VOLUME XXIV NUMBER s

BoTaNicAL GAZETTE

NOVEMBER 18¢7

COMPARATIVE ANATOMY OF THE NORMAL AND
DISEASED ORGANS OF ABIES BALSAMEA
AFFECTED WITH ACIDIUM ELATINUM.

ALEXANDER P. ANDERSON
(WITH PLATES XIV AND XV)

[. INTRODUCTORY.

WITHIN the last few years some attention has been given to
the study of the deformations and anatomical changes that take
place in plants when attacked by parasitic fungi. Such changes
become more marked when the relations between host and
Parasite are such that there exists a sort of mutualism between
the two. In many cases the hypertrophied organs of the host
Plant lose their photosynthetic power, and thus, by assuming
Parasitism, become more dependent on the normal parts of the
host for their existence. This is always true of the so-called
“f"itCh brooms " (Hexenbesen) on species of Abies affected
With Ecidium elatinum. Here the affected and hypertrophied
Part of the plant becomes a morphological unit, the anatomy
ng PhYSiOIOgy of which departs from that of its normal hom-
OIOgues.

The dnatomy of different species of Abies varies slightly
under normal conditions. This is especially true of the leaves

and younger branches, which in some species have tissues and
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structures that may be rudimentary or wanting in others. Such
structural and anatomical diversity either becomes more marked,
or 1s entirely lost in hypertrophied or atrophied organs.

The deformations and anatomical changes resulting in the
hypertrophied branches of A. pectinata, affected with . elatinum,
were first described in a general way by De Bary*® who demon-
strated that the “witch broom "™ was caused by a fungus.

Later, Hartmann? made a comparative anatomical study of the
discased and the healthy leaves and branches of the same witch
broom. The writer3 has made a comparative study of the dis-
eased and the healthy buds of A. pectinata, as well as the torma-
tion and distribution of the abnormal resin canals that are formed
in the wood of the branches affected with the same fungus. By
comparing the witch broom of 4. firma Siebold of Japan with
that of A. pectinata, it was found that ditferences occur in the two,
depending largely upon the differences existing in the normal
leaves and branches of the two mountain species of Abies.

According to the analyses of Mayr,* the wood of 4. pectinata
contains the least per cent. of resin of any of the cultivated firs.
A. balsamea differs from A. pectinata and A. firma, not only 1n 1ts
specific characters and peculiarities, as a large resin or balsam
producer, but also in being a swamp species. For this reason, as
well as its being exclusively an American species, one would
expect to find marked structural and anatomical changes 1n the
affected leaves and branches. The anatomy of the /£. elatinum
witch broom of A4. balsamea has not been studied.

For the purpose of making a comparative anatomical stu.d}’
of this witch broom, material was collected from trees growing

in a bog near Walker, on Leech lake, northern Minnesota, Sep-
tember 18g6.

*DE BaRY : Ueber den Krebs und die Hexenbesen der Weisstanne, Bot. Zeit. 1807.'

*HARTMANN, F: Anatomische Vergleich der Hexenbesen der Weisstanpe mit
den normalen Sprossen derselben. Inaug. Diss. Univ. Freib. 1892.

iUeber abnorme Bildung von Harzbehiltern und andere zugleich au ,
anatomische Verinderungen in Holze erkrankter Coniferen. Inaug. Diss. Uni¥:
Miinchen, 18g6.

*MAYR, HEINRICH : Durability of resinous woods. Pop. Sci. Monthly 28: boo.
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II. GENERAL CHARACTERS OF THE WITCH BROOM.

. elatinum Alb. & Schw. usually attacks the younger lateral
branches of A. balsamea (L.) Mill. which take the infection either
in the young shoots, or in the wounded bark of older ones.
Branches over five years old seldom take the infection, ditfering
in this respect from A. pectinata, which often has large swellings
on the older branches and on the main trunk, due to this
disease. It often happens that the terminal shoot becomes
diseased, in which case the whole tree soon dies from insuffi-
cient light, not being able to increase in height fast enough to
keep out of the shade of surrounding trees.

The irritation due to the fungus mycelium causes an increased
growth of the bark and wood at the first point of infection, pro-
ducing a so-called ““boil” or tumor on the diseased branch.
This tumor is always present and increases in diameter with the
Increase in age ot the witch broom. The diseased annual shoot
1s shorter, but has a oreater diameter than the normal.

Owing to the development of a greater number of the latent
and lateral buds of the affected branches, the number of the
diseased branches above the normal is oreatly increased. In
this way a sort of broom is formed. The leaves of the diseased
branches spread on all sides like the leaves of the erect terminal
shoots. This is partly due to the fact that the terminal as well
as the diseased branches are all negatively geotropic, unlike the
hormal lateral branches which are diageotropic. On account
of the absence of chlorophyll the diseased leaves have a yel-
lowish color. The leaves ;)f the diseased branches are about
one half as long as the normal leaves of the lateral branches, but
they are usually of the same length as the leaves of the normal
‘erminal shoots. The normal leaves of the lateral branches
4re arranged nearly in one horizontal plane, not because the
Phyllotaxis is altered, but because the leaves are twisted more
or less at the base, just above the pulvinus. It is easy, therefore,
to diStinguish between the normal and diseased branches, the
Normal ones always having this apparent distichous leaf arrange-



312 BOTANICAL GAZETTE [ NOVEMBER

ment, while in reality they are still polystichous, like the leaves
on the terminal shoot.

The A&. elatinum witch broom on A. balsamea differs from
that found on A. pectinata and A. firma, in that it seldom has
normal branches growing together with the diseased ones above
the tumor. The diseased branches are also more numerous, but
correspondingly smaller. With the increase in height of the
tree, the lower normal branches and the affected branches soon
die on account of an insufficient amount of licht. The witch
broom dies with them, since it is dependent on the normal host
for its food supply.

Although that part of the witch broom branch below the
tumor is not diseased, its annual growth in diameter is less than
in normal branches of the same age. The supply of food 18
transported to the witch broom, which grows at the expense of
the normal parts of the host. This increased growth of the
witch broom makes it much heavier than the normal branches,
so that it is usually found suspended from larger limbs of the
tree, or hanging near the tree trunk when the whole branch 15
attected. The living and actively growing ones on older trees,
excepting where the trees are isolated, are always found near the
top, where there is a sufficient food supply. Although photo-
synthesis is almost entirely absent in the witch broom, it 1S
extremely sensitive, and dies from an insufficient amount of light.

As to the size of the witch broom on A. dalsamea, the aver-
age diameter is from 15 to 30°®, and the length from 20 to 6077

I1I. ANATOMY OF THE NORMAL AND DISEASED LEAVES.

1. Normal leaves.—The leaves of Abies are sessile, and with.-‘
out the prominent pulvini peculiar to the spruces. The leaves
of the lateral branches of A. éalsamea are more or less flattened,

notched, or obtuse at the tip, grooved on the upper surface and

< : N - " » " -
5 Picea nigra, which grows with . dal/samea in the bogs of nporthern Minnesot

often has a witch broom 40 to 9o°™ in diameter. The broom is caused by an increase
in the number of branches, the internodes of which remain shorter than in the nffrmal'
This witch broom is not caused by .&. elatinum, but by some other tungus of insect
(Compare v. Tubeuf, Forst-naturw. Zeitsch.— :76. /. 5. 1893.
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with a somewhat prominent midrib or keel below. They are
always twisted at the base, giving them the distichous direction
peculiar to species of Abies. The leaves on the erect shoots are
not transversely heliotropic, or twisted at the base, but grow
in all directions from the shoot. They are shorter and thicker
than those of the lateral branches, more or less awl shaped, and
are sharply pointed at the tip.

The number and arrangement of the stomata seem to vary
in different localities. Masters® finds that the stomata are chiefly
on the upper surface of the leaf. McNab7 in his description
gives two or more rows of stomata in the middle line near the
apex on the upper surface, with two or more rows on each side
of the midrib on the lower surface. Bastin and Trimble® find
the greater number on the lower surface. 1 find that by far the
greater proportion of the stomata are on the lower surface of the
leaves of the lateral branches, which have one band of from 3
to 10 rows on the upper surface, and two bands ot 8 to 10 rows
on each side of the midrib on the lower leaf surface. On both
surfaces the stomata are found in greater numbers toward the
apex of the leaf. The more or less terete leaves of the terminal
shoots have their stomata distributed about equally on all sides.

Cross sections of the leaves show a well marked cuticle cov-
ering the lignified epidermal cells, the outer walls of which are
cuticularized and much thickened. Immediately under the epi-
dermis lies the hypoderm when present (fig. 7). As to the
presence or absence of a hypoderm, McNab? says that it 1s want-
Ing. Engelmann® found that the leaves have scarcely any hypo-
derm cells above, and very few on the edges and keel, fewer than
any other species of Abies. Sometimes no hypodermal cells

®MASTERS, M. T. : Anatomy and life-history of the Conifer. Jour. Linn. Soc.
27 : 250,

?MCNAB: New way of determining species of Abies. Robinson, The Garden
IT: 280.

B vt : > ‘ 3
BASTIN and TRIMBLE : A contribution to the knowledge of some North Amen

can Coniferz. Am. Jour. Pharm. 68: 536.
Y 1hid., p, 280.

-~ ENGEI.MANN, G.: The American firs. Gard. Chron. N. S. g : 300. 1878.
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were found. Bastin and Trimble** observed no hypoderm except
along the midrib on the lower leat surface. The presence or
absence of strengthening, or hypodermal cells, however, depends
entirely on the part of the leaf from which the cross sections
are made. Hypoderm cells rarely occur in cross sections made
above the middle of the leaf, while below the middle they are
always present. Thus, numerous cross sections at five different
parts of the leaves show in the following table their distribution
(see page 315).

Longitudinal sections of the leaves show that the thick-
walled hypodermal cells are long and bast-fiber like, with taper-
ing, oblique, or blunt ends. The isolated cells are tapering at
their upper ends and extend farthest up into the leat. Their
function, as is well known, is for strengthening the leaves. The
leaves on the terminal shoots are much more rigid than the leaves
on the lateral branches. This is due to the greater development
ot their hypoderm. Like the epidermal cells they are lignified.
The walls are unequally thickened and often provided with
pore canals. In A. balsamea vone never finds them extending 1nto
the mesophyll, as they do in the leaves of 4. firma. The num-
ber of hypodermal cells decreases from the base toward the tip
of the leaf; but with the decrease in the number of hypodermal
cells there occurs a corresponding increase in the number of
stomata.

The mesophyll, which forms the chief substance of the leaf
within the hypoderm, agrees in its main characteristics with that
found in the leaves of most species of Abies. The two dis-
tinct layers of palisade cells extend around the rounded angles
of the leaves. In the center of the mesophyll, and midway
between the endoderm and outer angles of the leaf, lie the twO
circular resin canals, which are large in Abies balsamed. The
resin canals are lined with the thin walled epithelial cells, which
are themselves surrounded by one layer of thick-walled strength-
ening cells. These strengthening cells differ from the sub-
epidermal ones in that they are shorter and not fiber-like.

't [bd., p. 556.
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TABLE 1.

CROSS SECTIONS OF LEAVES OF A, BALSAMEA, SHOWING THE DISTRI-
BUTION OF THE HYPODERMAIL STRENGTHENING CELLS.

— — ———

|

T ———
e —

Cross sections

|

N ——— ——

Leaves of lateral branches

H

Leaves of terminal shoots

I. Upper surface.
(Ventral.)

. | —

— - - —

Hypodermal layer con-
tinuous, except where it
is perforated by the sto-
mata.

‘r

— e -

Hypodermal layer un-
broken ; often with double
rows of cells.

- —

2. Lower surface.
(Dorsal.)

| —

Like 1. Lavers often
double at the midrib.

LLike 1. Often with 2
to 4 rows of cells at the
midrib.

- —

3. At the angles.

One millimeter above the
base.

S ——

Single hypodermal lay-
er unbroken.

I. Upper surface.

enl, but more or less
isolated.

Hypodermal cells pres-

2. Lower surface.

Like 1, but more numer-
ous, forming a continuous
layer at midrib.

middle and base.

3. At the angl;s.

| —

—_—

I. Upper sxirface.

l

i —

2. Lower surface,

At the middle, ’ [Talf way botween

| ——

e —
B —

3- At the angles.

Like 1.

Hypodermal layer con-
sisting of 2 to 3 rows of
cells.

S —

Hypoderm unbroken,
often double rowed.

—

L.ike 1, often with three

- rows at midrib.

— — - ——————

Layer continuous, often
double rowed.

e ———— m—

Hypodermal cells sel-
dom present.

Like 1. Single layer
often continuous at the
midnb.

Hypodermal layer often
broken by mesophyll and
stomata cells.

— ———

Like 1, but never broken
at the midrib where it 1s

often double.

———————

Like 1.

—

Hypoderm unbroken.

—— —— —

Hypoderm wanting.

Usually 2 to 5 strength-
ening cells at the midrib.

: - r y .

o » | I. Upper surface.
2.

L r—

=T 2. Lower surface.

-

o

-

T

CE

= E | 3. At the angles.

e —

——

|

Hypodermal cells 1so-
lated when present.

Hypoderm continuous
at midrib. Atother parts,

cells isolated.

Hypoderm wanting.

|

6 to 10 cells present in

' one continuous layer.

—————

—

I. Upper surface,

e ———

m—

Hypoderm wanting.

2. Lower surface.

3. At the angles.

One millimeter below
apex

\

--_;-__.________-

Hypoderm wanting.

Hypoderm wanting.

el —— '

- —. — e

Hypodermal cells scat-
tered and isolated when

present.

. — e ——
—

Like 1. but with a con-
tinuous layer of 8 to I3
cells at the midrib.

————

——
p———

2 to 5 hypodermal cells

usually present.
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The elliptical endoderm or bundle sheath, which lines the
mesophyll on its inner side, separating it from the central peri-
cycle and fibrovascular bundle, consists of one very distinct
layer of large, usually oval, non-lignified parenchyma cells.

The pericycle consists of more or less thickened, lignified
parenchyma cells, destitute of chlorophyll. The greater part ot
it lies on the dorsal side of the leaf, while the vascular bundle
occupies the ventral. The pericycle consists of two kinds of
cells, forming two distinct areas. First, a central, well marked
area with non-pitted cells, varying greatly in size and in the
thickness of their cell walls ( fig. 2). These cells separate with
2 or 3layers the two divisions of the vascular bundle in the middle
part of the leaf, where the bundle is bifurcated. They extend
up into the ventral or xylem side of the bundle, forming a wedge
shaped area of thick walled cells. On the phloem side they are
thinner walled, but larger, and fill up the whole center of the
pericycle, extending dorsally to the endodermis in the leaves of
the lateral branches. But in the leaves of the terminal shoots,
the non-pitted area is separated from the endodermis by a layer
of the pitted parenchyma. Second, the pitted parenchyma of
the pericycle, which forms the so-called transfusion tissue of von
Mohl. This part consists of linear lignified cells with bordered
pits on their ends, as well as on their lateral walls ( fig- _5'). The
transfusion tissue is not as well developed in the leaves of the
lateral branches as in the leaves of the terminal shoots. In the
former there are two small areas, each one lying dorsal to the
outer half of the two phloem areas. Each area of the transfu-
sion tissue extends along the endoderm about one-eighth of i1ts
circumference. In the leaves of the terminal shoots the tWoO
parts of the transfusion tissue begin at the outer edges of each
of the phloem parts and follow the endodermis until they meet,
thus making a semicircular area of transfusion tissue, 2 to cells
deep on the dorsal side of the leaf beneath the endodermi?-
More than one-half of the pericycle of the leaves of the termi-
nal shoots consists of transfusion tissues.

The vascular bundle lies near to the endoderm on the ventral

-




1397 | NORMAL AND DISEASED ORGANS OF ABIES BALSAMEA 317

side of the leaf. At the base and apex of the leaf the bundle i1s
undivided; but in the middle, and for the greater part of its
length, it is bifurcated. The phloem part (dorsal) consists of
smaller and less thickened cells than those of the xylem (ven-
tral). The phloem and xylem cells are arranged in more or
less distinct rows, usually separated by medullary rays. The cells
of the medullary rays trequently contain crystals of calcium
oxalate.

2. Liseased leaves—The diseased leaves are about one-half
to three-fourths as long as the normal ones on the lateral
branches, but they have about the same length and thickness as
the leaves of the terminal shoots. The diseased leaves growing,
as they do, on negatively geotropic branches, are more or less
homologous to the normal leaves of the terminal shoots. In
comparing the anatomy of the diseased and the healthy leaves,
those of the lateral shoots should be considered. In Hart-
mann's comparative anatomical study of the witch broom of A.
pectinata the leaves of the lateral branches only are considered.
The cuticle of the diseased leaves is less thickened than that of
the normal leaves. The number of stomata and stomatal rows
varies according to the size of the leaf, as well as to the severity
of the mycelial infection. There are only about one-half as
many stomata in the diseased as in the normal leaves.

The epidermal cells vary greatly in size; they have larger
lumina than the normal and are less thickened, especially on
their inner sides, which are seldom laminated, or provided with

f Pore canals. The hypodermal cells are present, especially in
| the basal half of the leaf. They are more irregularly distributed,
| often forming nests and groups. The cells are often twice as
1 'arge and thick walled as the normal hypodermal cells (fig. #).
As in the normal leaves, the number of hypodermal cells

decreases from the base toward the apex, but with the decrease in

the number of hypodermal cells an increase takes place in the

! Tumber of stomata on the upper and lower leaf surfaces. On
| - 9ccount of the unequal thickening and irregular distributior.l of
l% their epidermal and hypodermal cells, the diseased leaves shrivel
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up on drying, soon after the ripening of the acidia. The epi-
dermal and hypodermal cells are lignified.

The mesophyll is made up of a mass of large, irregular cells,
with large intercellular spaces. There is no differentiation into
palisade tissue and spongy parenchyma. The fungus mycelium
is found in all the cells and intercellular spaces. The two resin
canals are also present in the diseased leaf. Their epithelial
cells are usually larger and more irregular than the normal.
The strengthening cells are not thickened, hence the resin canals
become irregular in form and size, and often lose their identity
in older leaves.

The endoderm is seldom distinguishable as such, its cells
forming no ring.

The two lignified parenchyma areas of the pericycle are well
defined, especially at the basal portion of the leaf. The trans-
fusion tissue is nearly always present, often in one to three small
areas on the dorsal side of the phloem part of the vascular bun-
dle. In well developed leaves, especially in sections made near
the base, the transfusion tissue fills up more than one-half of the
pericycle. It is unlike the pitted parenchyma of the normal
pericycle, in that its cell walls have simple as well as bordered pits.
The cells are also irregular in form, and often thicker walled.
The bordered pits are often twice the size of the normal (fig- 5)

The non-pitted parenchyma of the pericycle difters from that
in the normal, in that its cells are always thicker walled and
usually larger, but fewer in number. The two or three layers of
cells, separating the bifurcated bundle, as well as the cells of the
wedge shaped portion on the ventral side of the bundle, consist
mainly of thick walled fibrous cells, which are seldom found
thickened in the normal leaves ( fig. 6).

The vascular bundle is double excepting at the base and apex
of the diseased leaf. . The phloem cells are larger, and the xylem
cells thicker walled, than in the normal. They are not arranged
as regularly in rows, and the rows, when distinguishable, are not
separated by medullary rays, these being absent in the diseased
leaves.
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In the following table the most important differences in the
structural units of the normal and diseased leaves are given:

TABLE 1I.

TABLE SHOWING THE COMPARATIVE ANATOMY OF THE NORMAL AND
DISEASED LEAVES OF A. BALSAMEA.

‘r

———

Leaf structures
M—

Cuticle.

Epidermis.

Stomata.

Hypoderm.

- — R — ———

Normal leaves

Well developed. Smooth
on outer surface, irregularly
thickened on the inner, fit-
ting closely between the
somewhat irregularly thick-
ened and projecting epi-
dermal cells.

Cells thicker walled on
outer than inner sides. Often
laminated and provided with
pore canals.

m— d

Diseased leaves

Cuticle present, but less
developed.

Epidermal cells more 1rreg-
| ularthaninnormal; less thick-
ened and seldom laminated,
and provided with pore canals.

-

e

—

More on lower than on
upper leaf surface. The
number increases from base
toward apex as the num-
ber of hypodermal cells
decreases.

Well developed at basal
half of leaf. Number of cells
decreases from base toward
apex as the number of sto-
mata increases.

Mesophyll.

\___.___r

————

One to three layers of
palisade cells on ventral
side, rich in chlorophyll.
Remaining part consists of
spongy parenchyma.

Resin canals.
e

Endodermis,

| —

Circular or nearly so. Con-
sisting of two layers of cells
—epithelial and strengthen-
ing. The latter are thick
walled.

| ——

— e — ———— ——

One layer of oblong or
elliptical, thin walled cells,
forming a regular ellipse
bounding the mesophyll and
pericycle.

e~ o

| Like the normal, but fewer
on both surfaces. Bands of
stomata have fewer rows.

| —

Hypodermal cells fewer, but
usually larger, thicker walled
and more irregular than in

normal leaves.
Cells often aggregated.

No distinction between pali-

sade cells and spongy paren-
chyma. Chlorophyll rarely

present.

Irregular; varying in form
and size, on account of the
absence of the layer of
strengthening cells.

————

—

seldom dis-
tinguishable. Cells trregular
in form and size. No distinct
boundary between mesophyvil

and pericycle.

Endodermis

———




320

BOTANICAL GAZLETTA

TABLE 1l.—Continued.
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Leat structures

Normal leaves

Diseased leaves

Transfusion tissue of
the pericycle,

Always present. Cells
have bordered pits only.
Cells lignified.

Nearly always present. The
lignified parenchyma cells
unequally thickened. Cells
have simple as well as bordered
pits. Bordered pits larger
than normal.

Non-pitted paren-
chyma of the peri-
cycle.

Lignified parenchyma cells
varying in size and thickness
of their walls. Found on
both sides, but mostly on the

dorsal side of the bifurcated
bundle.

l.ignified ; more irregular
in form and size. larger and
thicker walled than in normal.
Cells often fiber like.

Fibrovascular bundle.

I'hloem and xylem consist-
ing of from 5 to 10 rows of
cells. Rows usually separ-
ated by medullary rays, the
cells of which contain crystals
of calcium oxalate.

Phloem and xylem less
developed than In normal.
The cells are often larger and

thicker walled.
Medullary rays and crystals
of calcium oxalate are absent.

e —
—_—

IV. ANATOMY OF THE NORMAL AND DISEASED BUDS.

1. Normal buds.—The buds of A. balsamea are conical of
globular. In winter condition they are covered by a layer of
resin 1 to 2™™ thick at the apex of the bud. The bud scales
are destitute of any epidermal hairs, but the edges of the outer
exposed scales, as well as the inner ones, are fringed with i
ginal hairs. The number of bud scales does not vary much i
different buds, the smaller and lateral ones usually having the
same number as the larger and terminal ones. The scales of the
terminal buds are relatively larger.

The epidermal cells of the outer surface (morph01ogica”y
the under surface) of the exposed scales are usually oblong, and
2 to 8 times as long as broad, usually with oblique ends. When
viewed from the exterior, and in cross sections, they are found
to be about twice as deep as broad, which is due mainly t.o
the thickened outer wall of the exposed epidermal cells. This
thickening of the outer wall is greater in the center of the
exposed cell wall; hence, the outer wall of each epidermal cell












































































