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Studies en the Physiology of germination in the genus Avena.

The germination requirements of grains of Avena sativa, Avena fatua
and Avena ludovicisna have beeﬁ investigated, and seed dormancy ‘shown to
develop with the attainment of ripeness in these species. The degree of -
dormancy was found to bn_transifory in A, sativa, and more intense and'ﬁure

persistent in the other two speciés;

Promotion of the subsequent germinabtion was observed when grains of
A, sativa were allowed to imbibe for several hours, subjeetéd to a dehydration
treatment and a period of dry sitorage before bheing returned to germination
conditionss This was shoun to be largely due to the retention.af some of
the physical and physiolégical changes which normally occur within the earle
stages of germinﬁtion. Bobryo damage resulted when the same treaﬁmenﬁ was |
given to grains with growing embryocs, the severity of the damage belng |
related to the degree of morphologleal davéiopment of the embryo at tﬁe‘
time of treatment. It was concluded that there is no initial period of
imbibition which can be completely reﬁersed~by this treatment; and that
there is no digtinct lag between the commenceﬁent of imbibition and of the .

chanpges leading to the onset of growth.

The development of amylolytic enzymes in germinating grains of
A, sativa has aléo.been»studie&, Only beAmylase was present in the dry
grain but coﬁaurfently‘with, or shortly afteér the commencement of embryo
growth asAmylase began to be developed. Geneval similarities were observed
in the pa#terﬁ of Amylage~deVelopment in germinating gyains of all three

species investigated, ﬁut,daimant braing of A, fatud and f. ludoviéiana
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ghowed no. increased amylase development. - The developmeént of a-Amylase
would appear to take place in the endosperm, bubt the growing embryo appears
to play an essentlal role in its development.

hnalyses of grains of 4, sativa after 24 hours in germiaation
conditions showed that a congiderable utilisation of seed fats, and of -
some soluble carbohydrates has cceurred.' . Starch hydrolysis was not
evident until 2448 hours in germination conditions.

Proteolytic aétivi%y of dry sra:i.hs of As .sat‘-i%ra was found to be mainly
lbcate&’in the eﬁbfyb tissﬁes; and to uhdergo a severalefold increase duriné
the preugerminatian'periodk0£ imbibition. This development took place
mainiy in the emﬁryo tissues, with diffusion to the endospern occurring

‘later. Germinating grains of A. fatua dnd A. ludovioiana showed a similar

pattern of iﬂcfeagihg“proﬁeolytic activity, but dormant giains ghowed no
capacity for increased activity. Since this increased activity is a
pre-germination chongs, and is potentially capable of restricting embryo
growth it must be conglidered as a possible mechanism by'whieh seed dormancy

is eni‘oz-'@ed »

Tﬁe presencé of germination inhibiting materials in whoie grains, and
husks of A, sativa has been confirmed,Jand their activity shown against
s%dﬂA.@ﬁm,$MWm@mymT@ﬁwmm%ﬂ%,ﬁmﬁﬁ#ﬁhﬂmm
Bragsica oleracea and Trifoligm'ggatgps .‘ Previous investigators claimed
that the action of thése materials was due to their inhibition of the
amylase enzymes of the grains, particularly a»AMylaSe. Tests with amylase
preparations from germinated grains of Ay i tiva,‘and Barley, and fungal and

baatariél avﬁmyiasea‘failed to confirm this finding. The’possibility-of



retarding germination by inhib;ting gmy;ases woul@ appear %o be doubtful in
the light of our findings on amylase dévelopmenﬁ ond starch utilisation.
Cansidgrable .;i,nhibifbiop of< the act:'f.tfriiﬁyv r.)f, px:ote‘olytic enzymes from grains
of A.‘éaﬁiVa ané Barley was hovever dbservea:ig thengxtract of A, sativa
hus_ké. .. 'i’he‘sénie vater éﬁtr&cts' éi;_whoie grainé‘éif Ao .safivé{ ma'a._ fatua
wero found to be capable of inhilibing the germination of i sativa grains
and pfcméting ﬁhé germination cf.A. fatua graing. The pﬁesence, and the
amounts 6fithﬁse‘germinati0n inh;biting aﬁd promotiﬁg materials in A, fatua
could not be correlated with the degree of dormancy in the grains used

for extraction.
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Plate 1. Diagram of the structure of the caryopsis of A. sativa.

A, Longitudinal section,

B. Porsal view.




STUDIES IN THE PHYSIOLOGY OF GERMINATION IN THE GENUS AVENA.
Introduction, and review of the literature.

‘The seed is one of the ways by which the higher plant passes through
a period of environmental conditions unsuitable for plant growth, and a
convenient form by which the species may be disseminated. The structure
of the seed and its physiological properties are related to this function.

The "seed" of Avena sativa L., the Oat, is representative of most of the

Gramineae, and ig botanically a fruit # a caryopsis. It is seen to be
enclosed in protectiveflayers developed from the fused pericarp and
testa (Plate 1.). ‘Within this lies the embryonic axis, with a radicle
and several secondary éeminal root primordia, and the plumale bud with
several primordial leaves enveloping it. This embryonic axis is
attached in the median position to a structure called the scutellum,
ﬁhich is usually regarded as the single cotyledon. In many seeds, the
cotyledons are the mainAstprage region of tﬁe seed resgerves of nmetabolie
materials, but in the Gramineae, and some other plants, the endosperm
persists and enlarges to fulfil this function. In the resumption of
growth in the eﬁbnyn of A. sativa., follawing germination, the primordial
root and shoot initials commence growth, singly ox in pairs, in a regular
gequence, over & period of several dsys. Adventitious roots also form
from the first node of the plumule at an early stage of development,

and at higher nodes subsequently. The caryopsis of A. sativa i8 further
protected by the persistent pales - the husk, this whole disseminule

being the "seed" in commercial usage.
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Degpite the many adaptions by which the mature plant endeavours to
withstand periods of water shortage, those cells which are growing and
functioning normally cen only do so when they have a high water content.

In apical meristems the water content is ahout 80 ~ 90% of the fresh weight,
while a wide range of plant parte fall between this level and 50% of the
fresh weight (Stocking, 1956). A slight reduction in these water contents
may seriously upset growth and the physioclogical activity (Gates and Bonner,
1959), while permanent impairment of the growing parts, and death of the
whole plant can result from greabter water losses. In a wide range of plants,
a reduction of their saturated water contents by 60% was found to be the
lethal water deficit level, though in come cases reductions of only 48% were
enough (Stocker, 1956)., In contiast to this, a wide range of seed can
rvemain viable for periods of many years with water contents as low as 5% of

the dry weight (Sifton, 1920; Orocker and Barton, 1957).

In its formation, however, the seed commences as a structure with a
high moisture content, about 80% of its fresh welght. This level is
mainﬁainea during the period of tissue elaboration, and the deposition of
the reserve food materials, but as maturdty approaches the water content
begins to fall, and accompanying this there is a slowing down, and finally
a cessation of growth in the seed parts. The entry of translocated food
materials stops quite early in this phase, when the water content is about
40 - 45% of the fresh weight (Harlan & Popeé, 1923). As the water content
falls to the level of the air dry seed, a similar pattern of declining
activity, reaching an almogt imperceptible level at maturity, is evident

in many of the physiologleal atiributes of the seed. Respiratory activity



(Wager, 1957), amylase activity (Nordh and Ohlsson, 1932: Ohlsson and
Edtfeldt, 193%3; Ohlsson and Uddenbergh, 1933; Chrzascz and Janicki, 1936;
Bernstein, 1943 A; Sandstedt and Beckford, 1946; and Ugrumov, 1955), and
proteolytic activity all show this trend (Proskuryakov, 1041; Daniellson,
1951).  During the period of formative activity and maturation there is
also a constant trend towards the formation of the more complex, lesc mobile,
and less physiologically active compounds in each of the main classes of
seed constituents (Crocker and Barton, 1957). The mature seed may therefore
be charactericed by a low water content, suspenééﬁ embryo development, low
physiological activity, and a prapondéranceief inactive atorage compounds

over more labile forms. Such a seed is said to be in the resting condition.

Providing ihe seed is still viable, the ﬁvailabiliﬁy of sufficient
water, at a suitable temperature, and free access to air, is often enough
to stimulate the resumption of growth in the embr&o of mény resting
sead. Such a seed 15 called fion-dormant.  The water may be present
as liquid or vapour, the dry seeéd being capable of aésorbihg both |
against considerable external forces (Shull, 1916; Owen, 1956). The
initial uptake of water by a resting seed is a physical process,
dependent on the colloidal properties of much of the seed conatituents.,
In the preseﬁce of sufficient water, there is usually a period of several
hours rapid imbibition, fcllawed‘éy a gradually slower uptake as the
saturation of the colloids is approached (Shull, 1920). 4 second phase
of increased wateﬁ uptake follows this, usuwally within a short period,

which is more or less continuously maintained throughout the further
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growth of the plant. This phase is physioclogically regulated by changes
in the éeed constituents and the development of osmotically functioning
tigsues during the period preceding and accompanying the reaumption'of,

embryo growth (Owen, 1956; Stanley, 1958).

As the water content of the imbibing non-dormaent seed inoreaées,
an inorease in physiological activity also occurs. An increase in the
rate of respiration of single seeds has been shown within the first few
hours of imbibition, the increase continuing, proportionally'ﬁo the water -
content for many hours until the resumption of g;owth was well underwwiy
( Stiles and Leach, 1932, 1953; ﬁegch, 1943). A similar pattern of
increaging respiratory activity with increasing water content has also
been shown in batch studies with seed of maﬁy species (Bailey, 1940;
James and Janmes, 1940; Ragai'and‘LéOmis, 19543 #ilner and Linko, 19583
Stanley, 1958). Studies on seed enzymes during the period of imbibition'
have also frequently shown evidence of increased activity, with further
incresses as growth commencen.  Bnzymes inveatigate@ in this respect
include Invertase (Hora} 19363 Wakamura, 1940),,$he'§gxiaaes, (Nordh and
Ohlsson, 19323 Ohlsson and Edfeldt, 1933; Ohlason and Uddenberg, 1933;
Hora, 19363 Luers, 19363 Nakamura, 1940; POpOj, 19403 ﬁernetein, 1943B;

Kneen, 19443 Oparin and Kaden, 1945; and Ugrumov, 1955), Proteases and

peptidages (Mbunfield 19303 Pett, 19363 Luers, 1940; Nakamura, 1940;
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Proskuryakoff, 19413 and Daniellson, 1951), Transaminases (Albaum and

Uohen, 1943; Linker and Milno, 1958), Lipases (Pett, 1935; Griffiths,
1937; Hutchison, Martin, and Horan, 1951), Phytase (De Turk, Holbert,

and Howk, 19383 Albaum and Umbreit, 1943; Peeras, 1953), and many
respiratory enzymes (Fink, Haen, and Zenger, 19%6; Deleano, Popovici,
and“Jnneado, 19573 Albaum and Eichel, 19433 Das and Sengupta, 1941;

Sen, Heieh, and Chen, 1945). Chemical analyses have also indicated théﬁ
changes in the composition of the fats, proteins, and carbohydrates of

the embryo are evident shortly after the beginning of imbibition
(Griffithse, 19373 Albaum and Cehen, 1943; FAlbaum and Eichel, 1943;

Pol jekoff-layber, and Mayer, 1955; and MacLeod, 1957), while

mobilisation and translocation of reserve food-méterial becomes evident
some little while later (Hora, 1936; James, 1940; Bernstein, 1943B;
Folkes and Yemm, 1958; Halhotra, 1932). 1In gqnﬁral, it would appear
that the changes occurring during imbibition, germination, and early
development are the reverse of thbsgfalready desoribed as oecurring duriﬁg‘
the final atages of formation and méiurityJ(Page 2)s  Comprehensive |
reviews en the physiology of germination may be found in Toole et al (1956),

Giouker and Barton (1257), and Bvenari (1957).

As a consequence of the higher water content, and the physiological
activity initiated by this, the final stage in the transformation from
the resting seed condition takes place by the onset of growth in the
embryo. This showsva gimilar pattern in most seed. The firat signs
of growth are observed in the radicle, and the first phase of growth is
by the extension of existing embryo cells. Meristematic activity begins

gome hours after the commencement of extension growth, and is again first
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evident in the radicle. The changes in the structure of the embryo,
resulting from nmeristematic activity, . and culminating in the development
of a-seedling capaﬁle of .independent existence, must be regarded as the
recommencenent -of the normal plant growth oycle, even though it is
initially dependent on seed sitored material .for its maintenance.

Germination is sccordingly restricied by us:to include only those changes

involved in the re~establishment of meristematic activity 1n a rvesting
embryo. Those changes which ocour subsequent to this, and more-
assoolated with the maintenance of this growth, are defined by the term

Development., Thie restricted meaning of the term is used by Toole et al

(1956), and Twvenari (1957).

Geimination, and»develépment, are depehdent on a continuously
availab1§ supply of water, The effects of a period of severe water
shortage on the subsequent growth pf-mature planﬁg have been described
previously (Page 2), but there is little information available concerning
the effects of similar water shortages on the imbibed seed, or the
developing embryo, bafofe it has reached the stage of an independent
geedling, when it would be expacted to iehave in the game manner as a
mature plant. Some investigations on the effecte of artificial drying
trea tments have been reported using wheat secdlings at various stages of
development from a few hours after growth had commenced, to several days
old (Milthorpe, 1950). In this study, any seminal root‘which had
commenced elnngation. aﬁd an& leaf which had reached the point of
emergence from the coleoptile were killed by a severe drying treatment
‘(90%‘loss of water). Tmbibed primordial initials of both types were

able to withstand this drying treatment so long as they had not commenced
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growth, but in some cases severe retardation of their capacity for
gubsequgnt growth was.eviQent; Thig indicates that once growth has
commenced in an embxyo fhere iz no pogsibility of the water taken up
being removed without producing harmful_effgcts on the capacity feor
subsequent growth, and that the greater the-deyelopment of the embryo
at the time of drying, the more severe are the effects of sucﬁ é
tregxment. The effects of drying treatments on non-growing primordia
might however indicate that it is possible to remove_the water from
non=germinated seed without causing any harmful effects., If such
behaviour were found, it would indicate thét some of-the phases of
germination were reversible. The capacity of the wheat seedling to
ghow quite a considerable degree of recovery after severe drying
treatments at various stages during development, is linked with the
previously described form of staggered development shown by the sem;pql
root primordia of this, and ether members of the Gramineae (Page 1). .
Such a form of development can now be geen to be of coﬁsiderable
ecological importance, and increase the value of such seed as

succesaful, resistant, dispersal units.

While the capacity of resting, non-dormant seed to remain viable
for iong periods in dry storage conditions has important commercial
implications, such conditions are not common in nature where seed
usually lie in moist soils. In temperate regions germinat;on and
gseedling estébliahment are rarely restricted by lack of sufficient
water. The more nqrmal restrictions are low temperatures, poor light,
waterlogged soil, high winds, and other conditione inimical to seedling

establichment over fairly long perioeds, but often interrupted by short .
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peribds when conditions permit germination to ocour. The ability of a
geed to remain imbibed ahd viable, but inactive for conasiderable longths
bf time,-including‘perioda pormitting germination ias due %o the presence
within these seeds of a mechanism restfaining germination. Such seed
are said to show Dormancy. It is not perhaps surprising that the
majﬁrity of plantsiprbduce seed which are dorment at maturity. This
dorﬁancy will disappear naturally, during varying lengths of time in

diy storage, but its d;saﬁpaarance can be specded up by exposing the
imbibed seed to special environmental conditions or treatments. These
nmay ihclude gtorage éx»unifbrm iaw tenperatures, storage at fluotuating
temperatures, exposure to illumination by white light, repeated wetting
ana'drying, storage in oxygen;rich atmospheres, breaking or removing

the seed covefingsg and some chamioal treatmenta.

AThe phenomenon of seeﬁ dormancy iz thus seen to be an important
factor in the m&intenaﬁce of the delicate balance which exists betwéen
the segsongl growth cycle# of plants and the climatic environment in
which they grow. The growing oycle of the higher plant begins in one
groﬁing aéason, with %he initiétioﬁ aﬁd formation of the seed. A pauge
in the cycle results from the cespation of growth and the reduction of
physiological activity associated with the ripening-of the seed at the
end of fhe growing seaa&n.' The recommencement of the growth oycle hy
the germinafion of this seed should preferably not take place until the
intervening non-growing season has péssed, and conditions amenable to
seediing establishment ha&e.réturned. While the form of the resting
seed is a suifable struéture’for the plant to pass thréugh this

unfavourable season, it is only seed dormancy which prevents unseasonable
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germination during any period when environmental conditions are
temporarily suitable. The restraint imposed by dormancy on the
continunance of the growth cycle must first be removed before germination.
can take place, and the growth cycle carry on to its conclusion, in the
development of the next generation of seed. Many of the special
treatments which have been shown experimentally %o facilitate the
removal or the breaking of seed dormancy, are those to which seed would
be exposed in so0il during the non-growing season, e.g. several months
in moist, low temperature, storage. Other treatments would appear to
be more related to the environmental conditions present during the
trangition period from the non-growing to the next growing season.

These include temperature alternation during moist storage, whether with
a diuvrnal periodicity, or with a longer time at each temperature level,
and repeated wetting and drying treatménts. In the.case of species
which require light for the removal of dormancy, disturbance of the soil
by frost heaving, water'mavements, or animal activitlies might allow such
factors to operate. 'Degeneration ﬁﬁ‘seed coverings by micro-organisms
ls also an important factor in the removal of seed dormancy. It would
seem, therefore, that the very factors which make the non—groﬁing geason
unsui table for seedling establishment aie often the same factors which
engure that the dormant seed is freely germinable by the time the next
growing season has arrived. If dormancy in some Rosaceaeous geed is
not removed by some of these special environmental cenditions, but
allowed to diminish during dry storage, the seedlings produced on
germination of these seed will show abnormal types of growth, wsually a
partial dwarfness, €.g. Peacﬁ (M emion, 1933, 1934), It is probably

true to say that most of the successful annual weed species are only
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suécessfui because their seed are dormant, and any elimina#ion-programme
requires a full knowiedge of the extent of such dormancy and the manner
in which it can be removed. 1In crop seed, dormancy can also be trouble;
some in giviﬁg'low and uneven_gerﬁinaﬁion during seed testing, 6r‘brewing
procedures. It is generally the case, hoﬁever, iﬁ cereal seéda, at
ieast, that dormanc& is not‘cdmﬁlete and does not opeiate over léng
ﬁeriads after harvesting; This is prébébly the result of:deliberate, anc
accidental gelection against dormanéy over ﬁahy éenfuiiés. The subject
of seed &ormanqy is exceliently re@iewed in Orocker and Barton (1948),

and COrocker and Barton (1957).

Seed dormancy has-been the subject of much investigation over a long
period. Deapite_this, we are gtill a long wéy from understanding ite
nature, and the mechanisms by which it is produced, One notable
exception, perhaps, is the case of '"Hard Seed" dormancy in the
Leguminosae, in which an 1mperviogs seéd coat prevents the imbibition of
the inner tissues, even when totally immersed in water (Hyde, 1954).

In most other cases a more complex,(physiological basis must be sought.
In some seed, the presence of a semi-ﬁérmeable gseed coat which reatricts
gageous diffusion between the embryo and the atmosphere is advanced as
the cause of seed dormancy. The mechanism involved is either a
restricted rate of aerobic respiration, or the occurrence of anaerobic
respiration, with accumulation of some of the products (Atwood, 19143
Davis, 1930; Jehnston, 1935). The formation of a normally ripe seed
with an immature embryo, which requires a period of further development
before being capable of normal germination is another posgible cause of

dormancy in some seed. In these cases a period of moist storage at
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temperatures lower than normal germinafiop temperatures is necessary for
the further development of the embryo (Steinbauer, 1937; Stokes, 1953).
Another cause to.whioh_ddr@ancy is attributed is a chemical imbalance at
matﬁrity within the main seed metabolites, to such an extent that the
necessary sequence of events during germination is prevented. A period
of moist low temperature storage of dormant geed of this type does
produce some rearrangemenis in.the types and relative gmounts of the geed‘
constituents, and also brings about a loss of darmancy~(chk, 19253
Raleigh, 1930f. and Steinbsuer, 1957). lore Tecent studies on these
lines tend,t§ fawburAsingle substences, or types of substances in this
controlling role, e.g. amino acids, Vallance (1952); Stokeas (1953).
There ie ag yet no acceptable explanation of the effects of light
treatments, in add;tlnn ‘o normal germination requirements, on those
types of dormant seed whieh will not germinate without 1t, though
physiological respansea to such treatments hawe been observed, wmthin a
short periud, on the respiratlnn and qther metgbolic activities of such.
seed (Gardner, 1921; Kipp, 1929; Grohne, 1952; Leopold an& Guernsey,
19543 and Evenari,‘1956). Parhaps the most prevalent cause to whiah
seed dormancy is attributed is the occurrence of chemiocal substances in
seed which can be readily extracted and shown tolinhibit the gerﬁination

of known non-dormant sead of the same, or of other species,

The ocourrence of germination inhibitors in many speciés has been
recorded, andvin some cases, identifioation of the active principle
carried out to a distinct substance or a type of substance. Among these
have been listed ammonia, hydrogen oyanide, volatile hydrocarbons,

ensential oils, mustard oils, alkaloids, unsaturated lactones and
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vhenolic aclds. The mechanisms by which these substances may produce
dormancy are unknown in almost every cese, but they can produce
axperimental physiological effects which might be analogous to their
biological function. The inhibition of cell elongatien (Burstrom, 19%54),
and prevention of nuclear division (D'Amato, 1954), are two of the
physiclogical effects attributed to the unsaturated lactones similar to
Coumarin. Other physiological effects produced by unidentified
germination inhibitors on known non-dormant seed are reductions in the
respiration rate (De Xock, et al, 1953), updet of normal protein
metabolism, and enzyme development (Siegel, 1957), and inhibition of

amylase activity (Elliot aund Leopold, 1953).

In mome seed, there has bheen reported to be an aésociation between
the loss of seed dormancy, and the disappearance of germination
inhibiting substances, (Shuck, 1935; Delouche, 19563 Black, 1959) or
the development of inhibitor inactivating systems (Black, 19%6; Wareing
and Toda, 1956)., TIn contrast to this there are other reports in which
loss of dormancy ¢an be demonstrated before any change in the amounts of
germination inhibitors are evident (Barton and Soult, 19463 Luckwill,
19523 Poljakoff«Mayber, et al, 1957). It should however be remembered
that many of the estimations of inhibiting substances are based on whole
seed, while the significant changes may only be eccurring in a few cells
of the embryo and inveolve total amounts which are barely measurable.
Desgpite this qualification, the biological function of germination
inhibiﬁors.is still 'not proven! as a hasig for the control of ssed

dormancy. That such control might not reat, with subastances of

inhibitory aetivity, but with others of germination promotive activity,
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or a balance of the two types, is indicated by the recent isoclation and
identification of substances with such properties from seed of several
gpecies, (West and Fhinney, 1956; FPhinney, et al, 19573 Radley, 19%58;
Black and Naylor, 19%9; and Villiers and Wareing, 1968). Barlier
workers had postulated the presence of such substances in order to
ascount for théd loss of dormancy in some seed which was not accompanied
by a drop in germination inhibiting substances (Luckwill, 1952;
Pol jakoff-Mayber, et al, 1957). That these germination prometing
gubstancesa can control seed dormancy has been demonstrated recently,
when application of one of them, Gibberellic acid, to seed forming on the
parent plant prevented the development of dormancy in the mature seed, in
Naylor,

a species in whioch complete dormancy would have been expected (Black, and

1959).

Many of the previous investigations on seed dormancy were carried
out with the objeot of understanding the type of dormancy present, and
the special treatments required for its removal, usually to obtain a
good sample of growing plants at a similar stage of growth for research
or for use in horticulture or forestry. If seed dormancy is however due
to an upset of some of the events which constitute germination, the
study of the physiology of the dormant seed might prove important, in
conjunction with similar studies on non-dormant seed in recognising some
of these events, and the way they are inter-related with each other
during normal germination. 1t was this consideration that led %o the
choice of several species in the genus Avena as experimental material.

The widely cultivated "non~dormant" species Avena satiya L., (Oat), is

readily available in the form of pure lines from commercial sources.
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The species Avena fatua L., and Avena ludoviciana, Durieun, are fairly

widegpread weeds of arable land being known ap Wild Oat, and Winter, or
Red %Wild Qat respectively. Collected straing of these species are
available from several research atations, and in the case of the former,
variet ies have been desoribed (Lindsay, 1956). Both these species
show dormancy at maturity, and their “Nu%gance value® as weeds is often
attributed mainly to this féature- By virtue of the presence of seed
dormancy the germination of these species in s0il conditions takes place
over a period of a few years, and at times of year when cereal crops are
being sowm (Thurston, 19%53).

In the following pages, the results of, and the conclusions from,
some studies on various aspects of germination on these three gpecies
are reported. [Most of the studies were carried out with grains of
A. sativa, but in many instances parallel studies were also carried out
with 4. fatua and A, ludovicisna. In these cases the comparative
perfermance of all three species in respect to some property is possible,
and in some cases the performance of dormant and non~dormant grains ef
the same species can be compared, Froem these ptudies it is hoped to
define the nature and aequenee_uf some of the phases of the germination
process, and to gain a clearer understanding of the relationship between

dermancy and germination in the species studied.

The studies are grouped into six categories, and are arranged mere
or less chronologically within each. The nature of these categories

i tw



Part L. The germination performance of the three specles under
different germination conditions, and observations on the
commencenent of growth and meristematic aetivity in the embryo

of A. gativa.

Part I1. The pattern of water uptake, and the effects of

dehydrating grains of A. sativa after varying periods of imbibition,

on the cumbryets capacity to resume further growth.

Part IIT., The development of Amylase activity in grains of all

three species during a 9 « 12 day period in the imbibed condition.

Part IV.  Chsnges in the levels of some of the major seed
netabiolites during germination and early development of the grains

of A. gativa.

Part V. 'The development of Proteolytic activity in grains of all

three species during a period in the imbibed conditien.

Part VI. The effects of water extracts of graineg and grain parts
of all three species on their own germination performance, and that

of other species.
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Part T. _The Optimal Germination Requirements of Avene sativa (T.),

- Avena fatua (L.), and Avena ludoviciana (Dur.), with Observations
on the Changes Qoourring with the Onset of Growth in the grain

of Avens sativa.

In almoét any study on germination, it is essential, in order to
appreciate the results fully, that the germination performance of the
sead concerned should be known under varying gervmination condil ions.
This knowledgé involves such matters as germinﬁticn.temperatures, water
requirements, maturity and age of the seed at the timé of germinatiﬁn,h
and in the case of dorment seeds, such treatments as might be necessary
to bring about germination. In this section, studies on the effects of
such factors on the germination capacity of the grains of A. sativa,

A. fatua, and A, ludoviciana are reported, along with investigations on

the time and nature of viesible changes, and the time of onset of

meristematic activity in the germinating grain of A. sativa.

Yaterials snd Methods.

The samples of Avena satliva were obtained commereially, having
received a seed-cleaning, but not a seedw-dressing treatment. The
samples of these used in the studies on the effect of maturity and age

on the germination capacity were grown locally during 1958 and 19%9.

A sample of Avens fshua was obtained from Rothamsted in 1956, and

some further amounts grewn from this in the University grounds during
1957. This sanmple proved to be rather a mixture of types, and wes only

used in gome preliminsry experiments. A further stock of pure lines of
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A, fatua, including three of the four varieties described by Lindsay (1956
wags obtained from the University of Alberta, in 1957. Further stocks

of this were grown loeslly in 1958, and 19§9.

The Avena ludoviciana sample was obtained from Reothamsted in 1956,

and 1957, further stocks being grown lecally frem 1957 to 1959.

Harvesting of the material grown locally was by hand, the samples
being used directly for germination tests in the case of the studies on

maturity, or dried in a green-house for 1 - 2 weeks before being stored

under laboratory conditions.

The germination tests were carried out in petri dishes, using
Whatman Seed testing clrcles. Digtilled water was added in measured
gquantities as described in each experiment. Germination was taken as
having occurred when the first seminal root pierced the husk, a
binocular microscope (x 14) being used to aid counting. The germinated
grains were removed from the plate as they were counted. In some cases,
the husk wasg removed from the whole grain, and only the caryopsis was
germinated. In other casges, pricking of the grain was carried out to
give a better germination performance. This involved piercing the
dorsal surface of the grain with a mounted needle just below the peint

of insertion of the awn,

The control of temperature during germination was evenly maintained
as far as possible by the use of thermostatically operated incubators.
Those tests ocarried out at 6 - 8°C. were cariied out in the warmest part
of a refrigerated cabinet. Using a well-insulated wooden box, kept in

an unheated outhouse, a temperature of 10 = 12°0, was obtained within
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the box by including 1 litre of water at 1Q°O., and changing it as often

as NEcessary.

Water contenis of grain samples were carried out by measuring the
loss in weight of samples after two days at 92°C., and expressing this.

loss ag a percentage of the final, dry weight.

To study meristematic activity, samples of whole grains and
caryopses were fixed in freshly prepared Carnoy's fluid (3:1, alcohol=
acetic acid), for a minimum peried of 24 hours. The husk was removed,
if necegsary, and the length of the radicle from the epiblast to the tip
of the coleorhiza, or the extruded seminal root, measured by an eyee-piece
scale, By means of a scalpel, the terminal ~.5 mung of the primary
seminal root was removed from within the coleorhiza, and partly crushed
on s clean slide. A drop of aceto-carmine was added, and the slide
heated gently for a few minutes, when the cover glip was put on, and the
full squashing carried out. IExamination of the wheole slide took place
gone five minutes later, using a magnification of x 480 and an oil

imnersion magnification of x 1000 for confirmatory work.

A selection of the results of studies on the germination performance

of these three gpecies is glven helow.
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Results.

Experiment 1. The effect of temperature on the germination of

A. gativa, var. Ayr Bounty, and A. sativa, var. Victory.

The stoeké of grains usged in‘this experiﬁent were two, and three
years old, respectively. Samples of fifty graine were used, 5 mls.
digstilled water being suppiied per plate. Germination tests were made
at 6 - 8%°C., 20%. % £%., 25%. ¥ 1%., and 30°%. ¥ 1%. mhe %

germination counts are given below.

Germination Germination % at

Grain semple, temperature. 64, . 112, 136 hrs.
Ayr Bounty. . 6-8°¢C. 0 0 2
" | 20%¢. 90 94 96
" 25%¢, - 96 98 98
" 30%. 72 90 94
Victory. 6-8%¢. o 46 84
" 20°c. 44 90 92
" 25, 58 92 92

" 30°0. 48 78 82
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Ixperiment 2. The effect of varying additions of distilled watex

on the rate of germination in A. sgativa, var. Vistory.

The sauple of grain used here was one year old at the time of
testing, Three, four, or six mla. of distilled water were given to

each of four platea of fifiy erains, before placing them at 20°C.  The

mean germination % at various times is given below.

Amount ef ) .
distilled water, - "~ Mean germination % at,
mlae 22, , 2_4-’ 42; 48, 66¢ 7_2__, 90 hre.
3 0 O Te5  13.5 80 9Q 93
4 O 2,% 67 -85 93 96 98
6 ‘ 2 10,5 55.5 - 66 T2 7345 T35

Experiment 3. Changes in the germination capacity of A. sativs
var. Victory, and A. sativa var: Ayr Bounty, during the first months

of dry storage after harvest.

These samples wexre grown locally during 1958, and harvested as
previcusly described. Tor each test, four plates of fifty grains

were germinated at 20%0. with 4 mlg. distilled water.
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Date of Days from '~ Mean germination % a%,
'Ee Sltinga hal‘vest - yariet.z . 68 ) 9_,%1 140 v 168 . 2_40 hrﬂ .
23/9/58 0 Victory. 0 5 44 5745 7645

" 0 Ayr Bounty. 6 45 84 - 89 -

48, 72_- 96, ___}_.20; }_._68 hrs.

6/10/58. = 13 Victory. 2.5 49.5 62,5 77 86
" 13 Ayr Bounty. 8 T0.5 87.5 92.5 94

-4.".2.»’ 49! 669 90, 1}.4 hrs,.

10/11/58. 48 . Victory. 3 11.5 - 52,5 85 95
" © 48 Ayr Bounty. ‘13 42.5 92 98 -
40; - 48! i 649 88, 1]’._2_0 }E_g_.-
25/12/58. 94 Victory. 7 24 68 85.5  89.5
" 94 Ayr Bounty. 22 | 62.5 91 95 96.5.

gﬁ, 489 Tgrj 120 hrs.

A2 84 97
13 96 98

2/3/59. 161 Victoxry.
o 161 . Ayr Beunty.

-3

Bxperiment A, The germination capacity of A, sativs var. Ayr

Bounty, at different stages during ripening.

These samples were grown locally during 1959, being collected as
required except for the final sample which was drying in a greenhouse
from 14/9/59 to 6/10/59. 4 stages of maturity were chosen -~ The Milky
Stage, when the endosperm was liquid, and grain still green, The Doughy
Stage, when the endosperm was doughy and the grain still green,

The Harvest Rive Stnce, when the endosperm was moderately firm and the

grain yellow green, and the Fully Ripe Stace when the endosperm was flinty
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and the grain yellow-brown. One part of each sample was measured for
its moisture conteni, and two plates of fifty grains from the remainder

set to germinate at 20°C. with 4 mls. of distilled water. The results

of these tests are given in the following table.

Tegting Stage of Moisture Mean germination % 'at}
date. Maturity. content., . A2, 68, _ 92, 120 hree.
4/8/59. Wilky stege.  141% 25 56 65 70
24/8/59, Doughy stage. 929 6 46 8l 8%

A-_EL ; 739 N géy v 120 hrggﬁ

14/9/59. Harvest ripe. 31% 0 13 54 91
48: l Gd-: 72! ] 92! 120‘}15_5_.
6/10/59. Fully ripe. 19% 8 54 66 = 88 96

. Experiment 5. The effect of different treatments on the rate

and amount of germination in A. fatua.

Some of the germination teats carried out on various samples ef
A, fatua are given below. The tesis are based on fifty seeds, or two
plates of 25, germinated at EOOG. with 4 or 3 mls, digtilled water
respectively. The grains were in some cases pricked, in others

subjected to hugk removal,



25.

Experiment 5 continued.

‘Germination % at,

Samgle. ) 641 MQ ' 1.56_9_ _:_-éOQ 184 hrs.
Glasgow, 1957. : Qg - 2l 24 24 24
" * , pricked. 0 - AR .48 51 81

Germination % at,

24, A8, 72, 88 hrs.
Alberta, 1957, ‘ 0 T0 82 92
Germination % at,
B , B _ 4y 5 1.9 d&v;
Glasgow, 1958, 0 22 68 T2 80 84
" " ’ Priﬁkadu 0 56 84 92 - -

and pricked.

Fxperiment 6. Changes in the amount and rate of germination

in A. fatua during the first few monthe dry storage after harvest.

Saumples of A, fatua, varieties pilogsiseima, wilis, and intermedia,

were grown locally during 1958, and harvested as previously described,

on or neax 25/9/58g During the ensuing monthe of dry storage germination
tests on two plates of 25 grains were carried out at intervals at 2000.
with 3 mls. of distilled water added initially, and further additions as

geemed necessary. The resulte of these teste are tabulated below.
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ixperiment 6 continued.

A. fatua, var. pllossissima.

Date of Days since Germination % at,

Teat.. E;&;'Veﬁt- ii 3, 4, 5 61 T 9, 1_;2 days.
10/10/58. 17 0 12 28 46 - 68 T4 -
24/10/58. 31 0 A 10 18 - 20 24 -
26/11/58. 64 0 8 22 32 36 42 44 -
27/12/58. 95 0 6 22 ~ 42 48 48 -

2/3/59. 153 10 54 74 78 - B4 84 -

6/7/59. 276 8 64 80 92 96 - - -

A, fatua, var. vilis.
Date of Days since Germination % at,

Tegt, _Ha;y_est. 2, 1 4, e mél T 9 12 deS-
19/10/58. 26 0 0 2 6 14 32 48 52
24/10/58. 31 0 0 0 4 8 28 56 64
26/11/58. 64 0 0 4 12 32 56 62 -
27/12/58. 95 0 5 96 = - - . -

2/3/59. 153 12 712 92 - - 92 94 -

6/1/59. 276 10 80 96 - - - - -

A. fatua, var. int ermedia.

Date of Days since Germination % at,

Tegt.  Harvest, 24 3 A, 5a 6s . Ts Qs 12 days.
24/10/%8. 31 0 2 14 16 18 18 20 -
26/11/58. 64 0 2 20 48 56 60 64 -
27/12/58. 95 0O 52 76 - 80 - - 90

2/3/59. 153 14 78 88 94 - - 94 -

5/7/59.A 276 12 84 98 - - - - -




Bxperiment 7. 'The germination capacity of A. fatua, at

different stages of maturity.

Samples of A, fatua, var. pilosgissima, were harvegted in August

1959 at different stages of development, The development stages, with
the exception of the first are similar to those described for A. gativa,
(Bxpt. 4). The first stage consisted of grain in which only half of
the full endosperm development had teken place. The size of the sample
varied from 30 - 100 grains., Germination followed harvest with the
excoption of the fully ripe sample which received a few daye drying in
a greenhouse. CGermination took place at 20%¢. with requisite amounts

of distilled water.

: Germination % at,
Stage of Maturity. 2, 4, 5 64 Ts 9, 17 davs.

Endaspermxunderdeve1oped. - - 4 13 26 e 60*
Mlky stage. - - 10 14 24 68 as™
Doughy stage. - - 12 22 34 59 597"
Harvest ripe. - 8 15 20 22 27 o7t
Fully ripe. - - - - - - 3+
Harvest ripe, pricked. ) 28 64 76 - 84 -

Fully ripe, pricked, - 56 68 - 84 92 -

* Ungerminated caryopses, small with little endosperm present.
+ Ungerminated caryopses normal size and appearance.
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Brperiment 8. The amount and the rate of germination of

A, fatus, after four days immersion in deoxygenated water.

A sample of approx. 580 grains of six month.old A. fabua var.
pilossigsima grown in Glasgow during 1958 was placed in a 250 ml. conical
flasgk, which was then completely filled with digtilled water: »
deoxygenated a few hours previously by boiling. A tight fitting cork
was inserted, and the flask stored in an inverted position for four days
at 2400. On removal, some- of the grains were immediately tested for
gernination capacity, with and without seed treatments. The remainder
wags dried under reduced pressure and stored dry in the laboratory,
sampleg being tesied at intervals for germination capacity. The
germination tests were made with two plates of 25 grains, at 2000., with
3 mle. distilled water for the dry samples and a slightly damp filter pad
for the wet samplea. In one treatment 3 mls. of a 25 ppm. solution of
Gibberellic Acid was substituted for the distilled water. The germinatio
oapacity of fhese grains, an&jtheir‘respopaes to these seed treatments

are given below.



Experinent 8 continued.

Gample, and

274

Date of (CGermination Germination % at,
Tegt, treatment. 1, 21 3 4, B 6y 8s 10 day
2/3/59. Original sample. - 10 54 74 78 - 84 84
After 4 dayes immersion
4/3#59. No treatment. O 0 0 0 0 8 8 8
" Pricked. 0 0 0 22 - 30 32 36
"o Husk removed. 0 6 - 40 - 52 54 56
" ~ Hugk removed i . -
and pricked. 22 90 68 274 o2
Ater dry storgge.
94/4/59. Vo treatment. O O 4 = w42 56 56
" Pricked. 0 0 48 - - 74 + 88 88
" Gibberellic acid.O 0 26 - - 70 84 . 88
14/5/59. No treatment. 0 0 0O 28 36 52 84 90
" Pricked. 0 0 0 52 70 76 86 86
6/7/59. Yo treatment. O 0O 14 38 64 76 = 86



Experiment 9.

of Avena ludoviciana.

28.

To determine the optimal germination temperature

Several experiments were carried out with different stocks of

A. ludoviciana to assess its germination performance at different

temperatures.

temperature.

at Glasgow and Rothamated in 1957 are given below.

In some cases vexy little germination occurrad‘at any

The results of some tests with one year old samples grown

sample,  aMTUESEEEES.. 5. 6 opoont Pt 1 dar.

Glasgow,1957. 60°C. untreated., O 0 0 0 0 4

" 10-12%. 0 0 0 0 4 12

" L pricked. 8 28 44 52 56 68

n 20°C. untreated, 0 0 4 4 4 4

" " pricked. 4 20 28 32 40 56

" 30°C, untreated. 4 4 4 4 A 4

" " pricked. 0 0 0 0 0 0
Rothamated,1957. o. |

10~12°¢. untreated.? 8 16 22 24 30

" pricked. 6 14 20 26 36 46
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Experiment 10. The effects of pre~treatment at various

temperatures on the germination performance of A. ludovigiana at 10 = 12%,

The effects of 2 days at~0°0., 2 days at 490., 2y 5, and T days at
3000., and 20 hours at 5606. wag investigated on imbibed untreated, and
pricked grains of the one year old A. ludoviciana sample from Rothamsted
used in the previous experiment. Two plates of untreated and pricked
grains, 25 per plate, were placed at the temperatures indicated after
the addition of 3 mls. distilled water, After the reguisite period,
the samplgs were transferred to 1Of1200.! with additional distilled water
given in‘some aasea,»and the germination capacity followed. The results

are given below.

Temperature Grain ' Germination % at, ‘
pre=treatment. Zreatment. . 4 8 0 .. 12 14 days
2 days, 0°C. Untreated. 0 14 18 32 -
L Pricked. 4] 22 40 52 -

2 days, 4°C. Untreated. 0 4 24 34 -
" Pricked. 0 18 42 58 -

2 days, 3000. - Untreated. 0 8 16 ¢ 18 20
it Pricked. 2 30 44 68 86

5 days, 30°C. Untreated. 0 2 10 14 18
L Pricked. 0 22 36 56 72

7 days, 3090. Untreated. 0 4 6 12 12
t Pricked., 0 16 30 A6 58

o Untreated. 0 0 0 -0 0

20 hours, 56°C» . eq, 0 0 0 0 0

X The period of pre-treatment is included as part of the
germination period in these figures.
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Experiment 11. To determine the effect of pricking grains of

A, ludovioiana before or after a temperature pre;treatment at 3000., on

the subsequent germination performance at 10-12°¢,

ASamples of the 1 year old A, lﬁdoviciana grown locally in 1957 and
uséd in Bxpt. 9 were given periods of three or six days at 5000.,
preceded or followed by pricking treatments, and then transferred to
10~12°§. for germination to take place. The germination rates measured

in terms of the numbers of days at 10-12°%c. are given helow.

Temperature Pricking Germination % at
Treatment. Time. 6 7.8 9 12 days.
3 days, 30°C. Before. 8 56 80 88 92
" After. 0 4 20 56 76,
6 days, at 30%C. Before. 0 0 4 12 64
" After. 0 0 0 0 42.
None. None. 0 0 0 4 12
8

" Beginning. 2 44 52 56 68.

Experiment 12. Changes in the rate and amount of germination

during the first few months of dry storgge of 4. ludoviciana.

Samples of A. lggoviciana were harvegted as previously deseribed

on 25/9/58, and at intervals during the next nine months dry storage,
two plates of 25 basal grains were given a germination test. This test
involved pricking, three days at 3003., and the remainder of the period
at 10-12°C. 3 mls. distilled water was added initially, and another
2 mls. after removal from the higher temperature. Further additioens

were made as necessary. In addition, the germination performance of
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untreated grains shortly after harvest and after 1 years dry storage is
included. The germination rate, in terms of the number of days at

10-12°C. is given below.

E_ng zﬁ?ﬁéﬁm N .9Gerﬁ§ati?§11 § 5’5 L16 .17 days
19/10/58 . 26 0 0 0 4 8 16 28 60 68
26/11/58 64 O 0o 0 0 45 T3 87 95 -
27/12/58 95 2 22 62 7 - 86 94 - -
2/3/59 160 12 32 60 - - 90 - 96 -
6/7/59% 286 12 28 46 60 72 84 - - =

ﬂntreatelerains
19/10/58 26 - - 0 0 0O © 0 0. 0 0
20/10/59  366. - A% & L6H 28% 38% 40h - -

x Tempersture range in this experiment, 10-16°¢.

Ixperiment 13. The time of onset of meristematic activity in
the germinating embryo of A. sativa, var. Vietory, and its relationship

to the development of the embryo.

Preliminary étudies indicated that meristematic activity could be
found in the germinating grain sometime around 20-26 hours after plaﬁing
in germination coenditiens, and that-iﬁ was first observed iﬁ the root=tip
of the primary seminal root. To clarify the situation further, plates
of fifty whole graiﬁs and caryOpaéa of A. gativa, var. Vietory, two years

0ld at the time of testing, were germinated at 2000., with 4 mls.
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distilled water present. At intervals, a plate was removed and a random
sample of ten grains or eamyOpseé wasg taken from this for fixing and
examination for the presence of nuclear divisions by the technique
previously deserihed. The findings of this examination were grouped
under'four classes of embry§ development, for the caryopses and whéle
grains separately, and in summary form for all the material studied.
The four classes of embryo development weve defined as -

Class 1. Testa not burst.

Class 2, Testa burst, primary seminal root less than 1 mm.

Class 3., Testa burst, primary seminal root l-1.5 mms,

Class 4. Testa burst, primary seminal rcoot more than 1.5 mms.

The results of the examination of these samples for meristematio
activity are given helow.

A. CGaryopses.

Number of meristematic embryos / 10, at,

},ﬂi 19, 205, . 21.5, 2,?.-50 %405 }E_Q_n
1 1 5 1 4 7

B. Yhole grains.

Number of meristematic embryos / 10, at,
181 30.5. )2_2-50. ) _g:5.5l 24-69 2:’!.2 hrB.

0 1 1 0 2 2

The distribution of meristematic gotivity within the various

development clagses is summarised below for all grains examined.
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Wuwber in clags 1,- 47, - Number showing meristematic activity Q.
1] it it 2, 29’ L1} [1§ i |1 1.

" « w3 32, oo " 1 1 12.

" " "4, 12, o L " " 12,

‘ 120, : 25.

Experiment 14. Further observations on the time of onset of
mewigtematic ae%ivity in the germinating embryoe of A. sativa, var,
Victory, and observations on the m@rphelagical changes in the embrye

during the germina$1on period.

(rains of the same sample and germination conditions as used in the
previous experiment were again used, but in this experiment the method
of obtaining the nsample of ten grains for examihation was modified. At
sempling times, all the grains in the plate of fifty were examined, husks
being removed from the whole grain, and clagsified into- the four
development classes descoribed previously. The sample of ten grains was
then ehosen to show ﬁhe game proportions in each class as the larger
sample. In previous studies a total of 60~80 grains in the class 1
category had besn examined without any meristematic activity being
Aobserved. In thig investigation no further examination of grains in
this class wag carried out, all being asgumed to be non-meristematioc
for the compilation of the tablgs. AObsertationé were also made during
the clagsification of the whole grain samples of the times af w£ioh
various changes in embryo development were first observed.  The

following time seqguence of embryo changes was found to ocour.



Plate 2.

Diagramnatic représentition of the morphological changes occurring
in embryos of A. sativa during the commencement of growth. Stages 1 -7

correspond to those stages described on page 54. Scale in mms.
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Time of first
obmervation.
Before 18 hours.
From 18 hours.
From 20 hours.
From 22 hours.
From 24 hours.

From 26~28 hours.

From 28«30 hours.

34.

Changes in the embxyo.

Whole seed swells stretching the testa into a tight
meibrane,

Swelling of the embryo causes disruption of the
testa directly above it.

Vigible extension of the coleorhiza begins, followed
by radicle within it.

Ixtension of the radicle bursts the coleorhiza.
Radicle extension about 1 mm., first pair of secondary
seminal roots begin swelling, piercing the husk in a
few cases, i.e, visible germination.

Radicle about 1.5 mme,, piercing the base of the husk
in moat camses, secondary seminal roots well evident,

Growth beginning in plumule.

a) Bxamination of Csryopses, \ Total Numbex
Number showing
Development Numbers of grains in each class at, in nuclear
Class. 20:5, 21,5, 22,5, 24.5, 28,5 hrs. Class, divisions.
Class 1. 6 5 4 4 1 20 9
Class 2. 3 3 3 2 3% 14 1*
Class 3. 0 1 1 1 3 6 4
Class 4. 1 . .2 3 3 10 10
Totals. 10 10 10 10 10 50 15
Number showiﬁg 1 1 3 4 6 15

nuclear divisions.

® one radicle meristemsatic,
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b) Exemination of Whele srains.

Total Number
Number showing

35.

Development ~ -~Numbers of grains in each class at, in nuclear
Class. 20, 22, 24, 26, 28, 30 hrg. Class, divisions.
Class 1. 9 8 8 6 ] 3 %9 0
Class 2. 1l 2 1l 3 2 2 11 0

Class 3. 0 0 1 1 2 1 0
Class 4. 0 0 @& o 1 _4 5, 2
'~ Totals. - 10 10 1@ 10 10 10 60 -5

Numher .

showing 0 0 o .0 1 4 . D

nuolear divisions

Summary ef all egrains exemined in thig Expts

Total number in Clase 1, 59, Number showing nuclear divisions, O.

H " 1 tt 2, 25 ’ -1 ] 1] it l-

n " " " o3, 11, " " " n 4o

1" L ]} i - 1t 4' “ 15 y s . 1 B "o 1" 1 15 .
110 - 20

Lauana. ] Ay

Summary of all grains eoxamined in two Expts.

Total number in Class 1, 106, Number showing nuclear divisions, O.

1" 1] 1) H 2’ 54’ 1 1" H 1] 2.
] H " " 3 ’ 45 ' tt ] " ] 16 .
" L) t - 4 ' .__21, f it it 1) __1.

230 45

ey ————
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DISCUSSTION,

‘In its germination beheviour, Avena gativa shows the pattern

follewed by a typical non-dormant seed (Expts. 1 and 2), namely a fairly
rapld and complete germination. The optimal temperature for germination
is just above ZGOC., and no special germination treatments are required.
The speciéa is however sensitive to the presence of too much water in the
germination medium (Bxpt. 2, Fig. 1), the optimum amount in our
conditions being 4 mls. per 50 grains. Another factor which has a
strong influence on the germination hehaviour in this species is the age
of thé sample (Expt. 3, Fig. 2), and its maturity (Expt. 4, Fig. 3).

An examination of these results (Fig. 4) shows that with the onset of
full ripeness there is the development of a tendency for a much slower
rate of germination, this tendency only wearing off after several months
in dry storage. There is little indication of an actual restriction on
the amount of germinatién during this peried in the samples of A, sativa
tested here. Other investigations have found a similar behaviour in
Oats of other varieties, and in other Cereals, but frequently the slow
rate of germination is also accompanied by a marked reduction of the
final germination level (Ducharte, 1852; Harrington, 1923; Larson,

et al, 1936; Vines, 1947). This behaviour immediately after harvesting

¢an only be regarded as & mild form of seed dormancy.

In the samplea of A. fatua tested in experiment 7, the full range of
germination responses is included. Thé Alberta, 1957 sample shows ne
dormancy and speedy germination, the Glasgow, 1957 sample shows marked
dormanoy, and the Glasgow, 1958 sample shows a high final level, but a

very slow rate, of germination. The beneficial effects of pricking the
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Fig. 1.

Germination rates of samples of grains of A. sativa in the presence
of 3 mls.,({), 4 mls.,([x]), or 6 mls, distilled water / plate of
50 grains, (V7).

Abcissa: Period in germination conditions, hours,
Ordinate: Germination %age,
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Fig. 2, 0 50 100 140

Germination rates of samples of grains of A. sativae var, Victory,(4),
and A, sativa ver, Ayr Bounty,(B), tested at intervals during & period
of dry storage after harvesting, Tests carried out at harvesting, (1),
and after 13 days,(2), 48 days,(3), 94 days,(4), and 161 days dry
storage,(5).

Abcissa: Period in germination conditions, hours,

Ordinate: Germination %ege.
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Fige 3. 0 50 200 120

Germination rates of samples of grains of A. sativa var, Ayr Bounty
tested at different stages of meturity. Milky stage,(1), doughy
stage,(2), harvest-ripe stege,(3), and fully ripe stage,(4).

Abcissae: Period in germination conditions, hours,
Ordinate: Germination %ege,

100
50 |-
Fi&s 4, O . A I 2 .
=50 0 +50 +100 +150 4160

Mean %ege germination at 60 hours in samples of A. setive .var, Ayr Bounty
tested before fully mature,(A), end semples of A, sativa vaer. Ayr Bounty

([3), end var. Victory,(()), harvested at meturity and tested at intervals
during a period of dry storage after harvesting,

Derived from the germination rate curves in Figs. 2 and 3,

Abcissa: Time of testing, days before,(=-), and after harvesting,(+ ).
Ordinete: Germination %age.
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grain and removing the husk are well illustrated, these effects having
been shown many years previously by Atwood, 1914. One of the factors
contributing to this variability is the age of the sample at the time of
testing, beth in respect to the length of time after the attainment of
ripeness (¥xpt. 6, fig. 5), and to the metirity of the grain (Expt. 7,
Fig. 6)s The effeét of the variety of A, fatua is also of importance iﬁ
reapect to the amount of dormancy present and its duration, and there are
gsome reports that the weather congitions during ripening may have strong
modifying effects also., A comparison of the relative germinability of
varioug samples during the period of maturation, and in dry storage,
after it, (Fig. 7), shows that in this speocies also, the restrictlon of
germination only reacheg its maximum,at full ripeness, and shortly
afterwards starts to deoline over a peried of 6 to 9 months, a situation
similar to that already found in A, sativa., There are several
observations that dormanocy disappears from ripe seed with similar periods
of dry storage (Atwood, 1914, and Johnsen, 1936) and that immsture seed
may germinafe better than mature seed (Atwood, 1914), but no regular
sequence of tests on the same semples over the same length of period are
known from previous investigations. The ability to re-establish dormancy,
after it had declined during dry stofage, and the similarity of this
impoged dormancy to natural dormancy in iﬁs form, its response te
mechaniocal and chemical seed treatments and its decline during further dry
storage has recently been claimed (Hay and Cumming, 1959). These
obgervations were confirmed by our findings (Expt. 8, Fig. 8). The
effect of (Gibberellic acid on grains made dormant in this manner was also
confirmed on a sample six weeks after the re-establishment of dormancy

(Expt. 8, Fig. 8B).
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Figs 5. 20}

Germination rates of samples
of grains of A. fatua tested
at intervels during & period
of dry storage after harvesting.

A. A. fetua var. pilossissima,

0
Semples tested at 17 dayS,(l),loo

31 d&yss(zga 64 d&ys,(}),
95 dayS,(4 s 153 days,(5),
and 276 deys after harvest-

ing9(6)°

B. A, fetua var., intermedia.

Samples tested at 31 days,(1),

64 days,(2), 95 days,(3), 50
153 days,(4), and 276 days

after harvesting,(5).

C. A, fatuve var. vilis.

Semples tested at 26 days,(1),
31 days,(2), 64 days,(3),
95 days,(4) and 276 days
after harvesting,(5). ol

100
Abcissa: Period in germination
conditions, days.

Ordinate: Germination %age.

50 L
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Fige 60 ‘ Oi
0

3 ; dd tages
Cermination retes of samples of A, fatus tested at different stage
of maturity - endosperm undermdevalopedggl)s milky stage,(2), doughy
stage,(3), harvest ripe,(4), and fully ripe,(5).

Abcissa: Period in germinstion conditions, days,
Ordinate; Germination nage.

100
50|
Fig. 7. 0 A N . . N
0 50 100 150 200 250

Mean %age germination at 6 days in samples of A, fetua var, pilossissima,
(), A._fatue var, vilis,(A), end A, fatua var, intermedie,([d]),

tested at intervals during dry storage efter harvesting, Derived
from data of Fig. 5.

Abcissas Period after harvesting when tested, daeys.
Ordinate: Germinstion %age.
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Fig. Be
Re-establishment of dormancy 108

in grains of A, fatve by

water immersion treatments.

A. Germination rates of
samples of grains before
treatment,(l), immediately
after trestment,(2), and after 50|

51 deys,(3), 71 days,(4),
and 124 days dry storage,(5).

B. Germination rates of
samplaes of grains before
treatment,(lg, 51 deys after
treatment,(2), and the same 0
semple germinated in the 0
presence of & 25 p.p.m. Gibberellic acid solution,(3), or given
a pricking treatment,(4).

Abcissa: Period in germination conditions, days.

Ordinate: Germinetion %ege.
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These findings indicate that dormancy in this apecics may be
determined in response ito environmental conditions, and not solely by
a partioular stage during seed formation. This property might be. of
coﬁsiderable significance in thg ecology of this species, and in its

success ag a soil. persistent weed.

Observations on the germination capscity of the available samplea‘bf
A, ludeviciana (Expt. 9) shew that dormancy in this species can be very
marked and alse quite variable. The requirement of a lower optimum
germination temperature than for the other species examined was apparent
in all the samples investigated, and a temperature of 10-12°0. used
throughout these studies. The beneficial effect of pricking the grains
is well evident in this species alse, but there is alse seeﬁ to be a
considerable benefit mesulting from a moist pre-treatment at 30°C., both
Qnithe rate of germination on return to the lower temperature, and on
the finsl germinatien % reached. This beneficial effect is seen to
be dependent oh the grain having been pricked, the greatest benefit
resulting from a prieking treatment bhefore the 5000. pre~treatnent
(Bxpt. 11, Fig. 9)e The effaect of ﬁhe'temperaxure treatment by itself
is, if anything, unfavourable, and the effect of more than 5 days at the
high temperature are less benéficial than shorter periods even with
pricked graine. These observations were carried'qut to confirm previous
findings of Thursten (1956) of the beneficial effects of temperature
pre-treatments at 2700. for 1 - 7 days. There also appears to be a
change in the response of grains of this species to the combined effects
of priekiﬁg and temperature treatment during the months immediately

following maturity, under dry storage conditions (Expt. 12, Fig. 10), and
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Figo 9o @L
0 5 10 15

Germinstion rates of & semple of gfains of A. ludoviciane et 10 = 12°C°

Untreated grains,(V), pricked grains,({)),-and grains pricked
vefore,([]), end after,(A), & 3-day pre-treatment at 30°"°

Abcissa: Period in germinstion conditions, days.
. Ordinate: Germination %sage.

100

501

Fig. 10,

Germination rates

of samples of grains 0 .

of A ludoviciana 0 5 - 10 15

tested at intervals during a period of dry storage following hervesting.

Germinated at 10 = 12°C- after a pricking treatment and 3 deys at 30°c°
Semples tested at 26 days, (1), 64 days,(2), 95 days,(3), and 160 days

after harvest,(4).

Abcissa: Period in germination conditions, days,
Ordinate: Germination %age.
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in the doecline of dormancy during the same period in untreated seed.
No other experimcental observations of the germination behaviour of this

apeciea is known.

The studies on the time of commencement of embryo gihowth in
A. sabiva, and the sequence of morphologioal changes which it follows,
were degigned to give information to which reference could be made in
later investigatlons in which the developmen®: of the embryc might be
involved. The choilce of a raandom sompling technigque in chooging the
material for ioot~squash investigation, was changed in the later
investigation in favour of a representative sampling technique, because
it was felt more confidence could be placed in the sequential nature of
these results with the small samples used (Expt. 13). From the later
experiment (Expt. 14) meristematic activity can be expected in
approximately 10% of & whole grain sample about 26-28 hours after placing
to germinate in the conditions used here, The occurrence of meristematie
activity in whole graing was noted as early as 20.5 hours in the previous

experiment (Expt. 13).

The relationship bebween the stage of morphological developmént and.
the presence of merigtematic activity in an embryo ghould be fairly
independent of the sampling method used, except in the relative numbers
of each class gvailable at any one time. Accordingly the results of
both experiments on this subject will be considered together. The
numbers of graing showing meristematic activity in each Development Class,
and the Yage this represents of the class number is given in Fig. 11,
Meristenatic actifity is found in nearly half of the Class 3 grains and

in all of the Class 4 grains. A comparison of the stage of embrye
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The relationship between the morphological development of the embryo
and the presence of meristematic activity in germineting grains of

A, sative,

A. The number of grains in eech embryo development class,( [ ),
and the number of these showing meristematic sctivity,(=) ).

B, The j%eage of grains in each embryo development class
showing meristematic activity,

Abcissa: Embryo development clesses, listed on page 32.

Ordinates: A. Number of grains in each category.
B, %ege meristematic activity in each class.,
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development vhich these classeés represent (page 32) with the time sequence
of ewbryo development observed in this sample of A. sativa (page 34),
indioates that there is a close agrecment between the commencement of
nuolear division and the first signs of visible germination, The

ugefu{ agsunption is made that this is also the case in other samples of
As gativa , used in later experiments. These results are in general
agreement with previous studieslon Maize (Toole, 1924), and Barlgy

(Smith, 1951).

_Summary .

1. The germination performance of various samples of A. sativa,

A, fatua, and A. ludoviciana have been studied under different germinatien

treatments. The mmst’suitable condifiona found, and those used in later
studies, were A mls. of distilled water per plate of 50 grains, s
gernination temperature of 20°C. for A. sativa and A. fatua or three days
at 3000. followed hy transferencg to 10 - 12°C. for A. ludoviociana.
Pricking the grain before imbibition has heen shown to be a satisfaetory
method of breaking seed dormancy in these last two species.

2. Seed dormancy in A. gativa and A. fatua has been shown to
develop és the seed ripens and to diminish naturally in dry storage over
a period of several months. The amount of dermancy developed, and its

persistence after harvest seem to be varietal characteristics in both -

species. A similar trend is indicated in A. ludoviciana.

3, Meristematic activity in germinating embryos of A, sativa has

been shown to follow a period of embryo growth by the extension ef
existing embryo cells, and to be apparent at approximately the same time

as germination is observed (see page 17).



Part II. The Uptake of Water by Whole Grains of A. sativa during
Imbibition, Germination, and Barly development, and the Lffects
of Dehydrating Grains at Various Times During this Period on

Their Capacity to Resume Normal Germination and Development.

It is usually considered that germination in a seed follows a
sequence of phases ~ a physical imbibition of water, leading to a
ptimilation of physiological aectivity, whioh in turn leads to the
regsunption of growth in the resting embryo. How quickly physiclogical
activity increases after the commencement of imbibition is not known,
nor is the nature of the activity well understood. The manner in which
the necegsary conditions for the resumption of growth are brought about
is as well understood as the nature of the grewth process itself. It
is essentisl, however, for the continuity of these phases of germination,
and for the maintenance of growth once it has commenced, that the seed
should not only remain imbibed, but that it should continue to have
available more water than is required for the mere saturation of the dry
seed constituenta. This additional weter is utilised metabolically in
hydrolytié reactions, and in the development of vacuoles in the enlarging
embryo cells. The pattern of water uptake in a sample of grains of
A. gativa has therefore been studied with the view of finding out if
there is any evidence to suggest when this second !'physiological' phase

of water uptake commenoces.

There is also little knowledge avallable concerning the effects of
interrupting the sequence of phases preceding and during germination by

means of drying the imbibed seed back to the dry condition - & situation
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which must occur fairly frequently in nature. The cdpacity of such a
troated seed to resume gefminatidn when subsequently placed in germination
oonditibns has been used here as a means of assesging the effects of this
type of treatment. It is possible that a'treaté& seed might show no
capacity for further germination at all. This might be due to damage

to some essential attribute required in germination, such as the cellular
integrity of the embryc, or to & loss of some physiological powers.

This same explanation might cover the case where subsequent germination
proved abnormal, or exceedingiy slow. In the studies on the re-establish-
ment of dormency in A. fatua (Expt. . ), this latter effect was probably
the reason for the reimposition of dermancy, though it should he
remembered that special imbibition conditions were necessary before this
would ocour. It is also possible that subseguent germinaﬁion might

ocour more quickly than in an untreated seed, from a few hours gquicker

to the whole length ef the previous period of imbibition. This is
probably due to a retention through the drying treatment of some or all

of the progress made towards germination in the first period of imbibitien.
The third possibility is that the germination of a seed treated in this
manner would be exactly gimilar to that of an untreated seed. This

could only mean that any progresé towards attaining germination durihg

the first period of imbibition was not only halted, but underwent a
regression, like the water content of the grain, to the dry seed

condition, i.e. some of the phases of germination would be reversible.

The tyﬁe of effect produced on a seed by drying it after various
times in the imbibed condition would vary with the type of processes

ocourring in the seed at the time of drying. Growth by its nature is
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an irreversible proocess, so if the seed at the time of drying had
commenced embryo growth some residual effect of the previous period of
imbibition would be expeoted. If physiological processes are going on
at the time of drying, the results of these activities may not be
reversible either, though the drying of the seed might affect the future
development of the same processes, This is also true of physico~
chemical processes such-as occur sometimes when colloids undergo
imbibition, and sre never afterwards capable of returning to the original
gtructure, i.e. hygteresis.  If only physical processes are taking
place however, such as the dissolution of orystalline materlals, wetiing
of non adsorbent surfaces, etc., it would seem posgible that the drying
of the seed could at the same time cause a reversal of these changes to
the condition found in the original dry seed. If any residual effects
of drying a seed are evident when the seed is subsequently germinated,
it would beo expeoted thal some evidence of them could be found by
exanining the germination behaviour of the treated seed, and comparing
this, and the seed's composition and physieclogical activities with

untreated seed.

In the following pages, studies on the effects on the subsequent
germination of drying grains of A. sativa at various times during
imbibition and gérmination, and early development are reported. The
nature of these effects, their pefsistenoe, and the probable causes of
them were'aiso'investigated. From these studies it is hoped to find
out if there is any phase of germinaetion in this species which is
reversible, and to gain some further knowledge concerning the processes

going on in the seed at various times before and during germination.
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Materials and Methodg.

The grains used in these studies were of A. sativa var. Ayr Bounty,
several batchos being used at different times, but all conforming to a
gimilar germination performance and giving 90~95% germination within

120 hours under our standard gepmination conditions.

In the experiments on the reversibillty of germination, the first
germination treaitment took place in enamel trays, 12" x 10", with a
weighod batch of geed spread thinly and evenly on a single sheet of
Whatman No. 1 filter paper. 40 mlgs. distilled water was added for each
35 grams of grain present, thig being the approx. 1000 seed weight of
this samples The germination of the grains following a dehydration
treatment, took place after two weeks storage over CaCly, 5@ grains
being germinated per petri dish, with 4 mls. distilled water.
Germinetion counts were carried out using a x 16 binooular microscops,
eare being teken to observe any abnormal germinations. IRach
ungerminated grain afbter 120 hours was carefully eoxamined for signs of

embryo damage.

Moisture content was measured as the logs in weight of Surface
Dried Greins, (Expt. 16) after two days at 92°C., and oxpressed as a

dage of the final dry weight.

The meagurement of Amylase activity was carried out using a modified
N
Smith and Roe technique (19%/)1 10 mls. of 0.1% soluble starch solution,
5 mlse. of Clark and Lub's potasgsium-~agid-pthalate buffer, pH 5.0, and a

brei of 10 grainas in 5 mls. distilled water were incubated together at

30°C.  From samples at various times the rate of starch digestion was



followed by measuving the change in the Starch-Iodine colour at 620 mu
spectrophotometrically. Marther dotalils are given in a later asection

(Page 89).

The .soluble “tyrogsine! level was measured on the supernatant after
cenﬁrifuging a mixture of 5 grains ground in 10 mls. 6 Trichloroacetic
acid, which had been standing for 1 hour at room temperature. A 2 nl.
gample was added to 4 mls, 2% NaOH, and 1 ml. of diluted Folin and
Giccalteau's Fhenol veagent added with swirling. The colour developed
after 10 mins. was meagured et 650 mu specirophotometrically, aund
compared with known tyrosine standards. This reaction ocours with free
tyrosine and tryptophan, and any unprecipitated peptides containing them,
aad an inoreage in the velue ig regorded as evidence of proteolytic
activity in the graine. Tarthor details are given in a later section

(Page 3.

Hegulia. Bxperiment 15, The course of water uptake by grains of

As sativa, var. Ayr Bouaty, under standard germination conditions.

Batches of 100 prains weve germinated in petri-dishes, with 6 mls.
distilled water. At sultable intervals, throe samples were tnken,
surface dried, and thelr moisture content determined as previously

described. The values obtained are listed below.



Length ef Moisture
imbibition content,
vﬁmdo % O_fL DeWe

4 hra. 350 2

] 37.6

i 55.8

6 hrs. 39,8

1] 40’ 5

i 39 2

8 hrs. 42.2

] A2.4

" 437

12 hrs. 48.6

" 46.8

n A8.7T

14 hrs. 49.6

1) 48-4

" A8.8

17 hrs. 49. 6

] 52.?

L] 51‘ 5

* Pirst signg of apparent germination.

Bxperiment 16,

Mean
Moisture
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E
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2

E
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E

Length of Moisture
imbibitien content
period, % of DV
2% hra. 58.6
" 573
" 56.6
27 hra.™ 65.8
L 65.0
" 66.3
29 hrs. 70.5
" 69.8
| 6643
34 hrs. 7545
H T8.8
n 7646
36 hrs. 80.3
" T79.5
i 81.0
41 hrs. 85.8
" 84.6
" 84.1

Mean
Moisture

Content.

E

3
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0
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The efficienocy of a surface drying technique

in removing superficilal moeisture.

In neasuring the moisture content of grains of A,

which is present on the surface of the seed, and within the husk

represents a fraoction which is not involved in the processes of the

seed itself,

this superficial moisture was investigated.
grains were weighed, and then immersed in 10 - 15 mls. distilled water,

and shaken in this for several minutes.

A suitable method of removing as much as posgsible of

4 samples of 100 whole

46.

ativa, the water

After weighing the grains were
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apread on a sheet of dry blebtting paper, and covered by another sheet,
and then gently rubbéd between both. This process was repeated twice
with pew-aheats of blotting paper each time, following which they were
gpredad out on ano£ﬁ;r dry sheet and exposed to the atﬁosphere for .

% w 10 mins. After re-weighing the increases in weight were determined,

and these are given below as o Yage of the initial air-dry weight.

Increase in weight over originsl.

‘ . Range. Mean.
After immersion. 10 - 15% ' _ 12.5%
After surfﬁaé,drying. 2.9 = 4.3% : 3.3

Surface drying by .this procedure was used throughout the following

experiments.

Experiment 17, The efficiency of & vacuum desiccation technique,
using CaCl,, as a quick means of reducing the moisture content of imbibed

samples of whele graine of A. sativa.

e ]

In a prelimingryhexperiment in which s water pump was used ags the
source of reduced pressure, the feasibility of obbaining & suitable
technique which would dry samples of 100 - 200 wheole grains of A, sativa
from moisture contents of 60 - 80% to those of 15 ~ 20% was indicated.
Using that technique, a period of more than 12 hours dehydration was
necessary. In the present investigation a manually operated vaouum
pump was employed which allowed pressures qf 10 « 15 mmg. of Meroury
to be employed, thaﬁ_is & vacuum of approx. 98% of atqospheric pressure.

In this experiment batches of approx. 200 grsins were allowed to imbibe
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at 20°¢. for 19 « 20 hours in.ﬁhe presence inltially of 8 mls. distilled
wate r.  After this period they were surface dried as previously
desoribed and reweighed. Each batch was then placed in a 300 ml. glass
flask, along with a small aluminium foil canister of anhydrous CaCly.
The flask wvas sealed with & rubber bung pierced with a glass tube, and
the internal pressure of the flask reduced to 10 « 15 mus. mercury by
connecting the end of the glass tube to the vacuum pump. . A sorew clip
allowed this pressure to be maintained for considerable periods. At

various infervalé, flasks were removed and the graing inside removed for

weiching, after which they wvere placed at 92°C, for dry weight
deter@inatiéna. | By.meana of various weighings of the same sample, the
air dfh mdiéture content, the moisture content after imbibition, and
moisture content after various periods of desiccation were determined.

These are given below as fages of the Dry Weight.
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Air-dry Imbibed #Dehydrated"
Length of dehydration Moisture Hoisture Moigture
period. Content, Content. . Uontent,
None. 12.7 63.3 v

H o 15.4 70.1 ' -
©.5 hrs. 12.9 70,0 6045 :

" L 15.Q | T1.5 64.1
1.0 hrs. 12.7 70.0 514

" ‘ 15.4 T2+5 59.2
1.5 hrs. 13.2 68.1 49,7

" 13.6 70.1 54.1
2.0 hrs. 13.7 67.5 _ 43.2
" ' 13.9 66,2 584
2-5 hrsﬁ 12*2 7{}01 ¢ 40.2

" 13.8 6845 33,2
3.0 hrs. 134 67.5 2544
- " - ’ 1504 6900 27.6
4.0 hrs. 15.5 68-5 2546

" 14,1 70.5 22.6
2,0 hra.® 12.9 68.0 33,3%

" * 16,1 69.0 30.0%

* Two ocanisters of CaCle used instead of one.

This procedure was modified in some respects in its later use, the main
modifications beings a) The replacement of aluminium foil containers
by 5 ml. pyrex besakers, dué to occasional leskage from the former,

b)s The regular inclusion of two containers of anhydrous CaCl, per
flask. c) The maintenance of the evacuated flasks at 30°C. to svoid
condengation of water vapour on the sides of the flask, d) 4
regtriction of the numbers ef grains per flask to approx. 100 whenever
posaible. The normal length of ﬁehydraticﬁ period used was 3 hours,

and following this the grains were then removed teo ghallow trays in a

Cally desiccator for two weeks before further use. The results of such
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a treatment, in terms of the moisture content of the grainsg after a
dehydration tfeaﬁment and two dayé storage in fhe desiccator are given
below, both fhe imbibed and thé “dehydratedﬁ-moieture contents being
expressed as a hage of the dry -weight.

Imbibed "Dehydrated®

. Length eof Moisture Moisture

Imbibition. Content. Content.
4 hrs. 32.8 -10.0
12 hrs. 48,5 10.1
20 hye. 58.5 - 9.8
26 hrs. 660 9,8

32 hrs. 6940 10,0

Air-dry moisture centent, 13.4

In the following experiments, the eycle of treatments on a batch of
whole grains from dry grain thrbugh imbibed grain, &ehydrat§d grain,

and dry s#orage(is referred to as a (Germination Reversal treatment, and

ig defined by the length of the previous imbibed period.

Experiment 18, The subsequent gernmination performance of grains
of B, sativa, var. Ayr Bounty after single reversal treatments of up te

36 hours.

Batches of approx. 400 grains were allowed to imbibe and‘germinate
f&r periods of 1, 2, 4, 6, 8, 12, 16, 20, 24, 30, and 36 hours before
receiving the dehydration part of the germination reversai treatment.
8 plates éf‘ﬁo grains were tested from each éample after the two weeks

dry storage, the germination fipgures being tabulated below as the mean
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number germinated pex 50 at the stated time. The number of grains
ungerminated per plate, and the number of these showing embryo danage

was also recorded for each treatment, these being again expressed as

mean no. per 50.

. . I
Iﬁiigi:?zn Mean no. germinated / 50 grains at, Uﬁgzggfd?ZA:i;ﬁ
Period, hrs. , AL 475, 66, 120 hrs. @ 120hrs, damage

0 24.3 35.0 42.9 48.3% 1.8 1.3
2 ' . 420 : 48, 65; 120 hIfSn
25!6 54‘5 4201 48§1 1-7 1!3
. 42I Aly . 65059 120 ll?-..’.?..'
4 26,1 34.1  4l1.5 AT.8 241 1.3
4l 4 47»&5;__ 65g 120 hrs.
6 27.5  34.0 41,0 47.8 2+3 0.9
24, . 40.5, 52.75, 120 hrs,
B 305 50-1 4100 47 6 - -
230 7.  41:0y  HleT, 120 h~_
12 6.0. 32.8 39.6 47.0 - -
o 23.2; ‘41!51.,50'2]' 69.2, 120 h '8
16 9-4 37-5 4000 43-8 47 O 5.0 165
18, ) 23, _ 42_& 5;-¢L §9’ 120 hrs.
20 1.5 11.8 37.1 40.0 42.5 46,9 3.1 2.3
- 175, . 22.5, 41.5, 51.2, 68.7, 120 hra.
24 5.0 16.0 31.8 35.8 40.0 45.8 4,3 2.0
' ‘ 1!;01 :23-0‘ 40'il 51-71. 69-1'_ 120 hrs.
30 . 7.5 15.3  30.5 34,0 38.0  43.0 7.0 4.5

1700, 2@00; 4&00; 51-5; 68.5, 120 hrs.
36 6.9 14.0 25.4 28,0  32.0  34.6 15.4  12.0
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Experiment 19. The germination performance of grains of
A, sativa, var. Ayr. Bounty after repeated reversal treatments of

12 « 32 hours.

Batches of approx. 1500 grains were started through a series of
three germination reversal treatments, with periods of 12, 20, 26, and
32 hours imbibition, respectively. At the end of each storage period,
8 plates of fifty grains were germinated from each sample, The mean

number germinated / 50 grains is listed below for each count.

1 Germination Reversal Treatment

Previous
Tmbibition Mean germination / 50 grains at,
Periggg géj 32.3% 474 By 134 96 EEQJ
None, 0.1 408 31-5 38-5 46-3 4708
25,3, 31.5, AB.5, 54,5, 725, 96 hrs.
12 hours. 7.0 21.6 3845  42.6 4649 48.4
35089 3065, v50¢Qj 54.8, 7g90: 96,5 hrs,
24.0, 30.0, 49.5, 6540, T;OS; 9§-O hgg;
26 hours. 12.4 20.3  31.3 3541  40.1 42,1

. gEoO- §9-5J 49,0, D53, T1e5, 796-8 hrs.
32 hours. 8.1 13.3 24.4 29.8 35.5 40.4




Expt, 19 cent'd.

2 Germination Reversal Treatments

Previous
Tmbibition Mean germination / 50 grains at,
?eriﬁs'!, ;—_Qllai 24,3, A4.8, 49.4, 64_-31 89.0 mo
12 hours. 11,9 26,7 40.4 427 45.6 47.0
| 170y - 23.T, A5.0, 49.2, 65.0, 90.0 hrs.
20 hours. 12.9 2@-3 35:9 3404 4101 4501
16,0, 24,0, 41.3, 48,0,  65.6, 89.0 hra.
26 hours. : 543 10.6 14,0 15.5 19.1 22,1
16.3; 2}-2, 40-53 49-03 66:6! 88&5 hrﬂo
32 hours. 54 8.0 9.0 9.5 9.7 11.0

2 Germination Reversal Treatments

Previous

Imbibition ) ) ) . ,
Period. 18,0, _23.5, 41.0, 48,0, 66.0, 120 hra.

12 hours. 6.6 13.4 21.2  3l.6 48.0 42.6
lﬁcsi 24.5._* 41.2’ Aagit 62001 120 hrs.

20 hours. 345 6.1 9.6 - 10.5 12.4 -~ 17.4
19.3, 45.0, 67s5, 120 hrs.

26 hours. 1.4 : 1.8 - - 2.0 - 2.0
11.5’ éi!i: 62.5: 129 hrS.

32 hours. 0 - Q.3 ' 0.8 0,9

A micrescopic examination was carried out of all ungerminated
grains at 120 hours, and of any grain showing abnormal germination during
the test. The number of graing in which embryoc damage was ohserved,
and the number of these with damage extending to the plumule bud was
recerded for each sample. These figures, expressed as the mean number /

50 grains, are given in the following table.
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Previous

Imbibition Number Ungerminated Number showing Number showing
_Periods. at 120 hours. Embryo damage, Plumule damage.
None. - . 2.2 05 -

12 hrs. -, . 1.6 0.4 -

20 hrs. 2.5 0.5 -

26 hrs. . 7-9 4!4 -

52 hra. A 906 6.9 -

2 x 12 hrs. 300 2.6 -

2 x 20 hrs. ‘649 640 -

2 x 26 hrs. 27.9 20.6 -

2 x 32 hrs, - %9.0 26.2 -

3 x 12 hrs. 705 3.3 005

3 x 20 hrs. 22.6 21.0 8.0

3 x 26 hrs. 48,0 29.1 11,0

3 x 32 hrs. 49:1 42.1 18.8

The surface dry meisture content of the samples at the beginning
of each dehydration treatment was slego recorded, and is given below as

a %age of the dry weight.

Number of Moisture contents after repeazted
Imbibition - periods of imbibition eof, ‘
Periods. 12 hrs. 20 hrs, 26 hrs. 32 hre.
1. 48 59 66 .69
2. 46 65 T4 79

3. 62 T3 77 17
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Txperinent 20. The germination performance of grains of

A. nativa, var. Ayr Bounty, afiter repeated reversal treatments of

1 -6 hburs.

A meries of germination reversal treatménta was hegun, involving
imbibifion periods of 1;,2, 4, and 6 hours, approximately 3000 grains
ﬁeing ﬁsed in each treafment. Samples for testing the effecta of the
oumulative;reversal ti?étments were taken at the end of each two week
storage pe?iod, each‘sample comprising 8 plates of fifty graina. The
germinatkon performance of these samples is given below as the mean

number germinated / 50 grains at the varidus:times.

1 Reversal Treatment

Previous _
Imbibition Mean germination / 50 grains at,
Period. | 24, 41, A5, 66, 132 hrs.
None. 0 24.25 35.0  42.9 48.3
24, A2, 4B, 65, 132 hrs.

2 hours, 0 25.6 34.5 42-1 48-1
| 24, 42, 4T, 65.5, 132 hrs.

4 hours. 0 26.1  34.1  41.5 AT9

24, 41 475, 65, 132 hrs,
6 hours. N ¢ 2745 34,0 41.0 47 .8




Ixperiment 20 (cont'd.)

2 Reveraal treatments

Previous
Imbibition Mean germination / 50 grains, at,
Period. 2243, 28, AT BL.7, 75, 1350 hrs.
1 hour. 0 2e4 331 38.4 45 .5 48.3
224 27069 46, 52, 149, 130 hrs.
2 hours. Q ded 32.4 38.5 45.8 48.4
21.7_  27.3, 4645, _52.3,  T4.5, 130 hrs.
4 hours. 0.3 T.8 345 39.1 45.3% 48.3
21, _371 450_@: S51le3, 14T 150 hrg.
6 hours. 303 13.0 34.3 39.5 44..9 47.6
3 Reversal treatmentsg
Provious
Tmbibition Mean germination / 50 grains, at,
Period. 21, 28,7, . 47.0  51.1 142, 130 hrs,
1 hour. ) 6.0 bEIY: 38.0 A%.4 A4T.4
21, . 28, 473, 52,0, 14, 130 hrs,
2 hours. 0 11.% 34.0 . 38,6 43.6 AT.Q
21.3, 28.5, 445, 92834, 035, . 130 hrs.
4 hours. 0.8 15-6 3205 30.4 44;4 47-7
gooﬁg 22 -_80 44089 51.6. 773.&9 150 hro.
6 hours. 3.0 14.5 3738 36.6 4% .4 AT .8

56.
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Erperiment 20 (cont'd.)

4, Beversal trestmonts

Fravious
Tmbibition ‘ HMean germination / 50 groing, at,
Poriod. 220 Bl NGBy BYaG, T, 130 hro,
-1 hour. Q 8a% 3.7 80,0 4444 47.2
33-5, gﬁu_ - &%jé& . %&ﬁgt 7Q-ﬂg 7 139vh?3¢
2 houra. 1:5 lﬁtl 3%1? 3&64 44‘9 ¢7‘9
21&2: g@-ﬁ. 4@:%: 51}6; 69.%,7 713@ hr%L
4 hours. 4.9 1940 BT 408 45.0 ATe2
20.5, . 283, A8.2, B2.0, 69,7, 130 hro,
& hours. 616 3»?:53; §4¢1 3804 -’m-f} 4604

5. Beveraal treatwmonts

?ravioua
Tmbibition : Hean gorninetion / 50 grains, ot,
@Qriﬂﬁo _ _21-3; g?ygi 44'3‘,,,5;*§‘ _ ?69 . ;3thrﬂo
2 hours. 1.8 14.5 Ad.4 0.6 Ad44 470
Dl 2824 ASe . BlaBe 755, _ 130 hra,
4 hours. 7ol 20.8 Zdeb 386 Ade3 47.0

205, _ 285, A9.5,  §R.3,  T5.8, 130 hrs.
6 hours. B0 18.2 3248 36.2  40.6 4448




58.

Ixperiment 20 (cont'd,)

6 Reversal treatments

Previous
Tmbibition Mean germination / 50 grains, ab,
Period. 22, 28¢5, 2645, - 70, 130 hrs.
1 houI‘. 0.8' 1004’ 52.4 - 42.6 47.0
2105; _%8.09 44.6' .- 69-5’ 130 hI‘S.
2 hours. 34 Y7.4 3%.0 - 42.8 464
gl, 27.5. 46.6’ - 69i 130 hra.
4 hours. 5¢3 19.8 31.8 - 4.9 46.0
20.6, gj-01 45. oo 6907 130 htg&
6 hours. 5.4 15,1 27.0 - 3145 39,0

8 Reversal treabments

Previous
Tmbibition Mean germination / 50 grains, at,
Period; 21 » 27 9 41 [ 48 .2 Y 65 ' 150 her
1 hour. 1.3 10,8 3105 3506 4109 46-6
21§ v 2703, 42! 4736 65.5 130 hrs.
2 hoursg. 3.0 18.0 35.8 58 411 45.4

The moisture content of the various samples was recorded after the
gurface drying treatment, on removal from the imbibing conditions. The

values are given helow as a %age of the dry weight.

Number of Moisture contents after repeated

Imbibition periods of imbibition of,

Periods. 1 hr, 2 hrs, 4 hrs, 6 hrs,
1 31l.6 - 3546 40,1
2 3546 5944 39.2 45.4
3 3646 41,3 45,90 48.0
4 40,3 4344 5245 H0.4
p) 4346 447 5245 556
6 No samples available,



Class 1, Class 2.

Class 3. Class 4. Class 3*

Typical samples of the grains of A. sativa in each of the development

classes outlined in page 59*
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Experiment 21. The effect of a single germination reversal
treatment on grains of A. gativa, var. Ayr Bounty, at different stages

of development.

Batches of grains were germinated under standard conditiong for
72, and 96 hours, by which time they were showing 86% and 924 germination
respectively. The grains in each sample were then grouped into classes
on the basis of their degree of development, and each group separately

given a germination reversal treatment. The development classes chosen

were t-
Clags., Root_development. Plumule development.
1 2 or more seminal roots. Longer than husk.
2 2 or more seminal roots. Not evident.
3 1 seminal root, » 2 mms, " "
4 1 seminal root, ¢ 2 mms. oo "
5 and 5a Ungerminated (see text below).

There is present in this untreated sample of A. sativa a small
proportion of grains which do not germinate, or germinate abnormally.
This amount would naturally be clagsified among those in Class %, as
defined above. -Inrthis sample of graing this fraction amounts to
A - 5% of the total. Therefore, with the numbers present it would
amount to 16 =« 20 grains in the 72 hour sample, and 9 - 12 gfains in the
96 hour batch. A Glgss, 5a, is therefore included in the following
tablesg by subtraéting these figures from the numbere in Class 5 showing
embryo damage .after 120 hours subsequent germination. It is felt that
this is a true assessment of the ability of ungerminated, but fully

germinable, graing to respond to a germination reversal treatment., At
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the end of the two week storage period, the batches were allowed to
gorminate for 120 hours, at which time the number showing normal
germination, the number showing embryo damage, confined to the root
syatem, and the number showing complete embryo damage was recorded.
Graing which did not g erminate at this time but showed no obvious sign

of embryo damage are grouped with thosge showing only root damage.

The results of these investigations are given below, for the two

geparate batches.

a). ]2 hours germinated sample.
Hubgequent Germination performance.

Number Normal Germ'n. Root Damage only. Complete Embryo Damage.
‘in  Number of % eof Number of 7 of Numbexr of % of

Clags. (lags. Grains. Class. _Grains. Clasgs. Graine., = Class,

1 24 0 0 1 4.2 23 95.8
2 105 0 0 0 9.5 95 90.5
3 140 0 0 14 | 10.0 126 90
4 70 14 20 8 11.4 AB 68.5
5 57 28 6 13
5a .28 28 100 0 0 0 0
06 a2 2 3%
b). 96 hourg germinated gsample.
Subseguent Germination vperformance.
Number Normal Germ'n. Root Damage only. Complete Embrye Damage,
in  Number of % ef Number of % of ”"ﬁﬁﬁﬁggnagJE%%TEF_J&"
Clasg. Class, Grains. Class. _Braing. Clsass. Graines, Class.
1 30 0 0 0 0 30 100
2 145 0 0 11 Te5 134 92.5
3 34 1 3 6 17.5 2T 80.5
4 8 2 25 1 12,5 B 62.5
5 20 10 2 © 8
52 _10 10 100 0 0 _0 0
ZoB ) 2t
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Experiment 22. The peraistence of the effects of s single
gernmination reversal treatment on the grains of A, sativa, afier 15 weeoks

in dry storage.

Banple of 100 « 200 graing of the hatches given a single germination
reversol treatment of 8, 12, and 30 hours in Hxperianent 18, were stored
dry in the laboratory for a periocd of 15 weeks. Two plates of fifty
graing fron each sample were tesited for their subsequent germination
.9erfoxﬁanca, the.raaulta being listed below ag the wean number

germinated / 50 graing at the various times.

Provious
Tmbibition HMean wnumber germ'd / 50 grains, at,
Roriod, N m__l;f 2, gj P 4&0 . _%‘gi} I’Q‘:B .
8 houre. O 8 32 48
12 hours. 0 14 34 A8
30 hours. 7 18.5 31.5 44

Beporiwent 23,  The effects of the handling procedures in a

soeries of repeated germination tresatasnts en the subgeguent germinetion

porformance of A. sabiva.

The popsibility that some of the effects of repeated germinatién
reversal treabments might be due to the handling received by the grains
during the treatment was investigated. Observation indicated that
there wag an occasional time when a few grains hed theilr huske displaced
by the drying trestumonta. Accordingly, a.baﬁeh of 300 « ADQ graine

wore pubt through a series of trestmonts consisting of an ilmbibition
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period of two minutes shaking in distilled water, the normal surface
drying technique, and a dehydration period of five minutes for the first
three cycles, and the fifth, sixth and seventh cycles. The dehydration
treatments after the fourth and eighth cycles were of the normal duration.
Jtorage trestments were missed out completely. Samples of three plates
of fifty graing were taken after the fourth and eighth dehydration
treatment and their germination performance tested under standard
conditions. The mean number germinated / 50 grains is given below for

the various tinmes.

Number of oycles Hlean number germ'd. / 50 grains, at,
__Tregeived. 20, 30, 44, 120 hrs.
4 0 T3 31 47
8 0 9.3 33,35 4646
None ' 0 30 30.0 AT.8

® Gounted at 46 hours.

Experiment 24. The rate of moisture uptake by grains of

A. gativa which have previonsiy experienced a 20-hour germination

revergsl ireatment.

A batch of grains of A, sativa were given a germination reversal
treatment including 20 hours imbibition. During the two week storage
period, they were stored in the same desiccator as a similar sized bateh
of untreated seed, in order to allow equilibration of moisture contents
between the two. Both batches were germinated in trays as previously

described, care being taken that equivalent amounts of water were added,
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and after five hours imbibition the surface-dry, moisture content of both
batches was determined on 10 gsamples of 50 -~ 100 grains. These moisture

contente, as o fage of the dry weight are given below.

‘ oisture Contents. Mean.
Untreated Grains. 31.6, 34.6, 32.8, 31.6, 20.4,
52-7, 50.3, 31.3, 32.6, 31'2’ 5106%
Preated Grains. 34.8, 3%.2, 38.1, 38.4, 38.7,

36.1, 36.8, 35.5, 37.2, 33.8, 36.50

A t~test on these values showed significance between these means at the

0.05% level of significance.

Lxperiment 25. The Free Amylase activity, and the Soluble

Tyrosine level in grains of A. sativa after a dehydration treatment

following various periods of imbibition.

Thege investigations were made on samples of the grains vhich were
unged in Bxperiment 22, to examine the persistence of the effects of a
dehydration treatment after imbibition periods of 8, 12, and 32 hours.
These tests were carried out after the grains had been in dry storage
for 17 weeks, ‘the methods used having been previously desoribed. The
rate of starch digestion, which is diveotly proportional to the free
anylase activity, is expresced as the number of mgms. of starch digested
at the various times. The soluble tyrosine level is expressed as the

concentration of tyrosine in the supernatant in pep.m.
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Experiment 25 (cont'd.)

Previous Aﬁylase aotivity Tyrogine content
Imbibition Wgus. starch digested, at, of supernatant,
Poriod. 20, 50, 90, 150 min. DeNellle
None 2,10  3.64 AT 5.25 94
8 hours. 2,10 3,60  4.2T  5.45 110
12 hours. ‘ 2. 24 3‘92 4-47 5&3() ' 115
30 hours. 3.64 5.52 6.08 6.32 | 142,
Discugsion.

The form of the water upteke pattern by graine of A, sativa during
the first 40 hours under stendard germination conditions has been
investigated (Expt. 15, Pig.12). This shows a period of initial quick
increase in the moigture content, starting to level off about 8 hours
after commencement, with a period of slow increase from about 12 - 17
hours imbibition. After 18 - 20 hoﬁrs“imbibition the rate of increase
picks wp again and this faster rate is maintained for the rest of the
period. From the investigations préviously reported (Expt. 14), the
beginnings of embryo growth would be expected about 18 - 20 hours after
commencement, and this ig seen to correspond to the.seeond phase of wéter
uptake quite well. The first signs of apparent germination in these
samples was cbserveﬁ in the 27 hour sample, whioh compares quite
favourably with the 26 ~ 28 hour value for the same stage in the previous

investigation,

In the experiments on the effects of dehydration on grains of
Ay _gativa, after various periods of imbibition and development, the

'employment of a technigue giving a quick reduction in the moisture content



Fig. 12, Water Upteke by greins of A. sativa under standard

germination conditions,  Abcissa: Period of Imbibitien; hcurs.

A - vt .
Ordinate: NMoisture content of grains as a %age of dry weight,
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Discussion gont'd.,

of +the graing, at ovdinory temperatures s necessary if the term

"peridd of imbibition" is to have any finite meaning. This was obtained
by surfacé drying t0 remove superficial noj.esture, and the use of
reduced-presaure storage in the presence of anhydrous CaCls to remove
int@rﬁal moisture (Bxpts. 16 and 17). By this meane the moisture content
of treéted grains could be brought within a few % of normal air dry

weight within about four hours, from moisture contents of up to approx.

70% of the dry weight.

The effects of such a dehydration treatment on the subsequent
germination of grains of A. sativa was first investigated using graine
that had imbibed for up to 36 hours before the treatment (Expt. 18).

The germination euwrves of the variocus samples (Fige 13) showed residual
effects of the previous treatments in all samples which had received a
previous imbibition period of more than 6 hours. This took the form of
an earlier appearance of germination in these samples, with little or no
ohénge in the rate of germination in those sanples with previous
inmbibition periods of less than 24 hours. With dwmbibition periods
longer than thig, the rate of germination was markedly reduced, These
points ave brought out in a comparisen of the mean number germinated /

50 graing after 30 hours, and 40 hours in germination conditions (Fig. 14).
Accompanying this reduction in germination rate, there was also a
reduction in the finel germination level, after 120 hours in germination
conditions. A migroscopic exgmination of the ungerminated graing at

120 hourg, and of any grain showing abnormal germination previdus to this,

showed. that in the majority of cases obvious signs of embryo damage were
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Fig. 13. Germirvation retes of A. sativa after cingle germination reversal
treatments.  Abcissa: Period in germination conditions, hours.

Ordinate: Mean no. of greins germinated / 50, Length of previous
imbibition period, l= O-4 hours, 2= 6 hours, 3= 8 hours, 4= 12 hours,

5= 16 hours, 6= 20 hours, 9= 24 hours, 8= 30 hours, 7= 36 hours,
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Figo lda
Germination of A. sativa 0
v T e e — S et s 038 | l L

after single ~ermination 0 10 20 50 40

reversal treatments, IL.

Mean no. of grains germinated / 50 at 30 hours, ((»), and at 40 hours, ([]).
Mean no, of grains ungerminated / 50 at 12C hours, (M), and showing embryo
damage at 120 hours, (&), o

Abcissa: Length of previous imbibition period, hours,

Ordinete: Mean no of arains / 50.
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Discusaion oont'd.

evident (Tig. 14)¢ = In thls experiment, tho embryo damage was almosth
entirely duaAto necrogis of all or some of the seminal root primordia.
The promotion of the onaet of germination deseribed here is lster
referred to in further Alscussion as the henefipisl effect, and the

raduction in germination rate and final level as the harmful effects, of

dehydration treatments, In this series of tests, the sample vhich had
received 20 hours previous imbibition showed the optimun development of
the beneficial effects, associated with no sign of the harmful effects.
The general trends shown in this investigation have been found
congistently in four previous ewperiments covering a similar length of

imbibition, and including another variety of A. sativa.

Some of the szamples used in this experiment were ctored in dry
conditions to see if any change occurred in the nature, and amount of the
residual effects described above, in the interval, The results of
germination tests, 15 weeks after the dehydration treétment, showed

that no change had cocurred in either respect (Bxobt. 21, Fig:l5).

The effects of muliiple reversal treatments with periods of
imbibition from 12 « 32 hours, follewed by dehydration treatments, were
.next examined (Expt. 19). The germination curves of the samplea after
egoh of three treatments showr a further occurrence of the effects
described previously (Fig. 16). The single treatment shows the saue
results as those outlined above. The effects of multiple treatments

are to bring forwsrd the optimal beneficial effects to the 12 hour sample,
and to introduce or inerease the magnltude of the harmful effects in all

samples. This is shown in a comparison of the mean number germinated /
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Fig, 15.

i 0

The persistence of the

o ots 5530

effects of a single germination reversal treatment on grains of A, sativa
after 2 weeks, (A\), and 15 weeks dry storage, ([f]). Length of previous
imbibition period, l= 8 hours, 2= 12 hours, 3= 30 hours.

Abcissa: Period in germination conditions, hours.

Ordinate: Mean no. of grains germinasted / 50.
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0 12 20 26 32 0 12 20 26 32 0 12 20 26 32
Fig. 17.
The effects of multiple germination reversal treatments on greins of
A, sativa, II, Mean no. of grains germinated at 30 hours after 1, 2 and
% germination reversal treatments.
Abcissa:; Length of previous imbibition pericd. hours.

{ Ordinate: Meen no., of grains germinated / 50.
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The effects of multiple 40

germination reversal treat.
ﬁents on grains of A, sativa,
I. The germination ra&es

6f semples after 1, 2 and 3
germination reversel treat- 20 L
ments including imbibition
periods of O hours, ((®),

12 hours,(A), 20 hours,([7]),
26 hours, (1), end 32 hours,
(). 0
Abcissa: Period in germination conditions, hours.

EOpdinate: Mean no. of grains germinated / 50



Ko Damage - Untreated.

Partial Root Complete Root Complete Embryo
Damage. Damage. Damage.

Types of embryo damage observed on subsequent germination of grains of

A. sativa given a germination reversal treatment.
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Discussion cont'd.

50 grains after 30 hours in germination conditions (Fig. 17), and even
more 0 by a comparison of the number of seed ungerminated after 120
hours. An examination of these ungerminated graine and of the abnormal
types oceurring previously, showed sgain that embryo damage was present
in the majority of ecases (Fig. 18). As in the previous experiment,
mich of this damage took the form of necrosis of the seminal root
primordia, but a%ter three dehydration treatments in the longer

imbibitional perieds, there was also a considerable amount of necrosis

evident in the plumule (Fig. 18, and accompanying plate).

An exsmination of these grains ungerminated after 120 hours in
germination conditions show. the presence in some treatments of
considerable numbers of grains which show no evident sign of embryo
damage. In order to gain further information on the possible viability
of these grains a sample of 26 were replaced in germination conditions
for a further 7 days. At the end of this period a further examination
gshowed that )1 of them had developed a single seminal root, 4 were showing
slight extension of the plumule but the remaining 22 could only have
been classified as showing complete embryo necrosis. This indicates
that, while the dehydration treatment is the factor responsible for
causing the embryo aaﬁage, the obviously visible, blackened neerotic
appearance is probably due to autolytic or miorobial disintegration of

the damaged tissues during the subsequent germination pericd.

Vhatever the direct cause of this necrosis, the result is an
i
impairment of the embrye's capacity for growth and development into a

normal seedling. In the case of those g rains showing complete embryo



1 1] 13 7

Trestment, . reatmentn, Treatments.’ !

i’

3 2
pig. 160 20 26 32 12 20 26 320 12 20 26 32

The effects of multiple germination reversal treatments on grains of

A, sativa, III. The mean no. of grains ungerminated, ((9)), the mean no.
showing embryo damage, ([F]), and the mean no. showing plumule demsge, (A),
after 120 hours subsequent germjnéiion,

Abcissa: Length of previous imbibition period, hours,

Ordinate: Mean no. of‘gl"ainS / 50.

100 [

:

The effect of a single germination reversal treatment on graine of

[T

:

2
[

*“ééiéiiﬂﬂﬂ_____
1

\J
o

O
11
n

Fig. 19. 12 3 45

A. sativa at different development steges. %age of each class shovwing
normal germinstion,([[])), root damage only,(E]), and complete embdryo
damage, (1), after 120 hours subsequent germination,  Samples derived from
batches of grains after 72 hours, (1), and 96 hours germination prior to
treatment, (2).

Abcissa: Development classes,

Ordinate: %ege of each classc in the previous categories,



(61529

Digcugsion cont'd.

necrosis, this impairment is probably a permanent incapacity for further
growth to occur. In those grains in which some of the seminal roots
have developed within 120 hours subsequent germination, the chance of a
near normal seedling being produced is quite good, though the amount of
root development will be considerably restricted for a pericd. 1In a
large number of cases, however, there was no seminal root development
evident within 120 hours, but the plumule was apparently unaffected.

The capacity of such grains to establish themselves as viable seedlings
was investigated by replacing 26 such grains into germination conditions
, for a further seven days. Of these, 8 produced no roots by the end of
the period, 12 produced one or two seminal roots, and 6 produced one or
two seminal roots, and a #air of adventitious roots which formed from
the first node of the extending plumule. This indicates a considerable
chance of recovery in graing showing this type of embryo damage after
120 hours; depending on the presence of some undamaged seminal root
primordia, and the speed at which the adventitious root system becomes

developed.

A congideration of the results of these dehydration treatments in
respect to the time at which these harmful effects of subsequent
germination are first seen (Fig. 14 and 17) indicates that there might
be a correlation between a pariticular stage of development and &
susqeptibility t0 dehydration damage. Since these effects are first
apparent with_previous imbibition periods of 24-26 hours, and our
previous obgervations (Expt. 14) have shown that the embryo by this

time hes undergone a certain amount of extension growth and is nearing
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the stage of apparent germination, a comparison of the mean number of
grains showing the harmful effects of a desiceation treatment and the
mean number that would be expected to show visible germination at the

time of treatment was carried outt using the data of Experiment 19.

The figures of the nuwber of graing exposed to a drying treatment
in each sample were derived from the numbers of grains germinated within
the period of imbibition in the untreated control, and in the first
and second subsequent germination tests of the sanme sampie. The number

of seed showing embryo damage is recorded in Expt. 19.

Number of ' ‘
dehydration Attribute Length of imbibition period,
ireatments, gompared, 12, 20, 26, 32 hra.
1 Apparent germination. O 0 1 T.5
1 BEmbryo damage. Q.4 05 4.4 6.9
Apperent germination, O 5 18 23
2 Bubryo damage. 2.6 6.0 20.6 26.2
3 Apparent germination. 3 22 30 31.5
3 Embryo damage. 343 21.0 29,0 42.1

While these figures do indicate a high degree of correlation between
these two events, they do not prove that the grain showing embryo damage
after a dchydration treatment is necessarily that which is showing
apparent germination befere it. This consideration led to a study of
the effects of dehydration treatments on ssuples of known embryo
development (Expte. 21). An examinabtion of these results (Fig. 19) shows
a gencral similarity between the same development clagses in the two

diffocent samples, and shows quite convincingly that the only grains not
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showing émbryo damage after a dehydration treatment are those which have
not reached the stage of apparent germination (Class 5a), and a few which
have just reached it (Class 4). The correspondence between the amount
and severity of the embxyo damage with the inocreasing degree of embryo

development before treatment is also striking.

The effects of multiple imbibition and dehydration treatments with
periods of 1 « 6 hours in germination conditions, was nex}% examined.
This gave more imfermation concerning the beneficial effects already
degeribed as resulting from some dehydration treatments. The single
trestment shows the behaviour already found with these periods of
imbibition, viz. & slight beneficial effect with a 6 hour imbibition
period, and no difference with the shorter ones (Fig. 20). With
another treatment, a beneficial effect i& found after two four, and two
two hour periods of imbibition, and with three treatments, the one hour
sample shows the presence of this effect also. In general, therefore,
it would seem that with inoreasing numbers of treatments, and
conseqguently, increasing total periocds of imbibition, there is an
increase in the magnitude of the beneficial effects on subsequent
gernmination. This is made more apparent by comparing the mean numbers
of germinated grain / 50 after 30 hours germination for each sample in
each treatment (Fig. 21). As previously found with single treatments,
those samples reaching a total imbibition period of 20 hours show the
optimal development of this beneficial effect consistent with the absence
of the harmful effects of these treatments. These harmful effects are

observed in this experiment, but only to a limited extent, and where
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they do occur, (e.g. 6th treatment, Fig. 20), they show a similar

behaviour to that already encountered.

Since this residual beneficial effect is evident with previous
imbibition periods of 6 hours, and is showing a considerable magnitude
before any apparent phase of embryo growth is seen (Expt. 14), its
nature and mode of action must be related to some change preceding the
growth phase of germination. There is the possibility that it might be
an artefact, produced by the handling techniques used, but it might also
be due to those normal changes in ‘the physiological or physiesl
constitution e&f the grain which occur at this peried of imbibition, and
whose retention following a dehydration treatment allews for the

accelerated germination behaviour which 1s ohserved.

It was noted that where single dehydration treatments were employed
after imbibition periods of more than 6 hours, the magnitude of the
residual beneficial effect increased proportionately to the length of
period up to at least 20 hours (Bxpt. 18, Fig. 14). In this case the
same amount of handling was received by all saunples, so that the
participation of causes-other than handling of the grains must be
expected. Nevertheless, the possible beneficial effdets of the handling
troatments alone were investigated (EBxpt. 23, Fig. 22), and the results ‘
showed that-some promotion of germination can be caused by effects
produced by handling. A comparisen of the mean number of germinated
graing / 50, after 30 hours in germination condition in these tests, and

in some of the tests carried out on sambles from previous experiments,

shows that the magnitude of the benefiocial effect due to handling



Discussion cont'd.

treatments is not enough to account for the amounts observed when even a
short period of imbibition is involved, e.g.

Mean germ'n at

30 hrs.

Untreated. ’ ' 4.0
Handling treatments x 4. | T+5

" " x Be. 10.0
1 x 24 hours imbibition. 24.0
2 x 12 hours imbibition. 320.0
4 x 1 hour imbibition, 12.0
8 x 1 hour imbibition. 15.5

These values do not discount the possibility that a considerable
proportion of the bheneficial effects resulting from multiple dehydration
treatments involving short imbibition periods are the result of the
amount of handling treatments received. This might be one explanation
of the relatively better performance found in the multiple treatments
with 1 and 2 hour imbibition periods, when compared to asingle treatments

of th e same total duration (Fig. 21).

The nature of any possible physical changes in the constitutien of
the grain whioch might be operative in bringing about the beneficial
effects of a previons imbibition - dehydration treatment can only he a
matter for conjecture.  Among reasonable posgibilities might be ineluded
hysteretic effects on colloidal proteins, changes in the permeability of
seed membranes, changes in the structural properties of the tissues
enclosing the embryo, and irreversible displacement of the husks produced
by the imbibed seed swelling. The mode eof action of such changes might

be operative in the rate of water uptake by the grain, the balance of
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gaseous exchange between the embryo and the atmosphere, or a reduction in
the mechanical restrictions to embryo enlargement. The only obgervation
with relevant information on these possibilities are the moisture contents
of the various samples after the same pericd of imbibition with increasing
numbers of déhydratian « imbibition treatments (Bxpts. 19, 20). Since
these observations were made as a check on the general similarity of the
treatments withiﬁ one geries, oﬁly one sample of grains was taken on eagh
occasion, An experiment was héwever aarriedxuut to confirm the trends
indicated by these figures in which a sufficient number of samples were
tested for the results to be statistioally acceptable (Expt., 24). These
ocombined observations do show that an enhenced capacity ﬁo take up water
ig evident efter an imbibition - dehydration treatment as used here, and
the probability is that it is due to some physical change in the

constitution of the grain, possibly some of those discussed sbove.

The possible participation of residual physiological changes
following an imbibition-dehydration treatment in producing the beneficial
effecth on subsequent germination was inventigated mainly to observe if
any such changes could be demonstrated, rather than to give an exhoustive
sﬁrvey of them and to evaluate those most likely to be operative. For thic
reason only th ose physiological attributes already being studied with
respect to other considerations were investigated. The grains used for
these examinations were those in which the beneficial effects of the
previous treatment had been shown to remain unchanged for a period of
15 weeks, so that any differences found are of & more than temporary

nature. A study of the Free Amylase activity and the Soluble Tyrosine
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gontent . in these grains {(Bxpt. 25, Fig. 23) showed that these two
attributes could both show a persgigtent higher level than that found in
the dry seed. In the case of the two shorier treatments, the occurrénce
of a congiderable residual beneficial effect is nofjaccompanied hy any
inerease in the Free Amylase level, so this particular physiological
change must be discounted as a_oontributory faector to the beneficial
effect. The inorease in the Soluble Tyrosine content in all three
samplea and the implication that other soluble protein degradation
products are algo pre?ent, indicates that this is a ohange whioh might

be of congiderable advantage in acoelerating the subsequent germination

processes.

One of the main reasons for carrying out this whole group of
investigations has been to find out to what extent germination in this
gpecies can be reversed, by returaning the moisture content of the:
imbibed grain back to that of the airedry grain. If a definitien of
reverggpility is taken, involving only the capacity to produce a normal
seedlggg, then obviously those grains showing partial or total embryo
damage have already progressed beyond any point of reversability. These
studies have ghown that the occurrence of this damage is related to the
stage when germination 1s first apparent, but that previous to this there
is some degree of oembryo growth ocourring which is not harmfully affected.
This phase of embryo growth beging with the extension of none~vacuolated
emﬁryo cells, so we may conclude that the embryo damage resulting from a

dehydration treatment is produced by effects either on vacuolated eells,

possibly undergoing extension, or on meristematic cells in which nuclear
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division is conwmencing., By this samo definition of roversibility, those
graing receiving inbibitionedshydration traatments of less than 20 hours
are fully roversiblo. If & nmore restricted definition of reversibility
is token that tha subsequent rate and time of onset of germination ia to
be exactly similar to that of unbreated graing, and that sultiple
treutuents should be ascommodated over and over apain without any
persistont ohange, then thoere is ne evidence for any germination
revorsibility in thic specices. ITven 1 bhour imbibibion periods show a
pro-disposing effect towsrds noun-vaversibility wvhen the treatusat i
ropastod once or twice. This oan only mean that within the first feow
hours of commencing imbibition, irreversible changes leading to the

accomplishment of germination are under way.

Tn order to pseertain whetheyr the beneficisl and haranful effeots
reguliing fron dehydration troatments pass throush o series of treatnents
to give similoy values to a single treatment of the same totsl length of
imbibition, a comperison of the relative cmonnts of both theso effecta in
& gorios of samples Prom the previous exporinents has been carried out
{("ig. 24)e In the onse of the boneficial effect, there is Found to be
o general concordance betweon those vaelueg. This indicaten that the sun
of the offect in a sepien of dehydration troatmentsy is falrly zdditive,
and that 1ittle or no reversal of the factors concerned occurs. In the
ease of the harmful effects, however, thore is found te be a congmiderable
divergence between these valuos, the severity of the effects being much
logs when multiple shorter trestunonts ave given than with o single

troatnent of the same dupation. This surely indicates that gome vhases
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The effect of single and multiple germinastion reversasl treatments of
the same total imbibition period on the subsequent germination of grains
~of A. sativa,
S Do
A. Beneficial effects. The no. of grains germinated at 30 hours.,

B. Harmful effects. I. The no. of grains ungerminated at
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C. Harmful effects. II. The no, of grains showing plumule
damage at 120 hours.
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of germination directly involved with the processes of growth are

reversible to a limited extent at least.

A survey of previously published literature dealing with the effects
of soaking and drying seed on their subsequent germination performance
showed a dearth of knowledge of the precise effects involved and the

faotors which were responsible for them.

In the grain investigated here, the uptake of water during germination
has shown a typical bi-phasic nature, similar to that shown previously
in seeds of other species (Shull, 1920; Owen, 19523 Stanley, 1958).
The observation that réaidual beneficial and harmful effects on the
gubsequent germination of the grains of this species could be shown by
drying imbibed grains back to dry weight is in accord with some previous
investigations. Kidd and West (1918) did not themselves study these
effects but they summarise and quote tables from some early German
inveétigators whose work is not now readily available, These
investigators showed that residusl beneficial effects could be shown on
the subsequent germination of seeds of Bean, Pea, Lupin, Vetch, Spring
Rye, liaize, Barley and Qats when soaking was cairied out with limited
amounts of water, and the seed were allowed to dry slowly (Xrauss, 1880;
Wollny, 18853 FEberhardt, 1907; and Schleh, 1907). If the drying is
sarried out quickly (no details given), then a marked slowing of the
gérmination rate and a reduction of the final germination level was the
usual result. 9ince the periods of soaking ranged from 24-100 hours,
these findings are in agreement with those found here. It is also

mentioned in the reports on these early investigations that a gquicker
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rate of uptake of water on being again allowed to imbibe was charaoterietie
of ‘these treated seed, 'No inform ation ie available en the effeets shown
by shorter periods of Imbibition er on the nature or the oause of the

reduction in final germination level.

In the use of a drying treatment as a means ef forcing the germination
of newly harvested grains, including A. sativa. which have moisture
contents hi“er than at maturity the occurrence of a henefleial effect on
their subsequent germination is reported, aecempanied by an enhanced
capacity for water uptake in the treated grains (Harrington, 192)),

This may not be quite in the same category as the effects being

Investigated here.

The absorption of water by grains of helium perenne and some other
seed of the Gramineae has been shown to bo restricted by the closely
adherent pales, and the waxy nature of the cuticle (Brown, 19)1)- A fter
a certain stage of im bibition, however, the swelling of the seed loosens
these pales and increases the permeability of the cuticle, probably by
stretching the waxy layer. He examinations were carried out to see
whether a residual beneficial effect was present after drying these
grains, and whether it was accompanied by an enhanced capacity for water
uptake, but the types of changes produced by the first im bibition period

seem unlikely to revert to the dry seed condition if these seed were dried*

In a later investigation, the occurrence of a residual beneficial
effect was observed on the subsequent gem ination of grains of Daotrlis
glomerate after **fleatimg'* for 17 hours in distilled water, and air

drying for 24 hours (Chippingdaloe, 19))). In this ease, the eoeurrenee
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of an enhanced oapaolty for water uptake was also evident, which was also
claimed to be due to Irreversible changes In the fatty or wavy layer on
the pales, giving, inoreasing perm eability to water, and a reduction of
surface tension. The same =worker later extended these studies to other
grains of pasture grasses, including Lolium perenne, and to A, sativa
(Chippingdalo, 19)4). In most of the grasses a residual bénéficiai
effect of the previous soaking-drying treatment was evident but not te”
the same extent as in Dactylis glomerata. Ho comment on the water uptake
potential of these treated grains is given. In the ease of A, sativa.

the occurrence of a residual beneficial effect on subsequent germination,

proportional to the length of soaking is shown for periods of 6 - 48 hours
at 3~ - §5*C, There is said to be no difference between the water uptake
rates in these treated grains and in untreated grains. The occurrence

of detrimental effeets on prolonged soaking is hinted at in this
investigation in grains which have reached the stage of apparent
germination, but no figures or further inform ation is given on these last
two points. These results in general bear out the general findings ef
our experiments if allowance is made for the probable slower rate ef
germination at the low temperature employed by this investigator, and
the soaking conditions used. The cause of the beneficial effect in the
ease of A. sativa. and pezhaps in some of the ether grains investigated
is said to be "The early metabolic processes of germination ... initiated
during the period of soaking, and ,,, merely arrested and not reversed
by subsequent drying", though no evidence is brou”t forward to support

this claim.
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The occurrence and nature of ombryo dauage hag however boen
invegtigated in a recent study on the effects of drying vheat grains atb
different sbages of embryo development, from the Tirst stages of seminal
root elongation 0 a seedling with ite firet leaf emerged (Milthorpe,
1950). The drying technique‘usea wag confined gtorage over concentrated
gulphuric acid, which proved to be much slowex than the rates of drying
obtained in these experimenis. The grains were also ?artly iumersed in
the sosking golution and the figures for water contents indicate that
they have imbibed more water than was necessary for optimal development
to occur, which would also reairiet the effectiveness of a drying treatment
For example, the moisture content at 24 hours is given as 204% of the dry
weight, wherecas the molsture content of grains of A, sativa at this sane
stage in our experiment was in the region of 65 « T0% of the dry weight.
The wheat sample mentioned required 10 hours drying to reduce its
moigture content to 17% of the dry weight, and another 20 hours to reduce
it to the level of 18% of the dry weisht. One interesting observation
on the rate of drying showed however that the root tissues were much
more subject to water loss than plumule tigsues, the differences being
as much as 100% in the first hours of drying. 'Despite the differences
in the techniques used, some of the resulis of these investigations
compare favourably with those of the present experiments. This is
particularly the case in respect of the root damage. It was Tound that
sémiwnal roots which had elongated {o more than 2 mms were fairly readily

killed by only nmederate drying treatments, while those which had elongateh

less than this could only be kiiled by more severe desiccation (to approx

20% of the dry weight). Undeveloped primordia proved resistant to dama%i
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by drying to within 6% of the dry weight. Thaese results show 2 good
comoarison with our »resent findings. The occurrence of plumule damage
was neither so early in evidence nor se severe ags that found in theae
axperimenta. The slower rate of drying of these parts of the embryo,
already mentioned, might be one of the reasons for this phase of embryo
damage not showing the same agreement with our resultis while the
oacurvence of root damage dld show good agreement. Nevertheless, a
congliderable reduction in the oapacity for subseguent plumle growth,
and the occurrence of areas of plumule cells which seemed to show
irreversible structural damage from the drying treatment was observed
fairly frequently after the atage of elongation to about 3 mm. had been

reached., The more developed the embryo become, the more severe and

easier produced such retardation hecame., A complete incapncity to
wndergo further growth could be shown when an embryo at the point of leaf
emergence was dried to a level of 10% of the dry weight, though this

required a drying period of about 80 hours to bring it about. The cause

of embryo damege in these studies is attributed to the death of the
protoplast in vacuolated cells follewing the rapid changes in volume on
drying and regoaking., This oconclusion is not at variance with the
sonclugsiong drawn from our present gtudies, but thers is no evidence %o
completely neglect aotively dividing meristem cells as the possible
location of damage. This protoplasmic effect might be the sanme

phenomenon degcribed as being the basic cause of frost or drought damag

>

t0 mature vacuolated cells (Levitt, l956), In these, the shpinking of
the protoplasm, if severe enough, can produce physical changes ocousing it

%0 bhecome briitle, On moisture again becoming available, only a partial
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de~plasmolyais can accur before the semie-rigid protoplast ruptures ilself.
There ig no evidence from the results of this investigation on Wheat
seedlings to indicate the possible occurrvence of residual benaficial
effects on the subgaequent germination of the short period sgamples, nor

of a quicker rate of water uptake in any treated sample.

Sunmary .

1. The uptake of water by grains of A. sativa has been shown teo

follow a biw-phasic course under eertain germination conditions.

2. A residual bveneficial effect of a previous imbibition perioed on
the time of onset of subsequent germination in grains of A, gativa has
been shown to persist after a &ehydratipn treatment, and a considerable
period of dry storage. This hag been shown to be duwe to a combination
of physical and physiclogical changes ocourring normally in the grain
during imbibition, and to a limited extent to the handling received by

the graing during treatment.

e In graing waich have imbibed for periods of 24 hours or more
the accurrence of harmful effects of the dehydration treatment has been
obperved. These effects are mainly due to damage of embryo ¢ells which
have undergone sonme degrec of elongation growth, the severity of the
damapge incfeaaing with insreased embryo development. Inactive primordia

do not geem affested by such treatments.

4. The relevance of these findings to previous luvestigations is

discussed, and a considerable amount of agreemsnt found in most cases.
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Part IIT., The Development of Amylase Aotivity in germinating and

Developing grains of Avena gativa L., and in Dormant and

Germinating grains of Avens fatus L., and Avens ludovicana Dur.

Introduction.

Starch is the main carbohydrate storage compound of the grains of
the Gramineae, and may constitute up to 60 - 65% of the total dry weight
in the cereal grain. It functions in the seed as a source of carbon
compounds for use in respiration or in the synthesls of other metabolites
for the growing embryo until the established seedling is oapable of

providing these requirements by its own photosynthetic aotividty.

. Gtarch is chemically a polymer of glucose, in which the glucose
molecules are joined into long chains through y~1t4 linkages, with side
chains attached to these through o(-1:6 linkages. In addition %o this
there may be Hydrogen bonds and Phosphoric Acid.ester links joining
adjacent chaing, so that it is present in.nature as a very complex
macro-molecule. In the seed of the cereals it is mainly confined %o
the cells of the endosperm, in which it is aggregated into discrete
structures called Starch Grains, These form within plagtids, but the
current view is that when the starch grain has reached its full size the
plasﬁid membrane is either no longer present, or is reduced to a sparse
network of protein fibrils. When starch in this form is removed from
plants, it is found to be wvirtuwally inscluble in cold water. If the
water is moderately warm however the starch grains swell, and gradually
gelatinize, though not undergoing solution. This change probably

involves the hydration and breaking of the hydrogen bonds between chains
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and is the first stage in starch solubilisation. The rate of ewelling
is inereased by the presence of surface active substances, or dilute
acids, and we may presume that therc are ways in whieh gelatinisation is.
brought about in the plant at normal temperatures. In order to bhe
utilised in the processes mentioned previously the starch must be broken
down into small soluble compounds which can be translocated to the embryo
where théy can be utilised.

Starch in the form of gelatinized starch grains can be digested by
ot -Anylase into smaller fractions, but it is doubtful if ﬁ ~Amylase by
iteself can accomplish any digestion of such starch material, though it
will freely act on the cleavage fractions resulting from of -Amylase
activity, and in this way aild in reducing the complex maocro-molecule to
small fractidns'of geveral gluéose nmolecules in size, Other enzymes
with the proparties of "disjointing" the ®K1:6 branching linkage, or the
phosphate bonds between chaing may also play guite an important role in
the solubiligation and digestion of native gtarch, largely by making it
more accegsible to amylagse digestion, e.g. R-Enzyme, %-Enzyme, Limit
Dextrinase, and Amylophoaphatase. In this study, soluble starch
preparations have been used, and since this material has undergone a
considerable degree of de~polymerisetion in its preparation from native

starch, it is readily digested by both Amylases, and the possible limiting

4

effects of the other starch liquefying enzymes on amylase acbivity can be

neglected.

By merit of their commercial impertance in the brewing and food
industries, the amylases have been very extensively studied. Crystalline

preparati ons of both types have been prepéred of a high degree of purity,
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and their properties and mode of digestion of various starch preparations
carefully studied., Both enzymes digest starch by hydrolysing the
ot «1:4 link between adjacent glucose molecules, but vhile o ~Amylose
can attaok this point at any part of the molecule, and can straddle
branch linkages without any difficulty, /?—Amwlase can only remove the
last two glucose molecules, in sequence, from the nonereducing end of a
chain, and is prevented from digesting the whole of such a chain by the
presence of a branching linkage. (See acoompanying Plate.) = Because
of these differences in their mode of attach the changes produced in a
soluble starch preparation by both enzymes are entirely different.

During an oA~Amylase digestion, the Starch is quickly reduced into small
chain fragments, called dexitrins, which may be further broken down until
they are all less than 8 glucose units in length. Because of this there
is a quick drop in the viscosity of the starch solution, and a rapid
change in the iodine staining capaeity from blue, through red, to
colourless. The end preducts of such a digestion congist of only

20 - 40% of glucose and maltose, the remsinder being dextrins. In a

P ~imylase digestion on the other hand, there is a parallelism between
the amounts of maltose formed, the amount of decline in the iodine
staining property,; and the decline in viscosity of the starch solution,
until all the available free chains of the starch molecule have been
converted into maltose, ususlly about the level of 60% conversion. At
thig point the remaining parts of the starch molecules within the
branching points atill display a considerable violet jodine staining
capacity, this residual part being called the F ~1limit dextrin. In the
presence of 4 «Amylase this dextrin is further digested to maltose, and

the f ~Amylase can complete the digeetion of most of the dextrins
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resulting from an o«~Amylase digestion. Vhen both types of amylase act
together they therefore tend to complement eacgh other's action rather
than compete for substrates, and may in some proportionsg show a definite
synergistic action (Freeman and Hopkins, 1936; FPreece and
Shadakhsharaswamy, 1949).

If the relative amounts of Starch digested, measured by the change
in Yodine staining capacity, and the amount of sugar formed, by direct
neasurement, are compered at the samé timeg during an amylase digestion
a graphical representation of the type of starch digestion occurring is
cbtaineds This is called the Amylase Value/Conversion Curve (A.V.
Conversion Curve). In the accompanying plate, the typical resulis of an

ok~ and a B -Anylase digestion are shown.

Because of their distincetly different modes of digestion it is
possible to get different values if the amylase activity of the enzyme
solution is measured in several different ways. Measures of changes in
viscosity, or reduction in Todine staining capacity favour ol -Amylase,
while measurement of the sugars formed favours 14 ~Amylage activity.

Since both amylases have some capacity for all three properties, however,
and they may be showing a synergistic asction, it 1s impossible to measure
the activity of any one of the components, in a mixture of the two, by a
single meagsure of this type. The mogt convenient way of getting such a
velue is to inactivate or remove one of the components from the mixture.
This can be accomplished either by heating ﬁhe mixed solution to 70°C
for 15«20 nmins. wheﬁ thelg «inylase will be preferentially destroyed, or
by lowering its pH to 3.0 when the A ~Amylage is inaotivated firset

(Ohlsson, 1925).
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Since the Starch of the grain requires to be mobilised by the action
of these amylases, particularly o\ -Amylase, it is impossible for such a
change to occur if these enzymes are absent, or not active. In this
pregent investigation the role of Starch in the seedt!s metabolism is
investigated by studying the presence, amounit, and nature of the amylase
activity during the germination and development of grains of A. sativa.
The localisation of this activity during this period has also heen
studied on digsected grain parts. Similar studies have also been carried
out on the amylase activity of dormant and non-dormant grains of A, fatua,

and A. ludoviciana in order to compare the amylase activity pattern of

all three species, and to investigate the possibility that dormancy in the
latter two might be related to the mobilisation of the endosperm

carbohydrate materials.

Phe agspects of the structure of starch, and the action of the
amylages and other starch liguefying enzymes discussed in this section
are adequately reviewed in Hanes (1937), and more recently in

Badenhuizen (1958), and Whelan (1958).

Mateorials, and Hethodg.

The grains employed in these studies were of Avens sativa (L.),

var. Victory, Avena fatua (L.), var. pilossissima, and Avena

Indoviciana (Dur.). Dormant and non-dormant samples of the last two

were available, or could bhe produced, as described in part I.
Germination conditions employed were those found suitable for each

species in part I, viz. 4 mls, distilled water / 50 grains, 20°C for the




firet two epecies, and 3 days atb 30°G, followed by transfer to 10~12°¢

for the third species.
Whenever available, "Analar" grade chemicals were employed.

0.1% Soluble Starch soluiions were prepared by making a thin paste

of 1 gm. Soluble Starch in 30 mla. cold distilled water. This was
washed, with continuous stirring into approx. 500 mls. boiling distilled
water, and kept at this temperature for 20 nmins. Approx, 400 mls. cold
distilled water were then added and the volume made up to ) litre in a
volametric flask, the temperature being approx. 60°C at this time.

Vhen cooled, 1 « 2 nls. Toluene were ghaken through it and the solution
stored in the refrigerator until required. Fresh solutions were
prepared as needed, approximately every three weeks, or as soon as theme

wag any sign of reduced iodine staining capacity.

The Iodine reagent used for starch determinations contained 0, 6%

iodine and 6% potassium jodide, in distilled water (Smith and Roe, 1949).

Clark and Lubs' potassium acid phthalate - sodium hydroxide buffer
selution was employed to control the pH of the enzyme digestion mixture

(Documenta Gei gy, p. 105).

Free Amylase solutions were prepared by grinding 50 grains to a

coarse paste with a little sand and distilled water. This brei was made
up to 100 mls., a few drops of toluene shaken through it, and placed to
extract at 4°C for two hours. The coarser materials were then removed
by suction filtration through Whatman No. 1 paper, and the filtrate uged

directly for enzyme activity determinations.

A=Amylase solutions were prepared by adding 1 gm. of calcium sulphat$<




to 30 mls, of a Tree Amylase sclution and placing in a TOQG water bath,
for “wenty minutes, after which it was cooled in an icew~water mixture,
and centrifuged to remove the particles. The supernatant was used

directly for enzyme activity determinations (see Txpt. 32).

Thg difference in enzyme activity between a Free Amylase solution,
and thg A ~Amylase solution prepared from it is sometimes given as a
measure of the f -Auylase component of the Free Amylase solution
(Bernstein, 1943; Graesser and Dax, 1946). This assumption has heen
shown previously to be valid only in certain p?oportions, howevar! pince

both amylases acting tegether tend to have a synergistic interaction.

For this reason we prefer to define this difference as nonpég-Amylase

activity.

The engymic digestion of soluble starch solutions was carried out in

100 ml. flasks immersed in a water bath at 30°¢ X

1%y,  fThe reaction
mixture consisted of 10 mls. 0.1% soluble starch solution (i.e. 1Q mEMS e
Starch), 5 mls. pH 5.0 buffer solution (see Ixpt. 31), and usually 4 mls.
distilled water and 1 ml., of the enzyme solution being teated. In some
cases 5 mls. of enzyme sclution were employed. The starch and buffex
solﬁtions, and diatiiled wéter were mixed together and equilibrated for
ten minutes separately from the enzyme solution, until both had reached
water bhath temperature. The time of commencement of the digestion was
taken when 50% of the amount of enzyme had been added. The flasks were

frequently shaken through a digestion period, and toluene was added at

all stages.

The activity of the Amylase solutions was measured in two ways, as

Dextrinising Activity, i.e. the amount of Starch (mgms) digested beyond




89.-

Torming o colour compound with iodine, or as Sugar Forming Activity, i.e.

the anount of sugar formed (mgms).

The procedure adopted to measure Rextrinising Activity was to remove
1 ml. samples 6f the digestion mixture at appropriate intervals, and add
these to two mlg. N. HCl to prevent further enzyme digestion (see
Bxpt. 26). At the end of a digestion all the samples were made up to
10 mlg. with distilled water, and 0.1 ml. of the standard lodine reagent
added and thoroughly mixed (see Bxpt. 25). The opbicel density of
these samples was vread within § « 10 mins. at 620 muy against a blank
sample from a digestion mixbture with the starch solution replaced by
distilled waler. The optical density reading was converted to mgms.
of Htarch by reference to a calibration curve of known starch amounts
in the gsame initial volume and diluted and tested in the game manner as
desoribed above (see Txpt. 26). This prooedure is substantially that
of Smith and Roe (1949).

Sugar Formine Activity was determined on 4 ml. samples of the digest
mixture, which were taken at appropriate times, added to 12 mls, of hot
distilled water, and immediately boiled for 1} mins. to destroy enzymic
activity. At the elose of a digestion, each sauple was made up to
20 mls. by adding 4 mls. absoluté ethanol and distilled water, giving an
ethanol concentration of 20%. 1 gm. of "Norit'" aetivated charcoal was
added to ecach sample, and the mixture shaken mechanically for 10 minutes, -
after which the charcoal was removed by 10 mins. eceatrifugation, and
filtration.of the supernatent.through Whatman No. 1 filter paper (see

Expte 29). The sugar content of the supernatant was estimated on a 2 ml

sample, by adding 0.15 mls. of 8074 agueous Fhenol, followed as quickly as
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possible by 5 mls. concentrated Sulphuric Acid (Dubois, et al, 1951;
pee Bxpht. 27). The optical density of these solutions was read at
490 mp after 30 mins. at room temperature. The optical density reading
was converted to mgms. of Maltose by reference to a calibration curve,
prepared in a similar menner, from solutions containing known amounts of
meltose and given the same procedural treatment (see Expt. 28). . This
reagent will react with any saccharide vhich ia present in the supernstant,
but the charceal adsorption procedure deseribed above should ensure that
any dextrinsg of more than 4 glucose units will be removed (Whelan, et al

1953).

'ExPeriments relating to the suitability of these procedures, and the
amounty of reagents required fox their best usage are included in the

following section.

Optical density determinations were carried out on the same S.P. 600

spectrophotometer throughout, using optically matched testwbtubos.

In making comparisons between the activities of wvariocus enzynme
solutions the "initial slope" technique of Hones (1932) was employed, in
which the values to be compared are shown to lie on the linear part of

the digestion curve, or a projection of this %o a suitable time intercept.

Regults.




Experiment 25. The relation between Iodine Concentration and

the intensity of the Iodine-Starch Colour.

Solutions of soluble starch containing 2, 10, 20, and 40 mgnms
gtarch / 20 mls. were prepared, and 1 ml. samples of each diluted to
10 mls with 2 mls. W, HCl, and distilled water. 0.1 mls.of iodine
solutions containing varying amounts of iodine from 0.033 - 1.0% nmgms.
12 were added to one tube from each starch concentration, and thoroughly
mixed. The.optieal density of the resultant starcheiocdine solution was

read at 620 mu, and is given below in optical density units.
Opticel Density of Starch-~Iodine Solution

Mpms, Ige with inereasing amounts of Iodine.
added. 2, 10, 20, 40 mgms. Starch / 20 mls.
0.033 0,075 Q.27 0.35 Q.47
0.066 0.087 0.39 0.56 0.90
Q.10 0.098 0.46 0.65 1.08
0430 0,100  0.65 0.90  1.60
Ded5 0.100 0.69 0.98 2.00
0.60 0.100 0.715 1.00 -
1.05 0.120 CeTH 1.06 -

These wvalues are graphed in figure 25, and from this, the use of
0.6 mgms. -of Todine was judged to be near optimal for the range of starch

oconcentrations likely to be met in later work.

Bxperiment 26, The relation between Starch Concentration and

the intensity of the Starch-Iodine Colour.

Solutions of soluble starch were prepared to contain 0.5 - 30 mgns,
of starch in 20 mls. 1 ml. saemples of these were diluted and treated
with iodine ag described above, and the optical density of the resultant

starcheiodine golution determined at 620 mpe The results of three

L3
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determinations from different stock starch solutions is expressed below

in dpﬁical density units.

Wems. Starch Optical density of starch-iodine solution
/ 20 mls. with ineressing amounts of starch.
1. 11, 111.
0.5 Q.02 .022 0.02
1.0 0.065 0.07 0.06
1.5 0.112 0.106 0.100.
2.0 0.140 0.145 0,137
5.0 0,350 0.360 0.362
10.0 0.72 0.T24 0.T1
15.0 1.06 1.08 1.09
20.0 1.44 1.47 1.36
25.6 1.75 1.80 1.78

These values are graphed in figure 26. The optical déneity of the
iodine-starch colour shows a linear relation with the concentration of
starch over a wider concentration range than will be met with in later
experiments.' This curve isg used as a calibration curve for starch

determihation in later experiments.

Experiment 26. The effectiveness of N.HO1l as an Amylase
Inactivator, and the effects of standing in HC1l for varying'periods of

time on the development of the Todine~3tarch Colour.

An enzyme digestion mixture, containing an enzyme solution capable
of digesting all the'étarch present to a non~iodine staining condition
in 30 mine. had a 4 ml. semple removed 1 min., after adding the enzyme.
This was added to 8 mls. N, HCl in a small flask, and after shaking once
or twice, two 3 ml. samples were taken from this solution aﬁd added to
test tubes containing 7 mls. of distilled wator. 0.1 mls. of iodine
was added to one, aﬁﬁ after thorough mixing its optical density was read

at 620 ma. After 10 mins, a further 3 ml. mample was taken from the
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flask, diluted, and iodine edded to this tube, aund the second tube of the
previous pair, and their optical densities determined. After a further
10 ming, the remaining 3 mls. in the flask was treated similarly, and the
optical densit& determined then, and again 10 mines. later. The optical
dengities of the other tubes were also read at these ten minute intervals.
The length of time from the removal of the. sample from the digest mixture
to the first optical density detarminationjwas just over 1 minute. The
raesults of these determinations, in optical density units, is given below.

: Optical density at, .
S&mgleo 69 10{ v %0. 30 Igj.l?.S.

Tube 1. Oe 63 Q. 64 Q. 64 De 62
Tubhe 2. - 0.64 0.64 0.63
Tube 3. - 0. 63 0.62 Oo 63
Tube 4 - - 0.64 0,62

These results confirm thaol enzymic activity is destroyed exiremely
quickly by W. HC1l, and that no slteration in the intensity of the starch-
iodine colouration results from storage under these acidic conditions

before carrying out tlie colour determination.

Bxperiment 27. The effect of inwreasing amounts of 807 Aqueous
Phenol on the colour development of a Maltose«~Fhenol-Sulphuric Acid

Mixture.

Maltose solutions conteining 1, 2.5, 5, and 10 mgms. in 20 nmls,.
distilled water were prepared, and 4 mls. samples of each diluted with
ethanol and water to give 20 mls. of 20% ethanol. Amounts of 80% agueous
Phenol from 0.02 mlg. to 0.24 mls. were added to 2 ml. gamples of these

solutions, followed by 5 mls. concentrated Sﬁlphuric Acid. The amount



of colour development after 30 ming. at room bemperature, in terms of +the

optical density at 490 mp, is listed below for each sample.

Tnitial Maliose o 7 D
: A ‘
Concentration, Optical denmity with adaitionsiof 807% Phenol of

Mems, / 20 mls, 0s02, 0,06, 0,10, Q.l4, 0,18, 0,24 mls.

1 ’ - 0.18 0.27 0.28 0. 30 0.41 0.%4
2.5 0.32 0.59 0.66 0.74 0.77 0.77
5 0.64 1.08 1.30 1.36 1.35 1.40
10 0.69 1.50 + A + +-

(+ too dense to read.)
These values are graphed in figure 27. The addition of Q.14 mls,

ig seen to be nearly optimal for these maltose concentrations, the use of
greater amounts tending to give an unduly high blank value without

inoreasing acouraay.

Bxperiment 28. The relation between Maltose Concentration and

the development of the laltose-~Phenol-Sulphuric Acid Colour Reaction.

Maltose solubtions containing from 0.2 to 6 mams. in 20 mls. were
prepared and 4 ml. samples of these diluted te 20 mls. in 20% ethanol.
0,14 mls. of 80% aqueous FPhenol was added to two ml. samples of these
solutions, followed immediately by 5 mls. aqueous FPhenol, and the colour
development after 30 mins. at room temperature read as the optical demnsity
at 490 mu. Two completely separate series of initial maltose solutions
were tested in this way, the results of the determinations, in optical

dengity units being given below.
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Initial Maltose Optical Density

Concentration, at 490 mu.

(Mguss / 20 mls,) s 1l.
0.2 0.05 0,05
0.5 0.18 0.17
1.0 .27 0.275
2.0 0.62 0.58
340 0,90 0.86
4.0 1.18 1.20
5.0 1.45 1.50
6.0 1.80 1.76
T.0 Too denge.

These values awre graphed in figure 28. It ig seen that a linear
relation exists between colour intensity and conocentrations of maltose
up to 5.0 mgms. in 20 mle. Above this level accurate reading becomes
difficult by the compression of the logarithmic Optical Dengity scale.

In later work, any maltoge determination of‘eonéenﬁrations greater than
this was carried out in a diluted saumple in ordef to bring it down onto
the lower part of this curve., This curve is used in later experiments

as o calibration curve, -including some of the experiments in the
folloving sectlon. In these, the opltical density is related to the
concentration of maltoge in the l/Sth diluted testing solution, not the
original 20 mls. digestion mixture. It was also shown in this experiment
that the presence of toluene and time intervals of 5 -~ 60 seconds between
the addition~ of the Phenol and the addition of the Sulphuric Aeid ware

without effect on the developmeni of colour intensity.



Dxperiment 29. The removal of Starch from Solution in

20/% Bthanol, by adsorpbion on Charcoal.

10 £lasks were prepared containing 10 mgms. of soluble starch in
20 mls. 20/ ethanol. To pairs of these "norit" activated charcoal was
added at the raté of 0.0, 0.1, 0.25,A0.5, and 1.0 granmsg. Each flask
was then given 16 mins. mechanical shaking, and the charcoal removed by
centrifuging for 10 ming. and filiration of the supernatant through
Whatman No. 1 paper. After dilubion of a 10 ml. porbtion of the
supernatant to 100 mlg., 1 ml. of the standard iodine reagent was edded,
and the opbleal density of the ilodine~starch colour determined. The
nean value of the itwo determinations at each level of charcoal addition
is given below, with the relevant level of starch concentration, and the

% absorption this vepresents.

Charcoal Optical Starch
Added, Density Concentrabion %

.Gms, at 620 mu, Memg./ 20 mls. Absorption.
0.0 0.71 10.0 0
0.1 0305 4425 575
0.25 0.16 2.2 78.0
0.5 0.012 - 0.2% 9745
1.00 0,00 0.0 100.0

These figures are graphed in figure 29,

In subgequent tests, 1 gm of charooal was used in the standard
procedure sinee no more than 10 mgms. of starch were ever met with

experimentally.



Experiment 30. The determination of Maltose in the presence

of Starch.

Bince the Phenol-Sulphuric Acid method of determining saccharides
gives a colour reaction with Starch, and Starch cleavage fractions, it is
necegsary to ensure that such material is removed from a digest mixture
before the test is carried out, and that the method of removing these
subastances does not remove any significant amounts of Maltose, As
described above, complete removal of starch is possible by adsorbing it
on charcoal, and the same should hold with dextrins of sizes greater than
4 glucose units, when the adsorption is carried out in 20% ethanol
(Vhelan, et al, 1953). To ensure that there was no considerable loss of
maltose in this procedure some flasks were set up containing from 1 to
10 mgms of maltose in 20 mls. 20% ethanol. A similar set of flasks
containing the same amounts of maltose, but with the addition of starch,
to make up a total of 10 mgms added materials was also prepared. 1 gm.
of charcoal was added to each flagk and the normal shaking, centrifuging,
and colour determination procedure carried out. The results eof these
determinations, in mgms. Maltose, and the %age recovery of Maltose in the

presence of a starch solution is given below.

Maltese Maltose Maltose % Recovery
Originally Determined Determined Maltose in
present, (Starch absent) (Starch present) Starch sol'n.
mEms . mgms .. mgms .

1l 1l 0.5 50

2 2 1.9 95

4 4 3.9 975

5 5 4,7 94

6 6 56 092.5

8 T.8 T:5 96

10 9.0 8.8 96

{»
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Thege values are graphed in figure 30, There would appear to be some
loss of Malfose in the more concentrated solutions, but this is not much
greater in the presence of Starch than in its absence. Such concentrationi

would only rarely be found experimentally.

Experiment 31. The effect of pl on the rate of digestion of

Soluble Starch by a Free Amylase Solution.

Free amylase solutions were prepared from prains of A. sativa after
2y and 5 days in germination conditions. The Dextrinising Activity of
these solutiens in dig estion mixtures containing buffer gsolutions ranging
from pH 4.2 - pH 5.8 was determined on two samples of each enszyme
solution, the means of which are given beiow in mgms. of starch digested,

in 20 mins. for the first, and in 3 mines. for the second.

Amylase ‘pH of dipgestion mixture. 4
SQ]_‘Bltionq 4b2 4.4 4-6 4-8 5.0 502 504 5.8
2 days, germ'd. 1.82 - 2.8 - 3.5 S 3.35 2.4

5 days, germ'd. 5.8 4.8 535  6.05 6.5 6.2 549 4455

These values are graphed in figure 31. The optimum pH for activity
would appear to be approx. pH $.0. This agrees with the published pH
optima of similar preparations from wheat and barley, which range from

pH 4.7 - pH 5.4 according to the buffer employed (Whelan, 1958, p. 203).
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Experiment 32. The preparation of a-Aumylase Solutions,

A solution of Free Amylase was prepared from grains of A. sativa
after 4 days in germination conditions. 30 ml. portions of this were
added to beoiling tubes containing 1 gm. of Caleium sulphate, and
thoroughly shaken. The tubes were then placed in a water bath at
7000 1 1% for lengthe of time, and then removed %o & beaker of ice-water.
The temperatures inside the tubes during the period of heating up to 7000,
and cooling down from it are given below.

Temperature, 0G., at times of
T 2, 3 4_-.; o 6 mins,

Heating. ~ - 44 58 68 70

Cooling. 61 37 25 18 15 -

After ocentrifuging to remove the flocculent precipitate, the enxymic
activity of all samples was determined with respect to their
Dextrinising Activity. Jome of the samples were also tested for Sugar

Forming Activity. These results are given below.

a). Dextrinising Activity, (mgms. of starch digested).

Length of
digestion, Length of period in water bath,
%ﬂs- ) o’ 6! 9. v }.gj 181 20; 25 ming.
5. 3.78 3.5 3.22 3.22 3,22 3,18 2.52
10, 6.9 6.6 6.6 6,15 6,15 6,15 5.75

15. T7.85 T7.63 7.55 Te3 T3 T+3 6.85
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Fig. 32.

The effect of heating a Free Amylase preparation from germinated grains
of A, sativa at 70°c'on its Dextrinising,(A), and Sugar Forming
activities,(B).

1, 2 and 3 in A correspond to the mgms. starch digested at 5, 10, and

15 mins., respectively. 1, 2, and 3 in B correspond to the mgms. of
sugar formed at 10 mins., 30 mins., and 20 hours, respectively.

. . oC.
Abcissa: Period in 70 water bath, mins.

Ordinete: Mgms. starch digested, or sugar formed.
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b). Susar Pormine Activity, (mgms of sugar formed).

Length of
digestion period, Length of period in water bath,
ming. 0. 6, 9| 12. }8. 22 minﬁh
10, 2.0 1.1 0.8 0.58 Q.58 0.50
30. 3.5 2.5 2.2 2.0 2.0 1.8
hours. o
20, 9.6 - 348 546 549 3e5

Thege values are graphed in figure 32. From the points of
inflexion on these curves the 4nitial drop in amylase sctivity is over
within 9-12 minutes of commencing the heat treatment, and no further
inactivation is evident from thiag time £i11 after 20 mins. heating has
taken place. This behaviour, and the sugar producing capacities of the
different samples, is entirely consigtent with the early inactivation of
the b-Amylase present leaving only a-Amylase activity relatively
unaffected, In later invesgtigationa the normal procedure was to heat

the enzyme preparations for:20 mins.

Bxperiment 35. Free Amylase Aetivity in grains of A. sativa

during Imbibition, Germination, and Development.

Free Amylase prepsarations were made from three samples of Tifty
graing of 4. sativa teken at intervals during a period of 12 days while
the samples were meintained in germination conditions, with supplementary
distilled water added from the fifth day. The Dextrinising Activity of
1 ml. samples of these enzyme solutions was determined, the mean values
observed being given below. The germination rate of the same sample is

alse given.
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Pige 3%.
Digestion rate curves of Free Amylase preparations from grains of

A. sativa during 12 days in germination conditions.,

Numbers on curves correspond to the number of days the samples have

P

spent in germination conditions.

Abcissa: Length of digestion period, mins,
Ordinate: Mgms. of starch digested,
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~ YNo. of daysa .in

Germination Germination Mgms. Starch Digested at,
Conditions. v 1, 3a 5, 7 mins.
0 0 0.19  0.34 0.56 0,62
1l 10 0.14 0.26 0.56 0.62
2 T2 0,22 0.80 1.15 1.50
5 .94 0.48 1.58. 2.19 2.80
4 100 1,08  3.50  4.75 5,70
5 - 1,59  4.56  6.75  T.45
6 - 2006 6.54 7970 8-45
7 Ld 3.92 7086 8!60 9-00
8 - 4-40 8.20 9-10 9.20
9 - 4.20 775 8455 8.78
10 et 3082 70—58 8.13 8.65
11 b 3032 6085 7-87 8.50
12 - 2,15  5.52  7.15 8,05

The digestion rate curves of these values are given in figure 33.
This experiment was repeated on other two occasions, similar results

being obtained each time.

Bxperiment 34 a~Amylase asctivity in graine of A. sativa

during Imbibition, Germination and Development.

Free Amylase, and a-Amylase solutions were prepared from two samples
of fifty grains at intervals during a period of nine days, during which
tiﬁe the samples were maintained in germination conditions, with
supplenentary additions of distilled water from the fifth day. The
Dextrinising,. and dngar Forming Activities of 1 nl., samples of these
enzyme solutions was determined, the mean value of two determinations

being given below.



Bxperimeht 34 (cont'd.)

a)s Dexiriniéing Activity.

Ve,

Days in germtn Enzyme Mgms. Svarch Digested, at, :
gonditions. Solution. 60, 120, 180, 240 mins., 20 hrs,
0 Free Amylase. 0.56 1.1 1.6 2.2 -
O a=Amylase. 0.00 0.00 Q.00 Q.00 0.00
1 Froe Amylase.  0.70 1,40 2,10  2.80 -
1 a"AﬂWlaseq 0008 0.22 0056 0-48 1-40
5. 15, 30, .60, 120 mins.
2 Free Amylase. 0198 3.50 5060 7-30 807
2 a=Amylase. 0.56 0;98 2.24 "44TH Te3
%y Ry 150 30; 60 ming_.__
3 Free Auylase. 1.12 2.94 7.15 8455 8.85
3 a=Amylase., 0.98 2.10 6.65. 7.85 8.85
4 Free Amylase. 3T 5.95 8.40 8.95 9.25
4 a=Amylase. 2460 3.92 T.8% 8.80 9.25
5 Free Anmylase. 5.3 T.0 8.80 9.10 9.40
5 a.-AnWl&S&. 3-5 5087 8-75 9-25 9025
14 24 4, 8, 15 mins.
7 Free Amylase. 4.30 715 8.82 9.10 9.80
7 ‘ a“AIAYlaseu 3.15 He8 8.70 9.25 9.80
9 Free Amylase. 4.05 7.00 - 9.10 -
9 a*A.my‘laBQQ 3.42 6010 v 9.15 -
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Fig. 34. 0 f
0 20 40 60 - 120

Digestion rate curves of Free Amylese,(A), and e~Amylase preparations,
(B); from grains of A. sative during 9 days in germination conditions.

I. Dextrinising activity.

Numbers on curves correspond to the number of days the samples have spent
in germinetion conditions,

Abcissa: Length of digestion period, mins.

Ordinate: Mgms. of starch digested.



103,
Experiment 34 (cont'd.)

b). Sugar Forming Aotivity.

Days in germ'n Enzyme Mgms. Maltose Formed, at,
conditions., _Solution, 60, 120, 180, 240 mins. 20 hra,
Q Free Wlase. 0-36 0.76 1016 1-54 6.70
4] aﬂmlaSEQ 0,00 OQOO 0.00 0&00 0.00
1 Free Amylase. 0.40  0.80  1.20  1.65 7.20
l a~Amylase. 0.00 0.00 0.00 0.04 0.10

;5! 69! ;20l }“@Q mins. 20 hrs-
2 Free Amylase, 0,40 %3.05 4.60 6.10 8.00
2 a-Amylase., Q.00 0.30 0.40 0.60 1.80
3 Free Amylase. 1.90 4.50 5.20 6.20 9.00
3 a=Amylase, 0.04 Q.80 1.00 1.60 3480
4 Free Amylase. 2.15 4.80 6.00 6.60 9.00
4 aﬁ'mlaﬁec 3015 0090 1040 2060 3.40
5 Free Amylase. 2.40 520 6,20 6460 9.20
5 awAmylage., 0,60 1.40 2.40 3.00 4.10
S 15, 60, 180 mine. 20 hrs.

7 Free Amylaaeq 1.6 3-6 604 T.2 9.2

7 a“mlase- 0!6 1.0 204 3-6 4-1

9 Free Amylase. 1.0 3.2 6.2 7.2 9.1

9 a=Amylase. 0.7 1.35 2.6 3.6 3.9

The digestion rate curves of these enzyme preparations is given

in figure 34.
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0 30 60 120
Digestion rate curves of Free Amylese,(A), and a-Amylese prepasretions,
(B), from grains of A. setive during 9 days in germination conditions.
II. Sugar Forming activity.
Numbers on curves correspond to the number of days the samples have spent
in germination conditions.,
Abcissa: Length of digestion period, mins.
Ordinate: Mgms. of sugar formed.
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Dxperiment 35,  Further studies on the Free Amylase and

awAmylase activity in grains of A. gativa during imbibition.

Free Amylaée solutions were prepared from samples of grains of
A. sativa in the dry'oanditioniand after 16 and 22 hours imbibition.
100 grains were extracted in 50 mls, distilled water, and 5 ml, samples
uged for determining the Dextrinisiﬁg Aotivity. The enzyne componenf of
these digestion mixtures is therefore some twenty times that of the
previous experiment s, a~Anylase polutions were prepared from these
enzyme preparations and used in the same manner. Two determinations of
each enzyme preparation's activity were carried out, the mean wvalues

being given below.

a). Free Amylase Activity.

Period of Mgms. of Starch digested at,
Tmbibition. 0e25, 0.5, 0e75, 1.0 3 hre.
Nene. 3.2 4.2 5.0 5.6 646
16 hrs. 3e2 4.2 5e2 5.6 6.7
22 hrae. 57 7.0 7.6 T.8 8.5

b)s g=Amylese Aotivity.

Period ef Mgms. of Starch digested at,
Imbibition. 5.hre. 20 hrs,
None., Q.0 0.0
16 hrs. 0.0 Q.0

22 hrs, 2.8 8.4
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Experiment %6. The development of Free Amylase Activity in

dormant and non-dormant grains of Avena ludoviciana.

Dormant grains of A. ludovioiana were allowed to imbibe for several

days at 10 = IEOG. while another similar sample was first pricked, and
allowed to imbibe at 30°C for 3 days, and then placed at 10 - 12%.

Free Amylase solutions were prepared from two samples of each batch at -
various times during a pariad of nine days, and the Dextrinising Activity
of 1 ml. samples of the enzyme solutions determxnede The number of grains
showing embryo growth after removal of the husk-was also recorded.

These values are given bhelow.

a), Dormant Sample.

No., of days in : Germ'n. Mgms. Starch digested at,
Iiibibed condition. % 15, o 25 ming.
0 0 0.0 0.0
1 0 1.4 1.68
2 0 - Le38 2.03
3 Q 1.40 1.68
4 0 "~ 1,40 1.96
5 . 0 - 1.22 :1.89
6 Q 1.34 1.96
7 0 1.26 1.75
a8 0 1.30 2.03
9 0 1.34 1.89
b). Non-dormant sample.
No., of.days in Germ'n. Mgms. Starch Digested at,
Imbibed condition. % 15, 25 mins,
4 0 l.22 1.89
5 38 1.40 1.96
6 68 - Le32 : 1.96
7 88 1.40 2.80
8 100 2.42 4.06
9 100 4.8 6.44

The digestion rate curves of these enzyme preparat ions is given in
figure 35.



Fig. 35,

Digestion rate curves of Free Amylase preparastions from dorment,(4),

and non-dorment grains of A, ludoviciana,(B), during 9 days in

imbibed conditions. Numbers on the curves correspond to the number of
days-the sample has spent in imbibed conditions.

Abcissa: Length of digestion period, mins,

Ordinate: Mgms. of starch digested.
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Experiment 37. The development of Free Amylase Activity in

dormant and non-dormant graing of Avena fatua.

Batches of grains of a non-dormant, a partially dormant, and a
pricked, partially dormant gample of A, fatua were placed to germinate
at 20°0. Free Amylase solutions were prepared from two samples of each
batch at various times during a period of nine deys, and the Dextrinising
activity of 1 ml. samples of these solutions determined. The mean of
these values, and the number of grains showing embryo growth after the
r emoval of the husk is recorded below.

a). Non-dormant Sample.

No. of days in Germ'n. Mgms. Starch digested at,
Tmbibed condition. % LT 5 mine,

1 0 0.49 0.74

2 38 0.45 0.70

3 86 l.12 2.16

4 92 245 420

6 96 4.70 6.70

7 96 5420 .20

8 100 5¢75 735

9 100 4.62 1 6.50

b)s Partially Dormant Sample.

No. of days in Germ'n. Mgms. Starch digested at,
Imbibed condition. n 3 5 mins,

1 0 0.46 0.69

3 40 0.49 0.70

4 A8 0.70 1.22

7 64 - 2.74 4.12

8 62 3420 4495

9 64 254 3,20

c). Partislly Dormant Sample, Pricked. ‘ : ‘

No. of days in Germ'n. Mgms. Starch digested at,
Imbibed condition, % 3. 5 mins.

3 86 1.02 1.98

6 96 4.15% 6.25

8 _98 4483 6.90




Fig. 36.
Digestion rete curves o
of Free Amylase prep-
arations of non-dormant,
(4), partially dormant,
(B), and pricked
partielly dorment grains

of A. fatua,(C), 00 3 :

during 9 days in
germination conditions., Numbers on curves correspond to the number

of days the samples h&ve|5peﬁt in germination conditions,

Abcissa: Length of digestion period, mins,
Ordinate: Mgms. of starch digested.
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Digestion Rato Curves of these preparations are given in Fig. 306.

A gample of the partially dormant grains after 8 days in the imbibed
condition was separated into those showing embryo growth, and those
showing no embryo growth, and Free Amylase solutions prepared from each
group. . The Dextrinising Activity of these enzyme solutions was

determined on two samples, the mean values being given below.

Mgme. Starch Digested at,

3 5 mine.
Dormant Grains. | 0.38 0.65
Germinated Graing. 530 T«24

Bxperiment 38. The distribution of Free Amylase activity within

grains of Avena gativa during Imbibition, Germination, and Development,

and in grain parts oultured independently.

Some husked grains of A, satigg,wgre surface sterilised ﬁy 20 mins.
shaking in 0.1% Mercuric Chloride, rinsed three times in sterile
distilled water, and placed to germiﬁate in sterile petri dishey under
standard conditions. A similer batch of grains was allowed to imbibe
for 12 hours after sterilisation, and then the embryo and scutellum were
carefully dilasected out, rinsed in tﬁree waéhings with st erile distilled
water, and culiured on g nutrient agar medium already shown to be capable
of maintaining the grewth of these parts, (Harris, 1958). Distal-halves
of dry grains were also prepared, ca?efully freéd of soutellum tissues,
sterilised, and washed as above, and maintained in petri dishes under the

same conditions as grains receive for germination. At intervals, during
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a 10 days period, Free Amylase solutions were prepared from equal numbers

of whole graing, embryos and scutellums, and endosperms separated that

dey from whole grains, and embryos and scutellums, and distal half-grains,

cultured independently from the commencement.

of 1 ml, samples of two Free Anylase solutieuns from ecach type of

The DVextrinising Aotivity

preparation was determined, the mean values of these being given below.

a)s

Whole Graing.

Nams »

No. of days in Htarch Digested at,
Imbibed condition. 2, 2 54 10 ming.
2 0.20% 0.21 0,63  1.05
3. 1.50 2.40 4.07 6,10
4 2,60  4.05 660 9.30
5 4,80 T7.02 8.40 930
6 594q¢ 8.10 8!90 9!50
7 6.807 8.50 9.00 9.40
2 T7.20 8.1%

510

9.25

b). Embrxas'and Scutellums from Whole Grainse. |
Digested at,

c)e

8.5

No. of days in Mgms. Starch
Inbibed condition. 2. 9 20 mins,
2 0,04 0,70 .28
3 0,60 1.65 5.20
4 1.20  1.80 6.75
5 ‘1989 4u22 9?50k
6 1,20 2.80 8.7
T 0.85  2.10 6,30
10 040 = 3484
Endosperme from Whole Grains.
No. of days in Mema. Starch Digested at,
Imbibed condition. 23 3 D 10 mins.
2 0,21* 0.35 0.64  1.05
3 1,10 2,10 2.52  5.05
4 1.60 2484 4.20 7.00
5 3.0  4.90 7.82 9.30
6 4.80  T.55  8.75 9.40
T 5507 7,80 8.58 9.25
10 43 . 6.7 9+25
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d). (ultured Bmbryvos and Scutellums.

No. of days in ; Mgus. Starch Digested at,
Inbibed condition. 2, 20, 40, 69 ming. 22 _hrs.
5 | 0.00%  0.00  0.00 0,00 150
6 0,00%  0.00  0.00  0.00 3,30
7 0.05: 0,64 - 1.20 7.90
10 0.22"  3.84  6.14 - -

e)e Distal Halfmerains.

No. of days in

Imbibed condition. 2y A S .20, 60 mins.
3 o.oo: - - - 0.14
4 ‘O_Q 001 ~ 0. 10 00 47 -
5 0.023 - . 0.14 . 00?0 -
6 o,aza - 0.14 0.70 1.40
7 0,20 - 0.56  1.68 4.50
10 5

2,20 6.72 8,50 -

The digestion rate ocurves of this data were prepared and it was
confirmed thet the observed 2 min. digestion values lay on the linear
poﬁtion in each case. Vhere no wvalue wag obsgerved, an intercept value
for this digestion time was taken, these being marked abeve Ly an .
Where the observed value lay beyend %ﬁe lineﬁr portion of the curve, an

extrapolated value was taken, these being given above accompanied by an . |

Bxperinent 39, The effeoct of removing grain parts on the

development of Free Amylase Aetivity in Avena sativa.

Samples of dry grains of A. sativa were carefully dissected so that
some had the embryo removed, and others the embryo and scutellum. These
mutilated grains were placed in the same conditions as whole grains for
seven days under standard germination conditions. On the second, fourth

and seventh days Free Aumylase selutions were prepared from two samples ef




110.

each treatment, and the Dextrinising Activity of 1 ml. samples of these

determined. The mean values of these determinations are given below.

a). Whole Grains.

No. of Days in WMgms, Starch digested at,
Imbibed condition. 10, 20, 30, 40, 60 _mins,
2 1.47 2.80 4.35 5.60 7.60
21 5g }.O| 15' 20 mina,
4 2.80 4.35 7.00 Te40 T.T70
___:_]_-n 3, v S 10 mi_;’zs.
7 4,05 T.25 8.65 9.25

b). Graing with Bmbryo Removed.

No. of Days in Mgms. Starch digested at,
Imbibed condition. 10, 30, 60, 90 mine.

2 0.07 0,21 - 0.84

4 - 0.84 2.24 3.36

7 0.39 1.05% 2.86 4.35

¢). QOrains with Embryo and Scutellum Removed.

No. of Days in Vgms. Htarch Digested at,
Imbibed condition. 10, 30, 60, 90 mins.

2 - D- 22 - Ol 65

4 - 0. 28 0! 56 0084

T - Q.28 0.56 0.92

The reaction rate curves of these preparations is given in figure 37.



Fige 37.

Digestion rate curves of Free Amylase preparations from whole grains
of A. sativa,(A), caryopses minus embryos,(B), and ceryopses minus

embryos and scutella,(C), during 7 deys in germination conditions.

Numbers on curves correspond to the number of days spent by the sample
in germination conditions,

Abcissa: Length of digsstion period, mins,
Ordinate: Mgms. of starch digested.
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Discussion.

In the dry grain of A. sativa, the presence of a small amount of
Froe Amylase has been found (Expts. 33-35). A comparison of .the 2imin.
digestion values of similar preparations (EXPtq.3§) during the period of
imbibition, germination and embryo development of these graine indicaﬁes
that there is a considerable increasé in this aotivity, reaching a
maxinmum of more than a 20 fold increase‘by the 8th day, and decreasing
from then on (Fig. 38). In this experiment the first signs of increased
ao?ivity were found with the twg day preparation, but in later studies,
where longer digestion periods, or more concentrated enzyme preparations,
were employed a slight increase in Free Amylase éctivity was évidenx

within 22 hours of commencing imbibition, (Expt. 34, 35).

The nature of the Amylase Activity present during this period was
inyestigated by determining the -Amylase activity present (Expts. 34,
35). Dry grains, and grains imbibed for 16 hours showed no activity,
but the presence of traces of m;Amylase'oould bé shown after 22 hours
imbibition, with prolonged digestion periods, or more céneentrated enzyme
preparations. A comparison of the 2 minute digestion values for
Dextrinising Activity, and the 15 min. values for Sugar Forming Activity
(Fig. 39), shows that the awAmylase activity increases from this time
right'thraugh the nine day period covered by the experiment, though the
Free Amylase activity had passed its optimum development within this time.
The non- § -Amylage activity, which is the difference between these two,
also shows its optimum development before the end of the experimental

period. Both Dextrinising Activity and Sugar Forming Capacity show these
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Fig. 38.
Changes in the Free Amylase activity of grains of A. sative during
12 days in germination conditions.

Mgms. of sterch digested at 2 mins.,((:)), and germination rate,(A).

Abcissa: Period in germination conditions, days.

Ordinates: Left. MNgms. starch digested at 2 mins.
Right. Germinetion Zage.
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Changes in Free Amylese,(l), a-Amylese,(2), and non-a-Amylase activ-
ity,(3), in grains of 4. sative during 9 days in germination conditions.
Measured es Dextrinising mctivity,(A), - mgms. of sterch digested at

2 mins, -~ and Suger Forming activity,(B), — mgms. of suger formed

at 15 mins,

Abcissa: Period in germination conditions, days,

Ordinate: Mgms. starch digested, or sugar formed,
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trends. As would be expected, a~Amylase activity accounts for most of
. the Dextrinising Activity of the Free Amylase preparations, but only
accounts for a small propoition of the Sugar Forming Capacity.
Gonfersely, non~-g~Anylase only contributes 20%.of the Dextrinising
Aétivity, but 80% of the Sugar Forming Capacity of the Free Amylase

preparatiaﬁs, at its optimum development, on the seventh day.

Taken together, these reaulis point to a pattern of Amylase |
development in which PB~Amylase is initially present alone, followed by a
period when both Amylases are present and increasing in activity, then a
pefiod when f-Amylase is degregsing while a-Amylase is maintaining, or
slightly increasing its aqt;vity. © 'The very considerable drop in the
Dextriniging Activity of Free Amylése‘so}utiona.pfepared from grains after
9 = 12 days in germinetion conditions (Fig. 38), suggests that a~Amylase
activity decreases during this period also. The preparation eof A.V. /
Conversion curves, from the data gf Expt. 34, brings out these treﬁds of
ohangin.g composition of {ahe Froe Amylase solutions (Fig. 40). The
a~Amylagse preparations conform consistently to the pattern expected from
them (of. Page 85, and Fig. 40), while the Free Amylase preparations show
ali gradations from the pure -~ type ocurve of the dry grain, to the almost
pure a-type of the 9 day sample. Thé development of a~Amylase by the
first day, and the change in proportion of it between the seventh and

ninth days are well evident.

In A. ludoviciana, the aotivity of a Free Amylase preparation from
dry grains was too low to give a value within the experimental period
(3 hours), but wesk activity was ebserved with a digestion period ef

20 hours (Expt. 36). After 1 day, however, the activity increased and
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Amylose Value / Conversion curves of the a-Amylase,(A), end Free
Amylase preparations,(B), of Expt. 34,
|
Abcissa: Mgms. of sugar formed.
Ordinate: Mgms. of starch digested.
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Fig. 41.
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Free Amylase activity in dorment and non-dorment grains of
A. ludoviciana during 9 days in imbibed conditions.

Mgws. starch digested at 25 mins. by preparations from dorment, (1),
end non-dorment grains,(2). Germination rates of dorment,(3),
and non-dorment semples,(4), in conditions described in Expt. 36.

Abcissa: Period in imbibed conditions, days.
Ordinate: Left . DMgms. starch digested at 25 mins.
Right. Germination %ege.
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in Fig. 41 the 25 mins, digestion value is compared for dormant and
non~dormant samples throughout the remaining period of the experiment.

No further gigns of increased Free Amylase activity was found in the
dormant sample. In the non-dormant sample, an increased activity was
manifest.bj the seventh day, contimuing to the ninth. Germination in
this sample commenced on the fourth dey, and was completed by the eighth.
Some grainsg in the non-dormant sample were pricked after nine days,
placed at 30°0 for three days, and then returned to 10-12°C. Almost all

of them proved to be viable after this treatment.

The investigations on Amylase development in A. fatua (Wxnt. 37)
ghowed o similar trend to those reperted previously, as shown in a
comparison of the 3 mins. digestion values (Fig. 42).  Both non-dormant
samples show a quick commencement of germination, followed one day later
by an increase in Free Amylase Aetivity, This iﬁoreasad activity
continued to o maximum lewel at the eighth day, and dropped a little by
the ninth, A similar patiern was found in the partially dormant sample,
but in this case the level of activity was much less, reaching only some
G6% of the activity shown by the same grains given a pricking treatment.
This pricking treatment also had the property of inereasing the
germination %age from 64% to 100%. The striking similarity between the
proportion of germination, and maximum Free Amylase development in these
two samples suggested that Free Amylase development in a partially
dormant sample was restricted only to those grains which germinated.

The smeparation of such a sample into germinated and dormant grains after
imbibition, and the determination of the relative Free Amylase Activity

confirmed this suggestion (Expt. 37). The aotivity found in the dormant
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Free Amylese activity in nonwdormant,(}\.)9 end partiaelly dorment grains
of A. fatua,(B), during 9 days in germination conditions,

Fig., 42,

Mgms. starch digested et 3 mins., by preparaetions from pricked partially |
dorment greins,(l), naturally non-dormant grains,(2), end partially z
dorment grains,(4). Germination rates of non-dormant,(3), and

partielly dorment semples,(5). Points "G" and "D" in B ere explained |
in text, page 1l14.

Abcissa:  Period in germinetion conditions, days.

Ordinates: Left, Mgms. starch digested at 3 mins.
Right, Germination %age.
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grains is similar to that of the 1 day samples (Point D. Tig. 42B), while
the germinated groins show an activity of the same order as the pricked

pample of the same grains (Point G. fig. 42B).

A comparison of Figs. 38, 41, and 42, indicates that there igs a
gencral sgimllaprity in the Iree Amylase developmen't pasitern in non-dormant
graing of these three species. The gresatest actividy per grain is found

in A, sativa, with 8, ludoviciana showing the least activity, In

As Ffatue and A. ludoviciana, howsver, the increase in free Amylase
activity is definitely a post-germination phenomenon while in A. sativa,
both events bhegin simultaneously. In this species, however, we can
discount the increase in Free Amylase activity, or the development of
a~fmylagse aetivity as events necessary bhefere germination can occur.

We know that no sign of either is present up to the 1léth hour of
imbibition, by which time the second phase of water uptake is commencing
(Pig, 12). By the 22ad hour of imblbition when traces of a-Amylase and
inerecsed ¥ree Amyluse activity were present, many of the embryos in the
more advanced grains would he undergoing extension growth (Bxpt. 14) and
gsome would be on the threshold of germination (FMig. %8). These findings,
“in relation to the development of Amyloase activity, support the view that
Starch derived produwote are not the foundation of meteboliem in the embrye
during the period preceding, during, and possibly shortly after germination
in these Avena species. This implies ‘that the embryoc and scutellum are
sufficiently well endowed with other materials capable of sustaining their
needs for thio period. Studies on the isolated embryo and scutellum of
Naize (Toole, 1924) and Barley (James, 1940) bear out this statement,

since in these structures normal development and metabolism can be



maintained for periods up to 24 hours at least without external

supplement.

Qutr gtudies on Auylase development in 4. sativae, in terms of the
general pattern of Free Amylase Aotivity, the development of ceAmylase
activity, the relative times of commencement of germination and increased
Amylage aetivity, are fairly well supported by most earlier workers whe
investigated Amylase development in the cereals. These include studies
on Barley (lwers, 1936; Hora, 1936), Wheat (Popov, 1940; Ugrumov, 1955),
Meize (Bernstein, 1943 B) and Rye (Ohlason and Uddenbergh, 1933). 1In
some cases, in Barley (Nordh and Ohleson, 1933), and in Qat (Ohlsson and
Bafeldt, 1933), the data sh@w no sign of a decrease in Amylase aotivity
during the 7 - 14 day period. The germination conditiong employed in
these investigations were not gpecified and it may be that the method of
estimation was not sufficiently reliable to pick up small changes in high

levels of a~Amylase activity which might be occurring during this period.

The studies of Amylase Development in A, fatna and A. ludovicians
ghow that no inerease in Amylase activity occurs in dormant graing of
thoge species. In thege studies it has not been found possible t0 bresk.
dormancy without inducing the development of Amylase activity. This
indicated that there is an aspociation between the mechanisms controlling
dormency end germination, and the procegges involwed in the development
of Amylase in these species. In view of our conclusions concerning the
participation of gstarch derived products in the pregermination metaboliam
of these grains, it is considered highly unlikely that the lack of the
increased Amylsse activity in the dormant grain is the factor responsible

for the dormant condition.



In comparing the relative distribution of Free Amylase activity
within the grain of A, sativa, the two minute digestion values were
chogen as suitable, (Wxpt. 38, Fig. 43). It would be expected that the
firet gigne of increasing Amylsase activity would be found in that part
of the grain in which Amylase wag heing developed. An examination ef
our results (Pig. 43) shows thai the first part to show an inoreaged
activity was the endosperm, which continued to retain the largept

proporiion of the aotivity throughout.

If all the Tactors invelved in the development of the inoreased
Maylase activity were located within ene part of the grain, and it could
be separated and culdured independently, this part would be expected to
show a similar pattern of Amylase development to the whole grain. In
the case of the two grain perts studied here, (Wxpt. 38), neither the
Embryo and Scutellum, nor the Distal Half-grain showed any approximation
to the Amylase development of the whole grain, or to the same parts
detached from the whole grain at the time of testing (Fig. 43). Thip is
subestantiated by the stundies in which the embryo alone, and the embryo
and scutellum were removed from whole greins, and the Amylase developnment
of the mutilated grains compared with whole grains (Expﬁ. 39, Fig. 37).

A comparison of the relative cmounits of Starch digested by the 7 day
preparations during 30 ming. unlimited digestion shows an activity ratio
of 120 ¢ 1 ¢ 0.% mams. Starch, (400 s+ 4 ¢ 1), for whole grains, srains
minus embryo, and graing minus embryo and goutellum. In no case did the
mutilated grain show any developmernt of Amylase activity which approached
the whole grain activity, though the two types of mutilated graine show

different levels of Amylase activity. The belated deovelopment of amylase



e
4
Fige 4 20

Distribution of Free Amylase asctivity within the grein of A. sative

and in grain parts cultured independently for 10 days in germination
conditions.

Mgms. starch digested at 2 mins. by Free Amylase preparations from
whole grains,(1), endosperm portions,(2), and embryo and scutellum portions
of whole grains,(3), isolated distal half-grains,(4), end isolated
embryo and scutells, (5).

Abcissa: Period in germination conditions, days., .
Ordinate: Mgms., starch digested at 2 mins,
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activity in the isolated distal half-gréins observed here (Fig. 43)
agrees with similar findings with isolated endosperms of Rye, Wheat,
Barley, and Maize (Bruschi, 1908; Horning & Petrie, 1927), and from
studies on naturally occurring embryoless Wheat grains (Lyon, 1928).
These findings indicate a high degree of inter-relationship within the
parts of the grain, and the necessity for the maintenance of its
structural integrity in order that the normal pattern of Amylase

development may occur.

Our previous investigations have shown that most of the inorease in
the Dextrinising Aotivity of the Free Amylase preparations during
imbibition and after germination is due to the development of o-Amylase.
Our finding that the endosperm is the first part of the grain to shew
this increase ig indiocative that the o~dmylase develops there. This
agrees with the results of Blion (1945), who found it mainly in the cells
ad joining the aleurone layer and the acutellum, and Lindergtrom-Lang
and Engel (1937), who showed a-amylase activity in the regions adjoining |
the aleurone layer. They did not investigate the scutellar region.
Both workere also found B-Amylase activity in the embryo and scutellum
of the grains investigated, mainly in the epithelial layer of the
gsoutellum. This agrees with our finding that the endosperm alone has
less free amylase aoctivity than the endosperm plus scutellum (Expt. 59).
It might also explain the amount of amylase aetivity found in the
ocultured embryo and scutellum fraction after 7 days (fig. 43), though
this activity is ﬁuch less than in the same fraction removed from the

whole grain on the third day. This difference between the amylase

activities of the same grain part cultured independently, and removed




118.

from the whole grain, suggests that either the cultured embryo and
scutellun is unable to develop to the full its potential amylase
activity, or that the same fraction detached from the whole grain has
been having its activity supplemented from the endosperm fraction.
Soluble nitrogenous material has been shown to be reaching the embryo
by the second day in germinating ggg;gx_(Folkes and Yemm, 1957), but

whether amylases can be translocated in the same way is unknown.

While both fractions separated from the whole grain show an
increasing amylase activity for the period up to the fifth day, the
embryo and scutellum fraction shows a conmiderable decrease from then
on (Pig. 45)- The continuing increase in the endosperm fraction frem
the fifth to the seventh day is much grester than can be accounted for
pgolely by the transference of the activity present in the embryo at this
time, to the endosperm, and studies on the movements of nitrogenous
materials within the geed at tiie stage of development indicate that suoch
a movement would be in opposition to the main direotion of flow (Folkes
and Yemm, 1957). Though the translocation of this amylase from the
embryo to the ondosperm cannot be disproved, it would appear more likely
that the drop in amylase aotivity in the embryo fraction is due to
inactivation of the enzyme. If thies is the case, the continued decrease
in amylase activity would be due to a rate of inactivstion greater than
the rate of amylase development in this part of the grain, or the rate
of amylase entry into it, from the endosperm. The general drop in
activity observed in the whole grein from the eighth day might be due
to a developmént of the amylase inaotivating mechanism in the endosperm,

or to a greater loss of amylase by translocation to the embryo and
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inactivation there, than could be met by the processes of amylase

development elsewhere in the grain. Previous investigators have also
found evidence for the presence of amylase inactivating systema in the
embryo fractions of Theat (Oparin and Kaden, 1945) and Barley (Dax and

Graesser, 1946) after several days germination.

The source frém which the increased amylase activity develops during
the germination of seed has been the subject of several previous
investigations. It ig generally agreed that the increase in P-Amylase
which accompanies and followe germination is due to the formation of this
enzyme in comparable amounts during eseed development, with its apparent
digappearance during ripening, t0 be again developed during germination.

This sequence has been demongtrated in Vheat, Barley. Rye, Oat and laize,

(Chrzaszers and Jenicki, 19363 Bernstein, 1943 A; Sandotedt and Beckford,
19463 and Ugrumov, 1955). The low activity in the dry grains of these
species is shown to be only an apparent loss by the fact that most of the
f=Amylese which develops later can be extracted from dry grains by special
extraction methods. The use of st, Peptone, Papain, and some haking
chenicals, like cysteine, glutathione, ete., in the extraection progedure
eauses the releage of the hotal B-Amylase, (Chrzasszcez and Janiocki, 1936,
A & B} Pord & CGuthrie, 1908, and Davidsoen, 1945). It is felt that
these treatments simulate, or stimulate, a natural process which occcurs
during the germination of the grain, and since these subgtances are elither
proteolytic enzymes, stimulators of proteolytic activity, or products of

proteolysis, it is generally agreed that the P-Amylase in the dry seed

ig inactive due to its adsorption or incorporation with other proteinace

subgtances. Since these substences are also potential sulphydryl donorns,

|
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.and B-Amylagse has been shown to require a free gulphydryl group for its
activity (Caldwell, 1945), it is possible that the aotion of these
subatances might alse include a regeneration of any of the enzyme's
sulphydryl groups which wers oxidised during the peried of inactivation

of the enzyme in the ripening seed.

The situation with regard to the development of a-Amylase during
germination ig a bit more wicertain. The presence of small amounts of

a~Auylase in immature grains of Yheat, Barley, Rye, and Oat has been

¢claimed, or inferred, but these amounts disappeared well befere ripening,
and could not he extracted from the ripe grains by extraction with papain
or peptone (Chrzaszoz and Janioki, 19363 Sandstedt and Beckford, 19463
and Ugrumev, 1955)« In Maize no a-Amylase activity could be found at
any stage during seed formation (Bernstein, 1943 A).  Even where
a~Amylase activity was present before ripening, the amounts present in
every cagse were found to he only a small fraction of the total aetivity
vhich developed after germination had taken place. This suggests that
the tulk of the ow-Aumylase activity following germination is due to
synthesis of the engyme in the germinating seed. Few atuvdies have been

carried out on seed or seed pants to ascertain the parts responsible for

the gynthesis of a-Amylase, and the factors which must be available
bhefore the synthesis oan take place. Oparin and Kaden, (1945) hawe shown
that incubation of ground dry grains of Wheat with a brei of sprouted
embryoa led to a development of a«Amylase astivity, while a brei of

unsprouted embryos did not have this property.

Some studies on the formation of the same au-Aumylases by other plant

tigsues have however been reported. These include cultured virus tumour
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tigsues of Rumex sp. (Brakke, et al, 1951), and submerged cultureg of

Aspergillus spps and Penicillium spp. (Shu and Blackwood, 1951 A & Bej

Goodman, 1950). In these, the greatest amounts of Auylase were formed
when the carbohydrate present was Starch, or Maltose, the enzyme only
forming in some cases by adaption to the presence of Starch. Tost
sources of nitrogen were capable of being utilived, ammonivm acetate
proving as good as hydrolysed protein. This is not the case however
with animal preparation, in whioch the requirement of at least 10 amino
acids hos been shown to be neoessary before Amylase synthesis ocours
(Hokin, 1951). The synthesis of a~Amylaze in cell frae preparations
from animal tissues hos also been demongtrated recently, and in this
cage, the additional requirementy of AJT.P. and R.N.A. were shown., The
presence of sub-cellular particles in these preparations was also oclaimed
as necessary for the syanthesig to take place, though no attempt 4o

isolate those wespongible was reported (Straube, et al, 1955)s These

studies on plant preparations and animal systems indicate the need for a
fairly high level of meitabolic activity to be going on in the tissues in
which ag-Amylagse is being synthesised, which fits in with outr findings

that it only develops in graing of Avena spp. in vhich germination has

\
4
oceurred or is about to occur.

An association betvween amylase activity aad mitochondria was advanced
by Horning and Petrie (1927). Using cytological methods, these werkers
found the development of large numbers of mitochoudria, in the scutellu
of germinating cereals, and subsequently in the neighbouring endosperm
cells where they seemed to be involved in the process of starch digestion

They concluded that a migration of these particles occurred from the
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soutellum to the endosperm. No evidence of a similar behaviour was found
in the aleurone cells. ''his inorease in the numbers of mitochondria has
besn confivmed in gtudies of the seuitellum of germinatiag Maige using
modern ultra~centrifugal techniques (Hagemann and Hanson, 1955). This
mitochondrial preparation also had starch digestiung capacities, but a
gimilar preparation from the embryonic axis lacked them. A laler gtudy
of smimilar preparationy to these by electron micrography showed that a
congiderable amount of endoplasmie reticulum was also present in these
cases, 56 no dirvect assoclation between the mibochondrla and amylase
aobivity could he made (Hanson, et al, 1959). Ingel and Bretachueider
(1949) had come %o the same conclusien when they tried to correlate the
nunbery of mitochondria and the amylase activity of various parts of
theot graines Stafford (1951) found the amylase activity remeining in
the supernatant aftor centrifuging down the partioulate matier of
homogenized Peag; while Daniellson and Sandegren {1942) found that boih

anylages were present in the water soluble albumin fraction of Barley

graing. Millerd and Bonner (1953), aond Goddard and Stafford (1954),
in reviewing the enzymic properties of mitoohondria from planis and
animals make no mentlon of an assoclation hetween amylase activity and

mitochondria in either.

While the movement of mitochondrie within liviag cells is now well |
substantinted (Gay, 1953), there has never been any evidence to bear out
the theory of Horaning and Petrie (1927) that they can move from one cell

to another. The Tinding of these same authors that a belaled inorease

in mitochondrial numbers bake plece in igolated endosperms is itself on

arvgument against thelr theory of mitochondrial migration, though in thi
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cese too, evidence of inowveased amylase setivity at the same period was
alao present. This finding is substantiated by our gtudies on distal
helf-grains {Bxpbt. 38, Fig. 43)., The simplest explavation of the
ebservations of these investigators i¢ that the inerease in numbers of
mitochondria in the soutellum and subsequently in the endosgperm, is due
to their development there in response to some inducing factor. The
presence, and functioning of the witochondrie might however be necessary
for the synthesis of o-Amylase. The formation of a-imylase in the
snimal preparations mentioned previously would sesm to be dependent on
the presence of subwcellular particles of some sorf, and the presence of
A.,TuPs dg itself indieative of the impliecation of mitochondria. The
mitochondria have also been descrihed ag the main location of peptide
bond synthesis in plant oells (Webster, 1953), 2 property which would be

necessary in the formation of a complex pretein like u~Amylage.

Our findings that the sbtruotural integrity of the seed must be
retained for the normal developmenti of a-dmylase activity is lavgely in
agreemént with these considerations on its wmode of development, and in
complete agroement with the view that o~Amylase develops in the.endosyerm
of the grain in regponse to some diffusible Tactor from the growing

embryc or its scutellua,



Summary.

1. The Free Amylase activivy of nonedormant grains of A. gativa,

Ao fatua, and A. Iundovicians has been measured during imbibition,

germination and development., . A low activilty wes found in the resting
seed, which increased after imbibition to o maximun value about the 8%h

day, and decreased thereaflewr.

2 The main reasgon for the increased activity in A, gativa has been
shown to be due Yo the development of a~Amylase, after 20 « 22 hours
imbibition in germination condiitlonsg, and its increase thercafter for a
period of some nine dayé. The nén-unﬁmylase fraction slso inoreases

during the first seven deys in the same conditions.

% The increase in ¥ree Amylase aotivity has been shown to be a

postwgermination phenomencnin A. fatua, and A. ludoviciana, and concurrent

with germination in A. sativa. No increased aotivity occurred in

dormant grains of the former two species unless first stimulated to

germinate.

\

4. The first signs of Inoreased Free Amylase activity wewxe found
in the endosperm of A, sative but it enly developed when the structural
integrity of the grain was maintained, indicating a participation of the
other seed parts in its development. Home indication of an awnylase
inactivating system in the embryo and soutellum fraction was evident fro
the fifth day.

5. The relevance of these findings to the participation of
endogpermic food %eserves in the metabolism of the germinating grain, te

the nature of the dormancy mechanism in A. fatus, and A. ludovieciana,

to previous literature in this field has been discussed.
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Part IV, Changes in the Amounts of some of the Major Metabolites

during the first few days in Germinatlon Conditions,

The nature of the subgtrates used by the resplring embryc during the
early stages of growth and germination have been investigated by studying
the changes in the levels of fats, sugars, and starch within the seed during
this period. Changes in the level of soluble nitrogen compounds were
determined in relation to the studies reported in the next part and will be
discussed there. Changes in the fat content were determined by measuring
the amount of ether soluble material extracted from ground samples.  Soluble
carbohydrates were extracted with 80% ethanol, and determined colorimetrically
as Maltose. This fraction would be expected to be very heterogeneous, so &
chromatographic analysls of the typés of sugars present at the various times
was also carried out. Starch determinations were c¢arried out using hot
water, and perchloric acid extraction procedures and determfég the iodine
staining capacity of the extract, and by acid hydrolyesis and colorimetric

determination of the sugars ag Maltose.

Methods and materials are given in each experiment.

Experiment 40. Changes in the Ether Soluble materials in grains of

A, sativa during the first three days in germination conditions.

Batches of 200 grains were germinated in groups of 50 in standard
conditions as previously described (Part I). Three batches of 200 grains
were taken as dry graing, and after 1, 2, or 3y days in germination
conditions, dried for about 20 hours at 80°C in a ventilated oven, The

batches were then finely ground in a coffee mill, stored in a soxhlet



PO |
) extraction thimble for a further 20 hours at 8o°c, and weighed before
extracting with ether in the normal soxhlet procedure. After extraction

the thimble was again dried foxr 20 hours at 80°% and rewelghed.

The first time this experiment was carried out an extraction period of
3% hours was useds  This was subsequently felt to be insufficient so

6 hours extyaction was used on the repeat experiment.

Nos of days in First Experiment. : Second Iixperiment,
germination Loss on Loss on ‘
conditiong. + extragtion, mgms, Mean.. extraction, mgus. Mean.

0, 0.515 .61k
0,598 0.585
Q:527 0,546 D.590 0.596
e 0-480 | 0.-5»13-6
‘ 04507 0.506
Lost. 0.493 0.518 0,513
0.478 0.484 |
0.4325 0155 0. 482 0485
B | 0,418 : 0,460
OJlthils 0.453

04399 © 0sk20 . OJh62 0458

‘ 3
p%j\/ L6 ‘(:[/ "'Lr.’?x*\fw& ,
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Ixperiment 41,  Changes in the carbohydrates soluble in 80% ethanol

during the first three days in germination conditions.

The material used in this determination was the ether extracted residue
'frqm the second of the previous éxperiments. This material was further
grcuﬁd afﬁer dryihg uﬁtil it all passed through a 100 mesh sieve, 0.5 gm,
saﬁplés of this were ground to a fine paste with a little sand and few drops
80% ethanoi and then suspended in 20 mls. 80% ethanol and shaken méohanically
for 20 minutes., This solution was centrifuged, the supernatant recovered
and the pellet extraeted;twice more with the same volume of ethanol. The
combined volume of the supgrnatants was made up to 100 mls. The Phenol- |
Sulphuric acid method of determining sugar concentration was utilised on
samples of this solution (see Part III). - A 2ml. portion of the testing
solution was found to give too high a reading for accurate determinations,
80 portions of the first three sets of testing solutions were diluted by a
factor of 2, and the three day solution by a factor of 4, The maltose
calibration curve (Fig. 208) as used in this experiment was read in terms of
the mgms, maltose per 100 ml, testing solution, so the only corrections
required in this oase were the dilution factors utilised in giving a sample
within the suitable reading range. These determinations were carried out
twice on a tobal of five samples of each material., Some of these samples
were lost in the first experiment through broken centrifuge tubes, but those
determined agreed with the results of the second experiment given below as

the mean of two samples at each stage.
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No. of days in Observed . . Corrected Gage

germination Maltose Conc., Dilution Maltose Conec,, Maltose in

~conditions., = . mgms. / 100 ml. . factor, magnge. / 0.5 gus. Sample.
0. 5913 X2 6.26 1.23
2. | 3430 X2 . 6.6 1.32

3 3.7) o Bl 3,08

. e ; Vi .
L\;}: CC@{I%E' Yol 'i??\?xc&{ ' (’}n‘f—w N {ns‘fﬂ . £t ;;«\f‘-

Experiment k42, Ghangea in the Starch content of grains of A, sativa
during the firét three days in germination conditions ~ I, By Hot Vater

Ixtraction,

The material utilised in these determinations was the same as that used
in the previous experiment, Two 0.5 gm, samples from'each day were boiled
in 50 mls, distilled watér for 40 minutes, filtered through a Buchner filter
(Whatmaﬁ no,1) and the residue washed with approx. 50 mls. hot water. The
residue and filter paper were again boiled for another 10 wins, and this
SQlutiﬁn filtered and washed in the same manner as the first. the combined
volume of filtrate was made up to 500 mla. ﬁith distilled water. The starch
content of this solution was determined by the Iodine-Starch colour developed |
by the procedure described previously (Part III).  The samples used were
0.5 wls, instead of the 1 ml. sample of the standdrd procedure in order to
give a dengity which could be accurately determined., Since the total volume
of this test solution is 500 mls., and the concentration of the starch is
determined in mgms. / 20 mls, from the calibration curve (Fig. 26), a

multipliocation of the observed concentration by 25 for this factor, and by

2 for the dilution factor, is needed to give the amount of starch in the tot71
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extract, The results given below are the mean of two determinations.

No. ‘of days in Cbserved Starch lgtal starch © Y%age Starch

Germination csoncentration extracted. . in
~ Conditions. mgms. / 20 mls. ngms. / 0.5 gms, sample, °
0. 70 355 71
1. THVW.§-95 345 | 69.5
2e ‘ 6.60 370 66
S 5«90 2495 59

&

gggegimeht b3, ~ Changes in the Starch content of grains of 4, saﬁiVa
during the Tirst three dayékfﬁ'germinabion conditions, - 119. By Perchloric
Acid Bxtraction (MeReady et al, 1850),

The materials used in these determiriations were the same as that used
in the twe previous studles. Two 0.5 g£me sémples from each day were extracted
three times with 20 mls. féeshly diluted 30% Perchloric acid, 15 minutes
extraction were allowed each time, followed Ey centrifuging and collection
of the supernatant, The residue after the third extraction was washed four
times with cold distilled water on a Buchner filter, the total volume of
extract being made up to 600 mls. with cold distilled water. 1 wl. samples
were used to determine the starch concentration by the Iodine-Starch colour
a8 desoribed previéualy. The total amount of starch extracted was determined

by multiplying the observed starch content in mgms / 20 mls by 30.

No. of days in Observed Starch Totai Starch
Germination . concentration extracted, %age Starch
Conditions. mpme. / 20 mla. mgma. / GO0 mls. in sample.
Q. 0.4 12 62.4
1 1046 78 63.6
2» 10.0 300 60

R 6.8 205.5 ha.4
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- Beperiment 44,  Changes in the Starch content of ghains of A. sativa

during the first three days in germination conditions,; - 111. By Acid

Hydrolysis.

Tﬁe material used in these determinations was the same as that used in
the three previous studies. Two 0.5 gm. sawples from each day were boiled
for 2.5 hours in N, HCl. ' The solution was filtered through a Buchner filter
(Whatmen ho.1 paper), and the residue washed three times with boiling water,
the total volume of the filtrate being made up to 500 mls. In order to
determine the sugar content cffthis extract by the Phenol~Sulphuric Acid
nethod (see Part ITI) it was necessary to dilute samples of it to 1/40th
concen%ration; Since the reading of the sugar concentration of twe ml.
samples of this dilubted solution are given in mgms. Maliose / 100 mls. test
solution, it is necessary to multiply this value by 200 to get the total
naltose extracted since the testing solutman in this case is 500 x 40 wis.
The means of the two determinations are given below. To coﬁrert Maltose

to Starch a conversion factor of % 0,95 was used,

No. of days in Observed Maltose Total Maliose ‘nge Yoge
Germination concentration extracted. Maltose Starch
Conditiong. mgns. / 100 mlg, nmgms. / 0.5 gms. in sample.  in sample.

C. 1467 © 33k 66.8 63,4
T ~ o 1.65 330 66,0 62,9
2 1455 310 62.0 58.9
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Experiment 45, The chromatographic analysis of the 80% ethanol
extracts of grains of A. sativa during the flrst five days in germination

conditions.

Five grams of the materials used in Expts. 41 ~ U4 were extracted three
times with 30 mls. 80% ethanol, each extraction consisting of %0 mins.
mechanical shaking, 'The suspension after this treatment was centrifuged
for 10 mins., and the combined supernatants evaporated to dryness at approx,
%%,  The dry material was dissolved in 5 mls. 80% ethanol and 0,02 mls,
of these extracts drop loaded on Uhatman No. 1 chromatography paper. Marker
spots of Xylose, Fructose, Gludose, Sucrose, Maltose, Maltotriose, and
Maltotetraose were also included on the chromatogram, Chromatograms were
run with Propyl aleohol : Ethyl acetate : Water (6 1 1 ¢ 3) as the solvent
for periods of 24 ~ 30 hours, at room temperature, During this period the
solvent front had usually run to 35 ~ 40 ems.  After air drying, the papers
were sprayed with Benzidine « Trichloracetic acid reagent (0.5 gnms,
Benzidine dissolved in 10 mls. glacial Acetic acid, added to 10 mls. 4O¥
Tpichloracetic acid, and then to 80 mls. absolute Ethanol), and the spots
developed with heats Examination by ordinary light was supplemented by the
use of ultra~violet light to bring out weak or invisible spots.

The distances moved by the marker scubstances, relative to the solvent front,

(Rf.), were,
Sugar. Roe

£
Xylase. 00’#" - Dolf‘?
Fructose. 040 - 042
Glucose. Q.37 = 0.38
Sucrose. 0.32 « 0.30
Maltose, 022 = 0.23
Maltotriose. 0.165

Maltotetraose. 0«11
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Five runs of these extracts were carried out, on two different
extractions with similar results each time. A typical result is shown in
the actompanying plate, Using a scoring syatem, with the following symbols,

the amount of the sugars present in these extracts is indioatnd below.
| - Abeent. C
‘¥ OnYy visible under u.v,
"4+  TFaint spot.
+4+ . Dense. gpot,

_ _ Doy Ext?aaé Source,

Sugars. " Grains. 1, 2, 3, 5 days
Yylose, M) e e e .
Fructose.. S e - - - -
Glucose, - 4+ + it b
Sucrose. e +++* dopop e bbb
Maltose. - - + o+ dbeb
Maltotriose. - - w4 S 2
Maltotetravcae. - - 4 AL L
Unknown I, A I S - -
Unknown II. + - - - - ”

* Ganaistently less dense than others.

Unknown I, with an R, of 0.18 « 0.19 is probably a trisaccharide which
runs faster than Maltotxiose. Unknown II, with. an Rf of 0.095 might be a

slow moving tetrasaccharide, or a sugar of larger dimension.



UK. II

Chromatographic analyses of the carbohydrates soluble in 80" ethanol

in grains of A. sativa during 3 days in germination conditions.

Marker spots run together,(A), and in groups of Maltotetraose and Malto-
triose,(B), Maltose, Glucose, and Xylose,(C), and Sucrose and Fructose,(D).

Extracts of grains number to correspond to the period spent in

germination conditions. Symbols used, VH = Maltotetraose, M3 = Malto-

triose, M= Maltose, S = Sucrose, G = Glucose, F = Fructose, X- Xylose,

UK. I & II = Unknown spots, P(?) = Possible pentose.
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Discussion.

Thg amount of ether soluble material in grains of A, sativa shows a
marked deorease in the first 24 hours in germinaﬁion conditions, continuing |
to decrease at a slower vate thersafter (Expt. 40, Wig. 44). This result
is in complete agreement with a similar investigation on the same species by

Albaum and Blchel (194%).

The carbohydrates soluble in 80% ethanol show a slight fluctwation in
amounts durding the fivst 24 « 48 hours, which probably represents a slight
decrease followed by on increase in amount, which is well marked by 72 hours
(Expt. 41, Fg. 45). Studies on the composition of this fraction during
this period are more revealing, hovever (Expt. 45). A slight trace of a
Pentose sugar was found in the dry grain but not subsequently. Frug%se was
not aviéent to any extent during the first five days. (lucose, abgent from
the dry grain, made its appearance within 2& hours and increased from then on.
Sucrose was present all the way through but seemed to diminish slightly in
the fivst 2k hours to increasge again later, Maltose, Maltotriose, and
Maltotetraose were all absent from the grain until the 48 hour staée and
inereased thereafter. The two unknown sugars were both oniy present in the
early stages. These trends indicate thalt changes are occufring within the
soluble carbohydrates within the first 24 hours in germination, and that some
sucrose and possibly some of the unknown sugars were being metabolised during
thig period., The total amounts involved however are so small, less than
0.5% of the total sample, that it is impossible to imagine these compounds
being the sole respiratory metabolic substance in the first 24 hourss  From

the 48 hour stage on, these studies on the whole grain ave only explainable
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Fig. 44.

Chenges in the level of ether soluble materials in grains of
A. sativa during 3 days in germination corditions,
Estimated after 3% hours,(l), and 6 hours extraction,(2),

Abcissas Period in germination conditions, deys.

Ordinate: Mgms. ether soluble materials extracted / 200 grains,
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Fig. 44.

Changes in the level of sterch and soluble cerbohydrates in grains of

A. sativa during 3 days in germination conditions,

Staerch measured by hot water,(1), or perchloric scid extraction,(2),

and estimated by iodine colouration, or by acid hydrolysis and estimated
as maltose, Soluble carbohydrates extracted with 80% ethanol and
estimated as maltose.

Abcissa: Period in germination conditions, days.
Ordinate: Starch or soluble carbohydrate as & %age of the dry weight
of the sample.
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by the commencement of storch digestion in the endogperm with the formation
of starch derived sigars and sucrose. These qualitétive étu&ies show a good
agreemont with earlier quantitative studies on, the carbohydrate metabolism

of  germinating Barlay (James and James, 1940).

The identity of the unknown sugars in the dry graing ia purely
conjectural but James and James (1940}, and MacLeod (1957}, have both shown
the presence of the trisaccharlda Raffinose in dry grains of Barley, and its
disappearancé in 1st and 2nd days in germination conditions. Chromatographic.
evidence for the presénce of Raffinose in dry grains of Yheat aund other ?
méﬂbers of the Gramineae'is also available, ané in additiony the presence of ?
a swall amount ‘of the'pentnse Arabinose, and'of aaverai sugars of size
greater ﬁhan four hexoseé units has been noted (Willloms and Bevenue, 1952,
MacLeod and McCorquodale, 1958), These observations support our finding
of the two unknown sugars in Bxperiment 46, and the doubtful presence of a

péntosé sugar in the dry grain.

The studies on Starch changes support the conclusions arrived at in
relatien‘to the goluble carbohydrates (Expés. 42 - bl, Fig. 45).  These show
an inelgnificant change in the level 6f the starch fraction in the first
2k hours, but obvioué déoreases by 48 hours and later. Similar results are
to ﬁe found in the studies of Hora (1936) on Barle ; and of Bernstein (1943 B)

6n Haize.

The comparison of these changes in the major carbon containiﬁg
metabolites carried out in these experiments leads to the general conclusion
that the metaboliem of the seed during the pre-germination period, and

shortly after, is based on materials other than Starch. The component
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showing the biggest and éarliest decrease is the DLther Soluble material, but
the participation of Soluble carhohydrates, and possible protein derivatives
in the carbon metabolism of the seed cannot be neglected. This conclusion
is in general agreement with the views of Albaum and Eichel (1953), who

also studied the metabellsm of germinating Oat grains,



$ummarx.

1s Changes in the levels of Ether Soluble material, Carbohydrates
soluble in 80% ethanoly aund Starch have been investigated during the first
few days in germination conditions, and the composition of the msoluble

carbohydrate fraction ewamined.

‘2« It is concluded that digestion of endospermic Starch materials
does not occur before the embryo has commenced growing, and consequently
Starch does not supply the main source of carbon metabolites during the

first 24 hours or nore.

3.  The participation of seed Fats and soluble carbohydrates in

supplying these compounds is strongly supported.

Lk, The relevance of these findings to those of previous

investigators is discussed,
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Part Vi Studies on the Proteolytic Inzymes of A. sativa, A. fatua

and A, ludoviciana in dormant and germinating grains.

The physiological diversification of the embryo cells of a germinating
grain is dependent on the capacity of these tissues to synthesise proteins.
These materials constitute the primary part of all the oytoplasmic structures,
50 the multiplication of these structures in cell formation depends on the
development of additional, similar proteins. The enéymes which have been
purified and examined so far have also been shown to be proteins, frequently
in conjugation with other organic molecules or ions. Proteins are
macromolecular nitrogenous substances, which can be broken down into gradually
smallerlfractioné by hydrolytic treatments, the basic component of which are
the amino acid, and the amide. In the protein, these compounds are joined
together by peptide bonds, the seguence and proportion of the individual types

determining the physical and physiclogical properties of particular proteins.

The processes by which proteins are synthesised in plants is however a
subject on which divergent views are held. The most widely accepted theory
is that prateins'synthésis takes place essentially by the reverse of protein
hydrolysis, viz. by the conjugation of free amino acids and amides in a
particular sequence until a macromolecule of the dimension, composition, and
properties of the particular pﬁotein is obtained., In growing whole plants,
the free amino acids are probably synthesised from ammonia, and a-~ketoglutaric
acid, giving glutamic acid. From this glutamic acid, the whole range of
other aminowacide can be derived, In a seed germinating in distilled water,
however, other considerations are necessary since we are dealing with a

closed pystem with respect to external sources of nitrogen. In this case,
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the free amino acide and amides must be already present in the dry seed, or
there must be a means of producing them from other sources in the seed, The
hydrolysis of existing proteins is one obvious source, since this will give
a direct pool'pf these cdmpauﬁds. If there is protein synthesis occurring
in the immediate neighbourhood, then there is no reason to suppose that a -
direct incorporation of such amino acids into new protein might take place.
The bulk of the evidence obtained so far does not support the view however
that there is a widespread tyanslocation of all the amino acids and amides
reléased in protein hydrolysis from a considerable distance to the site of
prdtéin synthesis, It would appear that a certain few forms, and especially
amides, are formed from the hydrolysate, and that these are the main mobile
nitrogen compounds translocated to the sites of protein synthesis., Once
there, the process is reversed and the elaboration of the many forme from the
few translocated compounds takes place. The many enzymes required for these
transformations, trahsaminations. and interconversions are widely present in
plant tissues, and many of them have been isolated and chavacterized.. The
other main theory is more a variant of this one than a conbtradiction of it
and 1s rapidly losing ground in the face of new information, In this theory,
the main carbon framework of the new protein is synthesised separately, and
then the amino proups dre inserted into it at appropriate positionss The
amino~group donors are thought to be the samides. In this scheme the amino
acid is therefore solely a product of protein hydrolysis, and must have its
amino group transferred to an amide in order that the nitrogen may
recirculate once more, In both theories, however, it is implicit that a
recirculation of combined nitrogen can ccecur, in what ic termed the protein

cycle, Also, in both cases, there is a release of a considerable rart of
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the carbon framework of the existing protein, and the incorporation of other
carbon compounds into the framework of the new protein. Such changes: are
entirely consistent with the observed relationships between protein hydrolysis
and respiration on the one hand, and protein synthesis and carbohydrate

metabolism on the others

Thé amount of free amides and free amino acids in dry cereal grains is
not very large, Béiley (1944) quoting values of & » 10% of the total nitrogen
of wheat grains as being ﬁresent as soluble amino acids, amiéas. and peptides.,
Judging by analysés'of fléur samples, (Sulii#an.and Payne, 1951) a congiderable

proportion of this is present in the endospern.

Tﬁe number of amino acids present are also limited to some 15-18, while
protoplasmic proteins may consist of 22 or more (Biserte and Scrigban, 19503
Sullivan and Payne, 1951). These considerations suggest that there must
be a speedy inaupguvation of the hydrolysis of existing proteins in the
germinating cer§a1 in order to maintain protein synthesis in the germinating
anbryo. Ubsérvations on changes in the protein and non-protein nitrogenous
compounds of germinating Wheat and Barley bear this out. There is an
increase evident in the total amounts of free amino acids and amides in the
firet 48 hours in germination conditions, accompanied by an increase in the
number of amino acids to include all those normally present in protéins, and
by chénges in #he relative proportions of the i&&ividnal types. There is
élso an overall increase in the protein content of the embryo, at the expense
of the protein content of the other grain parts (Folkes, Willls, and Yemm,
19583 Bioerte and Scﬁibban). These chaﬁges are entirely consistent with

a papain-type hydvolysis of existing storage proteins, mainly in the



endosperm, with the conversion of the amino nitrogen into amides for
transportation to the sites of protein formation Iin the embryo.

' fhe Proteins of the cereals have however proved to be a very complex
mizture, and the particular proteinét which are true reserve proteins, are
difficult to-distinguish. Most of these previons studies have been carried
out on Wheat and Parley, but it appears that the general types of protein
found are similar in all the common cereals. . At present these can only be
separated into broad groups by differential solubilitys but some indications
of the individual components of these nre now being obtained by sedimentation,
and electrophoretic investigations. The presence of at least two different
enzyne proteins = a-and B-Amylase, in the albumin fractions of Barley has
been mentioned previoﬁsly'iaanieilson and Sandegren, 1947). The occurrence
of at least tW6‘é§milar globuliﬁ ¢cmp°ngn§§ in all the common cereals and of
an additional tWo in Barley is also fairly well established (Daniellson, 1949).
The prolamin of §3;&gxhﬁas also recently been shown to consist of at least
five components, whose proportions change at different rates during
gérmination (ﬁiserta and Scﬁéggg, 1950).  The glutéiin'proteins of the
cereals are the most diffic&lt to obtain in)a reasonably pure state, but there
is no evidence to suggest that é pure fraction would be any more homogeneous
than the others. 1In termé of amine‘aeid-gomposition, the albumin prote;hs
of Barley have been shown to résonble protoplasmic proteins of Qgg&gz 1eaVe$
while the other components show difgerenées from this and from each other,
(Folkes and Yeww, 1956). The distribution of the protéins is also found to
be localised to a congiderable extent in the grain, The embryo contains
most éf the albumin and one of the globulin components which are common to

all the cereals, while the endosperm contains the other globulin components,
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and the prolamin and 'plutelin proteins, The relative amounts of the
diffevent proteln classes is also different in the common cersals. Jheat,
Barleyy Rye and Maize all contain about 80% of thelr protein in the form of
prolamin and glutelin, but in Qat . there ia only 15 = 20% of theee eomponents;
and -80% of globulin protein (Brohult and Sandegren, 1954)., A consideration
.of the rg}ative-amopnts of these protein-ftgctions, their amino acid
composition, and aishribufieﬁ.iq,the seed, would seem to support the
conclusion of Osborne (1909) that the albumine are not storage proteins but
probably the physiologically active proteins of the seed, Analyses of the

changes in the various protein fractlons in lheat and Barley bear this out,

It is found that the prolamin-glutelin Ifacbions-and.the»small amounts of
~alhumiﬁ and globulin in the endosperm undergo a speedy hydrolysis between
the second and the sixth day, while the albumin ¢qmponént of the whole seéed
is dncreasing (Tolkes, Wllis and Yemm, 1958; ~Biserte and Scribban, 1950).
This pugpests thqp_the proteing iﬁ.tha sndosperm, particularly the prolomin~
glutelin proteins, ave the main seed reserve proteins of the grain. A
cloger inveatigation of the globuling of Barley during germination, however,
showed that the Blobulin component in the embryo had alwost completely
Qleappeared belfore the endosperm components showed much change (Saverborn,.
Danielleon and Svedberg, 1944)., This indicates that the embrye tiusues may
also be involved in the storage of reserve proteins, probably in the cells

of the scutellun.

ihe same considerations discussed with regard to the mobiligsation of
reserve starch in the gérminating grain, viz. that a substrate cannot be
utilised in the absence of the enzymes involved in that utilisation, led to

a'aurvey‘of the presence and dstribution of the enzymes responsible for
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hydrolysing proteins in A, sative. In addition to this, estimations of the
increase in fres tryptophan and free tyrosine in whole grains and parts of
grains were carried out at different times during the first few-days in
germination conditions, this heéing taken as evidence of protein hydrolysis

in ‘the part concerned, From these studies it may be possible to ascertain
the possible role of the various seed parites in supplying these vequirements
of the growing-embiyo at different perdods during imbibition, germination,

and development, Studies on the proteolytic activity of grains of A. fatua
and A. ludoviclana were also carried out to c¢ompare the performance of dormant

and non-doxrmant grains of these specien in this respect,

The material discussed in this section has been recently reviewed in
Yemm and Folkes (1958), Steward and Thomson (1954), Brohult and Sandegren,
(1954) 4 and Pace (1955).
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Haterials and lMethods.

The first protein solutions used in determining proteolytic activity
were prepared according to Anson and Mirsky (1934) by dissolving Edestin in
Urea. Vhen a crude enzyme extract from A, sativa was added to this a
conglderable amount of precipltation was observed and it was subsequently
found that thig reduced the rate of enzyme activity and in some cases
prevented it completely, This was overcome by making up the edestin
solution in 0.2M, Acetic Acid, and using this solution iﬁ preparing the
Buffer. This was the method employed by Mounfield (1936). In this case
too, some precipitation could be shown if sufficient seed extract was added,
but therae was no obsﬁrvable #tfaat of the rate af-natinn of dilute seed
extracts initially at least (see Expt. 51); Thia game obgervation was made
by Mounfield in his study on proteolytic activity in Wheat grains,

The choice of an Acetic acid =~ sodium acetate Buffer (Walpole, 191%4),
was due to the obaervation by Mounfield that buffers containing chloride,
citrate, or phosphate ions proved inhibitory to his Wheat preparations. In
making up this buffer solution 41 mls. of 0.2 M. Acetic acid were added to
9 mlsg. 0.2M, Sodium Acetate, and 50 mls, distilled water to give a pH of 4.0,
0.5 gms, of BEdestin was digsolved in the acetic acid before this so that a
final concentration of 0.5% Edestin, and 0.1m Acetate lons was present in the
digestion mixture, In preparing a digestion mixture, the distilled water
portion of the buffer solution was omitted and replaced by an equivalent
amount of the enzyme preparation, Both were equilibrated to the digestion
temperature before mixing, The volume of the digestion mixture was usually

20 mis., but in some cases larger volumes were used, The digestion
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temperature was %QOG,'and the pH was initially 4.0 (mee Expt. 50).

The rata of proteolytic aoﬁivity was determined by the increase in the
level of free tyrosina and tryptophan in the dmgestzon mixture. To measure
this samples were removed, at apprapriate intervals, either of 2 or & mls.
digestion mixture, and added to 4 mls. of 6%, or 2 mls., of 12% Triohloroacetic
acid; ?rateinécaous materials precipitable iﬁ ligg 7.C.A. were precipitated
by this treatment and could be removed by cenﬁfifuging and filtering the
supernatant after standinp for at least 30 mins. at room temperature (Bxpt. 48).
The tyrosine content of the supernatant was determined by adﬂing 2 mle. of
filtrate to k4 mls. 2% Sedium uydroxidat and adaing 1 ml. of 1/3rd diluted
Folin and Giocqlteau Phenol Reagent, slowiy and with swlrling. The blue
colour produced after 10 minutes at xoom temparature was determined
5p9ctrophotometr;ca1§y at 650 Qp against & ‘blank or distilied water, and the
concentratmcn of the tyrosiﬁo and trwptophan present estimated by reference
to a calibration curve of a standard Tyrosine solution (Expts. 46, 47),

This solution contained 0,9gm of D»I. Tyrosine in 100 nls. 0,21 HCL, containing
5% Formalin, giving a stock solution of 1,000 p,p.m. from which requisite
concentrations could be prepared, {Anson and Mirsky, 1934). In later
experiments this procedure is described -as the standard procedure, the volume
of the digest solution tested being specified in each case, The results of
some of the procedural experiments are given in optical density units, but in
the main studies the results are expressed as the increase in the tyrosine

concentration (psp.ms) of the T.C.A, filtrate at the stated digestion times.

' This estimation procedure is substantially the spectrophotometric version
of the colorimetric procedure of Anson and Mireky (1934) which is described

in Davis and Smith (1955).
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“Analar, or Fine Grade cheniculs were used throughout, the Folin and

Ciocalteau reagent being obtained commercially (BJhLIL).

The graing used were A, satiya var. Victory, A, fatus var. pilossissima,

and A. ludovicianas

In breparing'the enzyme solutions, grains of A. sativa were ground to

a fihe paste with a little sand and distilled water. Uaually 10 mls. of
distilled water were added for each ten gr&ihs, and the brei allowed to
extract for two hours at 4°C, before being centrifuged, and used directly to

datermine its proteolytic activity, fThe grains of A. fatua and A. iuaoviciana

were husked before gminding to rqmave any micraorganiams growing aver the
haivy coverings. Toliene wua usad 1ibarally dnring extractmon and digestion
procedures. Unless atated otharwise in the later experiments enzyme actzvity
was determined on 10 mis, of this axtract. this carrasponding to the

proteclytic activity of 10 grains. o

'In the following pages some experiments relating to the use of these

mateérials and procedures are reported.
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Resultsa

Bxperiment 46, The stability of the colour formed by Folin and
Clocalteau's reagent with Tyrosine.

Two solutions of 50 p.p.n. Tyrosine were prepared from the standard
solution and two wl. samples treated for colour development as previously
described. The optical density of the colour produced was determined at
intervals from two minutes on. Thaese values are gliven below in terms of

optical density units.

Length of colour development, mins.
2 3 5 9 12 1 26 36

Solution I. 040 01 081 Ol 040 0.385 0.375 0.355
Solution II. Odi2 0,435 0.435 G435 0.4%0 o042 041 0,38
These values indicate that the colour produced is stable for the period
of 3 = 10 ming. after producing it, and that all readings should be
determined during this period. A pariod of 10 mins. was chosen for the

standard procedura,

Experiment 47. The relation between optical density and

concentration of Tyrosine using the standard procedure.

Solutions of tyrosine were prepared from the stock solution to give
concentrations ranging from O - 100 p.p.ms  Samples of these were tested in
the manner described previously, and the optical density determined at

650 mu. The values found for two different series of dilutions are given

below.
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Tyrosine concentration, ppm,
0 2.5 7.5 10 20 ko 60 & 100

I. 0.02  0.045 0.10 0.12 0.195 0.33 0.46 0.65 0.78
II,  0.03 04,06 0.09504115 0,195 0.355 0.48 0,63 - 0.80
'~ Thése values were obtained using distilled water as a blank, the O p.p.m.
value being determined on a sample of distilled water given the full colokr
developﬁéﬁfsprécédufé;‘ The 60 ppm. soiutioﬁ.wifh ihe opticél density of 0.48
wés-alsé useé ae a blank value and the highér-concentfationa daterminéd
reiative to this, The ohserved readings aré éivén below,

Tyrosine concentration, p.pem.

: 100
II, ' 0.134 i 04285

Bofﬁ'af these ﬁeﬁé-at fiéﬁfaa-é§§agrq§§¢ﬁ.iﬁ ?igure k6. from this it
can be seen that there is a linsar relation betwaen optical density and
tyrosine cencentratioﬁ.ater‘thﬁ'rﬁngént‘atédi'éné'that values slightiy over
this range san be determined éccuréﬁciy by uéing a less concentrated solution
as the bhlank, -In samples subkﬁantiéily more éoncenﬁiated than this, further
dilution of the filtrate with T.C.A. was found to be satisfactory for
determination of the Tyrosine concentration. These figures are used as

the Tyrosine ¢alibration curve in further experiments.
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The relation between tyrosine concentration and the intensity of the

tyrosine = phenol colour,

Abcissa: Concentration of tyrosine, p.p.m., in test solution.

Ordinete: Optical density at 650 mu.




Ixperiment 48.. The Precipitation of Edestin by 4% T.C.A,

Two ml. portions of an 0.5 M. solution of Tdestin in acetic acid w

added to four mls., of 6% T.C.A,, and allowed to stand for varlous perio
room temparature or 20°C. before being filtered, A eimilar addition of|
Bdestin solution to % mls, distilled water, and a 6 wl, sample of distil
vater were glven 10 mins., at room temparature end filtered. The tyros
¢ontent ol the t?ricus filtrates was dqtermined.;n the manner previously
described, the Edestin-distilled water samples being dlluted one~fourth
before testing, Duplicate determinaf%pns‘of ernh tfé&tment were made; t
optical denaity‘qf ﬁheae béing glven below, along ﬁith the mean tyrosine

concentration of the test solution, in p.p.n.

: ' Tyrosine
_ _ . 0.0, @ 650 mu. Concentration
Source of Test Solution . T TI.  pupem,
Distilled water. o0k . 0,03 0.
*
" " + Edestin. 0.68 0.72 348,

g’pcyA& + Edéaﬁﬁng 5 minﬁt\ R-Ta GQ"S 0!16 17Q

" w40 0 n 0,06 0,07 L,

L ", 5 mine, 70°C. 0,13 0412 12,

A 0.08  0.08 4.5

{* Diluted % conceniration of test solution, Tyrosine value corrected,)

No advantage was found from carrying out these precipitations at the
higher temperature, so in the standard proceduré thirty minutes standing at
room temperaturea were allowed for precipitate development, following which
the sample was centrifuged for a few minutes, and filtered through Vhatman
No, 1 filter paper., The occurrence of a small trace of non-precipitable
tyrosine staining materdal is indicated above, in this Edestin preparation,

and has been confirmed several times. The zero time determination of free
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tyrosine in the dipestion mixture takes account of this, however,.and of the

amount of similar materials added with the enzyme extracts.

;EEeriment'hg. 'The Recovery of'wrrosiﬁe fram'iﬁesﬁin séiﬁfinhs by

the standard procedure.

A series of Tyrosine solutions were preépared, ranging from 80 -~ 320 ppm.
concentration, snd 5 ml. samples added to edther 5 mls. 0.5% Edestin in
acetic acid, or 5 mwls, digtilled water: After thorough shaking, 2 ml.
samples of each mixture were added to 4 mis. 6%.7.C.A, and the tyrosive
concentration of the supernatant determined ss previously deacribed. The
results of duplicate dtterminahians of each treatment are given helow in
optical density units. | |

Eyrasine cono e in Mixture,
80, - 1201 160 Q.p.m.

N,

Tyrosine Solutions -

l_ ”

'With Dist. Water. I. 0.58 ’0569 0,98 1,30
N« 0.36 0.68 0,95 1.3
Uith Bdestin. I, 0.3750.69 0.95 1,26
" o IT, 0.35 0.67 0.99 1.3

These fipures show a satisfactory high recovery of tyrocine over a wide
range of concentrations from & joint solution with Edestin, using $he method

déscribed previouslj, and used in further studies.
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Exporiment 50, The effect of pH on the rate of Digestion of Edestin

by proteolytic enzymes of A, sativa.

Solutions of FEdestin in Acetic acid buffer solutions covering the range
of pH 3,6 to pH 4*8f?§”3 prepared.. ,Ehzymg preparations were made from
graing of A. sativa afier 6 days in germination conditions, Ixtracts from
wTwo separate baichas.of grains, and a half-concentration extract of one of
them, were tested over this pH range, imeludimg samples DLelng reroved after
1% hys, digestion. The increases in frec tyrosine in the T.C.A. filtrate

during this period, given bélow, in p.D.m., -are the means of duplicate.

determinationg. o
R - - pH of Digestion Mixtures - . No Buffer,
Equiv. o 10 gralng, I. 3.6 2.8 56,0 50,5 42,8 6.4 3.9
O L + R -9 - 6.0 o2 29,0 28.5 2.6
Bquive %o 5 grafns. . 9.5 234 32,0 298 21,2 th2 -

(% Immediate precipitation.)

These values are graphed in figure #?? The;optimuﬁ activity is seen to
be in the region of pi. 4.0, which agrees very well with. the optimum value
of pH 4.1 found for similar preparations from Wheat, acting on the same

substrate, and using the same buffer components (Mounfield, 1936).
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The effect of pH on the activity of
proteolytic enzyme preparations

a0k from grains of A. sativa,

Enzyme preparetions from grains

after 6 days in.germination conditions

and containing the activity present ’
0r in 10 greins,(1), or 5 grains,(2),

in the sample tested.

20 Abcissa: 7pH of digestion mixture.

Ordinatesy Tyrosine concentration of
T.C.A. filtrate, pe.p.m.,
10l \ \ . after 1% hrs, digestion.
396 4.0 4‘n4 458
40
30 -
20 |- '
Tig. 48, r
The effect of the
concentration of 10 |
the proteolytic
enzyme preparation
of 4-day germinated L N '
grains of A. sative " o 5 10 20 40
on the rate of enzyme
action.

Abcissa: Number of grains whose activity is present in the enzyme sample.
Ordinate: Tyroesine concentration of T.C.A. filtrate, p.p.m., after
3 hours digestion,
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Ixpepriment 51. The effect of increasing concentration of Enzyme

Extract from Ae sative on the vate of enzyme activity.

Fnzyme exbtracts were prepared fvom grains of A, sat

Mo

ive after four days
in germinetion conditions, such that 10 mls. of the extracts were equivalent
to 5 v L0 graine, and duplicate determinations of the protveolytic activity

of each concentration carrded out by the standard provedure. “The resulis of
these deberminations ave given below in optical density units, and the mean

inerense in tyrosine concentration of the T.C.A. filtrate,

Increase in
Q.. @ 650 muy afbter Tyrosine conc'n @ Nature of

Enzyme Concentration, 0 1.5 JZhrss A5 2 hes. _ppt.
Equiv. to § graine. . 0,50 0.625 0.72 8 18 None.
0.54% 0.61 0.68
Bquiv. to 10 grains., = 0.67 0.83 0,99
0,635 0.825 1.03 18 %6 Slight.
Bouiv. to 20 grains. .90 1.07 1.25 \ ‘
0.9% 1.095 1.20 16 30 Dense,

Fquiv. to 40 gyrains,* 0.8% 0497 1.03
0.93 0&9"}5 102 7 22 Very Dense.

(* These solutions were diluted by half for determination of the 0.D.
The tyrosine values are given as the corrected amount,)

The 3 hr. increase in the tyrosine concentration of the T.C.A. filtrates
are praphed in Mgure 48, This 1llustrates tho effect of the interaction
between the seed extract and the Hdestin solution mentioned previously and
obgerved by Mounfield (1936) with his Uheat preparations. In the standard
procédure the use of enzyme extracts equivalent to 10 grains was adopted, but
in preparations showing weak sctivity the digestion mixture sample was

increased from 2 mls. to 4 mls. and accordingly,; the T.C.A. solution was
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reduced from b mls. of 6% to 2 mls. of 12% concentration. This effectively
doubles the concentration of the testing solution without altering its

volunes ox T,.C.A, concentration.

Experiment 52. Proteolytic Activity in graines of 4, sativa var.

Victory during 14 days in germination conditions.

Batches of 50 grains were germinated under standard germination conditions
for a period of 14 days, with supplementary distilled water added from the
fifth day. Proteolytic activity was determined in the manner previocusly
desoribed, 2 mls., of digestion mixture being added to & mls. 6% T.C.A. for
this determination, Duplicate or tiiplicate determinations of each sample
were carried out, the rgsults bolng piven below as the mean increase in the
tyrosine concentration of the T.C.A. supernatant, in p.p.m., at the stated

times,



Days in Germination
Conditions.

o

NI C I P S

7
9
. 10
12
14

153,

. Tyrosine Conc'n. (pup.m.) at,

1e8s. .3 by 5 20 hours.
- - - 5.8 28.0
- - w 123 53.5
7.8 15.6 -  22.6 62.5
1.2 28.6 - 40 108,0
2,0 46,0 ~ 76,0 42,0
34,0  69.0 92.0 = -
58.0 103,0 126.0 - -

Q¢§g 0-751 104 1Q§§ . 2.0, ho; e hI’Si

56.0
50.5
26,5
13.0

5045 - 88,0 - 117.0 =
- 86,0 - 12,0 @~ -
- 81.0 - 120.0 - -
- k7.0 85.0 - - -
- - 40 . . 0

The digestion rates of these preparations are graphed in figure k9.
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Fig. 49,
Digestion rate curves of proteclytic enzyme preparations from greins
of A, sativa during 14 days in germination conditions.

Numbers on curves correspond to the number of days the samples have

spent in germination conditions,

Abcissa: Length of digestion period, hours.

Ordinate: Tyrosine concentration in T.C.A. filtrate, p.p.m.
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Experiment 53, The distribution of PFroteolytic Activity within
graing of A, sativa, var. Victory during the first few days in germination

conditions.

Samples of dry grains, and of grains removed from germination conditions
at daily intervals, were dissected into the eﬁdosperh portion and the embryo
and scutellum portion. The proteolytic activity of whole grains and of
these separate parts were determined by the standard procedure. Similar
studies were carried out shortly after these on endosperms isolated from dry
grains, sterilized with 041% Mercuric cﬁlorideﬁ and flaced in germiﬁationA

conddtions for a few days.

L ml. zamples of the digestion mixture were ndded to 2 mls. 12% T.C.A.-
for the determination of the tyrosine content. Duplicate determinations of
all treatments were carried out, the results being given below as the mean

increase in the concentration of tyrosine; in p.psmey in the 7.C.4. filtrate.



Grain Part Time in Germination Tyrosine Conc'n. (peporta ), at

Tested, Conditions, Days, 208 5.0 .. 7.5 hours,
Whole grain o 12,5 - 39,0
1 35,0 69,5 -
2 52.0 95.0 -
3 740  128.0 -
Endospern 0 2 - 9
2 21 iy -
Embryo and
scutellum 0 9 - %2
2 29¢5 6045 -
3 - 3.0 - 68,0 -
Isolated Endosperms  © - iy hours
1 40 9.0

The Digestion Rate ourves of these preparations are given in

Flgure 50.



Fig, 50

Digestion rate curves of proteolytic enzyme preparations from whole
grains of A. sative,(A), endosperm parts,(B), and embryo and scutellum
perts,(C), of whole grains; and isolated endosperms,(D).

Numbers on curves correspond to the number of days the samples have

spent in germination conditions.

Abcissa: Length of digestion period, hours

Ordinate: Tyrosine concentretion of T.C.A. filtrate, p.p.m,
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Wrperiment Sk,  Proteolytic Activity in dorment and germinating

grains of A, fatua,

Samples of Afifaﬁpg var} pilossissima were germinated at 20°C, with andE 
without a pricking treatment. The pricked sample showed & speedy and full :
germination vhile the unpricked sample proved to be partially dormant. 25
ungerminated grains from this sample, and a random sample of 25 grains of the;
pricked sample were used in the preparation of proteolytic enzyme extracts
at the times stated below, amd duplicate determinations of the proteolytic
activity carried out by the standard procedure. 4 ml, samples of the
M.pgestion mixture were added to 2 ml., samples of 12% T.C.A, for the
determination of the mean increase in tyrosine concentration of the T,C.A,
filtrate. These results are glven below in p.p.m, tyrosine.

Germinatine Grains,

Days in Imbibed Germination Tyrosine Conc'™n. {(p.p.m.) at
Condition. . % 1 2 2.5 _ b hours.
0 0 - - 5e5 D5
3 78 - - ke 66
b 92 395 905 - 160
8 100 - « b0 208
Dormant Grains.
Days in Imbibed Germination
Condition, 8 X 23l hours,
5 36 9 175
8 6h 12 22

(* only ungerminated grains were used in these determinations,)

The digesbion rate curves of these preparatiofis are given in fipgure 51,
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Fig, 5l.

Digestion rate curves of proteolytic enzyme preparations from
non-dormant,(A), and dorment grains of A. fatua,(B),

Numbers on curves correspond to the number of days the samples have
spent in germination conditions.

Abcissa: Length of digestion period, hours,

Ordinate: Tyrosine concentration of T.C.A. filtrate, p.p.m.



yveieiment 55, Proteolytie Activity dn dosmont and germinated

graing of Avena ludovieiana.

Gomples of A. ludoviciana were germinated at 10 « 12°¢, ‘without pricking,
and others pricked, placed at 30 °C. for three daysy and then at 10 - 12,
for a further period., The first samplés contained mainly dowmant groins,
there being only 10 » 15% permination by the 10th day, while the other
sanples showed a quick and fairly complete gormination within 7 days of being
placed at the lower temperature. Proteolytic enzyme preparetions were uade
from batches of 25 grains from both samples ob:-various times, and the
proteulytic activity determined by the ctandard procedvre, 4 mls. of
digestion mixture being added to 2 mla. 12% T.0.A. for this purpose. The
mean of duplicate determinations of the increase in tyrosine concentration,
in p.p;m., of the T.C.A, filtrate are glven below.
Non=Dormant CGrains.

Germination Tyrosine conc'™n, (p.p;m.), at

Days at 10 = 2%, % Yo 23 25, 4 hours.
0 0 - - 8 12
2 10 - s 2.5 20.5
5 84 b 79 - 119
7 96 72 134 - 220

Norpant Grainge.

Length of Digest. Period,

Days_at 10 _= 12°%C. 2 4 hours.
8 1045 19.5
10 9 21.5

The digestion rate curves of these preparations are given in figure 52.
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Fig. 52,

Digestion rate curves of proteclytic enzyme preparations from
non-dorment, (A), and dorment grains of A. ludoviciana,(B).

Numbers on curves correspord to the number of deys the samples

have spent in germination conditions.

Abcisse: Length of digestion period, hours.

Ordinate: Tyrosine concentration in T.C.A. filtrate, p.p.m.
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Experiment 56,  The changes in the Free Tyrosine level in graies of

A, _sativa during the first few days in germination conditions.

A bateh of grains of A, saliva were placed in standerd germination
conditions, and at dadly intervals for the first three days four samples of 10
vhole groins and four samples of embryos and scubellums separated from whole
grains weve prepaved, Bach sample was ground to a fine paste wlth some sand
and a 1ittle 6% T.C.A, The brel was taken up in more T.C.A. to give a Final
volume of 10 mia., These weré shoken ot intervals and allowed to extract at
voon temperature for one hour. Tollowing centrifuging and filtering, the
tyrocine concentration of 2 mlz, of the filtrate was determined by the
stondard procedvre. The resulits of all four determinations; in p.p.m.

tyrogine, are given helow.

Grain Pary Days in Gorm'n, Tyvosine Congentration of Extract
Tested, Conditions, . (pepems)  Mean
Whole Grain 0 82, 79, 79, P8y~ 78,5
1 83' 84.5, 8‘.’“5, 83"‘" 8348
2 99, 101, 99, 104, 101
3 122, 127’ 133, 120@# 133
Hnbryo and
seutellum 30, 28,5, 26, 26.5, 28,0

23.3, 2k, 25.%, 2h.6, 24.3
31$ 33153 §2051 315“ 32.0
539 5005‘1 5045‘ 49"‘.‘ 5.1 .0

W o - O




M.scussion.

In getting out to determine the activity of the proteolytic enzymes i
Avena sativa the sultability of the colorimetric method devised by Anson an
Mirsky (1934) was first tested using Edestin as the substrates Due to
interaction between the enzyme preparation and the substrate it was found
necessary to modify this method, this being carried out by supplying the
substrate in the form used by Mounfield (1936), in which the Bdestin was
dissolved in the acetle acid portion of the buffer system employed. In this
way a suitable colorimetric method of high sensitivity was developed which

was entirely suitable for the material concerned (Expts. 46 = 51).

Using this method, the presence of proteolytic activity was found in
dry grains of A. sativa (Expts. 52, 53). When placed in germination
conditions the proteolytic activity in the grain was found to increace
continuously for a period of nine days, after which it decreased (Fig. 53).
The level of activity on the S5th and 9th days was 10 times, and 100 times
that of the dry grain, respactively. A fairly similar state of affairs was
also found when the proteolytic activity of non-dormant grains of A. fatua
and A, ludoviciana was examined (Expts. Sh and 55, and Figs. 54% and 55).

In these the level of proteolytic activity on the 5th day was also
approximately 10~fold that of the dry grains. This same trend of increasing
proteolytic activity with length of time in germination conditions has been
found previously in Wheat (Mounfield, 1936), and Barley (Iuers, 1936) and can
be inferred in Pea (Daniellson, 1951).  The optimal pl for activity of the
A, sativa preparations was found to be the same as that found in VYheat by

Mounfield (1936).



Fig. 53.

Chenges in the level of proteolytic activity in grains of A. sative
during 14 days in germination conditions.

Measured as the incresse in the tyrosine concentration of the T.C.A.
filtrate after 1 hour!s digestion.

Abcissa: Period in germination conditions, days,

Ordinate: Increase in tyrosine concentration of the T.C.A. filtrate, p.p.m.
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Fig. 54. 0 3

Changes in the level of nroteolytic tctivity in non—dormant,(1l), and
dormant greins-of A. fatua,(2). Measured as the increase in the
tyrosine concentration of the T.C.A. filtrate after 1 hour's digestion,

Abcissa: Period in germination conditions, days.
‘Qrdinate: Tyrosine concentrationy p.p.m.
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Chenges in the level of proteolytic activity in non-dorment,(1), and
dormant grains of A, fatue,(2). Measured as the increase in the
tyrosine concentration of the T.C.A, filtrate after 1 hour's digestion.

Abcissa: Period in germination conditions, deys,
Ordinate: Tyrosine ¢oncentration, p.p.ms
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In Qormant grains of A, fatua and A. ludoviciana there was no.sign of

any considerable increase in protenlyt%éiaﬁiivity within a period of 8~10 days
in germination conditions (Figs. B4, 55). This supgests a ¢onnection
between the processes involved in the formation of the increased proteolytic
activity in these species, and ‘the processes involved in the resumption of
growth in the embryo. It is not possible from this evidence to say that this
lack of a physiological property is the basis of the dormancy mechanism in
these species, but it is at least a feasible possibility that the commencement
of embryo growth is indeed’dependent on c¢hanges in the level and distribution

of such an enzyme system as this.

An examination of the distribution of proteolytic éctivity within dry
grains of A.fggtiva showed that the bulk of the activity « approximately 85% ~
was present within the embryo and scutellum part of the grain (Expt. 53,

e, 56). Similar distribution was reported within grains éffﬁgggg, Barley,
and Biye by Pett (1935}, and Engel and Heins (1947), As found previously,:
there is a considerable increase in the proteclytic activity of the whole
grain during the period investigated, including the first 24 hours when a
threefold incredse over the dry seed level is found. This increase is
ocourring while embryo growth is just commencing and before meristematic
activity has commenced (lxpt. 1), so it is definitely a pre-germination
phenomenon,  The distribution of proteolytic actlvity within the grain parts
in the first few days in germination conditions shows a different pattern in
the two parts studied, In the embryo and seutellum there is a considerable
increase in activity within the first day, and smaller increases thereafter.
The epdosperm on the other hand showe only a glight increase in the first §ay,

but considerable increases thereafter, and contains almost half of the total



Fig, 56.

The distribution of proteolytic  activity within grains of A, sativa
during the first few days in germination conditions. Whole grains,%l),
embryo and scutellum parts,(2), and endosperm parts of whole grains,(3),
and isolated endosperms,(4).

Measured as the increase in tyrosine concentration of the T.C.A. filtrate
after 2 hours digestion.

Abcissa; Period in germination conditions, days.

Ordinate: Tyrosine concentration, p.p.m.
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Figa 579

The free tyrosine level in
grains of A. sativa during the
first few days in germinetion
conditions,

0 1 A i i

Measured as the tyrosine concen- 0 1 5
tration of a T.C.A extract of 10 whole 3

grains,(1), end the embryo and scutellum parts,(2), and the endesperm
parts of 10 whole grains,(3) -

Abcisse: Period in germination conditions, hours,
Ordinate: Tyrosine concentration, p.p.m.
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activity present in the whole grain by the second day. Indosperms isolated
from dry gralns and maintained under the same germination conditions do not_!;;
ghow the same patteri of increasing. activity as the game part of whole grains{
there being only a five-fold increase in activity within four days in the one .

case, and an eighteen~fold increase within three days in the other (Fig. 55).

It would appeéar thereforé that the endosperm has a low natural capacity to
increase its own proteolytic activity, but that this is supplemented in the \
whole grain by the translocation of proteolytic enzymés from the other grain .;
parta, or by the transmission of some stimulus by which its own capacit;~to
produce proteolytic enmymes is much increased. The first explanation is felt
to be the most likely, indicating that there is a capacity for protein
synthesis ig the embryo and scutellum in the pre-germination and immediate
pbstvgerminatian_period of imbibition. The necesslity of maintaining the
structural inteprity of the whole grain for the development of the normal

pattern of proteolytic activity is obvious whatever the explanation.

In studying the level of free Tyrosine in grains of A. sativa (Bxpt. 56,
ge 57), the amount of tyrosine and. tryptophane present in the form of free
amine acids and small peptides soluble in 6% 7.C.A. has been measurad.

This is regarded as an indication of the general level of similar nitrogen
compounds within the grain., . It is found that there 1ls an increase in the
amounts of. these compounds within the firsbt 24 hours ilmbibition in whole
gralns, with greater increases therveafter. Similar trends in soluble
nitrogen compounds have been described in A, sativa (Albaum and Gohen, 1943)
and Barley (Tolkes and Yemm, 1953)s  These changes are consistent with the.
presence, and activity of proteolytic enzymes as described previcusly.  Vhen.

these figures for whole grains are broken down into those of the different
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grain parts, a deyarfura from tﬁese trends is obvious; The embryo and
scutellum part shows a decrease in the level of these compounds in the first
2k hours, which gives way to an increase from then on, In the endosperm

the level increasces cons;derably for the first 48 hours, and then tends to
jevel off. These changes are consistent with the occurrence of protein
"ynthesis in the emhryo and seutellum within the first 24 hours, discussed in
the previous paragraph, aud the development of protein hydrolysis in the
endosperm and the translocation of soluhle nitrogen material from it to the
embryo from the first day on. Albaum and Cohen (1943), also found that there
was an increase in the amount of protein in the embryo of A, gativa during

the first day in germinatiﬁn conditione,\while Folkes and Yemm (1958) found a
similar.aituation in germinating Barley, and obvious signe of hydéolysis of
endaéperm proteins, énd translocation of soluble nitrogen to the embryo by the
second day. Our findings would therefore appear to be in agreement with. these

more detailed quantitative studies.

It would appear from these studies that the embryo and scutellum part of
the whole grain is well endowsd with the capacity to hydrolyse proteins during
the first 24 hours, in additlon to the capacity to synthesise proteins which
has been discussed previously. lUhether any use can be made of this first
capacity will of course depend on the presence of a sultable substrate. It
has been chown in a previous part that grains submitted to an imbibition =
dehydration treatment, involving 8 = 12 hours imbibition, and retaining a
beneficial effect of thim treatment for a cénsidefable period, were found to
contain a higher level of free tyrosine than untreated dry grains of the same

sample (Pages 63 and 74), This is consistent with the occurrence of protein
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hydrolyeis within thie period, probably within the embryo and soutellum.
This infars.that there io indeed a certain amounﬁ of "suitable substrate'
present within this part of the grain, and that it is possibly utilised in
the earlf phases of physioclogical development within‘ihe imbibed geed. The
studies of Saverborn, et ai (19%k) on changes in the level of globuling in
the diffefent_parts_of Barley grains have been discussed in the introduction
to this part. Thege and the gtudles on isclated embryos of ggggg (Toole,
1924), ané Barley (Jam%s and James, 1940), bear out the ocase that there is
indeed some amount of reserve protvein materials within tho embryo and
seutellum of the cereal graiﬁ, which is utilised at an early stage of
imbibition, possibly before the transport of soluble materiéls from the

endosperm gets under way.

The findings that the soluble nitrogen compounds in the embryo fraction
show decreases in amount within the first 24 hours imbibition, and the
inference that protein hydrolysis aleo ocours in this part of the grain within
the same period, allow for the possibility that some of these nitrogenous
compoundes might be ubtilised in the respiration of the germinating embryo, in

addition to those other compounds discussed in the previous part (Page 134),
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Summary

14 Proteol&tio'éétivity was found to be present in dry graing of
A;'sativai and to‘incréése 100-fold durihg the first 9'd@ys in germination
conditions. A siﬁilér péttefn was ovident in’hén@dormant'graiﬁs.of A. fatua
and A. lundovieiana,

é. Tn dorment grains of these last two species, no obvicus increases
in proteolytic activity‘were found during 8'« 10 daye in germination ébndiﬁions.
A conhection wbuld-thefefote appéar to exis? betweenlthe‘prmcesees involved in

developing proteclytic activity and the darﬁaney mechanism in these‘speciea-

3. The bulk of the prbteolytic activity of the dry grain is present in
the embryo and scutellum, A considerable increase in the level of proteolytic
activity was observed in the pre-germination period of imbibition., The patter:
of increase, and the distribution of activity within the grain indicate that
the increase results from the synthesis of protealytio enzymes within the
embryo and scutellum, and their distribution to the endosperm from the first

day on.

b,  Studies of the level and distribution of free Tyrosine within the
grain indicated that there was protein pynthesis ocourring within the grain in
the first day in germination conditions, and that hydrolysis of endosperm
proteins and trensportation of soluble nitrogen compounds was occurring from
this time on. The parﬁicipation of embryo and scutellum reserve protein in

the early stages of embryo growth is indicatbd.

5.  The relevance of these findings to previous work in thig field is

discussed.
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Part VI. The Occurrence and Role of Germination Irhibitors in Grains

of i, sativa and A, fatva.

‘Ruge {1939) found that filter papers on which successive batohes of

graing of A, sativa were germinated contained materials which retarded the

germination ofAA._sativa and ﬂélianthus annuus (Sunflower). The inférance
was that germination inhibibing substances were leached from the grains and
gradually accumulated, This experimental technique is open to many
objections, hawéver, on the basis of microbial contamination, and on the
grdunds that the inhibiting materials might be a metabolic product of the
germinaiad graing and not present in theé resting grain. Stout and

Tolman (1941) confirmed that there were inhibiting materials in a water
extract of whole grains of A, sativa which retarded the germination of

Beta vulgaris (Beet), and Lactuea sativa (Lettuce). In 1953, Hlliot and
Leopold investigated this matter further and claimed the presence of a water
soluble germination inhibitor in grains of A, sativa var. Victory, located
chiefly in the hulls, though some activity was also present in the other
grain parts. The same extract rebtarded the growth of etiolated Pea stem
segments in auxin, and inhibited the activity of preparations of an a=- and

a b~Amylase. Since the amylase inhibition could be reversed by the addition
of sulphydril group donors, they concluded that\the inhibition of germination
was due toﬂ:;; inhibition of enzymes such as the amylases which require free
sulphydedl groups for their activity, amylases being regarded by them as
enzymes involved in germination. The preszence of a considerable number of
poly~hydroxy phenolic acids, and coumarin has also been demonstrated in grains

of many of the Gramineae, including A. sativa (Van sumere and Massart, 1959).
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 These naturally occurying substances were mainly present in the husk and seed
coats of the grains and are all potent germination inhibitors. The

@hysiolcgical action of these materials'is mtill conjectural ab present.

. dn view of our ¢onclusions hased on the studies carrled‘out in Parts
IIT and IV that the amylasea play an insignificant role 1n germination due
to the fact that s#arch is not the raspipatory substrate of the germinating
adbryo in A. sativa, it was decided to confirm these findings of Elliot and
Leppold, Some experiments were carried out to confirm the presence of
gexmination inhibiting materials in grains and husks of A. sativa, and to
examine the range of seeds affected by such materials. The action of this
gxt#act‘on vgrious enzyme preparations in vitro was also carried out,
including preparations from grains of A, sativa., The presence of
germinatiOn Jnhlbxﬁors in A, fatug has also been studmed, with a view to

agoessing their possible role in the dormancy exhibited by this species.

Materigla and Methqu;

With the exception of Ixpt. 57, the grains used in these studies were
the same batches of &.,safiva var. Victory, and A, fatua far. pilossiseima
used in Parts IIT and V. The seed of other species used in Ixpt, 58 were
available in the dapartmanfg gome being several yeara old, ' No attenpt was

made to find the optimal germination conditions of these species, all

germination tests being carried oud ét EOQG., with the addition of &4 mls.

distilled water, or test colution o batches of 50 seed.

Hugke were prepaved by hand for the initial experiments, but samplga

were obbained commercially for some of the later experiments. These husks
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were ohtained from grains of A, sabiva in preparing Oatmeal after the kilning

of the graing., The extracte prepared from the commercial husk samples

appeared to be ddentical with those from hand separated husks.

The preparation and testing of enzyme preparations used in this section

was carwied out according to the methods described in Parts IIT and V.

Reg&lﬁs.

Uxperiment 57. The role of the husk in the germination of A, sativa.

In this experdiment a three year old sample of A, sativa, var. Vietory
was émployed, having & rather slower germination rate than the other one year
old samples used later, The husks were removed manually from approximately
40 grains, b plates'ei.fiféy of these caryopses being germinated with
distilled water, and a similar number with 4 nmla. of a hnsk extract. This
extract was prepared by grinding 250 husks and extracting this material with
25 mla, aistilled waber, at 2°C, for 16 hours, A & ml. portion of this
axtract contalns the materials gxﬁractable from approximately 50 husks.

In addition to these-qaryopses, 20 plates of fifty whole gra@nﬁ were alzo set
to germinate. At intervals, 4 plates of 50 whole gréins were tagen, the
apparent germination counted, and the husks removed. Thg number of these
¢éryoyses showing any sign of embryo growth was then determinea,‘and similar
counts made on the caryopses treatments described previously. The mean of

these counts at the various times of counting are given below,



%age of attribute at, o

ganple- Gevm'n wedfun. Abbvibute. 17, .21, W1, B7.  65ubs,
Caryopses, Digt. water. Babryo growth., 14 6.5 oh.5 96,5 o7, 'aﬁ‘
CRryopses. Busk exbraci. Imbryo growths 0 . 5.5 91 ol 95.5~;§Q

thole grains. Det. water. Enbryo growth, O 0.5 97.5 90.5 95,. |

Whole graing.. Mapt, water.  Apparvent; o

germination. o 3 0 -50.

These values are graphed in Fig. 508,

Experiment 58, The effect of an agueous extract of A, sativa husks

on the germination of seeds of several specles.

30 grams of hnﬁksvseparateé'manually'frem\grains of A, sakiva var. Victory
were extracted overnight at 2°¢, with 200 mls. water, in the presence of a
fow drops of toluene. The liquid expressed after pressing in a cheese-gloth
was evaporated to 100 mls¢ at 45°c, The éff&cté of this -exbract were
observed on the germination of the following species: A, sativa, var. Victory,
Hordeum vulgare (L.), vap. Abeds Kenia (Bariey), Teiticum aestivum (L.} var.
Squarehead Master (WheatD, Linum usitatissimum (L.), (Flag); Bragsica
oleraceae var. caulowrapa (De Cand.), (Kohlwrabi), frifolium pratense (I:),
(Red Clover)., &4 mls. of the husk exbtract were given in place of 4 mim. of
distilled water. Four plates of fifty seed were given each treatment and
the germination counted at intervals, the presence of visible radicle growth
being the oriterion employed. The mean germination %wges observed are

gliven below.
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The role of the husk in the germination of grains of A. sativa.

The rate of onset of embryo growth in ceryopses germinated in distilled
water,(1), in e water extract of the seme number of husks,(2), and removed
from whole grains germinsted in distilled waler at the time of counting,
(3). Germinetion rate of whole grein samples,(4).

Abcigsa: Period in germination conditions, hours.,
Ordinate: %e&ge embryo growth or germination,



Speciles Germination
Tested. medium,

A, sativa, Dist. water,
" Husk extract.

H.~vulgare. Dist. water.
" Husk extract.

. geativum‘ Dist. water,
1 Husk extract.

L..usitatisaimgm.

‘ Dist. water.
" Huek extract.

B. oleracea. Dist. water.
u Husk extract.

Lo proteuse, Dist. water,

" Husk extract.

The germipation rates of

Cermination % at,

275l B,
16.5 63 79
0.5 29 55.5
24, 29, ub,

68, .76, .92, 115 brs.

92.5 97.6 97.6 8.5

73 hrs.

75 93.5 97
58,5 83 . 93.5

50,5 85 98.5
3.5 68 96

23, 39, k7, 63,

97.5
06

09
G%
24, 87, 120, 14k hre

5 52 66 80
1 19 45 73

35 3 sk 53
v 16 29

a% 90 - .
83 89 - -

29 ho 62 68
13 25 o 58
58 66 &y 92
39 4y 76 88

these sawples ls given in Fig. 59.



Fig. 59.

The effects of an aqueous
extract of A. sativa husks
on the germination of seed
of several species.

Germination rates of samples

given 4 mls. distilled water,
(A), or 4 mls. husk extract,(B).

Species tested,:-

L. A. sativa.

2. Hordeum vulgare.

3o Triticum sestivum.

4, Linum usitatissinum,

5. Bressica oleraces.

6. Trifolium pratense.
Abcissa: Period in germination

conditions, hours.
Ordinate: Germination %age.

100

e

Q
100

50

108

50

100
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Experiment 59, The effect of extracts of whole grains of A, sativa
and A, fatus on their germination.

Samples of 100 grams of whole grains of A, sativa var. Victory, and of
A, fatua var. pilossissima at one month (fresh), and thirteen months after
harvest (old) respectively, were ground to a fine powder, and extracted with
300 mls. distilled water at 2°C, for 20 hours. A little toluene was shaken
through each sample. The samples were then centrifuged until the supernatant
was a clear yellow brown coleur, Samples of these extracts were tested for
their effects on the germination of A. sativay and the one year old sample of
Ao fatua, being used at full atrength or at half concentration, Four samples
of fifty grains of the firat species, and four samples of twenty-five grains
of the second, were tested for each treatment, the mean germination Yage

being given below.

a) [Effect on the germination of A, sativa,

Extract Bxtract Germination % at,
39“5 AL Gcncentrag iﬁa 353 §E 4 CHOs N 96 hys.
Distilled water. . 6 4w 8 95 97
A, sativa. Half strength. 3 16 61 7 93
n Fall strength, o > 52 52 85
A, fatua, fresh., Hald strength. 0 20 67 87 ok
o Full strength, 0 4 56 77 93
A, fatua, old, Half atrenpgth. 0 10 70 84 o2
n " Mall strength. 0 1 3h 69 87



b) Bffect on the germination of A. fatua (ene year old).

Bxtract Ixtract

Source,. Goncentration
Distilled vater, -
As_sativa, Half strength.

Full strength,

A, fatua, fresh. Half strength.
woo Full strength.

A fhtua; olds Half strength,

1 " Full strengths

171;i'

Germination % at,

5'1' . !i"! - ﬁ* . 61 ?Q . _E:ﬂ dm_’_
% 0 ks s 60w

¥ 4 .58 € 65 78.5

I 4 sk 615 67 80

b5 55 63 67 7 83

26,5 40 W 5 59 77

46,5 585 65 69 7h B84

3% ke g2 Bk 615 73

(* Husk removed from remaining grains and thase showing sipmns of embryo

. growth regarded as germinated.)

Germination rate curves of these counts are given in Fig, 61,

These results have baen confirmed with sindlar extract prepavations

in repeat oxperiments.
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Fig. 61, 108

The effects of extracts of whole B.
grains of A. sativa and A. fatua
on their germination,

I. The effects of extracts of whole
grains of A. sativa,(A), newly harvest-
od,(B), and one year old grains of

A, fatua,(C), on the germinetion of
grains of A. sativa,

50 |

Samples germinated with distilled
water, (1}, half strength,(2), anrd
full strength grain extracts,(3).

Abcigsa: Period in germination

0
conditions, hours, 1001

Ordinate: Germination %age,. , =

20 |-

0 50 100
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Fig. 61,(Contrd.). 108

IT. The effects of extracts
of whole grains of A. sativa,
(A), newly harvested,(B), and
one year old grains of A, fatua,
(¢), on the germination of
one year old grains of

A. fatua,

" Semples germineted with dist-
illed water,(1), half strength,
(2), and full strength grain
extracts,(3).

Abcissa: Period in germin-
ation conditiens, hrs,
Ordinete: Germination %age. 0

50 |-

100

50 =

100
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Bxperiment 60. The effect of an aqueous extract of husks of

A. sativa on the activity of geveral amylase preparations.

70 grams of the commercially supplied husk material were extracted with
350 mls. distilled water for 20 hours at 4°C. This extract is called the
dilute extract, a portion of iﬁ being evaporated at 4°C, to 1/6th the original
vdlume‘ahd used later as the concentrated extract, Both extracts were
filtered under vacuum through: a Seltz filter using agbestos Sterimat! pads,
and used directly for the germination iﬁhibiting tests  The remainder was
stored at 2°C. for 2 days before being tested for enzyme effects. TFour
plates of £ifty grains were tested in each treatment, with 4 mls. distilled
water or exbtract, the mean germination fage heing glven below at the

counting times,

Germination . Germination Yage at,

- MedinM'o " }Og . 3‘!‘5; : 701 . 911- hrﬂa
Distilled water. 30 69 87 o1
Dilute extract. th 60 98 90
Concentrated extract, O 6 50 85

Germination Rate Curves of these figures are given in Fip. 62.

Free amylage extracts were prepared from grains of A, sativa and
Hordeun vulgare (Bavley), after four days in germination conditions, and
solutions prepared from a commercial preparation of Tbkaédiastase; and a

exystalline a-Amylase from Bacillus subtilis. The enzyme activity of these

preparations was adjusted to give a suitable digestion rate., The effects
of the husk extracts on the Dextrinising activity of this preparation was
tested in a digestion system containing 10 mls. 0.1% soluble starch, 7 mls.

buffer, 1 ml. enzyme preparation, and either 2 mls. distilled water, or



100

100
Fig. 62,

.The effect of the aqueous extract of A. sativa husks used in the

~ enzyme inhibition studies on the germination of grains of A. sativa,
Samples germinated with distilled water,(l), dilute extract,(2),
and concentreted extract,(3).

Abcissa: Period in germination conditions, hours,

Ordinate: Germination %age.
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2 mls. husk extract. . The procedure used was that described in Part III,
The mean of two determinatigns of each treaitment iz glven. below.

Mgms, Starch digested at,

Amylase sourceé. | Troatment, 33 e300 . 20 mins,
Ae pabiva, . Nones o 1,96 4,6 - 8.15
" ‘ Dlute extract. 24 by 7.85
g - Conc. extract, 2,25 9 8.05
He vulgare. None, 245 b8 8.25
" ' Dilute extract, 2,45 h.ys 8,2
n Conc, extract. 2,52 h,53 8.2
faka=diastase. ‘ None. 72,45 9.4 9.6
" S Gonge exbract. V55 9.25- = 9.55
B, subtilis, None. 3.6 7.0 9.15
" . Conc. extract. 3.6 6,85 9,50

Similar results to these have been obtained oh two other occasions when
the effacts of husk extracts on the dexirinising activity of A, sativa

amylase preparations wers previously inves£igated.
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Ixveriment 61. The effect of an agueous extract of husks of

As setiva on the activity of proteolytic enzyme extracte of A. sativa and

H,_yulgare,

The some concentraked husk exbtract uged in the previous éxperiment‘was
employed in these studies, both investigations being carvied ont sim)taneously
The protenlytic activity of ex%xécts of gfains of A, sabivae aﬁﬂ Ha Jnlpare
after B daya in germination candiﬁiens was determined in the sane menner ae
deseribed in Part V, with a digestion system Qf'ﬁhﬁjﬁ&&@ composition plﬁs the
addition of 2 mls. distilled water or concentrated husk extract. The 10 mi.
enzyme exbtract used was egiivalent to the proteolytic activitg*present in
10 grains. Mo obvious sign of precipitation was observed on adding the hmsk
extract. ‘The Tyrosine conbent éf the T.C.A. iiltréﬁe was daﬁermined oﬁ

2 gamples of each treatment, the mean values in p.p.m. being miven below,
Conc tre of Tyrosine in T.C.A« filtrate,

Doyne sowce.  fremmmente g, PP,
As sativa, Nonés k6 925

t Husk extract. 845 19.5
H. vulgare. None. 68 137

" Mok extract. iz 90

The eifect of a similar husk extract on the activity of proteolytic

enzyme preparations from 2 day germinated grains of A, sativa confirmed

SR

these results.
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Discussion.,

The presence of the husgk has been found to retard the onset of embryo
growth in the whole grain by some six hours, compared to the caryopsis alone
(ixpt, 57, Flg. 58). This has been observed previocusly in the studies on
the time of commencement of meristematic activity in ﬁhé germinating embryo
(Part I, Expt. %), The cause of this retarding effect of the husk is not
however due solely to the presence of a water<soluble germination inhibitor,
since commencement of embryo growth in those caryopses germinated in a husk
exbract containing the materials extracted from the same number of husks is
very similar to that in caryopses germinated with distilled water, though a
slight retarding effect does seem to be present, It wonld geem therefore
the main retarding effect is due to the physical and structural properties of
the husk.

That there is indeéd a water soluble, gééminationlratarding material or
materials in the husk, is borne out by the studies reported in Eﬁpt.~§8, and
by many other éimilar studies not included here, In this experiment, the
four mls. of husk extract used in the germination tests contains the materials
extracted from approximately 120 husks. With this amount of extract all the
specles tested showed a congiderable retardation of garmination compared to
the distilled water controls (Flg. 59).  The retardation takes the form of
a delay in the onset of germination rather than a reduction of ﬁﬁe rate of
germination, or a decrease in the final level of germination. The very slow
germination of the contyol samples of B, oleracea and T, pratense are probably
the result of oo much liquid din the germination medium, go the amount of

germination retardation in the presénce of the husk extract might be increased
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by these less favourable germination conditions. This combined action has
been observed previously in samples of A, sativa germinated in the presence

of 6 mla. distilled water/”ﬁo grains and the sameé amount of a husk extract.

In the studies on the effects of extracts of whole grains (Expt. 59,
Fig. 60). garmznation reharding prOperties were alao found in the extract cf
graings of A, gg gg The 100 gram sample Ircm which this extract Was
prepared wauld contain approximately 2,500 grains; go the four mls. full
strengbh extract ahould contain the materials extracted from approximately
B0 - 35 whole grains, The retardatian produce& by this extract is greater
than that produced by the husk extract equiValent to 120 husks dnscribed
previously (Compare Fig. 59, I, with ?ig. 60y As)e Thera would also appear
to be a reduction in the rate Qf germination‘infﬁhe pres&hc& of this whole
grain extréat whiohzwas not evident in fha huék exﬁraét described above.
Erom-thié we may conclude that there are germination inhibiting materials
present in other parts of the grain than the husk, &nd:pbébibiy that these
materials are not necessarily the same as those present in the husk,

Vhen extracts of whﬁle gra,ips of A. fatua v;ara tested on the gerﬁination
of A..ggﬁiva, the presence of germinatlon inpibiting properties in these
extrécts was also found.  There gppeaﬁéﬁ to be little difference vhether the
extract was prepared from a sample one month after harvest, and showing
about 70 ~ 80% dormancy, or from a aample from the previous years harvest
showing over 80% germination (Fig. 60, B. & C.}. There would not appear to
be any eorreiation therefore between the ﬁ&esenc& of these inﬁibiting

materiale, and the dormancy of the grains of this species.

When extracts of whole grains of A. sativa and A. fatua were tested on
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the germination of grains of the one year old sample of A. fatua, a similar
trend was. evident in each case. A promotion of the hime of onset of
germination, and a speeding up of the rate of germination was found with
extracts of both concentrations. - Again, virtually no difference was found
in axtra?ts,qf,fr§3hly harvgsted,,and'ogg year old gamples of A.;gaﬁﬁg* in
thie respe¢ygr Whgfher the response of these twolépecies of Avena to the
sone Qxﬁréctélis‘éﬁe.ta different responses ﬁb,the-aamq méteriala in the two
sygcies, or. a yasponse t0 a different maﬁeriai in:eaah species cannpt~be

judged on the present evidence.

Some possible physiologlcal basig for the action of the germination
inhibiting extract from the husk of A, sativa have beén.investigéted. The
pH of several extracts of different concentrations have been determined, and
all found to iie in the range of pH 5.7 = 6.0, . No determinations of osmotic
pressure have as yet been carried out. No evident effects were found on the
déxtrinieing activity, when a husk extract showlng marked germination
inhibiting properties was added to digestion mixtures containing amylase

preparations from A,

Jsativa, H, vulgare, Taka-diastase, or crystalline

B. subtiigg amaylase ($Mpt. 60, Eigs\éﬁ){ | Since these preparations are
predoﬁinantly, or purely a=amylase, this engyme would appear to be unaffected
by the husk extracts. Ubile dextrinising activity is not the best method of
determining beanylase activity in a mixture of the two amylases, it has been
noted previously thab the~Ai‘sativa‘preparatian described above containe
approximately 25% nonwawamylase, in terms of dextrinising sctivity
meagurements (Expbs 34y Fig. 39), and the preparation from H, vulgave is
probably similar, Since neither preparation shows any sign of comparable

inhibition, we may conclude that this'énzyme is also'unaffected, or at most



e A 8 < D
R
6}
al
-

| %
. 0b—— f - ' *
Fig. 63, W, D.C. W. D, C. W. C. W. C.

The effect of an aqueous extract of A. setiva husks on the activity
of Free Amylase preparations from four=day germinated grains of

A, sative,(A), H. vulgare,(B), Taka-diastese,(C), and crystalline

B. subtilis a-Amylaese, (D).

Abcissa: Distilled water,(W), dilute,(D), or concentrated husk
extract edded,(C).
Ordirate: Mgms, starch digested at 5 mins.

60k |
—_
401
20}
A B
- L
Pig. 64, W, C. . W. C.

The sffect of an agueous extrect of A. setiva husks on the activity

of proteolytic engyme prepsrations from 5-~day germinated grains of
A. sativa,(A), and H, vulgare,(B).

Abcissa: Distilled water,(W), or concentrated husk extract added,(C)

Ordinate: Tyrosine concentretion of the T.C.A. filtrate, p.p.m.,
after 1% hours digestion.
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slightly affected, by the materials pyesent in the husk extract. Vhen added
“$o proteolytic ensyme preparabions, hewe%eb, a considerable inhibition of
enzyme activity was noted in both prepurations éxamined., The A, sativa
preparation showed somé 80% inhibition, and the He yulgare some 407
iohibition (Expt, 61, Fig, 64). |

Our findings that there is a permination inhibiting effect when a water
extract of whole grains or husks of grains is added to vatreated graing of
this species, and to seeds of other species is in accord with the views of
Ruge (1939) and Massart et al (5959). A closer examination of the data of
Iliot and Leopold (1953) indicates that they do not demonstrate the preganca
of a germinaﬁion inhibitor at all, In no case is the effect of a water
extract of whole grains, or grain parts, on the germination of untreated seed
digoussed, The leaching experiwments designed o establish the presence of
a germination inhibitor, are at best uhconvincing, and open to several
aifferent interpretations, This is largely due to a lack of sufficient
information on such'pcints as the age of the seed samples used, the criterion
of gevmination employed, the tomperature at which germination was carnried ont,
and the awount of water available to the germinating grains in the petri
dishes. ‘They found that wniveated grains showed no germination after four
doys in their germination conditions, while samples of the same variety used
in these experiments show 90% germinaﬁion after 2% days, and complete
germination after 4 days in our germination conditions (Mig. 60). Crains
which they scaked for 24 houra in still water showed bnly 5-15% germination,
again after four days in their germination conditions., Similar treatments
carried out with the sampleé of grains used in some previocus experiments

showed that 80% germination occurred after 22 days, and 96% germination after
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4 days dn our standard germination conditions, and 60% germinaéion if
germinated at 10°C. instead of 2600, The results of the leaching experiments
obtained hy Elliot and Leopold may indeed be due to the inception of changes
within these grains analogous to those produced by Hay and Cymmings (1959) in
the induction of dormancy in grains of A. fatua by eimilar soaking treatments
(Bxpt. 8, Fig. 8).

No amylase inhibiting properiles were evident in the water extract:af
husks of A, sativa tested here, but Elliot and Leopold report an inhibition
of Bs subtilis a~amylase and Parley b-amylase with materials present in a
water extract of whole grains, and of the same a~amylase, by materials
extracted from husks of A, sativa with ether, and then dissolved in water,
The activity of this inhibitor was found to withstand up to 20 mins. boiling
without inactivation. Kneen and Sandstedt (1946) found no trace of amylase
inhibitors in a water extract of graine of A, sativa (variety unspecified),
which had been bhoiled for a few minutes, and then tested against salivary and
B, subtilis e~amylases., The assumpbion of Elliot and Leopold that inhibition
of one a-amylase is evidence of the inhibitlon of other a~amylases is not
borne out to amy extent by studies on the naturally ocourring amylase
inhibitors. The water insoluble inhibitors found in Fapopyrum gsculentum L.
{Buckwheat), (Chrzaszez and Jamicki, 1933), and Navy Bean, (Bowman, 1944) were
thoupght to show a complete spectrum of amylase inhibition, but some doubt
has been thrown on this point with repard to the former (Kneen and
Sandstedt, 1946). In all the water soluble amylase inhibitors, some degree
of specificity has been found, That present in the endosperm of Vheat
inhibits a~amylases of animal origin, some of bacterial origin, but none of

the cereal amylases tested (Kneen and Sandstedt, 1946). The inhibitor,
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present largely in the germ of Sorghum, isnhibits cereal amylases, and

bacterial amylases, but not fungal amylases (Miller and Kneen, 1947).

The finding that amylases of the same. type from different sources may
show different responses to inhibitors is substantiated by studies on the
essential groups required for amylase activity. beamylase of Barley has been
showm to require fres sulphydril grouplngs in order to show énzymic activity
(Weill and Caldwell, 1945), and a similar claim is made for the awamylase of
B, subtiiis (Di Carlo and Redferny 1947}, but pancreatic asamylase was not
found to be dependent on the presence of this grouping for its activity,
(1ittle and Caldwell, 1942, 1943).

The inhibition of B, gubtilis awamylase, and its reversal by chemicals
with sulphydril reactivating properties as demonstrated by Elliot and
Teopold (1953), 1s therefore consistent with the concluglon that the inhibitor
acts hy blocking free sulphydril groups in this enzyme. To infer from this
that germination of A. sativa can be inhibited by this same material blocking
the sulphydril groups of Qat a-amylase is however a premature conclusion,
since no information is available concerning the nature of the chewical

groups necessary for the activity of the cereal awamylases.

The inhibition of growth in etiolated pea stem sections by the same seed
extracts, while not being regarded by these investigators as evidence of the
blocking of sulpbydril~requiring enzymes connected with respiration and
growth, is at least consistent with this theory of inhibitor action, Our
findings that proteclytic enzymes from A. sativa and H, vulgare are inhibited
by a husk extract might also be indicative of the presence of a sulphydril
blocking material in this, since proteolytic enzymes of all types seem to

require the presence of free sulphydril groups to show activity, and to be
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extremely sensitive to agents blocking these groups (Barron, 1951),

On the basis of our studies in previous sections (Parts III and Iv), it
was concluded thal the amylases play a veby insignificant role in the
phys;elugy of the grain 6£ Ag.gativa preceding and during germination, and
that materials other than starch weré utilised in this presgermination
metaboliem. The possibility of inhibiting the germination of this specien
by inhibiting a-anylase activity would therefore be. strongly doubted. Oup
obgervation that proteclydic activity ﬁs‘avidenﬁ in the embryo considerably
before the occurrence of germination (Part V), and that enzyme preparations
from the meed being in?egtigated show a strong inhibition dn vitro in the
presence of the germinaﬁiép inhibiting extract, ia more in tune with the
expected influence that such an inhibition would exert in vivo on the
erbryo's capacity for growth. . If the inhibiting material is however a
uni?arsal sulphydril inhibiting material, interaction with many other enzymes
in respiration and othér metabolic functions is possible. In this non-specifi
view of the action of the inhibiting waterials present in A. sativa, general
agreement is chared with the findings of Hliob and Leopold {1953,

The behaviour of the extracts of 4, fatua in inhibiting the germination
of graing of A, sativa and promoting the‘gemmination of non~dormant grains of
A, fatua msy be parily explainable on the basis of sowme recent studies carried
out by Black (1959), and Black and Nayler (1959). In their studies they also
found that loss of dormancy was not correlated with a decrease of inhibiting
materiale in the grains, but that it depended on the relative levels of
germination inhibiting anﬁﬂpromating materials, germination occurring when

the inhibitors were removed from the seed by leaching, The results found



here (Gxpb. 59, Mg« 61) are counsisbent with the presence of two materials
with these opposing properties, acting in differant concenirations or of one

makerial shoving different properties at different concentrations.

82,



Summary.

1e

2e

S

k.

The presence of germination inhibiting properties has been
demonstrated in water extracts of whole grains of A, sativa and

A, fatua, and in the husk of the former species.

No loss of inhibiting capacity could be correlated with the loss

of dormaney in A, fatua.

Exbracts of whole graing inhibiting the germination of'A. pativa

were also obseérved to promote the germination of a nonedormnant

Sampie of A, fatua.

AT
No amylase inhibiting properties were observed in the water extract
of A« sative husks, but considerable inhibition of proteolytic

enzyme preparatiéns from A, sativa and H. volgare was shown.

The relevance of these findings to previous work has been discussed.




General Conclusions.

Perhaps the most interesting conclusion from the studies carried out on
the revegggki}ity of germination in grains of A, sativa is that the changes
by which the resting smbryo is converted to a growiﬁg-se&aling are initiatéd
withtn‘a few hours of commencing imbibition. The gtimulus bringing about
these¢ changes is of caurse the hydration of the embryo tissues, bringing
about the pasulting ehénges in the physical nature of the cell proteins, and
the conéentration of soluble materials in the cell fluids. In the studies
reported here several distinct aspects of the physiology of the imbibed grain
have bHeen nhservéd to be actively changing during the period before
meristematic activity has commenced, i.e. pre-~gérmination by our definition.
These congist of a considerable utilisation of seed fat, alterations in the
amount and nature of soluble carbohydrates, indieaﬂiong of protein hydrolysis,
and evidence of the synthésis of erizymic prateiﬁs. Some aspects of the
peeds physiology which were observed to be initiated concurrently with, or
postegermination, were the hydrolysis of endosperm starch and proteins, and
the translocation of soluble derivatives of these to the growing embryo
tissues. This sequence of changes is indicative that the embryo of the
ﬁestiﬁg seed in fairly independent of the other parts of the grain during the
early stapges of its conversion to the actively developing seedling, and leads
to the conciﬁaion that sufficient materials to meet the needs of this
activity must already be prement in these tissues, along with the capacity«to.
utilise them: The observation that synthesis of awamylase, and of |
proteolytic enzymes tust take place before the endosperm food reserves can

be utilised is evidence of a defiinite restriction to this utilisation, which
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requires to be rema?e§ pyuthaApoai#ivg.aQtion of.syntheeising‘the enzZyme
That this is one of the primary activities set in motion by the growing
embryo in conjunciion with the nonwgrowing parts of the geed, and not
indeperdently by either, is borne out by the obgervation that the integral -
unity of the sesd must be waintailned for the development of these enzymes.
This suggests that the development of the means of utilising the endospern
food reserves, Lec. enzyme synthesls, is dependent on the onset of growth,
and not merely with the attainment of a‘éartain‘ieveliaf hydration.

whe view that the metabalism of the germinating grain of Ao satha |
consists of ﬁhe two phases indicaﬁad ahova - an early embryo based metabolism;
and a later andosperm dependent metabolism‘ with a con&i&-rable dagrae cf
overlap in the 34 = 48 hours peria& after commencing imbibition, is
substantiated ﬁo a cansiderable dagrae by previnua invastigatars. mﬁa
¢apaaity for independent growth shown by excisad cereal embryos has been
mgntioned pravicusly in relation to this (Toala. 16243 James and James,
19&9). The several studies by Albaum and ¢a-warkers on metabolic activihy
in germinating Oat graine have alsa been mentioned in relatian to the
yarticular aspects studied here, but taken together they bear out the
general conﬁlusians atatea above, They indicate a tat basea, cyanida
sensitive rgspira&inn during the first 48 houra in germinatinn condit;ons,
changing then to a carbohydrama based respiration fairly insensitive to |
ayanida, with protein aﬂd organia phaspharua metabolism related to thia
ahanging Fattarn.

In comparing the d&vélopment of amylase and prateolytia enzymes in

non=dormant graiag of A,,gaina.,Ag,fagga, and A. ludoviciana, an essential
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gimilarity was apparent in all three species. This encourages the belief
that most other aspects of the physioclogy of these species may also be
similar, If this is indeed the casce, then the physiological: basis of
dormancy in these last two spscies must be related to some aspect of the
early embryo basied metabolism, and not the lateér endosperm dependent
metabolisms A reatriction acting on some of the phases of this latter
patbtern, might constitute a suitable meana of d&iaying the rate and nature
of embryo development, buf it would be an unlikely means of prevenbing the

enset of embryo growth, .

Of the dlfferences observed in these studies between dormant and
non~dormant grains of Ay fatua and A, 1aaoviqi§nai the lack of development
of the increased amylase actiﬁitf characteristic of non+dornant grains can
be disregarded as a potential cauge of dormancy on the grounds discussed
above., fThe nonwdevelopment of the inereased proteolytic activity observed
in the dormant grain must however be admitted as a potential cause of
dormancy, on these grouwnds,

&) 'mhe“inarease‘in non-dormant groins commences in the embryo tissues
in the pre~germination pariod of imbibition,

b) It is = physiclogical difference bwtween dormant and non-dormant
grains of the game speciess

. ¢) It is at least poténtially capable of depriving the embryo tissues.
of some of the primary materials required for the synthesis of enzymes and |
other proteins involved in the resumption of growth by the embryo.

It is however evident that this physiological difference can be regarded
ag no more than a potant;él causd, ; A conpiderable amount of investigation |

on many other aspects of the physiology of these grains still requireé to be
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corpiad out bhefore anﬁ definite agsignment of causality can be made. Tor the
presént it is probably belter to regard both these differéncgs in  the
physiology of dormant and nonw~dormant grains of these gpecies, as an
exprossion of deficlency in, or a restriction of, somé earlier unknown phase
of “the metabolien of the lnbibing embryo, - The capaclty o synthesise
enzymie‘prpteins.immediately sugpests Ltceld as one poassible common link

between. these two physiological differences.
It has been cbsebved in these studies that dormancy in grains of

A fatua and A

of As sativa i a change which comem about in the wipening grain as maturity

a

Lelana, and the transitory dormancy observed in grains

udov:

:a@yrﬁachéﬁﬁ and which wears off gradually during dry storage. FPhysiological
diffevences have boen described above in these dorment prains compared with
nop=dorant grains of the same spoecies. The theory that dormancy is due to
the presence of a chémical material in these grains preventing germination
would roquire, |

1) . That such materianle could be denonstrated as being present,

2) That they should decrease as dormancy decreases, and

B) That any intorference with the metabolism of the embryo should be

with some ampect of the early embryo based maetabolism,

The presence of germinaticn inhibiting properties has been démonsitrated here
in water extracts of whole hrains of A, sabiva and A, fatua, and of the husk
of As sativa. No corrélation was found betweon the amount of inhibition and
the amount of dormancy in dormant and non-dormant grains of A, fatua, The
husk extract proved Lo have no effect on the awylases of A, sativa, and
several other preparations, but a considerable inhibition of the proteclytic

enzynme of A, sativa and H, yulgare. This last property could well f£it the
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third pequirement  glven sbove. Allowing this, it would appear that two of
these three requirements ave dgatisfied, though this is insufficient evidence
1o advance the theory that dormancy wag due golely to the presence and

ackivity of a germination inhibiting substanice. -

- If the nriginal theory is*mad;fied to state that aermaney is due ta the
relative amourts of a germinazian 1nhib1ting subatance and a germination
pramoting substance, azmilar requ¢rementa should still appxy to the
germination promoting substance, though one would expect 1t to increase,
relétiqely to the iwmhibitor, as dormancy wore off. It hins beon observed
thet. germination promoting effects were found when the extracts of whole
gvaing of those two specien weve bested ageinst non-dormant grains of A, Fatua.
A with juhibiting propevrtiés, however, there was no substantial difference
bebween an exbract prepared from dobmant ar’nonﬁaormaﬁtksamples of A fatua,
and no physiological aétlon can yet be atbributed to the presence of such
materials.  Since hoth inhibifing and promoting afﬁaeta were preasent in the
same extract it would agppear that the effect of the two properties is not a

gimple cancellation of cach olher.

On the bagls éf"the knowledge gaiﬁéd from ﬁhese'studies it would
therefore apﬁear that dormancy ih'ﬁg_fhﬁua cannot be explained
a) by the d&velogméht‘of a ge?minaticn inhibiting substance at maturity,
and its disappearance during storage,
b) by the lack of a germinéﬁicn promoting factor at maturity and its
formation during storage, or

¢) a combilnation of these two.

These conelusions are in geneved agreement with those reached by
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Dlack (1959), that dorwaucy ie related to the ease with which an inhibiting
substance leaves the grain of A.Hfatua=anﬁ the presence of germination
promobers within the grain. While a possible role may be cnvisaged for the
govmination inhibitor present in A, fatua, it is Gifficult with our present
kiowledge to do so for A, sativa, and we feel {hal this species should be
groupad with those investlgated by Barton and Solt (1949), in which the
function of the gerimination inhibiting maﬁeriéls present was considered to

be of little or no blologloal imporkance,

Since dormancy has béen observed to be asgoclated with the abttainment
of ripéness in these gtudies, and elsewhere, the poussibility existe that
these somcalled Pgermination inhibitors" may be persistent "ripening
inucers™, By resteicting the development of the immabure seed, in
partlcular ways, and bringing abould the resting condition, the many secondary
changes resulting in seed dormancy ocould be brought abouts The corvection
of such ohanges to bring the metakolism into the proper alignment for
germination to take place would then consititute the bagis of natural after-
ripening, assogiated with vhich might well be the development of natural

germination promoting substances.

The general picture emerging from all these studies on grains of these
three species is that of a well belanced,; sequential pattern of physiclogical
changes by which a gquiescent nonwdormant embryo is tranaformed to an active
seedling capable of every independent aspect of growth and development.

The upsets of this balance which constitute the basis of dormancy have been
further characteorised in some respects, bub their fundamental nature is still

unresolved.
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Summary .

1 Seed dormancy in Avena sativa, Avena fatua, and Avens ludoviedana

has been found to develop at maturity and to wear off gradually during

a period of several monthes dry shorage.

2. No evidence for a completely reversable phase of germination was obtained
when the period of imbibitdon of grains of A, sativa was inberrupbed by

a dehydration treatment. Taitially germination promoting effects were
obgerved, but after some degree of embryo growth had occurred embryo damage

resulted from such treatments.

3, ‘The high level of Free Auylase activity characteristic of germinated

grains of A, sativa, A, fatua and A, Judoviciana has been chown to be mainly
due to the development of a~Amylase, concurrently with, or shortly after the
initiation of embryo growth. The site of development is the endosperm, but
an essential role for the growing embryo is indicated, since mutilated grains,
geparate prain parts, and dormant grains of the last two species show little
or no capécity for such development, The participation of amylases in the

L e e

pre~germination metabolism of A. sativa is therefore doubtful,

4, Studies on the levels of fats, starch, and on the amounts and nature of
soluble carbohydrates in germinating grains of A, sativa indicate that
materials other than starch form the foundation of the pre-germination

metabolism.

5,  An actively increasing proteolytic activity was found to be present
in the embryo of grains of A, satlva during the pre-germination period of
~ dmbibition. . The high level of activity charvacteristic of the germinated
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grain was found to be duc t0. the formation of these enzymes within the
embryo, and their ﬂiffusinn to the endospérm. An essentidl rola for the

grawing embnyo i8 again inﬁiaated by the lack of simiiar hehav&our in
1sa1ated end@sperma Qf givg and darmanh grains af the 1aat twa species.

6. ater &xtracﬁs of whcle grains and husks of A, sativa, and whole gralns

W

of A. fatua were faund ta exhibit germination inh&bitina propérties against -

-f._sativa and saveral ﬂther-sgacies- | The ﬁame Whole grain extraeta promoted

the germinatxon of nonedormant prains of A "”ngéggg.

No correlation could be dravn between the presence and‘amount of fhesé
ﬁrapertias; and the éermanéy status of pgrains of As fatva. The hask
extract was found to have no effect on several anylase preparations

but produced a conslderable intdbition of proteclytic enzymes.
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