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1. 

IROUCTIOè 

!Qer$1 Introduction 

At the inception of this investigation (1965) a fellow 

student informed me that the impetus for research on the role 

of the embryo in barley germination was exhausted. In fact, 

I sea left with the impression that since ooeroially'av*ilablS 

gibberelilo acid (GA 3) could release hydrolytic enzymes from 

embryo-less barley endosper, the embryo no longer merited 

serious study. 

Alarmed and immediately pensive at the possibility of 

been allocated an "exhausted" topic to investigate, a thorough 

examination of the available literature on barley germination 

and subsequent seedling growth was undertaken prior to any 

experimental work. 

On the completion of this literature review it was 

concluded that since the classic memorandum on the Germination 

of some of the Gr*minse kBrown & Morris, 1890) there has been 

remerksdly little published information on the correlative 

biatoch.mical, anatomical and physiological changes associated 

with germination and subsequent seedling growth of barley grains. 

Brown & Morris (1890)9 after painstaking observations 

and careful experiments found that the storage starch of barley 

.ndoaperme, deprived of their embryos, failed to fragment into 

simple reducing sugars after long incubation periods. In short, 
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as far as endosperm modification* in the intact grain was 

concerned, no embryo growth meant no modification, and an a 

consequence, no mobilisation of food reserves. This ability 

of the embryo to secrete diastase into the endosperm was 

attributed to the soutellar epithelial cells - $ unitary layer 

of columnar celle at the embryo-endosperm junction. 

Taken together with the usually neglected report of 

Baberlandt (1890) 9  later substantiated by Brown & Escomb. (1898), 

that the alsurone-layer also contributed to the total diastatic 

secretions which caused endosperm dissolution, the physiological 

ground-plan for embryo- endosperm inter-relationships was set, 

some three-quarters of a century ago. Although unextended 

In its entirety and correlative purpose, one aspect of this 

ground-plan immediately attracted much research. Between 1897 

and 191 a host of investigators have attempted to reach a 

final unequivocal decision on the site-epithe].ial or aleurorie 

cells - from which hydrolytic enzymes emanated. The balance 

of opinion though not always convincing, favoured the epithelial 

cells, with the aleu.rone cells having a minor role - a situation 

not brought into question until after 1961 (Barns, review, 1961). 

The question as to why the 'feeble" secretory abilities 

of the al.u.rone cells were conditioned by the presence of the 

growing embryo was not answered until 19589 and heralded the 

Modification is a convenient term used by maltatere to - 
describe the changes which occur in the endosperm during the 
transformation of barley into malt. 
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first new and important contribution to embryo-endouperm inter-

relationships since tbe]aet century. 

Working in Japi.n, Yomo (19589 1960) found that a water-

soluble hormonal-like factor emanated from excised germinating 

barley embryo., passed through & semi-permeble membrane and 

possibly induced •abryo].ese endosperm halves to modify. 

This embryo factor caused a release of the important hydrolytic 

enzyme, .-amylase. Plug (1960) 9  aware of Esyashi's (190) 

finding that gibbarellin "A" increased s-amyla.se activity in 

germinating cereals, reported that gibberellic acid (GA 3 ) could 

substitute fr Yoao'sembryo factor" in catalysing the dissolution 

of embryo-less endosperm slices. 

The advent of gibberellic aciu ,GA J ) resulted finally in 

the cessation of systematic developmental studies on barley 

germination and subsequent seedling growth. Researches on 

"barley germination" continued along two main lines: that of 

the ma]tster, mainly for economic reasons and that of the bio- 

chemist, to whom embryoless •ndosp.rm pieces are merely tractable 

materials for studies on the mechanism of hormonal action 

despite a sometimes misguided belief that they are working on 

germination. 

The malting scientist, in a desired effort to curtail 

the growth of the embryo and/or to increase the rate of endo-

sperm modification, sometimes judiciously employs the oddest 

array of physical and chemical factors towards this end • For 



49 

exaRple, the growing graine may be subjected to & second immersion 

In water at ambient (Pollook, 1960) or elevated t.p.ratures 

(Lubert a Pool, 1964) in order to kill the growing rootlets, 

or steeping may be accomplished not by Immersion of the ra n 

but by calculated increments of water tHeynolds & MacWilli.air, 1966) 

which in total, are sufficient for growth to be induced and 

accompanying modification of the sudospera to be achieved. 

With respect to additives, H a 
 5 may be added to overcome 

dormancy (Pollock Ift §19 1955)9 gibberellic acid may be tssd to 

accelerate enzyme formation alone (o.y a Stowell, 1961) or 

after treatment of grains with malpkairio said to kill the 

emerging rootlets (K.ur+h !'alting Company patent, 1963); acetic 

acid and acstoao.tateE (Griffiths et e1l965) and the fungal 

metabolite he]ainthosporol (Brige, 19'56) way produce effects 

similar to though l.as prououuc.d than gibberellic acid. 

Broaate may be used to minimise proteolysis and respiratory 

loss (o.y a 8tow.l1, 1961) and formaldehyde (cey 

1966) can be used to reduce the subsequent susceptibility of 

the beer to non-biological haze. 

Here it is clear that interest in "barley gerid&ation" 

lies in the technological improvement of the finished melt 

and tot in the botanical changes which the treated grain 

sustained • This is an understandable point of view but it 

is surely desirable also to appreciate the reasons for the 

obanging behaviour of barley which to being melted in modified 
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conditions (with or without additive.) and to relate any observed 

differences in the malt to the morphology, physiology and bio-

chemistry of malt which has been grown in the usual fashion. 

The biochemical line of study has been squally detached, 

being almost entirely confined to endo.p.ra with the ultimate 

desire of "solving" the hormonal action of gibberellic acid 

on hydrolytic enzyme release from aleurone cells. 

An important contribution IN that of cL'd & 3111ler 

(1962) who found that gibberellia acid acted upon living aleurone 

cells to catalyse the release of hydrolytic enzymes, such as, 

aamylaes and endo--glnoana.e. Briggs (1963) verified this 

finding and relegated about 66.5% of the e-aaylaee formed during 

germination to the endospera portion of the grain. Varner (1961) 

and Varner a Ramchandrs (19) demonstrated that u-amylaae thus 

formed actually possessed labelled amino acids (which were fed 

to the slices) within the protein molecule and not merely at 

the terminal portions of polypeptide chain., - an observation 

which 1s highly indicative that gibberellia acid may act to 

catalyee the synthesis of this and other hydrolytic enzymes 

released into the sndoaperr. iiowsver, although Varner a 

Ramohandra (1964) have suggested, from evidence using metabolic 

inhibitors such as aotinofiycin D and puromycin, that gl.bberellio 

acid may trigger-off the i)IA- controlled synthesis of specific 

RA molecules which in turn direct the synthesis of enaymiasily 

active proteins, there are other workers (oLeod, 1967a) who 
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believe thats taken together# this explavatiou is not complete 

because &ctinom.yoln D In combination with gibberellic acid 

falls to inhibit u-amylaas release from •ndospsrm slices which 

had been pre-soaked. 	hie implies that, In this case, the 

"specific HIA messenger" coding for enzyme protein was already 

formed before addition of gibbere].].io acid. It would appear 

that not only gibberellia acid (GA 3 ), of the familiar gibber 

ellins, can release hydrolytic .usymss from endosperm slices, 

Griffiths 91 al (1967) and Coombe 11 a (1967) have shown thats 

A 1 , A, A, A, A, A rq  A, A and two derivatives of A 3 , 

gibberellenic and silogibberic acid, can also catalyss the release 

ot hydrolytic enzymes. 

Concurrently with this body of evidence on Isolated 

endosperm pieces. 1.c1.11ian Ift SL (1959) and Hadley (1967) 

have shown that the gibbere111nE, A 3 , A4  and possible A May 

occur in I M tVje barley grsis. *ffue (1965) has suggested 

that in the matured, dry and ungerminated barley embryo, A 1  and 

possibly A 3  may be preseiit. 

However, although the possible natural oocurenoe of 

glbberellins in barley grains may help to justify the addition 

of gibberellic acid to malting barley grains, it is not proof 

that the hormonal-like factor whiok .menate (Toino, 1958) from 

germ natbW embryoe is a ribberellin, although it is highly 

suggestive. 

To conclude therefore, it cannot be said that the 
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correlative botanical aspects of embryo growth arid development 

which met control germination and subsequent seedling growth 

are any better understood than seventy-five  years ago; except 

for the contribution of the !embryo-factor" of (Yomo, 1958). 

The important iraf.r.noe here is that the growing embryo may 

bormonally control the synthesis and release of hydrolytic 

enzymes into its endosperm and that gibberellia acid can imitate 

this factor (Paleg, 1960; Tomo 1960; MacLeod & )iller, 1962; 

Varner & Ramohandra, 1964). One may also include as another 

inferred contribution that since excised soutefla of germinating 

barley embryos can take up labelled glucose and convert It to 

sucrose (d1eman gj gl,1959) 9  the soutellum of the intact grain 

do.s the same for glucose residues this, Incidentally, was 

suggested by Brown & Morris in 1890. 

Mindful of the long neglect of systematic Investigation 

on the physiologic. and structural aspects of the embryo of 

barley grains and the obviously 1 omin*nt role the growing embryo 

plays In endosperm modificatior ,I decided that this investigation 

was justified* not only for a better understanding of this 

specialized aspect of plant development but also so that 

practices such as the Malting and Agricultural industries may 

take a fuller and possibly more rewarding interest In the barley 

grain. 
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liietorioal_ Suryy 

Brown & Morris (1890) used the extensive nomograph of 

Holzer & Lerner, Beitra,. surkenniss der Qeret. see Brown & 

Morris 1890) as the anatomical basis for their physiological 

studies. At the commencement of their investigations Brown, a 

most imaginative botanist, was reported to have made the following 

statement, which, in a narrower context, is squally true todays 

"It has been a matter of wonder to me that, having gone no far, 

these observer's should not have extended their botanical studies 

to investigating the pbyulologioal meaning of what they saw and 

drew so well." In rectification of that situation Brown & 

Morris (1890) lift a host of important obsoryations which, 

although now taken for granted, laid the basis for nearly all 

subsequent studies on physiological and biochemical changes 

which accompany growth of barley embryos. 

They recorded that the embryo's food ntore sufficed for 

its germination and that the axis and soutellum of the intact 

grain were able to accumulate starch granules by 24 hre germin-

ation time. This starch accumulation increased rapidly with 

the commencement of endosperm modification. Embryos #  excised  

from their endosperme after 2 hr. soaking accumulated only a 

"paltry" aunt of starch granules when grown on water; however, 

when supplies with "cane sugar", maltose or dextrose, starch 

acouaalation equalling that of the intact embryo occurred. 

Relating this observation to the dry weights of excised embryos 

grown on water, compared with that of embryos with attached 
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endosper (taking note of the lose in dry weight of the •ndo 

spermo) they concluded that the growirg embryo was dependent on 

the endosperm for Its nutrition and that the granular starch of 

the axis and scutelluni was mainly derived from that source. 

Continuing their observations they noticed that immed-

iately after root emergence the cytoplasm of the scutellar 

epithelial cells changed from granular to pellucid, a situation 

reminiscent of secretory cells in the animal kingdo. The 

epithelial cells thin protruded into the starchy •ndosperm by 

individual elozgation. Endosperm dissolutior commenced over 

the ecutellar epithelial surface (embryo-endospera interface) 

at the onset of protrusion and progressed uniformly away from 

the embryosrid of the grain, except for a slightly more rapid 

progression on the dorsal (non-furrowed) side of the endosperm. 

This disproportionate progression of dissolution was attributed 

to the possible Rtbifl.ISN of the endosperm storage cell walls on 

this side of the grain. 

From observations, Brown & Morris proceeded to experiments 

and showed, using novel dissection techniques, that the excised 

embryos of barley grains secreted a diastase which, in solution, 

degraded starch arid, when the epithelial cells were removed or 

damaged by gentle scraping over the epithetisl surface with a 

micro scalpel this diastase secretory ability was impaired. 

Further rot when excised embryos were placed on solid starch 

paste or foreign endosperm pieces, liquefaction occurred. 
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2herc findiz 	r:vir.ce. BroFfr & ' orr1r that the 

soutellar epithelial cells were responsible for endosperm 

dissolution by virtue of the fact that they secreted diastase 

into the endosperm of the intact grain. These •sae cells, 

from strong inference, appeared also tc function in absorbing 

soluble endosperm nutrients for early embryo growth. 

An additional observation of sheer genius was their 

record that during endosperm dissolution in matured grains 

starch grain, were either NpittedI orbraokedN as opposed to 

the"smooth" dissolution of starch grains, removed from an area 

at the embryo—endosperm junction (the Intermediate layer) 
during maturation of the barley grain on the parent plart. 

Her., remarkably enough, was the first record of an empirical 

difference between 0 and e—amylase. 

Low, Haberlandt (1890) 9  working concurrently in Germany 

published his findings that in rye grains the aleurone cell., 

could secrete dia.ta* into the starchy endosperm, Brown & 

Morris (1890) in their addendum stated that from their 

investigation isolated barley alurone or endosperm pieoes, 

with attached aleurone oelle, always failed to show any independ-

ent diastase secretion. Only the embryo had this ability, 

they emphasised. However, Haberlandt's proposal of alsurone 

participation in the diastase pool hinged on the necessary 

presence of the embryo, to which, like 4Brown & Morria,(1890) 

be allocated the dominant role of diastase secretion, lone 

she less a few years later, Brown & Esoombe (1898) were able 
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to show that the aleurone layer of barley grains was also 

capable of "rather feeble" diastatic activity. 

Possibly because of the well-earned authority Brown 

and his co-workers had in this field of cereal germination 

subsequent workers concerned themselves mairly with obtaining 

unequivocal proof that ti,,., scutellar t2ithelial cells possessed 

the dominant role in •ndoepera dissolution, for .xasp] 

Igoe# mum & Harlan, 1916; Horning & Petrie. 1927 Shade, reviei, 

1937; 'ickeon & Sbands, l%l j Dickson & Buchart, 1942; 1.rl, 

1943; l.uge1 & Heirs, 1947 Kireop & Pollock, 1957; i)urc, iYOa,b; 

and Harris, review, 1961). 

The conclusions, on the secretary role of the soutellar 

.pithe]i&1 cells, reached by some of the above workers were 

sometimes inferred, (ann. 1903; Shad., review, 1937; un, 

1960a 9b - indirectly from unverified work on maize; and Harris, 

review, 1961). However, direct biatoch.mical and anatomical 

evidence case from Mnn & Harlan (1916); Horning & Petrie (1926) 

and iiokson & Shande (1941) 9  while 'biochemical support came 

mainly from analysis on the proximal and distal halves of the 

germinating grain. Dickson & Buobart (1942) looslised 

amy2olytio activity mainly in the embryo-half of the germinating 

grairl while s-atrylaee t  but not -amy1Sse, was present in the 

scutellum (uge1, 194.5) prot.inaees were also locaLised in 

the soutellus (Engel & Hems, 1%7). KIrsop & Pollock (1958), 

in contrast to Engel (1943), reoor 	ec1ine in the asy18ee 
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content ox endosperm from which germinating embryos had been 

removed. With regard to these biochemical reports it is clear 

that these workers were merely comparing one half of the grain 

which had modified el th the other half which had not - in fact, 

no direct proof that the epithelia] cells were involved was 

deducible from their results. 

The bistochemical and anatomical evidence in support 

are also open to question. 	or example, Mann & Harlan (1927) 

drew their conclusions from only transverse sections of the 

germinated grain, thus casting doubt on the accuracy of their 

conclusion while Dickson & Shands (l%.l) went to the other 

extreme of drawing their conclusion from ea*11 area. of long-

itudinal sections which had already undergone extensive modifi-

cation. Horning & Petrie (1927) from bi.tooh.mioal evidence, 

concluded that "tiny migratory mitochondria particles" passed 

from the .outellar epithelia] cells to the endosperm. 	rese 

"particles" were therefore the instrument of endospsra modifi-

cation. However, there seems to be no available evidence at 

the moment to substantiate the diastatic properties of mitochon-

dria, and, with the tow resolution microsoope these workers 

possessed it might have been difficult to ascertain whether 

or not the observed "particles" were not tu.t inside and 

outside those epithelial cells, with no migratory properties 

Or rodifioatory role. 

To make a brief mention of the modification pattern 

an a whole; Orly Am 	arl* (191) and Miller 1962) 
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have put forward idea. for the cause behind the disproportionate 

pattern of modification observed by Brown a Morris (1890). 

Man & Harlan suggested that the reported thinner cell walls 

on the dorsal (non-furrowed) side of the endosperm allowed more 

rapid diffusion of enzymes from the soutellar epithelial cells, 

while Miller (1962) suggested that the number of aleurone cells 

on the dorsal side of the trdoeperm were in greater abundance 

than on the furrow d'si4. t.1thOugh Miller 'a idea seems more 

reasonable, both ideas require anatomical verification. 

The shaky merits of the above mentiored investigations 

could be attributed to the preconception that the soutellar 

epithelial cells should secrete hydrolytic enzymes b•oau.e their 

position in the grain coincides with the accepted "pattern of 

modification given by Brown & Morris (1890). 

At the present time it is still believed that these cells, 

although on a reduced scale, make a useful contribution to the 

hydrolytic enzymic pool !ioLeød a Miller 19621 Briggs 19630 1964; 

Laufer 1964.). 	1ith the same unfounded belief, hieuwdrop (1963) 

and 1ieuwdrop & Buys (1964) have made detailed ultrastruotural 

interpretations on the function of sub-cellular organelles in 

the soutel].ar epithelia]. cells. The continued acceptance of 

this so far unsubstantiated belief could lead to wasted 

research and, therefore, in r.speot to the whole modification 

phenomenon, early experimental clarification on the ability of 

•outellar epithelial cells to secrete hydrolytic enzymes seems  
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Nome the lees, with this line of research 'seuTr!eab1y 

settled", the discovery (Yomo, 1958; 1960) that growing barley 

embryos, separated from their endoaperme by a semipermeable 

membranes in liquid culture, could effect diaolution and in-

crease the u-amylase content of the.* evdoepez'ms, care as a 

welcomed advance. 

Although this hormonal-like factor has not yet been 

ohaz'tcterised chemically or biologically it has led to the 

tentative conclusion that it may be gbbere11ic acid-like in 

action (Paleg, 1960) and acts on the living aleurorie cells 

of endosperm slices (MacLeod a Miller, 1962) tooatalyae the 

synthesis (Varner & Ramoban&ra, 1964) and release of s-aaylaae 

and possibly other hydrolytic enzymes as well. 

These finding. (1958 - 1962) were instructive as to 

how the embryo exercised a unique control in the attainment of 

its own endosperm food reserves, and should have led to structural 

and physiological research.s on the growing embryo. However, 

the impetus for research remained with the a].eurone cells for 

reasons already mentioned, anI, as a consequence, correlative 

studies on barley germination progressed little from that under-

taken in the last century. This has resulted in conflicts 

between old and new experimental findings in addition to a 

gross neglect of many novel observations left by Brown & Morris. 

For examples We now have the situation where the 

aleurone cells (endosperir accout for C'. 	f' the 

14.. 
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produced after 7 days "germination time" kBriggs t  1964.) yet 

the pattern of modification, as indicated by past and present 

research (Brown & Norris, 1690s Lauf.r, 1964.)9 still seem to 

implicate the soutellar epithelial cells as a major site of 

hydrolytic enzyme production. There to as yet no adequately 

substantiated explanation for the disproportionate pattern of 

•ndoep.rin modification • The nutritional inter-relationships 

- between the growing axis and sautellumin early germination, 

when no food supply from the endosperm is available, has not 

been examined since first studied by Brown & Morris 1890). 

Neither is anything known about hormonal actions in the growing 

embryo nor is it known where in the tissue complexes of the 

embryo the proposed gibberellic acid-like factor emanates, or 

more provocatively, whether it ii, at all, a gibberellin. 

Being confronted with such a chaotic situation it Was 

decided that the available literature should serve mainly as a 

guide for elucidation of "pitfalls* and to illuminate suspect 

assumptions and analogies which, in biology, can be dangerous 

things indeed. Since the greatest progress in research on the 

grain has been mude on the functioning of the aleurone cells and 

the release of hydrolytic enzymes it therefore seemed desirable 

that the proposed investigation on the embryo should be closely 

related to physiological aspects of endosperm, modification. 

The experimental approach to this investigation was 

modelled on that of last century 'a pioneers Eh.re observations 
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i)rectut.. LxdtrimLi.tationo 	This approach seemed the most 

useful in a situation where deductions and assumptions from 

past work could lead to wrong conolusiore. 

In conclusion, even at this early stage 01 tb iLtcti -

gation, I found it possible to inform my "fellow student" that 

the impetus for research on the embryo decliLed mainly as a 

result of the excellence and comprehensiveness of the work of 

Brown & Morris and Baberlanat; however, for the future, the - - 

embryo will be providing exciting problems long after tht already 

saturated interest in the alsurone cell oversp.oiàlius and 

becomes extinct. 



SECTION I 

UI5?OCEMICAL. AATQ2CAL god 

UTJRA$TUCPTRAL _ILSIcATIO 
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I)iTROICflOB 

Surprisingly, few photomiorographa or modern descriptive 

accounts of the structure of the embryo of matured barley grains 

appear to be available in the botanical literature, though other 

cereals (I.cat.r., 1963) particularly wheat and maize are well 

documented. There is also a similar lack in information on the 

overall hietoohemical changes which take place during the early 

stag.s of seedling development and growth. 

Brown & Morris (1890) based most of their physiological 

interpretation, of germination and seedling growth on the anatomical 

ground-plan of Bolser & Lerner (a..,  Brown & Morris 1890) which 

described only the dry ungsrminated grain. 

Since it was our intention to investigate the embryo 

over a period of 72 hre, after the commencement of germination, 

it appeared desirable not only to verity the overall structure 

of the dry embryo, but also to follow important changes in its 

anatomy and morphology over this growth period. 

}ow, it is known that the cotyledons of many seeds contain 

large reserves of food material, which become ao1Li.ed, on 

germination, to support seedling growth (Mayor & PolJakoff-Mayber, 

1963). Whether barley grain sautellum - the cotyledon of cereal 

grains (Brown, 1965) - functions in the same capacity is not 

known. Bistoahemical analysis may throw some light on this 

matter. In addition, the acquired histoohemioal information may 

also be useful in contemplated studies on the controversial role 

of this organ in barley germination and seedling growth. 
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In this section, therefore, interest was not in the function 

of the embryo per se but in the acquisition of an anatomical and 

histochemioal ground-plan for further physiological, and bio-

chemical studies. 

Ultrestruoture: 

It was decided that if the anatomical and/or hietoohsmioal 

studies revealed any information which appeared to need further 

resolution, Judicious electron microscopic analysis was to be 

attempted, the primary aim being the accpisition of relevant 

ultrastruotura], information which could possibly assist in 

physiological interpretations of germination and subsequent seedling 

growth processes. Mindful of this aim, in addition to the 

t.mpementa]. age (Akashi TR8 50 LI) and the tight intsrd.partmentl 

schedule of the electron microscope the sometime. 'wasteful 

practice' of collecting and presenting micrographs merely because 

they were available or 'looked interesting' was avoided. 

In short, it was hoped to use this ultrs.structur$l inform 

ationi not only to illuminate crude bistoohenical or anatomical 

findings but also to lend relevant guides to physiological or 

biochemical lines of study if they were to materialise. 
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Dehuekins 

Unless mentioned otherwise all the barley grains tlioru 

g!rL_& nre Proctor, 1964) used in this investigation were 
dsbusked by 50% fulphuric said thues About 500 g, of JU barley 

grains were placed into a 3 litre beaker, covered with cooled 

50% sulphuric acid and allowed to stand for about 3 hr.., in a 

sink of water. Thereafter, excess of sulphuric acid was poured 

off and tap water allowed to sash the grain. • The separated 

husks were washed away and the debunked grains res*ined. After 

5 mi n • vigorous washing anhydrous calcium carbonate  was added 

with gentle agitation and the washing continued for another 

mxlmum period of 10 mix. 
I ith the grains neutral to litaas 

paper they were quickly dried on sterile blotting paper and 

stored away at 500 for use. 

Grains debunked in this ay shewed no deleterious effects 

on subsequent germination. However, careless dshuaking resulted 

In damage to the ool.orbisa and roots. When sulphuric acid- 

dshusked grains were compared with hax*ddsbusked grains the only 

visible difference in germination was that quicker smargence of 

roots occurred for the acidhtr.$tsd grain.. Light microscopic 

examination revealed that the outer coverings (periosrp tests) 

of the acid-debusked 'rains were somewhat fragmented. 

r) rr; 	s 	 u'; 
Only visually sound grains with endosperm disasters between 

1 	 O! S about 2-3 as. qere used. I 

19. 
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quasi-objective basis was employed. 

For bietoohemical and anatomical analyses grains were 

evenly spaced and germinated at 250C in the dark on two pieces 

of distilled water-saturated filter paper rings in 7 inch petri 

dishes. After appropriate germination tinss samples were 

reived, and, depending on tests, were thinly sliced or vertical]; 

out in half by a clean new razor blade (Fresh Hand Sections); 

or fixed in Formalin (O commercial formalin )/Glacial acetic 

acid/Ethyl alcohol (50), 90/5/5(V/V), ..A.A;or cleared for 

Whole-Mount examination. 

Although some of the following bistochemical methods are 

given in Jensen (1962) and Baker (1963)9 slight variations of 

these schedules sometime, proved more suitable for the tissue 

being used. It was therefore considered necessary to describe 

these methods in detail. 
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LY FreshW-TTiii 

ProcelUess • hr. embryos only  

WClZbohArnes - InsolublePZ) ITL!IJ !t1 

leriodlo Acid - chiffa (PAS) reactions 

(VL8) • Vertical Longitudinal Sections. 

(1) Stain (YLS) of embryo for 5-30 mm. in 0.5% 
periodic acid 

(2)- Wash in running water for 10 mm. 

Stain in Sobiffa reagent for 10-15 mm. 

rinse in water 

rinse in 2.0% sodium bieu1pde for 1-2 mm. 

wash in running water 

dehydrate and mount 

Reactions Insoluble polywacoharidee stain intense 

purplish red. Soluble polyeaooharidee 

washed out. 

Cellulose - Iodine - iot.Ioctide-Sulphuric acid method - 

Place embryo (YLS) In II solution (2% XI to which 
0.2 g. 12 is added) for 15 mm. 

add one drop of 65% sulphuric acid and allow to 
diffuse under cover glass 

le*otion Nails containing cellulose stain dark blue; 
lignin, orange. 

(a3 ) QiJ1.0 - .Azialin. Blue - Visible light method for 

1:3 linked glucoeans such as Calloses 

ti) Place embryo ( VLS) in 0.003 solution of analine 
blue in 50% alcohol for 24 hr. 
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(2) rinse sections in water and mount in gelatin 

Reactions Ca]].ose should stain blue. 

(as ) Pectin - Ruthenium Red method- 

(1) Place embryo (YLS) into aqueous ruthenium red 
(1s5000 ) until red appears (12 hr.) 

Reactions Pectin stains red. 

Pectin - O.% Commercial Peotinases 

Place embryo (YLS) into 0.5% psotinase solution, 
at 3700 for 2 - 8 hr. 

mount sections on clean slide, cover with cover-
slip, tap gently and examine. 

Reactions cells separate. 

B. Fresh Band Sections and Ulf Grain Lout longitudinally)  

Examination. 
Procedures- 0. 12 9  20 9  24 9  459 72 hr. growth periods 

(b1 ) Iinin - phioroglucinol tests 

(I) Mix together one drop of a saturated solution of 
phioroglucinol and one drop concentrated hydrochloric 
acid on a slide 

(2) add embryo (LS) and examine. 

Reactions Lignin stain, red. 

(b2 ) Total Lipids - Sudan III or Sudan Black in 70% 

alcohols 

Place embryo (YLS) in 50 ethyl alcohol for 5  sin. 
stain in sudan III or sudan black for 15 sin. 

wash quickly with 50% ethyl alcohol, about 1 minute 

(Is.) mount in dilute glycerol. 
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Ructions Sudan III stain Lipids red, Sudan Black 
stains them black- 

(b 3 ) Starch - Iodine - Potassium Iodide (0.2 go of 

iodine in 2 go potassium iodide to 100 ml.), 

mount embryo (VLS) in a drop of iodine solution on 
slide 

add a drop of dilute glycerine solution and examine. 

Reactions Starch grains stain blue-black - newily formed 
starch red to purple. 

(bk ) ?otal Protein - Pono.au-D*xyled.ne, 091%1 

(1) Add embryo (VL8) stain for 15 mm. 

Reactions Protein bodies supposed to stain red 

Total Protein Croceine orange (.6 g. Croosin. 

orange, 100 ml. distilled water, 

200 ml. Glacial acetic acid, I ml. 

Proprionio acid; mixed held at 

9000 for 30 mm. cooled and diluted 

as necessary): 

(1) Add embryo (VIaS), stain for 10 15 mm. 

eaotiQns Protein bodies orange. 

Total Protein - liinhydrizrAllozarrSohiffs. Fixed 

mjo9Ome section( used - 10 to 131L 

(method given below in Anatomy 

section )s 

Embryo (VLS), deparaffinas on slide with 13r1sns 

place slides with sections in petri dish, cover 
with 0.5' zmixmhydx'in in absolute alcohol at 37CC 
for 24 hr. 
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(3) rinse with two changes of absolute alcohol, than 
distilled water, 

(4w) place in Sobiffs reagent for 20 win. 

rinse in water, add drop. of 2% sodium bi.ulphate 
for 2 win. 

wash with drops of tap water for 20 win. 

dehydrates and mount in canada b*lesw. 

Reaction: Protein bodies appear pinkish-red. 

Dimin$tion control: 

(5) place deparaffinized section. in 60% sodium nitrates 
1% acetic acid, 13 (VV) 

(9) repeat from (2) 

Reactions No pinkish-red; if this colour occurs then 
compounds other than proteins having a-amino 
and a-carboxyl groups are present. 

C. 1iocbondria_ft$t - Janus Green B, 0.005%1 

(1) Add fresh hand sections of embryo with .ndosperw 
attached (VLS) to stain, until blue colour 
develops (12 hr.) 

aeactis MItochondria and especially protein bodies 
are supposed to stain blue. 

J, Length of Sgutellsr 4pithelill cells: 

Measured with the aid of a slide micrometer at X 400. 

L. Dissolution of Endospela - MIf zr*in examinations 

Total extent of dissolution was assessed visually after 

grains were out in two halves by a vertical longitudinal 

slice, and gently sprayed with water to wash away 

dissolved area. 
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The fixative Pormalin/Aoetio acid/aloohol (F.A.A.) was 

used because it left barley embryo tissue as lifelike an possible 

nuclear and cytoplasmic inclusions were stabilised and the 

fixation artifact of .pongeworksN in the protoplasm was not 

observed. 

Por1dekiyds is the most important constituent of this 

fixative. Tt not only fii.s the nuclear material and stabilizes 

lipid bodies but it also hardens protein and as a result fixes 

them. F.A.A. appeared to leave the tissue in a state where 

basic dyes are rapidly taken up by acid inclusions like storage 

proteins and nucleic acids. 

8tain 

Heidenhain's hean*toxylin • Eosin was the double stain 

used. Ref enh&in haetoxylin is the principal basic dye 

and dyes nucleoli, nuclei, mitoohondria and protein strongly 

blue-black. This gave, against the pinkish background of the 

weekly acid Losin dye, excellent contrast for photomiorography. 

Iro C .durems 

Preparation of permanent (YLS) sections of barley 

embryos were made at 0, 12 9  20 9  24.9 48, 72 hr. 

Yixatiorn 

Dist.l halves of whole grains (Embryo + ndosperm) 

were removed by a sharp scalpel at appropriate germination 

times, and fixed in F.A.A. for at least 24 hr. The out surface 

25. 

the' "half grains" facilitated solvent and soluW penetration. 
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After fixation tissues were removed and dehydrated in 

tertiary buty]. alcohol (TBA), •tby]. alcohol, and water eerie. 

at 250C. 

 50 ml. HO, 4.0 nil. 95% alcohol, 10 ml. T.B.A.s 2 hr. 

 30 ml. HO, 50 ml. 95% alcohol, 20 ml. T.3.A.; 2 hr. 

 15 ii].. HO, 50 ml. 95% alcohol, 35 ml. !r.B.A., 2 hr. 

(4.) 45 ml. 950 alcohol, 55  ml. P..A.s 2 hr. 

 25 ml. Absolute alcohol, 75 ml. T.B.A.s 2 hr. 

 100% r.B.A.s 2 hr. 

ParaZfjn Infiltration and mbeddi n: 

Tissue from 100% T.B.A. then tranefered to: 

50% paraffin (500) + 50% 9  100% '.B.A.s 12 hr.: 600C 

75% paraffin (36 °C) • 25%9 100% T.B.A.s 12 hr.: 

100% paraffin 	 : 24. hr.: 600C 

Tissue were then blocked-out in paraffin blocks in the 

usual way; one, "half grain" per binok. 

3ectii.: 

Yerttcal tar ltu.uJial 	itiorv 	•Vtfe cut at 

10 - 15& on a Cambridge rocker aicrotome. 

$tainhzLi 

(1) Sections were deparaffinieed in zylol and taken 

down to water thus- absolute alcohol, 90% alcohol, 

70% alcohol, 500  alcohol, 40% alcohol, 0% alcohol 

(10 mm. each) and then *a dfetill.d water. 

26. 
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stain in Buidenhain's haematoxylin for 25 mm. 

wash in running tap water to blue and deitain in 

2% ferric chloride with constant watching if necessary, 

wash thoroughly in running tap water, 

(c) take •eotions up alcohol series to absolute alcohol, 

(6) counter stain for 1 2 mm. with 0.5% Eosin in 

clove oil, 

t7) differentiate in a solution of equal parts clove 

o11/absolute alcohol, 

place in three changes of xy].ene (15 sun, each) 

mount in oaraada balsam. 

Reaotioni Chromosomes, nuclei, nuolsoli, plastide, 

mitochondria and protein bodies stain dark- 

blue. Cytoplasm and cell-wall., light pink. 

Safranin - Put Green stag was also used on fixed embryo 

materials primarily to locate vascular tissue. 

Deparaffiraise as above and take up the alcohol series 

to 50% alcohol, 

stain in alcoholic eafranin for 2 hr. (1% safranin 

in 95% alcohol and dilute with an equal amount of 

water for use), 

deetain if necessary with acidified 70 alcohol, 

than stop reaction immediately 95% alcohol, 

counteretain with fast - green (0.5% solution in 

50% clove oil/50% alcohol) for 30 seconds, 
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differentiate fast-green by placing in a mixture of 

50% clove oil/25% absolute alcohol/25% xylene two 

clangs. of 10 mm. each, 

clear in two changes of xylene, 15 mm. each, 

Mount in canada balsam. 

eaotioi: Vascular elements (1iifisd eel], walls) and 

cuticle stains red. Cytoplasm stains dark 

green. 

Whole embryos from 72 hre germinated grains were removed 

and placed in 5% potassium hydroxide for 48 hr. at 6000 9  then 

gently washed with distilled water to remove hydroxide, cleared 

in 80% chloral hydrate for 4.8 hr., stained in basic fuch3in and 

examined and photographed in dilute glycerol (.88 ammonia may 

be used to remove excess of basic fuahain). For photography 

it was necessary to dissect away the entire shoot and parenchyma 

cells that obscured the vascular elements of the scute]luxn. 

The fuobein dya,  stained the.e vascular elements red. 

Ihoto miproranM were taken where facilities presented 

themeelvees Queen Elizabeth College, London 

Universitys Psxazoiy department, Edinburgh 

University and The li.riotWatt University. 
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UIrR&s?RUoaL - Electron ajcroe000v, C, 12, 24, 4.89 72 br, 

growth periods. 

Since good electron micrographs are available on the ultra-

stu.rcture of the .out.l]ar epithelial cells during germination 

and seedling growth (1*ieutdrop & Buys, 1964)9 it was decided to 

confine the studies mainly to the scutellum, and, to a less 

extent, to that tissue region between the Ecrospire and the 

roots, termed the soutellar node 

Grains from appropriate growth periods were selected 

for soundness. With the aid of a sterile 1 um. cork borer-like 

instrurent a plug of tissue was taken from the soutellar node 

region. This included cells from the, Scutellar nods, Vascular 

system, Boute]lum, Epithelial cells and, Badosperme when this 

latter tissue was in association with the embryo - for ézaap].s, 

at 0-hr. 

Her., 0-hr. means dry ungerminated grains. 

w k!t 

Fixations The two different fixation techniques used were chosen 

mainly because of their simplicity and there is some 

information as to the possible manner in which they 

fix some of thi I cytoplasmic inclusions. 

&aUlt'S notasyil m nermanian$te fixative (Mercer & 

Birbeck, 1961) is supposed to react strongly with 

nucleic acids, proteins and phospbolipide but not 
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with polysaccharides or fats. Therefore, limiting 

mebranee, the important outlines of eubsellular 

inclusion., are clearly defined • Oz- the oth*r 

hand, however, Caufield's sucrose balanced osmium 

ide fixative reacts strongly with fats and 

pksospholipids. In both instances the cell wall 

should appear electron transparento 

Fixation fori].*e_and schedules 

Buffer solutions Solution A 

Sodium Verona]. (sodium bicarbonate) 14.7g. 

Sodium Acetate 
	

9, 7g. 

Distilled water 	 500 g. 

Kept in refrigerator, 50 

L') 

Hydrochloric acid 
	

0.11 

Solution A 
	

20 ol. 

Solution B 
	

22 ml. 

Potassium permanganate 
	

2 g. 

Distilled water 	 50 ml. 

Care was taken to dissolve all the peruganate and the fixative 

was adjusted to p1 7.4 and stored at 50C until ready for use. 



31. 

çanziela 's iftlancod Oeiumixat1vei 

Solution A 

Solution B 

2% OsO solution 

Sucrose 

Distilled water 

5 ml. 

5 ml. 

20 ml. 

0.015 g/m 

10.0 aL 

pH was 7.4.3 and the solution was stored at 5 0C until ready for use. 

The plugs of embryo tissue were quickly placed into cold 

potassium permenganate or osmium tetroxida fixative in smell 

1*0  x 2J41 
 glass tubes. The tubas were then closed and placed 

into the freezing compartment of the refrigerator: potassium 

permengsnate tub.. for 35  or 80 mms and osmium tubes for 21 hr. 

Fixatives were then gently poured off tissue plugs and the latter 

given quick washes with 25% alcohol to remove excess surface 

stain. The tissue was then ready for dehydration. 

Dehydrations 

20 alcohol 15 mm. 

50% alcohol 15 mm. 

75% alcohol 30 mm. (overnight if necessary) 

Absolute alcohol 2 hr. 

Xylem* 	30 mm. 

50:50  zylene: araldit. mixture 30 ntln: 370C. 

Are]dit. mixture (37°C) 30 miLl 370C. 

Arsidit. mixture (370C) 30 mint 37C. 

Tissue to gelatin capsules (size 00) 9  filled with 

araldite mixture (3700) and orientated horizontally 
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at the base of capsule. 

Capsules covered and allowed to polymerise for 

8 hr. at 600C. 

Polymerised capsules for different growth time., 

0, 12, 24, 48 and 72 hr. were then f11d and 

stored at room temperature for sectioning. 

Sghedul. for Araldite gjxturet 

&raldit. M 	 20 ml. 

Resin 9643 	 20 ml. 

Accelerator 9640 	0.6 ml. 

Dibutyl Phthalate 	2.0 ml. 

Accelerator volume Is critical. Mixture made fresh 

when required. 

rT1; ' 

Polymerieed blocks were trimmed and sectioned onto water 

at 300 - 300 £0 by a Cambridge ultramicrotome. Chloroform 

vapour was sometimes used to flatten-out sections which were 

lifted onto copper grid. (Athens, type 200) and coated with a 

thin layer of carbon on the upper surface only. The sections 

were 	 i examined and photographed in an Akashi T 50 II electron 

miorosoope fitted with a modified D.C. filament supply and & 

50 k.v. 1J.T. 
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Despite the sirrplieity and obvious limitations of most 

histoohemioal techniques, the observations listed in Tables 

I and II proved very interesting. Table I shows that the cell 

wall of the storage parenchyma cells of the scutellum appeared 

to be mainly cellulose. 2eotina.oeous material was located in 

the middle lamalla region. Although the cell wall of the epith-

ellal cells was positive for cellulose no peotinaceous material 

was detected in the middle lamella region and, unlike the storage 

parenchyma cells of the soutellum, these cells failed to separate 

when treated with p.otivaee. 

McLeod & MoCorquodale (1958) suggested that the dead 

endosperm cells of barley and Bromus were not cemented together 

by paotinaoeous material, as in usually the 'as* in higher plants, 

but by proteinaceous eubetanc • Unlike these endosperm cells 

papain failed to effect separation of the epithelial cells and 

thus the possibility of a 'third' cementing material in barley 

grains seems not unlikely. 

No positive indication of •-113 linkages (e.g., callose) 

was observed for the embryo tissue despite a weak response on the 

cell wall of endosperm storage cells, which have been reported 

by MacLeod & Sandie (1961) to contain hemloelluloeto material. 

Johnston (1961,) suggested that the dye azialine blue reacted best 

with pure -1s3 glucane but poorly with mixed bendoelluloses like 

that found in barley endosperrna. Therefore it Is quite possible 
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that the negative result obtained in Table I for -1s 3 linked 

polyaaocbarides might have resulted from inability of the dye 

to detect the material sought. 

Table II depicts histoohemical time-course changes of 

certain important storage and structural components whose in-

tegrity was strongly influenced during the 72 hr* growth period 

of the grain. 

Lignification appeared in the embryo before 20 hr* and 

was confined to provascular cells which, in the soutellum, were 

boated towards the acrospirs-end • By 24 hr. extensive vascular 

contact between the ecutellun and the growing axis was established. 

Extensive fat deposits in both the ecutellum and the 

epithelial cells declined at the inception of seedling growth and 

the epithelial cells lost their deposits after 2Z hr. Protein 

deposits (discrete bodies, 1-2ês diameter) were in lees abundance 

and disappeared by 24 hr. The important morphological feature 

of the epithelial cells was their ability to elongate rapidly 

between 20-72 hr. Soutellar parenohyi* cells showed no signs 

of elongation. 

In agreement with Brown a Morris (1890) there was a close 

association between epithelial elongation and the extent of 

modification in the adjoining endosperm. However, at this stage, 

it was impossible to determinate whether modification was being 

influenced by these elongating epithelial cells or vice versa. 

Despite this, it was observed that •ndosperm modification appeared 

to commerce at the sorospire-end of the epithelia]endosperm 
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Interface and not over the entirety of this tissue association 

(Brown & Morris, 1e90, Laufer, 1965), but further evidence on 

this matter is required 

!fabl. TI also shows a aloes parallel between the appearance 

of starch granules and the disappearance of fat deposits from 

especially the scutellum. Although it is tempting to suggest 

that here barley scutellum was behaving as other oil-bearing seed., 

where fat deposits are reported to be converted to starch (Lornberg & 

Beevere, 1957; Carpenter & Beevers. 1959; Iftrous & elaeoo, 1960; 

Cherry. 1963) careful examination showed that there was also a 

parallel between endosperm modification (viz., possible transfer 

of h.xose residues to the sautellum) and starch accumulation. 

However, mindful of the intended exploratory nature of this 

histoohemical section and the accepted limitations of histoohemical 

techniques in general, this fat-starch parallelism, for the moneutt 

mist remain as such. 

At the completion of this histochealoal investigation 

two points were assumed to be of interest with respect to further 

work. 

?iretly, the observations in Tables I and TI suggested 

that general metabolism of important structural and reserve materials 

commenced after germination was completed (I.e., after 17 hr.)- 

note the rapid ooleorhizal and root elongation over this period. 

The second point relates to uncertainties raised in Table II. 

If the cementing material between the epithelial cells is 

neither pectin or protein, what to it and how does it feature 
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In the exceptional slongative properties of the.. cells? Is 

lignifiostion an orderly process in the acroepire end of the 

souteU.um and could there be any significance in this one-sided 

orientation of vascular elements? Could the apparently aloes 

association between epithelial cell elongation and ezzdo.psrm 

modification be a direct result of hydrolytic enzyme secretion 

by these cells (Brown è .ris,  1890 iAuf.r, 1965) or is the 

association merely fortuitous with respect to this function 

really signifying other physiological events? And, finally, was 

the close parallelism between fat disappearance and the appearance 

of starch granules related to the well documented sues of oil-

bearing seeds (e.g., castor oil and peanut) where the obligatory 

participation of the g]yoxylate pathway supposedly mediated this 

conversion (Lornb.rg & Be.vers, 1957; Carpenter a Beev.zs, 1959; 

Cherry, 196 3)? 

In my estimation it appeared that these important but 

inconclusive points could be at least partially resolved by the 

use of techniques which would give greater structural resolution 

and tbae facilitate more meaningful interpretation of the acquired 

data* 

This therefore led to anatomical and electron microscopical 

analysis on barley grains cLaring germination SM seedling growth. 
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AATOVrcAL q4JTI5  

An stated before in the Introduction, surprisingly few 

photomicrographs or modern diecriptive accounts of the structure 

of the barley embryo appear to be readily available in the 

botanical literature, though other cereals (o..ters 1965)9 

particularly wheat and naise, are well documented. Although 

it was my intention to rectify this situation for barley grains, 

information on the functional implications of structural changes, 

crystallized from histoobemical analysis, was also being sought. 

A vertical longitudinal section from dry ungerminated grain 

is shown in Pig. I. Jour structurally distinct regions can be 

seen: (i) the root system with a primary root R t  (one of usually 

five) covered by the coleorhiza and, 	one of the subsidiary 

root initials (ii) the aoroepire, which includes the coleoptile 

arid, inside this cylindrical organ, the stem apex and leaf primordia; 

(iii) the .aut.11ar nodal region between root and shoot and 

laterally (iv) the ecutellum, which a clear distinction can be 

drawn between the superficial single layer of flat topped column-

like epitbelial cells and the main bulk of the organ. The body 

of the soutellum consists of irregular uorrvs.ouolated parenchyma 

cells which lack distinguishing features and appear to be storage 

cells. Permeating the acroepire'end of the soutellum is a 

centrally orientated strand of elongated provasoular cells • This 

strand join, the provasoular system of the axis at the scutellar 

node. The embryo is separated from the storage cells of the 

endosperm by a bold layer of apparently squashed endoapertic 
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terial and Is labelled the Intermediate layer. The aleurons 

layer is limited to the periphery of the grain and does not in any 

way continue as a 'separating layer' between the embryo and endo-

sperm as drawn by Cooke & Pitt (194). 

It is not my intention in this section to engage in 

controversy relating to the pbylogen.tio interpretation of 

different parts of the embryo as the suggestions of Brown (1963) 

on this matter are well documenteds I therefore quat* the 

soutellusi with a single cotyledon, the ooleoptile as an embryonic 

organ or innovation in its own right and the colsorhisa as the 

residual baas of the proembryo, in which the primary root 

differentiate. endogenously. The soutellar nodal region is 

treated an a single connective structure between root and shoot. 

Plate 1 shows the embryo at a pro-germination condition, 

i.e., 12 hre after initial wetting of the grain. The most 

elongated of the five primary roots is about to escap* from the 

coleorbiza which has completed its own elongation. Fragments 

of the p.rioarp-testa can still be seen attached to the embryo. 

Plate 2 shown the embryo at a post-germination condition, 

i.e., 24 hr. after initial wetting of the grain. )ote that the 

foliar shoot is still encased in the coleoptile, both organs 

elongating at about the same rate. 

In both plates the endo.pera with its intermediate layer 

has moved away from the embryo • However, the only significance 

in this is that the •ndospermembryo association is weakened 

by soaking and the tension, of miorotome sectioning effected 
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the separation. lJndoubtably here Lien the basis for the easy 

separation of embryo from endosperm after dshusked grains have been 

soaked for 2 hr. This technique for the separation of embryo 

from endosperm was discovered by Brown & Morris (1890) and is 

still used today. lions the lees in Plate 3 it 1s evident that 

careful miorotoming of a 20 hr# seedling still leaves intact the 

association between embryo and intermediate layer. 

E 	! WTI  

Plate. 3 9  4. and 5 depict morphological changes of the 

epithelial cells during elongation. Soon after 20 hr. a wave 

of elongation of these cell, quickly spreads over the entire 

concave surface of the •out.11unis huc].eoli are prominent during 

the early stages of elongation and the nucleus of the elongating 

eell becomes acre prominent and •].lip.iod-like. 

As observed by Brown a Morris (1890) 9  during the elongation 

process, the .pitbslial cells became separated from each other, 

changed their cytoplasm from granular to pellucid and their shape 

from reotangularliks to firigerlike. 

Owing to the small dimensions of these cells in addition 

to the fact that liimudxop a Buys (1964) have made a concise 

electron microscopic study of ultrastruotural changes of these 

cells during germination and seedling growth, no information on 

the cellular inclusions was recorded. However, }ii.uwdrop a Buys 

(1964.) in their micrographs showed that fat and protein declined 

and the appearance of starch granules roughly coincided with that 

observed in the histoch.mioal analysis; in addition, these 
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micrographs of Iieuwdrop & Buys indicated that the epithelial 

cells elongated by tip-growth as opposed to stretching of their 

lateral walls. 

Anstomig1 tiMacourse etudiv of Endosperm &bditiostion 

Plates 6 9  79 89 9 and 10 comprise a series of virtually 

self-explanatory photomiorographa on the pattern of endosperm 

modification which occurred during barley germination and seedling 

growth (0 	8 hr.). Interest was confined to the aorospire-end 

of the sndospernr-embryo junction because intense and lengthy 

observation, on fresh and fixed grains, sliced through a variety 

of plane., left me convinced that this area of the grain was 

Important with respect to the entire pattern of endosperm 

modification. 

Plate 6 shows a vertical longitudinal section of the 

unimbibed grain • Here it in evident that the intermediate layer 

separates the ecutellar epithelial from the starch endosparnt 

note the position of the aleurone layer, which possesses three 

cell, at its greatest width. 

Plate 7, for the 20 br* seedling, shows the first signs 

of endosperm modification. There is a definite weakening of the 

endosperm tissue under the aleurone layer, presumably from 

enzyme attack; however, note that no apparent attack on the 

intermediate layer is evident. 

Plate 8 9  for the 24 hr. seedling, shows an obvious removal. 

of •ndoepera tissue from under the s]euron• cells, while the 

remainder of the intermediate layer and its associated endosperm 
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tissue remains intact • This can be more fully appreciated in 

Plate 2 where the entire Zh. hr* seedling is shown. 

Plate 9, for the 48 hr. seedling, shows extensive 

depletion of endosperm material from that area immediately below 

the aleurone layer. However, note the pronounced remains of 

the intermediate layer although it Is directly opposite elongated 

epithelial cells. Plate 10 shows the soutellar heel (i.e., the 

furrowed surface of the grain) of the same train shown in List. 96 

Here, despite obvious elongation of the spitbelial cells no 

modification is apparent. 

Available micrographs for the 72 hr* seedling merely 

continued this trend. 

The above results, in my estition, would appear to 

implicate the alsurone layer as the min instigator of endosperm 

modification which commenced under the alsurorie cells ct the 

acrospire-end of the germinated grain and progressed, concurrently, 

downwards over the surface 'f the ecutellar epithelial cells and 

outwards towards the distal non-embryo end of the grain. 

euob a conclusion seems feasible in view of the 

photosicrographic evidence presented in conjunction with the 

findings 	OJJO4 & tiller. 1962; MacLeod 21 Si t  1964) that the 

living aleurons cells of endosperm siioes were capable of 

secreting hydrolytic enzymes e.g., a-aaiylaas, .ndo-Ø-gluoanaee 

and proteins..) which effected endosperm modification. 

The important point here is that if one had only made 

observation, on the 48 hr. seedling then one would possibly 
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conclude that the scutellar epithelial cells featured in the 

modification process. A more biochemical analysis on the 

proximal and distal halves of the grain for enzymic actions which 

are known to feature in the modifioat 4 ori process would also give 

a similarly misleading conclusion ( cf., Dickson & Buohart, 194.2; 

lngel 1943; Lngel & Reins, 194.7; kirsop & Pollock. 1958)0 

The niorographs presented her. do not east any doubt on 

the authenticity of the micrographs of Mann a Harlan (1916) or 
Dickson a Shsnde (19)+1). Man & Harlan (1916) 9  unfortunat1y, 

examined only transverse sections of the acrospire-end of modified 

grains. Such a line of out would 'correctly' imply that the 

epithelial cell, were entirely responsible for endosperm modification. 

The photomiorographi of Dickson & Shands 194.1), in my estimation, 

merely represented a small longitudinal sector from the acroepire-

end of about a 24. hr. seedling. In this sector only a few 

•pitbe].ial cell, end, interestingly enough, a prominent portion 

of the intermediate layer, was shown. None the less, the free 

end of the intermediate layer appeared identical to the free end 

of the intermediate layer shown in Plate 2 for the 2j+ hr. seedling. 

In short, all the signs Indicated the overlying presence of the 

alsurozie layer. 

sow, 1ieuwdrop (1963) and Nieuwdr'op a Buys (1964.) inter-
preted the ultraatruotural changes of the epithelial cells on the 

asguietion that the epithelial cell.o secreted hydrolytic enzymes;  

however, in the light of the above evidence where no such role 

was deducible, reinterpretation, with respect to the extraordinary 
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elongative properties of these eel].., sight be more meaningful. 

ithalisl cells $nd CtoLvtiç larticle sigratio. 

With the evidence that &Lsurone cells were principally 

involved in normal endosperm modification of the intact grain it 

was decided to reinvestigate the proposal of Homing & Petrie 

(127) that the epithelial cells of the intact grain secreted 

mitochondria-like particles with oytolytic activities. 

Plate 11 shows unimbibed a].eurone colis and Plate 12 shows 

aleurone cells from a region of extensive modification in a 

4.8 hre seedling* iote that, unlike spithelial cells, the proto-

plasm of these collet with age, disintegrates and tear's '  easily. 

This light microscopic observation is supported by the electron 

microscopic work of Paleg & Hyde (1964) on the alurone and 

ieuwdrop a Buys (1964) for epithelial cells. 

O'Brien (1942) using }laind.nhain's ha.m&toxylizi to stain 

the scutellar epithelia] cells of maize embryos, arrived at the 

conclusion that no migratory particles passed from the soutellar 

epithelial cells to the .ndosp.rm. 

Using the ease stain as Horning & P.tx'i. 1927), i.e., 

Janus Green B, a close time-course examination (0 9  12, 24 9  4.89 

72 hr.) was made on the 'particle secreting role' of the 

epithelial cells of barley grains. Surprisingly enough, blue-

stained particles as çportsd by Horning & Petrie (1927)9 were 

detected it the .pith.liail tips where endosperm modification 

was taking place. The.e particles were first apparent at 
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24 hro and varied in shape and size lO-2.5i) as seedling growth 

progressed towards 72 hr. On the beats of size alone these 

blue particles cannot be mitochondria however, the mechanism 

of the staining action of the dye used offered useful information 

on the nature of these blue particlee. 

Lazaron & Cooperstein (1953) made an extensive study of 

the dying mechanism of Janus Green B and concluded that although 

the mitoohorlriastsining properties of this dye depended on the 

C7tOOhrOJfle C/cytoehroae oxidase system of the zaitoohondria 

being able to maintain this dye in the oxidised (blue) form; however 

this dye was *re or less readily taken up by diverse proteins, 

Using casein, I confirmed this latter property of the dye. 

In conclusion it seems quite possible that the 'particles'  

observed by Horning & Petrie (1927) were merely endosperm 

storage protein undergoing degradation by preteinasee (McLeod 

21 all 1964,). 

This finding, in oon3uriction with the anatolical observ-

ations on endosperm modification, left me sinoet convinced that 

there remained no known reference which could adequately sub-

stantiate a hydrolytic enzyme secretary role for the epithelial 

cells • But why !]at  convinced? Well, there remains the well-

known fact that excised barley embryos can secrete hydrolytic 

enzymes, and if epithelia] cells do not secrete hydrolytic 

enzymes and since recent published diagrams of the position of 

aleurone cells in barley grains show that these cells abut on 

the embryo but do not penetrate it (Bergal a Clement.. 19621 
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Cooke & Pitt, 1964)9 from where within the tissue complex of 

excised embryos did these hydrolytic enzyme emanate? 

After a close examination of excised embryos and intact 

grains it was noticed that the sleurone was three cells deep 

over the endosperm but this same layer penetrated the outer 

margins of the scut.]luin as a single layer of cells to a depth 

of about 500 (ass Plate 13).  The presence of this remnazit 

of a].surone makes it probable that when embryos are .xoiee& 

trace. of alsurone are present. 

This is obviously a matter of importanoe when the relative 

enzymic contributions of embryo and endosperm are assessed 

(Briggs, 196k); however, biochemical support for the non-enzymic 

participation of epithelial cells in •ndospsz'a modification will 

be included in the physiological section of this thesis (Section III). 

Although anatomical results already given here on •ndosperm 

modification failed to attribute any enzyme secretory role to the 

epithelial cells and tbxe conflicted with the findings and 

suggestions of past workers since Brown a Morris (1890) the 

aged observation of Brown a Morris (1890) that modification was 

more rapid on the dorsal non-furrowed surface of the endosperm 

seems absolutely correct see Plate 2). This asymmetric pattern 

of endosperm modification has been variously explained as due to 

thinner endosperm cell walls in the attacked region (Brown & 

Morris, 1890)9 to less dense packing of starch grains, so 
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(knn& Harlan, 1927) and to pool' development of the aleurorie 

layer on the non-modified surface of the grain (Miller, 1962)9 

Extensive observations failed to convince as that the.e 

suggestions were wholely correct and that the possible reason 

for this asymmetric modification phenomenon rested entirely on 

the basic structural architecture of the embryo • To explore 

this possibility, two series of dieseotions were performed. 

In the first, the region of the soutellum containing the 

potential vascular system (i.e., acrospire-end half) was excised, 

after a 2 hro soak, without damaging the soutellar node, and the 

grains were incubated for 72 hro and then sliced vertically into 

longitudinal halves and examined for extent of endosperm 

modification. It was found that the normal pattern of advancing 

modification in the endosperm altered; not only was the rate of 

modification diminished but in these grains had progressed more 

rapidly on the unusual furrowed-surface of the endosperm. 

Although, at this stage there is no desire to discuss the hormone 

potentialities of the growing embryo, it was surmised that since 

Yomo (1958) had produced good evidence that a hormonal-like 

factor was transported from the growing embryo to the endosperm 

during seedling development and since Paleg (1960) and MacLeod & 

Miller (1962) showed that coeroia.l gibberellio acid could 

imitate this factor, there was the possibility that the 

orientation of vascular elements in the acroepire-end half of the 

soute].lum preferentially directed this hormonal-like factor, 
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in intact grains, to the dorsal surface of the grain. 

.ndful of this, in the second experiment the embryos 

were excised, inverted and re-affixed on their endosperm by 

minute pins so that the yaacuiaried acroepire-end was directed 

towards the furrow. Grains treated in this way modified much 

re rapidly near the furrow than in any other part • These 

two nets of experiments suggested that the vascular system of 

the .outellum may be concerned with the transport of the hormonal 

like substance which catalyses the release of hydrolytic enzymem 

In the aleurone cells. 

Plates 13 and ]i show a vascular trace from the aoroepire 

and of the soutellum for the unizibibed grain and for the 72 hr. 

seedling respectively. Although lignified xylem elements and 

other associated non-vascular elements can be seen no typical 

phloem demerits were observed. 

Being fairly convinced that the orientation of vascular 

elements in the acroepireend half of the scute].lum conditions 

the pattern of endosperm modification and, realising that sections 

in one plane give no idea an to the true distribution of 

vascular material, a whole-mount preparation of the scutellum 

(72 hr.) was attempted using the potassium hydroxide/chloral 

hydrate/basic fuchairi method. Despite the frailness of the 

prepared material photomiorographa were obtained and these 

results are represented diagramatically in Jig. 2. The important 

point to note is that the vascular tissues are confined 

exclusively to the acrospir.end of the soutellum an two distinct 
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collections of individual strands 

lunotion of the 8cutellum 

Edleman at al. (1959) suggested that the loutellUlL of 

barley embryo absorbed degraded food materials from the endosperm. 

Since .ndoepsra modification ooeuoes at the aoroepire-end of 

the endosperm and since there is the possibility that a hormonal 

like factor I. directed by the one-sided orientation of vascular 

elements to the endoepsrmsmbryo junction it appears likely that 

the initial, area of induction of eridosperm modification is also 

the initial area of food absorption. Once abeorbed,trsneport 

to the growing axis is effected. 

The 'sensible' biological correlation between, orientation 

of vascular elements, modification and subsequent absorption of 

degraded food materials seems to be an important but Indirect 

fnotion of the soutellum in germination and subsequent seedling 

growth. Whether the scutellum in its function as a cotyledon 

directly nourishes the growing axis will be considered later In 

Section IT. 

Aiaatoiosl studies on te Scutellu storIe nsrenabr_oal.AI 

In an effort to gain further resolution on the intrs 

cellular time-course histoohemical changes of the soute]luai 

during germination and subsequent seedling growth (Table II) 

and as & directive prelude to electron microscopic studies on 

the soutellum and axis, light microscopic investigation on the 

storage parenohyme cells was performed. 
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Plate. 16, 179 189 19, and 20 depict light microscopic 

changes in the storage parenchyma cells during germination 

and seedling growth (Heidenhain's ba.toxy1in and 1osin were 

the stain used). Only Plate 20 was not taken from centrally 

placed soutellar cell.. 

To recap, hietocheaio&1 analysis revealed i!abl. II) 

that of the three major storage products identified, viz., fat, 

protein and starch, only diffuse fat and discrete protein deposits 

were detected in the DCUt ,011UM of the ungerminated graiut starch 

appeared after 20 hr. growth. 

Iow,in Plate 16 (0 hr. ungerminated grain) the light 

transparent areas could be equated to that area occupied by fat 

deposition* The light dense areas range from leas than 1p to 

about 3.5jJ. They are definitely basophilic with respect to 

the dyes lied and are identical in every respect to protein 

deposits in the cotyledon and perisperm of Toca seeds (Horner & 

Arnott, 1965). Iven the morphology of these barley protein 

bodies is similar to that of the protein bodies of Zuco$ seeds 

where a usually concentrated core of dense material is permeated 

by accompanying light transparent pores • As was the case for 

M1qqS seeds, no protein deposits were observed in the provascular 

elements of the soutel.lum of dry barley grains (see, 2]ate 13). 

Plate 17 (20 hr., seedling) shove what would appear to be 

a disorganisation and association of protein bodies. Occlusion 

of their light transparent pores also occurs. The general 

cytoplasm now contains well defined light transparent bodies 
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which have a dark staining periphery. The interesting thing 

about these bodies is that they sometimes show dark tn-radiate 

band which is usually regarded as a morphological feature of 

developing starch grains. 

Plate 18 (24 hr. seedling), Here the protein bodies 

appear much reduced in size and are at the point of disappearing, 

but, on the other hand, the cytoplasm now contains a heavy deposit 

of starch grains. 

These plates give support to the protein-starch histo-

chemical findings in Table II. 

Plate 19 (4.8 hr. seedling). Although rare protein-like 

bodies can be seen, these cell, are virtually packedout with 

starch grain.. At 72 hr. the seedling's soute11uu showed storage 

parenchyma cells completely filled with starch grains. 

Plate 20 (4.8  hr. seedling). These cells were photographed 

from the same scutellum as Plate 191p not, however, from the 

central. region but from the base of the ecutellum, i.e., the 

soutellar-heel. acre, complete cell 'gbostB' are evident as a 

result of complete disorg'Pnisation and loss of cytolpasmic content. 

Only the dislodged nuclear apparatus is present. 

For obvious reasons only cells from the central core of 

the .out.U.un were considered suitable for future electron 

microscopic studies. 

In conclusion, although there was no information on the 

decline of fat deposits in the soutellar parenchyma cells 

confirms ion of bistoohemiosi findings was obtained for the 
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appearance of starch granules and the disappearance of what may 

be protein bodies, in at least the top-most three-quarter 

portion of the soutellua. 

However, before the physiological implications of these 

structural changes in the sautel].um can be fully contemplated and 

assessed, information is required on these changes during the 

first 17 hr* period after the initial reooenosaSnt of general 

metabolic activity in the quiescent grain. It is believed 

that with this information physiological deductions should be 

possible on the functional role of the eoutellum in germination 

and seedling growth asi nutritional organ vie., cotyledon, 

transport organ for hormone, absorption organ for food materials 

and their subsequent transport, and as a biochemical entity 

merely for judicious conversion of stored foor products. 

Since this is basically a problem of structural resolution, 

electron microscopic analysis of the whole eouteltum was undertaken. 

VRBPR1JC1RAL AAL!ZS on the 8cutsl].um and Sout ,11$r Nodes 

Although histooh.mioal and anatomical analyses have so 

far given some insight into some of the structural charges which 

take place  in the soutellum and the adjoining endosperm during 

late germination and subsequent seedling growth, it was considered 

that the physiological consequences of many of these changes, 

especially during the period of germination, would be impossible 

to assess without the use of the sleotron microscope. br 

example, there is the question of estimating more precisely the 
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in the scutellum and the .outellsr node which, in chance 

preliminary examinations, appeared to have some influence on 

the extent of endosperm modificatior. There is also the 

additional matter of the nature of the cementing material which 

binds the epithelial cells in the dry grain. This material 

appeared to be neither pectin nor protein • )isuwdz'op & Buy. 

(1964) in their extensive electron microscopic study on the 

epithelial cells confirmed the original observation of Brown & 

Morris (1890) that during elongation this cementing material 

disintegrates. Although )Ii.uwdrop & Buys (1964) suggested that 

the disintegrating material was possibly psctinacsous in nature 

they showed no micrographs on the original (dry) state of the 

cementing material. Nieuvdrop (196 3) 10 hr.' AT&Ins were pre 

soaked for an undefined period (over 72 hr. by Iieuwdrop & Buys 

(1964) which makes it impossible to assess the credibility of 

bimawdrop'e conclusion. The nature of this cementing layer in 

the dry ungerminsted grain mast also be examined in the electron 

microscopic analysis. 

Q hr,  jçy g 	)_jm ve 	&z4&t* fixation 

AT (Oi1e)_denosj. For Plate 21 9  one notices a large number 

of electron transparent inclusions which occupy most of the ground 

material. Each inclusion in delimited by a liittng membrane. 

With Osmium tetroxide staining (see Plate 22) these electron 

transparent areas become electron dense. According to Homer & 
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Arnott (1965) potassium psragasast. fixation empties oil-

tearing inclusions aM Make the, appear sleotron transparento 

oesvsre.ly, o.wiuIe t.troxide fixation is supposed to render 

oil-bearing inclusions partially electron donne (leroer & 

Iirbsck, 1963). Therefore, these electron transparent 

inclusions, with respect to their abundance. 4iffuaenm, SM 

bistochsaioal reactions at both eacro and ultrs.taoturs1 levels 

possible represent tat deposits. 

aomD jUsIt@ • Plate 21 shows that two distinct types of 

electron dense bodies are clearly discernable and in work on 

peaa&t cotyledons (Cherry, 1963), on pea  sotyledos (3aisi S Vereer e  

1965) and on !ucoI .1.4. (Horner a Annott, 1966)9 theas have been  

c,  alled proteti bodies* both type  of bodies are usually dr 

limited by a unit membrane. The nost frequent in the try grain 

(Plate 21) to the one called the 'neabworktyps'. The othsr 

is the 'eorr'typ.' (brer S Arwott, 1966; Pslsg a Ryd., l96) 

which han mostly smooth electron dense material with soceanying 

*1 sot ron transparent areas and .11 electron dense spheres 

Called inclusions'. 

O.wiuIs tstvoxide is suppoict to be a poor protein stain 

(Wsrcsv a lirbeck, 1963). AS sxpes4, Plate 22, shewo the 

proposed pr.tot.ui areas electron transparent, in fact, a direct 

'negative' of potassium per ngsaste fiz$ttog. 

Purther Information on protein reaction ow obtained wltn 

respect to the detection of protsin-Uke eaterial in the eado-

apex., already indicated to be present by the Jsnus Green I test. 
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Plate 23 shown a conspicuous area of electron dense material 

within which starch grains are encased. Plate 24 9  for similar 

dry grains, using osmium tetroxide an opposed to potassium 

permanganate fixation shows virtual absence of the electron dense 

areas of Plate 23 • Johnston (1964) has also identified similar 

protein areas in the endosperm of Aroma and maize. Th Plate 

23 typical concentric lemellation of cereal grain starch can be seen. 

As is evident in Plate 21 9  the parenchyma cells of 0 hr. 

ecutellum do not contain starch and familiar metabolic organelles 

of the cytoplasm; e.g., mitochondria, er-membrazi4es and plastids 

are evidently not visible. Cherry (1963) Bain & Mercer (196) 

and Homer & Amnott (1966) found a similar situation in their 

respective studies on the cotyledons of peanut, pea and Yucca 

seeds. 

12 hr. 2otaeeium_pmansanate fixatip 

PAT (Oils) deposits. Plate 25 shows a general profusion of 

electron transparent inclusions as at 0 hi'; however, notetbe 

inclusions are reduced in size which may be indicative of a 

reduction in oil content. Such a reduction, if real, should 

able to be detected by bioóhemical analysis on total fat content 

of the soutelluing this information will be reported later. 

PROTEIN deposits. Although Plate 25 shows only one large 'core-

type' protein body numerous micrographs are available which 

indicate that this type of protein body is predominant at this 

germination time. A 'transformation', resulting from hydration 

from, meshwork-type' to sore-type' migit have occurred. 
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2 hr. 2otseaium D .rmane*n*t e.t .x*t ion 

Pa  [) deQoeite. Plate 26 shows a drastically different 

but rather interesting picture with respect to fat inclusions. 

The spherical electron transparent inclusions have now 

disappeared but have given way to as large a number of smaller 

stellate inclusions with limiting membrane. Yr.yyseling & 

V4ablethalar (1965) suggested that sphsrosomes, not dissimilar 

to these ?ttllat* iriolusions, are transformed to larger spherical 

bodies containing oil during development. If this is the case, 

then we now appear to have the reverse process where oil contain-

ing inclusions are transformed to email stellate bodies. 

Jack. 21 . (1967) found that isolated 'epherosomee', 

which in fact looked very much like large tat inclusions, contained 

96.1% total lipids, 0.77% phoephohipids and 1.27% protein by 

dry weight. Lips.s and fatty aoy1-Coens3me A eynthesaee activities 

were not associated with thee* isolated peanut cotyledon 'spheros- 

• This implies that the high lips.. activity of ungermin 

ated barley embryos (McLeod & White, 1961) was possibly 

external to the fat inclusions. 

Paleg & Hyde (196) found similar itsuate bodies in the 

oil-bearing alsurone cells of barley endosperms after 24 hr. 

seedling growth. 

ROflhl deposits. Plate 25 shows no signs of protein deposits 

at 24 hr. 
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STARCH denosits. Aayloplasts are now present (Plate 25) housing 

electron transparent areas which, themselves, have no limiting 

membranes • These electron transparent arose, found in extensive 

reports on starch grain ultrastructure, are evidently starch 

deposits. !(embraries are beginning to appear in the cytoplasm. 

Interestingly enough, at 12 hr. electron microscopic 

analysis seems to indioate a decline in fat content and the 

appearance of starch before any such change was detected by 

ordinary hieto chsmical analysis • As may be remembered from 

Table II, endospsra modification was not apparent until about 20 hr* 

and therefore the possibilities of a genuine fat-starch parallelism 

in terms of a transformation of fat to starch seems more 

plausible. If this observation is as plausible as It seems 

then one would expect the glyoxylate pathway, which has been 

found to be obligatory (Oarp.nter & Be.vere, 1939) in 24 oil-

bearing plants capable of this fat-starch conversion, to be 

present in the .outellua of barley grains - especially during this 

0 - 12 hra period of germination. This investigation will be 

reported later. 

The limitations of ordinary histochemical techniques are 

clearly exemplified with respect to the situation where a negative 

finding is not necessarily indicative of absence of the material 

sought. 
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!~ZMJJ 	iry].opIastE wi th definite double .ssbrsso 

(Plats 26) ass be sean and their interior* are heavily packed 

with growl" starch grains. 

OQOi1R!4asd ZInssbrszau. Is Plate 26. aitoobondris sod 

sr.ssbrsnsa srs Visible for the first tias. It I. worth sating 

that this  late appsarsnsa of aitosbondris is these food storage 

cell, to not unusual smog Storage organs and Cherry (1963) 

could only find 'aito.ho,drisltks' organsliss after pellets 

from psasut cotyledons were subjected to electron microscopy. 

TV' RI) 

PA! tOils) deDosits • No obvious decline is spboro.o nuaber. (Plate 

PROTEIM 	Bome vtsibl.. 

?AClit.nosit. Stan& grains are sic MrS electron &.&ss this 

at 24 hro asd have just about fill" tha Inner spaces of their 

a*yloptant.. 

Njt.oboadris and sr'asr*oes ass still bo seen. 

Plate 28 chews ultre.truettLral detail of soutsilar 

spith.li*l calls mad associated Intermediate layer for the dry 

grain • This srpkmw iot.rasdists layer is part of the .Mo 

spira system of ..l1 salt material, w4deb maim it mainly 

hsaio.Uulosio is struotur. • Prow this aiorogrspb it is char 

that the hsaiaeUulosio intermediate layer (I) pans.s dews 

b.t*san thi sptthsli$l cello as 7I),  thus binding these øih1 

together. 
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For the 24 hr. seedling (see  Plate 29) one observes 

signs of separation of elongating epithelial cells 9  in addition 

to the appearance of spherosomes, starch bodies in sayloplasts and 

Interesting plaidest*l'like 'opening.' on the lateral walls 

of these cell.. Absorption of degraded food materials could 

possibly be effected through these openings if they are 

functional. • Subsequent transport to the vascular system of the 

soutellum could then occur. 

It therefore seems that the cic1uc1oL reaebeJ by 

Iieuwdrop (1963) and Iieuwdrop & Buys (196) that the cementing 

material between the epithelial cell, was pectinaceous, lacks 

ultreatruotural. support • The evidence her. seems to implicate 

himioellulouio extensions of the intermediate layer as the 

cementing material. 	!herefore, just as the intermediate layer 

was found to separate easily from the epithelial cells and was 

dissolved during the modification process, these intermediate 

extensions might suffer the same fate in the intact grain during 

seedling growth. 

Additional Ultrastruotu.rsl aspect of the 8oute.].um 

]an2odeei!at*. In Plate 21 plasmodesnta are present as electron 

dense pores traversing the electron transparent cellulosic walls 

of ecutellar parenchyma cells. These channels may serve to 

facilitate the passage of degraded endosperm food products to 

the vascular strand, of the scutellum for eventual transport 

to the growing axis. 
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Va.çlarisaion - 3[yle fotion 

Lignin deposition . Light aicrosoopia observation revealed bands 

of pr'ovasou.lsr slaerite which extended towards the aoro.pireend 

of the soutelluiii. After 12 20 hr. reticulate, spirel and 

annular bands were detected. Although noxrlignif led cells with 

dense cellular contents were observed, in close association with 

the lignif led cell., no features typical of conventional phloem 

wire observed. 

Electron microscopic analysis revealed excellent features 

of Lignin deposition. 

It is known that the structure of full grown cell wells 

can be etabilleed and strengthened by incrustation with ligniri, 

a non-cellulosic polysaccharide. Lignificatlon can be confined 

to a pathway of cells ,late 30 L or to a localised association 

of cells (Plate 31). Lignin deposition can begin within the 

confines of the primary wall but not as a result of cytoplasmic 

stratification, as lieplsr & )lewoowbe (1963) proposed. wooding & 

orthcote (196)+) observed that lignin deposition began an a 'halo' 

of electron transparent materlal situated above electron lens 

areas within the primary wall where lignification is expected 

to commence $ see 'halo' (h) in Plate 32 and progressive 

].ignifie*tion 11 9 12 9  139l 	in Plate 33. 	* 

With respect to the mechanism of lignin deposition, 

Frey-iyesling & )%ihlethalsr (1965) suggest and explained diagranr 

atioally, that lignin becomes incrusted onto the fibrillar 

framework of nozr'oontraated cellulose material of the cell wall, 
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which, as a '-esult, becomes fibrillar. This 10 clearly shown 

In i]aj.. 32 and 33. However it is worth noting that the 

fibrillar pattern of cellulosic material can only be seen 

clearly ring the early stages of lignifioattons compare 

Plates 30 and 31 with, for example, Plato 33 

It would therefore appear that, quite unexpectedly, 

electron microscopic analysis on vaacularis*tion in the soutellum 

of barley embryos revealed features of the lignification process 

which in some parts have been confined to descriptivemodels* 

There Is also the additional observatin that at the onset of 

active ligraification dieorganieatlon and disintegration of the 

protoplasmic ecU content begins BCS  Plate 32). 

A. in anatomical analysis, typical phloem 

not observed. However, a type of unspecia]issd conducting 

cell, somewhat like a sieve cell (Esau, 1957), may be present. 

These cells have aitochondria and internal membranes and their 

and walls are perforated by a collection of large pore. (E') 

which are not electron dense like plasmodesmata and are mach 

wider (see Plate .2A for enlargement of end wall in Plate 32). 

These large pores may function in rapid transport of food 

materials from endosperm to the growing axis. 

From the above, it would appear that the soutellum is 

well equipped to carry out the important role, in germination 

and seedling growth, of rapid bidirectional transport of food 

and hormonal substances. Bowever, since germination is 

completed by 17 hr. and since vascular dsvelopnt and 
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ondosperm modification start at about 20 hr. it would appear 

that the seedling growth process would derive the greatest 

benefits from the transport of materials in the scute1luT. 

tu1e11ar_Zoe. Cells from this rr-4on (whose injury or removal 

appeared to retard the rate of •ndosperm modification) are about 

4.3 times as small as the soutellar parenchyma cells. Plate 34-

shows tbsp at 0 hr. to possess mitoohondria without arietae, 

plaamod.snt& and smooth deposits which may be proteinsosous. 

After 12 hr. germination (Plates 35, 30 many norm&l aitoohondrie, 

golgi bodies, free ribosomes and or-membranes can be seen but no 

starch granules are present and thr protein-like deposits have 

disappeared. At 24 hr. (Plate 37 the aitoohondria begin to swell 

a possible sign of ageing and at 72 hr. a general disorganisation  

of cellular integrity is apparent, see Plate 38. 

Ultrastructursi evidence therefore seems to imply that 

these cells of the scutellar nods, unlike the storage parenohyme 

cells of the eoutellum, are basically metabolic rather than 

nutritional in function. In fact, as one moves from the 

scutellun to the nodal region (Plate 39, 24 hr* seedling) 

amyloplasts appear to lose their capacity to synthesise starch 

and as observed for cells of the eoutella.r node itself, even 

amyloplasts were not present. 

Thus it would appear that the ree presence of a sub-

cellular organelle is not proof that it to capable of nori*l 

metabolic activity in vivo • From Plate 39 it would appear the 

'fine' positioning of apparently similar cells in the same 
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organ strongly dictates certain aspects of euboellu]ar functions 

in this case, starch production. Plate IfQ shows detail of empty 

amyloplsat from .out.11sr nodeeoutellum transition region. 

G1.RAL 001CLU8IO1i 

Bistooh.mioal analysis during germination and seedling 

growth revealed the followings endosperm modification, eoutel].sr 

lignification and elongation of .oute].lar epithelial cells 

commenced after germinatione i.e., by 20 hr. growth ; peatinaee 

or proteinaee failed to separate the epithelial oellc abundant 

fat and discrete protein deposits were found to decline in the 

ecutellum and the .cut.11ar epithelial cells of the growing 

embryo. Increase in starch granules paralleled fat decline. 

A fat to starch conversion was tentatively Intimated. 

xtenaive anatomical analysis not only confirmed the 

20 hre ooamenoesnt of endosperm modification and epithelial 

eell elongation but also showed convincingly that modification 

commenced under the a]aurone cells at the acroepire-end of the 

endoeperm-embryo junction and progressed concurrently outward 

and downward over the epithelial cell surface, tkte oaatig 

doubt on the accepted belief that elongating epithelial cells 

can secrete hydrolytic enzymes into the endosperm. lo migrating 

mitoohondria particles with hydrolytic enzyme activity were 

observed to pass from spithelial cells into the endospera. 

Vasoularleation of the ecutellum was observed to take place in 

discrete prova.oular strands orientated only to the acrospire-end 
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of the •outeU.u.m and, as a result, directed hernal17-jnduosd 

•ndospsrm modification to that endosperm area where vasou]ar 

strands terminated in clone association with the allure is layer. 

We information was obtained on the nature of the osaemting 

material that bound the apithelial cell.. The decline of 

protein bodies me again observed and the 20 hr. appearnace of 

st*rch irrar.ules was apair evideri+ in 4he cute1lar parer-y' 

cells. 

The extensive resolving power of the electron microscope  

revealed that in the seutellar parenchyma cells fat deposits 

declined and the appearance of starch granules was mch earlier 

(viz., 12 hr, germination time) than iadi3ated by ordinary. 

histoohemicitl or anatomical techniques. Protein bodies were 

still present at 12 hr* but disappeared by 24 hr. Fat bodies 

at 24 hr. gave way to equally numerous sph.rosomes. Starch-

filled aimyloplaata, aitoohonidria, and or-membranes were visible 

at 24 hr. since •ndospera modification commenced at 20 hr. there 

Is the possibility that in the soutel]um of barley grains a fat 

to starch conversion could occur at least during the gerthiat1on 

process, vie., 0 	17 hr. 

Electron microscopic analysis also revealed that the 

cementing material that bound the epithelial cell. at 0 hr was 

an extension of the mainly hemicellulosic intermediate layer of 

the enidosperm. Separation of these epith.lial cell, occurred 

at the onset of elongation and endosperm modification in the 

intact grain. 
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Pb. structural aechanisa of lignification was verified 

and the cells of the scutellar node, unlike the larger storage 

cells of the •cutsllum, during germination and early seedling 

growth (0 - 72 hr.) contained various metabolic organdies, 

e.g., mitochondria, sr-membranes, golgi bodies and free ribosomes. 

In conclusion, although there Is the possibility that 

many more observations could have been adds in this section, 

it wss felt that certain Interesting observations had been made 

especially with respect to structural relationships in the 

intact grain during its germination and seedling growth. 

However, these structural relationships can only be regard a 

expressions of physiological and/or biochemical involvements. 

Therefore, mindful of this, I decided to try by experimentation 

to equate some of these structural growth changes with their 

possible physiologiosl and/or biochemical meanings. 

This attempt constitutes the remainder of this thesis. 
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Hletochemioal tests of Ung.riinated Dry Grains 

Germination 
time (hr.). 

Insoluble polysac- 
charide in embryo 

Cellulose 
in embryo 

Ca]loee in 
embryo 

Pectin in 
embryo 

eout- 	epith 
el].u* 	elium 

0hz. 0 0 

trace; ++* = maximum amount observed. 

•, not equivalent for different tests. 



Ri.bocheio$1 chinges in the Xmbryo and Endospem during Germin -

ation (0 	Li hr.) and seedling p'rowth (17 72 hr.). Growth 

Temperature - 25 0C. 

ITnO &t t. 	wetting 0 hr. 12 hr. 20 hr. 2 	hr. 8 hr. 72 hr. 
grain (hr). 
Acrospire 0.10 0.15 0.20 0.6 0.98 3.40 
length (hr).  

Coleorhina and 04  0.20 0.25 0.4.0 1.62 2.70 
root length (on).  

Vascular different- 0 
Cell 
elong' Lignin Lignin Lignin Lignin 

istion in scuiel1u 	• a+ion  
Pat in ecu4ellum. ,..+ ..•+ + 

?at inscutellar • 0 0 
epithelium.  

Starch in scutefluin. 0 0 • •• ••• 

Starch in sout.flar 0 0 0 •• 
•pi + helium.  

Protein in aoute11u. +• •, + 
• - 0 0 

Protein in soutell&r + 0 o 0 
ep i helium.  

Length of ecutellar 30 IA 30  IL 30-400 40-50P 70 75i& 75800 epi+helial cells. - 

Modification of 0 0 Endosperm I 

• - 

 

trace; •i.. - niaxinuni anunt observed • only equivalent 

along one line. 

t - at acroepireend only. 



Pig. I. Diagram of median longitudinal section of the 

ungerminated barley embryo. 

P-T - Pericarp-Testa. 

Axis 

C 	- Coleoptile. S - Scutellum. 

F 	- Foliar shoot. V - Vascular trace. 

N 	- Node ( scutellar node ) E - Epithelial cell layer. 

- Seminal root. I - Intermediate layer. 

- Root. A - Aleurone cell layer. 

Cr - Co].eorhiza. 
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Fig. 2. Diagram of entire scutelluin, dissected and stained with 

basic fuchsin to show vascular system. Grain grown for 

72 hr. 

V - Vascular traces leading from soutellar node( N ) to 

apex of the scutelluin. 

R - Vascular supply to roots. 

L - Line of lignin - like material deposited on cell 

walls. 



SECTIOIiTI 

ANALYSTS 0)1 1UhTIOjAL ASPECTS OF STRTJCWRAL 

Ai JTABOLIC CHAZWES IJRThG BARLEY 
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rEt0ypIrI01 

In Section I analysis indicated that many structural 

changes were apparent in the embryo even before germination 

t root emergence) had begur; changes with respect to lipids, 

starch, protein, lignin, cell, elongation, endosperm modification 

and general metabolic organelles were recorded. most of these 

charges were recorded for the ecutellum and this organ is 

supposed to be the cotyledon of barley grains (see Brown, 19c3). 

It is generally assumed that during the germination of seeds 

with food reserves in cotyledon., drastic break-down of these 

food reserves occur with the lose of soluble products to the 

developing axis (Mayor & Pol.jakoff—Mayber, 19c3). how, with 

the possibility that at least during germixation a fat to starch 

conversion occurred in the soutellum of barley grains, the 

validity of a nutrition relationship between scut.]lum and axis 

will be investigated especially during the germination process 

(0 - 17 hr.) i.e., before any visible si'ne of endosperm 

modification ( 20 hr.). 

Mindful of this, physiological stuctite wtre made to 

determine whether the glyoxylate pathway was functional and also 

the fate of important nutritional reserv' on such as, fat, sucrose, 

raffinoee, amides and amino acids in the scutellLm and axis 

during embryo growth. The mechanism of raffinose degradation 

was investigated. Important changes in dry weight and water 

content were also recordede 
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It is hoped that this section will give some insight 

Into the metabolic independence of intu1.dspendenoe  of the two 

major embryo organs (ecutel].ua and axis) especially during 

germination. 
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WA'L'TAJAS AND ?#ITIIO,L's 

11 	 (lyoxy].ate determination was based on the methoa of 

Carpenter & Beavers 19S9)9 with minor modifications owing to 

difference in experimental material. 100 ecutella and axes 

were carefully removed from germinating Proctor (19) barley 

grains at the appropriate times. Scutella and axes were 

extracted with 2 ml. r.05M ice-cold phosphate buffer, ph 5.8. 

The supernatant fraction, after centrifugation at 38,000G for 

30 mm. at 0 0 C was then assayed immediately for leocitritase 

activity. The reaction mixture contained 200 &Y phosphate 

buffer ,ii 7.8, 13 i&Y of 11g80 4 , 6 iM of cystoine HC1 adjusted 

to ph 7., 24. gM of isocitrate and distilled water giving a 

final volume of 2.J1, nil. 	For the assay, C.2 nil, of supernatant 

was &ddeu and I. iii. aliquots were removed at 1 minute intervals 

and placed in a centrifuge tube containing 0.2 nil, of 100 'RCA. 

Precipitated proteins were spun down using a YSE 8 and the 

suptnatant was decanted into a test tub. and 0.33 ml. of 0.1 

4ribropheny1hydraEine in 21i liCl auded. 	Incubation was in a 

water bath at 30 0 0. 	After ir.cub$tiori 1.7 ml. of 2.51 ia0E 

was ider slowly. 

The solution was then placed in a glass cell and read 

against a standard in $ $2 500 at 445m. OJ reading, were 

then converted into jiM of glyoxylate witr ,  the aid of a standard 

graph. 
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2. 	Determination of total M (J1,) content at the 

appropriate times was based on the method given in Peach & 

Tracey (1955) with minor modifications. 

150 embryos at the appropriate growth times were 

removed from barley grains, dissected carefully into soutsila 

and axes, diced up finely by clean band razor, placid in fat-

free thimbles and extracted for 4 hr. in a Soxb]et apparatus 

using light petroleum ether (b.p. 4.0/60 g . Isomantles were used 

as beat source. The extracts were then evaporated under reduced 

pressure* 	'i.e last trace of the solvent was removed by heating 

the flasks at 1050C. The flasks were allowed to cool and 

eub.tr*otion of the original weights from the final constant 

weights of the flasks was recorded as that of the total oil 

content. It was found that 4. hr. was sufficient for complete 

extractior. 

30 	1;ry weight d.terniz.1On8 were carried out or C ir1s 

from appropriate growth times. These grains were dissected 

carefully into soutella, axes and endospern. Jrying extended 

over 24 hr., in aluminium containers, in an oven set at 105 °C. 

40 	Sugar determinations Paper chromatography. 

The only solvent system used was ethyl acetat./pyridixie/ 

water (10//3) with the solvent flowing in a descending manner. 

Chromatogram were developed, usually with silver nitrate and 

in one case with araalins oxalate. 

Soutella or axes tissue extraction was carried out 

with hot 80% ethanol. The tissue was always mashed up in the 
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extraction fluid and allowed to extract for 2 hr. The whole 

contents were then filtered and the clear filtrate was reduced 

to dryness under pressure at 3500. The dried contents w.r. 

than taken up in $ suitable quantity of distilled water for 

application to either Whatman We. 1 or 3 chromatographic paper. 

Crude enzymic extracts were made by using a hand glass 

hogeniur. Litraction was in ice-cold 0.1W phosphate buffer 

pH 6.2. The extracts were centrifuged (5 0C) for 20 mm. at 

9,000 r.p.m. The supernatants were then dialysed against 

distilled water in the cold room for 6 hr. The dialysed 

extracts were then incubated with about 3 sge of substrate in 

a reaction mixture of 0.2 ml. in small tub.. at 3700 for 14 hr. 

After incubation small aliquots were spotted onto 4hatman Wa. 1 9  

and the chroustograms were developed and sprayed. 

30 	Quantitative e.timatior of raffinoes and sucrose. 

Soutella and axes from 75 grains were carefully dissected 

from growing grains at the appropriate times, extracted and 

applied to Whatman Wa. 3 as in, L,. Sucrose and raffinose 

were therefore separated sn thick paper, Whatman We. 39 and, 

after chromatography, the areas containing sucrose and raffinose 

were out out and eluted with distilled water into 50 in). 

graduated flask.. Ziuted solutions were filtered through 

sintered glass funnels (Doe, 3 porosity) to eliminate the possible 

contamination of cellulose fibres from the chromatographic paper. 

1 ml.e, of each eluted solution was then placed into a scrupulously 
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clean test tub., 2 ml. of 5% phenol (LualaR) was added and 5 ml. 

of ArialaR sulphuric acid was than quickly delivered. Test 

tubes were then cooled and read at 490 up on the 3P50 0  using 

glass cell.. Duplicate checks were always carried out. OD 

readings were then converted into ago by the aid of a standard 

graph. Corrections were made from an eluted blank. 

6. 	Determination of total amides and amino acids. 

For this determination ecute].la and axen were dissected 

from 30 grains at the appropriate times. They were then extracted 

separately in 3 a]o of hot distilled water in a hand glass 

bomogeniser until the tissue became minute particles • The 

extract was then made to 60% with respect to samonium sulphate 

for precipitation of proteins. The extract was then centrifuged 

at 9 9 000 r.p.m. for 20 min. at 10 0C. 

Reagezite* r'ri-nitrob.nzoio su].phonio acid 0.1% (w/v), 

sodium bicarbonate .% (w/v) and hydrochloric acid 2%. 

To 1 ml* of the supernatant was added 1 ml. of sodium 

bicarbonate solution and 1 mlo of tri-nitrobensoic acid solution. 

The reaction mixture was then mixed and left in the dark at 

400  for 2 hr. An orange colour developed at the end of this 
period. The solution was then acidified with 2 ml. of .21 

hydrochloric sold solution and read at 340 up using silica cells. 

It was found that the extract aide in the way described had to 

be diluted 5  timer before a reading was possible. Calibration 

using alanine or merino was not attampt.d* the bulk of this 

method was communicated to me by Mr. J. Bartlett (Heriot-Watt 

University, 1966). 



RLSU$ AND ISCUSSIO 

*t-Staroh islationshin in the Scutellu.m 

r1in (1931*) showed that during the germination ci oil-

bearing seeds, such as peanut, the decrease In oil content war  

associated with an increase in carbohydrate. 

Kornberg & B.evsrs (1937) for castor beans, Marcus 

Velasco (1960) and Beevers (1961) for both pumpkin and peanuts 

and Cherry (1963) for peanuts have all shown that isooltritase, 

one of the key enzymes in the glyozyl&te pathway, is always 

associated with all-bearing seeds. Carpenter & Buyers (1939) 

also showed that in 24 plants examined isocitritase was always 

found in the region of fat breakdown. Beavers (19369 using 

non-green cotyledons  of castor beans from 5 to 6 day old seedlings, 

has demonstrated that when labelled glycerol was applied the 

metabolic equilibrium was transferred towards anabolism and 

labelled sucrose was detected. 

1. 	Since in Section 1 the proposed fat to starch conversion 

was based on structural observations it was first decided to 

follow the decline of fat chemically, and, more preoissly, relate 

it to the electron microscopic appearance of starch grains on a 

cellular basis. Pig. 3 shows a drastic decline in scutellar 

fat content at the very onset of germination with a levellingout 

from 24 - 742 hr • Fat content of the ails also falls drastically 

during the entire germination process but begins to reappear 

71. 
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after 24 hr. Pig* is. on the other band depicts, froni ultra -

structural observation, an increase in starch granules per 

single cell profile in scutel]&r parenobyma cells. Here 

starch grain deposition, as was the case for fat decline, 1c 

well under way by 12 hr • germination tiir€. 

As far as the saute].lum is concerned the decline in 

total fat content (Pig. 3) appears to be directly related to the 

ultrsatruotural organelles whioti were labelled as being associated 

with fat deposition. For it may be remembered that by 24. hr. 

the diffuse deposits of electron transparent bodies (Pota.eiur 

pern.rig*n&te fixation) gave way to small stellate epherosomes. 

It is therefore possible that these el.otror transparent bodies, 

shown in Plate 21, 0 hr. grain and Plate 259 12 hr. grain, 

represent a decline in fat content while klate 2 , 24 hr. seedling 

represents a virtual depletion of these electron transparent 

bodies content of fat. These bodies at 24 hr, might thus appear 

shrunken and the small stellate bodies could represent this 

shrunken forms 

sow, the associated increase in starch granules by 

12 hr • (before the oommenoenent of eridospera modification) 

prompted me to investigate the possibility of the glyoxy].ate 

pathway operating in the scutellum of these grains • Since 

important workers in this field have always associated the 

presence of isooltritase with the functioning of the glyoxy]ate 

pathway, the presence of this enzyme was determined in relation 

to its ability to produce g]yoxylate xrom isooitritaae. 
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Pig. 3 shows that this enzyme Is present in the ecutellum 

of the germinated grain and except for a slight lag in activity 

at the onset of germination the activity of this enzyme coincides 

remarkably well with the decrease in fat content and increase 

in starch granules in the sout.11um shown iL Pig.. 3 and 

This result, as far as the development of this enzyme 

during germination and early s..dlizg growth is concerned is 

consistent with the results of other workers (Marcus & M.laaco, 

1960 Beevers, 1961 Cherry, 1963). However, Cherry claims to 

detect high enzyme activity at 0 hr. in the cotyledons of peanut 

while Marcus & Velasco and Beevere did not. Ny results did 

indicate a high initial isocitritase activity in the axis (Ply. ) 

but a low initial activity in the soutellum (Pig. 3)e 	ow 9 ha 

there been axle contamination of the soutellum then a higher 

activity would hav, been detected in the soutellum. This may 

explain the difference in the findings of the other workers. 

Taken in conjunction with the evidence of MacLeod & 

ibite (1962) that high lipase activity occurred in the embryos 

of 2 hr, soaked barley grains, it would appear that in the 

sout.11ua of growing barley .ryos an oil-to-starch conversion 

might occur through the activities of the glyoxylate Pathway- 

None the less it s.eaed worth enquiring whether at the 

initial (0 12 hr.) conversion of fat, starch was the only 

nutritionally important carbohydrate formed or, was sucrose also 

formed as in the labelling experiments of Beavers (1956). 
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2 • 	MacL.od (1957) has shown that the entire embryo fm 

intact barley grains utilised both rsffino.s and sucrose during 

germination with uncross showing I recovered rise at about 9 hr* 

germination time. Ldelman (1959) has shown that the •cutellum 

of germinating barley embryos contains an enzyme system capable 

of converting hexose residues, resulting from endoepez'm modif 1a 

ation, into sucrose. Mindful of this, it 'usa surmised that 

mince endosperm modification in the intact grain did not begin 

until after 13 hr* then if there was any marked conversion of 

tat to sucrose or raffinoee in either the soutellum or the axle 

it should be possible to detect this between 0 - 12 hr. 

Pigs. 7 and 8 show a detailed time—ceurl3e analysis of 

sucrose and raffinose contents in the seutellum and axis over 

the first 24 hr* period of grow-.. Th both Pig. 7 and 8 9  over 

the 0 12 hr* period when storL., lat ieollned and starch 

aoourlatsd in the soutel]um, no increases in either sucrose or 

raffinose contents were observed. however, fro;m the decline 

of these eu'ars during the germination process, a possible 

participation in starch synthesis cannot be excluded (see Leloir, 

1964). lions the ieee, sucrose synthesis was evident after 16 br, 

in the soutellum and a slower but marked increase was observed 

in the accompanying axis at lB hr. Ei€. 7) though not at 9 hr. 

as was quoted by 1oLeod (1937). 1,o ioreass in raffinoss 

(Pig. 8)  was observed and it would appear that in normally 

germinating grains raffinoes synthesis does not accompany sucrose 
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synthesis on the onset (between 16-20 hr.) of endosperm  

modification. 

To conclude tentatively, it would appear that ..'hile the 

scutellum is capable of synthe.i.ing starch, possibly mainly 

from hexose building blocks provided by fat conversion especially 

during the early stages of germination, it is incapable of using 

the same hexose building blocks for the synthesis of ei+her 

sucrose or raffinose. 

However the question remains; was this due to a utuect 

in the sucrose eynthebaae system of the soutellum during this 0 

13 hr* period in the scutellum? (see Pig. 7). To answer this in 

a crude way, 75 baXlsy embryos were excised, after the grains 

had been soaked for 2 hr. and inserted into the exposed modified 

proximal ends of eridoeperme freed from their embryos after 40 hr. 

growth at 25 °C. Th... 75 reconstructed grains were left for 

10 hr. at 2500  and then soutefla and axes were excised and assayed 

for sucrose and raffinose contents. 

Table ITT suggests that the sucrose synthetase system 

is present and affective in the soutellum during the first 12 hro 

period of germination, but in the normal intact grain its 

expression is limited until •ndosprm modification begins and 

transported hsxoses are available • Thus it would appear that 

starch is possibly the main carbohydrate synthesised in large 

quantities from products of oil degradation during barley 

germination. 
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Before going to Part 2 of this section it may be 

Interesting to see how the.e meagre findings fit into current 

Ideas on the anabolic neohanieme of carbohydrate netabolinze 

Ldleasn (1959) has shown that U])PO and Y62  function 

in the synthesis of sucrose in the barley scutellum during 

germination • Di Pekete & Cardini (1958) proposed that starch 

synthesis is catalys.d exclusively by ADM—starch tran.g]yoosylaE. 

Therefore it is possible that from the early degradation of oils 

in the acutellum ADPG results and facilitates starch synthesis, 

but when free hszoses from the modifying endospera are available, 

the UDPG equilibrium is raised and sucrose synthesis can also go 

or, • TYDPG may have an indirect role in starch synthesis from 

Eu;r' as starting material, according to Leloir (l%). Tf 

there is any truth in the above suggestion, than one would expect 

to find mostly 4DPG during the first 13 hr. with UDPG becoming 

more abundant after 15 hr. gornination. 
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kAR.P 2 

Other Metabolic Aspectsof 8cut,llij. tnd Axis 

In the first part of this section it was shown that 

various metabolic processes take place in the eoute]]ua and axis 

before root emergence has occurred. It seamed desirable not to 

leave these data in isolation but see how they fit into that gross 

event called germination. 

It to generally supposed that cotyledons pass their 

degraded food products to the adjoining axis. In barley grain., 

in the given conditions, germination is completed by about 17 br 

however, an important question is, could the soutellum limit 

germination by lack of transport of food materials over the 

17 hre germination period - or is the axis an independant organ? 

Pig. 3 suggests that both organs have the enzymic means 

of degrading their fat reserves from the very onset of soaking. 

Pigs. 7 and 8 suggest that both the eoutellum and the 

axis during this preermination phase, rely on their own sucrose 

and raffinose pools. 

Pig. 9 suggests the same self reliance for amides and 

amino acids. With respect to Pig. 9 it is worth remembering 

that protein-like deposits (Plate 21, 0 hra grain and Plate 259 

12 hr. grain) disappeared between 12 and 24 hr. in electron 

microscopic analysis and it is now interesting that during 

this period of storage protein disappearance in the scutellum 

there is an associated increase in free amides and amino acids. 
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In the ecu-teller node, however, what appears to be protein-like 

bodies disappear between 0 and 12 hr. (Plates 34 and 35,36). 

Although the •outel]ar node is only $ small part of the axis, 

analysis on the whole axis tends to show that there is an 

associated increase in free asides and anino acids in this 0 - 

12 hre germination period. This increase in asides and amino 

acids seems to coincide with the disappearance of electron dense 

bodies which were labelled protein. It is therefore possible 

that this labelling was correct. 

Now, the suggestions in Pigs. 39 79 8 and 9 for scutel]uaa 

and axis nutritional self reliance sees reasonable with respect 

to the fact that the degradation, loss or increase in nutritional 

products in the one organ is not accompanied by an associated 

increase in the other. In fact. Pigs. 7 show, that at germination 

(about 17 hr.) while the sout.l1ua is synthesising sucrose the 

growing axis is still 'on its own' an far as the context of this 

important metabolic sugar is ooncsrne. It is only after 18 hr, 

that the real beginniz.g of transport from the soute].lua to the 

axis can be dst.oted* 

Taken together, the results tentatively suggest that the 

axis may have enough Zo'd --rial to exist independently until 

germination has occurrt. • 	iiis agrees with the finding. of 

Bain a Mercer (1933) for 4eus ativu.. Thus the germination 

process in barley grain@ appears to Lays nothing to do with 

endosperm modification or the transfer of food material from 

the soutellun to the axis; only seedling growth is dependent 
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on such tran.]ooation. 

To verity this matter further it was decided to perform 

dry weight determination, over the pro- and immediate post-

germination period. • Pip. In shows that increases is the dry 

weight of the *xis only began to show themselves after 1 hr, 

when endosperm modification would have commenced. The dry 

weight of the soutellum changes very little over the 72 hr* 

growth period and the drastic fall in dry weight of the endospera 

strongly imply that the soutellun is mainly a4 absorbing organ 

and an important tissue link between the ails and the endosperm 

for bidirectional transport of hormonal and food materials -

especially after germination. 	'herefors germination is 

exclusively an embryo event, and materials in the endo.pernn 

appear to have no important role in that growth process. 	roa 

this, it would appear that such descript 1 ona as '7 day termination' 

are quite meaningless (eec 'rigs, 19<4 ; Van Dir Eb & ).ieiiwdrop, 

l9). 

'om AaDectç °Z Water Relations in germination, Age 11 shows 

that the ecwtellun and the axis, 01 tht basis of their own dry 

weight., are more efficient water absorbing organs than the 

endosperm. As shown in Pig. 11 the water content of the 

soutellum follows that of the axis and the strange 12 - 18 hr. 

peak can only be correlated with one important event, i.e., the 

emergence of the root initial from the oo].eerbisa which has 

ceased to elongate - see Plate 1. Although root emergence 
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seems to be the main correlate of this inrush of water, an axis-

to-ecutellum pathway of water movement during germination is 

also inferred from Pig. U. blowing £railov (1910), it is 

suggested that the endosperm takes up its own water mainly by 

inhibition and other physical properties such as diffusion. 

At £irt, this correlation between 'water-rush' and 

root emergence was thought to be an artifact* however, it was 

remembered that during the early stages of this thesis some 

work was performed along with Ar. Greig (from Distillers' Company) 

on the water relations of barley grains which were steeped along 

similar lines to those of conventional maltizigee 	esulta are 

shown in table Iv. Again fluctuations in the viis affect 

mainly the water content of the soutelluml however, now there Is 

no associated rise in the soutellum as there is in 'normal' 

germination when ample supply of water and air are available. 

The axis is nevertheless the important organ and at 12 hr. growth 

(36 hr* after initial steep-in, when the roots are about to 

appear) there is, as in the immediate pre-germination period in 

Pig. 11, a 'rush in' and 'falling off' of the water content of  

the axis. The large water fluctuations of the axis appear to 

have more influence on the water content of the soutellum than 

on the water content of the endosperms Nonetheless the endo-

sperm may suffer slight losses to the ecutellur, over the 72 hr. 

growth period. 
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Despite the similarity in the two types of germination 

where an immediate pro-germination inrush of water into the axis 

was observed there is the important difference that in the steeped 

condition the direction of water movement is now reversed, i.e., 

from endosperm to axis as opposed to the normal axis to 

scutel].um pathway. 

Possible Imnlicatlona in Illtings The direction of water transport 

from the endosperm to the axle and the ensuing lose of water from 

the two important organs (sciatellum and endosperm), the junction 

at which the production of fermentable sugars is initiated, might 

bold certain disadvantages for the meltster with respect to 

final extractability. In addition to this there is also the 

possibility that the transport of the gibbersilic acid-like 

factor which is supposed to pass from the embryo to the endosperm 

to initiate endosperm modification might be impeded., Wonothelonst 

on the malting floor, with very little water, the axis is 

indulging in a transport pathway which is quit. 'sensible' as 

far as its own welfare of survival is concerned but this may not 

be desirable for the maltstere In my estimation some system 

of a small constant supply of water would be more advantageous 

than an initial heavy steep. 

In conclusion, it would appear that water plays an important 

role in the emergence of the root initials from the colsorhisa and 

the failure of the axis to initiate this pre-germination inrush of 

water might be important in some types of barley grain dormancy 

(e.g., water sensitivity). 
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PART A 

So= M2tk2lic Asoecte of the Utilhsati pn of Sucrose. R&tfinose 

nGa1actoe e 

The obvious rapidity of decline of sucrose and raffinose 

(Yige. 7 and 8) prompted a study of the localisation of both 

sugars in the embryo and of the enzymes which hydrolysed them* 

Prom chromatographic evidence I was found that the 

distribution of sucrose, reffinose and invertas* was as shown 

in Tab].. V at 2 hr, germinations where the shoot (acroapire) 

oorijajris mostly sucrose, the root (ecutel].ar nods • root) 

mainly raffinose and the ecutellum as much reffinose as the root 

but more sucrose than the shoot • High inver1ass activity is 

associated with low sucrose content (v1z root) but the distribution 

of raffinos* seem to be unaffected by invertase. 

Over the early germination period, although raffinose 

decline was chromatographically evident, ethanol extracts skowed 

no presence of galactose or melibiose. 

An investigation was then made of the effect of crude 

enzyme extracts from the soutellum and the axis, on the degradation 

of raffinose, at 2 hr., 12 hr. and 18 hr* growth times. The 

results of this investigation are given in Table VI. In Table VI 

the results suggest that an enzyme capable of hydrolysing 

raffinose was present in both the axis and the soutellum. However, 

as would be expected from Pig. 8, the axis appears to possess 

greater enzymic capabilities, with respects to ra.ffinose 

degradation, than the soutellum. This hydrolysis appeared to 
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have occurred without the detection of ms]ibioe.. However, if 

instead of 3 ige of substrate, 5 10 mge were used then traces 

of aelibiose were always present; but thise traces were considered 

to result mainly from the enzymic action of izivertase. 

It would therefore appear that in barley embryos there 

was an enzyme capable of bydrolysing raffino.., other than 

invez'taae. But the question of the fate of galactose in the 

plant and the reason why it was not located in ethanolic extracts 

of the germinating embryo remained unsolved. 

Mindful that galactose is reported not to be metabolically 

active in promoting root growth (Street, 19(2) 9  it was decided 

to grow barley embryon on all the possible constituents of the 

raffinose moleculo and to examine them for their sugar content. 

?able VI! gives the results for shoot and root growth. 

Galactose lived up to expectations by not stimulating root' growth 

but glucose, although Less effective than sucrose, was found to 

be quite effective In promoting root growth. Street (1962) 

points out that this growth-promotive effect of glucose seem to 

be limited to cereal roots. However, from this exercise, the 

rcal surprise was that in the galactose-fed embryos an unparalleled 

acoujailatiori of glucose was found. It was then thought tht 

possibly the embryos of barley could convert galactose to glucose. 

Mindful of this possibility the following experiment was con-

ducted. 
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Crude dialysed enzyme extracts from the axis and 

scutellum of barley grains (2 hr., 12 hr. and 18 hr, growth) 

were incubated as before at 3700  but only with galactose. 

Results are shown in Table VIII. Prom Table VIII it appears 

that the extracts from both the axis and the souteUua are 

capable of producing glucose from galactose and, as expected 

from Pig. 8 and Table VI, the axis was nor* efficient at this 

conversion than the sautellum. From Table VIII it would also 

appear that this apparent epinerisation was such lees intense 

at 18 hr* growth, which coincides with the growth time for the 

intact grain (Pig. 8) when raffiriose degradation begins to level 

off. "he crude dialysed enzyme extract did not affect me]ibiose. 

Jtter the completion of this work it was realised that 

a very complex conglomerate of galactoss-metabolising enzymes 

was found in germinating soybeans by Pazur n fl. (1962 ) • They 
found, aneng other enzymes, galaotokixaaae, UPks Ga1 Uri dyL rsnsf eras 

and UDPsGal-4epinerase. These workers did find that melibioee 

was slowly hydx'olyaed by their enzyme system but only after 

12 hr. incubation. 

The tentative conclusion drawn from the above results is 

that raffinose is metabolised during the early stages of germin-

ation as is the case in soybeans • It would appear that in 

the intact grain, raffinose i3 not degraded into melibiose and 

fructose but possibly into galactose and sucrose. The galactose 

is then rapidly epimerised, possibly by a UiPsGl-.pimerase 

system, to glucose and the sucrose enter, the general sucrose 
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catabolic pool. Such an explanation would account for the 

non-dst•otlon of galactose in •thanolio extracts. Since 

galactose is of little Immediate metabolic use to the plant 

its quick in vivo removal would be desirable. 

The function of raffinose in Still doubtful but b•ir2, 

the next abundant oligosacoharids to sucrose found in plants 

(Fr.nah 1334) It seem that it muat be of some importance. 

Since galactose in the free state I. possibly harmful theri this may 

be a way of binding up galactose and also a way of storing sucrose. 

In passing, it was noted that when gslactose and sucrose were 

used for growing excised embryos only in that treatment was a 

positive raffinose spot detected on the olnomotograme, and 

growth was inersased over that of galactose alone (Table VII). 



In this section biochemical support was given to sub-

structural observations in Section 1 that a possible fat to 

starch conversion took place in the soutel].wa of germinating 

barley embryos. The fluctuations of lipid, smidse and amino 

acids contents of the soutel].ua during germination and seedling 

growth were in keeping with proposed suboellular organelle 

labelling.. 

Raffiaose was mainly found in the root, sucrose in the 

shoot and the scutellum had about as mach sucrose as the shoot 

but more raffinose than the root. In the embryo raffinose 

degradation was more rapid th&n in the axis but general raffinose 

egradatiori was about completed at the commencement of seedling 

growth and involved enzymic epinerisation of its galactose 

moiety to glucose. Sucrose on the other hand underwent drastic 

degradation by the embryo until the onset of endosperm modification 

whereupon sucrose synthesis in the soute].lum commenced with 

subsequent sucrose transfer into the growing axis. 

Dry weight determination, on the soutellum, axis and 

endosperm supported the possibility that despite phylogenstic 

evidence that the soutellum was the cotyledon of cereal grains 

It would appear that at lust during the germination process in 

barley grains the soutellum merely converted one major storage 

product into another and oatabolis.d other available food 

products for its own metabolic needs., This implies that as far 

86. 
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as nutrition during germination was concerned the axis was self- 

reliant. 

Ions the less, in Section 1 it was shown that the 

soutellus was structurally equipped for absorption and transport 

of degraded eridosperm food products to the axis. The sucrose 

results of this section give some vindication of that structural 

proposal. 

A rapid inrush of water into the embryo during the immediate 

pre-germination period was observed and this may be an integral 

part of germination, with respect to the actual escape of the 

root from the ool.orhlza* liowever, there is such scope here 

for further work. 

An important point which emerged from eotion I and this 

section was that germination was completed at the very commencement 

of endosperm modification and that during this germination period 

may profound structural and metabolic changes took place. In 

addition to this, anatomical studies (Section I) revealed that 

the embryo was not a uniform body but a composition of distinct 

organs which had extreme structural and metabolic difference.. 

Therefore, in the final section of this thesis it was 

decided to include studies on the various distinct embryo organs 

in combination or in Isolation, in an effort to dedice physiological 

information on hydrolytic •nsyme production within the embryo 

and the hormonal performance of the organs concerned with 

endosperm modification and to a lesser extent with lignification 

and cell elongation. 



ABLE II 

Sucrose and R&tfinoss in Embryos from (a) grains grown normally 
(12 hr.) and from (b) 2 hr. Excised Embryos Transferred to Endoeperms 
of 40 hr. GPOWD  Grainsi Further Growth Period of LO hr. after 
Reconstruction. 

Sucrose J Soutellum 
Sucrose 

Axis 
Raffinose 
Scutellum 

Raffinose 
Axis 

3ormal 
Grains 3.90 mg. 	2.60 mg. 0.71 mg. 1.10 mg. 

Reconstructed 
Grains 9.60 Mg. 4060 mg. 243 mg. 243 mg. 

Other prominent oligoeaccbarides founds maltose, usually 

present after modification had occurred, and maltotriose. 

Growth temperature = 250C. 



TAWA Iv 

Water Content Changes During Steeping and Growth 

Mean ki.ture Content per Dry Weight for Samples of 30 Grains after: 

Steeping 	 Growth (after steeping) 

Part of grain Dry 
grains 1 h 16 hr 24 hr 5  hr 12 hr 24 hr 48 hr 72 hr I 

Husk 8.6 4.8.5 50.6 50.6 46.1 21.4 24.9  20.7 20.1 

Axis 11.6 44.6 63.7 80.6 70.0 78.8 75.3 76.6 72.9 

Scutellum 19.0 39.2 65.6 53.6 61.9 61.4 57.9 55.7 56.4 

Endoeperin 12.2 18.2 34.7 38.7 39.4 37.5 37.3 36.3 35.2 

Whole embryo 12.2 42.2 64.9 65.5 66.3 70.2 	645 	66.3 67.6 

Whole grains 12.2 24.7 4.0.6 42.9 43.2  42.7 42.7 42.6 4203 

Time f row 0hr 0 1 16 24 29 36 48 72 96 

S beeping and Growth at 25°C. 

Grain pieces dried in aluminium container, at 

1200C for 24 hr. 



TABLE V 

Presence of R&tfinoee, Sucrose and Inveraae in Different 
Organs of 2 hr. Soaked Embryos. 

Shoot toot Scutsilun 

Sucrose ++ 

Raffinoes + •+ ++ 

Invertase + •+ 

Symbols for sucrose and raffiriose not equivalti. U the 

resul+s are valid only along one line. Soaking at 250C. 
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Effect  ot Crude Ensyne Extracts from Axes and Scutsl]* on R*ffino.. 

(1j hours Incubation at 370C.) 

Sugars Present at Given Times 

2 hr. 	 12 hr. 	 18 hr. 

R&tfiLoss 	 R&ffinoae 	 Raffiriose 

Iscutollus 	 (trace) 

Glucose 

Raffinose 	 Raffinose 	 Raffinoes 

• 	 Galactose (trace) 
	

*Galactose (+) 

Glucose 	 Glucose 

Fructose 

1- 
A Product of aaffinoee degradatior. 

irelibjose. 

• = more than a trace. 

Growth temperature s 25000 

Note absence of 



TABLE VII 

Growth of 2 hr. Excised Embryos in Various Sugars 

Jedia mow Root Length Shoot Length 

Water 4 .o Me 4.0 me 

Ga1ac4ose = if •5 . 1.0 a. 

leltbioe 1 6.0 mm. 1.0 rr. 

Sucrose = 12.5 awe 4.5 . 
Sucrose = 

+ 
Galactose = if 8.0 Em. 4.0 . 

Glucose = I de 10.2 mm. 405 Mma 

Pruo+ose : ] 11.8 mm. 4.0 =me 

Raffinoee : i% 8.0 mr, 4.0 Mme 

01C°. : 2f 9,0 mm, 4,0 mm, 

•1&C0.e : 
Sucrose : 1% 13.0  Tun 4,0 mm. 

Grow+b temperature = 25 °C. 

1046 non-stimulatiVe action of Galactose. 



TABLE Vt!! 

Effect of Crude EflE7RS Ertrtote from Soutsilu, and Axle on 
Ga]sosoe•. 

Length of Grow+h Period 

Source of 1&x+rsct 2 hr. 	 12 hr. 	 18 hr. 

• 	'Glucose ++ 'Glucose + 

Soutellua' Ga1ao9oee 	Galao+oss G1aoose 

R&ffirioes ? 	Reffinoss P 

glucose ++ *Glucose ++ *Glucose + 

Axis Glactose G]aotose Glactos. 

Raffinoas ? Raffinoce ? - 

*Sugars found af+er If hr. incubai-lon of a1acioee vl4h eziyre 

•x+rac4 * 

Grow4h temperature : 25°C. 
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It has long been recognised by plant physiologists 

that as a necessary prerequisite for the understanding of 

correlative growth and developmental processes in intact plants, 

it is essential to gain some insight into the physiological 

importance of individual organs. Brown & Mbrris 1890) were 

early pioneers of this approach and by separating the barley 

grain into embryo and •ndospsrm they did such to establish 

many of the facts about barley germination and subsequent 

seedling growth which are now accepted as commonplace. Although 

some of their ideas have undergone extension and modification 

(see Sections I and II of this thesis) it was shown that many 

of their basic observations are still sound. home the less, 

one must recognise both the usefulness and limitations of any 

surgical approach because 'wounding' can cause the appearance 

of traumatic s.oiu, (Bonner & Ecrlih, 1938) and this has recently 

been reported to cause alight endogenous Indoleacetic acid 

destruction in JdM root tissue (Pilet, 1965). Surgical 

treatments were, however, used in this hormonal section in an 

attempt to gain some insight into the possible hormone role of 

the various organs of the embryo especially in the process of 

sndosperm modification. The surgical method was employed 

because no better apjrroh presented itself. 

Yrom this study it is hoped that sufficient information 

will be forthcoming to indicates (i) possible hormonal aspects 

of spithelial elongation and hydrolytic enzymic secretion by 

88. 
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these cells,(Ii) the embryo site of origin of the gibbere1lln 

like factor which ban been reported to gen from the germinating 
embryo to the endosperm to effect modification (Too, 195; 

Pa]eg, 1960 	cIa.od & Miller, 1962) 9  (iii) whether indoleacetic 

acid has any useful role in the germination and seedling growth 

processes and, finally, (iv) the chemical and physiological 

nature of the proposed gibbez"elltn-]ike factor of the matured 

germinating grain. 

The desired aim is the acquisition of useful physiological 

Information which, in conjunction with the results from Sections I 

and II, may serve to give a better understanding of the correlative 

developmental. Repeats of barley germination and subsequent seedling 

growfh processes. here, therefore, the proposed emphasis is not 

on a "pharmaceutical" approach where isolited barley grain tissues 

uc.h ao r'olopi1€, foliar ior, 'ute1].um or endosperm are 

ubjer'4-c. 	exer;a1 aiiiv€. i.i, liquid or solid media, mainly 

for 	sake of gaining physiological data on the additives 

used. 

In this section each major experimental study is presented 

on its own and the whole represents a sequential development and 

analysis of ideas. 
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PIULLIA!L CLI.L LIj0GAPIQ1i 

Obseryational evidence, given in Section I shows that 

the •piths].ial oil]., over a 72 hr. growth period (see ?able II 

and Plates 39 49 5) 9  elongated from 30 to about 60 9 ,  since 

this dramatic elongation might be associated with the transfer 

of degraded food reserves from the endoeparm to the scutellum 

and thence to the axis (see Section II, Part 2) it was decided 

to investigate the effects of a email variety of growth-regulating 

substances on the elongative properties of these cells. According 

to most plant physiologist (see  Leopold, 196) Tndol.acetic acid 

(TAA) or Gibberellia acid (GA) can be important hormones of 

cell elongation while in special circumstances ?ripalaitats 

(Stows, 1961) or Adenine (Bonner & Ga].ston, 1952) can also 

stimulate elongation. kinstin seems to be mainly concerned 

with cell division (see Leopold, 196) while Tritodobensoic 

acid (!t'IBA)*n function as a ooap.tive inhibitor of indolesoetic 

acid (Audus & Thresh, 1956&,b;  Audus,  1963). 

Although it was hoped to gain some insight into the 

hormonal feature of spithelial cell elongation it was also 

decided to make observations on the response of the soutellum 

to two extreme concentrations of indo].saoetio acid, 10 w ' and 

101131. According to Thimann (1937) the higher concentration 

generally etiwlates an slongative response in shoots while the 

lower concentration usually promotes an elongative response in 
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root. • In the Material and Method section the significance 

of the r.oya1 of the entire axis has Its basis in the well 

known fact that ooleoptils apices are efficient producers of 

indoleacetic acid (Went, 1928; ?bimarm, 1963). 
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IAPIAIS AND I&THOD 

flongation of eDitheli4 cells in Iggisea cores of coutdllum 

Dehuaked grain, were soaked for 2 hr. in glass-distilled 

water, the axes were dissected away using a I.o. 11 sterilised 

scalpel blade, and 1 a. cores of ecutellar tissue viz's removed 

from the central region of the soutellum. These cores on 

anatomical investigation were seen to comprise storage parenchyma 

cell., ramification of provaecur cells and epithelial cells. 

For the removal of these cores a mlnature corkborerlike 

instrument, originally designed and constructed for another series 

of experiments, was used. 

After removals 12 cores were placed in beat st.riltaed 

3 x 1 inch glass tubes containing 1 ml • of the relevant incubation 

medium. 	'Incubation medium only' was a full complement of Ithope 

nutrient mixture dissolved in glass-distilled water and sucrose 

at 1.3% concentration. The whole medium was buffered witi: 

1 &W acetate buffer, and had a final pH of 6.2. The other 

media were identical with respect to the concentration of Xnaps 

nutrient mixture, sucrose, acetate buffer and final pH.Than* 

other media contained the following substances at the indicated 

molarit3r and concantrationes ILL 10'?, hA 10 	hit 10-11 + 

GA 10V, PThA 10 5M, Linstin 10 6N, Adenine 10 6M, and 

Pripalmitate 0.05 mt - ./l (after Stove 1961). 

The tubes were p144 with nor -absorbent cotton wool 

and shaken in a water bath at The initial •pithelial 

eell length. after 249 48 and 72 hr. incubation were checked 
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with the aid of a slide micrometer. The cores were thinly 

sliced with a sharp razor blade and temporary aountinps were 

In rlyoerol. 

All glassware and tilter paper used i; this series of 

experiments were soaked in alcohol and oven eterilesed t120 °C) 

*zd cooled before use* 

eiwfl 	 flwiilr5 !iJ) U'Lfii 

Grains were soaked for 2 hr. and whole embryos were 

separated by careful manipulation of an alcohol-flamed Iloo 11 

scalpel blade* The whole ringing operation was performed at 

the *out ellum-endosperm junction. The incubation media relevant 

to this experimental section were of the constitutions indicated 

above. The growth container was as followes 293 inch Lids of 

small petri dishes were placed (flat surface uppermost) on the 

bottom of crystallising dishes, 393 inch in diameter. 2 rings 

of clean f4h*t.n ho. 1 filter paper were out to fit the area 

of the small petri dish lids except at two points, about inch 

wide, which were bent down so that they touched the incubation 

media and, as a result, functioned as wiok.s (p.tri-wick dishes). 

30 ml. of the appropriate incubation medium were placed 

in separate containers* After ma.e dissection of embryos, 

about 25 were placed in each container, soutel].ar surface 

downward on the saturated filter paper surface. The crystall-

ising dishes were uncovered as little as possible, and were 

protected by lids of + inch petri dishes. Incubation was in 

an oven at 250C. 
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after 2 hr. soaking. Grains were soaked for 2 hr* Ainging 

and excision was such that the partially excised embryos were 

left attached to the endosperm by a thin bridge of tissue, 

viz., the perioarptaata - alsurone layer • After surgical 

treatments the grains were placed on the moistened surface of 

filter paper rings previously out to fit into 4 inch petri dish 

containers* Distilled water was used to moisten these filter 

paper rin(y. T latjon was in an even not at 23000  Micro- 

soopio exaira'J)ns for elongation, were oonduoted1' the method 

already described. However, in these examinations the whole 

sout.illar spitbelial surface was examined. 

) 

intact for 2. hr. Grains were placed to germinate on two 

rings of Whatr No. 1 filter paper, previously cut to fit into 

a 5j inch sterilised petri dish. .isti1led water was used to 

saturate the filter paper substrate • As in all other experiments 

a strict separation of the grains was maintained, It was found 

that clustering encouraged fungal development • In some 

preliminary experiments, a member of the Macorales was invariably 

the contaminant, but with proper precautions infection wat very 

rare. After 24 hr. growth, grains with the standard 24 hr. 

acroepirs length (mean 00 cm.), root Lengths (mean 0.4 cm. 

and number of initiated roots (u.su*lly 5)9  were selected. 

Batches of six were transferred to 2.3 inch petri dishes 

containing two pieces of fitting filter papers The wads of 
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filter paper were saturated with the following uedias TIBA 

10M, Kinetin 10M9  IAA 10M, GA lO°M, IAA 10 tjM,  GA  10 0  + 

IAA LOItM, all buffered with 1mM acetate buffer, and the 

final pH was 6.2. A 1mM acetate buffer, p11 6.2 9  was used 

as control. 

Another not of similar experimental treatment was 

performed, using partially excised soutella (axis removed) 

instead f partially excised whole embryos. 

Lengths of the epithelial cells were determinated at 

24. hr. (initial measurement) and 72 hr. (final measurement). 
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As way be remembered from Section I, in the dry grain, 

the ecutsilar •pitbelial cells are adpressed to the intermediary 

layer which represents tightly-packed cell walls which possibly 

become consolidated during maturation as a result of depletion 

of cell contents, presumably In association with saturation of 

the developing embryo. fable TX shows that none of the growth 

regulatory substances used were effective in promoting usual 

elongation of the •pi$hèlial cell.r on excised embryo 'cores' 

removed from 2 hr. soaked grait. 	'ble I shows that even the 

epithelial cells of entire *xoieei e'bryoe, separated from 

2 hr. soaked grains, failed to elongate to the same extent as 

the intact grain control although the seedlings of these excised 

embryos grew as well as those of the intact control. 

It was than assumed that failure to secure any pronourictd  

elongation of these •pithe]ial cells might rest with the 
-thc4T 

possibility .t some hormonal or nutritional factor was not 

present in the media used. Thus it was decided to excise the 

embryo only partially after a 2 hr* soak of the grains, there-

fore leaving it in contact with Its own endosperm nutritional 

and possibly hormonal supply. table XI shows that even then 

epithelial elongation did not occur, despite extensive endosperm 

dissolution and visually normal slongative growth of the 

seedlings as compared to the intact control. 
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At this point it was decided toask* careful microscopic 

observation on the separation of the Intermediate layer from 

the epithelial cells (Plate 28 shows close association between 

intermediate layer and spithelial cells). Eventually, 

microscopic observations revealed that there are delicate 

organic connections between the epithelial cell tips and the 

Intermediate layer. It therefore appeared possible that during  

this 'apparently safe' 2 hr. separation of the embryo from its 

entire endoepirn, cellular damage was inflicted on the epithelial 

cells thus rendering then incapable of subsequent elongation. 

sow, (8eotion I) epithelial elongation was observed to 

be under way by 24 hr. grovt (Table TI) and it was therefore 

surmised that once elongation had commenced embryo-andoeperm 

separation night not affect subsequent elongation. It was 

then decided to grow grains for 24 hr. partially excise them as 

before and subject theee grains to the growth regulatory 

substances used in Tables IX and I. 

In Table XII epithelial elongation comparable to that 

which takes place in the intact grain over 72 hr. growth is 

observed for the 21+  hr* partially excised embryos. IAA lOM, 

GA lOM and Kinetic 10' 6N appear to retard elongation somewhat 

while IAL lO IIN and especially IFTBA seen to be without any 

promotive or adverse effect • This non—toxic ?IB.A effect is 

very interesting because in the partially excised soutella 

treatment (i.e., exclusion of axis and as a consequence its 

indole*oeticacid-produoing colsoptil. tip) TTBA now reduces 
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epithelial elongation to a notiotbis extent, possibly 

signifying • physiological reduction in the •ndogezious content 

of indolesoetto acid compounds in the .cuts].lu. Although 

this explanation in Only tentative there is the possibility 

that epithelial cell elongation may be borwu*&lly conditioned 

by a low conoentration of indo].eaaetio acid, however further 

experimentation is required on, for •xaple, the functioning 

of the competitive property of 'nBA. kono the less it is 

very interesting to observe that it is the lower concentration 

(IAA 10tt)  of iridoleaoetie acid whiob is without adverse 

effect on at least one physilogical future of the scute].lum, 

viz., epithelial elongation. 

A chance observation was that IAA lO 	sufficed to keep 

excised soutellar 'cores' turgid for 72 hr. incubation periods 

in culture; GA or Unetin had no such ability. 
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Although there is no intention of suggesting that 

sufficient evidence was obtained in support of definite hormonal 

control of .pithslial elongation it is tentatively suggested 

that the tolerance L5TC1 of the soutellum for iradoleacetic acid 

is within the concentration ring, suggested for root tissue 

(Thlinann. 1937). It therefore follows from this that if this 
Anal Aavc  

hormone (indolsoetlo acid) ji.s a role in .pithe].ial elongation, 

and ther. Is no ovidenac to suggest it has not, then the affective 

indolescetic said oonosntration would be in the 101  oonoszr 

tration range. 

It also appeared that epithelial elongation is not a pre 

condition for the absorption of degraded •ndosperm food reserves, 

as partially excised embryos dissected after 2 hr. soak (thus 

no epithelia] elongation, sea Table XI) showed rc visible signs 

of nutritional dificienoy and, from Section II (Table III) it 

may be remembered that when 2 hr., excised embryos (therefore 

no •pithelial elongation) were reaftixed to modifying endosperme 

they aoouaulst.d sucrose, presumably from endosperm, hsxose 

residues. 

Present observations also seem to suggest that the 

intermediate layer (0 hr, grain) ha. feeble cell-wall attachments 

With the tips of the epithelial cells, and once epithalial 

elongation has commenced (viz., 24 hr. seedling) manual separation 

of the intermediary layer, unlike at 2 br* is without subsequent 

deleterious •1ongativs affect • The physiological significance 

99. 
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of why 2 hr. Reparation is deleterious may rest with the fact 

that these spfthelial cells elongate by tip growth (bieuwdrop & 

Buys 194) and 2 hr. prr.long$tion separation could possibly 

remove (observational evidence for this available) or irreparably 

dislodge the epithelial cell wall tip from its underlying 

Cytoplasm (see Plate 28). 

low, if epith.lial elongation is not an essential pr. 

requl9ite for food absorption, do these epithelial cells 

despite the Oalmest convincing' negative findings in Section I 

in either elongated or non-elongated condition, secret* or 

produce any important endosperm degrading hydrolytic sf175..? 

A biochemical examination of this question, based on the 

anatomical architecture of the embryo, will be dealt with 

immediately below in Part 2. 
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Tn Section I detailed time-course observations on 

endosperm modification tailed to substantiate the apparently 

unfounded belief (of., Brown & Verne, 1890; Laufer, 19'4) 

that the eoutsllsr epithelial cells were enzymioslly involved 

in endosperm medification. However there was still the 

unsolved paradox where, if the sleurone cello were uniquely 

responsible for the enzymic degradation •f endosperm food 

reserves, how is it that excised barley embryos can secret* 

hydrolytic enzyme.? For example, Briggs (196) attributed 

13 93% of the total e—amylaee oontuit of the intact grain, 

after 7 days 'germination', to the embryo. 	the question 

therefore realms where in the tissu. complex of excised 

embryos does this ability to produce hydrolytic enzymes reside? 

A biochemical •xaminatior of this problem was therefore 

undertaken. 
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Since anatomical observations in Section I (see flat. 15) 

revealed that the aleu.rone layer sight continue Into the 

periphery of the •outellu.m as a single layer of small cell., 

it me decided that surgical separation of the soutellu.m into 

soutellar rirrs and ecu+ellar cores was necessary for 'ana,rira1 

purity'. 

Miniaturegoe borer, 	irdiul of the seemingly anatomical 

basic to the possible physiological cum biochemical problem at 

band, a miniature cork borer-like instrument was designed and 

constructed to perform the surgical tissue separation • Thir" 

borer had a stainless and rustproof bore, 1 mme in diac 

Ar1a and wlighte gi ooe snd rings. Grains, after 

careful selection for uniformity in size and eoundnses, were 

soaked for two hours in distilled ester. 'he axen fr 

visually-sound grains were quickly but carefully reme'e 

Each grain contributed only one core, which was removed Zrom 

that region of the attached scutellum that adj oined the soutellar 

node. Six soutellar rings were also removed from their 

endosperm by careful ringing. The rings and cores were 

lightly blotted and weights for three different trial, were 

as follows ' er'rllar rings 	0.003. 	. :ind 24 sout.11a.r,  

cores 0.0082 g. The relative areas r: i. scutellar 

ring 3.1 qq. mm. and 4 cores total area of 2.9 eq. mm . 
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(0) g-z.vlaas assay after Bri ggs (1961). 	-amylase solution 

was prepared by extracting 10 1 • -, oy bean flour with 100 ml. of 

$ solution 0.0081 with respec 	i sodium chloride and 0.01281 

with respect to pH 3.3 acetate buff . • oluble starch solution 

was prepared as follows, 	a gugpensioL o. 1. go soluble starch 

in 10 nI.* distilled water was stirred into 30 nil, boiling 

distilled water and after boiling for a further minute, was 

cooled rapidly. To the cold solution was added 8 ml. 0.11 

sodium chloride and 12.8 ml. . 	. acetate buffer and 

the total volume was mads up 	;i.L. 

The iodine reagent used consisted o. • ; L go iodine 

dissolved in a solution of • T • potassium 1O1LA5 and diluted 

to 1 litre. 

'} -assay was carried out in test tubes In a water bath 

at 250 c. 	betrats was prepared by adding .. ml. •sayl&.e 

solution to 20 mlo starch solution and this mixture was allowed 

to incubate at 250 in a water bath for 1 hour. Thus the 

substrate actually used in the assay was a crud. '-limit dextrin, 

which is not affected by any "aaylaee or, over the short 

incubation period of the intended u-aaylase assay (3 minutes), 

by It enzyme admixed with the s'aaylase being assayed • P0 

1.5 ml. of the substrate solution was added 1 ml. of the 

enzyme extract wh1h had previously been brought to the same 

tsmperstur. A 0.2 nile sample was +aken out at zero time 

and mixed : i 	ml, iodine reag.r4 • 	hree further samples 

were taken at one minute intervals over a period of this. 



104.. 

minutes and treated identically. The colour produced in each 

sample was measured in an £J.L. aelorimeter, ueinp an flford 

608 filter. Blow-ou1 pipette' were use. 

: creotice, the ir-amylase activity was eterriL4e 

foil • 	'he experimental times and the corresponding 

olorirne: readings (minus ensyme blanks) were abulat.d. The 

oolorimetz'io reading was then multiplied by a zero time eottrol 

not at 3,C•) (gradient) and divided by the associated substrate 

blank. Each corrected reading was then read on a standard 

log graph (after Brigge, 1961) which on the average of three 

ooioz'inetsr• readings per extracted 	sample gave Ua3y1aas 

activity in Todine Dextrin Odour (T. • . unite. 

(4) X=S&yjase.eterminat ion on •cutejLar rings and •cutellggj. 

Per this determinati-i, rings and " ' r vere dissected out 

as already described. The assay c.. the 6 rings and 24 cores 

was conducted using Briggs' w. 2.. 	'IbA preparation of the 

extracted enzyme was as Zo11ow 	he rings and cores were 

separately homogenised by a htii bomogenie.r (glass) in 3 rI. 

0.6 sodium chloride ds up in 0.1W acetate buffer so]ut 

PH 503. 	he bo*og.nate was allowed to extract for 1 hOu.L', 

centrifuged in a MBX 6 centrifuge and the supernatant used 

for the r-amylaae assay. This method of extraction was used 

through this series of experiments. 

The appropriate number of rings and cores were either 

taken from intact of from excised whole embryos at appropriate 

growth intervals, (19, 24, )+8 and 72 hr.) or initially from 
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2 hr. excised embryos for incubation of these rings and cores 

over similar time periods in similar growth containers. 

Intact grftis were grown in sterile petri dishes 

on two di.ti1led'wat.rUturated rings of filter paper. 

Lxcised embryos were grown in p.triwiok dishes an 

described in Part 1 9  The incubation medium contained Lnops 

nutrient mixture, 1.5% with respect to sucrose, 1 ml Cad 2  

buffered by I ml acetate buffer with a final pi of 6.2 - 

this was incubation medium without gibberellic acid k-GA). 

However, when GA was included the medium 1. called (iGA). 

Each Petri-wick dish contained JO ml. of the respective 

medium. Again embryos were well spaced out and incubation 

temperature was 23 0C. It tooic under 1 hr. to excise 200 

embryos without visible damage. i..ults represent aS&r or 

three separate experiments. 
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Jig. 12, for the intact grain, chown that the uay]&a* 

of the rings significantly exceeds the s-antylaee content of the 

cores especially after 24 hre growth tire. Lere, it is 

interesting to reflect that this rapid increase after 24 hr. 

coincides with the photonierogr&pbical evidence in Section I 

on the rapid phase of ondosperm modification observed immediately 

after about 24 hr. growth (of. Plates 7 9, 8 9  9)6 

A similar disproportionate picture with respect to the 

relative crnunylase contents in rings and core@ is also observed 

in Fir. 13 fc%r tho]e excised embryos grown on the incubation 

niediu: 	. However, here there is no decline in u-amylase 

content of the rings after 4 	. thich, in the intact grain, 

may be due to side effects of (p&nying rapid endosperm 

modification at this growth time. A similar fall in u-amylaee 

content after long incubation periods in Bromue was recorded 

by Johnston (1964). 	)oseible explanation for this peculiar 

decline in s-amylase content will be given later. hone the 

leer. in Fig. 14 9  similar whole excised embryos ow with 

gibbereillo acid in the medium)ehowed the saw u-amylase 

disproportiona].ity between rings and cores as in ii, . 

Although the presence of gibberellic acid quickene: 

rate of appearance of x-amylase irithe rings it somewhat 

reduced the content of s-amylase after long incubation perio:. 

The reason for this may rest with the possibility that excised 

embryos (without added GA) can produce an optimal endogenous 
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supply of gibberellia acid-like substance (Tomo, 1958) and 

added gibberellic acid may deleteriously exceed this optiriu. 

This seems possible as in 	. 	, for rings and cores 

separated from 2 hro excised eibryoe and incubated without 

gibberellic acid, it would appear that the removal of the  

axis resulted in tLt lowering of the endogenous gibberellic 

acid content of the excised rings or the a-aaylaae producing 

cells of the rings are somewhat damaged by separating the 

•outellur into rings and cores and their subsequent long 

inoubatioL. iig. 16 shows that the former possibility may 

be correct because when gibberellic acid is included in the 

medium the r-saylaae content of the rings is greatly inor.asu. 

From the above results it would appear that the rings 

appear to have, especially after 24 	• ':rowtb or incubation, 

a significantly greater content of -. . taae than the associated 

oor€ - & 	Tr. addition to this there is the tentative possibility 

that thf. early removal of the axis so i.wb&t reduces the ability 

of the rings to produce aamyl*se and added gibberellic acid 

appear to put right this deficiency. 	'hie feature of the axis 

will be investigated in the following part (kart 3)  of this 

: ierificatiom was obtained). 

as shown in Pigs. 121, 13 and 14, deopite the large 

differences in s-arylaae content, it is evident that especially 

after the 4.8 hre growth period a small rise in eamylase 

content of the cores can be det.ct€.. Is this due to synthesis 

or merely due to the associated bigk a-amylase content of the 



rings at this growth period? Pigs. 15 and 16 show that the 

latter reason is possibly more correct as when ring, are 

eepara+ from the cores after only 2 hr, 30akinge and incubation 

is mad eparate1y the a"$ay1ae content of the cores falls 

rather tharA rise*. 

In experiments reported in Fips. 13 and 16 9  it was 

observed that rings and cores tended to 6o flaccid after long 

incubation periodn. If the 2 hr. axis axoision sufficed to 

resove the primary source of inuoleacetic acid production, yj. ,  

the ooleoptile tip (Went & !himami, 1937: Thimanns 1963)9 then 

It is interesting to report that (igs • 13 and 16) indoleacetic 

acid at lO 	concentration sufficed to keep these excised 

soutellar pieces turgid and also increased z-aaj-1aae contents 

of the rings as compared with non-indole acetic acid treatments. 

At the moment it is uncertain whether the added Indoleacetic acid 

was not merely affecting the general physiological state of the 

rings and was not specifically affecting the tissue site of 

.-amylase productio. 	'his question is extensively examined 

in Part 4 of this 	ctioi1J. 

Now t  why should the rings be able to produce (or accumulate) 

greater amounts of s-amylase than the cores when in both 

ecutellar tissue pieces ep4thelial cells are present in equal 

abundance? It seems that indoubtably the answer to this 

feature of the rings rests with the aforementioned observation 

that these rings (comprising structurally the peripheral area 

of the sontsUum) are contaminated normally by minute residue. 
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of alsuron• cell. (see klate 15)0 

(Although the sharp fall In wamylase content in the 

rings of the intact grain toes Fig* 12) may be due to many 

ujown facto?., it was obe.rvt. that during the growth of 

the intact grain a progressive fall in the pH of the modifying 

endosperm was observed and if this was more acute in the 

adjoining 'ring' region of the sautellun then -auylas. content 

(which in adversely affected by pH values below 4) of the rings 

might be resultantly ?e4on. L,kLytin for example, is knowsa 

to occur Irs the endosperm i 	rge quantities (Harris, 1961) 

and its degradation could surely result in effective lowering 

of the pH values.) 



VL½ ' . LJ4J '' TOL 

In conclusion It would appear that the ability of excised 

barley embryos to produce u-'aRy1aae and possibly other hydrolytic 

enzymes which are known to be izducsd in endusperm siloss with 

living aleurone cell. (cLod & )Iiller, 1962) resiu , 	in 

the functional oapabiliticF, ci L 	ellar •pithe1i 	l].e 

(of ., Brown a 36orriat 189t); 	196) but with that of the 

aisurone-type cell.. This activity of aleuroie not only applies 

to the endosperm but to the embryo as well. 

Ti, over 75  years have elapsed sine, an exclusive role 

for the embryo in endosperm modification was proposed by Brown & 

liorris (1890) and despite noble attempts to substantiate this 

embryo function as an important result of wermination e  the findings 

Of MacLeod & Miller (1962) and the findings on this thesis nyl the 

natter strongly denies the embryo argarA per of any ueI 

However, from this conclusion we are Left with the uneasy 

paradox that there is no natural inception of endosperm roi1fiea91on 

If embryo germination and subsequent growth fails to oocu. 

Fortunately enough !omo 'a 1958 finding that the growing embryo 

poeeib1 5  secretes an hormonal substance, pibberel1ic acid-like In 

action, served to resolve this paradox and opened new exciting 

possibilities for r.searoh on the embryo but, as pointed out 

in tht Iitroduotiozi, the impetus for further research remained 

with the use of commercially-available gibberellio acid on 

endoeperv! pieces; thus correlative research on the physiology 
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of this b&rLy gibbert1iio .cii1ie xaotor was bet. 

br this reason it was decided to Look for the location, 

or origin, in the tissue complex of the growing .ithryo, of 

this gibbere].lio acid—like factor arid secondly in Part 5  of 

this Section) to determine whether this factor is a gibberellin. 

The first question will be discussed immediately below in 

J of 4- he ceotior. 
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?he Embryo and the Lolitipn_yf the GibberelliQ said-liks PsctQr 

In Section I it L. shown that the pattern of eradosperm 

niodifiostion is conditioned by the structural architecture of 

the enbryo (of., orientation of the vascular elements in the 

icutellum). From this it was postulated that maybe the propoceci 

hormonal factor of Tomo was preferentially directed to the 

acroapire-end of the •ndospsru by similar orientation in the 

•outslluin of the vascular element. (see Fi • ;. 	important 

question which remains is whether the sou , 	 -he other 

distinct tissue regions of the axis - 	aorospire, soutellar 

node or root, in various combination, or in ieolation, can, 

from their possible action on the rate of endosperm modification 

give useful information as to the embryo region primarily 

responsible for the origination of the gibberelll.o acid-like 
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MATERIALS Ajj iLThO: 

101' this investigation, where various minute portions 

of the embryo are to be removed, diligent and careful selection 

of every grain was especially essential. However, having 

familiarity with debunked grains, it is possible to eflniinate 

damaged grains with comparative ease and rapidity. 	1ection 

was based on uniformity of grain size, grain firmness and 

undamaged coleorhiza - an organ which is very susceptible to 

injury during the debunking processe 

For each experiment a clean 3.5 inch petri dish was 

filled with debunked grain., filled with distilled water, covered 

and then placed in an oven at 250C for 2 hr. The residual water 

was then poured off and the selected grains were variously 

dissected (see Pig. 17) and immediately placed into clean 

2.5 inch petri dishes which contained 2 rings of beat-sterilised 

filter paper saturated with 2m)! acetate buffer containing 1 alA 

Ca01 pH 6.2. Each 2.5 inch petri dish contained 9 grains 

from which 6 were selected after 4.2 hr. growth at 25 0C. The 

relevant growth measurements were recorded and axes or parts 

thereof were quickly removed and the remainder (soutellum + 

endosperm) of the grain was assayed for a-amylase (one of the 

most important hydrolytic enzyme in endosperm modification) by 

the method of Briggs (1961) as described in iart 2. 

Surgical treatments were effected with a used rustless 

sterile 1o. 11 scalpel blade. 
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Observation, on Treltmente - Pig. 17 

!reatent 1 

Intact controls -  All the various tissue, of the embryo 

are represented, Y1L. soroipire (coleoptile and foliar shoot), 

soutellar node (mesocotyl and nods with seminal root), eoutellum, 

coisorbisa and initiated roots are present. 

Aorçeir. + Soutellar 1ocis:- In this treatment the 

coleorbisa and the initiated root@ were picked away carefully. 

As in all the other treatments, damage to the other remaining 

organs was carefully avoided. For the first 24 hr. acrospize 

growth was similar to that of the intact control. 

Treatment 3 

AcroeDire onlyi - In this treatment it was noticed that 

if the out approached the immediate base of the coleoptile then 

an apparent lag of the fo].iar shoot growth with respect to the 

ool•optile occurred. This was avoided. 

reatment 4 

Qo1eor4za + 8outs.ar 'ode: - So regeneration of the 

acrospire ever occurred. 	toot emergence coincided with intact 

control. 

Coieohiza i:- The root initial, emerged fror their 

coi.orhisa an quickly as the intact control. 
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Treatment 6 

Nitbout Soutellar Modes-  In this treatment, the emergence 

of seminal roots did not occur. To remove the soutellir node 

or damage it invariably left about four visible roots at the 

end of the germination period. Dissection of 2 hour soaked 

grains showed that there are five root initials, but one of 

these initials is in close contact with the node and as a 

consequence gets damaged and does not emerge. The outs in this 

treatment were difficult to standardise as is reflected in the 

table of results ('able XIII). 

Treatment 7 

Slight Out below_SouteU.ar lode:- Microscopic observations 

showed that a slight out below the nodal region did not penetrate 

the nodal bell of provasaular and merist.matio-like cells. 

Seminal roots rarely emerged but they enlarged to such an extent 

that the node bad a very swollen appearance. General growth 

was otherwise similar to that of the intact control. 

Treatmfnt& 

DIeD Cut below Soutsllsr }gi -  A = to above out and 

B = to below out. This out acted to out off the root initials 

from their nutrient supply. Seminal root emergence was very 

obvious above the cut. This treatment, in a loose way, is 

not too disimilar from treatment 2; however, it seems as if 

the presence of the ephemeral coleorbisa and separated root 

initials influenced the development of seminal roots. 
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Intt 

ithout Coleontile Tips- In 2 hr* soaked grains the 

acroepix'e was about 1 mm. long. The 5.0 mme portion which 

was removed incorporated the ooleoptile tip. The foliax' apex 

was not removed. After 18 hr. about 85% showed the usual 

emergence of 3 initiated roots exhibited by the Intact controls. 

Root emergence of all the grains which were originally sound was 

complete by 25 hr. The removal of the tip appeared to retard 

the growth of the follar shoot. No physiological tip 

regeneration was microscopically evident, see Psal, 1919). 

Without Cpleprkajza]. Tips -  Removal of the ooleorbizal 

tip appeared to slow up the early rapid elongation of the root 

initials and only about 60 showed the usual early rapid 

elongation of the intact controls • The coleorhiza appears to 

have some proaotive influence over early root elongation. 

Obvious root elongation did not materialise until after about 

25 hr. growth time. 

Tre*tmnt 11 

Without Ooleontile and Oo42rhizai. Tines -  Removal of 

both caused further delay in early root elongation. Only about 

30% showed the early root elongation of the intact controls. 

Using phlorogluoizial and cone. hydrochloric acid, a 

check was wade on the extent of vascular differentiation of the 

node and soutellum when the tips were removed. At the end of 
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the 4.2 hr. treatments 9 and 10 had about similar positiveness 

for the stain used, but, treatment 11 showsdrsduosd vaaculariutioxi. 

Wjtout loller show -  For this treatment a smell 

Incision was mede at the point indicated in Pig. 17 and the 

foliar shoot was gently removed • Grains with visible fragments 

of foliar shoot after 42 hr* were discarded. 

Median Ion,jtudin$l Slit of Axiss- Only a alight incision 

of the coleoptile and the coleorbisa was med.. However, a 

deeper incision was mede in the nodal region. Although roots 

from the nodal region did not appear, as in the case when the 

nods is removed, the usual five root initials make their 

appearance as in treatments 5 and 6 • From the excellent *long 

ation of the roots it may be assumed that transport of food 

materials to this structure was not impeded by surgery. 
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1thSUfS A) )ISCUSSIO 

Going through the treatment. (see Pig. 17 and Table XIII 

which gives results of amylase assays) treatment. 2 and 3 as 

compared with 5  show that the presence of roots seem to be a 

more important aspect of ramylass production than sorospire 

growth, Comparing 4 with 5, the removal of the node in 5 

appeared to halve the samylase content • This could be due, 

among other things, to faulty trsne].00ation of modification 

stimulant (s)  from the developing and growing roots to the endo-

sperm* however, one should not loose sight of the fact that 

the root lengths in treatment. 4  and  5  are very similar. 

Prom the.e four treatment, the important points appear 

to be, 

1 • Vigorous root development and growth (3"#9  treatments  )+ and 

5) are more necessary for the initiation of rainylase production 

than acrospire growth (., treatment. 2 and 3). 

Seminal root development (of. treatment 4.)  which is eliminated 

in treatment 5  possibly mek.s important contribution to the 

hormonal factor which is supposed to initiate .-amylas. 

production. 

Despite the obvious virtues of treatment 4 9  where root 

length and visible root initiation are very close to those 

observed the intact control (treatment 1) the removal of the 

aoro.pire reduces the s-amylaae content far below that of the 

control. 
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Since there in a possibility that the soutellar node might be 

an important site for the origin of the hormonal factor 

responsible for r.lease of hydrolytic enzymes in the endosperm; 

the ole.e proximity of the out, in treatment 4, to the 

soutel]ar nods might be the cause of the drastic enzymic 

reduction in this treatment. In treatments 6 9  8 and 14, 

where actual surgical damage to the inner nodal cells was med., 

drastic .-amylaae reduction wasapparent* It is interesting 

to note that in treatment 7 wh.re the surface alit did not 

penetrate to the underlying nodal cells only slight reduction 

in mamylase content was recorded* Although the appearance 

of seminal roots were invariably inhibited, microscopic 

observations revealed extensive enlargement of these seminal 

roots. 

"reatn3ent 9# as treatment 79 was desig. e to take the 

immediate and direct effect of surgical damage away from the 

soutellar node • None the less the removal of the coleoptile 

tip was extensive enough to ensure that there was no question 

of physiological tip regeneration. An important point which 

emerged from treatment 9 is that the node is undamaged, yet 

there is a small but noticeable reduction in the rany1ase 

oontent* therefore in comparison to treatment 79 which can 

be taken as an assessment of surgical damage, the absence of 

the ooteoptile tip (an important region of auxin (indoleaoetio 

acid) production) might be adversely influencing nodal 

metabolism and/or alsuron. stimulation. Although the 
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possibility of indol.ao.tio acid sating in such a capacity 

will be investigated in Part is. of this Section. It is 

Interesting to recall that indolsacetic acid did oau.e an 

increase in s-am.ylsse in the gibberollic acid response of 

soutsilar rings in Part 2 (. Pig. 15 and 16). Bearing 

directly on the possibility that indolsacetia acid may have 

a role in aleuroris stimulation, MacLeod j 	(1966j have given 

tentative •videnoe to suggest that some unknown factor, other 

than gibbsrellio acid, moves from the embryo to the •ndoeperm 

during germination to sensiti.e the aleurone cells with respect 

to s*qlass production. 

Treatment 12 was conducted with the intention of seeing 

what kind of effect the foliar shoot had on m'avy1aa. production. 

Pbis proved to be an interesting treatment. Hire it was 

observed that eamylass content was gr!ter than that of the 

intact control. However, it is worth noting that this 

treatment is very similar to treatment 4 except for the presence 

of the ooleoptile with its tip. This strengthen, further the 

above suggestion that the colsoptili tip may have at least a 

minor role in the production of w-amylase during barley grain 

germination. Therefore, despite the surgical damage, the 

removal of the foliar shoot is effective in increasing s-asylaas 

produotin • At first glance one is tempted to suggest that 

the intact foliar shoot was the producer of some inhibitor of 

enzyme production in the endosperm of germinating barley grain.. 

But consultation of the available literature and experimental 
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•vldencs gained In Part 5 of this Section suggests the following 

explanation. 

Radley (1959)1, Ov.rbsek & Dowding (1961) and Ig a 
Audu (1965) have reported gibb.relI.io  acid as the main hormonal 

additive necessary for the growth of the excised foliar shoots 

of wheat and oats arid, personal experiments (Part 5)  on the 

foliar shoot of barley s.crospiros also support this •tia1ative 

action of gibberellie acid. In addition, Brian (1961 see 

Oy.rbeek a Dwdin, 1961) also stated that he regards Radley's 
foliar shoot teat for gibberellic acid as very specific. 

From this, in conjunction with the aesuiption that Tomo's 

factor is gibberellio acid-like in action (of. MacLeod a Ililler, 
1962) and that the soutsilar nodsl region is concerned with its 

origination, it is quite likely that in the intact grain the 

foliar short represents a natural consumer of gibberellic acid 

or other suitable gibberellins. Accordingly, removal of the 

foliar shoot might therefore naturally cause increased 

availability of gibberellin-like factor(s) and, as a consequence, 

increased -amy]as. production. 

In treatment 10 removal of the aoleorkiisal tip tended 

to slow down the initial rate of root elongation and this is 

reflected in the table of results (?able XIII). Treatment 1.3 

shove quite clearly that the storage parenchyma tissue, 

the soutellum, has very little stimulating influence on s-

amylaee production in the adjoining endoeperme Therefore #  

the gibberel].io acid-like factor of Tome (1958) so*= to be 



merely transported through the sout.11um along vascular tracts 

to the sorospire-end of the endoipermeabryo Junction whire 

endosperm modification is observed to oommenoe in the intact 

grain (of. Section 1). 

Pie. 18 merely showi statistically how significant the 

respective surgical treatments esro in causing deviation, in 

asinylaae content, from the intact control. 

gcwsio 

To 000lude, therefore, this investigation tends to 

suggest that the axis in the important region of the embryo as 

fax' as the incitement of the modification process is concerned. 

There is evidence to suggest that the gibberellio soid-like 

hormone has its origins in the active developing region of the 

soutsllar node. Damage to the soutellar nods slows down the 

modification process drastically; none the least initial root 

elongation seem to be an important factor of nodal secretion. 

The coleoptile with foliar shoot in isolation from the •outellar 

node with root initials, have minimal effect on endosperm 

modification. However the coleoptile, possibly as a result 

of its substantiated auxin secretory abilities might indirectly 

affect modification by its action on the development and 

growth of the soutellar node and young root initials or by 

direct action on the sisurone cells. 
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The foli&r shoot for Its growth appears to be dependent 

on the same gibb.rellin]ik• hormone that triggers off the 

hydrolytic enzymes secretory abilities of the aleurons cells. 

There is undoubtedly some scientific truth in the old 

melting prictia* that if the ecutsilar nodal region of the 

barley grain gives a negative tetrazolium staining response 

then, despite a positive response for the rest of the embryo, 

It is taken as highly suggestive that this grain will modify 

poorly. Prom this investigation it is quite possible that 

the rate of foliar shoot growth might be a good criterion 

for discriminating between slow and fast melting barley grain.. 

Electron microscopic observations see Section I) on 

the scutsllum and the soutellar node show quite clearly a 

marked distinction in cell types. 	The ecuteflar cells are 

storage cells while those of the node, even in the dry state, 

are clearly meristeratio in structure • This is not surprising 

It they are involved in possible hormonal secretion and organ 

(e.g. root) development, 

(It is noteworthy that visual assessment of endosperm 

modification after identical surgical treatments of the embryo 

an described in this investigation gave, after 72 hr. growth 

time, identical results to those obtained from s-amylaas assessment.) 

Observations on the behaviour of indoleacetic acid in 

Parts 2 and 3 prompted the following investigation on its 

possible role, if any, in the process of endoeperm modification. 
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'w5! • (T Fl) 	.T. c 

Although indolsacetic acid haa been called the 'master 

hormone' in regard to morphological ohangss and is to be found 

in abundance in the coleoptilo apices of most cereal prairie, 

physiologist,  have, up te the present, found no iirporiari+ role 

for this hormone in cereal grain germination. 

Went a Thimarin (1937)9 in their classic, ktä±ohormonee, 

suggested that indoleaoetic acid was Important for root 

initiation, but in cereal grain, roots are already initiated 

though Thi.aan (1936) and Thiasrin & Lan. (1938) suggested that 

addition of indol.ao.tio acid to wheat, barley and maize grains 

might cause wre rapid emergence of tb..e initiated root.. 

Pollock (1959) found that free indolsacetio acid had 

very little effect on germinating barley grains and Overbook 

(1966) could only suggest, from the knowledge that iridoleacetio 

acid comes from coleoptile tips, that during germination of 

cereal grains indoleao.tio acid functions to bring the 

colooptile tip to the eurface of the soil. 

In the foregoing investigation (Part 3) it is reported 

that early removal of the eoleoptilo of barley grains reduced 

the extent of the vascular link-up between the axis and the 

eoute].].ua. Only provasoular area. and strands ax's present 

at the onset of germination (Section I). There 1. little 
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doubt that rapid bi'dir.otional transport of various materials 

at take place between the endosperm and axis during g.rrinatio 

and subsequent seedling growth, and, if one assume., according 

to the extensive work of Scott & Jacobs (1963)9 that indol.s.c.tjo 

acid to the hormone primarily responsible for vascular 

differentiation, than a more direct role for indo1eei 

especially in early seedling growth, can be inferred. 

}Jow, a main interest of this study has been in the role 

of the soutellum during germination and subsequent seedling 

growth (Section. I and II and Part 3 of this B.otion) and it is 

reported in Part 3 of this Section that IAA(l0 ') encouraged 

soutellar turgidity, and an elergsi,ir 49 Nae seubellar 

iepihelial oell-s and increased the a-&nylaas content of soutellar 

rings • This was taken to suggest that although the cot eoptile 

may respond favourably to I.AL lOi concentration (Went & 

Phii.snn, 1937)9 the ecutellum, which seems to depend on the 

axis for its indoleacetic acid, may only receive a concentration 

of about 10 	which might be optimal. On this same theme it 

Is interesting to note that, after a 12 hr. soak, personal 

observations show that the soutellar nod. area (1... the 

axis-.out.11u* Junction) is histoohsmically positive for 

peroxidase activity and, at about this same time s  vascular 

differentiation commences at the nodal region in a basipetal 

direction, with respect to the shoot apex. Electron microscopic 

studies show that the nodal area undergoes extensive 1inifioation 

and cellular disintegration (Section 1) and Sisga]. (196?) has 
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Pointed Out that high perozidase activity precedes thise 

processes 

This presence of peroxidass, which is a potent 

destroyer of indoleacetlo acid (Ray, 1958; Ray, 1961) at the 

axjs-'.cutelluii junction may function to reduce the hA 

aenoentration received by the soatellume 

Mindful of the close association between the soutellum 

and the aleurons cells of the eridosperin, it was wondered 

whether this knowledge of the low IAA 4 oleranoe of the soutellum 

cou1: be related to a role for indolecetio acid in aleurone 

stimulation and subsequent sndospera modification, 

Evidence from the work of Yom (1938), Paleg (1960), 

%cLeod & Miller (1962) 1, Varner a Ra.schandrs (196i.) and results 
from Part 3 seem to imply that a gibberellizrlike factor 

emanates from the soutellar node area of the axis to cause the 

production of bytrolytia enzyme* in the aleurane cells. 

Brian (1966) believes, with support from Zefford (1962), 

that gibberellic acid growth responses in plant tissues may 

require that IAA is present but agrees with Human & Purves 

(1961) that IAA and GA must act on different sit., in cellular 

response. 

Cleland a McComb (1965) tried and failed to find any 

evidence for an hAL stimulation (synergism) is the gibbereflto 

acid-alsurone response in sndoepsrm slices, though interaction 

was found by Brian & Homing (1958) for green pea stem sections, 

by Wareing (1958) for the breaking of dormancy of woody plants, 



by Lang (1939) and X.fford (1962) for shoot growth in intact 

plants and by Prosser & Jackson (1959) for parthenocarpic 

fruit setting. Prom Clelaxad's results  !A.L even at the lowest 

concentrations (about 10 X) inhibited the normal GA response, 

a situation also found by Overbook & Dowding (1961) for 

stimulation of growth of excised foliar shoots of wheat. 

In spit* of this, it seemed desirable to re-examine 

the joint action of the two hormones in endosperm modification 

during barley germination* 

ndospsrm modification in the intact grain begins 

between 16 and 20 br. (Section I) and A)utfue (1966) has reported 

that on the onset of modification there is a rapid upsurge of 

peroxidase activity in that modifying areae bron this it 

was surmised that in the intact grain, once the low concentration 

of ILL had completed Its stimulation on the alsurons cells, 

resulting modification, with psroxidase action, would quickly 

affect the IA.A. With this proposal in mind it was therefore 

interesting to note that in the experiments of Cleland & 

MoComb and Ov.rbssk & Dowding, ILL and GA remained in the 

Incubation media for the duration of the experiments. 

The possibility that a short-tern stimulation by IAA 

might participate in the elsuroree-GA response and that this 

IAA concentration might operate at about lO) was now 

investigated. 
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MAT .arAI8 A&D kLTHODO 

)•kaaksd Proctor from the IM4 harvist was used, and six 

tbre.quarter grains (i • e • grains from which the extreme 1 isal 

portions bad been removed, to facilitate entry Of media) were 

selected, as indicated in Part 39 from an experimental batch 

of nine. For the slices experiment., 1 i. Segments of 

•ndosperm were normally out from just behind the soutella of 

visually sound dry grains. Briggs' method was used for assay 

of a'aaylass and, for the siloes, the final volume of the 

incubation medium was made to 0.6 with respect to a.diuzn 

chloride in 0.1 R acetate buffer, pH 5.3, before they were 

ground in an all-glass hand homogeniser* dben the slices had 

to be transferred from one medium to another, they were first 

blotted gently on the surface. 

The shoes were incubated in 2.5 in* petri dishes azi 

the three-quarter grains were grown In 3.5 In* petri-wiok dishes - 

i,.o two pctri dish Lids enclosed in a smaller (2.5 in.) petit 

dish which formed a platform supporting sterile filter paper 

cut to dip into the medium in the larger dish, and the grains 

were allowed to germinate on this pl$tfor:. 11his apparatus 

ensured that fluctuations in the amount o medium reaching 

the grain, were eliminated and growth measurements were more 

consistent* 

t'riiodobsnzoio acid (?IRA) and iibberel1ic acid (G.A.) 

were always used at concentrations of 10 4L Concentration, 

of other growth regulators are quoted in the text. It should 
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be noted that TIBA had no inhibiting effect on the action of 

pure rsy1ase. 

LanOlin paste containing additive, were made up by 

dissolving respective additives in 1 to 2 ml. of absolute 

alcohol and each solution was than mixed into warmed lanolin. 

The alcohol was allowed to evaporate. The same amount of 

alcohol was added to plain lanolin for lanolin control treatments 

(after Thompson a Jacobs, 1965).  

To boat, sites of peroxidase activity 0.1 V 
1a0a  in 

phosphate buffer, pH 4.5 • 0.01 M bensidins were added to fresh 

band sections of the embryo and the sections were incubated at 

room temperature for 5  minutes. Sites of peroxidase activity 

were then b].ue to brown. 

To determine the mitotic iziex a quick gentle equash 

was made of 1.5 mm. root tips in i,% lacto-propanol orcein. 

The number of cell. per 1000 counted which showed mitotic 

figures was recorded. 
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Pig. 19 records results for three-quarter grins. Here 

It can be seen that IAA 1O°I or IAA 10'I in oombinatioz4 with 

GA said the ?IBA + GA treatments all reduced the a-anylase 

content of these grains, as measured at 36 hr. The IAL 

results, in the presence of GA, compare well with the findings 

of Cleland a McComb (1965). Per the non-GA treatment. 

(modification now being the sole responsibility of the embryo) 

there to a slight increase in IAA 10'°Y (not significantly 

different from that of the water control) but it was interesting 

to observe no marked inhibition. TIBA inhibition is evident 

but no TIBAx IAA competition. 2o synergistic response was 

evident from the results of Pig. 19, but growth measurements 

taken from the embryos used to give the results of Pig. 19 

proved quit. interesting (Table XIV). 	These results 

Indicate a TAA lO}! + GA root emergence synergism at 17 hr 

After 36 hr. growth there 1s again a growth synergism but ' 

between IAA 1010 and ( 

The point gained from these two observations is that 

the same organ at different growth stages appear to need 

different concentrations of IAA for the synergistic response. 

Using three-quarter grain., short IAA pretreatments 

were given before subrequent transfer to GA. The results 

are given in Pig. • -rom the inhibitory effect of the 

'T'ThA pretreatments it can be assumed that IAL is also getting 

into the grainc. Here neither IAA 	nor IA& Wft is 
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combined with rapid root emergence. 44th regard to the PIBA 

results, competitive action with ILA was not observed and 

?IBA pretreatment reduced significantly the subsequent GA 

responses 

eaaiur.d that at least a short 12 hr* pretreatment 

was not inhibitory to the subsequent GA response of the aleurone 

cells, it was decided to use endoeperm alicee,s.e the presence 

of the embryo, although useful for a oomparitin of the treatments 

on growth responses, tniht be unnecessarily complicating the 

pretreatment response. 

Pip. 21 10 a repeat of the treatments used in Pip. 19 

but now used or, sndtperm slices. The result is the earn., 

and continuous IAA treatment in the presence of GA caused 

inhibition of the usual GA response, as fourd by Cleland & 

bComb (1965). 

Yore interesting, however, is Yigo 22 9  which is Just 

a repeat of the oondltions reported in Pig. 20, with 1 rur. 

endosperm slices • Tn preliminary trials ILL W4  pretr.a'tmente 

proved evratio and greatly inhibitory and thus Only IAA 10 °)i 

was used. Here, (Pig. 22) for the first time, the ILL pre 

treatment at t0 tOY  gave subsequent GA responses which wore 

significantly different from these of the 120-GA control. 

note the similarity between the C-C/ Crain-Gibb.r.11io Acid) 

treatment and the 1AAGA treatmer. 	;e significant difference 

between the G-GA treatment and the kO treatment are similar 

to the findings of ).oLeod 11 91. (1966) despite the fact that 

chose were taken from their grain, after 24. hr. incubation - 



a time when modification had already started (see Section I). 

Experiments were now designed to test the longer 

duration of pretreatments with IAA (10 b0)  on subsequent 

GA-alsurone-raaylase response. There was one 12 hr* change 

in the A. hre pretreatment media. Comparing Pig, 23 with 

Pig. 22 9  note that the longer pretreatments caused a reduction 

in the GA response but, with regard to Pig, 23 note that a 

24. hr • ILL pretreatment 1s isis advantageous than a 12 hr. ILL 

pretreatment. how, armed with vha1 appear, to be about the 

right physiological concentration of IAL with regard to the 

GA-aleurone response, and knowing that this TAA participation 

is limited to about a 12 hra pretreatment, as far as e-amylaee 

production is concerned; an experiment was designed which 

would eliminate the pretreatment by TA.L alone. ft war 

reasoned that in the intact grain the first sign of vascular 

differentiation is at about 12 hr. (presumably following ILL 

action), while endosperm modification begins before 20 hr. 

(presumably via GA-like action), thus creating the possibility 

that * dietinot TAA pretreatment night not occur naturally in 

the intact grain. This led to the trial of various short 

term IAA + GA combinations, (4 hr. 8 hr. and 12 hr.) with 

subsequent transfer, to GA only. 	All werc. riven the eare 

total incubation tire. 

The results of this experiment are shown in Pig* 2... 

These results are possibly the most interesting recorded iz. 

this investigation. Here, the short ILL • GA pretrea*ments 



have completely outstripped the GA-only treatment* liowsver, 

in the long and oontinous IAA + GA treatment (36 hr •) we are 

back to the inhibition recorded by Cleland & McComb (1965), and 

In this work Zig. 19 and Jig. 21)o Her* lies the reason for 

the negative results obtained by Cleland & McComb regarding a 

possibility role for IAA in the GA-aleurons response, 	'heir 

•xperi.mants, with ILL and GA continuously in the experimental 

media, ran for 22 hr. The same explanation of the antagonistic 

effect of even very low ILL concentrations in the presence of 

GA for too long a period of incubation may also apply to the 

findings of Overbeek . .owd1n 	061) for foliar shoots where 

the duration of inoubation war. 53 hr. 

Hers there seems to be a delicate case of IAA - 

synergism which in based upon the physiology of the living tissue 

being investigated. continuous TAt + GA incubation may be more 

suitable for synergism in green psi stem sections, as shown by 

Brian & Hemming (1958) but why should it be the same for barley 

alsurone cells or for the foliar shoot of wheat? 

In conolusion it appear. the ILaGA synergism does occur 

In barley aleurone cellse 	short synergistic period of 8 hr* 

appears to be optimum for subsequent GA-only s-amylass 

production • It follows from this that the theory of GA action 

which speculates that GA acts indirectly on plant materials by 

sparing Itt, should be re-ezamina. Having found a stimulative 

TAt action for aleurone cells it was desirable to find whether 

TMs IAA competition can take place. Cleland & McComb (1963) 
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failed to show this for 2013 which is also reputed to be an IAA 

competi -  '. 	'his failure wAy have resulted from the long 

duratior. 	• GA . PCTh treatments (22 hr.). Indeed, in 

early attempts (Pig.. 19 9  20 9  21 9  and 22) to show some IAAs't'IM 

competition my approach was guilty of the same error, as 

subsequent lU . GA treatments lasted for 24 hr. This was re 

examined, as follows: slices were transferred from TIBA (12 hr.) 

to lAf 1°, IAA'', IAA. IAA-4, 12 hr. and finally to GA for 

32 hr. 	competitive effecl-s showed 	25) and it seemed 

possible that at the low IAA oonaentratio. I-. ° ) the ?IBA 

inhibition showed, while at the high IAA concentration. 

(TAfe or IAf4 ) the lU inhibition showed. If this was not 

ths case then it might be that the ?ThA pretreatment, once 

having inflicted its inhibitory effect, war not easily reversed. 

In another not of experiments TIBA was made to compete within 

the same time period with IAA, This reduced 4-he pro-GA 

treatment to a more suitable period of 12 hr. 

Pig. 26 gives the results of this lnveStigstirr. £re, 

It is clearly seen that all the PIBA + IAA treatments •bo-u 

obvious but varied extents of competition w1 4-h regard to the 

subsequent lIAal.urone response. IAA at 10M seemed to be 

the most sifiolsut oompetit1  concentration, as is slightly 

indicated in Fig. 25. The experiment performed in Pig. 26 

was reputed with the lame solutions, except for the GA solution, 

five day. later. Here, it appeared (Pig. 27) that an alteration 

of the IAA conoentrations, possibly by oxidation had occurred, 
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though the solutions were stored in the dark at 5 0C. The 

rather high ILL 10 0?! result may be related to the fact that 

this ILL solution me the only one in a brown bottle. 

Hillman & Purves (1961) 9  and kefford (196) have 

reported 20Th to be competitive with ThA while Audue & Thresh 

(1956* and b), and Sebanek (1963) have reported PTM to operate 

in the same capacity. In barley aleurone it seems that 

PIBMUA competition also operate.. This experiment *3ao 

demonstrates that the PThA concentration was not merely toxic. 

Although it as concluded that a peculiar type of 

sequential ILLs GA synergism can take place in isolated endo-

sperm slices with attached aleurore cell., it remained to be 

seen whether indoleaoetic acid could replace the coleoptile 

tip (treatment 9 in Part 3) and an a consequence restore 

-amy-laa* content to that of the intact control. This should 

at least strengthen the belief, derived from the endoeperm. 

results, that indoleaoe+io acid rray have a natural role in 

the modification process of Intact grains. 
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Part 4 --B 

low, treatment 9 in Part 3 of this Section shows that 

the removal of the ooleoptile tip. after 2 hra soaking of the 

grain resulted in a serious reduction in the s-amylase content 

and general modification of the endoeperw. When only the 

ooleoptile tips remained, with the enclosed foliar shoot removed 

at 2 hr. (+reatmsnt 12) 9  the a-amylase content of the endoeperm 

exceeded that of the intact control. From these two points and 

a third possibility (that the co].eop4ile tips of cereal grains 

are abundant producers of a hormone which is not unlike indole-

acetic acid) it appeared that it ought to be poseibleto replace, 

to some extent, the IAA producing action of ooleoptl.le tips, 

with pure indolcacetiO .,id. Lvidenoe obtained in kart 4A of 

this study, denies IAA and independent role in endosper' 

modification but it was possible that if its short term 

synergistic rots were to operate in the intact grain then an 

early removal of the coleoptile tip, (the important free IAA 

source of production) would reduce the r'amylase content of the 

endosperm, as obtained for treatment 9 in Part 3 (see Table XIII). 

It was decided to substitute IAA in lanolin paste for 

2 hr. -excised, coleoptils tips to see whether the a$yla.e 

contents of these treated grain, could be increased, 

Sucrose in lanolin paste was also used for it is 

recorded L. Sect. IT Pig. 7) that the axis of 2 hr. soaked 

barley grain, contained about 8.5 mg* sucrose per 75 axess of 

this, the shoot contained, chromatographically (Sect.II, ab1e V), 

the greater portion, Vj.9 twice as n*zoh as the roots. 
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}tTLP8 AND D TSC!ISSIONt  

In Pig. 28 only ZAA74M and sucrose were tried. The ILk 

treatment showed an apparent reduction in ra*ylase  content as 

compared with the lanolin control and the sucrose treatment. 

There was no sucrose stiunalatior. In this experiment, however, 

all the lanolin pastes were changed after 24 hr. Thin same 

experiment was repeated uelnip a wider range of IAA tr.a+nen 4 9 

with no renewal after 24 kir. 

Pb. results are shown in lg. 29, The only sin1XloanP 

result was that using lit 	where, as with 	there was 

an iiiproverrer+- in x-aaylaae content ocr the lanolin and sucrose 

treat rei'E. It is rather unusual tLa 10-4V gay, a better 

result than lO', speaking in terms of an IAA inhibition at 

higher concentrations. vote also that even at high concentration. 

(e.g. iOM) apical application did not retard root elongation 

to any great extent aR eo"pare1 	Rppli.cB'lon In 4-he crcw-'Th 

media (see P*blt. XI\). 

in conclusion, it would appear that IAA, as far as t.e 

apparent necessity for the ooleoptile tip in endoeperm 

modification is concerned, at about lOM concentration can 

effectively replace the coleoptile tip in respect of maintenance 

of an about normal u-amylase content. It is possible that 

lOP( might be the concentration of the ILL produced by the 

ooleoptile tips. 



A genera]. picture may be assembled from these two 

experimental sections (Parts 4.A a B) with reference to the 

role of TAL in endosperm modification. 

It eseme not unlikely that on the onset of fermination 

the ooleoptile tip begins to produce iridoleaoetio acid and from 

12 hr. this IAA begins to manifest its presence at the scutel].ar 

node as lignin deposits in differentiating vascular •lsmen. 

There is also an obvious appearance of peroxidas. which 

(190 2) 9  depicts as a prslignifioation stimulation of indoleacetic 

acid. This coleoptilar IAA secretion is in the vicinity of 

10"!: but, at the node, as a result of the extensive differentiating 

process, it becomes reduced to about 10 &3I before passing into 

the soutelluin where vascular differentiation is less intense 

and confined to discrete provasoular strands. 

}Iow, ethos Duffue (1965) recorded that aleurone pieces  

started to produce r-*mylaee after 12 hr. Incubation in 

gibbere]lio acid and also detected e-aayla.e production after 

24 hr. growth in intact grains, it seemi iot unlikely that 

about a 12 hr.synth.sie time is also needed in the sleurone response 

of the intact grain. '"his would require initial .yn+he.ie of 

the GA'].ik. material, (which 1s believed to come fro'- + 

node reior.,) bekw.an 0 and 12 hr. germination tire. 

With IAA and the GA-like hormone leaving the node at 

about 12 hr. it is quite possible that they get to the al•urove 

together. 	}e sleurons cells at the apical periphery of the 
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soutsllua become sensitised by a IAAsGAlike synergism and on 

the onset of exidoep.ra modification, there is a sharp rise in 

p.roxidaa. activity (iuffua, 1966) which, as a result could 

remove IAA (ass Galeton & Dalb.rg, 195)+), leaving the GA].ike 

hormone to give a maxim= modification response, on that side 

of the •ndospera which adjoins the apical periphery (i.e., 

a.crospir.-end) of the soutellurr. 

This conclusion has oore aiuout irom 	rirL1- i orr 

and observations on endosperm s]io.s and the intact grain and 

It is highly suggestive that XAA  may play a role in endosperm 

modification in the intact grain; modification itself being a 

result of hydrolytic enzyme synthesis in the aleurone cells, 

Varner & Ramohandrs, 19. This IAA role is a synergistic one 

and, therefore, it is possible for GA to have a dominant but 

sub-optimal role on Its own. If GA and lU have different 

Bites of action in the cells (Brian, 1966) 9  and GA is supposed 

to etivulat, a type of hydrolytic enzyme-IA synthesis; the 

question remains - what in the cell does IAA act upon? 

Varner 11 i].. (1965) showed that with isolated aleurons 

actinomycin D will inhibit the AcoK:+rolled synthesis of the 

specific hydrolytic enayme-tiA but there is also good evidence 

from hooden & Phimsnn (1963); 1966) that this same irihibi+or 

will also reduce IAA induced growth and protein synthesis. 

From this it seems that the physiological and biochemical 

data are at variance as far as the sites of action of both 

these hormone@ are concerned. 



iinal].y, in the med1fication Of the intact grain, IAA 

at a low physiological concentration nay certainly play an 

early synergistic role with gibberellic acid. In passing 

It Is worth noting that MoDaniels & Sarkieuian (1966) 

found that oxidative phoephorylation of mitochondrta from maize 

.cu+ella appeared to be maximal with a low lU concentration, 

viz., IAA 1.07 x 10' IOY #  but was inhibited by IAA 1.07 x 

It could be that IAA in the aleurone cells may be performiLg 

the same function and thixa indirectly, remembering the need of 

oxygen or aeratior: for maximal hydrolytic enzyme production, 

et•pup the metabollo machinery for more rapid hydrolytic 

enzyme production, for which the c.taly+io stimulte to gibbereilic 

acl. 
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Part LC 

:Gbbcre].1ic acid-like 'içtor of -Barley grains - eynthesis ed 

or  alre"-v reeentf 

(2'obloroethyl) trimethy1amnium chloride (CCC) and 

malelo hy-drazin. (YB) are synthetic dwarfing agents for plant 

tissue growth. 

Bu.kov&c & Wittwer (1956) and Boui11enne-ajraj (1959) 

have both reported that GA3  (gbbere1lio acid) reduces or over-

cent.. YB induced growth Ii 	• 	was questioned by 

Brian & Hemming (1957) who 	., 	 Barber & White (1960), 

that CA  failed to ameliorate the severity of YE reduced grow' 

For CCC, Lockhart (1962), showed from kinetic studies 

that CCC and GA3  interact competitively bus, at 

saturating levels of G5 9  CCC was without 	 L evaart & 

Lang (:1963) showed that CCC inhibited long- 	I "rLrg and 

this could be reversed by GA3 , while lende !.t !]. (1963) 

reported that CCC inhibited gibberellin produotioz in the fuiu 

Gibberells fuikuro1 without any significant effect on grow 

Mindful of this possibility that CCC acts to inhibit 

synthesis but not its action and that barley embryos on gernin-

ating divpath a GA-ilk, substance to the sleurone cells, it 

was decided to use this compound on three-quarter grain* to 

investigate its effect on 9-amylase production In the endosper . 

110w, if YB and CCC both reduce the normal growth response of 

plant tissue it In quite possible that they do not work through 

the same mechanism, as YB inhibition cannot be reversed by 
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Harbor & hite 19(0) reported MM as a. potent 

mitotic poison, so a chock was made on mitotic index of gr!tlne 

treated with both thee. compounds. 

VATLIALS A1D )THO : 

Three-quarter graii, m jr iuiy zcribsu, 

grown In petri-wiok dishee and Xli and (2CC were used at 

and GA - • td for mitotic index determination is 

Of this 	CtJOL au 	aee 

waa by 3r1ggs' rr€ - 1T.ou. 

A-LIMLLUIP: Al2 DI SCUSSION 

In 'table XV the irpor*ant point is that CCC, as far as 

root emergence Ir concerned, in direct contrast with !IBA 

(see ?abl. X1 V), does not affect initial root emergence in 

the germination process, chile ME reduces this germination 

property by about 25. 	Lhe reason for this U inhibition is 

given in Table XVI where in the mitotic index column one sees 

at a glance that Xfl Is a truly potent mitosis inhibitor. 	.s 

repor*eA by Barber a White (1960) 1, Xli dose not appear 

the process of cell elongation. However, in barley germination 

(i.ee root emergence) cell divion does play some part, but 

with cell elongation playing the major role* sot. that 000 has 

no effect on cell division while GA-only is a potent inducer. 
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Two sdditional points are worth noting. Iirstly, GA, 

(viz., A + 'U) will not reverse MR inhibition of eell division 

ana 	 a high mitotic index did not give any noticeable 

elongative growth increases. Ti follows that cell division 

may serve to facilitate eloz. ive growth in ?hianri 'a sense 

but not cause it directly. 

Therefore, it is clear tiiat ki eAZiu 	rust Met o 

apparently different sites in the plant us.. however, we 

turn now to dg-amylase coiterit as an 	i iLb.r111c acli- 

1L_ 	cc scor(_tA by thc ebri. 

130th CCC hird Vh reduced the w-amylase oorieut of the 

grains ur • 	.wsver, in combination with GA this inhibition 

s revei 	• 	hie possibly indicates that the aleurone cells 

are not affected by both these compounds as far as s-amylaee 

production is concerned.. -. no the less, the kR cell division 

inhibition was not reversed indicating that, at face value, 

cell with impeded cell division may be playing some role in 

dissemination of the GA-like substance from the embryo to the 

alsurone cells. As tar as the CCC role is concerned a direct 

inhibition of GA synthesis in the embryo may be responsible for 

the reduction of w-aylaae. 

In conclusion, it has simply bun t:aown that both cell 

division and root elongation funotioi It the germination 

process and that the reported li'H 	CCC Lotion of growth in 

other plant., providing GA to involved, :ight have completely 

different physiological b&ee . 	;'om biochemical data Tome a 



linuma (1966) reported that tke0, '-like Bubetanoe of barley 

embryos seems to be syntheeie.i. 	'he above reul'r ': 

tends to support Tome & Tintama's conclueic. 

£ Tentative A4dendu 

Taking points from P&blt XIV an-' 1V1, it would appear 

that if 	e root emergenco as an index of germination rate 

then 'ad 	' .A seems to have a role while 'added' GA seems to 

make little impression. But thine may not be as simple as 

that with respect to, say, some types of dormancy where GA is 

more effective than I. .. It could be that in normal grains 

elorigative pre-sensitisation by GA has already taken place 

during maturation and added TAA will speed up root emergence, 

while in some dormant graiz there has not been the obligatory 

GA pre -sensiti.ation and thus added GA is now a prime neobeei+. 

This makes IAA presence ir both instances merely expedient for 

the process of root ea.rgenc-. 

So far, experimental 	tx 	-A 	cia1 

ee•m to suggest that indol.acetio acid, at low concentrations 

(10 to 10Up)  has a part to play in barley germination and 

subsequent seedling growth and that the gibberellic acid-Like 

factor of Tome (1958) emanates from the scut.11sr node region 

of the axis. This factor is possibly synthesised during 

germination and subsequent grr .1though it is almost 

certain that this gibb.re]lic 	 factor bears a close 

function similarity to G%. with respect to promotive actions 

on endoaparm modification, there is still so reported evidence 
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on whether the secreted embryo -factor of Iowa's to gibberellic 

acid (GA 3 ) or one of the other eight known gibberelline or not 

a gibberellft at all. 

The concluding part of this Section deals with some 

aspects of the physiological and chemical cractsrisatjon of 

this secreted embryo factor. 
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cibbereLlin Beorstign from Lxcieed Barley Lmbrop - DhYeiologica 

and cheiidcal QMiacterjastj2. 

Jon.s, Y&OVillat & Radley (1963) found that gibberelljo 

acid, (A3 ) was present in immature barley grains; however, 

Jos (1964*, b) found difficulty in demonstrating its presence 

In mature barley grains. Duffam (1965) tentatively proposed 

that mature barley embryos em+aine1 traces of gibberellic acid 

and possibly also glbbsr.11 	adley (1966) h recently 
reported that A and A7  fl*V 	 Jr In iVtUX"5 barley graii 	. 

Yomo & lInuma (1966) were able to demonstrate that the ethyl 

acetate extract from 5-day barley embryo., germinated with 

suitable carbon Source, was able to induce -amylaae production 
in endosperm piec-'. 	failure to ierronatrste gibberel].ic 
acid-like ac+Ivit  f 	days germination is rather strange 

when in normal germination of the intact raIn the aamy1ass 

content, by this time, is quite high and +he endosperm is 

extensively 21,oditied (,f. Sectiot I Plat, 79 e and 9). 
Bow, these cited instances for te presence of 

gibberel1in-like substances in barley grains and excised embryos 

are generally taken to support the opinion that a gibberellic, 

acid-like factor myeç from the embryo to the endosperm during 

early germination (see review by ).cLeod, 1967). 

The easy availability and obvious efficiency of 

gibberellio acid in inducing -ay1e8e activity in •ryo1eas 

endoeperm please has tended to cause neglect of the physiological 
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Lecee8tty for actually characteriming the proposed andg,ous 

gibbers]lic acid-uke factor. Mindful of this, it Me decided 

to investigate whether or not excised barley embryos could 

ricrite a gibbersllio acid-like factor which could be bIoLotcaUy 

and/or chemtoaljy eharsoterte . 

The aodif ted agar diffusion technique of Phillips & JOLISI 

(1964) vas used. 	ehs.ct grains were germinated in the dark 
at 2 • 	or 24 heure, carbohydrate (e . • kexorn) transport 

Los?era to the embryo thus havi!, j3sguL. (ot. :€ •TT 

_• 'j. 250 .ryos were rapidly •ziced fOr,  these 21+  hr. grown 

grains and placed on the surface of moistened 1.5% agar, ii, / 

Inch petri dishes. thise dish, were then placed in & dark 

Incubator at 80 humidity and set at 25 0C. Secretion time  

wee for either 36 or 24 hr. After secretion, the .nbryos were 

removed and disoard • 	'kess v..OZIet.ga Petri dishes and oontrol 

dishes, with only agar, were Zron ( -15° .) either for 20 hr. 

(36 hre secretion) or for 12 hr. t24 hr. secretion). ruth the 

water frozen out, the agar was repwatedly extracted by 

"distilled acetone, reduced to a s*t1 volume under vacuum by a 

rotary evaporator (300C.), acidified with hydrochloric acid, pH 

2.4 9  and extracted three tines with distilled ethyl. acetate. 

The ethyl acetate fractions pooled, reduced to dryness and 

take up in suitable vo1uas. at COIJ9 ?WSL. Those solutions 

(secreted and non.ecr.t.d cntrcL) were then used for biological 
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teats or for thin layer chromatography. 

Lieeelgthr or silica gel plates were usually o+ted 

with test solutions and A3  gibbere1110 acid) run with 

benzene/acetjo acid/water, 8/3/59 dried at ro' teiperatuj'e, 

sprayed with 70% sulphuric acid, dried at 120 . and examined 

under UY lip. Half the volume of the 24 1r. extract was 

streaked on 	:.telgubr and the approximate area was eluted 

with ethyl alcohol, reduced to dryness under vacuum and +a:er,  

U 	'.i 	'wter; f2r 	lr 	I 

	

Th 	ur"ber 	i#-'-p-' nr c.r+\rI 	eta rr  

were as described by Brian, Hemming & Lowe (196). 'ed 

follar shoots (excluding the ecutellar node) from )+. 	. ark 

germinated barley grains were also tested. The excised 

foliar shoots were floated on a small v- -'ie of the test 
solutions (a+ 4.5 0  i.e. and 100% humidity) and measured after 

18 or 20 hr. 	This latter test, at the present moment, Is not 

to be regarded as entirely reliable. 	ur1h.r investigation on 

this teat in required. 

89 1 rr *  endosperm slices, aft - C? an 18 hr. soak 1 

distilled water, were also tested for u$mnylase secretion with 

the test o1utIocs,The Briggs (1961) method was used for 

s-amylaae assay as in Part 4.A of this 8etio. 

Dosage of teat solutions- 4.0 ml.. for cucumber. 1.5 -1. 

for lettuce. 1.5 -1 . for foliar shoot and 2 ml. for endor -e 

slice-. 



149. 

AML"- -Ah.D DISCUSSIOI 

From two repeats on Liaselguhr and one attempt on silica 

gel, there was only one distinct spot that fluoresced. On 

.ie.elguhr the Rf was about 0.8 and for silica gel about 

.20 (see Table XVII), lone the lees, on the leselguhz 

plates this fluorescent spot was always linked to the solvent 

front by a fluorescent streak which coincided with a average 

Hf of about 0.92. The extract from the agar control showed 

no similar fluorescence. 

For the thin layer system used, )TaoYillan & Butter 

(1963) found that on Aieselguhrs A6  Hf was 0.76 9  A5  was 0.88 

and A was 0.38. For silica gel: A6  Hf was 0.21 9  A_ ) was 0.35 
3  

and A was 0.00. 
3 

From the high value for (IA 3 , (0.4.90 in Table XVII) it Is 

possible that the fluorescent spot of the 24 hr* secreted extract 

was running too quickly. Taking this Into consideration, 

with an Hf value of o.20 for the extract, on silica gel, it 

is possible that this fluorescent spot corresponds chemically 

to the gibberellin A6 . The fluorescent streak, with an 

average HZ of 0.92 9  might be traces of 

Results from biological tests are given in Tables XwIII, 

XIX and XX. 

In Tables XVIII and XIX it in evident that the ethyl 

acetate extracts had no marked biological activity except 

in the amylase response of the endosperm slices. No 

hypocotyl lengths were recorded for let1sce as all the extracts 
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caused a general decay of this region. The extracts also 

caused a gradual loss of chlorophyll in the foliar shoot tests. 

These effects on the test materials, as far as slongative growth 

Is concerned, mede interpretation impossible. However, the 

effect of the.* ethyl acetate extracts on the cucumber bypocotyl 

and c-&aylaae production was more rewarding. Despite the 

failure of the extracts to stimulate growth no harmful effects 

were observed. If anything, ethyl acetate has been found 

by Coombe, Cohen & Paleg (1967) to stimulate the enzyme 

secretory abilities of the aleurove cell, slightly. In 

Table XVIII and XIX an increase in the uaayla.e content for the 

secreted extracts over the agar controls is evident. 

Therefore, with respect to Tables XVIII and XIX, it is 

only possible to •ay that the 36 and 24 hr. secreted extracts 

contained a factor which had no elongative effect on cucumber 

hyp000tyl extension but which caused an increase in s-sa.ylaee 

content of endosperm slice.. 

Owing to the suspected harmful action of minute traces 

of ethyl acetate in these tests, comparison with GA  action 

is not possible. This was remedied by streaking the ethyl 

acetate extract. onto Xieselgu.br and elution of the zones of 

appropriate Rf (see Table XX). 

For this 24 hr. secreted extract with respect to the 

agar control no significant growth increase, were observed 

despite the healthy appearance of all the test materials. 

However, again, as in Tables XVII! and XIX there in an obvious 
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increase in sasylase content for the 21 hr. secreted extract 

as compared with the agar control • GA had no elongative 

effects on lettuce hypocotyls and the 
3
foliar shoot.. The 

well-known etiw]ative action on samylase release is agaiz 

recorded. 

Bow, at first eight we have a situation where chemical 

tests on the Secreted extract, revealed a substance which 

occupied an equivalent Rf to gibberellin A6  and possibly *5 , 

However *  (fable XX) materials of the.. Rf area. have no action 

on elongativi growth - only on .-asyl$.ss release to a very limited 

extent. From the table of biological activities of gibberelline 

to £9  given by Brian (1966) 9  we are, however, oolrfronted 

with the somewhat rewarding poe 3ibility that if the fluorescent 

area was mainly £6  we are in fact dealing with a gibberellin 

of generally poor biological activity. The lettuce hyp000tyll, 

teat is recorded, in this table, as being one of the wet 

efficient for £6. ?kere wae no growth response at all frow 

the secreted extracts, maybe for concentration reason. (experi-

mental evidence for tiiie is given later in Pig.. JO and 31). 

Brian's Table did not include the endospera test and 

it is most int.re+1ng that recently Coombe, Cohen & Pa]eg 

(1967) produced fiuree which indicate that in the ezidoeperm 

bioassay test, at 10B, £3  to more than 13 time, as active 

as A5  and about 10 times an active as £6 3  Al was as active 

as £3 . However, at 10'ii 9  £3  was only about 7 times an active as 



A6  and, at 10-  % about 3 times as active; with A3  at a plateau 

and A6  still rump. A5  sea generally lose active than A6 . 

Brian (1966) in table on the relative activities of 

the 9 gibberellizis in biological assays indicate. that A 6  

(disregarding A89  which seem to have no biological activity) 

is the most generally inactive, while the figures of Coombe, 

Cohen & Paleg (1967) make A69  above 	'S! concentration, nearly 
as active as A3  and A1 . 

cociusIo 
Therefore, taking the present chemical and biological 

tests as a whole the tentative conclusion may be that the factor 

which is transported from the germiiiating embryos to the endo- 

sperm is a gibberellin. This gibberellin-like substance is chern-

Ic all y not unlike A 6 0 The general biological inactivity 

of this gibberellin, except on endoeperm enzymic mobilization, 

may also implicate A6  as being the transported factor (further 

confirmation using commercially-available A6  in given later). 

The physiological lesson from this preliminary invest -

igation is that the biochemical solution to enzymic release 

in the aleurone cells of barley endoeperme may have to take 

into consideration that A3  may be naturally foreign to the 

endoeperm and that normally another gibberellin may synergi3S 

with some other factor to produce maximal efficiency. for 

example, a GA3-indol e eeetic acid synergism, based on important 



time durations and concentrations of indoleacetj.o acid did 

occur in endosperm slices (see, part 4.A of this Section). 

Being worried about the report of Tome & linuma (1966) 

that they failed to obtain any substantial quantities of 

gibbsrellin-like material from 3-day old embryos, it was 

decided to perform this simple experiment: 

Dehusk.d grains were allowed to germinate for 24 hr. 

as usual, and embryos or soutella were excised and placed on 

15 hr. soaked endosperm slices. One embryo or scutelluui was 

used per slice. This embryo-slice or Boutellum-sljoe 

association was left in the dark on moist filter paper in a 

closed petri-dish for 24 hr. at 25 0C. The embryos and scutsils 

were then removed and the slices left for 24 hr., after which 

they were assayed for w-amylase as before • itesults are 

given in ?able XX]:. 

From this it would appear that excised embryos or the 

soutella (reasabering that the latter structures came from 24 hr. 
embryo) can and do possess the ability to secrete a gibberellin-

like factor within 3 days germination. The 5-day gibberellin-

like factor extracted from embryos by Tomo & linuma (1967) may 

be a gibberellin, but the question as to whether a gibberellin-

like factor is secreted by germination embryos into their 

endosperm by 24 hr. germination was not enlightened by Tome & 

Iinuma'e result.. 
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Thielological and Chemical Studies ing Cormercia].46 . 

At the completion of the above investigation which 

suggested that the secreted embryo factor of Tome (1958) was 

possibly ¼ and not gibberellic acid (A 3 )

9 

 a minute sample 

of oowaeroially-available ¼ was obtained. This was undoubtably 

very fortunate as A6  is very scarce indeed. 

Excised barley embryos were allowed to secret. on an 

agar bass for 24 hr. as previously described, and likewise, 

the extract ohrotograph.d on kieeelgubr with A6  sixd-in as 

standard or spotted separately in the same capacity. 

Mn the plates were sprayed, dried and examined under 

UV light the commercial A6  had an Rf of 0.867 while the secreted 

extract had an Rf of 0.833 • 	ere was only one spot with an 

Rf of 0.87 when A6  was mixed with the ohroiatographed extract. 

It may be remembered that the extract samples in Table XVII 

have a mean Rf value of 0 .832. 

Prom this analysis it would appear that the gibberellin 

which to secreted by excised barley embryos is not chemically 

die$imilar from the gibberellin, A 6 0 

Now, it may be recalled that failure to obtain a growth 

response for lettuce bypocotyl (Table XX) with the 24 hr. 

embryo secreted extract was attributed to the possibility Of 

too low a concentration. Sine. an s-amylase response was 

obtained for endosperm slices with this same extract it is 

quite possible that if this extract contained A6  then cowaercially-

available &6  used over a sensible range of concentration. 
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night give some information of the re].stive sensitivity to 

this hormone by endoepera slices and lettuce hypocotyl. 

89 1 me sndospsrn slices fron dry grains were incubated 

In 2.5 inch. p.tri dish.s with various concentration, of a% 
or G.L6  dissolved in Tel acetate buffer pH 6.2. Each petri 

dish contained, as usual, 4 ,il. 1. 0.6% sodiur. chloride in 

0.1 I( acetate buffer pH 5.3 was added. The Briggs assay 

method was used for s-aaylaae assay as in Part 4A of this Sectjo. 

Xettuce hypocotyl assay was conducted differently from 

the method of Brian Homing & Lowe (1964) previously used in 

the earlier investigation where the rrowth container was 2.5 

Inch petri dishes. Her., lettuce (Carters) were grown an 

usual in the dark for 24 hr. at 25 0C in 3.5 inch. petri dishes. 

6 9  germinated seeds of equal dimensions were then supported 

on 2 small ring, of filter paper at the bottom of 5  z 1 cm. 

tub es and then saturated with two drops of the test solution. 

Each vial was covered with parafilm, in which a pin hole was 

made, and allowed to stand for 45 hi. at 450 f.c. in continuous 

light at 100% humidity at 25 0C. Hypocotyl lengths were measured 

after 48 hr. growth period. This method requires very little 

test solution, is very simple to construct, and gives superb 

visual observation of the changes in elongat iv. lengths. 



156. 

j$TTLP A) DICUI01 

As was hoped, (compare Hg. 30 with Pig. 31) at 1019, 

elicits a pronounced raaylaae response in •ndospem 

slices while this sans concentration fails to stimulate  a 

hypocotyl elongative response in lettuce seedlings • Surely, 

if a pure sample of commercial GA 6  fails to elicit a growth 

response in thise ki.ypootyls then it is quite possible that too 

low an A 6  concentration in the extract from embryo secretion 

was not an improbable suggestion (cf., table XX).lion* the 

lees in Pig. 30 fL is observed that 	elicits an sazylase 

response at 10  concentration which seems to suggest that 

the lettuce hyrp000tyl sensitivity test for £6  Brian, 1966) 

is far less eensitive than the u-amylase response of endosperm 

e1iee. 	Tt goes without saying that A 9  in both b1oloica1 tests, 

iE z 'ar 	active than £6. 

Theee subsequent chemical and physiological tests tend 

to indicate that the earlier suggestion that £6  nay be the 

gibberellie acid-like factor of Yomo (1958) which is supposed 

to be secreted into the aleurone cells by the growing embryo 

and there catalyses hydrolytic enzyme release and, as a 

consequence, endosperm modification. 

Although the question as to why the embryo should choose 

to export such an apparently singularly inefficient member of the 

known glbberellina seems unanswerable at the msmet. Long the 
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lees, Dr'. J. ZI. Turner, Plant Protection Ltd., provided valuable 

inforitiogi on this gibberellin which are highly suggestive as 

to how A could become the 829ntgi embryo factor of endosperm 

modification. 

The formula of A6  differss only slightly from that of 
A1  or A3  (see Fig. 32). Gibberellin A, is the Same *5 

except that it has no double bond. A6  is the ease as AL  except 

that the hydroxyl group nearest the lactose ring has moved to 

some other (undefined) position. It is very .asy, therefore, 

to visualise changes from A to A to A 6  such as may be caused 

on transport out of the embryo or for that natUrt the method 

of extraction, In fact, the natural occurrence of &6 in 

rarely reported though Sambduer (1964) and Iftokillan ra jj (1961) 

have both reported the presence of this gibberellin in Meo1ue. 

sow, owing to the low biological activity of A 6  (ilitach, 

1962; Brian, 1966) it seem not unreasonable to regard it as 

an end-product of the generally highly active A3  or A1  rather 

than being a borne sea etr'ic - but, to substantiate this 

possibility extensive chioa1 analysis would be necessary. 

However, since the purpose of this investigation was 

merely to obtain information on the physiological and chemical 

Identity of the secreted embryo factor, all can be said about 

the above idea of gibberellixi conversion is that, wino, both 

Al  (itursd embryos) and  £3  (Immature grain) have been tent-

atively reported to occur in barley grain. (Jones, Macmillan & 

Radley, 1963; AALffus 1965)9 the only grace of this 'conversion 
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por1bi].jty' is that it is reasonable. 	èon* the less, at a 
guess, A6  may be more amenable to polar transport (e.g. from 

the Icuteu.ar node to acrospfr.-end of the •outellum-endospsrm 

Junction, ase Section I) then either A3  or A which, with 
apecial reference to A

3  appear to move in a non-polar manner 

in plant tissues (Brian, 1966). OL z'saching the aleurone 

cells this A6-'liko gibberellin might eyn.rgie with other 

cpeu4. (of which id1oc.tjc acid may be one-See, kart 4A 

f 4- hie Section) to promote optima], catalytic synthesis of 

hydrolytic enzymes; ho .ever, ideas or guesses without experi-

mentation can only remain as such, scientifically, it is 

hoped that scientific substance was given to at l east sore of 

the idea more girsofly concerned with this Thesis. 

GiILRAZ CQkaCI,JJSIO 

Although no attempt is being made to impress on the 

reader that a summary of the entire events of barley germination 

and subsequent seedling growth is being attempted the work conducted 

hare by the aid of various simple and more complex structural, 

biochemical and physiological techjiquss seem to  suggest the 

followings 

At the recoassnosment of Intense metabolism, as a result 

Of wetting the matured grain under suitable growth condition., 

root emergence by cell elongation and division and vascular 

differentiation are major morpbiologica]. processes. Associated 

with the event of root emergence from the coleorhiga are intense 
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ultrastructural changes in the ecutellar node and soutel]uzt. 

In the soute11um theee ultrastructural changes concern storage 

products while in the soutel].ar nods they involve various 

eubcelluls.r organdie, which, in such quantities, are usually 

intrinsically concerned with secretory event. • Aiffsrentia1 

dissection showed that a gibberellic acid-like substance had 

its origins at this eowteflar nods region and that transport 

to the alsurorie cells was through the aoro.pireend of the 

ecutellum, thus causing a disproportionate pattern of sndoepsrm 

modification. This aorospire-end orientation would eesm to 

depend on the fact that in that end of the scutellum a well 

developed system of vascular strands is present. inaosperni 

modification is an aleurone event commencing at about when 

germination is completed (17 hr.) and the elongating soute]].ar 

epitbelial cells do not contribute to the hydrolytic enzymic 

poel of endo.perm degradation. 

However, it is not only the aleurone cells which require 

this gibbereu.io acid-like stimulation for metabolic action-

the feller shoot seems to be also a natural consumer of this 

gibberellic acid-like factor which enates from the soutellar 

nods. 

There in also a possibility that low indoleaoetio 

acid concentrations 10 10  to lOY) may s  in the intact grain, 

synerglat with the gibbsreliio acid-like factor in a short 

term optimal preseu.itisation of the alsurons cells to 

subsequent gibbsrelUc acid-like action. In fact, the 
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eoutellum pithelia]. elongation and vascular differentiation) 

may be influenced by * decreased indoleacetic acid concentration, 

this hormone originating mainly in the ooleoptile tip at about 

10 1! oonáeitration. 

Chemical and physiological characterisation of the 

gibberellic adic-like factor seems to indicate that this 

secreted substance is not gibbireilic acid 4 but possibly the 

gibberellin A6 

Germination seems to be an axis event with no important 

contribution of food products by the scutellum or endoepem 

as opposed to seedling growth where utilisation of degraded 

endosperm food reserves takes place. 

The approach throughout this thesis is basically a 

biological approach where selected observation are collected 

and subjected to physiological analysis in the hope of gaiiing 

useful information on the functioning of the embryo as an 

Integrated whole. Although the reported work may appear 

only to scratch the surface of problems relating to barley 

germination and subsequent seedling growth an important point 

must be that the problems of germination and endosperm 

modification (both commercially important) are all packed 

into the first 17 hre after initial vetting of the mature 

grain. 

Although the biochemical and physiological events 

within this 17 hr. time span are too numerous to elucidate 

completely, in my estimation, a limited attempt at this task 
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would certainly not be wasted. Surely, with valuable inform-

ation on the correlative physiology of tissue interaction in 

the embryo during germination the solving of at least some of 

the problems of dormancy, inviability and malting efficiency 

may have greater scientific possibilities rather than an 

hapbs.swd approach of indi.orimately subjecting barley grains, 

viable or otherwise, to the oddest array of chemical or 

physical factors whose resulting actions sometimes escape 

useful explanation. In short, bow can we hope to rectify 

for example a certain type of dormancy when no information is 

available on the physiology of the normally germinating seed or 

grain? 

To conclude this thesis it would appear that the whole 

problem of the correlative phytology of barley germination 

needs finer analysis despite the ofter held but invariably 

unfounded supposition that the biology of this commercially 

important grain is 'well understood ' . It is hoped that at 

least some of the information in this thesis will be useful 

in further physiological explorations on problems of barley 

germination and subsequent seedling growth. 



:ABLE IX 

Elongation of Cilia of 8au4ellar Epithelium in Cores Removed 
after 2 hr. soak (250C). 

(Incubafion medial Poien+ial growth factors) 

Incubation Time 2 bra. 24 bra. 48 bra. 1 	72 bra. 

Medium Mean Length of Celia 

A Basal 

Incubation Median 30 it 35 	& 35 -40 p 35 -40 1A 

lit 10  30 P 3540 ê& 40-45 14 4550 

IAA 10'M 30 ta 30-35 &  30-40 i 

ILL 10Y. GA 10$ 30 i 30-35 1& 30-35 & 30-35 IL 

GA 10 -5 N 30&& 30  IL - 3011 3014 

TThA 10I 30 ta 30 $4 30 $4 30-35 

inebin 106M 30 it 35 $4 35 is 35 $4 

Msruiue 106$ 30 & 35 1& 35 14 35 iA 

Tripa]mibat. 0.05 niJt 30 $4 35 	i 35 $4 35 $4 

Intact Grain 30 40-50 & 70-75 L 75-80 is 

Bassl Yediun 	nop. solution • 1.5% sucrose in 1 mY acetate 
- buffer pH 6.2 

IAA 	 - Indoieaoe4ic sold 

GA 	 Glbb.rellic acid 

2?IBA 	 - 'rliodoberizoic acid 



Elongation of Cells of Soutells.r Epithelium in Entire Excised 
Embryos (25 00). 

Incubation time ? hours 24. hours 48 hours 72 hours 

IWAN LENGTH 	OF CELLS 

A BASAL 
I)CuBATIODruI 30 s 30 35 P 300it 40 50 Ii 

IAA 10-11V 30 & 3O-35 1A 3540 & 40-30 

IAALO'M 30 & 30 p 3O-35 P 350 is 

GA 10'5 M 3011 30-3511 30- 3511 30 3511 

TIN 10-6M 3011 30 3511 30-3511 303511 

TRIPALTATiO.05 ag/i 3011 3035ii 3O - 35 1& 30 35 

INTACT GRAIN 30& 40- 50 11 7O-751 1758011 

Msaauroni*nts aade in areas used as "cores" in Table IX. 

Basal medium = knops solution • 1.5% sucrose in 1 nK acetate 
buffer pH 6.2. 

ILL 	 2  Indoissostic acid. 

GA 	 2  Gibber•flic aclu. 



TABLE XI 

loupawiozi of C.fla of Soutellar Ep14heliu2 in Embryos 

Attched to Erdo.peru by Perloarp"T•.ta and &1.uron. Onl y . 

Growth Teaperavure a 2500. 

2 hour. 24 hours 4.8 hours 72 hours 

30 0 3O - 35 A 30 40 40 -50&& 



TABLE XII 
NOMMOO 

Behaviour of C.]].s of Sout.11ar Epitheliu, and of Entire Lmbryo, in Grain Grown for 
24. hour. arid Treated as in Table IV • Growth Temperature = 25°c, 

Medium 	1 Buffered TIM IAA IAA IAA GA 10_5N Xibetin 
Water iow iow iO5 

-5 N 10~5N  
Control 

INITIAL 
EPITHELIAL 
EL0}GATI0 
(24. Hours Growth) 4.0-50 p 4.0h.50 p 4.0h150  p 4.0-50 1& 40-50 P 4.0-50  P 4.0-50 

(Partially excised 
en!bryos) 
EPI TRFJIAL 
ELONGATION AFTER 
72 hours Growth, 75- 80  ia 75800 70-75 i 70- 75 P 50-60 $L 50-60 & 50-60 & 

(Partially excised 
scutella) i.e. ax- 
i. removed. 
EPITHELIAL 
ELONGATIOIN AITLJ. 
72 hours Growth. 70-75 P 50-60 p  65-75 IA 4.0-50 ji 50'60 14  4.0-50 & 50-60 & 

Water Control = 1 ml acetate buffer pH 6.2 	
GA = Gibberelljo acid 

IAA 	 Indoleao.tio acid 
	

TIBA = Triiodoberigoio adid 



TABLL  TI 

Showing the Effects of Various Surgical Treatiente on the &Aryla.e content and 
Growth Behaviour of Barley Grains after 42 hr • growth (25 0C) 

Experimental Treatments 
'Condition of Embryo) 

Mean s- 
amylase 
content in 
IDC wilts  

Mean Colsop- 
tile length 
in or. 

Mean Root 
length in 
or. 

Mean number 
of visible 
roots 

1. Intact grain control 117111.8 (3) 1.610.2  (4.) 

1.1±0.2 (6) 

1.91.14 

(0-0.2) 

(3) 

(6) 

6.21.38 (4) 

(0-2) 	(4.) 2. Acrospire • Soutellar node 19.2±7.0 (4) 

3. Acrospire only 2.7±1.8 (4) 0.911.4 (6) 0 (6) 0 

4. Colsorhira • Scut.11ar node 45•7±4•4 (4) 0 (6) 1072.5 (4.) 6.0±.4 	(4) 

5. Colsorhiza only 26.7"5.6 (4) 0 (6) 1012.46 (4)  4..2±.3]. 	(4) 

6. Without Sotatellar nod&* 33.017.0 (4) 0,9103  (4) 2.11.56 (4.) 3961 99 (4) 

7. Slight cut below 
eout.11sr node 97.017.8 (3) 1.710.2 (3) 2.42.14 (3) 4..4.5 	(3) 

8, 

90 

Deep cut below 
soutellar node 

Without Coleoptil.. tip* 

+ 55.0-3.0 (3) 1.2102  (3) A0.220.2(3) 
B=O .7±.03(3) 

A2.1±.3(3)  

B*1.41.12(3) 

92.627.5 (3) 0.82 .002(6) 2.41.37 (4.) 6.4.1.10 	(4.) 



TABLE XIII (cont.) 

Experimental Treatments Than uauiy]aes mean Colsoptile Year Boot Mean number 

(Condition of Embryo) in IiJC length in cm. length in of visible 

i units ME* roots 

 Without Coleorhiza 
tip 85.0  1  7.6 (4.) 12 .02 (4.) 1.4 .25(4.) 6.2 1  .10 (4) 

 Without coleoptils 

and 	Ccleorhiza tip* 76.5 ± 16.5 0.6 ± .002 (3) 1.4 1  .25(4.) 2 

 Without Foli&r shoot 165.5 ± 15.8 (4) 0.9 2  .14 (4.) 2.6 1  .26()+ ) 5.7 2 	29(4.) 

10.0 0.01 (3) 0  (3) 0 (3) 0 (3) Scutellum only 

 Median longitudinal 
slit of embryo axis 66.4±6.6 (3) 1.1 ± 0 (3) 2.32 .5 (3) 4.9 ± 	.1 (3) 

- Treatments where foliar shoot showed reduced growth with respect to that 
of the ooleoptile. 

- I.D.C. Units for 4.8 hr. incubation 

Original u-amylase content for 2 hr. soaked grains = .25 1  .08 I.D.C. Unite (13). 

I.D.C. - Iodine Dextrin Colour Units E Arbitary unit of x-ainylase 

lumber of experiments given in parenthesis. 



TABLE XXV 

Effect of tndol.ao.tia Acid, Gibbereflic Acid and Tritodobenzoio 
Acid on Root Emergence (17 hr.) and Year Root Length (36 hr.). 
Growth in Petri-wick Dish.. at 250C. 

MEDIA 

TIME H2o 

f 

(}JJAI 	rrBA4 

TIM 

4 IAAlO 

TIBA4  

10 

TT-3A4  

' 

iAAlO  
' 

17 hr. 
(mergence) 
(Mean )umber) 1.1 1.3 0.31 1.7 1.0 1.0 0.6 1.2 2.0*  13 

36 hr. 
(Length) 1.30 1.50 1.00 0.25 0.8 1.4 1.2 1.25 0.6 1.8 

GA 	Gibberelilo acid 

TIBA 	Triiodoberzoio acid 

IAA 	Tndoleacetio acid 

Supereoript: 1. 10Vi 10 

-**= Sjzijfjoaxt differenoec. 



2?ARI.E XV 

ff.o of 2'-Chlorosthy]. Trimeshyl Ammonium Chloride (CCC) and ftleic 
Hydrazine(MB) oz Germination of Barley 

Both were used at io 31. 

sdiu 
	

Germination at 18 hr. (25 °C.) 

1120 	 93.3 

CCC 	 93.31 



TABLE XI 

Effect of XII andCCC (10-3Y) on a-anlaee Content, 1totio Index 
and Early Growth after . r. tt 	C uein 6'4 ,rains" in 
Petri-wick .Dishes. 

Media 
(36 hr.) 

w&aylaee - 	Mitotlo 
11)0 unite 	Index 

Root 
mit- 

lation 

Root 
Length 
(oiyi.) 

Shoot 
Long th 
(am,) 

1120  112.8 ± 13 80 6 9 0 1.30 0.90 

MM 10 79.9 ± 17.1 0 	5.7 0.90 0.70 

ace io 61.7 2 11.3 80 	6.0 1.26 0.90 

GA 10 	M 25 7. 0 	58.7 12* 6.0 1.50  1.02 

• WO 253.6 ± 71 2 5.7 1,26 0.90 

+ 0CC3  258.5 	85. 2  120 6.0 1.43 0.90 

Yr )bet of the other cells, with nuclear content were in incipient 
prophase. 

CCC 	- 2-ohiorethyl Triinethyl Ammonium Chloride 

YE 	- ?1eio Hydrazine 

I ..D.C. - Iodine Dextrin Colour Units 9 toa-Amylase content 



TABLE ZYII 

Rf a for Fluorescent Spo4e of Embryo 

Secreted Agar Ex+rsol and for GA3 . 

Rf Values 

A 	 B 	 A 	B 
36 hr • eztrsc+ 	24. hr • extract 	(A3 	GA  

Xieselguhr I 	0.804 	I 	0.860 	I 0.390 1 0.490 

Silica gel J 	0.20 	J 	 1 0.000 1 0.000 

GA, IR Gibberellic acid. 



TABLE XVIII 

Showing Final. ilypocotyl Length for Cucumber and Lettuce. 
Original Length of Foliar Shoot, 1.5 cm. 

36 hr. agar 
control 56 hr. extract GA310 	M 

Cucumber 
hypocoty]. (64 hr.) 1.27 cm. 1.40 cm. 1.39 cm. 

Lettuce 
hypoc otyl (64 hr.) - - 2.00  cm. 

Poliar shoot 

(18 hr.) 1.6 cm. 1.7 cm. 2.40 cm. 

Endosperm slices 15 I1C 19.5 IT)C 30 TDC 

-amylase conent as I.D.C. Unite. 

GA, Gibberellic acid in 11 tween. 

T.D.C. = iodine Dextrin colour unit'. 

Acetone - thy1 acetate extracts. 



TABLE XIX 

Showing Jinal Eypocotyl Length for Ououirber and Lettuce. 
Original. Letgth of Poliar Shoot, 1.5 cm. 

24 hr@ agar 
control -*  21, hr. extract" 	GA310M 

Cucumber 
hyp000tyl (72 hr.) 
	

1.25 cm. 	 1.28 cm. 	1.30 cr. 

Lettuce 
hypocotyl (4.8  hr.) 	- 	 2.00 cit. 

Poliar shoot 
(20 hr.) 	 1.7 cm, 	 1.7oii. 	2.70 'Om. 

ndoeperm 
elioee (54.  hr.) 	16 IDC 	 22 IDC 

u-amylase content an I.D.C. unite. 

GA3  - Gibberellia acid in .1% tween. 

I.D.C. = Iodine Dextrin Colour Unite. 

Acetone - Ethyl acetate extracts. 

50 IDC 



Showing Final Eypouatyl Length for Cucumber srd Lettuce. 
0riins1 length of Poller Shoot, 1.5 c. 

rlIr*r 	24 hr. •xtraotfl GA310 5 Y 

Cucumber 

hyp000tjL (64 hr.) 	1.25 c'i. 	1.18 cu. 	1.20 c. 

Lettuce 
hyp000ty]. (64 hr.) 	0.75 one 	0.70 ow. 	1.90 er. 

Pollax' shoot 
(18 hr.) 	 1.7 cm. 	.1.90 c. 	.' 	. 

Endo sperm 
slices (6 hr.) 	10.0 IDC 	1800 11)0 	1.0 11)0 

-Aay1aee content as IDC Unite. 

GA3  - Gibbereilto sold 

I.D.C. - Iodine Dextrin Colour Unite. 

Acetone - Ethyl acetate extracts , then Ethyl alcohol 
elution troaRf a a 0.7 to 0.95 on Xieeelguhr. 



TABLE XXI 

Showing the Effect of the Embryo and Soute1lum on the Release 01 
u-Amylase from Endosperm Slices after a Secretion Time of 24 hr. 
for 4.8 hr. Embryos and Scutel].a 

Embryo. • Soutella + 	Water control Embryo • 
1ioee slices 	slices Dead slices* 

Endosperm 
slices 14 IDC 9.6 IDO 6.6 IDC 0 11)0 

I.D.C. 	Iodine Dextrin Colour Units 	to a-Amylase content. 

f, 1 rr-r. slioee per duplicate treatirc. 

* iead slices (heated at 150 0C for 24 hr.) 
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during embryo growth.Rings contaminated with aleurone cells. 
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• A correlative time-course study on the structural and phy-

siological aspects of barley germination and subsequent 

seedling gorwth was conducted. In tote, it was shown that 

the biological events during the germination (1.. e root 

emergence) process (0 - 17 hr.) were connected with apparently 

unrelated events which take place in the seedling growth 

phase of development. 

Structural analyses, using light and electron microscopy, 

on the morphology of endoeperm modification negated the un-

founded belief that elongating ecutellar epithelial cells 

secrete hydrolytic enzymes into the endosperm. Extensive 

observation strongly suggested that the a].eurone cells, 

with respect to their position in the grain, warn exclusively 

responsible for enzyme secretion. The one-sided (dorsal) 

pattern of modification appeared to be conditioned by a 

similar one-sided orientation of vascular element. In the 

ecutelIum. 

Light microscopic studies also indicated that various 

suboellular changes, with special reference to storage 

products, take place in the soutellum. 

4.. Electron microscopic studies verified these preliminary 

findings and, as a result of greater resolution, showed that 

extensive suboellular changes occurred even after a 12 hr. 
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soaking of the grain. For example, a fat to starch 

conversion was strongly implied and discrete protein 

deposits disappeared by the completion of germination 

(i.e. 17 hr* after initialvetting of the graij). 

Lignification of provascutar cells of the scutefluir '4a8 

also evident by 17 hr. 

5 • ietimationa of the rate of disappearance of fat and the 

associated appearance of starch, and detection of the 

presence of leocitritase, tended to suggest further that 

the fat-starch parallelism In the sowtel]ux may be a 

result of the inter-oonvereion and that the glyoxylate 

pathway may participate in this conversion. 

Additional analyses of the metabolism of sucrose, protein 

and fat store suggested that, nutritionally, germination 

was an axis event. Purther studies on changes in dry 

weight over the germination period tended to strengthen 

this suggestion. 

In the u.ngeraiaated grain raffinose is mainly confined to 

the roots and the scutellum while sucrose is mainly confined 

to the aerospire (shoot) and the sautellun. Bigheet 

inVert*e* activity was found in the roots. 

. Sucrose content of the embryo (axis and ecutellu') ieclfL1 

during germination but synthesis occurred at the or' rf 

endosperm modificationt i.e. between 16 and 20 hr. 

Bowever, the sucrose synthesising ensyme system is operative 

from the onset of the germination process • 	ucrone 
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transport durizg early seedling growth froni the Bautellum 

to the axis was evident. 

9. flaffinose degradation was more active in the axis than 

in the ecutellu.in and involved the epimeriwatioz, of its 

galactose moiety to glucose. 

10 9  Physiological evidence from studies on the central and 

peripheral regions of the soutellux tended to substantiate 

further the anatomical findings that scutellar epithelial 

cells do not contribute to the pool of hydrolytic enzy 

which causes degradation of the svdospernt food reserves. 

The ability of excised embryos to secrete hydrolytic 

enzymes was found to result from the contamination of the 

periphery of their ecutella by diecrete remains of alsurone 

cells. 

11. Prom dissection studies it was coc1u4sd that the scutellar 

node region of the axis appeared to be the main embryo 

eitef origin of the gibberellic acid-Like factor which 

is supposed to wove into the endoeperis and there catalyse 

enzymic degradation of storage products. However, for 

the undamaged soutellar node to parfor 	secretory 

function in the intact grain incpetion of root extension 

seems to be necessary. 

].ectron microscopic studies revealed that the cells of 

this ecutellar node region contained a large number of 

metabolic orgazieller which may be indicative of secretory 

abilities. 
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Lvidenoe was obtained to suggest tb&t a short-term 

Indo].eacstic acids Gibberellio acid synergistic 

sti3lation can express itself in subsequent gibberellic 

acid e-amylase response of endospers slices • in the 

intact grain the coleoptile tip, with respect to its 

ability to secrete iradoleacetic acid, may therefore directly 

influence endosperm aoditio$tion. IzoleSootic acid at 

a low concentration of lOm.0 	iouz to be specially 

effective, not only in this synergistic response but also 

in epithelia]. elorigatioL. 

The secreted (gibberellic acid-1"e) embryo factor which 

must pass from the growing embryo to the endosperm to 

catalyse the release of hydrolytic enzymes was found to be 

a giIberellin. This gibberellin was however not gibberellic 

acid (G.A. 3 j but, possibly, G.A. 6 . 

U.. Gibberellic acid (G.A. 3 ) was found to hay, greater biological 

activity on lettuce bypocotyl elongation and the x-asylass 

response of endosperm slices than commercially pure 

6.) 

15. Lt inatioi (i.e., root emergence from the ool.orhiza) was 

found to be combined result of cell elongation and cell 

division. Cell elongation may be slightly more important 

than cell division in the escape of the roots from the 

coleorbiza. A sudden rise in the water content of the 

axis may be an important feature o root emergence. 
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Addenc!u 

argaret Padley (1967) in a very recent report concluded 

that the soutellum was the tissue of origin of the gibbere].lin-

like embryo factor. 	owever, my results in Part 3 6ection III 

deny the soutellum of such an independent role and suggest that 

the axis (i.e. soutellar node in conjunction with root development) 

was the site of origin while subsequent transport was merely 

effected through the top-most half of the soutellum. Explanation 

for this discrepancy is quite simple. Radley's ecutella were 

separated from their axes after 18 hr, growth while my scutellum-

axis separation was performed after 2 hr. soaking. 

Sixrely, here is justification for the structural and 

correlative physiological approach adopted for this study on 

barley germination and subsequent seedling growth, where it is 

observed that at 18 hr. Mologloal events suet. ,  -as endosperm 

modification and -ermlnation are so advanced that Radley's 

interpretation of soutella function, after such a long initial 

growth period prior to tissue separation, must certainly differ 

for mine 'rhich is based on the knowledge that a 18 hr. growth 

one would certainly expect to find gibberellin-like substances 

in 4 he scutellum. In fact, even a 2 hr, separation means that 

one-eighth of the germination-time was completed. 

Since the completion o this addendum I have obtained 

experimental ecne, using orbryo-1ess (endosperm only) or 

axes-less (endosperm + scutelluin) dehueked grains, which suggest 

that the acutellum is not intrinsically the embryo site from which 
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the gibber ellin.-like substance originate. 

Re,noval of the axis or whole embryo at 2-3 hr* intervals 

over the first 24 br, growth period with subsequent incubation 
0 

totalling 48 hr. at 25 C revealed that the ability of the 

eoutellum, bereft of its axis, to stimulate the release of a-

amylase from the aleurone of the adjoining endosperm tissue is 

related to the duration of its association with the growing axis. 

The gibberellin-like substance, in terms of c*-amylase 

content, reaches the aleurone cells of the endosperm between 

15 hr. after the commencement of germination. Interestingly 

enough this was theoretically intimated in the conclusion of 

Parts 4A and B (Section III) of this thesis. 

In tote, these findings substantiate the criticism made 

above concerning the possibility that the excised soutella used 

by Radley (1967) would surely contain a copious supply of the 

gibberellln-like substance which by 18 hr, arowth would 

indubitably be en route from the axle to the aleurone cells of 

the endosperm. Afl additional point against Radley's suggestion 

that the soutellum Is the embryo site of origin of the gibberellin-

like substance in that this would imply that only the dorsal 

periphery of the ecutellum (with reference to the one-sided 

pattern of endosperm modification, see Plate 2) could either 

synthesise or secrete this hormonal substance. Yy studies 

(Section I) revealed no structural justification for this. 

In conclusion it therefore re ns that for germinating 

u rrainn the rrnw4rt' nxin Is the ambrvo mite of nvl in nf 
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the gibberellin-like substance which later enters the aleurone 

cello via the soutellum to oataiyae the release of hydrolytic 

enzymes which cause endosperm modification. 
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Plate 1. Median longitudinal section of barley embryo 
growl for 12 hr. Coleorb.tza al limit of 
extension and r,os  emergence (germination) 
is iiiinen+. 
t*i4g: liaera+oxyliri and koein. 

!*an1Zicatio, X 316  

Plate 29 •'edisn longitudinal section of barley embryo 
grown for 24. hr. Germination has taken pl*cs 
and endosperm modification is well advanced at 
the scroepire end (dorsal surface) of the 
embryo - endosperm junction. 
StainiL'-s Saframin and Light green. 

giflcatiorir •X 17 

Plat. . cuellar Lpith.lial cells from embryo of intact 
rain grown for 20 hr. Cells at incipient 

r age of elongation and still flattopped. 
Intermediate layer is still intact. 

ajnjnpg liae*toxy1in and Eosin. 
gficatiot X 19300 

Plate 4.  7 cu+e1lsr Epithelial cells from embryo of intact 
grain grown for 48 hr. Cells extensively 
elongated and their tips are approaching roundness. 
Sta1igs Haeizs+oxylin and Bosin. 
Njgr4if;Lqj± 	X 1,200 

Plate . Thutellar Epithelial cells from embryo of intact 
- rain grown for 72 hr. Cells at 72 hr. 
experimental limit of elongation; heir tips 
are now rounded. 
S+aiQins Baen*toxylin and oein. 
gniZioatiQns X 1 9200 

Abbrevia+ ions : 

2-7 - Pericarp-eea 
	

J + C = Acrospire 

nn 
C - Co1eopi1e 

P - Poliar shoot 
- lode (souteller node). 

r - Seminal root 
R - Root 
Cr - Coleorkijga 
Nu - Nuclear apparatus. 

S - Soute]lum 

V - Vascular trace 
E - Epithellal.ceMm  

I - Intermediate layer 
A - Aleurone cell layer. 
Pc - Scuteller Parenchyma  

cell 
- Endosperm 

EM - Endosperm dification. 
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Plates 6 9  7, 8, 9 (for r..p.c*ive growth periods of: 
0, 20, 24 and 4.8 hr.). 	Show 
important Stages $4  the oommenoasz3t 
and progression of i.adosperr $odifi- 
oa+ion. 	vote that modification is 
first apparent inder the a]eur0DC 
cells and that the intermediate layer 
Is still intact - ••s Plate 7. 
Pla+es S and 9 show tM+ lbe its- 
solution of the in4eriediat. Layer 
follows the general alsurone conditioned 
pa+'srn of endosperm dissolution. 

Plate 10. Colsorbisal end of the embryo 
endosprm junction of 'he same 4.6 hr* 
grown embryo of Plate 9. 	Note the 
absence of any signs of modification 
at this surface of the grain,t.pite 
prominent aleurone layer. 

Plate 6. Staiçics 	liaetexylin and Ensim 
Warn ifications 	X 67 

Plate 7. taiijgs 	Haetoxylin and kosin 
anZioatiQnI 	I 67 

Plate 8 • Staining: 	Ras*oqlin and Loam 
sgnijca4is 	I 100 

Plate 9. Staiigs 	Uastozylin and Losin 
,,zific*tioz 	I 167 

Plate 100 iainrs 	liaitozylin and Lenin 
&,nifications 	I 134 

Abbrsyiaipns $ 

A 	Aleuron. cells 
En Endosperm 
I - Intermediate layer 

Epithelial cells 
5 	Sout.11ua 
EM Endoupera difioatioa 



lb 

S. 

PLATE 6 

., •'e 
-..- 

- 1p 

 
'S.. , . .. . S  

4 -•t• 	EM 

I 
* 	

4 1 

... 

- PLATE 8 

- 

3 

Eli 

.4.. 

 ..: 

En 

PLATE 9 

- - . 	a_,,, 	-. 	 .. 	• 

E. 

-r 

I 

I 	• 

PLAPE 10 



.tla4-€ 11. 	nows a1euroie cells a T Lr, errd.a-on. 
flote extensive praziulal-ion of cytoplasm and 
+hick cell walls of these cells. 
±ainizLgs liaen*toxylin and Bonin 

hUgnifications 1 1100 

Plate 12. Aleurone cells from region of endosperm 
modification of 4.8 hr. grown grain. 
Granulation is reduced and the cytoplasm 
now '+ear' easily - see tr. 
Staixiingi Uaematoxyliri and Bonin 
bIsnifications I 1100 

k]ate 13. Shows provssoulsr elements of a vascular iracs 
in the ecn+ellum of 0 hr. grain. 
MivnificatiQns X 1200 

Plate 14. Shows lignification of provasoular elements 
(xylem) as spiral and annular wall thickening. 
S+ai4ns kiaenatoxy1in and Eosin 
Mtifio*ti.tjs I 2000 

Plate 15. To show iohai 'he aleurons layer extends into 
the peripheral margin of the scutellum as a. 
single discrete layer of cells* 

ainini aemat oxylin and £osizz 
Matnific*tion: I 267 

Abbreviations: 

At Al  - Ajeuron. cell 
Cw - Cell wall 
NU - 	 uclear appara+us 
tr - '1ear in cytoplasm' 

PT romou1$r cells 
L - Lignification, Xylem 

I Interm.dia+e layer 
S - Scutellum 

- £pi+beli&1. cell 
En 	- Endosper. 
Pa 	- Soutellar Parenchyma cells 

Plate 16. Se. overleaf. 
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Plaice 16 9  179 189 19 (for respective growth periods of 
0 9  20 9  24 and 48 hr.). Show 
parenchyma osUs (o) of the 
eou'e11u. Cello are from the 
cen+ral region of the ecu+ellun. 
oie progressive disappearance of 

whai may be protein -like (baso-
philic) bodies and the appearance 
of well defined bodies which have 
starch grain morphology. 

Plate 20 	 (for some 48 hr. grain of Pla+. 19). 
Shove tba+ scutellar parenchyma 
cells (Pc), when away from the 
central region of she scutellum 
(e.g. Colsorhisal end), rapidly 
loose +heir cytoplasmic COflienti. 

Staininzs lia.toxylin and Eosin 
gnif teat ion 

Plate 16 9  1 2400 
Plate 179 1 2400 
Plate 189 1 2400 
Plate 19, I 2400 
Plate 20 9  I 2400 

Abbreyiativ 

Pa Bout ell&i' Parenchyma cell 
Pr - Protein 

Nuclear apparatus 
St - Starch grain 
Ci - Cell wa]]. (note thinness) 



4 	 sx; 

4 

I. 
' 

p t \ 	s 
: 1  

AW 
PLATE 17  

" 6t 
I 	•-e 

: -4 N  I 
• 	 A. . 	• .k LW 

t,f 	Pr  

PLkTE 18 

a 	 . 

• A 
St •1 

bo 

at 

!, 
•• 	 I 

!. 

Sr  

Nu 

/##liIIII :c 

FLIE 20 



Plate 21 • Electron micrograph of scutellar parenchyma 
cell. at 0 hr. germination. Electron dense 
material probably protein deposits termed 
core 'ype (c+) or mesh-work type (mt). 
Electron transparent inclusions possibly 
fat deposits (l't). 
Fixations Buffered Potassium Prmanglz$ate 
agzfications X 4 9000 

Plate 22. Shows Osmium tetz'oxide fixation of sou+ellsr 
parenchyma cells also a-' 0 hr. - germination. 
In support of labelling of Plate 21s Pat 
inclusions are now electron dense and large 
spherical transparent areas may indicate 
protein deposits. 
!tggifioations I 10 9 500 

Plate 23. Potassium permangana4e fixation of starchy 
eudoeperm of 0 hr. grains starch grains (St) 
are electron transparent while proi-einlike 
matrix (Pr-m) is electron dense. 
Ignific&+ions X 13900  

Plate 24. Osmium tetroxide fixation of starchy endosperm 
if 0 hr* grair 	starch grains remain electron 
transparent btit the proposed pro+eizrlike 
matrix, as expected, is now electron transparent* 

gnifications x:ispoo 

Abbreviations $ 

at 	- Core type protein deposit 

mt 	- Msshwork type protein deposi 

Cv 	- Cell sail 

Pt 	- Pat deposit 

St 	- Starch 
Protein matrix 

Pr 	Protein deposit 
D 	Deposit 1 
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P].s#e 25. 1!]so+rOn micrograph of 3ou+ellar parenchyma  
cell as 12 hr. germination. 	o+e early  
appearance of s+aroh grains in aylopls.s+s (Asp) 
and what could be 'ebrinkin' of Las inclusions. 
Cysoplaamic membranes are preser 4  and one large 
protein body (Pr) is visible. 
Fixation- 3uffered Potaaaiuri }err'angaxiats 
gnificatiOns 1 13 9500 

Plate 26 • Electron micrograph of scutellar parenchyma 
cell at 24 hr. germination. An,yloplasts 
with starch deposits are very obvious. Fat 
inclusions have given way to etellase shaped 
epheroeoes (Sp). Er-nenbr*nes (or) and 
mitochondria (M) are now visible. 
Fixations Buffered Potassium Permariganat. 
Iaznifications I 79333 

Abbrcyiatipnas 

Asp Aayloplast 
Pr 	Protein body with core type inclusion 
St - Starch 
Sp - Spberoso.s 
Pt - Pat inclusions 
or - Er-,aembrane 
V - Ittoohondria 
C. - Ciii. wall 
Vu 	Nuclear apparatus 
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P]a+. 27. Electron micrograph of scutellar parenchyma 
cells at 72 hr. growth. Starch grains (Si) 
are opaque and their 'growth' may be completed. 
Spherosornee, er-sembrane and mitochondria can 
e+ill be 
Fixation: Buffered Po+aseium P.rangauate 
gnifica4ioj: X 9 9000 

Plate 28. Electron micrograph of 0 hrei grain to show the 
close issue association between the inter-
mediate layer (I) and epi+helia]. c.lI(J). 
Note that II uppears to be the cementing 
material be'weexi these cells and is really an 
extension of the material of the intermediate 
layer. 
Fixations Buffered Po+sssium Permangaua+e 

P1iC*tiOA$ X 9,260 

Plate 29. Electron micropraph of epith.lial cells at 
24 hr. growth. 	he inermediate layer has 
disappeared, starch grains in amyloplas+s are 
present, in addition to other metabolic 
orgariellee • Plasmodeematal-like areas (Pd) 
appear +o be present along the lateral cell wall 
of these cells. 
Fixations 'uffered Potassium Permananat. 
Ignific&tiozis I 3935 

Abevj&tlonp $ 

St - Starch 
Sp - Sphero.emes 
or - Ermembraaee 

3Iitoc1ndria 
I - Intermediat..layer 

II - Cementing material 
- £pish.lial cell 

I -Cell wall 
Pd - Plasaodeaa*ta1lik• area 
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Plate 30. L]sctron micrograph to show reticulate arl 
annular thickening of xylem slesants as 
evidence of Ugzaifioa+ion (L) in the scu 
chum of 21 hre grown gmisse 
Fixations 3uffered Potassium Peragsnats 
YwnirIoa#ions I 3 9 f2 

net. 31 • I1ec+rom micrograph to show localised vascular 
isa+ion Lignifioa+ion, L) of xylem cello at 
the sou+el.lar node region of the axis. 
Fixations 3uff.r.d Potassium Pernsngsnat. 
RnIxioaions I 1,O( 

Fla-to 32. Elsotror micrograph to show that, 
Advanced htgnifioa'ion is accompanied by 
cytoplasmic disintegration-9.e CD and I.. 

lumps' on cell wall way be prssump+ivs 
si+.s of hignifloation - see ±. 
Lar. pore. (P) may facilitate food 

transport along the vascular tract of the 
scutelium. 

gnifio*tiozs X 4tA118  

Plate 32A. (IT) Sbows'sulargenent of *ringed* end-wall 
Of Pies. 32 +0 show pores (P) more clearly. 

Ptxa+ ions Buffered Potassium Perngsnats 
gn1rIaions I 9,77 

Plato 33 Ilecron niorograph to chow that lignin 
dspoei+ioE starts within the middle lamella 
negioL of the cii]. sell (Cs) and is initially 
deposi'ed onto the structuralfibnes of the cell 
sell - see 

10 12 5 and ]. Signs of 
l$miva*ion of cell sell can be seen in là of 
Plato 32. 
Pixel ion $ Buffered Po+seeiujp Perngaat*s 
uma*jos 1 11,200. 

Abbrev1p ions $ 

là 	Lipnin 
CD 	Cytoplaamiodi•in#egrat ion 
h 	'ifumps' of the cell wall - 
Cs 	- Cell .11 
P 	Sieve per. 

Stages in hignification 
NU -  Nuclear apparatus 

pre-hinificalion sties. 
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Plate 34. Electron micrograph of a scutellar node cell 
a+ 0 hre germina+iorn of. Plate 21 9  for - 
scu4ellar parenchp* cell at 0 hr. germination 
(I.e., du mature grain). rots that many 
metabolic organelles are present in the nodal 
cell while only storage products are present 
in the parenchyma ceI if the ecu+ellum. 
Pix*tis 4u.ffersd Potassium Peri*ngarza9. 

nif1pat1i X 20,580 

Plate 35 & 36. -loctron mierograph of cells of the 
scutellar node a+.12 hr. germination. sot* 
well developed mitochoridria (M), golgi bodies 
(Gb), ribosomes (Rb) and or-*embranes (or). 
At 12 hr* no such development of metabolic 
organelles can be seen in +he scutellar parenchy* 
cells - see Plate 251 however, nodal cells have 
no a*yloplaet.. 
!iz*+ios Juffered !?otaseium Permanganate 
aRnificajpni Plate 35:1 12 9  402. pa4. 36:X 

13,594.. 

Abbpeyat i°i 

Nu - Nuclear apparatus 
N 	- ?'j+oohondrja 
Gb - Goigl. bodies 
Rb - Ribosomea 
er - Er-membrane. 
Ow - Cell wall 
Pa - P1aadesmeta 
N]. P'iddle lamella 
Pr - rotein deposit? 
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Plate 37. Electron micrograph of cell, of the sautellar 
node of grains grown for 24 hr. i+oobondria 
(M), golgi bodies (Gb) and or-membrane (or) 
are Still visible. 
izat1os Buffered Potassium Per*nganase 
MInjfics+1png I 10 9220 

Plate 38. Electron micrograph of cells of the scutellar 
node of grains grown for 72 hr • M1focbondria 
(Y) appear swollen and cell in general ease 
of dle1n+ioraion. 
1xatiorj: uffered Potassium Perinsnaanat. 
pijçatjo, I 159455 

Plate 39. Electron micrograph to show that as the cellular 
transition from she scutellur to the scusellar 
node regions of the embryo well developed 
amyloplase (Anp.,.) seem to bos, their ability 
to synthesis. s+&rch. For 21, hr • grown grain. 
g!fc$tions X 3.150 

Plate 40. Electron micrograph t0 show detail of e+arch-
free) Amp, type amyloplas+. Also not, pore 
(Ip in no1ear membrane. 
fixations Buffered Potassium Permanganate 
Maznifica+ions 1 13 9 692 

AbbreyiatiQz 

1!1soohoxAclria 

Gb - Golgi bodies 
or - Er-membrane 
Amp - Arylopl*at 
Amp1  - A.mylop]a.t 
at - Starch 
Ow - Ccl). isli 
Nu - Nuclear apparatus 
Np - Nuclear pore 
Na - Nuclear membrane 
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