
in the position of the future median and lateral strands of
the carpel and of the single strand of the stamen, The first
appearance of the procambium is restricted to the middle
region of the future longitudinal course of the strand,
From this point of origin each procambial strand continues
its initiation both acropetally and basipetslly. A similar
pattern of origin and differentiation has been observed for
the initiation and propagation of the first protophloem
element, It holds also for the first element of protoxylem



in the stemen.

In the funicular strand the differentiation of the pro-
cambium and the vascular elements is acropetsal,

Comparsble stages in the initiation of the carpel and
the differentiation of the procambium have also been
observed in Avena, Oryza and Secale., The significance of
the sbove observations is discussed,

Some observations are also made on the ultra structure

of dirferentiating protophloem elements of the stamen,
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INTRODUCTION,



INTRODUCTION.

There is a considerable literature available desling
with the developmental morphology and histology of grasses,
and probebly an even more extensive one on the morphology
and anatomy of mature spikelets, There are however fewep
investigations which are concerned with detailed studies on
the actual organogenesis of a grass floret. The most
thorough ones are those of Barnard, (1954, 1957a, 1957b),
but even these do not resolve the nature of the sarpel and
lodicules, nor do they contain sny information on the init-
lation snd direction of differentiation of procambial
(provascular) strands, The origin and the direction of
development of the protophloem and protoxylem in the primordia
of floral organs does not seem to have been considered by sny
author so far, .

The aim of the present study is to meke a thorough
investigation of the mode of initietion and early develop-
ment of the floral organs of Triticum yulgere L. (Bread
Wheat), Furthermore,to determine ae far as possible the
position of origin and direction of d4ifferentiation of the
procambium, ==2 the first element of protophloeam in the
stamens and cerpel, and the same sequence of development in
the differentiation of the first element of protoxylem in the
stamens, followed by a few comparative observations on some
of the commoner oereals, In this wey it is hoped to re~
assess the work which has been done previously end to extend
our knowledge beyond what is already available,



The idea of homology of plant psrts, especially of leaf
‘and flower, had been recognised by Linneeus snd by Casper
Friedrich Wolff in 1759.

Goethe not only recognised theae arffinities but attempt-
ed to explain them in s theory of metamorphosises published in
1790, Thie wes fully developed and supported by de Candolle
(1827, 1841). Leter this theory has been interpreted figu-~
ratively by Gray, Arber and others (James and Clapham, 1935).
Gray (1845) stated that the term metamorphosis, as applied
to the floral organs is figurative: that is, foliage and
floral leaves do oot dgvelop from one another, although they
may have the seme underlying nature. (Cited by Brook (1940).)

Although classicel theory has had many supporters, its
validity has been challenged from time to time on differeant
bases, McLean Thompson (1934) refuted the olassical theory
and postulated that the flower is a potentially sporogencus
axis, sterile in its basal portion, potentially microsporo~
genous in the iatermediate region and megasporogenous in its
toﬁm&nal portion., The lower emergences of the miorosporangla
are steriliged and appesr, as petals and staminodia,

Pook note:- Some of the references were not available,
eapeeiglly in the casesof earlier ones; but they were in-
cluded, because although their informstions or ideas have
had to be gained from later suthors, it 1s felt that it
would be desirable to indicate the original sources,
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Thomas (1934) also opposed the classical concept of
flower interpretation, on the baﬁis of paleobotanical evi-
dences, He held that the angiospermic flower is not the
homologue of the vegetative bud. From studies on the repro-
ductive bodles of the Caytonisles, he concluded that the
originally fertile orgsns have undergone sterilization;
~according to him this transition is much more likely to
occur in aslmost all the higher plants, He further believed
that atamens and carpel have derived from fertile branches
and leaves from sterile branches. He thought that the
carpel of s flowering plant is composed of two fused cupules
rather then of a single foliar structure, (cited by Brook.
(1940).)

Though the importance of the study of internal structu-
res of apical meristems of vascular plants has long been
recognised, only in the last three decades has the subject
of floral histogenesis éttractea mach attention. HMost of
the anatomical work carried out has been concerned with
vegetative apicea, Relatively few workers made a comparison
of vegetative and reproductive apices and evea less infor-
mation is available on the histogenesis of floral orgens,

@Grégoire (1931, 1938) was the first to attack claesical
theory on the basis of comparative histogenic investigation
of vegetative end floral apices, According to him the
vegetative and floral apices are two "irreducible” entities,

for the following reasons, (a) The vegetative spex consists
of tunica snd corpus, whilst the floral apex cobists
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of a meristematic mantle and & parenchymatous core, (b)
Floral appendsges are more superficial than vegetative
sppendages in their origin; no foliar buttresses are found
in the flower. (c) Development of procambium in the floral
parts is strictly sascropetal, while in the vegetative shoot,
procambium develops in both directions from the bases of the
appendeges, (d) The floral apex arises as a new structure
from the vegetative aspex and not by a transformation of 1it,
He conecluded that there is nothing in common between a
vegetative shoot and a flower after the formation of the
calyx, and in particular, the carpel is an organ without
homology to any part of the vegetative shoot. (Cited by
Tepfer (1953L)

The concept of tunica and corpus theory seems to be
more prevalent in the literature concerned than any other
yet postulated, This theory wes advanced by Schmidt (1924).
Aceording to him an anglospermic apex consiste of two sones,
a surface tunica and an inaer corpus. The tunica may con-
sist of one or more layers of cells, where the divisions are
ordinarily anticlinal except at the initiation of a leaf,
The corpus consists of ¢ells which divide im vsrious planses,

Sharmen (1945), to avoid the morphological overtones
which were becoming associated with the terms “tunica" and
"corpus", used "dermatogen"”, "hypodermis” and "sub-uypodermis"
for the three outer layers of cells, =md though here the term
“dermatogen” does not carry the same meaning as that of
Hanetein (1858).
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The application of Sharmen's terms "dermatogen”, “hypo-
dermis" and "subhypodermis™ in a purely descriptive geo-
graphic sense is found to be convenient in desceribing the
histogenesis of appendages of grasses by many workers
(Bonnett (1953, 1961), Barnard (1954, 1956, 1957).)

8ince the work of Grégoire reawakened interest in the
meristems of the flowering apex, considerable work has been
done bearing on this problem, giving evidence for and
against his concept.

Brooks (1940) supported Grégoire's contentions on the

“basis of his detailed study of comparative histogenesis of
vegetative and floral apices in Amygdalus comumunis, L., He
states "there are distinct differences in the initiation
and esrly growth of folisge leaf and floral organs, parti-
cularly with reference to the carpel®, He holds that the
primordia of vegetative lesves are derived entirely from the
cells of the tunica, and that the corpus does not enter into
their formation in the early stages, whereas the floral
organs have deep origin (i.e, all their tissues, except the
epldermis, are derived from the corpus), According to bim
the tunica is four layered in the leaf dud and two layered -
in the fiower bud, becoming one layered at the time of
floral organ formation.

The clasaicsl concept of cerpel and stamen wmorphology
hes also been rejectsd by Satina and Blakesles (1942, 1943)
on similar grounds, They stated, “"the initietion and the
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development of the leaf, sepal and petal are similar and
depend primarily on the activity of the second germ layer
(L-II). Whereas the initiation and early development of the
stamen and carpel depend primarily on the innermost germ
layer (i.e. L-II1)," On the basis of their different seats
of origin they regarded both stamen and carpel as reduced
structures of axial rather than follisr origin,

Wilson (1942), a econtemporary of Satina and Blakeslee
arrived at a similar conclusion about the nature of the
stamen, However, his support is based on comparative studies
of vascularizatlion of the stamen and the fsocts revealed by
paleobotany., Wilson postulated his Telome Theory in 1942,
according to which the stamen has derived by reduction from
a fertile dichotomouely branched system or even from a
portion of such a system, However this theory has been
severely criticised by Canright (1952). He commented,
"Wilson's oontention (1942) that the three-trace stameng of
many ranalean form has evolfed from a reduction of a diobd—
tomously-~branched system is not borne out by the anatomieal
evidence at hand, In stamens of Magnoliacae which bear
three traces, normally the two lateral veine are each at~
tached to a different set of sortical bundles, whereas the
median vein is attached to a more deep seated stelar bundle.
Clearly, in this situation, the possibility of thease three
staminal veins arising from the dichotomies of a single

strong bundle (termed the “stamen fascicle trace" by Wilson)
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is very remote,

In addition, «eeses these brosd ranalean microsporo-
phﬁlls'do not have terminal sporangias at veins endings; in-
stead, the sporangia are elongated, often non=-marginal, and
unvascularized",

Hunt's (1937) aupport to the axisl nature of the carpel
is besed on the studies of anatomy of carpels of various
femilies, Hs concluded by saying, "The corpel is therefore
considered to have been derived from portions of a primitive
dichotomous branch system through the intermediate stage of
an nnSpecialized‘palmately three lobed appendage"(P.295),

Parallel with these studies on paleobotany (%ilson,
1942) and floral vascular system (Hunt, 1937) an extenaive
literature has developed dealing with the comparative study
of the histogenesis of the foliar and flower buds,that
favours the classical interpretation of the floral appendsges,

Philipson (1946) believes that the reproductive apex is
not a new structure but is formed‘by the transformation ef'
the vegetative spex, According to bhim, the differences in
the zonation of the vegetative end reproductive apices
appear to be a result of different directions of growth
rather than of such fundemeatal nsture as Ordgoire attri-
buted to them. Popham and Chan (1952) arrived at the seme
eonclunibn; sfter studying in detail, the gradual transition
of the végetative apices into reproductive of Chrysanthemuw.
These observstions are also in sgreement with that of Veughan
(1953). |
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Newmen (1936) surveying the florsl primordie of Acacig
longifolia and A. suaveglensg, favours the classical inter-
pretation of the floral organs. Speocifically, he cconcluded
that the carpel is a single, folded, folisar structure and is
lateral in its position on the fioral apex,

Reeve (1943) investigated the comparative ontogeny of
the inflorescences snd the axillary vegetative shoots in
Gerrya elliptica. He holds that there are no bistological
differences between an axillary floret primordium (male or
female) before the emergence of its prophylls and the axil-
lary folisr bud, in comparable stages of development, except
for the narrower medullation sone (rib meriatem) in floret
primordia,

According to Philipeon (1947) and Vaughban(1953) the
floret (er flower) primordia are egquivalent structures %o
the sxillary buds,

Inspite of several recent investigations, there are many
problems connected with the origin and early development of
axillary buds that still remasin unsolved, One of them is
the origia of the meristematic ecells from which the buds
arise, Philipson (1948) has described the origin of flover-
ing breach buds from the meristem "detached" from the spical
meristem, On the other hand, Majumdar and Datta (1946) des-
eribe the origia of bud meristems from vactiolating tiseue in
the axils of the leaves,.

Engard (1944) bas mede an extensive study eof opgsno-
genesis in four species of Rubus. According to him the
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foliage leaves and all floral appendages are initiated by the
enlargement and periclinal division of the inner tunica layer,
along with periclinal division of a few cells of the outer
layer of the corpus, His observations are in eonformation
with those of McCoy (1940) on‘gggggzg‘gggg;;gggggg and Boke
(1947, 1949) on Vinocs roses,

The literature concerning ihe floral histogenesis,
especially the carpel morphology has been competently re-
viewed by Swamy (1945) and Joshi (1946), Swamy supported
the elassical concept of carpel morphology and refuted the
others, especially the “polymorphism" theory of Saunder (1925)
on the following grounds (1) no anatomical evidence, (2) very
complicated and (3) does not explain all angiospermic flowers,
Joshl concluded that a considerable difference may exist in
most of plants between the organogenesis of vegetative and
floral buds, but these differences are not “irreducible type"
as maintained by Gregoire, Furthermore, the fact that the
differences do oceur does not invalidate the eonslusion of
homology when ontogeny is similar,

Recently Tepfer (1953) examined and compared histo-
genesis of the vegetative and floral apices and their appen-
dsges in Aquilemis and Ragunculus. He found thst the
foliage leaves and all floral organs arose in the same
manner and therefore, he eontitded the leaf-like origia of
floral sppendages, However, he distinguished the mode of
development of foliage leaves, bracts, sepals and carpels
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from that of petals, stamens and staminodia in Aguilegia
(P.538).

~ Picklum (1954) investigating the developmental morpho-
logy of the inflorescence and flower of Trifolium pratense L,
observed that the foliage leaves snd floret primordia are
similar in their qrigin. Egch originates by the activation
of eells of the inner layer of the tunica and one or two
adjecent layers of the corpus, However the initiation of
the flofal organs depends on the activity of the inner layer
of the tunica, he stated, "the cells of the second tunica
layer enlarge anticlinally and some periclinel divisions
océur prior to the initiation of floral appendages™,

Though an extensive literature is available on the
developmental morphology of grasses, including most of the
grasses of economic importance, the number of publications
on Triticum is still eomparatively small.

The gross developmental morphology of the shoot and
reproductive apices of greasses received comsiderable atten-
tion at the end of the nineteenth century as showa by the
works of Trecul, Goebel (1884) snd Paysr (1857).

S8ince the work of Tréeul and Goebel, an increasing
nugber of investigators have made observaiions on the origin
and development of the inflorescencez and the floral parts
of a number of Gramineae species,

Among the excellent publications dealing with the

morphology of grasses those .of Arber (summarized in her
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"Gremineae" 1934) are the most extensive; shé is mainly
concerned with the morphology of adult inflorescences and
flovers of ceresls, bamboos and graeses,

Percival (1920) in his study of the wheat plant shows
that stamens arise &s rounded papillae, and the carpel as a
crescent shaped ridge closely encircling the floral apex.

He thought that the ovule derives from the morphological
apex of the floral axis, According to him the order of
differentiation of floral appendages is glumes, stamens,
carpel, and then the palea and lodicules simultaneously.

Morphology of the shoots of grasses during the develop-
ment of inflorescences and flowers have been investigeted
by meny workers,

Evans and Grover (1940) studying the defelopmontal
morphology of the growing points of the shoot and the in~-
florescence in grasses observed, "the secondary protuberances
of the ianfloresceance have the same relative position on the
primary axia, as the vegetative buds and are their bhomologues",

The contribution of Bonnett (1935, 1936, 1937, 19540,
1953, 1961) to morphology and histology of inflorescences
end floral appendages of grasses, éhiorly cereals, is out-
standing., With regard to the formation of various floral
orgens in Zea (1953) and Ayens (1961), Bonnett recorded that
both the floret and stamen primordia are equivalent to the
axillary vegetative buds and furthermore,that the lodicules
are axisl in naiure@ He employed Sharman’'s terminology for
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describing the esrrangement of the outer three meristematic
layers in the floral apices, as well as Sg® the histogenesis
of the florel appendages, ' '

The organization of cells within shoot and floral zpices,
and floral histogenesis of other monocotyledons haveslso been
studied,

S8ass (1944) holde that the initiation and development
of the perianth end stemens, in the tullp,are similar to those
of vegetative leaves,

Stant (1952) thought, while workiné on the shoot apices
of some monocotyledons, that the growing point (meristem) is
organized into four distinct regions, the cells of which
differ in sppearance, properties and in their direction of
division, Rather surprisingly she did not observe any peri-
¢linal division in the outer layer of the tunica in relation
to leaf origin. | |

Sharmen distinguished the outer three layers of the apex
a8 dermatogen, hypodermis and subhypodermis and employed
these terms in a purely gedgraphical sense (as mentioned
earlier), BHe regarded floret and stamen primordia as hud-
like in their origin and the gynoecium as monocarpellery im
Anthoxanthum (1960). | |

Bseu (1953) included cereals in her publicstion on
pleant anetomy and concluded that the grass gynoecium arises
88 & single unit, snd does not reveal ontogenetically the
three carpellate structure, as asssociated with the Grasminase

flower,
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Holt (1954) investigating the initiation and develop-
ment of inflorescencesof Phelaris arundinacea L, and Dactylis
glomerata L. reported that the outer 1aye£ of the corpus
also contributes to the development of foliage lesaves, lemma
and pistil, in addition to the two tunica layers,while
glumes, palea and lodicules are derived exelusively from the
tunica, He 8lso holds that the carpel develops as a single
foliar structure and the ovule is produced from the residual
dome of the apicsal meristem,

On the contrary, Chandra (1963), after detailed study
of the spikelets of various species, regards the gramineous
gynoecium as tricarpellary in nature and the solitary ovule
being borne at the fused margins of the two lateral carpels.
However, all his observations seem to be confined to adult
material, |

Surkov (1961) stﬁdied morphogenesis in Greminae (1953-
1958) and eoncluded "That the Graminae floret is a branching
shoot, the lateral parts of which, as well as eentral growing
point, having passed a eertain éourse of development have
asequired the capacity of the ascomplishment of the function
of sexual reproduction”, '

Until recently, no particular attention was'given to
the organogenoaié of the Tritisum floret, nor to that of any
other member of the Graminae, although the histology of
young shoot apices has been studied by RSsler (1930) in
Tritieum, | '
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Barnard (1954, 1957a, 1957b) investigated the histo=-
genesis of the inflorescence and the floral pgrta of various
members of two monocotyledon families (Gramineae and Cypera-—
ceae), His contentions are very similar to that of Sharman's
(1960), except that he regards the gramineous gynoecium as
composed of four or at least three carpels. His work on
histogenesis of the inflorescence and flower of Triticum

aestivum mekes the basis for the present study.

Origin and differentistion of procambium and first vascular
elements,

There is a divergence of opinion about the origin of
procasmbial cells, Pbilipson (1947), in a discussion of the
origin of the procembium of the stem, stated that the matur~
ation of the cells forming the pith and cortex 1egves a Zone
of narrow cells between, which remains meristematic, and
this is the zone that constitutes the procambium, He
extended the same definition for the initiating cells of the
procambium in the leaves and reproductive apices, Tepfer
(1953) holds that the initiation of the procambial cells is
the result of longitudinal divisions of certlian cells and
comments that it is a criterion more nearly capable of
objective épplicationu _ _ .

Another factor that confuses the study of procambium is
the lack of agreement on the characteristics, that can be

assoclated with the precursor of the procambial cells, How~-
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ever Tepfer (1953) and Esau (1954) postulate that the youngest
procambial cells can be identified,by their position with re-
spect to the vascular tissue in the mature organ, darker
staining resction, elongation and the plane of divisions, in
these cells,

Grégoire held that in the inflorescence, peduncle and
the floral receptacle, the procambial strands develop in ean
acropetal manner quite independently of the appendages., The
traces do not originate in any latersl organ, bracteal or
floral, they extend towards these 6rgans, and the wvasculsr
system of the floral axis is not made up of descending
traces,

In her excellent review on origin and development of
primary vaseular tissues in seed plants, Esau (1943)
commented, "Interestingly enough, Grééoire appears to be
the first to describe acropetal differentiation of florsl
'tracea as a genersl phenomenon, A perusal of literature on
the development of flowers shows that workers, if they
mention the subject st 511, usually report baaipétal differ-
entiation of floral bundles, Ascording %o Grélot (1898)
the procambium of floral bracts of severasl specisés differ-
entiated first at the base or in the free portion of the
organs, then proceeded acropetally and basipetally". e
Lenessan reported basipetal differentiation of procambium
and xylem in all floral organs of Primuls. Instances where

both types of differentiation occur in the same flower have
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also been recorded, Lanessan {(1877) reported basipetal
differentiation of procambium in some organs and acropetal
in others in Rivins. (Cited by Esau, (1943))

According to Brooks (1940), the medisn procambisl strand
in the developing carpel of Amygdalus, first differentiates
in the central region of the primordium, on the abxial side,
It then develops acropetally and basipetally until it eon-
nects up with the vascular system of the torus lower down,

Lawalrée (1948) referring to ¢ertain Compositae, states
thet the procambis . of the corolla, the stamens and carpels
arise in isolated loci near these structures and then differ-
entiate in two directions. Arnal (1945) reported a similar
ecourse of procambial differentiation for floral parts of
certain Voilaceae, .

Acropetal differentistion of the procambium in floral
parts of dicotyledons 1§ reported by Willer and Wetmore
(1948) in Phlox drumondii Hook, by Tepfer (1953) in Aquijegis
and Renunculus,by Engard in Rubus, by Philipson (1946) in
Bellis, Popham & Chan (1952) in Chrysapthemum and by Satina
and Blekeslee in Datura. Boke (1940, 1949) working on Vinca
rosea L, found, in sepale and petals, the course of differ-
entiation of proeambial strands convincingly acropetal, but
for stemens and carpels he states “In stemens and especially
carpels, procambial strands are not obvious until the ae-
sociated primordia are already conspicuous protuberances,

Although no convincing evidence of procambisl discontinuity



23

was found in stamen and carpel primordia, the direction of
differentiation is d;fficult to demonstrate, All procambial
cells in a stamen or carpel trace appear to be in about the
same stage of development at a given time, An acropetal
"wave" of differentiaticn is not evident", (P.541).

The origin and direction of differentiation of the
procambium in the monocétyledons (especiaily of grassee) has
received comparatively 1ittle attention. The investigators
concerned do not seem to mention the subject at all for
florel sppendsges and even for leaves,'very limited inform-
ation is available on the origin and differentiation of the
procambium,

Basipetal differentiation of procambial strands has
been reported by Guillaud in the leaves of some members of
the monocotyledons and by Mollendore (1948) for leaf traces
in Brachypodium, Hs® (1944) observed bipolar differentiat-
ion of procamblal cells in the traces of ¢ataphylls as well
as in the vegetative leaves of Sinocalamus, and Bugnon
(1921, 1924) in the leeves of Dactylis and Meliea,

The leaf development of Zea mays has been investigated
in detail by Sharmen (1942). According to him the medien
bundle differentiates séropetally within the leaf, (but he
also assumed that the lower part of the median proeambial
strend may differentiate basipetally in the stem region)
wheress the differentiation of the large lateral bundles is
bipolar and the smaller bundles (bundles inter=polating
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between the larger laterals) differentiete baaipetally and
appear first near the apex of the leaf sfter the larger
laterals reach their highest positions.

Support for basipetal differentiation of procambium in
some dicotyledons is also given by surgical experiments,
Clowes (1960) while discussing the differentistion and origin
of procambium steted, "There is nothing inherently improb-
able about basipetal differentietion of the procambium and it
is known to occur after certain surgical treatments. FPerbaps
the clearest example comes from the work of Camus (1949) who
has shown that buds, grafted on the fleshy roots, induce the
formation of procambium in the parenchyma of the root. Sim-
ilar results have been obtsined by applying synthetic auxins
to spots on the root, Ve may imagine a bud producing a
hormone which flows down the root tissue and we should expect
basipetal differentiation of the procambium to follow the
path of the hormone, Similarly, in Ball's experiments in
isolating spices of Lupjinus from the procambium of the stem
by incision, it is evident that the newly formed procambial
cylinder in the apex becomes connected tc the older pro-
cambium by basipetal differentiation within the parenchyma
separating the two procsabial systems (Ball, 1952)." |

. The importance of the study conceraning the origin and
direction of differentiation of vascular elements (both
pPhloem and xylem) in floral appendages, though long been
recognised, has only recently attraected any attention. PFor
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this reason very scanty information is available on this
aspect and even this 1s limited to dicotyledonous flowers,

The independent origim and bipolar differentiation for
xylem elements has been reported by most workers., In some
cases Xxylem elements originate at two points in the same
bundle of an organ, add then the upper differentiates basi-
petally and th® lower acropetally uatil the two meet,

Cheadle and Whitford (1941) eoncluded, after surveying
the vast number of monocotyledoneae, that their metsaphloem
contain: no Bieve cells in the strict seneée, but sieve tubes
are invariably a part of the phloem in all organg of the
plents examined,

The origin and direction of differentiation of the first
protophloem element is still controversial, In the liter-
ature available, in most cases it is reported as differ-
entiating acropetally. However in a few instances the basi-
petal course of differentistion of the phloem has also been
obaserved, (Guilleud (1878), Hasselberg (1937), Lignier (1890)
and Priestley and Swingle (1929).) (Cited by Essu, (1943).)

Barnard (1957) exsmined the vaascular structure of the
Triticum carpel but unfortunately used material too old to
show the initial stsges of differentiation of vascular

elements,
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Nomenclature

Floret
The term floret haes been used following Hitchcock (1935).

He has included under this term, lemma, palea, lodicules,
androecium and gynoecium,

Style .

The receptive part of the female reproductive organ in
higher plants is regarded as the stigma, which is usually
provided with a paplllate surface, 1In a mature wheat floret,
the whole length of each "style" is covered by long fila-
menteous hairg (stigmatic hairg) and presumably receptive
throughout the length. For this reason the term stigma
rather than style has been used for the whole length of the
structure,

Periclinal divisions

A cell is said to divide periclinally when the new wall
between two daughter cells is parallel (or approximately so)
to the outer surface of the organ.

Anticlinal divisions

A cell is said to divide anticlinally when the new wall
between the two daughter cells is perpendicular (or saspproxi-
mately so) to the outer surface of the organ. |
Use of ' and ",'has been used to indicste the earliest
stages in the initiation of organs, for example, where the
lemma is represented only by one or two dividing hypodermal
and dermstogen cells, it is labelled as L', whilst the
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developing or mature lemma is labelled as L. FP" is used
to distinguish the anterfo-posterior flattened stage of the
floret primordium (from other stages) that oecurs just
before the appearance‘of the lateral stamens,
Carpel

In the light of the observations which have been made,
the gynoecium is regarded as being monocarpellary in nature,
Thus, the term carpel is used instead of gynoecium through-
out the account , and in the 1llustrations..
Plane of glumes |

A longisection passing through the mid-regions of the
floret primordium (or floral axis), anterior stamen, lemma

and glume is regarded as the section in the plane of glumes,
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Materials end Methods,

Triticum @estivum - Capelle Desprez (a winter wheat)

and Svenno (a spring wheat) were used for this study. It
was decided that it would be an advantage to use known
cultivars wherever possible, because this would provide
uniform mseterial, whose behaviour should be similar in
successive years,

The winter wheat Capelle Desprez has to be sown before
the end of February,to ensure that it would flower during
the coming summer,

Svenno, being 2 epring whest will produce flowers when
sown at any time during the spring or even in summer as late
as July, It is thus more useful than Capelle,because a
number of successive sowings will provide a continuous supply
of suiteble material,

Grains were sown in wooden boxes (30 x 374 x 15 oms) of
garden soil, to each box sbout 28 gms of fertilizer was added,

After sowing,the boxes were kept in the unheated green=-
house for scme time, and then later in the spring were trans~
ferred to the open, under a bird proof net,

' Plants grown under the conditions described above,
usually have young inflorescences six weeks after sowing,
At this early stage the inflorescence is very short, with
spikelet primordia developing aoropetally,

After their initiation, the florets reach maturity in

about four to 8ix weeks,
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The flowering in Tpriticum occurs only under the con=-
ditions of long days (i.e. sbout 14 to 16 hours day length).

Dissections were made at intervals,from the time the
plents had the third green leaf with its lamina exposed as
far as the ligule,

From inflorescence initiation onwerds apices were dis=
sected out, in a moist atmosphere, at intervals of four days.
The appropriate materiesl was selected and trimmed, In the
case of young inflorescenses, the last exposed vegetative
leaf was not removed, Likewise glumes in the case of'spiken
lets and lemmasy in the case of florets, were not dissected
out, These structures not only help in the orientation of
the material later but also protect it from direot exposure,
and rough hendling during dehydration and embedding.

The material was fixed in one of the followings-

(1) Formalin and citric acid, ,

(2) Formald?wde and glacial acetic acid (F.A.A.)
(3) Chromic Acid (Nevaschin's fluid modified).
(4) Gluteraldebyde (4%) in phosphate buffer,

!osf of the material was fixed in F,A.A; although it
causes & considerable disorganisation of cytoplasm, it
penetrates rapidly and enables the cell wall to be stained
easily with tannic acid, This then contrasts well with the
s8lightly shrunken aell contents, In addition this very
effect alaovproves useful, in distinguisbing the young pro-
cambium cells from their neighbours., In the early stages of
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procambial strand initiation,differences in the aversage

density of the disorganised cytoplasm and its staining,make
this possible,

The material was fixed in F,A.A, for at least 24 hours,
washed in 70% alcohol, dehydrated in a conventional way, by
using a graded ethyl alecohol and chloroform series, Then
fine paraffin ehips were added for dissolution in chloroform‘
containing the material ( which was also graduslly heated up
in the oven or on a hot plate) up to saturation point, for
one to two hours, Then the material was passed into molten
paraffin and left overnight in an oven at 60°C. After
passing through several changes of molten paraffin, to remove
sll traces of chloroform, 1t was embedded in paraffin.

Although various types of waxes with varying melting.
points were tried, for most of the work "Fibro wax" and
"pParaplest wax" was used and melting points 56 - 58°C were
found most satisfactory., The best blocks were obtained by
cooling the wax in iced water,

Blocks were cut on a "Unicam" recking microtome and
5 = 10 micronsthick sections were obtained,. o

'~ Both transverse and longisections were utilized in this
investigation, but on the whole transections were found to
be more userulAih detecting the initial stages of procambium
and that of first vascular elements,

Although only tried relatiiely late in this study,
gluteraldehyde was found very satisfactory, as it fixes the
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cellular contents better and cell walls of material fixed in
this solution stain readily,

The materisl was fixed in glutersldehbyde from 4 « 12
hours (overnight). After washing with phosphate buffer
(three changes of 10 minutes each), material was either taken
up in an slcohol and propylene oxide serics and embedded in
peraffin, or traneferred to 70% aleohol or F.A,A, for storage,

For orientation of the small objects (such as young
spikelets and florets) the method of uaiﬁg sodium alginate
(8harman 1960) was adopted,

Staioing

Sharman's staining method (1943) was employed as it
stains immature cell walls darker, so that they can be picked
up even when they are very young, this being the sole inte-
rest of the study. (However, it wasfound necessary to use a
slightly stronger solution of Safranin).

Other staining methods were slso given trial,for
example (1) Methyl green end pyromin y (extracted in chloro~
form), (1) Saefranin and fast green and (i1ii) blue reoegcznal,
used for detecting the presence of callose in young sieve
elements, These, however, gave no advantage over the
standard tannie scid iron alum method,

Photography

Florsl apices and dissected florcte were photographed
under a binocular microscope, using & camera (Exa I) attached
to one of the oculars, following Sharman's (1947) technique
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for photographing shoot apices in the Gramineae,

Anstomical slides were photographed either under
en ordinary compound microscope or with a Zeiss "photo=-
microscope",

Both Kodak (panchromatic) and Ilford (Fp3) films
were used for black and white photographs and Ilford (colour
series) for coloured photographs, Mkost of the drawings were
made with the help of the microprojector, but & few were
obtained by inking and bleaching the photographs in diluted
iodine solution followed by sodium thiosulphate solution,

Bleach and Clea Method.

The methods described by Bonnett (1961). Bisalputra
and Esau (196L) were attempted, although in preliminary
trisls xylem elements could be seen clearly, details of the
phloem elements were quite indistinguishable, 80 these

methods were soon sbandoned,



OBSERVATIONS
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(1) Morphogenesis,
(a) Glumes_and Lemmas,

The glumes and successive lemmas arise as alternate

lateral ridges, each of which more than half encircles the
spilkelet axis, Plate I A-~C at G and L respectively, In the
material studied usually two empty glumes and five to seven
lemmas with their axillary florets develop acropetally.

For some time the growth is uniform ell round the
margin of the young lemms, but soon after the central region
ean be distinguished by its rapid growth from the rest of
the blade, indicéting the commencement of the development of
an awn, see Plate 2 A~C at AW,

(b) Floret Primordium,

The floret primordium is seen ae & small rounded
papilla in the axil of the youngest (last formed) lemma as
shown at Pp in Plate IA and B, It grows out and becomes
almost hemispherical in shape,

(e) Stemens.

The hemispherical appearance of the floret primor-
dium is transitional, and soon it is possible to see that
the floret spex is becoming wider laterslly, as may be noted
et Fp" in Plate 2A and B, and Plate 4. at b, Thie lateral
expansion of the floret primordtum forshadows the position
of the future two lateral stamens, as indicated by a slightly
later stage in Plate 2A at LB. A 8till more advanced stage
is depicted in Plate 2B at Ls, where the primordia of two
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lateral stamens have assumed the shape of rounded paplllae
and are visible on either side of the floret apex,

The third or anterior stamen develops after the
two latersl ones, see FPlate 2B and C at As, where it may be
noted that ﬁbe snterior stamen is smaller than the two
laterals.

Although the two lateral stamens can be detected
before the anterior one, the lastter apparently grows faster
than the former becsuse i1t not only éatches them up in size,
but in some cases even gets ahead, thus reaching the dimpled
stage (i.e, four rows of microsporogenous tissues have
started differentiating inside it) before the lateral stamens,

Though the lateral stamens are the first to be
seen morphologieally, this doee not necessarily mean that
they are initiated before the anterior one, Their inltiation
may be simultaneouszﬁy(see Histogenesis),

The primordlas of =211l three stamens soon become
elongated and develop quadrilocular anthers, From this
stage onward the growth of the stamens is relatively very
slowy; they increase in size but show no atriking morpho-
logical changes, The fllament is more or less invisible in
the earlier stages of development of the stamen, but gets
very much elongated at the approach of maturity,.

(a) Palea.
The palea arises as a narrow ridge of tissues on

the adaxial (or posterior) side of the floret axis see



Figure 1.

Figa l.1l.

Fig. 1-20

Fig. le5e

Fig. 1‘140

indicating the arrangement of two empty glumes
and acropetally developing lemmas (esch with

its axiliary florets) on the spikelet axis,

4 view of the Triticum floret from the anterior
side (the lemma hes been removed),

Diasgrammatic representation of the transection
of a floret,

An enterior view of the carpel, 2 porticn of the
ovary wall hes been dimected out to show the

position of the ovule and its micropyle,
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Plate IC at P, The appearance of the palea most probably
synchronises with that of the stamens, Even in the early
stages of development the bikeeled appearance of the palea
is evident, as it grows more rapidly on its lateral edges
than in the centre, The projecting lateral edges of the
palea from the posterior side of the young florets msy be
noted in Plate 2 A, C and D at P, However,the growth of
its centre soon overtakes that of the lateral wings,

| Before the differentiation of the antherlobes in
the stamens, growth of the palea 1s remarkably slow, so that
when the stamens have well developed anthers, the palea is
only half their length, However, as soon as the growth of
the stamens slows down, the palea grows faster and cvertéps
them,

(e) Lodicules,

A floret has two lodicules, each of them oceupying
an antegxo-lateral position on either side of the anterior
stamen, In its earlier steges of development, each lodicule
appears as g small ridge of tissue between the snterior and
lateral stamena, Soon after it assumes s boat shaped form,
see Plate 5 E and F,. ,

A mature lodicule is very much swellen at its base
and gradually gets thinner towards ite tappering tip, see
Pig, 1.2 at Lo and Plate®, The ;ateral gides of the lodi-
cules, next to the latersl stamens, are provided with wing-

like structurea; és mey be noted in Pig. 2 at Lo, The margin
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Figure 2.

A three dimensional view of a Triticum floret, showing

the arrangement of floral parts, and also illustrating the
positionsof vascular astrands in stamens and carpel at

different levels,
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Fig2
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of the lodicules are covered with unicellular hairg, Each
hair i8 long and tappering, with the nucleus in its more or
less swollen base and the cell wall is not markedly cutinized,
These hairg tend to be longer and more numerous on the upper
margin than on the sides,

It is rather difficult to detest morphologicelly the
earliest stages in the development of lodicules, therefore,
it cannot be ascertained whether stamens and lodicules
originate simultaneously or one after the other, However,
judging from anatomical observations, (see Histogenesis) it
seeme likely that the lodicules may appear after the stamens,

(£) Garpel.

The carpel makes 1its beginning after all three
stamens have assumed the shape of distinct papillae, In its
early stages of development, it is in the form of a small
erescent round the floret apex, with its two edges facing
the palea and its back next to the anterior stamen, as may
be noted in Plates 4 and 5A at C, At first, the growth of
the carpel is most rapid on the-anterior side of the floret
apex, then it gradually spreads towards the posterier side,
with the result that a c¢owl shaped structure is formed and
the apex of the floret primordium becomes completely enclosed
in 1t at its base,as shown in Plate 5B and O,

At firat, the growth of the eowl is uniform all
round its oircumferanse, but soon the margins of the cowl

opposite to the laterally placed anthers grow much faster
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than the other portions, forming primordia of the two stigmas,

The primordia of the two stigmas make their appear-
ance fairly early in the development of the carpel, as may
be Been in Plate 5D at 8t, It should also be noted that the
earpel  8t111l shows & small opening et the top.

Plate 5C deplcts an even earlier stage in the
differentiation of the primordia of the two stigmas, where
two small papillae (one opposite to each lateral stamen) can
be distinguished, It should be noted that the primordia of
the stigmas are discernible even before the two edges of the
carpel are completely fused on the adaxial (posterior) side
of the floret apex,

Later stages in the develcpment of the stigmas can
be seen in Plate S5E and F, where each of the two stigmas has
assumed the shape of a cone,

Later on, the carpel grows both in height and dia-
meter, the middle portion (or portion slightly sbove 1t) of
the ovary partieularly, continues to increase in dlameter
and thickness until it is larger than the base, resulting in
the carpel becoming obovate, Most of the incremse in height
is due to the elongation of the two stigmas, see Fig, 1.2,
The top of the ovary closes by marginal growth of the carpel,
although alosure is never complets, A small opening per-
slists as the stylar canal. (see Histogenesis),

The upper balf of the ovary becomes covered with

a number of epidermal hairg, Plate 5 G and H, Each hair is
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long, teppering, monocellular, and uninucleate, with the
nucleus in its slightly bulbgous base, The cell walls of
most of the hairé are thin and slightly cutinised, but some
heve very thick walls and stain darkly, most likely due to
the deposition of cutin,

At maturity, the tips, the inner surfaces and part
of the lateral surfeces of both stigmas are nearly covered
to the bsseswith long filamentous stigmatic hairs which form
a plumose group. An early stage in the production of these
is indicsted in Plate S5H at S8the Most of the exterior sur-
face of the stigmas is without stigmatic hairs, Kach stig=-
matic hair, when mature, consists of four éolumns of cells,
The end walls of the cells of esch column do not coincide
but occur in a spiral, Each stigmatic hair terminates in a
single cell, This is not an odd terminal cell, but one of
the terminal series of four cells which i8 highest in the
spiral, The tip of each cell is rounded and protrudes out-
ward and upwardy towards the tip of that partieular stigmatic
hair, overlaping the base of the cell immediately sbove it,
Th2 protruding ends of the cells provide an easy entrance
for the pollen tubes, , ,

The cells of the stigmatic hairp are thin-welled,

having & nucleus more or less in the centre of the cell,
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(2) HISTOGENESIS,

Figure 3 shows s longisection® of a terminsl spikelet,
cut in the plane of glumes, In this the bassl florets are
already well developed, while the upper ones are just being
initiated, thus depicting the acropetal development of the
florets and their substending lemmas,

In the meterial studied, two empty glumes and usually
five to seven lemmas with their axillary florets develop on
the epikelet axis in acropetal succession, Of these florets
usually not more than three to four develop to maturity, the
more distsl primordia cease to develop at various staeges,

Figuree L,1 and 4,5 indicate that the spikelet spices
consist of three layers covering a eentral core, Following
Sharman (19L5) these layers will be refered to as dermatogen,
hypodermis and subhypodermis respectively and are shown
labelled as D H. and SH, The subthypodermis is often a less
clearly dlstinguished lsyer than the other two and perhaps
eould be regarded as the outer region of the core,

(a) Lemma,

The lemmas develop almost exactly in the same way
from the axis of the spikelet as leaf primordia do from the
vegetative axis,

The first observable indiecation of the initiation
of a lemma is the periclinal division of three to four

* Longisections are in the plane of glumes, unless otherwise
stated,
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Figure 3.

Longisection of a young terminal spikelet (taken in
the plane of glumes), illustrating the acropetal insertion
of successive lemmas and their axillary florets, and also
various stages in the development of the lemma (Ly-Lg),
floret primordium (Fp), anterior stamen (As) palea (P')
.and the initiation of carpel (C').

Note:- All scales shown in the illustrations are equal to
100 micron,
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hypodermal cells in the vertical plsne, which ia generally
followed or sccompenied by that of two adjacent dermatogen
cells, as shown in figures 3 at L5, L.l and 4,5, and Plate
7A et L'. These divieions commence from the centre of the
region of insertion of the future lemma, as may be seen in
figures 4.2 and 4.4, representing the spikelet apices in
transection, But soon after, this meristematic activity
extends transversely around more than half the circumferance
of the axis, Figures 3 at LY, 4.3 and Plate 7B at L,
1llustrate slightly later stsges, where hypodermal &nd
dermatogén cells have undergone repeated periclinal @ivisions
80 a8 to form a group of cells, It is this buldge of cells
which probably eonstitutes the first sign one sees of the
lemma, when examining dissected material,

Subsequent development of a lemma takes place by
the periclinal and anticlinal Adivisions of the dermatogen
and hypodermal cells and their derivatives,:

| "It can be seen from Pigs, 3 at L“. Be3y LeS)y 48
and Plate 7B at L thet dermatogen cells probabdly contribute
more than hypodermalveella. at least in the early etages, to
the development of the lemme, Reépeated divisions of the
dermatogen ¢ells, in the above illustrations, also indicate
that mest of the early growth is due t0o apieal meristematic
activity,

The oells on tho'lowor side of the leama primordium
divide more actively thaﬁ the upper ones, jitb the result
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thaﬁ more celle are produced on the lower sufrace than the
upper, This causes the lemma to turn upwards, see Fige, 3 at
1! ana 1? end Fig. 4.9,

(b) Floret Primordium,

The floret primordium asrises in the axil of & lemms,
It is comparsable 1nk1ta mode of 1h1t1ation to a spikelet
primordium or anAaxillary vegetative bud. Thus it ocan de
regerded a8 8 cauvline structure.

The first indication of the initiation of the flo-
ret primordium is usually the periclinsl division of three
subhypodermal cells in the éxil of the last formed lemma,
These cells undergo more periclinal divisions, with the
result that each produces a more or less horizontsel tier of
two to four cells, so forming a group of cells that pushes
the hypoder@al and dermatogen layers slightly outwerds, as
indicated 1& fignrea be3, Ueb = 447 and Plate 7B at Pp.

The perimligal divisiona in the hypodermal cells are genersal~
ly observed on the upper side of the tuyure floret primordium,
(Fige Le3. Plate 7B at Fp) and may occur aomeiimos on the
lower side ss well, A single periclinal division has been
observed regularly in one ﬁwpodermal cell tanarﬁs the centre
of the floret initial, this'cell enlarges oonsp;cuoualy
(presumably before its division though this is not dértain)
while the other dividing cells do not, as depioted in PFigs,

3 at Fp, (in the axil of Lh) Le3 and Plate 7B at Pp. At no
stage do the dermatégon cells diiide_by othsr than antiolinal
divisions, |
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Fige L.1.

Fig. 4.2,
Fige Ue3a

Fig. Lobia
Fige U4e5a

Fig. Le6a

Pig. U.7.

Fig. h.B.

Fig. hogo
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Longisection of & young spikelet apex showing
periclinael divieions in hypodermael and dermatogen
cells et the initiation of the lemma,

Similer initial steges of lemma seen in trensection.
Longisection of a eslightly older spikelet indi-
cating the pattern of development of lemma (L)

and floret primordium (Fp).

Transection of the seme, at the level of the lemma,
Longisection of a young apex from another spikelet
showing stages in the development of lemma and
floret primordium,

Longisection of a young spikelet, depicting the
arrangement of three meristematic layerq in a
floret primordium, before the development of
floral organs,

Longisection of a floret primordium showing
initial stages of anterior stamen and palea,
Longisection of another floret primordium,
slightly more advanced then 4.7, 1ndioat1ng the
early development of anterior stamen and pslea,
Longisection of the same floret (drawn for 4.8)
but 40 micron off the medien, showing where the
lodicule is being initiated by periclinal divisions
in two hypodermal cells, The activity of dermato-
gen and hypodermal cells in the region of palea

seems to be more here than in the mid plane,
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Prior to the initiation of the floral parts the
floret primordium is rounded and has the same characteristiec
arrangement of cells as occur in the apical meristem of the
gpikelet and the vegetative shoot, see Fig, L4,6, 4,7, and
Plate 8A~C, The dermatogen, hypodermal and subhypodermal
layers of the floret primordium derive from the corresponding
layers of the axis of the spikelet, wheress in the formation
of the core, most of the cells are contributed by the sub-
hypodermis and few by the hypodermis,

(¢) Stamen.

Longisectione (in plane of glumes), which pass
through the centre of the spikelet axis and the apex of the
floret primordium, also pass through the centre of the
anterior stamen, Such sections, therefore, not only show
moet clearly the origin of the anterior atameh but also its
relation to the origin of other floral parte, For this reason
the anterior stamen is taken to illustrate stamen histogene-
sis, and it is presumed that the origin of lateral stamens
is similar,

The stamen originates in essentislly the same
manner as spikelet and floret primordia, In assoeiation
with its initiation periclinal aiviniéns in both subhypoder~
mal and hypodermel cells were observed, Whether these ocour
simultanecusly or one after the other, ocould not be ascer-
tained, as division in one layer without the other is never
found in this connection,
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‘Each stesmen initates by the periclinal division of
usually two to three subhypodermal and one to two hypodermal
cells, FPigure 4,7 and Plate 8A-C represent the earlier
stages in the initiation of the stamen,

As far as could be ascertained, in the light eof
observations on the early developmental stages, the main bulk
of the stamen primerdium derives by the repeated periclinal
division of subhypodermal eells, whilet the hypodermal cells
divide periclinally only once, see Fig, 4,8 and Plate 10A,
The cells of the dermatogen layer aiviao'only by the formetion
of anticlinal wsalls,

It is most likely that the histogenesis of all the
three stamens is simultaneous, The earlier manifestation of
the two lateral stamens morphologically is probably due to
the difference in the rate of growth rather than in the time
of origin,

Later developmental stages of the stamens have not
been persued, as these are described in detail by many other
workers (Bonnet 1953, 1961). However a few interesting
points thaet occur during its later development were recorded,

- The stsmens remain more or leas sessile éven after
the differentiation of sporogeneous tissues, The filaments
become very much elongated only a little before anthesis,

‘I8 was noted, with surprise, that s very small
region at the bottom of the stamen gives rise to such a long
filament, mostly by cell slongation and only a few cell
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divisions, see Plate 9A and B,

Another peculiarity encountered is the presence of
.conspicuous spaces between the cells of the second, third and
fourth layers (subsurface layer and two layerse beneath 1it)
of the mature filament, when seen in transection, Plate 9C
represents the transection of a filament, where these are
shown alternating with the cells of these particular layers,
The cells of these layers are also atrikingly thick walled,

(4) Ralea.

The palea is initiated by the periclinal division
of one to three hypodermal cells, followed by similar
divisions in the adjacent one to two dermatogen cells, The
mode of origin is thus comparable to leaf-like organs,

In Pig. 4.7 Plate 38A -~ C the palea is being init-
iated by a periclinal divieion of one hypodermal cell only;
no periclinal division having yet ocoured in the dermatogen
cells, Figure 4,8 and Plate 7C represent a slightly more
advanced stage where one dermatogen and four hypodermal
cells have undergone periclinal divisiens for i14s initiation.

" The palea arises as a narrow ridge of tissues,-
extending around the adaxial or inner side of the floret
primordium,

It is most likely that hypodermal cells undergo
only one periclinal diviaion and further development of the
pelea is by repeated division of dermatogen cells, as de~
plcted by the longisections of floret primordia in Fig. 5.1
and Plate 16A,
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Development of the palea is at first more rapid
in the two lateral areas than in the mid region. This is
evident by comparing Fig, 4.9 and Plate 10B with Fig. 4.8
and Plate 7C, Figure 4,8 and Plate 7C represent the mid-
region of the floret primordium where fewer dermatogen and
hypodermal cells have uandergone periclinal divisiona than
can be seen to have done so in Fig, 4.9 and Plate 10B, which
deplict lateral areas, These 1llustrations are taken from
the longisections of the same floret, which are 30 microns
apart. As a result, in its early stages the palea assumes a
bi-keeled structure,

The development of the palea is not followed in
transverse sections, because the area of initiation of the
palea is8 80 situated on the floret primordium that it is
difficult to be sure that the sections are at right angles
to the dermatogen and hypodermel layersand this msekes it
impossible to be convinced as to the real derivation of the
various cells seen in "presumed" transverse seotions,

In Fig. 9.9@p) a f2w perielinal divisions were
observed on the adaxial side of tée floret primordium just
below the top, perhaps they represent the hypodermal division
for the initiation of the pelea,

It is impossible so far to.say whether the inite
‘dation of the palea and stamens is simultaneous or.one after

the other,
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As far as could be ascertained by observations,
however, the palea and stamens originate at the same time,
because in sll longisections so far produced, the first
stages of both are present, see Fig. L.6, 4.7 Plate 8A-C,

(e) Lodicules.

A floret has two lodicules situated on either side
of the anterior stamen,

After the initiation of the pslea and the stamens
have commenced, periclinal divisions occur in the hypodermal
cells situated very near the base of the-abaxial side of the
floret primordium and extend transversely along more or less
the whole of the base of the abaxial surface, These probably
represent the very first step in the formation of the lodi-
cules, The hypodermal cells situated Jjust below the anterior
stamen divide once, while others undergo more periolinal
divisions, pushing the adjacent dermatogen cells slightly
outward, The periolinal divisions of hypodermal ¢ells are
followed or accompanied by similar divisions in one te two
adjacent dermatogen cells, These are restricted to the two
regions that ococur between the primordia of the anterior and
lateral stasmens,

The pattern‘of cell divisions for the initiation
of the lodicule have been followed in serisl longisections
of a floret primoraium} Plaie 10A depicts the mediean longi-
aebtion, wbére the lodicule is being 1ﬁitiated by thé peri-
clinal divisibn of aﬁouf five hypodermal_cellg, in the
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vertical plane, just below the insertion of the anterior
stamen., In Plate 10B, that is LO microns apert from the
first section (i.e, 10A) periolinal divisions in subhypo-
dermal cells in addition to those of the hypodermal cells
are also observed, These may or may not be assosiated with
the initiatlion of the lodiculej (see discusaion),

Plate 10C, which is 70 microns off the median line
of the floret primordium, illustrates a perielinel divieion
in one dermatogen cell in addition to the tier of cells
derived by the repeated perielinal divisionsof hypodermal
cells,

Each lodicule continues its initistion laterally
by repeating similar divisions of dermatogen snd hypodermal
eells ae shown in Plate 11A - C,

Although the whole sequence of svents was not
closely followed, it seems evident that most of the bulk of
the lodicules is derived from the dermatogen. cells and their
derivates and little from hypodermsl cells, as depicted by
the longisections of the florets in Plate 11C and Plate
12A - ¢, Plate 13A = C, represente the similar develop-

mental steges of the lodicules in transeetions,

Courze of xgugglag_gisgemvgg Mature Lodjcules,
A mein vascular bundle enters the base of esch lodieule,

Eaeh vescular bundle divides into three branches, whish have

boen'regardcd, in the pibsent -tudy; aaliédieular tfkées, and
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are shown in Ylate 14A at Lotr, In turn, these branches
divide several times producing smaller vascular strands that
extend from the base almost to the tip of the lodicules,

Plate 14B and C are transections of the floret snd the
lodicule respectively 1llustrating the pattern of distribut-
ion of the procambial strands in the lodicule.

Plaste 15A repreasents the bassl portion of the lodicule
in transection, about 170 microns aebove the level of its
insertion on the floret axis, Plate 15B depicts a transverse
section of another lodicule about 540 microns below its tip,

In a transection of the basal (or swellon) portion of
a meture lodicule, the vasculer strands are fewer in number
and bigger in cross section than the ones in the upper (or
marginel) portiomn., HKsch vascular strand in the bassl part
consists of both xylem and phloem elements, surrounded by
rather narrower parenchymatous cells, giving the strand a
more or less c¢ircular shape, though a regular sheath-like
layer is lacking in most of them in this regioan, see Plate
15A and a, However, higher up in ite course easch bundle
has a definite sheath, Plate 15B and b,

The vascular elemente deerease in number as the stread
runs from below upwards, so that the terminal part of a
vascular strand is usually composed of a single vasculapr
element surrounded by four to six psrenshymatous c¢ells,
which are narrower in dismeter snd arranged in the feorm of

a sheath, In some cases the vassular elemeants may very from
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two to four. These vasculsr elements in the terminal ends of
the strands are probably xylem (vessels or tracheids) rather
than phloem elements,

The vascular strands, which are nearer to the inaer
surface (next to the carpel) of the lodicule, tend to have
more vascular elements then the rest, as may be noted in

Plates 14B and 15A and B,

(f) 085:2210
(1) Qvary.

The apex of the floret primordium is rounded at
the time of carpel initiation.

In a longisection (in the plane of glumes) the
beginning of the carpel is detectable on the anterior side
of the floret axis, after the primordium of the anterior
stamen has developed as a small papilla,

The earliest visible indication of its initiation
is the periclinal division of two to three hypodermal cells,
situated just above the point of insertion of the anterior
stamen and only a rew cells away from the growing point of
the floret exis, In some cases these celle may divide at an
angle as indicated in Pig. S.1 and Plate 16A at C', instead
of truly periclinally., The periclinal divisions in the hypo-
dermal cells are followed in one to two adjescent dermatogen
cells by similsr divisions, eee Fig., 5.1 and Plate 16A at C\
Soon after, more dermatogen cells above and below these

undergo periclinal divisions as indicated in Pig. 5.2,
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Figure 5.

Pigs. 5.1 - 5,6, Longisections of young florets illustrating
the stages in the development of the carpel.

Figs. 5.1 & 5,2, Showing initial stages of carpel at C',

Pigs. 5.3 & 5.4, Slightly later stages when the carpel
primordium has spread éound the axis to
appear at C%,

Figs. 5.5, &5,6., B8till later stages, C' indicates the
anterior portion and C" the posterior

portion,

Note:- [Each scale is equal to 100 micron the bigger is

for detailed drawings and smaller for outline ones,
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Figures 6.1, 6,2, and 6,7, are transections of
floret apices indicsting more or less similer initisl stages
of the carpel.

The initiation of the cearpel extends circumferen-
tially around the floret apex by periolinal divisions in the
dermatogen and hypbdermel layers, Before completion of this
lateral growth, the small crescent sheped protrusion formed
by the first divisions begins,to grow upwards, Thus apicel
growth and lateral expansion combine to produce a structure
that is bhighest at the point of its origin and that slopes
down slong the margins, which are in process of encircling
the floret axis, see Fig. 5.,3. A corresponding morpholo-
gicel stage 18 indiceted in Plate 3A at C, The two margins
edvancing towardé each other first meet and ultimately fuse,
with the result that the floret apex, is completely encirecled
as seen in Figs, 5.3 to 5.6 and Plate 16 B and C,

The encirecling growth of the carpel is not horizon-
tal, but follows a gradually rising course, so that its
insertion on the floret apex is at a slant,

Figures 6,3 to 6,10 represent similer stages in
the progress of carpel initiation as seen in transections,
Plate 3B and C at C depict a corresponding morphological
stage,

The caipol emerges as a cowl shaped structure
because of earlier initiation and more rapid growth of the

anterior than the posterior side, 8oon after, the rate of



F;ggge 60

Figs,

Pigs,

Figs,

Figs,

501 - 6.10.

501 - 603,

6.4 & 6,5,

6¢6o - 6¢8,

609 & 5;10' :
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are transections of young florets
illustrating the initiation and various
stages in the development of the carpel,
are serial sectione from a floret showing
the injtiation of the carpel on the
anterior side of the floret axis at C',
transection of snother floret where the
carpel is being initiated on latersl sides
a8 well (C" and C').

transsctions from three different florets
indicating eimilsr estages in the initiation
of the carpel at C' and C",

transections from slightly older florets
probably corresponding to 5,5, and 5.6,
respectively, where the carpel is being
initiated on the posterior side as well ag
by the periclinal divieions of dermatogen
and hypodermal cells (G").

Note: ~ 'Due to the diffioculty in orieantating young spikelets
and florets, transections exaotly in horisontal
plene could not be obtained, hence the initiation

of the carpel ean only be shown by small patches
of dividing cells,
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growth of the posterior side accelerates and by repeated
divisions of dermatogen cells and possibly by a few divisions
of hypodermal cells, is slso raised up. Thus, although the
anterior side of the carpel wall is still higher a eomplete
ring has formed enclosing the loculus of the ovary, This is
indicated in Pigure 5.6 and Plate 16C, The carpel in Plate
3D represents morphologically a similar stage. The opening
at the top of the loculus of the ovary gradually narrows
down by marginal growth on the inner face of the ovary wall,
see Plate 17C, although it never completely closes, but
persists as a "styler canal" in the mature pistil, Plates
17B and C and 19D illustrate its presence in young as well
as in fairly mature carpels,

It was impossible to be quite auré whether the
entire bulk of the carpel derives from the dermatogen cells
alone or from both dermatogen and hypodermis, As far as
eould be ascertained by observations on the early develop~
ment of the carpel, the dermatogen cells and their deri-
vatives contribute mést to the carpellary tissues, as
indicated in Plate 17A at C which is a longisection of a
young carpel, (at right L to the plane of the glumes), At
least 1ts posterior portion derives mostly from the repeated
divisions of dermatogen cells as depicted in Fig, 5.6,

Plate 16C at C",

(11) Stigma.
Prior to the initistion of the stigmas the growth
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of the carpel is uniform all round its margin (i.e. at the
free edge of the cowl)., Soon the margins of the carpel
opposite to the laterslly placed stamens grow more rapidly
than the other portions, giving rise to the two primordia
of the stigmas, This pattern of development places the two
stigmes on the anterior half of the csrpel, Shortly, after
their initistion esch stigma is cone shaped and hence appears
more or less triangular in longisection, as can be noted in
Pig. 5.6 8nd Plate 16C, Esch stigma grows in length and
diemeter by anticlinal and periclinal diviaions of both
dermatogen and hypodermal cells, see Plate 16C, but in the
later stages of development, most of the cells divide
parellel to the long axis of the stigma, as may be noted in
Plate 17B. Therefore, at maturity the cells are long and
narrow, In transection each stigma appears to have two
specialised patches of timsue (Plate 20G, One, the vascular
bundle, is situated near the outer surface and runs parallel
to it throughout its length, except at the extreme tip,
where 1t seems to be absent, The other, which occcurs neay
the inner surface is stigmoid tissue, which also runs the
whole length of the stigma, |

Besides the two laterally plasced stigmas a pro-
jection of the tissues is regularly observed on the side of
the carpel next tc the paslea (i.,e, the posterior side),
Occasionally snother projection is seen on the anterior side,

The posterior proje¢tion is a smell protrusion

measuring about 100 mierons in height, broader at its base
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but rather sharply taspering upwards, In the materisl studied,
unlike the two lateral stigmss, the posterior projection has
no definite single epidermal layer, However, it becomes
evident lower down, as can be seen in Plate 18D, The organ-
isation of the cells in the projection is also peculiar, as
should be noted in Plate 18 A-D, No trace of vascular
supply is found in it, (Most likely the posterior projection
also bears a few haire, which are similar to carpellary
hairg, This is assumed because of the presence of larger
thick-walled cells in the peripherasl region of this projection).
The anterior projection has been regsasrded as an
anterior Stigma as it is surroﬁnded by a definite single
epldermal layer, and in addition some of the cells of the
outer layer enlarge and even divide, as may be noted in
Plate 19 A and B, suggesting the initiation of stigmatic
hairg, The anterior projection is slightly longer than the
posterior one measuring about 120 microns in length, no
trace of vascular eiements is detected in this either,
In one instance, the presence of a posterior and
an anferior projeetion has béen observed in the same oarpel.
The posterior‘one 13 inserted higher then the anferior, the
difference in their levels being & miofons.
Initiation and development of stigmatic hairs,

The tips, the inner, and part of the lateral surfaces
of a mature stigma are deneoly eovered almost to the base,

with numerous multieellular haire of a very charaoteristie
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structure, H¥ost of the exterior surface of the stigmas is
without stigmatic haire, Each of the haifs is filament like,
and composed of four rows of elongated cells,

It is observed, in longitudinal section of stigma, that
each stigmatic hair arises from a& single epidermal cell,
which occurs alternately in a longitudinal row, as indicated
in Fig, 7.1. The cell divides by a wall which is not quite
at right asngles to the surface of the stigms, but rather
obligue, with the result thet two narrow cells are formed,
one lying above the other as shown in Pig. 7.1l. The acro-
petal member of the pair elongates and protrudes outwards
and upwards, see Fig, 7.2. Soon afterwards this cell
divides by two vertical walls that are at right angles to
one énother, and perpendicular to the surface of the stigme,
8o forming a group of four cells, as can be noted in Fig, 7.3
(one dividing wall cannot be seen, as it is parallel to the
plane of the section)., Plate 20A and B represent similar
initial stages in transections,

The four cells so formed behave as a kind of apex and
by growth and repeated transverse divisions produce a hair
composed of four rows of cells, see Fig, 7.4, Eventuslly
each cell of the hair forms a small protuberance at its
distal end, giving the whole hair its final papillate
appearance, Plate 20C depicts the mature stigmas and

stigmatiec hairs in transection,
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Figure 7.

Figs., 7.1 - 7.4. Longisections of young stigmas showing
various stages in the development of

stigmatic hairs (Sth),
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(ii1) (=) Ovule.

After the differentiation of the carpel the floret
apex slightly increases in size and orgsanises itself again
into its three germ layers, i,e, dermatogen, hypodermis and
subhypodermis, although in some cases the subhypodermis is
not clearly distinguishable as indicated in Figs, 5.3 and
5¢lte

In the beginning, the developing ovule (i.e, the
floret apex now enclosed in the carpel) is directed vertical-
1y upwards Figs., 5.3 and 5.4, but gradually it starts bending
over towards the median line of the carpel, Firstly, it
assumes a horizontal position, pointing outwards, and then
eventusally downwards, This éhange in orientation is mainly
caused by the greater elongsastion of the cells on the posterior
side of the floret, rather than by a difference in the rate
of cell divisions, as can be noted in Figs. 5.5, 5.6 and
Plates 16B and C,

The archegsporial cell makes its appearance very
early in the development of ovule, It is derived from a
hypodermal cell,

(b) Integuments,

The two integuments are initiated soon after the
developing ovule begins to bend over, Figs, 8,2 and 8,3, and
their primordia are easily recognisable by the time the ovule
is more or less horizontal, see Pig. B,h:Plate 81A. In both



7

longitudinal and trasasectlions of carpel, although periclinsl
or obligue walls may be observed in one or two hypodermal
cells just before or immedistely following initiation, as
may be noted in Flgs. 8.2, 8.9, 8,10 and 8,11, most if not
all of the actual integument seems to be derived from the
dermatogeéigg;ne, see Figs, 8,4, 8,5, and Plate 21B, Some
cf the dermatogen cells lavolved in the initiation of an
integument have oblique new walls rather than strictly peri-
¢linal ones, as seen in Figs. 8.2, 8,3, 8.5, and Plate 21B,
The initiation of the 1ntegumenté (at least in the
material studied) presents two rather surprising features,
Firstly, both integuments commence their 1n1tiation on the
csame side of the ovule, that 1s appearing on the upper side,
in g longitudinsl section of the carpel, This 1s before the
growth spreads round and is seen on the lower side as
illustrated in Fig, 8.3 and Plate 21A. Later they continue
their inltiation circumferentially sround the ovule by
similar divisions, thus encircling the developing ovule
completely as depicted in the longisections of the carpels
in Figs, 8.4, 8.5, and Plate 218, This indicatee that inte-
gumenats are not only similar to foliar structures ia their
initiation but also in their early circumferentisl development,
Secondly, the inner integument seems to be initiated
before the outer one, see Figse, 8,2 to 8.5. In all cases

exemined ¢ far the same course of events was observed,
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It was expected that the outer integument would
initiate esrlier than the inner, sand that they would alter-
nate in their positions, so completing the disticheous
arrangement of the leaf-like structures on the floret axis,

However, present observations do not conform with
these expectations and indicate that the initiation of the
inner integument is followed by the outer and both integuments
originate on the same side of the floret axis, In Fig. 8.2
the initiation of the "first" integument is indicated by the
division of a dermatogen cell., This divided cell is aot
occupying the same position on the circumferance of the ovule,
as the outer integument has at a slightly later stage when
both integuments ere present, see Fig. 8.4 and 8.5, Further-
more in the early stages of development, the inner integument
is always more advanced than the outer, as depicted by Pigs.
8.3 to 8.5 and Plate 21A and B. In addition, in a transection
of the carpel, the first initiated (or inner) integument is
closer to the dome of the ovule, than the elongated cells
which are discernible further away and which most probably
constitute the seat of origin of the other (or outer) inte-
gument, see Figs, 8,11, 8,12 and Plate 21C,

Figures 8,9 to 8.13, 1llustrate the initiation of
the integuments as seen in transections of young carpels,
Figures 8,9 and 8,10 depict sections taken at right angles
to that shown in Fig. 8.2 in the plane of X-X, the stage of
development being about the same. Similarly 8.11, 8,12 and
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F re O

Figs, 8.1'- 8.8, Longisectione of carpels, illustrating
different steges in the development of
integuments,

Figs., 8.9 & 8,10, Transection of a carpel, similsr to that
shown in Fig. 8.2, taken in the plane of
X=X,

Fig. 8.11, represents 8,3, in transection, cut in the plane
of y~y, similerly 8.12 18 of Fig. 8,5, in the
plane of z-z, and 8,13 is comparable to that of
8.7, taken in the plane of w-w,
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8.13 represent 8,3, 8.5 and 8.7 in transections in the plane
of Y-Y, Z~% and ¥~V respectively.

The configuration of the cells, as seen in Figs, 86,
8.8, and 8.13, suggests that both integuments continue growth
at their margins for a considerable time,

The micropyle is formed by the inner integument
onlye The cells of the third and fourth layers back from
the micropyle get bigger than those of the first and second
layers, so forming a slightly reised ring. The margin of
the outer integument does not grow as far as that of the
inner, but terminates at the level of the ring formed by the
inner integument, as may be noted in Plate 21D,

No trsce of any vascular supply could be detected

anywhere in either of the integuments.



I. Procambiume.

In spite of the fact that an extensive literature is

available on the Gevelopaqntal anatomy of monocotyledons, it

containe very little information sbout the position of origin
and direction of differentiation of the procambium ( or pro-

vascular strands) and first vascular elements.

There ie a divergence of opinion with respect to the
characteristics which can be ascribed to the celle initiating
a8 procambial strand. However, most workers sgree that elon-
gated derkly staining cells, dividing parallel to the long
axis of that particular organ, can be identified as precur-
sors of & procambium; as Tepfer (1953) states; "The
criteria generally cited are darker staining reactions,
610ngation. and divisioa in a plane parallel to thé long
axis", According to Eseu (1954) slso; “Commonly the young-
est procambium is identified by the shape of celle and by
ihetr position with respect to the vascular tissue in the
maturp shoot. When elongated cells appear in the proper
position for the prospective vasculsr tissue, the cells are
ianterpreted as procambial. Ususlly these cells also stain
densely, slthough the procambium of older plant parts may be
distinctly vacuolated. The density of the oytoplasa may be

*Poot Note:- Following Lsau (1943) the word procambium has

been used for the precursor ofavassular strands.
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visible before the cells assume the elongated shape, Some-~
times the stainability of cytoplasm increases when the tissue
differentiates into procambium, Buvat (1951b) interprets
such a change as a cytologic differentiation, involving a
decrease in size of vacoules and reduction in size and number
of plastids that may be present”,

In the present study, most of the above criteria were
considered, while tracing the procambiasl strands both in
stamens and cerpel. Although in very early steges of init-
iation no marked distinction was observed in the density of
ocytoplasm, the procambial cells could be distinguished from
their neighbours by slight differences in their staining,
Later on in their development they were distinguished by
their characteristic arrangement and position.

(a) Stemens.

By the time the stamen is about 420 microans high,
including its small filament, it bas a fairly well developed
procambial strand, which already has ita first sieve element
mature (?13. 12,1 - 12,5). Plate 30 shows the morphologicel
appearance at about this stage,

Serial transcotions of younger florets were examined
to determine the initial stsges of a procembial strand in the
atamen, It is observed, that in each stamen, the procambial
strand appears in ieolation lligbtly above the middle region,

and is not the mere upward continuation of a more mature
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strand in the axis, The earliest indication of the initiation
of a procambial strand is the longitudinal division (parallel
to the long exis of stamen) of two to three cells sbout hslf
way up.tbe staemen, This isolated patch of narrow and most
probably elongated cells may sometimes be distinguished from
neigbbourang célll by its slightly denser cytoplasm and
difference in staining 1n.microscopie preparations, However,
in most cases (of the material studied) the cytoplasm of
‘adjacent parenchymateous cells is as dense as that of pre-v/
casmbiel celle, and it is rather 4ifficult to dirfercntiate
one from the other on this basis, Lkiostly the initisl stages
of the proocambium are distianguished by the characteristic
arrangament of the cells and their position in the stamen,

Most likely the presence of denser cytoplasm in the
pareachyma cells surrounding the procambium indicates their
meristematic nature,

In the materisl studied, the initial stage of the
procambium was found represented by s few periclinally
dividing cells sbout 28 microns below the top of the stamen,
and it extended for about 42 microns in length. The young
stamen by this time was sbout 105 microns in hnishﬁ, and was
almost seasile,

Once the procsubial strends are initisted their
differentiation is very rapid.

Figures 9.1 to 9.3 and Plate 22A - D, sre taken
from the seriasl transections ef young florets, depieting the
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position of origin of & procambial strand in a lateral astamen,
In Fig. 9.1 and Plate 22 A the procambial strand is repre~
eented by the periclinal division of & single cell, while a
very well outlined procambial strand is present at the level
shown in Fig. 9.2 and Plate 22B at Pest, which is only

21 miorons lower down. It is not detectable again, where
the stamenljoins the floret exis, as indicated in Fig. 9.3
and Plate 22C, which are taken from sections 42 microns still
further down. Plate 22D depicts the very base of the same
lateral stamen at Ls, where there is no suggestion of the
presence of a procaabial strand,

‘Pigures 9,2, to 9.4 illuetrate similar stages for
the position of origin of the procambial strand in the
anterior stamen, The illustrsations -are taken from three
sections, which asre 42 and 28 microns apart respectively,

The above illustrations, depicting the position
of origin of procamblal atrands in both lateral and anterior
stamens, also lend support to the conception of bipolar
differentiation of the procambial strands, Figure 9,2 and
Plate 22B indicate more or less the middle regions (50 Microns
below the top) of the stamens, where the prosszbial lfrund '
is composed of eight or nine ccils, while higher up or lower
down (see Pig. 9.1 and 9.3 and Plate 224 and 22C) 1t 1s
represented either by a division of a single cell or even is
not present at all, Thus it is logical to conclude that the
procembial strend initiates in the stamen itself and then



Figure 9,

Figs. 9.1 - 9els

Figs. 9.5 & 9.8,

Figs. 9.7 & 9.8.

Pig. 9.9.
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Serial transections of a developing floret,
illustrating the position of origin of the
procambisl strands in lateral (Ls) and
anterior stamen (As),

Longisections (at right L to the plane of
glumes) of the carpels,

9.5, dermatogen cells of ihe future ovule
divides periclinally, initiating the
integument.

9.6, shows tier of cells derived from the
longitudinal divisions of dermatogen cells
for closing the top of the ovary, and also
illustrates the pattern of development of
two stigmass, |

Perielinal divisions in the dermatogen and
hypodermal cells initiating the lodicules
(Lo). |

Transection of a young floret, periclinal
givisions in the hypodermal cells (dp),
possibly are concerned with the initiation

of palea,
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dirferentiates both acropetally and basipetally,

The early divisions initiating a procambial strand
appear to spread from the centre of the future strand, as
mﬁy be noted in Fig. 9,1 and Plate 22A, Later the cells
around the central group of cells (formed by former divisions)
have a tendensy to divide aﬁd to elongate tangentially with
respect to this group, see Pig, 9.2 and Plate 22B, Since
these early divisions are followed by only a little cell
enlargement, the newly formed prooambial cells are relatively
smaller than the neighbouring cells.

(b) Carpel.

(1) Median and lsteral procsmbia)l strands.

In a carpel (at about the stage shown in Plate 3E)
there are only three . provascular or. procambial straads, @&
median and two laterals, BEach latersl supplies the stigma
on its side of the carpel, whilst the median one ends in the
carpel wall just below the top.

An attempt was made to determine whether the three
strends seen in the young carpel are merely the upwardly
propagating ends of more mature strands in the axie, or if
they originate indspendently of the axial supply and connect
up with this later. | | |

Careful exsmination of serial sections left no
doubt that all three carpellary procsmbial strands originate
in the carpel itself. Representative transverse seations to
1llustrate this are shown in Figs, 10.1 to 10,17 snd Plate
24a - D,
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The earliest stsge observed in the initiation of
a procambial strand 1S longitudinal division (parallel to
long axis of carpel) of a small group of cells (three to
four), just above the middle region of the carpel, From
this region the strandg then differentiatesacropetally and
basipetally by similar divieions,

The median procambial strand appears earlier than
the two laterals,

A transection of the upper part of the ovary wall
is shown in Fig. 10.9 with no suggestion of the presence of
the median procambial strand in it. A section cut 14 miorons
lower down shows the presence of a distinct strand, and this
can 8till be detected in Pig. 10,11, which is about 63 microns
further down, However, the procambial strand is represented
oaly by periclinal divisions of few cells in the base of
carpel at about the level shown in Fig. 10,12 which i@ 56
microns still further down.

In this particular material, the median procambisl
strend was observed 21 microns below the top of the ovary
wall and it extended for about 147 microns in length, By
this time the carpel was 210 microns bigh.

Figures 10.15 to 10.17 illustrate the position of
origin of the medien procambial strand in another carpel,
cut at intervale of 21, 49, 63 and 42 microns, Plate 2L4B-D
shows the same features in both the median and lateral
strands of yet another carpel, These illusatrations ere
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taken from three sections, which are 70 and 108 microns

apart respectively, A still younger stage has been detected
in other material, whéere the median procambial strand appeared
in the anterior portion of the carpel primordium, before this
hes completed the enoricling of the floret apex, and when its
median portion ie only about 132 miocrons high, It appeared
60 microns below the top of the ovary wall, and exteaded for
sbout 48 mierons in length. In another carpel of similar
sge, with 1ts medium portion 161 microns high, the presence
of a median procambial strand has been detected, which
extended for about 98 microns in length, It is represented
28 microns below the top of the ovary wall by a division of

a single cell, This diviesion 1s periclinal, parallel to the
outer surface of the carpel.s Lower down at the level shown
in Plate 23A, certain adjacent cells have also divided or are
sbout to divide around the periphery of the small group of
cells, which has formed by previous divisions, Thus, the
strand ie composed of Bix to eight cells and is essily dis=~
tinguishable, There is, however, no trace of a procambisl
strand at about the level depicted in Plate 23B which is’

24 miorons further down,

The earlier stages of initiation of the lateral
procambial strand are recorded from a cerpel that measures
sabout 294 microns in length.

Pigures 10,1 to 10.4; 1llustrate in transection
the stigms and the region of the carpel wall below it,
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No strand is detectable in the section used for Pig. 10.1,
but a strand is quite distinguisheble only 14 microns lower
down, Fig. 10.2. This strand could be traced in the carpel
wall down to the level shown in Fig. 10.3, which is taken
91 microns below the previous one., However, no trace of it
could be found at & level 98 microns below this, as may be
noted in Fig, 10.k.

Figures 10.5 to 10.8 illustrate a similar series
of transections of a carpel from another floret, taken at
intervals of sbout 49, 71 and 154 microns respectively. The
position of initiation and direction of differentietion of
lateral procambial strand 1s also illustrated in Plate 244,
C=D,

By compar;ng the observations on the origin of the
median procambial strand in a younger (Plate 23A and B) and
a slightly more advanced carpel (Pig. 10.9 to 10.12 and
Fig. 10.13 to 10.17), 4t 18 tentatively concluded that the
strand initiates as an isolated patch of tissue at about the
middle region of the carpel snd thea differentiates both
asropetally ia the organ itself and basipetally to join the
mature strand below, in the axis,

 Although no earlier stsges than these (Figs, 10.1
to 10.4 and 10.5 to 10.8) could be found in the initiation
of thelateral procambial strand, bhowever, in the light of -

observations of its position of origin, and its discontinulty

T T
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Pigure 10,

Figs. 10.1 - 10.17..
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Transections of developling carpels,
i1lustrating the position of origin

of the median snd lateral procambial

strands,

Figures 10.1 - 10.4 and 10.5 - 10.8,
transections, cut at a series of levels,
or'the lateral procambial strands of
two different floretse,

Figures 10,9 - 10.12, position of
origin of median procambial strand,
Pigures 10,13 - 10.17, the same from

a different floret,
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above and below, the séme bipolar differeantiation may be
conoluded.

After the narrow elongated cells of the procambium
have orgenized into & strand, the latter increasses in diameter
mainly by the division of cells within it, while the addition
of cells may also 6ccnr on the beriphery of the strand,

These divisions are followed by little enlargement, so that
resulting procambisl cells remsin small in their early stages
of development, o

(11) Funiculsr procembigl sirand,

The strand that appears in the posterior wall (i.e.
next to the palea) of the carpel is known as the funiculsr
(or placental) strand. In the present study this portion of
the carpel has been regarded as axial in nature, (eee
discussion).

The procambium of the funiculer strand differentiectes
' much later than that of the median and lateral procambial
strends, At the time of initiation of these three strands
the funiculer procambium is represented by a few dividing and
very small cells at the very baaé éf fhe carpel.

3 Careful examination of serial transections of more
mature carpels left no doubt that the procsmbium of the
" funicular strand differentiaths acropetelly i.e. it 1s the
upwardly propsgating ends of more mature strands in the axis,
Representative serisl transections of a carpel are

{1lustrated in Figs. 11.1 to 1l.4. Figure 11,1 depicts the
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Pigure 11.

Figures 11,1 - 11.4, seriasl transections of a carpel

illustrating the acropetal differentiation of the funicular

procambiel strand and the vascular elements in it,

Fig. 11l. 1, terminal portion of the funicular procambial
strand with no vascular elements in it (Fpest)
(cut at the level of the base of ovary loculus),

Fig, 11.2, Median and latersl procambial strands with very
well differentiated phloem elements, while
funicular procambium does not show any.

Fig. 11,3, Vascular cylinder and median strand (before the
latter joins the former),

Fig. 11l.4. Vascular eylinder at the base of the carpel,

Note:- The small circles having been drawn in the phloem
eolls are not meant to indicate the presence of nuclei
in them, but just to distinguish theae frem the

surrounding cells,
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region of the posterior wall, at the level of the base of

the ovary loculus, At this level the funicular strand seems
to be composed of two groups of cells, Figures 11.2 and 11.3
illustrate the regions lower down and show ia addition to

the funicular strand, the descending two laterals and the
?adian strand Just before they join the vascular eylindar,
This is probably mainly formed by the union of these rour
strands and is present at the base of the carpel, see Flg.
11.h.

The funicular strand like the others increases in
its diameter by further divisioas within the strand and also
by eddition of cells on its periphery. The divisions within
the strand asre not always periclinally orientated, with
respect to the outer surface of the strand, they may be
~oblique or some times irregular as may be noted in Figs., 1ll.1
end 11,2,

The cells initiating the procambium of the funicular
strand, can easily be distinguished from neighbouring cells

by their denser cell contents and much smaller dismeter,

The floret has three stdmens,_one ie enterior in

position while two are laterally plsced, Easch stamen consists
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of a rather large four locular snther borneupon a filsment,
A single collateral vascular bundle, that is one composed of
both phloem &nd xylem elements, extends throughout the length
of filament snd the connective of the anther,

(11) Protophloem.

After the procambium has been organized as a strand
of narrow elongsted cells, further increase in the thickness
is mainly due to cell divisions within the strandwm. When
first differentiated the cells of the procembial strand can
only be distinguished by their small dismeter and by their
poseition, from the adjacent parenchyma and not by the density
of their cytoplasm, By the time the first vascular element
(i,e. protophloem element)differentistes the procambium
appears more distinct perhaps due to the progressive vacuOla-
tion of the surrounding parenchymatéous cells,

Shortly after the procambial strand is delimited,

a procambial cell near the outer periphery of the strand

(that 18 one on the side of the strand, nearest to the outside
of the floretg¢) starts showing the thickening, characteristic
of a sieve element,

The initiation of the protophloem of a stemen is
relatively early, in comparison with that of a carpel.,

Examination of serial traﬁsectiona of young florets
suggests that the first phloem element (one in transection)

originates in isolation at about the middle region in the

-
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anterior stemen. The same is most likely true for the two
lateral stamens also. |

The earliest visible differentiation of the sieve
element is the change in appearance of the cell wall, The
cell can be picked out from its neighbours by its thicker,
deeply stalned walls, although the cytoplasmic contents are
still as dense as in the other procambisal cells. The thick-
ening of the cell wall is more evident, at first, at the cell
corners, The mature sieve elements become much more con-
spicuous, due to their thickened walls and lack of stainsable
cell contents, as may be noted in Figs. 12.2 to 12.4 and
12.7 to 12.9 and Plate 283,

The earliest stages in the origin of protophloem -
(first sieve element) were observed in a stamen, which was _
about 252 microns high (inecluding its filament that measured
72 microns in length), The element was detectable about
72 microns below the top of the stemen and extended for sebout
96 microns in length. Probably 1t.was composed of two sieve
elements, arranged end to end in a single row, (Plgle264-¢).

Figures 12,1 to 12,5 and Plate 27A - C are serial '
transections of a young floret illustrating slightly later
stages in the differentiation of protophloem in an anterior
stamen, In Fig. 12.1 there is no suggestion of the presence
of a sieve element, whereas in a section cut 126 microns
below, which is represented in Fig. 12.2, it can be very
well picked up by its thickened and deeply stained walls,
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It cen Btill be traced in Figs., 12,3 and 12,4, which are 91
and 63 microns respectively, further down. However, no
sleve element is detected in the base of the filament, about
133 microns still further down, as may be noted in Fig, 12.5.

Plates 26 and 27B, each depict an immature sieve
element, It should be noted, though ite walls are already
somewhat thickened and deeply stained, that the oytoplasmic
contents are still as dense as in the procambial cells,
Plate 28B illustrates mature sieve elements, which are very
conspicuous due to their evenly tﬁickehed céll walls and
enuclesate condition. |

¥rom the pattern of their arrangement in later
stages, it is obvious thét the additionsl prdtophloem sieve
elements differentiate centripetally rrod the first, Even-
tuslly a cluster of sieve elements 1s‘formed néar the outer
periphery of the bundle, A

In the light of observations made on earlieg and
slightly later stages, to determine the:pos;tion of origin
of prdtophloem (first sieve element),—it is tentatively con-
cluded that the fifst protophloem elemght initiates gt abopt
the middle region of a stamen, and then difterentiates both
acropetally and basipetally. |

It {8 assumed that a similar éeqngnoe of atageé
oceur for the differentiation of first elements of proto-

phloem in the two lateral stamens,

[
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By the time a stsmen has the first protopﬂomn
elementa differentiated, the cells of the strand sppear much
denser snd smeller in diameter than the aéjacent parenchyma-
tfous cells in the region of the connective, This is most
probably due to the higher vacuclation of the surrounding
parenchymatgous cells in this region. However, the cells of
thorstrands are never found to be dlstinguiabable from tbé
surrounding celle in the filament. |

Protoxylem: - |

The differentiation of thé‘rirat element of proto-
xylem occnrs when two to four protophloem alements g?ﬁfﬁggﬁ;e.
It appeara near tbe inner mexrgin of the atrand, that 18 the
aide towards the inner surface of the stamen.

By the time tbe ﬁ.rst xylem element makes its
appearance, the anther 1s en elongatod strueture borneon a-
fairly well developed filement (the filament is about 360 |
microns high). | | | |

| Transections of young florets are used to dotermine
tbe positicn of origin of the rirst xylem eloment. |

The oarliest stages 1n the difrerentiation of the
first xylem element were observad in a atamon tbat measured
about 956 microns in hoight. In such a stamcn a patch of
xylaery elements exteadod for about 684 microns in length,
Pigures 12,6 to 12.9 1llustrate the position of origin of the
first protoxylem élemont in an snterior stamen. Figure 12,6

and Plate 28A depict the upper portion of the connective in
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transections, with no indication of the presence of a xylary
element, However, it can be easily distinguished from its
neighbours, by 1its characteristic secondary thickenings, in

a section about 60 microns below the top of the connective,
whiéh is represented in PFig, 12,7 and Plate 288, 1t can still
be detected in the young filament, Fig. 12.8, which is 252
microns further down, but no trace of it c¢sn he found below
the point where the filament joins the floret axis, as may be
noted in Fig. 12,9 and Plate 28C,

The sbove observations suggest that the first element
of protoxylem initistes at about the middle region of the
developing stamen, then later, elements differentiatesin both
8irections, 1.e. its differentiaticn is alsc bipolsr, like
that of the first elemeat of protophloem, These ohservations
are in conformation with the opinion of almoal all previous
workers, with respect to the origin of first elements of pro-
toxylem,

Bafore the rirst element of protoxylem differentistes,
~ the procambial cells are comperatively smell and their contents
dense, As the stage of protoxylem éifferentiation approeches,
the cells on the xylary side of the strand seem to enlarge
slightly so that in trsnsection they now s&ppear larger eand
less dense then those on the phloem, side. This difference in
vacunlation of cells at the two poles of the strand is not as
marked in the upper region of the connective s8 it is in the

middle region,



Figure 12,

Position of initiation of protophloem and protoxylem in

stamens,

Fig. 12,1 to 12,9, serial transections of young florets,
illustrating the position of origin
of the first protophloem element
(12,1 to 12,5) and protoxylem (12,6 to

12,9), in the anterior stamen,
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Even after the differentiation of the first proto-
phloem element, the procambial cells continue to divide, most
of these divisions are periclinal with respect to the outer
surface of the bundle., The resulting cells, when seen in
transection, tend to arrange in radial rows between the group
6f differentiated protophloem elements and the first differ-
entiating protoxylem element, though this orderly‘arrééement
is soon disturbed.

Presumably the samé sequence of events holds true
for the initiation of the first protoxylem elemsnt in the two
lateral stamens, although this was not investigated.

(b) Carpel.
(1) Course of strands in a mature carpel,*

~ The presence of four vasculer strands is associated
with the mature’cérpel of Tritioum, (one median, two later3155
and one funicular or placentsl strand). The median snd %wo
laterals are‘ipcaied in the ﬁeripberal region pf the o#aiy
wall, €ach opposite to the position of the respestive stemen,
Each lateral strand, after running up tbéioVary wﬁil, oniéig
a stigma, while the median, which is the smallest strand i 'ﬂ
terminates in the ovary wall Just below tbe tOp of the ovary.
The funicular strand, whicb 1s the largest, llea opposite
and runs upwarda to end in the region or the attachment of the

ovule,

* Here the word “Garpel“ 1ndicatea the structure that is made
up from a single foliar like structure and a part of the

- floret axis,
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It was observed that even up to the stage of
fertilization, the median and two lateral strands consist only
of eieve elements, No indication of the presence of xylem |
elements was detected in them, Xylem elements may perhapé be
produced after this stage, but this possibility wes not
persued,
| However, the funicular bundle in its lower region,
consists of both phloem and xylem elements as may be noted in
Plate 30 D-F. 1t appears semicircular in shape when viewed
in transection. The protophloem elements occupy the outer
circumference of the circular group of cells and protoxylem
elements are present in the centre,

In the case of both median and lateral strands, the
elements of protophloem‘are surrounded by narrow elongated
perenchymatgous cells, giving the strand a circular shape in
transection, though no proper sheath of cells is observed
around it. The circulsr shape of the median strand 1a'found
to be less obvious than in the case of laterals,

The number of vascular elements 18 fewer: in fhe
median, more £y in the lateral and most in funicular strand.

The mature elements of protophloem, in all the four
strands, are characterised by hav;hg thick, deeply staining
cell walls, unstainable cell contents (1f any are present,

88 has recently been postulated by Esasu (1963)) and enucleate

condition.
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(11) Protophloem.
(a) Median and Lateral Strands.

In the early stages of origin of procambial strands,
the procambial cells in sll the three strands of the carpel
appear slightly denser and show more avidity for stain uptake
than the adjacent cells,

Later on the procambium cells become easier to dis-
tinguish partly because of relatively higher vacuolation of
the surrounﬂing cells and partly to their characteristic
arrangement and position in the ocarpel wall,

The increase in thickness of the procambisl strand
prior to the differentiation of the first protophlosem element
is mostly by divisions of the aselle on its periphery., As
enlargement of the cells now follows easch division, the dia-
meter of the resultant procambial cells csﬁhot appear much
less than that of the neighbouring cells in transections,
though this tendency aeemﬁ to be more marked at the inner
pole of the strend (the xylem side) than the outer pole (the
phloem side),

The earliest indications of differentiation of a
phloem element are found to be the same as those desoribed
for the stamen. Until recently it was thought that the
phloem element has recognissble and staineble sell contents
up to the stage when the cell wall becomes thickened -

at the corners, but loses it at maturity. The work of Esau
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(1963) suggests however, that a thin cytoplasmic layer is
present even in a mature phloem element,

The examination of serial transections of young
florets, suggests that in both the median and two lateral
strands, the first element of the protophloem appears as an
isolated entity, and is not in continuity with the phloem
found further down in the more mature strands of the sxis,
Thus, it is not initiaeted as the result of a continuous up-
ward propagation from below,

In all three procambial strands (medien and two
laterals) the first protophloem element ecan first be detected
at about the middle region of the carpel, It appears earlier
in the median than in the two lateral strands,

The first protophloem element is observed in the
median strand of a carpel that measures about 1050 microns
high and in the laterals by the time it is about 1410 microns
high,

Figures 13,1 to 13.5 and Plate 29A = C illustrate
the position of origin of the first protophloem element in
the median procambial strand of the carpel, Figure 13,1
depicts the upper portion of the ovary wall in transection,
with no indication of the presence of a phloem element, where-
a8 it can be picked up very easily by its characteristic cell
wall thickenings and by the absence of stainsable cell content
in Figs, 13.2, 13.3 and 13.4, but no trace of it could be
found only LO microns further down, as indicated in Fig. 13.5.
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Figure 13,

Fig. 13.1 to 13.5, serial transections of a developing carpel,
illustrating the position of origin of
the first protophloem element in the

median procambial strand,



Figl3



105

In this particular materiasl, protophloem was observed gbout
160 microns below the top of the ovary wall, end it extended
for about 120 microns in length, and most probably was com-
posed of three elements arranged end to end in a single row,

Plate 29B depicts an immature protophloem element,
it may_beﬁggted:that although its walls are already somewhat
thickened at the Gorners and deeply stained (greyish black in
the microscopic preparation), the cytoplasmie contents are
still as dense and have gtained similarly to the other pro-
cambial cells. |

The examination of serisl transections of more
developed carpels show the presence of protophloem elements
in both eomparatively bigher and lower regions of the strands,
The above observations lend support to the conception of bi-
polar differentiation, that is, the first protophloem eloﬁéats
initiate in the ceatrel region, then they difrerentiate both
acropetally in the carpel and basipetally to join the more
mature strands in the exis,

(v) Ihe funicular stragd.

The funicular procambiﬁl strané‘alao increases in
thicknees by the division of cells within the strand and by
the addition of new cells on its periphery,

The appearance of protophloem and protoxylem
elemente in the funicular bundle is comparatively wmuch later
than in the'meaian and the two lateral strande, The funicular

strand is only represented by a patch of narrow elongated
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parenchymatg¢ous cells in the lower portion of the carpel,
when the other three strands are well differentiated, (see
Figs. 11.1 and 11.2), and the ovule has fairly well developed
integuments, |

The examination of serial transections shows that
the protophloem as well as protoxylem elements in the funi-
cular strand develop in continuity with the phloem and xylem

respectively, present further down in the more mature strsnds

of the exis, and not as isolated entitles, as observed in the
casesof the median and two lateral strands. Plate 30A -F
illustretes the differentiation of protophloem and proto~
xylem elements in the funiculer strand, their absence in the
upper portion of the strand (A-C) may be noted, while they
are very well differentiated lower down (D-F).

Furthermore, desplte careful examination of seriel
transverse sections of a number of mature carpels, in no
case (in the funieular strand) could either protophloem or
protoxylem elements be found, which were not in continuity
with the same tissues in the axis below,

In the funicular bundle, the number of vascular

elements decrease from the base upwards,
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Comparative Anatomy.

AVENA,

The arrangement of three merismetic or germ layers
(1,e., dermatogen, hypodermis and subhypodermis) in the spike=-
let apex and floret primordium is found to be similar to that
of Triticum, Figures 14,1 and 14,2 are longisections of young
aspices of Avena Bplkelets, illustreting the organization of
the above mentioned three layers in the spikelet apex as well
as in floret primordium (Fp). The pattern of development of
the lemma (L) snd anterior stamen (As) is also depicted in
the sesme illustrations, dlgg as in Triticum the stamen of
Avena initiates by the periclinal division of two to three
subhypodermal cells, see Fig, 1lh.l. Whether these divisions
are followed or seccompanied by the periclinal division of
hypodermal cells is‘not certain, however, the formation of
new periclinasl walls in these cells have been observed in
later stages of development.

For the initiation of the lemma, one to two hypo-
dermal cells undergo periclinal divisions Fig, 1lli.l, whieh
are most probably followed, in the same number of dermatogen
cells, by similar divisions. That most of the bulk of the
lemma is derived from the depmatogen is evident from Figs,
14,1 and 14.2 at L.

The origin and course of development of the carpel

in Avena is comparable to that of other members of the
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Graminae, That 1s, the carpel initiastes on the abaxial side
of the floret axis by periclinsal divisions of a few hypo-
dermal cells, which are followed or accompanied by similsar
divislons of two or more dermatogen cells, see Fig, 14,3,

1t continues its initiation circumferentially around the

exis by similar divisions Fig., l4.4 at C", The difference in
the level of insertion of the ad- and sbaxial sides of the
carpel is not as marked as is observed in Triticum,

In the subsequent development of the carpel, the
dermatogen contributes more than the hypodermis, as is
evident from Fig. 14.6, where tiers of cells derived from
the division of dermatogen cells for closing the top of the
ovary c¢an be seen,

The filement makes its appearance fairly late in
the development of the stamen. Figure 14.5 indicates the
commencement of development of the filament,

Plates 31 and 32 (A~C) are trasnsections of & young
stamen and carpel (respectively) illustrating the early
stages in the differentiation of procambial étranaa in them,
The 1llustrations shown in Plate 31 (A-C) are taken from
- sections, 48 and 24 microns apart and those depicted in
Plate 32 (A=C) are 24 and 36 microns apert. In the material
examined the procambial strands in both organs were found in
continuity with the mature ones below, in the axis, although

the outline of the procsmbial strand is more disceraible in
the middle region than below,
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It indicates either that the differentistion of
procambial strands in the floral psrte of Avena is acropetal
or that the materisl studied wae older, where the procasmbial
atrauda have already Joined the mature strands of the axis
after their independent origin. | |

Secale gereale (Rye) |

The mode of origin of the carpei in Secsle is
similar to that found in nggiogm. The pattern of dermatogen
cell divisions in the early development of the carpel indi-
cates, that this layer contributes moet in the formation of
its tissue, The difference in the levels of insertion of the
anterior (median) and posterior portions of the carpel 18
even less than that observed in the cases of Avens and
Triticum, The etages in the initiation and early development
of the carpel are more or less comparable to those illustrated
by Sharman (1945) for the vegetative leaves of Agropyron.
| The early stages in the differentiation of pro-
cambjial strands have been followed only in et#mena, wheée
they are found to be initisted as isolated small patches of
elongated, darkly stained cells, more or less in the middle
region of the organ. From here they differentiate in both
directions, that is acropetally in the ;tamen itself and
basipetslly to join the more mature atrands,down in the exis.
In Pig. 14.10 owing to the fact that the section is not
perfecotly boriséntél tbe two lateral itamons show the upper
and lower cxtremitiog of their developing procambiel strands,
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where these are represented by a few periclinally dividing
cells only, while the anterior stamen shows the middle of
the developing procamblal strand where it is relatively well
developed, It should be noted that the outline of the pro-
cambium in the anterior stemen is more marked then in the
upper lateral stamen (which is cut higher), and is wider in
croas section than the one shown in the lower latersl stamen
(which 18 cut lower than the anterior stamen).

In the illustration mentioned sbove, the section
of the upper lateral stamen i1s 36 microns below the top of
the stamen. The anterior and lower lateral stamens are
sectioned 108 and 120 microns below the top of the stamen
respectively.

In a section of the same florets 36 microns lower
down, the procambisal strand is not discernible in the lower
lateral stamen, see Fig. li.ll, and the procambiel strand in
the anterior stamen is not clearly outlined as it sppeared
in the upper section (Pig. 14.10). | |

Hordeum distichon L.

Only a few longisections were taken to see the
initial and developmental stages of the carpei. but the
material was rather 0ld for these stages and only tye develop-
ment of integuments could be observed.r |

In Hordeum also the ovule besrs a pair of 1nte-
guments (i.e., outer and inner). Sachiintegument 18 composed

of two layers of cells, the pattern of divisions in the
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Longisections of developing spikelets

of Avena.

Shows the arrangement of dermatogen (D)
and hypodermis (H) in the spikelet apex,
and also the developing floret primordium
(Fp), and lemma (L).

Development of an anterior stamen: (As),
Initiation of carpel (C').

Later stage in the initiation of the
carpel (C' = the aanterior and C" = the
posterior portion of the carpel),
Longisection of a young stamen of Avena
(cut at right angle to the plane of
glumes) showing beginning of the fila-
ment at its base,

Longisection (at right angle to the plane
of glumes) of a developing carpel of
Avena, showing periclinal division in
vhe dermatogen cells of "ovule", for the
initiation of the integument and also
repeated periclinal divisions of derma-
togen cells on the inner face of the
ovary, producing tiers of cells for
closing the top of the ovary losulus,

The development of integuments in Hordeum,
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Figure 14 (esontinued).

Pig. 14,8 and 14,9, Initiation of the carpel in Secals.
Fige 14,10 end 1L, 11, Differentiation of procambial
strands in the stamens of Secg;g;l
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terminsl cells indicates that growth is apical.

Figure 14.7 depicts the longisection of a carpel
(in the plane of glumes) in which thé upper and lower halves
of both 1nteguments (outer and inner) are seen to be equal.
From thise observation it can be assumed that in Hordeum the
integuments initiate in the form of concentric rings, and the
rate of growth is uniform all over the margin of these rings,

Qryss sativs (Rice)

Oryza sativa has been found most difficult, not
only to orientate materisl, due to amallnéss of the florets,
but also to preserve, Both F.A,A., and gluteﬁaldehydo were
tried., Although gluteraldehyde produced better results, it
was 8till not satisfactory.

The course of initiation and esrly development of
the carpel could not be followed Que to'tbe poor preservation
of the tissues, however, the longisections of young florets,
see Figs. 15.1 to 15.3 indicate that origin and development
of the carpel in Oryza probably also follows the general
pattern of initiation snd development of the carpel in
grasses,

The early stages in the developmeat of procambial
strands were followed in etemens only, In the floret atudied
for this purpose there were only four stamens instead of the
usual six, In all stamens, it was observed that procambial

strands were in continuity with the mature strands of the
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Figure 19,

Figs. 15.1 to 15.3, longisections of florets, showing
general pattern of development of the

carpel at C' and C" in Oryza.

Note in 15,2, the tier of cells derived
from the longitudinal divisions of
dermatogen cells for closing the top

of the ovary, and in 15.3 the periclinal
divisions of dermatogen celle on the
upper side of the future ovule, for the

initiation of integuments,
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axis, even 1f they had originally been initiated independ-
ently as isolated patches. To check whether the different-
istion of procambial strands in florel appendages is actually
in continuity with the older strands of the axis or whether
the material studied was too 0ld to show the earliest stages
of procambial strands initletion, still awaits further
investigations,

Figure 16,1 depicts the stamen in transection
about 30 microns below its top, where the procambium is re-
presented by a few dividing cells, whetéas a detectable pro-
cambial strand is present in the illustrations shown in Fig,
16.2, and 16.3, which sre drawn from the sections taken at
intervals of LO microns snd 20 microns respectively, below
the prévious section. Figure 16,4 18 the outline drawing to
show the pattern of arrangement of palea and lemma, at the

level shown in Fig. 15.3.
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Differentiation of the procambial strand
in the stamens of an Qryza floret,

16.1. ToS, of terminal portion of the
stamen with no distinct procambial strand
in it. |

16.2. 40 microns below, a patech of
longitudinally dividing cells is dis=-
cernible in the same position,

16.3. 20 microns further below shows
the presence of well differentiated
procambisl strands,

16.4, Outline drawing of the floral
parts at the level shown in diégram
16.3.'
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Discussion.

The orgahization of three meristematic layers (i.e.
dermatogen, hypodermis and subhypodermis) in a spikelet apex
is similaer to that of a vegetative apex, as described by
Rosler (1930) for Triticum and by Sharman (1945) for Agropyron.

Periclinal divisionﬁ in the hypodermal cells, followed
or accompanied by similar divisionﬂ in the dermetogen cells
is found to beva constant feature for the initiation of &ll
the leaf~like organs, A similar sequence of stages occur in
the 1nitiétion of vegetative leaves, as observed'by Barnard
(1955) in Triticum, Bonnett {1961) in Avens and Sharman (1945)
in Agropyron.

There is a striking similarity in the initiation and the
eerly development of the lemma; pelea, lodicules, carpel and
the integuments, |

It cannot yet be ascertained whether tbe main bulk of
these organa 13 derived ea%&reiy from the dermatogen or from
both the dermatogen and hypodermis.‘ At any rate, the sub-
hyﬁodermis end the cells internsl to this layer probably
contribute nothing. In the casesof the 1ntagumenta; it is
tound, that tbough periclinal divisions oceur in tbe hypo~-
dermal cells, the resultant cells eontribute nothing in their
development, and the integuments arise by the sole activity
of dermatogen cells, The present observationa are in eon-

formation with those of Barnard (1954) and Bonnett (1961).
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According to Holt (1954), in Phalaris and Dasctylis,
glumes, balea and lodicules are derived solely from the two
layers of the tunica, (i.e. dernatogen and hypodermis),
whereas the folisge leaves, sterile bracts and carpel ure
initiated in the tunica and derive a portioh of their central
mess from the peripheral layer of the corpus, However, his
illustretions (Figs. 9, 10 and 11) do not indieaté any
difference in the initietion of foliege leaves, glumes,
lemmas, sterile bracts and the carpeil,

In the formation of floret and stemen primordia peri-
clinal divisions are never observed in dermatogen cells,
They are, however, always found in the subhypodermal layer,
and do frequently occur in the hypodermal layer too.

In the material used for the present investigation,the
floret primordium is initiated by periclinal diiision- in
the cells of the subhypodermal lsyer, which are regularly
followed by gimilar divisiens in the hypodermal cells, The
hypodermal cell that lies téward- the centre of the 1n1t1a1;
enlarges before its division. Barnard (1954, 1957) holds
that the divieion of the centrel cell is only occasional in
T, sestivym and ggggggg, but almost always ocours 1h other
lpéci;- of Graminae examined by him,

Although the histogenesis of the floret primordiuﬁ is
not deuerxbéd by Holt (i95h)» while investigating the in-
floreasdences of zhgiggig and Dgetylis, he included illust-
rations which show the periclinal divisions in the cells of
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the subhypodermis and hypodermis in the expected positions,
{Fiés..lo, 11, and 12). Also, a8 pointed out by Barnard
(1957) the 1imit of the “tunica" has been inaccurately shown
by Holt.

The observations and moat of the literature avallable
on grasses have shown that the early ontogeny of the floret
primordium is very pimiler to that of & spikelet primordium
(Barnard (1954)) end an axillary vegetative bud (Hs& 194k,
Bonnett 1961). Furthermore it is homologgous to them (i) in
having similar organigzation of its meristematic tissue,

(11) in bearing lateral organs, and (iii) in that, it is sub-
ténded by a "leaf-like" structure i.e, lemma, Thus it cam.
safely be regarded as an equivalent structure to a lesafy
shoot though its exis is very short, A similar inference has
been drawn by Barnard (1954) end Bonneit (1953).

The initiation of the stamen 1a,eaéentially similar to
that of the floret primordium. Baraerd (1954) noted the peri-
clinal divisions in the hypodermal cells on the lateral peri-
pheries of the future floret primordium., Hypodermal divisions
in the same position have been obaerved, in the case efvthe
stemen, in the present iavestigation (Plate 8, A-0). Occa-
sionally a hypodermal cell that lies in the centre of the
initial divides periclinally, but does not enlarge as has
been observed by Barnard (1954, 1957) in I. aestivum, as well

a8 in other species of Gramineae.
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Periclinal divisions of the cells of the subhypodermal
layer are found to be characteristic of both the floret pri-
mordium and stamen initiation, whicharée usually followed in
the adjacent hypodermal cells by similsr divisions. This
mode of origin is comparable with that of an axillary vege-
tative bud, as illucidated by Bonnett for Avena and HsW for
" 8inocalamus, In vegetative buds periclinal divisions may
occasionally be found in the hypodermal cells, but not as &
regular feature,

The similarity between the mode of initiation of @
stamen, floret primordium and an axillary vegatative bud is
very interesting. According to classical theory the stamen
is a modified foliar structure, this conception has also been
maintained by most of the relatively recent workers, who
studied comparative morphology or histology of vegetative and
floral apices in the diodtyledons (Brook 1940, McCoy 1940,
Boke 1949, Tepfer 1953). Although their descriptions of the
stages of stamen initiation do not differ from the present
obéervations, at the same time, in connection with leaf
. formation, no periclinal’aivisiona in the cells of the outer
layer (dermatogen) were observed by them, and in almost all
cases periclinsl divisions in the cells of the outer layer
of the corpus (suohypodermis) were encountered.

Presumsbly, periclinal divisions in the cells of the

outer layer (dermatogen) in leaf formation in most of the
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angiosperms (especially in dicotyledons) is rare. Thielke
(1957a) stated, "such divieions in the T, layer and proli-
feration of the leaf epldermis itself by periclinsl divisions
appear to be more common among monocotyledons than_among
dicotyledons" (quoted by Clowes 1960). However the presence
of the periclinal divisions in the outer layer of the corpus
(at least in some cases) might be interpreted as of the
similar nature to those observed by Barnard (1954) in rela-
tion to the origin of the lemma of T, aestiwvum,

Certisn differences in origin have been enocuntered in
the grasses, by almost all previous workers, between the
initial stsges of formation of a foliage leaf and of an
axillary vegetative bud, Similer distinctions ere found to
be present between the origin of a leaf-like structure (lemma,
carpel, etc,), and of a stamen, in the present study, which
are also in agreement with Bonnet (1953, 1961), Barnard (1954)
and S8harmen (1960), Thus, it is logical to deduce that a
stamen is bud like in its origin and it 1is an axillary
cauline structure, at least in the gresses, Holt (1954),
though he 4id not describe in detail the origin of the sta-
mens with respect to the initiation of the inflorescense of
both Phaleris and Dactylis ooncluded by ssying, “Stamens and
pistils are derived from both the tunica and the corpus",

He has regsrded stemens as "leaf-like" atructures in their
derivation, with respect to Avena (1955). However, his

illustrations showing histogenesis of the organ are not
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dirferent from the ones presented in this investigsation,

Tepfer (1953) comments that, "Recent workers in develop-
mental anatomy have sometimes claimed it is possible to
determine whether an organ is foliar or asxiesl by exaemining
the position of divisions in the shoot apex that initiate
the organ", |

He refuted the above claiun by saying, "The question of
whether a structure is axial or appendicular cannot be re-
solved by determining in which layer  or layers. of the shoot
apex it originates (Foster 1949). Variations in initiating
layers exist within the same species and between different
species®.

The present writer agrees with Tepfer, that up to a
certain extent it is arbitrary to distinguish an organ from
others, only on the basis of the seat of its origin, unless
it is coupled with other aspects as well, in favour of this
distinction (e.g. vescular snatomy, ete.), but at the same
time it is reasonable to suppose that a division of a parti-
cular cell is not effected by the physiological astivities of
that cell only, but of those also encasing it, Thus, the
regular occurrence of certian divieions, in certian regions,
in a particular pattern,must carry some validity. As far as
variations in the initiatiag layer or lqieru are concerned,
the number of such instances encountered by werkers is still
limited and presumably they may be induced in nature,
_varistions in the number of tunica layers (i.e, initiating
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layers) have been induced by application of growth substances
(indole-acetic and indole-propionic acids), by Ball (19hh)-

Despite this, the conclusion arrived at by Tepfer for
the similar origin of all appendages, in the case of
Aquilegis and Ranunculus, sppears to be partly based on the
grounds of their seat of origin,

The palea initiates and develops strictly as a foliar
structure. rericlinal divisioas in hypodermal cells, at its
initistion, are a regular feature and not occasional as
noticed by Barnard (1957) in other members of the Greaminae.
The initial stages for the palea snd the stamens seem to be
simultaneous, becsuse in no sections (longisections) of
- floret primordia have the initial steges of one been observed
without those of the other., Bsrnard (1954) thinks the palea
begine its initistion earlier than the stamens, However,
the {llustrations given by him do not support this view
(Figs. 6D, and 7A, Plate 4, and Figs. 3 - 6),

Very shortly after the initiation of the palea and the
stamens, gonniis of the lodicules occurs, Barnard holds that
the atamens and the lodicules initiste at the same time,
although his 1llustrations do not indicate that this is so
(Plate U, Fig. 4). | |

Holt (1954) found that the lodicules are folier in
nature; scoording to him each lodicule derives exclusively

from the “tunica" (i.e. dermatogen and hypodermis).
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In the present study thelr initiation and early develop-
ment has been found to be simllar to that of leaves or leaf-
like structures, that is, in complete agreement with Barnard
(1954), Arber's studies on their morphology, slsc lend
support to the view that they are foliar in nature. Further-
more the pattern of their vascularization also strengthens
the present contention,

Bonnett (1953, 1961) regarded lodicules as axial
structures, according to him they initiate and develop due
to the activity of the hypodermis and subhypodermis, a
characteristic ascribed to the origin of a bud or bud-like
gtructure.

-It seems most likely that Bonnett observed the area

that is situated just below the anterior stamen (or immedia-
tely on either side of it), where lodicules are only being
initiated by periclinal divisions of hypodermal cells, as

the periclinal divieion in the cells of the dermatogen layer
~ and further development of the two lodicules is restricted to
the two areas occurring between the sasnterior and two lateral-
ly placed stamen primordis,

The periclinal divisions in the cells of the subhypoder-
mal layer, at the time of initiation of lodicules, has also
been observed in the present study. The nature of these
divisions might be similar to those occurring in relation to
the origin of the lemma, as observed by Barnard (1954) in
Triticum, He states "A perieclinal diviasion of several sub -



129

hypodermal cells may occur, These cells do not divide sgain
for some time s0 that the subhypodermis econtributes nothing
to the tissue of the lemma", This aspect has not been
persued closely (for the lodicules) in the present study,
though by the pattern of the arrangement of cells in their
early developmental stages, it can be presumed that only the
outer two layers (dermatogen and hypodermis) contribute to
their tissue (see Plate 10C, 11C, 12B),

These periclinal divisions in the cells of the sub~
hypodermal layer may be concerned with the increase in
circumference of the floret primordium for, ss may be noted
in Plate 10 A~C, these divisions of subhypodermal cells are
not restricted to the initiating region (vertical plane) of
the lodisules, but sxtend over the whole area of the floret
primordium,

The pattern of the vaacular system observed in each
lodicule is in conformity with the views of Arber (1934) and
Bonnett (1961), though the vascular strands in the body of
the lodicule of the materisl stﬁdied, consist of more
vascular elements than described by Bonnett in Avens.

Esch vascular strand (at least in the lower regions)
consists of both xylem and phloem elements., The absence of
the phloen elements have been reported by Zudersll (1909)
for sbout 50 species of Graminae (quoted by Arber), and
by Knobloek (1944) in Bromms, bus it 4s felt that for Brouus,
at least, this needs re-examination,
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The nature of the carpel in grassees is still the subject
of controversy, for this reason particular attention has been
given to ites early ontogeny in the present study.

The initistion and early developumental stages of the
carpel sre very emmael- comparable to the origin of a typical
grass leaf, that 18, it 18 initisted on the anterior side of
the floret apex by periclinal divisions in the cells of the
hypodermal layer, followed by similar divisions in the der-
matogen cells., From here the divisions spread laterally
sround the base of the floret apex., Before completion of
this latersl growth the protrusion formed by the earlier
divisions begins to grow upward. Thus apical growth and
lateral expansion combine to produce a structure that is
highest at the point of its origin and slopes down along the
margin,

This acoount of the initiation of the carpel is in com-
plete agreement with those of Barnard (1954, 1957) for T.
aestivum, Bonnett (1953, 1961) for Zea and Avegne and Sharman
(1960) for Anthoxanthum. — , 1 :

Holt (1954) holds that both in Phglaris snd Dactylis
the carpel derives from both tunica and corpus. However in
the illustration (Fig. 12, P,617) given by him to support
this conclusion, the limit of the tunica has been shown
inaccurately.

The grass carpel (or gynoecium of other workers) init-
iates and develops as a single entity, throughout its genesis,
It does not give the slightest indication of being a syncarpous
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gynoecium, If the usual concept of a tricarpellary gynoecium
is accepted (that is generally postulated for the gramineocus
gynoecium) then three carpels should be represented at least
in the early ontogeny of the carpel,

Contrary to this, after it originates on the abaxial
eide of the floret axis, the initiation of the gynoecium is
continued round the axis, and it develops as a sinéle lateral
structure,

The same sequence of events in the ontogeny of the
carpel has been observed by Barnard (1954) and Bonnett (1953).
Bonnett was not, himself, sure about the tricarpellate
nature of the Zea carpel so he commented, “The tricarpellate
nature of the plstil is not indicsted from its external
appearance during its initiation., It appears to be a unit.eees
The tricarpellate nature of the maize pistil must be arrived
at from evidence other than obtsined from a study of its
initiation and early steges of development”, Essu (1953)
also thinks that the grass gynoecium arises as a single unit,
and does not reveal ontogenetically the three carpellate
structure generally associated with the Gramineae flower.

¥ith reabeot to Phalarig end Dactylis, Holt (1954),
states "The ontogeny of the carpel, in the grasses of the
present study, does not show tricarpellate condition. On
the contrary, the carpel develops as & single foliar structure

and is uniloculate at maturity".
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On the basis of study of vascularizstion of adult
florets only, Arber (1934) has interpreted the grass gynoe-
cium as tricarpellary in nature, According to her, the
median and two lateral traces represent the midribs of three
carpels, while the funicular bundle (placental )and two more
bundles (x = y) which occasionally occour are formed by the
fusion of marginal bundles of these three carpels, This
view was supported by Chandra (1962) on similer grounds, On
the first hand, the validity of this interpretation is doubt-
ful as it is based on the study of vascular system of adult
carpels, Even if it is accepted 1t is difficult to see what
explanations ¢ould be advanced for the following:-

(a) Why the median and tio lateral strands represent
the mid viens of three carpels, when with equal
justification they ean be regarded as three strands
of a single carpel,

(b) What oonclusions should be drawn for those instan-
ces where the number of vascular strands in a
carpel is less than three, e.g. in Hardus stipicts,
where the single style is served by one anterior
strand only and one posterior (funicular) strand

supplies the ovule,

*Foot Note:~ Arber has regarded (in some bamboos), the mediam
strand as "c" two laterals as "b" and "a" and the two strands
that oceur oécasxonally between the median and two laterals

as 'x" - %y,
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If, sccording to Arber's interpretation in the
sbove example (b), the midribs of two lateral
carpels are missing, or in other words two latersl
carpels have been reduced to such a point as to
lose not only their external individuality but
even their vascular strands, then how can the
presence of the presumed fused marginal strand
(funicular) be explained?

Again, in cases such as Danthonia, where the carpel has
no median strand (quoted by Barnard 1957) a tricarpellate
interpretation is hard to accept,

In the present investigations, the findings on the
vascular strands of the carpel indicate that the fumicular
strand is not only different from the other three buandles
(median snd two laterals) in ocoupying a bigger area in
cross sections (in thé‘lower.regions), but also differs in
its early ontogeny and adult structure,

(1) The procambis originate as isolated patches of tissue
in the positionsof the future median and lateral strands,
then their further differentiation 18 dipolar., The
same holde true for the origin and difrerentiation of
the first clement of protophloem in the median and
lateral strands, whereas the differentiation of the
procambium as well as the vascular elements in the funi-

ouler strand is acropetal, .
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(2) only sieve elements have been found in medisn and
lateral strands (up to the time of anthesis) while very
distinct xylsry elements have been observed in the
funicular straﬁd.

(3) The funicular strand is more or less semi~-circular in
its shape, on the other hand Arber's (1934) outline
drawings of x and y strands (whenever they &re piesent)
of certien Bamboos suggest, that these strands are more
similar in their outline to median and laterals than to
a funicular strand.

(4) Purthermore, after examining serial transections of
falrly well developed carpels, it appeared that the
funicular strand does not represent a large single
bundle; it appears more like & group of small strands,
In the light of the above observations, one is tempted

to eonclude, that the p@otenior wall of the grass gynoecium

with its bundle is different from the anterior cne and is
most probably axial ian nature,representing the part of the
floret axis just below the terminus, which bends downwards

and develops into a single ovule (Barnard 1954, Bonnett 1953,

1961).

The median and lateral strands represent the strands of

a single carpel, the number of these utﬁnnﬂp may vary

occasionslly.

This concept is also strengthened by observations on
the order of differentiation of procambisl strands in
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Triticum leaves, where it is found that three procambial
strands (medien" and two “lsterals") appear first, followed
by others, as may be noted in Plate 25 at post, The median
bundle is reduced perhaps due to the pattern of growth of

the carpel in Tpiticum., Arber observed its exteneion into the
anterior "style" (whenever it ie present), in some of the
bamboos (e.g. Schigostachyum).

The folisge leaves of Crocus, have an interesting simi-
larity to Ipiticum carpels, in that each has a very small
median bundle in comparison to laterals,

It appears that there is a divergeace of epinion about
the position of insertion of three csrpels on the floret
axis., Bonnett (1953) thinks that the side of the floret
apex next to the lemma bears two carpels and that one is
born on its adaxisl slide i.,e, next to the peles, whereas
Arber's description suggests that one is anterior and two
are posterfo-laterals in position.,

Barnard (1957) bolds that the grass gynoecium ias Compo~-
sed of "three, and possibly four fused foliar structures”,

The view of the presence of four carpele in a grass
gynoecium (at least in Triticumy) is not supported histo-
genetically, even in the light of Barnard’'s own observations
(1954, 1957), which are in complete asréamnnt with the
findings of the present investigation.

He came to the above conlcuaion decause he recognised

an snterior, two lateral and a posterior unit to the grass
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gynoecium, and postulated,they do not represent the parts of
a single carpel, but that each constitutes an individual
carpel, as they are inserted at different levels on the
floret axis,

Another interpretation of the sloping insertion of the

carpel seems to be explained as follows:-

(i) The insertion of the grass foliar leaf is also
sloping because it is initiated first on one side
of the shoot apex, then continues its initiation
gradually at a higher level circumferentially

 around the axis (Sharman (1945)), although the
difference in the insertion of the two sides of
leaf is not @o marked as in the carpel, In the
carpel, this may be dus to bending of the apex,
produced by elongation of the cells in the posterior
region of the spex, which might be pushing the
regioa of initiation of the carpel upwards,

(11) A sloping inaeriion of a single carpel might be the
result of some physiological factor, so that the
cells far from the apex (on the posterior side) are
less metabolically estive than the cells nesrer.

' Whether or not there is such a difference in meta-
bolic asctivity, and if so, what are its osuses,
must await further investigatiens,

- The illuatrations depicting the initial stages of the

carpel of Secale (Figs. 14.8 and 14.9) do not show such a
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marked difference in the level of insertion of anterior and
posterior portions, as is noticed in the case of Triticum

and Avena. It is also noted that the bending of the develop-
ing ovule is not as marked as in others (Iriticum, Avena) im
the early ontogeny of the carpel.

Probably the angle at which a developing ovule bends
in the early ontogeny of the carpel and the angle of the
insertion of a developing carpel are inter-related,

In support to the individuality of lateral carpels,
Barnard, putting forward another argument, says “Towards the
tip of the style, in the stigmatic region, there often
appear in addition to the main provascular strand one or two
other small groups of provascular like cells, One of the
groups is situated at each side of the styler braanch near
ita inner surface and the general structure of each branch
of the style at this level is comparable to that of the tip
of a young lemma", '

In the material used for the pressnt study, the pre-
sence of such provascular like sells near the inaer surface
of a atigma (atyler branch) could not be detested, Perbaps
Barnard lds mistaken for provaseular strands, the tissue
which Essu termed as “"stigmoid tissue". Furthermore the
illustrations given by him, for the comparisen between the
tips of lemma (Plate 2, Fig. i) and styler branch (Plate 2,

Fig. 2) are not comparable in the true sense.
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One of the ressons Barnard advanced for postulating the
posterior wall of the carpel as an individéual unit is:- “"The
cccurrenée of a leaf gap in the provascular cylinder of the
exie in thet position which a trace to a posterior unit would
submit"., Careful examination of serial trensections of the
developing ¢sarpels left no doudbt that this “gap" (posterior)
is non-existent in the material studied.

Bernard referred to Arber (1929), concerning Bsmbyss
pana Roxb., snd species of Ochlandra, where she has desori-
bed the occurrence of six vascular traces and five, 8ix or
occasionally more styler branches in the gynoecium and con-:
cluded, "that more than four carpellary unite were involved
in the gynoecia of the prototypes of the gramineous flower",

What explanation would Barnard advanné for those foliar
structures, which bear more than one projection at their
mergins and their singular entity is an sccepted factor?

For instance, in Aegilops govata L. both glumes (see Plate

6D) and lemmas sre prévidcd with a number of projectioas,
each being supplied with e vascular strand. In Melics
unifiore. Rets a curious projection is noticed, that de-
velope Trom the top of the "fused" edges of the leaf sheath.
This projection is a slender bristle like structure, 1 to

L mm., long, which ocours on the side opposite the leaf blade,
as may be noted in Plate 60, yet the single nature of the
leaf in Meljica has not been doudbted on this ground,

It is also very interesting to note, that a temporary
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phase, that ocours in the development of the flag lesf of
Secale is comparable to that of the Triticum carpel, In
Secale, for a short time the growth i1s more active at two
regions along the lateral margins than at the tip of the
leaf, A8 a result two small protrusions are formed at the
lateral margins, as may be noted in Plate 6A and B, How-
ever, soon after, the asctive growth of the tip is renewed
and it assumes the typical shape of the folisge leaf,

The ovule appears to be terminal in position through-
out its development, there are no eiidenoes in ontogenic
development of histogenesis to shci that the owvule in
Triticum is axillery as postulated by Barnard (1957).

Both integuments commence their initiation from one
and the same side of the ovule (upper side), 1: .60, tbqudo
not alternate in their position of origin on the ovule as
was expected, The inner integument is initiated eerljiper
earlier than the outer one,

Histogenesis of the cerpel, therefore, strongly suggests
that the carpel in grasses (at least in Triticum) is a single-
"leaf-like structure", It originates on the anterior (or
abaxial) side of the floret axis, then continues its in-
sertion around the floret axis at gradually higher levels.,
As a result, the posterior wall of the carpel, for most of
its length, is axial in its nature, as indicsted (Jdisgram-
matically) in rig. 17.4 The top of the posterior region of
the carpel is formed by the fusion of the two margins of the

carpel.,
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FPigs, 17.1 to 17.3, disgrammatic representation of the

Fig, 17-‘-"

origin and direction of propagation of
three procambial strands (median end
laterals) in the carpel, The pattern
of origin and differentiation of the
first phloem element is similar,
(These dlagrams have been constructed
after examining serlial transections bf
carpels of different ages),

diagram to interpret the lnsertion of
the carpel on the floret axis (the
laterai and the lower margins of the

carpel sre shown in dotted lines),
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Most probably, the anterior half of the vasculsr cylin-
der, (which is present at the base of the carpel), is formed
by the. "descending" vascular elements of the median and two
lateral stranda; wheress the vascular olomeﬁt- of the
posterior region are acropetal in thelr differentistion and
are continued in the funicle of the ovule as the "funiculer
strand", as mey de noted in Fig. 17.k.

in the light of observations made in the present in-
vestigetion, it is concluded, with respect to the procambium,
that eech procamblal strand originates as an isolated pateh
of cells (a) ia the position of the future median and
lateral strands of the carpel and (b) slso in all three
stemens, at about the middle region, by the longitudinal
divisions (parallel to the long axis of that organ) of a
few cells, Then it continues its initiation both ecropetal-
ly and basipetally by similar divisions,

Ho detailed sccount has yet been found about the origin
and differentiation of procamhlal'otranaa in monocotyledon
flowers (at least in grasses). Bonnett (1961) seems to be
the only one mentioning &ifferentiation of procambial
strands in the floral parts of grasses; he thinks that
progsmbial stranés develop ecropetally in styles, His con~
elusion is open to doudbt, as he studied only rather ¢ld |
material, However, ssropetal, bipolar or even entirely
basipetal differentiation have been reported for monecoty-

ledon leaves,
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HeW (1944) holds that the differentiation of procembial
strands in the catasphylls of Sinogcelssms is bipolar, He
states, "Provascular cells originate at the base of cataphyll,
then differentiate both acropetsally into the folier primor- |
dium and basipetally to become connected with elder 3trands
below",

Sharman (1942) suggested sll three types of different-
iation amongst the procambial strands of the various types
of bundles found in Zes leaves,

According to him, the median procambial strand of the
leaf differentiates acropetally from the axis into the lesf
(he also assumes that it has a basipetal course in its
lower part within the stem), the laterals differentiate
basipetally into the axis and acropetally into the leaf from
somewhere near the base of the leaf, whereas smaller strands
(strands zntezpoluting between the lateral ones) different-
iate basipetally and appear at the spex after the laterals
reach their highest positions. '

Bugnon'(l92h) has elso noted that the initiation of &
procsambial strand im Melica and Dactylis leaves ocours
independently of all the pre-existing conducting aystem,
lower down in the stem, Further differentiation of this
procambial strand is bipolar, that is, it differentiates
acropetally in the leaf to form the median buadle and at
the same time pursues very rapidly its differentiation to-
wards the base of the stem, '
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Clowes (1960) supports Sharmsa's view for the longi-
tudinal order of differentiation of the procambial strands
in Zea mays leaves by saying "It mey, st first seem 043 that
the vascular system of e leaef should differentiste partly
acropetally and partly beaeipetally., But the state of differ-
entiation dspends on the ege of the celle and this depends
on the positions of the meristems, Until the primordium is
three plastochrons old in Zea, meristematic activity ias
greatest at the tip, therefore, the basal cells, in genersl,
have spent & longer time since the last mitosis than have
the cells at the tip, During this period we might expect
acropetal differentiation and this is what is found, When
the primordium is older, the meristem is at the base of the
leaf, the cells at the tip are therefore the oldest, aend
differentiation is basipetsl”,

Clowea further states that "Many monocotyledons have a
meristem at the base of the leaves which peraists beyond the
primordial .tagt........'and it mﬁy be that it is a result
of the presence of this intercalary meristem that some
plants do show a reversal of the normal direction of differ-
entiation in the procambiel atrandg“. If this is so, it
might be presumed,thet the presence of such intercalary
meristems in the developing stamens and carpel of Ipiticum
is responsible for this bipolar differentiastion of the pro-
cambial strands,

Bsaw (1944) slso seems to co-relste the direction of
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differentiation of procambial strands with the maturstion

of eells in that particular orgsn, as she says, while
commenting on the basipetsl differentiation of smaller strands
in Zea maye leaves, "the order of the appearance of the
smellest bundles is related to the basipetal maturation of
the leaves - a charascteristic very common smong angicsperms",

The recent work of Sharman snd Hitch (unpublished) on
the origin and direction of differentiation of procsmbial
strands in the leaves of Iritieum also lends support to the
bipolar differentiation of the procambial strands in the
stamens and earpel of Triticum, Their observations are in
complete conformation with the present findings.

For most instances of dicotyledons, the aeropetal
differentiation of the procambium in the floral appendsages
i8 reported by recent workers (Boke, 1948, 1949, Miller and
Wetmore 1946, and Tepfer 1953). But, in few cases, a bi-
polar course of differentiation of prqcambial strands has
been recorded, Lawaln‘e}(lQhB), réferring to eertian
Compositae, holds that the proeambium of the corolla, the
stamens, and the carpels arises in isolated locl near these
stpuctures snd then differentiates in two directions. Arnal
(1945) reported a similer eourse of procasbial different-
iation for petals, stamen, and cerpels of eertian Volleceag.

In the preseat study, the similar course of bipolar
differentiation has been recorded for the initation and
differentiation of the first elemeat of protephloem in the
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median and two lateral strands of the carpel and in the
single strand of all the three stamens, It holde also for
the origin and direction of differentiation of the first
element of protoxylem in the stsmens,

No substantial information is yet available on the
origin and direction of differentiation of first vascular
elements in grass florets,

Bonnett (1961), presumes. fzlggs that the different-
iation of the vascular bundles is acropetal in grasses, as

he has mentioned concerning the carpel of Avena, although

his observations seem to be based on the structure of the
mature carpel.

Barnard (1957) and Essu (1943) ascribed the disconti-
nuity of the protophloem elements to the presence of an
immature sieve element between the mature ones.

In the present investigation,the first element of
protophloem 18 found to be discontinuous from the more
mature phloem elements of the axis; both in the stamen and
carpel. This interruption has been observed regularly at a
certian level, at a definite stage of development of that
partieular organ. |

If this gap is due to the presence of an immature sieve
element, the position of this interruption might be expected
to vary, PFurthermore, an interruption of this kind would
produce more gaps, which presumebly might oecur anywhere

along the length of the young strands, In addition, a
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mature sieve element is never found lower down, in the same
relative position, at this stage of development.

The present observations on the origin and propagation
of first protoxylem elements are in cowmplete agreement with

thoseof most of the workers (Treécul, 3cott and Priestley).
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SUMKARY .

The arrangement of three layers (dermatogen, hypodermis
and sub-hypodermis) in the floret primordium, and spikelet
apex 1is simiigr to that of vegetative apices, The similarity
in the initiastion of lemma, palea, lodicules, carpel and
integuments is striking. The periclinal division of a few
bypodermal cells followed or accompanied in the dermatogen
cellas by similar division, is found to be a constant feature
for the initiation of these leaf-like structures,

On the contrary, periclinal division in the dermatogen
cells is never observed in connection with the initiation of
the floret primordium and stamens, Inatead these arise by
periclinél division in the cells of the sub-hypodermis,
followed by similar division in the hypodermal cells.

The integuments arise almost entirely from the repeated
division of dermatogen cells,

Each stigmatic halr develops by elongation and charac-
teristic division of a single epidermal cell of the stigma.

A main vascular bundle enters the base of a lodicule,
Kach bundle in turn divides into three branches which by
repeated divisions ramify throughout the lodicule,

The origin and direction of differentiation of the
procambial strands was followed both in the carpel and stamen
and it has been found that they appesr as isolated patches
of cells more or less in the middle region of the organ,

then differentiate both ecropetally and basipetally. A
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similar pattern of origin and differentiation has been obhser-
ved for the initistion and propagation of the first elements
of protophloem in all three strands of the carpel (medium
and laterals) and in the single strand of the stamen, It
holda also for the first element of protoxylem in the stamen,
The differentiation of the procambial strend and the vascular
elements in the funiculsr bundle is acropetel,

The comperable stages for the initistion of the carpel
. and the differentiation of the procambial strands bhave also

been observed in Avens, Oryzgs and Secgle.
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APPEM)IX I.

Some electron microscopic observations on the fine structure
of a young different'!atingsieve element.

(a) INTRODUCTION:-

Investigators of the ultrastructure of the protoplast
of higher plants have mostly given their attention to the
meristeraatic or other relatively undifferentiated cells;
though there have been a considerable number of reports on
phloem structure. Both light and electron microscopic
studies have shown the presence of a peripheral cytoplasmic
layer in a differentiated sieve element. This layer is
semipermeable and permits plasmolysis (Currier, Esau and
Cheadle 1955). It contains a considerable development of
the endoplasmic reticulum, and in addition mitochondria,
plastids and other bodies.

It seems now well established that the cytoplasm of
sieve elements is unique in retaining many characters of
living cytoplasm whilst losing others. Thus the nucleus
disappears on maturity and the evidence seems to indicate
that the tonoplast does too.

In order to appreciate the functioning of sieve elements,

it is of prime importance to understand their fine structure.
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(b) MATERIAL AND METHODS.

For electron microscopy the young stamens of a spring
variety (Svenno) of Triticum aestivum were used. The young
florets were dissected under a binocular microscope in a
moist atmosphere, at regular intervals during maturation.
The stamens having a length of about 600 microns were
selected for study.

This length was chosen after examining serial cross
sections of young stamens under the light microscope and
ascertaining when the first protophloem element was well
differentiated.

Suitable single stamens were transferred to a micro-
scope slide and covered with a drop of selected electron
microscope fixative. Eac”tamen was then immediately sliced
transversely into two pieces to assist penetration and at
once carried to a small tube containing fresh fixative with
the help of a wide mouthed pipette.

1.5% gluteraldehyde in phosphate buffer of strength
O.0IM (pH 7.0) was found most satisfactory as a fixative.

It was allowed to act for four to twelve hours (over-night).
Post fixation was carried out in 1 - 2% in the same
buffer, for one to two hours.

The material was dehydrated through an alcohol series
(ethanol) followed by a propylene oxide series. It was then

embedded in epoxy resin epon (details in appendix).
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(c) OBSERVATIONS.

Due to unavoidable circumstances it was only possible
to do a little work on the first differentiating protophloem
elements of the stamen. The following remarks may however
be made on the electron micrographs presented (Plates 33, 3U#
35 and 36). »

There was unfortunately little opportunity for perfecting
the specialised techniques of fixing, embedding and cutting,
therefore, the sections are too thick to show the finest
details.

Plates 33 and 34 show an early stage in the development
of a sieve element. The wall has already acquired the
characteristic] thickenings, but it is difficult to positi-
vely identify the cytoplasmic inclusions. The large central
dark area is probably the nucleus.

In conformity with this supposition, instances from
light microscopy can be cited. Plate 20B at Pph certainly
seems to suggest that the differentiating protophloem
elements hase not lost t iis nucleus yet. It is found after
examining the serial sections, that the darkly stained
structure occupies the longitudinally central region of the
elements only and the ends of the latter appear empty.

Plate 33 illustrates two sieve elements in transactions,
probably one with a nucleus represending the central region
of the element, the other having been cut nearer an end and

so appearing empty.
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Bouck and Cronshaw (1965) reported,that during the
later stages in the sieve tube development the contents of
the nucleus disintegrate and ultimately the chromatin and
nucleolus can no longer be recognised within the nucleus.
However the nucleus is still bounded by its usual envelope.
This may be the state of affairs in the present case.

Plates 35 and 36 may illustrate later stages, and seem
fairly typical of mature sieve tubes (but contra Plates 33
and 34). The larger inclusions are probably plastids and
the smaller mitochondria. The fairly common endoplasmic
reticulum running parallel to the thick nacreous wall (and
most likely sending processes perpendicularly into plasmo-
desmeta traversing the wall, see arrow) appears to be in
evidence.

The tonoplast has apparently disappeared asusual.

Bouck and Cronshaw (1965) have shown the presence of
plastids, mitochondria and endoplasmic reticulum in the
differentiating sieve elements of Pisum, and this indeed has
been the fairly common observations. According to them,
mitochondria characteristically undergo a reduction in size
in the early sequence of differentiation, but otherwise
appear structurally similar to mitochondria elsewhere in the
stem. They have referred to the endoplasmic reticulum in

the differentiating sieve element as sieve tube reticulum.

Note;- The black spots are probably extraneous contamination.
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APPENDIX TIT.
(a) Details of the methods used for light microscQpy.

Formulae of fixatives.

(i) Acetic acid (a) Glacial acetic acid 5 c.c.

(b) 2nC12 5 gms.

(c) formalin (40% soln.)1l0 c.c.

(d) Ethyl alcohol (70%) up to 100 c.c.
(11) Citric acid (a) Citric acid 0.5 gm.

(b) formalin (kO” sola.) 10 c.c.

(c) water up to 100 c.c.
Staining. I. Tannic acid and Iron alum with Safranln and

orange G. *

Slides were dipped In xylene after being warmed In a
flame to melt the wax, then brought down to water bypassing
through a gradual alcohol series. After rinsingwith water
they were transferred to:-

(1) Agqueous 2ZnCl2(2%) for one minute.
(2) Rinsed With water.
(3) Five minutes In aqueous safranln (*/25£000).
(4) One minute In orange G (see below).
(5) Rinsed In H20.
(6) Five minutes In tannic acid (see below).
(7) Rinsed with H20 thoroughly (at least two changes of H20)
(8) Two minutes In aqueous Iron alum (1%).
After rinsing with water the sections were dehydrated

by passing the slides through a gradual series of alcohol
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45%» 70%» 90% and absolute alcohol) and then to xylene,

mounted in Canada Balsm,

Orange G solution prepared from:-

Orange G = 2 gms.

Tannic acid 5 gms.

Salicylic acid few crystals.
Pew drops of concentrated HcL.

Water = upto 100 c.c.

Tannic acid:-

IT.

(1)

(2)

(3)
(4)

(3)

Tannic acid = 5 gms.
Salicylic acid = Pew crystals.
Water = upto 100 c.c.

Methyl green and pyronln stain.

After removing the paraffin, slides were taken down to
water.

The material was placed in methyl green and pyronln
stain for three to five minutes (see below).

Tissues rinsed In H20, and moisture removed by blotting.
Slides were Immersed in a differentiating solution of
tertiary butyl alcohol and absolute alcohol (3:1)
before they are completely dry, for two minutes or
longer.

Cleared In xylene and mounted.

Methyl green and pyronln stain was prepared by dis-

solving 0.5 gm5. of methyl green In 100 ml. of O.IM acetate

buffer at pH 4.4.’ This solution extracted repeatedly with
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chloroform to remove residual methyl violet (sometimes as
many as eight extractions may be necessary). Then 0.2gm.of
pyronln B was dissolved in the solution of methyl green.

IIT. Recoroinol Blue.

Staining procedure. Three drops of the stock solution of
stain (see below) were diluted with 10ml. of tap water.
Microtomed material, after removal of the paraffin wax was
taken down to water and stained In the above dye for two to
five minutes, and directly mounted In a hygroscopic solution
made by mixing equal volumes of potassium acetate (crystal),
methanol and distilled water.

Preparation of dye;- 3 gms of recorclnol were dissolved
(only fresh white material was used) In 200 ml.of distilled
water, then 3 ml.of concentrated ammonia (at least 2®i NH40H)
were added and the mixture was heated for ten minutes on a
steam bath (boiling avoided). The darkened reddish brown
solution, stoppered with cotton, was kept at room temperature
until a dark bluish colour appeared. It was then re-heated
on the steam bath for about thirty minutes. The hot solution
was filtered Into an evaporating vessel and the heating con-
tinued until no significant amount of NH3 escaped (checked
with a moistened strip of red litmus paper In the steam

zone). This stock solution was stored In a droper bottle.
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(b) Details of the methods used for electron microscopy.
(1) Phosphate buffer.
(A) 3.58 gms of basic salt (Na2BP(04 .12H20)

dissolved in 1000 c.c. of distilled H20,

(B) 1.36 gms of acid salt (KH2POh) dissolved
in 1000 c.c. of distilled H20«

To obtainpH 7.0, solutions A and B were mixed in the
proportion of 6:4.

(2) 1.5% gluteraldehyde.

To obtain 1.5% concentration, 6ml of 25% gluteraldehyde
was diluted with 94 c.c. of phosphate buffer (pH 7#0).

(3) To make 4% 0SO|~.

The capsules containing eitherO.2 gms or 0.5gms of 0SO|*
crystals were washed carefully in hot water to dissolve the
crystals and settle down on the bottom, then washed in
teepol to clean the outer surface. Washed again with dis-
tilled water to crystalize the liquid 0SO* at the bottom of
the capsule. The capsule was scratched carefully with a
file, broken by holding it between filter paper. The bottom
part was put in the stock solution bottle (that either con-
tained 5 ml. or 12.5 ml. of distilled H20, according to the
size of capsule used). The bottle was left at room temper-
ature for an hour or so and then stored in the refrigerator.

Dehydration was carried out in the following ethanol
series, allowing 30 minutes in bach solution, 20%, 30%, 40%,

3079 /0%, 70%, 90%, 90%, and two changes of absolute ethanol.
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This was followed by an ethanol and propylene oxide series,
and material was kept for 30 minutes in each of the following:
(ethanol: p. oxide) 3:1, 1:1, 1:1, 1:3, 1:3, and then two
changes of propylene oxide. Then material was carried through
the propylene oxide and epon series, and kept in each mixture
for about one hour.

(p. oxide: epon) 3:1, 1:1, 1:3.

The material was left in the last mixture forabout
twelve hours (overnight), then embedded in epon. After
embedding the capsules were kept for about 24 hours at room
temperature, then transferred to oven at 45®C for another
24 hours; and finally to an oven at 60®C, where they were

, kept for 48 hours or 1longer.

The epoxy resin epon was prepared as follows;-

Epikote 812 62ml (
( Mixture A.
DDSA 100ml (
Epikote 812 100ml (
( Mixture B.
MNA 89ml (
The ratio of A;B used is 7:3 and also 2:1.
Before using 1.5 - 2% of DMP30 (accelator)wasadded.

It was rather difficult to handle the small pieces of
young stamens during the process of fixation and dehydration,
80 a small tube of perspex that had wire gauze on its two
sides and could be opened into two halves, was used to

carry the material from one solution to the other.
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Explanation of plates,

Plate I.

A =-C, Face and side views of young spikes, depicting the
"acropetal order of development of spikelets, Two
empty glumes (G) and successive lemmas (L) develop: -
as lateral ridges on the spikelet axis, 'The floret
primordia are seen a8 rounded papillae in the axils
of young lemmas (Fp).
(Ax 51, Bx L3, Cx 49 app.).

Plate 2.

A = C, Terminal spikelets with two acropetally developing
glumee and successive lemnmas, Each lemma substehds
a floret, |

D, A portion of the spike, showing the lateral spike=~
lets of similar sge.
(A and B x 60, C x 60, D X 35 app.).

An anterior view of a mature Triticum florct

(1emma hes been dissected out).



Blate 4.

D,

E&F.
G & H.
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A spikelet photogrephed from the top. Bottom
floret, with three young stasmens and & developing
carpel, which is crescent shaped, and has partly
enclosed the floret spex. (c)

Primordium'or the second floret has flattened
laterally, forshadowing the development of the two
laterel stamens. (b)

The lemma which develops a8 a lateral crescent

shaped structure is depicted in the top floret. (a)

Different stages in the development of the carpel.
Earlier stages in the development, when carpel is
crescent shaped, and partly enclosing the florasl
exis. (Photographed from the adaxisl or posterior
side),

Carpel with two distinct lateral projections, which
are the primordia of two stigmas (st).

Later stages, in the development of the carpel.

- Young carpels with carpellary and stiguitlc hairs,

G x 16, Hx 15 app.).
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Plate 6.

Vegetative leaves and glumes of various grasses of
interest in connection with the 1nterpretatioa of

the Triticum carpel,

A, decele cereale, L. Flag leaf seen in latersal view,
B, Same in dorsal view, (i,e, showing the future mid

rib region),

Ce Melica uniflora, Retz, showing the curious pro-
Jection from the top of the “fused" edges of the
leaf sheaﬁh. ’

D. Aegilops ovata L. glumes, each with four awns,

A=, Longisections of spikelets, representing the initial
steges of lemma (A snd B) at L' and L, floret primo-
rdium (B) at Fp, and of palea (C) snd P',

A =C, derial longisections of a floret primordium,
illustrating the initiation of anterior stamen by
periclinal division of subhypodermal gnd hypodermal
cells, The initiation of the palea by periclinal
Givision of s single hypodermal cell is also
indicated at P°',
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Plate 9.

A & B, Longisectione (cut at right angles to the plane of
glumes) of a developing stamen indicating the
beginning of the filament,

Ce Transection of a mature filament, showing thick

walled 1ntqrcellu1ar spaces at Ics,

Plate 10.
A -C, Serisl longisections (in the plane of glumel of a

floret primordium illustrating the initiation of
the lodicule,

A, Medisan longisection of the floret primordium

" showing the developing anterior stamen, and the

initiation of the lodiecule by periclinal division
of hypodermal cells at Lo'.

B, Longisection of the same floret (40 microns off the
median) indicating the initlation of the lodicule,

Ce '~ Another longisection of the same floret (70 microns
off the median) showing a periolinsl division of a
dermatogen vell in addition to divisions in the
cells of hypodermis and subhypodermis,

Plaste 11.

A - C, Longisections (at right angle to the plane of glumes)
taken from different fioretb, to 111ustrat§ the
continual initiation of the lodicules on the lateral
sides of the floret at Lo' and Lo.
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Plate 12,

A =-C, Longisections (in the plane of glumes) from different
florets, illustrating various steges in the develop-
meat of the lodicule,(Lo).

Plste lzc

A =-C, Transection of florets representing earlier stages

in the development of the lodiculea.

Plate 1h. _
Transections of young florets, illustrating lodi-

cular traces (A at Lotr) and procambial strands

(B and C) in the lodicules,

ate .

A, Trensections of basal portion of a mature lodicule, a
and a' represent the magnified vascular strands of
the same region,

B, Transection of the apical part of another lodiculey

b, one of the vascular strands magnified,

ate ]6.
A 6 G, Longisections of young florets, depicting the
various stages in the development of the carpel,
(C', anterior portion of the carpel C%, = posterior

portion).



Plate 17,

A,
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Longisection (cut at right angles to the plsne of
glumes) of a young carpel at C,

B. Longisection (at right angles to the plane of
glumes) of a young carpel, showing pattern of
‘development of a stigma,

C. Transection of a fairly mature carpel, depicting
the marginel growth on the inner face, for closing
the top of the ovary,

*

Plate 18.

A - K, Serial transections of a fairly mature floret,
depicting the presence of a projection on the
posterior (or adexisl) side of the carpel, labelled
as posterior projection (Pp).

Plate 19.

Serial transections of & floret, indicating the
presence of a projection on the anterior (or
abaxial) side of the carpel at Ast.

Plate 20,

A & B Representing the initial stages in the»developmont
of stigmatic hairs, at 8th.

C. Transection of fairly mature stigmas end stigmatic

hairs,
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Plate 2]1.
A & B, Longisections of young carpels, depicting the
initiation and early development of integuments,
C. Indicating similar stages in the developmnent of
the integuments in a transection of & carpel.
D, Longisection of a fairly mature cerpel showing

micropyle.

Plate 22,
A=-D, Serial transectiona of young florets, indicating

.the position of origin of procambial strand in the

lateral atamen (Ls).

Plate 23.
A& B, Transections of the carpel (24 microns apart)

illuestrating the position of oriain of procambium
in the future median strand. These sections also
show continued initiation of the carpel on the
posterior (adaxisl) side of the floret axis,
{Note: The periclinsl division in the dermatogen

cells at the posterior regions).

Plate 2L, _

A =D, Serial transections of young florets, illustrating
the position of origia of procambium in the future
median and lateral strands of the carpel.
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Plafe'QE;
Transection of developing vegetative shoot of
Triticum, illustrating the differentiation of first
three procambial straﬁds (at Pecst) in the last

formed leaf,

Plate 26.

A ~ C, Transections of young florets, illustrating the
position of origin of first protophloem element
in the anterior stamen (Pph).

Plate 27.
A=-C, Slightly later stege in the differentiation of the

first protophloem element in the anterior stamen,

Plate 28.

A -C, Serial transections of a developing floret,
illustrating the position of origin of first
element of protoxylem (pxy)i

A -C, Serisl tpansections of a developing floret,
"depicting the position of origin of first proto-
phloem element in the median procambium of the

¢arpel.
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Plate 30.

A -F, Serial transections of a mature carpel, illustrating
the differentiation of protophloem and protoxylem
elements in the funicular strand (Fst).

Plate 20. '

A «(C, Avena sativa, serial treansections of a young floret,
illusetrating the differentiation of procambial

strand in an anterior stamen,

Plate 32, v
A - C, Avena sativa, serisl transections of a young floret,

illustrating the differentiation of procambial

strand in the future median strand of a earpel,

Plate 33.

Transection of differentiating protophloem elements

of the stamen (measured sbout 500 microns),(x10,000

appe ).

Plate 34.

One of the preotophloem elements(shown: in Plate 33)
is msgnified (x20,000 app.).

ate 35,

A later stage in the differentiation of a proto-
phloem element of the stamen as seen in transection

(x10,000 app).
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Plate 36.

Transection -
of & dirrerantiating protophloom 01
ement
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Abbrevigtions used in the ILLUSTRATIONS.

A8 - " Anterior stamen,
Ast = Anterior stigma.,

carpel (c! rapreaents anterior and c" posterior

"

S A portion of oarpel),
- on - '. Carpgllary hairs,

Gon = Conmmective.

‘D ° = Dermatogen. .
DA - n 'D@ermatognn aiviaﬁ.on.
| | Dp = Divisions for pelea. |
% = Filememt. .
rpeat- Puniculer procaibial 'urat;d. .

Pt - = Puniouler strand (bundle).
rp - »‘ - 'morot primoz-dim.
P& = Florsl sxis,

”?p":" - | ’Antarioﬁ-poateriorly nattened floret y!imordlm

e ;"-Gimca (GJ. = rir-‘b ana Gﬁ oecond glumhs*
&; - »em-oung pa:l.nt. T | |

.:a " .
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:'H':E

TR IRC]

‘. Wpodmn. L L ‘ # I»
wpbdeml divhioa. LT
S "zes ‘= Intercellvler spaces, P ¢

Tgh.
[

", Iat . - Iutegmatl (0. Int = outer integument
LT LT 101mt = tnner integume&.
L - L-um (1.1 tc 1.5 mauaung the poauxgn or
“ ‘?'f.‘j;"jf; i m«tﬂlu ‘umn on lpikolet pﬁ).
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- Lo

Lotr
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- pPest -

Pp

;: P*i ‘ , 
| )  ‘_atamen, ~fa-~:,“v o =
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sth -
A”*",s'tc

T

" Medien procambial strand.qrﬂ._al..»

- P‘lclc,

"Protophloom.;

7.k8tigmoid-tissue. R
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Lateral_stamdn.

végetétivb,icaf..'

~ Lateral strands.

Lodiculcs. P

Lodicular tracos. ; _ ,
Latersl procambinl stranﬂ?ﬁi"“A
Megaspore mother cell. o

Medien strand,

1y

O’V\ﬂ.'.

Proeambial strand.:ﬁfﬁflf*7*

: _:Poatcrior pretruatuu.51 :;?;;;~"
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