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INTRODUCTION.

The chain of connected processes and
transformations which extends from the quiescent seed
to the actively developing juvenile plant may be re-
garded, in general, as the phenomenon of germination.
The first and most important of these changes, and
the one upon which all the others depend, is the
absorption of water. A study of this prerequisite
for success in germination therefore seems fundamental
to the elucidation of the entire process, more
especially as the question of successful germination
bears so definitely on many problems of prnoucql
agriculture, as well as on aspects of more purely
academic interest.

Relevant to this main problem is the question
of how substances dissolved or suspended in the water
supplied to the seed affect this process. Here sgain,
as in the main problem, points of academic interest
arise, but these are overshadowed by more practical
questions because of the increasing use of chemical
dressings as preventives against the attacks of seede
borne and soil fungi. Another aspect of the problem
is the mode of penetration of these added substances
into the seed, where some fungus may be located,
which the fungicide must reach if it is to accomplish
its beneficial work,

This present thesis, therefore, is a report
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of studies on the intake of water by the seed, and
the penetration of various substances dissolved in the
water supplied to the seed and their effect on ;
athm. It must be made clear that the work is,
in the main, exploratory in nature for when initlated
the whole conception of the initial stages of water |
intake by the seed had been recast by the researches
of Nelson and MacSween on the Broad Bean, Vicia Paba
L., published in 19335, Until that time the path of
water intake had been defined as taking place through

the micropyle, and the general surface of the seed had
been regarded as of minor importance in so far as it
affected the intake of water. That this conception is
not true, at least for the earlier phases (the first
six hours approximately), has ‘been proved. The newer
conception is that the first stage is the hydrqtion of
the testa, which, being of a colloidal nature, absorbs
water by imbibition. The hydrated testa is known to
be an imperfectly semi-permeable membrane, and it has
been suggested that further water intake is by osmosis
through this structure. Some doubt still exists as to
the exact nature of the substance which acts as the
"attractor" of the water through the seed-coat, but,
in the main, the steps in the process as outlined by
FNelson and MacSween hold good. A subsidiary point of
considerable importance brought out by these workers
is that each seed must be regarded as an individual,



3.

because when using genetically standardised material
it was shown that while the curve of water intake by
a seed of Broad Bean had characteristics similar to
another seed, yet they differed in their relation to
time. These differences may be, and probably are,
related to the pre-history of the seed, e.g.
maturation, storage, etc. (Hysteresis of the seed-coat
colloids probably covers much of this).

While agreeing in the main with Nelson and
MacSween, the present worker is of the opinion that
the micropyle is not actually closed during the early
stages of hydration, but rether that it is none
effective until after a certain time has elapsed, the
time varying in the case of different beans.
Microscopic sections through the region of the
micropyle, when immersed in water, show not a closure
of the micropyle, but a widening and opening of the
pore. The reason for the non-effectiveness of the
micropyle is due to the fact that a large pad of dry,
erushed and air-filled tissue is situated immediately
behind it, and this must be moistened before the
micropyle cen become effective. This is the cause
of the lag between the time that soaking commences
and the time that intake of water and/or solutions
through the pore becomes effective. It would appesar,
therefore, that after the initial swelling of the testa
has taken place the micropyle operates to a certain



extent, and may permit of the passage to the embryo
of substances to which the seed-coat itself is
impermeable.

With these conceptions in mind it may be
postulated mc the effect of substances in the water
supply would be to influence nonil germination in
three general directions:

(a) The presence of uny’nubctance such as a
seed-dressing might, on the one hand,
slow up the preliminary hydration of the
cblloidal seed-coat and, later, tend to
slow up osmotic water intake by the seed,
thus delaying the subsequent processes,
while, on the other hand, the dressings
might increase the rate of hydration and
the permeability of the seed-coat colloids,
thus expediting the intake of water with
a possible increase in the rapidity of
germination.

(b) Mercury, alone, or chemically combined as in
many modern seed-dressings, is deleterious
to young living tissue, and the introduction
of mercurials into the seed, and their con-
tact with the young embryo, might be harme-
ful, or even lethal. Therefore the mode

- of entry, and the time at which the mercury
| reaches the embryo becomes a pertinent
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question, The same type of question is
raised by the belief that certain metallic
radicals, other than mercury itself, have
a stimulating action on germination, and
that they might be used to expedite
germination, and to increase the chances
of success of the process. In short,

the practical question that emerges is
whether mercury and other ions could be
applied to the seed under such conditions
of control that fungi would be eliminated,
while the deleterious effect on the embryo
would be evaded and stimulative sction
obtained.

(c) Given that substances added to the water
supply can affect germination, will the
stimulus induced be carried forward so as
to influence the further development of
the plant, and will it _bo strong enough

even to affect the next generation.

MATERIAL.
In the course of the investigstion various
dyes were employed as it was found that the migration
of the coloured molecules and ions in the seed-coat
could be followed with a precision not possible when

colourless salts are used.
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The material used throughout the whole of
the studies consisted of a large sample (1 cwt,) of
Brodd Bean, Vicia Faba L., Of the variety known as

 "Cropper". This material was chosen for the following
reasons. The Broad Bu_n has one of the simplest seed~
coats available, and the variety (luppuod by the
raisers, Messrs.David Bell Ltd.) is as near to being
genetically pure and uniform as could be obtained in
£ho quantity required,

¥While stressing the uniformity of the material
and the simplicity of structure it must be remembered
that these are only comparative, especially when such
a fine analysis as is here attempted is involved.

Such commercially pure material doubtless varies
genetically and phjliologioally for the characters
involved in these studles, and even with fine sampling
methods, and the use of large numbers per test, the
individuality of the seed can not be entirely discount-
ed.

The bulk of the seed was received from the
growers immediately after harvest in the autumn of
1955, and was kept in the sack in which it was re-
ceived, in a cool room with a stone floor, samples
being drawn for tests as required. Storage in bulk
prevents excessive drying out, and the seeds do not
reach air humidity, but tend to maintain a stable
character, colloid hysteresis and other changes being
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to some extent overcome. Storage under perfectly
controlled conditions of temperature, humidity, ete.,
would have been preferable, but, unfortunately, such

conditions were not procurable.

MORPHOLOGY and ANATOMY.

A roviov of the gemeral morphology and
anatomy of the seed and seed-coat, as seen in Vicla
Faba, is necessary in order that the theories and
explanations to be put forward in the course of this
paper may be made clear. #An additional reason for

.~ this review of what is known of the seed from the work

of others is that certain structures, not previously
described, have now been discovered.

On examining the exterior of a dry seed of
the bean the area which stands out most conspicuously
from the remainder of the surface of the coat is the
nilar scar oR hilum (Fig.l). This scar, left when the
matured funicle becomes detached, appeers as an
elongated, oval aree, black or dark brown in colour.
Extending longitudinally, almost along the whole length

- of the scar, is the hilar slit, which, in the dry seed,

is an open cleft, exposing the underlying tissue. This
slit varies in width depending upon the external con-
ditions, particularly humidity: it is completely
closed when free moisture is applied to the scar. At
the end of the sénr nearest the embryonic root is
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located a small aperture, the micropyle, to some
extent also connecting the external atmosphere with
the underlying tissue. At the end of the hilum,
distal to thn micropyle, a vascular bundle runs
through the tissue of the testa. This was described
by Beck (1878). This bundle, doubtless, was cone
tinuous with the bundle in the funicle, and was
probably the path along which water and food were
conveyed during the development of the seed in the
pod.

On the side of the seed opposite to the
embryonic root there is seen a small, brown, slightly
raised ares, the strophiole (Pig.2), W%hile this
strophicle has been considered of some importance in
the seeds of other Leguminosese, e.g. in species of
Trifolium and Melilotus, not much attention has been
paid to it in the case of Vicia Faba,

Turning now to & consideration of the more
detailed anatomy of the seed-coat, the first

description 1s that of Bischoff in 1833, and this has
been supplemented at different times by other workers,
such as Pringsheim (1848), Sempolowski (1874), Beck
(1878), and Mattirolo and Buscalioni (1892). The
latter added to the anatomical description some
explanation of the probable physiclogical functions
of a number of the structures observed by them., 1In
1899, Pammel published an extremely wide and detailed



treatise on the seeds of the Leguminosae, including
Vicia Faba. Naturally, with so many investigators

working in different places and at different times a
varied terminology has been evolved, and identical
structures have bun' described by different terms.
While mentioning some of the names and the slternatives
used fdr pu?ta of the seed-coat in this introduction,
the writer, for the sake of uniformity and simplicity,
will use only one set of terms in the main body of the
theais. .

| The seed-coat of Vicia Faba is constructed
of several distinct layers of tissue (Fig.3). The
outermost layer is one cell deep, and has been named,
variously, palisade, epidermal or Malpighisn layer,
The cells of this layer are lons_elf than broad, with
their long axis perpendicular to the surface of the
seed, and have blunit or rounded ends, A translucent
line, the so-called light line, runs across the long
, axis of the cells, at about thou apex, and appears
to divide each cell into two unequal parts.
Externally, this palisade layer is differentiated
into two more or less distinet strata, the cuticle on
the ouealido, and, lying immediately beneath, the
cuticular stratum.

The cuticle consists of a delicate line of

almost equal thickness, and may be removed, or other-
wise dn-pgnd,_ by being rubbed agsinst surrounding
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objects. It has the property of preventing the
passage of water, or of allowing it only with
difficulty.

The cuticularised stratum is distinguished
only with difficulty from the normal cellulose wall
of each palisade cell, and is not necessarily com-
posed of the same substance as the cuticle, although
named the cuticularised layer. Pore-like canals,
which extend into the cellulose portion of the cell-
wall, are found on the inner side of the cuticular
stratum. These canals may extend from the surface and
connect with the cell cavity below the light line.

The walls of the palisade cells are not
uniform in thickness, the cell-cavity being somewhat
pear-shaped, broader at the inner or lower end, and
narrower in the upper part. Viewed vertically from
the surface the palisade cells appear to be five or
six-sided, with a cavity varying in iiu according
to the depth at which it is focused. Rediating out-
wards from the cavity in the upper part, through the
thickened cell-wall is & number of pore-like cansls,
which are probably remnants of the original cell-
cavity, left as the cell-wall became thickened. &
certain amount of protein matter (protoplasm), in
which chromatophores are embedded, is found in the
cell-cavity, and some tannin is also present.

The most interesting feature of the palisade
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cell is, without doubt, the "light line", regarding
the function of which there has been much speculation,
and many theories have been put forward to explain
its physical properties and chemical composition.
Russow (1875) concluded that in it the cellulose of
the wall hed a nodsrhd molecular structure, containe-
ing less water than the remainder of the cell wall,
Sempolowski (1874) states that there is not only a
difference of molecular arrangement, but slso a
chemical modification of the cell-wall at this point.
Beck (1878) showed that the "light line"™ had small
affinity for water, end he thought that its appearance
might be due to chemical alteration though micro-
chemical tests faliled to reveal its nature. Harz
(1885) accepted Russow's explanation regarding the
line, and added that it was entirely due to physical
changes in the laying down of the cell-wall substances,
and that it did contain less water., The noteworthy
absence of pore canals in the region of the “light
line" certainly does csuse it to appear denser, while
its contact with the neighbouring porous parts of the
wall intensifies its lustre. Coe and Martin (1920)
maintain that the "light line" is pierced by closed
canals, which are opened on hydration by mechanical
stretehing due to imbibition, while Hamly (1932)
states that the "light line" in the seeds of Alfalfa
is situated at the junction of the suberin caps of the
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palisade cells and the ordinary palisade cell-wall.

At present there would appear to be no
satisfactory explanation of the chemical or physical
constitution of the "light line", while its function
etill remains obscure. Nattirolo and Buscalioni (1892)
state that the "light line" checks transpiration during
dry weather: it does not prevent water from entering,
but checks its outward flow. The outer part of the
palisade cells, beyond the "light line" and below the
cuticle, is mucilaginous and takes up water, whereas
the "light line" allows but little water to pass and
swells only slightly, although it is passively
stretched and, in this way, the canals become enlarged
and permit water to pass. This is similar to the
theory of Coe and Mertin that the seat of impermeability
in seeds of Sweet Clover is the "light line". Canals
" eross this line and they require to be stretched before
they will allow any water to pass.

The position, then, would appear to be that
there are a great meny opposing views concerning the
subject of the "light 1line", and no definite, agreed
theory regarding it has been formulated.

Immediately underlying the pelisade cells
and almost inveriably sccompenying them ere the
osteosclerids or hour-glass cells. Where the palisade
‘hyor curves in at the hilum these particular cells
become first larger, and then shorter, and merge into
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the star-shaped parenchyma of the hilum. The walls
of the hour-glass cells are greatly thickened and
frequently possess lateral processes, and in some
aress the cells are marked with longitudinal canals.
The inter-cellular spaces between the cells are
prismatic in outline.

Beneath the layer of hour-glsss cells is
the nutrient layer, which may be two or three cells
deep, the uppermost cells having thin walls, and the
lower cells thick walls., In the developing seed this
layer contains both chlorophyll and starch, the latter
possibly serving to nourish the growing embryc. As
the seed approaches maturity the cell-walls of the
nutrient layer collapse, and the cell cavity then
appears only &s & thin line in the dry seed. When the
mature seed is soaked, however, the cavity reappears,

The vascular bundle, already mentioned as
beginning at the hilar scar, is continued into the
nutrient _hyar along the raphe, and just before it
reaches the embryo it bifurcstes, The two branches
thus formed subdivide further, and gradually lose
their identity when they come into close proximity to
the embryo. The vascular bundle itself is composed
mainly of xylem elements,

A brownish pigment is found in the cells of
_the nutrient layer, and associated with it is a
quantity of pyrogallol tannin. It has been shown by
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Brown (unpublished) that although the amount of tannin
varies considerably as between different seeds of the
same sample it is always present in an appreciable
quantity.

Of the differentiated areas of the seed-coat
the most prominent is the hilar area and its anatomy
is not without interest (Fig.4). A section cut across
the hilum shows & double layer of palisade cells, the
long axis of the cel'ls of the outer layer shortening
towards the edges of the hilum, the inner shortening
towards the tracheid u_land. A light line occurs in
both layers, The hilar slit or groove is seen to be
connected with the micropyle and runs the entire
length of the hilum. This slit extends in depth
through both of the palisade leyers, and the under-
lying tracheid islend is thus expcesed to the external
atmoaphere,

The tracheid island is somewhat ovoid, with
pointed ends, and it consiste of a bundle of tracheidal
cells, surrounded by several rows of thin-walled
elements. The amount of parenchyme increases in the
hilar region and may be differentiated into three
regions, (a) thin-walled parenchyma forming @ cone-
~ tinuation of the nutrient layer, (b) thicker-walled,
star-shaped parenchymea with numerous large inter-
cellular spaces, and (¢) thine-walled, elongated
olmti surrounding the tracheid island.

The function of the tracheid island in the
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mature seed is difficult to explain., Mattirolo and
Buscalioni showad that water passed through the hilar
groove, but the present worker has found that the hilar
groove closes as soon as it 1s moistened, and there-
fore, as has been suggested by Pfaefflin (1897), the
amount of water passing through must be limited. The
micropyle is also hygroscopic in its action, but 1t
appears to open rather than close when moistened.

The raedicle of the embryo lies in a pocket
of the nutrient layer in close proximity to the
ucropy]io, but s)lweys above it. This pocket, or
jacket, fits closely round the radicle, especially at
the upper end where the radicle mergee into the
hypocotyl which is joined to the cotyledons. The
plumule lies between the two cotyledons and is proe
tected by them,

The strophiole, which is situated on the
seed-coat at the side opposite to the embryo, is a
particular area in which the palisade cells are narrow
and much elongated, gradually shortening and broadening
until they merge into the normal palisade tissue on
either side of the protuberance. The hour-glass cells
in this area are also slightly longer, and the inter-
cellular spaces narrower.

The particular function of the strophiole 1s
not at present known, but oracks occur frequently
between the palisade cells in the strophiole, allowing
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1'lbor to pess through. It is suggested that in a
‘cood like the Broad Bean the strophiocle is no 1ongof
;funotlohll, but in a seed the coat of which tends to
' be impermeable to the passage of water, these cracks
would serve to render the coat permeable and so sallow
the seed to swell and germinate,

While studying the anatomy of the seed-coat
of Vicia Faba, & peculiar structure, which does not

appear to have been previously described, was
discovered. At the edges of the pocket enclosing the
embryonic radicle two dark-brown, halfemoon shaped
bands are visible on the seed-coat (Pig.5). These
bands lie on the innermost fuce of the nutrient layer
and fit closely into the lesteral sides of the radicle
in the hypocotyl region. They differ from the neigh-
bouring tissue in having & shiny appearance, and in
being slightly raised above the level of the surrounde
ing tissue: when studied in surface view it was
observed further that these bands have the appearance
of a honeycomb or network, with raised walls and
sunken cavities, as distinct from the smooth surface
of the sdjecent tissue (Fig.b5a). HMicrochemical tests
of the tiissue of the band indicated that it is of a
cellulose nature.

When those parts of the hypocotyl in contact
with the bands were exemined shallow hollows were
found on the surface, -Lnilar in shape to the bands of
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' the coat, and on microscopic exsmination the cells in
each nngltkan aren were seen to be papillate, projecting
-ugnuy. with depressions between the cells, indicete
ing that these projecting cells would fit closely inte
the corresponding sunken cavities of the inner layer q:
cells of the seed-coat.

Sections were cut through the bands, with
the embryo in its normal position, end 1t was then
confirmed that the cells of the sunken hypocotyl
region did in fact fit closely into the raised bands
of cells on the inner face of the seed cost, the
'ridges on the coat Pitiing 1nto the hollows on the

hypoeot*l and vice versa (Fig.6). No little diffi-
culty was experienced in keeping the root and seed
coat mjaitu during the procius of fixing, cutting
and staining, even with materisl embedded in psraffin
WaX, onfacommt of the different rate and amount of
dehydration of the seed coat as compared with the
tiumrot the embryo. For this reason sections were
also cu# of the two tisauves separately. From both
series ?f sections 1t could be seen thet the flate
‘surfaced cells of the cotyledon passed over into the
papn:u% cells of the hypocotyl and then into the
smooth surfsced cells of the root (Pig.7).
| - Where the papillations were most merked
about one half of each cell projected out from the
point w’ it was joined to its neighbouring cells,
The tissue of the band on the inner surface
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- of the seed-coat in section formed a serrated edge
| to the nutrient layer in comparison with the neighe

bouring;mre or less smooth surface (Fig.8). The
serration consisted of thick projecting walls,

\
tapering slightly to the tips, &nd sunken cavities,

' The projecting walls fitted in between the cells of

the hyp&cotyl region, locking the tissues of the coat
and hyptlmotyl firmly together in that area,

T At once the question arises - what is the
nature of this structure and what purpose does it
serve? At first it was thought from the general
:ppoarat;wo of the structure, and the close contact
that it formed between the nutrient layer of the coat
and the embryonic tissue, that it had been & means of
convoyixfxg food from the nutrient layer to the ewmbryo.
Colour wes lent to this ides from the fact that the
cells of the hypocotyl and cotyledon appeared to be
elongat;d from the papillate area in the direction of
the p].uﬁule. This path of elongated cells would
possibly act as a path for the easy diffusion of food

through the tissue to the plumule (Fig.9). The idea

' behind the theory was that this structure was intended

for the rapid transport of food from the nutrient
layer to the embryo proper, in order to build up a
concentrated food reserve in the embryo during
maturation.

In order to verify the theory, young immature



19.

beans w;u fixed and embedded in paraffin wax and
sections cut through the area on which the bands were
normally found in the mature bean, but, unfortunately,
little or no trace of the bands could be seen in the
immature beans (Fig.l0). This indicated that if the

' bands were intended for the transferance of food such
movement must take place late in the history of the
development of the bean embryo.

Further examination of the sections of the
immature bean showed that some of the last remnants of
the true endosperm were lying between the nutrient
layer of the coat and the embryo, in that area in
which the bands would eventually develop.

The discovery of these facts rather threw a
doubt on the theory of the bands acting as a means of
food conveyance, and the sections of the mature bean,
as well as the beans themselves, were re-examined with
the view to discovering what other function this
structure might perform. In this second examination
it was seen that the surface of the papillate cells on
the hypq‘ootyl was cutinised, s fact which further
tended to disprove the thsory of food transferance.
Having regard to the struecture of the bands, and their
position just at the end of the pocket enclosing the
radicle, it was then suggested that these might act
as clamps, holding the root in position and preventing

the embryo from altering its position during the drying
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: or soaking of the seed. When the radicle begins to

| elongau‘a and to swell during the first stages of

| glrnnnﬁon, if 1t were not fixed at its base by
these clamps, it would be prevented from growing

'rorward‘by the mechanical barrier of the coat, and
hence a pressure would be set up backwards which
would put & strain on the hypocotyl region. The
ootyledtlmn being unable to move, this strain on the
hypocotyl would ceuse the latter to rupture, thus
upnr-ting the root and the plumule from the cotyledons,
and leading to the production of what is known in the
terms ofj' official seed analysis as a "broken seedling"
(lol:on,j 1924), The purpose of the bands therefore is
té act nfu a clamp, holding the radicle and forcing it
to grow;fomrdu 80 as to rupture the coat, not at the
nioropy}o as laid down by many authorities, but above

' the micropyle as normally happens. The coat scts

naturally as a barrier to the root because it is

 tough aﬁd, comparatively speaking, some considerable

force 1!; required to rupture it. If the same force

were nppu.od to the much more delicate hypocotyl,

- which is mainly composed of parenchyma, there is no

doubt whatever that it would break, Therefore if this

clmpiné mechanism were not present to prevent this

backward pressure being exerted on the hypocotyl a

breakage in this region would be & Frequent occurrence,

| Attempts were made to prove the necessity for
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| these clamping bands during the first stages of
germination. A portion of the coat and the band
immediately below were removed from dry beans without
causing any injury to the actual embryo itself,
 These be&ns, 80 treated, were sosked and germinated,
and in almost every case there was rupture of the
hypocotyl, not a complete break but sufficient to
bring about & slowing down of the feod-transference,
while permitting also the easy access of fungal and
bacterial diseases. It is not suggested that these
oxporim‘nts are by any means conclusive as abnormal
'oouditn‘m: were set up by the removal of the coat as
well as the band. The ideal would be to remove the

. band without touching the overlying cost, but this is
obuouaiy impossible.

While the development of the bands has not
been rnily worked out as yet, it would appear that in
the later stagee of maturation the remmants of the
ondoupoﬁ- are forced aguinst the nutrient layer by
the enlarging embryo, causing a close contrasct to be
‘made between the nutrient layer end the endosperm.
The miam exerted is no doubt sufficient to cause
the ond&swu and some of the nutrient layer tissue
to be forced down between the cells of the hypocotyl,
thus forming rudinonuiy bands. The subsequent
hardening of the nutrient layer and the remains of the
ondmpaﬁp would strengthen the bands, and thus the



papillate tissue on the hypocotyl and the honeycomb
BV e, the nutrient layer are brought about.

At this stage it may be eoncluded that
these dark brown bands on the nutrient layer of the
seed-comt are honeycomb-like structures developed to
fit into a corresponding papillate avea on the
hypocotyl. The function of the combined structures
is to hold the radicle in position during the early
stages §r germination, thus preventing a rupture of
the tissues of the hypocotyl due to the backward
pressure set up by the radicle in its endeavour to
break through the mechanical barrier of the seed-coat.

How far this theory may be spplied to other
Legmtm;nne is not certain, but it seems not impro-
bable that similar bands will be discovered in the
coats of other seeds, The absence of these bands,
or their non-functioning, might account for the
broken ;uoodlup found during germinetion tests of
' many samples of leguminous seeds. In such "broken
 seedlings" the break occurs just at the point where
| the hypocotyl joins the cotyledons, which, as
suggested by the author, is the point where a break
would occur if these bands were not present, or were

nm-thm.
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THE PENETRATION OF DYES THROUGH THE SEED COAT
| OF VICIA FABA L.

'U . -

Dealing with the physiological saspect of
the prtheu it will be most convenient to consider
first the work on the penetration of dyes through
the seod-coat of Vicia Faba, as some of the facts

discovered during the experimeante with dyes serve to
clarify the work on the mercurial salts. The aim of
these experiments was to discover the path of entry
. of a coloured substance through the seed-coat, and
later, by analogy, that of the colourless salts,
| In all cases hore reported 1#% solutions of

the dyes In distilled water were used. As exposure
- to light on Qtnnding may produce some change in the
solutions these were freshly made before each experie
ment. GCGroups of from twenty to twenty-five beans were
- soaked in the respective solutions, contained in
' eylinders with ground-glass stoppers, at ordinary room
; tonynrn#ure. In every case the beans used were ceare-
j fully a&lectqd by hand to ensure that cracks visible
| to the eye were absent from the coat at the commence~
- ment of each experiment. Kven with the greatest care
| beans '#th very minute cracks were sometimes passed,
but suoﬁ seeds, when discovered later during the
course ér the experiment, were discarded. At twoe
hourly intorvala the beans were removed from the
solutions, and were washed and examined. At the time
jwh-n thil work with dyes was undertaken the beans were



24.

in such a state of maturation that soaking for twelve
hours was sufficient for the complete swelling of
almost all the seeds in the test. With beans aged
by storage, a longer period is necessary. At each
test one or two typical or average beans were
examined, and the particular areas of the surface of
the seed where penetration of the dye had taken place
were noted. Portions of the seed-coat were then
removed from different areas of the bean, and the
outer surface of the coat was examined under a
microscope; the mounting agent employed here was
heavy-bodied paraffin oil, which, while making a
comparatively permanent mountant, also acted as a
clearing agent. The particular areas of these pleces
of the coat which had been stained with the dye, and
any peculiarities which might be apparent were noted.
Transverse sections of similar pleces of seed-coat
were also examined, and in these cases the depth of
penetration of the dye in the stained areas was
observed. In this way it was hoped to make a fairly
complete record of the passage of any one dye through
the seed-coat of Vicia Faba.

Results of Experiments on Dye penetration.

(1) Basic Fuchsin: With this stain at the end of the
first two howrs, the beans were little changed in
external appearance, apart from normal swelling, but

the dye had stained the upper surface of the hilar



bulges and any ridges that might be present on the
coat, while isolated patches of dyed tissue could be
seen in the hollows. Some beans had not stained at
all: such difficulties due to individual idiosyn-
crasies were encountered throughout all these
experiments. Just as it has been noted that some
beans absorb pure water more quickly, or more slowly,
than the average, 80 some beans absorbed the dye more
rapidly than the majority, while others absorbed the
dye more slowly.

Surface preparations showed that small
localised areas of the testa had absorbed the dye,
while the remainder had not, and a mosaic effect
was thus produced., These stained areas occurred in
the hollows between the shallow ridges, which can be
observed in any bean before soaking, and indicated
that certain cells, or groups of cells, were more
permeable to the dye than others. Any slight
mechanical scratch on the surface of the coat was
deeply stained, and the surface of the ridges being
more exposed to such mechanical injury might account,
to’ some extent, for their being more heavily stained
than the hollows.

Sections of the coat showed that where the
dye had penetrated it had passed only a little way
beyond the light line. In fact, penetration past
this line was rare in the early stages of soaking.
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Beans left in the dye solution for a
further two hours were slightly wrinkled, and the
ridges and bulges were more deeply stained than
before. The mosaic of dyed, undyed, or less strongly
dyed areas was still visible in the surface prepara=-
tion, and the more strongly dyed patches appeared to
be slightly raised above the surface of the surround-
ing cells. When the coat was sectioned it was found
that the dye had not yet passed beyond the barrier
of the light line. ’

At the end of six hours the whole of the
surface of the beans was wrinkled and was patchily
red all over. The ridges and bulges, however, still
showed & slightly deeper stain, In the surface pre-
parations the mosaic now consisted of dark-red and
lighter stained areas, with few unstained patches.
When sections of the deeply stained areas were
examined it was discovered that the dye had now
passed the light line, and that diffusion had taken
place into the upper half of the palisade cells.

At the end of the fourth interval (eight
hours staining) the beans were well wrinkled, and
only in the hollows were unstained areas to be found.
That the dye was still collecting in definite aresas,
and also in the scratches on the coat, was apparent
in the Qurfaco preparations. In sections, the dye
' was now seen to have passed into the lumina of the
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palisade cells, but no lateral diffusion from
stained into unstained areas of the coat had taken
plnéo. A section cut down through the micropyle
showed that the underlying nutrient layer, and the
hour-glass cells for a short distance behind it, were
stained red, while the dye had not yet passed right
down into the palisade cells in that area, This
indicated that the micropyle was open, and was allow-
ing the dye to enter.,

After ten hours, some of the beans were
still wrinkled, but in others the wrinkling stage was
passing off, The dye was still mainly concentrated
on the ridges and bulges, and the mosaic of more
deeply and more lightly stained areas was still
visible on the surface preparations. Sections
demonstrated that the dye was passing into the houre
glass cells in the more deeply stained areas, but
unstained areas were still visible on the bean coat
in the sections, and no diffusion into these, either
from outside, or laterally from the deeply stained
neighbouring cells, had taken place. Sections of the
micropyle area again showed & slight penetration of
the dye into the nutrient layer and hour-glass cells
but it had not penetrated far.

Some of the beans were now completely
‘swollen and were soft to the touch, snd these had the
dye over nearly all the surface: the dye was found to
have penetrated even to the nutrient layer.
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At the end of the twelve hour period the
ma jority of the beans were swollen and soft while
others were still in a wrinkled condition. Little
can be added to the observations made during the
previous period except that on some of the wrinkled
beans there appeared to be a fading-off of the
concentration of the dye from the top of the ridge
to the hollow. Again, little diffusion of the dye
from the micropyle was found except for a short
distance in the nutrient layer and hour-glass cells,

During this period of soeking no penetra-
tion of the dye into the cotyledons or embryoc proper
had taken place, except in the case of a few beans
where & minute erack in the strophiole had allowed
direct contact between the cotyledons and the
solution. The dye in these cases had passed round,
under the coat, and was absorbed by the nutrient
layer and passed into the cotyledons and embryo.
with prolonged soaking in the case of normeal beans
 without any cracks on the coat the dye did eventually
pass into the surface layers of the cotyledon and
embryo.

(2) Miscellaneous Basic Dyes: Similar experiments
were conducted with other basic dyes, e.g. Nile Blue,
Janus Oreen, Neutral Red and Methylene Blue. In all
cases the phenomena ob-u:ud were the same as those

described for Basic Fuchsin, although in the case of
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Janus Green the passage of the dye through the coat
appeared to be slower,

With Methylene Blue the mosaic of stained
and unstalned areas was even more reurhblo than
with Basic Fuchsin, and in some cases isolated cells
appeared to have absorbed the dye more readily than
others and presented the appearance of dark blue dots
on the surface preparations. The amount of diffusion
from the micropyle into the underlying tissues was
slightly greater, and a slight apparent diffusion
from the hour-glass cells into the palisade cells
wag visible.

(3) Acid Fuchsin: This was the first of the acidic
dyes to be considered because of its being in direct
contrast to Basic Fuchsin.

At the termination of the first two hour
interval the beans were practically unchanged as
regards swelling. The dye however had concentrated
on the ridges, and, to a lesser extent, on the hilar
bulges. In surface preparations a definite mosaic of
dyed and undyed areas was visible all over the coat.
¥hen & number of the small dyed areas occurred closely
enough together a patech, visible to the naked eye,
appeared as a stained area. In sections the dye
appeared to have been absorbed only by the outermost
surfage of the coat. Naturally light-coloured seeds
appear to absorb more dye than naturally dark-coloured
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beans, but this is not to be relied upon as after all
it may be due to an optical effect, brought about by
the more striking contrast between the light coat of
the seed and the dye.

After four hours some of the beans showed
the first signs of wrinkling, but 1ittle or no '
change was visible in the amount of dye absorbed.

The dye was still localised on the surface of the
coat, although in some cases the dye had stained the
coat with a network of thin lines which took the
shape of the outline of the palisade cells.

On the oonplotion of the third intornl,
it was noticed that while the ma jority of beans were
wrinkled, and only partly stained, two were come
pletely red all over the coat.

In the majority of the beans most of the
surfece was tinged with red, with an aggregation of
the dye in certain areas. In sections the dye was
seen to have penetrated as far as the light line.,

. The totally red beans were examined and the
micropyles were found to be wide open, all the undere
lying tissue having been stained red - an indication
that the dye in this caese had passed through the
micropyle into the nutrient layer and hour-glass
cells, and from these right round the coat and up into
the palisade cells.

At the end of eight hours the state of the
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beans was very much the same as before, only the
wrinkl‘ing was more pronounced. The dye appeared to
be concentrated more on the ridges ind bulges,
probably due to mechanical absorption in the
scratches which are nént frequent in those areas,
Two of the beans were completely red and one was red
on the hilar bulges and periphery. In all three the
micropyle was open,

In the normal beans the dye was still
confined to an area outside the light line although
in a few places there was a very slight indication
of penetration into the palisade cells.

Of the bean which was stained half red,
sections were cut through the junction of the stained
and unstained area., There was an indication of
rapid dittuaion in the hour-shn and nutrient layer
cells, snd from these into the palisade cells. The
dye in the hour-glass cells was slightly shead of the
stained palisade cells and there was a diminution of
the dye outwards in the palisade cells from the
hour-glass cells,

On the completion of ten hours soaking the
dye was still situated mainly on the ridges and
bulges. Surface preparations showed mosaic areas of
dyed and undyed cells with deeper red patches on the
surface of the ridges. On some of the ridges, |
sections showed penetration into the palisade cells.
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Some of the beans were totally red,
except in a few areas which were still hard and
closely pressed against the cotyledons. The same
traces of lateral diffusion into these aress was
visible as before.

At the end of twelve hours the majority of
the beans were completely swollen, others were
totally wrinkled. The soaked beans were completely
red while the wrinkled beans were still only slightly
stained. The dye was mainly concentrated outside
the light line, and in only a few cases had it passed
that point and had penetrated into the palisade cells.

Little or no diffusion of the dye into the
cotyledons was visible, but after prolonged soaking
diffusion did take pleace.

Other acidic dyes, such as Indigo, Carmine,
Light Green and Congo Red, were offered to the beans
end in each case similar results were obtained, the
dye appearing to pass through the micropyle.

Congo Red was of particular interest
because while it passed round the inner coat mainly
in the hour-glass cells it did not pass out into the
palisade cells. In some cases the dye did not
succeed in passing the whole way round the coat, but
only so far as the hilar bulges and round the
periphery of the coat for a short distance. In some
cases the colonnades of the hour-glass cells were the
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only parts of the tissue which were stained in the
actual coat, as distinct from the hilar area.

In beans in which the micropyle had been
plugged with wax prolonged soaking did allow the Congo
Red to pass through the coat, indicating that the
swollen testa is not totally impermeable to the dye,
the plugging of the micropyle preventing the access
of the dye to the tissues through the pore. In some
cases beans with unwaxed micropyles also showed a
penetration of the testa by the dye, but here the
seed-coat was completely hydrated.

In a few of the beans examined the Congo
Red, in the early stages of soaking, had entered the
bundle, situated at the end of the hilar slit, and
had passed in the bundle round the coat for a cone
siderable distance, but no diffusion from the bundle
into the coat was discovered. This may indicate that
the bundle could act as a path of water intake into
the bean in certain cases,

The effect of soaking seeds of Phaseolus
vulgaris and Pisum sativum in Congo Red was also

observed, The results were the same as those obtained
with Vicia Faba, the dye passing in through the

micropyle and round the nutrient layer and hour-glass
cells.

Further experiments were carried out with
the basic dyes on beans in which portions of the seed-
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- coat had been waxed, the object being to discover how
far lateral diffusion takes place in the seed-coat
layers, other than the nutrient layer and hour-glass
cells. It was found that lateral diffusion, if any,
is negligible, for sections cut through the junction
of the waxed and unwaxed areas showed a sharp line of
' demarcation between the dyed, unwaxed portion and the
undyed, waxed area. .

Attempts to discover the cause of the
difference in permeabllity of the cells to the dye,
evidenced by the mosaic effect, proved futile. No
microscopical difference was visible, and no
microchemical distinction could be found. The
essential difference between these cells must be
extremely fine,

A test of the germination power of beans
soaked in various dyes was carried out, and although
the beans were deeply coloured the development of the
 embryo seemed to have been in no way impaired. This
is of interest as it shows that mere impregnation of
the seed-coat with substances need not have any ill
effects on the enclosed embryo. In some cases migra-
tion of the dye from the testa to the developing
embryo was observed, but no detrimental effect on the
plantlet was seen.

: It is apparent that the dyes employed may be
divided into two classes saccording to their mode of
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entry into the bean. The two classes coincide with
_the dye classification of scidic and basic. In the
- agidic group the dye does not pass through the coat
in the early stages of swelling, but when the coat
has become wrinkled as the result of unequal hydration
the dye can pass through the coat, although the light
line constitutes a partial barrier. While there is
no general passage of the dye into the coat in the
early stages of swelling, yet there are certain cells
of the coat which appear to possess a greater affinity
for the dye, or are slightly more permeable to it,
- than others. When the micropyle opens, however, these
acidic dyes pass in through it, and travel round
through the nutrient layer and the hour-glass cells,
In the case of Acid Fuchsin there is a diffusion
outwards from the houreglass cells into the palisade
cells, but this vertical spread does not happen in the
case of Congo Red. The dye also passed round between
the cotyledons and the sctual seed-coat itself. Any
small cracks in the coat, such as are frequently found
at the strophiocle, allow the dye to pass in slmost
immediately, or after a very short interval of soaking.
On the other hand, the basic dyes immediately
"adhere" to the coat particularly in any scratches and
in any definite localised areas. "Adhesion" to the
injured testa is probably mechanical, but in the case
of the localised areas it must be due to a greater
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- affinity for the dye, or else the cells are more

| permeable than others, although no anatomical or

microchemical differences could be found. The dye
passes through the coat, particularly in these

- localised areas, until it reaches the light line which

- would appear to constitute a partial barrier to the

dye. Purther stretching of the coat, due to continued
imbibition of water, allows the dye to pess into the
coat more generally, but the cells which started to
absorb the dye first still allow the dye to pass
through more rapidly. These cells retain the initial
start then obtained due to their slightly greater
permeability in the very early stages of swelling.

The barrier offered to the dye by the light line is
broken down by the swelling or stretching of the coat,
and the dye passes right through the palisade cells
and hour-glass cells into the nutrient layer. The dye

did not appear to pass into the embryo or cotyledons,

at least within the period of the experiment, but with

 prolonged soaking the dye did penetrate into these

 structures. ihen the micropyle does open to allow the

 basic dye to enter, the subsequent history is dis-

similer to that of the acidic dyes, the basic dyes
being held localised round the young radicle,
adjacent to the micropyle. The failure of the basic
dye to spread from the micropyle is explained by
oxpn-mhtl carried out with extracts from the seed-
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- coat,

The coats of several beans were removed,
and these were placed in distilled water and allowed
to stand for a short time to extract the pyrogallol
tannin which is present in the seed-coat. The
solution wss then decanted carefully, and when mixed
with the basic dyes a distinct, coloured precipitate
- was produced. It is suggested that this is what
actually occurs in the hour-glass cells and nutrient
layer cells, the locus of the tannin in the natursl
seed. The hypothesis being that the dye passes in
through the micropyle and is precipitated by the |
tannin, and, as more dye flows in from behind, 1t is
in turn precipitated, gradually forming a plug of
precipitate which blocks further passage from the
micropyle into the coat.

¥hile the tannin in the palisade cells and
hour-glass cells no doubt also precipitetes the dye
' in its pessage through the coat, there is not =
- sufficiently dense precipitate formed to block the
pathway of entry of the dye. Just behind the
' micropyle, in the nutrient tissues, there appears to
' be a concentrated mass of tannin, which no doubt
would intensify the blockage there.

When the tannin was cleared from the testa
- extract by precipitation with gelatine, the addition
' of the dye to the resultant liquid produced no
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- precipitate, thus confirming the view held as to the
'sction of the tannin on the dye.

fcidic dyes produced no precipitate when

- added to the water extract of the testa.

' DISCUSSION.
The first interesting point that arises when

considering these results obtained from work with dyes
is that the hilar bulges and the ridges of the seede
coat appear to be more permeable to dyes than the
corresponding hollows in the coat. Paine and Saunders
(1918), working with wrinkled peas, discovered that
'dye penetration took place only on the wrinkles. This
‘was due to a waxy bloom in the hollows in the coat

- preventing the entry of the dye. This bloom had been
removed from the ridges by mechanical rubbing against
surrounding objects. This explanation would probably
apply 2lso to beans, the slight waxy covering or
cuticle on the coat having been removed from the hilar
bulges and ridges by rubbing, thus rendering them
more permeable to the dye, although in this case the
dye 4id not penetrate into the cells in the hollows,
%hy even on the ridges some cells should be more
permeable than others can hardly be explained on this
basis, although it may be due to the removal of more,
or all, wax from the more permeable cells, as compared
with the less permeable cells. The same might apply
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.~ to the hollows, the more permeable cells having a |
thinner cuticle or waxy coating. Braun (1924) showed
: that the distal end of the wheat grain was more highly
L cutinised than the embryo end, indicating s cytologic:u
| besis for the gradient of permeability to lcdine
which he had discovered. The ssme phenomenon ought
| to apply to cells or groups of cells in the bean coat.
The next barrier to the passage of dye
through the coat in the early stages would seem to be
- at the t}op of the palisade cells, in the region of
| the light line. The dye appears to pass through the
| cuticular and subcuticular strata fairly readily, but
is stopped at, or abouﬁ, the light line (Hamly, 1932).
Coe and Martin (1929) stated that the light line
formed the impermeable region of the seed-coat in
 sweet clover seed, and that this region was plerced
by canals which were closed, but as swelling took
place the pores opened and permitted the passage of
dyes. Lute (1928) also stated that alfalfs seeds
' become more permeable when the tips of the Malpighian
_cells are planed off. This would also indicate that
| the seml-impermeable region of the cost lay at the top
' of the palisade cells. Hamly maintains that the
iinpomability in lloluqtus is due to the presence of
' suberin caps on the Malpighian cells, the junction of
these caps and the true palisade coll-walls being at
‘the 11ght 1ine. These suberin caps, sccording to him,
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.~ are closely pressed together and prevent the entry
. of water into the seed, and, further, the opened
canals in the light line in soeked seeds, described
by Coe and Martin, are normally present in the
- unsoaked seed but are not visible. It is important

to note that Hamly worked with "hard" seeds which
| are not found in the case of the bean, consequently
- some further mechanism must exist which overcomes the
‘ hpomgbillty of the coat. Brown (1932) in his
investipgations on wheat maintains that the mechanism
for overcoming the impermeability of the wheat grain
- coat is by the intake of water by the micropyle,
causing the endosperm to swell and the coat to
stretch, thus opening up the intramolecular spaces
in the colloid, and allowing substances to pass
through, These {indings by Brown require clarifica-
- tion in that the structure called the micropyle is
not prop‘prly defined. A caryopsis does not possess a
true mQprlo.

 In the case of the bean, after an interval

of time, some change takes place in the region of
the top of the palissde cells, rendering them
- permeable. Collating the views of Brown end Coe and
' Mertin, it appears that a certain amount of imbibition
of water by the colloids of the coat surface takes
place, causing them to swell and to open up the
intremolecular spaces in the colloid, and opening also

[
|
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. the cansls into the cavities of the palisade cells by
' the stretehing of the cost, thus permitting the dye

' to pass into the coat, ¥hare the actual stoppage of
the passage occurs is not quite clear, but it 1s

| somewhere in the region of the apex of the palisade
cells.

| Pammel describes longlitudinal canals which
- pass across the light line, making connection with
the palisade cell cavity, and it is possible that the
stoppage may occur at the apex of these canals. It
is more probable, however, that the stoppage is made
| at the light line, as it is the only visible
differentiated tissue, & constriction of the canals
taking plece at this point, and it 1es necessary for
a certain amount of water to be absorbed before the
constriction widens sufficiently to allow of the
passage of substances into the coat. Once past the
light line the dye can pass through the palisade

~ cell canal into the cell cavity and into the hour-
glass cells.

| The fact that a stretching of the coat is
necessary before the dyes can pass would indicate a
 further reason for the greater permeability of the

| ridges and any wrinkles that might appear on the

' coat during soaking. It is reasonable to assume that
the cells on the ridges, at least the upper ends of
the cells, are already slightly stretched, consequently
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 the opening of the canals would not take so long sas

in the case of the cells in the hollows. The same
holds good for the wrinkles, although in this case
it would be that the canals of the cells in the

- wrinkles were more widely open and therefore more

permeable than the canals of the cells in the hollows.
A fact, previously noted, can Le recalled
here, namely that the cells of the coat which wers
most permeable to the dye appeared, after soaking for
a short time, to be raised above the surface of the
neighbouring cells. This would wean that the colloids

~of these cells had absorbed water more rapidly, and

had swollen more quickly, than neighbouring cells,

thus, by enlarging the intermicellar spaces, had

rendered them more readily permeable to the dye.

Once the passage into the palisade cells
is opened the twe classes of dyes - acidic and bagic -
behave differently as regards the early stages of
nb-orptﬂm. The basic dyes continue their passage
through the coat, the larger moleculed dyes pene-
trating more slowly into the hour-glass and natrieat
layer cells, but the acidic dyes do mot enter into
the pnlirud. cells. This difference in behaviour of
the two dyes remains to be discussed.

A large proportion of the work carried ocut
with regard to the penetration of dyes has been done
with 1living cells and while this is naturally not
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homologous with the penetration of dyes into dead
tissue such as the seed coat, it is of interest to
note that living cells are alsc more permeable to
basic than acid dyes, e.g. Brooks (1933) found that
- living cells were permeable to basic dyes regardless
of their degree of dissociation, but permeable only
to acidic dyes when they were weakly dissociated.
Rideel (1926) in his work dealing with

surfece chemistry gives the clue ‘to the whole
explanation. Charged ifons or particles of the same
sign as the micellse of the membrane penetrate
| relnh!.vo‘ly quickly whilst those of opposite sign
| are precipitated during their course and the rate
of penmetration is extremely smell. The micellse,
as has been noted, become hydrated in the dye solution
and thus adsorb substances with polar groupe whether
ionised or not. The rate of penetration through the
’1ntomic§a11:r spaces is reduced by this adsorption of
the diffusing molecule in the adsorbed water layer
e t.ho micellse., Membranes themselves, consisting
of & cclp.oidal network, may evidently undergo marked
varietion in intermicellar, or cross section, free
space if the hydration of the membrane be altered,
thus affo,cting their permeability to various dis-
solved materials.

- This can be applied to the seed coat
_ecolloids and the walls of the canals of the palisade
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éocuo. If the colloids of the coat and the canals
ibur the opposite charge to thet of the acidic dyes,
' they will prevent the entry of the dyes into the coat
whether it is ionised or not, but later, when total
;hydration of the coat has taken place, the inter-
‘micellar spaces in the colloids, and the diameter of
‘the canal, will have incressed sufficiently to permit
of the passage of the dye. This in actual practice |
was found to be the case - acldic dyes could pass
through the coat when it was totally hydrated.
Naturally, basic dyes being of opposite charge to
‘acidic d&en can pass through the coat even if not
ionised,

Up to the present no mention has been made
of the micropyle in the discuselon. Uhen the
‘micropyle opens, as 1t did in the beans the enthor
‘was ueing (after six hours), the acidic dyes pass
‘right round the coat. This would indicate Lhat the
spaces of the nutrient layer were sufficiently large
noe to have any effect due to charge, although the
taet thut the basic dyes are held a short distance
‘behind the micropyle might indicate a change of
charge in the nutrient layer; but since the basic
dyes can penetrate into the nutrient layer after
' passage through the coat this alteration of the
charge dqoa not seem likely. The explenetion put
forward d\n'lng the experimental results is more
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probably correct, namely that the dye is precipitated
.~ by the tannin lying close behind the micropyle, and

- this precipitate forms a plug which prevents the

. further passage of any wore dye. The acidic dye 1is
not probip!.tnted end can thus penetrate into the

- nutrient layer.

Phe spreading upwards of Acid Puchein from
the nutrient layer into the hour-glasse cells and
palisade celle cen reedily be explained. When the
ui.eropyic opene, allowing water to enter, hydration
of the coat takes place rapidly from below, the
canals of the palisade cells and the intermicellar
spaces of the colloid are sufficlently open to allow
of the pessege upwerds of the dye into them, and thus
to stain the whole coat. Ae the water moves round
unde» the coat the dye follows in its wake and moves
up into the canels as these are hydrated from
beneath,

The precipitation of the basic dyes by the
tannin ’olntlou is similar to the findings of Scarth
(1926) for the accurmlstion of basic dyes in living
ecells, Combinestion of the basic dyes with tannic
scid, and then sdsorption of this combination to a
ccnoid,: wag the mechanism of accumuletion postulated
by him, Something similar may be ocourring here,
coubinnﬁl.on of the dye and the tannin producing a
 precipitate direct, or else a further combination of
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dye plus tannin with some colloid, sxtracted from the
coat, is taking place. The first theory seems more |
probable as removal of the tannin, which ie the main
constituent of the extract, reduces the precipitate
to nothing. .

i
{

The remaining oxperiments with the dyes |
gshowed that there was no lateral movement of the dpé
in the palisade and hour-glass cells as they passed
throughi the coat, only longitudinal movement being
visible}

CONCLUSIORS.

1. The charge carrisd by the colloids of the seed-
coat of Vicia Paba L. only permit. of the entry

‘*'of'bnic dyes in the early stages of water
absorption, but not of the entry of scidic dyes |
until total hydration of the coet has taken

place.
1

. 24 The dmz barrier to the passage of all dyes is

M cuticular or wax stratum on the coat, which
is most effective 1n the hollows where it has
not been removed by mechanicael rubdbbing.

- 3. The second barrisr to the passage of the dyes is

4n the top of the palisade cells in the region
|

of the light line. Imbibition of water and

subsequent swelling of the coat colloids and
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opening of the palisade cell canal is necessary

to overcome this barrier.

| 4. There sre cells on the cost, distributed in more
than one aree, which are more permeable to
water and dyes than other cells. Beans
possessing the greatest number of these cells
would swell more rapidly than others.

- 65+ This greater permeability of these cells is due,
in the first plasce, to a thinner cuticular or
wax covering, or in the second place tec one
which is less efficient than in normal cells,
Pui'thor, a more rapid sbsorption of water end
swelling of the cell colleide takes place in
these cells permitting of the more rapid
pessage of dyes through them. The second

phenomenon msy be a consequence of the first.

6. The !iddgu are more permeable to dyes than the
hollows, due, firstly, to the removal of the
u;y covering in that ares and secondly because
W coat is already stretched necessitating a
smaller amount of water absorption to swell the
colloids and cpen the p.u“m, canals to permit
of the passage of dyes, and consequently a
shorter interval of time.

7« '*he more rapid penetrations of dyes through eny
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wrinkles that appear on the coat during soaking
is from a similar cause. Bending of the coat
causes a mechanical stretching of the tops of
the palisade cells opening the spaces in the
colloid and the palisade canals, allowing the

dye to pass.

8. When the micropyle opens to permit of the entry of
dyes, the acidic dyes enter and pass round
underneath the ccat in the nutrient layer and
hour-glass cells. Basic dyes enter for a short
way and then further penetration stops. The
dye 1s held close behind the micropyle.

9. The holding of the dyes close to the micropyle is
due to the formation by the basic dye with the
tannin of a precipitate in the coat effectively
blocking any further passage. l

10. The rate of passage of the basic dyes through the ‘
coat is in the inverse ratio to the size of the

molecule,

1l. There is no lateral movement of dyes in the
palisade cells and hour-glass cells during the
passage of dyes through the coat.

ADDENDUM TO WORK WITH DYES,
As an expansion of the work on dyes the
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effect of soaking beans in solutions of two iron
salts, Perrous and Perric sulphate was tried. In
the case of Ferrous sulphate, the salt pﬁnotratod
directly through the coat, giving on the way a blue
coloured precipitate with the tannin in the palisade,
hour-glass and nutrient layer cells. The areas of
greatest penetration were on the ridges and any
raised portion of the coat. When the micropyle opened
there was a slight penetration of the salt into the
nutrient layer, giving a blue colour in the area, but
owing to the precipitation of the salt caun_.ng a
blockage, it did not penetrate far.

- On the other hand, Ferric sulphate did not
penetrate the coat at all except by way of cracks,
but when the micropyle opened there was a slight
penetration into the nutrient layer, giving a blue
colouration and a bluish green thread in the houre
glass cells, further lateral spread being prevented
by the paid of precipitate formed at the micropyle

Perric chloride was found to behave in
exactly the same way as Ferric sulphate, there being
no penetration of the salt until the micropyle opened.

It is suggested that the difference in the
mode of penetration of these three salts might be
due to the effect of the ferric ion on the bean coat
causing a coagulation of the seed-coat colloids. If
this was so then the permeability of the coat to other
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- substances would also have been altered. Consequently
the effect of offering a solution of 1% Ferric
aulpmta and +1% Basic Puchsin, in equal proportions
was tried. At the same time the effect of a

solution of .1% Ferrous sulphate and -1% Basic Fuchsin
was also tried. The beans were allowed to soak in
these solutions at laboratory temperature for
approximately twenty-four hours and then examined.
Beans in the Perric sulphate-fuchsin solution
appeared as if they had been soasked in Puchsin alone,
except for a slight purplish patch close to the
micropyle. Sections through the coat gave the normal
- red colour in the palisade hour-glass and nutrient
layer cells. At the micropyle, sections through the
purplish patch indicated that the colour was due to
the presence of the blue precipitate formed by the
tannin and the Ferric sulphate, plus the red colour
of the Basic fuchsin.

The bean coats in the Ferrous sulphate-
Puchsin solution had a purplish red appearance, due to
the penetration of both the Ferrous sulphate and the
Basic fuchsin, the combination of the two colours
giving the purplish tinge.

These tests showed that the Ferric ion had
not coagulated the coat colloid as then the entry of
the Basic PFuchsin would have been impeded or altered.

From the experiments with Ferrous sulphate
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it would seem possible that although a substance is
precipitated by the tannin in the coat yet that
substance could still penetrate through the coat,
the precipitate not preventing penetration to any
great extent.

DISCUSSION AND CONCLUSION.

The expansion of the work on dyes using
the iron salts can be explained on & similar basis
to the dye work. The excess charge carried by the
Ferric salt causes it to be adsorbed by the colloid
of the coat, while the Ferrous salt is able to pass
through as it is not so highly charged. Any crack
in the coat however, allows both to pass in.

The experiments with the mixtures of  dyes
and salts indicated that two substances in solution
could pass through the coat independently of each
other and that they did not visibly affect each
other's progress into the living tissues of the
seed khrough the protoplasmic cell membrane,
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THE EFFECT OF SUBSTANCES IN SOLUTION IN THE
EXTERNAL MEDIUM ON THE SWELLING RATE OF
BEAN SEEDS.

The method adopted was a modification of
that used by Shull (1920) in similar experiments.
The beans were weighed dry and pleced separately in
numbered dishes, then esch bean was wetted with the
solution, removed immediately, dried with a pilece of
linen, and weighed again. This second figure gave
the initial wet weight and was used as the reference
point for all future weighings.

The dishes were placed in & thermostatically
controlled incubator, running at 2060, in order to
maintain as constant an external atmosphere as
possible. The beans were removed individually at
two hourly intervals, and the superfluous moisture
having been dried off with a well-washed linen rag,
they were re-weighed and replaced in a fresh solution
which was standing ready to be run into the dishes.
This process of drying, welighing and replacing in
fresh solution took about 1§-2 minutes per bean.

The first salt to be tested was Tolyl
mercuri acetate. Beans with no cracks in the coat,
and no other visible flaws, were carefully selected
from the stock supply and placed singly in
crystallising dishes, 1% inches in diameter and 1
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inch deep, which held plus the bean 25 cc. of
solution. As the ltit is extremely sparingly
soluble a saturated solution was used, 2 grms.
being added to a 1000 ce. of distilled water.

A control experiment was run at the
same time, distilled water being used instead of
the salt solution.

Any bean whose coat fractured during the
experiment was discarded as the crack would at once
allow the solute and solvent to reach the cotyledons
without the intervention of the imperfect, semi-
permeable membrane of the seed-coat. Any bean which
eracked while soaking in the distilled water was
also similarly discarded.

The weighings taken regularly at two
hourly intervals during the twenty four hours, and
also further weighings taken at irregular intervals
up to 64 hours, sre given in Tables I and II. The
further weighings up to 64 hours '.le’md:
for the salt solution as it was obvious that the
beans had not become fully swollen at the end of
twenty-four hours.

At the end of twenty-four hours only ten
of the beans scaked in the salt solutions had
uncracked coats, and only nine in the distilled
water control. The average of the weighings of
these whole beans was taken, and the graph of the
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increase in weight of beans soaked in salt solution
and the graph of the increase in weight of beans
soaked in distilled water were drawn. By a
comparison of these two graphs 1t can be seen that
the one for the increase in weight in distilled
water shows a much steeper rise than that for the
salt solution.

Exactly similar experiments were carried
out with two further salts, Mercurated o-chlorophenol
and Mercurated o-nitrophenol. Saturated solutions
of both these salts were prepared (1.5 gms. of salt
being dissolved in a 1000 cc. of distilled water in
both cases). The weighings of these tests were
taken at two hourly intervals up to thirty hours.

As before, control experiments were run at the same
time and under the same conditions, using distilled
water as the external medium. The weighings taken
during these experiments are given in Tables III,
IV, V and VI. As in the previous experiment any
beans whose coats cracked during the period were
dhear&d, and the average of the weighings of the
beans with uncracked coats was taken and graphs
were drawn.

On comparison of all the graphs from these
two experiments it can be seen that the slope of the
increase in weight of the beans in distilled water
was almost the same as the slope of the increase of
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the weight in salt solutions, except for a slightly
- slower, and lower, rise in the solution of
 Mercurated o-chlorophenol. This is probably due to
the solution not giving up water quite as readily
as the distilled water, but the graph has the same
general shape as that for distilled water,

DISCUSSION.

From these experiments it would appear
that there is a marked difference in the behaviour
of beans sosked in the first salt, Tolyl mercurd
acetate, as against beans soaked in solutions of
Mercurated o-chlorophenol and Mercurated o-nitrophenol.

After & consideration of the work on dyes
it was apparent that the salts would enter the seed
in either of two ways:~ (1) Mainly through the coat
and slightly through the micropyle. (2) Slightly
through the cost and mainly through the micropyle
depending on the charge cerried by the salt in
solution., Thus the salt could affect the intake of
' the water in two ways, quite apart from lny.llo'!.ng
up due to the osmotic pressure of the solution,
namely by slowing up the intake of water through the
coat or by slowing up the intake of water through the
micropyle. Shull (1913) showed that the initial
intake oﬁ water from a solution had almost as great
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an initial rapidity as when pure water is used until
the osmotic pressure of the salt on the outside
balances the internal forces, then the entry of the
water ceases, But the osmotic pressure of the
solutions used in this case are too low to account
for the discrepancy between the salts.

An attempt was made to trace tho path of
entry of the salts by plscing sections of the bean
coat (taken from beans soaked in the various
solutions) in Deniges Mercury indicator solution.

No visible precipitates were obtained in any of the
sections and their non-appearance rendered this
method useless for the purpose, although other
investigators working with different seeds have
claimed to be able to trace the path of entry by
such a method.

Returning to the dye vorl; it was noted that
basic dyes which entered through the coat produced a
precipitate with a coat extract solution while the
acidic dyes did not.

A solution of coat extract was made in
exactly the same way a8 in the dye experiments, and
was used as a test solution. A white precipitate was
obtained with the solution of Tolyl mercuri acetate,
but not with the solutions of lercurated o-chlorophenol
- and Mercurated o-nitrophenol. Previous removal of the
pyrogallol tannin by precipitation with gelatin
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- considerably reduced the amount of the precipitate

| obtained (to nil in most cases). This would indicate
(a8 with basic dyes) that i1t was the tannin which

- was mainly responsible for the precipitate. Either

: the salt coagulated the tannin, which would block the
; pores of the coat, and the micropyle, or else there
was & direct combination of salt and tannin,

It is postulated that by analogy the first
salt will enter by way of the coat and micropyle,
while the latter two will enter mainly through the
micropyle. The precipitate produced by the coat-
extract solution (which is mainly pyrogallol tannin)
with the first salt will block the pores of the coat,
preventing the easy ingress of water. This weould
account to a certain extent for a discrepancy. The
main difference, however, is due to the precipitate
blocking up the micropyle &s soon &s it opened, and
preventing it from playing any effective part in
water absorption. A plug of white precipitate is
' visible in the micropyle of beans soaked in this salt
solution, and there is also a small mass of the salt

just within the micropyle.

Contributing to the discrepancy noted, was
the fact that these beans had not long been harvested
' and were not properly dry; in such beans the micropyle
becomes effective in the intake of water more rapidly
than in drier beans. Consequently anything interfering
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' with the micropyle mechanism for water absorption
| would have & much greater effect on these beans than

on those stored for a longer period.

CONCLUSIONS »

The discrepancy between the behaviour of
the beans soaked in the solution of Tolyl mercuri
- acetate and that of the beans soaked in the solutions
of Mercurated o-chlorophenol and Mercurated
- o-nitrophenol is due partly to the blocking of the
u-ﬂ.-porbabh membrane of the seed-coat by the
precipitate formed by the salt with the coat extract
' solution, The large size of the molecule renders
the blockage more effective than is the case with the
smaller iron and basic dye molecule in which the
blockage is not moticeable. The main cause of the
discrepancy is no doubt due to the blocking of the
micropyle by a plug of this same precipitate,
preventing the rapid ingress of water by this path;
the unripe state of the beans being & contributing
factor. It is extremely probably that eny other salt
with a large molecule, giving a marked precipitate
with the seed-coat extract, would behave in & similar
- manner and cut down the rate of water intake.
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EFFECT ON GERMINATION OF SOAKIKG BEANS IN
SATUBATED SOLUTIONE OF TIE VARIOUS SALTS.

A saturated solution of Tolyl mercuri
acetate was made by adding 2 grms. of the salt to
| 1000 cc. of distilled water. This solution was
allowed to stand overnight and was used on the
following morning. Beans, which had been selected
as being free from any visible flaws, were placed
in groups of twenty or twenty-five in petri-dishes,
enough solution being esdded to cover the beans
conplotoiy, and the dishes were left on the bench at
normal laboratory temperature. The actual temperature
of the solution in the petri-dishes was taken at the
‘beginning and at the end of the periods of sorking,
i.e, after 48 hours, and in no case was there a
varietion in temperature greater than 2°C, At
- definite intervals of time the superfluous solution
was poured off from the dish, and all the non-cracked
beans from that dish were sown, with hilum uppermost,
in clean sand. Petri-dishes were used in order to
allow of the complete seration of the solutions during
the whole time, and to permit of each bean being at
the same depth in the solution, also preventing the
presence of excess water or solution which, as has
been shown by Kidd and West (1919), is harmful to
lnh“qmqt germination and development.
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At the sewe time, controls were run with
beans sosked in dietlilled water. The beans, from the
| distilled water, were sown in alternate rows with
those that had been sosked in the salt solution, As
a further control of the effect of ‘.ounng pure and
' simple, untreated dry besns were also sown at the
same tln;-inurvnla as were used for the soaked beans,
Every morning the s2and layer covering the
beans was removed and the number of germinations
| (breaking of the seed coat by the radicle) counted.
%Al soon Q‘l the radicle had appeared the bean was
'inserted in its normel position in the sand, i.e.
root downwards. The number of gcrdmtionl per day
were noted, and the results are given in Tables VII,
VIII and IX. The totel number of germinations has
'been caleunlated as a percentage of the total number
of beans sown in that particular test. The sowing
date for the 24 hour, and over, periods of soaking
was taken as the day soaking started.
From & study of the riahma given in the
‘tables there is an indication that there may be a
_‘-ugm; incresse in repidity of germination in those
beans soasked in salt solution for half an hour. After
'8 hours soaking in the solution t!nrc seems to be a
marked retardation of germination, and beans soaked
for 48 hours are completely inhibited from germinating.
The salt would also appear to prevent the beneficial
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jaft'oct of soaking in the four to eight hour period,
:due possibly o the slower swelling rate of the beans
in the salt solution retarding germination.

| The beans which, having been soaked in salt
:lolution, failed to germinate were not without intereat.
' They differed markedly in appearence from beans soaked
in distilled water. The ungerminated beans from the
gsalt solution appesred grsasy to the touch, were

| yellowish brown in colowr, and were much more swollen
than the beans from the distilled water, which had a

' elear 1ight yellow colour. This change in colour
appeared to bs due to an slteration in the colour of

' the cells of the coat, as was shown by sections, and
following & pathological change brought about by the

| death of the bean owing to the salt., The increase in
' size of the bean may be sttributed to an abnormal

| intaeke of water, due to the release of a large quantity
of ocnotic substances as a result of the death of the
bean tissues, or may be explained by an alteration of
the solvation characteriatics of the testa colloids,

| In some beans, soaked in the salt solution,
where germination 4id not take place the root was
curved, twisted, stumpy and short (Fig.ll). This

- curvature was examined, and in sections it could be
seen that the cells on the concave side of the root

| were dead while those on the convex side continued

- growth (Fig.l2). This would naturally cause curvature
of the root, forming a concavity on the side bearing
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' the demaged cells. Apparently only & small ares onm

- the upper surface of the root, lying closest to the

| surface of the bean coat, was injured and prevented
- from developing, the other tissues which lie doeper
 beneath the surface being uninjured. The plumile in
these beans appeared to be perfectly normel. This

| lack of effect on the plumule is probably due to its
having been protected from contact with the solution
| by reason of its position between the cotyledons, and
| by its greater depth beneath the coat. On the other
| hand the root tip, lying much nearer the surface and
 therefors more exposed to the salt, showed injury,
|t &5 56 noteNstiy that the Lajery cesursvd éa She
| side most exposed to the salt solution.

It is suggested that the salt enters
through the coat in the first instance, and while it
- may not reach the embryo during the actual period of
soaking it does so while the bean is lying in the
sand and absorbing more weter, and then causes damage
to the upper surfece of the radicle. The amount of
salt absorbed into the coat during soeking is there=
fore the important factor to be considered. While
 some of the salt must be precipitated in its passage
through the coat and might be injurious, on the other
hand sufficient non-precipitated salt may be left to
- bring about the root curvature.
| Zimmerman and Crocker (1934) discovered
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| that plents were susceptible to injury from vapours

oumthﬂg from soil moistened with bichloride of

mercury solution. The injuries were similar to those
induced by metallic mercury vapour. They postulated
that the mercurial salts wers being reduced by the

organic matter in the soil, and that free mercury

| vapour was being relessed into the atmosphere,

- causing subsequent injury to the plants, It is

| suggested thet a similer phenomenon may be taking

plsce in the bean. The tennin in the cost, acting as

' a redueing agent, might release free mercury vapour

_which would injure the root and bring about the

- eurvature of this organ, the mercury here being the
injurious agent and not the salt itself, It does not
seen very probeble that this reduction of the salt is

- actually taking place, but it is a possibility nanr-b
theless.

Beans which had been soaked for longer
intervals of time did not germinate. In these cases
the micropyle probably opened and allowed the salt
| to enter. Apparently some of the salt must have
reached the actual tip and the under surface of the
' root, csusing the death of these tissues, in addition
' to the death of the upper surface tissues caused by
the salt which had penetrated the coat. This would
| oause the|death of the whele radiole, and if the salt
, penetrated further, by way of the coat and micropyle,
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the plumule would die also. In other cases the
plumule had developed although the root wes badly
injured, or sometimes completely destroyed.

. Protection in the first instance would thus appear

to depend on the depth of the coat covering the ’
tissue, and, secondly, on the length of the path the
- salt has to transverse from the micropyle to the
embryonic tissus.

As stated previously, a slight increase in |
~ the rapidity of germination was noted in beens aoakoq
for half an hour in salt solution. A second test,
identical with the first, was made to check this, the
| length of time of soaking being shorter. The resulte
of this teat are given in Tebles X, XI and XII.

- These results, however, do not confirm the suggestion
that a short period of soesking in salt solution
oxpoditea germination.

A further test was carried out on lines
identical with the first two tests, but in this case

~ the beans were sown root downwards. The beans were
~ left undisturbed in the sand and were watered each

- morning with distilled water, every endesavour being
- made to keep the beans covered with a uniform depth
| of sand, The appearance of the plumule sabove the
surface of the sand was taken as the first sign of

. germination, as this would be & better eriterion of

" the sctual effects of sosking, for in some cases the
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root may burst the coat and growth would cease withe
out the plumule developing at all, vide Hicks (1900)
and Atwood (1982). |
Fronm the reesults of this experiment, as
given in Tebles XIII, XIV and XV, it would appear
that sosking for two hours was the most that the
beans could be subjected to without ceusing injury,
subsequently, to the seedling plant. In that time
the salt had either penstrated through the coat, or

else sufficient had been absorbed into the coat to

allow of its reaching the root tissues during the
rnrthnrlsulnng of the beans in the sand. The roots
of some of the beans had the same curved, short and
stumpy appesarance as before, but a further develop-
ment had taken place and a thin, whipelike primary
root had been produced from the stumpy root, possibly
by a form of regeneration from the uninjured and more
deeply pleced root tissues, It is probable that such
plants would have been eble to establish themselves
in the soil, but growth and development would most
certainly have been retarded, end the next generation
might have been affected.

It sometines happens that a salt which acts
as a poison in comparatively concentrated solutions
will act as a stimulent in more mﬁte solutions,
Purther germination tests were therefore embarked

. upon using more dilute solutions. The method of
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procedure was similar to that adopted in the previous
experiment, only, in this case, the supernatant,
saturated fluid was decanted off and was added to an
equal quantity of distilled water, thus giving a
concentration equal to half that previously used.

A comparison between the beans soaked in this half-
strength solution and those soaked in distilled water
was then made, and the results of this are embodied
in Tables XVI and XVII, and the type of seedling
produced is given in Table XVIII.

In these tests the effect of the salt on
germination alone does not become apparent until after
soaking for eight hours (Fig.l3), but when the class
of seedling developed is examined it is seen at once
that some of the seedlings would not be able to
establish themselves as healthy plants.

From this experiment it would appear that
dilution of the salt has little or no effect on its
poisonous properties. There is a slight increase in
the germination power of beans soaked for longer
periods, but this may have been due to changes in the
beans themselves, resulting from longer storage prior
to experimentation rather than from the dilution of
the salt solution.

An attempt was made to discover the
relationship between the increase in weight of a
bean soaked in the salt solution and its power of
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germination. The same relationship for beans soaked
in distilled water being used as a control.

fhe method adopted for these tests was very
similar to that employed for discovering the effect
of saturated solutions on the aniung rate., In this
case, however, the selected beans were soaked singly
in crystallising dishes in solutions unchanged
throughout the experiment. The dry weight was taken
before the commencement of the experiment, and the
final wet weight before the beans were sown. The
germination dates were noted, and the type of
seedling plant produced was recorded, the results of
the experiment being given in table XIX. Examination
of this table discloses the fact that damage is
caused to any bean which has absorbed from the
solution sufficient to give an increase of weight
equal to approximately 10% of its dry weight.

The results of the distilled water
experiment are given in Table XX. Any correlation
between the absorption rate and germination rate is
difficult to find, but, within limits, it would
appear that the greatest swelling rate gave the most
rapid germination.

Some further tests were carried out on
similar lines, the number of hours of soaking,
however, being reduced to six. Results of this
experiment are given in Table XXI. One fact that



 stands out clearly in this Table is that beans which
develop cracks in the coat during soaking produce
abnormal seedlings. This means mast certainly that
any bean which was cracked prior to soaking would be
injured by the salt, and probably destroyed, as the
nlf. can reach the young embryo directly.

A photograph of beans 13, 7, 9 and 5 (Pig.14)
shows the effect of the salt on the bean root: number
13 is the most affected and yet it has not the greatest
percentage increase in weight. It is suggested that
perhaps the position of the area of wrinkling of the
coat during soaking might throw more light on this
matter. If the area of wrinkling and thus the area
of greatest permeability, should occur immediately
above the embryo, then more damage would result thanm
if the wrinkling occurred in some other area. In
order to test the validity of this supposition a
further test was carried out, in this case the area
of the bean in which wrinkling occurred during soaking
being noted, as well as the increase in weight and |
other facts. The results of this experiment are
given in Table XXII.

From this Table it will be seen that the
most dangerous area in which wrinkling may occur is
that towards the top of the hilum and over the embryo.
Beans which showed wrinkling in this area also showed
injury in the resultant seedling. This would indicate
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in its early stages, takes place through the wrinkled
coat to the uoct exposed part of the embryo root,
namely near the base, is correct. This injury causes
curvature of the root, but if the wrinkling has
proceeded far enoﬁgh, or is so situated that the salt
is allowed to reach the embryonic root tip, then
death of that tissue will ensue.

The control experiment, using distilled
water instead of salt solution, did not indicate
mach, judging by the rnnlt(u shown in Table XXIII,
except to suggest that rapidity of germination follows
rapidity of swelling fairly closely.

In order to test the effect of the salt on
the subsequent development of the plant (apart from
its effect on germination) a series of experiments
were conducted. Beans were soaked for tnlvi hours
in a saturated solution of Tolyl mercuri acetate at
laboratory temperature. After soaking the besns
were sown in soil in 5 inch pots which were placed .
in a greenhouse. The pots were watered every morning
and the number of germinated beans noh_d, and, after
germination, the general morphological appearance of
the seedlings produced was recorded. The results
of the experiment are given in Table XXIV.

This Table indicates that the salt has
slowed down the germination rate. This "slowing down"
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is also apparent in the subsequent development and
growth of the plants produced from beans soasked in
the salt solution. These plants had a slower rate
of growth and were smaller in stature than those
from beans soaked in distilled water, or from beans
that were untreated. This "slowing down" of the
development also influenced the date of flowering
of the various classes of bean plants. Plants
derived from untreated beans, and from those soaked
in d;ltilled water, opened earlier (28th May) than
those from the beans soaked in salt solution (5th June).
This slowness of development and retardation of the
growth rate is probably directly related to the
injury of the root caused by the salt. The root
system will take longer to develop, &nd as &
consequence the plant will take longer to establish
itself. PFurther, the root system of plants from
treated seed will be decreased, thus reducing the
area for absorption of water and salts from the soil,
with consequent repercussion on the serial parts of
the plent.

Experiments were now conducted with a view
to discovering if the poisoning effect of Tolyl
mercuri acetate could not be prevented in some manner
or other, in order that fungi infecting the surface
of the seed coat only could be destroyed while the
bean itself remained undamaged.
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Arising out of the work on the localisation
of the penetration of dyes by means of a protective
paraffin-wux covering, efforts were now made to
discover that if by waxing the bean coat the embryo
could be protected from the poisoning effect of the
salt.

Attempts were first made to apply the wax
to the area of the coat immediately about the embryo
itself, and, using & short period of soaking, to
discover if the embryo had been protected from injury.
Unfortunately, in the majority of cases, the swelling
of the coat caused the wax to be thrown off, thus
 exposing the area it was desired to protect.
Nevertheless, some measure of protection appeared to
be afforded by the experiment as beans which retained
the wax produced normal seedlings., These facts are
inconclusive, however, since such beans might have
producod normal liodllngl without the wax covering,
| because the very fact that the wax remained intact
mekes it obvious that swelling and wrinkling of the
coat did not occur in the region of the embryo in
these particular beans, the absence of swelling being
due to the constitution of the coat near that ares,
 rendering it less permeable to water than other areas
of the coat. It is reasonable to assume, however,
that some ﬁeum of protection was afforded by the
wax. Other protective agents were tried, but these
were always sloughed off, or failed to adhere to the
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coat on account of its own waxy covering.

A further series of experiments, again
mﬁ.ng paraffin-wax as a protective agent, was
conducted, in this case not with a view to preventing
injury to the embryo in the early stages of soaking,
but in order to prevent or minimise injury in the
iongor periods of soaking, over twenty-four and
forty-eight hours.

The method adopted was to select beans free
from cracks and visible flaws, and dip them in hot
paraffinewax (52°C. M.P.). This coating was allowed
to harden. The area covered in this way included the
hilum, micropyle and part of the hilar bulges (Fig.l5).
These beans were placed in petri-dishes, and were
soaked for 24 and 48 hour periods in a saturated
solution of salt. They were then shaken free from
superfluous solution, sown in damp sand, and watered
each day, the appearance of the root tip being taken
as 'tho riﬁt sign of germination. Control experiments,
using unwaxed beans, were also conducted. The results
of the experiment are given in Table XXV.

The percentage germination of tiu waxed beans
shows & marked improvement over those beans which had
not been waxed - 88.3% and 75-0% as ageainst 45.0% and
0% for the 24 hour and 48 hour periods. In some
cases the wax had become separated from the coat
during the soaking, and although it had not sctually
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come off it is doubtful if in this condition it would
prevent the access of the salt to the micropyle;
however it would at least hinder its passage oonlldorf-
ably and reduce the poisoning effect.

A series of experiments on lines somewhat
similar to those Just mentioned was then undertaken,
in which different parts of the hilar area were waxed,
the hot wax being applied by means of a seeker to the
hilum and micropyle in some beans, and to the
micropyle and a certain small area of the surrounding
coat surface in others. As before control experiments
were set up, using unwaxed beans. The period of
soaking was 24 hours in these cases. The results
are embodied in Table XXVI.

Again there was an improvement in germinae
tion percentage of the waxed beans as compared with
unwaxed beans - 72.8% when the hilum and micropyle
were waxed, and 85.3% when the micropyle alone was
waxed, as against 31°6% in the case of the unwaxed
beans. It will be noted that there is a third class
of beans included in the Table - those which had
lost their wotoctivc covering during the soaking.

In other cases it is doubtful if the wax really
prevented the intake of water or salts by the
micropyle. As before, other protective solutions
were tried but with no greater measure of success.

In the previous experiments the appearance
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of the radicle at the surface of the sand alone was
noted, and the subsequent development of the 'loodn.ng
was not considered. It was thought advisable in
consequence to conduct en experiment during the course
- of which the character of the seedling would be
observed. In & further sample of beans the micropyle
area was waxed as it was realised that this was the
danger point. The time of soaking for this experiment
was 24 hours, and the results are given in Table XXVII.

The gonimtion figure is seen to be 93.6%,
which is higher than that obtained for unwaxed beans
sosked for 24 hours. ,Pm this, and judging by the
class of seedling produced, it is obvious that waxing
of the micropyle acted as a protection to a certain
degree, Other factors, however, must come into play,
otherwise the class of seedling produced would have
been uniform. '

As wrinkling increases permeability the
locus where this occurs conditions the degree of
damage done to the embryo. %rinkling directly over
the axis of the embryo results in immediate demage,

' while wrinkling over the cotyledons may cause little
or no damage. It is posdblo also that the wax seal
was not portoot'and that the salt yiﬁod & passage
through the micropyle and sttacked the root.

‘ Af &n earlier stage in the course of the
experimental work it was stated that the poisoning
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of the root might be caused by a penetration of the
salt through the coat, or by way of the micropyle,
during the period when the bean was lying in the
damp sand prior to germination, and not during the
actual period of sosking. Thus any salt which was
clinging to the coat after soaking might in this
way reach the bean, or any salt clinging to the coat
might poison the root as it passed through the coat
at germination. The removal of this excess salt on
the coat might help to reduce the injuries to the
seedlings. To test the validity of the hypothesis
experiments were conducted in which beans, after
having been soaked in the solution, were washed for
about five minutes in running water and then sown in
damp sand. Control experiments were conducted with
beans which were not washed after soaking. It was
considered of further interest to compare besns which,
besides being washed at the end of the period of
soaking, had had the micropyle waxed for the whole
period. ‘m results of these experiments are given
in Tables XXVIII and XXIX. The class of seedling
prodmodtwn not noted for the shorter period of
soaking.,

From these results it would appear that
washing the beans after soaking does improve the
percentage of germination obtained. This is probably
due not so much to the removal of the superfluous
salt troi the actual surface of the coat, but rather
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to the removal of the excess salt in the micropyle
area and particularly the plug blocking the micropyle.
If this plug is left in the micropyle, as the bean
gradually takes up more water from the sand prior to
germination some of the salt from this plug may move
in through the micropyle and reach the embryonic root,
causing injury or death, That this is the most
probable explanation of the benefit accruing from
washing can be proved by a study of the beans which
- had the picropylo waxed for the whole period of the
experiment. In this group the percentage of germinae
tion is very much higher although the seedlings are
by no means normal, yet these figures do indicate
that 1t is the passage way through the micropyle that
is the danger point. Washing of the beans soaked
for short periods does appear therefore to afford
some measure of protection to the seedling.

Another method of protection, entirely
different from the previous method of waxing, was
now embarked upon. It has been demonstrated that
certain ions antagonise the passage of other ions
| through a membrane and it was decided to try the
effect of mixing Tolyl mercuri acetate with certain
inorganic salts and testing the effect of these
solutions on germination. A control experiment with
only the salt in solution was run at the same time.
The inorganic salts used were Sodium sulphate, Ferrous
sulphate ‘nnd Calcium sulphate. The rel.ulf.s are given
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in Tables XXX, XXI, XXXII and XXXIII, and the class
of seedlings produced in Table XXIV.

The protective effect, if any, afforded by
these salts is not sufficiently marked to warrant
further consideration, although according to the
theory the Sodium ion should increase the permeability
of the coat, while the others should decrease it,
and in fact this is borne out by the results of the
experiment, the Sodlum mixture causing the greatest
injury and the others less.

As an expansion of this work a solution of
coat extract was used to mix with the salt solution
instead of the inorganic salts, and the effect of
the resulting mixture on germination tested. A
definite precipitate was produced when the two
solutions were mixed, and this was filtered off in
one solution and left in the other. An excess amount
of coat extract solution was added to ensure completeé
precipitation of the salt. In the control experiment
the same amount of distilled water was added to the
salt solution to render it of the same strength as
the coat extract plus salt solution.

' These solutions were actually used in the
different groups of beans:e
(a) 10 ce¢ saturated salt solution plus 50 ce distilled

water.
i) & ¢ - " " " B0 ecc coat extract
solution.
k. ™ 9 " " d " 50 cec coat extrsct

solution
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- filtered free of precipitate. All the beans were

1 soaked for the .sm period « 7 hours 45 minutes -

in the normal way. The rosglt- qt the experiment
~are given in Table XXXV and the class of seedling in
Table XXXVI.

From these tables it can easily be seen that
the seed-coat extract has some considersble effect on
the salt solution, reducing its poisonous properties
considerably (see Figures which show the differential
effect of the various solutions). The filtered
solution appears to be less poisonous than the none
filtered solution, probably due to the fact that some
- of the salt was not precipitated, although excess of
coat extract solution was added. The non-precipitated
salt is caught in the precipitate and removed when
filtered, but is left in the unfiltered solution and
' ecan still cause damage.

The fact that the coat extract solution
removed the salt from the field of activity was
considered to be due to the pyrogallol tannin forming
g mcipitate with the salt, as shown earlier in the
experimental work. This is of interest as the tannin
appears to oxldise as the bean matures, and it may
precipitate more or less salt as it oxidises or
otherwise changes as the coat darkens in colour, thus
artordxné more or less protection to the bean,
Similarly the presence of more or less tannin in
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individual beans will slter the amount of protection
they receive. At present the indication is that
oldc:"‘:bom are less lisble to poisoning than younger
beans, but this may not be due to the tannin, but
rather to hysteresis of the coat colloids.

At one time it was considered possible that
the mixing of the salt and the coat extract solutions
produced not a precipitate but a salting out of the
tannin, the salt being absorbed on to this salted-out
procipitnto. But the fact that the other salts did
not produce the same salting out led to the bellef
that there is actually some combination between the
tannin and the salt.

In order to test the efficiency of the
precipitating mechanism, beans from which the testa
had been carefully removed were soaked in the same
three solutions as before, with a control in distilled
water. The beans soaked in any of the solutions
containing salt did not germinate, but those in
distilled water did. Whether total precipitation of
the salt was not obtained, or else the precipitation
mechanism is imperfect, is not definitely known, but
it seems most likely that incomplete precipitation of
the salt was the cause of non-germination.

In order to discover if it is the mercury
ion of the salt which is toxic to the bean, the effect
on germination of soaking beans in saturated solutions
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of various other mercury salts was tested. The
experiments were conducted on exactly similar lines
to those used in testing Tolyl mercuri acetate.
The effect of Mercurated o-chlorophenol wes tried
first. As before, groups of twenty beans were
soaked (in petri-dishes) in & solution containing
two grams per thousand ce, at leboratory temperature.
The results are given in Tables XXXVII and XXXVIII,
the appesrance of the rcot tip being taken as the
first sign of germination.

| In this test there appeared to be little or
. no difference between the effect of the salt solution
and the distilled water on the germination rate, but
there is a slight increasse in the rate of both as
compared with the untreated beans,

A further test was made, and in this case
the appearance of the plumule &t or above soil level
was taken &s the first sign of germination. This
was done &8s it was considered possible that the
radicle might Jjust burst the cost and then develop
no further, giving & false measure of germination in
the first test. The type of seedling produced was
also noted. The results of this experiment are given
in Tables XXXIX, XI. and XLI.

- The effect of this salt on germination, and
the cless of sesdling produced, would not appear,
from a study of the tables, to be very different from
the effect obtained by using distilled water. There
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is the same slight increese in the rate of germinae
tion over that of untreated beans - due to the
beneficial effect of soaking. It would sppear then
that the mere presence of the Mercury ion in a salt
doop not necessarily render it polsonous. Even if
this salt did not penetrate the coat in the first
instance, but could only enter the coat when fully
saturated, or through the micropyle, then the toxie
action, if any, should have been apparent in the
beans soaked for a longer period.

The same treatment was spplied to beans
when testing the effect of Mercurated o-nitrophencl
on germination. The results ere given in Tables XLII
" and XLIII, the eppearsnce of the root being taken as
the first sign of germination. The besans were then
- inverted and the plants grown on. The rate of
germination, and the type of plant produced, were
both similar to that in distilled water, and this
| salt, as in the case of the previous salt, wounld
appear to be inoxious. '

' The effect of Shirlan on germination was
tutod-on the same lines as before, only in this
case no previous test - using the root as the first
sign of germination - was conducted. The appesrance
_ of the plumule in beans which had been soaked in &
| saturated solution of the salt wes ﬁoted and also the
type of seedling produced, The class of untreated
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- beans was discarded in this test also, as the actual
oonpurh;ton made is between the effect of the salt and
the effect of distilled water. The results of this

. experiment are given in Tebles XLIV, XLV and XLVI.

The effect of this salt on germination is
not different from that of distilled water to any
marked extent, and the seedling plants were moe tly
normal, any abnormalities not being attributed to the
action of the salt.

The remsining salt, S2odium - 2 -« (hydroxy-
| m.l‘oi.ﬂ'lﬁ)) benzoate, was uploycd as before, and the
rum.),tmj of the experiment are given in Tables XLVII,
| XLVIII end XLIX.

The action of this salt on the beans recalls
that ﬁMGd by Tolyl mercuri acetate, but in & much
milder form. Sosking up to eight hours has no |
. injurious effects, but in the longer periods of
soaking there appears to be & slowing up of germinae
tion and a poisoning of the root. The fact that
pohonibg does not ocecur, except with the longer
periods of soaking, might be due to several causes,

- Either the salt is less toxic, and larger quantities
are noobsaury to cause polsoning, or else the salt |
is precipitated more completely through the coat,
necessitating a longer period before the salt could
reach thn embryc. There is a third possibility that

this salt might behave like the acidic dyes and enter
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the fact that no poisoning occurred before eight
hours as the micropyle is not very effective before
that period has elapsed. This third theory, although
attractive, does not appear likely es this salt
behaves like the basic dyes, producing & precipitate
with a coat extract solution.

DISCUSSION.

It is now possible to discuse the effects
of these various salts on germination and their
methods of penetrating the coat. Previous to and
during the course of the present work other
inveottgjnton had been experimenting with the effect
of water and salt solutions on germination, and the
results obtained are extremely conflicting.

' Many workers had stated previously that
soaking seeds, such as those of Phaseclus species and
others, in water alone reduced germination and pro-
duced pborer plants, but so far as the author is
aware none of these statements were applicable to
. Vicie Faba, which according to Kidd and west (1917),

. can withstand sosking up to 72 hours. Consequently
- eny injury to the bean ceused by soaking in & salt
solution could fairly be attributed to the salt and
not to any heruful effect of soaking alone.

There is no doubt from a study of the



B84.

experimental work carried out with Tolyl mercuri

acetate that there is a marked retarding effect on

germination and injury to the subsequent seedling,

Thn.injnry in the first place would sppezar to be

due to the passage of the salt through the coat

resching the base or crown of the root, This passage

through the coat is most marked in those beans in

which wrinkling of the coat ococurs directly above the

embryo - the coat being more permeable to substsances

when ua“nklod. The presence of more, or fewer, of

. these cells or groups of cells, which are more

| permeable than the average cell in this area just

above thfe embryo, would account for the individuality

displayed by the beans, why some were poisoned and

some were not. VWrinkling in any other area did not
cause the slightest damege to the bean., In the

| later stages penetration would take place all over

| the qoat; and also through the micropyle. This is

- similar ‘to the findings of Port (1932). The salt

| wh;ch penetrated the micropyle caused total death

| of the root tissus as it ceme in contact with the

. young growing tip. In the beens sosked for longer

| periods ft'.ho coat would be totally permeable,

ﬁ oon:oqn?ntly the whole root tissue would be killed,

| nlthouglf: in some cases the plumule, lying deeper

still b#neath the coat end further from the micropyle,

would niﬁ: be damaged and could develop.
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Those beans which developed thin whip-like
roots, due to the poisoning of the outer cells of
the root, resemble the injured peas described by
Brenchley (1927), this type of injury being
described as "strangulation. This injury to the
root caused by the salt is without doubt the main
reason for the slow development of planis produced
from treated seed. The efficiency of the root
is diminished and thus the efficiency of the plant
is lowered also. This would render the use of this
particular salt dangerous in practice se the value
of the ¢rop produced would be considerably reduced.

It is generally understood that & substance
which is toxiec in high concentrations is often
stimulating in lower concentrations, This was not
found to be the case with this particulsar salt. JNo
doubt dilution would render the salt less harmful
and finally a criticel point would be reached at
which no injury would be done to the bean, no mat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>