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Introduction.—The mature plant.—The seedling stage.—The root system and
mycorrhiza.—The shoot system.—The latex system.—General biology, experiments and
observations.—Discussion.

Introduction.

The investigation here reported was commenced in Adelaide early in 1916.
Miss A. Rennie, working under the direction of Professor Osborn, began an
examination of Lobelia gibbosa Labill,, and made a study of its latex system and a
preliminary examination of the fungus present in its roots. She also made a
number of field notes on the growth habits of the plant, and some experiments.
This work was not published.

In the summer of 1929 Professor Osborn noticed that Lobelia dentata Cav.
growing in the Sydney district had a number of interesting and peculiar features
in common with Lobelia gibbosa; and on his advice an investigation was made of
both species, and the work previously done by Miss Rennie was confirmed and
extended.

The present communication includes the results of both investigations, Miss
Rennie having generously handed over her notes, drawings and preparations to
the author, who wishes to acknowledge her indebtedness for them.

Text-figures 37-40 are from drawings made by Miss Rennie. The author alone
is responsible for any opinions expressed.

The Mature Plant.

Lobelia gibbosa Labill. is reported for all the Australian States, including
Tasmania. In South Australia, where part of the work was carried out, it is
reported by Black (1922) as occurring on Kangaroo Island, Yorke and Eyre
Peninsulas and probably in the south-west. The material for the present work was
collected in the scrub at Mt. Lofty, near Adelaide.

Bailey (1900) and Ewart (1930) distinguish three varieties of this species of
Lobelia, the one here described corresponding to var. microsperma, but Black
(1922) gives microsperma as a synonym for gibbosa and distinguishes no varieties.
Ewart considers that the species is composed of a complex of hybrids.

L. gibbosa is an annual herb, growing in both sandy and clay soil, often in
colonies. The stem is erect and usually unbranched, except sometimes in the
region of the inflorescence. It is somewhat turgid and succulent, with a length
underground of 2-5 cm., occasionally more. The leaves are all cauline and vary



498 INVESTIGATION OF LOBELIA GIBBOSA AND L. DENTATA, i,

with the habitat, from filiform or linear in poor or exposed situations to narrow
lanceolate in sheltered positions, and are somewhat fleshy. The inflorescence is
a scorpioid cyme, resembling a terminal one-sided raceme, bearing numerous
crowded china-blue flowers which conform to the general Lobelia type. Latex is
present throughout the whole of the plant, and is especially abundant in the
above-ground parts.

The height of the plant was found to vary very much with its habitat, the
average is about 47 cm., but in exposed situations it may not be more than 10 cm.
If germination takes place early, or in a sheltered position, a tall fleshy stem
bearing well developed lanceolate leaves is formed, whereas if germination is late
or the plant is in an exposed position, the stem of the mature plant is much shorter
and the leaves much narrower. The quantity of anthocyanin pigment developed
in such exposed plants is usually quite high, often giving the whole plant a distinct
reddish tinge.

The underground part of the stem is white, fleshy and brittle. The roots are
whitish when young, and very brittle, relatively infrequently branched, and of a
very uniform diameter of 1-1-5 mm.

The feature which first attracted attention to this species was the fact that,
at the time of flowering, the leaves, roots and lower parts of the stem are withered
and practically dead, the root system and underground part of the stem appearing
to serve no function beyond that of holding the plant upright in the soil.
Another peculiar characteristic is that material collected for herbarium specimens
continues to grow in the press, and to open its flowers, often until no buds remain
unopened. Bailey (1900) remarked on these unusual features: “Few plants”, he
wrote, ‘“are as tenacious of life as this species of Lobelia. The root is most
delicate and only seems of use to the plant up to the time of the first flower
opening, after which it appears to die, and only by being fixed in the ground
keeps the plant in an upright position. When preparing herbarium specimens of
it, they must be scalded before placing in the papers, otherwise they keep
elongating and expanding flowers until the plant is thoroughly exhausted, which
takes frequently several weeks.”

L. gibbosa is rare and sporadic in the Sydney district. Here a rather similar
species, L. dentata Cav., is common on the sandstone country. It is found all
along the coast and main divide of New South Wales and southern Queensland
in sandy soil.

L. dentata differs from L. gibbosa in the following features: the flowers are
larger and deeper blue, on longer pedicels and less crowded on the axis of the
inflorescence; the leaves are ovate and more or less deeply incised; the aerial
stem is not fleshy, and it does not increase in length, nor do flowers open in
herbarium folders.

Unlike L. ¢gibbosa, its stem may be quite frequently branched, below or above
the ground level, as well as in the flowering region. Freaquently, however, it also
may have only a single unbranched stem.

In the field L. dentata is found growing practically exclusively in sandy
loam soil.

The size and general appearance of L. dentata, like L. gibbosa, are regulated to
some extent by its habitat; plants growing in exposed positions are typically
smaller than more sheltered plants, and also have a considerable amount of antho-
cyanin pigment present in their leaves. The length of the underground stem shows
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more variation in this species than in L. gibbosa; sometimes it may be only about
2 cm., but not uncommonly it reaches 15 cm. or even more in length.

In general, the more favourable the position in which a plant is growing,
the longer is its root system functional, and the longer does it remain flowering.
In some cases plants which had opened more than twenty flowers still had a
growing root system, whereas unfavourably situated plants usually were found to
have a withering root system even before the first flower was opened. In the field
it was often possible to locate plants which had healthy root systems by an
examination of their above-ground parts. They were, as a rule, rather succulent
in appearance, with deep-green stem and leaves, whereas plants whose root
systems were beginning to wither had paler green, often reddish, and curled
leaves, and thinner stems.

The rout system, even of large plants, was not often found to extend more than
10 ¢cm. around the plant, and for small plants the radius was often not more than
5 cm. The roots are exceedingly brittle and it was found to be extremely difficult
to wash out even a small portion of the root system unbroken. The roots are
much interwoven, often in tangled bundles, and rather infrequently branched as
compared with the roots of most herbaceous dicotyledons. Their diameter is
strikingly uniform, about 1-1 or 1-2 mm., except at the growing apex, where they
taper to a short point. Even the main root is very little thicker, and frequently
cannot be distinguished from its branches. The roots are creamy-brown when old,
and opaque white near the apex, unless they have ceased growing, in which case
the apex of the root is also creamy-brown in colour.

On two occasions plants were collected which had no chlorophyll at all and
were a watery purple colour. One had just appeared above the ground, but the
other was nearly 8 cm. tall and fairly robust. Both were collected in sheltered
situations.

The Seedling Stage.

The seeds of both these species of Lobelia are exceedingly small. Fifty seeds
of L. dentata were measured by means of an ocular micrometer and their average
length was found to be 0:31 mm., the maximum was 0:39 mm. and the minimum
0-28 mm.; the width varied from 0-21 mm. to 0-29 mm., with an average of 0-25 mm.
Their weight is correspondingly small; 100 seeds of L. dentata were found to
weigh slightly under 1 mgm., so the average weight of a single seed would be
slightly less than 0-01 mgm.

To obtain thin sections of the seeds it was found necessary to adopt the
following procedure. The seeds were first soaked in water for a day, they were
then fixed in formalin acetic alcohol, washed and placed in 5% caustic potash
for seven days; after this they were thoroughly washed in water and then taken
up to paraffin. After this treatment sections 6 # thick could be cut fairly readily.

The structure of these minute seeds is very simple; in Text-figure 1 a median
longitudinal section is shown. There is a rugose coat of two layers, an outer one
(0), a single layer of thick-walled cells, and an inner one (I), which is crushed
so that its structure cannot be made out. This encloses an endosperm tissue of
fairly large cells, packed with oil. Embedded in this endosperm, near to the
micropylar end, is an embryo (E), which consists of much smaller cells and is
totally undifferentiated into plumule and radicle.

As yet germination of the seeds in the laboratory has not been accomplished.
In nature the wastage of seeds must be great. In most years L. dentata is locally
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though exceedingly brittle, each individual fragment of root is easily freed
from particles of soil since there are no root hairs developed at any time.
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Text-fig. 1.—A longitudinal section of a mature seed of Lobelia dentata. O,
outer layer of testa; I, inner layer of testa; F, endosperm; E, embryo. x 140.
Text-fig. 2.—A subterranean seedling of L. dentata. S, shoot; L, rudimentary
leaf; H, hypocotyl; R, root. x 1-1.
Text-fig. 3.—An enlargement of the hypocotyl and part of the root and shoot
of the seedling shown in Text-fig. 2. S, shoot; L, rudimentary leaf; R, root;
C, rudimentary cotyledons; K, broken end of root; V, vascular strand; F, fungal
. strands. x 26-5.

Text-fig. 4.—Part of the hypocotyl area of a seedling of L. dentata. F, fungus
mat over the surface; C, transversely elongated cortical cells. x 250.
Text-fig. 5.—Part of a transverse section of the hypocotyl of a seedling of
L. dentata. C, cells of the cortex; M, external mat of fungal hyphae; I,
invading fungal hyphae. x 250.

Text-fig. 6.—A subterranean seedling of L. gibbosa. R, root; S, shoot; L, rudi-
mentary leaf; H, hypocotyl; A, seeds of L. gibbosa drawn to the same scale.
X 3'5.

Text-fig. 7.—~Part of the root system of a fairly large plant of L. denteata.
S, base of underground stem with rudimentary leaves (L); M, main root;
R, lateral roots. x 0-67.
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The smallest seedling found of L. gibbosa is shown in Text-figure 6; it is
smaller than any of the seedlings found of L. dentata, and was discovered by
accident during the washing out of the root system of a larger plant. It shows
indications of a fairly large root system (R), but the shoot is still rudimentary.
Fortunately Miss Rennie, who discovered the specimen, mounted it complete in
glycerine jelly, and on examination of the hypocotyl region a structure was
observed quite similar to that shown by the seedling of L. dentata in this area.
There is a region of transversely elongated cells, the surface of which is covered
by a fungus mat, and there is also an associated strand of fungal hyphae.

Root System and Mycorrhiza.

Text-figure 7 shows part of the root system of a plant of L. dentata washed
out from sandy soil; it represents less than half of the total number of roots
and few of the branches are intact, but it brings out clearly the uniform diameter
of the roots, and the method and frequency of branching.

The internal structure of the roots is quite simple; the lateral roots have
invariably a diarch xylem, but in the main root the xylem is usually 3—4-arch,
latex vessels are present in the phloem in the position of sieve tubes, the endo-
dermis is unthickened and the cortex fairly wide. Secondary thickening takes
place only in old roots and new elements are added to both xylem and phloem.

The size attained by subterranean seedlings as compared with the size of the
seeds from which they develop is very striking. The seedling illustrated in Text-
figure 6 was the smallest found, but it is relatively enormous in comparison with
the two seeds (A) drawn to scale beside it. On account of this great difference
in size between the seed and the colourless seedling resulting from it, it was
suspected from the beginning of the investigation that the species of Lobelia under
discussion were mycorrhizal. Miss Rennie succeeded in demonstrating the
presence of a fungus in the roots of L. gibbosa, but did not make a detailed
examination of it.

This has now been done for L. dentaia and confirmed for L. gibbosa, and
there is every reason for believing that the two species are identical in this
respect.

The presence of a fungus in the root tissues of Lobelia is readily demonstrated,
but the amount found in various sections and the condition in which it was
present, were found to be very variable, and seemed to conform to no rule. In
some cases only a trace of mycelium was present in the outer part of the cortex;
in other cases it was found to be more generally distributed. Finally it was
found necessary to fix the material in the field, and to choose long complete
pieces of root, cutting sections at intervals from the apex to the older parts.

It was found that when material is brought into the laboratory for examina-
tion in the living condition, changes often, though not invariably, take place,
principally the total disappearance of all reserve food from the fungus, thus
giving an entirely wrong impression of the condition of the fungus within the
root as growing in the field. Sections of roots which are not actively growing
also tend to be misleading.

Flemming’s weak fixative was found to be best for roots and young stems,
and its fat staining property was very useful in the case of young roots. Sections
were stained with Gentian Violet and Orange G, or if, as was the case for young
roots, much oily reserve food were present, the sections were simply stained
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with Orange G or Erythrosin; material fixed in chromo-acetic fixative was best
stained by the iron alum haematoxylin method.

The development of the fungus within the root—The following description
and figures of the development of the fungus within the root are of L. dentata;
L. gibbosa is substantially the same and will not be separately described.

Text-figure 8§ shows part of a transverse section of a growing root taken about
7 mm. from the apex. The cells of the stelar region (S) are as yet practically
undifferentiated; the cells of the cortex are fairly large and there is no sign of
root hairs. In the cortex, fungal hyphae (¥) can be readily distinguished; they
are strictly intercellular, and though many sections were examined, no sign of

Text-fig. 8.—Part of a transverse section of a young root showing the stage of
fungal invasion. S, undifferentiated stele; X, endodermis; C, cells of the cortex
of the root; ¥, fungal hyphae. x 250.

Text-fig. 9.—Part of a radial longitudinal section of the middle cortex of young
root showing the fungal hyphae growing down between the cells of the cortex.
C, cortical cells; F, fungus; O, older part of root; P, pointed growing apices of
the fungus. This was drawn from a section which was cut rather thick for the
purpose of examining the growing points of the fungus. Those hyphae, there-
fore, which appear to be penetrating into the cell cavity are in reality outside
the cell wall. Xx 250.

Text-fig. 10.—Part of a tangential longitudinal section of the outer cortex of a
very young root showing cortical cells (C) with sinuous radial walls. x 250.
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haustorial organs could be discovered. A longitudinal section in this region
(Text-figure 9) shows that the fungal hyphae are growing down from the older
part of the root. They are fairly narrow and densely protoplasmic, with rather
pointed growing apices (P), and they force their way down between the cells of
the middle cortex. This may be called the region of fungal invasion.

In a tangential section very near the apex of a growing root, and above
the fungus, the outer cells of the cortex are seen to have curiously sinuouns radial
longitudinal walls (Text-figure 10); this curvature becomes more and more
pronounced further from the apex. It becomes still more marked when the fungus
grows down between the cells, and the penetrating fungal hyphae have a corres-
pondingly sinuous course (F in Text-figure 11). In a radial section the walls
of these cells are often cut so that they resemble a string of small cells end to
end, sometimes with patches of mycelium between them (C in Text-figure 14). As
seen in the radial longitudinal section shown in Text-figure 14, the tangential
walls of these cells are occasionally slightly sinuous also (S). It is only the
outer two or three layers of cortical cells which show this feature. The inner
cortical cells at first have quite straight longitudinal walls (Text-figure 9),
though they later become somewhat distorted by the intercellular growth of the
fungus. There is no possibility of this phenomenon being the resunlt of faulty
fixation or embedding, since it was observed in all longitudinal sections cut, and
in preparations of living roots. It proved to be a feature of some importance in
the identification of small subterranean Lobelia seedlings.

A section taken about 3 cm. from the root apex shows the next stage in the
development of the mycorrhiza (Text-figure 12). This may be called the period
of fungal enlargement. In a region which may be called the fungal zone, limited
in most cases to the middle cortex, there has been a great concentration in the
amount of fungal tissue present. The individual hyphae are much wider than in
the region of fungal invasion, and a good deal of branching has taken place.
The cortical cells are often forced apart, and in transverse section appear as
practically isolated islands in the mass of fungal tissue. At this time the fungal
hyphae stain much more darkly with osmic acid than they do in the region of
fungal invasion. This is due to the presence in them of small darkly staining
droplets of reserve food material.

A tangential section of the middle cortex at this stage (Text-figure 13) shows
the fungal hyphae forming a network between the cortical cells, branching and
anastomosing in all directions. Text-figure 14 shows part of a radial longitudinal
section of a root at a slightly earlier stage than that shown in Text-figure 12;

Text-fig. 14.—Part of a radial longitudinal section of a young growing root
during the period of fungal enlargement. E, endodermis; I.C, inner cortex;
0.C, outer cortex; ¥, fungal zone; C, the cut edges of the walls of the sinuous
walled cells of the outer cortex; S, slightly sinuous tangential walls of the
cells of the outer cortex. x 150.
Text-fig. 15.—Part of a radial longitudinal section of a young growing root
showing the final development of the fungus during the period of fungal
enlargement. It shows the large size of the droplets of reserve food in the
hyphae of the fungal zone as compared with those in the hyphae of the inner
and outer cortex, and the great enlargement of the fungal hyphae in the fungal
zone. O.C., outer cortex; I.C., inner cortex; f, fungal zone; D, droplets of
reserve food; E, endodermis; F, fungal hyphae. Xx 270.
Text-fig. 16.—Part of a tangential section of a young growing root in the fungal
zone showing a dense network of fungal hyphae with large accumulations of
reserve food. ¥, fungal hyphae; D, droplets of reserve food. Xx 435.
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Text-fig. 11.—Part of a tangential longitudinal section of the outer cortex of a
slightly older root than that shown in Text-fig. 10, showing that the radial walls
are even more sinuous, and that the fungal hyphae between them are corres-
pondingly sinuous. C, cortical cells; F, fungal hyphae. x 270.
Text-fig. 12.—Part of a transverse section of a young growing root showing the
commencement of the period of fungal enlargement. S, stele; P, protoxylem:
E, endodermis; I.C, inner cortex; O.C, outer cortex; F, fungal zone; G, small
droplets of reserve food accumulating in the hyphae of the fungal zone. x 150.
Text-fig. 13.—Part of a tangential longitudinal section of a young growing root
in the fungal zone during the period of fungal enlargement, to show the forma-
tion of a network of hyphae between the cells of the cortex. ¥, fungal hyphae;
G, droplets of reserve food. x 270.
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concentration of the mycelium has begun in the fungal zone (F), and small
droplets of reserve food material are present. Both longitudinal and transverse
sections fail to show any signs of the development of fungal haustoria into the
root cells. These cells appear to be perfectly healthy, the nucleus shows no sign
of distortion and is usually somewhat fusiform, cytoplasm lines the cell wall, but
there is no sign of reserve food (Text-figs. 8, 14).

Text-figures 15 and 16 show respectively radial and tangential longitudinal
sections of a root showing the maximum development of the fungus in the fungal
enlargement stage. In Text-figure 15 the differentiation of the cortex into three
zones, outer and inner cortex and fungal zone, is clearly brought out. The fungus
in the outer and inner cortex has much less reserve food than the hyphae in the
middle cortex. Here the fungal hyphae are much extended by the presence
of the reserve food which has accumulated in much larger droplets than else-
where. Text-figure 16 shows a small part of a tangential section taken in the
fungal zone; the mycelium forms a practically complete network and shows the
great distortion caused by the accumulation of reserve food in its cells.

The third stage of the mycorrhiza may be called the period of fungus
depletion, and its progress is shown in Text-figures 17 and 19, which were taken
respectively 4 em. and about 6 cm. from the apex of an actively growing root. It
will be seen at once that the cells of the inner cortex are much enlarged and
there is scarcely any trace of fungal mycelium between them. Important changes
are also evident in the inner part of the fungal zone; the cortical cells in this
region have enlarged somewhat, and in the cytoplasm lining their walls are
numerous, small droplets of a reserve food similar in staining properties to that
of the fungal hyphae. Between these cells the hyphae appear somewhat com-
pressed and have lost practically all their reserve food. Depletion of the fungus
is most marked in the innermost part of the fungal zone, and the hyphae in the
inner cortex are so crushed as to be practically invisible. The process of the
depletion of the fungal hyphae is shown in greater detail in Text-figure 18. At A
the fungal hyphae are much distended by the presence in them of large accumu-
lations of reserve food, and the cortical cells between are rather distorted, but
otherwise appear quite healthy; there is no sign of fungal haustoria. At B
droplets of reserve food are beginning to appear in the peripheral cytoplasm of
the cortical cells and the fungal hyphae between them are slightly narrower than
at A, and have less reserve food. At C one can see that the fungus has lost all
reserve food, and though still densely protoplasmic, is being gradually crushed by
the expansion of the cortical cells. The nuclei of the cortical cells remain quite
unaltered in shape and size during this period.

The process of depletion of the fungal hyphae and engorgement of the cortical
cells goes on progressively towards the outer cortex. Its progress may be traced
in sections cut further and further from the apex of the root till finally all reserve
food is seen to have disappeared from the fungus; during this period the cortical
cells extend and the hyphae between them are so compressed that they are hard
to detect. Concurrently with this change the latex vessels in the phloem come to
contain material which stains darkly with osmic acid (Text-figs. 17, 19); from
this it appears that the food material absorbed from the fungus by the cortical
cells is transported away at once.

In older roots no sign of the fungus can be detected except in the outermost
region of the cortex where a few threads of it persist, apparently in the living
condition. Text-figure 19 shows the final stage of the fungus depletion period.
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A few drops of reserve food are still present in the outermost cells of the
fungél network (D), and the latex vessels are densely staining, evidently in the
process of transporting away food materials.

Throughout this description it has been emphasized that these are the changes
which occur in an actively growing root. In roots which are growing slowly, the
changes described may be telescoped into a much shorter length of root, and in
the sections cut of roots which had ceased to grow, it was seen that the fungal
hyphae were entirely devoid of food materials.

Text-fig. 17.—Part of a traunsverse section of a young growing root showing
the commencement of the period of fungal depletion. X, protoxylem;
L, latex vessels; E, endodermis; I.C, inner cortex; O.C, outer cortex; D, cortical
cells of inner fungal zone showing accumulations of droplets of reserve food:in
their peripheral cytoplasm; H, depleted fungal hyphae between these cells.
U, unaltered hyphae in outer fungal zone.
Text-fig. 18.—Part of the section shown in Text-fig. 17 showing in greater
detail the process of depletion of the fungal hyphae. At A the fungal hyphae are
unaltered and the cortical cells between them are devoid of food material. At B
some of the reserve food has gone from the hyphae and droplets are appearing
in the peripheral cytoplasm of the neighbouring cells. At C all reserve food
has gone from the fungus. F, fungal hyphae; N, nucleus of cortical cell;
C, cortical cell. x 300. ~

As was previously stated, it was found that the colour of the root is a reliable
guide to its internal condition; clean opague white roots are in the fungus enlarge-
ment condition, creamy roots are in the fungus depletion condition, and the fungus
within brownish-cream roots is entirely depleted of food material. Roots with
brownish-cream tips have ceased growth, and sections taken of these show no sign
of the presence of reserve food material.

Occasionally roots have been found which are rather thinner than usual, and
nearly hyaline. These were always associated with plants which had developed
an aerial shoot. When sections of these were examined it was found that they
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showed no trace of the fungus, and also lacked sinuous-walled cells in the outer

cortex.

A similar kind of root developed when plants brought in from the field

were planted in pots and allowed to grow in a glasshouse under good conditions.

Text-fig. 19.—TPPart of a transverse section of a young growing root showing
the final stage of the period of fungal depletion. P, protoxylem; M, metaxylem;
L, latex vessels; E. endodermis; I.C, inner cortex; D, cortical cells in the outer
part of the fungal zone with few peripheral droplets of reserve food; H, depleted
and crushed hyphae between them; N, living and uncrushed, but depleted fungal
hyphae in the outer cortex. x 150.
Text-fig. 20.—Part of a root of L. dentata showing a number of associated strands
of fungal hyphae (F). x 14.
Text-fig. 21.—A longitudinal section of a fungal rhizomorph. O, outer layer
of hyphae; I, inner hyphae. x 270.
Text-fig. 22.—Part of a transverse section of a root of L. dentata passing
through the point of entry of a strand of fungal hyphae. O, outer layer of
hyphae; I, inner hyphae; P, invading strand; E, epidermis; C, cells of the
cortex of the root. x 270.
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On one occasion three plants from the same locality were examined and it was
found that they had developed roots which were slightly narrower than the
typical roots and, though white near the apex, were not quite opaque. These
roots were evidently in a condition of active growth, and an intercellular mycelium
was found to be present, which invaded newly-formed tissues by growing down-
wards from the older part of the root. After invasion the fungus increased in
amount in the inner cortex and subsequently became crushed out, just as is the
case in a typical root. These roots differ from the typical roots in that they show
little or no sign of the accumulation of a reserve food in the intercellular fungus
nor of the transference of food materials from the fungus to the cells of the
cortex of the root. On the occasion when these plants were found other plants
were collected in the same locality whose roots showed the typical accumulation
of oily reserve food in the intercellular fungus, and the subsequent transference of
this to the cells of the cortex of the root.

The invasion of the root by fungus strands growing in the soil.—Although
numerous sections of roots were examined, no trace of an external mycelium
could be discovered until pieces of root were examined whole under the microscope.
It was then immediately found that associated with the roots were very narrow
rhizomorph-like strands of fungal hyphae similar to those found in connection
with the hypocotyl of seedlings. As a rule these did not spread out very far over
the surface of the root (Text-fig. 20).

The number of fungus strands per unit area of root is very variable. Some-
times a large number are found close together, as shown in Text-figure 20, at
other times lengths of as much as 5 cm. of root were examined and not a single
fungus strand was discovered. The fungus strands are brown and brittle, breaking
off close to the root very easily. Generally they are most abundant on the older
parts of the roots, and only very rarely were any found in association with the
first 2-3 c¢m. of a growing root.

The fungus rhizomorph resembles the mat of fungal hyphae covering the
hypocotyl in that it consists of two parts, an outer and an inner (Text-fig. 21).
The outer layer (0O) consists, as in the fungus mat, of thick-walled, narrow
hyphae, running in a general longitudinal direction, but in places much twisted.
This forms a continuous tissue over the core of the strand, which consists of
one or more longitudinally running hyphae (I) which are much wider than
those of the outer tissue, and are thin-walled, densely protoplasmic and multi-
nucleate.

When one of these strands grows into contact with a Lobelia root, the thick-
walled hyphae of the outer layer spread out over the surface of the cortex,
forming a mat which may be extensive or, more usually, is quite small. The
cells of the core come into direct contact with the outer cells of the root. From
this core a strand of the fungus, usually consisting of a single hypha, more rarely
of two or more, grows down between two epidermal cells and into the cortex of the
root crushing out the hyphae of the fungus which had grown down within the
root from the hypocotyl. Text-figure 22 is part of a transverse section of a root
showing the outer cortex and an asseciated strand of fungal hyphae which is cut
obliquely. A single penetrating hypha (P) has grown down from the strand into
the cortex of the root. Between the cells of the cortex two kinds of fungal hyphae
can be distinguished: one is densely protoplasmic and evidently is connected with
the outer hyphal strand; the other (F), the hyphae previously present in the
root, has very little protoplasm. In Text-figure 23 a more complex and less usual
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condition is shown. Above a branched strand is penetrating the root in two
places, P1 and P2; P2 is a complex structure consisting of several hyphae. Below
another fungal strand is present which also has a compound penetrating strand, P3.

Text-fig. 23.—Part of a transverse section of a root of L. dentata showing
the entry of several strands of fungal hyphae. O, outer layer of hyphae; I,
inner hyphae; P1, P2, P3, invading strands of hyphae; C, cortical cells. x 250.

Except in places where branching took place (Text-fig. 23), only one place of
entry into the root could be found for any one fungus strand; it seems, therefore,
probable that the growing point of the rhizomorph becomes modified and
penetrates into the root rather than that the rhizomorph runs along the surface
of the root, having several points of entry.

The Shoot System.
a. External Structure.

Lobelia dentata.—The shoot at first grows much more slowly than the root.
The plant illustrated in Text-figure 2 had a comparatively large root system,
which unfortunately was damaged when it was being excavated. The shoot
increases in diameter, becoming more and more succulent and brittle. It remains
almost transparent, but before long a central white strand is visible: this is
the stele.

The general habit of the young plant appears to depend largely on the type of
soil in which it is growing. In light sandy loam L. dentate has usually a single
straight shaft, rarely branching except in the flowering zone (Text-figs. 24, 25).
















































