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Preface

A few years ago in my "Contrlbxitions on the Anatomy of
Galls", I pointed out the fact, that in judging abnormal plant
tissues, not only a comparison of normal and abnormal forms is
of great importance but also r. comparison of the abnormal with
one another, and I mentioned at the time a few abnormal phenhmens,
which seemed especially to demand a comparative consideration.

It Is intended to give in the present book, a detailed com-
parative treatment of abnormal plant tissues. I have regarded
it as my province to describe briefly their life-history and his-
tology, to study the causes of their production, and to compare
them one with another on a basis of ontogenetic, histological
and etiological data. I take the liberty herewith of laying the
result of these considerations, before the botanical world as
the outline of a Pathological P^ant Anatomy.

Immediately after my removal from Munich to Halle a, S., I
began the necessary experiments in the Botanical Institute here.
With great liberality its director. Professor Klebs, placed the
abundant resources of the laboratory and the garden at my dis-
posal, Por the many favors, by means of which Professor Klebs
was always ready to support me in my work, and for much valuable
stimulation, 1 am heartily grateful to my esteemed chief. I owe
also, sincere thanks to my publisher, Dr. jpischer in Jena, for
his courteous consideration of ail my ivishes and for the excellent
manner in which he has gotten up the book,

Finally I v^rish to thank the many friends and fellow botan-
ists who have assisted me in my work by sending me experimental
matter and literature.

Halle a. S, Botanical Institute of the University

January 1903

E. Kuster
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Urtica diclca . Truncated hair with pe^en-
ated tip. (Original)

.

.
Zygnema filam,ent « Plasmolysed cells. In

hoth cells spirally twisted bodies*
(Aftey Kieba).

Marohantia rhizoids growing through other
truncated ones* ^One of the parenchyma
cells lying at the base of the trichome
is growing out into a compensatory hair,
(a) . In b a second, outgrowth. (After Kny)

.

Zea Mays. Half of a cross-section through
a root, which had regenerated after split-
ting. The cells of the epidermis and exo-
dermis are considerably smaller on the
side regenerated (the lower side in the
figure) than on the original upper Bur:Cace.

(After Lopriore)

.

Fagus silvatioa. Cross-sections through

_

leaves exposed to varying amounts of light,
A, leaf grown in medium intensity. B. typ-
ical sun-leaf • C, typical shade-leaf, p,
palisade pB»enchyma, sch. spongy parenchyma.
1, intercellular spacas. (After Stahl, from
Hertwig, , "Zelle und Gewebe")

.

Erigeron canadensis . A, cross-section through
a normal stem with richly developed second-
ary wood. B, KJross-section through the
stem of a greatly dwarfed specimen; the
secondary tissues are lacking, p* primary
tissues (xylem and phloem) , s, secondary
tissues ( of the same) , sk, sclerenchyma.
(After Gauchery)

,

Euastrum verrucosum . Cells grovra in sugar
sdlution; a, abnormally formed individual;
b, dwarf example. (After Klebs)

,

Ficus stipulata . A, part of a cross-section
through a sun-leaf; b, through a shade-
leaf, (After Stahl)

.

Pinus austriaca . Cross-section through a
needle; a, grown in the usual exposure
to light f interrupted light)' b, in con-
tinuous exposure to electric light, (After
Bonnier)

.

Iiunularia , At the left, cross-section
through a nw|fmally developed thallus (After
lestler, Naturl Fflanzenfam, Bd, I, 3, p 17)

at the ri^t . cross-section through a spec-
imen grown with insufficient light. (After
Beauverie)

.
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Figure 11,
^(p. 47)

Figure IE.
(p. 51)

Figure 13,
(p. 65)

Figure 14.
(p, 70)

Figure 15
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Figure 16.
fp. is).
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(p. 75)

Figure 18.
(p. 80)
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Figure 19,

(p. 80)

Figure to,

(p. 84) .

Figure 21,
(p. 65)

Caraaiaine pratens is . Cross-sections of
leaves, a; terrestial form; b, aquatic
form* (After Schenck)

•

BanunculuB fluitans . Cross-sectiSns through
the leaf-tip; a, of the aquatic form,
(magnif, 90); b, of the terrestrial

. fmagnij. 60) (After Schenck)

.

Lumilaria.,
.
Irregular thickening of the walls

in the root-hairs. At the left . Bphaeto-
crystalloia thickenings. At the r igh;t?

conical and bear.i-like forms, (After lan>-
mermayr)

.

Spirogyra . Diagrams of multicellulair cells.
Below, a cell containing 8 nuclei, but
with incomplete formation of cross walls,
(After V, Wisselingji)

.

Bacterium iPasteurianum , Development; trans-
formation of short clubs to long threads
when grown on double-beer agar 40.5 de-
grees C, a, chain of 8 short clubs after
6| and after SO hours (a' a" a"'); h,

chain of 6 short clubs after 5 and 9 hours
(b» and b") ; c and d, after 10 and after
SI hours respectively, (After Hansen, from
Lafar "Techn, luykologie")

.

Solanum tuberosTtm. Hypertrophied guard cells.
' (After Stapf).

Prunus spinosa . Some cells from a lenticel
excrescence, (After Devaux)

.

Ribes aureum. Gutting. 'She upper part
shows strong outgrov/ths and broad rifts
in the batk, (Original)

Bibos aureum . Oross-seotion thBuugh part
of greatly hypertrophied bark. Above,

cork, (K) , below, bark cells grown out

into long pouches (H) ; the immature
periderm elements have also been enlarged
greatly by stretching. (Original)

.

Cassia tomentos a. Gross-sections through

part of a leaf. The cells of the upper-

most mesophyll layer have swollen up to

an ''intumescence" and have split the

epidermis, (After Sorauer)

.

Ficus elastioa . Intumescence of the leaf.

%.e cells of the uppermost layer of

mesophyll have elongated and pressed the

epidermal cells together* Only the up-
per half of the leaf is drawn. (Original)
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Hibisous vitifolius . Intumescence of the
leaf. The cells of the tipper epidermis
have been greatly enlarged, s. s. stomato.
(After I>ale)

,

Conooaiphalus ovatus «

Haberlandt)

•

Intumescence,, (After

Padina Pavotiia . Callus hypertrophies on
pieces of thallus. (Original)

Oattleya, Cross-section throuc:h the edge
of 'TOund on leaf. The exposed, have
gro\7n out into large pouches, (Original)

Oattleya. Single cell of the wound ^own in
^e preceding figure, more highly magni-
fied. The oell-\7all is thickened in meshes*
(Original)

.

Tradescantia vir^inica . Callus-hypertrophy
oif the epidermal cells . (After Miehe)

,

Cross-section through a stalk, which lateral
pressure has split longitudinally in four
places, (f f f f«) (Diagram, after MaSsart)

Canna indica

.

sectiQn.
Annular duct in longitudinal

The wood parenchyma cell at the
left is forming two tyloses, (After Mollsch)

Musa Bnsete.
section!

Spiral duct in longitudinal
The wood parenchyma cells at the

left have grown out to one or more tyloses
of unequal size, (After Molisch)

.

Robinia Pseuda^acaeia, Pitted duct in cross-
section. Numerous parenchyma cells have
grown out to tyloses. In a -a may be seen
the connection of the tyloFes^with their
mother cells, (After Strasburger ."Lehrbuch")

Mespilodaphne Sassafras. Cross-section
through Old wood. The undermost duct con-
tains only one stone- tylosis, the upper
ones contain, besides stone-tyloses, also
relatively thin-walled ones. (After Molisch

Trades cantia y&ridis . Obstructed stomata of
a foliage leaf. The epidermal cells nest
the guard cells have formed vesicular
outgrowths on- the under side. (After Haber-
landt)

.

Pilea elegans. Obstructed stomatum of the
upperside of the leaf. The mesophyll cells
have grown into the ijpaer cavity^ (After
Haberlandt.)
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Figure 35,

(ii 108

J

Figure 36.
(p. 109)

Figure 37.
(p. 112)

Figure 38.
(p» 113)

Figure 39.
(p. 114)

Figure 40.
^p. 114)

Figure 41.
fp. 118)

Figure 48.
( p. 118)

Figure 43.
(p. 119)

Figure 44.
(p. 131)

Figure 45.
(p. lai)

Figure 46.
(p. 122)

Figure 47,
(p. 124)

a I>3:aJ>a aizoides . cross-section of a leaf.
Ttie epidermal cells are infected by Syn-
chtrium Drabae (After LTidi)^-, b, Myosotis
epidermal cells grown out like hairs ^ in-
fected by SynohtriTjm Jilvosotidis. (After
Schrbter)

.

a, Synchytrium Anemones . all epidermal cells,
lying hex:; the nutritive cell, have be-
come enlarged, b, Synchytrium Drabae ,

By division, a wart has been produced,
on the apex of which lies the large nu-

, tritive cell, (After Liidi)

Stipa ijennata . a, Piece of a blade infected
by Tarsonemus,. b, some epidermal cells
more highly magnified. (After Massalongo)

.

fillia. Cross-eection through a leaf of the
linden, bearing Erineum. Ihe epidermal
cells, on both sides, have grown out in-
to long cylindrical poTiches. (Original)

Acer. Croes-section through a leaf with
Erineum on the under side. (Original)

Alnus latifolia .

i Original)

.

Some hairs of its Brineum.

figcas. The zone of a cycas root inhabited
"by algae. Ihe intercellular spaces be-
tween the hypertrophied cells are inhab-
ited by Anabaena threads. (After Life,
"Tuberlike rootlets of Cycas reooenta)

.

Acer

.

Part of a cross-section through the
so-called window-gall of the maple.
(Original)

.

Viburnum Lantana . Part of^a cross-section
through the vesule-gall. (Original) .

Acer campestris. a, Brineum hair. (Original)
b, deforme'd root hair. (After Schwarz) .

Phyteuma . a, pathological hair-formations of
Eairs on an inflorescence gall. I Original)
b and c. deformed root hairs. (After
Schwarz)

.

^inapis . Root hairs of, seedlings a€ter treat-
ment with dilute sublimate solution.
(Original)

.

Rozites gonglyophora . "Kohl-rabi mound" from
the fungus gardens of ^he lower Brazilian
Atta-specles, (After Moller)

.

1. Beitr^ z. Kenntn. d. Chytridiaceen. Hedwigia, 1901,
Bd. XL, p. 1,
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Figure 48,
(p. 1261.

Figure 50.
(p. 128)

Figure 51,
(p. 129)

Figure 52.
(p. 150)

Figure 53.
fp. 150)

Figure 54.
(p. 134)

Figure 55.
(p. 136)

Figure 56.

(p. 137)

Figure 57.

(p. 139)

Figure 58.
(p. 144)

Figurel50.
(p. 148)

Figure 60.
(p. 158)

Figure 61.
fp. 156)

yaucheria .IIotomraata gall on Vauclieria.
(After Rothort)

.

Cireaea lutetiana . a, Cross-section through
an eel root gall » later stage, numer-
ous giant cells are visilDle, the nuclei
of which are "beginning to degenerate
and hreafe do?/n. "b, irregularIjr lobated
nuclei from a giant cell (Amitosis "by

""budding"). In these are numerous
nucleoli of different sizes, c, single
giant cell with numerous nuclei,
(After Tischler)

.

IPart of a cross-p-section throuj^ c. root ?;en

gall with naltinuclear giant cells,
(After Eoumey)

.

Basidioholus ranartmi . Multinuclear giant
cells, (A.fter Raciborslti)

.

Dividing nucleus from a giant cell. (After
Prillieux)

,

Ulnus campestris. The leaf at the left has
formed aiT'ext ensive sac gall, after
infection with Schizoneura lanitginosa .

Quercus , Two cynipides galls. At the left,
"Ssmipa polyoera ; at the right Cynips
aries ,

Hormidium nitens , Abnormal cell division
after treatment with congo red.
(After Klebs)

.

Beta . Crossw-seotion through a yellow sugar
beet, which bears several ridge-lilte
tissue excrescences, extending longi-
tudinally. (After de Vries)

,

Fagus i Beach leaf with tvro galls of Hormonyia
fagi. At a, some anastomoses have "been

formed betvveen pairs of lateral rihs.
Compare also the text. (Origir^al)

Phaseolus multiflorus . Callus homooplasia
from stalki Above the normal hard
bast hundles, may he seen the abnormal
phloem and aylem parts, produced
after injury. At the right, a medul"
lary ray. (After Schilherszlsy)

.

Populus pyramidalis . a and h, greatly devel-
oped callus 'tissue (2/1) . the latter
with numerous sprouts, (Original)

.

Lanium orvala . Stalk with strong callus roll.

(Original)

,
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Figure 62.
fp. 159)

Pigare 63,
(p. 159)

.Figure 64<

(p. 160)

Figure 65,

(p. 161)

Figure 66.
(|>, 161)

Figure 67
fp. 165)

Figure 68,

fp. 166)

Figure 69.

(p. 177)

Figure 70.

(p. 178)

Figure 71.
(p. 178)

Figure 7E.
(p» 184)

Jiongitudinal section through the end of a
cutting hearing a oallus. At c-c extensive
callus masses have developed from the
i^ambiuffi. H, wood, R, bark, (Original)

Po^pulus . Cross-section through the end of a
CTrEtiiig, cut Planting, hearing callus.
Below, xylera with duct (G) and medullary
ray (M) , above, large cel.led callus. At
R the cut surfc-ce, (Original)

.

TJlnms , Jiongitudinfil sectibn through the
""lohde" wedge. H wood, R. barlr, C "lohde
wedge" produced from the Tzambium. Compare
also the test, (Original)

Abies cephalonica* Sngential longitudinal
section of the upper edge of a' girdling
woimd. Above, normal trauhfesds, below,
(near the edge' of the wound) parenchyma,
in the middle, some cells which show above
a tracheid character, below, that of wood
parenchyma cells, (After MS.ule)

.

Populus pyramid alis . Cross-section -tiirough th6
upper encL of a cutting which had been cut
slanting, H, wood, M groups of bast
fibres, 0, callus of the bark, below it,
callus of the cambium, !Phe cells of the
callus in regularly radial rows, indicated
in the figure by curved lines, (Original)

Po:{3Ulus pyramidal is . Part of the callus tis-
sue. Between the thin-Ti/alled parenchyma
cells lies a tracheid. (Original)

.

Pyrus Mgilus , 2hread-like cell excrescences
from the core. On the outer side of the
membrane (left in the figure) drop-like
protuberances are visible, (After Sorauer)

Abies cephalonica. Tangential longitudinal
section from wound wood. Above, transition
djo the normal course of the fibres; below
course of the fibres along the edge of the
wound; in the middle the knarl-gaiiS,
(After Maule)

.

Oydonia japonica . Iracheids from wound wood,
3artlywith spiral band, partly without
It. (After Vochting)

.

!^

Diagranaaatic pepre^entations of a v/ound wood
knail, (After Maule)

.

gagu$ , Oross-section of part of a branch of
beech bearing a sphaeroblast. In the bark
lies an isolated sphareoblast with wood,
bark and medullary rays, .{After Kjriek)

.



Figure 73.
fp, 187)

Figure 74.
(p. 199)

Figure 7g.
(p. 200)

Figure ..76,.

(p. E02)

Figure 77.

(p. EOS)

Figure 78
fp. 205)

Figttr? 79.

(p. 208)'

Figure 90

<

(p. 212)

Figure 81.

f; 214)

X.

Catalpa « Tissue resambling wound cork from
branch. (Place of rupture of bud) .

(Original)

Vaccinium Yitis Idaea . a, cross-section
through a leaf, the swelling of v/hich
has "been induced by infection of its
central portion v^th Exobasidlum Vsc-
cinii. b, part of a leaf (highly magni-
fied) ^ich illustrates the difference
between normal tissue (at the left) and
the diseased ( at the right) . Ilhe hyphae
of the fungus are not shown in the
drawing. (After Woronin)

.

Crataegus ; Oxyacantha « Cross-section through
a leaf infected with Aphj.s Oxyacanthae.
(Original)

Pyrus Malus . A branch infected for several
years by the blood louse, bearing
clustered "canker" structures. (After
Prillieusj)

.

Gymnosporan^ium juniperinum . Tangential long-
itudinal section through the wood gall»
Only one abnormally broadened medullary
ray (atove at the left) has been drawn,
the others are o^jly indicated by white
fields. (After WGrnle)

.

Longitudinal section through the gall of the
blood louse, ( Schiaopeta^a lanigera^ . In
a, the cells are stiil arranged in recog-
nizable longitudinal raws; their walls
are thickened.. In b, thin-walled gall
parenchyma without recognizable, longi-
tudinal rows; two parenchymatic tracheids.
(After Prillieux)

.

FaguB., longitudinal section through the gall
of the beech wood louse ( Chermes Fagl)
Above, cork oelXs (k) , below normal oast
"tissue (b) . In the middle abuiodaat gall
parenchyma (p) in which are enclosed two

groups of stone cells (sk) . IThe prosen-
chymatic elements of the bast have been
pushed aside in curves and misplaced by
the increasing bark parenchyma. {After

E. Hartig)

.

Cross-section through the gall of Synchytrium .

fe^ilificum. the nutritive cell in the

middle. (Original)

.

Production of sac gall, digramaatically re-

produced. (Original)

.
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Figure 82. Fraggria vesca * Cross-section through a
(p. E14) Phytoptus finite) gall. (Original).

Figure 83. Diagrammatic reproduction of a Cynipides v/all-
(p.. 215) ed-gall. (Taschenbergi-gall) a,, early

stage, Id-d various later stages of the
circumvallation. fAfter Beyerinck)-^

Figure 84.. Quercus . Production of the many chambered
(p. 216) v/alled gall of Cynips terminalis . At

the left, vegetative cone of the Quercus;
the upper part fvp. ok) has been sav/ed
off by the mother insect. The eggs have
been deposited on the surface of the
stump (rt).. At the right, circumvall-
ation of the eggs by the outgrowing tis-
sue (-gp, "gall-plastem") . A to G- dif-
ferent stages of circumvallation. lid

nutritive yolk, Ik larval chamber, Fl
egg-stalk.. (After Beyerinck)

Figure 85. Prunus spinosa . Sac-gall with "orifirial wall"
(p. 217) A, cross-section through a mite gall,

(Eriophyes similis ) . B, cross-section
through a mite gall of Salix Caprea .

(A, Original, B, after Frankj

.

Figure 86. Tteo developmental stages of the gall of
(p. 217) Hormonyia fagi . At the left, circumval-

lation; at the right, sac-formation, a,
dividing layer; b, tissue folds. (After
Busgen)

.

Figure 87. Young developmental stage of the gall of
(p. 218) gormomyia piligera . The dotted lines at

' th e 1 eft indi cate the regular arrange-
ment in rov;s of the parenchyma cells,
The thick-walled tissues a3:'e indicated
by shading, a-a ring roll, 1, larval
cavity, e, the upper epidermis of the
leaf. (Original)

Figure 88. Salix. One-chambered "enclosed" medullary
(p. 220) gall of Hematus Vallisnerii. L, larval

cavity. "!J?he inner tissue 'containing
chlorophyll is indicated by a darker
shade. (Original)

Figure 89. Quercus. Cross-section throu^ the "free" med-
(p. 220) ullary gall of Biorrhiza aptera on an

oak branch. (After Beyerinck)

.

Figure 90. Parinaririin obtusifolium . Cross-section through
fp, 221) a leaf gall. The epidermis is drawn as a

Vieavy line. The thick-walled tissues are
represented by shading, the direction in-
dicating the arrangement in rows of the
Sclerenchymatic elements.!, larval cavity.
)riginal

ym,

JUL

1. Beob, ub. d. ersten Entwickel. einiger Gynipiden-
gallen. Akad. Wiss. Amsterdam, 1882,
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Figure 91,
(p. 2E3)

Pig:ure 92,
]f)p. HE5)

Figure 93,

(p* 286}

Figure 94.
(p. 226)

Figure 95.
fp. 227)

Figure 96.
(p. 229)

Figure 97

.

(p. 229)

Figure 98.

(t» 230)

Figure 99.
(p. 231)

Figure 100,
fp. 235")

Figure 101.

fp. 236)

Figure 102.
fp. 237)

Fraxinus. Section throue-h two "walled galls"
of I)iplosis botularia . In A the midrib
of a leaflet is infected; in B, the leaf
fp*mdle. at the right, and at the left,
are visible three vascular bundles,
(Original)

.

Part of a cross*. section through a gall of
Pemphigus marsufialis . (Original)

•

Banistpria . Part of a croas-section of a
lea:^ through the perii^heral section of an
undetermined gall. P, the ujn changed pal-
isade layer; m, in, laechanical iiantle.
(Compare also figure 108 E) . (Original)

.

\

Cross-section through lense-shaped leaf-gall,
The cell rows in the interior are indica-
ted by dotted lines. L, larval chamber;
diagrammatic. (Original)

Populus pyramidalis . A, longitudinal section
through the leaf stem which bears a gall
0^ Pemphigus bursarius . B, section through
the tissue roll, more highly magnified.
(Original)

.

Cross-section through the edge of the gall of
Cecidomyia tiliacea . (Original)

.

Part of a cross-section through the gall of
Jetraneura Ulmi. (Original)

.

Cross- section through a young gall of Hematus
gallarum. Ep, epidermis; H, a hair; I»,

larval chamber. (Original)

.

Ulmus, Part of a cross-section of a cecidomyia
gall# The epidermal cells have been re-
peatedly divided by cross-walls. (E)

.

(Original)

.

A, Epidermis of the gall of Hematus gallarum .

B. The same of Andrious quadrilingatus .

(Original)

.

Part of a cross-section of the gall of Jac-
qujnia Sohiedeana Me iS« Ehe upper s^iper-

ficial cells are torn. The walls of the
deeper cell lajrers are thickened. In a,
is isilustrated the extension of this
thickening of the walls to deeper tissue
layers. (Original).

Queil-otis conferta . Oak gall of Heurotug »wn-
ismatis. a. cross-section through the gfte-ll*

L, larval chamber, b and c, some hairs,
at c, T-shaped forms. In b, irregular
forms;- from herbarium material. (Original)
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Pi^re 102. Part of cross-section from the gall of Horn-
(p. 239) omyia fagl . k, crystal reservoir, g. vas-

cular Limdles, ii, mechanical mantel, U.
nutritive tissue , (Original)

,

Pigiire 104. Cross-section through the gall of CecicLomyia
(p. E40) Cerrio (half). AA inner mechanical mantel;

"S7 outer mechanical mantel, (palisade-like
sclereids) • (Orip:inal) .

Figure 105. Part of cross-section through the mechanical
(p. E41} tissuG of the gall of Diastrophus Poten-

tillae, U, nutritive tissuo; R, gall-hark.
(Original)

.

Figure 106. Quercus . Part of cross-section through the
(E42) galls of Acraspis macropterae on the oak.

A, outer mantle; B, inner mechanical
mantel. In E, part of the epidermis more
highly magnified. (Original)

.

Figure 107. ^uercus Wislizeni . Irregularly thickened
(p, 24S) sclerxds from an undetermined Cynipes

gall. (Original)

.

Figure 108. Some diagrammatic formal types of the mech-
(p. 245) anical gall-tissue. A, hall-shaped gall;

B, "louse gall"; C, medullary gall of
. Oecldomyia tiliecea ; D, medulary gall of
C, Cerris :" fi. me^lullary gall of Banisteria
F, Walled gall; G, curled leaf gall; H,
gall of DiploGis glo.hali; I, gall of 2).

! botularia. (Original).

Figure 109, Gross-section through the gall of Oynl^ss

(p. 246) Mayri . [Che mechanical tissue is indicated
"by shading, (Original)

.

Figure 110. Fraxinus . Tissue closing the Botularia gall,

(p. 247) L, larval chamber, (Original)*

Figure 111. Cross-soction through an undetermined
(p. 248) Afriaan gall of an Anberstiee. The mech-

anical mantle. (shaded) eonsists of two

separated parts. (Original)

.

Figure 112. Gall of Oeoidomyia tiliacea . The gall, grow-

(p. 249) ing internally frees itself and finally
opens with a lid. (After Kerner)

,

Figure 113. Some nutritive hairs from sac galls, a, Acer,

(p. 251) Erinex^m^.like hairs from a Phytoptus mite
gall; b, Ulmus effusa . papillae-like
hairs from the sac gall of Tetraneura
compressa . (Original)

•
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Figure 114, f^uercus Wislinzeni . Cross-section through
jfp, E52) an undetermined Cynips gall, Bp, epi-

dermis; M, outer mechanical mantle;
St, outer nutritive mantle filled with
starch, Mg inner mechanical majitle.

The inner nutritive mantle lies \7ithin
Ivlg and is not drarm, (Original) .

Figure 115. Acer . Cross-section chrouch the maple gall
(p, E52) of Pediaspis Aceriu. The innermost cells

contain thicfe, clouded cytoplasm and
numerous oil-drops. In some may be seen
clear vacuoles, fOriginal)

Figtjre 116.
(p, a53)

Figure 117,
(p. B55)

Lignin bodies from various galls, a, early
developmental stages from the gall of
Cynips tinctoria , b, later stages
Cynips strobilaJaa* (a, after Hartwich,
b, briginal)

.

Acer Pseudo-plantanus. Part of cross-
section through a sac gall of Phytoptus
maororrhynchus , (Original),

Figure 118, Some cells from the "star-parenchyma"
(p. 256) (aerating tissue) of the Kollari gall.

(Original)

.

Figure 119, Quercus V/isleaeni, Longitudinal section
(p. £59) through a cynipos gall which encloseE

three cavities. In E, a structure
resembling a secretory sac, beneath it

a layer of cells thickened on one side,
Tr. thick-walled trichome. (Original)

.

Figure 130. Oxalis crasscau&8. A, normal starch grains,
(p, ass) B, aiinormal starch grains; from a

"leaf tuber" of tihe same plant,
"After V'ochting.)

Figure ISl, Quercus . A, some libriform fibres and pieces
(p. 288) oT ducts, B, cells from the gall of

Spath^gaster baccarum. (Original)

.

jes
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Introduction 1

(1) We *bharacterize as abnormal all those forms which deviate
from a norm. Since a comparative consideration of different
kinds of form-groups leadis to the establishment of different
kinds of norms, the meaning of the word abnormal will have to vary
in accordance with the groups under immediate observation. When
studying organisms 7/6 have to establish a norm by comparing rep-
resentatives of a species. This norm will differ from that es-
tablished in the consideration of greater form-groups. Therefore
in speaking of abnormal forms, we will have to define the limita-
tion of the form-groups, to accord with the investigation with
which we are then occupied. Botanists commonly consider the
growth in thickness of the tree-like Liliaceae, many lianes and
so forth, 9;S abnormal because it differs essentially from the
growth in thickness in the other phanerogams. In this case the
norm has been deducted from a consideration of all phanerogams. If
we find double buttercups or fasciated dandelions in the meadow,
and plum pockets, cankers, etc. on fruit trees, we term them ab-
normal formations, because a comparative consideration of the in-
d.ividuals of similar species leads to the establishment of a norm,
characterized by single flowers, simple scapes, trees free from
canker and so forth. Abnormalities of this kind are also called
pathological phenomena or diseases. In this it is i-ssumed, that
the functional efficiency of the "abnormal" organism or organs is,
in some way and in varying degrees, below that of ''normal" ones.

Kot all pathological forms found in the plant kingdom are
suited for consideration in the manner proposed, only those cases
will be discussed in which cells and tissues of abnormal kinds are
formed. The comparative treatment of these cases leads to the
founding of a "Pathological Plant Anatomy", the characteristic
features of which the author has sought to outline in the present
work.

,

(2) Before taking up a detailed consideration to the abundant
material furnished by the study of pathological plant tissues,
we must first decide whether it is possible to formulate an exact
definition for the tjoncept of the "pathological", in contradis-
tinction to the normal.

In my opinion, the efforts of earlier authors to define
"pathological", when working with plant diseases, have only proved
the impossibility of any sharp. division into normal or healthy
and abnormal or lathological, ^ nature. This is as impossible
as an exact distinction between the plant and the animal kingdoms,
Porms -will always be found, of which the frue classification re-
mains uncertain. We will not undertake the hopeless task of find-
ing an entirely satisfactory definition; the same difficulties
exist also for the relatively limited sphere of our anatomical \^
considerations, that are found in the whole province of pathology.
We will only inquire which are the characteristics common at
least to the majority of the forms which we, in accordance with
general usagjg, are to designate as pathological.

Ko useful result whatever is obtained by taking into consid-
eration the histology of abnormal tissues. The anatomical struc-
ture of pathological tissues shows the greatest diversity conceiv-
able. This will be fully demonstrated later. No features are
found in common. Similar conditions exist in considering their
etiology, for the most varied of external conditions may cause
the formation of pathological tissue. We obtain useful results
only when we take into consideration the physiological peculiar-
ities of the tissues. All the cases which we can designate as
pathological in the plant involve the omission or weakening of
some function. Either the tissues are retarded in their func-
fcianal efficiency: that is in their normal formation by some kind



of unfluences. or tissues functionally efficient undergo subse-
quent changes. In this latter case they lose wholly or in part
their aoility to function, or new tissues are produced on the
plant body of such a nafure that the diseased and deformed or-
gans either do not serve the organism as a whole, or at least
less than those termed normal. AccCrdingly, the following tis-
sues among others may be considered as pathological;- the color-
less mesophyll of etiolated leaves which through l&ck of light
is kept from developing into functionally efficient tissues, and
the assimilatory tissue whose ohloroplats degenerate under the
influence of external factors, thus rendering the cells incap-
able of assimilation, i^arther, new formations like galls', are
to be designated as pathological. Their tissues do not serve
the organism as a whole, and not infrequently considerable quan-
tities of nutritive material are lost to the organism through
their formation. To pathological tissues may be added also
wound cork, formed after injury, and "callus" tissue, although
the first, by closing the wound, protects the functional effi-
jgiency of the organism as a whole, and the second, by a new for-
mation of roots and shoots, has the power of regenerating the
original size and efficiency of the mutilated plant body. In

(3) both cases tissues are concerned in whose formation not so much
is accomplished for the organism as a whole, as under normal con-
ditions, thait is, as would have been produced by the normal tis-
sues of the organism of its integrity had not been destroyed.

Emphasis of the functional characters by which abnormal
cells and tissues are distinguished makes possible the rough
limitation of the field of our work. Any sharp distinction be-
tween the pathological and the normal cannot, however, be car-
ried throTigh in this way. In many cases, the difficulty of 'judg-
ing with certainty of the physiological values of the different
tissues would prevent this. A microscopical investigation of
their structure does not always enable one to decide as to their
physiological significance, and often for technical reasons, the
tissues in doubtful cases, are not accessible for experimental
investigation. In listing definite tissue forms under any one

y

of our chapters, we must be guided by histology and etiology as
well as by analogous cases. However, I hope we will not need to
deviate from the path indicated by the physiological point of
view emphasized above.

The valuation of cells and tissues according to their physi-
ological efficiency reveals the characteristics common to all
pathological tissues. When forming groups and sub-groups within
the field of our work, it will be advisable to consider ontogen-
etic and histological points of view as the most important.
Therefore, we will unite pathological tissues of similar life
history and similar histology and discuss them in independent
group's.

Various principles of classification are open to us, we may
either describe successively, the individual tissue forms and
organs of the plants, and the many variations from the normal
structure found in them under certain conditions or we may anal-
yse processes of growth, maturation and differentiation through
which abnormal cells and tissues arise, and unite them into in-
dependent groups produced by similar processes, without consid-
ering which tissue appears changed pathologically, or wha-t or-
gans are involved. In the first case a specialized pathological
anatomy would result, in the other case a general one. Since we
will have to take into consideration, plants of the most widely
different SQrts, one-celled as well as many-celled, thallophytes
as well as tsormophytes, it seems advantageous to me to arrange
our material from the ^oint ©f view of general pathological
anatomy . In the concluding chapter there will be opportunity
fn-r- fUrestcTtilns in ouriline, a special anatomy, at least for the



If normal individuals of a species are tested for the func-
tional efficiency of all their parts and then those composed
partiaUy Qt entirely of pathological tissue, it will be found
that individuals normally constructed attain a maximum of func-
tional efficiency, while that of the others remains more or less
helow this maximum, no matter what may be the nature of their

'

14) variation from the normal histology. Conditions are different,
however, if we consider the life history and histology of the
cells and tissue instead of their functional efficiency. Cases
may be found where individuals constructed abnormally may' surpass
^B well as fall short of the normally developed examples, so far
as the hilmber, size, and internal structure of their individual
elements are concerned. The normal course of development takes,
so to Speak i a gbldeii mean from which it can deviate more or less
widely in either direction. Proportions of size, number, etc.
characteristic for normal tissue , furnish a standard for the fluc-
tuating values to be measured in plants differently diseased.

It is thus evident that a division of the material into two
principal groups is advisable for the histological considerations
of the subsequent "general pathological plant anatomy":

1. The number, size or differentiation o f the cells of path-
ological tissues .remains more or less below the n"ormal'. There-
fore in one or more ways, the tissues remain in a stage of incom-
plete development. We designate as Hypoplasia those abnormal
processes of formation which - compared with the corresponding
normal processes of development - appear retarded as it were and
end prematurely.

2. The pathological cells and tissues exceed the conditions
of differentiation and growth characteristic of normal individ-
uals „ The diversity of forms found to arise through such pro-
cess'es of differentiation and growth necessitates a subdivision
into several independent groups*

a. In the simplest case, the abnormal cells differ from nor-
mal ones only in their internal structure in the nature of their
contents, the character of their membranes, etc. We use the

term Metaplasia for the processes of differentiation, by which
the cells of any tissue supplement their normal qualities or ex-
change them for new ones.

b. In other cases, the abnormal cells differ from normal
©nes in size . Abnormal increase in cell size we term Hyper-

trophy . It is not fundamentally important whether the histology
of the cells concerned remains similar to that of normal one's

er is changed in some way,

c. If cell division follows cell growth we speak of Hyper -

;plasia . The number of abnormal formations which comes into exis-

tence through hsnperplasia is extraordinarily large, and the his-

tological composition of the newly produced tissue is exceeding-

ly varied, ' later we will have to undertake a further division
of this great group.

Finally there are still to be considered.

3. The Restitution Processes, After injury and mutilation
of the plant body, the injured living part of—ten reacts in such

a way, that the lost "part is formed anew. If the structures
arising after mutilation resemble those lost, we speak of

restitution . Although the tissues thus produced possess, there-

(5) fore, qualities of the normal ones, they may nevertheless be in-

cluded in pathological anatomy, since the formation of the regene-

erated tissues, like that of many pathological tissues, requires
an outlay of energy and material which is saved to the plant de-

veloping im^n undisturbed manner. On account of the correspon-

dence fe&«^^n normal and regenerated tissues, the latter must be

the first division of this work.



The processes of differentiation and growth thus briefly
characterieed lea^ to the formation of the following five
chapters.

I. - Restitution,
II. -t Hypoplasia,
ni. - Metaplasia,
IV, - Hypertrophy,
V, - Hjrperpjasia,

In all cases, with words like hyperplasia, eto» we are con-
cerned priimrily with the naming of proceeses. Hyperplasia, for
example, is the process leading to the formation of cell out-
growths, Howe#er, we Will, in the follo\Ting chapters, take the
liberty of designating by the same terms, the actual product of
the process of grov-th or division, etc* The cell outgrowth it-
self is a hyperplasia,- the abnormally enlarged cell a hyper-
trophy and so forth. In this we will follow the example of the
physician who in the same way uses both abstractly and concrete-
ly the terms here named,

J

The difficulties encountered in defining the whole pro-
vince are met again when establishing single groups. In many
of these we must give up absolutely sharp boundaries, For in-
stance, "hypertrophy and hyperplasia" often merge Into one an-
other since, under certain external conditions, in organisms of
certain constitution, and in a certain stage of disease, only
enlargement of the cells takes place, while in others cell-di-
vision may also arise. The few debatable cases in which defin-
ite disease-phenomena seem to belojig to one chapter or to the
other, should not prevent us, however, from leaving both of the
groups named to stand independently side by side.

At this point, we must call attention to certain limits'^
tions which influence us in the definition of our subject. All
pathological structures of cells and tissues should not come
under our consideration:- the finer nuclear and protoplasmic
structures are excluded first of all. The many results furnish-
ed in the past few years by cytological investigation also throw
light in part upon abnormal cell and nuclear structures. How-
ever, the lack of unity, in judgixjg of normal structural rela-
tions, which still prevails even among scientists, seems to
prove that the time for a comprehensive consideration of abnor-
mal conditions has not yet come. We will rest content by call-
ing attention incidentally to changes in nuclear and ptoto-
plasmic structures, associated with hypertrophy of the cells or
hyperplasia, etc. and in conclusion point out some problems and
give some bibliographical citations. The further phenomena of
degeneration and dissolution so often noticeable in cytoplasm,

(6) nucleus, chromatophores and cell-membrane will be excluded.
Some remarks on the phenomena of degeneration may be found in
Chapter V.. Finally micro-chemical conditions which vary from
the normal and are found in pathological cell and tissue forms
will be mentioned only incidentally. Irregular reactions of
the cell contents and membranes have more to do with abnormal
metabolism of diseased plants, than with their pathological
tissue structures, the discussion of which is our sole task. For
the rest, compare the concluding remarks in Chapter V.

Since in forming groups and sub-groups, we v/ill take pains
to place the most natural boundaries possible to the separate
divisions of our work, we.iBust consider practicably, besides
ontogenetic and histological features of pathological plant
tissues, still other distinctive ones. Among these, etiologi-

cal features are of first importance. In every form of patho-
logical development we will inquire for the causes producing it.

The influence upon tissue formation of abnormal supply of light,
abnormal nutritive conditions, abnormal water supply, and many
others, should be investigated. It will be found that abnormal



tissues, which may he traced. hack etiologically to similar
causes often correspond with one another in their structural re-
lations. Therefore it is possible, without forcing matters, to
unite a, consideration of the etiology with that of the material
divided according to ontogenetic and histological characters.

Moreover, most forms of pathological plant tissues and very
diverse ones may be traced back to factors other thah those a-
bovenamed. They are produced partly by injury, partly by infes-
tation with parasites, animal ol- plant. All abnormal tissues,
arising from "wound stimuli", will be designated as "callus for-
mations" in the widest sense of the word. We will have to speak
of callus-hsrpertrophy, callus-hyperplasia and so forth, accord-
ing to the way in which the tissues are affected. On the other
hand, gall-formation will be spoken of, when parasitic organisms
of any kind whatever cause the formation of abnormal cells and
tissues. We v;ill report later in detail on gall -hypertrophy,
gall -hyperplasia and so forth.

Although a descriptive treatment of pathological plant tis-
sues and a study of their development will especially deepen
and broaden our knowledge of the histological development of
the plants, yet we will be Obliged in considering the etiologi-
cal side to place above all physiological questions. We will
have to test the ways in which various factors affect the plant,
and the capacity for reaction of various cells and tissues to
certain stimuli; v/e v/ill be led from the study of formn to the
physiology of development especially of a pathological nature.
In this way also "pathological plant anatomy" will furnishccon-
tributions to the field, which we will follow Roux in designa-
ting as the developmental-mechanics of the organisms .

It wiil be found that almost all pertinent questions are
easily subjected to experimental treatment. The phytopatholo-
gist is in the favorable position of being able to produce ex-
perimentally the abnormal tissues in v/hich he is interested. In
most cases., our knowledge of the factors at work does not ex--

(7) tend beyond the very beginning; indeed there is such urgent need
of a thorough further analysis of these factors that the answer-
ing of most questions, and indeed the de??isive ones, must be
held over for future, researches.

In each division we will follow the discussion of develop-
mental and histological character by rema^-ks upon etiology and
developmental-mechanics. In the concluding chapter, we will re-
capitulate briefly all that has been ascertained as yet concern-
ing the ways in which the different forces may act.

The subsequent treatment of different abnormal tissue forms
will include a series of examples to illustrate each of these
forms and attention will be called to the pertinent literature.
Of course, it is not in our province to mention all the plants
capable of producing abnormal tissues, nor describe all the ab-
normal structures made known by personal investigg.tion or by
the statements of earlier authors. A multiplicity of examples
is to be avoided, such as could have been given easily for in-
stance in the. chapter on galls. Instead of describing exhaus-
tively all known cases which would be suitable in a manual, we
will sift the available material and limit ourselves to depict-
ing those cases important because of a wide-spread distribution,
or in any way interesting theoretically.. Moreover we have not
striven for a complete survey of all the literature concerned
v/ith abnormal cells or tissues. Articles v/ill not be named
which recapitulate only what is universally knov/n, or which re-
port new facts insufficiently. If, in spite of my endeavors to
reproduce all that is essential, important contributions have
escaped me, I ask for the forbearance of my reader, in view of
the wide range of literature here used.



(8) CHAPTER I, 6

RESTITUTIOK

Living plants or plant organs are often stimulated to pro-
cesses of growth and to the formation of certain kinds of new
structures by the violent removal of some already existing part.
If this leads to the rebuilding or transformation of organs,
different results are conceivable.

1, The newly formed portions arise on the place of amputa-
tion and resemble the lost portion in all essential points. If
for example, the tip of a root is removed a new root tip will be
formed at the p3)aoe of injury. Decapitated shoots often v^avelop
callus on the surface of the cut and from this numerous adventi-
tious shoots; many marine algae proliferate abundantly on the
cut surface; other similar examples might be cited.

2. The newly formed portions resemble in all essential
points those lost; they are not produced, however, at the place
of injury, but at a greater or lesser distance from it. If, for
example, we remove from a root not only the tip but also older
portions further back, no regeneration takes place as in 1. On
the contrary, the cut root is incited to the formation of lat-
eral roots which arise above the place of amputation.

3, The newly formed parts arise on the surface of the cut,
but do not resemble the lost parts (heteromorphosis) . Oases of
this kind arise when, for example, root cuttings of Taraxacum
develop leafy shoots on the apical surface of the injury, i. e.
on the one toward the root apex, or when seedlings of Bryopsis
form rhizoids instead of lost "sprouting parts".

4. The newly formed portions neither resemble those lost
nor are they produced on the surface of amputation. Sachs found
in the case of Cucurbita that after the removal of all shoot buds,
the root buds, pres^^nt in each leaf axil, developed into knot-
like structures, vbchting-'- recently described his observations
on certain species of Brassica, where, after the removal of the
vegetative points from all sprouts, he found leaf-cushions trans-

(9) forming in the same way. It should be noticed that the newly
formed portions arise from organs already existing, at least in
their incipiency.

The processes of regeneration result in a reproduction of
the original forms, or structures similar to them can be created,
only in the cases named under 1, in which the new parts are pro-
duced at the place of injury and resemble those lost in all es-
sential points. Various modifications are still conceivable,
however, either the surface of the injury in its entirety takes
part in the regeneration, or only portions of it; further, at
the place of injury, there arise either one ner form alone or

several of equal value, near one another. Adventitious shoots
of leafy plants, as well as the proliferation of the thallophy-
tes, capable of regeneration, in this process pass first through
a stage similar to the "juvenile -forms"; the former with simpl6
leaves, the latter with a cord-like thallus base.

A complete agreement of the lost with the newly formed or-

gan, a restitution ad integrum , will be attained only when the

following conditions are fulfilled ;-

•* ySchting, Zur experimentellen Anatomic. Wachr. k, Ges.

Wiss. Gottingen, 1902. Heft 5,



(a) When the entire injured organ takes part in the
* regeneration,

(b) When only one new organ arises at the place of
injury.

(o) When the appearanoe of "juvenile -forms", or primi-
tive developmental stages, do not exclude agreement

Processes of restitution, "by which an organ is produced en-
tirely similar to the one lost, are rare in the plant kingdom.
Roots from which the extreme tips hr.ve been removed regenerate
the lost part^. According to Peters, the tip of the sprott of
Smal^f Helianthus plants is capable of regeneration , According
to Gobel^ the prothalllum of the Polypodiaceae, the pseudo-bulbs
of Drepanophyllum and Eriopus, if injured by grazing animals,
can likewise regenerate the lost part . The question, whether
mutilated leaves are also able to regenerate parts that have- been
lost, until most recently an open questipn, has just b#en affirm-
atively answered by the 'experiments of Gobel° on Polypodium Her -

aoleum and by Pisohinger's° on Streptocarpus and Monophyllaea,
If finally, we include the new structures on wounded unicellular'
organisms (Siphoneae), to which we shall return later, then all
known forms of true restitution in the plant world will have
been named,

(10) Observations similar to these on the restoration of whole
organs and organisms may be made on the restitution of cells and
tissues. It will be necessary to make Investigations in order to
see whether the cells, injured by the mutilation of any portion
of the plant, are healed by the regeneration of their membrane,
their protoplast and so forth, thus regaining their original form
or composition:- entirely independent of the question, whether
the organism as a whole resumes at the same time its former size
§nd normal form. In the second place, the question must be dis-
cussed, whether, after injury, a tissue can be produced from the
parts there exposed, which agrees in all particulars with the
normal superficial tissues;- in other words, whether, at the
place of injury, a normal epidermis or a normal membrane of any
kind whatever can be formed, no matter if the reproduction of
such tissue is connected with a complete compensation for organs
possibly lost.

^ Ciesielski, Untersuch. uber die Abwartskrummungen der
Wurzel. Cohn's Beijr. z. Biol. d. Pflanz., 1872, Bd. I, p, 21;
Prantl, Untersuch. ub. d. Regeneration d. Vegetationspunktes an
Angiospermenwurzein. Arb. d. Wurzburger Institutes, 1874, Bd.I,
p, 546. Roots cut in half longitudinally are also capable of re-
generation. Compare Lopriore, Ueb, d. Regeneration gespaltener

- Wurzeln. Hova j^cta Ac, Leop, CJarol., 1896, Bd^ LXVI, p. 233.
2 Pdters, Beitr. z. Kenntnis d. Wundheilung bei Helianthus

annuus t. und Polygonum cuspidatum Sieb. u. Zucc. Diss. Gotting--
en, 1897, p. 109.

*? n
Organographis, Bd. I, p, 37; further, Uber Regeneration

im Pflanzenreich, Biol, Centralbl, , 1902, Bi. XXIl, p, 385,

4 If

Uber Regeneration im Pflanzenreich, loc, cit. p» 508,
Therein references to unsafe statements on leaf re-generatIon.

Correns, Untersuch. ub, d. Vet-mehrung d» iStibmcose, 1899,
p. 57, 58, 236, '.

' "
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_

^ Ueb, Bau u. Regeneration 6.6ptA^n±milktibn8p^pv^f^tG& Vdn
Streptocarpus und }IIdnoph.yllaed>{ ffi^^ungsberV Akaft/ wlss< Vien,
Math. Haturw. Cl.» 'l5C2^ Bd/ <m, Abt/ 1/ p/' Z78i



I. RESTITUTIOU OF THE CELL 8

Plapt cells are not capable of living for a long time in
an injured condition. After injury to the cell membrane, or
after the mutilation of the protoplast, either the cell is des-
troyed, or changes take place in it, which result in a repro-
duction of the status quo ante, or of a condition similar to it
and of equal value physiologically. These we can designate as
healing processes.

The question as to the restitution of the cell-membrane is
of the first importance. On the one hand, experimental inter-
ference with the integrity of the cell-wall and its connecbion
with the protoplast may be carried out most easily; on the other
hand, new cell-membrane formations may usually be proved without
difficulty in the object under experimentation. We are thus rela-
tively well informed as to the processes of cell-membrane res-
titution.

Various kinds of injury must evidently be considered here.
We may remove some layers from the cell-membranes without com-
ing in contact with the protoplast itself; we may expose the
protoplast by breaking the continuity of its cellulose covering,
i. e, by pricking or cutting, or we may loosen the protoplast
from its membrane in places, or on all sides, by plasmolysis.

Because of technique, it will be possible to effect the
first kind of injury only in cases of unusually strong cell-
walls. That the layers v/hich have been torn off can be replaced,
has been proved by Tittman^ with Agave americana . Aloe ligulata
and A. sulcata . As is well known, the cuticle on the leaves of
these plants is very strongly developed, and may be removed
without noticeable damage to the protoplasts. In damp places
the newly formed cuticle is weaker than that formed under normal
conditions, Tittman observed regeneration of the wax coating on
Ricinus communis, Rubus biflorus arid Macleva cordata, Various
Sedum and Echeveria species lack this capacity for regenerating
wax.

(11) Very much greater significance is attached to those cases
cin which the protoplast in one way or another is exposed par-
tially or on all sides. The effect of injuries of this kind may
always be studied experimentally and easily in all cellj. forms
and in all plants. The large celled Siphoneae are especially
suitable objects for these experiments, but it will be found
that in all the principal groups of the plant kingdom, plants
are knovm in whose cells healing processes may take place after
exposure of the protoplast and new membrane formatiom may be ob-
served. In any case, however, the capacity for regenerating the
cell-membrane is very much better developed among the lower
plants than among the higher ones.

The experiment, which should throw light upon the conditions
of the cell after exposure of the protoplast, is mott successful
when it is possible to separate the protoplast partially or en-
tirely from its wall, leaving it at the same time unmutilated.
Plasmolysis is an excellent condition for obtaining this result.

Klebs^ has proved that protoplasts can be incited to the
formation of new membranes by plasmolytic separation from the

^ Beobacht^ ^ber Bj^ldung und Regeneration d. Periderms^
d. Epidermis, des Wachsuberzuges u, d, Cuticula einiger Gewachse.
Pringsheim's Jahrb. f, Wiss. Bot. , 1897, Bd. XXX, p. 116.

p
Beitr, z, Phya. der Pflanzenzelle . Untersuch. d. Bot.

Inst, Tiibingeii, 1888, Bd. II, p. 489.



cell wall. Representatives of the most varied plant groups,

-

algae (Vaucherla, Zygnema, Mesocarpus, Spirogyra. Oedogonium,
Conferva. Chartophora, Stigeoclonium, Olaaophora) , dosses
(Funarifi leaves), ferns, (prothallia of gymnograms) , and iDon-
ocotyledonous growths (leaves from Elodea oanadensi s ) . fur-
nished results which agreed in all essentiaX point's, To be
sure, the formation of the nev? memhrane required a vcrying
length of time in different representatives; Vauohoria occasion-
ally formed the new Eell covering in 10 per cent glucose within
the first hour, Conferva and cells of prothallia aftor 1 to £
days, zygnema needed 3 to 4 days, ceZlS from Funaria and Slodda
8 to 10 days and more. On the other hand "it was not possible,
by means of plasmolysis in sugar solution, to incite cells of
the Desmidiaceae (Desmldium, Euastrum, Gosmarium, Peniun, Pleu-
rotaenium, Closterium, fetraemorus) nor of the Diatoms (Melosira)
to the formation of nev7 membranes „ Equally without rosult Were
the experiments on many prothallia (BleChnum, Ceratopteris) , on
Lemna and Vallisneria, as well as on dicotyledons fSymphorxcar-
pUs). As far as the latter are concerned, the negative result
of the experiments may be due to the manror in which they ;7ere
carried on, as chosen hy Klebs, or to the nature of his exper-
imental objects. At all events, his supposition that the capa-
city for forming new membranes does not extend to dicotyledons
generally, is not pertinent in this general conception. The
protoplast in root hairs of dicotyledons forms nev/ membranes
after the action of plasmolysis. This is true also of the pro-
toplast of pollen tubes"*-. Still further, Townsend found the
formation of new membranes in plasmolysed sieve tubes in Bryonia
and Cucurbita^, Further similar examples will be noted later.

(12) Plasmolysis is knoT?m to attain varying degrees, depending
upon the nature and concentration of the solution employed; i.e.,
the protoplasmic membrane may be loosened from the vmll only in
places or it may be drawn together into a ball , which is separ-
ated from the cell-wall on all sides. In the first case only a
new cap-like layer is produced, at tached on all sides to the
old cell-wall which is still in contact with the protoplast; in
the second case, a complete sheath is produced around the proto-
plasmic mass,

•'- Compare Palla„ Beob, -lib, Zellhautbildung an des Zellkerns
beraubten Protopl. Flora, 1890, Bd, LXXIII, p. 314. Acqua.. Con-
trib, alia conosc, d, cellula veget„ Malpighia. 1891, Vol. V p.
3, The same process takes place "normally" in the cap-formation
of the root hairs of the Java-fern Drymoglossura nixmmularifolium
and Db piloselloides (According to Haberlandt. Physiol. Pflanzen-
anatomie, 2 Aufl, 1896, p. 192): "By tonger continued drought,
the protoplasm; to v/it, of the root hairs which are drying up,
together with the cell-nucleus in the basal part of the hair^ is

drawn back, above which "becomes noticeable a more or less regu-
lar contraction of the body of the hair. At this point a mem-
brane cap is then formed, which bounds the capsulated protoplast
of the hair from the dried up part. The latter drops off and the

resulting root-hair base waits only for the resuscitating drop of
water in order tp grow out at once into a new hair." Reinhardic
(Plasmolytische Studien z. Kenntnis des Wachstums der Zellmembran,
Festschr. f, Schwendener, 1899, p. 425) has already raised the
question, whether the cap formations in the bast, (Krabbe, Beitr.
z. Kenntnis dor Struktur u. d. Wachstums vegetab, Zellhaute.
Pringsheim's Jahrb. f. wiss, Bot., 1887, Bd. XVIII, p, 346) may
not also be placed on an equal footing v/ith the above mentioned
abnormal formations,

^ Townsend, Einfl. des Zellkerns auf d, Biic..ung der Zell-
haut, Pringsheim's Jahrb. f. wise. Bote. 1897, Bide XXX, p. 484.
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Ktore examples may be given for these cases than for those
in which, as after plasmolysis, a new formation of the cell-
wall takes place after injury to the cells and after violent
removal of pieces of cell-wall, with which is connected a aim-
ultaneous loss of living cell substance.

In the first place there should be mentioned here also,
the much investigated Siphoneae-*-, which in part, can heal their
wounds even in a very short time by a newr formation of cell-
wall. All Siphoneae which have been tested, (Anadyonene, Bo-
trydium, Bryopsis, Caulerpa, Codium, Derbesia, Halimeda, TTdotea,
Valonia, Vaucheria) are capable , 7/ithout exception, of re^atoring
the cell-wall. The Phycomycetds, which resemble the Siphoneae
and which, in forming soar membranes are also protected by the
narrow liimen width of their mycelial tubes, act also like the
Syphoneae^,

So far as is known, in almost all cases, the Injured cells
of higher plants lack the ability of restitution. It isf Imma-
terial whether the results of the protoplasmic loss play the
chief role, whether the contact of the exposed protoplasm with
the external environments acts as a distributing factor, or
whether other factors turn the scales:- in any case, the in-
jured cells almost always break down without having healed their
cell-walls. As yet only a few exceptions are known.

If the upper part of the nettle hair of Urttca dioioca is
broken off, it is immatBrial whether only the tip or a larger
part be lost - the protoplast now and then forms a delicate
scar membrane at a varying distance from the surface of the
break. In one case on a mutilated hair, I found a new, very
delicate walled tip, not absolutely regular, (Compare figure 1),

Perhaps even regeneration of the tip becomes possible un-
der suitable conditions, so that the same nettle hair may again

(13) become effective %s a weapon. ^ Moreover Kallen^ has already an-
nounced, that the hairs of Urtica urens can close their wounds
with membranes. It is very possible that the nettle-hair cells
of Urtica can also be incited to the formation of membrane
caps by means of plasmolysis.

^ Of the abundant lijjerature. the following may be named:
Hanstein, Ueb, d, Lebensfahigkeit der Vaucheria-ielle. Sitz.
Ber. d, Hiederrhein, Ges, Bonn, 1872; Hanstein, Eeproduktion
und Reduktion von Vaucheria-Zellen. ^anstein's Botan. 5bhandl.,
1880, Bd. IV, p. 45; Schmitz, Beob". ub, d. vielkemigen Zellen
d. Siphonocladiaceen. =Pestchr. d. naturforsch. Ges. Halle 1879,
p. 275; Noll. Ueb, den Einfluss der Lage auf d.„Morphol, Aus-
bildung einiger Siphoneen. Arb. d. Bot. Inat. Wurzburg, 1888^
Bd^ III, p, 466; Wakker, Die Keubildungen an abgeschnittenen
Blattern von Caulerpa prolifera. Kon, Akad. Wetensch. Amsterdam,
Bd, III, 2. p. 251; KJ^emm, Ueber Caulerpa prolifera. Flora 1893,
Bd. LXZVII, p. 460; Kuster, Ueber Vernarbungs-und Proliferations-^
erschein, bei Meeresalgen. Flora, 1899, Bd. LXXZVI, p. 143;
Winkler, Ueber Pol^ritat, Regeneration und Heteromorphose bei
Bryopsis, Pringsheim's Jahrb. f. wissenschaftliche Bot. 1900
Bd, XXXV, p, 449; Prowazek, Beitr, z, Protoplasmaphysiologie.
Biol. Cbl., 1901, Bd, XXI, p. 87.

^ Compare especially Van Tieghem, Mouv. rech. s. 1. Mucor-
ineens, Ann. So, Nat. Bot., 4, ser., Tom, 1, 1875, p. 19.

'^ Das Verhalten d, Protopl, in d. §ew. v. Urtica urens
entwicklungsgeschichtlich dargestellt. Flora, 1882, BS. LXV,

p. 65.
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The latex tubes may be mentioned as a second example which,
after injury, are healed in the-same way by the formation of
membrane caps. Tison observed the latter^ in Mortis alba and
others after the dropping of their leaves"*". The latex tubes as
well as nettle hairs prove again that even the cells of dicoty-
ledons are capable of forming their membranes anew.

If, by injuring the( cells, we succeed in exposing the proto-"
plasts on all sides, as described above for plasmolytio prooesees,
we then have a special case, -which, however, does not disclose
anything essentially new. Through this injury protoplasffiio
masses of various sizes are often extended from th| large cells
of the Siphoneae, which given favorable conditions , are capable
of enclosing themselves with new cell wallB.

In this connection it should be noted that many Siphoneae
may also heal their wounds in other ways than by reforming the
cellt-walls. If a turgid cell of Valonia utricularis be pricked,
a fine stream jets forth. When, howTver^ the j.etting of the
liquid is sustained by a gentle finger pressure, it soon ceases
and a gall-like protoplasmic plug free from chlorophyll, which
closes the wound, is formed at the prick point. Later the for-
mation of a new piece of membrane follows this provisional lig-
ature. In the case of strong sacs of Bryopsls, after Injury and
the resulting ejection of protoplasmic fragments, a plug of a
granular substance is formed which I consider disorganized pro-

(14) toplasm , The formation of these peculiar stoppage masses in In-
jured cells may be followed under the microscope. The production
of the granular mass gives an appearance similar to that formed
by the hardening of a drop of wax. Sometimes crystals of percep-
tible size are formed in this stoppage mass, the growth of which
may be followed satisfactorily under the microscope, although
all;the processes here described take place in the fraction of
a minute. The latex tubes are also closed after injtiry by coag-
ulation plugs.

Among the scar-membranes formed after plasraolysis or after
injury, we find some which entirely resemble normal ones in
structure and capacity of grov/th, and still others, showing some
variations, as, for example, in the above mentioned scar-membrane
of Urtica, which remains very delicate and, more noticeably in
Algae, in whose cells Klebs found that soft, weakly refractive
membranes, ob"fflously very rich in water, were produced after
plasmolysis. fSplrogyra, Mesocarpus). Presumably, the action of
the foreign medium surrounding the cell (10 to 15 per cent sugar
solution) lies at the bottom of this.

It should be observed still further that all the newly formed
membranes are not capable of grov;th. While in many Siphoneae, it

may be demonstrated that scar -membranes often make a prolific sur-

face growth soon after their formation, still in the case of cell-

walls of other plants formed after plasmolysis, this growth is

regularly lacking, for example, in the cells of Elodea or Punaria

as cited" by Klebs. In the plasmolysed and newly enclosed cells

of Oedogonlum., no growth takes place, only division and the forma-

tion of Swarm spores. Where growth results, it leads in many

^ Rech, s, la chute d. feuilles chez les Dlcot. These,

Caen 1900.

^ Compare Klebs and Schmitz in place mentioned. Further

Haberlandt, Ueb. die Lage des Kerns in sich entwickelnden Pflanz-

enzellen, Ber. d. D» Bot, Ges, 1887, BB. V, p, 211 and others.

^ Compare Kuster, Ueb, Derbesla and Bryopsls, Ber. d. P,

Bot. Ges. 1899, Bd. XVII, p, 77.
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cases (h^ the developmewfe of abnormal types « In the case of
Zygneraa.*as described by Klebs, irregular, spirally twisted
structures are produced., (Compare figure 2). I found that
growth of the scar-membrane of Anadyomene in aquarium cultxire,
always leads to abnormal rhlzold-llke forms. Undoubtedly In
both cases the abnormal activity of the growth may, under suit-
able culture-conditions, be replaced by normal formative processes

Finally those conditions are still to be discussed, the ful-
fillment of which must be considered as taken for granted in the
process^ of restitution already described.

Eiqperiments with protozoa have proved that isolated csrfeo-

plasm can form no new nucleus from its own substance and that is-
. olated nuclei «re just as little able to form cytoplasm. The re-

generation of the cytoplasm presupposes a fragment of cytoplasm,
the regeneration of the nucleus, a fragment of the nucleus. Fur-
ther - regeneration of the cytoplasmic bodies from a rewnTiTft of
cytoplasm can takq place only when a nucleus, or a fragment of a
nucleus, remains Connected with it and, conversely, a nuclear
fragment can be restored" to c normal nucleus, only when the oy-

(15) toplasm, or a remnnnt of it, remains attached to this fragment.
Isolated nuclei without cytoplasm and cytoplasmic rcasses ?/ithout
nuclei are incapable of living for any length of time^* At least
parts of cytoplasm and nuclei must remain united, if there is
to bd any restitution of the cell.

These interrelationships were first observed in protozoa,
whose large, easily dissectable nuclei make them favorable objects
for experimentation'^, but for a long time they v/ere misconstrued,
inasmuch as the activities of the nucleus, the "element of the
cell which bears the inheritable ch?iracters and qualities", wer6
considered as the alpha and omega of all regeneration processes,
and the importance of the cytoplasm completely overlooked^.

It is evident, from what has been said above, that the wall
so Important for plant cells, can be regenerated also on cell
fragments which lack it entirely, and that further, its new form-
ation is produced from the cytoplasm. The fact that the cyto-
plasm can build a new wall only in the presence of and under the
Influence of the nucleus is important here. Schmitz was the first
to prove that isolated cytoplasmic fragments from cells of the
multi-nucleqted Siphonocladiaceae can remain capable of life and
of forming new independent cells, i. e, can provide themselves
with R new wall , only if the severed csrtoplasmic mass has taken

•*• Compare Verworn, Physiol, Bedeutung des Zellkerns,
Pfluger^s Archiv. 1891, Bd. LI, p, 1.

^ The^^first experiments originated v/ith ITussbaum (Ueb, spon-
tane und Kunstliche Teilung, Sitz,-Ber, d. liederrh, (Jes. , Bonn
1884, Ueb, d, Teilbarkeit der lebendigen Materie. ArcJjL. f,

mikr. Anat. 1886, Bd. ZXVI, p. 485) and Gruber (Ueb, kunstl.
Teilung bei Infusorien land II, Biol. Cbl., 1884, Bd. IV, p,
717 and 1885, Bd, V, p. 137, Beitr, zur Kenntnis der Phys, u,

Biol, der Protozoen, Ber. d, Waturforsch. Ges. Freiburg, 1886,
Bd. 1, 2),

3 Compare especially Verworn, Allgem, Physiclogie, 1895,

p, 486 ff. Theoretical discussions, on 1;he significance ef the
nuolgus by Ljjeb, Warum ist die Regeneration kernloser Protop5.as-

mastucke unmoglich oder erschwert? Arch, f, Entw.-Mech, , 1899,
Bd, VIII, p. 689,
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1with it one or more nuclei from the mother cell, Klebs has
treated in detail the significance of the nucleus enucleated
cytoplasmic pieces from the ceils of Zygaema, Spirogjnra and
Oedogonium, or of Funaria, remained living a long time, to be
sure, in cane-sugar solution and, in the case of Spirogyra and
Zygnema, formed starch in their chromatophores, but never walls.
Haberlandt's experiments^ continue those of Schmitz and Klebs,
and give the same results. According to Prpwazek (loc, cit) the
greater the number of nuclei contained by the cytoplasmic mass,
the more quickly these regenerate^. The theory brought forward
by Palla floe, cit.) that cytoplasmic pieces without nuclei are
also capable of forming cell-walls has been disproved by the
work of Acqua and Townsend (loc. cit.).

The last named author took an important step forward when he
discovered the distant effect of the nucleus. Even pieces of cy-
toplasm free from n^tclei ;are capable of forming membranes if the
influence of the nucleus can be extended to them by means of con-
necting strands from distant portions containing nuclei or from
uninjured cells ly:ing at a distance. In this, however, a "living
continuity" is necessary,, contact alone heing insufficient for
the transference of this Influence, The best data on the influ-
ence carried from cell to cell is given by the experiments with
sieve tubFS of Cucurbita and Bryonia which lack nuclei, but which
may form new walls after plasmolysis. In no case could the for-
mation of membranes be observed in the completely isolated, cyto-
plasmic masses of the sieve tubes which had passed out of the
tubes, Townsend proved the transmission under the influence of
neighboring cells containing nuclei, of the wall-forming stimulus
to a distance of several millimeters under the influence of
neighboring cells containing nuclei.,

Nothing is known as yet of any after effect of the nucleus

•^ Compare Tagebl. der Berliner Haturf .-Vers. , 1886, p. 194;
Ueb. d. Einfluss d. Kernes in der Zelle. Biol, Cbl, 1887, Bd.
VII, p. 161; Beitr, z. Phys. d, Pflanzenzelle. Ber. d. B. Bot.
Ges., 1887, Bd. V, p. 181; further the detailed publication
already quoted.

2 Besides the above quoted articles compare, Ueb. d.

Bezieh. zw. Funktion and lage des Zellke:f;nes b. D„ Pfi. 188'';

Ueb, Einkapselung des Protoplasmas mit Rucksicht auf d. Funktion
des Zellkernes. Sitz,-Ber, Akad. Wiss, Wien, math.-naturw. Kl,,
lfia9, Bd, XCVIII, Abt. 1, p. 190.

^ Gruber, floe, cit,) states, that pieces of ptotozoa
reform complete bodies the more quickly, the larger the nuclear
fragment, which they have carried with them.

By this distant jfeq.ction of the nucleus the above quoted
observations of Palla floe, cit.) may well be explained, as well
as those of A. Gruttner, Ueb. die Erzeugung von kernlosen
Zellen etc., (Diss, Erlangen, 1897). Strumpf tried in another
way to harmonize the different results with one another; he ex-
presses the ppnjecture that the cytoplasm of young cells, even
without nuclei, nay form membranes, but that the old cells need
the reaction of the nucleus. (Zur Histologie der Kiefer. Anz.
Akad, Wiss. Krakau, 1998, p, 312).
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upon ©nucleated pieces of cell-^.
«

Scar membranes occur in most plants of which the cytoplasm
is found capable of forming- them^, so far as the above described
action of the nucleus is made possible. In some other plants it
appears that the conditions for wall-formation are not yet ex-
hausted with this; at least, according to Klebs, in plasmolyzed
cells of Zygnema the influence of light is a further condition
for wall-formation.

Wo have spoken as yet only of the restitution of the wall.
Unfortunately, we are imperfectly informed as to the regenera-
tion of the living cell elements . The fact tbiit mutilated cells,
whose wounds have been healed by a new formation of membrane,
can continue growth has been emphasized for different kinds of
plants. Since the cells during and after grov/th contain normal
protoplasmic quantities,- so far as an estimate allows of any
decision, it may be accepted that the mutilated protoplasmic
body is capable of a restitutionary grov/th. Nothing has yet
been learned as to whether nuclear fragments, as in the case of

(17) protozoa, can also grow into normal nuclei, v^Siether mutilated
chromatophores, as those of the conjugates, can attain their
normal size by growth, whether in mature assimilatory cells,
after the removal of some protoplasm and chlorophyll body, all
that remains in the cell can be excited to division;- and much
more of the same kind.

2, RESTITUTION OF THE TISSUES

In the following, those processes of restitution will be
discussed, in which the injured cells themselves are not healed,
but in which intact cells near the injured ones mfike reparation
by growth, eventually also b)& division. At least two cells will
therefore take part in the whole process, the one injured and
the one making restitution.

This, the simplest case, is realized in the liverworts;
for example, in Marehantia, If the long, unicellular rhizoids
are 'out off from youthful parts of the thallus, compensatory
hairs are formed, even after a few days, one of the neighboring
cells of the trichome base (compare figure 3a) developes into
an unicellular hair. The compensatory hair grows out through
the oavity of the mutilated one. and from the end of the stump,
into the substratum. The lumen of this substitute hair is often
noticeably narrower than that of the normal hair.

Gruber, (Beitr. z. Kenntnis d. Phyz. u. Biol, d. Proto-
zoen in place mentioned p. 13) states that in fragments of pro-
tozoa, lacking nucleus, incomplete peristomic regions may still
develop as a result of an after effect of the nucleus. Accord-
ing "fo Balbiana (Houv. rech. exper. sur la merotomie des infus

.

ciliees Arch.de Microgr, 1891/1892, T. IV, p. 369) an after ef-
fect can be demonstrated only in so far, that a constriction is
found in those nucleus-free pieces of individuals, which were
taken directly before their cell-division. Never, however, does
complete cell-division take place; on the contrary, the two
halves fuse again.

p
To be sure, there are exceptional cases, in which even

in the dark (Klebs loc. clt,, p. 541) "a formation of cell walls
takes place about tJf^ spherical protoplasts. In pure sugar sol-
utions I have obseyyed tlh^B 7^T7 rarely, while, on the contrary,
in sugar congo r^^ a number of pjrptoplasts in each larger cul-
ture of Zyg^/sma 0. wejr/? surrounded wi^h a red cell -wall".



15
«

Diaphyses of this kind were thoroughly described for Mar-
chantia and Lunularia by Kny-'-. Since my experiments have proved
that any desired number of compensatory structures may be called
forth by cutting back the rhizoids, this development of the par-
enchjTOia cells x)n the trichome base may be brought into undoubted
connection with the wound stimulus or its results. To conclude
from Kny^s data, other factors also seem able to excite a stimu-
lus, similar to the one usually associated with the nutilation
of the rhizoid. At least Kny states that diaphyses occur also in
rhizoids in which the membrane is intact. Then the secondary
hairs find gt the tip of the primary ones an energetic opposition
to further elongation, which may lead to a bending and curling.

(18) Kny observed further that even a tertiary hair may develop in a
secondary fi'ig. 3b) and that, occasionally, two cells at the
base of the primary rhizoid, instead of one, may develop into
compensatory hairs.

In the case of many multicellular algae, the thallus of
which is made up of filaments consisting of rows of simple cells

,

(for example, Trentepohlia ) similar regeneration phenomena take
place after the removal of the growing tip. The uppermost cell,
left intact, continues the growth of the mutilated filament.
Therefore, the regenerating phenomena of growth proceeds here also
from one cell*^.

In the case of the higher plants, restitution processes of
this, the simplest .kind, are rare. The processes of healing and
regeneration observed by Miehe on Tradescantia virginica are some-

• wh5t comparable to the diaphyses of Marchantia rhizoids. After
the dying off of single epidermal cells, or small cell groups,
the wound is closed over by the growth of the intact np:ighboring
cells.- In this way, one may occasionally find single cells com-
pletely filling out the gap of the dead neighboring elements. I
will return later to theSe phenbmena. (Chapter IV, 4).

Regeneration of tissues, brought about by unlimited division
of the exposed cells, often takes place Xn thallnphytes in so far
as a differentiation of pith and bark tissue may be recognized
in them.

In the sclerotia <)f Coprinus stercOrarius , investigated by
Brefel^, the outer coat consrists of kix to eight layers, with
black -put icularized walls'. If these are removed, the inner cells
regenerate a new outer coat. "Some division in the inner cells,
as well as the very close association of the cells which have di-
vided td produce the thinner tissue -of the outer coat together
with a stretching of the •utermost c^ll-layers to form the great
cells of this coat are the processes, which must necessarily
$ake place, In order to develop the outer coat from the inner
cells^. This experiment miiy be repeated with sclerotia, as long

as the inner substance lasts.

Algae, especially the Florideae, behave similarly in the ex-
tent to which they exhibit tissue with distinguishable pith and
bark. By truncations and tears, or after removal of the bark, a

^ Eigentuml, Durchwachsungen an den Wurzelhaaren zweier
Marohantiaceen. Verb. Bot. Ver, Prov. Brandenburg, 1880, Bd.

X2JJ, p. 2.

^ Illustrations in de Wildeman: Sur la reparation chez
' quelques algues. Mem, cour, et autres mem. acad. Belgique

,

1899, T. LVIII.

^ Brefeld, Botanisoh© Untersuch. uber Schimmelpilze . 1837,
Bd. Ill, p, 25.
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small-celled bark, rich in ohromatophores, is regenerated from
the largQ, colorless or slightly colored cells of the pith.
According to Massart-^ some "brown algae (Laminaria, Pelvetia) also
"behave in this way; in them a small celled soar-tisstte is also
produced from the exposed inner layers, which resembles the bormal
bark tissue.

Only a few cases of tissue restitution are known in the high -

(19) er plants . The periderm is on the 7/hole easily regenerated, ^the
epidermis , however, not always. Although in "physiological" In-
juries, by means of vvhich perforated or seci-eted leaves of differ-
ent plants obtain their characteristic form, a tissue is formed"
at the edge of the wound, which corresponds v^ith the epidermis^,
yet when the integrity of the stems and the leaves is violently
distrubed generall;?- no new formation of the epidermis takes place.
Tittman has proved this definitely by countless experiments. Ac-
cording to Massart floe. cit. p. 55) the leaves of Lysimachia
vulgaria seemingly form an exception to the rule; they regenerate
normal hair -bearing epidermis, when injured in a very young stage.
In roots, the ability to form new epidermis after injury is wide-
spread; Lopriore* observed on split roots the formation of normal
epidermis provided with root hairs, (Compare fig. 4). In the for-
mation of lateral roots also a typical epidermis arises from the
derivatives of t^e more deeply lying layers of tissue.

Finally the regeneration of the vascular bundles is to be
mentioned. Roots and shoots which have been split lengthwise will
complete each helf of the fibro-vascular system to a complete cen-

(20) tral cylinder?. In monocotyledons, regeneration of roots takes
place by the simultaneous restoration of epidermis, phloem and
xylem. In dicotyledons, hov/ever, the endodesmis is regenerated!
first, later the xylem and phloem (Compare again fig. 4). In the
same way, after splitting shoots of Salix, Aristolochia, LonicerQ,
Sambucus and many others, Kny observed the production of wound
tissue from pith, carobium and bark, in which a new cambium was
formed. This wq,s connected on both sides with the cambium of the
normal vascular-bundle, and, like this, produced xylem elements
towards the inner phloem elements towards the outer side. The
investigations of Kny and Lopriore make it prtebable that very
many, if not all, phanerogams possess the abilitjr to restore des-
troyed central cylinders.

Massart, La cicatrisation Chez 1, veg, Mem. Cour, et
autres.mem. Acad. So. Belgique, 1898. T, L"VII.

2
Tittmann, loc, cit, p, 117.

Schwars, 3?r., fiber die Entstehung der Lochdr and Ein-
buchtungen an dem Blatt von Philodendron pertusum. Sitzungsber,
Akad. Wissensch. Wien, 1878, Bd. IXXVII, A"^t. 1, p. 367;
lippitsch^ Ueber das Einrelssen der Laubblatter der Musaceen
and einiger verwandter Pflanzen, Oest. Bot . Zaatschr. > 1889,
Bd. 2XXIX, p. 206.

^ XJber Regeneration gespaltener Wurzeln, loc. cit. Compare
also Ber. B. Beutsch. Bot- Ges., 1892, Bd. Z, p. 76.

Compare especially Kny, Ueber kunstliche Verdoppelung
des ieitbundelkreises im Stamrae der Bikotyl. Sitzungsber. Uaturf

.

Fr. Berlin, 1877, p, 189, Lopriore, loc. cit. and Vorlaufige
Mitteilung uber die Regeneration gespaltener Stammspitzen. Ber.
der Beutsch, bot. Ges., 1895, Bd, ZIII, p. 410.
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HYPOPLASIA
21

We speak of Hypoplasia if an organism or one of its
parts does not attain a normal development but ends its de-
velopment prematurely, so that forms or characteristics ap-
pear fixed as final, which, under normal conditions, "belong
only transitorily to the organisms or organs concerned. To
put it briefly, Hjrpoplasia is defective development, and its
products remain in one or in several respects belov; the re-
sults of normal development. The development of the organ-
isms or organs appears as though "arrested", on v;hich account
we can term the products of a hypoplastic process arrested
develQ-pments. • From the aforesaid it follows that in
treating of arrested developments, v/e will be concerned only
with forms and pecularities of the organisms and thier parts,
already known from the ontogeny pf normal individuals.

The discussion of arrested-development devolves upon
either morphologists or anatomists, according to whether the
arrestment may be recognized in the maturing of whole organs,
or in the development of the cells and tissues. On the morph-
ological side a large number of observations have been col-
lected and utilized scientifically. They prove that the
arrested development of similar organs can result very dif-
ferently, since very different stages of the normal progress
of development appear to be "fixed". In addition to this,
it is proved that those processes of growth and differenti-
ation are not always equally arrested, which in a normal
course of development, are associated in time and place.
Thus, for example, very different kinds of arrested-devel-
opments may be pointed out in leaves . In many such cases

,

12 the leaves vary from those normally developed in the small-
ness of their size. The etiolated sprouts of many plants
furnish examples of this. In other cases the leaves are
less retarded in size than in form; for example, in the case
of specimens of Sagittaria grown under water, of the Ret-
inospora form of many conifers, different galls on the tips
of the shoots, etc. Thirdly, the form of the leaf may re-
main undeveloped. Either the initial folding and curling
of the leaf blade is retained, as in the artificially forced
branches of Aesculus, Gingko, etc.; in the etiolated speci-
mens of Viola; in many leaf galls (Phytoptus mites on Rosa,
Fagus, etc.); or the inclination of the leaf to the axis re-
mains as it was at first,- for instance, in willow leaves
unfolded under water, in the galls on the tips of Glechom
shoots fCecidomyia) , etc. Of course the leaves may also
"remain below the normal" in more than one respect. The
examples here chosen should demonstrate at the same time that
arrested developments of the same character can be produced
by the most varied influences,

1« The word Hypolasia is derived from the terminology of
the medical science; the term arrested development has long
been familiar to botanists.

2, Compare especially Gobsl, Organographie , 1898, p. 121,
and the literature quoted therein.
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The diversity manifested in the arrestment of cell and
of tisgiae development is very similar. Either the nrimher
of the cells composing a certain organ or forming a"^certain
definite tissue, remain helow the normal, or the size of the
individual cells is smaller than under normal condi ti ons , or
finally, the internal structure of the cells and the differ-^
entiation of the tissues stops at g, priraitave stage. Hence
the succeeding elaborations follow v;ithout further discussion.

Arrested developments of the most varied kinds are to be
observed abundantly, on the one hand, in many :,jlants in nat-
ure, or on the other hand, may be readily called forth by
experimental interference at any time. Since, furthermore,
arrested development of cells and tissues is often combined^
with Some obvious external characteristics, the attention of
the botanist has been repeatedly directed to them. Corres-
pondingly, a surprisingly large number of reports may be
found in the literature bearing upon the same abnormal con-
ditions. On account of the often very inadequate content
of the works, it will be sufficient to mention only selected
ones in the discussion which follows,

A. mJMBSR OF CELLS.

We have spoken already of arrested developments, in
which the bulk of whole organisms or sing'le organs remained
beJ.ov; the normal -^-roportions. In so-called Nanism, that is,

TzStfen the plants attain only a fifth or a ten*^. of their normal
size as a result of continued drought or unfavorable nutri-
tion, a corresponding reduction of the size of the cells
to a fifth or a tenth of their normal proportions does not
take place parallel to the reduction of the. plant volume;
on the contrary, the cells of the dwarf spe.cjmens consist

(E3) essentially of cells approximately as large as those of
normal individuals; the small size of the starved indivi-
duals being Chiefly brought about by a reduction in the
number of cells,-'-

Similar conditions exist if only single organs, leaves,

blossoms, fruits, and not entire plants are dwarfed. For our

histological consideration, however, in both cases, only these

come into question in which decrease in the number of cells in

connection with a shortening of the internodes, a reduction
of the leaf-blade, etc. brings about a variation in the his-

tology of the organs Concerned. Such cases exist, for ex-

ample, if the number of the cell layers in the mesophyll de-

creases, if, by the disappearance of one or more palisade lay-

ers, the proportion between palisade and spongy parenchyma

1, Compare for instance, Holier, H., Beitr. zur Kenntnis

der Verzwergung fUanismus) . Landv/irtschaftl. Jahrb,, 1884,

Bd. XIII, p. 167 and especially Gauchery, Rec. sur le nanisme

vegetal, Ann. Soc. Mat* Bot. , YIII, serie, T, IX, 1899,

p, 61. (Further literature is quoted therein.)
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is changec^, and so forth. Some histological variations of this
kind are to he discussed in the follov/ing.

1. The struct-ure of the leaf tissue is dependent, to a
high degree, on the action of external factors, the number of
cell-layers- which form the mesophyll and epidermal tissues varies
with the life conditions of the plant. The difference between

(24) the leaves of many plants exposed to the raj;^s of light and those
grown in shade, verified hy Stahl and other authors, is well-
known-*-. In the mesophyll of the sun leaves of Fagus sllvatiofe
(compare fig. 5 b.) Six to eight or even more cell layers lie
one above the other,- in the shade leaves only three (fig. 5c).
With the medium supply of light, the development of the meso-
phyll ^(ieps the mean, (fig. 5a). This arrestment, due to in-
sufficient exposure to light, is undergone also by the meSophyll
of other plants, further hy the epidermis of those plants, which
normally develop a many-layered upper covering. Figure 8 demon-
strates the difference betv/een the epidermis of a sun leaf, and
a shade leaf of FiotLg, stipulata ; the 'cross divisions are lack-
ing in the leaf kept in shade. We will return later to other
differences between shade and sun leaves.

The characteristic development of shade and sun leaves is
determined less "by light itself than by transpiration, xvhich
proceeds in the latter much more actively than in the former.
On this account, leaves with the scantily developed mesophyll
of shade leaves may be produced in damp air with an abundant
supply of light '^.

Griffon verified the reduction of the number of layers
in Canna, Chrysanthemum and others, in his comparison of the
pale green varieties v/ith those normally green.

^ Compare especially?- Stahl, Ueber den Einfluss der Lich-
tintensitat auf Struktur und Anordnung des Assimilationspar-
enchyms. Bot. Zeitung, 1880, Bd, XXXVIII, p. 868. Ueber den
Einfluss des sonnigen und schattigen Standortes auf die Aus-
bildung der Laubblatter. Jenaische Zeitschr. f. Naturwissen-
schaften, 1883, Bd. XVI. Further, Pick, Ueber den Einfluss
des Lichtes auf die Gestalt und Orientierung der Zellem des
Assimilationsgewebes, Botan, Centrabl, 1892, Bd. XI, p. 400;
Haberlandt, Physiol. Pflanzenanatomie , 2. Aufl. 1896, p. 252.
(More literature references therein). Compare also the lit-
erature quoted on the following pages.

^ Compare the experiments of Lothelier, Rech. sur les pi,
a piquants. Rev. gen. de Bot., 1893, T. V. p. 480; further
Vesque, Sur les causes et sur les limites des variations de
structure des vegetaux. Ann, Agron., 1884, T, IX and X.
Vesque et Viet. De I'infl. due milieu sur la struct, anat,
des. vegetaux. Ann. Sc. Nat. Bot., VI. serie , T. XIII, 1881,

p. 167.

^ L 'assimilation chlorophyllienne et la coloration, Ann.
Sc. Nat, Bot,, VIII, serie, T. X. 1889, p. 1.
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This dependence on external factors, as shown in meso-
phyll and epidermis, in reference to the ncuTiber of cells
and layers, is proved also in the multicellalar hairs of
many plants, the tissues of the bark, and still others,- and
always in the sense that v\rith decreased transpiration few-
TErr jgellB and cell layers are formed than under normal con-
ditions;-!

S. The reduction of the cell number in the products of
the cambium is very striking. The varying amount of the an-
nual increase of our trees is well knov/n, its dependence up-
on external factors having been proved by research. Factors
acting locally re involved if the growth activity of the

(25) cambium is retarded by strong pressure, 2, or if the increase
in growth continuously remains less on the windy side than
on the opposite one.^ *i'sxe effect of disturbances iii nutri*
tion or that of unfavorable climatic life conditions, is ex-
pressed equally in all parts. In the far north or in an
Alpine climate the activity of grovrth of the cambial rir|g

is aiv/avS'i®^^ than in lower altitudes or temperate
au.'* j.es,5 Oger observed this arrest ement in plants kept

1. Mitteilungen uber das Blattegewebe einiger Moose
(Reduktion der Lamellen bei Feuchtkultur) in Gobal, Organ-
ographie, p. 364.

E, Kuster, Ueber Stammverwachsungen. Pringsheim' s .

Jahrb, f. vjiss, Bot. , 1899, Bd. XXXIII, p. 487.

3, Hartig, R. Wachstumsuntersuchungen an Fichten,
Forstl.- Naturwissensch. Zeitschr, , 1896, Bd. V, p« 1.

Compare also Busgan Bau und Leben unserer Waldbaume, Jena
1897, p. 98, 99, and the literature quoted therein. (Schv/ein-

furth and others.)

4, Hartig, loc. cit. also Zeitschr. f. Forstl- und.

Jagdwesen, 1871, Bd. Ill, p. 340 (Holzuntersuch. , 1901,
p. 5) and oth&r places,

5. Lazniewski, Beitr. z, Biol, der Alpenflanze^^.

Flora, 1896, Bd. LXXXII, p. 224. ^^Kraus , Bemerkungen ub.

Alter- u. Wachs turnsverh. ostgronlandischer Holzgev^achse. II.

Deutsche Uordpolfahrt , 1874. Kihlman, Pflanzenbiol. Studien
aus Russisch-Lappland. Acta Soc. F. et Fl. Fennica, T. VI,

Nr. 3. Helsingfors 1890. In Pinus silvestris, H. Hoffman
observed an abnormal lobated wood-body v/hich was produced
by local arrestment of the formation of 3^1em. (Ueber ab-

normale Holzbildung. Centrabl. f. ges, Fortwesen, 1878,

p. 61E; Compare Just, Jahresber., 1878, Bd. VI, 2, p. 1187).
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v©ry dry»-^ etc. The cork meri^tera also acts like the
carffbium. According to Douliot it is less active on the
shaded side of the branch than on that e:rposed to light.

It is not surprising that the growth activity of the
cainhial ring not only loses its normal intensity by con-
tinued and sufficiently intensive action of the disturbing
factors , but also in places comes temporarily to a complete
standstill . As a matter of course v;e do not need to re-
peat the fact that each 'process of grov/th presupposes a
minim-um of heat supply , nutrition, etc. We i/ill call at-
tention only to a fev/ cases in v/hich the interruption of
the normal processes of growth brings about variations in
the histology of i&e plants or of parts of them. Unfavor-
able conditions of light and nutrition retard in places
the setting of the cambial activity. ^ or can bring it to
a standstill for a number of years, or even |)ermanently.
Weak spruces discontinue their {;rov/th in thickness in the
lo^7er parts of the trunk; the brambles behave similarly.

*

Mer (loc. cit.) observed on hyponastic conifer branches
that the normal grov/th in thickness progressed only in a
longitudinal half, and thus led to the formation of half
of an annual ring. How far "normal" life conditions and

fS6)
"normal" phenomona of growth are involved in the produc-
tion of semi-annual rings is an open question, ^

Finally, lerven factors Vv'ith a narrowly

1, Oger, Etude, exper. de 1' action de I'humid, du
sol sur la struct, de la tige et d, feuilles, C. R. Acad.
Sc. Paris, 1892, T. OZV, p, 5E5. Further references on
reduced cambium activity are to be found in the treatises
quoted on page 26, ff,

2, Douliot, Bech. sur la peridorme, Ann. Sc. Uat,
Bot, serie VII, T. X, 1889, p, 325; Infl. de la lum. sur
la devel. du leige. Journ. de Bot. 1889, T. Ill, p. 121.

3, Hartig. Untersuchungen ub. die Entstehung u.d,
Eigenschaft des Eichenholzes, Forstl.-Iaturw, Zeitschr.
1884,- Bd. Ill, p. 1, Mer, sur les causes de variation de
la densite des bois, Bull.Soc. Bot, France, 1892, Tom.XXXIX
p. 95, etc.

4, Hartig, Das Aussetzen der Jahresringe bei unter*-
druckten Stammen. Zeitschrift f, Forst - und Jagdwesen,
1889, Bd. I, p. 471. Ueber den Entwi ekelungsgang der Fichte
im geschlossenen Bestande nach Hohe , Form und Inhalt. Forstl
Sturw. Zeitschr. 1892, Bd. , I, p. 169, etc.

5, Compare also Laramermayr, Beitrage z. Kenntniss
der Heterotrophie v. Holz. u. Rinde. Sitziingsber , Akad,
Wiss, Wein, math-naturw, Klasse, 1901, Bd. CX.
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limited field of action may in places arrest growth in thick-
ness, ^uch as strong pressure (Kuster, loc . cit.) disturban-
ces in nutrition due to parasites, etc .1

In conclusion, still a reference to dwarf forms, the
anatomy of which Gaucher (loc. cit.) has described in detail.
According to liis observations, the scanty development of the
secondary tissues or their complete absence may be added to
the constant histological characteristics of dwarf forms.
In many cases no meristematic zone whatever is demonstrable
between :'cylem and phloem, in others a cambium appears, which
develops, however, only a moderate activity. Figure 6 makes
very clear the difference between a .normal stem (a) and a
dwarfed one (B) of Erigeron canadensis. Between the two ex-
tremes here shown, all transitOBal forms with more or less
well developed secondary tissues are possible.

As a matter of course, in the present discussion, only
a limited number of e::amples is given, which might easily'' have
been increased. A continuation of their entimeration would
give, ho?;ever, no new points of view, and may well be aban-
doned. For the rest, the literature quoted in the succeed-
ing divisions cites numerous other examples of hypoplastic
decrease of the cell number,

B. SIZE 0? THE CELLS

As may be supposed from the very beginning, abnormally
small cells,- when considered ontogenetically may be produced

in different ways

:

They may divide anew, before they have reached the
size which the cells under normal conditions usually have
when ready to divide. No law exists which v;ould bring cell
division into compulsory dependence upon a definite cell-
size. This method of production plays an especial part in
the case of lower organisms which increase by division. Or
the growth in length following the last cell division, is
either omitted or ends prematurely; or the cells end the
course of their development prematurely, so that all the
processes of growth and division are lacking, which under
normal development would still have taken place in then.

In the following description it will prove advisable
not to take as a basis developmental differences in the dis-
tribution of materials, but to describe in order the phen-
omena of arrestment in different organisms and kinds of tis-
sue. We will begin therefore, with an example of the first-
named mode of development.

!• Brunchorst, Wogle norske shovsygdomme , Bergens
Mus, Aarbog. 1892.- Just, Jahresbericht, Bd, SSIa, p. 438,
(einseitige nach Infektion met Peridermium Pini), Mer, Le
chaudron du sapin. Rev. gen. de Bot^, 1894, T, VI, p, 153,
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In his "Contributions to the Biology of the Plant
Celr' Klebs-L describes a singular observation on Eust-
rum verrucosTim . These Algae T/ere cultivated in a lO per
cent cane sugar solution. No Plasmolysis took place; on
the contrary, the cells began to divide, whereby active
growth was so hindered that the daughter cells divided
anew before they had attained their normal form; the nest
generation did the same. Thus, not only abnormally formed
cells were produced wliich varied greatly from the type of
the species (compare fig. 7a) , but dwarf specimens also,
appreciably smaller than their normal progenitors and
living only a Short time (compare fig. 7b). The theory
that some form of arrestment exists here is justifiable,
since the grov/th activity of the single cell ends premat-
urely, resulting in abnormally small individuals,^"

In higher pl^ts, when hyiDoplasia, is shown by the pro-
duction of abnormally small cells, the conditions are gen-

(28) erally such that the period of elongation, which under
norm&,l conditions, would follow the last cell-division
either does not take place or ends prematurely.

Of course it ^is impossible to differentiate sharply
between arrested developments of this kind and "normally"
developed tissues. Some tissues, as for example, the pal-
isade parench^a of many leaves and the cork and the
primary bark of some woody plants are exposed of cells of
nearly equal size. In other tissues, such as the endodermis
of fiscus elastica a.nd the xylem of many woody plants, the
volume of elements of equal value physiologically and
histologically, fluctuates within wide boundaries, Hartig
and Sanio ^ have proved for tracheal tubes, tracheids, and
wood fibres of various trees, that their size is not only
dependednt upon the season in which they are produced as
shov/n by a study of the annual rings, but that in various
annual growths, at varying heights in trees, etc, elements
of regularly varying size may be met v/ith. Since, in spite, of
all differences in normal individuals a constant average

1. Tubinger Untersuchungen, 1888,. Bd.II,3,p. 547.

2, It is to similar factors that also the "bastard
form" belonging to the genus Euastrum and described by
Bennet, may well ovi^e its production. Ann. of Bot, 1889,
Vol. IV. 171.

3» Hartig, Th. Vollstandige Uaturgeschichte d, forstl,
Kulturpflanzen Beutschlands , 1851, p. 207, Sanio,. Ver-
gleich. Untersuchungen uber die Elementarogane des Holz-
korpers. Bot. Zeit. 1863, Bd. XXI, p. 128; Vergleich,
Untersuchungen uber die Elementarogane des Holzkorpers,
Bot. Zeit. 1863, Bd. XXI, p.^128; Vergleich, Untersuchun-
gen uber Zusammensetzung des Holzkorpers, ibid., p. 396.
Ueber die Grosse der Holzaellen in d. gemeinen Kiefer,
Pringfeheim's Jahrb. f. wissensch. Bot. 1872, Bd. VIII

, p.
401. Anat. d. gem. Keifer, ibid. 1873, Bd. IX, p. 50, Com-
pare further Hammerle, Zur, Organisation von Acer Pseudo-
platanus. Bibl. Bot. Nr. 50, 1900, and the literature
quote I therein.
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Size of the cell is demiSnsrirrable , an examination into the
size development of cells for phenomena of arrestment will
not be, purposeless,

Imeltmg ascertained that "in the case of parts ©f
plants morphologically equal, the medium cell-sizes re-
main the same in spite of extraordinary differences in
size,-'- The question must still be discussed whether
plant organs, dwarfed "by the force of abnormal life con-
ditions, lack of water, insufficient nutrition, etc, -are

composed of elements of equal size with normal organs. If
it was necessary above to emphasize the fact that abnormal-
ly small organisms or organs are produced exclusively or
predominantly by reduction of the cell number, it should
now be added, that reduction of the cell size in all cases
which are to be designated as arrested developments, in
which, therefore no compensation takes place through in-
crease of the cell-number, must lead necessarily to the
formation of abnormally small, slender organs. In many
oases, moreover, reduction of the cell number is combined
with a decrease in cell-volumne. We will therefore have
to return repeatedly to the examples given above.

To be sure, dwarf-forms, atfining only a fifth or a
tenth of the normal size, as stated above, do not consist
of cells proportionately decreased in site; yet an evident
reduction of the vol-urane may be verified, at least in cer-

29 tain kinds of cells . It is interesting that many kinds are
somewhgt more susceptible than others and many easily re-
main below the normal size development, while others, even
in highly dwarfed specimens, retain their normal size. Thos^r
taiacheal tubes, in which a reduction in diameter may be
constantly recognized, belong to the first class. (Compare
fig. 6), The epidermal cells of leaf blades generally
retain their normal volumne, v;hile the cells of the meso-
phyll are greatly reduced,^

Influences, other than those which call forth the
"dwarfing" of whole plants, also arrest very appreciably
the growth of the mesophyll cells. First of all, a com-
parison of sun and shade leaves proves this : in the latter
not only the mesophyll cells are often greatly shortened,
,but even the epidermal cells may be very small, for in-
stance, inXJ^icus stipulata, (compare fig. 8a and b.) The
same reduction in cell size may be verified in those var-
ieties with pale green leaves, which Griffon (loc . cit.)

1, Ueber mittlere Zellengrossen. Flora, 1893, Bd. L2pCVII»

p. 176, Compare also Schnegg^ Beitr. zur Kenntnis der 6at-
tung Gunnera, Ibid., 1902, Bd.- XC, 'g, 161

E, Compare especially Gauchery, loc. cit. As exceptions
are mentioned the dwarf leaves of Polygonum gagopyrum the
epidermal cells of which are perceptibly smaller than thosee
of normally grown specimens. Compare further H. Moller,
loc. cit. Sorauer, Einfluss d. Luftfeuohtlgkeit , Bot-,

Zeitg,, 1878, Bd. ZXXVI, p. 1,
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iiivestigated in variegated plaAts, in specimens in-
jured 'by parasites, etc.l Finally, cells which are consid-
erably smaller than normal ones may be grown in such a
way experimentally that an increase in cell volume is
mechanically prevented by putting the young parts of the
plant in plaster casts. If the nor^mal process of cell
division takes place at the same time, abnormally small
cells are produced.^

Abnormally narrow tracheal tubes are found not only in
the fibro-vascular bundles of dwarf specimens, but also
in poorly nourished individuals^, in etiolated plants, and
in individuals infected by fungi or arrested in their de-
velopment by gall-producing animals*

IChe produ<5ts of the cambium also are variously ar-
rested in size, develop ; by diverse factors. Very
strong pressure may arreot the normal development of wood
cells. '^ In the same wgiy small-celled wood results
from disturbances in nutrition, Hartig has proved repeat-
edly in pines, that the tracheids are smaller in weakly
grovm speciiuens than in those normally developed. The
XvmeTL width of traeheal tubes in secondary xylem, especial-
ly is also easily changed by all possible injurious in-
fluences.^ Among others, Wiedersheim^ s interesting ex-

periments give much information as to the effect on growth
An- length of xylem elements. °.

• 1. Timpe, Beitrag 2ur Kenntnis der Panachierung. Dis-"'

sertation Gottingen, 1900; Leist, Ueber den Einfluss des al-
pinen Standorts auf die Ausbildung d. Laubbl. Mitteil.
Jfaturf. Ges, Bern, 1889. Klebahn, Ueber eine Krankh. Vsr-
landeruaig d. Anemone nraiorosa etc. Ber. d« D. bot. Gesselsch.

1897, Bd. XV, p. 2&7.
2. Compare the experiments of Hottes, Ueber den Emfl,

von Bruckwirtaingen auf di© Wurzel von Vicia Paba. Disserta-
tion Bonn, 1901.

3. Compare for example, Pethrbridge, Beitr. z, Kenntn.

d. Einwirkung der anorganischen Salze auf die Bntwickelung

^md. den Bau d. Pfl. Dissertation Gdttingen 1899; further
bibliogr^hioal references therein.

4. Krabbe, Ueber d. Wachstum d, Verdickungsringes u.d.

^ungen Holzzellen. Abhandl. Akad. Wiss,, Berlin 1884,

p* 21. „
5. Bio Verschiedenheiten in der Qualitat und unanat.

Bau des Fichtenholzes. Forstl.- Naturwiss, Zeitschr., 1892,

Bd, 1, p. 209. V/achstumsunters. an Fichten, ibid, 1896, Bd.

V, p. 1. Further examples are described by H. v. Mohl
(Einigeanat. u, pUysiol. Bemerk. uber d, Holz der Baum-

wurzeln, Bot, Zei:^g. , 1862. Bd. XX, p, 269: Wiej^er, Ueber,

Bezieh. zw. d. sekund. Bickenwachstum u. d. Ernahrungs-

verhaltniss en der Baume. Tharander foa?stl. Jahrb, 1892,

Bd. Xlill, p. 72; Holzbildung auf Kosten d. Reserve-materials

der Pflanzen, ibid. Bd. XLVII, p. 172.

6. Ueber d, Einfl. d. Belastung auf die Ausbildung von

Hola, und Bastkoper bei Traurbaumen.Pringsheim's Jahrb. f.wiss

Bot., 1902, Bd, XXXVII, p 41. Compare also what is stated later

for "Rotholz" (Chapter V. A.)



26

This author §scertainea in different woody plants that
wood cells couSid not attain their normal length tinder the
influence of artificial mechanical strain. To be sure,
the differences are not very great, in Fagus silvatica
var, pendula. the wood cells of normal branches, for ex-
ample, bear to weighted ones, a proportion of 33.224 to
29.525, etc.

To return finally to the statements made at the be-
ginning of this section,- it can be proved forthwith that
most of the examples of reduction in cell-size given here
also furnish examples of the second of the two modes of
grov;th described above. As examples of the first named mode
of those given here only the phenomena observed by Klebs
in Euastrum cone under our consideration,- as well as the
case of the plant which had been put into a plaster cast,
and which was studied by Hottes.

C. DIFFSREHT1ATI0]SI OF THE CELLS AND TISSUES

An organ attains its specific character through dis-
tinct processes of differentiation enacted in its cells
rather than by the number and volume of the cells composing
it. The cells attain a characteristic form by definitely
regulated or localized growth. Further, the histology and
physiology of the cell is determined by the formation of
living or lifeless cell contents, by thickening of the cell
walls, and by modification of its chemical composition. In
most cases, the formation of the cells of an organ differs
according to their position in it, so that finally the
matured organ is composed of elements of very different
kinds

.

In the study of arrested developments, those cases come
first under consideration in which the formative process
of individual cells stops prematurely, so far as form,
wall, or contents are concerned; secondly those in which
the cells of a tissue or an organ, varying in the same sense
from the normal procedure, are developed and produce a b.o-

mogenous tissue instead of vrell differentiated layers,

1. ^SMATIOH OF THE CELL

Both of the essential elements of the cell,- cytoplasm
31 and nucleus,- are excluded here from our discussion. As yet,

only very little has been definitely ascertained concern-
ing the structural peculiarities of cytoplasm and only in
isolated cases have v/e been half way instructed ontogen-
etically about the production of definite structural dif-
ferences. Conditions, so far as the nucleus is concerned,
are more favorable. In some ciliates (Oxytrichides) , in
the formation of nuclei, with two or more parts, or even
rosette-like, and in the distinctive formation of macro-
and micro-nuclei, v/e may See complicated' processes just as

in the phenomena visible in karyokinesis, the production
of which may doubtless be arrested or completely suppressed
by more or "less violent experimental interference. As is

well-known, it has been possible repeatedly to cause the
production of the more simple amitotic stages of cell-
division.
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instead of complicated karyokinetic ones.l Since cytolo-
gical- problems lie outside our subject, we return v/ith
this one reference, to the treatment of the grosser an-
atomical structures,

FORM OF THE CELL

The more highly organized a cell form may be under
normal conditions, the more susceptible it is to the action
of factors v;hich arrest development.

In higher plants, we usually find only very simple cell
forms in individuals normally matured. However, "protec-
tive palisade cells" may be cited as examples of the oppo-
site. In fact in gymosperms as in angiosperms it may be
proved, that under abnormal life-conditions, the "protective
palisade" cells may be replaced by simple cell forms. The
needles in Pinus austriaca, developed in Bonnier' s ^ ex-
periments under cons^t illumination,- we will return later
to this series of experiments,- contained simple polyhedric
parenchyma elements as shown in figure 9, instead of the
normal protective palisade cells. Klebahn (loc, cit.) ob-
served the same replacement by simpler forms in leaves of
the anemone, after fungus infection.

The arresting action of unfavorable life conditions upon
the development of the cell form maybe pointed out much
more emphatically in the unicellular, highly organized
Siphoneae, The Oodiaceae are easy to investigate and are
especially instructive. In normal specimens of Udotea
Desfontainii the leaf-like part of the thallus is""composed
of elongated sacs, arranged parallel and extending length-
wise, from which spring numerous, diversely ramified side-
branches With a limited period of grov/th- fhe later in turrm
are also extensively branched and repeatedly lobated and
dove-tail themselves together by means of their short ram-
ifications, 3 thereby giving the thallus the necessary firm

3S consistency. Under artificial cultivation, extending over
several months » the appearance is completely changed^ The
above mentioned parallel sacs show an abundant and undimin-
ished growth activity vstoieh is often indeed increased, branch-
ing abundantly but not forming any more "stunted shoots",
The firm connection betv;een the single sacs is thus lacking;
the thallus totally loses its characteristic form, the iso-
lated sacs form a loose green reticulum over the neighboring
ones;- the formal and functional difference between the
single parts of the cell is lost entirely, Coditim tomentosum

1. Compare (Jerassimow, Me kernlosen Zellen d. Conjugaten
Bull. Soc» Imp. Uatur. Moscou 189g; Hathansohn,Physiol. Unter-
sueh, ubi amitotische Kernteilung. Pringsheim's Jahrb.1900.
Bd, KXX7,p. 48;Hacker,Mitosen im G-efolge amitosenahnlicher
Kernteilungen. Anat* Anz., 1900, Bd, XVII, p. 9.

2, Bonnier, Infl« de la lumiere electr. continue s. la
forme et la struct, d. pi. Rev. gen. de 3ot.,1895, T.VII,p.B41

3» Illustration in Kuster Anat, und Biol. d. adriat,
Codiaceen. Flora, 1898, Bd, LXXXY, p. 181.



38

behaves in the same way. The outer layer of its normal
thallus is composed ox "palisade tubes", swollen to a club
shape, and arranged perpendicular to the surface. On their
tips arise the slender unbranched "trichome tubes" which
are sharply cut off from them. All these differences are
lost during longer cultivation, The trichome tubes be-
come similar to the others, if still at all recognizable,
as such, they branch e^ctensively, etc. It is not known
as yet whether in these and similar cases the arrested de-
velopments may be traced back to scarcity of light, insuf-
ficient oxygen supply, or to other factors. Finally the
phenomena of arrestment exhibited by Struvea should be con-
sidered. They furnish indeed nothing essentially new, but
may find mention here because of their biological interest.
According to ¥/eber van Bosse -^

. Struvea delicatula lives
at times in symbiosis with a fungus (Halichondria) but
then only develops filaments, resembling Vaucheria, instead
of the characteristic extensively branched shoots, just
as do the Udotea and Codium specimens in our cultures. The
author compares the form of the alga, simplified by sym-
biosis, to Spongocladia vaucheriaeformis

,

Undoubtedls^

,

her observations may be placed in line v>rith those quoted
above.

Also in the case of the more simply formed Siphon-
aceae, the distinct formation of different cell parts is

omitted under certain- conditions, for example in Bryopsis.
33 In Vaucheria the vegetative parte of the filaments are

known to be all alike^ Only those parts of the cell serv-
ing for propagation are differently constructed. That even
this difference in form may be lost, is proved by the oog^
onia which develop vegetatively.

In the case of the Matomeae and Peridineae also , in
which highly organized cell-forms are abundant, analogous
"simplifications" must be found if one looks for them.
Hattray described abnormal forms for Aulacodiscuc , in which
the characteristic protuberances were lacking, 3 cf the un-
icellular Chlorophyceae , Scendesmus acutus. for exaraple,

comes under our consideration, which with an excess o."

organic food, may lose its tips,^ etc,

CELL MSMBRAJSE

Arrested development of the cell membrane is expressed

for the most part by the partial or entire cessation of its

secondary growth in thickness. The cells of the epidermis,

the ducts, the sclerenchyma and collenchyma cells then
show only moderately thickened ?/alls , or the formation of

1, Etudes s, des, algues de 1' archipel malaisien I. Ann
Jard. Bot. Buitenzorg, 1890, Vol. VIII, p. 79.

2, Klebs, Beding. d. Portpfl. bei einigen Algen und

Pilzen. Jena k896, p. 102.

3, notes on some abnormal forms of Aulacodiscus Bhrb,

J. of Bot., 1888, Vol, 2XVI, p. 97.

4, Beijerinck, Kulturversuche mit Zoochlorellen,

Lichenengonidien u. s, w. Botan. Zeitg. , 1890, Bd. XLVIII-

p. 724.



29

the sclerenchyma and collencliyma may even be entirely sup-
pressied. ,

In most cases, hypoplasia is caused by disturbances in
nutrition,- it boing immaterial whether shade plants and
shade leaves are concerned, plants cultivated under watei
or in places saturated with vs.por, v;hose transpiration
current is thus insufficient for providing them with the
necessary food stuffs, also etiolated specimens, or even
when the disturbance is caused by infection with parasitic
ftogi.l In all cases, as. far as the mombranoe is concerned
the same symptoms are involved. At the same time, in all
plants having insufficient transpiration currents, we may
prove that there is only a weak development of the cuticle
of the epidermal cells. Weakly developed cell-membranes
are frequently found in dwarfed specimens, in which the for-
mation of the mechanically effective tissue is often en-
tirely suppressed. 2 when diatoms under unfavorable life
conditions show a more weakly developed shell structure
than under normal conditions, it may be traced back to sim-
ilar arrestment of the growth in thickness. According to

34 Heribaud ^, the striation of the shells of Gomphoema, Uav-
icula, Stauroneis, and Synedra, is only slightly pronounced
when the cultures are kept in weak light. According to
Karsten ^, the formation of the little silicious rods in
Sceletonema costatum is suppressed when the organisms are
left absolutely undisturbed on the bottom of the culture
dish. In the first case, the arrestment of the cell-mem-
brane development may be traced back to the decreased as-
similatory activity of the cells; in Karsten' s experiment
the dormant cells will also have been placed under more un-
favorable nutritive and respiratory conditions than those
cells which, in uninterrupted passive motion, are carried
continuously to layers of v/ater containing food-stuffs,
and rich in o^gen.

, jt

1. Compare the above mentioned literature on shade
leaves, as well as the articles quoted in Chapter IV, 2.
Further, Wakker, Untersuchungen fiber den Emnfluss parasit-
ischer Pilze auf ihre Hahr-pfl. , Pringsheim' s Jahrb. f. v\riss

Bot., 1892, Bd. XXIV, p. 499. Tubeuf, Pflanzenkrankh.
durch kryptogame Parasiten verursacht, Berlin 1895, p. 53,
ff. Kny, Eine Abnormitat in der Abgrenzung der Jahresringe,
Sitz.-Ber, Katurg.- Pr, Berlin, 1890, p. 138 (Thin walled
autumn wood) . It is very remarkable that in badly nour- -

ished specimens the cells in the central cylinder of the
roots have abnormally thick ?;alls . (Observations on water
cultures by Pethybridge loc. cit.) . (Compare Chapter III),

2» Compare especially Gauchery, loc. cit.
3« De I'infl. de la lumiere et de 1' altitude sur la

striation des valves des Diatomees. C. P.. Acad. Sc. Paris,
1894, T. CXVIII, p. 82.

4, Die Pormveranderung v. Sceletonema costatum (Grev)
Grun und ihre Abhangigkeit von ausseren Paktoren. Wissensch.
Meeresuntersuch. , 1898, Bd. Ill, p. 13.
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Secondly, chemical changes, which the cell wall 1ft

many dases, undergoes in the course of its development,
especiajtly in a process of lignifi cation, must be consid-
ered. While the grov;th in thickness of the cell wall may
be arrested in different plants, and by rerir different kinds
of disturbing influences, the cases are rare in which thick-
BBed cell walls, like those of the sclerenchyma, the ducts,
etc, are excluded from lignifioation. Examples are fur-
nished by the Crataegus branches infected with Roestelia, of
which the medullarjr parenchj/ma remains unlignified (Wakker
loc. cit.), the Raphanus shoots attacked by Cj^stopus, whose
ducts remain unlignified, etc.-^ It is remarkable that even
under the life conditions, which are furnished our fruit
trees under cultivation, the lignifying process may be omit-
ted. Perhaps abundant water supplv and excessive nutrition
are the decisive factors. Sorauer^ found partially unligni-
fied pith in the fruit spurs.

Finally, the phenomena of reabsorption must be consid-
ered, which under normal conditions, occur in the membranes
of many cells and lead to the building of the so-called
cell fusions, for instance in the sieve tubes. Inder nor-
mal conditions this reabsorption can be omitted, for exam-
ple, only tracheids maybe developed instead of ducts.
Since, under the action of unfavorable life conditions,
the width of the lumen of the ducts decreases greatly, it
is not always easy to give information concerning the occur-
rence or the omission of this fusion. Wakker found that
reabsorption was omitted in different plants v/hich were
infected with fungi (Vaccinium with Exobasidiuiji, Crataegus
\vith Roestelia, Rhamnus with Aecidium). Doubtless, in
etiolated leaves and stems and in individuals v/hich have
matured with arrested transpiration, the same arrestment
may be demonstrated in the formation of the elements vi^hich
convey water.

Finally under the influence of arresting factors, the
formation of cross walls may remain so incomplete, that
instead of separate spaces, chambers may arise communicat-
ing with one another, or in the end, the formation of the
cross walls is entirely omitted. If the cells continue their
growth simultaneously, abnormally Isrge cells are produced,
and if their miclei also divide at the same time they result

(35) in multinucleated cells of abnormal capacity* For the
present, we v/ill be content with a brief reference to arrest-
ed developments of this kind. On account of the external
conformity existing between cells of abnormal size produced
by arrestment of the moirbrane formation, and those of abnof-
mal size developed by abnormal growth (hypertrophy) we will
postpone their closer discussion to the fourth chapter.

In what wajr arresting factors influence the de-
velopment of cross walls has been ascertained as yet only

^ Peglion, Studio anat. di als. impertrofie indotte dal
Cystopus candidus in als. org. di Raphanus Raphanistrum.
Riv. pat. veg. 1892, Vol. I, p. 265.

2
jj

Nachweis der Verweichlichung der Zweige unserer Obst-
baume durch die Kultur, Zeitschr. f. Pflanzenkrankh. , 1892,
Bd. II, p. 66, 143.
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for a few cases. It is known that newel^'' produced cross
wall€ are formed from the system of kinopessmatons. "spindle
fibres", which become visible during karyokinesis, or re-
main independent of the nuclear division figure. After it
has been proved that karyokinesis may be replaced by simpler
amitotic stages of cell division, by means of various kinds
of e3qperimental interference,' we will have to investigate
more closely in what way normal amitotic di-j'ision of the
body influences the mode of formation of cross walls.

In Oedogonium, whose cross wall formation is laiown
to be initiated by the deposition of a, cellulose ring, a
simplified mode of wall formation without the celluose rina
may be observed as the result of abundant sugar nutritionV^

CELL GOSfTBNTS

Of the special contents of the plant cells which come
under our consideration, the chromatophor6s and especially
the chloroplasts afe the most important, not only on account
of their wide distribution in the plant kingdom and their
important physiological significance, but also on account
of their sensitiveness to various external factors, by
which their development is easily and often arrested,

The development of the chloroplasts can be arrested in
many ways,- the number of chlorophyll grains which are un-
ited in one cell remains below the normal, or the individtial
chlorophyll grains do not attain their normal character,
remaining small, or free from chlorophyll, or they end their
existence as chlorophyll grains, instead of developing into
yellow or red chromatophores.

The number of chlorophyll grains remains belpw normal
in the cells of many variegated leaves, in many varieties
with pale green leaves, ^ and in plants cultivated in places
T\^ith, atmosphere saturated with vapor* Under the same con-
ditions, the size of the individual grains also is often
abnormally small. I do not doubt th-at under the influence
of certain "arresting" factors, even the form of those" in-
dividual chromatophores can undergo a "simplification",'
which, as is well known in the gase of many green algae,
diatoms and brown and red algae, are remarkable for their
complex characteristic organization.

Those cases demand especial attention in which the

formation of the characteristic green coloring matter, the

chlorophyll, in the chromatophores, is abnormally omitted.

As is well known, the formation of the chlorophyll takes
place only within certain temperature limits. It presup-
poses, further, with some exceptions, the action of light,

1, Klebs, Bedingungen der Fortpfl. Bei Algen und
Pilzen Jena, 1896, p. 288,

2, Compare Griffin loc. cit.
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the presence of iron and of certain organic food materials.
Hence i"^ follows that under differently combined, abnormal
life conditions, the formation of the green coloring matter
may be suppressed. It is knovm that, in the spring, without
experimensbal interference, temperature can influence bulbous
growths, grain seedlings, etc., and that these at a low
temperature develop yellowish leaves,^ The minimum temper-
ature for chlorophyll formation in the "variegated" cabbage
variety, Brassica oleracea acephala . studied by Molisch^ is
anioh higher than in the above case, In cold fasames, at a
temperature of 4 to 7 degrees C, in winter, the plants de-
veloped green and white dappled leaves, or leaves completely
free from chlorophyll, v/hich, hovv'ever, became green later
if the plants were brought into a temperature of from IS to
15 degrees C. The leaves newiy formed in the warm chamber
v/ere always perfectly green. The fact that, under the cul-
ture in the cold frame, the leaf tissue nei^r the veins re-
mained predominantly free from chlorophyll, \Thile the other
parts of the lamina developed the coloring matter in a norml
manner, is worth consideration.'*

The influence of nutrition may not be ascertained so

easily by experiment, since the chemical compounds import-
ant for the formation of chlorophyll are produced by the
activity of the cells themselves. But the observations
should indeed be considered here, regarding the close con-

nection which, appears. to exist between the leaf variegation
of "variegated" plants, and the place in which they grow.
According to Ernst^, a variegated specimen of Solanum ali-

gerum . transplanted into garden soil, became monochromatic.

1, On the necessity of the latter, compare Palladin.
ErgrUnen and V/achstum der etiolerton Blatter. Ber, der

Deutsch, hot. Gee,, 1891, Bd. IX, p. 4E9.
2. Compare Sachs, Ueber den Einfluss der Temperatur auf

das Ergrunen der Blatter, Flora, 1864, Bd, XLVII, p. 497.

Wiesner, Entstehung des Chlorophylls, 1877, to. 95. Rxtzame
Bos, Ergrunungsmangel infolge zu niederer Fruhlingstemper-
atur. Xeitschr, f. Pflanzenkrankh. , 1892, Bd. II, p. 136.

•3, Ueb, die Panachure des Kohles. Ber d. D. bot. Ses.

1901, Bd, XIX, p. 32.
4, Timpe floe, cit . p. 7) reports on a specimen o±

Ulmus scabra var. viminalis in ths Botanical Garden in Got-

tingen, whose spring shoots bore leaves speckled with yel-

low, which retained their variation until autumn, while the

mid-summer shoots developed pure green leaves. It may be

possible that here also an effect of the lower spring tem-

perature is present. Also, as is well known, m bulbous

growths, forced in spring, the pale color remains constant

in spite of a subsequent increase of temperature.

5, Botan* Miscellaneen. Bot. Zeitg. , 1876, Bd.

XXXIV, p. 33,;
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Boucha^ made similar atatements concerning Plectogyne, Phal-
aris, Zea, Kerria, etc. Fortunately, we have had no thoro

. and reliable test of the question as to the influence ex-
ercised hy the quality of the soil, the supply of water,
and of light on plants tending ^tovmrd variegation. The ques-
.tion also, whether the pecularity of the white leaved con-
dition may be carried over to normally colored specimens by

'scions or by inoculation with sap, has not yet been suffi-
(3^)ciently explained. The supposition of a "contagium vivium

fluidmn" which Beijerinck * had suggested, appears but little
suited for solving the problem. That unlinown individual
pecularities play a part in the appearance of v/hite leaved
plants, is made probable by the often observed seedlings free .

from chlorophyll which appear here aD.d there among those which
have become green normally.

The effect of deficiency of light and iron is sufficient-
ly well kno\7n. In the dark, or rdthout "iron, pale plants are
produced which are capable of developing only a yellowish
colloring matter, instead of the normal green pigment* Accord-
ing to Kohlfs recent investigations,^ the yellow pigment is
to be designated carotin. The deficiency of normal pigment
in specimens cultivated in the absence of iron, is termed
chlorosis or icturus, with plants grown in darkness, it is
known as etiolation. In plants \-;hich grow in a substratum
containing iron, the ssrmptoms of chlorosis may also become
apparent if the cells of the plant or defp.nite parts of them
are incapable of taking up sufficient amounts of iron. The
chlorosis found in vines appears to be of this kind. :, •(..,

' .1. Sitzungsber, Ges. Haturf, Freunde Berlin, 1870,. ....

p. 40 and 1871, p. 19, 6^. Compare here also Lindemuth.
Vegetative Bastarderzeugung duroh Impfung. Landv;irtsch.
Jahrb,,. 1878, Bd, VII, p., 887.

£• tJeber e.in contagium vivum fluidum als Ursache der
Fleckenkrankh. der Tabaksblatter. Centrabl, f . Bakteriol

;',,^:. etc. ," 1899.," 2. Abth. Bd, V,.p. 27. Further, the attempt at
' explantation; made by Woods should be mentioned, (The des-
truction of chlorophyll by oxydizing enzymes. Ibid., p. 745),
which- calls attention to the richness of variegated leaves
in .oxydizing enzymes and to the action of these in destroy-
ing-chlorophyll. The same author published- ")bservations on .

the'.Mosaid. disease of tobacco" (United States Department of
Agriculture, B. P- ID. Bull',' No. , 18,, 1902). .The oxydizing
enzymes prQduced after injury, as well as under. the influence :..

of poisons after parasitic .infection will have great signi-
ficance undoub'tediy for the pathology of plant cells .and tis-
sues, , (Compare" besides Janowski in Ztschr. f, Pfl.w Krai^.
190E, Bd, .XII, p. 202.) .

3.. tJntersuchungen Uber das Carotin und .seine plys.
Bedeutung in der. Pfl. Leipzig. 1902.
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Above all others, the seedlings of many gymnosperms
and alg^ various algae are to be counted as exceptions to
the rule, so far as the need of light is concerned. They
become green even iii the dark, if the food materials of the
endosperm are at their disposal

, ie. if organic food is
furnished them from without*"^ Well worth noticing is the
fact, that the formation of chlorophyll can be suD-oressed,
at least for lower organisms, bu^ an ov er-abundant^su^oply'
of organic food. Zumstein «, obtained in this way colorless
Euglena ( E. rrracilis ) in which the green color was restored
by the use of organic substances, Zarsten^ found analogies
in diatoms,

^9 ^11 organs, not turning green normally, but for some
reason, remaining colorless or yellow, contain chromato-
phores vihloh are yellowish pigmented or completely color-
less. Their nuniber per cell often remains below the normal,
their size usually is sub-normal also; often chromatophores
being demonstrable only in the form of tiny grains.. In many
king_s of variegated leaves, they appear to be entirely lack-
ing in the white parts, as, for instance, accordiiig to Winl:-
ler4 in Pandamus Veitchi,

Finally those arrested developments should be consid-
ered, in which normal chlorophyll, grains are indeed, devel-
oped but are "hindered" from transforming into yellow or red
chromatophores, A good example of this is given by the
green flecked lemons, where the ripening processes have been
•Checked on the spots infested by Aspidiotus narii. ° Even
autumnal coloration can be prevented in places by external

1. Literature citations Artari, Zut Srnahrungsphys . d,
grunen Algen, Bericht d. D. Bot. Ges., 1901, Bd. }CIX, p. 7,
Compare also Matruchot and Molliard, Variations de structure
sous I'infl. du milieu nutritif. Rev, Gen. Bot. 1902, T. XIV, 113.

2, Z. Morph. u, Phys, der Buglena Gracilis, Pringsheim's
Jahrb, f, wiss, Bot., 1900, Bd. XXZIV, p. 149, Compare Bei-

jerinck, Kulturversuche mit Zoochlorellen etc. Bot, Ztg.1890,
Bd, XIVIII, p. 7E4 (Beobacht. an Scendesmus) ; Kruger, Ueb.
einige aus Saftfllissen reingezuchete Algen, Zopfs Beitr.,
1894, Bd, IV, Kurze Ch^rakteristik einiger ne-id. Organismen
im Saftflusse d. Laubbaume. Hedwigia, 1894, Bd. XXZIII,p.241.
Matruchot and Molliard, Variations de struct, d'une Algue
verte etc, , loc. cit,

3. Ueb. farblose Diatomeen. Flora, 1901 (Erganaungsband)
Bd. LXXXIX, p. 404.

4.Untersuch. uber d. Starkebildung in d. verschiedenar-
tigen Chromatophoren. Pringsheim' s Jahrb. f. wiss. Bot. 1898,
Bd. XXZII, p, 525. Compare also Frank, Krankh. d. Pfl., 2,
Aufl. Bd. I, p. 225, and other places. Zimmermann, Morph. u.
Phys. d. Pflanzenzelle, 1893. p. 31, 53; Timpe. loc. cit.,
Pantanelli, Studi sull' albinismo vei regno vegetale. Mal-
pighia, 1902, Vol. XV, p. 353.

4. Kocks, K. Beitr. z. Einwirkung d. SchildlEuse auf das
Pflanzengewebe. Jahrb. Hamburg.wis s.Anat.l900;?Bd.XVII ,5oBeiheft

5. Einfl, d. Lichtes auf d. herbstl. Verfarbung d. Laubes
Sitzungsber, Wiederrhein. Ges. Natur - u. Heilkunde-Bonn,
1891, p. 80.
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liloll observed in Ampelopsis, etc, n that leaves partly covered
by othar leaves did not turn red. At times one can also
perceive in leaves infected by fungi, that certrdn parts
remain green for a noticeabliy long time.

In connection with chromatophores, a fer; other brief
remarks on the red pigmen t of plants fanihocyanin) are
appropos. Its formation also is connected vath definite con-
ditions. In the study of these \7e meet again with the fac-
tors which are concerned in the formation of chlorophyll;
first of fell, light. The dependence of the anthocyanin for -

mation upon the action of light difiers from that of the
chlorophyll formation in that only in the case of certain
plants and organs is light indespensible for the develppiiient
of the red coloring matter. Many rhizomes, roots, bulbs,
and tubers ?/hich, under, normal conditions, remain continu-
ously vi/ithout light, are richly provided with anthocyanin.
On the otherhand, there are organs v^hich develop the red
coloring matter only upon exposure to light; for instance,
seedlings of Polygonum fagopyrum. v;hich B^talin*^ investi-
gated carefully. The fact has long been knov^n to breeders
9,nd to those interested in plants, that the formation of
pigment is suppressed in red leaved ornamental plants culti-
vated in the shade. According to Pynaert, the dependence uf-
on light is especially noticeable in Alternanthera atropur-
purpa and ColeuS.^ The blossoms of many plants also need

39 the action of light for the development of their red and
blue pigments; other plants, hov/ever, open normally- colored
blossoms in the dark, or blossoms that remain only a little
below the normal in the intensity of their coloring. In
Orchis ustulata , only the hood loses its color."* Fruits,
as well as blossoms , behave dissimalarly in the formation
of pigment under abnormal conditions of life. The fact that
apricots, apples, pears, etc. only redden on the side ex-
posed to the sun, has been cited often since Senebier. On
the other hand. Laurent^ has proved that vines with blue

1. Einfl. d. Lichtes auf. d. herbstl. Verfarbund d.

Luabes. Sitzungsber. Niederrhein. Ges. Natur - u, Heilkunde
Bonn, 1891, p. 80.

2.Die Einwirkung des Lichtes auf die Bildung d. roten

Pigm. Acta Horti Petrop. , 1879, T. VI.

3. De I'infl. de la lumiere sur la veget, de pi. culti-

vees en serre. Bull. (Jongr. Intern, de Bot. §t d^Hortic.1884 ,

p. 289. Therein also further examples (Dracaena, Pandanus
Veitchi, Saxifraga and others.) The leaves of the red beet de-

velop red coloring matter even in the dark (predominantly on

the veining.

4. Compare the notes by Askenasy, Ueber den Einfluss

des Lichtes auf die Parbe der BlUte. Bot. Zeitung, 1876, Bd.

XXXIV, p. 1. also Benlaygue, Infl. de I'obscurite s. 1. devel,

d. fleurs. C, R. Acad. So. Paris 1901.T.CXZ1II
, p. 720.

5. Infl. de la radiation s^ la, coloration des raisins,

C. R. Soc. Hoy, Bot. Eq>:tgiq>ie. 1890 » T.-XXIX, 2. p. 71.



fruits are not dependent on the action of a direct sup-
ply of light for the formation of their pigment. In all
cases in which an interdependence betvreen exposure to
light and formation of pigment may be recognized, we may
venture to assvime that a specific action of light does not
,lie at the root of the matter, but that nutritive con-
ditions, altered by the influence of the light represent
the decisive factors. Askenay (loc. cit.) observed that
shoots of Antirrhinum ma.ius and Digitalis pufpurpa. from
v.hich the leaves had been removed, developed white blos-
soms, clearly the result of a disturbance in nutrition
due to the loss of the leaves, Laurent (loc oit.) ob-
tained the sai:ie results by shading the leaves, while let-
ting the blossoms develop in the light. Unfortunately,
he did not name the plants with which he experimented. In
the case of Syringa the inflorescences, below which laurent
had girdled the branches, developed only pale blossoms, the
grapes from blue stock were incompletely colored if the
food supply was cut off by girdling. Coloration was en-
tirely absent if the grapes of girdled shoots were also
kept at the same time in the dark. Accordingly, it is
very probable that blossoms which, under normal nutritive
conditions, can develop their pigment only by exposure to
light, can become red or blue even in the dark, if in some
artificial way the necessary food stuff can be supplied
them in sufficient quantities. Doubtless, it will also be
possible to suppress the formation of red pigment in blos-
soms by unfavorable conditions of transpiration.

Finally the influence of climatic pecularities on
the formation of pigment may also be explained by distur-
bances in nourishment. The reports that Petunia and Brach-
ycome in India-'- as well as Carduus nutans in the neighbor-
hood of the sulphur baths of Pjatigorek TRuBSia)^ deserve
consideration and indeed, confirmation. For the present,
the factors are still unknown which cause the appearance
of so-called albinos in different plants,- individuals with
WMte bloosoTQS or fruits, instead cf those normally colored
red. The fact that many homogenous bacteria, under certain

(40) cultural conditions, temporarily lose the ability of pro-
ducing coloring matter, for instance . Micrococous prodig-
iosus at a high temperature (40 Degrees C.) may be men-
tioned in passing. With the bacteria v/hose formation of

pigment may be suppressed, the coloring matter is not
found in the cells themselves, but is excreted by them into

the surrounding medium.

1. Gard. Chron, , 1881, 1, p. 627.

a, Riesenkampf , Bemerkungen Uber einige in verschied-
enen Gegenden des russischen Eeiches vorkommende Anomalien
in der Form and Barbe der Gewachse, Bull. Soc. Imp. Matur.

Moscou, 1882, p. 85.
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We can dispose briefly of the cell inclusions which, ±\.

additions to the chromatophores, come under our consideration.
Particularly important are the crystals of calcium oxalate,
the formation and distribution of which is, to a high de-
gree, dependent on external factors, a. F. W. Schimper,
Kohl, Wehner, and others-^ have already furnished contri-
butions to the knov;ledge of the conditions under which
the normal formation of the crystals takes place. Their
results, however, are not without contradictions and a thor-
ough comprehensible treatment of the question is still want-
ing*. It may only be said with certainty that lowered trans-
piration decreases the number of crystals; shade leaves con-
tain fewer crystals than do sun leaves and specimens culti-
vated in moist air, or without light, are also poor in
crystals, as likewise are parts .of variegated leaves free
from chlorophyll. According to Rauwenhoff^ , etiolated spec-
imens of Polygonum cuspidatum entirely lack crystalls. More
investigations of this would be desirable. Vandevelde^ proved
further , that leaves bearing galls are especially poor
in crystals. Future investigators v/ill have to notice
whether abnormal life conditions can also influence the form
of the individual crystals and possib^-y prevent the develop-

1. Schimper, A. P. V/, Ueber Kalkoxalatbildung in den
Blattern, Bot. Zeitg, , 1888, Bd. XLVI , p, 65. Kohl, Anat,-phys,
Untersuchungen der Zalksalze und Riesselsalze in der Pflt,
Marburg, 1:889, p. 50, and elsewhere. Wehraer, Die Oxalatab-
scheidung im Verlauf der Sprossentwicklung u. s. w. Bot, Zei|g.
1891, Bd» XLIX, p. 149. Zur Frage nach dem Fehlem oxals,
Salae. Landwirtsch. Versuchsstat, , 1892, Bd, XL, p. 109.
Among other literature may be mentioned, Monteverde, Uber den
Einfluss des Lichtes auf die Bildung des oxals. Kalkes in der

Pfl, (Russiah) . Arb, Petersb. Uaturf. Ges. Bd, XVIII, p. 46.

Cuboni, App s. anat. e fisiol. d. foglie d. vite, Riv, Enol,

e Viticolt,, Serie II, Vol. II (compare Bot. Cbl. , 1884,
Bd, XVII, p. 332). Dufour, Infl. de la lumiere s. la forme et

la struct, d. feuilles. Ann. Sc. Hat. Bot. VII, serie, T. V.

1889, p. 311. Buscalomni. Studii sui cristalli di ossalato

di calcio, Malpighia, 1896, Vol. IX, p. 469.

2, S, 1, causes et 1, formes anormales d, pi, qui, orois-

sent d. I'obscurite. Ann. Sc. Nat. Bot., VI. Serie, T. V.

1877, p. 267,

3. Bijdr. tot de phys, d. gallen; het aschgehalte d. an-

getocte bladern, Bot. Jaarb. Dodonea, 1896, Bd. VIII, p. 102.
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ment of regular individual forms. It is but natural that
the formation of the calcium- oxalate crystals is greatly
retarded or entirely ahsen* in the culture of seedlings in
media free from calcium. Cysoliths behave like crystals,
their normal development being conditioned by the calciui^
supply. If this is lacking, according to Charyre^ only the
stem of the cystolith v/ill be deposited, the formation of the
cellulose head being omitted. Cystoliths are scantily
formed in leaves sufficiently exioosed to the light. ^ Hence,
as in the cases reported above, a lowering of the transpir-

(41) ation seems to be determinative; at least I have obtained
rudimentary cystoliths in leaves of Ficus elastica . if trans-
piration -was arrested, even v/ith a continuous exposure to
light. Etiolated leaves of Acanthaceae form normal cysto-
liths, while, under the same conditions, in Moraceae and
Urticaceae these remain rudimentary. The calcium incrusta-
tions are arrested by lack of light. The hairs of the Bor-
ragineae also remain poor in calcium in etiolated speci-
mens, (according to Chareyre.) Melnikoff reported cystoliths
free from calcium. ^

g.BIFFERMTIATIOIT OF THE TISSUE

An arrestment of tissue differentiation occuss in all
those oases in which the elements of certain cell complexes
develop in the same way as contrasted with the fact that
under normal conditions , certain individual cells or cell
groups would be formed differently from adjacent ones. .Hy-
poplasia is thus shown, in that a homogenous tissue is pro-
duced, where under normal conditions v/e find one composed of
well-differentiated layers and groups. It is evident that
this kind of hypoplasia cannot find expression in all organ-
iisras. We must at once exclude the unicellular organisms,
which do not live in colonies, and the multicellular ones
composed only of similar cells. As is well knov/n, however,
in most multicellular plants,- even in the algae and fungi,
an evident tissue differentiation is recognizable.

Before we pass to these, a few words are necessary con-
cerning unicellular organisms . Only those come under our con-
sideration which are united into colonies with easily dis-
tinguishable components, as, for instance, many of the plank-
ton diatoms which form chains , the end member of each chain
often being differentiated from the others. Colonies of
0cendesmus caudatus behave similarly; their end cells are

1. S. L'origine et la formation trichomatique de quelques
cystoliths. C. R. Acad. Sc. Paris, 1883, T. XCIII , p. 1073,
Sur la form. d. cystol. et leur resorption. Ibi4.

, p. 1594.
louv. Hech. s. 1. cystol. Rev. d, Sc. Uat, , Montpellier ,111

,

Serie, T. Ill, p. 523.

2. Ficus elastica according to Kohl, loe, cit. p. 39

3. Untersuch. ub. d. Sorkommen d, GaCOs in Pfl. Disserta-
tion Bonn, 1877, p. 35. Compare with this also Kohl, loc. cit.

p. 141, and the observations of Mollisch on Cystoliths nor-
mally free from cale iuip (Qest. Bot. Zeitschr. , 1892, Bd.

XXXII, pv 345.1

/
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furnish ed v/ith long delicate gelatinous horns. As Senn^
has shovm, the formation of the horns is lacking under ah-
normal life conditions, nutrient solutions, in the usual
concentration and rich in oxygen or highly concentrated
nutrient solutions without the addition of oxygen, while
the gelatine is formed as a uniform coating on all parts of
the colony. A similar arrestment in the differentiation of
the colonies might also he ohtained, under certain conditions
in the diatoms just mentioned, or in Pediastrum granulatum,
whose lamelliform colony is composed of polygonal cells
two-armed at the edge, etc. The same arrestment may he
studied further in the colonies of individuals lacking
membrane auch as those known as plasmodia in the Myxomycetest
When the fruit bodies of Bictyostelium mucoroides are being
formed under normal life conditions, a division of labor
appears among those individuals which have united themselves
into a Plasmodium (rather, a pseudoplasmodium) of such a
kind, that a part of the Amoeba mass is used for the forma-

(42)tion of a stem, and the rest is transformed into spores.*
Recently the interesting evidence has been produced by Potts
that 3 under certain abnormal conditions this differentia-
tion is omitted, that under water, as well as on concentra-
ted nutritive agar ( 5.5. per cent. KIO3 ) the whole amoeba
mass is transformed into spores and that, conversely, in
development under a layer of oil, sterile stem cells are
formed without exception. Consequently, first one and then
the other process of differentiation is eliminated from the
course of development of the cell aggregate.

As far as the differentiation of the tissues of the

multicellular grov/ths is concerned, it may be said, regard-
less of their diversity, that there is, in general, no organ
whose tissues could not be arrested in their differentiation
by factors acting more or less energe-trically. Thus, as

before, we will limite outselves to the treatment here of

a few tissue forms.

Observations on the arrestment of tissue differentia-
tion may be made so easily, without troublesome experiments

that there exists a real superfluity of reports on this sub-

ject. In listing the authors, a choice will therefore suf-

fice, especially as many of these reports give inadequate
data.

From the list of thallophytes and cellular cryptogams

the Uarchantiaceae furnish an instructive example. The

structure of the normally developed thallus is well known.

f43)Its elements are at the left in figure 10; an epidermis

1. Ueber einige koloniesbild. einzellige Algen.

Bot. Zeitung, 1899, Bd. LVII
, p. 39.

2. Brefeld, Untersuch. aus. d. Gesamtgebiet d.

Mykologie, Heft VI, oBbel, Organographie. 1898, p. 21.

^, Zur. Phyp;j.ologie des Dictyostelium mucoroides.

Flora, i^02, Bd/jCCI (ErganBungsbd.) p. 281,
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(43) whi^h "bears rhizoids; a colorle&s parenchyma free from in-
terstices , the cells of which have in part slightly re-
riculated and thickened walls; an assimilatory parenchyma
and an upper epidermis, broken through by breathing pores.
This complicated structure is almost entirely lost in speci-
mens cultivated in weak light or in rooms saturated with
vapor. The assimilatory threads, lying under the epidermis
of the upper side, and the thick-walled parenchyma cells
diaappear entirely; the thallus is composed in all its parts
of similarly formed cells; small amounts of chlorophyll may
be found in all the layers, in a superficial position some-
what more abundnatly than in a more deMal one* (Compare
fig. 10, right.) *

Various other interesting examples might still be
ohosea from the list of Bryophytes, of which Ikvirill here
name only two. In "Bryum argenteum the cells in the Uf-
?12 fASB ef fHg IBAves dies and fill with air, thereby
giving a characteristic silver sheen to the shoots. As
Gobel has proved,^ this differentiation of the leaf is

lacking v/hen the moss is cultivated in a damp 'place ;
_

the cells of the leaf apex remain alive and green. This

differentiation, originating through the dying off of

certain cell groups, is found also in other m,9ss varie-

ties and may be suppressed in them (Compare Gobel)

Leucobrytiin glaucum retains its structure, even when it

is cultivated under water. Oehlmann^ observed, further

a lack of differentiation in the "rudimentary leaves
_

of Sphagnum which he obtained by cultivating the moss m
poor nutritive media and with weak exposure to l^Sj

t «
Y^ile normal leaves are composed of small green and large

cplorless cells, both kinds of cells are about equally

large in the rudimentary leaves and also arranged es-

sentially different from those in the normal leaf. AS

a matter of course, entirely similar phenomena of arrest-

ment may appear also in the richly differentiated tissue

of many Euthallophyte groups; marine algae furnish lav-

orable material^, especially those specimens which are

1. Stahl, loc. cit. Huge, Beitr. z. Kenntn. d. veg. Org,

d. Lebermoose, Flora, 1893, Bd. LXXVII, p. 294. Beauverie Etude

d. modific. morph. et. anat. de thalles de Marchantiaet de lu-

nularia obtenues experimentalement . Soc. Linn. Lyon 1898, i. a*m.

p. 57, Gobel. Organographie, 19.01, p. 301, etc.

3. Ueb. d, Einfl, dl. Lichtes auf. d. Gestaltung der Kak-

teen u. and Pfl, Flora, 18.96, Bd. LZXXII . p. 1. Further Organ-

ographie, p. 368. Compare also Geneau De Lamarliere and Maneu, o.

Sur le flore des mousses des cavernes. C. R. Acad. Sc. Pans,
1901, .T. CXXII, p. 921.

3. Yeget. Fortpfl. d. Sphagnaceen etc. Dissertation Frei-

burg i. Schw, 1898.

4. Compare for example, Peterson. Note s. 1. crampons chez

le laminaria saccharina.i Bot. Not,, Bd. XXI, p. 319.
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groTm^in artificial cultures,- also Hymenomycetes. In mine;
and other moist localities without light, deformed mushroom
have repeatedly been collected, whose tissue differentia-^
tion remains sub-normal. '

(44) In the vascular plants, we will briefly discuss in order the
formation of the epidermis, the mesophyll and the conducting
and mechanical tissues.

Epidermis, mesophyll. In cross sections through leaves
and stems, one usually finds the epidermis, in so far as the
primary dermatogen is still retained, sharply separated from
the tissue lying beneath it. Taking no account of differen-
ces in size existing, on the one hand, in cells of the epi-
dermis, and the other hand, in those of the mesophyll and
the primary bark, the distinguishable content of chlorophyll,
the characteristic form of the mesophyll cells, the thick-
ening of the walls of the bark cells, and many others, may
still become important, according to the plant species con-
cerned. The difference between the epidermis and the tissue
layers lying beneath it, can be eliminated or at least de-
creased Since the iniier tissues lose their capacity for char-
acteristic formation, as in the needles of Pinus austriaca ,

illustriated in figure 9, in which the cells of the hypoderm
as well as those of the epidermis have remained thin-walled,
or as in many dwarf specimens in which there is lacking a
formation of mechanical tissue in the bark.^ This can also
take place if the cells of the epidermis follow the course
of development fehat under normal life conditions falls only
to the lot of the more deeply lying layers. Abundant chloro-
phyll is developed in submerged epidermal cells, for instance,
in the leaves of Sa^ittaria, which are forced to develop
belovi^ the surface of the water,

^

If the cells of the epidermis are compared with one
another a #ery different degree of "division of labor" may
be recognized in their formative and functional characters;
not infrequently, such a division is lost altogether. In
many leaves the epia.ermis of the upper side shov/s a complete-
ly homogeneous tissue-plate composed throughout of the same
kinds of cells. In the majority of cases elements of dif-
ferent kinds take part in the composition. If v/e take no
account of those plants in which certain epidermal cells un-
dergo especial development as crystal reservoirs, secreting
glaMs or idioplasto-containing cystoliths, three especially

1. Compare for example, v. Bambeka, S. uh exemplaire
monstrueux de Polyporus sulfur eus. Bull. Soc. Mycol. France,
1902, T. XVIII, p. 34.

8. Concerning leaves of the witches brooms on Abies

,

and the like, compare, l^elow. Chapter V, B, 5.

3, Compare Costantin, Rech, s. 1. Sagitaire. Bull, Soc.
Bot. France, 1885. T. XXXII, p, 818.
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toportant forms of upper-dermatogen cells, or rather of
thelx* derivatives come into question,- guard cells, hairs,
and slimy epidermal cells.

An arrestment of the development of the guard cells
may be brought about in various plants by w611 knovm means.
Lowered transpiration and v/ak illumination cause a de-
crease of stomata. According to Stapf ' s count, in Solanum
tuberosum , there is , under normal conditions , one stoma
for every 46 epidermal cells. In the specimens vifcich he
let mature in gaslight, a pair of giiard cells occurred
for every S04 epidermal cells. The same reduction may
be proved for shade leaves,

^

(45) Contact with running vvrater acts just as does retention
in damp air, but often more energetically. According to
Mer, leaves floating below the surfact of the ?;ater do not
develop so many stomata as those which reach the surface.
In some plants, finally, the formation of stomata is omit-
ted entirely under the action of moisture. In many plants
which "normally" develop air and v/ater leaves, stomata are
found only on the former; in Stratiotes the submerged part
of the leaf is free from stomata, v/hile that above the
water possesses same. Stomata are entirely or almost en-
tirely lacking in leaves of Marsilia which develop under

II

1. Stapf , Beitr. zur Kenntnis d, Einfl. geanderter
Vegetationsbeding. auf die Formbildung der Pflanzenorg,
etc. Yerh. Zool. Bot. Ges., 1879, Bd, ZXVIII, p. 238. Prom
the further statements of Stapf, we gather that in the
"vapor-form" a stoma, occurred for every 50 epidermal cells,
in that cultivate in a room, only one for every 113* Re-
gular relations between the differentiation of the epider-
mis and the external factors may not be understood from
this; only so much is clear, that the number of the stomata
often decreases under abnormal cultural conditions. Dufour
made observations on shade leaves (Infl. de la lumiere s.

1, structure d. feuilles. Bull. Soc. Bot, Prance, 1886,
t, XXXIII, p. 92.) and Mar (Observe s. la repartition d.
stomates etc. Ibid. p. 121.) They proved that shade leaves
possess fewer stomata than sun leaves, Brenner fUnters an
eigenen Fettpfl. Flora, 1900, Bd. LXXXVII , p. 387) arrived
at the same results in the case of Mesembryanthemum, in that
when cultivated in a damp place, 19 to 23 stomata v/ere

found, instead of 50 to 52, as in a normal leaf. It is
very remarkable that in the case of other succulents under
similar cultural conditions, the number of the stomata in-
creases, fin Crassula 110 to 160 or 100 to 110, instead
of 90 or 70, as in the normal leaf.) Here also v/fere not
in a position to set up any rule. Compare also the results
of W. Wollny-, Unters. ub. d. Einfl. d, Luftfeuchtigkeit
auf das Wachstura der Pfl. (Diss.) , Forsch. Gebiet Agrikul-
tur-Physik, 1898, Bd. XX. Further literature is cited in
the following references.
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water. ^ To this type belongs also, I suspect, the As-
plenium obtusifoluia var. ^quatica . in v;hicli Biesenhagen^
described the tissue differentiation as strongly reduced
and the stomata lacking; still others might be mentioned.^

Conditions for the formation of hairs are similar to
those for the formation of stomata. Because of the ease
of macrosoopic control the dependence of pubesence on
climate and culture conditions found early consideration.'^
The trichomes are also arrested in development by the fac-
tors referred to. Etiolated plants, plants transpiring
poorly, or those vegetating under v;ater, develop only scanty
hair 'Coverin{g$^

1« Costantin, Etude, s. 1, feuilles s. pi, aqUatiques.Ann.
Sc. Sat, Bot, 1886., 7 ser,,T, III, p, 94, also Infl. du mil-
ieu aquati que s. l.stomates. Bull, Soc, Bot, Prance, 1885,
T, XXZII, p, 259. 'Schmidt E, , Einige Beob, z, Anat, d. Veg-
etationsorg, v. Polygonum, Diss, Bonn 187 9, Massart, L* ac-
commodation individualle chez Polygonum amphebium. Bull. Jard.
Bot. Bruxelles, 1902, Vol. I, fasc. 2,

2, Ueber hygrophile Farne, Flora 1892, (Brganzungsband)
Bd, LXXVI, p. 157. Concerning leaves of the Twitches brooms
of ferns, compare belov;. Chapter V, B. 5.

3. The question, v/hether the formation of the stomata may
be suppressed by unfavorable life conditions may have been
one of the first in the province of pathological plant ana-
tolay Tvhich v/ere taken up experimentally. In his "Anatome
der Pflanzen" (Berlin 1807) Hudolph refuted the statement
of D.e Candolle (1801) according to whose explanation, "la
lumiere eSt encore necessaire au development des pores, Les
plants etiolees n^en ont aucun ." Rudolph found in etiolated
leaves of Ipomoea carnea and I. violacea stomata in normal
numbers, just as in the yotmg leaves of the bamboo, of calla
etc., which he had not exposed to light. In the case of the
variegated leaves of Arundo Donax, A, colorata. Agave amer-
icana . etc, (which Rudolph eIso reckoned among etiolated
ones) , equal numbers of pores v^ere found, according to him,
on the gree. and one the etiolated parts of the leaves,
Aga^n Rudolph refuted the further statement of De Candolle
(loc. cit) that land plants, grown under v/ater, can no long-
er form stomata. Experiments with Mentha prove the opposite.
"Any one who grows under water one of the plants designed to

grown on dry land, vn.ll not thereby take away its pores".
(Rudolph, loc. cit.)

4, Compare thffise textbooks from the beginning of the
last century. One may here alsp be referred back to Goethe.

5. Some citations of literature: Kraus, C, Beob.ub.
Haarbildung, sunachst an Kartoffeltrieben. Flora, 187 6, Bd.
LIX, p. 153; Kerner, Bflanzenleben, 1898, Bd. II, p. 449:
Costantin, loc. cit. Schober, Ueb. d, Wachst. d. Pflanzen-
haare an etiolierten Blatt-u.Achsenorganen.Zetschr. f. ges.
laturwiss,, 1886 ,Bd. L¥III,p. 586; Kraus , Aug. Beitr.z.Kenn-
d, Keimung. W. S. V/. unter Wasser. Mss. Kiel. 1901; W. Wol-
Iney, loc. cit.
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(46) With suitable objects, complete absence of pubescence may

even be obtained; for instance, in potato-rsprouts, in
Polygonmn amphibium. (according to Kerner) and others.

The formation of roo* hairs, known to be especially-
sensitive objects, can also be easily arrested, or' entire-
ly suppressed. In many plants grown in water cultures,
the formation of root-hairs may be omitted. In other cases
we find it disappearing only in nutrient solutions of un-
suitable composition, Thus Schwarz found root hairs pro-
ducei in V7eak solutions O.E per cent of KNOg, but not in
strong ones, 1.5 per cent. The qualitative composition of
the nutrient solution is also of great significence, Trad-
esoantia roots remain incompletely pubescent in nutrient
media free from calcium, vifhile, in solutions containing
calcium, the hairs are numbrous and viell formed.

1

The investigations of slimy epidermal cells does not
furnish anything essentially nev;, • They are lacking in the
aquatic form of Polygonum amphibiuy ,^. in specimens of Salix
retuga and Daphne striata, when cultivated in the moisl6
air.g Their development may be arrested also by fungus in-
fection, ^ as well as by the unknown factors causing the
variegation of leaves,

^

In the treatment of the mesophyll, however, we will
take no account of relatively rare cell forms, such as
crystal reservoirs, secreting glands, or stone -oells and
parts which store up v/ater, but will limit ourselves to
the mesophyll which has developed as assimilatory tissue.
As is v/ell known, a clearly recognizable differentiation in
the layers of the latter appears in the bilaterally construe-

"1. Schwarz, Die Wurzelh. d, Pfl, T&binger Untersuch, Bd.
I, Pi 135 ,» Loew, Ueb, d, phusiol. Funktionen der Calcium-
und Magnesiumsalze im Pflanzenorganismus-, Flora, 189E, Bd.

LXXV, p, 368, According to Dassonville (Infl. des sels min-
eraux s, la forme et la structure des vegetaux. Rev. gen. de

Bot,, 1896, T. VIII., p, 284.) the formation of hairs is

omitted in distilled water. Compare with this also the state-
ments of Pathybridge, (loc. cit.) . If, according to these
statements, the formation of the root hairs can be suppressed
by exposure to light, we may see in this only an indirect
action of the light, which is made effective by fluctuations
in transpiration and turgor. CompEre here, also Reinhardt,
Plasmolytische Studien z. Kenntnis d. Wachstums d, Zellaeuv

bran. Festchr, f, Schwendener, 1898, p. 425.

2, Volkens, Standtjrt und anat. Bau. Jahrb. Berl. Garten,

1885, Bd. Ill, p. 1,

3. Lazniewski, Beitr. z. Biol., d. Alpenpfl. Slora, 1896,

Bd. LXXZII, p. 224.

4. Negar, Beitr, z, Biol, d, E3?ysipheen. Flora, 1902, Bd.

XC, p. 221,

5, Timpe, loc. cit. Beobachtungen an Crataegus monogyna
and Ulmus campestris .



ted leaves, which below the epidermis of the upper side
'

de-wlop one or more rows of palisade cells, and'helow these,
several layers of spongy parenchyma. If the differentia-

(47) tion of the mesophyll is arrested, a homogenous leSf tissue
is produced, composed throughout of more or less round
elements resembling those of the tjrpical spongy parenchsmia,
or in which the cells have developed into palisade cells,
but in a lesser number of layers than under normal condi-
tions. This arrestement of differentiation is recognizable
in land plants cultivated under water, in etiolated leaves,
in shade leaves, under cultivation, in too great drought or
in places saturated vath vapor, with the exclusion of car-
bon dioxide, after infection with animal or vegetable par-
asites, under the influence of Alpine and northerly cli-
mates and, as it seems, also under the- action of other
factors, 1 In all these cases, the palisade tissue disap-
pears partially, usually, however, entirely, (compare figs.

5 and 11) , and a homogenous mesophyll is produced. By the

abnormal life conditions named here, the same arrestment
formations, so far as leaf structure is concerned, may be

obtained in very many different plants and plants of a var-

ied nature. Still it is certain, that in plants of char-

acteristic life habits, the normal development of many tis-

sues presupposes also the fulfillment of special conditions,
Thus, for instance, according to J. Schmidt, loc. cit.,

the normal leaf structure is attained only by providing the

1, The abundant literature on this question makes more

necessary than ever, a limitation to a few examples. Dufour,

Infl. de la lumiere s, 1, feuilles. Ann. So. Nat. Bot. vll,

series, 1887, T. V. p. 311. Stahl, loc. cit. Yesque and

Viet, Infl. du milieu s. 1. vegetaux. Ann. Sc. Wat. Bot.

VI, serie 1881, T. ZII, p. 17g. Lotheliar, Infl. d. 1' etat

hygrometrique et ae 1» eclairement s, 1, tiges et 1. feuiiies

d, pi. a piquants. These Lille, 1893j Rech. s, 1. pi. a

piquants. Rev, gen, Bot.. 1895, T. V. p. 480. Mer, Rech.

s. 1, causes de la struct, d, feuilles. Bull. Soc. Bot.

France, 1883, T. TDL, p. 110. Schmidt, J. Cm ydre faktorers

inflydelse paa Lavbladets anat. bygning hos en af^vore

strandpl. Boot, lidske., 1899, Bd. XXII, p. 145. Costantin,

Etudes, s. 1. feuilles d. pi. aquatiques. Ann. Sc. Hat.^o-c.

VII, serie, 1886, T. III» p. 94. Schenck, Ueb. Strukturand-

erung submers veget. Landpflanzen. Ber. d. B. Bot, Ges.
,

1884; Bd. II, p. 481. Keller Biol. Studien I; Anpassungs-

fahigkeit phanerog. LandiDfl. an. d. Leben im Wasser. Bioi.

Centrabl., 1897, Bd. XVII, p. 99. Duchartre. Ml. ie la.

secheresse s. 1. vegetation et la struct. del'Ignamede
Chine (Dioscorea Batatas). B^ill. Soc. Bot. France, 1885

T. XXXII, p. 156. Theodorasco, Infl. de iTacide carbonique

s, la forme et la struct, d. pi. Rev. gen.de Bot. 1899,

T. XI,. p. 445. Molliard , Rech. s. 1. cecxdaes florales^

Ann. Sc. Nat.- Bot.- 8 me ser^.e, 1895 T. I, p. ^7 .
Hartman

Anat.. Vergleichun^ d. Hexenbesen d.. Weisstamve m. i-
J^^^'

Sprossen ders. Dissertation Freiburg i- S^' '/^;^' t'.®'- Mitt
Einfl. d. alp. Standortes auf d.

^^^f^J^-^^'^f ..^'-.^^^^^ien om*
Katurf. Ges. Bern. 1889 .. Borgesen. Bidrag "uil Kundskaben om

arkiske PI. Bladbygning. Bot. Tidskr. 189o Bd. XIX p. ^l^-

Bonnier, Infl. de la lum. elect, continue s. la forme et

la struct, d. pi. Rev. gen. Bot., 1895, T. VII, p. 241.
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plaiits with sodium chlorid.-''

(4Q)
Oonducting and Mechanical Tissues. Even in the dis-

^ cussion of the axis much may be said concerning the differ-
entiation of the epidermis , of the assimilatory tissue in
the bark, etc. In general, all that was said in the dis-
cussion of leaves also holds good here. In the same way
a consideration of the conducting and mechanical tissues,
which in general determine the histology of the axis, fur-
nishes nothing essentially nev/. In arrested development
of the axes, the vascular bundles decrease in number, the
individual bundles are impoverished, the equipment with
mechanical protecting sheaths degenerates or disappears
entirely; instead of connected "mechanical rings", isolated
groups of thick-vi^alled elements are produced, and the col-
lenchyma cords in the bark occur sparingly or not formed at
all. The same reduction of tissue-differentiation may be
obtained in roots, as in axes. In these the same factors
are everywhere decisive as in the reduction of mesophyll
differentiation, etc. The investigations of Thouvenin
deserve*^ especial mention; he retarded the development
of the tissues by the action 6i mechanical pressure. The
mechanical tissues in the stem of the Zinnia remained be-
lov; the standard,

Zalenski^ showed, further, that the length of the
vascular bundles, calculated by the surface of the leaf-
blade, is dependent upon external factors in such a way,

1. Compare also the cultural experiments of Brick,
Beitr. z, Biol. u. vergleich. Anat. d. baltischen Strandpfl.
Schr. Naturforsch. Ges. Danzig. 1888,N.F.Bd. VII, 1,Heft, Glaus ,

2. The above quoted authors. Bonnier, Borgesen, Costan-

tin, Dufour, Gauchery, Hartmann, Keller, Kohl''; lothelier,
Rauwerihoff, Schenck, Stapf , Teodoresco, Yes que and Yiet

' should be compared. Compare further Perseke, Uber die Form-

veranderung d. V/urzel in Erde u. Wasser, Dissertation, Lei-

pzig, 1877. Costantin. Infl, du sejour sotis le sol sll.

struct, anat. d. tiges. Bull. Soc. Bot., France 1883, T. JUUi,

p, 230. Et. comp. d. tiges. aerienneo et sout. d. Bicotyl,

Ann. Sc. Hat, Bot., 1883, VI, serie, T. XVI, p.. 4. Rech. s.l.

struct, de la tige d. pi. aquatiques. Ibid., 1884, VI, serie,

T. XIX, p. S87, Dassonville, Action des sel^' ^' 1%*°™®
et la structure d. veget. Rev. gen. de Bot., 1896, i. viii,

p. 284, and 1898-, T. X., p. 15. Farmer and Chandler espec-

ially (on the influence ox carbon dioxide etc. Proc. H. boc.

1902, Vol. IXX, p. 413) made investigations on the miluence

exerted by a superabundance of carbonic acid .

3, Des modifications apportees par une traction long-

itudinale de la tige, C.R. Acad. Sc. Paris ,1900, T.CXXX, p. 663.

4. Ueb. d. Ausbildung d. Nervation b. verscheid. Pflan-

zen. Ber. d, D. Bot. Ges, 190E, Bd. XX, p. 433.
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that^in plants grown in moist places, therefore in weakly
transpiring individuals, the whole length of the vascular
bundles is less than in those transpiring strongly. It
will douttless he possible to demonstrate the same hypopl-
asia also in a comparison of the &an and shade leaves of
our deciduous trees , etQ.

In the weakly grovm specimens, which Daniel
grev; from the seeds of and Alliaria, grafted on
a turnip-rooted cabbage, (Brassica .lilapobrassica)
nothing but arrested development occurs* One will
not dare, from the appearance of scanty tissue dif-
ferentiation, to conclude upon a "creation des var-
ieties nouvelles au moyen de la greffe/'^^, as
Daniel attempts to do, ' '

The study of the anatomy of blossoms and fruit and con-
sideration of the secondary_tissues^ can furnish further
material for our consideration. Also the differentiation
of anthers and anther partitions ,.•' as well as ovml.e and the
different iation of the fruit and -seed receptacles is sub-
ject to the action of the same arresting factors, of which

(49) Election has so often been made,^ In cambial products, ar-
restment in tissue-differentiation is shovra by the fact that
the difference in xylem in autumn and spring wood disappears,
or, at least, degenerates strongly

s

1. C. H. Acad. Sc. Paris, 1894, T, CXVIII
, p, 992,

j,S, Wieler, fUeb, Bezieh, zw, d. sek» Dickenwachst. u,d.
Ernahrungsverhaltn. d, Baume. Thar. Forstl. Jahrb,, 189E,Bd#
XLII, p. 7 2) saw that the formation of the annual rings could
be lacking. jSzij (Eine Abnormitat in d. Abgrenzung ds Jahres-
riiige. Sitzungsber. Naturf. Fr, Berlin, 1890, p. 138) ob-
served thin walled autumn wood; further statements also in
Verh. Bot. Ver. Prov. Brandenbujrg , 187 9 (Ueb, d, Verdoppel-
ung d. Jahresringe) . On the anatomy of the stamens and ovules
one should compare, for example, Guignard, S. 1. organes
reproducteurs des hybrides vegetaux, C. R. Acad, Sc, Paris,
1886, T. GUI, p. 769. Amelung, Ueb. Etiolement. Flora,
1894, Bd, LXXVIII p. E04, on the normal arrested,, develop-
ments. Compare also Pamiller, Biogenet, Unters, ub. Verkum-
merte od. umgebildete Sexualorgane, Flora, 1896, Bd. LXXXII

,

p. 133, The stamens of the cleistogamic blossoms in places
do not develop any fibro-cells (Lecler Du Sablon, Rech. s. 1.
fleurs cleistogames. Rev. gen. de Bot., 1900 T. XII, p, 305.
Rossler, Beitr. z. Kleistogaraie , Flora, 1900, Bd. LXXXVII,
p. 479) .

The same arrestment in differentiation might be
brought about also by exposure to weak light or the action
of damp air. On arrested developments of Ovula compare also
Miller- Thurgau, 2, Jahresber. Versuchsstat. Wadensweil, and
still others, on arrested developments of the fruit and
seed pods, compare for example, Amelung, (loc. cit.) who
harvested deformed Cucurbita seed on cultures in the dark.
It is well known that finiits attacked by Exoascus Pruni
form no hard pit.
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'The question still remains to be setlled whether there
IS foundation and cause for giving a biological signifi-

- Purpc
of the organism to definite external agents.

In my opinion, there is no reason v/hatever for this.
If we, first of all, confine ourselves to the "shade leaves"
it is evident that their mesophyll retains, in more than
one respect, the fehaxacter of young, undeyeloped leaves,
while in the sun leaves, even these evidences are sooner
or later lost by characteristic processes of growth and
differentiation. According to Stahl, the mesophyll of the
sun leaves of Lactuca Scariola which are oriented vertical-
ly, consists throughout of palisade cells j horizontal
leaves which get the light only on the side, develop palis-
ade ^elis only on the side exposed to the light, while
they are entirely absent in leaves grown in shady places.
Also some species of Iris do not develop palisade cells
when growing in the shade. In other cases, even in shadey
places, palisade cells are produced, but in a lesser devel-
opment than in leaves exposed to the light. Because the
characteristic palisade cells, oriented with their long
axis perpendicular to the surface of the organ^ are not pro-
duced, leaves grown in the shade remain similar to young,
undifferentiated ones, so far as the form of their cells

(50) is concerned,! and besides the cells of leaves grown in the
shade remind one also, in number and size, of the conditions
found in undeveloped leaves, I think that the appearance
of such arrested developments in no way proves the ability
of the plants and leaves, "to adjust the formation of their
assimilatory parenchyma, in a self-regulating manner, to the

given intensity of light". ^ For this is needed primarily
the experimental proof that a leaf-blade, with mesophyll
•free from palisade cells, is capable of a more energetic
assimilatory activity in the shade, than is a leaf provided

1, In many cases the spongy parenchsnaa cells of shade
leaves show strong growth parallel to the surface of the
leaf. As Stahl also has already indicated (loc. cit» p. 24)

this stretching is to be traced back to the action of mech-
anical factors, and explained by the energetic grovrth of

the leaf ribs, which stretch a little the tissue fields
lying between bhe,, The same factors will help to explain
also the porosity of the tissue in shade leaves.

2. Haberlandt, Physiol. Pflanzenanat. , 8. Aufl,

,

Leipzig, 1896, p, 253,
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with palisade cells.-'- In any case, it has not yet been shown
that shade leaves v;ith their porous mesophyll structure supply
the leaves v\?ith a strong transpiratory current. Geneau de Lamar--

liere^ found, on the contrary, that sun«-leaves transpire more
strongly than shade leaves under similar external conditions.
That sun leaves transpire more strongly in sunshine, that shade
leaves in the shade seems fe matter of course and even the scanty
supplying of food substances to those leaves grown in shade ex-
plains the fact that their tissues do not develop so luxuriantly,
nor are they so completely differentiated as the mesophyll of the
strongly transpiring and thereby well-nourised leaves, unfold-
ing in sunshine.

If we recognize in the formation of shade leaves, not an

adjustment to definite light conditions, but only the unavoid-
able product of some arresting factors, the correspondence of

shade leaves with leaves of plants from Alpine habitats, as
bfought forward by Leist, loses its remarkableness and v/eneed
no complicated explantation for the fact that land plants,
placed under water, develop leaf-blades with the homogeneous
structure of "shade-leaves". Schenck (loc. cit. p. 484) seems

indeed to find in phenomena of the laa*t kind also a purposeful
structure adjusted to the abnormal conditions:- "the submerged
plants live in a medium, which absorbs the rays of light more

strongly than does the air; in a medium which places only ^^^~
fuse light at the disposal of plants living in it. Water plants

as well as shade plants must consequently be retarded so^^far as

the development of the assimilatory tissue is concerned. ix,

however, the action of moist air is enough to produce the same

homogeneous tissue structure, if the factors effective in Aipme
regions, as yet insufficiently analysed l3]^^„in any case not con-

nected ^ith weakened light, ^ 6an- develop ^he same tissue form

in certain plants, we will be able to attach very Ixttle vaiue

to explanatory experiments of this kind. In my opinion,up to

the present, no reason exists for recognizing the mesophyll ^xruo

ture of shade leaves, and the parts of plants grown ^^der water

as anything other than arrested, (continued on page 50)

1. Stahl characterized it as "right well conceiyabl'e" (loc.

cit. p. 37) that with very weak light, preference wxll ^^^^^hown

for shade leaves, since the ability to bring the chloropnyix

grains into the favorable position,- the horizontal P°^^J^°^"„j.+
makes possible a more productive utilization of the saanty jlib

than can be the case in the tough sun-leaves, whose chloropnyxx

grains take up a position less favorable for weak light.

2. Rech. physiol. s. 1. feuilles devel. a 1' ombre et au

soleil. Rev. gen, de Bot., 1896, Y. VIII, P/ 481

3. The investigations as to the influence of Alpine life

conditions on the tissue formation of plants have lea to vex^

dissimilar results in different places and in the testing oi

different plants. Compare especially Wagner, A., Zur ^.enntn.

des Blattbaues der Alpenfl. u. desen. biolog. Bedeutung. bii^z-

ungsber. Akad. Wiss. Wien, 189E, Bd. CI.
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cLevelof)ments . i. e. tissues scantily deyeloped as compared
with the "nortnal " ones.

Fig. 12, Showing a cross-section through the leaf tip
of the land form of Ranunculus fluitans side by side with
that through; the leaf of the water form, should make pos-
sible a comparison between the leaf structure of plants
knovm as typical v;ater dwellers, and such as become "water
plants" only thruough the compulsion of the experiment, or
of unfavorable external conditions. In both cases mesophyll
cells of very simple round form are produced. This corres-
pondence however, makes so much the lesss superfluous the
experimental proSf that the round cell functions better under
such air conditions as are offered to submerged parts of
plants, than do the palisade cells, since the appearance of

that simple cell form shows, as we have seen, no specific
' effect of the diffuse light and the life under water. What
complicated accessory suppositions v/ould become necessary
for the preparation of teleogical explanations, if those
mesophyibl structures resembling shade leaves should now be
considered also in the light of appropriate reactions, pro-
duced under the influence of the too great drought, under that
of a lack of carbon dioxide, tipon the action of animal para-
sites or upon other disturbances in their nutrition?

In my opinion similar eonsiderations stand in the way

also of the biological explanation of other arrested devel-

opments .

The stems of Cardamine growing under vmter develop,

according to Schenck, no mechanical tissues; the "formation

of these is unnecessary under water, for the water itself by

means of its greater density keeps the plaat in position

favorable for light. "^ How is it, however, with those

plants which mature in moist air and do not develop mechan-

ical tissue, or indeed, with those experimental plants of

Thouvenin's, although for them it would have been just as

"necessary " or indeed, more than necessary than for the

specimens living under normal conditions? Further t through

. a scanty development of the medullary ray, the vascular

bundles in the water form of Cardamine move somewhat toward

/t:o\ the center, "a tendency which in tj^pical water plants J^as

^ ' led to the formation of axillary vascular fibres." According

to Schenck s'^oh an arrangement is "purposeful" for water

plants, Since by this means the tensile strength of the ax-

illary parts developing- under water is increased. It may

seem here as if the variation of the water form from the

normal should he explained as a purposeful transformation.

From my point of view, however, this cannot enter into the dia

cussion. because keeping the plants in standing water cannot

be of ejual significance with keeping it in running water Mr
only in the latter is the tension produced. Besides, the

reduction of the pith, by which the vascular bundles seem

shoved out of place towards the center, takes place also under

other cultural conditions; for example, in strongly etiolated

plants.
_ _ -,-

1, Ueber Strtiktur&nderung, u. s. v;, Loc. Git. p. 483,
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Pitfiiilly it is equally unjustifiable to deduce from con-
ditions under which certain tissue formations cannot devel-
op conculsions as to the functions which they would haveperformed under normal conditions. Tissues not developedm cultures in moist air are not thereby justified as ar-
rangements to provide against too high transpiration. V/e
come nearer the truth indeed through the assumption that
plants m moist cultures, etc. "cannot" develop definite
tissue forms, than hy the supposition that the plant no
longer develops these forms, because the^ are "no longer
necesaary" to it.

Taken all in all, the tissue hypoplasias as yet known,
do not seem to me suitable to prove the capacity of the
plant for a self-regulating adjustment to unfavorable ex-
ternal conditions.

We have already spoken repeatedly of the factors by
which hypoplasiaa are produced. If we glance once more over
the facts at hand, v;e can verify the statement that almost
all of the described hypoplasias may be traced back to
scanty nourishment . It is hence evident that the plants
Ijegetating in disfilled water and those cultivated in the
dark or without carbon dioxid, in which we have ascertained
hypoplasias, are more poorly nourished than normal ones,
Hov/ever, the same holds good also for the individuals which
have been grown in moist places or under water, v/hich at
once, with a normal degree of transpiration, lose the supply
of fooS substance v/hich is necessary for normal tissue
formations.

It becomes evident, especially in the higher plants,
that, with insufficient nourishment, not only certain pro-
cesses of grovi/th, formation, and differentiation become im-
possible, but that usually a large number of varied pro-
cesses also are lacking. Arrestment in the differentiation
of the tissues makes itself evident not only in one tissue
form of an organ, but usually in several, often in all. Only
when the injurious influences are moderately effective do
we occasionally find that the development of the "more sus-
ceptible" tissue forms, such as, for example, the ducts, is
influenced, and that the development of those more resistant,
for example, the epidermis, comes to maturity unchanged,

(53) According to our present knowledge, there are no factors
which even when acting energetically, influence only one
tissue form, and thus prevent normal development.

The discussion of this point seemed necessary
in viev/ of the contents of t later chapter. We v/ill
see later thai, by increased utilization, ^he forma-
tion of individual tissues of the plant can be en-
couraged, while the development of others, on vti ich
no increased demands are made, does not exceed the
normal amount. It would be conceivable that, as
a result of abnormally weak demand upon them, those
tissues forms, of which less is required, ?;ould re-
main below the normal in their development while the
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others would develop normally. It is a question whether the
activity-hypoplasia. of which we v/ill speak later in detail,
lets an inactivity hypoplasia he set up in opposition jj it.
I have already indicated that cases of this kind are not yet
knov/n. The comparison of plants matured under water, which
are supported hy the surrounding medium, on which account
hut little is required of them mechanically, with individuals
from moist cultures on which mechanical demands are made,
makes it perhaps impossihle ( see above) to explain the omis-
sion of the mechanical tissues in the former as " inactivity
hypoplasia" . Besides this, all tissue forms in plants matured
under water are weakly developed, just as in specimens grown
in jjioisture or in the dark. There is no foundation for the
supposition that a reduction of the mechanical tissues would
regult from non-utilization. For the same reasons we may
no* speak of "inactivity-hypoplasis" v/hen no normal assimil-
atory tissue is developed in plants grown in cultures in

the dark, or in places free from carbon dioxide, from which
the opportunity of assimilation was taken away, etc.

Tschirch explains the weak development of the mech-
anical ring in weeping varieties of different trees by the
fact that less rigidity is required of their branches than
of those of upright forms. Experimental proofs supporting-
Tschirch' s supposition do not exist, rather, 'Wiedersheim' s*^

new investigations make it seem impossible that the slight
surplus of mechanical requisition to which the branches of •

upright forms occasionally the young branching ones, are
subjected^ ^could incite the branches of the weeping forms
to a stronger formation of their mechanical ring. Therefore,
we are not justified in terming this "inactivity-hypoplasia."

Tissue hypoplasias similar to those expressed in plants
by a reduction of the cell size, decrease of the cell number

(54) and simplification of the cell and tissue differentiation,
may doubtless be pointed out in the same diversity in animal
organisms.

1, Beitr, z. Kenntn. d. mechan. Gewebesystems. Prings-
heim's Jahrb. f, wiss, Bot. , 1885, Bd. XVI, p. 529.

3. Ueb. d.^Einfl. d. Belastung auf d. Ausbildung v.

Holz- and Bastkorper bei Trauerbaumen , Ibid., 1902,
Bd. XXXVIII, p. 41.
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•protozoa seem to offer an especially favorable mater-
ial for investigation. Among others, the investigations
of Maupas-i- throw light on many points of the question
interesting iiQ, In starvation cultures very numerous
dwarf specimens arise, since the organisms alv;ays divide
before they are "fully grown". At the same time, the
processes of differentiation talking place in normal cells,
are partially "arrested"; the cilia, the undulating mem-
branes, indeed the mouth parts, are either not developed
at all, or only to a reduced size. (Compare above p, 37)

.

In higher animals, and especially in man, incomplete
tissue differentiations, corresponding to the hypoplasias
above described, appear only rarely, at least, the patho-
logical literature which I knov/ throws only scanty light
on this. As a well-known example, I will name the bones
in rhactitis, in ?/hich the histological characters of the
cattilage are retained longer than in normal bones.
Further, tissue hypoplasia is present if succulent epithe-
lial layers do not hornigy,- and the like.

1. Compare for example, Sur la multiplication d.
infusoires cilies. Arch. zool. exp. et gen. 1888, 2me,
ser, , T. YI.
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METAPLASIA

After disposing in the preceding chapter of those cells or
tissues which remain in some way below the normal in development
we will discuss in the following sectionsrthosrwhich in some '

way exceed the normal. In the simplest case, an abnormal ad-
vance in development may result from changes in the cell-char-
acter, without involving any increase in volume or anv process
of division.

The changes in cell character, exclusive of the last named
processes may differ very widely among themselves. Either a
breaking down of the cell content, or of a definite part of it,
is involved; the organs of the cell, partially or as a whole, be-
come incapable of functioning and die, or disappear completelv.
Changes of this kind are called regressive , or the transforma-
tions show that the cells perform new functions, or thg cytoplasm
has been increased in them, or new organs are formed, and the
like. Changes of this kind are called progressive . Since inre-
gressive changes, the symptoms of degeneration and necrosis are
involved which should be kept out of our consideration, only pro-
gressive changes are to be treated of in the present chapter. .We
will define Metaplasia as every progressive change of any, cell

'

which is not connected with cell-growth and cell-division .

Since our distinction between regressive and progressive
changes is based upon physiological peculiarities of the cells
concerned and since, further, in judging of the latter we are of-
ten led to conclusions, the drawing of v/hich is made possible by
the anatomical character of the cells and tissues, it is evident

(56) that we will not always be able to decide with certainty whether
a change in the cell body is to be termed progressive or regres-
sive. Besides the undoubtedly progressive changes, our discussion
should also take into consideration those others for which our
present slight knowledge of their cell-li'fo makes no final de-
cision possible.

Metaplasia plays a much more modest role in the abnormal
histology of plants than in the animal or human body. In the
latter metaplasia from varying causes becomes the foundation of
many important, pathological processes, in as much as definite
tissues change their character and are transformed into other
kinds, To be sure such a transition is possible only between
nearly related forms, especially among the different connective
tissues. Nevertheless

J
in metaplasia the original character of

the transformed cells can become entirely unrecognizable, for ex-
ample, if reticulated connective tissue be changed into fatty
tissue. In plants, the number of observed transformations is very
much less than in animal tissue and, moreover, in all cases the
original character of the plant cells changed raetaplastically
remains readily recognizable. The reasons for this are not hard
to find. W^ile in the metaplasia of animal tissues the form of
the cells is capable of very extensive changes, in plant cells
the ffrm remains constantlj?- fixed by the firm cellulose ocverihg
af the individual elements. Change in form is made possible only
by growth, and therefore is not involved in changes of a purely
raetaplaetia character.

Metaplastic changes are produced in the cells of plants es-

pecially by the formation of new cell contents

.

or by changes oi

the membrane .- through growth in thickness.

^ SO far as I know, Virchow introduced the term metaplasia .

.

He states that "persistency of the cells in the changing of the

tissue-character , is characteristic of this process^; Vir chow's

lecture "Ueber Metaplasie" (in s. Arch. f. path. Anat. 1884, Bd.

ynVTI -D. 4-10 ) is also of great interest for non-medical men.



I. CONTENT t)F THE CELL 5'6

The formation of chlorophyll in cells, which normally remali:
free from* chlorophyll , is one of the most frequent ancL most strik-
ine metaplastic changes. The action of light, which, as is we^-1-
known, is indispensihle for most pSants in the formation of chlor-
ophyll, often calls forth a metaplastic greening in organs whieh
under normal conditions would have been kept from the light;
tubers, bulbs, rhizomes and roots of F/^ny plants, as eIso the cot-
yledons of many seedlings, commonly germinating :*n the soil, be-
come green in light. According to the prevailing theory of the
production of chloroplasts we must assume that the colorless chro-
matophores (leucoplasts) present in the cells of underground or-
gans are transformed under the influence of light into carrier-

s

of green coloring matter* In this connection it is worthy of note
that in all underground organs only a moderate degree of green-
coloration is obtainable when they become green metaplastically.
Their shade differs widely from the color of typical assimilatcry
organs, and resembles rather the pale green of many lower or e'de
leaves or the coleoptila of some grasses. Cotyledons of Vioia
and others, removed from the stem of the seedling, become gre6n-
relatively strongly when left in the light. It must be observed
further that not all colorless cells and organs become green
through the action of light; while the roots of Cucarbita, Menyan-
thes,Zea and many others may then become a pale green; the roots
of other plants remain perm&nently colorless, pollen tubes are or-
gans on chlorophyll-bearing plants which have never been changed
to green, and they remain colorless even under the prolonged in- ,

fluenoe of light and cultivation under the most varied conditions .

In these and similar cases, we must for the present leave unset-
tled the question, whether this occurs only because the "right"
combination of conditions has not yet been found which would make
possible the turning green of these organs, or whether they have
lost the ability to form chlorophyll, i. e, , the possession of
leucoplasts capable of development.

Bonnier"^ found thst the tissue of his experimental plants,
which were uninterruptedly exposed to the light of arc-lamps,
turned green even to the pith,- the cells of the medullary rays
and of the medulla, normally colorless, contained chlorophyll.
But whether the appearance of the chloroplasts may be considered

as an effect of the continuous expotiure to ligjit is not demon-

strated with certainty by Bonnier 's investigatflons.

Without doubt other action thajs that of light can induce also

a metaplastic greening. The formation of chlorophyll in hyper-

trophied epidermal cells, which will be considered later, favors

this as well as the "turning green'^ of corollas, anthers and ovules

from the action of parasites, the treatment of which belongs to

the province of pathological ^norpholog-y^.

Ittore exact proof is still needed as to how far an increase

of chlorophy^.! grains can be incited by the action of chemicals,

^~The old statements of- Reissek (Bot, Zeitg., 1844, Bd, II,

p. 505) are based ^ of course, on a confusion of the pollen sacs

with thread-like algae.

^ Infl» de la lumiere electrique continue a. la forme et la

forme d/ pi. Rev, gen, Bot., 1895, T, VII, p. E41.

^ The statements of 0. Ktaiis. (Ueb. kunstl. Chlorophyller- ^

zeugung in leb. Pfl. bei Lichtausschluss. Landwirtsch. Versuchssta

1877, Bd. ZX. p. 415), according tc which etiolated plants can b3

incited to the formation of chlorophyll by methyl alcohol or by

mechanical arrestment of their growth in length, need testing.



especially poisonous ones. According to the investigations of
Rumm and Qjfchers, treatment with Bordeaux mixture causes a deep
green coloration of the plants under experiment. Pethjbridge
makes the same statement for his wheat plants, which were culti-
vated in a solution containing sodium chlorid""".

Just as in the formation of chlorophyll, a metaplastic
change of the cell character can also he produced in tissues nor-
mally colorless, by the development of red pigraemt dissolved in
the cell sap. As mentioned above (p, 38}, the formation of this
red pigment ±s dependent in many plants on the action of light
and of good nutrition, and may therefore be suppressed by the re-
moval of light and of nutritive materials. Conversely, the ques-
tion must now be asked, v/hether the production of i-ed oolorirg
matter can be induced in cells, normally colorless, by the effect
of light on organs which, under normal conditions, are developed
in the dark, or likewise by a surplus of light, or, further, by
an increased supply of nutritive material. In fact the observa-
tions on Galluna vulgari s . Azolla and many others show that es-
pecially Intense lighting causes a red coloration „ -The same is
true of many succulents Topuntia, Sedum and others)^. It has
been proved further that plants transferred from the plains to
high mountains, often develop red coloring matter in the new hab-
itat, -supposedly under the influence of the Alpine abundance of
light . The same red coloration as an effect of intense lighting
is conspicuous in the vegetation of the far North^, Finally or-
gans which under normal conditions are kept from the action of
the light, such as roots and others, are often colored red, if
they are forced to live in the light (roots of Salix", Zea,
Begonia and others).

Further the question must still be asked as to the influ-
ence of the food supply on metaplastic pigment -format ion. Overtoil^
has shown that in plants of the most varied kinds, the formation
of red coloring matter - often indeed extraordinariljr prolific -

takes place if opportunity is given the plants to take up an
abundance of sugqr (grape, invert- or cane-), leaves of Taraxaxum,

^ Compare „for example Rumm: Ueb. d. Wirkung der Kupferpra-
parate bei Bekampfung der sog. Blattfallkrankheit der Weinrebe.
Ber. d. D. Bot, Ges. 1893, Bd. XI, p. 79. Pethybridge, Beitr. z.

Kenntn. d. Einwirkung d. anorg. Salze auf die Entwiekelung and
d. Bau. d. Pfl. Dissertation Gottigen 1899.- Some observations
on the influence of the nucleus on the growth and formation of the

ch:j,orophyll bands in Spirogyra by Gerassimoff, Abhangigkeit d.

Grosse d, Zelle v. d. Menge ihrer Kemmasse. Zeitschr. allg.

Physiol, 1902, Bd. 1, p, 220,

^ Compare Mchl. Vermischte„Schriften, 1845, p. 386, 390;

further Askenasy, Ueb. d. Zerstoriaag d. Chlorophylls lebender Pfl.

durch d. Licht. Bot. Zeitg. , 1875, Bd. XXXIII, p. 497. Pick, Ueb.

d, Bedeutung d, rgten Parbstoffes bei d» Phanerogamen u. die Be-

zieh. ders. z. Starkewanderung. Bot. Cbl., 1883, Bd, XVI, p. 315.

DeVries, Ueb. d. Aggregation im Protoplasma v. Drosera rotundi-

folia. Bot. 2eitg. , 1886, Bd. XLIV, p. 1 and many others.

3 Compare Kerner, Pflanzenleben, 1898, Bd. II.

* Wulff, Th. Bot. Beobacht. aus Spitzber;g|n. Lund I90H.

5 Compare also Schell, Ueb. Pigmentbil^ung in d. Wurzeln

einiger Salix-arten 95. Naturf .-Vers. Kasan. Russisch. (Just s

Jahresber., Bd. V. p. 562).

6 Beob, u. Versuche ub, d. Auftreten v. rotem Zellsaft
T--4 -nj!-! TS^TT,^^!^^!^'?* Jahrb. f. wiss. Bot., 1899, Bd. XXXIII,
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Of many Saxifrages and Crassulaceae etc., if placed in a sugar
solution, color an intense red after a few days.

The red coloration appears very abundantly after injury

-

The edges of wounds on mutilated stems and injured leaves are
often colored very intensely. First of all it remains uncertain,
whether contact with the air, distaj:banoe in the conducting paths
and the consequences of these or some other factor brings about
the reddening. The experiments which I made on leaves of Saxl-
fraga ligulatar are interesting. The fully grown leaves of^ETe
plant, under such life conditions as are offered in conservator-
ies, are q succulent, green, but free from red pigment. Only the
younger leaves of the experimental plants were slightly reddened
on the edge, as also on the underside of the larger veins. -If a
fully grown leaf was out through the mid rib, a red coloration of
the wound took place after a few days,- at times only after one
or two weeks; but only the side of the wound tovmrd the tip of the
leaf became colored, v;hile the opposite side remained u^pigmented.
It is evident that the same conditions, as regards the change of
oxygen supply etc., exist on both edges of the wound, In order

I to explain the one-sided formation of pigment, I would ^ike to re-
turn to the old assumption of the decreased sap flow which causes
an accumulation of the food stuffs above the place of Injury.
The formation of red coloring matter may perhaps be explained as
the result of superabundant nutrition of certain cells, just as
in Overton's experiments. I would also like to propose the same
explanation for the red coloration of wounds in other plants. As
in Saxifraga ligulata . the accumulation of food stuffs is pro-
duc^d by destruction of the conducting paths and the accu^jiulation
of the contents, or, in its turn, represents the result of es-
pecial stimuli, produced after the injury. In Saxifraga ligulata ,

moreover, only the tissue on the veins themselves becomes red,
most intensely so, immediately at the place of injury, but clearly
recognizable even at a distance of 1 to 1-1/2 cm. from the wound .

The formation of pigment which takes place through the ac-
tion of many parasitic organisms;- mostly to be sure in connec-
tion with cell growth and division, may possibly have a similar
explanation. Since it is now known that even in those places a
strong assimilation of proteids and starch often takes place, the
possibility may be considered that here also the formation of pig-
ment is caused by the supplying of food substances. Local redden-
ing and early ripening under the influence of parasites was des-
cribed recently by Kochs^. In the latter instance, the formation
of pigment under the influence of light may also be traceable to
nutritive factors.

Overton goes still further in his attempt to explain uni-
formly the phenomenon of pigment -format ion. As is well known,
a lowering of the temperature accelerates the reddening sf many

^ The same independence of the red coloration on the surplus
of foodstuffs, necessarily produced by destruction of the conduct-
ing paths, may be recognized in wounded or notched branches, whose
leases, according to Linsbauer (Einige Bemerk, uber Anthokyanbil-
dung, Oest. botan. Zeitschr., 1901, Bd. LI, p, 1, therein also ref-
erences to the oldeir literature), turn red above the place of in-
jury, below it, however, remaining normally green. This distinc-
tion may be explained just as the one observed on Saxifrage leaves.
Linsbauer explains the reddening ver^ generally by the distrubances
in the transference of material and explains in this way also
T)verton's results, "Production and transference of material stand
in an entirely unusual misproportion to one another (Linsbauer)".
The dissimilarity in the proportion of neighboring parts of branch-
es and pieces of leaves above and below the normal spot is natur-
ally not explained by this.

. . -. rilTicr a tJrtVi-iT^Tofioo ati-P A T3-fl nn >r cm crow
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plants, Overton calls attention to the fact that lov/ tempera-
tures ma^ possibly effect an increased concentration of the sugar
contained In the cell.

In concl-usion, the metaplastic formations of coloring mat-
ter In the so-called graft-hybrids must be considered. Linde-"
muth , in his grafting experiments with various potato species,
grafted above ground the pale green shoot of the "calico" variety
with the violet shoot of the "Zebra", After 14 days the grafted
axillary paifet below the place of coalescence had reddened active-
ly, It is wholly improbable that the reddening of the under part
was prodticed by the downward conduction of the pigment; it has
not yet been o^&erved, that red pigment can wander from cell to

(60) cell. Also nothing '^ known of the esxstence of any ohromogenio
or leuco-oonnection, to which this ability to wander could be due.
We would dare speak of a gyaft-hybrid, only if it had been made
probable that the cells of the stock had been incited^ by the
cells of the engrafted scion, to the formation of materiel other-
wise foreign to them. In my opinion it is, hov/ever, very much
more probable that the injury, perhaps in connection with some
factors effective at the time of coalescence, led to the forma-
tion of the red pigment^* in the described phenomena on red
coloration I can discover no proof of any gra,ft-hybrid nature of
the potato plants described.

Further study of the conditions under which the developmemt
of the red pigment ©f the cell sap occurs is greatly desired and
promises most interesting disclosures. It is still undecided
whether all the phenomena of abnormal red coloration maybe fally
explained by the relation to nutrition discovered by Overton.
I call attention to Molisch's^ observations, according to which
young plants of Barilla nankinensis and Iresine Linden! were
colored more strongly in a nutrient solution free from nitrogen,
than in cultures in spring water. Overton also made similar ob-

servations.

We may conclude briefly our views in regard to the cell con-

tents, which besides the chloroplasts, takes part in metaplastic
changes. We have spoken already of the enrichmait of many cells
with albumen and starch under the influence of parasitic fungi
or animals. Most remarkable are the accumulations of starch
wEiiet Hobba observed repeatedly in his experimental plants ( Poly-

gonum fagopyrum ) when unsuitably nourished, Nobbe* saw"a suffo-
caTing surplus of starch grains" accumulating in the parenchyma
cells of leaves of plants which were insufficiently provided with
chlorin. Nutrition with unfavorable potassium salts (saltpeter,

^ Vegetative Bastarderzeugung durch Irapfung. landwirtsch.
Jahrb., 1878, Bd. VII, p. 887.

^ Compare also the negative results of Laurent, Wouv, rech,
s. la greffe de la pomme de terre, C. R. Soc. Roy. Bot. Belgique,
1900, T, XXXI2, p. 85.

^ Blattgrun u. Blumenblau. Schr. Ver. z. Verbreitung natur-
wiss. Kenntn, , Wien, 1889-90, Bd, XZX. Further it should fee test-
ed whether energetic ventilation of a tissue is also influential
in the formation of red coloring matter. Kienhaus (Zur Bildung
blauer u. violetter Parbstoffe in Pflanzenteilen, Schweiz, Wochen-
schr. f. Chemie u, Pharm., 1895, Kr, 1) states that in the unripe
fruit of SolanTjtm nigrum the pigment formation developed first in
the places of injury and near the stomata .

^ Ueber d. physiol. Punktion des Chlors in d. Pfl. Land-
wirtsch. Versuchsstat., Bd. VII, 1865, p, 371.
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potassium sulphid, potassium phosphid) carried with it the same
phenomena^ of disease, in leaves and internodes an abnormal in-
crease of the starch content made itself felt, at least tempor-
arily^, Nobba observed similar phenomena in buckwheat plants,

(61) which had been robbed of their blossoms^. Schimper obtained
the same acottoulation of starch In leaves of Trade scantiaSelloi ,

cultivated in nutrient solutions free from calcium. In all
these and similar cases the cells are clearly unable even to
develop the diastatic ferments necessary for the solution of
starch.

Similar ohangesr in the cell character will possibly be
produced also by abnormal deposits of crystals } however, oases
of this kind are as yet unknown to us.

2. CEIL MEMBRAHE

Metaplasia of the cells csn be produced by changes in the
cell wall, only in so far as the membrane influences the quali-
ties of the cell by abnormal growth in thickness or by changes
of Its chemical character.

In the case of growth in thickness of the membrane , two kinds
of thickenings should be distinguished: either the protoplasmic
membrane forms characteristic thickenings of the wall by the reg-
ular formation and distribution of bordered pits, or an irregular
deposit of cellulose is laid down here and there on the normal
cell membrane, sometimes abundantly, sometimes sparsely, causing
the production of massive lumps, or of delicate protuberances,
or the like. In metaplastic changes of cell character, wall
thickenings of the first kind are very rare; as yet, I know of
them only in one single plant family. The second kind of cellu-
lose deposit, which never makes any regular recognizable distri-
bution of the newly produced material and is distinguished by an
absence of bordered pits , occurs more abundantly- To be sure
there exists one case in which it cannot be decided definitely
whether a degenerative process is present or not,.

Regular wall-thickenings and also the foi-mation oj bordered
pitt? were observed by v. Bretfeld in different orchids , ^'Jo^e

leaves were scarred, after injury, by the formation of "netted

duct" cells. la leaves of Cvmbidlum alcifolium, C. ensifolium,

Laelia ancei
graminifolia , lyiaxiiiaria paiiiaiiiora ana m. <^iiiaoj--L^^^^, -

'^layer consisting of one or more cell-layers" is conspicuous be-

low the destroyed cells and is distinguished from common mesophyll

by a massive thickening of the cell walls. These are not thicken-

ed uniformly, but contain spores of different sizes, delicately

circumscribed, which taken together give the appearance of retic-

ulafed walls. The same loells occur in the orchid leaf near the

vascular bundle. During the thickening of the cell walls, the

cytoplasmic contents of the cell, - the chlorophyll and starch

^ Hobbe^ Schroder and Erdmann. Ueb. d, organische I-^istung

des K. In d. Pfl. Landw. Versuchsstat. , Bd. XIII, p. 321, 386 tt.

Compare besides Prank and Sorauer (quoted p. 91, Note 5).

^ Kobbe. Landwirtsch, Versuchsstat., 1865, Bd. VII, p. 385

and Bd. ZIII, p. 390.
II

3 Zur Frage d. Assimilation d. Mineralsalze durch d, grune

Pfl. Flera, 1889, Bd. IXXIII, p« 20V.

4 Ueb. Vernarbung und Blattfall. Pringsheim's Jahrb. f.

wiss. Bot., 1879, Bd, XII, p. 133.
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grains^- disappear and the nucleus breaks dovm. Later we will
again refer to the "tendency" of orchids toT/ard the formation
of netted duct cells. (Chap. IV. 4).

Cellulose deposits without any regular arrangement and
without bordered pits occur in very different plants rnd after
very different kinds of disturbances,

(62) These cellulose deposits form an especial group, and are
produced by the penetration of foreign bodies into the living
cell. The form of the newly-produced cellulose masses is then
determined not by the quality of the cells forming the cellu-
lose, but by the form of the foreign body. As is well knorm,
the crystals of calcium oxalate within the cells are often sur-
rounded by a cellulose mantle, which coalesces in one or more
places with the wall of the cell containing it, (Rosanoff's
crystals). Other paraplasmatic cell enclosures are also sur-
rounded at times with a cellulose covering, such as the oil
drops in the cells of the Piperaceae, Ajpistolochiaceae, Laura-
ceae. Similar cellulose formation is Incited in abnormal cases
when fungus hyphae penetrate into the protoplast. First of all
a cellulose button forms at the place of infection. Later a
sheath is produced around the penetrating hypha, and passes
through the whole cell as a tube, when the hypha has traversed
the cell*'-. W. Magnus saw Inside the cells of Neottia Nidus
avis, attacked hy the fungus, clumps composed of fungus ancL cy-
toplasmic fragments changing Into cellulose .

The cellulose sheaths of cells infected by fungi here des-
cribed should not be confused vi^ith the coverings which clothe
the sting canal of various plant lice throughout the lumina oif

the cells and the intercellular spaces. Their mention may )»
a propos here, since they were considered earlier to be path-
ological cellulose structures. Millardet designated them as
"bourrelets de^^ cellulose", and Prillieux^ made the same mistake.
According to Busgen's thorough investigations, no product of
plant cells is involved in the sheath-like structures, but an
excretion of the parasite, which hardens after the withdrawal
of the sting from the bundle of bristles, surrounds it as a
firm tube and acts as s protection . The sheath substances
gives distinct protein reactions,

^ Besides DeBary, Pilze, p. 422 and Brefeld, Brandpilze,
compare also Weber, Ueb. d, Pilz der Wurzelanschwellungen von
Junous bufonius. Bot. Zeitg. , 1884, Bd. ZLII, p. 369; Smith;
The Haustoria of the Erysipheae, Bot, Gaz. ,1900, Vol. XXIZ,
p. 153; Jeffrey, The gametophyte of Borychium virginianum,
Univ. of Toronto Studies, Ur, 1, 1898, and many others.
(Jeffrey states that a sheath of cellulose is formed onj-y in
case of the permeation of the cutinized walls in the interior
of the cell). Compare also the statements in W. Magnus.
(Kext note).

Studien an d, Mycorrhiz^i f, Heottia IIi4»^ avijs. Prings-
heifli's Jahrb. f, wiss. Bot., 1900, Bd. ZZXV^ p. 205,

It
I^ Mi;Lla3j'det . Hist, d', princip, var. et especee de vignes

d' origin© americ. qpiir^ si stent au Phylloxera, Pa^is, Bordeaux.
Milan, 1885, p. VIII (quot?ed from Busgen, see nejKt note).
PirLllieux, Etudes d. alterations prod, d, le bois du pommier
etc. Ann. Inst. nat. agrb$. , 1877-1879, i:, II, -p. 39.

'* Busgen, Der Honigtau, biol. Unliers. uj>. Pfl. und
Pflanzenlause . Jepa 1890*
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In«-ot,her cases grov/th-arresting factors are involved, es-
pecially any kind of disturbances ih nutrition by which a local
growth in thickness of the cell merabrane is caused.

Klebs-L observed in various algae very active thickening in
the restitution membrane of plasmolysed cells fOoropare above
p. 14). Either a uniformly thickened and distinctly striated

(63) membrane is formed all around the contracting protoplasts, or
the cellulose is deposited In excess at certain places. Here
and there knobbed and oone-lrlke protuberances are formed, which
project into the lumen. But it is Impossible to observe that
the specific differentiation of the plant cellf? here influenced
the shape of the net? cellulose formations, T'teTe sften appear
in cells of the same kind, elliptical or conlrjaX masses of cel-
lulosg, or masses deposited regularly on all sides of the
cells . We observed the same thing In distixrbances of nutri-
tion, or under the influence of factors arresting growth in the
roothairs, rhizoids (compare fig, IS), pollen tubes, Siphoneae,
and other algae. Large oellulbse masses are produced sometimes
sphero-crystalloid in form, sometimes delicately "coralloid"
cones,, or small branched beams, which traverse the lumen of the
cell diagonally (IJoll), but layers thickened with bordered
pits are never found among them.

Heavy wall thickenings resembling collenchjmia occur, ac-
cording to Wortmann^, in the epicotyl, epidermis and bark of
PhafeeoluS and other plants, if they are forcibly hindered in
carrjring out their reaction curvatures. The thickenings occur
on that side of the axis in which the cells have prepared for
the reaction curvatures by an abundant accumulation of proto-
plasm.

According to the statements of several authors, heavy
wall thickenings appear in the fundamental tissue, as in the

(64) vascular bundles of plants cultivated in nutrient soliitions of

Beitr. z. Phys. d, Pflanzenzelle , Tubinger tJnters.,
M. II, Heft 3 (1888), p. 489.

„ * Compare Schaarschmidt, Zellhautverdickungen u. Cellulin-
korner bei Vaucherien and Charen, Bot. Cbl,, 1885, Bd. XXII,
p. 1. Further statements are to be found, for instance in
Stahl, Ueb. den Ruhezustand der Vaucheria geminata* Botan. Zeitg.

,

1879, Bi. XXXVXI, p. 129; Heinricher, Z. Kenntn. d. Algengattung
Sphaeroplea, Ber. d. D. Bot. Ges., 1883, Bd. I, p. 433; Noll,
Experim. Unters. ttb, d. Wachstum d, Zellmembran. Abhandl. Senck-
enberg. Haturf. Ges., 1883, Bd. XV, p. 101, Zacharias, Ueb. Ent-
sleh, u. Wachstum d. Zellhaut. Ber. D. D. Bot. Ges., 1888, Bd.

VJ, p, LXIII. Haberlandt, Eeb. Einkapselung d. Protopl. m.

Rucksicht auf d. Punkt. d. Zellkerns. Sitzungsber. Akad^ Wiss.
Wien, 1889, Bd. XCVIII Abt. 1, p. 190. Tomaschek, Ueb, d. Ver-
dickungsschichten an kunstl. hertjorgeruf , Pollenschlauchen v.

Colohicum autumn. Botan. Cbl., 1889, Bd. XXXIX, p, 1. Raciborski,
Ueb. d. Einfl. Suss, Bedingungen auf die Wachstumsweise des Bas-
idiobolus ranarum. Flora, 1896, Bd. LXXXII, p. 113* Sokolowa,
Ueb, d. Wachstum d. Wurzelh. u. Rhizoiden. Bull. Soo. Imp. Nat.

Moscou, 1897, p. 167, Llimmerraavr, Ueb. eigentumlich ausgebil-
dete innere Vorsprungsbildurtgen in d. Rhizoiden v. Marchantieen.
Oesterr. Bot. Ztschr., 1898, Bd. L, p. 321 and many others.

^ Zur Kenntnis der Reizbewegungen. :^otan, Ztg, 1887, Bd,

XXXXV, p, 785, Elving; Zur Kenntn, d. Krummungsercheinungen d,

Pfl. Ofversight Finska Vet. Soc, Fotrh, 1888, Bd. XXX.
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two vtreak*conc.entration or of unsuitable composition .

The above mentioned process of growtli in thickness can be
corabined also with changes in growth of the whole cell., That
is true of the netted--d^^ct thickenings first named, as well as
of the irregular cellulose accumu^-ations free from bordered
pits, \7e will have to return therefore in the next chapter to
similar structures.

Changes in the ehemical composition of . the membrane as
well as pathological changes of the cells, micro -chemically
demimstrable, do not belong to our suhject. Besides it is not
improbable, that, just as in the formation of abnormal _ eel lu-._

lose deposits, processes of a degenerative nature are involved

in the production of foreign matters, which impregnate the cell-

ulose covering and change thereby the chemical character of the

cell wall-. In any case the death of the cell often follows.
Some few notes on suberization and lignification suffice here..

In the case of rhizomes and petiole of some ferns,, a
Vrowning of the cell-wall follov7S an injury, which makes ItsaXf
evident first in the middle cells, then also in the other lay-
ers of the cell' wall. Retiention in water appears, in higher

^

plants, to cause the sTiberization of the superficial tissues ,,

According to Tittman"^ the exposed cross walls of the cut hyphae
of Cladojihora glomerata , develop a cuticle.

I. observed lignification of the cell walls without notice-
able grov;th in thickness in the leaves of Juglans under the in-

fluence of colonies of Lachnus Juglandis . The 16af lice stayed
on the upper side of the leaves, in fact on the mid rib, and
brought the tissue lying over the rib to lignification. Simi-
lar effects might also he caused by other parasites which do

n«it.. form galls

,

^ Compare for instance, Dassonville, Jnfl^.des sels miner-
aux sur la forme et la struct-^ des veg. Rev. gen..de Bot. 1896,

T. VIII, p. 284; Pethybridge, loc. , cit . Further, Stange ,
Be-

zieh. zwisoh. Substratconcentration.. Turgor u. WachstTim bei

einigen phanerog, Pfl. Botan. , Ztg. 1^92, Bel. L, -• 365.

^ According to Costantin, Etude comt). d. . tiges aerienhes et

souterraines des Moot. Ann. So. Hat;, .Bot ,, .1883, 6™^ s^r.,_T.

ZVI, p. 4; also Rech, s. la struct; de la tige d. pi* aquatiques,

Ibid, 1884, 6^6 ser., T, XIX, p. 287. Sapvageau observed th&t
in aquatic plants Potamoge ton and others, the cells lining the

air passage turned to cork after the intercellular space,s had

been filled with water. ^ fSux les feuilles de quelqu. monocotyl^d,

aquatiques. Th^se, Paris 1891, p. 181). According to Thomas. J.

(Anat. comp. et exper. d. feuilles souterraines. Rev. gen. de

Bot., 1900, T. XII, p. 394) the cuticle of the under side of the

leaf is more conspicuous in the cultivation of shoots bearing^

leaves under the surface of the ground than under normal condi-

tions,, •

;.@x..

^ Beob. uhA Bildung u. Regeneration d. Periderms, d.

Epidermis, d. #fhsuberzuges . etc. Pringsheim^s Jahrb. f. wiss

.

Bot., 1897, Bd^ XXX^ p. 116.

^ Kochs /loc. eid.) observed lignification (metaplasia) in'

twigs infected by Asterodiaspis quercicQla; ( Coccus Quercus )

.

Part of the ^ark cells grovif~^6atiy in; a tadial direction and

lignify later - others turn to wood^ without any previous elon-

gation.
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CHAPTER IV.

(65) HYPERTROPHY.

We uncLerstancL by the term Hypertrophy , an abnormal pro-
cess o£ growth, which, with an exMusion of cell-division,
leads to the formation of abnormally ?_arge cells « "Hyper-
trophy'^ to my mind", says Mrchow-L, "v/ould be the case where
single elements take up 'a considerable amount of material

-

thereby becoming larger, and also where, by the simultan-
eous enlargement of many elements, a vifhole organ finally
becomes distended." In the following description cases will
also come under discussion, on the one hand, where only
single cells hypertrophy, on the other hand, those in which
all the elements of extensive cell groups enlarge and there-
by bring about an hypertrophy of the tissue. The absorption
of material mentioned by Virchow, has been left out of the
question purposely in our definition. While in animal cells
in an overwhelming majority of cases, cell gro\7th is assoc-
iated \7ith an increase of the living cytoplasmic contents,
and usually is identical with it, in plant cells, the ab-
sorption of v/ater,- united with stirface grov'th of the cellu-
lose wall plays a prominent role as a phenomenon of growth.
Since it is difficult to decide in many cases, whether the
grov/th of the cells is associated with an abnormal ab-
sorption of material or not, we \7ill designate as hyper-
trophy only' the abnormal increase in volume of the cells ,-

no matter if "over-nourishment' of the cells concerned pre-
cedes the abnormal growth, or only an abundant absorption
of water.

It is evident that, by the word "hypertrophy", a process

is to be designated. Nevertheless, v;e will take the liberty

follov/ing the usuage of pathologists of- calling hypertro-
phies, the abnormally enlarged cells themselves and the

tissues altered by the cell grovfth. The same word may serve

to denote the process of growth and its tangible products.

As "hsrpertrophy in a wider sense of the word," many
pathologists designate also the growth in amount duetto an

(65) increased nmaber of the single elements. "^^ I prefer oo di-

vide them more strictly and to designate all changes as

hyi^erplasia. (Compare Chapter Y) v/hich are allied T/xth pro-

cesses of division.

In the anatomical investigation of hrpertrophies in

the plant world, different ontogenstic and histologxcal

1. Cellularpathologie , 1853, p. 58.

2. Compare for instance, Ziegler. Allgem. Pathologie,

10, Augl,, 1901, p. 274.
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points of view will have to be taken into account.

In regard to the cell-material from v-hich the hyper-
trophied elements are derived various cases are conceivable:
cells of the most varied kinds, belonging to the most var-

'

ied tissue forms, epidermis, bark, mesophyll, vascular
bundle cells, etc, furnish hypertrophies, in short, all
cells which are still alive and whose membrances are still
capable of growth, can hypertrophy: as is well-laiown, lig-
nigied membranes achieve no further surface growth.

Various possibilities are- conceivable also in the pro-
duction of abnormally large elements, just aS before in the
discussion of abnormally small cells ;-

a. Either the hypertrophied cells are derived
from meristematic elements Tvhich, under normal con-
ditions, would have divided further, in which case
hypertrophies are indeed produced by a continued
gro?/th of the cells, but with no further division,
or only a tardy division takes place of such kind
that larger daughter cells arise than under normal
conditions:

b. Or cells are involved which continue longer
or more intensively than under normal conditions the
growth in length which follows the last division.

c. Or cells of a permanent tissue are concerned,
which have previously ended their normal growths and
are excited to a subsequent increase by certain
external factors.

It is not always easy to decide in detail to which of
the growups here named the different kinds of hypertrophies
belong. The qualities of the abnormally large cells them-
selves never throw light upon the kind of tissue-elements,
to which they may be graced back ontegenetioally. In the
over-whelming majority of cases, those mentioned second are
involved. Obviously, the most important difference between
the two modes is that the participating growth is abnormal
only in the second case; in cases of the first kind, the
febnormality lies alone in the omission of cell-division.
Since we have already characterized hjrp^rtrophy as an "ab-

normal process of growth" , it follows that strictly speak-
ing v/e are not concerned in these with hypertrophies,- that

therefore abnormally large cells can also be produced other-

wise than by hypertrophy, nevertheless, on account _ of the

external, correspondence with products ox hsrpertrophical
growth, examples of the first named mode of development must

be discussed in the present chapter.

We will now fix our attention upon the process of growth.

The coefficient of increase is either equally large in all

directions, or some special direction of grov^rth may be re-

cognized. In the first case, the old proportions of the

(67) cell changed hypertrophically will remain; the hypertrophied
cell will Show an enlarged picture of the normal so far as

its form is regarded. In the second case, the proportions
will be changed in some v/ay, and a formal change in value
must appear; for instance, a sac-like cell will come from a
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round one and the like. The cases in which the cells make
atnoimal grov;th only in one direction are extraordinarily
frequent • In this connection it should be noted further

that in many cases of hypertrophy, the cell memhrane will
not he capable of abnormal growth in all its parts but
only oh cei^t^in sides and in limited regions. In the epi>-
dermal cells ^ for example, in many cases only the outer
wall makes any perceptible surface growth:- the form and
size of the original epidermal cell remaining permanently
recognizable, The added grov?th as ?;ell as the hypertrophied
cells, as a v^rhole^ are independent^ in their shape of the
normal form of the original cell, and entirely different
from it. (Compare fig, 45). Further:- cell^ which are
enclosed on all sides by tissue, and indeed by tissue, in-
capable of growth, havd at their disposal only a limited
space for their hypertrophic increase in volume, and only
a narrowly limited region of their membrane ean participate
in the surface growth. Thus this added growth appears often
as an independent appendage of the mother body of the cell,
whereby there results, as a matter of course, a complete
change in the form of the hypertrophied cell.

Buring, or after the increase in volume, the contents
of the cells and the structure of their walls usually under-
go other and various changes. The cases are relatively
rare in which such changes are entirely omitted and the an-
atomical character of the cell remains the same. There is
usually a revaluation of the cell character: either regres-
sive changes result, the cytoplasm is used up, the cell
contents degenerate or are dissolved,- or progressive chang-
es take place, which give the cells new anatomical char-
acteristics and functions; the cells store up proteins,
starches and fats, or they develop chlorophyll and red col-
oring matter in the vacuoles, or their walls are thickened
characteristically. In hypertrophies of the first kind,
which we will designate as kataplastic hypertrophies, the
anatomical state does not lead us to believe that the ab-
normal grov/th is produced by an increased supply Sf food
stuffs, i.e., by "over-nutrition". On the contrary, the
processes described make it often probable, that the cells
are dependent on thejr own contents for nutritive material
folr the hsnpertrophic gror/th, thus exhausting it and there -

by preparing their own destruction. In cases of the second
kind, a combination, so to speak, of hypertrophy and meta**
plasia exists, we will speak of pros oplastic hypertrophy .

In these cases, the abnormal growth often is apparently
accompanied by an afeundant supply of nutritive material,
if not caused by "over-nutrition". Indeed in them an in-
crease of the most important coll-^organs is p6esible; be-
sides the enrichment in cytoplasm there may be prCved at
times, an increase of the nuclei. Such multi-nucleated
cells serve as transition'-forms betv/een hypertrophies and
those abnormal structures, by v/hich division bi the cells
usually follows upon cell growth, that is hyperplasies.

I choose the designation "kataplastio hyper tro-
phy" for abnormal increase in volime of the cells
connected with degenerative atrophy of their living
contents with reference to the teitaninology pro-
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posed la^ Beiieke . • Beneke designated the functional "de-
cline of the cell" - in my opinion very fittingly - as
"kataplasia" . Since, in out case, the unmistakable decline
is associatiated v;ith increase in cell volume, it is very
n9,tural to speak of kataplastic hypertrophy.

Evidently the abnormal processes of growth
here in question are not unlike those v/hich
Bmxsr has designated as processes of" purely
dimensional grovrth" *- This iS not dependent on
assimilation, hut predominantly , on the deposition
of the original substance already on hand, while
"gro\7th in amount" is produced by increase of
the specifically composed organic substance.
In plant cells, in the last phase of their nor-
mal development, the "dimensional grov;th" plays
evidently (compare Roux) a prominent part. The
Increase in amount of the cells is not caused
by increase of their organic substance, but by
the enlargement of their vaeuoles. Also, in the
cases of abnormal increase in size, designated
by us as Eataplastic, a "dimensional growth" is
involved, of which the products, however, are
here especially characterized by the atrophy
and destruction of the cell- contents,

To be sure the etiology of hypertrophies has not been
cleared up for all cases. But for the majority (fehe active
ixtfernal factors have already been ascertained. Hyper-
trophies arise in gall-formations as reactions to chemical
stimuli, further as a resu3it of exoess of water, after in-
jury and So- forth. More details will be added in the dis-
cussion of the individual cases.

In a uniform consideration of life history, histology
and etiology, the f ollovi^ing division of material is advis-
able,

1, Most simple, cases; ie., those cases in which mer-
istematic cells (capable of division) grow
out to an unusual size, after the omission of

normal cell divisions.

E, Tissues of etiolated plants which, as a result
of lack of light, in moist air, etc., have
developed abnormally long internodes, leaf
stems, etc.

3. Hyperhydric cells and tissues, i.e., those pro-
duced by an excess of water.

4, Calluhypertrophies

.

i.e., those arising from in-

juries.

^» tyloses , ie. , hypertrophies by which only a nar-
rowly limited part of the cell wall is incited
to growth, filling out hollow places already
formed in the plant body.

6. Gallrhypertrophies . i.e., those produced by the
poison of the vegetable or animal parasites.
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Aa appendix, we will udd to these the discussion
of hypertrophied funpus-hyphae , root-hairs
and other cells with apical-Growth. '

7, Multimiclear giant cells, which furnish the
transition to hyperplasias, in the detailed
discussion, it will he shown, that those groups
also are histologically well characterized for
which, in the present survey, only etiological
and ontogenetic characteristics have been cited.

1. SILIPLEST CASES

l^e will summarize as the "simplest cases" those in which
sDaorinally large cells are derived from elements of the nor-
mal plant body which are capable of growth and division.

If, for example, the apical cell of an alga continues
Its growth, but all division is omitted, under the influence
of abnormal life conditions, then abnormally large cells
arise. We have already answered the obvious question, wheth-
er these are to be addded to the hypertrophies, or, perhaps
better, are to be designated as arrested developments, since
the groT/th which led to their formatjon is throoughly "nor-
mal" as such and the product is essentially characterized as
abnormal only by the omission of the process of division.

IHhe external factors, v;hose actions bx'ing about the
production of abnormally large apical cells, may vary. Eny^
observed that under the influence of parasites ( Chytridium
sphacellarum ) the apical cells of the side branches oi
CXadosteph^is spongiosus discontinue their division, but con-
tinue llieirgrovrUh and thus swell out slub-shaped at the up-
per end. Uo changes v/hatever are recognizable in the cell
contents. Similar phenomena of growth occur in Sphacelaria
tribuloides. '^

Padina Pavonia furnishes a further example. Specimens
of the dorso-ventral algae, inverted so that they are ex-
posed to the light on their morpholngical under-side, uncoil
their spiral eage and the cells of the apical region swell
out into bladder-like forms .^

The same changes observed on apical cells and in the
cells of the apical region can occur also in other cells
capable of growth and division. Our thir.-d example should
also illustrate at the same time the case in v/hich, under
abnormal life-conditions, only the division of the protoplast
and the formation of the croHs-wall is omitted, while the

!• Sntwickelung einer Chytridiee aus der Untergattung
Olpidlum Sitzungsber. Uaturf. Fr. Berlin, 1871, p, 93.

2. !l?he vesicular cells of Antithainnion are not of para-
sitic origin but are normal forms. Compare Uestler Die Blasen-
aellen v. Antithamnion plumula u.s.f . Wiss. Meeresunters.

,

U. F., 1898, Bd. III.

3» Bitter, Anat.u. Phyfi, v* Padina Pavonia. Ber.d.D.Bot.
Ges., 1899, Bd, ZVII,p. 2S5,»
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division of the nuclei takes its normal oours^^, so that it
leades to the formation of multinuclear , abnormally
large cells.

("^0) Mgelil found a cell with tv;o nuclei in a filament
°^ Spirogyra orthospira '^ay'S-piralisj^ it was tv^ice as long
as the normal cell. Recently v. Wissenlingh^, who "brought
half spoiled cultures of Spirof^-yra triformis to renewed
luxuriant development, observed multinuclear cells in all
the filaments of the new cultures, (Compare fig. 14,)
The formation of cross-walls was dither suppressed entire-
ly, or only incomplete, rigg-like walls, or V7c,lls formed
only on one side v/ere produced, (Pig. 14, below,) The
cells contained S, 3, 4, and 8 nuclei. In the multinuclear
cells V, Msselingh measured an average length of 397 B u.
in the largest among them 450 and 455 u, "Yet this length
is comparatively small. It is less than three times the
medium length of the uninuclear cells". It is not pos-
sible fq state in detail what conditions were decisive
for the production of the abnormally large cells in v. Wis-
selingh's experiments.

Gerassimoff obtained results similar to those of v.
Wisselingh in the use of lower temperatures and by. treat-
ment with poisons (Chloral hydrate, ether, chloroform).
The variation from the normal consisted in the fact that
a cell with no nucleus and one with two nuclei were pro-
-duoed from an uni«-nuclear cell by-division, or the new
cross-wall remained incomplete and divised the cell into
the two communicated^ chambers,

The production of the multinuclear spirogyra cells
corresponds in all essential points with the formation of

the "long rods", which Hansen has described for Bacterium
Pasteurianum^ g On double beer in a temperature of five de-

grees to perhaps 34 degrees C, the bacteriiim appears in
its "normal"form : there develop short rods, 2 u« long,
1 u. wide, united in chains. If the culture of the short

1. Pfianzenphys. Unters., 1885, Heft. I, p. 43,

2. Ueber mehrkernige Spirogyrazellen, Flora, 1900,

Bd., LXXXVII, p. 378.

3. Gerassimoff. Ueber di^ kernlosen 2ellen bei einigen

Konjugaten. Lull. Soc. Imp. Hatur. Moscou,1892,p.l40,Ueb. ein

Verfahren,kernlose Zellen zu erhalten(Zur phys.d.Zelle) .Ibid.

1896,. Further statements also concerning multinuclear cells

and cells v;ithout nuclei in de Bary (Konjugaten 1858 ,p. 2) and

Strasburger (Zellbiiding und Zellteilung,3 ,Aufl.l880,p.l84.)

4. Rech.s.l.bacteries acetifantes,Travaux du labor, do

Carlsberg,1894, Vol. III.
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rods is continued on a fresh nutritive substratum at 40 de-
^^v®^ i*' *^® single cells grow out into long rods. Inother i!fords, the growth is continued, hut the divisions talring
place under normal conditions are suppressed and "long roo£>''

/«tn ^If ^^^i'^1?^ ^^^^^ °^^ hecome as long as 40 u. (Compare fi-.
(71) 15). !Ef the culture of long rods is again subjected to a

"'

temperature of 34 degrees C. the previously "arrested" seg-
mentation is retrieved, the long cells divide into a large
number of short rods:- the "normal" cell-form from which we
started is again formed. It T^rould be of great irterest to
learn more of the fate of probable cell-nuclei in the de-
scribed processes of growth and division. We will speak
later of different changes of the s^me bacterium under sim-
ilar cultural conditions.

Future experiments will have to determine whether pos-
sibly the cells of the primary meristem also may be able to
grow out of similar abnormally large elements. As yet not
a case of the kind is known to me.

Blazek, who studied the" influence ox Benaol fumes on
cell-division" in the root tips of Pisum vativum .

proved-*- that, under abnormal conditions, the nuclei
divide repeatedly while the division v/alls often are
not formed, so that multi-nuclear cells are produced.
If the roots are kept in a normal atmosphere, a re-
duction of the multinuclear cells becomes noticeable,
even after only two and one-half hours. According to
Blazek the nuclei of the cells unite with one another

('72) and the cells return to the uni-nuclear normal con-
dition by "karyogamy". Confirmation of this seems to
me most desirable,

To a certain extent, those multinuclear blast omeres,
the production of vtiich in "bhe eggs of echinoderms has
been studied by several experimenters, resemble the
multi-nuclear plant cells here described. I refer
especially to the contributions of J. Loeb.2 By the
action of mechanical pressure, under the influence
of osmotic disturbances (treatment v/ith sea-water of
abnormally high or low salt content) or "oy artificial
warming of the eggs, segmentation is omitted while
the nuclear division takes jts normal course. Under
special circumstances, segmentation can take place
later.

£, TISSUES OF ETIOLATED PLAITTS o

Plants which are cultivated in the absence of light are
knovm to make a "false grovrch". Falsely grovm or etiaiated
plants are usually characterized by the slight development of
their leaf-blades, and by the excessi've lengthening of their
internodes and petioles,
"""•"—————""— ~— " — — •--•-—— ~~———— ———--———— '— — —^.-—— — ——__——— _ ,^

1. Abhandl. bohn, Akad. , 1902, Bd. Xi, Ur. 17, Review by
Uemec in the Bot. Cbl., 1902, Bd. XC, p. 548.

2. Ueber Kernteilung ohne Seliteilung. Arch. f. Entwickel-
ungsmechanik, 1896, Bd, II.
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Tlje slight differentiation of tissues of etiolated plants
has been discussed above; their abnormally elongated organs
give rise to new questions.

We have spoken already of Amelung^s statements concern-
ing "medium cell sizBs", Since it v/as determined that organs
abnormally undeveloped in size are composed, in part at
least, of abnormally small cells, the supposition is obvious
that abnormally large organs are composed of especially large
cells. We will test this question on the elongated internodes
of etiolated plants.

Highly elongated internodes, petioles, etc., consist
-often if not always «- of a greater number of cells than
corresponding normal organs. This kind of increase of the
cell-number is, hovrever, in itself of no consequence for our
consideration, since cell increase alone does not necessitate
any change in structural form, (Compa Te Chapter V.) Of more
importance to us is the fact, that the abnormally elongated
internodes are composed of larger, longer cells, than the in-
ternodes of specimens of a normal growth. G3iough the abnor-
mal size of the cells, the structural form shown in longitud-
inal sections, becomes essentially different from the normal.
In measurements of etiolated peduncles of I'ulipa Gesneriana ,

I found the cells of the ground tissue from a third to indeed
a half longer than in the normal ones; in especially highly
elongated peduncles tha cells actually became on the average
almost twice as long as under normal conditions. I found the
same proportions in the elongated organs of other etiolated
plants,+

(73) Of course the same is true also of plants which make an
abnormal growth in moist places. According to measurements
by Stapf^ , who cultivated potato plants under different con-
ditions , the length of the pedunelais epidermal cells in the
forms making an abnormal growth (cellar gorms) and in normal
examples bore a proportion of 217 : 117 , the diameter had in-
creased only a little. 3?he guard cells too became larger,
they twist more and more strongly ajid at times continue their
growth so far that their ends touch (compare fig. 16), and the
stoma now has two separate openings. According to Brenner^,
in normal examples of S edum dandroideum . in cross«-sections of
the leaf , the dimensions of the epidermial cells bear the
proportion of 18 ; 8, in specimens making an abnormal growth,
of 27 : 12: on the surface section of 11 :4.5 and 13 :7.5 re-
spectively, etc. In Crassula partulacea . Mesembryanthemum

1, Compare also Koch, Abnorme Abanderungen wachsender Pflan-
zenofgane durch Beschattung. Berlin 1873 (Bot, Jahresber.,
1875, Bd. I, p. 283) and others.

2, Beitr. z. Kenntn. d. Einfl. geanderter Vegetationsbeding-
tmgen aul die Formbildung d. Pflanzenorgane u, s. w. Verh.
Zool.- Bot, Ges. Wien, 1878, Bd. XXVIII, p. S31.

3, Unters. an einigen P6ttpfl. Flora, 1900, Bd. LXXXVII,
p. 387. Compare also Kohl, Transpiration d. Pfl. u, ihre
Einwirkung auf d. Ausbildung Pflanzl. Gew. Braunschweig, 1886.
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and others, Brenner pj^ovecL "that the proportion between the
length and diameter of the cells v;as changed mi&re in favor of
of the** tangential diameter, the more moist the surrounding
air".-^ Often still other changes in the tissue structure
of specimens cultivated in moisture are combined with
these described, often papillae-like protuberances arise
in the upper epidermal cells, s braight forms are replaced
by such as have undulating outlines^!, and so forth.

Ifoll^ recently called attention to the fact that
even under other -conditions than those effective in
the dark and in moist cultures the same phenomena of

. .
gTomth occur as in plants cultivated \?ithout light.

i"^' Thus, with Uolx, we can speak of " starvation etiola-
tion" . if the roots of Triticum, as a result of un-
favorable nutriment v;hich lacks nitrogen, are length-
ened excessively. The organs of some plants exper-
ience similar abnormal effects upon infection by
parasites - to name a fe\7 instances, I will mention
the Euphorbiae, deformed by Ufomyces, and the Anemonae
infected by Pucciniae, Probably these abnormally
large organs are alBo composed of cells of abnormal
length. Very consxDicuous for instance is the en-
largement of the cells (epidermal) of the leaves of
Sempervivum infected by Endophyllum Sempervivi , which
grow out to an abnormal length.

It is common to all the pathological phenomena here
cited , that in tliem whole organs., internodes, leaves, •

whole shoots, etc., everywhere undergo the Same change in
anatomiea,l structure; in those novv to be discussed local-
ized excresences of single tissue layers and olose3.y limit-
ed pathological areas will be recognizable in the hyper-
trophy. While in the tissues of etiolated plants, cells
are involved, which, from the :Cirst stages of their devol-
opffiBnt, come under the influence of abnormal conditions,
and continue their growth beyond the norsial boundaries,

i. Undor the same conditions which led to the enlarge-
ment of the epidermal cells in Sedoir dendroideum, Brenner
found that their voliane decreased in S. altissimum. In
general, according to his experiments, in moist air, the
diameter of the cells of the leef , i.e. of the assimila-
ting and most stron£.'ly transpiring organs, was so length-
ened that the surface communicating directly with the air
was enlarged. In the- cells of the petiole, this lengthening
takes place principally in the direction of the axis,
(loc. cit, p. 4C..4.)

2* Compare Brenner, loc, cit. The same undulated forms
occur in the "shade-leaves" (Ker. Rech. s, les. causes de

la structure des feuilles. Rev. Gen. de Bot. T. 17,1892,

p. 481)"; Vesque made explanatory experiments (see especial-
ly S. les. causes et sur les limites des variations de

structure des vegetans. Ann. agon. T. IX, 1884, p. 481, -ff..
T.X

p. 14) .Further literature citations in Brenner.

3. Ueb. d. Stiolement d. Pfl.Sitzungsber. Hiederrhein.
Ges. Natur- und Heilkunde, Bonn, 1901.
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we will be concerned in the f ollovang predominately with
hypertrophies produced under the action of external factors
in celJLs of the permanent tissue. (Divisions 3,4, 5.)

gcHYPBRHYPT^IC TISSUES .

We will term hyperhydxic all those abnormal tissues
whose formation is to be traced back obviously to an excess
of water within the plant. This excess can be produced
on the one hand by super-abimdant absorption, on the other
hand by its reduced transpiration. The decrease of this
transpiration may be necessitated by the increasded humi-
dity of the surrounding atmosphere, by ?;hich the transpira-
tion of the plant is arrested, or by a weakening of the
transpiration ability of the plant, or finally may arise
after the destruction of the transpiratory organs.

It v\?ill be seen that the hyperhydric tissues form
an homogeneous group not only from an etiological point of
view, but also histologically:- they all arise from abnor-
mal enlargement of the cells, for v;hich reason they are to
be included among hypertrophies. Further, among these, are
entirely lacking cases in which a prosoplastic fuansforma-
tion of the cells (characteristic formation of the membrane)
the c ell- contents , etc,) is associated with the abnormal
increase in volume. We see rather in the majority of cases
thatj in the production of abnormally large cells, their
cytoplasmic content' decreases and its elements already
formed, such as the chlorophyll grains, gradually degenerate,
Further characteristics of hyperhydric cells and tissues
will be reported later.

In cases strongly affected, a division of the single
elements in some plants and in certain tissues at times,
follows the cell" enlargement. As all the groups and sub-
groups, which we have set up, may not be separated from

(75) bne another by completely .sharp boundaries, an inclination
towards hyperplastic tissue changes manifests itself at
times even in the hyperhydric tissues. Nevertheless, all
hyperhydric tissues may readily be united for a common dis-
cussion in the present chapter,

a. Lenticels and bark excresences .

As is well-known, if the cuttings of v/illow, poplar
j

alder, etc. are placed in water or in moist air, more or
less extensive masses of white tissue, usually very porous,
are formed on the lenticels of the cuttings, Schenckl in-
vestigated nidre closely these v\rell-known outgrowths^ first
of all on the parts of Salix viminalis growing under water.

1. Ueb. d. Aerenchym, ein dgm Kovk homologes Gewebe.

Pringsheim's Jahrb. f. v/iss. Bgt,, 1889, Bd. XX, p. 566.

2, De Candolle Men s. 1. lenticelles des arbres et le
devel, d. racinOs qui en sortent. Ann. Sc. Nat. 1826, T.VII;
Mohl, Sind die Lenticellen als Wurzelknospen zu betrachten?
Flora, 1832, Bd. XT, p. 65.
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Ti/hile'the air lenticels v^ere covered by a cap of dead
brown padding cells, Schenck found "that from the subfiierged
lenticels a white spongy tissue develops in the form of a
thin plate, which might be as thick as 2mm". Schenck col-
lected similar observations on Eupatorium cannabinum . Bidens
tripartitus and various other plants.

The anatomic investigation oi the masses of vihlte- tis-
sue presents the same appearance in all cases. The out-
growths consist alwa3?-s of homogeneous elements, of round,
or elongated, thin-walled, colorless cells, with large in-
tercellular spaces, and often, like a kind of star-parenchy-
ma cells, are connected with one another by the tips of
short projections (compare fig, 17); - in some places they
lose all firm connection ?idth each other, an^^ are deposited
as isolated elements in porous layers on groups of cells
still connected. The individual cells are alwaj^s free from
chlorophyll, have a thin ilayer of cytoplasm and a clear,
abundant cell-sap, - Schenck knew the anatomical character-
istics here listed; they caused him to compare lenticel
outgrowths with the "ASrenchyma" found on numerous water-
plants, the water lenticels, according to him "represent
*o a certaifl. extent, an aerenchymatic formation in isolated
places." Gobell, and v. Tubeuf2 consider the outgrowing
lenticel tissue as aerenchyma.

How since this, according to Schenck, "represents a
tissue, which suffices for the respiratory requirements of
parts of plants remaining under water or in slime, i. e.,
in media in which the supplying of oxygen must be substan-
tially dLifficult in comparison v/ith that for organs found

(75) in the air",- since further the observations described lat-
ter make it little probable that the lenticels which Schenck
ascribed to the aerenchymatic formations of Jussiaea, ITep-

tunia, and others, possess this function, we will rather
avoid in the following their equalization with the aerenchy-
ma and v/ill speak only of tissues resembling aerenchytna.

Ontogenetic investigations shov; that lenticel-escres-
cenees arise from normal lenticels by enlargement of the
phelloderm cells, therefore, in their formation, v;e have
to deal with hypertrophy. Devaux^ has proven in a few
instances that hypertrophy begins in the outer las^-ers of
the phelloderm and extends to both of the innermost cell
layers. A new meristem is then produced from them. In
other cases the cells of all the" phelloderm layers, to-
gether with the bark cells lying under the lenticel, hy-
pertrophy; the new lenticel-meristem arises then from the
more deeply lying layers of the bark tissue. According to

1. Gobei. Pflanzenbiol. Schilderungen, 1893, p. 261.

E. V. Tubeuf. Uete, Lenticellenwucherungen (Aerenchyma)
an Holzgewachsen. Forstl.-Naturw, Ztschr. , 1896, p. 405.

3. Rech. s. 1. lenticelles. Ann Sc. Hat. Bot. 8me ser.

T. XII, 1900, p. 139.
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Devaux in exceptional cases, cell-division followed the
abnormal growth.

The growth of the pehlloderm cells takes place most
vigorously in a radial direction,- elongated cells, similar
to sausages in form, are produced, v/hich often lose all firm
connection with one another in their longitudinal walls and
remain connected only by their tangential walls. They form

'

lose cell rows, paralell to one another and arranged radial-
ly, which curve out on the surface of the lentieel-outgrowth
in flat undulations, and often separate into their individual
elements. In other cases the elongation in a radial direc-
tion is omitted and the cells remain spherical.

The degree of hypertrophic enlargement varies not only
in different species hut also in lenticels of the same
species. At times the growth of the individual cells is very
slight, in which case the changes of the lenticel tissue
consists principally of a breaking up, or a complete macer-
ation of certain layers. It v/as not investigated more close-
ly to see how far external factors influence the mass of
hypertrophic growrth.

Lenticel outgrowths of the kind described may be ob-
tained in the most varied specimens: roots and shoots bear-
ing lenticels form in an equal degree excresences resembling
aerenchyma. The lenticels of the potato tubers, the lenti-
cels of the leaf galls of Uematus gallarum , v;hich lives on
the willow, etc, , may easily be brought to the formation of
excresences. The age of the lenticell-b earing organ con-
cerned is of no importance; I found young shoots of Popu-
lus , Catalpa, Solanum tuberosum and others, cultivated in
a moist place which developed lenticels and lantscel excres-
cences in the immediate vicinity of the growing tips of the
sprouts.

The v/orks of v. Tulrbeuf and Devaux throw light on the
plants, on which lenticel-excresences have already been
observed,

Bevaux observed hypertrophied lenticels on the shoots
of the following plants:

(77)

Ampelopsis quinquefolia,
Acer Negundo,
Alnus glutinosa ,

Broussonetia papyrifera,
Coriaria myrtifolia,
Cydonia vulgaris

,

Diervilla grandiflora,
Paphne GnidiiMri
I). Laureola,
Fraxinus excelsior

,

Ficus Carica,
F. elastica^
Gleditschia triacanthos

,

Hedera helix,
Juglans regia,
Jasminum officinale,
Ligustrum vi^lgare,

Marsdenia erecta,
Malus communis

,

Morus alba
,

Pelargonium zonale
,

Platanus vulgaris

,

Pirus communis

,

Prunus div. sp.
Quercus pedunculata ,

Ribes rubrum
,

Robinia pseud-acacia
,

Salix div. sp,
Sambucus nigra,
Spiraea lanceolata ,

Syringa vulgaris

,

Tilia si'iv^stris7
Ulmus cami|l6tri"s7
Weigelia IQg'^a,



also on roots of the following;
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Aralia SiebolcLln
,

Cerasus avitga,
CycLonia vulgar1 s ,

Crataegus o:syacantIia .

Praxinus excelsior .

Ficus Garica .

Lip:ustnim vulgare^
Monstera aeliciosa^
Pandanus utilis .

Po-oulus alba.

runus spinosa,
(j,uerous -ped-anculata,
Q.u. Suber.
Robinia •pseud-acacia .

Salix Gaprea,
Solanum Dulcamara

^

S. tuberosum 1
Sambucus ni^ra .

trimus campestris.

According to Devaux hsrpertrophies were absent, however,
in shoots of,

Araucaria Gunninghaoi
Abies balsamea.
A.

,
Cephalonica^

^. 'excolsa, •

!Buxus s emp,ervir ens .

Cedrus Lib;ani7
Crataegus Voxyacantha.
"cbrylus Avellana.

Cupressus fastigiata ,

Larix europaea

,

Myrica Sale,
Pinus sylvestris'^
P. inaritima,

P. Pinea.
Rhus Cotinus
Rh. Glabra.

and on the roots of,

Aesculus Hippocastanum
Castanea vulgaris

,

Cupressus fastigiata ,

Evonymus europaeus ,

Juglans regia,
Sarothamnus scoparius ,

TJlia silvestris^

As Devaux himself has indicated, his reports on negative
results \7ill possibly need correction in a few points. It

(78) still re^gains worth noticing, that lenticels have not as yet
been caused to hypertrophy in the conifers , not even the
large lenticels of Gringko, T>/hich v- Tubeuf and I have also
investigated.

The question of the conditions , under \7hich the lenticel-
excrescences are developed deserves special consideration.

It was evident even to the earliest observers of these
structures that the production of the hypertrophies here
concerned is connected with the action of water. Thorough
experimental proof was undertaken first by V. Tubeuf and

later by Devaux. I can substantiate their results and
supplement them by some new observations.

Cuttings of poplar and others, when placed in rater, be-

come covered v^ith lenticel-excrescences, not only on the

parts moistened, but also above the surface of the water, V.

Tubeuf has already brought up the question whether a stim -

ulus coming from the water is conducted upwards, or whether
the action of the moist air causes the production of the

1. Devaux means the tubers.

2, Compare Devaux, loc. cit. p., 10,
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same ei^crescences, as are found in the parts in conict with
the water. V. Tubeuf and Devaux have agreed that it is the
vapor from the water, playing about the lenticels, which in-
cites the cells to hypertrophy- Contact with water in a

liquid state is therefore not necessary, it is even suffi-
cient to bring pieces of twigs into an atmosphere, saturated
with TTapor, m order to produce lenticel-excrescences.

Although in willow cuttings and in other species the
lenticels grow out more luxuriantly under water than in moist
air, there arise above and under the water excrescences almost
equally pronounced. Ihere are, however, a number of plants
on whose cuttings the fommation of the excrescences takes
place more quickly and abundantly in moist air than under
water. Indeed cases are not Eare, in which the excrescences
under water are entirely or almost entirely absent, but are
formed abundantly by the action of water vapor. Contact with
water in a liquid state arrests here the development of the
aerenchyma-like tissue. The difference between the moistened
and unmoistened parts of cuttings of Catalpa syl-ingaefolia is
very evident. These cuttings form white masses only in moist
air. Cuttings of syringa and others act similarly. Excres-
cences is omitted further under water in the root-lenticels
of different varieties of Acer, while their tissue hyper-
trophies unusually actively in moist air. Those lenticels
of the potato tubers are still 'to be mentioned, which form
lenticel-excrescences after having been kept several weeks in
moist air, but never under v/ater, and many others,

I think the supposition is correct, that in the cases
mentioned, the excrescence of the lenticel tissue cannot
occur under the surface of the water on account of completely
suspended transpiration and deficient supply of oxygen. I
am supported in this assumption by observations on cuttings
of Syringa, Evonymus and others, in which the lenticels often
grow out especially abundantly near the wound-surfaces,- sup-
posedly because the supply of air creates the most favorable
conditions.

It is of no consquence vi^hat external factors are decis-
ive in the omission of the lenticel-^excrescences under water.
In any case, the instances described make it scarcely prob-
able, that the aerenchyma-like lenticel tissues are of signi-
ficance for the plant, in that their cell connection, with
its abundant interstices, makes the breathing of the plants
easier even with a more difficult supplying of oxygen, as
Schenck assiimes with Jussiaea etc. In many cases, the afore-
said excrescences are produced where there is no lack of air;
indeed in the case of many plants, their production seems to '

presuppose an abundant aupply of air. The rejection of
Schenck* s explanation will be forced upon us also by a con-
sideration of the bark excrescences described baiow,w.7hich
correspond in more than one v/ay with the lenticel-excrescen-
ces already described.

1, Apparently different varieties of potatos act different-
ly; at least, I have often vaiiily endea,vored to obtain lenti-
cel excrescences in moist cultures of tubers, although in'
other cases, under apparently similar external conditions,
their formation took place very abundantly.
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If we observe for some time the development of different
kinds^of cuttings in a saturated atmosphere, it vail be seen
that the formation of the lenticel-e^corescences here described
illustrates the first of those formations which their tissues'
experience under the influence of moist air. In some species

„

the lenticels widen into rifts running lengthwise, which ex-
pose in places the bark tissue of the cuttings and which can
enlarge to several centimetres long and up to one centimetre
wide. At the same tim.e the bark sv/ells up greatly. ('Compare
fig, 18.) All these changes arise from the hypertrophic
growth of the bark cells. We v/ill later speak briefly of
"bark""excrescences in the description of these processes of
growth.

The plant, in which I could obtain experimentally the
most extensive bark-excrescences is Ribes aureumo Since
this species is used as stock for stana.ard gooseberry and
currant bushes and since, further, in this species the de-
scribed excrescences may be observed in nature without
forced experimental interference, practica^i v.'Grker& h^ve given
repeated attention to this bark disease wh'.cl- 5 vcouer-^ design
nates as "dropsy"' ) or oedema). As figure 18 shov.s, boes-
shaped swellings are form.e4 on the diseased twlgz v/hich at
first are still surrounded by the cork- covering "but later ex-
pose their inner tissues in gaping rifts. Wounds of increas-
ing length and breadth are produced, until at last the swollen
bark tissue dies and collapses, figure 19 gives, a cross-sec-
tion through part of a boss-like bark excrescence still cov-
ered by cork. The parenchymatic cells of the bark have grown
out into long, sac-like cells of different form and size by
a perceptible growth in a radial direction, their length here

(80) and there reaches ten or tv/elve times their width. At times,
scattered between the sacs radially arranged, may be found
elements which have been- stretched tangentially. The cells
of the bark medulkary rays also take part in the hypertrophic
gro\vth. It should therefore be observed that, not only the
cells of the outermost bark layers, but all the zones even
up to the vrood itself, can participate -in the abnormal grov/th.

All hypertropiiied elements have become completely or
nearly colorless, the chlorophyll has disappeared, the firm
connection betv;een the bark cells Ife lost^ they are separated
everyv/here from one another by large intercellular spaces,
the air-content of which gives the exposed bark tissue its
snov;^: lustre; in places the tissue disintegrates completely
into its individual elements. The cell walls are most deli-
cate, the contents consist of a thin layer of cytoplasm, and
a large, clear vacuole. The bark excrescences consist there-
fore of a tissue which corresponds in all essential points
with the aerenchyma-like products of the lenticels:- a pro-

(81) nounced kataplastic hypertrophy is involved in their production.
There lie here and there betv/een the greatly enlarged paren-
chyma cells grop-ps of prosenchsrniatic elements which do not take

; part in the enlargement,

•1. Compare especially Handb. d. Pflanzenkrankh. , ^ Aufl.,
1886, Bd, I, p. 233.
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The macroscopic symptoms, like the histological con-
ditions vary with the degree of the disease. In the case of
barks very strongly distended, I fotind that the young peri-
derm cells were heing stretched in the same way as those of
the bark parenchyma^ and were grov;ing out into sacs, oriented
radially. {Compare fig, 19). The cells of the cork-meristem
seem to remain unchanged. Here too, after the growth of the
cells, there follows the disintegration of the tissue into
its single elements*

•Outgrowths similar to those on cuttings of Ribes aureum
arise further, for example, on potato tuvers. At first,
when" kept in a moist atmosphere, the above mentioned lenticel
©SiCrescences are formed but then the cells in the neighbor-
hcCid. of the lenticels also hypertrophy. The cork covering
oracks up in radial rifts and ia places is raised slightly
and falls off, producing round v/ounds up to ^ cm, in diameter.
in v/hich large-celled^ crystalline, glistening bark tissue
is visible^ Finally, these areas of excrescence, proceeding
from neighboring lenticels, fuse so that in the end little
scales are sloughed off here and there from the potato tuber.
The hypertrophied cells resemble essentially those of the Ribes
cuttings already described. The normal starch content of the
cells of the potato tuber has evidently been used up in the
vigorous groT;th» and in any case the hypertrophied cells
no' longer contain any starch or only scantjT- remains of it.

In SambUQUS lajij^s. , the rupture of the bark proceeds from
the- lenticeliB ;' here also the young cork cells pais-iicipate in
the' hypertrophic growth. Yet I have not seen that such long
sacs come from them as in the case of Ribes, Cuttings of
Gin^is^o biloba also the lenticels of which seem incapable of
forming excrescences (see above), develop bark excrescences.
The hyperti'-ophied cells, v/hich I found in the bark of Gingko,
were however, not so regularly arranged radially as in Ribes
and others, but were oriented irregularly in different di-
rections. Bark excrescences appear further in the rose and
on the hypocotyl of Phaseolus vulgaris. ^ „ Still further they"*_,. " _ I n a i ' .Miin ii III 'I ill 'f ill. »i g T,.,_ "

appear onPxrus malus and Pirus communis , ** and undoubted.ly

1,. Unfortunately Sorauer makes no detailed anatomical state-
ments. Perhaps the changes T/hich he observed are identical
v;ith those described by Pferseka (Formverand, d. V/urzel* in
Wasser u* Erde, Dissertaion Eeipsig, 1877)

.

Er Gpmpare d. Jahrsber d, Schles Gentravalverins f , Gartner
u.. G«,rtenfreunde, Breslau 1881; further Atkinson, Oedema on
apple trees. Hep. Agr, Exp* Sta. Ithaca, U. Y. 1893, p. 305;
also Sorauer* s Angaben uber Streckung der Rindenzellen (Ueb«
Frostschorf an Aepfel- xind Birnenstammen, Zeitechr, f, Pfl*
Krankh, 1891, Bd* I, p, 137). A iurther statement of Sorauer'

s

fUachweis der Verweichlichung der Zweige uns. Obsthaume durch
d. Kultur, Ibid, 189E, Bd» II, p, 143). makes it supposable,
that the bark cells on the so-called fruit-wood of the pear
tree are more delicate and mair be brought more easily to the
formation of hyperhydric excrescences experimentally than the
bark of other branches of the same species*
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on verymaiay other plants, presupposing that their bark is
exposed to the action of sufficiently moist air. At times,
in the case of the Ribes, the hypertrophied sigelling of the
"bark combines with abnormally increased growtti of v;ood, the

(83) cells of which in any case seem to be elongated radially.
A closer investigation of the different bark excrescences
might trell ioake known many histological details, worth con^-

sidering, although essentially the same symptoms are repeat-
ed;- elongation of the parenchyinatic elements of the bark,
chiefly in the direction of the radius, disappearance of
the cell-contents (starch, chlorophyll) and the omission
of every prosoplastic cell-change.-^

Sorauer has already treated the question as to the
external factors under whose action bark excrescences arise,
and has answered it experimentally^. According to him, the
causa morbi is excess of water.

In my experimentation with Ribes aureum , I proceeded
as follows:- cuttings of shoots, several years old, were
put in a glass of water and also v/ere brought into moist air.
Even before the end of two weeks , the swellings described
and the first rifts are produced on the parts above the
water; after possibly four weeks, extensive excrescences
and gaping Wounds are visible;- under water, on the contrary,
the bark tissue remains normal. Potato tubers acted simil-
arly to the Ribes cuttings; on them too, the bark excres-
cenees were produced only in moist air, not under water.
In the case of Sambucus and Gingko, I frequently observed
vigorous swellings on the moistened part. Observations on
potato tubers proved at. the same time that even uninjured
organs can form bark excrescences. Since nothing is known
as to whether potato tubers form bark excrescences in moist
soil, Since further the excrescences are absent in tubers

lying in water, and since the immersed parts of Ribes cut-

tings retain their normal bark structure, it may be accepted
at least for these objects, that abundant supply of air is

one of the conditions causing bark hypertrophy. For its

production, as far Hke formation of the lenticel excres-
cences, the age 6f the tissue is apparently of no conse-

quence; at least, twigs of Ribes several years old as well

as young shoots (according to Sorauer) form fhe same bark
excrescences.

The processes in Sambucus shoots and Ribes

cuttings described above in which even the young

periderm cells share in the hypertrophic change,

1, Perhaps plants may still be found in which the cells

of the bark parenchyma are incited, under the influence of

water or moist air, not only to growth but also to division,

as (according to Devaux) the cells of many lenticels,- def-

inite nutritive conditions being taken for granted in the

plant under experiment. Schenck (loc. cit.), p. 568) ob-

served abundant division of the bark-parenchyma and the col-

lenchyma cells on the immersed parts of the stem of Artem-

isia vulgaris. It will be emphasized in the following sec-

tion also that division aften follows abnasflaal cell-growth

in other forms of hyperhydric tissues.
8. Sorauer, Hand. 1. Pflanzenkrankh, p. 235, 236.
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remiryjL one of the aerenchyma formations described t>y
Lewakoffskil and Schenck {loc. cit.) in Lythrum salicaria .

Epilobiiam hirsutum. Lycopus europaeus . and many others.
Both authors found produced on the immersed part of the
shoots a soft, spongy tissue the development of which Schenck

(83) followed more closely. The bark cells on the swollen pieces
of the shoots are enlarge abnormally and the products of the
cork meristem also have grovm out into long sacs, distended
radially, which leave large intercellular spaces open be-
tween them, just as in the bark cells;- essentially therefore
in the plants named, a similar tissue formation is caused by
contact with vjater as in our Ribes cuttings in moist air.
Schenck named the porous tissue, furnished Toj the cork mer-
istem, aerenohyma:-"the phellogen of the above swamp plants
can have two positions structurally, and the one or the other
will be developed according to the consistencjr of the medium.
?/hat acts here as cause of the stimulation? It is not very
probable that the mere contact of the epidermis with water
may be considered as such; it should rather be supposed, that
the lack of 03cygen of the inner tissues reguirea the develop-
ment of aerenchyma by the cytoplasm, of the phellogen cells."
There can be no doubt in the case of the Ribes cuttings which
we studied, but'aht lack of air doBS not give rise to the
chahge of bark, and cork tissues; indeed the amount of air
furnished to the parts of shoots furrowed by the rifts is
evidently especially abundant a-nd the formation of the ab-
normally large distended cells is lacking in the immersed
pieces of twigs which are kept from a supply of air. The
similarity between our bark excrescences and the aerenchyma
tissues described by Schenck would therefore, be a purely
formal one« In the great similarity between lenticels and
bark excrescences, it would be advisable to keep' them sep-
arate from the typical aerenchyma tissues formed, according
to Schenck^ s conception, by respiratory necessity. A supple-
mentary testing 6f the conditions under which the cork mer-
istem of Lythrum, etc. , develops aerenchsnna might not be
superfluous •

b. Intumescences.

When the cell-outgrowths, v/hich in the case of Ribes and

others led to a total change of the surrounding tissue masses,
occur only in very limited are&s, small pustules are produced,

which we, with Sorauer, will designate as Intumescences . The

processes of growth by which they ^re produced are essentially

the same as in the case of the bark escrescencei? discussed
above, their production also presupposes the action of the same

external factors, only the size proportions and the habit of

growth of the excrescences differentiates it from them. Further,

excrescences vstoich we term intumescences prefer the primary

1, Ueb. d. Einfl. d. Mediums auf die Form d. Pfl. Vergl.

Bot. Jahresber, 1873, p. 594.
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tissues, the "bark of young shoots, the tissues of the leayes,
and blossoms, Sorauer^ has treated intumescences especially

(84) thoroughly in numerous works, in the last few years other
authors have also turned their attention to them.

Intumescences ^i^e knov/n on the hranches of Eucalyptus yost-
rata. Acacia pendula. Lavatera, trimestris^ Malope grandiflora
and others. Here and there, especially on the side eirposed to
the sun, the hark cells are elongated decidedly in a radial
direction, finally breaking through the epidermis and spelling
out as spongy mounds of tissue masses. The cells ox the prim-
ary bark participate in the excrescence, the cells of the raed-^

ulary rays in the secondary phloem are also swollen, but only
in cases especially severely diseased, so that the formation
of intumescences is thus combined with processes of the kind
described above. These pustules on young branches do not fur-
nish further anything new for our anatomical consideration.

The intumescences produced on leaves deserve more attention.
Here and there on the upper or lov/er surfaces of the blades
arise small protuberances, greenidh or vsfoitish pustules of vary-
ing height and' extent. The cells, by the growth of which these
forms are produced, originate usually in the mesophyll layers,
which are elongated perpendicularly to the surface of the leaf
(compare, fig. BO) and at times attain a length amounting to
two or three times the normal one. At the same time the strong-
er their growth, the more com-plete is the destruction of the
chlorophyll content, the walls of .-' '^- 1: • i hypertrophied cells
are usually delicate, the layer of eyxoplasm thin, the central
vacuole large. Intumescences are produced also by distinct

(85) kataplastic hypertrophy. The epidermis lying over the out-
growing mesophyll is then only raised and slightly distended,
as I found in the intumescences of Epilobium hirsutum, or it .

is ruptured, as, for example, in the case of Cassia tomentosa
(compare fig. 20). In Ficus elastica (compare fig. 21) the
lower cells of the many layered epidermis are pressed together
by the growing mesophyll cells and the space originally oc-

cupied by the former is finally filled entirely with mesophyll
cells. The mesophyll no longer adjoins the epidermis in ap-

proximately straight lines, but in decidedly curved ones.

1. Compare especially Sorauer, I. Handb, d. pflanzen-
krankh, 1886, 2, Aufl. , Bd.. I, p. 222. II. Ueber Gelbfleckxg-

kett. Porsch. Geb. Agrikulturphysik, 1886, Bd. IX, p. 387.

III. Weitere Beobacht. uber Gelbfleckigkeit. Ibid., 1890, Bd.

XIII, p. 90. IV. Ueb. d. Knotensucht des G^jmmibaumes. Prackt.

Ratg. f. Obst-u. Gartenbau-, 1890, Wr. 4. V- Mitteil. aus d.

Gebiet d, Phytopathologie II: M©.. symptomatische Bedeutung d,

Intumescenzen. Bot. Zeitg. , 1890, Bd. XIVIII, p. 241. VI. In-

tumescenz bei Solanum floribundum. Zeitschr, f. Pflanzenkrankh,

,

189*7 , Bd. VII, p. 122. VII. Intumescenz an Slattern fder Helken) .

Ibid., 1898, Bd. GUI. p. 291, S94. VIII. Uber Intumescenzen
Ber, d. D. Bot. Ges., 1899, Bd. XVII, p. 456. IX. Intumescenzen

an Bluten. Ibid., 1900, Bd. XIX, p. 115. Uypels described in-

tumescences on Antabotrys (lotes de pathologie veget. G. R.

Soc. Bot. Belgique 1897, T. XXXVI, 2. p. 256), lloack on grape

berries (Treibhauskrankheit d. Weinrebe, Gartenflora 1901,

Bd. I, 619) , etc.
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A comparison of various leaves bearing intumescences

showed that, in different species, hypertrophy is connected
with «;ertain cell-layers of the mesophyll. The uppermost
layer of the mesophyll in Eucalyptus globulus, e. ro strata .

Ficus elastioa. Cassia tomentosa (comiaare figs. 20 A-nri p.i) etc.
participate chiefly, ^i found that the cells of the undermost
layer hypertrophy exclusively in Epilobium hirsutum . Accord-
ing to Sorauer, these take part predominantly in the formation
of th| intumescence in Yitis, as 7/ell as in Solanum Lycoper-
sicum^. Sorauer found distended cells above and below in
leaves of Solanum florib-gndium . a participation of the whole
mesophyll m carnations'^, "and in extreme cases, in Vitis. In
many plants; (for example, Pandanus navanicus. Cattleya. Cypri~
fedlTjm Xaevigatum. Aralia palmata. Panax arborescens, Hedera ,

elix, Oamellia jappnioaj . the elongation of the cells is
only very slight, so that no protuberances or only very flat
ones ate produced. The diseased leaf then sho?;s yellov/, trans-
parent, usually circular spots - a symptom which Sorauer has
differentiated from other cases of yellow spotting as "Aurigo"
(for literature, see above)

,

(86) We have -spoken only of the mesophyll. In fact, ±n most
intumescences, this is the only participating tissue. In some
other cases, however, the epidermal cells also are changed.
Dale ^ observed swellings of the epidermis on the upper as
well as on the underside in Hibiscus vitifolius . and on the
under epidermis in Ipomoea (Tig, 2S) , In the d|itumescence of
the tomato, mespphyll and epideraiis hypertrophy.

There remains to be mentioned finally the fact, that in
some intumescences not only an elongation of certain cells ele-
ments occurs, but also a division of the cells. A case de-
S'cribed by Sorauer is especially interesting. In carnation
leaves not only the mesophyll cells are stimulated to cross and
longitudinal division, but at times the epidermal cells also
so that a cell body is formed from them-. Even in intumescences
of other kinds, cell division may sometimes take place. These
exceptions tc the rule should not prevent our treating the in-
tumescences as a unified group nor the finishing of this dis-
cussion in the present chftpter.

Intumescences on th e blossoms are known as yet only for
Oymbidium Lowi (according to Sorauer, loc. cit.)

1. Atkihson: Oedema of the tomato. Rep. Agr. Exp. Sta.

,

Ithaca, U. Y. , 1893, p. 101.

S. Compare besides Sorauer, Prillieux, Intumescences s. 1.
feuilles des oillets malades. Bull, Sco. Bot. Prance, 1892, T.
2XXIZ, p, 370

3. Investigations on the abnormal outgrowths or intum-
escences on Hibiscus vitifolius linn. Phil- Trans. B. , 1901,
Vol. CXCIV, p. 163. Compare further by the same author. In-
tumescences of Hibiscus vitifolius. Ann. of Bot., 1899, Vol.
XIII, p. 6S2 and on certain outgrowths (intumescences) on the
green parts of Hibiscus vitifolius, Proc. Camb. Phil. Soc,
1900, Vol. X, part IV, p. 192.
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The question as to the external conditions by the action
of whi«h intumescences are produced, has been repeatedly treat-
ed experimentally fSorauer, Dale.) They arise as a result of

(87) "excess of water", if the plants under experiment develop &n a
saturated atmosphere. According to Dale, simultaneous action
of light is necessary in the case of Hibiscus; no intumescences
have been formed under water. •*• According to Copeland, they may
be developed on tomato-leaves by forcing water into the branches.

It is more difficult to answer the question as to what
factors determine. whether mesophyll or epidermis, ?/hether the
lower or upper oell layers of the leaf furnish the intumescence.
From the constancy ?/ith which the undermost mesophyll cells,
in Epilobium hirsutum . for instance, are enlarged, or the cells
of The under epideiSi's in Ipomea, the possibility" may be con-
sidered that Some constant structural peculairities of the leaf
release the stimulus only in certain cell-layers, or make pos-
sible a gro-yrth-reaction only for certain ones. Dale calls at-
tention to the fact that intumescences occur on both sides- of
the leaves of Hibiscus vitifolius , which bear stomata on both
sides, while Ipomea, with stomata occurring only on the under-
side of the Isaf develops intumescences only on this side. It
is indeed not improbable, that the formation of intumescences
is connected with the distribution of the stoniata. This is
pro^red also by the structures of the Vit^ceae, to be further
treated later (p. 90). But in no case has an explanation been
obtained by the discovery of these relationships which would
hold true for all cases, !Dhe examples cited above have already
shown this. I ca^l attention once more td the intumescences on

the leaves of Ficus elastica illustrated in fig. 21, which are
produced by growth of the uppermost palisade cells, although,
as is well known, the leaves possess stomaba only on the under
side. In the majority of cases differences in the position
of the different cell-layers vifill presumably determine partici-
pation or non-participation in the intiunescence, Later v/e will
refer repeatedly to the fact that not all layers of the leaf-
tissue a-xe capable of reacting to the same stimulus in the same
way.

Closer investigation is needed to prove how far the pro-

duction of intumescences is caused and favored by the treatment
of plants with p oisons, especially v/ith copper salts (compare
Sorauer) .*

In connection with the intumescences, v/hich may be pro-

duced by the arrestment of transpiration or (according to Cope-

land) developed by the forcing in of water, a list of similar
formations may be mentioned in the following, corresponding to

developmentally and histologically. Haberlandt 3 developed in-

1, That does not exclude the fact that occasionally the form-

mation of intumescences is incited by temporary moistening.

2, Einige Beobacht. bei, d. Anwendung v. Kupfermitteln ge-
'

gen d, Kartoffelkrankh. Zeitschr. f. Pflanzenkrankh.l893,Bd. Ill,

p. 36,

3, Ueb. experimentelle Hervorrufung eines neuen Orgajtis bei

Conocephalus ovatus Tree. Festchr. f. Schwendener, 1899, p. 104.
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tumescences by destroying the organs on the leaves of Conoce-
(88) phalustovalus and C. suaveolens v/hich elaminate water, The re-

sulting s-arplus of water caused the- formation of intijmesconces.
His, method consisted of painting the leaves of the plants under
experiment w'ith a one per cent alcbhMic sublimate solution.
A few days after the poisoning of the hydratea, thick bunches
of colorless hairs (compare fit;, 23) were found where groups of
transient glandular hairs had stood on the young, immature leavi
In their production those parenchyton, cells especially partici*-
pated which enclose the vascular bundles,

"Dn a circular spot these cells are drawn out in anti-
> clinic curves and grow into long sacs, which remain unbrokenly
connected with one another at the base showing rather n-umerous
periclinic and, in part, anticlinic divisions. First a flat
conical or disc-shaped tissue body is produoed, which brea.ks
thru the overlying leaf tissue (palisade and v;at6r-tissues

,

epidermis) . Then the upper parts of the sacs grow out into long,
colorless hairs, resembling root-hairs which stand out from one
another like bristles of a brush, lot -infrequently distended
like clubs at the free end, they possess a living cytoplasmic
wall-covering with a roundish nucleus. On the edge of the disc-
like tissue body several rows of palisade cells are abundantly
elongated. Their chromataphores usually degenerate before this,
or at most remain in the lower po.rt of the sacs, (loc. cit,

p. 109, 110)", Besides the palisade cells, those of the xylem
and of the wood-parenchyma in the vasciilar bundles can partici-
pate in this growth. After about a week, the delicate new form-
ations disintegrate and are replaced by excrescences on the
underside of the leaf, from the epidermis and vmtfer- tissue layer
of which unicellular or multicellular v^rater blisters are pro-
duced. Haberlandt compares these with the hosiologous organs of
Mesembrianthemum orystallinurn . In my opinion, intumescences are
concerned here as v;ell as in the bu^iches of hairs differently

(89) developed.

These are differentiated from those earlier described
by their ability to give off water. Haberlandt tries to

give them an especial significance, since he- considers
their formation an expedient reaction of the plant, which
after a loss of the normal hydathodes , "can develop entire

ly new organs for eliminating water, essentially differ-

ent histologically, and of other develo-pmental origin,

than any occuring in the normal developmental process of

the plant." I have already stated mj view-^that there is no

necessity for speaking of these described excrescences as

the "new organs", and 1 have compared the compensatory
hydathodes described by Haberlandt with callus formations

since the latter at times have a similar structure and can

also Qccasionaly eliminate water. ^ More apropos is a com-

parison with the above described intumescences with which
they also correspond etiologically. Haberlandt himself

has already called attention to the similarity hetween the

structures whiich ho developed artificially, and the hyper-
trophies observed by Sorauer and others. The question as

to v/hether the latter, like the compensatory organs of COno

1. Beitr. a, Anat. d. Gallon, Flora. 1^00, Bd. LXXXYII,p« 117.

S. Compare here also Ivlollisch, Ueber lokalen Blutungsdruck
u. s. Uraschen. Bot. Zeitg. , 1902, Ed, LX, p. 45.
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cepnalus
, might be considered as expedient nev; structures

of the injured organisms has been answered by Kaberlandt. He
declares that their significance as "incomplete appendages
for self-regulation" may possibly be admissable. Our present
knowledge of intumescences makes it seem more advisable to
me to class these with "bark- excrescences" as is done in the
present presentation^ since they correspond with these etiol-
ogically and histologically . In my opinion, neither the
rlntumescences nor the bark excrescences shov; recognizable
pecularities , on the ground of which we might describe them
as "expedient" functioning formations or as asdegposition
towsurd such formations.

Prillieux^'- observed conspicuous" variations from the
normal in seedlings of different pl,ffl:b.ts, "which we will discuss
later. .He germinated seeds of Ph'aseolus, Cucurbita, "etc. in
hot Soil, the young plants grew but little in length, "becoming,
however, very thick and finally deep, gaping cross-rifts appeared
on them.. By anatomical investigations it was found that in all
tissues the cells "of the hypocotyl had been greatly inlarged, '•

that, for example, the cortical-cells measured radially four
times the normal , Occasionally besides cell growth, cell di-
vision also occurred here,

I found difficulty in confirming the statements of Pril-
lieux, since he makes only meagi-e statements concerning his
methods* In my own experiments, pots ?;ith different kinds of
germiniating seedlings were so heated in a sandbath, that the
temperature of the soil was held continuously between 40 to 4S
degrees Centigrade, A bell-']^lass protected the cultures from
drying. The seedlings of Vicia stood the treatment best. "^fUhit*-

|80) . ish pustules occurred finally in their epicotyl, which were
produced by growth of the epidermal and bark cells , and led to
a rupturing of the epidermal tissue. Presumably ^ however , the
formation of these "intumescences" may be explained by the very
abundant amount of moisture in the air (resulting from the high
temperature) , not by the action of the warifech itself. I would
like to assume the same for Prillieux's results. Vesque"' a]i.so

made experiments with heated soil in which "carnositas" became
noticeable in the plants under experiment, Fiaally the "bead

glands'" of the Ampelidaceae should be mentioned^ which occur in
young branches, on petioles, leaf blades, and side-leaves of
many "Vitis, Ampelopsis and Cissus species.^ Their connection
with the stomata is easily recognizable. The cells below the
stomata grov; into the air chamber and, by continued growth, push

1. Alterations i^rod, d. 1. pi. par la culture dans un sol
sur-chauffe. Ann. Sc. Nat. Bot., 1880, 8 ser^®. , T. X., p. 347.

2. Compare the remarks at the end of the chapter,

3. Compare especially Hofmeister Allg. Morph, d. Gew* , 1868,
p. 545; Be Bary, "Vergl, Anat. d, Vegetationsoig. , 1877, p. 68;
D' Arbaumont , Observations s„ 1. stomates et les lenticel-les du
Cissus quinquifolia. Bull. Soc. Bot. France, 1877, T, XXIV,
p« 18, 48; Solereder, System. Anat. d, Dikot, 1899, p. 253.
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up tUe epidermis thus forming little balls, clear as glass,
on the apex of which are to he found widely opened guard
cells. In their formation, cell division is not of rare oc-
currence. It rmst remain doubtful, whether the "bead glands"
of the Ampelidsiceae may be considered as "normal" formations
or whether they are to be reckoned among the abnorma3- ones.
It is certain that lack of light and noist^ air favor their
production. Kie biological explanations proposed by M^ller-
Thtirgau and Penaig^ do not seem to me exactly satisfying.

c» Abnormal Succulence

We may speak of "abnormal succulence" when, for example,
it is possible to make those plants form "fleshy" leaves
which under normal conditions, such as are characteristic of
leaf succulents, would develop delicate leaf blades.

Some experiments have already proved, that it is pos-
sible to force upon certain plants some pecularities of suc-
culents by means of treatment with salt solutions. As is
well known, the transpiratory power of plants decreases con-
siderably under the influence of concentrated salt solutions.
Perhaps it is the dec2?eased elimination of water vapor which
causes hypertrophic phenomena of growth in the experimental
plants nourished with strong salt solutions, causing a sim-
ilarity in some respects to real holophytes.

We know but little concerning this last form of hyper-
trophic tissue. LeSage ^ developed artificial Succulence of
the leaves by abundant doses of sodium chloride, especially
In Lepidium sativum. The cells of the mesophyll were elong^
ated greatly, showing thereby the same disintegration of
their chlorophyll contents, as has been repeatedly described
for the hypertrophies of bark and mesophyll. The. statements
of authors, however, do iiot always agree, in Pethybridge's
cultures the tissues of plants treated with NaCL remained

1. compare especially Hofmeister in loc, cit. Further ,

IPomaschek, Ueber pathogens Emergenzen auf Ampelopsis heder-
acea. Oest. Bot. Zeifeg. 1879, Bd. XSIX, _p. 87. Kreuz, En-
twickl. d. Lenticellen an beschatteten Zweigen von Ampelopsis
hederacea. Sitzungsb. Akad. Wiss. Wien. 1881, Bd. LXXZII,
Abt.'I, p. EE8{here also Tomaschek, Oest. Bot. Zeitschr.

,

1881, Bd. XXXI, p. 252),

2. I&Ller-Thurgau (Perldrusen d. V,T/einstocks. ViJeinbau u.
Weinhanid, 1890, Bd. VIII, p. 178) sees in them organ^ pro-
tective against small animals. Penzig, (Ueb. d. Peldrusen d.

Weinstocks u, a. Pfl. Atti Congr. Bot. Ihtemaz. Geneva,
1892, p» 237) considers them food-bodies, which are devoured
"by mites or the like.

3. Hech, e35per. s. 1. modifications d. feuilles chez
1- pi. maritimes. Rev. gen. de Bot,, 1900, T. II, p. 54.
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"below the normal in their development.

^

In cultiyation under v^/ater, Aug, Zraus^ obtained
germinating seedlings with "fleshy" leaves (Helianthus,
Lepidj.um sativum) which were composed of ahnormaliy

"large cells* Ve'sque^ obtained further "carnositas"
not only through cultivation in abnormally high temper-
atures {see ahove) but also by alternate v/atering of
the plants under experiment with 5 (or Es5) per cent,
nutrient solution and distilled water. The question
still remains unsn,swered to what extent the "fleshiness
of leaves in cultures in disadvantageous nutrient so-
lutions'* may be considered in this connection.

In phenomena of abnormal sticculence, as in tis-
sues ot etiolated plants, tissue, formations are in-
volved "by which vs^ole organs undergo the same change
in all their payts«

4. GJLLLUS HYPERTROPHY

\llhen., after injul-y, the living cells of an organ en-
large without division, we speak of callus hypertrophy «

The cells lying near the edge of the wound enlarge at times
to many times their normal volume.

Just as "in the abnormal structures discussed in the
last division, cell-division often follows the growth of
the cells after injury^ Thus it is impossible to draw a
sharp line between the cases which belong here and those of
callus hyperplasias. We find in the same organs of the
same plant species that sometimes hypertrophic growth of
the exposed cells follows" injury ^ sometimes the formation
of extensive hyperplasias,- depending ^^pon the conditions
of the organs involved' and the external life-conditions.

f9B) In the present section, we will have to discuss those plants
and plant organs which are able to develop hypertrophies
after injurs^. We will have to consider also the conditions
under which after wound stimulatioh those organs and tissues
react with only cell-growth, which, in general » would be

1., Compare Pethybridge and Stange (cited above p. 57) arid

the literaifcure cited by Stange*

2. Beitr. z* Kenntn, d. Keiifiung u. ersten Entwiclil. v.

Landpfl* unter Vifasser, Mssertation Keil, 1901.

3. Sur 1« causes et s, 1. limites des variations de struc-
ture des veg. Ann. agron. , T. IX, p. 481 and T. X., p. 14.
(Compare Bot. Cbl. Bd. XVIII, p. 259).

4. lobbe, Ueb. d. physiol. Funktion des Chlbrs in d. Pfl.
LandwirtschSftla Yersuchsstat. , 1865, Bd. VII, p. 371. Uobbe
Schroder and Erdman, Ueb. d. organ. Leistung des Kaliums in
d* Pfl, Ibid., 1871, Bd. XIII, p. 321. Compare for this

also Sorauer, Handb. d» PflanzenkranKh. . E, Aufl. , 1886, Bd.

I, p. 187 and Frank^s Urteil (KranMi. d. Pfl., 2, Aufl.,
Bd, I, p« 288).
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able ofetfter in;]ury to develop wouncL--fcissxie "by cell-division.

We find callus-hypertrophies among thallophytes as well
as among higher plants. Only rarely does the histology of
the cells in this ahnormal grorrth remain similar to the orig-
inal normal one. Usually a' retrogressive formation of the
contents takes 'place. Here, as in the cells of the hyper-
hydric tissues, the degeneration of the chlorophyll apparatus
piays a large part, the cytoplasm too may often decrease
noticeahls?-. If progressive changes of the histological cell-
character appear during the hypertrophy, they involve only
the development of the membrane, llius among the cases be-
longing here, vje meet T3r,6sopI:aStio hypertrophies alongside
of those which bear more or less distinctly the character-
istics of kataplastic hypertrophy.

I obtained the most es:tensive callus^hypertrophies .
on

thailo-ghytes in the case of Padina Pavonia . Little piecfes of
tlae broad ' thallus were cultivated for weeks in" sea-water con-
taining sugari the cells, laid bare by cutting, then grew out
into large, nearly colorless bladders, (compare fig. 24) which
always remained undivided; ThB walls of the hypertrophied
oells were very delicate. I observed further extensive callus-
hypettrophies on raggedly torn specimens of Uitophyllum tmoin-
»tum . the outer walls of the hypertrophied cells were greatly
thickened. Bitter observed cone-like thickenings of the walls
in callus-hypertrophies of Padina Pavonia .-*-

In higher plants , at times in the tissues of the ases
(93) and leaves, it is easy to obtain callus-hypertrophies, and

they have often been observed^ Although in the algae above
named and in some 'others cell-growth alone is brought about
by Wound-Stimulusj yet in my experience, in the case of high-
er plants, the cells of those tissues which can furnish callus-
hypertrophies are usually capable also of producing callus-
hyperplasias. External and internal factors ddetetmine whether
only undivided abnormally large cells are produced, or wound-
tissue with more or less ahundant cells.

Axes

Of the axillary tissues the bark and the wood-^parenchyma
show a Special "tendency" to the formation of callus-hyper-
trophies,

' My observations were made mostly on cuttings of woody
plants, one end of which vi^as un^er water, the other extending
into moist air. The bark cells' of many plants are often stim-
ulated under these conditions to hypertrophied growth. A few
examples should make clear the different kinds of changes ob-
served here.

I observed regularly in cuttings of Cytisus that, near
the upper surface of the cut, the bark cells were enlarged
greatly and then grew about equally vigorously in all direc-
tions. Thus roughly ball-like or weakly lobated forms were

1. Zur Anat. ua Phys. V. Padina Pavonia. Ber d. D.

Bot. Ges., 1899, Bd. JCVII , p. 2&5.
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produced v/hich resembled the cells of normal bark tissue.
Large, ftvell-preserved clalorophyll grains, lying in tlie byper-
trophied cells, were conspicuous," I could not observe cell-
division. In all others which I investigated, the chlorophyl
content went to pieces, just as in the cells of the hyper-
hydric tissues. AlT/ays in fagus only single cells hypertro-
phied, gowmg out into large, colorless, ball-like vesicles
always poor in cytoplasm. In cuttings of Sambucus I found
that the thick-walled cells of the collenchsmia strands also
participated in the .hypertrophy. In the cases I have studied
the surface gtowth of the membrazie was restricted to the thin-
walled parts. This seems to hold good also for the coll enchyma
cells of the Ricinus stalk which Massart-^ saw hypertrophy
strongly after injury. I have never been able to observe in
cuttings of this kind that coll enchyma cells can be stimulated
to cell-division after injury, in other plants the bark cells
are chiefly elongated, furnishing colorless sacs radially ar-
ranged. A VBDTy luxuriant growth ^akes place, for instance,
on the cut surfaces of Syringa cuttings, the hypertrophied
ban cells of which are often from tv/o to ten times as long
as they are wide. /

As yet- I have never observed that the bark cells of
woody plants, hypertrophied after injury, had undergone me-
taplastic, changes. In future investigations exceptions to
this rule may possibly be found. Combinations of abnormal
gjtrowth with metaplastic changes of the cell-character are
already laown in callus hsrpertrophies of leaves and in those
mentioned in the following lines.

f^^) Callus hypertrophies of an unusual kind are
illustrated hj the tyloses which, as is well knovm,
are produced' by the outgrowth of wood-parenchyma cells
after injury, thus filling the liimina of the ducts.
Since only a small section of the parenchsnna cell wall

takes part in the surface growth during the production
of tyloses, it is allowable to compare these with the
hypertrophied products of the coMenchyma cells men-
tioned above. However, the tyloses differ 'so essen-
tially from all other callus-hypertrophies, histolo-
gically and etiologically, that they may be reserved
for special consideration in the next section.

Leaves

Leaves of the monocotyledons and dicotyledons.- espec-
ially of the former',- often form after injury very volumin-

ous hypertrophies, from the exposed layers of their mesophyll.
Pig. E5 shows hov/ far the growing cells may In this way ex-
ceed their original 'v'olume. Thus the character of the cells
is changed generally, in the usual v;ay, by the disappearance
of its cytoplasmic content and the disintegration of the chlo-
rophyll, v/ithout the development of new anatomical characters.
An exception worth noticing is made by Cattleya, doubtless
also by still, other orchids. The cells on the edge of the

wound, illustrated in figure 25, form reticulated thickenings

1. La ci68,trisation chez 1* vegetaux. Mem. cour, etc*
Acad. Belgique, 1898, T. LVII, p. 44*
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of the membrane,, as is shovv^n more highly nagnified in fig.
95) 26. In the lower part of the cell, these are only narrow

meshes between the single thickened bands, Fhich also are
strongly developed.- in the upper part the bands are usually
flatter and sometimes partly interrupted* Thie case is a£.

special interest since, aside from the tyloses, it is the
only one knovm to me in which hypertrophic growth, incited
by wouiLd stimulus, is combined v;ith the formation of a
special kind of wall-thickening. Unfortunately I lacked
opporttinity for investigating a larger number of other or-
chids as to their callus-hypertrophies.l

2Miehe has found in Tradescantia virginica an object
of which the epidermal cells may easily be caused to form
callus-hypertrophy. If, by any kind of interference, cells
or cell groups of the epidermis are killed or destroyed,
the empty places thus produced are filled out by the living
neighboting cells. By growth, flat swellings are produced
on them, v^hich'grow into the dead cells. Ihe cavity is
finally closed, since all the neighboring cells hypertrophy
in the same way, and the cas formed from them lie close up-

(96) on one another. (Compare fig. 27). If a single cell closes
the wound, this h3^ertrophying cell can reproduce the nor-
mal appearance almost completely. Its growth reminds one
of the processes which were described above in the "resti-^
tution of the tissue". Even the guard cells can share by
growth in the closing of the vvound. Vfliile normal cells are
perhaps 0.18 mm. long and 0.03 mm. broad, Miehe found hy-
pertrophying ones become from 0.38 to 0.43 mm. long and 0.08
mm. broad. Cell-division was not obser-^ed anywhere but it
may occur occasionally in Allium nutans , in which Hiehe ob-
served similar regeneration processes.

Among callus-hypertrophies I include also the
abnormally large cells which Haberlandt^ recently
obtained in a culture of isolated tissue elements.
Isolated mesophyll cells from the upper leaves of
Laminum purpureum kept alive for weeks in Knop' s

nutrient solution or in nutrient fluids containing
sugar and gre# perceptibly at the same time thick-
ening their membranes either on all sides or only
.in places. Haberlandt*s statements concerning the
action of the chlorophyll grains are especially
interesting. In Knop's nutrient solution, they

1. Ihe tendency of many orchids to the formation of reti-
culated membi-ane thicking, as proved by v. Bretfeld (see

above p. 61) , makes probable a positii^e issue for further
testing. It seems to have escaped v. Bretfield^s attention
that the formation of the described thickenings of the wall
can be combined with luxuriant hypertrophic growth. I sur-
mise that the occurrence of metaplasy or prosoplastic hyper-
trophy depends on external conditions. Cultivation in a noist

atmosphere might here, as so often, cai^se or favor the pro-

duction of abnormally large cells, iThrough lack of material,
I could not test this que^'tion further.

E, Ueb.Wanderungen d. pfl, Zellkernes.Flora,1901,Bd.
LXSXVIII, p. 105.

3, Eulturversuche mit isoliertin Pflanzenzellen Sitzungs-
ber. Akad. Wiss. Wien, 1902, Bd. CXI, Abt. I, p. 69.
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become gradually smaller, assumed a yellov^ish. tinge
and were transformed finally into very delicately
contoured, small leucoplasts. When kept in a one
per cent, sugar solution, they decrease a little
in size, but keep their color; in stronger concen-
tration (3 to 5 per cent.) they remain as large and
as richly pigmented as before and often become more
intensely green than they were originally. Therefore

(97) those same changes may' appear in the culture of cells
in inorganic solutions, which we have found to so
often occur in hypertrophied cells v;ithin normal
tissues. Future investigations will determine,
whether it is possi ble to bting to hypertrophy cells
left in the tissue and then, by a simultaneous sup-
plying of carbohydrates or other nutritive substan-
ces, to prevent the retorgression of their chloro-
phyll contents, Haberlandt assumes that, in isola-
ted cells, the chlorophyll grains thro\'m upon their
own assimilation activity cannot be kept intact,
since they give up their assimilatory products to
the other cell-organs. Isolated assimilatroy cells
of Eichornia crassipes soon lost their cllorophyll
contents' in the dark, if at the beginning of the
experiment they contained no starch, "while they
remain intact if, in case of scanty or insignifi-
cant growth of the cells, they can make use at least
partially for themselves of the' starch stored up in
them". Haberlandt obtained also giant cells with
thickened walls in the culture of fragments of stsm-
inal hards of Trades cantia.

Winkler (Bot. Zeitg. , 190E, Bd. LX, Abt. E, p. 264)
promised further communications concerning the fate of
isolated cells.

The conditions . under which the abnormally large cells,
termed callus-hypertrophies, are produced, are still unknown
to us. Of the diverse new conditions which an injury creates
for the estposed cell, it has not yet been possible to separ-
ate the stimulating ones from the ineffective, nor to recog-
nize the significance of the single factors by comparative
experimental studies of their specific effects. More acces-
sible for esjierimental research is the problem, under what
conditions tissues of the same kind may be stimulated by in-
jury to hypertrophic or to hyperplastic changes. Doubtless
humidity plays a large part here; air containing much water
vapor pi-omotes extensive undivided grovrth, after injury to

living tissues, just as in the case of hyperhydric ones.
One of Massart^s experiments (loc. cit. ) supports this. He
so split a stem of Ricinus by lateral pressure that two^ slits

were opened tov/ards the -oith-cavity, two others toward the
outside. fCompare fig. 38). In the slits f. f. opening to-

wards the outside, the exposed tissues reacted with abundant
cell^division; in f» f « , on the contrary, only callus hyper-
trophies appeared. Massart assumes that contact v/ith the

open air makes pos^ble the extensive reaction in the first
named slits, A comparison with different researches makes it

seem certain to me that the effect of moist air, which we may-

presuppose to be present in the pith-cavity of the stem, was
198) the essential condition of MassartSs experiment. The signifi-

cance of transpiration lies supposedly in the fact that a more
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abrnidant current of nutritive substances flow to the cells in
vvliich a^moderately vigorous elii-nination of v;ater vapor is
possible. The differences, often showii by the comparison of
different examples of the same species under similar external
conditions, might be based upon dissimilar conditions of nu-
trition of the objects under investigation.

EEperimental investigations into the influence of abund-
ant nutrition on growth and cell-division have led as yet to
no positive result. At least, Haberlajidt was not able to
bring isolated cells to celldivision by supplying abundant

, nutritive substances (cane-sugar)

.

Recently Yv'inkler reported in a preliminary statement
(loc. cit.) that isolated cells could be stimulated to divi-
sion by means of poisonous substancesl isolated root-parenchy-
ma cells of Yicia Faba grew out to two or three celled threads,
if O.OOE per cent. C0SO4 was added to the nutrient solution
(Knop ^lus 1 per cent, cane-sugar)

,

5. TYLOSES

As tyloses are -asually designated all those spherical
pouches found in the lumina of the ducts and tracheids of
various vascular plants. They are knovm to be produced by
the growth into the lumen of the ducts of the adjacent par-
enchyma cells through the thin-v;alled parts upon v^ich they
touch. The parenchyma cells do not divide - with very rare
exceptions - so that we can consider tyloses io be hyper-
trophies.

Tyloses are distinguished from other hypertrophies,
first of ail, by the fact that in their production only a
limited part of the membrane of the participating cells is
enlarged by surface grov;th. The position of these narrowly
bounded, growing membrane areas is determined by the releif
outline of the adjacent wall of the duct. In "this way only
those parts of the parenchyma, cell wall distend, which do
not lie xmder resistant, thickened membranous parts of the
ducts. Therefore,' this explains forthwith the fact that the
formr-proportions of the cells producing tyloses are percep-
tibly changed during the growth, so that the hypertrophied
cell is not an enlarged reproduction of the normal one. The
cylindrical or spherical parenchyma cells acquire one or
more spherical or sac-like elongated outgrowths, often of
considerable size, Not infrequently the volume of the orig-
inal cells remains far below that of this nev/ly produced
appendage. {Compare fig. SI). The tyloses are further charac-
terized by the fact that they fill out hoMrow places already
existing in the plant body. Thus, by the hypertrophy of cer-
tain cells, in the case of tyloses formation, there is brought
about neither increase in volume, nor change in the form of
the organs concerned, nor does it cause the formation of pus-
tules or swellings.

All larger cavities found in the plant body,- the
lumina of the ducts, the air chambers of the stomata and the
secretion cavities, may indeed be filled up by hypertrophic

(99) growth of the living, adjacent cells. YiJe will summarize as
tylose-formation all hypertrophies characterized by localized
surface growth of the membranes filling out any cavities in
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the plant TDody and will describe them briefly in the following.

1. The duct tyloses are best known:- They are the ones
which fill the lumina of the ducts and tracheids and are pro-
duced by hypertrophy, of the living parenchjTna cells lying in
the wood.

The knovdedge of duct tyloses dates back to
Malpighi, who foujid "oval and translucent little
sacs" enclosed in the ducts of Quercus^l The un-
named author in the Botanische Zeitung« investi-
gated their anatomy carefully. In his statements
the development of tylose,^ from parenchyma cells is
excellently described. Bohm® sought to explain the
production of the tyloses, first of all, by an ac-
eumula^ion of cytoplasm between the lamellae of the
duct v/alls , whose innermost layer grows out to form
the membrane of the tylose cell. He traced it back
later to an excretion of protoplasmic drops and their
subsequent hardening.

The form of the tyloses is determined in the first place
by the nature of the thickening of the duct wall. If ring-
like thickenings are present the adjacent parenchyma calls
may produce a broadly-based outgrowth into the lumen of the
duct, (Compare fig, 29). The conditions in the spiral duets
are similar, if the single spirals are not too flat, and the
thin membrane places are not too narrow, (Compare fig. 30),
If the ducts have bordered pits, only very narrow entrances
into the lumina of the ducts lie at the disposal of the grow-
ing parenchsmia cells. The body of the original cell and the

(100) newly produced appendage are then united only by a narrov/
isthmus, (Compare fig. 31) . The form of the tyloses depends
still further upon vi^hether the parenchyma cells grow out

'''into the lumen of the duct, forming only one tylose for each
cell (fig. 31) or several at the same time (figs. S9 and 30)
whether therefore one or more appendages are produced on one
and the same parenchyma cell. Further, the spg,ce available
in the interior of the duct is of importance. Usually many
tyloses push against one another in the same duct g,nd fill
the lumen with a pseudo-parenchymatic tissue, while they are
flattened agimnst one another making necessary a polyhedric
form, (fig^'31>. If the number of tyloses is small, they fill
the lumen of the duct, as round bladders or cylindrical sacs.
Complicated forms arise, if the tyloses grow out from one

1, Anatome Plantarum, 1675-1679, Tab, TI , Fig. 21.
Compare the translation by Mobius, Eiassiker d. exakten Wiss-
ensch. Herausgeg. v. Ostwald, 1901, Bd. CXX, p. 7, 32,

2, Unters lib, d, zellenartigen Ausfullungen der Gefas&e,
in place msntioned, 1845, Bd, III, p. 2E5.

3, Ueb, Funktion und Genesis d, Zellen in d. Gefassen
des Holzes, Sitzungsber. Akad. Wiss, Wien, 1867, Bd. LV, Abt.
II, p. 851. Ueb. d. Funktion d, vegetabil, GefSsse. Bot, Zeitg.
5.879, Bd, XXX^fll, p. E89,
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duct into another one, as Tison^ shows in Hamamelis virginiana .

The size of the tyloses is greatly dependent ^on the
space at their disposal. They sometimes grow out into cut
sducts, and then attain a considerable size. I have seen them
grow to gigantic sacs on the cut surfaces of Platanus cuttings
and incompletely cover the exposed surface of the wood.

flOl) Content and wall of the parenchyma cells, developing
tyloses, remain essentially unchanged in the case of tylose
formation. The nucleus of the parenchyma cell does not divide
(compare the footnote) . Often it wanders over' into the tylose
usually the young tyloses seem to lack nuclei, since the
nucleus leaves the mother cell only in late stages of tylose
development. «i The membrane s of tyloses, as is true in many
other hypertrophies, are often very thinl In other cases,
massive thickenings of the walls may be observed and even cor-
responding bordered p;^ts on the contact surfaces of adjacent
i? °f®? ^^^S* ^^'' ' Moller^ found very thick wall tyloses with
the habit of growth of siione soils (stone tyloses) in the
wood of Piratinera guianensis, Molisch (loc, cit.j). 273), in
Mespilodaphne Sassafras (compare fig. 32.) In the case of
Piratinera all the tyloses have become stone-cells, the ducts
being completely stopped up with them. By this means "Jfhe
homogeneity of the wood is significantly increased" (Molisch)

.

In Mespilodaphne the stone-tyloses alternate with relatively
thin-walled ones, (compare the figure). The wood^-parenchyma

. cell3 of Mespilodaphne, developing tyloses, are otherwise
rather thin-v/alled.

1. Rech. s. la chute d. feuilles chez 1, Dicotyl. These
Caen, 1900.

2. Molisch has shown already (Zur Kenntnis d. Thyllen, nebst
Beob; u. W-undheilung in d. Pfl. Sitzungsber, Akad. Wiss. Wien,
1888, Bd. XCVII, Abt. I, p. 264), that the relations between
the groY^th of the cell wall and the position of the nucleus
in the cel^, which Haberlandt proved for many cases (Ueb. die
Beziehungejl 3W. Funktion und Lage des Zellkerns, Jena, 1887)
are not always recognizable in, the fozmation of tyloses. Sim^
ilar cases, however, are not lacking ijn which the nucleus at
first remains at a distance from the distensions of the cell,
produaed by jsuperficial growth of the walls and wanders over
into the appendage only when it is finished, as, for example,
in the haustoria of the Erysipheae, which obtain their nuclei
only after concluding growth. The neucleus forBBS itself in
to the lumen pf the haustorium through the thin neck of the
latter, (compare Smith, The Haustoria of the Erysipheae. Bot,
Gaz, 1900, Vol. XSIX, p. 153, 167); further in the young
basidia of the Basidiomycetes according to Maire (S. 1, cyto-
logie des Gastermmycetes. C. E, Acad. Sc. Pairs, 1900, T. EXXI,
p. 1346). According to K. Tamba (Die Herkuhft der Zellkerne in
den Gefassthyllen von Cucurbita Sitzungsber. Phys. Mediz, Soc.
Erlangen, 1887, Bd. XIX» p. 4) the nucleus divides at times in
the

'

parenchyma cells of Cucurbita producing tyloses, one of the
daughter nuclei goes over to the tylose, the other remains in
the mother cell. Closer testing would be much desired.

3. Rohstoffe des Tischler- und Drechslergewerbes. 1883,
Bd. I, p. 143.
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As regards their contents , many tyloses correspond
to w6od«-parencliyma cells, in v/Maiti they store up abundant
starch, "Molisch found tyloses containing starch in Aris- '

tolochia, Asarum, Hobina, Maclura, Vitis, Ampelopsis, Morus,
Cuspidaria, Laurus, Oohroma, Sparmannia, Ficus and Ulftus,
so abundantly in the rhizomes of the Aristolochiaceae, that
the ducts seemed In places to be 'plugged up with" starch,''
Crystals, as contents of tyloses, are of little importance.
fbo tyloses of Sideroxylon olnereum often contain one crystal,
more rarely those of Maclura .tinctoria, Piratinera guianemsls
LoscoptergiTO Lorentzii, and Yltis^ Molisch found iyTosms
of Ulmus filled wi'ch calcram carbonate. In regard to wound
gums contained in the tyloses, refer to the statements of
¥ill.2

(102) Amon^ the most important characteristics of tyloses
is the fact that they ate uniigellulart Despite the extent
which they often attain, cell-diyision is omitted in almost
all cases, Molisch" has disproved the statements of de Bary,*
(loc, cit,) .Trecu3,, Gris°, and others, who thought they had
observed a separation of the tyloses from the mother cell,
Molisch could prove multicellular tyloses only in the ex-
ceptional .cases of Cuspldaria pterocarpa and Eobina, iThor^
ough proff is needed of the statements of Stoll^ that the
wood In Passiflora quadrangularis taJses part in callus foni>-
ation by'means of tyloses. He says that these after repeated
division, fill out the lumen of the duct near a wounded sur-
face -v7ith a tissue that finally presses out over the cut sur-
face,

The distribution Of tyloses in ducts is almost uni-
versal in vascular plants, They are foimd in the parts of

It Compare here also Rees's Pur'Kritik d, Bohm ^ schen
Ansioht ub, d4"Entwickelungsgesch, und Funktion der Thyllen
Bot, Ztg, 1868, Bd, XX^I, p. 1,

S, Molisch, loc. cit. p. 275 and Vergl, Anat. d, Holzes
der Ebenaceen u, ihrer Terwahdten, Sitzungsber. Akad. Wiss.
lien, 1879, Bd. LXZX, Abt. I, p, 65.

3, Ueb, d, Sekretibddung im TAind- u, Kernholz, Arch. f.

Pharmacie, 1899, Bd, OCXXXVII, p, 369.

4, Vergl, Anat, dl Yegetationsorg, p. 178. «

5, Trecul, Rech; s. I'origine d. bourgeons adventifs. Ann,
So. Uat. Bot. 1847,^3®^ ser,, T, VIII, p, 273. Gris, SUr la
moelle des pi. ligneuses. Ibid., 1872, 5°^® ser. T. XIV, p. 34.

6, 'Ueb. d. Bildung des Callus, Botan. Zeitg. , 1874, Bd-,

XXXII, p, 737.
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(103)

various plants aljove groiind as w ell as in those tiader
groti^d, (rhizome, roots;., but, to be sure, not in the same
abundance in all families. The representatives of many a
group of the plant kingdom are directly characterized by
their "tendency" to abundant tylose formation such as the
Scitamineae, laurineae, Juglandaceae, Salic::.neae , Ur&icaeeae,
Moraceae, Artocarpaceae, Ulraaceae, Anacardiaceae , Yitacfeae,
Cucurbitaceae , and AristoXochiaceae, In other families,
only single genera have the capacity for forming tyloses
(for example, Eobina among the Papilionaceae)

, ^_ still
others tyldse format ifin is very "rare or is entirely lacking.
(Ebenaceae, Aoerineae, Mimoseae, Rosaceae,

I repeat here the list of plants bearing tyloses, as
given by Molish in a someiwhat more extended forma and^l^imit
myself therein to the statement of the generic names. *

Abies (Raatz)
Achyranth.es
i^esculus, (Maule, Tison)
Alnus (Tison)
Ampelopsis
Aralia'
Aristolochia(cf, also Tison)
Arto'carpus
Arundo
Asarum
Banisteria
Begonia
Betula
Bignonia
Boehmeria
Broussonetia
Bryonia
Ganna

Carica
Garya
Cassica
CaS'-Sanea

Oata3.pa
Celtis
Chilantus
Cladrastis (Tison)
Coccoloba
Ooleus
Convolvulus (Dutailly)
Gornus (Maule)
Corj^li^a Corypha
Cucumis
Cucurbita
Guspidaria
Dahlia
Biospyros

1. Besides the literature alteady„city, compare also the
following works ;-,,Un^er, Ueb. Ausfullung alternder u, ver-
letzter Spiralge^ass.e durch Zellgew, Sitzungsb, Akad. ?/iss,

Wien, 1867, Bd. LVI, Abt. I, p. 751. Dutailly, Sur quelgu.
phenom. determ. par 1'' apprattion tardive d'elem. nouv. d. ..

tiges et 1. racines d. Dicot. These (BordeauxC , Paris 187^^.

Rus.soT,?, Z. Kenntn, d. Holzes. InSonderheit d.^Jioniferen-
holzes. Bot. Gbl. 1883, Bd. ZIII , p. 134, Prael, Vergle
Untersuch. ub. Schutz- u. Kerhnholz d. laubb, Pringsheim*

s

Jahrb. f. Wiss, bot, 1888, Bd. ZIX, p. 1. (compare Ber, d.

.3). Bot. Ges., 1887, Bd. 7, p. 417). Williamson, On some
anomalous cells developed within the interior of the vascu-
lar and cellular tissues, etc. Ann. of Bot, 1888, Bd.I.p.

315. Conwentz, Ueber Th. u. thyllenahnl. Bildungen, vornehm-
lich imHolz d. Bern-Stbrnnlaume. Ber. d, D. Bot. Ges, 1889,
Bd. VII, p. 39). Tubeuf, Ueb. normale u. pathogene Kernbild-
ung d- Holzpfl. u. s. w. Zeitschr. ges. Forst. u. Jagdw. 1899

Bd. XXI, pi 385, Raatz. Uber .yhyllenbild, in d. Tracheiden
der Koniferenhol^er, BerjiQiite d. D. Bot. Ges. 1892, Bd. X,

p. 183 (compare ©ojiwentz, ibidf;Pi 218). Matile Der Faserver
lauf im WuhdJ^olz. Bibl. ;Bpt. 3,^95, Bd. XXXIII, p. 5,6.Anteil
d. sekund Holzes d. dikotyl 'Qewacihse an d. Saftleitang u.s.w.

Wielfer. Ueber d*- Anteil d. Pringsheim* s Jahrb.f .wiss.Bot,
1888, B4, XIX,p;82.Ueb.d. Vorkommen v.Verstopfungen in d Ge-

fassen'monojiot. 'u. dikpt. Pfl.Meded.Proefsta. Mid- Java, 18 92.
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Euphorbia
Fagus
Picus
Praxinus
Gleditscliia (Tison)
Hamamelis ( Tison)
Hedera-
Hedychium
Hellconia
HiJinulus (OJuTjeuf)

Inula
Jatropha
Jugland
Koelreuteria
Latania
Laurus
l^igustrura
IiOranthus
Losropterygium
Madura
Mansoa
Blaranta
Hicania
Morue
Musa
Ochtoma
plea
Ostrya
Passiflora
Paulrmmia
Perilla
Hiarbitis

Philodendron
Phyllanthsu
Picea (Raatz)
Pinus (Raatg)
Piratinera
Pistacia
Plantageo
Platanus
Populus
Portulaca
Prunus (y/ieler)
Pterocarya
Quercus
Bhus
Kicinus
Robina
Rosa (Matae)
Rubia
Rtuilex (Dutailly)
Salix
Sambucus
Santalxim
Schinus
Sideroxyltun
Solanum
Sparmannia
Stigmatophyllum
Strelitzia
Taraxacrura

Tbunbergia
Ulnus
Urtica
Xanthoxylon (Tison)
Vitis

.

(104) Bo far as I kiioTCst only Cyathea insignis may be consid-
ered as a representative of vascular cryptogams , in whicli
according to Conwentz (loc. cit. p. 35) , tyloses appear
in the old petioles.

Two more important points are to be settled - the giies

tion as to the dtiology of ty^joses in the ducts and the
question as to their physiolog-ical si^nifioance .

It has not yet been made sufficiently clear, uiider
what conditions tyloses are produced. Beyond doubt, the
parenchyma cells are stimulated to tylose formation throng
injury to the branches, roots, etc. Tylose formatio^a ap-
pears as well in'artifical pruning etq^, , as in ^e "physio-
logical " injury, which defoliation brings v^th it; in Ro-
binia only a few hours suffice to bri^ about the formation
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of tyloses after injury (according to Wieier) . We may
therefore consider tyloses as callus-hypertrophies of the
"bark and other tissues. Like these and other hypertrophies
tyloses also, as I have convinced myself by experiments
with Platanus cuttings, are furthered in their developement
"by the action of air rich in moisture.

On the other hand, it ts well known that the formation
of tyloses may occur in very, many plants, even without
previous injury. In the heart-wood and in ageing sap-wood
the ducts are filled with them, !Ehe' question must remain
undecided whether •^\''. in heg-tt-wood, etc., similar factors
act upon the parencjiyma cells, as' " when branches are
cut off, or in any kind of injury, or whether other condi-
tions than these, effective after injury, can cause the
formation of tyloses. The tyloses, independent of the
woiiSid stimulus, appear, however, not only in ageing parts
of the trunk, hut also in organs still very young; for
esaample, in the Cucurbitaceae , The conditions which cause
tylose formation in ageing organs seem therefore to be ful-
filled occasionally in young ones also.

There are still other statements, according to which
attacks by parasites exert an influence on the tylose for-
mation. Tylose formation is said to appear after infection
by fungi.

2

In order to be able to explain uniformly, the
production of tyloses in wound-wood and in heart-
wood, Bohm assumed that the filling of the ducts
with air, under the usual pressure, is the cause
of tylose formation. Molisch (loc- cit. p. 295)
has criticised this assumption; "In an injured
branch, tyloses are formed bery abundantly perhaps
1/4 to 1 cm. below the wound, somewhat farther
down markedly less frequently, until finally 2 to

(105) 3 cm. deeper they do not appear at all. If the sus-

1. Wiler, Ueb. d. Ahteil d. sekund. Holzes der dikotyl.
Gev;. an d. Saftleitung, etc. loc. cit. Fort the formation
of tyloses after the falling of the leaves , see Staby JJ'^-'^.

d. Verschl. d. Blattnarben nach Abfall d. Bl. Flora, 1883,
Bd. LXIX, p. 113. von Tieghera and Guignard, Observat. s. 1.
mecanisme de la chute d. feuilles. Bull. Soc. Bot. Srance
188B, T. XXIX, p. 312. Tison, loc. cit. Therein also fur-
ther bibl. Weber (Ueb. d. Einfl. hoh. Temperat. auf d. Fah-
igkei^t d. Jlolzes, den transpirationsstrom zu leiten. Ber.

|, B. Bot. Ges. 1885, Bd. Ill, p. 345) obtained tyloses in
Ihe vicinity of piaces of branches which had been killed by
heat,

£. Compare for instance, Mangin, Sur la maladife du Rouge
d, 1. pepinieres etc. C. R. Acad. Sc. Paris, 1894, T. CXIX
p. 753 (Beob. an Ulnus and Ailanthus nach Infection durch
U0ctria cifinabarina) . Brillieux and Delacroix. La gomose
bacillaire, maladie des Vignes. ANK, Inst. Hat, Agron.
|.g95, T. XIV.
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pension of the negative air pressure in the dtictswere the only cause of tyiose formation, then, con-sidering the well-knovm fact that the ducts usually
stand in open continuity for far longer stretches.^
often several meters long,- this would have to holdgood for much deeper distances,"

She question as to the function of the tyloses in the
ducts causes great difficulty. Ihc nature of the tyloses
descrihed above make it certain that they influence the fun«*
ctionin^ capacity of the ducts of which they have possession.
Tyloses v/ill stop up the water conduits by the close filling
which they produce in the ducts ' r.nd m.-ike then incapable of

"SS^'i^^^^^**
^"^ Seems doubtful, how^evBjB, whether in this

effect of tyloses, we may look for their significance from
the view of physiological anatomy:- for some oases indeed it

"

seems improbable. iDhat tyloses are beneficial on the surface
of_=?;ounds as obstructive precautions, may indeed be obvious,
buu It is inconcievable why an obstruction ox the conduits
should also be advantageous; at times in uninjured p&rts;-
even in very young sections of shoots. Besides this, cases
are not lacking in r/hieh tyloses remain nucsh too small ±o
Bake a perfect stoppage, for these reasons, Haberlandt"'" as-
sumes that "the tyloses in some way interfere tTith the pro-
cess of transporting materials, since they enlarge the contact
surface of the parenchj^ma cells and ducts, thus, for example,
they could accelerate the compression of hemorrhage in the
ducts-, could force jfeugar into these ducts, or conversely like
haustoria, which they resemble, could draw out from the trans-
piratory current certain substances dissolved in it, Ihe cijv
cumstajoces that, according to Heess, the farmation of tyloses
often continues a long time in ducts several years old, seems
to favor a function of this kind, it appears a6 if the old
tyloses., having grown incapable of functioning, are replaced
by new ones," Of course, for the present, this is all sup-
positio-ji,

ThuS:, the search for a physiological significance of
the tyloses has not yet led to any satisfactory results. Per-
haps the assumption brings us nearest to the truth, v;hich
suggests that many of these, like the hypertrophies already
described, do nothing for the v^ell-being of the whole organism
but are to be considered as pathological formations in the
sense discussed at the beginning of this book.

£• The secretion glands and the rosin ganals, like the lu-
mina of the ducts and tracheids may be filled up by tyloses
through the outgrowth of adjacent living parenchyma cells

»

imong"the cryptogams (lycopodium)
,
gymnosperms {ZamX$., Pinus,

IiariK, etc.) , and various kinds of angiosperms (Rhus, Hyper-

1. Physiol, Pflanzenatomie, E. Aufl., 1896, p. 285.
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icimi, the mucus tubes of Anthuritim, etc.) , large numbers of
(106) cases of this Sort are v/ell Icnovml. Tyloses of the secre-

tory^-glands, like those of the ducts, arise on th6 one hand
after injury (as, for example, according to Tison, in aut-
umnal defoliation) , on the other hand as "phenomena of sen-
ility" without previous injury. But it would be impossible
to say What factorys incite their formation, and whether
they have any significance whatever for the life-activity of
the organism as a whole.

3f Finally, those tyloses remain still to be consider-
ed, which grow into the air chambers of the stomata and fill
them partially or entirely]; Hypertrophies of this kind have
long been known in many plants; either the epidermal cells
lying adjacent to the guard cells

,
grow out on the inside

into large bags, as Haberlandt^ affirms for Tradescantia
viridis, (compare fig. 33) or the neighboring mesophyll
cells are distended and fill out the empty space, (fig. 34)
(The second type is more frequent, Schwendener observed the
same in Prunug Laurocerasue and Camellia japonica. Molisch,
i^ ^radescantia guianensis. T. zebrina and t. pilosa . and
in Begonia gunnerifolia. Haberlandt in Pi3:ea elegans (fig. 34)
Mobius, in Ficus nerifolia, etc,^ The intercellular spaces
lying below the water clefts shov/ at times a very similar *

filling out. (TropaeolTjm Lobbianum, Cephalotus follicularis.)
Occasionally the walls of the tyloses are greatly thickened
on the side turned toward the guard cells, (Ficus, Pilea,
fig. 34.)

It has not yet been observed whether tyloses are
produced in the inner cavities of stomata after injury, but

(107) it may be possible to prove this by future investigations.
They are produced' chiefly on ageing organs, further, accord-
ing to Haberlandt, on such as suffer from l&ck of v;ater. A

1. ITnger Anat, u. Phys. d. Pfl., Pest 1855, p. 213. Heg-
elmaier and Pfeffer im Tagebl. d. laturf ,-Sers. Leipaig, 187E
p. 144,, 145, Mavr, Ueb. d. Verteil. d. Harzes in uns. wich-
tigsten Hadelholzbaumen. Flora, 1883, Bd, LXVI, p,, 221, En*-
teh»'u, Verteil. d, Sekretionsorg, d, Fichte u, Larche, Bot,
Cbl», 1884, Bd. XX, p. 278. Trecul, s, 1. cellules qui ex-
istent a 1* inter, d, canaux du sue propre du Brucea ferrug-
inea. C, R. Acad. Sc. Paris, 1887, T. CIV, p. 1223. Tschirch,
Angew,' Pfl,-Anat,, 1889, Bd. I, fig. 565. Conwentz, loc. cit.

Mobius, Japanische Lackbuiii, Rhus vernicifera. Abh. Senckenb.
ITaturf. Ges, 1899, Bd. XX, p. 201. Costerus, Les petits point
fences d. feuilles des Connarus, Ann. J. Bot. Buitenzorg.
1899, Suppl, II, p. 109.

a, Ueb, d, Bezieh, zw. Funktion u. Lage des Zellkerns
bei d. Pf 1. Jena 1887,

3, Schwendener, Bau und Meckanik d. Sp^|;toffn, 1881. Ges.
Abh. 1898, Bd.I.p. 62. Haberlandt, Physio^, ^flanzenaieobomie

p, 400. Molisch loc. cit. Mobius, Beitr. a. Anat. d, Fious-
Blatter. Ber. Senckenberg, Haturf. Ges, :^887 , p. 117.

„ 4. I>e Bary, Vergl, Anat. d, Veget,-0rg, , 1877, p. 55,

Gobel , Pflanzenbiol. Schild., 1891, 6d, II, p, 114.
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thorough., experimental investigation of the question, whether
in STich cases too great loss of water by transpiration ac-
tually incites hypertrophic growth, would be especially in-
teresting Since the only cases yet known are those in vfeich
aDnormally large cells are formed as a result of too slight
transpiration. Kie question whether tyloses of the air
Chambers are abli to decrease the water transpiration of
the leaves etc., in a way "expeitient" for the organism,
needs further investigation. Mn many cases the surface
transpiring moisture might rather be increased by the abnor»a
mal growth of the mesophyll cells.

6. GALL HYPERTROPHIES

Those hypertrophies, which we will term gall-hyper~
trophies, have primarily a common etiological charaoteristio-
gall-hypertrophies are those v\3iich are produced by the ef-
fect of a poison given out by a foreign animal or vegetable
organism.

Bie abnormal tissue products, histologically most
divers e^ produced by the influence of foreign organisms, are
differentiated from the corresponding normal tissues less by
the size of their cells than by their number and their pe-
culiar tissue differentiation. We will have to consider
these supplementarily when discussing hyper^Jlastic tissue
structures . (Chap. V). I will defer until then a few
general notes concerning galls, which are true alSo for the
forms produced only by a cell growth. A complete, sharp
line cannot be drawn in detail between hypertrophie and hy-
perplastic abnormal tissues even in those produced under the
influence of parasitic organisms, Hetherless I consider
that the difference emphasized here is a suitable foundation
for the division and that it makes possible the drawing up
of groups and sub-groups , which may be termed "natural" .ones
on account of their correspondence etiologically and hieto-
logioally.

In deciding the individual cases, the same questions
are to be discussed as in the earlier groups;- questions as
to the form of the hypertrophied cells and their internal
structure. It must be shown that, in contrast to many other
hypertrophies, the formation of those induced by foreign
organisms is connected with an abundant supply of nutritive
materials, with an "over-nutrition" -sAfeich finds its obvious
expression in an enormous accumraulation of albumen, starch
ot the like.

Gall-hypertrophies occur extraordinarily often in the
epidermal and fundamental tissues, in various plants and
under the influence of the various animal and vegetable par-
asites.

a. E;fiidermis.

In the next chapter it v;ill be shown repeatedly that
(108) the epidermal cells in general participate only moderately

in hyperplastic tissue formations; their "tendency" to cell
diYlsion is slight. In hypertrophies, however, the epidermal
cells play an important part. They are stimulated to growth

, by different kinds of parasites and furnish products of often
astounding size and aurprising diversity.
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SYUCIIYTRIUM GALLS

She galls of tlie Synchytrla (Ohytridiaceae) furnisli
Insti'uctive exajnples which may be cited first cf all Tsecause
of thsir simplicity. !Ehe course of development of these
f^gij' parasitic pn different phanerogams, and their rela^
ui'U'iS to the host plant are euctraordinarily simple in as
much as the whole life of one generation is enacted in one
cell of tiie host plant. The swarm e;pores of the S3mchytria
penetrate into the epidermal cells of the parts of the plants
above ground and incite the infected cells to active growth.
Figure 35a shows the simplest ca,^e: the cells attacked by
the fungus (Synchytrium Drabae Ludi) have been enlarged, the
form of taie hypertrophied cells , however, not varjring es-
sentially from the normal, . If the growth of the infected
epidermal cells becomes greater, they push the raesophyll
aside and grow into it as spherical or egg-shaped pouches,

-

often extending as far as the opposite epidermis,- or they
swell out towards the outside and produce small hairs, as in
the gall^product of Synchytrium l^osotidis shown in fig. 35b/-
In -the case of other Synonytria the nutritive cells assume
still more complicated forms,

Besides the nutritive cell, in which the parasite re-
mains the neighboring cells of the epidermis can be incited
to abnormal growth, in which they do not change their form
essentially. (Compare fig. 36a.) Finally, if cell division
takes place near the nutritive cell, more or less extensive,

(109^ often round warts, or warts with stalks, are produced, in
whose centre, or at whose apex the nutritive cell may be
found. (Fig. 36b) . In the production of such multicellular
galls, therefore, hj^-perplastic tissue-changes are also in-
volved.

It is not yet sufficiently clear, what
factors determine whether only the nutritive
cell of the parasite hypertrophies, or other
cells undergo an abnormal grov/th and division.
Ihis much is certain, that the nature of the
parasites and the specific character of the host
plants alone do not determine it, that there-
fore, the form of the galls cannot be ascribed
throughout and unreservedly to the systematic
characteriSj^ics of the different Synchytrium
species, ludi especially has referred to the
change of the gall-form in the species named :-

"Usually when the v/arts are close together, Syn-
chytrium Drabae showed only those v/hose resting
spores lie in, more or less distended epidermal
jCfills, and which have no further influence on
the neighboring cells,- therefore, simple warts,
Uot infrequently and usually where there is more
space at the disposal of the nutritive cell in its
development, where therefore the warts are not so
close together, the nutritive cell is distended

1* Schroter, Die Pflanzenparasiten aus d. Gattung Synchy-
trium, Oohn's Beitr. z, Biol, d. Pfl. 1875, Bd. I, 1, p. 1.
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towards the inside and displaces its neigh-
boys. The wart can then be termed "half-
composite". Finally, however, it may happen-
and this is found to take place in all pe-
duncles,- that a one or more layered, cup-
like covering groves about the nutritive cell»
as in the case of Synchytrium Mercuriales. _

It is there designated as a composite wart.-'-
In Ludi^'s contributions are found also refer-
ences to those of earlier authors upon this
qquestion.

The fact that after infection v/ith Synohtria and dur-
ing the abnormal growth of the "nutritive cells", appreci-
able amounts of nutritive stuffs may indeed be brought to
them, as stated above under gall hypertrophies in general,
is proved first and foremost by the growth and increase of
the parasite, lo other means of nutrition are at its dis-
posal than these contained in its nutritive cells In vig-
orous consumption, however, there does not occur any strik-
ing accumulation of proteins, which is characteristic of
many other hypertrophies. The formation of red coloring
matter has "been observed repeatedly in infected cells,

ERIHEUM- STRUCTURES

As the second group of the gall-hypertrophies "of the
epidermis, there follov/s that of Brineum>-structures , v/hich
surpass in diversity of form all other hypertrophies known
in the plant kingdom.

In the accepted text books of plant pathology all
those mite-galls are summarized as felt-galls or Erineum-
structures, v/hich appear to the naked eye as "felt-like
coatings" of the infected plant organ. This limitation may
suffice for the needs of the practical v/orker, but for our
purpose a sharper formulation might be advisable. In cross-
secjions of the diseased leaf, etc. it is shovm, that the
felt-like covering has been produced only by the outgrowth
(hypertrophy) of epidermal cells (compare fig. 38) , or that
besides the hairs ^ multicellular cones and ridges have been
produced by the excrescence of the fundamental tissue. Felt-
galls of the second kind will be mentioned in the chapter
on hyperplasia. In the present chapter, we are concerned
only with the first named case. As Erineum-structures we
vail consider in the following only those variations from
the normal v/hich are caused by mites, and which like many
Synchytrium galls, are characterized by hair-like hyper-
trophy of the epidermal cells. 2 The knov/ledge of the Erinea

1. Ludi, loc, cit, p. 8.

2. I consider it expedient to retain the old designation
"Erineum" , in spite of the change in meaning of the word
since Persoon. (see belov/) . On the other hand, it appears
to me inexpedient, at the least very unnecyBssary, to pro-
vide the newly found Erineum structureis (from the standpoint)
of the binominal method of nomenclature) with a particular
"species" naipe.
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dates back to Malpighi-^ who observed on grape leaves the
white* coat of hairs caused by mites, ^ This formation was
not investigated more closely until the end of the 18th
century,' Persoon (1798) considered the abnormal hairs to
be fungi, which he united into a new gernls "Erineum". Link

(111) and Fries* differentiated" several genera, according to the
Ifform of the hairs, Unger^ , corrected their error and
ascertained that the threads described by the authors named
were not fungi, but hypertrophied epidermal cells. The next
step forward was brought about by the knowledge that the
described hypertrophies were caused by mites. Fee was the
first to discover them among the Erineum hairs^, and to
recognize them correotly as the cause of mal-formation. The
development and life-history of the mites have been deter-
mined 0inoe then by the numerous investigations of. Siebold,

1« Anatome Plantarum^ London, 1675-1679.

2. 3?he "Brineum populinum" . which Malpighi at any rate
;
knew, is produced bjr tissue outgrowth, not by hypertrophy
of the epidermal cells. Concerning the galls described by
Malpighi, compare Massalongo, Le galle nell, Anatome Pl.
di. M, Malpighi Malpighia, 1^98, Vol. XII, p. 10, and v.
Schlechtendal, Melplghi's Abhandl. de variis plantaT^m tu-
moribus et excrescenciiis, Bot, Zeitg, , 1866, Bd, XII^,
p* 217,

3. Persoon, Tentamen dispos. method, fungorum, 1798, p.43.

4. Link (Berl. Mag. laturf, Fr., 1809, p, 21) distin-
guished between Erineum Pers. and Rubigo n. sp. Fries,
(Observ. mycol. 1816, T. I, P. 217, Syst. mycol. 1829, T.

Ill, p. 520) distinguished three general, Taphria, Erineum,
and Phyllerium, which he united into Phylleriaceae. Per^
soon himself later (Mycol. europ, , T, II, p. 2) named

^

Phyllerium, Grumaria (Rubigo Lk.) a»d Taphria as subdivi-
sions of his geiius Erineum. Schlechtendal (Denkschr. Bot.

Gea.. Regensburg, 1822. p. 73) and Kunze, (Mycol. Hefte II,

Leipzig, 1823, p. 133j furnished further investigations
from the same standpoint as that of the above named authors,

5. Die Exantheme der Pfl. und einige mit diesen ver-

wandte Krankheiten der Gewaeh^e pathogenetisch und noso-

graphisch dargestellt. Wien 1833, p. 376. Meyen (Pflanzaa-

pathologie, 1841, p. 242.) later expressed himself as did

Unger, concerning the nature of Erineum.

6, Fee, Men. s. 1, groupe des Phylleriacees. Paris et

Strasbourg, 1834.



105

Iiandois^ Thomas, Brioski^ Prank, Appel and. others.-^ The
studies of Nalepa threw light primarily on the diverse forms
of tRe parasites.*^

Erineum halts always form more or less thick turf-
like groups for vihich there is no definite external form
or definite size-proportions.

It. is common foi" all Brineum structures that the
outer walls of the epidermal cells either take part en-
tirely in the growth of these cftlls or predominantly. Thus
it is evident that the hypertrophied cell cannot display
an enlarged reproduction of the normal epidermal cell, but
a change of its cell proportions mast be associated with the
increase in its volurane.

In the simplest case, short papillae are produced
by the " out-pushinST of the epidermal cells. If the growth
of these cells continues, sac-like hairs are produced; slend-
er, cylindrical forms with rounded tips, or- club-like, dis-
tended ones with slender bosses and spherical or mushroom«-
like hS8fts«

(112) Erineum galls with papillae^like elements are rare.
Of course the sac««like hypertrophied cells undergo a paj)-
illae-»like first atage.. One may even see at times on the
edge of the Erineum turf that the growth of the individual
elements stops permanently in the papillae*stage. Only rare-
ly is the matured turf composed throughout of papillae-like
elements. An eixample is pictured in fig. 37. A piece of
the l?lade of Stipa pennata is illustrated; at a the epider-
mal cells have been incited to hypertrophy by PEytoptus mites

1. Si0bold, Ber. Schles. Ges. Vaterland. Kulture, Entomolog,
Sektion^ 1850, p. 88. Landois, Eine Milbe (Phytoptus Vitis,
Land;) als Ursache des Traubenmisswachses. Ztsch. f. wiss.
Zool, 1864, Bd. XIV, p. 363. Thomas, Pr. as the most impor-
tant of his works shauld be mentioned-Ueber Phytoptus 3Juj. u
eine grossere Anzahl neuer od. v/enig gekannter Missbildungen
u. s, f. Ztsch. f. d. ges. Naturwiss., 1859, Bd. XXXIII,
J. 314. Zur Entstehung d. Milbengallen u. verwandter Pflan-
zenauswuchse, Bot. Zeitg. , 1878, Bd. XXX, p. 281. Entwickel-
ungsgeschichte aweier Phytoptusgallen an Pruiius. Ztsch. f.

d, ges , Naturwiss., 1872, Id. XXXIX, p. 193, Beitre, z.

Kenntn, der Milbengallen u. Gallenmilben. Ibid. 1873, Bd.
XLII, p. 613. Aeltereu. neue Beob. ub. Phytoptocedidien.
Ibid., le^-SS, Bd. 5IiIX, p. 329. Briosi, Siilia Phytoptosi della
vite, H, Giorn. Bot. 'Ital. 1877, Vol. IX, p. 23. Compare
Just»s Jahresber., 1876, Bd. V, p. 1234. Pr&nk krankh. d.

Pfl,, 1, Aufl. 1880, p. 671, 2. Aufl., 1896, Bd. Ill, p.
40ff, Appel, Ueber Phyto- und Zoomorphosen, Konigsberg,
1899, p, 41.

""irSi'EzunpBefI^XKalT^tiss ; '"tiefirma'eii^naturw; "KIT'1859;

Bd. XOVIII, Abt. 1, p. 112, 1890, Bd. XCIX, Abt. 1, p. 40 and
later, numerous supplements have appeared in place mentioned.
Of the older zoological literBttre, I will name only the works
of Bujardin (Ann* Sc. Hat» 1851 .p. 166) who founded the genus
Phytoptus, and Pagenstecher (Ueb. Milben, bes. die Gattung
Phytoptus. Verh. naturhist-mediz.Ver. Heidelberg, Bd, I, p. 46,

Ueb. Phyt. Tiliarum, Ibid. Bd. HI, p. 163),
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(Tairsonemus) and have grDwn out to short, broad papillae with
a granular outer surface-^, Tarsonemus induces similar papil-
lae on other graraineae also ( Stipa papillate . Triticum repens) .

In the majority of cases, the Brineura turf consists of
slender, cyllndrioijl hairs of equp.l thickness and uith rounded
tips. In the leo-ves of Alnus, Tilia, Pagus, and other trees,
the turfs occur on the upper or under side of the leaves, more
rareljr on corresponding areas of both leaf-surfaces (Compare
figc 38). tPhey form extraordinarily thickfelts, since all or
nearly all the opiderra?.! cells on the infected plaoe In the
leaf hypertrophy as is shorrn in the illustration,

The non- cylindrical hairs, occurl^ing on the leaves of
Prunus Padus . Betula, Acer a^^d others, have different forms in
ihe different Erineum-galls. Either hP.irs i^ith slender bases

are found, T^rhich grow broader torrard the tip and end v:ith a
round tip, or thrtse v7ith a sharply set-off, ball-like or roller-

like head, or irith a flat and mushrooft-like one (Compare fig.
39), or they are depressed on the top, thereby becoming cap*

(113) like. If a tendency towards branching shows itself, lobated
forms are produced (Pig. 44a). I observed unusual hair forms
in the case of an Erineurn of Alnus latifolia , which produced a

powdery coating •n the underside of the lear. The hairs, by
their ramification, had assumed a racemose form and the great-
est variety was visible among them. A few hairs of this Erin-
sum are shown in Pig. 40. In contrr.ot to the Erineurn galls
with slender, cylindrical hairs, bnly isolated epidermal cells
have been transformed hypertrophically in those forms which
have spherical or toushroom-like elements, as shown by Prank,

loo. cit, (fig. 39), \7hen the hairs are close together, their

heads may often touch one another, be flattened out in one an-

other, or even dovetail together with their short processee/

Per the histology of the single Erineum cells,- as in

the case of other gall-hypertrophies,- the abundant supply of

(114) nutritive substances is important, which is connected Yrlth tne

growth of the infected cells. The abundance of nutrition is

demonstrated by the growth in thickness of the walls and es-

pecially by the storing up of proteins, starch and fatty oil

in the interior of the hair cells.

The thickening of the wall is less conspicuous in the

simple cylindrical forms than in those distended like clubs.

Especially the parts of the wall toward the outer sxdeare
often very thick. Thickened and pitted also are the side ana

inner walls of the epidermal cells which have grown out to

Erineum sacs, but are still united with the tissue of the epi-

dermis. Similar changes occur at times in places ^nere ^pie

Erinetun hairs touch one another. According to Prank the

slender ha-irs of the linden Erineum ("Erineum tiliae ") can co-

alesce at the places of contact and form corresponding p^ts,

just as do the tyloses which touch each other inside of "'jh©

lumen of a duct (p. 100). In the case of club-like hairs, the

heads, provided with short outgror;ths, sometimes coalesce and

furnish a kind of pseudo-parench2nnatic tissue; Prank observed

pit-like thin places in the membranes of the contact-surfaces.

'•
MassaloiCigo, Intorno alV acaroceoidio della Stipa pen-

Hatfe L,, caugato dal Tarsonemus Canestrinii, N. Giorn. BQt.

,, JtJil., 1897^ Jt.i^/ Vol. IV, p. 103.
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Jhe content of the Erineum hairs is extraordinarily rich
)S.?^°

^^^^' *^® vacuoles often contain red coloring matter
fTilia, Alnus, etc.). In Acer, Vitis and others only scanty
amounts of chlorophyll are developed. The club-like hairs
of a maple Erineura are very striking; in these an immense quan-
i^^2 ^™^1^ starch grains are deposited, or smaller numbers

of often very composite starch grains lie next one another
like mosaic stones, filling the lumen of the cell. In other
hairs of the same Srineum form, fatty oil is found instead of

/-i-icN
starch, which takes up part of the lumen of the hark in splen-

(115) did menisci or makes of the whole cell a filled oil-sac. Small
atarch grains and, isolated oil drops occur frequently in the
case of other Erineum forms,. In those forms which I have in-
vestigated, a cell nucleus may he found in each hair, whose
position, at least on the matured hairs, v/as not constant. I
discovered the nuclei in cluh-like hairs sometimes in the stalk
and sometimes in the head part.

Simultaneously with the change of the epidermal cells in
the Erineum formation, the cell of the mesophyll also may some-
times be altered, They too gain at times in volume and not in-
frequently store up abundant starch. Generally their chloro-
phyll fades then. This co-operation of the mesophyll may be
recognized macroscopically by the fact that the leaf occasion-
ally appears to have heen pushed out into cuculli on the places
ii^^fected by the felt-gall. This warping always takes place in
such g^ wgcy that the Erineum turf lies on the concave side.*
The tissue structure of the mesophyll on the infected places
either rem&ins normal (fig. 39) or arrested development, be-
comes evident lea, the processes of differentiation, the meso-
phyll then remaining homogenous, (Compare fig» 38).

Finally those gall forms Should he mentioned briefly ,

whose abnormal hairs are multicellular, and those which are
produced not by a new formation of hairs, but by hypertrophy
of the normal trichome. Frank reports an "Erinetun" of the
last kind (loc, cit. p. 48) on Querous Aegilops . Similar form-
ations occur elsewhere also.

Since Fee, we have become better informed concerning
"^^^ etiology 'of the Erinea and know that their formation is to
be traced back to the colonigation of the plants by Phytoptus
mites. Undoubtedly the stimulus, causing the abnormal growth
of the epidermal cells, comes from a poison which the gall in-
sects produce, concerning which nothing more is knov/n. The
substance given out by them aeems often able to filtrate from
one epidermal cell into another and thereby to stimulate those
cells to hair formation which were not directly infected by the
mites. If the mites affect the underside of a leaf, their
virus can penetrate the whole thickness of the leaf and incite

1. Compare also Meyen loc. cit. p, 243, v/ho observed the
embossment of the leaf and traced it back to enlargement of
the single cells,

2, Heger, Ueb, einige duroh Phytoptud hervorgerufene gal-
lenartigen Blldungen. Verhandl., D. wissensohaftl. Vereins,
Santiago 1895, Bd. Ill, p. 149,
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th« epidermal cells 02; the upper side also to the phenomena
of growth here descrihed. In this case corresponding areas
on both* sides of the colonized leaf are covered with Erineum
turf (compare fig. 38). This action on the side of the leaf
opposite to the surface ;>rim4rily stimulated seems t6 he corns
evident ev'^pecially abundantly on the leaves of Tilia, on v*.ich
Prank liad rli-eady foimd ohem. I observed the same phenomenon
on the rough, upper leaves of the linden inflorescence. If
re overlook the cases in which nesophyll cells also r.re incit-
ed to Q weakened g»0".Jth, -.m nrjr a^iswae thr.t, in the forrar.tion
of Erinea, those poisons are active. :7hioh incite only the
epiderrr'.l cells to intensive grovrth .

Microchomio methods, mrJ^in^ possible the proof of
the sprer.d of gall-poison in the plant body, are not at

(116)^ our disposal. u(i can recognize its diosmotic distribution
orly in itseffeots on the cells of the host plant. As
noted above, the eylindrlocil hairs of the Erineum galls
form thickly closed masses, ^Inch each single epidermal
cell grows out into a hair, The assumption that the gall
mites work so exactly and infect each cell separately is
less probable tban the one that the poisonous substance
given out by them can diosmftse from one cell to another,
The hair formations on the side of the leaf not infected
support :th is asBuription. On the other ho-na the Erineura

hairs are isolated" lf~"clu"6>-"lTke'gi' musteo om-'i'ife^" fi^titf^

are involved. The possibility that for each individual
hair an especial act of infection is necessary may be con-
sidered here, and also that the poisonous substance of the
mites can not diosraose from one cell to another, or at
least not in a sufficient amount. To m^ kno\;ledge, there
is no case knovm in which mush#6cm-like Erineura hairs had
been formed on the side of the leaf not infected,

"The question as to whether me' epidermal cells en aax psr^rg

of plants have this capacity for transformation may be ans-
wered only incomnletely by a consideration of the materials
offered in nature. Apparently aJl parts of the plants bearing
Erinea, which are above ground, are capable of forming ab-
normal trichomes, so long as a living epidermis is present on

them. To be sure most of the Erineum forms are found on

leaves, but if the mites colonize on young petioles or parts

of the stalks, the hypertrophies described are produced on

these also. Most of the Erineura forms prefer the underside

of the leaf, in the case of Fagus, Tilia, Prunus Padus and

others„however, Erineum hairs occur on the upper side also.

Cuboni^ observed Erineum turf on bunches of grapes. Further,

in many blossoms galls^, trichomes often develop which cram-

' Compare Kiister, Cecidiol. Kotizen I. Flora, 1902,

Bd. XC, p. 67.

^ Le staaioni speriraent, agar, ital, Roma 1888, p. 5S4.

Quoted from Prank, loc. cit, p. 49.

^ Compare also Molliard, Cecidies florales. Ann. So.

lint. Bot. e^^ ser,, 1895, T. I., p/ 67.
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pXet^ly resemble Erineura hairs (Comptire also fig, 44), (The

fact that the forms of the T^rineura hairs sometimes occur dif-
ferently on different plant organS.^ is worth Aotice and de-
serves further investigation, (compare Prank, loo. clt, p»44).

Only experiments will give a reliable ans^rer to the
l[uestion Vi^ether the epidermis of ai;

|

L plants can he stiraulated
to the production of hairs hy menns of certain poisons, Bis-
ooveries in nature make it seem rery. probable primarily that
the peculiarity of the epidermal cells nov under discussion is
at least very vvidely distributed, since Erineum gMls are to
be found upon representatives of the most varies plant fam-
ilies, The most numerous of the irtive Erineum galls are
found upon deoiduouff trees;- among herbaceous plants the
preference for the Rosaoeae is strikingly noticeable.

(111)

Of the trees and shrubs
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out Into delicate, muoh branched and intert^tlned threads ,
• *

The ground tispue of plants partiolpates differently
in the oonstruotion of the galls » In many-gall forms Its "

elenents are only enlrrfred, rithout division (Hypertrophy),
in others very abundant cell division? uauully follows gronTth,
I7e are oonoerned at present only with ohf-nges of the first
kind.

It is easy to narae a large titiiBber of fungus or jlnsect
galls in the production of v/hi-oh, for example, we find that
the raesophyll of the leqves reaot by developing abnormally
large cells bxit to the exclusion of all processes of i division.
In almost all oases, hovrfver, those galls are not involved
here, the oharaoterr of which depends upon the produojbs of
purely hsrpertrophic changes, but those In which the teuission
of cell division is to be observed only as Indication of an
incomplete development ef the diseased form.fi Undernfmore fftv-
orableT.externr-l conditions gall hyperplasias instead of gall
hj^rtrophles would have been produced by the same parasites ,

(118) We will defer the consideration of these galls to the next
chapter and limit ourselves in the present to those, in which
in accordance ^ith the specific poisonofus effects - only
hypertrophic cell-changes are always oonoerned and only
through these is produced the characteristic structural form
of the gall-tissue* Phenomena of growth of the kind described
own be caused by animal as well as by vegetable Symbionts,

As first instance, I will name those changes which are
caused by Anabaena Cyoadearum on the roots of the Cycadeae^,
In a definite zone, the cells of the fundamental tisane grow
out into sacs elongated like palisade cells, which le§ve
free large intercellular spaces. The Anabaena threads re-
main in these* (Cmspare fig, 41),

Of the native Zoo-cecidia tV70 fly-galls demonstrafe
estcellently the process of growth here described.

Ireltgeb, Lebermoose, Bd. V, p, 16.,

^ Similar oon.*5iderations were giveij above (p, 97) in

the discussion of callus hypertrophy,

^ Most important literattare: Reinka MOrphol, Abhandle,

p, 12, 2wei parasitisohe Algen. Bot. J5eitg. 1879, XXXVll.

p, 4t2« Sohnelder, A* Mmtualistic symbiosis, of algae and
bacteria with Cycas revoluta. Bot, (Jass,, 1894, Vol> XIX,

p, 25. (Joebel, Organographie. 1901.. p. 483. Life Juber-
like rootlets of Cycas revoluta, Bot, (5fta. 1901, vol. xxxi, ^.^

p. 265. Pampaloni 1, e, Hostoc punotiforme nei suci rapporti

col tubercoli radlcali delle Cioadee. H. Giorn Bot, Ita-,,

1901, K» S. Vol, VIII, p. 626.
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^Figure 4S shows part of a cro^s-aection through the
so-called window-gall of the maple*'*; a roundish spot of
the leaf blade is appreciably swollen, since the cells of
several layers of the mesophyll have been greatly enlarged
and stretched at right angles to the upper surface of the
leaf* The epidermis and usually also the cells of the
uppermost palisade layer remain unchanged, the others have
become thick, delicately walled sacs, rich in albumen, which
usually do not show any chlorophyll content.

(119) Btore widely distributed than the window-gall of the
maple is the reddish brown bladder gall Occurring on the
leaves of Viburnum Lantana v/hich is jp^roduced by a USecid-

omyine, ^So far as I knov/, this has not yet been felearly
defined. "^ {Dhe leaf seems to be distended lense-like on
the infected spot, A cross-section shows that the gall
surrounds a cavity lined by greatly enlarged mesophyll cells

and occupied by the larva* (Compare fig. 43) . The changes
in the mesophyll are about the same as those of the maple
gall already described. The cells of all the raesophyll
layers are soon elongated to about an equal extent. In other

cases, the growth of the palisade cells or of the spongy
parenchyma cells predominatea, Thus rather irregular cell

forms are often produced, as shown in the illustration. In

all cases the chlorophyll' content of the hypertrophied cells

is extraordinarily scanty, or almost null, but their protein

content is very large. Often abundant formation of anthoo-

yan-in occurs which malces the galls visible even from a dis-

ti^ce. Calcium oxalate glands are not infrequent in hyper-

trophied mesophyll.

Even the pith is able to develop gall«hypertrophi6s.

In leaf blades of v/heat, attacked by Ohlorops' taeniopus, the

cells of the pith grow out into long th-ick villi "whose

free ends are much twisted and bent and remind one, by tneir

length, of the papillae of many stigmae", Cohn.

The list of known gall-hypertrophies is not exhausted

with those here described. AAn especial group is formed

first of all bv the giant cells - in which not only the

protein content but even the number of nuclei increases dur-

(120) ing cell growth. Multi^nuclear elements are produced, whxcn

T^ill be especially discussed in the next division, as tran-

sitions between hypertrophj:o and hyperplastic forms.

A number of other hypertrophies, produced under the

influence of foreign organisms, will be mentioned m the

following "appendix". ^ ^^_

l.^Thomas; Fr. Fenstergalle des Bergahoms. Porstl. Hat-

urw, Ztschr., 1895, Bd. Ill, p. 4S9.

2. V. Schlecht^ndal, Die Galbildungen (Zoo-cecidien)

der deutschen Gefasspfl. Zwickau 1891, U. 1150.

3. Ueber die Bandfiissige Halmfli^ge (Ohlorops taeniopus)

Ber. Schles. Ges. Vaterl. Kultipr. 1865, p. 77.
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APPSHDIZ.
. T '

—
Purely formal correspondenee with Erinemn hairs already

described naccesitates the mention at this point of a number
of other hypertrophies and form-variations which are pro-

. ducod by the most varied causes, showing nevertheless a nat-
ural relationship. In the cases here suinmarized, in the
first place, grov/inp: cells are eonoerned, v7hich assume an
abnormal form under" the influence of abnormal liSe- conditions
In the second place, cells with ai3iOal fi-rowth 'are constantly
involved, root hairs, fungus -hypiiae, sipihonae, pollensaos,
and the like. In the third place, the same forms are re-
peated in all cases, even those which have been already
described for the Erineum hairs, Further, we xnil be able
to prove that the internal formation of the cell abnormally
formed does not vary from the normal, if we do not include
here the loss of cytoplasm, v^ioh cells often undergo in hy-
pertrophy. Regular thickenings of the wall, formation of
the cell-organs, such as chlorophyll grains, etc, arfe' never
foxind. Also, cell division never follows cell grouth, nor
is anything knovna of an abnormal nuclear increase, (Ehe
changes are therefore only of a kataplastio nature, Porma-'
tion of irregular cellulose accumulations is not infrequentl

The formal similarity of the roothairs to the cylindric-
al Erineum hairs is forthwith obvious ; in both cases unicel-
lular, almost alv;ays undivided, derivations of the epidermal
cells are concerned. The differences between the two lie
especially in the fact that the root hairs are always much
more slender &nd often appreciably longer than the hairs of
Erineum |ypes, A comparison between t he two is made especial-
ly important by the fact that under abnormal conditions root-
hairs can assume the forms described above as characteristic
of definite felt galls; On their apices round or v/art-like
processes are produced, wavy rifts become visible and here
and there even the beginnings of ramification,

Thorough investigations of this subject may be found
in the work of Fr, Schv/arz"*-, who has furnished some informa-
tiflin on the conditions under which abnormally formed root-
hairs may occur# Schwar25 experimented with nutrient salt
solutions of 1 to 10 per cent, "since only the osmotic effect
produced by the salt is concerned here, even solutions of
cooking s^t, calcitim or potassium nitrate may be used. The
plants, however, are more easily injured by these than by

. a solution of nutrient substances," "A concentrated solution
ri21) arrests the growth of the root hairs very markedly, however

much it may favor their growth in thickness; If the hair
should grow absolutely equally in. thickness, a ball v;ould
necessarily be produced. This occurs only rarely and in very
concentrated solutions (20 per cent,). On the contrary, the
hairs often grow normally, later their diameter is increased
and their form becomes distended, after this they again be-
come more slender until another distension is- formed. This

1, Die Wurzelhaare d, Pfl, Tubinger Unters, Bd, I, Heft.
2, 1883, p, 185, Compate further, Wortmann, Beitr, z, Phys.
d, WaChstums, Bot. Ztg, , 1889, Bd. XLVII, p. 283 and Rein-
hardt, Das V/achst-um der Pil4hyphen. Pringsheim^s Jahrb, f,
wiss, Bot., 1892, Bd, XZIIIip V* 557,
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process may be repeated many successive tiraes, (loc, cit.,
p, 185) . The same changes in form may be obtaineA by trans-
ferring the root -hairs from moist air into water or into con-
centrated nutrient solutions. It is even possible by these
methods to produce branched root-hai*s, occasionally mentioned
in the literature on thiS' subjept,

The illustrations here shmrn should be oonvincing as to
the similar it jr of the Erineura^ hr4rs to deformed root-hairs.
In figure 44, the hairs of an Erineum of Acer oampestre are
shown side by side ^vith club-like root -hairs, beginnings of
branching showing on their distenfled Weads. Further, in
(figure 45, three irregularly waved hrirs from a blossom gall

(122) of PhjT'teuraa are shown side by side r/ith root -hairs, which
Sohwarz obtained by the methods desotibed above and which
show very similar alternating constructions and distensions.

As Schwarz has .shown, these abnormal root-hairs ct6 pro-
duced after changes in the csraotlo pressure of the oell,
through retention in solutions which withdrr.w -T.ter from then,
as well.as by transferring from air to water. It does not
seem possible that, besides the action of y/ithdrr.wing water
produced by the effective solutions, even specific poisonous
action, proceeding from th-ese solutions may influence the
formation of irregularly deformed root-hairs. For comparison
with those above described, root-hairs of Sinapis seedlings
are also shown in figure 46, which were grown under treatment
with 'VGT^ dilute sublimate soliition. As may be se$n the
formal diversity is very great, even in adjacent hairs.

Hypertrophies occur further on rhlzoids and root-hairs
after infection by foreign organisms '^. The abnormal pro-

gress of apical growth is connected supposedly with some ef- ,

feet on the tuj^ger in the cell. The same forms as in Krineum-

and root-hairs are found in a number of other ttxbe-like cells,
which are similarly enlarged by apical grov/th. In the fol-
lowing fungus hyphae the S iphoneae and pollen tubes may be

briefly disciissed* The deformations of the fungus hyphae
are best known. They are extraordinatly gbujidant ana in
fact are present in any fungus -culture. The hyphae here and
there form isolated boil-like spherical distensions or plsces

with alternating narrow and wide liamina, corresponding to the

^ Examples in Magnus, Ueb, Ohytridium tumefaciens n, sp.

in d. ^7urzelh. v. Geranium flabelligerum u, acanthonotum u.s,

w. Sitzungsber. Ges. Katurforsch. Fr. Berlin 1872, p. STj,

Goebei; Morph. und biol, Studien. Ann. Jard, Buitenaorg, T,

VII, p. 77, Boebel, Archegoniatenstudien, Flora, 1892, Bd,

LXXVI, p. 106 (Beob, an Polypadiinn obliquatum u, Trichoman«s

rigidura). Marchaftd, S. unenostochine© parasite. Bull, soc,

Bot, France, 1879, Bd, XXVI, p. 336 (Observations on infected

moss-rhizoids, especially Riccia). U©meo, Die Mykorrhiza

einiger Lebermoose. Ber. d. ]). Bot. Ces. 1899, Bd. XVII, p. ^ii

(Observations on Oalypogeia). Borzi, Rhis^omyea, nuovo Fictoi-

cete, Messina 18 84 (swellings on the root-hairs of many mono-

cotyledons and dicotyledons after infeetion with Rh. hypogeeaj.



114

atove figures. Besides tlxeso, abnonaal ramifications may
occur,

123) The variations in form already described have been
mentioned occasionally, in worlcs on mycology on account of
their oonspicuouaness^, but have only rarely beeen studied
thoroughly- Reinhardva reaearches on the conditions of
their protuction should be considered first &t all. Slight
fluctuations in the concentration of the nutrient solution
fluctuations of temperature, or action of poisonous substan-
ces cause these deformations. If the disturbances are of
a permanent kind^ the growing hypha tip is rounded up into
a ^all* "The growth In. length stops 'with this spherical
swelling, if resumed iMnMiately, the outermost ball-oalttte
grows out agins to a t*ij, of larger •r smaller diaaieter, ao*
cording to whether a more luxuriant or a less extensive
growth 6t the hypha ensues^ Only in this way- the process
being repeated successively- all the wavy profiles produced,
while the completed condition shown in the growing hypha
gives primarily the impression that the parts just bacJC Of
the tip are swollen through turgor into oajHlifce forms.'

In the case of more extensive disturtrance, the b^ll is flat-
tened in front and the apical growth stops first, while the

parts lying next to the sides grow still further and extend
beyond the dori»ant tip like a circular wall, until the growtft

here also comes to a standstill. Often, after a few minutes,

it is resumed not by the tip but by single points of this

circular wail, whi6ix as sprouts, grow out •pioally late
hyphaa. (lee. cit., p. 496, 497).^ I have given Reinhardt«s

desori|)tlons in detail since they apply not only to the ao-

normal forms of hyphae, but also of other cells growing
apically which are described here.

Growth in to a spherical form ^ich Sohv7ara studied in

t6ot*batrs , occurs also in fungus hyphae and was observed

^y Jaebe** Ee sowed spores of Muoor Taoemosus in 3 |>er cenu*

cltrlo acid solution; In this "spores of tne fungus swell

up U Uadders^ vhich may be said to be enormously larger in

proportion to the original size of the sp^ro (0.01; ^m., sxnce

they can reach at times a diameter of 0.5 am, Shese giant

Oells, however, are not always spherical, but often pear--

shaped, OT tubular,-, at any rate very differently formed.

%en germinating, many spores first put out i» P"f^®?^.. .
places short germination tubes, which then swell out as tne

epores themselves have done, so that whole groups ef such

connected bladders are produced. Such a giant cell ose a

thin cell-wall, a thin brownish oytoplasfuic "all layer and

very abundant cell-saj* Such oells themselves, further, put;

out pocketings, v4iich at tiraese are cut eff by a orosswaii.

After a kittle time the Aells disintegrate." ''J^!JP'^^'^jy
Of mucor spores to swell greatly through Jl^e additio| oi

citric acid had been previously observed by Brefeld.

'*l^lB"eding^''der'*i'ortpfl. b. einigen Algen u. Pilaen, UHt
V* 6X7.

8« Brefeld, Mucor racemosus u. Hefe. Flora, 1873, Bd. I»VI,

•p* 385, 291.
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By the action of foreign organisms deformations are
also*produced, just as in"tne rhilsoids discussed above,
whether the foreign living creatures remain outside of the
hyphae cells or he colonized inside of the m. Bladder-like

124) swellings and abnormal ramifications occur, for example, in
the mycelium of PezEsia, through the action of an adjacent
Aspergillus mycelium,'^ Intumescenses are produced also by
the action of 'bacteria, etc. On account of ,i;heir biologic-
al significance, the deformations found by Moller^ in the
fungi cultivated by tropical ants are especially interesting.
The. sterile myoeliurj of Rozjtes gongylopbitra . formed by the
fungi gardens of thai tugging ant ( Atia) shows regular, ball-
like swellin(^s on the ends of the hyphae. United into thick
groups they form thg "kohl-rabi mounds which serve the ants
for food, (Conpare fi^. 47) . Essentially the sane is shown
by the fungi cultivated by the hair and hupp ants ( Aptero-
stigmA and Oyphony^rmex) although their kohl-rabi mounds do

not consist of such re£:ularly formed hyphae-heads as do those

of the Atta species, Moller^s cultural experiments with
goaites p;ot^gylophora prove that the mycelium forms diverse
swellings . extraordinarily easily. He succeeded in producing
the kohl-rabi monndo even on artificial nutrient media. I*
is not known what '^aotcfs' in the neat of the tugging aii*8

are effective in ot^using the formation of the hyphae swell-

ings. Finally, hypertrophies of the fungus hyphae should
be considered^ Which are produced after colonization by
parasites. They offer nothing essentially n«w for our ana-

tomical considerations r^

Intumescences, cells ?/ith wavy outlines etc. cccur

also in the Siphoneae. Bryopsis and Udotea are faverabie— •bjeots and may be cultivated easily often forming in

cultures the deformations described. Thus they repeals ontt-

gen^tically all the details which Reinhardt had described

for fungus hyphae (see above.)

.

(125) The fact that even in Siphoneae, intumescences can be

produced by the action of foreign organisms is proved by

Iv Compare in detail the statements of Reinhardt', loc.

cit. p. 502, 519.

2. Holier, A..l>ie Pilzgarten einiger gudamerikanistfjier

Ameisen. Jena, 1893, (Schimper's Bot. Mitt, aiis dem Tropen,

Heft 4.)

S.Uxamples in Cornu, Monogr. d. Saprolegniees, Ann. Sc.

Uftt. Bot. 1872. V°Je, Serie., T. XV. p. 145, Cornu, Ber. d.

D. Bot. Ges,,1889., p. E55. A. Fischer in Rabenhorst's Kry-

ptogaaenflora, 1892, Bd. I, 4, p. 34, 37, and other Pjaces.

Zopf* Zur. Kenntnis d. Ehycomyeeten. Nova Acta Aoad, Loop.

1884, Bd. XLVII, p. 168, 173, and other places, RaceborsKl,

^flanzenpathologisohes aus Java. Ztschr. ?• .^^I'-^^^^JV*

»

1898, Bd, VIII, p. 195. (The so-called conidia of Bactri-

dium flavum are enormously enlarged cells of an unknown

fungus host plant (Peaiza?) in which lives an amoeba lixe

parasite (Rozella? Woronina?)

.
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the galls of different Vaucheria species, produced by a
rotifer flSIotoDgnata Wern&ckii)i In the tubes of this alga,
terminal, or lateral, wart^lilce, pear-shaped, or spherical
pouches occur, which bear several horn-like outgrowths,
^Compare fig. 48). Each of the galls contains a mother-
animal besides numerous eggs or young.

Th.9 pollen tubes which are capable of forming similar
deformations should still be mentioned. In artificial cul-
tures, intumescent forms may be obtained.

2

As has been stated for root-hairs and the fungus hyphae,
it may also be assumed that, in the Siphoneae and in pollen
tubes, changes ifa turgor in the^growing cell cause the var-
iations in form here described.

Finally, we mast mention here the involution forms of
bacteria, which Bageli* first observed and named. By the
action of unfavorable external conditions- for example, of
an unfavorable nutrient medi"um, or too high temperature-
many bacteria, especially the vinegar bacteria gfov; out into
extensive diverse monstrosities. They become, long, often
twisted filaments, bladder or spindle-like tubes, often
having vravy outlines. Branched forms are also abundant, as
in the case Of deforced root-hairs ^ etc. Ihe bacteriods of
the nodules in the Leg-aminbsea6 illustrate such branched
forms. In short, it is the same structural-repertoire, which

1. Compare especiall^r Rpthert, Ueb. d. Gallen der Rotatorie
^otommata Werneokii auf Yaucheria Walssi n. sp, Pringsheimts
^ahrb,, f, Wiss, Bot. , 1896, Bd. XZIS, p. 526. Citation
of literature also in Trotter, la Cecidiogenesi nelle Alghe.
Huova Hotarisia serie 211, 1901.

2, Of the literature I y^II name Tomaschek, Eigentiaml. Um-
bildung der Pollens, Bull. Soc. Imp. Hat. Moscou, 1871, T. II
Ihe same, Kulturen der Ppllensbhlauchzelle. Verhandl. d. Uat-
urforsch. Ver. Brunn, 1872, Bd. XI, Halsted. Americ. ISfatur.

1886, Vol. XX, p. 261. Bot. Ga?. 1887, Vol. XII, p. 139. 285,
Acqua, Contribuz. alia conosc. delle cellula veget. J/Ialpighia
1891, Vol, V, p, 3.

3, Just as in the cell^sa-cs already described, thick and
thin places alternate vrt.th each other, according to whether
-growth takes place chiefly in length or in thickness, in
multicellular organs, thick and thin places can follow one

another like a string of beads, if, in their development,
the external conditions alternately arrest and favor growth
in thickness. For roots aesembling strings of beads, com-
pare Sachs, Gesamm. Abhandl, , Bd, II, p. 801.

4. ^ie nied. Pilze in ihren Bezieh. zu. den Infection-
krankh, 1877.
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we> sae repeated everywhere,^ The correspondence of degener-
ate, bacteria with the cells of Jjigher and lower plants
described "febove should be demonstrated by figure 49, v5i ich
gives involution-forms of Bacterium Pasteurianum , and by the
illustrations given earlierT Involution-forms of fthe bacter-

(126) ia are characterized by their small cytoplasmic content. The
deformed cells finally disintegrate through loss of power.

Monstrosities occur also in the case of other unicel-
lular living creatures, v/hen cultivated under abnormal life
conditions. These are produced in the same v;ay by abnormal
increase in volume and priticesses of growth taking an abnor-
mal courss. Algae, fungus spores and vegetative fungus cells
also form such "involution-forms". Algae _cells . conspicuous
for irregularity of form and tendency to form branches, were
observed for example in gtichococcus by Ai» Klercker, Matni-
chot and Molliard, by Kyuger in 6hlorothecium sac charophilum.
Severinok in Soendesmus aoutus. e'fcc,'^ I may name here aitsg

the giant algae cells, Vi/hich are produced by tiie action of

1. Literature on .involution-forms collected, for instance -

in A. Fischer. (Vorl^esungen ub. Dakterian, 1897, p. 162).
Compare further for *the action of fotrient substratum ,

Mat-
zuschita. Binwirg r. d, Kochsalizgehaltes des utebodena auf

.• die Vfuchsform d, Mikrooroganismen., 2tschr. f , Hyg« "H* IJ^*

fectionskrankh, 1900, Bd. XXXV, p. 495, of ^<?Bperature , Han-
sen, Recht s. 1. bacteries ac6tifiantes, Travaux du labor de
Carisberg 1894, Yol, III. Michaelis, Beitr. z. Kenntn* d.

•thermophilen Bakt. Arch. f. Hyg, Bd. XXXVI, p. 285, of _.sub-

stances eliminated by foreign organisms Potts, Zur physiol-
ogie des Dictyostelium"'ijiucoroides. Flora, 1902, Bd. XC, p. ^Sl*

2. Af. Klecker, Ueber zwei T/Vasserformen von Stichococcus

,

Flora, 1896, Bd. 2XXXII, p. 90. Matruchot and Molliard, Var-
iations de -struct, d'une algue verte sous 1' inf1. du milieu
nutritif. Rev. gen, Bot. 1902, 2?. XIV, p. 113. Kruger, W.

Kur2se Characteristik einigernied. Organisaen im Saftflusse

d. Laubbaume. Hedwigia, 1894, Bd. XXXIIX, p. 241. Beyerinck

Kulturversuche mit Zooohlorellen, Lichenengonidien u. ana.

nied. Organismen. Bot. Zeigg. 1890, Bd. XLVII, p» 724. Coxih

pare also Richter, Ueb. d, Anpassung §. Susswasseralgen an

Kochsalzlosungeh. Flora, 1892, Bd. LXXV. p. 4. iockwood,
Formes anormale^ chea les Diatomees cultiv'ees artificielie-
aient. Arch. Micrographie. T. X. p. 5. Miquel. Rech. experim.

s. la phys» morph. et pathol. des Diatorames. Ibid. p. 49.

The latter obtained abnormal forms in older, exhauseted cul-

tures, especially if they were contaminated by other algae

(Scenedesmus and others) , It must remain undecided, whether

possibly the irregular, many armed forms described by Bohim
(Ueb, Schneealgen aus Pita^-Lappmark, Bot. Cbl. 1895, Bd.

LXIV, p. 42) as Cerasterias nivalis., the strikingly variable

forms described by Schmidl'e (Ueb. drei Algengenera. Ber, d.

B. Bot, Ges., 1901, Bd. XIX, p. 10) as Coccomyxa j-ispar and

similar algae forms might also be included amojig the path^

ologically deformed ones.
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. fungus^hypjae in the formation of lichens.^ Gamaleia^,
Mat^pschita (loc. cit.) and others ohfcerved "involution-

(127) forms in yoast . Schostalxowitsch^ gathered sausage-like or
iobated spores from Mucor -proliferus .

The question whether the deformations here described
are connected in all cases with an injury of the cells in*-
fected . i, e., in the organisms here concerned, -may riot "be
decided definitely. In any case the injury is often only
slight and is felt only temporarily* In many cases indeed
root-hairs and fungus^hyphae continue their growth normally
after th© formation of some distended places, intumescences,
In extreme cases the injury is unmistakable. In involution-*-
forms of "bacteria and in the deformations of Muoor mycelium
described by Klebs^ the cells gradually lose their cyto-
plasmic contents and literally £;row until they die,- cohh-
parabiy to -ttie cells of the hyperhydrio tissue, discussed
above, Thus in these too we may speak of a decided kata-
plastic hypertro-phy. I

7^ Multinuclear Giant Cells

«

Multinuclear cells have already been mentioned. If
cells of Spirogyra filaments, or the like, continue their
growth normally, if the nuclei divide regularly but for some
reason the formation of oross-^walls becomes impossible, i&
then results in multinuclear cells, (See above p. 69) . In
the following, cases are to be described, in v/hich cells of
any kind are stimulated to abnormal grov;thy and their nuclei
to division, without the formation of cross-walls. We can
desig-nate cells of the latter kind as transitions between
hypertrophies and hyperplasias* To this must be added the
fact that many giant cells subsequently form septa, after
repeated nuclear division, just as we could prove above for
giant cells produced by a continuation of normal grovrth-ac-
tivity. It must be added further that, simultaneously with
the production of multinuclear giant cells, abnormal cell
divisions take place in adjacent tissues » by which nuclear
division and cross-wall formation are related to one

1. Stahl, Beitr. z, EntwickelungBgesch. d. Flechten, 1877,
Heft 2;. Compare also Lagerheim, Ueb, eine durch d. Einwirk-
ungv. Pi^-zhyphen entstehende Varietat. v, Stichococcus bac-

illaris Kag. Flora, 1888, Bdp LXXI, p, 61. Bonnier (Germin-
ation d, lichens s, 1. protonemas d. mousses. Hev. gen» de

Bot., 1889, T. I. p. 165). obtained irregular, swollen cell

forms on the moss protonema plants ooloniaed by fungi.

2, Quoted in Jahresber f. Tierchemie, Bd. XXVI, p. 923.

„ 3. Einige Versuche {ib. d. Abhangigkeit d. M. pr* |v. d,

auss. Beding, Flora, 1897, Bd. LXXXIV, p. 88,
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another^ as usual. We will not discuss further the question
(128) aB t» whether giant cells are to be classed with hypertro-

phies or hyperplasias, hut will speaJ^: of them here as a con-
nocting link betvj'een the two.

Only those hypertrophies can become raulti-nuclear
giant cells, in r'hioh the increase in cell volume is not
produced predominantly or oxclut.ivel>' by \;all growth and ab-
sorption of v/ater, but is connected .-ith an abundant in-
crease of the cytoplasmic content. In hypertrophies of
the firet Irind; for instance, in bark excrescences, I know
of only uni-cellular forms. It does not seem impossible that
in these or similar hypertrophies, iurther investigations
will be ablo to prove phenomena of degeneration and decay of
the nucleus, Hov;ever, increase of the nuclear substance
and division of the nuJ&leus in one of tv/o knov;n v;ays (karyo-
kenesis and aaitosis) v/ill undoubtedly remain restricted
to thoso hypertrophies, whose cytoplasm is abundantly in-
creased. Accordingly, giant cells occur predominantly in

f
alls

,

On the other hand, it is necessary to call atten-
ion again to many gall-hypertrophies in ^v7hich in fact very

abundant cytoplasmic increase occurs, but no nuclear division.

(129) Most frequently observed and most exactly investi-
gated are the giant cells of the nematode galls (produced
by Heterodera) occurring on very different host plants and
showing every\'/herG a similar inner structurg (Coleus, Circaea,
Plantago, Beta, Daucus, Gucomis, Saccharum) «

1. At the first glance, it may seem forced to discuss in
two different places the abnormal multi-nuclear cells, Wliich
as is well known, are formed in animal and human bodies through
different causes. In the cases gathered together in the first
section (the simplest cases), the r'lulti-nuclear condition of
the cells is caused by the fact that ^rpvjth and nuclear di-
vision are continued normally, the formation of cross-wa,13.s
being omitted abnorraally. As remarked above, it was possible
to justify the conception that giant cells of this kind re-
present "arrested development" , in v/hich the process of cross-
wall formation is completely or partially "arrested". In the
other kind of giant cells, they have the character of unmis-
takable hypertrophies; the coll is incited to abnormal growth,

' and the nuclei to division, \;ithOut ohe simultaneous fulxill-
ing of the conditions necessarjr for division of the cytoplas-
mic body and for the formation of oross-v/alls, This concep-
tion is possibly better suited to explain the processes en-
acted in the plant body, in the formation of giant cells,
than is Ribbert's assumption tbat in the abnormally enlarging
<jells, "the injured protoplasm was unable to divide, v/hile th&.

nuclei had suffered let's"'. (Lehrb. d, allgem. Tathologie u,

d, allg. path. Anat., 1901, p. 198),

3. According to the statements of the following authors:-
!I!reub,QuelQu. mots, s.l, effets du parasitisms de I'Heterodera
javanica d.l, racjjnes de la canne a sucre.Ann. Jard, Buitenzorg.
1887, T. VI, p. 93. Suillemin and Legrain.SjTiibiose de l«Heterodera
radicicola avec l.pl. cultivees au Sahara. C.R.Aca'i.Sc. Paris
1894, I.OZVIII,p, 549. Molliard, Sur quelau caracteres histo-
log. des cocldies prod, par iTHeterodera raAicicola. Bev.gen,
Bot. 1900,2. XII, p, 157.a?ischler,U"eb, Heterodera-Gallen an
d. Ti^urzeln.v. Circaea lutetiana L.Ber. d^D.Bot.Ges. 1901,
Bd, XIX, p. 95.



lEO

According to Tischler«s observations on tlie nematode
galls of the roots of Gircaea many cells of the pleroma are
stimulated to abnormal growth. Large, irregularly formed giant
cells rich in cytoplasm are produced, many of v^ich remain
uni-nuclear, the rest becoming multi-nuclear, figure 50 shows
a group of multi-nuclear giant cells from an older Circeae
gall. The cytoplasm of the giant cells has begun to dis-
appear. Figure 50 c. shows a single giant cell with numerous
nuclei, 50 b. isolated nuclei in one phhse of division fam-
itbsis by "budding"),

Italti-nuclear giant cells occur also in other kinds of
galls, louihey''- found them in "crown-galls" and in root ex-
crescences, v/hich in America infect various woody growths,
apple, pear, peach, cherry, plum, chestnut, poplar, black-
berry, walnut, etc. According to his careful investigations
the disease is produced by a slime-fungus (Dendrophaaus glo-

(130) bosus>^ The infected tissues are stimulated to abundant" cell
division; thus producing the multinuclear giant cells,. These,
however, do not differ so noticeably from cells normally con-
structed, Such as the giant cells of Heterodera galls. Giant
cells are usually segmented subsequently by cross-v/alls , so
that uni-nuclear cells are again produced, (compare fig. 51)

.

Judging from Tourney's drawing, these differ but little from
the normal ones. Figure 51 shows, side by side with cells
still multi-nuclear, some v;hieh have been divided by segmen-
tation Tinto uni-nuclear elements. Subsequent formation of
oross-v/alls is noted also by Vuillerain and legrain for the
giant cells of many Heterodera galls, (loc. cit.)

JJulti-nuclear giant cells have been found further in
the galls of the blood louse and in mite galls.

^

Giant cells very similar to those found in gall| are
produced also by experimental interference. PrilleuE * pro-
duced multi-nuclear ^lar/c cells in seedlings, which were cul-
tivated at an abncrmr^lly liigh temperature. The number of the
nuclei, however, rarol;; exceeded three. They were often ir-

1. An inquiry into the cause and nature of crown-gall.
Arizona Exper. Sta. , 1900, Bull. XXXIII, p. 51,

2. Compare also M^iller-Thurgau, 2 Jahresber. Yersuch-
station W&densweil.

3. Prillieux, Etude des alterations prod, dans le bois,

du pommier par 1. piqures du puceron langiere, Ann, Inst.

Agron., 1877-1878, p. 39 (Bot. Cbl. Bd. I, p, 436). Prillieux
might well have been the first to observe multinuclear giant
cells in galls, MoUiard, Hypertrophie pathol. des cellules
veget. Rev. gQ^* Bot., 1897, T. IX, p. 33. Sur les modifica-
tions hdstol, prod, d. 1, tiges par 1' action des Phytoptus.

C. E. Acac. Sc. Paris, 1899, T. CZXIX, p. 841.

4. :^Hrillieux, Alterations prod. d. 1, plantes par la cul-

tures d. un sol surchauffe. AUH. Sc. Nat. Bot. 6°^® ^^^*»

1880, T. X. p, S47.
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regularly lobated and contained several nucleoli. Further
RacilDorskil produced the formation of multi-nuclear giant
cells in Basidiobolus ranarum

"

by cultivating the fungus at
30 degrees C. , in 10 per cent, glycerine. At first cell
division followed nuclear division, later the former was
omitted and giant cells with from 2 to 20 nuclei were pro-
duced. (Compare fig, 52) , The last named cases make it
evident at once that no sharp boundary may he drawn between
the hypertroiphies here named and those cited under 1.

Aside from enrichment in cytoplasm, no further changes
(131) are enacted in general in cells enlarging abnormally. The

walls of the multi-nuclear giant cells usually shov/ no var-
iation from the normal. In regard to the statements con-
cerning thickening of the walls in Heterodera galls (Viul-
lemiin and Legrain Log. cit. ) compare Tischler's tcports
(loc, cit., p. 105).

Tischler investigated multinuclear giant cells from
the cyto|a»gical side. Attention has been called already to
"amitosis through budding" 'which he observed. Reference
must be made to the original work, in reggrd to the chromat-
in structure of the nuclei, the "pseudo-nucleoli" etc.
Amitotic nuclear division occurs also in the giant cells of
the germinating seedlings studied by Prillieus. In these,
those nuaiei are noticeable, which often divide without any
spearation of the individual pieces from one another: "On
tfel noyau multiple et hypertrophic presente a peu pres 1* as-
pect d* un petit corps pluricellulaire." Figure 53 illus-
trates a nucleus of this kind, in v^hich seven pieces may be
distinguished. Raciborski proved positibely that the nu-
clei of the cells which he studed are produced by karyokin-
esis,

'";i^ Vfeni^ifi^ io^ ill t3i« atea of "^uxa^^ ^iwjj
ceXXa " (iBulti^nucleart ) iittlolj ejBoeed«4 the voxabbo or noaaaa*

oellfi 1>y *'un6 oentaine d« foia". Sftrasitas do not eeeoi to
have taken part in their formation.

I4 Raciborski, Ueb, d, Einfl. auss. Bedingungen auf die

Hachstumsweise des Basidiobolus ranarum. Flora, 1896, Bd,

IiZXXII, p. 113.

E. Notes de pathologic veget. G, R. Soc. Bot. Belgique,

1897, T. XXXVI, p. 249.



(132) CJHA-PTER V 121?

HypER?IASIA
* 1
Xlith Virchor; , \ve will term hyperplasia all abnormal qtian-

titive increase, whichx is proitioea by oell-divisioi^ .

A sharp, unbroken line raajr not be drawn betv^een the formal
spheres of hypertrophy and hyperplasia v/ithout dissolving many
of the "natural" groups of abnormal tissue forwations which we
have already established. We thus term as "natural", those
groups of which the memberB aro Identified as belonging together
not on account of onlv one ohnreoteristic, but of several,- his-
tologlo, ontogenetic, etiologio. In order ^ot to break up
groups of this kind, we spoke in the previous chapter of some
abnormal tissue formations, which are produced not only by cell
growth, but also, under ttbr'.'i'iin Qircumstances , by cell-division.
Reference Is mada to the places here concerned (especially pp.
86-109), In the prfjsent chapter we will have to consider a thor-
oughly uniform material, since only forms of disease will be dis-
cussed in it, which are produced by abnormal cell-division.

In the phenomena termed hypertrophies, it was often left
undecided whether they are produced by the supplying of nutri-
tive substances and "over-nutrition", or were accompanied at
least by processes of this kind and, not infrequently, it had to
be stated as absolutely impossible that such processes could pro-
duce them. In hyperplasias, however, there is nothing against
the assumption that the place of abnormal tissue formation is al-
ways the goal of an especial nutritive current; that therefore
an abnormally abundant supplyinp^>-Qf nutritive substances always
precedes the process of abnormal cell-division*^ . Therefore the
sap currents, lying at the base of hyperplastic processes, can
correspond ver-y well to the currents in the normally developing
plant so far as their direction and strength is concerned. If,

(133) for example, the vessels are broltcn at any point of this plant
body, it may be assumed thg.t the normal continuance of the trans-
fer of substances v;ill result in an accumulation of material at
th© place of interruption. Just as v/e have previously traced
metaplastic changes to such accumulations of food-stuffs (com-
pare p. 59), we will try in the following pages, to Bxplain hy-
perplastic processes alf!o by a similar over-nutrition. Prom
these cases those others differ but little in which as a ro»3lt
of the breaking of the vessels or the non-use of material, a
great quantity of food stuffs is brought to places, to which,
under normal conditions, only moderate amounts woiild have flowed.
Thus, by cutting back growing shoots, dormant axillary buds may
be forced to bJreak, indeed evon the leaves already present may be
stlmula.t©d to a more luxuriant growth. Sacks^^ having removed
all sprouting points from Cucurbita plants, caused the embryonie
root cells adjacent to each petiole to grow out into extensive
tuTjers, even as large as walnuts. In cases of the latter kind>
we will speak of "correlation -hyperplasia".

In othei- cases the abnormal accumulation of material which
precedes hyperplastic changes In tissue may not be explained thus
simply by an interruption^ of the normal nutritive streams, or by
i««.^w«,— » — — — ". — — •-- — — — •- — — '-*'*-— — — — — — — — —

1 Cellularpathologie, 1858, p. 56

*^ Prom a medical point of view, Cohnheim (Vorles, uh,
allg. Path., 1882. Bd. I, p. 703) has referred especially to the
connection between abnormal formation of tissue, and increase
in supply of food stuff*

^ Sesamm. Abhandl., Bd, II, p. 1172.
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the non~sse of their material. For esfnmpie, in many gall-forcK:-
tions, extensive tissue excrescences are produced, into which
.astoni^ing quantities of food stuffa wander, without the exis-
tence of any previous injury to the plant hody, even the ve;ry
slightest one, which could have led to an abnormal accumulation
of material. We must assume that, in cases of this kind, the
production of definite currents of food stuffs in abnormal di-
rections vrhioh are surprisingly large arises from the action of
stimuli, noticeable in the infected cell of the host plant after
infection by parasites and under the influence of some unknom
poison given out by thera.

Among vegetative hyperplasias a number of well-differentia-
ted groups may also be distinguished according to their etiology .

Many are produced by chemical stimulation, others arise after in-
jury, etc. In many the proliferation of the tissue may b-e traced
back to the clogging of normal currents of food stuffs, in others
to an abnormal bringing in of food, resulting from a local non-
use of building materials.* In still others, we must assume the
existence of special stimuli, which bring about an abnormal sup-
ply of food, thus making possible hyperplastic tissue-formatiOBS.

When considering etiological conditions, we generally fln4
ourselves in a more favorable position than do human patholo-
gists, to whom the cause of niftny nev/ forrae-tions of tissue is
still unknown,

The abnormal tissues even show a diversity among themselves
which is not foiind in any of the chief groups previously dis-
cussed. The outer forms of the excrescences, as well as their
life history and their histology offer a profusion of net eworthy
differences, the study of which will be our task.

T

(134) It wail suffice first of all to sketch hastily the most im-
portant points of view.

Abnormal nev/ formations of tissue deform the plant organs
either as localized, more or less sharply defined excrescences,
as diversely formed protuberances, as loosely attached "gall
apples", etc, or they change a y/hole organ in such a way during
the formation of the abnormal swelling, that the organ itself is
at the same time completely consumed and thus, morphologically
as well as physiologically, completely gives up its peculiar
character. Figures 54 and 55 demonstrate this for a few galls.
In the piece of an elm branch shown in the first figure, the leaf
at the left hag been caused to form an enormous, pale green pouch
by Schizoneura lanuginosq.. but has not been taken up as a whole.
The form of the leaf has been kept pretty v/ell and a large part
of it has not lost the possibility of performing its functions.
The same holds ghM in' the galls shown in figure 58 and in many
others.

Figure 55 illustrates two different Cynipides galls, in
which buds of the oak have assumed a striking conical f oxm ( Cynips
polyoera) or have been grown out into long spindle -like struc-
tures,'^C;2SiE§.,£Si2^'' • ^^^ infected organs have thus lost their
normal form and function.

While, in the cases shown in figures 54 and 56 and in numer-
ous others, the new tissue formation assumes a definite, usually
very elastic form and definite size proportions are regularly re-
peated in the same kind of galls, there are still other hyper-
plaisias, intshe development of which - speaking figuratively -

nothing Of this morphologic striving towards a goal can be rec^
ognlzed,*- hyperplasias in which all specific formal character is
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lackiiig and whose period of growth bae no definite limitation.
Escample^ of this second case are furnished by ivound-t issue
±angus-ga;.is and others, '

^''^..^V^^T^-'^^
*^° g:^fe -history of hjrp^rplastic excrescences,

/i/reh V-f
^e4i.-aivision (producing thett will have to be tested first of

{135) all aB to thei-r direction. ;?e will find extensive tissue exerts-
cenoes, of which the celA walls show a perfectly regular arrange-
iiiejnt. Xn others a definite orientation ean be found only ±n the
tirst cell-divisions. When consid^i-ing galls, the difference
between ceil divisions parallel to the upper surface of the or-
gan

»
bearing the gall, and those perpendicular to it will be

proved worthy of attention.

Fttrthey the tissue material, from which hyperplastic excres-
cenoes come, needs more exact testing from various points o'f view.
The excrescence may be traeed' either to meristematic tissue 03*

to peritanetit tissue. In the filrst case the direction of the di-
vision^ characteristic of the meristematic cell under normal '

conditions, must be compaired with that recognizable in normal
tissue formation.

If the tissue excrescence arises from an organ or part of
an organ of which the tissues are already differentiated, the
further question arises as to whether all the different kinds of
tissues of a normal organ are equally o^dapted to the production
of abnormal tissues masses, it will be possible to determine
conformably in hyperplasias of different kinds that the cells of
the different tissues possess different degrees of capacity for
abnormal division; thus, for example, the epidermis remains con-
siderably below the mesophyll and bark tissues in its productive
power.

(136) Finally the higtology of abnormal excrescences will have to
be studied. One of Culr chief tasks therefore will be a compari-
son of structures of a,bnormal tissue with the normal ones of its
ground tissue, i, e, if aeformations of the whole organs are eon-
cern$d, to compare the structure of the organs deformed hyper

-

plastically with that of the corresponding normal ones.

In all cases when judging of any tissue excrescence what-
ever, we will have to determine first of all, whether the abnor-
mal tissues resemble the normal, corresponding parts of the
plant, or whether they differ from them in a*iy way. This ques-
tion is of fundamental significance for our anatomical consider-
ations; indeed, we will divide all hyperplastic tissues into t<m~
ooplastic and heteroplastic ones according to the answer found.
We will spe^k of an homooplasm if the cells produced in a tissue
excrescence resemble' the cells underlying them or adjacent to
them and of an heteroplasia if the abnormal excrescences are com-
posed of cells differing ~frora the corresponding normal ones.

Heteroplastic excrescences are of especial liistological in-
terest. As might have been expected from the beginning the dif-
ferences between normal tissue and the abnormal derivations, 'de-
viating from it in structure, are very diverse. For example,
there is offten a striking difference in size between normal and
abnormal cells. The difference in tissue-differentiation, how-
ever, is of greater importance. In very many cases the product
9f the heteropl^astic tissue formation is but little differentia-
ted. So far as the form of the separate cells and the differen-
tiation of the different tissue layers is concerned, we meet here
with primitive conditions simrlar to those found in hypopXasiia;
In oth^r cases, extensive differentiation occurs in the tissue,
which,- corresponding to the character of the heteroplaslas,-*
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differ from the normal and often exceed them in complexity.
Therefore, in all heteroplastic tissue formations, we will he
obliged* to prove what the Ratxire of the difference is between
normal and abnormal tissue differentiation. If less diffeten-
tiated tissue is produced by abnormal cell-division we can,
without regard to the abundant increase in cell numbers speak
similarly of a degeneration in the tissue formation, as we did
above (p. 87) of a degeneration of the cell, which was combined
with great increase in volume. We will speak here too of
KataT)lasy and term Kataplasmas the products of kataplastio pro-
oessesJ-. If, on the other hand, new kinds of differentiation
processes make themselves felt in the formation of abnormal
excrescences, which are not known In the life history of cor^
responding normal tissues, we v/ill speak of prosoplasia and
prosoplasmas, Further differences between katapiasraas and
prosoplasmas will be discussed later.

Kataplasmas will be exclusively involved in most of the
tissue forms, with which we shall be conoprned when discussing
heteroplastic tissue. It will be shown that prosoplastio tis-

(137) sue formations may only be fotind among galls, but not that,
conversely, all galls belong by any means to prosoplasmas, ;)ust

as this vefy extensive and varied group of abnormal tissue for-
mations is proved to be a homogeneous group, only etiologioally
e^nd not histologically.

As was done in the preceding chapters, we will here base
the division of our material upon etiological and histological
characteristics:

Group 1, Homooplasia , The abnormal tissue is composed
of the same elements as the original one

,

Group E, Heteroplasia. The abnormal tissue is composed
of otHer elemeircVthan is the original one , Those
heteaeoplastic products come under consideration as
the most important, which are produced after injury
(callus-formations), and those, which are caused by
parasites (gall-formations).

Before we pass to the detailed discussion of different hy-
perplastic tissues, v/e must emphasize the fact that division
not infrequently takes place in plant cells, v/hich v;e must term
abnormal although no hyperplastic tissues whatever are produced
by it. The variation from the noriaal may consist in the abnor-
mal direct ion of the newly formed cross-walls, or in the forma-
ticn""o? the'new cross-wall at a "wrong pla ce", so to speak,
while keeping to the direction, so that tBe normal size propor-
tions of the daughter cells are not produced. Of course, on5.y

those abnormal cell-divisions belong in hyperplasias, by which
the cell-number produced, is abnormally large for the tissue
or organ concerned. Since no opportunity will arise later fcr

returning to abnormal processes of the first kind of cell-^di-

vision, a few examples may be mentioned here.

Cell-division in abnormal directions may be studied espe-

cially easily in those organisms or organs, in the normal cell-

division of which, one definite direction 4s constantly repeated.

Raciborski^ observe'STon Basidiobolus ranarum that , by increased

concentration of the nutrient solution, the direction of the

•^ In regard to Beneke's treatise by which the term
Kataplasy was introduced, bompare above p. 66, note 1.

^ Raciborski, Ueb. d. Einfl. auss. Beding. auf. d, Wachs-
tumsweise des Basidiobolus ranarum. Flora, 1896, Bd. LXXXII,

p. 113.
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cross-walls is displaced more and more until it finally can ,
occur at right angles to the normal direction. Schostakowitch
observed similar phenomena, He found that Dematiura pullulans
C6in be developed in the form of small tissue bodies By fUe'Tc-

/^»o\
*^°^ °^ ^ higher temperature. Figure 56 shows a thread of

(138) Hormidiura nitens of which cells have been irregularly divided
under the influence of Congo Red^. Kny's^ investigations throw
light upon the influence of mechanical pressure and strain on
the direction of cell-walls,

Miehe* observed cross-walls which are not formed at the
place where they would appear under normal conditions. AS has
been known since Strasburger, the mother-cells of the stomata
in the leaves of rfiny monocotyledons are produced on the apical
end of the .dividing epidermal cell. By different kinds of ex-
terimeptal interference Miehe has succeeded in reversing thTs
"polarixy* in such a way that the mother cells of the stomata
are cut off on the basal end. Klebs (loc, cit) observed un-
equal oell-division in Oedogonium etc.

A, homOoplastic tissue

We will terra homooplftsia each abnormal tissue formation,
which is produced by an increase of the normal elements. It
should be noted here, th&t "homooplasia", in. our sense of the
word, is not present in ever"^ increase of the normal elements
nor in every abnormal increase in volume of any organ v/hatever.
Through the cutting back of growing shoots, it is possible in
many plants to produce especially large leaves on the stump of
the shoot. Luxuriant nutrition leads often to the same result,
as demonstrated by the side leaves of many root sprouts which
have developed similarly to foliage leaves. Further, side 1
leaves may be brought to abnormally luxurient development by
the Removal of the foliage leaves which belong there, as showm
by Gobel. Now, since abnormally large leaves of this kind are
composed of cells approxitaataly as large as those in the small
normal ones, the large organs must without question be produced
by an overproduction of normal cells. It is clear, however,
that abnormal formations of this kind can not be the object of
our anatomical consideration, since, in the cases cited and in
analogous ones, anatomical variations from the normal are not
necessarily connected with the increase in volume. The abnor-
malljf large leaf shows the same anatomical structure as does the

^ Ueb. d, Beding. d, Zonidienbildung bei Russtaupilzen.
Flora, 1895, Bd. 81, p. 376.

Klebs, Beding. d, Fortpfl. bei einigen Algenpilzen, Jena
1896, p. 338. Congo red often exerts an arresting influence on
the longitudinal growth of the membrane. Klebs therefore as-
siimes that the cells treated with coloring matter only swell
out like balls, but cannot be elongated, "the further result of
this spherical form is, that, in the capacity for division, at
fifst not arrested, new walls are laid on to the old cell wall,
according to the principle of the least possible surface, and
divide the content of the ball, independent of the longitudinal
direction of the thread". For oblique division in Oedogonium
compare the s^e author » loc, cit. i;^^ 888.

^ Kny, Ueb, d. Einfl. v. Druck u. 2ug auf d. Richtung der
Soheidewand in sich teilenden Pflanzenzellen. Pringsheim's
Jahrb. f. wiss. Bot., 1901, Bd, XXXVII, p. 55, Further litera-
ture references there,

4 Ueb. Wanderungen d, pflanzl, Zellkerns. Flora, 1901
Bd. LXJOVIII, p. 105.
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small normal one. Homooplasio is opposed to the phenomena of
the g:^.ant growth here descritied in so far that its products ac-
cordingr to the" definition always bear the character of abnormal
tissue-formations. The latter will he the case, if the""9ver--
production of the normal elements occurs only in narrowly limi-
ted places, or if only one of the tissue forms, or scattered
forms, oomposing,a leaf, a stalk, etc., are developed in ab-
normal abundance .

Prom the ifeutset it. must be noted that here. Just as in the
other groups which we have set up, no absolutely sharp demarca-
tion can be drawn and that abnormal formations are not lacking,
which furnish at the same time a transition from the phenomena
tf giant growth, the study of which is the task of morpholo-
gists, to homooplasias, which will be reported more closely
in the following,

1, Localized tissue excrescences of an homooplasticchar -
acter . composed of the same histological elements as the orig-
inai, are rare. A cross-section through a sugar beet ( Beta
yulgaris) is reproduced here, which continued its growth in
thickness ebnormally even in the second year, thereby develop-

, ing several ridge-like tissue excrescences extending longitud-
inally. These extensive ridges are composed of normal layers
of tissue. In figure 57, the concentric normal cambial rings
are indicated in the center as well as those newly produced in

(140) the ridges. In a case closely investigated by de Vries2 the
formation of new cambial rings outside the latest ones of the
first year, coincided with an arrestment of activity. The
rings of the first year as well as the accessory ones of the
second year were also only slightly lignified. The causes of
the excrescences lie supposedly in an abnormally increased sup-
plying of material.

Similarly the tissue excrescences, occurring on the leaves
of Aristolochia Siphp and others, have been known for a lottg

time^ On the under side of the leaf blade, along the ribs,
wing-like ridges, no thicker than the leaf, are. produced, which
like the normal leaf-blades are composed of epidermis and meso-
phyll and aye traversed by vascular bundles. The question as

^ Virchow, (Celltilarpathologie) uses the word hjrpermetry
in a similar sense.

^ Ueber abnormale Entstehungsekundare* Gewebe. Prings-
heito's Jahrb. f. wiss. Bot., 1891, Bd. XXII, p. 45. There also
statements on some of the tissue fcrms subsequently discussed
by us and on the results of the "lengthened life-period".
Further Rimpau, DasAufsohiessen der Runkelrtiben. Landwirtsch.
Jahrb., 1876, Bd, V, p. 43.,, Briem, Strohmer and Stift, Wurzel-
kropfbildung bei d. Zuckerrube. Oest.-Ung. Ztschr. f. Zuckerm-
distric etc., compare also Ztschr. f. Pfl.-Kr&nkh. , 1892, Bd.,

II, p. 239. Caspary observed on BrassJoa Hapus (Sine Wruck©
mit laubsprossen aus knolligem Wurzelausschlag . Schrxften Phys.-
Oeken. Ges. Konigsberg, 1873, p. 109), tuber-like swellings upon
which were buds and which could develop bunched shoots with

malformed leaves. The disease is hereditary as Casparj?- has

shown. (Hvpels described swellings on Beta of apparently vary-

iiig structure. Notes ^athologiques, C. R, Soc. Bot. Belgiqu»,
1837,' T. :xrVI, p. 183. Therein citations of literature regard-

ing parasitic SKellings of a similar kind.



128

to the conditions under v/Mch they are produced has not been
answered satisfactorily and would repay experimentation. Sim-
ilar formations of ridges are already knoivn in other plants;
in the case of more vigorous development, they furnish a trans-
ition up to a duplication of the blade,

Hottas^ produced experimentally on the roots of Vicla FabR ,

similar formations of lesser extent and simpler composition. If
these roots were put in plaster casts, so that only little holes
here and there above the tip made possible any further disten-
sion; these holes were filled by "correlative" growth in thick-
ness of the roots. The form of the homooplastic excrescenees
corresponded to the form of the space at its disposal. It Is
possible in cases of this kind to speak of correlation-homoo-
plasia, (see below).

Because of their external similarity to those above men-
tioned, the peculiar ©bnormal tissue excrescences may be men-
tioned here, v>?hich Hameo observed on the roots of Oardamine
amaru. They are produced exogenously and are connected with
the central bundle of the mother-organ by a procambial cord,
v/ithout, according to Wemec, its leading in them to the forma-
tion of a true vascular bundle. Sometimes they bear root-hairs.
Similar pathological structures occur also on the roots of
Roripa, The conditions, with the fiilfillment of which their
formation is connected, are not yet known exactly.

II. The homooplasias named in the following are character-
ized by the fact tha.t only single tissue foar ms of an organ are
super-abundantly developed and no production of local excrescen-

fl41) ces . by which means the histology of the organ is altered. In-
leed eaol) tissue form can, under certain circumstances, under-
go a homooplastic formation,

1. A group well characterissed physiologically is shown in
those forms, in which the abnormally abundant formation of tissue
is caused by some increased demand made upon it. Tissue forma-
tions of this kind which we will term work . or activity homoo -

plasias . (or hyperplasias), have long been known to physicians.
Muscles of which more and more is required become enlarged, ap-
parently by increase of their elements; as are also blood ves-
sels upon which especially strong strain is put, after stoppage
of other blood vessels, and the like.

We must make investigation^ to learn if plants are also

capable of forming a ctivity-horaooplasias,

^ Rudow (Einige Missbildungen as Pfl. herborgerufen durch
Insekten, Ztschr. f. Pfl.-Krankh. , 1891, Bd. 1, p. 532) thought^

mistakenly that ho had recognized a mite gall in the Aristolochia
• ridges. Literature on these and similar structures is to be

found cited in Sorauer, Handb. d. Pflanzenkrankh. . 2. Aufl., Bd.

1, p. 239. Investigations made by Magnus (Sitzungsber. Prov.

Brandenburg, 1877, Bd. XIX) show that with tissue excrescences

mav be united also phenomena of arrestment in the ad;5acent parts

of" leaves (Arrestment in the development in size of single meso-

phyll cells, scanty development of chlorophyll, and the like).

In the cases which I investigated, the latter were always missing-

2 Ueb. d. Einfl. v. Druckwirkungen auf d. Wurzel von Vicia

ffaba. Dissertation Bonn. 1901.

^ Ueber schuppenformige Bil^ungen an d, Wuraeln v. Oarda-

mine amara, Sitzungsber, Kgl. bohnj^ Ses. Wise,^ 1901, K. VI.
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In the first place, mechanical tisf5ues as well as fibro-.
vasoulay ones deserve our attention, because they seem better
fitted than otheo* kindB of tissue for experimental action
through increased demand upon them. Hegler was the first to
attempt to cause the formation of mechanical tissue by incteased
mechanical demand'^. The result of his investigations are the
following: the working power of plant organs is favored by me-
chanical strain since the mechanical elements are then more
abundantly formed than under normal conditions. Further, ac-
cording to Hegler, the production of meclmnical elements can be
excited by mechanical strain even in those organs which normally
develop none, X have mentioned already^ that these statements
of Hegler, at least on the plant organs which he Investigated -

petioles of Helleborus ni^er - are founded upon an errof , since
these even in aormal indivi'duals are not absolutely fred from
mechanical elements, as he thought them to be.

In order to be able to furnish e clear picture of the al».

teration and strengthening of the mechanical tissues, I have
tried especially at different seasons of the year to influence
tissue formation in Helianthus seedlings by constantly effective
mechanical strain, * but unfortunately always in vain, so that
I cannot report upon the amount of strengthening which the me-
chanical elements undergo according to Hegler. A thorough test-
ing - the supplementing and correction - of his statements would
be most desirable, and would undoubtedly lead to interesting
conclusions, I wish, at this opportunity, to refer to the fact
that increase in the tr^chae capacity of any plcait part whatever
can be produced in other ways than by increase of tie mechanical
elements alone or. a better formation of the sepai'ate ones. As
is well knowh, mechanical demand upon the strained plant body
can change essentially the conditions of cohesion within it^,

(142) It does not seem impossible, that mechanical demand can also mod-
ify the specific conditions of cohesion, in the cellulose wall,
in the sense of an increase in mechanical effectiveness.

Wiedersheim^ has recently investigated this thoroughly. He
let a heavy weight (as much ag 1.2kg^) act for months on branches
of different species of weeping t-rees and compared the formation
of the mechanical tissue in the strained and unstrained branche-s.
In most of the objects - the weeping varieties of Fagns silvatica .

Sorbus auouparia and Fraxinus excelsior - no strengthening of
the hard bast was demonstrable; only in Corylus avellana could
an increase of the stereids be proved in the strained branches''.

1 Pfeffer, Untersuch. R. Wegler's nb. d. Einfl. v. 2ug-
kraften auf . die Festigkeit und -die j?usbildung mechan* Gew, in

Pfl. Ber/ SSchs. Ges. WiS8,,1891. p, 638.

^ Beitr. s?. Anat, d. Gallon Flora, 1900, Bd.LXXXVIl, p. 117.

2 Compare for instance, Yillari. Ueb. d. Elasticit&t d. Kaut-
schuks, Poggendorf's Annalen d, Phys, u. Chemie, 1871,Bd.CXLIII.

^ Ueb, d. Einfl, d. Belastung auf die Ausbildung v. Holz-
und Bastkorper bei Trauerbaumen . Pringsheim's Jahrb. f. wiss,

Bot., 1902, Bd. XXXVIII, p, 41.

^ The stone cells do not participate in the strengthening tff

the mechanical tissues* "We found stone cells formed in the same

way in the laden as in unladen branches of Fraxinus, Fagus, Cor-

ylus (Widerscheim)". I' cannot find in the negative results of

the attempt to incite an increase of stone cells, any proof that,

as Wiedersheim assumes, these cells possess no mechanical signi-

ficance at least over against tensile strength.
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Hanging gourd fruits, Vifhich develop more abundant mechani-
cal tissue in their stalks than dp the varieties v/hich lie upon
the grotfnd, and the like have made it seem probahle that an in-
crease of mechanical tissue can be called forth by increased me-
chanical demand upon it, Wiedersheira's experiments have fur-
nished exact proof of this, Future research will have to deter-
mine whether the tissues of different plant organs are equally
suited for the formation of activity-hyperplasias, v^^hether fur-
ther only a few varieties are capable of it and whether finally
by means of special conditions the organs, of which much is re-
quired, can possibly be made capable of an abundant development
of their mechanical tissues,

^j
A contribution on the last named case may be given here.

Kochting'^ reported recently on experiments with stalks of
Brassica oleracea var, sabada (savo3r) which were placed horizon-
tally and strained at the tip by means of hanging weights. On
the upperside of the branch, under, the influence of the mechan-
ical requirement, an activity-hyperplasia was produced by abnor-
mally lively growth in thickness. In the present case oiily one
side of the object under experimentation was taxed by the
strain, - it would be conceivable that the very inequality of
the conditions under which the different parts of an aacis develop
favoi-s the production of an activity-hypeirplasia.

Vochting's reseai-ohes have shown savoy to be a plant in
which hyperplastic tissue changes occur on the side strained by
bending. Future research Will certainly make known other ob-
jects, in which the side taxed by the pr essur

6

reacts in the same
way to the mechanical demand made upon it . In my opinion the
foriKi.tion of the red wood fbois rouge) of spruce and hemlock
trunks favors this. This modnLfication of the strengthening tis-
sue, characterized by a red-brown coloration shafts broader annual
rings, richer in cells, than does the normal wood. It consists

(143) chiefly or exclusively of thick walled tracheids, which are some-
what shorter than the noriml ones, often leaving perceptible in-

tercellular spaces between them and conspicuous because of the

spiral structure of their thickening layers, Hartig saw redwood
regularly produced on the underside of horizontal branches and
further in tree trunks on the side Opposite the one exposed to

the wind, when they were especially exposed to its action be-
cause of their position in the open, in short, in those places
which were especially strongly taxed by mechanical pressure . In
regions in which westerly winds prevail, the redwood side is al-
ways the one facing the Easf^,

^ Zur experiraentellen Anatomie, Machr. K. Ges, Wiss.,

Oottingen, 1902, Heft 5.

^ As the most important literature on redwood, compare
Hartig, R,, Das Eotholz der Piohte. porstl.-Waturw. 2eitachr.,

1896, Bd. V, p, 96; further Holzuntersuchungen, Altes und Heues,

1901, Compare also Mer, De la formation du bois rouge dans 1©

sapin et IfBpicAa. 0, R. Acad. So. P^ris, 1887, T. CIV. p, 376.

Cieslar, Das Rotholz der Pichte. Obi. gee Forstwesen, 1896, p.
149. Anderson, Ueb, abnorme Bildung v. Harzbehaltern uijd andere
zugleich auftretende anat. Verand, im Holz erkrankter Coniferen,

Forstl.-Haturwiss, Zeitechr.. 1896, Bd. V, p, 439. Observations

on the influence of the wind on the unequal increase in thick-

ness of trees extend back as far as Knight (1803), according to

whose statements, the annual rings on the sides taxed mechani-

callv (by bending) are broader tteip on the others. Compare fur-

ther" Busgen : Bau u. Leben d, WalJt^baume , Jena. 1897, p. 67, and

the literature there oited. ;'
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The branches of conifers are kn&wn to be constructed
hsrpo-na^tically. i. g., excentrically, in stich a way, that the
horizontal underside of the branches is more strongly developed
tl^an is the upperside. I would like conjeoturally to call at-
tention to a connection between the exoentrlc growth In thiok
ness of normal parts of trees and the tendency toward (one^
sided) aot ivity-hyperplasia under abnormal oonditiona* If in
conifers .""'"^he horizontal branches of which are developed toore
strongly on the underside,- the one taxed by pressure,- than
on the upper side, it can be proved that the trunks also are
developed hyperplastically on the side especially taxed by the
pressure under abnormal conditions, then it may be conjectured
that among plants provided with epinastlo branches, whose bran-
ches therefore are more strongly developed on the side of the
strain we may search for such as will, tinder experimental modt-
ification of the mechanical requirement, develop a reinforce-
ment of the side strained, (Drees with diplonastloally construc-
ted branches will possibly be able to react in the same way to
the strain and pressure-, due to a bending of their trunks, by
reinforcing their tissues. It would be very desirable if, in
connection with our knowledge concerning the formation of red
wood, corresponding experiments could be made on daotduous
trees and if some one would prove the influence upon growth in
thickness caused by a bending continued over several years.

Besides meclianical tissues, vascular tissues also have an
especial interest for us.

In order to increase the effgctlveness of vascular bunr
dies, v/hich under normal oonditions - to conclude from their
extent, provide only for the transfer of moderate amounts, I
out through the mid ribs of young leaves of numerous dicotyle-
dons which are pinnately ribbed (compere fig, 58) in the expeo-

(144) tation that possibly the anastomoses well adapted for taking
over the v/ater connection between the uppier and lower halves,
(fig, 58a), would undergo a more vigorous formation than under
normal conditions. The expected did not take place. In most
cases the side ribs and their anastomoses are not capable of
compensating for the intersected midribs nor of providing suf-
ficiently for the upper half of the leqf. This either perishes
entirely, or becomes discolored, or the leaf-developiraent pro-
gresses abnormally, since leaves with disproportionately wide
bases and stunted, tips are formed ( Populua pyramidalis ). How-
ever, a more luxuriant development of the side ribs as aotivitya-
hyperplasia never took place in the plants which I investigated .

Further, I made girdling experiments with plants character-
ized by medullary phloem bundles (Eucalyptus, Kerium) but I

could not prove that in girdled branches the latter had under-

^ In spite of the, at present, negative results, perhaps
a continuation of similar experiments might not be undesirable.-
At any rate, nature itself often makes experiments which, agree-
ing with what hua just bden described, prove that after removal
of definite conducting paths, any provision on the part of the

adjacent ribs and anastomoses does not take place. In leaves of
the beech the helmet.*like galls of Hormomyia fagi (compare fig.

58) which are produced on the side or midribs are often found
very abundantly. The part of the blade provided for by the rib
bearing the gall always bleaches very noticeably above the gall.

If the gall is on a aide rib, bleached stripes are produced; if

on the main rib, a pale green, rhoraboidal field is produced at

the tip of the leaf,- a proof that the intact adjacent ribs and
anastomoses are not in condition to provide slifficiently for th3
areas lying above the gall.
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gone an especially strong' development, or had becopie fitted to
replace the lost peripheral phloenj bundle s-*-.

«

The observations of deVries and Vochting furnish valuable
conclusions. BeVries (loc. cit.) describes a peculiarly abnor-
mal potato tuber, from v^hich three well-leaved sprouts were pro-
duced, which, however, lacked stolons. Two other eyes of the
mother tuber, hov^ever, produced stolons without the requisite
leaf-shoots. "The nutritive substances formed in the leaves did'
not find on the bark of the stalk the usual place of deposition,
and were used successfully only in those tubers which bore sto-

(145) Ions. Apparently for this purpose they had to transverse the
old tuber". The vessels here rartde use of had undergone a strik-
ingly vigorous development :-T "b;it had not attained to the forma-
tion of a continuous woody-layer, although several bundles had
united into groups. Bach single bundle, however, had been devel-
oped to a degree not otherwise attained in potatoes,— Bhe wood
consisted' of wood-fibres and d\zcts arranged in rows, which usu-
ally showed a very distinct reticulated wgll-forRBtion. The
phloem bundles showed a corresponding development, but did not
noticeably differ in structure from th& primary phloem". This
description by deVries does not decide the question whether an
activity-hyperplasia is actually present in the h^rperplagtic
vascular bundles which he observed, or not; i. e., whether in-
creased demand has caused the abnormal development -of the vas-^
oular tissues, or whether probably some other reasons,, unknown
to us, have paused the abundant formation of their vascular
bundles before the sprouting of the tubers. Occasionally even
in ungerrainated tubers one happens upon powerfully developed
bundles or groups of bundles, which only with difficulty may
be proved to be activity-hjrperplasicis.

Vochting^ s^ experiments furnish supplementary data, since
they prove that by means of a definite kind of eKperiment.al in-

terference . , hypgrplastioal ly developed vascular bundle s may ao-
tually be produced. He succeeded in interpolating the potato
tuber as an element in the potato plants grown from it. The
tuberH were planted upright in the ground, to half their depth,
and either developed leaved shoots above the gtound and stolons
with abundant roots below it, on which new tubers were formed,
or the parts above ground were caused to form root ^, by suit-
able expedients: the formation of stolons, however, was possible
only on the p&rts under the ground. In the latter case the cur-
rent of the ajBsimilate flowed throiigh the tuber to the newly
formed stolons and daughter tubers; in th« former the current
of water flowing from the root-bearing stolons to the leaf-
shoots traversed the old tuber the length of life of which was
in both cases appreciably increased/ The anatomical changes
in the vascular bundles of the tubers correspond in all. essen-
tials to deVries » discoveries. I»ike the potato tubers those of
Oxalis crassioaulis may be interpolated in the main stock of
the newly produced plant

.

Vochting assumes th§t, in the abnormally constructed tubers
which he investigated, the current of water and of nutritive
substances caused the increase of the vascular elements, that
further the increased mechanical demand also caused the increase

^ My experiments were interrixpted after possibly a year,
i consider it probable that positive results woiild have been at-
tained in a longer experimental period,

^ tJeber die Bildiing der Knoll^n. Bibl. Bot., 1887, Heft 4,

p* 11 ff. Zur Phya. der Knollengeifachse. Pringshejin's Jahrb,
f. wise. Bot.. 1900, Bd. XXXIV, p. 15 ff.



of the mechanical eleraents,- the tuhers interpC; ated in the PBin
stock of the plants had to carry the weight of ^he parts of the
plant aBove ground. Accordingly, the tissue-formations here de-
scribed would have to he added to the list of activity hyper -

plasias . This explanation is undoubtedly very interesting, yet,
it seems to me that still other possible explanations should

(146) come under consideration here. The peculiar method of experi-
mentation lengthened the life period of the potato tubdr, -al-
ready emptied,- far beyond the normal one, so that a demand was
made upon the different tissues of the tuber for a very much
longer time than under normaX conditions, Evidently continued
demand does not of Itself mean the same as Increased demand. It
might well be possible that even "continued " demand Is enough
under certain circumstances to IncT^e the abnormal formation of
secondary tissue, as observed by "Vochting.

I would like here to call attention again to the experi-
ments of Meer-*' who found leaves cut from Hedera helix forming
roots and living for years. Secondary tissues were formed in
the petioles by which the vascular bundles originally separated
were united into a cord of tissue. It Is absolutely not pro-
bable that the new formation of duots etc. Is here to be traced
to an increase of the use of water, etc, To me the supposition
seems better founded, that the continued demand made upon cer-'
tain tissues, as a result' of an abnormally long period of life,
caused their hyperplastic formation. Yet to we not find that
many perennial plants in the normal development of their parts
under ground increase regularly, by eambial activity, their
tracheal and mechanical tissues, corresponding to a "continued"
demand made upon them, although the extent of the shoots devel-
oped yearly by them and the functional demand made upon them
by these remain approximately equal ^,

In Vochting' s experiments, the conditions are in so far
the same that tissues determined by them were kept alive longer
than is usually the case under normal conditions. Here also a
"continued demand" is made, with which there is also connected
an "increased demans". The conditions are therefore extraor-
dinarily complicated. It will not be easy to decide whether the
reinforcement of tissues observed by vSchting in Solanus tuber -

osum , etc. are to be put on an equal footing with those des-
bribed by Mer or whether the "increased" demand was the deter-
mining factor of their production.

Conditions are much simpler when It is possible to bring
about an abnormally abundant formation of vascular bundles in
organs witjjout lengthening the period of their life beyond the
normal, Vochting made experiments of this kind on dahlia tubers.
These ssrpre planted in an upright position and, in spite of the
unusual conditions, they rooted well, developing shoots in which
a part of the stem was replaced to some extent by a piece of the
root. Tubers, forced in this way to a greater mechanical work
and through whose vascular bundles the v/hole amount of water

1 Bull, Soo. Bot, France, 1879, Bd, XXVI, p. 18.

^ Increase of the tracheal and eventually also Of the me-
chanical elements, as a result of continued (not increased) re-
quirements, v/ill occur probably also in those one-year old plants,
whose shoots, used as stock, below the scion "become two or several
years old, (Compare Lindemuth, Das Verheilten durch Ropulation
verbundener Pflanzenarten. Ber, d. ]). Bot. Ges, , 1901, Bd. XIX,
p. 515), Unfortunately no suitable material has been accessilJle
for me to test this question.
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(147) necessary for the shoot was conveyed, contained abundant ducts
an J libriform "fibre© and thick -walled, pitted wood parenchyma
xjells. A comparison v;ith equally old "normal" root tubers de-
monstrates that In this present case "continued" demand can not
have incited the abnormal formajjion of tissue. In the abnor-
mally developed dahlias which Voohting described there clearly
exists 'an effect of "increasea" demand upon the tissues - an
aotivity-hyperplaeia,

Sirailmz' complications, making more difficult an under-
Standing of the iffectire factors, may be found In many galls.
If these are produced on petioles, the vascular tissue below
them in the Ktem is often inoreased» In our native oaks var-
ious cynipides, most frequently Spathe^aster baccarum . cause
large, round galls on the'staminate inflorescences. The axes
bearing the galls not only live longer than normal ones, but
are also distingjiished by a secondary coalescence of their vas-
cular tissue. The ass\imption that the increased mechanical de-
mand and increased supply of materials and water have given
rise to the described changes In tissue, Is especially clear
here; nevertheless, the possibility exists that the same secon-
dary tissues would be found also if, in some other way and with-
out a simultaneous increased functioning of the tissues con-
cerned, it were possible to lengthen the life period of the
inflorescence axes.

The histological structure of the abnormal tissues ;)ust

described^ reminds us that no sharp boundary may be drawn be-
tween homooplasias and heteroplasias. Holding more strictly to
the proposed principle of division we would have had to d^etur
many a hyperplasia discussed in this section to the next one.
As mentioned already the red wood, for example, does not con-
sist of entirely normal elements since its cells are somewhat
shorter than normal ones, jfn the vascular bundles developed In
abnfrmal abundance, which Vochting studied, tracheids of short
cylindrical or bgrrel-like form occur, the libriform fibres are
rather short etc. The abnormal coalescence of the tissues Is
therefore composed of elements vsii ich remain bielow the normal in
their size development. They shOTr the same variations from the
normal cell structure that we shall find later coming Into ef-
fect more strikingly In "kataplasmas".

t

On the other hand, Vochting proved that In the abnormally
developed vascular bundles of Qxalis crassicaulis , elements
may be found in this tissue concrescence which are foreign to
the normal tuber. Besides wood parenchjmia cell^, libriform
fibres are also produced. In this case therefore the abnormal
tissue displays a more abundant differentiation than does the
corresponding noiraal one. We will find many differences of a
similar kind in prosoplasmas.

If, in spite of the described structural differences, I
have included all under homooplasias, it was because the exist-
ing differences seemed too slight for me on their account to
have wished to disorganize a group, well characterized physi-

(148) olcgicaliy. We find, however, often in a normal development of
the vascular bundles, tracheal elements develop first of all,
and then, by continued growth, wood fibres and wood parenchyma
cells.

2, We spe^ of correlation-homooplasias when, as a result of
locally effective arrestment in growth, its lofjalized further-
ance takes place elsewhere, which leads to homooplastic changes
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of tissue, Boirivant»s experiments on defoliated shoots are
very instructive, ime asfiimilatory tissues of the bark tyere
increaefed "correlativoly" in the shoots. Recently K, Braun^
has made similar experiments qnd proved in Ac on i turn Stoei*kianum .

Syringa vulvarifl . Corylua avellana vt.r, atropurpurea/RosA
oentlfolla and others, an Inorerae of ass imlictory t issue ,' the
ntmjDer of layers of which at timee was doubled. In Lciroitua

orvalft and other?? there was a striking Increase of chlorophyll
grains^,

3« The abnormal tissues occurring on injured plant organs
are usually of an heteroplastic oharrcter. I know of only one
^^^ ^^ otillua homooplasia , Schllberszy* succeeded in stiawla*
ting an increase of the vascular tissue in stalks of Phaaeolug
multlflorus through injury, This occurx-ed betause "the cell i

groups, lying close to the phloem bundles, therefore, those a4*
Jaoent to the innermost layers of the parenohytaatic primary
bark, became adjusted for division, after some p/eoedins Injury,
(by an interruption of tho vascular bundle cylinders, closing
upon one r.nother like rings), Thus they took the form of seoon-

lXA9) dary meristem." The newly produced m^?ristematic zone acts like
the oarabial, producing xyXem rnd phloem, Figure 59 shows part
of a orose-section through a phaseolns stalk. Outside th© bar<l
bftat bundle are visible the newly produced xylem «.nd phloem*

We arrcnged the material of our last three sections from an
etiologloaX point of view, but in them surely have not named all
the factors, by which horaooplastlo formations of tissue ean b

e

included in any one of the three previously named groups, the
products of which, ef I suppose, might have shown an homooplastle
character. In places on the laterally comp-ressed internodes, the
calls of the permanent tissue 7- ere incited by the force of com-
pression to a growth perpendictJlar to the direction of the pres-
sure and also to repeated cell division,

Kny observed similar abnormal division under similar condi*
tions, in the pith of Bryophyllum oalyclnum and Begonia*.

I know of„no positive case ':7here, by the action of foreign
organisms, homooplastle exoreecenoes of tissue - "gall-homoo-
plasios" -. would have been produced. In all galls produced by
abnormal cell division, ve are concerned with heteroplastic tis-
suefli, differing from the corresponding normal tissues in the
nature of the differentiation and the volume of the separate
elemonte,-. nrhen the fundamental tissues are simpler histologi-
cally, this may often be the only difference.

^ Boirivant, Reoh* s, l» trganes de remplacement cheat: I.
pi. Ann. So. Hat. Bot., 1897, VIIl, Ser,, T. VX, p. 307.

^ Ueber Verand, im Gewebe entlaubter Stengl u, Zweige.
Dissertation Erlangen, IS99.

^ One may conclude upon n correlation-effect in the abuntr

dant formation of trichomes en the inflorescence stalks of Rhus
Cotinua, whose bloom ha* not been fertilised. Indeed this for«
^tion of tldsue should not be designated as "abnormal'*,

* Kunstllch hervorgerufene Bildung sekundKrer (extrafasci-
cularer) Gefassbundel bei Dikotylodonen, Ber, d. D. Bot, Ges,
1892, Bd. X, ^ 424.

^ U^b, d, Einfl, V, 2ug, u, Druok auf d, Rlchtung d,
Scheidewande in sioh teilenden Pflanzenzellon, Pringsheira's
Jahrb* fur wiss, Bot* 1901, Bd. XXXVII, p. 55,
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W§ term hetero^lasia each quantitative increase of an
organ, in whicli, by al>tiormal cell division, tissues are pro-
duced, the single elements of which do not resemble normal
ones. Thereby either whole organs, leaves, shoots, etc.- are
transformed, or only parts of them, so that nevi/ tissue fcrma*-
tions rest like an appendage upon the mother organ.

If the tissue of the heteroplastically changed organs and
parts of o-rgans be compared with corresponding normal tissues,
differences will be fonnd is more than one connection; the ab-
normal tissues vary from uormal ones in regard to size of the
single elements, hs well as to the degree and kind of differ-
entiation.

So far as the size of the single cell is concerned, it is
easy to assume that to"Bnorinal increase of the cell numbers tokoB
place at the expense of the cell size, in such a way that single
elementB of hQterop;3.ftStio tissues do not attain their normal
size. In fact relations of this kind seem to exist In many

(150) cases. Hartig* observed that broad, many-celled annual rings,
consist of smaller (shorter) cells than' do the inner ones with
fewer colls. The callus, produ«ed by abundant cell division
after injury to living plant tissue, Is composed at times of
smaller cells than those of the ground tissue, etc. We shall
not venture to attribute especial significance to this connec-
tion between cell number and cell size; in a rety large numher
of oases the abnormal tissue is composed of larger cells, often
indeed aery much larger, than the normal tissue of the ground
tissue.

Mtioh more important are those differences, which make evi-
dent the differentiation of tissue in normal end In aBnormal
parts. As shown above, we sliall "be concerned with some tissues,
which are more simtjly constructed than the corresponding normal
tissues and with others in whichw© may recognize processes of
differentiation In the formation of their single cells and the

distribution of their different elements; which processes of

differentiation, however, are not manifest in the de"Kelopment
of the: corresponding normal tissue. We will term heteroplastic
tissues of the first kind kataplasmag. those of the second
prosoplasmas .

Kataplasmas and prosoplasmas are not only dittinguishable
on the basis of an histological consideration, but are charac-
terized also as Independent groups by their external form .

Kataplasmas show no constant proportion of size and form, the
same abnormal tissues occur now as deformations of the whole
organs, now as localized excrescences. In prosopXasmas, how-
ever, we find the "diseased appearance" always characterized
by the definite size and form of the tissue excrescences; forms
conspicuous because d? a liigh, ever recurring organization, ere
not at all rare. The difference in form is connected most
closely with the developmental period of the heteroplastic tis-
sues. We find many kataplasmas of wnich the developmental per-
iod vacillates within very wide boundaries, in many cases we
speak of it as (theoretically) unlimited. In prosoplasmas,
however, the duration of the development of each single foim
may be most exactly determined as to weeks and pionths. The
differences, named, for their part, may be explained, at least
in a measure, by theetiology of the various abnormal tissues,
which are partly caused by long persistent or permanent stimuli,
partly by stimuli of a short duration constantly effective.

1 Holzuntersuehungen, Altes and Keues, 1901.
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Besides histology, we will have to take etiolo^ es-
S^Si'^^^y/?*? consideration in the detailed description of thedifferent heteroplastic tissiieB and in the subdivision of ourmaterial. In uhas we shall be able, repeatedly to make the
same groups a-s in the treatment horaooplastic tissues.

,,, Aotivltyjheteroplasias of course ^7111 not be described.All hyperplasias have boon disposed of above v/hich are pro-
duced by a greater amount of action and indicate a relation toheteroplasic,s through their slight histological variation
from normally constructed tissues;

^ Q2|g£3:j}f
}o^^ -,^e |Q£$I2i2£|^£, produced after local firrestment

of growth, will need at least a short chapter.

y-p^s-hoteroplaslr s (In the uldont sense of the word) 1.

®Aj
those heteroplastic tlssuRs thich are produced by wound-

(161) stimuli, are, very diverse ahd demand thorough discussion. We
will have to describe in order the undifferentiated, homogene-
ous wound tiSBue or the callue (s. str,), the wound tissue re-
sembling wood, the wound -wood, and that resembling cork.-
wound-cork .

A new group must be taken ipto consideration here, for
which no analogy exists among horaooplasies, that is the eall-
heteroplusias produced by foroigh organisms, the mult IpliHITy
Of which exceeds that of all other tissues disclosed by the
sttidy of pathological plant anatomy.

There are various other heteroplasias - and doubtless fu-
ture investigation will disclose still further forms - which
may not be Included in any one of the above named groups, based
upon etiological considerations, Sinco we have learned nothing
afi yet of the causes of their production, I have set aside no
separate chapter for them, but hJxve discussed them in connec-
tion with those of the above named tiaf;ues, with which they
best correspond histologically,

If we nov; ask, wJiich role the kataplastic and prosoplas-
tic processes of differertiation play in the groups just dis*
tinguished, the follov/ing becomes evident. The corrolation-
heteroplasiaf so far as yet known have the histological charac-
ter of kataplasmas. The same is true ofcollus, wound-wood and
wound-cork. Among galls, we find kataplasmas and prosoplasmas
which we shall have to discuss separately.

An equal considerrti on of the histology and etiology re-
sults in the following subdiwision of the material;

1, Gorrelation~heteroplasmas )

E. gilluses )

3« Womi^-wo od ) Kataplasmas
4. Wound-cork )

5, Galls ""*
( a. Kataplasmr:S
( b.- Prosoplasmas

1, Correlat ion-heteroplasmas

Wo speak of correlation-he teroplasmas if the normal growth
of any plant Is arrested at its vegetative points by any factors
whatsiever, wherever under the ihfluence of the unused nutritive
materials, some part of the plant body is incited to abnormal
growth,- to the production of abnormal tissue.
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The simplest process by which w© can arrest the normal
growth." in plants consists in destroying one or all parts of
the vegetative tips of their shoots* If correlat ion-he tero-
plasmas are then produced, their formation results after the
injury to be sure, but not because of it, No doubt exists that
the same heteroplasraas are also produced when the normal vege-
tative points continue to live, If these are kept from further
development, perhaps by being put into plaster oasts. They may
not be associated therefore with the callus formations named
later.

(15£) Voohting has published valuable data on oorrelation-
heteroplasmas*

,

If the inflorescences and all axillary buds vrere removed
from vigorous kohl-rabi plants { Brass ioa oleraoea t, goRgylodes )

the leaf cushions swelled gradually to extensive bodies, possi-
bjy to 8om» wide, which "had been formed from the pc.renoh3TaG of
the bark of the cushion and from the vascular bundles running
through it« These were formed in an unusual vmy and had devel-
oped partly to round, vigorous bodies covered all over with
cambium. In the vascular parts, the tissue produced fribm the
cambium consisted of thin walled elements, through VJhlch passed
rows of small ducts. The abnormal tissue was distinguished from
normal tissue by the absence of mechanical elements and the
narrovmess of the lumina of the ducts.

In outback Helienthus plants analogous conditions may be
found, "here too a significant development of the parenchyEXX
and a retrogression of the mechanical elements is found in the
stalk," especially in the upper part of the stem. In the lower
part hollow cells are als o produced after the operation but
these are shorter than normal on^^s.. On all sides a bending and
twisting is frequently found. Vochting found tnber-like swell-
ings produced on the roots of decapitated HelianthuS plants.

In the aerial runners of Oxalis crassicauljg . which are
filled with reserve stuffs, are robbed of their apical cejls and
all axillary embryonic sprout cells, heteroplastic swellings are
produced by the swelling of the leaves snd internodes. Accord-
ing to Vochting the cells of the fundamental tissue participate
in the new formation chiefly by enlargement; the vascular bun-
dles have fewer ducts than normal ones, but the sieve tubes are
richly developed and at times extensive parenohjTna outgrowths
lie between xylem and phloem. vSchting at times observed bi-col-
lateral bundles in the abnormal tubers^. The development of col-
lenohyma was absent in the stasr , which had become inflated to a
tuber, the mechanical elements usually accompanying vascular bun-
dles were few or entirely lacking. I will return later to the
noticeably large qnd irregularly formed starch grains, which
fill *he"Seaf tubers" in especially striking foims. (Chapter VI, I).

It seems possible that cells of a permanent tissue may also
be "correlatively" incited to growth and division.

^ Zur Physio^j. d. Knollengewachse. Jahrb. f. wlss. Bot.

1900, Bd. XXXIV, p. 1, - Zur experiemtellen Anatomic. Haohr.
K. Ges. Wiss. Gottingen, 1902. Math.-naturw. Kl,, Heft 5.

2 Abnormal Vascular bundles of the same kind may be found
in many galls (prosoplasmas) , see below chapter V, B, 5,
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Prom the statements of Vochting: here quoted, it is ob-
vious that the tissue excrescences which he ohserved should
be ascribed to kataplasmas.

Sachs^^Was the first to produce correlation-heteroplas-
mas experimentally. "If all vegetative sprout points be re-
moved from vigorously growing pumpkin plants f Cuourbltc mlxlma )

"

a very remarkable phenomenon occurs which Is as vet unexplained,
(153) the embryonic root colls, present In the tissue of the stem

at the right and left of each petiole, grow out Into short
stalked tubers as Irrge as hazel op v/alnuts, in which the roof
cap disappears and the vegetative point becomes Irrecognlaable

,

?/hlle the axillary fibro-vasoulsr cord (the axillary cylinder
of the root) is resolved into a circle of isolated vascular
bundles, separated by ground tissue which contains chlorophyll."
Sachs calls attention to the similarity between the norrnal
structure of the axle and that of the abnormal Cucurblta tuber;
I think thr.t no special conclusion maybe drawn from this db
to the character of the new formation. That roots may become
freen Is r. wide-spread phenomenon, already described above
p. 56), The other histological characteristics, distinguish-
ing the tubers from normal roots, seem to me connected with
the overproduction of undifferentiated parenchyma, recurring
In so many heteroplasmas.

Further Investigations will show whether all plants can
at 7;111 be brought to the formation of correlation-heteroplas-
mas or whether those plants tend especially to this kind of ex-
crescence which form parench37matlc, little differentiated tis-
sue-masses ("tubers") even Im a normal course of development.
That the ability to develop correlqtion-heteroplasmas is not re-
stricted to tuberous plants is shown by the oases Just discussed,

C. Kraus^ using Helianthus, attempted to Influence the
processes of growth by removing the apices of the plants under
experimentation. According to him, wart-like petiole excres-
cences are formed on the stalks virhich have no Inflorescences,
C, Kraus also makes dome statements concerning the anatomical
structure of the plants operated upon. In similar experiments
Woilny^ found that the axillary buds were transformed Into
tuber-like rolls.

It must be left undecided whether the "gnarled tubers",
occurring on various Eucalyptus species, are to be reckoned
among correlation-heteroplasmas. Some notes concerning these
may be found in secjrion 3, whieh treats of wound-wood,

2. Callus

Leaving out of the question the products of the processes
of restitution, we have termed all cell and tissue forms, pro-
duced after and as a result of injury, callus formations in
the widest sense of the woord and have spoken of them repeated-
ly. In many plants and plant organs only a metaplastic change

^ Gesaram. Abhandl,, Bd, II, p. 1172,

^ Kunstl. Beeinfl. des specifischen Bildungsganges von
Helianthus annuus durch EntblStterung H, s. w. Forsch. Beb.
d. Agrikultur Physik, Bd. IV.

^ Einfl, d, Entgipfelns der Pfl. auf deren Entwickelung
und Produktionsvermogen. ;Lbld^, 1885, Bd. VIII, p. 107, •
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of the existing cells was incited by the injure (oaXlus-met-
aplasia); in others the cells laid baro showed an abnornBl
frowth'and v;ere changed into voluainous vesicles and saos
callus -hypertrophy). In the preceding section A, it was

shown that even an increase of the normal tissue can result
from v/ound stimuli ( callus -homoopla s ia ) . 5?hoBe cells are most

(154) abundant in which after injury a heteroplastic tissue is pro-
duced by cell division ( callus-heteropla sia )

,

In the majority of cases of callus hypertrophy (see above
p. 82) it v/as proved that the resulting large cells remained
below the normal cells of corresponding tissues in internal
formr.tion; the chlorophyll content being usually lost in hyper-
trophy. In rare cases the occurrence of ne^w characters TJas
associated with the abnormal growth (p, 95).

Similar conditions exist In heteroplasias incited by in-
Jury. Excrescences arise, which are composed of cells of the
simplest form, very little differentiated, and are distinguish-
ed by this means from the ground tissue. They are all charac-
terized therefore as kataplasmas,

Kataplasmas, produced after injury, differ very greatly "

among themselves. Either tissues resembling cork are produced,
termed wound-cork, or those similar to wood, called wound-wood,
or nearly homogeneous parenchyma masses which are composed
mostly of very thin v/alled, undifferentiated cells, often ab-
solutely irregularly connected. We term tissue of the last
kind simply callus. Also all plants and organs are not capable
of producing all three tissue forms after injury.

We will begin our description with the homogeneous, par*
enchymatic "callus".

We find representatives of very different plant groups
capable of forming callus tissue; algae and fungi often form
it, the vascular cryptogams less often. The c&llus tissue of
the phanerogams is of great significance; gymnosperms, monocoty-
ledons and dicot37'ledons , herbaceous and woody plants may form it

after Injury. We shall have to study especially thoroughly the
callus tissues of higher plants,

First of all some examples may be given, from the list
of cryptogams .

Algae . at least the larger tissue-formiJig marine sp®cies,
form t issue excrescences of simple histology, besides the well-
known adventitiotis shoots. The tiibercle-like callus in these^
consists mostly of cells of one kind (ir of cambium and bark
layers with little evident difference. The cells are often
arranged in radial lines; at times they are somewhat larger than
the cells of the mother-foundation. Tubercles of this kind oc^ar
in Fuous, Polyides, Dellesseria, etc.-'- I found swellings in

Laminaria which grew out to the size of peas, possibly attrib-
utaaie to injury. X consider it very possible that the tuber-
cles, described by Sohmitz^, Vi/hich he traced to bacterial infec-
tion, have been produced by injury and cicatrization and that

1 Kfister, Ueb. Vernarbungs -u, prolifikationserscheinungen
bei Meoresalgen. Flora, 1899, Bd. LXXXVI. p. 143.

2 Ueb. knollohenartige Auswuchse an d. Sprossen einiger
Floriden. Bot, Ztg., 1892, Bd. L, p. 624.
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(155) the bacteria wandered subsequently into the porouB callus tis-
sue''-. The cells of the algae tissues when wounded are very fre-
quently stimulated to cell division vii thout the formation of
extensive swellings. The cicatriaation tissue farmed on the
"leaves" of .Sargassum shows some correspondence with the
callus of higher plants.

Pun^i also fom calluses, but, as it seems, less easily
than ^gae*. Hennings*^ observed in xylaria a ball-like callus-
swelling on the stroma,

Among yasoula r Qrypto gams . various species of Selaglnella
may easily t"e 'trought to the formo-tion of callus. The cells
of the parenchyma, filling the passage surrounding the vascu-
lar sheath, are incited to abundant division by wound stimuli .

Woody plants, especially among phanerogams, have been
studied often and thoroughly as to their formation of callus.
If cuttings of rose, poplar or willow branches of any length
whatever are made and Ib ft undisturbed in moist air and under

sufficiently high temperature, after a few days a ring-like tis-

sue excrescence is formed on the cambium on the cut surface*
This enlarges rapidly, spreads out like a roll on the out sur-

face and unites eventual ly 7/ ith the same kind of new formation,

which grows out from the pith and bark. These rools of tissue

have been known as callus for a long time. This is true ^i^J f

*

their tissue construction as stated above. Sooner or later the

callus discontinues its growth and in mp-ny species produces ne\v

vegetative points, - favorable outward conditions being taken

for granted^ Thorough anatomic studies were made especially by

Trecul Cruger and Stoll^.

^ Also in the swellings observed by Barton (On certain "

galls in Furoellaria and Chondrus, J. of Bot,, 1901, Vol,
JJ^-^-^i

p, 49) a callus tissue mayfte involved, which was produced through

the grazing of animals and is inhabited by them. iN»B. Barton a

statement that Florideae starch, occurring In the "galls of

Purcellaria, is lacking in the normal tissues of the alga, is

based upon an error).

^ Ueber Pilzabnorraitaten. Hedwlgia, 1901, Bd. XL, p. 136,

^ Molisch 2ur Kenntn. d. Thyllen nebst Beob. Ub. Wundheil-

ung in d. Pfl. Sitzungsber, Akad. Wiss. Wien, 1888, B4. XCVII,

Abt. I, p. 264,

* Trecul, Reproduction du bois et de I'ecorfje. Ann, Sc,

Hat. Bot., Serie IJI, 1853, T. XIX, p. 157. - Cruger, Einiges

uber die Gewebeveranderungen bei ^er Fortpflanzung duroh stecK-

linge, Bot. Ztg., 1860. Bd. XMII. p. 369. - Stoll, Ueb. die

Bildu?ig des Callus bei Stecklingen. Bot. Ztg,, 1874, Bd. XXXII,

p. 737. - Rechingar, Unters ub. ^. Grenzen d. Teilbarkeit im

Pflanzenreich, Zool, - Bot, Ges^ Wien, 1898, Bd, XLIII, p. 310.

Compare further the summarizing Reports by Sorauer (Handb, a.

Pflanzenkrankh., 2. Aufl; Bd. I, p. 561, 658) and Frank (Krankh.

d. Pfl, 2. Auf. 1, Bd. 1, p. 631 as also the authors named in

later notfces. The new work by Lockell (Die erst en Folgen a. Ver-

wunduhg d. Stengels dikotyler Holzgew. u. s. f. Jahresber. lo.

Realschule Berlin, Ostern 1901) may boast of but little clear

r

ness.
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The prominent activity of the canbiura in callus forma-
tion, tletormines the fact that the oaXius, at least in its
first stages, usually appears in the form of e; ring on the
cross section of the shoot. In cuttings of me,ny plants, the
production of callus is relatively scanty, so that in them it

(156) never passes beyond the stage of a flat, ring-llk6 roll. In
others, as populus, Rosa, Cntalpr and many others, the callus
continues to g rov/ for a longer time, especially if the cuttings
are kept in moist air. The fact that callus tissue never has
a specific form is also important. The luxuriant new forma-
tions, producer;, for example, on cuttings of populus T^yramid-

alis (compare fig. 60) assu^Jie very different forms, even when
allowed to develop fpeely, and are covered v/ith large and
smr.ll protuberenoes, irregularly distributed. Besides this,
from the very beginning, the production of callus in many eases

does not take place equally strongly on all parts of the cut

surface,- often indeed it mayfte entirely lacking in places.
The space conditions of the callus often determine its form;

the callus masses fill out all splits in the wood of the cut-

ting, eto^ Figure 60B shavs a callus which was developed un-
der a glass plate* Since development in a longitudinal direc-
tion was, thus prevented, it spread out sidewise without being
distinguishable In any way from callus tissue which develops
undisturbed. The same is tnie of the cal3.us tis£5ue-s of herba-

ceous plants. Figure 61- shows the callus from a stalk of

Xamium orvala . the plant which among herbaceous plants produces

the largest cellus-roHls of which I know. The ir»egular, wax-
yellow callus masses, as large as one centemeter ^^'hich are pro-

duced on cuttings of Catalpa s^/ringae folia dre very striking

and resemble coralloid "branches cones, ^

In 'rare oases the callus appears in the form of algae-like

threads, as Stoll for example has observed in TradeScantla, At

this point, I would like to mention the hair-like structiXres

found by Sorauer ifl the core of "woolly streaked" apples,

(loc. olt, p« 296), which might possibly b)e attributed to in-

jury. (Compare fig, 68). Massart also (loc. clt. p. 56) ob-

sprved the same structures. I will return later to these.

The period of development of the callus varies with th©

controlling external conditions and the nutritive condition

of the object under ihteetigation.

Origin of the callus

Callus tissue can be produced on all organs, on roots,

axes, and leaves. Yet all parts of all plants are not capa-

ble of forming it,

Further, all living elements of exposed tissue can Je
incited to growth and division through injury so far as their

membranes have no* become lignified, and therefore incapable

of surface-growth. An exception to this is mgde by wood par-

enchyma cells which, as seen above, are incited only to growth

by wound stimuli, overlooking some very rare division, usu-

ally in wounded organs and isolated pieces of organs of any

definite plant species, only single tissue forms are caused

to form callus.

The productive pov^'er of different kinds of tissue varies

greqtly. In those rare cases in which the epidermis sots at

all it produces only very small amounts of tissue. The ohiej
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amount of callus is produced by the cambium on pieces of stem
or stalk^. In many oases indeed this is the only tissue
which ^s able to produce it. Next to the cambium, the prim-
ary and secondary bark tissues, as well as the pith, come un-
der consideration, which can also furnish considerable amounts
of tissue - often the activity of the bark is scarcely less
than that of the cambium.

I'li^ formation of callus therefore furnishes proof that
Sirough injury, not only meristematio tissues, such as the
cambium, ban be brought to an increased and abnornrl activity,
but the cells of the permanent tissue as well, such as bark
and pith, can be incited to extensive growth and abundant
division,

life history of the oallug

The life Mstory of Irhe callus will have to be studied
separately In the various t issues producing calluses. As a
basis of our description, we will take first of all the phen-
omena 45bserved oh tsuttings -of woody planta.

The impcrtont part playe4 by the cambium in the calltffi

/-,,r«x i°*'"'*''*^°'^
which has just been ment toned, has been thoroiighly

(158) investigated by Stoll {loe. clt.) with cuttings of Passiflora
quadrangularis. "Aft«r the lapse of 24 hours the cjross wall^
oi -cue camoiax cjells, bordering the out surface and previously
flat, had become^ curVed outwfefd,- when not cut to pieces. A
stretching parallel to the lo»g axis took place simultaneously
with thi6 outward ctitving, and after 84 hoiirs more, a division
over the cut surface by means of two or thlroe cross walls".
Further, "in the cambium a region <Jf cells, capable 6f contin*-
ually forming others by tangentixil and cross^diviflion, Kskd
been^ differentiated over the cut surface^ whicTi formed the
point of departure for all further growth from the cambium;
The cells lying below this point undertook no nev; division,
and were pushed away .little by little toward the outsidd".

The Investigations fif Stoll (loo. clt.), R. Hoffman^ and
others, as well as my own, show that tlie cambial cells when
dividing after injury, are not restricted to the mode of normal
division but ar© capable of growth and divisitMi in every direc-
tion. It ia certain therefore that the changed pressure condi-
tions are of great significance. On the other hand it i&
scarcely possible to explain by these alone the phenomena of
growth which follow in;)ury^. The cell divisions leading to
the formp,tion of callus are very regular in those woody plants
which form it quickly and abundantly. Therefore the processes
are in detail as follows.

If cuttings of Populus pyramidal is and others are placed
in water and covered with a bell glass, so that the upper end

^ Knowing the significance of the callus fot the tmion
of scion and stock, it is thus comprehensible, that plants with
a cambial ring unite more easily when brought together, than
plants without one (monoootyledons)

,

„ ^ Hofftaan, Rob, Unters. ub, d, Wirkung mechanisch.
Krafte auf d. Teilung, Anordnung und Ausbildung d. Zellen u.s.
w. Dissertation Berlin,. 1885. - Schumann, Di ekenwaohsturn u.
CambiiJm Dissertation Breslau, 1873,

3
Compare R, Hoffman, loe, clt.
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extends above the water into the moist air, division takes
place *rfT'/ soon in the cambial cella near the upper wounded
surfaor'*:

»
, They are divided "by walls perpendicular to their

long axis., producing thereby short prismatic elements. These,
for their part, divide in an extraordinarily lively man«B r by
forming tangential v;alls, causing an abnormally intensive
growth -.in thickness of the cutting near the Injury, although
the bark pressure remains unchanged even in these places, or
may actually increase as a result of the growtSi in thickness.

Figure 62 shows a longitudinal section through the upper
end of a cutting made slantingly, A powerful callus ring has
been developed on its cut surface. The cambium has been in-
cited by the Injury to extraordinarily abundant cell division,
Not only directly -on the cut surface, but even at a considerable
distance belo\7 it, an abnormally lively g'orwth in thickness has
taken place,., which acts most strongly at the cut surface, grad-
ually decreasing toward the lower part, so that the cutting
seems forced out to a club-like form at its upper end. With
Th.. Hartig., we can term the wedge thus formed between Xylem and
phloem the "Lohden Wedge"^, Above, on the out surface, the new-
ly produced tissue fO) Is forced out in a ring-like roll.

(169) Anatomical investigation shows that, In the production of
the new structure, the oambial cells have divided just as unf.er

normp.l conditions. The Lohden wedge consists of radial rov7S of
cells the developmental homogeneity of which maybe seen every-
v/here except in the upper cell layers and the convex ring-like
roll. In this cell divisions may usualljr be seen in every pos-

sible direction but no longer with any regulor arrangement in

rows. Sections through very young callus tissue show, however,

that no deviation from the normal is present, so far as the di-

rection of the first divisions is concerned. The segmented
camblal cells divide in a tangential direction parallel to

their long axis. Cross walls arise later An the products oz

their division and are variouslv oriented. Figure 63 Illustrates

*hat has been said. The camblal cells directly at the cut sur-

face (B) have perished, those following next have produced some

few cells- by tangential division-, the n^xt have divided very
abundantly. The arrangement of the products of division makes
it still possible to follow the life history. The outer parts

(160) of these complexes whi^h are formed in rows, - in which cross
division takes place in very different directions - help to make ^

the outer visible callus roll; their inner parts, adjacent to

the xylem, show regular rows with only parallel walls. Of the

succeeding cell complexes - at the left in the figure - o»ly_-

the inner, regular sections are shown in the drawing. The illus-

tration shows at the same time that the cells of the mer Istem of

the medullary rays can participate in the formation of the callus,

in the same way as do the adjacent segmented camblal cells.

The next illustration shows in longitudinal section the

luxuriant] V develoned "Lohden wedge" (CT of an elm*. The cells,
90 ftvjr ce orrongod ic Qlscrpj rooogrlff:* &!.«•• t^ve, htb indicated

in the figure as curves in the "Lohden wedge". The lowest' (in-

nermost) of these curves are bent only slightly if at all, the

upper ones (outermost) on the contrary, are bent very stronglyi

Since the cells of the "Lohden wedge" not only grow In a radial

"^
The investigations of the cambial products is made

_

easier, if cross-sections are also made on obliciuely cut outtmgs
(Compare fig. 62 and 63).

2 Lehrb. f. Porster, 9 Aufl.. Bd. I, p. 227.
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dirootionJ)nt also in the direction of the long axis, it is
evident that the radial cell rows curve out to^wd the cut

I^I?riv?"*^^.*5^^ l^?^l^-2' ^^^^ aP^-^rt. as at z in the figure.
Bejrond this point of tearing, the cell divisions are very ir-
regular*. -In the callus of the elm hore shown, however, the
cell rows may he clearly recognized although thev are turned
toward the outsidd,

The further increase of the callus tissue is often brought
J oy th^ mrnftnTrnort n-P r\ -nan vn<-j-^-4 e..^.^™^..*-^ « -^^-^ *.i-.-. ».->«4

.- Of wh
indicated.

The further increase of the callus tissue is often brougl
ahout by th^ appearance of a nev meristematic zone, the posi-
tion of which may vary. In figure 64, at a-a, such an one is
indicated.

In- addition it should he emphasized that the youngest
barK layers act just as do the cambial colls, - from which they,
may not always be sharply distinguished,- flirnishing the same
short-celled parenchyma as do the cambial elements. The coni-
fers, .so far as investigated, assume an unique position, in
that the latest, unlignifiod elements of the wood-body are also
incited to an analogous change by wound-stimuli. They divide
and furnish parenchyma cells^.

Figure 65. a tangential section, mado above a girdling
wound in Abies CQphalonioa . shows in itv<? upper part normal trach

(161) eide with borderoa pits, in its lower, parenchymatic cells,
produced by segmentatioij' of the young woody elements which tove
unbordered pits. , The transition between the tv/o zones furnish-
es some cells which show the charaxster of tracheids in their
upx5©;r parts, but in their lower ones, the pitting of parenchyma
cells.

Wot only the youngest elements of the se condary bark . of

which we have just spoken,
.
participate in the formation of cal-

lus, but at times all of its layers or at least the growths of
the last few .years. Of all the cuttings which I have investi-
gated, those of Populus form the most abundant bark callus.
Here, as from the cambium., regularly radial rows are also pro-
duced by tangential c:q11 division, which curve out on the cut
surface like rojbls, as was stated above for cambial callus.
(Compare fig.. 66), The Tjark callus usually merges with the
adjacent carabiarl callus into an homogeneo^^s tissue roll, so that

(162) it is possible to determine only by microscopic investigation •

which part of a callus pertains to the bark or to the cambium
and whether the former was at all active^.

In plants v;ith fixed medullary phloem, its cells may be
incited by injury to division and the formation of callus,
(Observations on Eucalyptus )

,

The primary bark , especially in Salix, passes over easily
to the formation of callus. Only a few days after the injury,

^ The changed tensile and pressure conditions might not
be without influence on the direction of the cell division.

^ Mfiule, Der Paserverlauf im Wundholz. Bibl. Botan, , 1895,
Heft. XXXIII.

^ Also in Populus, the participation of the bark in the
formation of callus varies greatly in different e^ra-mples; often
it is entirely li^cking. Xn <^Q case, I saw the cambial callus
only weakly developed, and the bark callus therefore excessive-
ly richly increased.



146

if kept in moist air, a glittering crystalline covering is
formed from the callus tissue, which, in comparison with the
new formations already described, does not exceed a relative-
ly moderate amount, The cells, lying under the cut surface,
are stretched perpendicular to the surface of the wound and
divide repeatedly with irregularly oriented walls. Rows of
cells belonging together developmentally generally are not
formed here. I observed at times v. predominant tangential
division In the hark of young Sambuous sprouts.

To be sure the j)ith often Increases but only rarely fur-
nishes rolls of tisfiue"as large as those on cuttings of Popu-
lus. In these from 10 to 12 days after the Injury, a sheath- '

like knobbed callus mass, usually star ^shaped, becomes visible,
above the pith and is often greatly increased; the wounded star-

face of th« xylem grows out toward the crmbium like a vvall and
is united to it,

,
It Is clear from longitudinal sections that

the uppermoBt cell-layers of the pith died after the Injury and
that those inKnedlately Underneath have been elongated perpen-
dicularly to the wounded surface and ho.ve divided repeatedly.
JProm the very beginning any definite direction of division is
also absent here;- generally well arranged cell rov;s do not
e3!;lst.

The epideriglg becomes active only In rare cases. Stoll
thinks it doubtful if it can ever participate in the formation
of callus, Hansen observed divisions in the epidermis, how-
ever » which led to callus formation (Begonia), Further obser-
vations are reported by Ifessart, who proved a division of the
epidermal cells in the stalks of Ricinus and Tinanthia floe,
cit.)-'-

Any ability to form callus may scarcely be spokem of in
connection with the cells of the wo od -parench^ona , As was
thoroughly discussed above, the wood parenchyma cells, incited
to growth through injury, almost alv/ays remain undivided. Ac-
cording to Molisch, division is known only in the tyloses of

(IB3\) Guspldaria pterocarpg and Robinia (compare above p. 102), This
does not exclude the fact that tyloses occasionally become en-
larged and^ like the products of the cambium, the bark, etc.
can curve dut over the cut surfadp.. In the cuttings of Pla-

* tanus the cells grow Out ffom th© isut ducts in the form of
gigantic pouches. The statements &t Stoll jfchat in Passi flora

f
uadranRularl^ the tyloses grow out only from the ducts, and
ivide repeatedly outside these, producing a many celled callus,

which unites with the callus of the cambium and of the pltb,
are baaed Indeed upon an error ftnd need testing. Tompa^s*^

study throws light on the participation of the wood parenchyma

1 Hansen, Vgl. Unters, Sb. Adventivbildung bel d. Pfl.

Abhandl. Senchenberg Naturforsoh. Ges. 1881, Bd. XII,- Massart,

Cicatrisation chez 1, v^g^taux. MAm, cour. etc. Acad. Belgi-
que, 1898, T. IVH, - I must here l®ave.cpen the question as

to wbether in the cases given by Massart, callus tissue or

wound-cork is really concerned, we will discuss these again

later. In the case investigated by Bretfeld (Ueb. Vernarbung

und Blattfall, Pringsheim's Jahrb. f. wlss, Bot. 1/380, Bd.XII,

p. 1^3), In which theepldermal cells of the Cllvi{i leaf divided,

a -formp.tion of cork exists as the author eraphasl*es; perhaps

similarly also In the cell division observed by JJassart on

the leaf of Banioterla argentea (loc, cit,, p. 49^,

2 Soudoure de la greffeherbacee de la vigne, Ann. Inst,

Ampelol. Budapest 1900,. T. 1, ^p, I,
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of 'Cfiltis in the formation of callus. Also in roots rich in
parenohjnTia; cases are not lacking in which the i700d parenchyna
after 'injury takes part in this forimition, I have never as yet
been able to observe division in the wood parenchjoir. of roots
of Taraxacum.

If we again look over what has been said, v;e oan make
certain that, after injury, the cambiu:^ and secondary bark,
corresponding to the normal dividing activity of the*^ onmbial
cells, strive to form a tissue radially arranged. In the
pith and primary bark of the objects investigated such a ten-
dency was not found.

Petioles and leaves also often form abundant callus from
their bark' tissue and especially from their mesophyll. To me
the callus excrescences formed on the petioles of Populus
seemed especially striking because so abundant.' The oolofless
tissue formed on the edges of wounds of leaf blades (Acer,
Syringa, etc.) bears but slight resemblance to the normal epi-
dermis with which it has been comixired at times by various
authors. The life history of the^ callus on leaves discloses
nothing new. The extensive callus rolls deserve especial men-
tion, however, which are produced in the leguminaoeous cotyle-
dons, rich in starch, after their removal from the axis, I

found them becoming highly multicellular in Vicia"*-. Here th©
cells- below the cut surface are also elongated perpendicularly
to it and divide repeatedly without noticeable regularity ,

In fleshy leaves, the burrows Beaten into the mesophyll
by insect larvae are not infreouently filled by a mu3bticellular

callus, containing chlorophyll, which distends the epidermis.

Thus, in later stages, instead of the burrows, we fl^ fidgeS

on the leaf which are filled ^ith oellus. (Por exv.fmXe ,
in

Sedum spectabile, Brassica, etc),

A thorough investigation of the changes to be found

in leaves injured by mining insects might well be ^orth

(164) while. The conditions aoting Jiere on the injured tissue

differ essentially, however, from those which oome tjto

effect after somewhat coarse interference on the P^p J^
the experimentor. Perhaps the reaction of the plant tis-

sues is also correspondingly different.

The filling of the burro^-s ^dth callus tissue is

shown also by the tender masses in the wood of different
^

trees, long known as "moon-rlngs" .
According *o

^^^^J^
®

description, thev are composed of irregulaily polyhedrio

parenchyma cells with thick liltted walls arranged Irreg-

uaariy. On account of their similarity to medullary-tiB~

sue, Nordlinger called them "medullayy spots". Their his-

tology, the irregular arrangement of their elements^ ana
^

"1" Since" van" TiQgham'(iReoh' s. X. g^jf^i^St-i^^ ,-5l?J:J°;«
Wn+ Rftf f5W6 qA* 1873 T XVII. p. 208) whose statements

shoiia1rowa-he«; thefate iAhe isolate* eotyledonB

has been especially investigated.

^ Further statements on callus in leaves also in Massart

IOC. cit^fBlaokroan and Matthael:- On
*,^^,-«^^fVVsSS

traumatic stipxilation. Ann. of Bot,, 1901, Vol.
J^«-5;.^xSei:ee

Merhold Ueb. d. Sprueh -u. Buerrfleokenkrankh. d. Steincbstee,

landw. Jahrb!; 190i; Bd. 322, p. V?! and many others.

3 Vergl. Anat. d, Veget. ^ Org,, V* ^07.
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their passage -like course favorfs the explanation of M.
Ki^nitz-*-, who recognized in them, at least for Salix,
Sarbus and Betula, callus filled passages of the larvae
of seme Diptera, Of course, even after other kinds of
injury, the cavitie^ produced in the cambium can be filled
with similar tissue,

Histolof^y of the callus

As has been already emphasized, callus tiesues are char-
acterized histologically by the slight differentiation of their
cells. In many kinds of cuttings the callus rolls consist ...

throughout of the same kind of cells; they are oonstruoted per-
fectly homogeneously. The separaate cells are alvmira thin-
walled, filled with a clear cytoplasm and an almost always
colorless cell sap. In slow growing callus excrescences the
tissue is usually small-celled and close, larger interstices
are visible only in thS outer cell layers. In those growing
rapidly, the cells are Hsually large, loosely, layered, separa-
ted especially In the outer layers by large intercellular spaces,
In the callus of Oydonia japonioa and others, I found thr.t the
tissue connection of 'ten became so broken, that the cells were
almost ccHipJetely loosened from one another. If callus tissues
are left iji the light, they become green; their ohloroplasts;
however, are alv;ays few in number, small and poor in pigfflent;
on account of which the callus rolls are always a pale green,
at times even more yellow than green, as in Gatalpa,

No definite laws determining the proportionate sizes be-
tween callus cells and those of its mother tissue may be recog-
nized^ In Populus, for example, the cambial callus consists
of cells, which are appreciablv larger than, those of its mother
tissue, while the prodiiots of the pith are smaller than those
of normal medullary cells'.

A difference between the single cells, is caused very often
by the fact that some of them, - especially in the inner layer

• of the callus,- are changed to tracheids by reticulated thick-
ening and lignification of their walls. Their formation may be
traced especially .clearly in the callus of poplar cuttings.
Figure 67 shows part of a callus of Populus: - the delicate
walled, irregularly arranged parenchj^na cells with wide lumina
enclose a tracheid v/ith reticulated walls. Although in the

(165) "Iiohden wecLge", especially in its lowermost part, very many
cells assume a tracheal character, tracheids are relatively rare
in the upper callus roll. They are irregularly distributed in
the undifferentiated tissue. Moreover, the under layers near
the place of origin of the roll are usually more abundantly fur-
nished v/ith tracheids than the outermost ones. By the uni&n
of many tracheids, primitive vascular bundles and a wood-like
tissue are produced, which will be spoken of 3ater as wound-
wood. The cells of the superficial layer of the callus never
become tracheids.

It is now worth noticing, that not onlyd derivatives of
the cambium may become tracheids, but that callus from the— . — „ .^...^ -,.-«- --•

•^ Entsteh, d, Markflecke, Botan, Cbl,, 1883, Bd. XIV,
p, 21; there and in DeBary reference to older authors, (Th,
Hartig^ Kraus, etc,),

2 Compare also Sorauer, Handbuoji der Pf^anzenkrankh.

,

Z aufl, , Bd, 1, p. 38S.
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secondary barl? end. from pith also produces elements of the
same kinid. The same differentiation is undergone "by the callus
of injured cotyledons (Vicia, etc.). of petioles (investigations
on Salix and Populus) and of roots (TaraxacuBil,

Hext to the formation of tra-cheids, the development of an
epidermal tissue is the most Striking process of differentia-
tion in the callus. This too may he studied in the callus tis-
sue of poplar cuttings. Its outermost layers differ from the
inner ones first of all hy the greater volume of the single cells.
These are forced out into the form 6f pouches or long sacs.
Their walls, so far as they come in contact with the air, 'give
the reaction of memhrtme*Coverings which have become corK,
since they take up Sudan III-'' abundantly and at the s arte t'ime
are calored with phloroglucln and hydrochloric acid, like lig-
nified membranes, J do not doubt that the same substance for
a similar one) is the cause of these reftctions, just as occurs

fl66) in the "wound-gum" of very different plants , On closer obser*-
vation, delioate, pouoh-llke or serai-spherican, convex |>roain-
enoes become noticeable on the outer walls of the calls, which
piay consist entirely of a gum-like mass, the reaction of which
we have Just mentioned, Mellinck has also observed these i»
callus formations on the petioles of Hymphaea**. An especially
good object for this investigation might be furnished by "Sie

"woolly s*ripes" of apples, which Sorauer* has described. The
woolly stripes are produced on the innerside of the core; def-
inite cell groups grow into thick little bunches of cell rows
lengthened to look like threads, (compare fig, 68), "which dif-
fer from those surrounding them in their thinner wall-f«rmati5an
and pass over very gradiially into the tissue of the fruit's
flesh". On these cells, wart-like dr knob-like "thickenings"
of the cell wall appear, as is shown greatly enlarged at the
left in figure ee''. The tissue described by Sorauer of which

^ In using iSudan III, I generally proceed thus;- after
leaving the sections some minutes in a dilute solution of the

coloring matter, I then boll them in glycerine on the slide,

-

During the boiling, the membranes which have become cork are
colored a strong red,

^ Compare especially Prillieux, j:t, s. 1. formation de la
gomme A, 1. arbres fruit iers, Attn, Sc, Nat, Bot. 1875, 6°*^ ser.,
T,l, p. 176. Frank, Ueb, die Guramlbildung im Holze u. deren Phys-
iol, Bedeut, Ber, d. D, Bot, Ges, 1884, Bd. II, p,321, Tarama,

Ueb, Schutz-u.Kemhglz,. seine Bildung u.s,physiol,Bedeutung. IiaAd

u.Kernholz d, laubbaume. Pringsheim's Jahrb. f, wiss. Bot, 1888,
Bd. XIX, p, 52. Molisch, Z, Kenntn, d. Thyllen etc. Sitzungsber.
Akad, Wiss. Wien, 1888, Bd. XCVII, Abt, 1, p. 264. Lopriore.
TJeber d^e Regeneration gespaltener Wurzeln. Nova Acta Leop,0ar61.
Acad, 1.896, Bd. LXVI, Kieler, Die gummosen Verstopfungen des
Zuckerrehrs. Beltr.wiss. Bot. 1898, Bd. II, p. 29 and many others.

^ Zur Thyllenfrage. Bot. Ztg., 1886, Bd, X&fV, p. '5'45,

I think it more corj^ect to place the often multicellular forms

observed by Mellindk^ in wounded leaf stalks of Hymphaea among
callus forms, rather than, among tyloses.

4 Handb, d. Pflanzenkrankh. , 1886,2 Aufl., Bd. 1. p, 296.

^ Apparently the same foiras can occur also in normal tis-

sue. Jost found them in the aerial roots of Phoenix spinosa .

(Beitr, z, Kenntn. d. Atmungsorgane d. ?fl, Bot. Ztg., 1887, Bd,

XLV, p. 601), Koack in the intercellular spaces in the roots of
various orchids (Ueb. Schleimranken in d. Wurzelintercell. ein-

iger Orchideen, Ber, d. D. Bot, Ges., 1892, Bd. X, p. 645).
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(167) the original causes of production are not yet known, resembles
many callus tissues-"" (see above). On this account I ventured
to mention it at this point.

In the outer cell layers of most calliis formations a cork
meristem Is produced sooner or later, the products of which
will be termed v;ound-oork. We will return to this later.

Orystals — isolated cr^'^stals like glands,- may often be
met r/ith in callus (for esKimple, in Populus, FaguB, Corylus,
and many others); usually, however, In lesser quantity than In
normal tissues, Raphides may be found (according to Sorauer)
In the callus of Fuohsir., According to Stoll (loc, cit.) stone-
cells are former" In the callus of Camellia japonioa . "gum
passages" in Hibiscus reglnae « I observed the formr.tion of
antfaocyanla . for example ^ In the callus of Populus, According
to Reohlnger*^ the callus of the roots of Armoracla rusti carta is
Bioh In starch. Vacuoles of tonic substances are very notice-
able In -cne oailus of many foliage trees, I found Ictex tubes
In the dallus of TaraiKioum roots. Differentiations moy, "fchere-
fore, be found in callus similar ti those which we are aectis-
tomed to find In the normal tissue of the plants concerned,
only very much more weakly developed - - oorresf)onding to the
character of all kataplastlo tissue,

Massart (loc, clt.) was the first to treat the ques-
tion of nuclear divigion in callus tissue, which, in the
cases Investigated, bhly exceptionally contalred more than
one nucleus tt each cell. In Rlcinus, Cucurbita and
Tradescantia he found that, in the majority of cases, di-
rect nuclear division took place after injury. His suppos-
ition that the nuclei in all v/ound-tissiigs divide amito-
tically has been dispiDoved by Nathansohn , Kathansohn
found that only mitosis occurs in the oailus of halved
roots of Vicia Faba. but mitosis as well as amitosis in
that of poplar cuttings.

Conditions of callus formation
la ilWlB I I llill.Mlil.;il I plI.B ^ lfl«l' .WiMriJMf ll n n^ H II , II 11^

It seems a matter of course that different plants should
bihave very differently in regard to the production of callus.
The time which the injured plants need to develop It, as well
as the amount formed in different plants fluctuates within
wide limits,

The callus on young plants of Pisum develops very rapidly
In cotyledons of Phaseolus and Vicia, under favorable conditions,
it attains a considerable size even a few days after the injury.
In cuttings of woody plants, this formation is slower. Sorbus
deve'iopes abundant callus within the course of the first week;
Populus, Salix and many others also react relatively quickly,
while months elapse before cuttings fef Ostrya show a moderately
strong callus ring on the cut surface,

Sorauer assumes that the "woolly stripes" are produced
by excess of water

«

Unters, ueb« d. Grenzen d, Teilbarkeit im Pflanzenbreich.
Verh. Zool.w Bot, Gfes. Wien, 1894, Bd. XLIII. p. 310.

Physiol. Unters. ueber amitotische Kemteilu
helm's Jahrb. f, wlss, Bot,, 1900, Bd. XXXV, p. 48.
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Similar differences exist, in regard to the quality of
the canua tissue produced. PopulUB heads the list of the

(168) many woody plants with cuttings of which I have worlced. In
moist air masses of tissue often mor« than one centimeter high
and wide grow out on the cut surface. Cuttings of many other
woody plants produce ohly a low callus ring (Ulntts, Salix,
Ostrya, Quercus, etc). Furtlier^, in Ulmus and Populus, the
stimulus proceeding from the place of injury also makes itself
felt at a considerable distance from the cut surface. Through
abnormal cambial activity, the bark is distended until it may
at times even rupture. In most other woody plants abundant
cell division takes place only in the immediate vicinity of the
place of injury/

We will have to trace these and similar differences in the
foraation of callus to specific peculiarities of the plant
species concerned, v/hen a closer analysis of the causes may
not be possible.

As may be surmised, the nutifeitive condition of the object
under investigation will influence the formation of callus. If
we compare the organs of one plant which are rich in food
stuff with those of the same species poor in food stuff, we
find that the former develop wound tissue more abundantly than
the latter, 3?he difference between the action of the cotyle-
dons of many Leguminoseae is most striking. (Vicia, Phaseolus,
etc.). Rich in proteins and starch, they proliferate the tis-
sue on the cut surface to an extra-ordinary degree, but the
thin leaf blades of the same plants develop only weak callus.
We find the same difference betv/een cotyledons and foliage
leaves of the Cucurbitaceae , fLuffa, Cucumis, etc.) and others.
The fact that a more luxuriant callus is formed in ini^^^red
leaves (cotyledons) in the immediate vicinity of the stronger
ribs than between them, may likewise be traced to unequal nu-
trition. Ho investigation has yet been made as to whether sup-
pljring food stuffs artificially from without, treatment with
sugar solution and the like, might promote the callTis formation
of organs, poor in food stuffs.

Concerning the "external" conditions which may be raoitiiied

as one wishes Jn the experiment and their effect studied, the
following should be emphasized.

The influence of necessary moisture on the injured tissue
is a condition preliminary to every callus formation, whether
it be in a liquid or gaseous form; callus may be formed under
water as well as in moist air, but not in dry air. Many plants
indeed form callus, only in moist air, and the callus formation
in all plants is much more abundant in moist air than under
water - supposedly because the absorfjtion of oxj'gen and trans-
piration are hindered under the latter conditions. Gravity
and light are not decisive in the formation, or, rather, the
non-formation of the callus. Indeed it developes often more
abundantly in cultures in the dark than in the light (for in-

stance, in Populus); perhaps the humidity of the air, increased
in the dark, is the cause of this. Of cotirse, there is no for-

mation of chlorophyll in the dark.

If a cutting be left with both ends in moist air, it de-

velops abundant callus on both cut surfa6es. If one end is in

&Ty air, which, as previously stater', prevents all callus for-

mations, the callus tissue can develop only on the other end,

tiea) where conditions are favorable. If one end is in water or aund,

the ether in moist air, the latter is then preferred and de-
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velops oallus. 1 know of only a fsw cases in which callus is
formed s|.raultan6oxisly on the end under water. A very small
"vTater-oallTis" is produced in cuttings of populus pyraroidalls .

in tJift formation of which, in my experience^ only the oamTbiuni
participates v-^hile bark and pith retoain inaotJ,tre, I fmind
oallus produced in Samhucua and Ligustrum under water by the
activity of the bark tissue, when the conditions were similar.

If, in the last named case, the cut surface fails to form
oallus in sand, the arrested respiration and transpiration may
indeed be to blam© for it. However, callus may be formed in
the end in the sand, if the action of-the dry air makes its
forEation impossible at the other end"*", That portion is there-
fore preferred for this formation which is at the time undOr
most favorable conditions.

Also, if the foraatipn of oallus tn cuttings is temporar-
ily arrested by unfavorable conditions^ the tissue does not on
'this account lose the ability to form it. I found oallus tis-
sue produced to the usual amount on poplar cuttings, which had
lain about four weeks under water, after they had been brought
into a moist room. Titmann obtained the same result. He put
the cut surface in plaster oasts and then, after removal of the
plaster bandage, found them developing callus. Titmann calls
attention further to the fact that poplar cuttings, with scars'

left on the main axis by the falling off of dead side branches,
form callus on these already healed wound -surfaces through the

action of a moist atmosphere. "Therefore the scarred wound
acted in this just as a fresh, unscarred one would have done.
The results of the injury therefore allow a contimxance of con-
ditions, which later make possible the formation of the oallus".

Correlations exist further between the formp-tion of callus

tissue and the development of side shoots. on the cuttings. Ho

case is known to me, in which the production of a callus would

have been completely suppressed as the result of an abundant
. formation of side shoots (favorable conditions being presup-
posed), but indeed its development is often retarded to the ben-

efit of the side shoots.

In conclusion, still a few words concerning "pofjarity".

An object suitable for the study of this is again offered by

the oftnamed poplar cuttings. Even under equal external condi-

tions, the capacity of both cut ends for forming callus is not

perfectly equal. If a nuj|ber of cxxttings are placed in water,

some upright, some inverted, with the upper out surfaces favor-

ably arranged for callus formation, it is found that the in-

verted examples develop a more luxuriant callus than do those

normally oriented: the basal poles are capable of a more abun-

dant formp-tion of oalHus tWn the apical. 1 observed the some

phenomenon in Rosa* Fvf^m the observations of other authors,

on girdled stems and the like, it takes place also in a number

1 Compare also Tittmann, Physiol, Uilters. ueb. Callus*

bilduiJg an Steoklingen holziger Gewachse. Pringsheira^s Jahrb.

f. wise. Bot., 1895, Bd. XXVII, p. 164,
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(170) Of other plants^. In most of the woody plants, whose cuttings
I investigated, an obvious difference between basal and apioal
poles could not be proved. As yet, no case is known to me, in
which, the apical end of sprout -cuttings of any certain spe-
cies v?aR the one preferred. However, I do not consider It at
all impossible that further investigations raay mfUce known ex-
ceptions of this kind (compare that said belov; concerning
roots), • ^

4
^^In Populus, Rosa and others, polarity may be recognized

In the tissues derivatives of the cambium. {Dhe question as
to whether other kinds of tissue may show the same difference
In their callus products deserves still -closer investigation.
As yet, in the formation of bark callus, I hr^ve ntticed a pre-
ference for the basal pole only In cuttings of Alnus.

Polarity as found in pieces of the stem mniy also be proved
in other organs. Petioles of Populus form r. more prolific cal-
lus on the pole nearer the place of insertion of the leaves
than on the pole toward the leaf blade* Among leaves, thepre-
viously mentioned cotyledons of the Cucurbitaceae (Cuo^imis,
Luffa and others) have been proved well adapted for this. If
the seed leaves of the young plants are removed, cut across
and kept in moist air, they form abundant callus tissue on the
wounds of the ribs. The difference between the basal and api(i
cai pole is unmistakable at the place of the cross sectioning;
the injured surface tov/ard the base forme callus very abundant-
ly, toward the apex very sparsely.

Among roots, I have investigated especially those of the
dandelion ( Taraxacum offi c inale ) which, as is wellknown, may
easily b© propagated by root-cuttings^, if pieces of roots, 2
to 3 cm. in length, are put into a moist place in sxich a way
that both cut surfaces remain exposed to the air, an effect of
polarity is evident in the formation of the callus taking placA
soon, since almost all isjieces of the roots develop aallxis masses
first of all on the basal part, i. 8. on the side toward the
root neck, while the apical end remains for the present free
from callus, and participates only later in its formation*
Rechinger (loc. cit.) also proved polarity of the same kind in
other kinds of roots. According to his investigations, root
cuttings of Medi cage sativa form a striking exception, a power-
ful tuber-like callus is produced on the root end, while the
callus oh the sprout end remains small.

1 De Vries, Ueb, Wundholz. Flora, 1876, Bd. LIX, p. 2.

Vochting, Organbildungen im Pflanzenreich, 1884, Bd. II. Barth-
elemy, De I'infl, de la tension hjrdrostatique et de ses varia-
tions s. 1. raouvement des liquides d. 1. j^eg. etiS. Mem. Acad.

Sc. Inscr. Bell, Lett. Toulouse, 1881. Muller, N. J. C, Kul-
turversuche an Weidensteckl, Ber. d. D, Bot. Ges., 1885, Bd,

III, p. 159. Kny, Umkehrversnche mtt Ampelopsis quinquefolia u,

Hedera helix. Ibid,, ^889, Bd, VII, p. 201. Tittmann, who
worked also with poplar cuttings, seems to have overlooked this

polarity. If itis a question in any investigation of obtaining
the most luxuriant callus excrescences possible in a short time,

it is advisable to place the cuttings upside down. The callus

formations described above (compare fig. 60) originate from
cuttings inver-sely oriented,

^ Compare Wiesner, Elementarstruktur, 1892. p* 112
Rechinger, 1 oc^ cit.
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The phenomena here described are most closelv connected
vath the action of unlike external conditions already discussed.
The "polfarity" exprevssed in the callus foria?-tion of Taraxacum

(171) roots does not rest entirely upon the fact that the apical cut
surface uas perrmnently, or at least at the beginning of the
experiment, incapable of forming callus. If root cuttings of
Taraxacum are inverted and placed in rmter, in such a way
that only the apical poles extend into the air, callus is form-
ed on the latter uhile the tiasal surface remains free froi^ it '

just as when inverted specimens are put in sand, or in plaster,
etc. The polarity then seems to be "reversed". Poplar cuttings'
behave similarly. If they are put in water in a normal position,
the basal pole is not only unible to d evelop a more luxuriant
callus, than the rpioal one but its callus, if developed at all,
is leSvS than that of the other pole. If both poles are placed
under the same external conditions land one pole nevertheless
seems to be preferred, or if only one of the t\vo develops ogl-

• lus, this proved only that the . internal conditions . likevrise
affecting the forn^-tion of callus, are unlike at both poles and
that, as ali?ays, that pole shavs the most abundant tissue pro-
duction, in V7hioh exist conditions more favorable for tissue
formation. It is difficult to say, vhat these internal condi-f-

tions are. I suppose that here, as is so often the ease, in-
equalities in nutritive conditions decide the mp-tter, and I re-
turn to the old assumption of a decreased flov^ of the sap, in
order to explain the jr eferenoe of the basal pole in pieces of
the stem, leaves and petioles. Taking this kind .of sap current
for granted, an accix^lation of food substances on the basal
pole ipay well be conceived. Analogously, a stream directed
toward the upper end, must be assumed in roots, in order to ex-

plain the superior nutrition of the upper end of the cutting.

The processes of tissue differentiation depend also
on definite external conditions. We can study the action
of arresting factors in abnormal tissues, as in normal
ones. It is a matterm^f course that the cells of the cal-

lus roll remain free from chlorophyll, when shut away from

light. In Populus the wound tissue remains snow white., in

others it assumes a yellowish tone. The fact that I could

find no tracheids in the callus of cuttings of Amygdalus,

Cfefrylus and Porsythia is undoubtedly connected with the con-

ditions under which the callus was produced (too slight

transpiration?), L more exact testing of the question

was not undertaken.

It should be noted in conclusion, that callus tissue can

be produced in the plant body even in the "normal" process of

tissue form£»,tion. Such a case occurs if the "mechanical ring"

in shoots of many nlants i« finally broken by continued secon*

dary growth in thickness. The "physiological" wound thus pro-

duced is soon Glos-ed by an in-growing parenchyma, comparable

to callus.

Formation of organs in the callus

In verv many woody plants, organs of different kinds are

stimulated. by injury to the formation of adventitious vegeta^

tive points - adventitious shoots and adventitious roots. These,

(172) vegetative points are thereby produced directly from cells of

the permanent tissue of the wounded plant organs, or a callua

is first formed and from this the gegetative points. Adventi-

tious structures of the first kind ©x^st in many ferns m the

leaves of many monocotyledons etc. Adventitious structures or

the second kind in leaf-cut tings of Peperomia, in the shoot-
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cuttings of the poplaiftB, elms etc., which usually develop
numerous "Lohden redges" from the ^; llus*. Further, there
are plants which produce new vdget tlve p'olats directly from
the cells of their permanent tissue as well as by the mediation
of callus tissue; for Instance, Begonia leaves after rerooral
from the stalk and injury to their rihs, produce new shoots
and roots directly from the epidermal cells as well as from
the callus t issue

,
produced on the edge of the injury on the

3.eaf .. It has never as yet been observed in higher plants
that the cells exposed on the surface of the wound would have
been able to produce a new vegetative point, withoiit the in-
terposition of callus .tissue.

The consideration of these regenerative processes is only
loosely connected with "pathological anatomy", in as much as,
in the formation of root or shoot vegetative pointy, the pro-
ducts of abnormal tissues is stopped by the formation of nor-
mal ones, Nevertheless a few remarks concerning the foima-
tlon of c rr.-̂ ^? in callus may well be added here. The fact
that meriwStematic complexes in the form of shoot or root vege-
tative points can arise from the cells of the callus tissue^
is one of its most important characteristics.

Callus occurring on injured roots may be just as capable
of forming organs as that on pieces of the stem and on leaves.
Yet in most plants not all organs seem to be able to form new
vegetative poihts from their callus; in man3r others the ability
to do this is lacking in the callus of all organs''^, - or per-
haps we are ignorant of the conditions under which the callus
tissues of these pl8,nts may develop vegetative points.

Up to the present the callus tissues of poplar cuttings
have been the most oarefujly Investigated as to their ability
to form adventitious organs. If they are placed in the usual
way in water, in a few weeks a large number of adventitious
shoots are developed from the callus. Thus it is shown, that
light has no influenoe on the formation of the latter. Natur-
ally adventitious -shoots sprouting the lark have the character
of etiolated ones. Further it is shovm, that cuttings, of
whioh the apical ends are immersed, form adventitious shoots
on the basal poles, which extend into the air. According to

Tittmann roots may be produced from the bdsal poles of poplar
'cuttings, when placed under water.

The root-pieces of Taraxacum which form callus behave sim-
ilarly in regard to the formation of shoots. As has been said;

when kept in moist air, they form their callus preferably on
(173) the basal pole, (the one toward the root neck). Placed inver-

ted in the water, sand or plaster, the apical- pole as well
forms callus and adventitious shoots with equal luxto-iance. It

is indeed possible to cause these pieces of roots which hrve

formed callus and adventitious shoots on the sprouting pole,
supplementarlly to form a second callus and a second series of

^ Further examples of fieverinck. Over het outstaan van
knoppen en wortels uit bladen. Nederl. Kruitk, Arch., 2. Berie^,,

deel III, p. 458. Reohinger (loc. clt.) and others.

^ According to Hansen, Vergl. Untersuch. uebdr Adventiv-
bild bei Pfl. Abhandl. Senckenberg, Haturf, Ges. 1881. Bd. XIX.

^ In leaves which grow roots after separation from the

axis, these roots are very often produced not from the callus,

but above the cut surface.
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falls far telow the forimtion of shoots
°''^^''^

The development of adventitious shoots from callus 1r n-rrested by the formation of side shoots in the cSttin^s whichcarry it; on the other hand, a luxuriant formation SI callusoften hinders the production of adventitious roots on the cutsurface. Sorauer has already referred to this?

;ive^
The Investigation of conditions under which ve^etat^points are formed in callus and under which shoots, or ratherroots, are produced, promises many Interesting results. X ro-

+H®L!!f2^^^.*°
Sorauer 's statement^ according to which callustissues of conifers, Ericas and other plants do not produceroots until after artificial incision.

Wound-wood

Besides a thin walled, homogeneous callus parenchyma, many
plants, after injury, produce tissues of other kinds, which be-
come similar to wood tissue through a develpment of tracheal
elements. The tissue resembling wood, v/hich is formed after
injury, is distinguished from normal xylem by its simple his-
tology, r/e will terra it wound-wood and for this reason add it
to the list of kataplasms"; '

"^

The fact must now be emphasized that tissues of the kind
described, resEsrabling wood, are usually produced not onlv af-
ter wounding but also by the action of other injuries* in the
present chapter, we will speak not only of the wood formed on
the wounditself but also of other tisvsue products resembling
wood, whatever may be the interference to T/hich they owe their

(174) production. Those products will be described in a later sec-
tion which arise after infection by foreign organisms, - thnt
la "gall-wood".

We described above the case studied by Kny and other's, in
v/hich yoiing shoots split lengthwise can fill out anew the in-
terrupted cambium ring in both iialves by means of callus tissue,

1 Wiesner (loo, cit.) observed as exceptions some Taraxa-
cum root cuttings, which had formed sprouts on both sides. It
would be interesting to follow the further development of such
root pieces and to prove whether posslbljr and in how far the
doiible development of shoots infltiences their histology. Fur-
ther literature on Taraxacum in lakker, Onderzoekingen over Ad-
vent iv© Knoppen. Amsterdam. 1885; Goebel, Ueb. Regeneration in
Pflanzenreich. Biol. Cbl., 1902, Bd. XXII, p. 385.

p
In the process of rQot formation and bud-development

in willows, described by Vochting (loc. cit.) the polar con-
trast seems to be independent, to a high degree, of external
factors. Its reversal has not yet been possible. The same
holds good in my opinion for t]}e polar Bryopsis, with which
Winkler worked, (Ueber Polaritat, Regeneration und Heteromor-

' phose bei Bryopsis, Bringsheim's Jahrb. f. wiss. Bot., 1900,
Bd. XXXV, p. 449.

^ Populare Pflanzenphysiol-ogje f. Gartner, 1891, p, 169.



157

this callus is produced from the pith, bark and oamhitira of
the split shoot and from it a nm^ camhiu^, which is attached
at both sides to the ends of the normal cambium halves (see
above p. SO). Similar conditions exist in older branches of
woody plants, in which the wood; body is exposed by some In-
jury and the thickening ring interrupted. The cambium fur-
nishes the above discussed callus and a new oambiiim is pro-
duced from it, which attaches itself to the normal one. By
means of its capacity for division, the roll lying upon the
surface of the injury constantly becomes larger, the cambium
produces bark tissue on the outside, wood tissue ob the Inside.
This we must term wound-v,rood because of its structure, since
it varies from the normal. All possible transitional stages
exist betv/een those cases where the new cambium produces normal
(or nearly normal) tracheal elements and those in which it pro-
duces typical wound-wood. Just as iire found a production of
undifferentiated tissue termed callus, not only atthe place of
injury Itself, but v^lso at a considerable distance from it in
the form of a "Lohden wedge" betv7een the wood and bark, so
under the influence of increased stimuli an abnormal wood oc-
curs at 350raie distance from the place of injury, near the normal
xylera already existing. Although the wood appearing on the
wounded surface^ b^ which the exposed places are "covered over",
seems to have some especial significance, this seems lacking
in the wound-wood of the second kind named. When considering
the matter anatomically, we will refer simultaneously to both
kiMs of wound -v7ood.

In the literature on this subject, the investigations of
de Vries and Ma,ula come especially under consideration in re-
gard to Inquiries concerning life-history and histology-''. Be-
sides these, references may be made also the statements on life-
history in the preceding chapter and the literature there cited.

We will consider first of all those wound-wood tissues
which roRy be produced developmenta5.1y by the cambium of wounded
shoots and root^.

Histological Composition and Course of the Fibres
in Wound-wood

'

'
~"

The deviation of the wound-virood from the normal differs
according to Whether its formation is brought hlaout by cross
cuts into the cambiian or by longitudinal wounds. The wound
wood is characterized in longitudinal wounds by a wide-celled
structure and more numerous ducts than under normal conditions.
The libriforra fibres are less prominent.

(175) The action of cross wounds must be described more in de-
tail.

De Vries proved th^t in Caragana arborescens it was possi^

ble to demonstrate the action of wound stimuli on the forma,tion

of wound tissue, even at a distance of ycm. from the T/jrpund it-

self. The deviation of the wound-wood from the normal becomee
less, the more distant its forma-tion from the place ot injury.
The difference is the grdatest directly at this place. The

cambial cells divide repeatedly as described above, perpendicu-
lar to their long axid, thus furnishing only short membered
cells as a result of a continuation of their normD,l tangential
activity. The nearer the cambial cells |ire to the place of

'„ ?• De Vries, Ueb, Wundholz, Flora, X876, Bd. LIX, p» 2.

Jfeule, PaserVerlauf im Wundholz. Bibl^ Bot,, 1895, Heft 33.
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injury, the more cross walls are formed. As a result of this
the " sltort-celled zone " of the wound-wood is produced near the
place of^injury, at a farther distance, transitional forms,
which finally pass over into the "j.png>celled zone " of the
wound-wood, which is produced frora"undivided cambial cells.

The cambial daughter cells of the shor^ celled zone pro-
duce, near the edges of the wbund5fi a wound-wood composed of
polyhedric parenchyraatic cells, whose separate elements gen-
erally resemble the cells of the medullary rays in normal v/ood,
only a few becoming parenchjrmatio tracheids through character-
istic thickenings of the walls. At a greater dlstonce from
the wounded surface the daughter cells of the cambium are
plightly pointed to a spindle form ,

In the long-celled zone the cells usually retain the char-
acter of wood-parenchyma. Between them narrow vascular cells
are produced which are united into cord-like groups; but wood-
fibres and broad ducts are lacking.

After the formation of the elements described, which, with
de Vries, we may term t r rltr.arywound-WQod . there follows, in the
short celled zone as welTa-S in the long celled one, a forma-
tion of a secondary wound wood . The cells newly produced grad-
ually assume a normal form, the tissue regains its normal com-
position. This transition is especially worth noticing in the
short celled zone; in which the short membered qambial zone
must be gradually replaced by the normal long-celled one. Ac-
cording to de Vries, a few of the short cambial cells groyj in
length thereby crowding upon the others.

If we areoonaider the histological results as (i whole, we
can prove in all cases, in cross wounds as in longitudinal
ones, that the wound v/ood remains below the normal so fas as
any differentiation of t issues is concerned. The libriform
fibres are either entirely absent , or are very insignificant,
the parenchymatic elements advance into the foreground and in-
deed so mxioh the.further, the more energetically the wound
stimulus acts on the cambium. Concomitant yi^ith the predomin-
ance of parenchymatic elements, full of sapj^^the fact that
wound-wood is less resistent to injuries of various kinds (frost,
parasites > than is firm normal wood.

De Vries found typical ?/ood parenchjmia in the wound-wood
of Caragana arbor escence , although it is entirely absent in

(176) the normal Wood Of this plant •^, Still more striking is the
formation of abnormal resin ducts in wound-wood, De Vries
found that they are ofteUpraore numerous in woxmd wood than in
normal v/ood, and Voohting*^ proved for Picea excel sa that,
reckoned on the surface content, seven times as many occur in
wound wood as in normal wood. In fact resin ducts occur abun-
dantly in plants which normally do not develop them, for in-

^ That the elements in question illustrate "real" wood-
parenohyma "and have not been produced possibly by cross-divi-
sions which had already taken place in the cambial cells, fol-
lows on the one hand from the direct observation of the eambium,
which lacks divisions at this height", -the long-celled zone
of the wound-wood is here concerned,- "and then from the ob-
servation, that in exactly radial sections an undivided com-
pensating fibre frequently lies on the outer side of such a
parenchymatic fibre". (De Vries, loc. cit, p. 24).

^ Ueber Transplantationen am Pflanaenkorper, 189E,
p. 139, 140.
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sto-nce
invest

, in Abl9B cephalonlca . which Maule (loc. cit. p. 18)
igated fKorbughlyl,

Wound wood does not always appear as stratified tissues
to be considered as a direct continua.tion of the normal wood.
In the oanbial callus of cuttings, which swells out over the
place of injury, separate cells often assume the character of
parenchjmiatic tracheids as described above. In the production
of these v/e may recognize the beginning of the formation of
wound-wood. Wot infrequently, tracheid-like cells lie in the
callus, united into ball-like groups. In both cases the abnor-<
mal tracheal elements remain separated from the normal wood.
In the further course of development independent cambial, or
meristematic tissues are formed in the periphery of the tracheid
groups, through whose capacity for division these groupB may be
greatly enlarged. The new ebnorraal cambial tissues can also
remain permanently separated from the normal cambial ring.

In spite of the universal similarity in the structure of
wound wood in different plants, differences may also be proved
in the individual species. Besides the different quantative
proportions between tracheid-llke elements and those resembling
medullary rajr parenchjTna, besides the formation of the resin
ducts already mentioned, etc^, the irregular, waved course of
the fibres of wound wood elements comes under consideration
and has been clearly recognized in macroscopic investigation,

fl77) As is already known, the structural appearance, conditioned by
the irregular course of the fibres, has been termed gnarled

It is well to observe here^that these abnormal resin

containers do not exhibit the structure of normal resin ducts
in conifers; "in particular, the epithelial cells lining the
ducts are lacking in these . The longitudinal course of the

eingle resin containers was always x->arallel to the course of

the wood fibre;- besides, this course was often interrupted
by a bridge, several cells wide, of parenchymatic elements,
so thr.t there was not present an actual resin duct, but a con-
tiniious row of resin containers, the length of which exceeded
three or four times the wid^h". In addition to this, many
circtxmstances point to the fact, "that they do not serve for

the continued secretion of resin, but only as store rooms for
resin, which was formed in the wound callus, the transference
of which to the bark has become^^ impossible on account of the

wood mantle lying on this", (Maula, loc. cit. p. 18, 19.

Compare also the further statements on abnormal formation of

resin ducts in the discussion of gall-wood) . Just because the

formation of the characteristic epithelium is not present in

the abnormal resin containers and because we are concerned in

them only with "ordinary" parenchyma cells, which have been
filled with resin, every reason is lacking for seeking new
kinds of differentiation processes in the occurrence of the

abnormal resin ducts, as wijtl be observed in prosoplasmas.
The game holds good for the wood parenchyma cells, which de

Vries found in the v/ound wood of Oaragana.
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wood (veined or grained)*".

It majr be seen from microscopic investigation, thp.t def-
inite groupings are regularly repented in the irregiilar course
Of the fibres,

.
In vertical longitudinal sections, especially

If the wound V7ood hr.s already attained some size, fibres ap-
pear which have been cut slantingly and crosswise, "Just as
the elements already produced may vary in length, considerable "
disturbance In their normal perpendicular course is found which,,
always beginning at the edge of the callus, spreads upward and

/,»«% ^^»^^^r^". (Mfiula). Among many Irregularities the frequent
(178) ueourrenoe of ?-^ 0-, ot W- IUe© twisted cells Is very notice-

able, ThSse are 'united into groups like balls of thredd,
(compare flg» 69) as well as context for fig. 102). All ele^.
ments bdf wound wood can participate In the construction of
these balls. In those pictured la flgur© 69, tal^en ftom the
wound wood of Abies oephalonlca . ijarenchj/ma cells as well as
tracheids are found, Tracheids always play the chief role,
AS M&ula has proved, the wound wood of different plants is
characterized by the different sl«e and the different distri-
bution of Its ball-formrtlons. Figure TO throws light on the
form of the separate cells T/hioh oinpose these balls. It rep-
resents a few strikingly twisted tracheids, here and there
branched, from the wound wooa of Qydonla japonloa . The middle
one of the three contains a spiral band. Besides the slender
tracheids, short, barrel-like ones are produced and parenchy-
matlo elements often of wonderfully Inflated branched forms.
According to vSchtlng (loc, clt, p. 136) similar fotms are
found also In the abnormal bark -formed after Injury, which
we can term "wound-bark". In this occurs also the formation
of balls as In ifjund-wood ( Cydonla .japonica ),

vSchtlng (loc, dt, p. 152) described this ball-like ar-
rangement of the wood-elements In the wound wodd of Cydonia
japohlca . which was formed In grafting experiments inwhIcK*
the bark rings 7;ere Inserted upside down. These and other ab-
normal tissue formations after grafting on Beta vulgaris and
other objects led vBchting to the assumption that "the individ-
ual elements of the l.ong axis are constructed with a polar re-
lation, and that th^lr poles are drawn together or pushed away
according to whether we brlgg the unlike or the like into con-

^ The formation of gnarls occurs not only after injury,
but also in abnormal tissues of other origin. We will have to
speak repeatedly of "gnarl tubers" and gnarl structure. Compare
also Prank, Krankh, d. Pfl., 2. Aufl., 1895, Bd. I, pp. 80 ff.
At this point I would like to call attention casually to the
fact that an irregular course of the fibres csn even occur
where there is no question Whatever of hyperplastic formation
of tissue. Rj, flartig has proved recently, that the "waved or
grained slyuotuare" In trees is often to be traced back to the
longitudinal pressure, "which a side root, growing much thick-
er towards the top, exerts on the ' bajrk and cambium of the lower
end of the trunk, or vfh%qh the branch. In becoming thicker,

/exerts above and beJew qn the b^rk of the 'tree, Thi^ longi-
tudinal i^tesBl^re causes foldings In the bark of thin barked
trees, and in. the wood produced from the cambium. These run'
in a longitudinal directions. In trees with thick bark (oak,
chestnut, blaekwalder), Qri'accoutt of longitudinal pressure,
the elements of, the inner bark and of the wood are wound in
wavy-lines^ running tangentially. In conifers, waved wood oc-
curs rarely, In tbe trunk". (Holzuntersuch, , Altes und lleuws,
1901, p, 5g, Ueber die Ursachen d. Wimmerwunchses (Wellenhpl-
zes) der B«ume. Obi, f^ ges, I'oretweaen, 1901, April).
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J^ct", (loc. cit. p. 151). „".7tth the help of these data
(179) on the polarity of cells, Maula has tried to explain

those hailed formations whioh occur so ahxmdantly in
wgund V;ood without any previous grafting. Although
Maule's attempt at explanation does not seem to me ex-
actly convincing nor tenable without many auxiliary hy-
potheses, I will nowlet him spook for himself ,-

Maula starts with the supposition thrt lii new forma-
tions of different kinds^- even In wound wood,- the devel-
opment of the separate elements is unequal, since seme ate
formed early, others are Retarded in development, PihreS,
pushing forward, will not he able to maintain their strug-
gle to stretch downwards since the callus of the girdling
wound hero concerned is closed on the under 9ide, The

'

fibres will therefore have to bend. According to B/jSule.

the fact, thr.t most fibres are bent tangentially along the
tipper surface of the body of the woxind and not radially,
may be explained on similar grounds (resistance of the
wood). Accordingly, the rootpole of fibre in the adjacent
.diagr«an (fig. 71) at first grows out approximr.tely hori-
zontally. "If the resistance also becomes too powerful in
this direction there results a further bending downward,
If possible; if not, then upward. Thereby its rootpole
Wl pushes directly on the rootpole of W2 of another fibre,
which may possibly have been somewhat retarded In growth,
AS a result of this direct contact of two homologous
poles. Wg Is obliged to deviate, either towarda.'.the out-
side (left) (as in the figuire) or towards the inside
(right). There Wz is pushed along on fibre 1, until any
further extension is impossible, or the growth in length
Q f this fibre 2 is ended. The next fiteo 3 then pushes
on W2 with its rootpole Wg aKd must also bend, carrying
its rootpole end along fibre 2.— It is evident that the
fibres 6, 8. etc., which at last are entirely inclosed,
have only a very small space for their extairsion and that
finally, necessitated thereto by the pressure of s^xrround-
ing fibres, two homologous poles can come exactly together.
This, however, does not in any way contradict the polarity
of the cells. It is only that the power here forcing the

ends apart is less strong than the external pressure,
even hoftologous poles of two rod magnets can be brought
.together,, if the free nobility of the rods is prevented ,

Tracheid-guares on balls resembling in all essential points

those balls described above, are to be found not only within

the wound wood formed by the natural cambium, or by newly

formed carabial layers but also isolated from "t^ese. in the un-

differentiated callus tissue. In the luxuriant c-ambiRl callus

of poplar cuttings, ball-like tracheid groups are produced here

and there, as already described. In these, as in those des-

cribed earlier, we find irregular forms. The root too may be

able to produce the same forms of wound wood, as are produced

on aciilary parts. The same "balls" may be found in the callus

of roots as in that of organs above ground, I investigate^

more closely the callus products of Taraxacum roots. In the

basal callus rolls of the cuttings, woody cores are Produced

composed of long and short tracheal elements. The cells, how-

(180) ever, are differently arranged and in such a way that in every

section one meets here and there with groups of cells, cut

lengthwise, and side by side others c\it crosswise or slanting-

ly. In the middle lie the strong3.y bent tracheids, such as

described above. Round about this woody co^e there lies a

ball-like cambial covering, which on the outside produces con-
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centricnlly layered bark tissue with abundant latex tubes.
The sq^arate balls are usually connected with one another
^nd with the cambium of the cutting by means of cambial
bridges.

The cases here described prove at the samt time that
the formation of the balls is not connected with advanced
fr^?.^ i" !^® production of wound wood, but nmy also indicate
the beginning of its formation.

Tissues furnishiilg wound-wood

Just as the oambium, to the derivations of whieh the pre-
ceding statements chiefly refer, can produce woxmd wood or
products similar to it, all other tissues, furnishing callus,
can also produce wound wood under certain circumstances. The
P^^h is concerned here more thSn all other tissues, Jn differ-
ent plants, for Instance in Populus, it is highly capable of
forming callus. In the medullary callus, tracheids and groups
of tracheids are also produced very early, on the periphery
of which are formed new meristematic tissues. The formation
of tracheal elements which PrillieuxMtudied in the pith of
different cuttings (Coleus, Ageratum, Aohytanthus and others)
should be mentioned*

Ml
A case described by Maule (loc. cit» p, 27) is of inter-

est for several reasons. In Evonymus europaea . cambial forma-
tion was brought about in the pith when it had not been direc-
tly injured. In several branches, from which rectangular
pieces of the bark had been cut the cells of the round tissue,
resembling parenchyma and containing chlorophyll, which lies
between the pith zone ®nd the pith, was incited to division
beneath the place of injury. From the new tissue thus pro--
duced, a cambium wqs differentiated which, extending }ikean
arch, produced xylem on the inside, phloem on the outside, also
a new bark zone and q new cork layer, "so that therefore, all
the zones of a regular woody-trunk are formed within the old
woody body". "It must still be noted that the beginning fef

the formp.tion of wound -wood in the pith did not coincide with
the beginning of its formation on the external, directly in-
jured, part of the branch. As a result of the exposxiro, the
wood under the places v^^here the pieces of bark has been re-
moved, began to turn yellow, i. e, to be changed chemically.
This change progressed slowly towards the oenterj especially
along tho medullary ray until the entire old wood body had
been altered as far as the injury extended. If the transfor-
mation in the medullary rays had penetrated as far as the pith,
cell division then began in the latter. There existed here
therefore the remarkable case, that the pith was not directly
brought to the formation of wound-wood by the injury, not even
by the wound stimuli, but only by a secondary phenomenon' con-
nected with the injury". We will later find other cases,

(181) which make it seem probable that living elements adjacent to
the dead cells can be stimulated to division by the products
of decomposition in the latter.

The isolated wood bodies, which Vochting and others-*-

•*• S, 1, formetions ligneuses qui se produisent d. la moelle
d. boutures. C. R. Acad, Sc, Paris, 1882, T. XCII, p, 1479.

2 II

Vochting, j^oc, cit, p. 141, 142. Tschirch, Pflanzena-
tomie, p, 396, Maule, l)er Faserverlauf im Wundholz, Bibl,
Bot., 1895, Heft. 35, p, 23.
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found occurring in processes of cicatrization and coales-
cence ±n the bark , seem to correspond in all essential points
with the tracheid groups described above. In them also an
independent cambiugi is formed around the core of the wood.
The abilitjr to form this kind of isolated wood-cores of larg-
er or smaller oorapass might well be peculiar to very many,
or indeed to all plants which form wound -v^^ood.

Tissues resembling wound-wood are produced also In the
callus developed from the ground tissue of injured leaves .

At any rate, so far as my experience goes, it must generally
end with the formation of isolated parenchymatio tracheids in
them. More extensive quantities of tracheal elements occur
for exnraple in the form of isolated spherical groups of cells
in the callus of detached Vicia cotyledons. Here too we find
again the formation of gnarls of moderate size.

Outer gorm and Peri(^d of Development of Wound ^Wood .

Conditions of its Formation.

Wound-wood hp.s no definite outer form. Its form is de-
termined in the first place by the swollen rolls occurring on
the surface of the wound, the form of which depends naturally
on the nature of the injury* Shus a differently farmed wound-
wood body is produced after cross or longitudinal sectioning
than from girdling or spiral wounds and the like. The wound-
wood body always adjusts its form to the space conditions
granted it. Therefore it is immaterial for our consideration,
whether the cambium is incited to the formation of these rolls
by injury, by accidental or intentional mechanical interfer-
ence with its integrity, or forms them after local injury from
frost. If the frost causes the death of the cambium in places
of any indefinite extent and if the dead place is later sur-
rounded by rolls of wound-wood, then we speak of cank¥r (froSt
canker). If the so-called frost tears are caused by a split-
ting of the wood, the masses of wound-wood produced by their
healing are called frost ridf?es. The manuals of phytopathology
give more exact information concerning the significance and
distribution of these phenomena *

,

R. Hoffman^ has shown how the course of the medullary
rays in the covering rolls is determined by mechanicgl incidents.

The period of development of wound-wood varies with con-
ditions wnd within wide limits, as does that of callus. It

is known that the rolls of "canker" (frost canker) are destroy-
ed every winter by the action of cold because of the greater
delicacy of their tissues, so that in the following year the

injured tree "tries" to heal its wounds by a new overgrowth.
(182) Under those conditions wound-wood can be formed for many years,

the rolls of which are laid one above the other like terraces.

The conditions necessary for the formation of wound wood
^Squire still closer investigation, as do those of callus for-

mation. As stated above, there hD-s been as yet no successful
analysis of the 'Wund-stimuli" effective here. The dependence

•* Ootnpare for example. Prank, Krankh. d. Pfl., 2. Aufl.

Bd, 1, p, 207 ff.

2 Untersuoh, ub. d, Wirkung nechanischer Krafte auf die

Teilung, Anordnung und Ausbildung der Zellen etc. Disserta-
tion Berlin, 1885.
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upon external conditions of wound-wood formation and of its
histology has likewise not been closeljr tested. Undoubtedly
the structure will he influenced by nutritive and transpira-
tory conditions^ as is that of normal tissues. Compare also
the statements on callus page 171.

The fact that the conditions giving rise to the formation
of wound-wood are not only effective, directly at the place
of injury and in its immediate vicinity, but also at a con-
siderable distance is of great importance, De Vries' e^-p^ri-
ments on Sallx, Acer, Evonymus and others (loo. cit. p. 113)
prove that, when the outer bark layers are wounded, no wound
stimxili are produced, which would ©ause the production of
wound-wood,

Tiseueg resembling Wound-wood .

Aside from the different forms of gall-wood, to whioh we
will return later, there are abnormal wood tissues which do
not arise after Injury but from the actiftn of some other fac-
tors, These, however, are more or less similar to wound-wood
80 far as their histology is conce^rned. Besides these, tis-
sues of the same composition must be considered in the follow-
ing, concerning whioh no decision has been reached as to
whether their production is due t o wound or to other stimuli*
We will detote a few lines here to their discussion.

The production of tissues resembling vround-wood proceeds,
as does thp.t of wound-wood itself, either from the normal cam-
bium ring or fi^om newly formed, independent cambium.

Abnormal tissues should be considered first of all, which
are produced by the activity of division in the normal cambium
ring. In all oases, the deviation from normal histological
conditions consists in a lesser histological differentiation
of the wood tissue produced. The deviations described above
are approximated first ef all when the parenchyma of the med-
ullary ray increases in places at the expense of the other
formal elements of the wood. Abnormally broadened medullary
rays are not infrequently found in fasciated branches. The
factors, leading to the fasciation and thereby to the change
in histology here named, are still unknown. The occurrence
of abnormally broadened medullary rays in non-fasciated
branches is also not unusual ,

In other cases normal differentiation is lost to the
(183) secondary woody-coalescence in all its parts. As.Sorauer as-

sumes^, slightly differentiated wood is produced, for in-
stance, in the fruit spikes of Ptrus communis , as a result of
rich nutrition and abundant supplying of waier, and as ^ sign
of the "weakening of the branches through cultivation". In-
stead of libriforra fibres, predominantly parenchjrmatio ele-
ments are produced in the wood and generally remain unlifni-
fied. Besides these, a luxuriant development of the bark
takes place, whioh causes it to rupture here and there. Un-
differentiated wood is produced also in the "dropsical"

Sorauer, (Sorauer), Krebsartige Rindenhypertrophie

,

Zeitschr, f. Pflanzenkrankh, , 1898, Bd, VIII, p. 220) traces
a case observed on Rosa suppositionally back to too rich nu-
trition,

s. <'

Naohweis der Verwelchljujljwg d, Zweige uns, Obstbaumd
duroh d. Kultur, Zeitschr, /, pflana^rJ^^rankh, , 1892, Bd. II,
p, &6,
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branohes of Rlbes^^tror.ted of earlior, Still more examples
of this kind might be etted; an arrestment of the processes
of differentiation and nn increase of the parenchyma con-
tained in the wood is almost nlrrajrs assooiated with over
production of wood.

Those cases mnst still be mentioned in which now oam-
blal layers are produood, leading to an abnormal formr.tion
of V700d, Just r,s in wound tissues described above, isolated
wood cores of varying size are produced by the activity of
their division*

Sorauer has given thorough anatomical descriptions of
the "tuber-like gnarls" of the stone-fruit trees, and Kriok
of similar formations In beech bark^,

Sorauer found tuber-like woody bodies in the bark of
Plrus malus . In their centres lay one or two hard bast bun-
dlGS, separated by lignified parenohjnna. About these "are
layered in a ray-like arrangement, first of all approximate-
ly iso-diametric cells of wSod parenchyma, lying bluntly up-
on one another, and usually oontj?aining starch". Little by
little this zone passes over into narrowef, thicker-walled
wood parenchyma cells, already somewhat elongated and running
horizontally or diagonally^ between them are scattered short,
bro&d simple pitted duct cells. These groups have already
been divided Into numerous circles of bundles by approximate-
ly cubical medullary ray cells, lying possibly from 1 to 3
rows thick. The further the celleelements are separated from
the centrum, the more marked is the difference betvTeen the par-
enchyma of the medullary rays and the elongated fibro-vasou-
lar tisjsue. Weaii the centrum, begins also the phenomenon
which makes itself felt throughout the whole wood body, th?xt

is divided Into different annual rings,- viz., that the ele-
ments of the fasciated partlying between two medullary rays
show a different course than do those of the parts lying near
it. While the razor cuts through the cells and iucta of one
bundle almost in cross section, it strikes those of the adja-
cent bundle longitudinally". Many tuber-like gnarls vary from
these here described, in that the hard best bundle is lacking
as a centrum; Instead of this is found a group of bark paren-
chyma cells.

The Isolated wood bodies s which Sorauer (loc, cit, p. 185)
found in a branch of Pirus communis resemble in all essential
points those described, - in which a one-sided flat swelling
was conspicuous, "2?h© cross-section through the middle of the

(164) swelling showed new, isolated, wood bodies almost touching one
another, however, at the sides, which were entirely separated

^

from the central wood cylinder of the branch by a normal cam-
bium and secondary bark zSne. Each of these wood bundles bore
in the center a hard bast group and had also the structure of
the centrum of the tuber-like gnarl of the apple, only, the
wood cells and ducts were not arranged cone-like on all sides
about the centrum but extended parallel to the length of the
branch. There were, therefore, no wood tubers, but short
wood- cords, which traced further downwards became steadily

1 Sorauer, Wassersucht bei Ribes aureum , Preihofffs
Deutsche Gartenzeitung, 1880.

^ Sorauer, Die Knollenmaser der Kernobstbaume, Land-
wirtsch. Versuchsstat., 1879, Bd, XXIX, p, 173, Handb. d,

Pflanzenkrankh. , 2. Aufl., 1886, Bd. 1, p. 7S6. Krick, Ueb,
d, Rindenknollen d, Rotbuche. Bibl. Bot,, 1891^ Heft ^5.
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thinner until they showed a simple, weak, ring-like bast
circumv/illation, formed of lignified parenchyma". Toward the
top, the cords approached the central wood-body more and
more closely and were finally united with it.

I

5?he conditions under which tuber-like gnarls are pro-
duced are not yet sufficiently understood. Sorauer states
that they are formed "readily near the outgrowing wounded
surface"; which argues in favor of the supposition that some
of the conditions created by the injury become the cause of
this forrar;tion,

The isolated woody kernels of tissue which lie in the
bark of Fagus sllvatioa (fig, 72) and which have been thor-
oughly described by Krick as "bark ttibers", shov/ a still
greater diversity in development and histology, They are
either produced in connection with preventitiocs buds or short
shoots which have been separated from the wood body of the
mother stem,- their cambium thi^s being descended ontogeneti-
oally from the normal cambium ring, in as much as it was con-
nected with it, at leaat at the beginning, or they are inde-
pendently formed of buds and short shoots without having any
connection with the mother stem. In the later esse, Kriok
distinguished between tubers with central wood bodies and those

which enclose cork tissue at their centre. The formation of

these bark tubers seems to havd nothing to do with any in-
jury and its results,

Krick has collected the statements of earlier authors
ooneerning bark tissues (loc, cit). As one of the most im-

portant works may tee named here Tbhat by Gernet-*-.

tl85) The gnarl-tubers of different Eucalyptus type s, al-

ready repeatedly studied, are of especial interest. They
ocGxir in the aaes of the first pairs of leaves and, ac-

cording to Jonsson^, are produced under the Influence of

unfavorable nutritive conditions. The dependence of

their growth upon that of the whole plant reminds,, one of
the correlation heteroplaamas mentioned above, Jonsson

could bring about the production of gnarl-tubers by cut-

ting off leaves, buds, or branches, 1, ©, he could nt^^^en.:

their growth. According to Vuillemin, the Eucalyptus
tubers are produced under the influence of a parasite,

Ustilago Vrieseana . which is said to cause tuber-like new

formations of other Myrtaceae (Myrtus, Acraena, Tristania,

Melaleuca, Callistemon)^»*.

^ Ueb., d.Rindenknollen von Sorbus aucuparia. Moskau, 1860.

^ Ytterligare bidrag till kannendomen om masurbildningar-'
na hos Myrtacerna, sUrskildt hos slflgtet Eucalyptus. Bot, Not.,

1901, p. 181, further bibliographical citations there in.

,
3 Vuillemin, S. 1. tumeurs ligneuses prod. p. une Ustilag-

inee Ohex.l. Eucalyptus. C. R. -^cad, Sc, Paris, 1894, T.CXVIIX,

p. 933, les broussins da Myrtacees, Ann, Sc, agron. Franc, et

etrang., T, II; compare Zeitschr. f. Pflanaenkrankh. 1896, Bd.

IV, p. 167/

* Further data on gnarl formation may be fouhd also in

Andreae: Abnorme Wurzelanschwellungen bei Allanthus glandulosa.

1894, V. Kolb, Abnorme Wurzelschwell. bei CupresSus seperyir -

ene; Arcularius, Fall v. Wurzelkropf bei Abies Pichta ,
etc.

IM7 (Erlanger ]5iSsertations)

,
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The "Chichi" (Hippies) of Ginkgo biloba oAe gnarl
formations which arise after injury but originate like
many bark tubers of the |[eech from definite buds. They
are leafless, branch-like excrescences which, on the

'

shoots and roots, can grow out into adventitious buds,
even becoming H meters long. Keniiro^ calls them "cylin-
der-gnarls" on account of their form. The arrangement
of their t racheids is irregular, like gnarls.

4, Wound -> cork.

After in;}ury of different organs,- roots, tubers, rhi-
zomes, stalks, leaves, infloreKcences,~ several layers of
cells are often formed arranged in rows, and generally in
immediate adjacency to the place of injury. Since the newly
produced walls react to known reagents (sulphuric acid,
chlor-iodid cf, zink, Sudan III, etc.) as dfco those of cork,
sin«« the abnormal tissue corresponds to cork in the arrange-
ment of its elements and since further the dependence of its
production upon the abnormal conditions created by the injury
is unraistakablgr, the products described have for a long time
been called wound-cork .

V/ound-cork is generally formed on all parts of the
wound and at its edges connicts directly with the normal mem-
brane of the injured plant organs,- epidermis or cork. The
new cork formation thus seems to close the wound. Since
wound-cork doubtless reduces the transpiration of the exposed
tissues and may indeed in other respects be able to compen-
sate for the normal meiabrane, we may assume that, by its for-

(186) mation, the continuance of the exposed tissues and of their
fuijctional activity is assured and we may speak of a heal ing
of the wound by the formation of cork.

There is not much to be said concerning the life-his tory
of wound- cork . A number of celldivisions takes place in
either one or in more cell layers under the surface of the
wound and parallel to it. Hot infrequently an obvious meris-
ten zone is thus produced and the wound cork is increased
through the activity of its division. The ground tissue is
here, as in many other cases, by far the most efficient; the
thin-walled, imrenchj/matic parts as well as the collenchjTma
fibres are capable of producing wound cork. Besides these,
the cambium and the bark produced from it come under consid-
eration and finally the epidermis also. If the last becomes
active in the formation of wound cork, each cell generally
seems to be capable of very few divisions. In bounds oi5 the
stems anii leaves, the derivation of the epidermis and of the
ground tissue form together a homogeneous wound cork plate,

-

It is known that the place of production of the normal cork
of the trunk (epidermis or ground tissue) is, however, usu-
ally constant in genera and families.

^^® histology , of wound cork is characterized by the ar-
rangement m rows of its sheet-like elements, The walls of
wound cork are always thin and often folded, I found thin
walled wound cork even in Cytisus, the normal cork of whose
trunk is known tobe made up of thick walled cells. Differen-
tiations of any kine whatever, formations of zones, lenticels
and the likk, entirely absent in wound cork. Its cells %re

i On the nature and origin of so-called "chichi" (nipple)
of Ginkgo biloba , Botan. Magaz, 16.06, Vol. IX, au«h Zeitschr,
ff. Pfl, Krankh. 1896, Bd. VI, p. 885,
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usually larger than those of the phelloderm. It is worth
noticipg that even those plants can be capable of forming
wound cork which » under normal conditions^ develop no cork
on their stalks, (Experiments on Viscura)''-.

Nearly related, to wound cork is the multicellular tis-
sue, which often grows out from the wounded bark on the'
places of insert ion of roots and buds. If, for example,
Salix branches are placed in water or brought into a room
saturated with water vapor, numerous roots develop on them,
at the base of which a small, porous, whitish mound of tis-
sue is noticeable, which has the greatest similarity to out-
growing lentioels, (gompare p. 75). It is oEounf In cross-
section thf.t a meristem is produced near the wound in the
bark, the derivatives of which resemble elongated colorless
balls or seas. Between the individual cells, which are often
entirely. detached from one another, lie large intercellular
spaces filled with air. Therefore the structures described
also histologically atesemble hypertrophied lenticels, Mohl*^
has called attention to this similarity and warned others
against confounding the forms. The same tissues are also
produced as in the places of insertion of the roots, if buds
Injure the tissues of the bark during their development,
(fflg. 73). The walls of the wound tissue described do not
become cork.

As far as the conditions are concerns'^, under which
wound cork is produced, the relation of its formation to the

(187) injury and to the conditions created by it, first come under
consideration. Each break in the continuity of the tissue
can cause the format ioti of wound cork, no matter if the wound
lies on the upper surface, whereby the surrounding air has
direct access to it or if "internal" injures are xrmolve^
such as are produced perhaps by twistings of stalks, etc,',
A preliminary condition of its production, however, is that
at leQst a small degree of transpiration must be possible for
the exposed tissue. On this account no wound cork can J>e

produced In the sting canals made by parasites which p?:'Oiduce

falZe, but only oallu^ tissue (hypertrq^phy apd hyperpSM^^ia).
n the succulent, juicy gall of Mgrnatus valliamerii upon

TChoee Innermof^t tissue voraciousiinhabitants of the gall cav-
ity oonotantly graze, a richly outgrowing callus is produced,
but wbund-oork only in exceptional cases (in injured galls).
Tissues which seem incapable of forming callus, such as the
parenchyma of the potato tuber, develop wound-cork after in-
jury, only when transpiration is possible. There is no forma-
tion of the wound-cork under water ^. Of the many changes in
conditions usually caused by injury, apparently the abnormally
-•—^-.--«.- -.-«-_,-«--.-.----.---.-----

* Bamm, Ueb, d. Bau d, Entwickelungsgeschichte u, d, m«-
chan, Eigensch. mehrjfirh, Epidermen beimd, Dikotyl. Beih, z.

Bot, Cbl., 1901, Bd, XI, p. 219.

2
Quoted above p, 75, note 1,

^ Compare v. Brefeld, Ueb, Vernarbung u. Blattfall.
Pringsheim's Jahrb, f, wiss. Bot,, Bd, XII, p, 133, also
above p, 162, note 2,

^ On the causes of the formation of wound cork, compare
also Prank, Krankh, d, Pfl. tZ Aufl,, Bd, I, p, 61 ff, Kny,
Uf|b, d, Einfl, V, Druck u, Zug auf die Richtung der Soheide-
wande u, s. w. Bef, d, D. Bot, Ges,, 1896, Bd, XIV, p. 378.
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Increased elimination ©f water from the exposed cells and
tlRBjies comes first of all under conBideration in the forma-
tio:ft of wound cork. It ia certain that "wound-cork" can alf?o
h© produced Independently of any Injury, if only the elimin-
ation of water is in some v?ay abnormally increased. A oaae

(188) of thia kine peemB to me to be present when the large celled,
thin walled, strongly transpiring inturaepcences of Hibiscus
are separated from the normal mother stimctiare by a layer of
wound cork . It is v/ell known that wound-cork is formed
sooner or later in callus exoresoenoevS, which grow out on
the cut surfaces of cuttings etc. It is difficult, to decide
whether the formation of wound-cork nhould be considered as
a delayed effect of wound-stimuli, or as a result of the
strong transpiration, to which the callus tissue is exposed.
Similar conditions are present in the intumescences aiown
above (fig. 23), the formation of which is preceded by a
dissolution of the normal cell-continuity and the foundation
of which is often connected directly with wound-cork, In
these, as in callus, it does not seem to me Improbable that
the abnormally Increawed transpiration of abnormal tissues
can call forth the forra^itlon of wound-cork entirely indepen-
dently of the dissolution of the tissue continuity and of
"wound-stlmull"2

^

Up to the present, it has not been proved iBfinitely
that under certain circumstanods factors other than abnor-
mally Increased transpiration can also cause the formation
of wound-cork; but there is much in favor of it. Wound cork
is often produced when separate cells or cell-groups die in
the inner part of the tissue; a more or lese Btrong cork
mantle is formed arouhd this center of disease. It does
not seem to me very probable that the transpiration of the
cells left in the center of the tissue has been abnormally
increased, and that the formation of wound-cork has been
caused by this; ratlier we should not Select the supposition
that some products of disintegration, produced at the center
of disease, have incited the adjacent healthy tissue to the

formation of cork. One of Vochting's^ observations favoare
this. He often found dead pieces of tissue enclosed in the

'• Compaye above p. 86 note.

2 The production of cork in thd leaves of Rlbes grossu-
lar la seems to be comparable with the cases named, in a low
lying pa»t of his e xperimental garden, Sorauer (Handb, d.

Pflanzenkrankh, , 2. Aufl., 1886, Bd. 1, p. 222) observed
gooseberry bushes with groups of branches entirely gray
leavwd, Sorauer designates the disease as cork-sickness.
The Individual leaves v/ere either covered only with two cush-

ions or cork, spread out like wings, or were coated over and
over with cork. I think it allowable to deduce from Sorauer 's

stQtements concerning this disease, which I myself have hrd

no time to investigate, that the formation of distended in-

tumescences precedes the abnormal production of cork - fihe

palisade cells stretch and burst the epidermis - then follows

the formation of wound cork.

^ Ueber Transplantation am Pflanzenkorper, 1892, pp.
113 ff. The cells connecting directly with the destroyed
parts always become cork; "those following next, however,
often the majority present, are still unbrowned and of a

cellulose nature. This is then retained even if all pro-
cesses of growth have long ceased". The ttirning to cork is

almost always absent, even "if thickened walls turn brown
in the zone of contact and delicate walls occur in the ele-
ments belonging to or adjacent to these". If is an open
auestion whether these cells also can serve for a covering



170

clcatrizntionB of the "beftts upon which he operated; but cork
had he en formed Only in the vicinity of those enclosures which
hr,d turned hrown, in which therefore some products of disin-
tegration hr.d heen produced. In different succulents which
showed an especial "tendency" toward a vigorous formation of

(189) wound-cork after Injury, I repeatedly observed stronglv de-
veloped formations of cork in the region of dead parts' of
tissue, and, as I suppose, undar the influence of unknown
chemical combinations,, In this connection belong perhaps
the "cork excrescences" studied by Baohmann'^-, whioh moke- pos-
sible the -iroduotlon of extensive tissue protuberenoes or which
In places oan channel the organ concerned or completely per-
forate It, (Ilex, Zamia, Rusous etc.) while division of the
parenchyma cells and the suberlzatlon of their products of
division progresses further and further Into the Interior of
the leaf. Histologically and ontogenetloally the cork ex-
crescences described and Illustrated by Baohra?inn correspond
throughout with typical wound cork.

The manuals of phytopaj^hology should be consulted
on potato scurf or scab, Wobbe produced oork excres-
cences on potato tubers by cultivating them in water^,

Silke callus (see above), wound cork ean be produced also
on "physiological" wounds. Many plants develop it, for ex-
ample, on their leaf soars^.

5. Galls

We have termed gal l-fasrmations all abnormal tissues pro-
duced by the action of vegetable or animal parasites. The
great majority of these arise either through ce^.! growth
alone (gall-hypertrophy) or through ceil oEivision (gall-hyper-
plaeia); Since, in the latter case, the newly produced tis-
sues differ more or less- strikingly from ijormal ones, we are
concerned only with hyteroplasms in such gall -format ions.

The number of heteroplastically constructed galls is ex-
traordinarily large; even the diverse gall hsrpertrophies re-

,^ Ueb. Korkwuchertingen auf Blattern. Pringsheim's Jahrb.
f. wiss. Bot,, Bd, XXI, p. 191.

^ Die Kartoffel als Wasserpflanze, Landwirtsch. Versuche-
Stat., 1864, Bd, VI, p. 57,

Compqire further Tison, Rech. s. la chute d. feuilles d.
Dicotyl, These, Caen, 1900. This tissue becomes of interest
for pathological plant anatomy only when it arises at the
wrong time as a result of abnormal conditions. I would like
to refer at this opportunity to the fact that the "tissue of
separation ", whioh makes possible the' freeing of the leaf from
the axis , "is produced prematurely if the leaves are robbed of
their blades; the axis then lets the petioles fall off. Th3
question whether the results of wound stimuli are to be recog-
nized in this needs siippiementary testing; it is more probable
that the reduced t ranspiration determines it; a5.so branches'
left in raoipt air are known to drop their leaves. (Wiesner,
Untersuch. uber die herbstliche 'Entlaubung d. Holzgew. Sitz-
ungsber. Akad, Wiss. Wien„ 1871, Bd. LXIV), In these and sim-
ilar cases, the wound produced by the fall of the leaf rls no
longer a "physiological" one. The question as to whe'ther the
tissiie ^f separation produced on mutilated leaves and by ac-
tion of moist air corresponds with the normal one, needs
supplementary testing.
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main far below these in number. Heteroplastic gall foiroations
occur ^in very different kinds of plants, appear on all plant
organs and may be traced developmentally to very different
normal tissue -^forms, A few general notes might" be in order
before we proceed to a description of the different fall forms,

(190) One generally terms galls, or Cocidia''-, those variations
in form which are caused by foreign organisms. Thomas, whose
definition of the conoention of the gall has received the loost
approval, explr.ins as a gall, "every variation in the form of
plants which i« caused by a parasite**, 'and adds*, "in this ex-
planation the word formr'.tion is to be taken directly in the
sense of the process (therefore active), not merely in the
sense of its result. Each leaf eaten or mimed by caterpillars
shows a formal variation. Ho one will associate such changes
with cecldia. To the nature of these latter belongs active
participation of the plant, its regotion against the e^ttf'liltiB

then experienced"**.

I have attempted at an e@rller opportunity^ to define
more sharply the definition given by Thomas and have advised
a closer consideration of the biological connection between
the plant bearing the goll and the foreign organism producing
it, in the formulation of the definition. Clearly there are a
number of variations of form which are caused by stimuli given
by the foreign organism and in which abnormal tissues are pro-
duced, without one's venturing to call them galls. Such a
case is met with perhaps when a"mining path" is filled with
callus (examples above p. 163), Wo one will contend that such
oases present gall -format ions. The abnormal tissues show no
connection with the foreign organism,- aside from an etiologi-
cal one , In our opinion one essential of a gall is that the
abnormal psrts of the JJlant affected bring about symbiotic re-
lationship between these and the parasites producing the gall.
These symbiotic relations are primarily of a nutritive physio-
logical nature; the abnormal tissues furnish food for the par-
arsites. Additional relations exist since the host plant not
only furnishes sufficient maintenance, b\it also as good shel-
ter. The gallB are thus formal variations of the plant which
promote the development of the parasites and are in this sense
"expedient" for them. Now, since according to ^he above sym-
biosis with the producer of the gall always signifies a loss
of nutritive material for the host organism, the part which
bears the gall often dies a premature death and further, since
in all cases as yet known the parasite prodixcing the gall per-
forms in return no service to the host, as one is often in-
clined to assume in So-called mutualistic symbiosis, we are con-
cerned in cecldia with formal variations v/hich are injurious
to the development of the organism bearing the gall.

Of all the variations in form satisfying the demands of our
definition, we will naturally treat in the following only those
in w*\ich abnormal tissues are produced. To present the doubling

^ Thomas, (^ur Kenntnis der Milbengallen und Gallmilben eljc,

Zeitsch. f. ges. Uaturw., 1873, Bd. XLII, p. 513) has introduce^
this word (derived from Knxls), Compare also the critical re^
marks by Trotter, Studl oecidiologioi II (Huovo giorn, hot,
ital., 1901 W. S. Vol, VIII, p. 557).

^ Loc. cit. p, 513, 514.

^ Kuster, Ueber einige wichtige Fragen der pathol. ?flan-
ssenanat- Bloloer. Oentrabl.. 1900 "Rfl. mc. n. R29.
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(191) of Infloresfiences, caused by Kall-lnsftr»f«? nr^ri o-on «io.r,<-o «

«Si/!^?''J' ""^^J^ i^
''*^'^°'' *° ^^1* ^^«n ''l^^^ considering

™? f^iJ-^yperplasias we will find -no common ohnracterlstics..
?^ «f 1 *^L2 Fo*^?Ji«>n of heteroplastic tissue is involved
eSn^Ji;: i?*i? ^® either extraordinarily simple histologicallv.showing little or no differentiation. Xnd as a result the '

S?;"^L°^4^?°*!^ii*^®^ ^^ ^^^ ^'i*^ i» "arrested developments"-
?L!?®°HJ^ differentiations which bring about structures en-
TJireiy different from those known in normal tissues. Vfs willcall tissue formations of the first kind kataplasmatic gallsor kataplasmr.s, and galls of the second kind prosoplasmatic
^v f °I

prosoplasmas, v/e will base the division of ourQDundant material upon the given differences between the for-
mer and the latter* Even with the help of this principle of
division we will not be able to set up two entirelv distinct
§!!°^?®i^^^*^I^^*^ ^*^ "^^® ^'® ^'il^ only rarely be uncertain as
to Whether the separate gall forms belong to this or that
group. One could perhaps add to those galls, conceived as
transitional between kataplasmes and prosoplasmas, the others,
which, in spiteof their very simgle tissue structure, develop
"new" characteristics - in that the cells show abundant anth-

, ooyanin content, instead of being colorless or containing
chlorophyll, or cells occur in them abnormally rich in cyto-
plasm, starch content etc. We will observe here that "typical"
and unnuestionable prosoplasmas often contain other cell-forms
than those of the corresponding tissue of normal plants end
that further the different kinds cf elements participating in
their Construction are united' into well-defined zones.

It is to the Interest Of a natural classification to con-
sider the morphological characterist i eg of galls together with
their histology. We will show that' galls with kataplasmatic
tissue characteristics hage no definite outer forms and no def-
inite size, Heteroplasmatio galls show varying sizes and forms
just as do callus tissued, formations of wound-wood and the
fields of Erineum galls. We find, however, where galls of
proBoplasmntic tissue structures ar© involved, that the outer
appearance of the galls assumes "new" characters, being char-
acterized by definite proportions of size and form. Kata-
plasmas are 6ften produced by the action of parasitic fungi,
which in the inner part of the host plant take up a field of
distribution of varying extent, or after infection by animals
which live freely on the apper surface of the diseased organ
and by their wandering can indefinitely enlarge the field of
their stimulation. Prosoplasmas are produced by the action of
domiciled organisms, the extent of the field of stimulation re-
maining the same under all oircximstances. Further, the differ-
ent effective periods of the stimuli,which produce the galls,
must be considered. The stimulus caused by producers of proso-
plasmas is felt only in definite phases of their development,
which, in various species"!^ is enacted in a certain number of

(192) weeks and months, while any constant period of stimulatory
action seems absent in kataplasraas the producers of Which can
often grow to be many years old and still be effective. We ,

will be able to explain the histological differences between
kataplasmas and prosoplasmas only by the specific quality of
the effective gall-stimuli. But we \7ill venture to trace the

constancy, or rather the variability of the f«>|3n and size pro-
portions in different galli-products to the temporal and local
extent of the effect of the stimulus.
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Finally, a few words mor© concerning the etiology of
SS^- * 5^*^T^^ly. nothing at all concerning the factors

'

act-
ually effective IS indicated by the statement that these galls
ore produced after the infection of vegetable tissue by any
S^«2^*?JS^ ^''J^^y ^"J^^^r to the plant organs goes hand inhand with infection. Inddod many galls very strikingly re-
semble tissues produced after injjrry. This phenomenon becomes
Clearly evident in those cases, for instance, in which are in-
volved diseased products of the cambium, influenced by para-
sites. In very many other galls, the structure of which ex-
ceeds the kataplastic character of wound tissue, at least the
first stages of development resemble callus tissue. The fact
^^I-*^i^

the production of prosoplasmatic galls, new processes
Of differentiation and formation must be added to those known
S ^^7 i^^' P^°^®s satisfactorily, however, that still other

stimuli besides traumatic ones must often participate in the
STl^S^iS'^ ®^

f^^^}®-
Besides this, there are many galls in

which it can be demonstrated that infection takes place with-
out injury to the vegetable tissue, in which therefore all
traumatic influences are excluded even from the beginning.
The gall stimuli are undoubtedly of a chemical rm*v.t»; some un-
known BUDstanoes, excreted by the parasite, incite? tJto colls
of tho host plant to ggrowth and coil-division and undnr contain
condition^ the products of division to difforont processes of
differentiation. We know as yet nothing definite concerning
the chemical character of the substances actliig here. Up t»
the present, all attempts to cause gra 1 formation by artificial
inoculation with substances of known composition have failed.
Unfortunately experiments, made with the contents of the "poison
sac" of the leaf wasp in the endeavor to call forth "artificial"
gajLl formations, have as yet given no positive results*.

Disregarding the fact that the wound stimuli, preceding th«
formation of various galls, enclose within themselves a complex
of BEony factors the significance of which is still bxit little
known, aa analysis of the factors active in the formation <>f

galls was not perfected ^ven with the discovery of traumatic
stimuli and of the action of gall poisons. It is to be hoped
that future experiments will throw light on the question as to
whether the tissues of the plant in their normal condition are
always susceptible to chemical stimuli or whether, in the for-
mation of galls, they are often made susceptible to stimuli of
other kinds only by traumatic interference and its results. It
will be necessary to test further the questions as to vrhether
the stimuli or contact proceeding from the larvae, which wan-

.{193) der about inside the half-grown gall, are not also Important
in the further development of the gall, or whether it is pos-
sible, and in which cases it is possible, for the larvae to
bring wound stimuli into eiffect by grazing upon the innermost
.tissues, thereby causing a new production of tissue;- whether
the excrement balls, thrown off by tho inhabitants of the
galls, can act as a fertilizer, whether new stimuli proceed
from these, etc.

We know but little, at any rate, about the capacity for re-
action against gall poisons possessed by definite plents and
definite tissue forms, because, in judging of this, we are
still dependent upon the investigation of the new formation of
tissue produced in nature anft because the gall-insects cause
their virus to act on2)y on ^ definite substratum. On this ^a^
count the question, as.to jwhether tissues other than the ones

^ Beverinck, Ueb, d. Cecidium v. Nematus Capreae auf Saliac

amygdalina BAtan. 2tg. , 1888. Bd, XLVI, p. 1.
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preferred by them ere clso or.pable of reacting In the same wav.
must reijain unanswered. Me will be fully informed as to aany"
Of the questions referred to here only v hen it is possible to
produce galls artificially on various plants and parts of
plants under varying external conditions. Then we will >e
able to test experimentally ell parts of plants as to their
oapaoity for the formation of galls as we are now able to do
in the formation of oallus.

Looking back at the speculations of the nature-phil-
osophers (Redl), we find that the assumption of an ex-
pecial poisonous action has always played the chief role
in the attempt at explaining the genesis of the galls.
MalpighT-^ assumed that "the insect prbclucing "tlie galFex-
cretes a poison which causes a fermentatidn of the content
of the Infected plant; this fermentation exciting the ab-
normal growth which leads to the formation of galls,
Reaumur^,. to whom the secretion furnished by the gall In-
jects seemed too scanty to cause such extensive new forma-
tions, thought that a kind of suction was produced by the
gall-producers and inhabitants, which caused the juices
of the plants to flow toward the place infected. Accord-
ing *o nim. a rise in temperature takes place at the place
of stimulation, wnion tavors tissue growth, and the theory
stated by Malplghi has been proved capable of further de-
velopment; lajBaza-Duthiera^ returned In every detail to
Malpighi*s theory and explained galls as the products of
the action. of different kinds of poisons, Darwin and
Hofmeister later expressed the same opinion about the
formation of galls. If the traumatic stimuli, which Un-
doubtedly participate/ in the formations of many galls,
were overlooked or given too little Importance by the
authors named it maybe explained directly by the fact
that their attention was directed first of all to the com-
plicatedly constructed prosoplasmas. We will be obliged
to return often to the similarity of many simply construc-
ted galls (kataplasmas) to wo^nd tissue; which favors the
theory that traumatic stimuli participate in the forma-
tion of galls.

(194) All previous attempts to produce "artificial" ^11 s

by inoculation with different poisonous substances nave
failedi Compare, besides Bacerinck (see above), reports
by Knyj Kustenmacher, Laboulbena, etc.

'• Anatorae Plantarum, London 1676-79.

Reaumur, M^m; pj servir. k l^hist, d. insects. T. Ill,
mem. IX u. X,

2

3 Lacaza-Duthiers, Rech. pour servir a I'histoire des
gajles, Ann. So, Wat. Bot., 1853, 3°*® ser., T, XIX. p. 273,

^ Darwin, On the origin of species, 5th edit., 1869, p.
572, Hofmeister, Allgem. Morph. d, Gew. , 1868, p. 634.

Kny, Ueb, kunstl, Verdoppelung des Leitburidekreises im
Stamm. d.„Dikotyl. Sitzungsber. Ges. naturg. Fr/, Berlin, 1877,
p. 189. Kustenmacher, Beltr, z, Kenntn. d, Gallenbildungen etd,
Pringsheim's Jahrb, f. wiss. Bot., 1895, Bd, XXVI, p. 82,
Laboulbene, Essal d'luae theorie sur la production d, div. galles
veget. C. R. Ao§d, Sc. Paris, 1892, T. OXlV, p. 720.
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The parasites, under whose influenoe abnorraal tissues
are prodixc e'd. are drawn from the plant and animal Icingdorns,
("Phyto»oecidla " - "Zoccecidia") . The higher plants take
part here "by me^ns of~"fhe Loranthaceae , while among the lower
plants fungi especially come into consideration as Inoitors
of gall formation. The animals which produce galls beifenng
among the worms and the Arthropoda - the greatest majority
by far among the latter. Mites and Insects eapeoially pro-
duce the most diverse galls on the most widely different
kinds of plants* The iiptera and Hymenoptera play the most
prominent role and rmong'the latter belong the gall wnsps
(Cynipida) which can produce the most oomplioated of all gall
fofmations. Further the Hemiptera should be named, among
which are found many gall-producing leaf lice and shield lloe,
and final3.y the butterflies and beetles, of which, however,
only a small number of representatives are known to produce
galls*

In out histological observations, we can enter only very
briefly into the nature of the producers of galls. At times
it will be demonstrated that parasites, closely inter-related
can produce the most different kinds of heteroplastic tissues

,

At any rate, fungi galls belong almost entirely among the kat-
aplaemas-^, on the ether hand, the galls of the Cynipida belong-

predominantly among prosoplasmas, while galls of both kinds
are produced in large numbers by Diptera and Zymenoptera, Also,
among prosoplasmas thsmselvea, fixed relations between the
quality of the abnormal tissues and the systematic position of
the producers of the gall are neither very numerous hor strik-
ing; thus, for example, the leaf-wasps which produce galls of
a simple structure are most closely related to the Cynipida,
whose complicated products will fully occupy our attentions.

Plants capable of producing galls , are found represented
in all groups of the plant kingdom, sometimes more abundantly,
sometimes less so. Cryptogams, in comparison to phanerogams,
must be distinguished as being especially poor in galls and
the few which they develop have a simple histology. Among
phanerogams, the dicotyledons form the group which has galls
most abundantly, the representatives of which are capable of

developing kataplasmas and prosoplasmas in equal quantities.
The galls on trees and shrubs are universally more varied in

form than are those of bushes and herbaceous plants. Quereus
and Eucalyptus apparently belong to the plant genera which
have most abundant galls.

Compare for exceptions or disputed cases p. Ell,
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(1.95) , a, Kataplasmas «

VJe will term liat^lasmas those galls of any origin what-
ever,which are distinguished from the normal tissue of theGorresponaing organs by the small amount of their tissue dif-
ferentiation, She differentiation of the single cells cor-
rer.pondo to that mentioned ahove in callus ana nound-wood
tissues. IShe tidsuo of kataplasmas consists often of abnormal-
ly large cell elements, the union of \;hlc:h usually gives a
thin-walled, often entirely homogeneous rja-j-enchyna, or ap-
proicinates it* Further, kataplasmas ere'"" characterized by
their lack of any definite characteristic form or repularlv
recurring size,

<j n

Among kataplasmas belong first of ali almost all Phytoce-
cidia; since, among the plants which produce galls, only a very
few are laiorm as yet through the action of which prosoplasm&-
tic structures may arise,

lf7e should mention as the most important gall producer
among Myi'comycetes, the producer of the club root of cab-
bage,- Plasmodiphora Brassicae . :3all-like swellings of
various forms and sizes are produced on the rpots of
BraGslca and other Cruciferae, According to Gobel, Tet-
rasxysca parasitica , produces tuberl4.ke swellings on
I^uppea, fcorosphaera Veronicae Schroter moderately strong
outgrowths on the roots and pef5.filGS of different Ver-
onica species. According to the recent investigations by
Toumay, the goitres of many fruit trees etc. are the^

products of a elime- fungus - (Dendrophagus globosus) ,

°

1, The most important literature on mjncomycete galls,- V7or-

onin, Plasmodiophora Brassicae . Prin^sheim's Jahrb, f. v/iss.
Bot,, 1878, Bd. XI, p. 548. Nawasohin, Beob. ub. d. feiti. Bau"
u. Umwandle, v, Plas.-npdiophora Brassicae u. s, f. flora, 1899,
Bd. LXXXVI, p, 406. Gbbel 3?etramyxa parasitica . Flora, 1884,

• Bd-.^^LXVII, p. 517, Schroter, Phytomyxinae. Engler-Prantl'

s

Naturl, Pflanaenfam, I, 1, p. 5. Toumay, An inquiry into the
cause and nature of crown-gall. Arizona Exper. Station,

1900, B]fll, XXXIII. Miiller-Thurgau. II, Jahresber. Yersuchs-
stat. Wadensweil.— The disease of a?ave leaves ( gylogonus
Agavae, Athens 1888) described Iji Miliarakis migh-t well not
be traceable to parasites. In investigating microscopically
the brownish cushions, occurring extraordinarily numerously
on the leaves, I found no traces of a slime fungus (Professor
Miliarakis most kindly sent me the material). Rather I believe
that the swellings, ^ust like the well knov/n black buttons on

the leaves of Gasteria and other succulents, are related to
"hyperhydric" tissues (see above p. 83) . Among the abnormally
enlarged cells there results a very abundant formation of
Wound cork, by which the diseased parts of the leaf tissue
are separated from the healthy ones. Further investigation
would be desirable,- (Dhe agave disease ^tudied by Miliarakia
not only occurs in Mediterranean countries but also in Ger-
man botanical gardens etc.
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Certain Isacteria are known to incite the roots of

ScleI^TnS?????r,^''nl^^
production of extensive tub-ercles, consisting of par|nchymatic, undifferentiated

J !v®* Jf ^^^^^ ^°* ^*°P *° consider the question
.

• whether this is to be included among the new patholo-
gical formations, or not. We will speak later of the
swellings caused by bacteria on Pinus halepensis and
Plea europaea .

"^

07~the Bumycetes . all the chief groups come under con-
sideration here; numerous Phycomycetes, Uredineae, Us-
tilagineae, Asc-omycetes and Basidiojjjycetes develop kat-
aplastic plant galls. The galls of the Synchytriae
(Phycom^rcetes) were mentioned above (p. 108) . Among the
Uredineae, I refer, for example to the Aecidia galls
of Viola, Berberis, Rhannus, Urtica, to the branches of
Vacciniuro Vitis Idaea attackek by Oalyptospora go-pper-
tiana

. to -tnose of Juni-perus infected by Qymnosporangium,
to the products of Peridermiura Pini . which resemble wmanci-
wood, etc, and to the bizarre branching, produced by

"

Caeoma deformans on Thujopsis, Of the galls of the Us-
tilagineae, I will name only the smut boils on maize in-
florescsncee, (istilago Maydis) the gills of Ustilago
Treubii^,' those ot various Ur"o cystis species above and
belov/ ground. Of the Ascomyoetes, especially the prim?-
itive forns (protomyces, Exoascus) come under consider-
ation as producers of galls, Besides these, still a few
representatives of the Carpoasci vrhich produce canker-
like woody excrescenees (canker of the larch produced
by Dasyscypha Willkomii etc) ©f the Basidiomycetes,
various Exobas idium.species are of interest to us as
producers of galls.

^

Tissue exoresoences caused by Algae are known es-'
pecially for Cystoseira opuntioides and 0. ericoides,
upon tvhich aoc ording t o Val iante* and Sauvageuo Streb-
lonemopsis irritans and Eotocarpus Valiant ei live par-

Of the higher plants the Loranthaceae are almost the
only ones coming under consideration here* They often
produce enormous gall formations, the so-called wood
roses, on their host plants. The infected branch of the

1. Compare Prank, Lehrbuch der Botanik, 1892, Bd. I, p. 268
ff; Therein also many further literature references. For var-
iously formed "tubercles" compare the dissertations by 0. Schwan,
Ueber d, Vorkommen v, Y/urzelbakterien in abnorm verdickten Wur--

aeln v. Phaseolus mu'itiflorus r Erlan^en, 1398. - On the tubercle
outgroT/ths inhabited by bacteria, found on many marine algae,
compare above p» 1.54, note E.

2. SolmS-Laubach. Ustilago Treubii. Ann, Jard. Bot. de Bui-
tenaorg, 1887, T, ViD, p. 79. We will sp'eak again of this gall
in the section on prosoplasmas,

3. Compare especially the text book by v. Tubeuf , Pflanzen-
krankh. , durck kryptogame Parasiten verursacht, 1895, Further
literature will be named later.

4. VaXiante, Sopra un Ectocarpea parasita della Cystosetis
opuntioides « StreblonemoDSis irritans . little, Zool, Stat,
lTeapel,~I§'§3, Bf^, VI, p. 489. Compare t,he illustrations in En&-
ler-Prantl, Naturl, pflanzenfam. Bd, I, 2, p, 189.

5. Sauvageau, Sur quelqu, algues phfeospo?$es parasites, J» de
Bot., 1892, T. VI, p. 57 p

*
'
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host growa out in a ridge around the clasp shield of
tho parasite (Phoradendron etc) , thereby producing
radiated cup-like excrescences, corresponding to the
form 01 the paras it e.-'-

The Zoocedidia . which may he classed among kataplasmas are
produced especially by worms (Nematodes) and also by mites
and insects,

Nematode galls, produced by Heterodera and Tylen-
chus, are found on the aerial and underground parts
of the vary many different plants. H. radicicola is
important because of its "distribution; it produces
knob«like galls on the roots of monocotyledons and
dicotyledons. Nematode galls (produced by Tylenchus
fucicola)are said to occur also on Ascophyllum nodosum^

Of the mite galls, I consider as belonging here
the fleshy (hyperplastic) curlings of the leaf edges
of Tilia, Crataegus, Pirus and many others, the bud
swellings of Corylus aveli^ana. the galls on the tips
of shoots, which are compose'H! of swollen leaves and
the so-called pustule galls abundant on Pirus communis
on Sorbus and many others, many "Erineum" galls, con-
sisting' of multicellular cones and ridges, such as
the S0"calle d Briueum populinum. and still others.

The Diptera often produce complicated galls with
a prosoplasmatic structure; the kataplasmas called
forth by them repeatedly have the form Of fleshy
cuiiings of the leaf edges (for example, on Polygonum,
Populus tremula and others) and swollen tips of shoots
(for example, on Glechoma) or there are produced by
a uniform swelling of numerous leaf bases or inflor-
escence stalks, clustered forms, resembling pine-
apples, termed pinapple-galls . Gecidia of this kind
have been found on various Crueiferae (for example,
Nasturtium, Barbarea) and others.

1. pompare the illustrations in Engler, Loranthaceae,
Naturl. Pfl.-J'ara, , Bd, III, I, p. 61.

2, Statements concerning nematode galls are to be found
especially in Frank, „Die Krankh. d. ^fl., 2. Aufl„, 1896,
Bd.„III, p. 12. C, Muller, Mitteil. ub. d. uns. Ku;|.turpfl.

scha'dlichen, das Geschlecht Heterodera bildenden Wurmer.
Landwirtsch. Jahrb., 1884, Bd. XIII, p. 1. Ritzama Bos,
Die Aelchenkrankheit d. Zwiebein (Allium Cepa) . Landw. Ver-
suchsstat., 1888, Bd, IDIXV , p. 35. Atkinson, Nematode
Root-galls, J. Elisha Mitchell. Scient. Soc, 1889, Vol.
71.— Many new statements in Sorauer^s Zeitschr. f. pflan-
zenlsranlt^.- For 2?ylenchus fucicola compare Murray, Phyco-
logical Memoirs, 1892, Part I, p. 21.
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The Hemipt era must be mentioned teoause of the rail-
producing Apliids (leaf-lice) and PeyllodeL fleaf-fllas) .^ere too we -cind thickened, curled or swollen leaves
(for example, on Crataegus, Fraxinus ) knot-like sv/ell-
ings on roots ( Phylloxera vastatrix on the roots of the
grape) and canker-like v/oolywexcrescences, for example
^^ girus laalus and Fagus silvatica after colonization
^7 Schisoneurs^ lanip:era fthe Tslood-louse) and Lachnus
exsiccator ( the beech- tree louse) . The shield lice, in
so far as they cause the forraetion of galls, produce ka-
taplasmas jn the form of oanlrer-like excrescences and
the like (on oaks and beeches. Coccus Cambii and C. Fagi)
but are of little significance, "l^'ther, the role .

played by bu^s (Rhynchota) , ,as \7ell as Coleoptera and
Lepidoptera as gall msecas is subordinate. The Hymen-
optera (leaf wasps and gall' v/asps) almost exclusively
produce gllas^ of a prosoplasmatic character and will be
discussed later» Finally I will mention the gall of
a. Copenod (Crustaceae) on, Rhodymenia prJmatal

We find plants in all groups of the plant king|ora , capable
of producing kataplastic galls. It is notev;orthy that the
lower plants bear galls exclusively of a kataplasnatic character,
while on higher ones, kataplasmatic and prosoplasmatic structure
abound. The above-named galls on marine algae are of very
simple structure e,nd indistinguishable histologically from the

(198) excrescences produced after injury, (See above p. 154). The
same is apparently true of the galls of fungi, if I may include
here the abnormal tissues of Agaricus campestris ^produced by
the exciter of the "Molle", The gall S of woods and ferns, so
fer as known, are predominantly (or entirely?) of a kataplasma*-
tio nature.

2

Kataplasmatic galls are found on all parts of plants*, roots
and sprouts, stalks, leaves, inflorescences and fruits are de-
formed by them. Proportions of siae and form, as above said,
vsiry within wide limits in galls of the same kind; sometimes
whole leaves are transformed; whole inflorescences and large

1. Barton, J. of Bot. 1891

„

S. On diseased mushrooms, Mycogone rosea and Verticillium
are found as narasites. See also CostanT3.n and Dufour: La Molle,
raaladie de chl de couche. C. R. Acad. Sc. Paris 1892, T, CXIV,

p# 498. Costantin: Sur quelques maladies du blanc de Ch. Ibid,

p. 849, There also further literature references.- For galls on

xungi compare also Vogler, Insekten auf polyportis, Illustr.
Zeitschr. f, Entom. 1899, Bd. IV, p. 345, and others.

3. For the forms of galls occurring in different pteridophy-
tes, DarbDux and Houard. Oatal. syst&m de Zoocfecidies (Paris

1901) Should be compared. It must rem.ain open to doubt i^vhether

the many chambered gall of Pteridium aquilinum (not well laiown

to me) produced by a Oynipi'^e, also belongs among kataplasmas.
The "pseudo-bulbils (Strasburger' s, Sinige Bemerk. ub. Lycopo-
diaceen, Botan. 2eitg., 1873, Bd, XXXI

, p. 105) produced on
Selaginella pentagona by a dipt era, are apparently kataplasmas.
For their morphological character, compare Strasburger' s work
already cited.
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sections of shoots are brought to hyperplastic development;
sometjftaes more or less extensive parts of single organs. Ball*
like 'swellings are often produced, or isolated galls, often
clustered compliexes. Since the area of infection in 'the case
of different gall producers has no constant size, tiny pus-
tules are often produced or often extensive deformations,
corresponding to the amouDt to which the parasites are dis-
tributed on or in their host plants.

The histolOi3y of kataplasmas needs no detailed descrip-
tion. Alnjost universally, aside from a slight tissue differ-
entiation, the conT>ostion of ko.taplasmas is nade up of abnor-
mally large cells. ' As in all gall-formations the cells of
the kataplasmas also show an abundant albumen content. They
often contain red cell-^sap pigment. Especially striking is
the accumulation of starch which we find as^in in re^y dif-
ferent kinds of galls,- in the rupture of the cabbage as in
the tubercles of Leguninoseae roots, in aphid galls etc. Since
the anatomical structure of kataplas:Tias shov/s essentially
everywhere the same structure forms, in their slight differ-
entiation, it suffices to exjJlain the essential points by a
few ej-camples.

.
1. Primary tissues.

The difference between normal and infected tissues is
very obvious, when leaves and parts of stalks are involved,
which if undisturbed, would develop diversely differentiated
tissues in vrell-sepax'ated layers.

In leaves etc. infected by fungi (Mycocecidia) the other-
v;ise very evident difference between epidermal and ground tis-

(199) sue cells is often only weakly defined. In the mesophyll it-
self the difference in formation between palisade parenchyma
and spongy p&renohyraa is often entirely lost. In other cases
a slight differenece in the cells of the upper and lov^^er meso-
phyll layers is retained. It is often the case that the cells
of the spongy parenchyma are prevalently incited by infection
to a rich proliferation. The illustration by Woronin, re-
produced here, shows very clearly the difference between
normal and diseased raesophyll: the parts of the leaf of Vac-
oiniuffi 7iti s Idaea infected by Byobasidiui>.i Yaccinii are great-

ly disten(ied(figr'74a) developing a tissae composed of very
large cells, poor in chloroijhyll or :';'ree frotii it (fig. 74b);
the uppermost well layer of this corresponds to a hypertro-
phied palisade layer. The tissue continuity of the cells is

the same in all parts of the leaf, a difference between thick
and porus spongy tissue (fig.' 74b* at the left) being scarce-
ly recognizable in the part of the leaf infected. In some
cells of the gall a red coloring matter is developed. That

(200) even the mesophjrll of the conifer needles^,may be brought to

excrescence by. fungi has been proved by Wornle, in the leaves

1, It was mentioned above fp. 117) that in cases of weak
infection, or unfavorable developmental cosaditions, the cell

divisions are absent, and instead of hyperplastic excrescences

only hypertrophic changes can qqc^t.
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of Juniperus coimnyiis attacked by.. Gymnosporanglum junlperinum
(the lorm living in the needles) A —:

The same arrestment of tissue differentiation is found
in Zoocecidiae. Figure 75 shows a cross-section of h leaf of
Crataegus oxyacantha after colonization by Aphis oxyacanthae.
a leaf-louse. On the infected swollen lolanes, usually strik-
ingly reddened, the mesophyll is increased several cell layers,
any distinct formation in the upper and lov/er layers is entire-
ly lacking, and the epidermal cells are approsiinately as large
as those of the neso-phyllt Its cell walls are often pretty
thick and' apparently very rich in water.

In all cases the hyperplastic cell increase is limited
to the mesophyll while the epidermis participates only in so
far as its cells are often considerably enlarged, cross-divi-
sions taking place only exceptionally* That th.e ground tissue
tends to a greater proliferation than does the epidermis has
been repeatedly confirmed above and will be- reaffirmed later.

While, in most cases, in the proliferation of the meso-
phyll as in pure hypertrophic changes (see above) , the chlo-
rophyll content da^enerates completely or in great part, there

(201) are ^ a few exceptions among galls in which the chloroplasts
are retained. Such exceptions are shown by the so-called
pustules of Pirus, Sorbus and others* Through the action of'
gall-mites mesophyll is forced out into elliptical swellings,
the single cells are g reatly elongated and many times divided:,,

their content retaining its normal green color* In the placets
infected the le&f tissue consists of porous green, confervoid
rovers of gsSifcs, The excrescences of the assirailatory tissue in

1. W'ornle. Anat. Unters. der durch GsTcnosporangium-Arten
hervorgerufenen Missbildungen. Porstl.-Iaturwiss. Zeitschr.,
,1894, Bd. Ill, p. 68. Of the other literature, compare es-
pecially, TiJoronin, Exobasiclium Taccinii. Verh. naturforsch.
Ges, Freiburg i. Br. 1867, Bd. IV, p. 397. Wakker, Unters.
{ib, d. Einfl, parasitcher Pilze auf ihre N'^pfl, Versuoh ein-
er,.pathol. Anat. d. Pfl. , Pringsheim*s Jahrb. f, wiss. Bot.

,

1802, Bd. ZXIT, p. ^499. Further Fentzling, Morph. u. anat,
Untersuch. der Teranderungen, welche bei einigen Pfl. durch
Rostpilze hervorgerufen werden. Diss, Freiburg i. Br. 1892,
Peglion, Studi anatom di alcune ipertrofe indotte dal Gystopus
oanidus in alcuni organi die Haphanus Raphanistrum. Riv. Pat.
ve^, 1892, Vol. I, p. 265. Smith, W. G., Un-bers.d. Morph. u.
Anat, der durch Exoasceen verursachten Spross- u. Blattdeforma-
tionen. Gorstl,- Haturw. Zeitschr., 1894, Bd. Ill, p. 420,
Therein a niimber of graphic illustrations, Molliard, ^feoidies

florales. Ann. Sc, 'Hat. Bot., 1895, S^e ser,, T. I, p. 67.

Strohmeyer, 0. » Anatom, Untersuch. der durch Ustilagineen her-
vorgeruf, Missbildungen. pissertation Erlangen, 1896, ^feneau

Be lamarliere, S. 1, mycocecidies du Roestelia. Rev, gen.
ie Bot,, 1898, T. X. p. 225.

2. In contrast to the many cases already described of chlo-

rophyll degeneration and its non-development, the present caseS

are of especial interest since there is no lack of food sub-
stances here for the colorless cells, or those poor in pigment.
The cytoplasm is rich in protein and the cells are usually
abundantly provided with starch meal. The causes determining
the utilization of the food substances for the formation of

chlorophyll are unknown.
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the form of green ©mergences on the leaves of Crataegus oiqr-
aoantfia (after colonization by Cecidonyia Orataegi) may also
he include a. here. ' ^~ -^^

The vascular and mechanical tissues undergo the same re-
duction in kataplasmas as does the assimilatory tissue. The
vascular bundles in the parts infected are often only of very
moderate extent; the single ducts often retaining the narrow
lumina. The mechanical tissues, v;hich under normal conditions
protect the vascular bundles, are not developed (compare fig.
74). According to V/akker (loc. cit.) the collenchyma is lost
in the infected stalks of Vacciniua Vitis Idaea (Exobasidium)
in the stalks of Rhamnus fran^-ula fAeoidium aEamni ) and
Crataegus oxyaoantna (Roestella lacefa^aH In the same cases,
tne scierenchyma also is lacking.

Finally, the hyperplastic excrescences of the pith should
be mentioned. One especially conspicuous forn is found in
those produced by Aecidium Englerianuis on clematis branches;
parenohym atous cone-like protuberances are developed from
the pith which break through the ring of vascular bundles and
the bark.-*-

While in prosoplasmas all the cell divisions or at least
the first ones, accompanying the formation of the gall, often
Show a definite orientation and produce regular cell rows,
in kataplasmatic excrescences of the primary tissues regularly
oriented cell rows are almost entirely lacking.

In very different kinds of galls, as in wouM tissue (see
above p. 166) bead-like structures occur on the outer surface
of the cell-membrane, but nothing positive has been discovered
as yet concerning their chemical composition.

^

2. Secondary Tissues.

Of the secondary tissues, only the products of the cambium
come under our consideration. In the formation of galls, eith-
er the living derivatives of the annual ring already formed
are incided to division, or its own cells are used in the pro-
duction of the kataplasmatic tissue; as described above in
the formation of wound-wood. After infection with different
fungi or after colonization by gall-animals , swellings are

^
produced in wood and bark usually knob-like in form, or clue-

I
tered (compare fig. 7 6) , which resemble the canker formations

Il208) produced after injury or frost, ("gall-wood") , or even brush-
like excrescences of the branches develop,known as "witches-

1. Lindau^ Bemerk. ub, Bau u. Entwickelung von Aecidium Engler-
ianum. P. Henn and Lindau. Engler' s Jahrb. , 1893, Bd.XVII, p. 43.

2. Compare also loack, Ueb. Schleimranken in d. Wurzelinter-
cell. einiger Orchideen. Ber. d. D. Bot. Ges. , 1892, Bd. X,

p. 645. Hypels. Uotes de Pathologie vegetale. C. R. Soc. Bot.

Belgique, 1897, T. XXXVII, p. 246. ("prolongements de la mem-
brane cellulaire")

.
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brooms"

.

Abnormal Wood .

The numerous woody-galls produced by many 'funpi fG-vmnos-porangium. Peridermium. Dasysc^ha, llectJia? Agalafspo^IT
ton-^\ ?Q ;•' parasitic phanerogams (Loranthaceae) ejid insects
(203) (Schizoneura, Lachnus , etc.) have been subjected ±n part tocloser anatomical investigation. So far as known, all woody-

galls are characterized by the abnormally abundant parenchyma
development, recognizable in the structure of wound-wood.

Increase of the parenchymatic elements can be produced
here and there by segmentation of the young derivatives of
the cambium, which thus furnish groups of parenchjrmatic cells,
instead of growing out into prosenchymatic xylem elements.- orby the corss-division of the cells of the cambium itself and
Jh§ production, after further division, of parenchymatic pro-
ducts. Either the cambial cells are only changed in places
as described, so that the cambial rays are broadened and their
number seems increased,- or the cells divide over the entire
araa of infection, so that extensive, continuous masses of
parenchymatic wood are produced. No difference in principle
may be proved between Myoocecidiae f fungus-galls) and Zooce-
cidiae (animal-galls)

.

We will begin v;ith an example from the list of Myooce-
cidiae.

As is well known, the gymnasporangia produce spindle-
like or ball-like woody-galls on different species of Juniper
(J. communis Sabina. etc. ) lornia"^ has studied their
s tructure thoroughly. According to his statements, the dif-
ference betv/een spring and autumn wood is not expressed nor-
mally in diseased wood, the annual boundaries are scarcely
recognizable. Besides this, the parenchymatic elements in
the wood require themselves a noticeably broad space. Instead
of being only 2 to 10 cells deep, the cambial rays in the
parts of branches infected by Gymnosporangium cla^ariaeforme
are often 10 to 20, even 60 cell layers depp,- and as many as
3 cells broad. Still broader cambial rays are found in the
tangential longitudinal section through the woody-gall of
G. juniperinum shown in figure 77, Further variations from
aA aaSMAl esOHMSiQH are found in the hypertrophied petrenchyroa
cells, which assume a "shapeless form" and disturb the radial
arrangement of the tracheids (V/orni©,, loc. cit. p, 146) and
further^ in the occurrence of distended ^jsEenchyma-cell centers
which Wornia in one case found broadened to one sixth of the

(204) whole size of the branch. They extend partly in the direction
of the cambial rays, partly in the vertical direction of the
parenchyma of the cord. In cross-section it is clear that
they are separated only by slender^^ tracheid-groups, often
consisting of one row.iof cells. V/ornle's discoveries do not
throv; sufficient light on the development of these abnormal
tissues. Yet I would like to assume that the first named, ab-
normally broad cambial rays are brought about by segmentation
of the cambial cells, the last named ^pftrenchyma centers by

1. Anat. Untersuch. d. durch Gyranosporangium-Arten hervor-
gerufenen Missbildungen. Forstl.-Uaturv/iss. Zeitschr. , 1894,
Bd. II, pi 68,
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a uniform division of the ydojig carabial daughter cells. Inmy opinion, the occurrence of isolated tracheid-groups favorsthis supposition. The parenchyma centres f G. .mniperinuml areoften followed, toward the periphery, by abnormally short andbroad tracheids, furnished on all sides with numerous bordered
pitSr

Naturally, a division of the parenohymatic ele-
ements and the over-production of a woody-p?,renchyraa

,
can also occur without abnormal widening of the annual
ring. V/oody plants with fungous diseases furnish num-
erous examples of this. I wish to mention at this
point the production of abnormal resin- canals which
are known to be surrounded al'v/ays by parenchyma tissue
alone.. Either the number of resin-canals is increased
beyond the normal or they occur in wood which normally
remains free from them, (cf . the abovesaid concerning
wound-wood, page 175) . Hartig^ produced ah increase of
the resin-ducts in the diseased places of conifers, in-
fected by Agaricus melleus. Anderson^ produced the
interesting prooi, "cnat the resin canals are increased
not only in the places filled with the fungus mycelium,
but in the v^fhole plant, outside the infected areas.
(Picea, Pinus, Larix)

,

In Abies pectinata . the v/ood of which is known -

to develop no resm-canals under normal conditions,
such canals are developed after infection by Phoma
abietina even above the constricted place of infection
in -fclie xylem, this also occurs in Abies pectinata and
Picea excelsa after colonization by Pestalozzia Harti-
gii. The abovesaid (p. 17 6) is supposedly true also
of the structure of these abnormal resin-canals.

The transf(l5imation of wood into parenchyma is performed
even more energetically by some Zoocecidiae.

Instead of a formation of parenchyma rays and parenchyma
centres, we can prove a production of parenchyma to the great-
est extent, in the case of many Heraiptera galls. Just as in
the case of callus and v/ound-wood formation, all the cells,
or, in the latter, the youngest daughter cells in extensive
areas of the cambial mantel divide and furnish a tissue com-
posed of isodiametric elements, Vifhile ill the case of injury
corresponding to an abrupt interference in the normally con-
tinued development of the tissues, the parenohymatic wound

(2057 tissue directly joins the normal xylem, we find in the case
of many galls, that the weak but continuously effective stim-
uli given out by the parasites make possible a gradual tran-

sition from the normal xylem to a homogeneous gall parenchyma.

1. Zrankh. d, Waldbaume, p. 13,

H. Ueb. abnorm. Bildung vo^ Harzebehaltern u. andere zug-
leich auftretende anatom, Verand. im Holz erkrankter Koniferen.
Forstl.- Katurwiss. Zeitschr. , 1895, Bd. V, p. 439.

3y Compare Mer, Rech. s. la maladie des branches du sapin,
causee par le Phoma abietina. J. de Bot. , 1893, T. VII,

p. 364, also Anderson, loc. cit.
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+v« v*nP!
Structural conditions to be stuJLied in the galls of

l^Ll^T/ .\°^^^.°^ *^e ^PP^^ ^^^ ^^^y Instructive, fPig. 7 6)First of all. -Che mechanical elements are absent in the ab-normal \7ood; instead of ducts and woody-fibres numerous
parenchyite cells are produced by division of the TDrosenchv-
raatic elements, which in longitudinal sections show their
developmental relation to the regular longitudinal rows.
(Fig. 78a) . As shown in the illustration, the single cells
have pret-cy thick walls which are pitted. In the layers of
gall-wood produced later, the single parenchyma cells are
noticeaoly larger while a regular .arrangement is no longer
recognizable, and their walls remain delicate, (Compare fig.
78b). Ins-cead of normal ducts, only isolated parenchymatic
tracheids or others united into groups are formed, distin-
guishable from the delicately walled parenchyma cells by
their size. Their membrane is pitted like that of a trachea,
but often unlignifiedj the tissue structure reminds one of
callus. (Fig. 67). In its entirety, the thin-walled woody
parenchyma furnishes a soft swelling, wich in water, which
can increase to such an extent that the bark is ruptured and
the gall tissue laid bare-*-. The fact that the delicately
walled woody parenchyma cells are multi-nuclear, as discovered
by Prillieux (loc. cit.) is noteworthy.

The conditions in gills of the beech-louse, (Lachnus
exsiccator ) are similar to those of the blood-louse. R. Hart-
ig'' studied them closely. Here also is found tha same grad-
ual transitioji from normal wood to homogeneous, parenchy-
matic gall-tissue.

Abnormal Bark .

While in many cases (galls of Schizoneura lanigera,
etc.) the bark remains practically unchanged, in other gall-
formations e^ctensive bark enccresences are produced, v/hereby
the changes in tissue, essentially the same as in the forma-
tion of woody galls, consist of an abnormal production of
parenchjAna.

The Mycocecidia which should be named here, are pro-
duced by Eumycetes and bacteria.

It is seen in the galls of many Gjnnnosporangium-
varieties that the bark and ,-^he v^^ood form excrescences sim-
ultaneously. According to Wornle (loc. cit) , in weakly
grown branches of Juniperus communis, Gymnosproangitim clava-
riaeforme incited the bark rather than the wood m a tissue
production. Hand in hand with the superabundant formation of
parenchyma, proceeds an arrestment in the formation of the
parench^nnatic, mechanical fibres. They remain thin-walled
and decrease in number. Therefore in a comparison of normal
with abnormal barks, essentially the same points of consid-

1. Prillieux, etude des alterations prpd. d. le bois
du pommier par les piqures du Puceron langiere. Ann. Inst.
Hat. Agronom. , 1877, T. II, p. 39.

2, Die Buchenbaumlaus (Lachnus exsiccator Alt. ) Unter-
such. aus d. forstbot. Inst, Munchen, 1880, Bd. I, p. 151.



eratipn exist as in that of normal with abnormal v/ood.

An especial class of tissue exQrescences of a ka-
taplastic nature, usually produced from the hark tis-
sue of the branches, more rarely in other places, is
formed by the parenchymatous , wood-like excrescences
occurring on the olive. (Olea europaea ) "and on the

''

Aleppo pine ( Pinus halep ens is1~andr accordl-ng to the
unanimous statements of French and Italian authors,
caused by bacteria. »• Provided that the present state-
ments concerning the etiology of the swellings hold
true,*^ an especial significance accrues to these
"tumeurs a bacilles" in so far that, accordinc to our
present knowledge, the action of pathogenic bacteria on
fMnts consists chiefly in dis-organization and ne-
crosis and is not connected with formative stimulatory

(207) effects, B.esides the bacteria tubercles here named
only those of the Leguminosae and the leaf swellings
on tropical 2ubiaceae observed by Zimmerman^ come into
•question, as exceptions to the rule*

The bacteria galls of the olive are mostly produced
on branches 1 to 15 years. old, more rarely on roots,
leaves or fruit and indeed in such a way that, in the
case of branch infection, a colony of bacteria is first
visible near the cambium or in the bark tissue, by
V7hich the adjacent cells are incited to division. The
proliferating tissue cases the rupture of the super-
ficial cell layers and grows out gradually to a knot,
as large as 2cm. in diameter. The swellings consist
primarily of predominantlj thin-walled parenchyma, in
which are scattered thicki-v/alled cells v/ith woody and
pitted membra.nes. This becomes woody later and groups
of irregularly arranged, short-membered ducts are
formed, reminding one of the histology of wound-wood.

1, Literature:- Archngeli, Sopra la Malattia de 11' olive
detta volgarmente "Eogna". Pisa, 1886. Savastano, Les mal-
adies de If oliveir et la tuberculose en particulier. C- R.

Acad. Sc. Paris, 1885, T. GUI, p. 1144. Savastano. Tuber-
culosi, Iperplasi e Tumori dell* olivo. Annuario d. R. Scuola
sup, d'agricolt. Portici, 1^87, ?ol. V. Pasc. IV (Therein,
also full literature references.) Prillieux Les tumeurs a

,

bacillies des branches de I'o.livier et du pin d'Alep. Rev. gen.

Bot. 1889, T. I* p. 293. Vuillemin, Sur une bacteriocecidie
ou tumeur baoillaire du pin d'Alep, G. R. Acad. Sc. Paris,
1888, T. CVII, p. 874. Sur les relations des bacilles du
pin d'Al^p avec les tissus vivants. Ibid* p. 1184.

Z, Savastano (Les maladies de I'olivier, hyperplasies et

tumeurs, C. R. Acad. Sc. Paris, 1836, T. UIII, p. 1278) de-
scribes very similar swellings on the olive which are pro-
duced without the participation cf any parasitic vvhatever«

3. Ueb. Bakterienknoten in d BlSttern einiger lubiaceen.
Pringsheim^'s Jahrb. f. wiss. Bot.. 1901. Bd. XXXVII

. p. 1.

Brzczinski attempted recently to trace canlrer-rlike excres-

cences of the apple (llectrial back to the activity of bacteria

(Etiologie du chancre et de la gomme des arbres fruitiers.

C. R* Acad. Sc. Paris, 1S02, T. CSIZV, p. 106)
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They Show a tendency to the "gnarl formation" de-
scrihed above in detail.^ In old age, a disinte-
gration of these knots taJ^es place, in such a way
that a depression is formed in the middle of the
swelling.

The bacteria swellings of the Aleppo pine, fast
becoming a manace to wooded districts of the maritime
Alps, are still larger than those of the olive and
more regularly rounded. Ho disintegration of the
central parts takes place later. According to
Pfillieux the formation of the knots proceeds from
the bark tissue; histologically they also resemble
wound-wood.

As an example from the list of Zoocecidia. I will men-
tion the gall of Chermes fagi . the beech wooly louse, which
tiartig'=' has oloseiy investigated. The gall-formation here
begins directly beneath the cork and can advance even to the
woody-body; all parenchymatic elements of the bark, includ-
ing the tissue of the cambial rays grow out extraordinarily
vigorously and divide actively in a tangential direction, so
that long, multicellular, regularly radial rows are produced
(compare fig. 79) , by which the stone cells and the prosen-
chymatic elements of the bark are pushed from the normal po-
sition. He found in the bark excresences of Gold-ribes
(p. 80) that similar changes may also be produced by hyper-
trophy of the parenchymatic bark elements.- The case of the
beech-Chermes gall again illustrates very distincly the great
correspondence between kataplasmatic galls and callus tissues.
The abnormal bark tissues illustrated in figure 79 show the

/oAo\
greates similarity with the bark callus excrescences de-

(208) scribed above for Populus* In both cases a constancy of
direction of cell-division and a lack of differentiation of
tissues is common.

Bark excresences. the cells of which display no regular
arrangement^ are produced by different Ceutorrhynchus species,
especially C suleicollis, the "kohlgallerrusselkafer" (cab-
bage weevil) on the roots of various Crucifera (Brassica,
Raphanus) . The wood too is developed abnormally abundantly
on the side infected.

^

^209) Vifitch.es Brooms and Sta^ Head .

An especial class of galls is formed by the so-
called witches-brooms for Thunder-bushes) , branch-

I. Prillieux, loc. cit. p. 298— "des faisceaux sinueux de
bois traumatique a cellules courtes, qui s' enroulent autour
de centres de formation. lis apparaissent ca et la dans la
masse du parenchyme, au voisinage des points ou se montrent
les colonies de b9,cilles. Ces enroulements de fibres lig-
neuses sent tout a fair coraparables k ceux des madrures des
bourrelets qui se produisent au bord des plais des arbres et
au plancher ligneux qui s' organise dans la moelle, a la
base de certaines boutoures." (Compare above p. 180)

2. Die Buchen-V/ollaus (Chermes fagi Kltb) . Untersuch aus
d. fo'rtsbot. Inst. Munchen, 1880, Bd. I, p. 156.

^

3. Frank, loc. cit., p. E88.
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excrescences of shrub or nestlike habit of growth. Injjhich is involved an over-production of whole organs/Questions of morphological interest are eepeeialfy con-nected with these. fOompare Goebel, Organographle
)

.

n^nfl,i!?l'^f ^}V^ -^ find Mycocecldia. 7/itches brooms are

;^ L^nf^ ""f^r
?"^^o*?:0" ^y Exoascaceae, on Abies species,on Acacia and Berberis by the action of various 5eoidiae,

0^ IMjoglig^olabrata by Oaeomo aeformans etc. Among the
Zooeocidiae fT or instance ,^Re f}bn6rrnal' ramifications of
the Syringa shrubs attacked by tbe mlte-disease, bear a
greqt similarity to the above mentioned fungus galls.
Giesenhr.gen-^ has shown that the formation of witches-brooms
doos not always proceed from normal buds but can also be
produced from loaves as adventive formations, (Taphrina on
ferns). Studied macrosoopioally, many forms of the witohea-
ftrooms may be recognized as "arrested developments". Thus,
according to Tubeiif, the witches broom of Oaeoma de formane
consists of leafless branches-^^. According to eiesenhageh:
i^eshy, wart-like or antlor-like forms, always entirely
leafless, which are traversed by a vascular -bundle cord,
are produced by ^aphrlna Cornu corvl on the leaves of
Aspidium aristatiW. investigated iilcroeoopically, all
witches-orooms chow the characteristics of kataplasmatic
galls. The different tissue forms, of which the abnormal
branchlets and their leaves are composed, remain below the
corresponding normal tissues in differentiation.

Some arrestment phenomena correspond to those already
descritjed (p. 32). The witches-brooms of the pitch pine
caused by Ae oidium elatintro bear neodle s, the hypodermis
of v/hioh remains und eve lope d and the mesophyll homogeneous.
The defeiopraent of bark fibres in the trunk is retarded,
but that of the parenchjmiatic elements, on the contrary,
is greatly favored. The pith !& abnormally abundant, the
bark perhaps twice as thick as in normal parts, also the
number of resin-canals is abnormally large*. Hesin-canals
may occur even in wood., which in th-e spruce v/ould have
none normally, through the action of the witches-broom
fungus°. The anatomical conditions of the Exoasceae -wit-
ches brooms^ are of a similar nature. The parenchymatous
tissues,- pith, hypodermis - are greatly increased, wood

^ Ueb. Hexenbesnn an tropischen Parnen, Hora, 1892, Bd.

LZXVI, p, 130.
2

In this they resemble the cyjbinder-gnarls of- Ginkgo,

described above p. 185,

^ The antler-llke malformations described by Miquel (Lln-

naeQ 1853. Bd. XXVI, p, 285) are, according to Sdlras*I.aubach,

deformed leaves of a Hemiptera gall (Ann. J. Bot, Bultenzorg,

1887, Vol, VI, P, 88), .

* Acoordittg to Hartmann, Pr, Anatom, Vergl. d. H«xenbesen

d". Weisstanne mit den norm, Sprossen derselben. Dissertation

Freiburg 1, Br., 1892. Anderson^ loc.cit.also DeBary, Ueb; d,

Krebs u.d'.Hexenbosen d, Weis stanna, Bot « Ztg. ,1867,Ba.JtA.v,p, «jo^.

^ Cfi Mer and Andei^son loc, cit,

^ Of. Rathay, E. , Ueb. d. Hexenbesen d. Kir schbaume ,
etc,

Sitzungsber. Akad. Wissensch. Wien, 1B81, Bd. LXXXIIX, 1. ADt;.

p. 267 and especially Smith loc, cit.
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and bark are traversed by abnormally broad cambial ravsthe ducts have short members, the wood-fibres wide luminaand are often cross-divided and thin-walled. The bast
ip^n\ f**'*®^^-^? ^^^ or entirely lacking. Tubeuf found in the
(210) irregularly forked branches of the Caeomti witches-brooms

on Thujopsis, a woody structure characterized by a paren-
oh^mia formation, similar to that found by Wornle in the
galls of the Gymnosporangla,

Acoordlng to Giesenhagen, the leaves of the fern-
wit ohes-Brcom are distinguished frOm normal ones by a sim-
pler tissue structure. For Instance, the stomata are lack-
ing In the abnormal leaves, produced by Taphrina laurenoia
OJ^

|
terls ouadrlaurliftia . Tubeuf'*' also varified similar ar-

festra^nt .menomena in the diseased buds of Syringa shrubs
bearing • witches brooms.

In many respects, the stag head of the willows, pro-
duoftd by leaf-llo© (Aphis amentloola ). are similar to wit-
ohes-brooms. These have often been described since Mal-g
phigl and were recently thoroughly investigated by Appel .

In them, oauliflovrer-llke, ball, or tuft-like accumulations
of branches are Involved, which aan become 10 to 20 cm, and
aore long. The branoh].ets, of which these are composed, are
always short and richly set with small, often somewhat
thickened leaves. The axes are soft and rich in parenchyma,
the leaves contain undifferentiated mesophyll, - therefore,
the characteristics of kataplasmatic galls are repeated'
hwe. The stag heads originate either from normal buds, or,
as Appel has shown single thickly massed new vegetative
points, produced on the pistillate inflorescences in the
Interior of the ovary, as well as outside the carpel -

leaves on the gland spots and on the stalklet of the ovary
and grow out to the above described abnormal branch-excres-
cences. On account of the adventitious character of their
origin, stag heads are comparable to the witches-brooms on
fern-fronds, which GieseriJaagen described.

by Prosoplasmas
*

We will tern prosoplasmas thoe:e galls which are character-
ized first by the fact that their tissues, in their differentia-
tion, do not show the histology of arrestment -fermentations nor
of callus tissues, but form new kinds differing entirely from
the normal,- and then also by the fact that definite proportions
of form end size, characteristic for the species, are always
repeated in them. Therefore, in this external form, prosoplas-
mas display something- independent, well-defined, distinguished
obviously from the organs of the normal plant-body; something
"aoi'" and independent, however, is shov/n also by their inner
structure

,

If we compare the histology of prosoplasmr.s with thr.t of
the above described kataplasmas and callus-formations (in the
widest sense of the word) ?/e can define prosoplasmas as those
(hyperplastic) new formations- of plants, in which occur also
histological oharaGteristios other than those known as yet in
arrestment and callus formations . Hyperplastic tissues of this

'211) icind have Deen found up to the present only in the excrescences

Die von Milben erzeugten Hexenbesen der Syringen.
Plugblatt.

„
^ Ueb. Phyto-r und Zoomorphosen, Dissertation Wurzbuyg

(Konigsberg), 1899,
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produced bv pr.rasites. They are the most richly differentiated
of all known abnorrml tissue formations. Therefore we willtake them up at the end of our considerntion.

The galls to b)e treated of in the present section ere al-most exclusively Zoocecidia. Of the nniraals producing galls,only the arthropods come uiider cqjisideration here, since thegalls produced by worms (nematodes) always have c: kataplastlo

V ^ ,?52, ®*^^?!; of the animals which produce galls brings us
but little information of importance for consideration, since
we .'^rc concerned only with the diseased products of plant or-
gans, It will become clear thr.t the aysteniatic position of
vtt^ gall nniraal in one or another group of the arthropcfl s can
determine no regular connection botr^een the foin and structure
of the galls produced by then.

^^® liii^ll* mentioned as producers of different kinds
of kataplasinas must be considered also under prosoplr.smaB.
Their products are very simple in form, as in structure.

The diptera produce verir many prosoplasmr.g, the form
and structure of the galls being very different and often
very complicated,

^^^ hemiptera also produce numerous, usually yer"^
simple prbsoplasmas,

^^^ h|menopte ra produce alraost entirely proaoplasmas^
those produced by the gall wasps (Cynipida) are especially
striking because of their si^^e, the diversity and complex-
ity of their forms and the difference in their internal "

structures. In describing the histology of prosoplasinas,
we will have to exajBine especially thoroughljr the struc-
tures occurring in Diptera and Cynipida galls.

Of the Ooleoptera and Iiapidoptera . only a few proso-
pla3imxtic gnlls are known; thejr structure is relatively
simple

,

Among the Myoocecidia . there ape various galls v/hich re-
semble proBopla^mas in the regular arrangement of certain ele-
ments, for instance, of the calls of the menbrane tissue which
contain anthocyanin. Their cell forms , however, are no other
than thpse which v;e are accustomed to meet v/ith in arrested de-
velopments and in callus tissues. An especial position is t aken
by the gall/ produced on Polygonum chinense by Ustilago TreubljL''-. ,

This ma^ perhape be included iimong tlae prosoplasnas on account
of its peculiar fibres which are ^ike capillitia.

At least we mt-y think thnt the transition from kata-
plasmas to prosoplusraas i* furnished by the nail of Ustil-
ago Treubii . According to Soaims-Laubach, this fungus,
like so many others, causes the production of canker-like
excrescences here and there on polygonum stons. The ex-'
crescenoes consist of spongy, parenchymatous wood-tissue,
on v/hich account, this sane fungus was referred to earlier
(p, 196), ThePe sprout out from the canker swellings v/hich
oorresxwnd entirely to the above described kataplasraas,
"fleshy, succulent, easily breakable excrescences", "the •

•

irregularly bent, cylindrical and often longitudinally
^"•'i''''"""-'^------ --- -------------

Solma-Laubaoh in Ann, Jard, Botan. Buitenzorg, 1887,
Vol. VX, p. 79.
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(212) furrowed etalks of which are broadenea at the top like th©
head of a anil, ana closed by flatly convex, smooth apical
snrfr;oos". The fvingtia forms its spores in this part of
the ©xoBescence - the "fruit -galls". These fruit -galls
shor a certain similarity to prosoplasmas (the size-propor-
tlonB seen to vary); because of their characteristic foim
and still more in their peculiar differentiation. Such an
one is produced by the outgrowth into long filaments of thB
cells of the host plant, lying at the fruiting " spot of the
fungus, Solraa-laubaoh compares these filaments, In their fom
and function, --dth the fibres of the myxomyeetes-capillltia*

Still another fungus gall, closely 'related to proso-
Ei'^i?^*}® S^^^^» despite its simplicity, is that produced
??oJ!i® ^S^^®^ °? ?^-:fc g^^ill^-^^ornientilla • bv S;mchytrlum plll-rioum, Here and IWre ar® formed small, roundisir.~^lc^pro"-
tubetences V7hich are beset over and orer again with very
long, unicellular thick-walled hairs. All gall lndividi\als
are equally large and similarly formed. The small gall,
Which seems to be pretty rare, is of especial interest J- be-
cause through it -.vas Illustrated the relartions ^feloh were ©x~
^5 X®

^to'i^e, between constancy (and variability) of form

rsi«5> $4 ,! ® constant (or changing) extent of the stimulatory
««A^>/ field. The infecting organian does not extend beyond its

nutritive cells; the field of stimulation is therefore al-
ways of uniform size. Also the developmental period of the
parasite and the ch&raoter of the stim[ulation varies In the
Synchytrlae within narrower limits than in many other fungi,
which produces galls. Figure 80 explains the histology of
the gall. In the centre is the nutritive cell, adjacent to
it the parenchyma, and the epidermis with its many hairs,
distinguished from normal ones by their size and the den-
sity of their growth.

In the following, we will first report on the external form
and the course of development of the prosoplasmas and later in-
vestigate more cloeely the histological details of their develop-
ment and the structure of the matured gall.

1* External Form and Course of Development of Prosoplasmas

She external form of galls varies greatly. In all cases they
display extensive manses of tissue, v;hich enclose a more or less
spacious hollow cavity, in which the gall animals remain. While,
in kataplasmas, the animal parasites live superfioie,lly or in
cavities imperfectly closed, as in leaf roll galls, the proso-
plasmatic galls are chp-racterized by well enclosed cavities of
definite form,

Prosoplasmas may be subdivided into four groups according
to their form and course of development^.

1, The simplest prosoplasmas are produced by the turning
down or inrolllng of the edge of the Infected leaf/ A "leaf
fold gall arises, which bears a marked similarity to many kata-
plasmas already named. A compa.rison of prosoplasmas and kata-

^ Thomas, Fr,, Synchytrlum pilificum . Ber, d. D. B«t. Ges,
1883, Bd, 1, p. 494. I owe the herbarium material to the kind-
ness of Professor Thomas (Ohrdruf).

^ Compare here Kerner Pflanzenleben, 1898, Bd. II.
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plasmr.s -xcquires especial interest directly in the gnlls which
are slmili.rly formed. In contrast to those discussed above
the prosopl?istio leqf-foldings aie set off absolutely sharHy
from the healthy pnrt of the lenf fgalls of Pemphigus retrt-
£XexuB and others on Flstnola ) . fhe oharaoteristio orescent
xorraof the gcll is oonSplououB in the products of Pemphigus
eemlltmnlr.rius. Further, ell gclla produced by the aam© '

Bpeoiee are of the nerae size, Plnf~lly prosoplastio leaf-fold-
ings, in contrast to those r.bov0 mentioned, shou a p<»oullar
tissue differentiation, (Mg. 108 Q,\»

2, If, through the uotion of any gall poison v^hatever, a
Bmll part of the leaf-blade is stimulated to abnorcjally oo-
tlve surfaod {:rowth, an outv7ard mrvin^^ of the leaf laase
arises, Whether the oarving In this is tipward or downward de-
pends aponT7hether the tipper or the under side grows most In-
tenelwly. Obviously the slde..T7hioh po-rtloipates in the mo»«
active grorrth v/tll beoome convex in the curling back of the
leaf. The side growing most is always the one away from the
gall animals; the one esiposed directly to the irritation grows
relatively little, so that, in this rolling of the infected
leaf-area, the gall animals come to lie within the cavity thus
produced, PigurenS? illustrates dlagrammatioally the produc-
tion 9f this kind of leaf gall. The displaced part of the

^01/ \ ^^^^^'^ Is curvud upwards and encloses,, aft or further growth, a
l<Ji4j spacious oaclty, which serves as a dwelling place for the gall

animals, r/e term galls of this kind,- sac galls. It is evi-
dent thr.t the cavities in which the gall animals here live can
not be closed on all sides. An entrance pore always remains
open. However, this can be extraordinarily narrowed by sup-
plementary grov>fth in thickness of the leaf-mass or may be
stopped up By hairs.

In ciinnection with sac galls we mr.y also recall some
earlier statements. Not a fev. forms are found among kataplas-
mas in which cavities are formed for the pfirasites by a curling
and folding of the leaf, The same is true of aasiny felt galls
in which (compare above p, 115) hypertrophy of the epidermal
cells conbimes with surface growth of the infected loaf, pro-
ducing vesicular projections. In cases of this kind, however,
the galls do not hnve the characteristic form and constant
size proportions found in prosoplasmas. In them too the "sac"
remains very primitive, in aE much as the closing of the open-
ing lying on the under side is either very incomplete or does
not take place at all. Besides, in kataplastic sac galls new
kinds of tissue forms ne'ver occur,

Sao-galls are produced especially by different kinds of
mites, also by Hemiptera (leaf-lice) and Diptera (for instance.
Cecidomyia hursaria on (Jleohoma), Their size varies greatly.
The leaves of differant maple species are often covered with
small, reddish aao-g£T.lls, the smallest of which measures about
1/2 ram, in breadth. The galls of the aphis Tetraneura Ulni .

whi6h livds on elms, become more than one centimeter large.
The pale green sac of Schizoneura lanuginosa (on elas, compri,re

fig, 54) becomes severrl centimeters Iro'SQ, The single galls
are often spherical, as, for instance, the Phjrtotus galls on
the maple. The v;ell-known nail galls of t^e linden are slender
and conical, TetraneTira Ulmi produces pocket-like ga3-ls, with
sleac'ST bases arid broad ends, Tetraneura cOmnressa (on Ulnus
effusa) coxcomb»like sac-gal Is . SchTzoneura lanugino sa often
iobated and knobbed foims. Large sao galls, for instance/ like
those formed by Pemphigus marsupial is stand in isolated posi-

(215) tions on Iwaares jPopulus) those of g^etraneura Ulroi and others
are united into groups of a fow galls, the anail sacs of many
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phytopti (oT\ Acer Igegundo . Tiltn etc.) not infreqtiently into
groups of hun'are'ds on the snme leaf,

«

At tinps the folding of the gro'dng leaf sirrfaoe is laore
conplior.ted thnr. in the oases disouased aa yet. Figure 82
illuatrates a PhytoptuR gall, occtirring on leaves of Fragarla
yeeca, 'ffe ofton soe hcTlov; the sac r, ying like fold, protruding
¥roro"tho underside of tho leaf, by uhioh the entrance pore into
the sac-cavity is r&'.de smrller. At tines thepse and other mite
galls ahow further, often irregular ocnplicatlons in the fold-
ing of the leaf mass,

Sao galls sirdltr to these found on leaves oocur also -

"but much '-.aoro rarfly - on Ptalks and petioles. Under the in-
fluonOG of the gall stinuli, tho fearJc tissue Bakes a strong
surface groFth, breaks, away fr®in the tissue layers lying more
deeply and furnlahos a tissue fold of definite form* Exoaples
of galls of this kind are found in the branch gall produced
by Phytoptus od PrunuR Padna -*-. as alap in the epidermal fold
galls irrhioh I-homas observed on Galium^,

3, TTe vrill terra the third class wa^ed galls because of
th© nrturo of their prcduction,

Walled galls of very diff^^rent form and size are larcduocd

by Diptera, Horaiptera Gi;id Hymenoptera (Cynipides), a&iiring the

production of the gall, the tissue lying directly beneath the

gall animal, or rcther the egg of the future gall-inhabitant,
grows tut little, if at all. The ijarta ©djaoent, on the con^
trnry, grow out extra or din^irly strongly. Figure 83 illustrates
diagraraatically th development of a walled gall. In a, the
round ggg ia visibjr on th>-. vegetative point oit a bud. ],n b,

tho edges of the ymng ^all may be recognized, which in jb in-

cline toward each fvfchor over tho egg and in d are raiited*
(E16) Galle of this kind can be produced on widely^different pc^rts of

the plant, on vege'jativc. points, on stemr and Bta'j.ks, on leaf
blades and on roots* Che proc?esRes of growth ore always essen-"

tially the same, ev^n rhen many eggs rre deposited near one an-
other and each one b->ooaes wa led separately. Figure 84 illus~
%TB'^(to the production of tho \7elX -known bright red spring gall

®^ Cynips termina? is ok the t:'ps of nok branches. Seven eggs

are™ visitile which were deposited near one another, A shows
the first stage; at B-G the eggs, still partially provided with

their long egg sifea.J.kfl/"may te seer to disiippear gradually in
the outgrowing tissae, VTith '^everinoh, we will terra "gall
plastein" the rapidly growing ''^jbryonic" tissue^, which the

gall produces. In the finished gall its own larval cavity is

reserved for each larva, TVhile the develppmental course shown

in figure 83 led to a one-chambered gall, a multi-chambered
form is produced in the raonner illustrated in figure 84,

The "typical" walled galls here described a*e connected
with the "typical" sac galls, moreover, by numerous transi-
tional forms. Between the two stand the Sac galls, which are

provided with a so-called orifice wall such as are produced
by various Phytopti and others. Figure 65A gives a cfiose

section through thv^ sac gall of Eriophyes' similis (on Prunus
spinnsr )which originated in the Tea"?. l?Ee~IP^rger, upper part

of the gall shows the sac produced by superficial gr<>wth of

^ Frank, loc, cit, p, 56.

^ Aeltere u. ne\ie Beob, ueber Phytoptocecidien, Zeitschr,

ges, Waturwiss, 1877, Bd. XLXX, p. 351.
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(217) the infected part of the leaf. On the entrance pore, however,
we find tesides this as a local outgrowth of the leaf-lamina.
a rinf-like tissue wall "by means of which the entrance into -

the gall-oavity is considerably narrov/ed. According to Prank"^
this orifice -'.vnll is produced earlier thrn the actual sac.
Similar conditions e:<;iBt in the case of the mite gall of Salix
Qaprea shorm in figure 85B, only here the orlfiee-wall is ex-
teneive and fleshy, the sao remaining greatly below it in siz4.
The gall animsla remain In the cavity enclosed by the "orifice
wall",- they hrvo b.jen "walled in" by the outgrowing tissue of
the loaf-lamina. Similar conditions frlso exist in the helmet-
llko boooh-leaf gall of Hormomyia fcigi (compare figure 58),
Two dovolopmentr.l stages are illustrater'. in figure 86. The-

larva, remaining on the underside of the leaf, is "walled-in"
(to the Inft in the figure), later the pr.rt of the leaf-lamina
which ^.los above it makes an extraordinarily active grov/th in

(218) HUrfaco and thickness and furnishes the peaked, helmet-llkeg
part of the gall, V7hich encloses an extensive larval cavity ,

(to the right in the figure). It is difficult to decide In
cases like those described, whether a sac gall or a walled gall
is present, However, we v/ill not linger longer over this
technical question of subdivision.

Even the "typiosl", unmistakable walled gells, In 'the pro-
duction of Ti^ich no sao formation comes into question, vary
greatly among themselves. The oxternrl form as wdll as the
nature of the closing of the entrance pore makes possible the

recognition of many varionts, Not Infrequently the surrounding
walls grow together and complete the closing of the larval
cavity, (many Cynipides galls) in others the edges of the roll
remain free (many Diptera galls); - to be sure, they lie close
upon one another, but do not grow together. Anatomical struc-
tures of especial kinds may at times grodiuiio a firm cogging of
the contact "surfaces. In their outer forms, the walled galls
often resemble spherical, wart-llk(^, or egg-shaped bodies, or

conical and bottle-like structures. The latter occur frequent-
ly among the products of the Heraiptera (for instance Pemphigus
bursarius ) and of the Diptera ( Cecidomyia <;orni and others).

Wallt?d galls which, in their production, vary somewhat
from the tvpe described, are not rare and are often represented

in our nature flora. Among the moat striking of these belongs

the spirally twisted petiole gall of Pemphigus splrothece ,

which often Qxtensi\'ely deforms the foliage of poplar trees.

At the infected points, the petioles grow out into fleshy,

broad bands. wMch twist spirally and finally touch one another

on their edges. The contact is so close that a lodging cavity,

well enclosed on all sides, is formed for the animals which

produce the galls, although no coalescence takes place.

Finally, the beech leAf gall of Hormomyia plllgera de-

serves a special description. While, in the case oj ^n© sac

(219) and walled galls described above, we have taken i^^Joj^g^^^JJ^
that tissues lying above the infected place - epidermis bark-

even mesophyll - can be Incited to (at least approximately)

pnnni intpn^lve ffrowth we now find m leaves infected py Hor-

mggyla Sifige rg fhnt tfte up?er epidermis can not^participa^

"I'xrankh.'d"; Ffl.^ 2. Aufl., 1896, Bd. Ill, p. 54,

^ Concerning developmental history see especially Busgen,

Zur.Blol, d. Galle v, Hormomyia fagi , Forstl.-Katurwiss. Zeit-

schr., ,1895, Bd. V, p. ^' and Ap^el, Ueber Phyto-und Zoomorpho-

sen. Wurzburgor Dissertation (Konigsberg 1899 )

.
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in the growth. It is therefore ruptured by the strongly pr«-
li fediting mesophyll, and a gnll is produced, the outer cover-
ing of which - just as that of side roots produced ©ndogensor.s-
^^ ?!.

*^® ^^^^ " *°®® "°* ©riginafe developmentally, from that
of the nori^Rl organ. Figure 87 illustrates a vqt-^ young de-
velopmental stage of the gall. On the underside are visible
the broad walled edges, by which the larval chamber has been
formed; on the upperside, through active growth of a circular
roll (na),the epidermis (e) has been pushed up and ruptured,
under the covering thus pushed back, a flat tissue head, thick-
ly beset with hairs, is produced, through the intensive growth
of which the old epidermis already ruptured will later be
stripped back and torn off. The greater mass of the nature gall
may be traned back to this medial tissue head. With Kusten-
macher-*-, we will term "free galls" those which, like the ones
here describdd, are not enclosed by normal tissue, or rather,
its derivatives, but by a newly formed membrane -tissue. We
will return to .these in the next section.

4, While, in the forms as yet discussed, the gall /inimp.10
persistently remained on the upper surface of the plani! organ
which produped the gall, or only later, by coalescence of the
wall rolls, were enclosed on all sides by tissue masses; - we
find in the representatives of the fourth group, that the en-
tire development of the gall animal from the very beginning is
enacted in the interior of the organs, bearing the gall.

If the eggs of the future gall-inhabitants are deposited
by the mother animal in the interior of any plant organ what-
ever and the infected tissues are stimulated to outgrowth,
CQmbiaX g^ll? are produced. Representatives of this fourth typo
are foiind among Diptera and Hymenoptera galls.

While in sac galls the abnormal growth took place predom-
inantly parallel to the upper surface of the infected plant or-
gans and in walled galls the direction of growth was so deter-
mined by the egg and the larval body, that the tis8u.e increased
most actively tangentically, we cB[n call the radial direction
the one preferred in the growth of cambial galls. Round about
the larvae or the eggs a large tissue knot iS produced, of a
spherical, egg-shaped or elliptical form, which appears as a
thickening of the infected stem, or as an embossment of the inft

fected leaf, or may be attached to the leaf, stem, root etc.

as an independ#nt ^appendage , while the outlines of the organ
which bears the. gall would not be essentially altered by it.

With liacaza-DuthlerS^we can call the first kind internal galls,

the second kind external ones. That numerous transitional
(220) forms are found is directly evident. Further, we will have to

distinguish between one and several-chambered galls, as m
walled galls.- F6r instance, the galls produced on Salix by

nematode species {leaf wasps) contain only one chamber (coni~

pare for example figure 88). The large stem knot galls of Julax
Hjeraoii on various species of hawk-weed are many chamberea.

Further, the difference between "free" and "enclosed" galls

(Kustenraacher) deserves especial consideration. In cambial

galls it frequently happens that only the tissues which lie in

the closest proximity to the egg can increase abundantly,- the

cell layers lying abov« participating little or not at an m
the outgrowth. The inactive tissues are ruptured by those

•^ Loo. cit. p» 112,

^ Rech. pour servir a I'histoire d. gables. Ann. Sc. Uat.

Bi>t»* III serie, 186S, T. XIX, p. 273,



growing so strongly and the new fornr.tion pushes outwnrd, "

While in the cnmbinl gr.ll of a Komatode shown in figure 88,
the epidermis persistently surrounds the luxuriant tissue ex-
cresconoe, we find in other galls that the covering tissue holds
its own only at the beginning so that in the end tears are
formed. In VJhich the more deeply-lying gall-tissue is exposed.
The galls of Aulax Hioracij . lasioptera and others ere "en-
closed" by a raoderaie dibveiopraent of the gall-excrescence. In
the case of nspooially luxuriantly detfelopod specimens, however,
the normal covering tissue is ruptured here and thore and the
formr.tion of wound cork is eventuclly necessary. In mrny Oyni-
pidoB galls (in the autumnal galls of Kourotorus lontioularis
n, numlsroatls etc,) from the very beginning only small tissue
complex in the Interior of the organ, producing the .gall, Is
capable of Increasing, "gall-plastem")/ The outgrowth progresses
rapidly, breaks through the Inactive outer tissue layers and de-
velops its ovm covering tissue,-, just as the "free" walled galls
of Hormomyja piljgeras are formed (see above, figure 87), Figure
89 siiowp in cross-section the froR oamblal gall of Biorrhias
aptern (the winter generation of the nbove-naraed OyniPS termin-
ajLis ) V;hich abounds on the roots and ylsung branches ox Querous.
The endogenous origin IB made clear by the drawiijig, v/lthout
further explanation,

(281) The nammer of production of "free** galls necessitates the

fact that they iisually appear aH more or less independent appen-
dages of the plant or^;n* bearing the gall. However, It would be

absolutely unjustifiable to wish to draw conclusions from *i^J
external appearances of a mature gall as to the ontogeny of this

gall, which, like that of Biorrhiza aptera . rests like an inde-

pendent organ upon its substratum. Thus, for example, the gall
apple, produced by Spathegnster boocarum (on Quercus inflores-
cences and leaves) as a walled gall, covered round about by de-

rivatives of the normal epidermis, and the dainty gall-apple of

HeroatuB Rallarum (on willow leaves), disregarding ita morphologic
independence, are carnbial galls with the same development as the

one shown in figure 88,

The description of the much ruptured gall of Lasioptera
pieta , or of Aulax Hieraoii proves further that no; sharp bound-

ary may be draim "Between free and enclosed galls. I would like

finally to mention one more type of camblnl gall, in which, as

in the case of the walled gall of Hormomyia pillpcera .
regulr.riy

defined portions of the new formation remain coverea oy the nor-

mal epidermis, while others become exposed. In figure JO i^

shown a cross-section through an otherwise undertermxnD d pip-
tera-?) gall from the leaves of garinarium obtusifolium (Chryso-

balanes ) which will interest^ us in many ways, an i^J^^^^JJ'
cylindrical gall is produced by a local o^*§^owth of the meso-

phyll. Thus the strongly proliferating portion of ^^^ tissue

ruptures the epidermis which lies above it and by Showing fur-

ther, elevates it. Similar processes are repeated on
JJ^;

?PP°-
.

site side. We find here a tissue ring increasing relatively

weakly, In the development of which a circular rupture is formed,

the medial field of the epidermis remaining ^l^^^lJ^J^lf;^
(222) level while the adjacent parts are raised by the o^^^gjowing

tissue ring. However, no new, real epidermal tissue is pro-

duced on the exposed parts. I know also of similar processes

in other g?\lls. .____--
^ Unfortunately, only herbarium material of this interesting

gall was at my disposal, (Herbar. Monacense),
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I would like to call attention to the fact that the
foisiTintion of "free" galls Is not met with in prosopXasmas.
alone. If, hy thf? action of Schlzoncx^ra lanijyera (com-
pare aboV3 p, 205), a kataplasnatio v/oody-excrescence is
produced, which distende the hark and then splits it, the
developrrifsntal procesp is ovidently similar here to the
prosoplaamas juot described. Also, other stirauli besides
gall atirauli can call forth similarly outgrowing, endogen-
ous formations. In the intumescences illustrated in figure
20^ on?uy the m^^sophyll increases in this way, finally
rupturing the epidermis.

further reference should be made to the fact that the
developmental diffsrenoe, proved between walled galls and
medullary galls, is expressed also in the gall products,
which arise dnly through growth of the cells without sub-
sequent division < gall-hypertrophy ) . In Brineura galls,
the gall animT-lJ! aro "walled in" more or less completely
by the groring epidermal cells. In the vesicle gall oc-
curring often on Viburnum Lantana (figure 43) a tjipical
medullary gall is produced by growth of the ground tissue
cells.

The forms of the various medullary galls differ greatly.
The elliptical is most frequently repeated. Where leaf galls
are concerned, the gall is either visible on both sides of the
leaf as oalotte-likr swellings (figure 88) or it is attached
^^ one side by a small, thin stalk. In the former case, either
both sides are equally or approximate ^.y dqually developed, as,
for instance, in the gall of IJetnatus vesicator . M« VQlJisnerii
etc,, or there is prosent a decidt?d dorso-vehtraiity (compare
jgigures III and 112). The upperside displays a different form
from that of the under siAe, Not infrequently, the d-Assimilar-
ity between the upper and und«r sides may be recognized only by
considering the anatomical conditions (figures 108 and 93),
Next to the elliptical, the spherical form is usual, (Nematus
gallarum etc.). More complicated forms with diverse outgrowths

,

obris'tructions etc, may be found among the Cynipides galls.

Although *h6 prosoplasma'S have a peculiar character-
istic form, small variations, corresponding to external
conditions, are not rare. It seems a matter of course
that the form of the gall varies from the usual one, if
unfavorable spaeial conditions arrest its development; «•

this case abounds in those galls which are developed in a
small space, in closely congested groups (Neuroterus leri-

ticular.is etc.) and are thereby united into extensive '

masse g ( cepidpmyia Oomi )

.

Still more interesting is the fact that many of the

galls, c6.pable of developing on different organs, asfsume

different forms on different substrata. However, in all
the cases known to me., this formal difference i& vdry un-

ts^^ essential, Diplosis bqtularia cam infect different parts
of FraxinuS leaves. If the midribs of the leaflets are
Infected, roll-like leaf-foldings are produced, as shown
in figure 91A. But if the galls are formed in the leaf
axis, the sldnter leaf-blades of the rhachies BweH out
into fleshy ridges, which enclose the larvae cavity
(figure 91B). The majority of the other gall animsla,
however, (Piplosis tiliarum . Spathegaster feaocarum etc.

)

which form their galls on different organs Of tne host
plant, always produce the same gall form - with but very
slig^ht differences*
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T.Vnfl,,!«! !5v*^^*'*^J
statement that Rhlnooola speolosapi'oduces other galla on the leaves oTa- speGles S S^r^ia

^

BesflerL't^ '\?°"^ ir Aragon^.neeL'Se'lxfct^??Jl?.
^J«^! ' ^\*v.® ^^i^ productions of Rhinocola. kataplas-mas are probably the ones concerned.

r^^^^pxat.

tfirr,-,!^ ^^/i^®^^^ ^^^^,®^ attention to the fact that the ex-
h! ?^J

and internal peculiarities of pro soplasmatic galls may

iv^i? JS ^*^°!^ '^^ **^® ^^^^ P^-^°" gi^^^n o«t ^y *he parasite,

h« ™i??v''S"^*^*^°,^,®£ *?® proportions of size and form cannotbe explained so well by the quality of the infection as bv the
extent of Its action and Its type. In prosoplasmas, gall" ani-mals axe involved, which cannot at will leave or change the
place Unfeoted as can possibly be done by wandering leaf-lice
etc, nor can they extend it irregularly, or indefinitely, as do
outgrowing fungi, only a narrowly limited field of infection
is produced, Further, the poison causing a production of the
gall is introduced Into the plant only once with the deposition
Si f,.*'^^

• ®^ ^* ^® effective for a comparatively short time -
Tnus the period of stimulation is evidently very limited. Like
this, the development of the gall soon ends. Although the galls
of the Gymnoeporangia eto. continue growth for years, never r

t^0A\ IZ^^^^^S f^ny real final T^mature^'sta^e . prosoplasmas reach
\^(ii} their last phase of development a few days or weeks after the

deposition of the eggs, corresponding to the rapid developmen-
tal progress of the parasites.

In speaking of a limited period of stimulation, we think
Indeed •nlyof the moat important of the stimuli, tib whose
aotlon the tissues which produce the gall and the gall itself
are exposed; i, e, of the chemical stimuli arising from the
gall poison. However, for at least some prosoplasmas, it has
become evident that another kind of stimuli co-operates in
their production and formation - wound-stimuli. Either the
gall mother injures the plant organ, before she deposits her
^SBt thereby causing the production of callus tissue, or the
growing occupants of the gall gnaw its tissue. In the present
consideration;,, the second is the mere Important case, because
there exist in it stimuli of long continued, ever repeated ac-
tion. We find that the tissue of the galls responds to the
Stimulus of injury with the same reaction as wound normal tis-
sue. Callus hypertrophies are produced fin the elliptical
galls of the Cjmipides infecting oaks; see below p, 264), or
callus hyperplasias (as In the galls of Mematus vftlllaner11 )

the formation of which can be continued iJUJng efler the form
and size of the gall have reached their JUiat stage; the impor-
tant external characteristics of the gall are not Influenced
by these supplementary, long continued phenomena of growth.
In katsplasmas, on the contrary, the chief role is played by
w»und stimuli and by those of gnawing which proceed uninter-
ruptedly from the producers of the gall. Their effect -Is de-.

terminative for all the qualities of the gall and the assump-
tion is a propos, that possibly in many cases, rio other stimuli
are effective.

According to Eckstein, Pflanzengallen u. Gallentiere.
Leipzig, 1891.
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^j^^ Since we now understand clearly the external form of the
different species of galls, so far as of interest here, we win
now tu/n to the results of raioroscopic research; we will first
look more closely into the life history of the galls and then
investigate the dififerent kinds of tissues in mature ones.

If we study the ahnorraal cell->divigions which usher in the
formation of the galls, we can distinguish three tjipes, accord-
ing to their direction; a regular orientation of the cross-
walls can not be recognized in young galls, or the cells divide
predominantly perpendicular to the upper surface of the organ
involved, or they divide chiefly or exclusively parallel to the
surface of the organ.

The galls of 0;mips t erminalis which consist of irregular
callus tissue (compare fig, 84) furnish an example for the
first case in which all regular orientation of the cross-walls
is absent in the young galls. Ho definite direction of cell-
division may be found in the young walling^in rolls.

We find division predominently perpendicular to the upper
surface of the organ which bears the gall in the galls produced

(225) by growth parallel to this surface;- in sac galls. In investi-
gating early stages of development, cell rows are often found
running tangent ially which have originated from one cell by
anticlinal division. Figure 92 illustrates this case by a ovoss-
seotion through the gall of Pemphigus marsupialis (on poplar
leaves). In most so© galls , numerous pe riclinical divisions
are added to anticllnical ones; However, the galls of Oecid-
omyia bursaria (on Glechoma) for example, seem to be produced
practically exclusively by anticllnial walls. At least in the
examples which I have investigated, I could find bnly here and
there an isolated periclinial wall,

Most medullary galls may be traced bgck to divisions par-
allel to the upper surface of the or^n which bears the gall.
Instances are not rare here, in which extensive galls are pro-
duced exclusively by cell division in one direction. Even in
mature, ripe specimens at times thfe regular arrangement of the
cells in rows leaves no doubt on this subject. Figure 93 shows
part of a cross-section through an undetermined (Biptera?)
gall of Banister ia^-. Leaving the epidf?rmis and upper palisade
layer of the mesophyll (P) ftut of the question, all the cells
of the leaf tissue have divided extraordinarily actively and
have produced long, strikingly regulai- cell rows. Cell divi-
sion does not always take plaod i^qually intensively in all
parts of the gall, rather, It is strongest in the middle and
weakest at the edges. In this way, many flat elliptical galls
are produced on leaves f Ceoidomyia tiliacea on IPilia, Hormonyla
Caprea on Saljx Caprea etc.). In cross-section, the cells are
fouM to be arranged in regular rows, which, running in straight
lines at the center, are rolled up at theedges, turning their
concavity toward the periphery (compare, fig. 94); the cell rows

and the outlines of the gall may be considered a system of
orthogenic trajectories.

(286) The distinction between galls producedo predominantly by
anticlimal division and those others produced entirely by perl-
clinal division still has an especial significance, in so far

that the histology of galls of the first kind always remains
simple, while in the others, besides simple structural condi-
tions, extraordinarily complicated ones also may be found,

From the herbarixira in Munich,
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Also the external form of the g&lls very often does notmake possihlo conclusions as to the kind of cell divis-:on bywhich they are produced. Figure 95 shovi's a very earl v sta^e of
o$! TH^ ^?^^ ?^ ?^,'^PllieLO:irsarius, which is active on the

SJ^S rJ'^^^Sr?;? ^''S^^f
• ^^" ''^°^^ se-ction through the tissuertog (fj.g, 9bB) a higher magnification shows that the cells ofthe hark parenchjnna, together with those of the epidermis have

heen much divided antiolinally. Hear these my also be found
perlciinal walls, which are greatly increased during the further
development of the gall. Figure 87 illustrates a young gall of
p-?B0S?iO:2_BiliHl^a. Here too a similar tissue ring (a-a) has

• been developed, which is iroduced, however, merely by division
of the mesophyll cells, parallel to the leaf surface. It is
hard to prove isolated anticlinal walls here and there In the
tissue

,

(227) The question as to the tissue mgterial . used in the forma-
tion of galls, may be considered from several points of view,

Thomas has thoroughly tested the tissues of plants which
produce galls, as to whether they are capable in all stages of
life of reacting to the gall stimuli by cell division. His in-
vestigations proved that only those tissues. are able to form '

galls which are attacked during development'^. In other words,
permanent tissue is incapable of forming galls,

First of all, to keep to prosoplasmas, no case is known,
in which permanent tissue had served as material for the forma-
tion of galls* This result is surprising in so far, that in
other pathological tissues, even the cells of permanent tissue
are found to react to stimuli of differoDt kinds with most di-
verse phenomena of growth, I will call attention only to the
formation of callus from bark parenchyma which is several years
old and from medullary tissue,- to the production of callus on
old "ripened" Begonia leaves to the hypertrophy of the bark of

(228) Gold-ribes, to the formation of tyloses in old wood etc. But
what is the condition in kataplasmas, for example, in the bark
gall, of the beech-wood louse (Cherme s fagl^?. Hartig's investl-
gatioiis (see above p, 207) proveThat, in small trunks which are
several yeard old, the bark cells are incifed to proliferation
and that the formation of galls can extend even into the wood;
thus here old tissue,- permanent tissue- can obviously be
brought to excrescence and used for the formation of galls.

However; it has been emphasized above, that these very
galls of the beech woolly louse (compare fig. 79) possess the

greatest similarity to callus tissue. Therefore, the question
must be asked, are only wound stimuli concerned in the formation
of the beech-Chermes-gall, by means of which the permanent tis-
sues can be incited to the formation of callus, in the same way
as perhaps by girdling, or other somewhat coarse attacks? And
further, may the permanent tissues be distinguished from those

which have been attacked during development by the fact thgt they

can react with cell division to wound and many other stimuli but

not to chemiosl ones? I consider it very improbable that a pos-

^ Compare Thomag, Zur Entstehung der Milbengallen u. ver-
wandter Pflanzenauswuchse . Bot, Ztg, » 1872, Bd. XXX, p* 284,
Beob. u'eber Miickengallen, Programm Gympaa. Ohrdruf, 1892, Other
investigators arrived at the Same results. Compare Sachs, Physip

ol. JJotiaen, 1898, p, 84 (also Flora, 1893, Bd. IiXXVI, p. 241).
Beyer inck, Be Ob. ueb. d, ersten Entwickelungsphasen etc, Idc.cit,

p. 180. Appel, loc, cit. p. 52, For the older point of view,
compare also Hofmeister, Allg. Morph, d, Gew,, 1867, p, 634.
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itive answer can ever bo given to the second question: There
is no rpason for surmising any such difference in principle
between tro-ture and immature tissues, between chemical and
"traumatic" stimuli. It xvould be quite another question, aw
to whether the chemical stuffs, furnished by the 'gall-producing
parasites, are the ones suitable for inciting the cells of
permanent tissues to division.

It seems to me that a further point must not be overlooked
here. If prosoplasmas are produced only from tissues attacked
during development, the explanation may lie in the unfitness
for use of the permanent tissue, but may also be based,- in
some or in many cases,- on the fact alone that the gall animals
give out their poison only, to young organs and avoid the old
parts. Whether the permanent tissues may p&rhaps be able to
proliferate, when it is possible to carry through infection in
them, is a question for the solution of which naturally exper-

'

mentation is necessary. Unfortunately, however, as is well
known, all attempts with experimental cecidiology have failed,
up to the present. All my efforts to influence Phytoptes to
colonization and to cause them to form galls on permanent tis-
sue have miscarried. Still, I do not give up hope of coming to
positive results in later Series of experiments, perhaps it IS
advisable to make use of organs. Whose tissues are mature, but
have also remained tender, so far as their cutioula etc. are
concerned, I plan *t some later opportunity to take up again
my experiments with etiolated plants or with specimens from
moist ciiltures.

Many galls are produced from completely undifferentiated
tissue, from the primary meristem of the tips of shoots or from

callus tissue. Many others are produced from organs \yhose tis-

sues' already show some distinct differentiation. It is now

necessary to make investigations as to whether all t^sue-fqrms
of the host plant can furnish material for prosoplasmatic out-

growths and further, whether all participate to the same amounj

and in the same way in the production of the tissue outgrowtns .

(229) Prom the outset, cells and tissues with lignified walls

are excluded, since, as is well-known, they can not make any

further surface -growth. As for the. rest, all living cells can,

under certain circumstances, participate in the formtion of

galls - no matter if they belong to the epidermis, the ground

tissue or the vascular bundle tissue.

In stem-galls the vascular bundle tissue and especially

the cambium belonging to it, often participate greatly
J"

;their

formatiowi Indeed, many galls of the CyniP^^es winter forms

are produced exclusively from the vascular bundle tissue (com-

pare fig. 89). In leaf galls the activity of the vascular

bundles is less, and often no increaBe of its cells may oe

noticed,- rather their development is often prematurely arrested.

In most cases, the ground tissue produces the largest mass

Of gansi pith, bark, and me sophyll often P^jJi^^^^J^f/jSt
astonishing lu^rianoe. If, in leaf-galls, t^^ infected part

of the leaf attains ten or twelve times the thickness of t^e

Sor^l l!af , in almost all cases it is the mesophyll along which

has been active. Figirre 96 gives a cross-section through the

edge of a gall of Gegidomvia tiliacea . Not only the cells of

the assimiXatory tissue ~h£ve been enlarged and strongly in-

creased, but even the colorless ground tissue cells,^which^con-

l'oompare*Ku8ter, Cecidiolog. Kotizen. Flora. 1902, Bd.

XO, p: 67.



(830) nect the transverse ri"bs v^ith the Gpidermis on top and under-
neath. ,0n the other hand, cases are not laoking in which all
parts of the ground tissue of the leaf can not increase in
the same way. In many fungus galls, the spongy -oarenohyma is
superior to the palisade tissue in its capacity for increase.
The same difference is evident in many zooceeidia; of a proso-
plasraatic char?ioter. Figure 93 illustrafes a (Dipteral) gall
of Banister ia, in which the uppermost palisade layer has re-
mained inactive, r/hile those lying deeper have divided re-
peatedly.

The epidermis always participates only moderately in the
formation of galls. Very often its cells, in contract to
those of the mesophyll lying directly beneath them, do not di-
TldQ Rt nil; for Instanoe, In the gall of Hormonyia piligera
foompare fig. 87) the growth remains Jess than that of the
more deeply lyi?ig tissue-layers, so that the epidermis is ul-
timately ruptured. In the sac gall of Tetraneura Ulmi the
inner epidermis, lining the cavity of the gall, is not able to
keep pace with the growth of the otEter epidermis and most 'of
the ground tissue layers; Its cells are usually distended,
drawn out to "retort" cells with thread-like necks, and finally
torn apart (otrapare fig. 97), The cells of the adjacent meso-
phyll layers aot in places like this under epidermis. In-
stances of this kina, however, are rare. Sac galls and walled
galls are usually covered with an uninterrupted epidermis, of
which only the sup^rifical growth has been active.

Epidermal growth in thickness is very much rarer in galls,"
To be sure isolated cross-diviteions occur in many galls (Urtica,
Tilia fig. 96, Jpglans (KustesS, loc. cit.), but only rarely a
many-layered epidermis from a single-layered one. The galls of
Spathegaster baccarum can be taken as examples, also the flask-
iike fly-galis of the elm (fig. 99) and especially the abtindant
willow galls of Nematus gallarum , (j'igure 98). In these, a
sheath of tissue oi varying size Is formed from the thin epider-
mis; at H, in figure 98, the epidermal tissue seems to be con-
strmcted, since no division in the hair cell has taken place at
that point,

I have already called attention to *he fact that no con-
clusions as to the participation of the different tissue-forms
in the construction of the galls can be drawn from the nature
of the host plants and their noirmal histogenetio peculiarities.
In the Salix species, the cork is known to be produced from the

(231) epidermis. As we have found, the epidermis in many willow
galls is many layered. To conclude from this that the epidetmis
of Salix is especially inclined to cross-division would be ab-'
solutely useless. Willow galls (Phytoptocecidia) may be found,
in the production of which the epidermal cells remain undivided.
On the other has d, in the elm galls above named, we have found
that the epidermal cells divide extraordinarily actively, which
does not take place under normal conditions and that In Ulmus
the cork is produced sub-epidermally - and the like

,

Gfalls have often been compared to tiimors or swellings
of the. animal and human body. In fact, in one as in the
other, a diseased new formation of tissue is Involved,
which shows a moderate similarity in external form in all,
Further, in both cases, a similar connection exists between
outgrowth and substratum. In galls also, we may speak of
"malignancy"; since they often take appreciable amounts of
food stuffs from the ground tissue, in this, resembling
tumors which, like parasites, use up their substratum and
entirely exhaizst it. Besides this very little correspon-
dence can be proved.
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tl^ir^?L'TSi?i:;.ent\f^^iee?"*'.''
t. investigate exactly

(232) t;7een the patholoScal nL f?!!^;,*^^
organic connection be-

has been cleaned fpbeySnd Sfdonhf ^vt
*^' ^^""* *^^^^^^

only by a deposition of gerns a?e snr,.S^r?T* explained
beginning finlis s>, «««+ 1 t suppressed from the very

far and o-in n^^^lt^H^ ^ ^^^ °^*^^ ^^ transmitted very

„4..i> t^HAcirgmg Dy infiltration, are not known as jret^.

ctor,« nS"^^r
°«>2?ist principally of connective tissue but

sur^^J ?«??,?Jr^
tissue and epithelium, or connective tis-

?eLel^ m1+ ?^ iS-''^f "^ *^^ ^^^^' ^^ ''^ll ^^^^^ *he bloodvessels out of this discussion. In plants the erounfl i-iq-

Is'lJ%'o."/'f^^^^J^"* ^^ *^^ formation of kseLldS"4rowth«as is connective tissue in tumors. "Mixed swellings" occur
ItlK^^'^^^'^'^^J-'^ galls, epidermal outgrowths and those of
jne baa^, or rather the raesophyll, uniting and forming an
nomogeneous whole. Thus v/e can prove at the same time that
in galls arising endogenously the fundamental tissue of the
plants can develop typical epidermis (with lenticels, hairs,
etc.) on its upper surface and that the cells of this epi-
dermis can produce derivatives in every way resembling the
cells of the ground tissue, ^ich in the mature galls are
no lo.nger distinguishable frOra the descendants of normal
ground tissue. Therefore, we cannot speak of a "specifi-
city" of the epidermis etc. in plants, in the sense that,
in abnormal outgrowths, only new epidermal cells v/ill be
furnished by the epidermis and that no epidermis can be pro-
duced from the fundamental tissue. As is well known in ani-
mal tissues, such a difference between epithelial and cam-
bial tissue as here described is accepted as certain biy most
histologists.

The histological structure of tumors even im "mixed"
S7\rellings" may be cl^aracterized as very simple, when com-
pared with the higher ofganized prosoplasraas. No tumor is
knovm, which consists of characteristic tisaue zones of
such diversity as those of the gall products of the Cynipi-
des, the Diptera etc. Rather, in many tumors, the production
of but slightly differentiated cells may be confirmed. In
this, tumors correspond to callus tissues and galls termed
katapla.smag. In common with these, tumors may also have the
negative characteristic that they have no definite external
form nor definitte size proportions. In many tumors, as in
many kataplasmas, v/e may speak of theoretically unlimited
growth.

^ Compare especially Ribbert, Lehrb, d. Allgem. Pathol, !

Leipzig, 1901.
\

^ Infiltration growth often occurs elsev/here in the develop-
|

mental history of plant tissues. The parasitic fungi, the "thai- j

lus" of the Rafflesiaceae, the haustoria of many phanerogamic ;

parasites, grow infiltratingly oh their substratugi; infiltration
^

growth occurs also, for example, in unbranched latex tubes and <

pollen tubes, the haustoria of fembryo sacs and others. I have

never been able to observe that galls develop forms like haus-

toria at their bases; future investigations, however, may perhaps
,,

make known phenomena of this kind.
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As said above, the histology of prosoplasmr.s '^furnishs
their most important characteristics* In regard to tissue dif-

(833) ferentiation, prosoplasinas do not have the character of arrest-
ment forms, but consist of tissue newly differentiated and usu-
ally differing strikingly from the normal ones of the ground
tissue and often greatly exceeding these in the abundance of
their cell forms etc.

Prosoplasmas differ among themselves aa greatly in regard
to structure as to external form. Besides highly complicated
forms composed of three, four or fiise kinds of easily distin-
guishable tisfsue forms, simple ones may be found which also
furnish histologically a transition to katapla^mas; the larger

galls especially do not display in all parts structures varying

as a\30ve mentioned, from those of the gro^xnd tissue. ' Not in-

frequ-ently only the inns r parts are fomed with a prosoplasraio

histological character, the peripheral ones resembling kata-

plasraas,

A concentric structure is common to all prosoplasmas. Ho

matter if roll-galls, sac, walled or medullayy S^^}^ ^re con-

cerned, we find that as soon as several different Jja^^J l^-^^J
have b4en fcrraed, they surround the larval cavity as concentric

lavprq Further the innermost zone is always formed of a deli-

Jl?ftissu^matJrialVrthe outermost of a very firm one In

the Simplest cases. onlr°JJ4PjgS\iSlue'. ircasll structur-
film cuticula. represents this ^^^^^JJ^^S* JJ^nd constructed
ally more complicated a peculiar laj^J^lf^ JJ livers She inner
Of sclerotic elements, or j«J«|J,?|X\rsSc^|IllB;- is formed
soft part of the tissue - f

o^, ^^f??"®^;. those of the adjacent
of delicately walled epidermal cells and those of^^i^^^

.^

ffrou&d tissue, whctch are richj^y
i^:^*°^

' "^

>,nvrLprinr the larval
S^dullary galls, the i^!?«^!f?^^/?|J^^l end ?icf in cytoplas-
cavity. are, as %^^lf '.^^J^^?;!!^L^f juFt Smed give the galls

tic substances, tissues of this ^ina ju
^^^^^^ fui-msh

the solidity necessary for
^^^^^iS^I^'^'^Jl^^ t all tissues, com-

the food necessary for *^® J^^lrth? 'other%urpose".- all othe

posing prosoplasmas serve one or the other P^^P^.^.^^ tissue a

TorLS^i^'tS ti^muftle^^tfa ^^e^tfifef consideration
to them.

in this histological ^-,J^tffirm%'l^t°rhe'same%ha?Sc!"
sion of external forms,

^^f f!^,^^f^^^e proved in the
' teristics found in Prosoplasmas may also oe pr

^rytich ^i-P^- f?J^,S"lay ? i^ ^^^^ '" " "'-'-
Erineura galls a protec-cmg j.o.ir*^^^_ ^,

" 'I'staie^eits
''^^^ f^^^l^^l^^^^^^

abundantly in '^^^^12.1^12,2^^1^^^^^
only the fol^-o^n^S

°?^?..^?oire d galles, Ann. So. Hat. Bot, 3

Rech. pour-servir a l'^;?:5"^^L!;erinck. Beob. ueb. d. ersten

ser.. 1853, T. XIX, p. 273.
.^^^^^Jg^^llen . Amsterdam 1882.

|^?;ickeluAgsphasen ^i^^f^J^g^^f^SaUenbiidungen. etTJ. Prings-

Ktoenmacher, Beitr. ^^ ^enntB. d. ^^ii
^^^ Po.okeu, Bech

helm's Jahrb. f. ^^^^^ ?°**
4 nlr? compare aisS ^Reoh. s. quelqu.

anat. b. 1. galles ^ille 1896.
^l^f^^ ^^ 491). Appel.

Slf^.ich.fg^-^^^^^^^^
1900, Bd. XX, p. 529,

rs
re
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fl^ltllTL'^tll^lJ''' '^Jj^iji^- tissue"ft Ly rate b.^nefurnished by the hairs, the filling of which f.Mth str.rchoil etc, was discussed above. The bladder Rails of
I.f-^23ura__I^;am are for the most pa*t composed of nptrl-

• tive cissue (compare p. 119),

Besides the differences separating kataplasmas from pros* -

plasmas, some characteristics common for all ealls should be
mentionedT^ '—-—• °

^}^^^ ^11. ^^^ tendency, to formparenchyma is striking;
the galls are almost entirely parenchymatlc structures. To
be sure, ducts may be found in them, but these ducts themselves
are composed of parenchjmiatic elements. The lack of libriform
fibres in all gall formations, even the most highly organised,
IS very noticeable -i-. in these negative characteristics, the
prosoplasmas conform to callus tissues, wound wood and kata-
plasmatic galls.

Further, the suppressed retrogres sion in the formation of
tracheal elements is conspicuous; galls generally co'nl&aTn only
very scanty vascular bundles, the ducts usually having narrow*
lumina. Similar conditions are found in kataplasmas, where the
production of parenchyma also retards the formation of tracheal
cell -forma.

The same is true of the scanty chlorophyll content of
galls. They are as pale a green as many fungus galls most
callus tissues, etc. In many the green pigment is entirely
lacking.

We T/ill herewith pass over to the discussion of the dif-
ferent kinds of tissue forms in galls and will begin with"The
two most important , tlie protective and nutritive tissues. As
less inportant, the sparsely developed fibro-vascular , the as-
Bimilatory tissue and a few others will be named later.'

1. PROTECTIVE TISSUES

As the protective tissues of prosoplasmas, there come un-
der consideration, the covering tissues and, also, especial
complexes of stone cells. '

Vifo wii:). term the latter mechani<sal
tissue. No ahsolutely sharp line can be drawn between both
forms "of protective tissue because many peripheric cell layers
in galls, including the epidtrrais, are often composed of simi-^
lar elements, resembling stone cell,s.

Epidermal Tissue
rfiiwoi ' *! I'll"*;! " .<T

n i> ii iiiii ii.i^Na,t»wi»

At this poiijt, the epidermis comes under our oonsidera-
tion, .only in so far as it performs the fur\ctioiis of a cover-
ing tissue and, by means of an unbroken covering, ^ strong
cuticle or because th6 production of hairs gives proteqtion to

the more deeply lying tissues, (The epidermis in sfto and walled
galls* which lines the oavity of the gall, has other functions
and will be disciissed later,. Further, we will have to discuss

(235) only tj^ose forms of epidermal tissues which in gall-prpduction
are not carried over in an unchanged form from the normal parts
of the plant, bearing the galls, as is the case in many medul-
lary galls, *but which in some way vary from the norrnal in their

•*• Compare here statements on p. S46 on the gall of
Synophrus

,



206

histology. For the present consideration, it is immaterial
whether the epidermis of a eall is derived developrnentally
from the normal one, as in "enclosed" galls, or is to be con-
crived of as a new formation, as in "free" galls.

In sac and Faiied-gsills the outer epidermis is composed
mostly of 3*olatively large, but often very flat cells, which "

are provided with only a moderately strong cuticle. At times,
a many Ir^yered epidermis can be formed from one which, under
normal conditions, would have only one layer. Isolated crcss-
dlvisions may be found in various galls (see above), but such
a taig'JQ.ty epidermal sheot as that found in the Diptera gall on
OXraus'- shoxm in figure 99 is rarely produced. Here and there
eight, t^n and more epidermal cells lie on top of one another.

The external galls (lacaza-Buthiers galles externes)
which appear attached as special appendages to the organs bear-
ing them, at tines produce as mr.ny layered epidermis and often
sh0T7 a strong cuticle &n their o^ter walls, In the ("enclosed")
gall of Mematus gallartim . the cells are rather small and strong-
ly out icular i. 'i ed , i compar e figure lOOA), in the gall of Andrious
quadgil inerttus they are distended like papillae and have rather
'Elilok walls, TFlg» LOOB). In a Californian Cynipides gall on
QuerouB T7islr:aQni. the outer walls of the epiderrap.l cells and
the upper pari 51 the side walls are thickened, so that an ap-
proximately conical oell-lumen remains fjree (compare fig, 114).
The gall of Acraspls itiacropterae (figure 106) has thick-walled
epidermal cells, with ot 1 1.^:63 a pit-like wall structure.

I tfound a very singular epidermis in a gall of Jacquinia
Sohliodeana Mez. The inflorescence stalks swelled out to
^iok, turnip-like bodies, the covering tissue of which is shown
in figure 101. The cells in the outermost layer can not, for
any length of time follow the gall's continuous growth; they
are pressed into sheets, their walls are constantljr drawn out
thinner ajid finally tear apart. At the same time, the cells of

the lajrer lying immediately beneath this, one assume the funo-
(236) tions of the epidermal tissue, since their outer trails are

great3l,y thickened and powerfully cuticularized. Even the third
9.^d fjBJifth cell layers can be transformed in this way. In the

figui?il,'flt a, is showp the overlapping of the wall-tbi<Jkening
ajid otf J(;jh9*'*p?oc©s8 of cuticularization in the cells*^^ lying
deeper.

So far as I know, cork as a covering tissue is on© of th»
rarities in galls. It Is formed comparatively luxuriantly in
the gall of Ueuroterus nuraismatis (On Quercus), the character-
istic form of which is shown in figure 102a, In the central
depression on the dorsal part of the gall are formed several

Schlechtendal's Verzeichnis, Nr. 361,

So far as my slight teats permit of a decision, a simi-
lar epidermal substitution does not take place on normal axil-
lary parts of JacofUinia Schiedeana. Sclerdder (System. Anat.
d. Dikotyl., pT^lTf) mentioned a subepidermal formation of cork
in Jacquinia. Damm has announced recently that the cells of the

bark parenchyma in varioiis plants form cuttcular layers and
cause the production of a "cut icular epithelium" (Ueb, d.„Bau,
dia Entwickelungsgesch, u, d, mechan. Bigenschaften mehrjahr.
Epidermen bei d. Dikotyl. Beih. z. Bot. Cbl. 1901, Bd. XI, p.
219. Cuticular epitheliiim may be proved in various Viscoideae,
A new example is illustrated liy the gall treated of in the text.
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layers of thin-^valied cork. Wound- cork is occasionally metwith in these galls, in which the outer layers are ruptured
by the intensive growth of the inner ones (for instance, in
galls of Aulex Hieracii -'-. Lasioptera.

The formation of bark is known as yet only in a few galls
(Aptera and Eadiois gallsj. (Beverinck loc. cit. p. 64).

Trichomes . which in structure and arrangement, raav well
/ nw\

^®^"^® ^^ ^ protection to the covering tissue in its functions,
(207) are not unusual in prosoplasrnas. The gall of Wematus bellus

(on Salix) bears a thick covering of hair, as aio^fiose "of~Hor-
momyia piligera (figure 87) and Meuroterus lanuginosus j The
oak galls of Neuroterus lentj,cularis and U. numisiaatis -bear
heirs Of a striking form, star -like bunches of hairs are found
on the former, the single components of which are thick -walled
and filled with a brown content; in the others, we find a thick
silky hair covering round about the edge of the gall (Figure
102a). The hairs of the lenticularis gall are interesting since
the bunches of hairs of this stiff, short-membered form are
found on numerous Querous varieties, but not on our native ones.
The hairy forms of the numismatis gall occur neither on the
German nor on any other Quercus variety. They are long, unl-
oelliilaar, sharp/y pointed and often two-armed. Both arms differ
grestly In length (compare 102c) and are always so oriented,
that the longer of the two seems to be centrlfugally directed,
the shorter turned toward the central point of the upper side
(at a). When studying cross-sections, one cannot suppress the
thought that spaclal conditions regulate predominantly the pro-
duction of the two-armed forms. To all appearances the hairs

(238) become two-armed, because they fill out the space at their dis-
posal. At b in the figure, differently formed hairs are shown

j

some are bent shart5ly, like knees, another kind is bent tivlce

and proTlded with a "shsulder" for a second arm. Forms pf
this kind andgSlmilar ones are produced only as a result of a
laok of space ,

By far the majority of prosoplasmas are naked or only
slightly pubeBoent,

Many galls laok all covering tissue. The galls of Gynlps
terminalls on the tips of shoots, produced from callus -tissue,
are made up externally of homogeneous parenchyma, the outermost
layer not being characterized In any way as epidermis or cork,

Moreover, the galls here mentioned belong to those, which
"orack open" In places and expose their Inner tissue. In othets,

the epidermis is lost inan early st§ge and Is replaced by hypo-
dermal layers of stono-calls.

^ Compare also Skrzlpieta, P., 3>le Axilaaegallen auf Hler-
aolumarten. Dissert. Rostock, 1900,

^ IThlle I traoe the branching of the hairs here described
to the notion of spaclal conditions, I assume that even In sin-

gle cells the same phenomena of "correlative growth " can take
place, as In some organs (for Instance, roots, compare above

p. 140). I would like also to trace b^ck to similar conditions
the production of abnormally formed trachel.ds in the gnarls of
wound -wood, especially the formation of branched forms. (Com-
pare figure 70).
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We villi tG3-m mechanical tissues those whi*h are conposed of
stone-cells. This name If? justified by the fact that ?/ithout
doubt the layer of stone cells can 'act mechanically because of
its firmness.. The larval chambers, which are composed of mechan--
ical tissues, and thoir inhabitants are thus shielded from pres-
sure and blo7;s - and protected from the attacks of animal endmics.
Lsoasse-Buthlers, v/ho had recogni55ed this community character of
the stono-eell tissues in galls, termed the firm aone a "couche
proteotrice".

Compared ¥7ith the formation of oeohF.nioal tissue in the nor-^
mal plant body, the strongthoning tissues of galls mr.y be of tv/4
kinds: cither the gjills carry over their mechanical tissue from
the plssnt organ, which produces thorn, or thoy produce a tissue
of this kind for themselvoB. "A Pathological Anatomy? Is natur-
ally concerned only v-ith a study of the latter.

The "externcl" galls only rately lack all meohnnical tis-
sues as in the different nematus varieties on the willow. VTe

find in most g£.lls an extraordinarily rich production of stone-
cell tissues. We uill study first of all the qualities of the
elnglcj. thick-walled cells and later the form and distribution
of mechanical tissues,

^ 1. All thick-wallffd cells, found in galls, are sclerelds.
Sclerenchyma fibres (storeids)na»e absolutely lacking in galls.
The amission of the prosenchymatic mechanical elrfinontr, ccnf-orm&
with the parenchjmr.tic character peculiar to all gall tissues
and also to callus formations.

Within the boundaries drai.7n for the forms of the mechanical
cells by their strongly retained scleroid-character , v/e find
nevertheless an abundant variation. The form of the stone cells

(239) differs greatly In the different galls; their porosity and the
degree of lignifi cation are also unequal. Finally, the stone

cells are very noticeable, v/hlch are produced by the unequal
grov/th in thickness of the cell-membranes.

In the majority of cases the stone cells of the galls are
small, round, and Iso-diametrlc, as shown in figure 93 (Banls-

teria gall). In other galls, however, we find ahgular cell forms,

stretched like palisade-cells and usually oriented perpendicular
to the upper surface of the gall body, similar to the rod-like
sclerelds of many fruit and seed shells. Figure 103 gives the

cross-section of a gall of Hormomyla fagi . The greater part of

the gall tissue is composed of elongated, thick-walled cells, the

walls of T^hlch are much pitted. Here and there little intercel-

lular spaces have remained free. Elongated sclerelds, with a

distinctly radial orientation, are found in the galls of Oynlps

kollari G. tlnctoria and many others. Occasionally palisade

sclerench2TtiP. is produced forthwith in young galls by sclerosis

of the asslmllatory palisade cells, or the cells of the latter

become enlarged before they have hardened to gall -parenchyma.

The oak gall of Gecldomyia Gerris (figure 104) may serve as an

esample of this case.

Even when the cells of the mesophyll divide abxindantly,

their derivatives often retain the form of typical palisade

cells (for Instance, in the gall of Geoidomyia tiliacea ). Ii

thev have hardened near the gall-cha.mber into a "coucne protec-

trlce", we find it composed of palisade cells all oriented par-

allel to one another. In galls having a different process of
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development, the sclereids in the vicinity of the larvae cav-

otLJs).'''
"""'^ distinctly radially. (The Llliri gJ?? anl

InAP^llcin^t^'^ltrit^'^^ ?^^* ^"^ ^^^^^' ^-^v.elopins r^ore than one

nSfnrnl * ^°"? ""^ mechanical tissue, such as those of Cecid-22Zia_qerri6 and very many others, the two mechanical coSts^are composed of sclereids differing in form. The outer coat

n«?i= ^v'^'T-'^^'
°*

^""l^^
°®'-^^^ °^*^^ elongated like palisade

S!;;!^^?^
inner one of arjpreoiable smaller, iso-diametric ele-

?r*^.i22^^^^® ^^^^^^^ iO^'' ^'^e ^^il^ Jiave to refer later to sin-
liar differences.

(240) The differences in porosity of the sclereids is often very
striking. In many galls the ijierahrameQ of the stone cells seem
eq^ially closely dotted, the pits standing elose to one another

'

inS^^'''i®4...?^
instance, the cynipides galls shonn in figures

o» 2^^ A J' ^^ ^^^'^^ °^'^^^' *^^ pitting ia relatively scanty,
as ror in seance, in the oft-mentioned beech gall cf Hormoayia
ragi - in numerous galls the pitting of the meohanic.il cells is
completely lacking, at least in many layers. Ko r>l£ting may lae
reoogniged in the upper angular part of the mechanical tissue,
in the Interesting (Dipteral gall of Parinariura (Fig. 90);- the
oeils of the Icrer, flatly arched part and the s-ccne cells which
lie on the under surface of the lead (shaded in the figure) are
especially porous. Numerous examples might he cited to prove
that the mechanical tissues, which surround the larval chambers,
are composed of cells with varying porosity and arranged in
zones. The side toward the larvae cavity (figure 105H) is of-
ten provided v/ith delicate .sclereids, in which the thickened

. .
ridges resemble sldnder bands, while in (105E) much thicker cell

(241) w^lls are met with at si;>me di3t§nce from the cavity. These dif-
ferences may be noticed very clearly, for example, in the gall
®^ Qlastrophus Potentillae. In the fagus-gall (figure 105) the
delicate cells of"TFe"~rnn©rmost tissue have pitted walls of a
kind similar to that known in the thallus of the Mar chant iaceae.
In the Illustration this meshed, most delicate v/all-thickening
has been indicated in only a few cells. If an outer and an
Inner mechanical coat may, be distinguish®' d, the cells of the
first are often only weakly pitted, those of the latter very
abundantly so,

Finally those stone cells must be mentioned, which undergo
only a onesided thickening of the walls, thus remaining half thin-

walled, or in which the wall-thickening in different parts i*

noticeably unequally strong. One-sided or "horse-shoe" thick-

ened cells occur under normal conditions, for example, in the me-

chanical ring of the laxirineae;- so far as I know, they are com-

pletely lacking in the mechanical tissue of the Cupuliferae.
Likewise in oak-galls, we find extraordinarily often that all

the mechanical cells, or at least the cells of definite zones and

layers, are thickened on only one side. In this way the deli-

cately walled part of the stone cells in many galls comes to lie

toward the outside (Apdricus Quadrilineatus, gryophanta folii ,

Br. divisa. Neiir o t e rus^pimTariT^nd many othe r s , compare figures
10'^' aha' 114) 7'Tf^o~af:T'The~c ent er (as in the elliptical gall of

the oak, in that of iicraBpis m? cropterae and many others, com-

pare fig. 106). It sTems x^rely to happem that the cells, thick-

ened on one side, differ also in size and form from the adjacent
ones v\rhich have become thickened all around (as in the oak gall

shown in figure 107). In all eases in which "horse shoe" scler-

eids occur near others thickened on all sides, they form, as it

were, a transition to the delicately walled tissue zones. They

(248) lie either on the inner etLge of the mechanical coat (figures
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106 and 107), or on both this and the outer edge, furnishing
both the transition and the soft parenchyrap. (Fig. 114). Dn
the other hand, galls are found, in which stone cells, thick-
ened strongly on all sides, directly follow the delicately
walled parenchyma. Figure 119 shoua finally that oven complete-
ly isolated zones of sciereids, thickened on half their sides,
may occur. It iP a mrtter of course, that this thickening of
only half the sides d&es not exdludo the formation of pits. In
the gall of Oynips l if^n^cola and many others, the thickened
part of the wall is 'For 5 strongly pitted, IVe v.dll have tor^e-
port later on the remarkable phonoraenrv of secondary growth,
vrtiioh has been verified in many of the scloreids of Cynipiaes
galls, the walls of whioh have boen thickened on one side.

Unequally thickened aolereidsg, the lumina of which show
bottle-neck, pointed forms occur in various Oynipides galls.
Compare fig. lOf, also fig, 114),

The OQlls in the gall products of other insects fStefani-
ella Trinaoriae on Atriplox and ethers), v;hioh are thickened un-
equally or orTHalf their sides, are rarer and less striking
than those of the Ojmipides oak galls,

243) 11. Having discussed the qualities of the individual me-
ohanioal cells, it v/ill be necessary to investigate the way in

v/hich Binglo cells are united into mechanical tissues and what

may be the distribution of the mechanical tissues inside the

gall body*

In most cases the mechanical cells of galls combine into a

close mechanical tissue, Wot infrequently, however, a soft par-

enchyma may be found within this in which isolated stone cells

are scattered (compare figure 101). The manmr in which the

single, thick-walled cells join on t6 one another, diwsplays noth-

ing unusual: either parallel rovrs are produced (as in figures

90 and 95) or irregular bands. Small intercellular spaces be-

tween the simple nclereids are very clearly recognizable. In

order to be able to describe the arrangement of mechanical tis-

sues in the gall body, reference must be made to the other tis-

sue forms. in galls,

Laoasse-Duthiers (loc, ci<5, p. 292), on the basis of his ob-

servations on highly organised galls, siich as those of Cynips

tinltoria and others, differentiated the following tissue layers:

(.1, epiderme .

(2, tiSFUG oellulatre sous-epidermique

I. (3. parenchyma (spongieuse

(
(dure

(4, vaisseaux

II. ( 5, couche protectrice
( 6. partie alimentaire

Beverinck (loc. cit. p. 39). called the
^^^^J'^^^^^f?4j^'^i^^^^

(ID "the inner gall", the others (I) all together the gaii oarK

The different formation of the couche protectiice, in con-

trast to gall bark, makes possible' the differentiation of the

following three types in mechanical gall tissues.

I. The mechanical tissues lie comparatively deep in the

Inner part of the gall. An epidermis and a bark
^Jf^^^^^f.^^^""

walled parenchyma is present which can differ greatly in thick-

ness and histolggy^
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As an example may he named the gall of Aulex Hieracil;
internally each Isrvcl chamber is f ou.-ncl to te s\irroiirrefl hy
a hard protecting layer while a richly ^^veloped gall bark
lies outside of all. In other galls, the proportion between
the gall bark r.nd the "inner gall" varies. In the prodixcts
of HormoTOylr. oatjresta . for example, v;hich exists on v/illows,
only a vewy few layers of bark tissue lie between the mechani-
cal tissue and theopidorrais,

£, In forms of the second type, the mechanical tissues
lie dlrootly bon&r.th tho epidermis , Thc> "gall bar>.", in Bever-
Inok's Bonse of tho word, is hnre r-educod to the epidermis.
The oft-montionod., undetermined Banisterir^ gall (fig. 93) bears
on its upper side a tv70 layered r-H bark, composed of one Igcy^r

of opidormis and a lajrnr of palisr.d.: tissue. On tho underside,
the mechanical tissue lies directly against the epidermis.
Figure 90 illustratos Finilar conditions: merely one layer of
epidermis lios above the inochanioal tissue Rone. Further exan-

(244) plea are furnished by the leaf-curling gall of the Pistaciae,
produced by Paraphigus ppillidus, P. retroflexus and p. semilun-

ularius. The gall of Andricus coriaoeus , abounding on various
southern European oaks, consists, "TTt any rate at the time of
ripening, onJ.y of ep5.derrQis and tho "inner gall". The mechanical
tissues are strongly developed. In the Kollari-gall (produced
^y Cynipa Kollari ) the epidenais is thrown off prematurely, so
that the outermost tissue layers of the ripened gall are the
mechanical ones. (Beverinck loc, cit. p. 15^); I found similar
conditions in the gall of Cynip.s Mayri and Kuetenmacher (lots,

cit. p. 181) in that of C. ferruginea .

3. Ufhe third type is characterized by the f§ct that the me-
chanical tissues extend to the outer surface of the gall. Even'
the outermost tissue layer^ like those next following, is formed
as a mechanical one:- an especial epidermal layer or a "gall
bark" can scarcely be spoken of as in Hormomyia fa/^i (fig. 103),
Dryophanta divjsa . etc. The outermost laj^-ers' of' "fche mechanical
tissue often consist of cells elongated tangentially, those
lying deeper of radially oriented ones. In the ask gall of
Piplosiff ootularia . the cells of the epidermis take part in the
sclerosis, at least in places (fig. 110). In this, as in the
fagus gall, "enclosed" galls occur of which the epidermis is
derived developmentally from the normal one.

The form of the meohanicp-l tissues, corresponds entirely
to its significance for the inhabitants of the galls. Speaking:
tell^eologically, the question is one of preventing the collapse
of the cavity inhabited by the gall animals, of insuring ifs
form and of closing the v;ay into the interior to animal enemies.
Accordingly, the mechanical gall tissue usually represents an
armor, closed on all sides, which in thickness and extent cor-
responds more or less to all demands. The question, therefore,
whether the firm "mechanical mantel" is only a few. cell layers
thick or whether practically the whole gall consists of mechani-
cally effective tissues is of no importance for its forPBl
character.

The form of the mechanical mantel usually .-j^ep^ata in minia-
ture the form of the whole gall. In spher;M3^Jt galls, we again
find the ball form in the mechanical mantel (figure 108A), In^
the flat, elliptical oak-gall (B), of the %^')5iisteria gall (E)
of the short -cylindrical gall of pj^.rin^*;luj6 |figure> 90) etc.,
the form of raechanicra iriantel always foH,p'\^'S 'kjhfvt of the wh»le
gall. She same conditions are present ijfiffiia ^nd walled galls.
These do not represent a closed body jS'tiioe ftn Pp^W panp-l unites
the larval cavity with the outer wpvia.' ^ mpclianical mantel ifi
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also p^od^^ced here ronnd about the v/hole, (Mg. 1087}. In
the leaf-ourline ^all of Pemphlf^ua mllidus rnd in others, the
up-curled edge of the leal is pressed so firnl- against the
lamina, th£!.t the shaft for exit scarcely comes"' under considera-
tion in the action of the mechanical tisHue develop e<^ in the
leaf tissue (Pig. 108G). Ab an exception to the ru> the gall
«'f,Oja°iMiZiaJJLZ-i^£Se ^^ig- 108G) should be nair^d. Ylhile the
gall itself resembles a bi-convex lense, its mechanical mantel
has the form of a spindlo or a helmet; its long -axis being
perpendicular to the medial plane of the gall.

The casofi deserve speoial mention, in which the mechanical
mantel is composed of tv/o parts. Instead of a hollow ball, it

(245[ here i-esonblea two hollov/ hemispheres with overlapping edges
Of with edges almost touching e^ch other. The gall of piplosis
globu^ i. noi; rare on rspen leaves, opens on the uhderside by
means of a narrow cleft. The lov/er part of the mechanic".! man^
tel (Pig, 108H) begins immediately at the cleft and, like a
bowl set upright, oncloses the under te-lf of the larval chamber.
The second half of the mantel lien Gomm^rhat bent over this;-
and, like a hemisphere, protects the upper part of the gall
cavity. Between thCvse two parts of the mechanical tissue, 14es

- .
a thin-wnlled parench^nna. The galls reproduced in ftgilres 90

(246) aj^ 111 show very similar conditions; in them the upper part of
the mechanical tissue has asRuned the form of a I"fat lid.

Usually each gall possesses imly one mechanical mantel: a
further advance is shorm whea?e a second one surrounds the first.
While the inner mantel is usually closed on all sides » the
outer one is often only half formed;- it then lies like a flat
pan over the inner one and over the central gall cavity. (Pigs.
104 and 108D). The structure of the ash gall of Diplosis bot-
^laria (fig. 1081) is eapdcially firm. On the complete inner
mechanical mantel is laid an outer one which is open only on
top, showing in cross-section a horse-shoe form. Often both
parts, lying opposite the gall opening, unite with one another.
In other cases, the OTiter mantel also forms a closed whole, as,
for instance, in the Banif^teria gall (fig. 108E), or in that of
Cynips Mayri (Pig. 109), In the latter we see clep.rly that the

'

outer mechanical mantel repeats well the form of the ivhole gall,
while the inner one assumes a simpler spherical form.

If two mechanical tissue mantels are fortnecl in the same
gall, the two may almost alvirays be distinguished more or less
from each other by their histology.

A very peculiar kind of Gynipides gall is represented
by Synophrus politus . On branches of (^uercus Super , etc.
j^ small inner cavity encloses the larval! Its anatomical
O"tr*iotur0 la ^orj.'B.iiTt'kiri^.-i The protective tissue of the
galls if formed of a thick woody-mantel v/hich represents a
xylem kernel surrounded by bark, but apparently completely
isolated from it, similar to the tuber gnarls spoken of
aJfoVe. The galls also correspond histologically to these.
Kfe find in abnormal wood, composed predominantly of pittec"
parenchyma, that there are places v/ith normally arranged
elements IjT-lng side by f'ide with others who^e fibres, in
the greatest "disorder" take first one direction, than an-
other, Also the beginnings of "gnarl formations" xvith
strangely bent libriform fibres are not lacking. YJe often
find large sclereids '»vith large lumina and strongly thick-
ened walls in the immediate vicinity of the larval chambers,
Unfortunately in the dried Material I investigated the for-
mation of the nutritive layer was no longer recognizable,
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If a well differentiated nutritive parenchjina follows,
on the inside, the irregular wood layers, the structure
must be cbnsidered to be a prosoplasraa; the gall of Syn-

oiohyus politus would thus be the only prosoplasniatlc one
with layers of libriform fibres. Howev.er, it shows essen-
tially the greatest correspondence to kataplasraas and we

247) may term it a knarl ball produced by p;aii aninals . The
^lovelopraental history ot' this gan, v/hich is not of rare
occurrence in Sicily, could not be studied in the apeci-
rnens at my disposal, A oloser Investigation of the re-
markable structure 'Vould be very desirable.

In many galls the "tendency" to form thick v;nllod paron-
ohyma cells is vr^ry frreat and is no't thoroughly exhausted In
tho production of tho mechanical mantels just described. Galls
which contain sufficipnt quantities of thin-wallod bark paron-
chyma in young and medial stages of dovolopnent finally oonfslFt
only of scloreidp - at times after the disappoarance of the ten-
der nutritive tissue. An example of this is the large gall of
Cynips Mayri . in which tho luxuriant tisnue masses between the
outer rnd inner mechanical mantels finally become entirely
thl«k-walled and lignified (fig. 109).

As In the consideration of normal parts of plants, it is
also not admisaable to consider here all thick-walled cells as
mechanically acting parts which function expediently. Besides,
the Bclereid tissue, produced late in many galls, is often so
porously constructed thiit there can be no thought of a mechan-
ically effective tiSvSue.

(848) nevertheless, besides the above named sclerotic tissues,
we find Still others which function very obviously as such and
deserve brief mention.

I would name first of all the closing tissues, I thus term
those tissues which are used to assist in tightly closing the
entrance of the gall, because of their suitable cell forms. In
many walled galls, short, extraordinarily thick *-walled papillae
are produced on both sides of the entrance to the gall cavity,
and form a cogging of the two contact surfaces. Figure 110
shows part of a cross -sect ion through the gall of piplosis^bpt-
ularla, The papillae are short and rounded, apparenxly acting
Bimilarlir to the sane structures of the cone-scales in coni-
fers-*-. Since these peculiar hfiir structures in the botularia
gall are formed onlj?- on the surfabes touching one another and
in their immediate vicinity, it mi^ht be well to make investi-
gations as to v/hether locally acting stimuli (perhaps stimuli
of contact?) possibly cause their formation^.

Further, the mechanisms 6S opening deserve our attention.
Many gall animals free themselves from their enclosures by eat-
ing their way out of their dwelling place. In others, the host
plant produces the necessary mechanisms which, at ihe time of
ripening, give the gall animals their freedom. The mechanism
is set in action as soon as the tissues of the gall begin tfe

^ Tubeuf . Haarbildungen 4, Koniferen, Forstl,- Katurwiss.
Zeltschr,, 1896, Bd. V, p. 109. Compare plate VI, fig. 3,

It might be possible tliat here, as well as in other gall'
formations, the chemical stimulus, arising from the gall poison,
participates only Indirectly in the prod\ictlon of definite
forms, since it only makes the tissues susceptible to other
kinds of stimuli.
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fnd^?hr«,Sl '^^'^''''l
''^*^'' content of the mechanical tissues

?herebt b?inX^n5^,^^°'''''^ t'^
^^^Oually strong contraction;xnereoy bringing about a rupturing of the ealltlspuft Thftundeterminable ?I)iptera?) gall oAn Anherl?Iee^ is ?ery

(fi^ ??!? ?S?fr^''*'^\ Across.section through the |a?l shows
lP/19) nftifo ;>i?J ^® Tneohanical mantel consists of two isolated
(249) parts A flat cover-like plate of tissue lies above the lar-val chamber the edges of which extend over and around the

Ji'^*^y°^>^v^^. Jowl-like sclereid mantel lying beneath the cav-
il?* J?™^'^ ^^^ *^''o are ^ fe^- layers of delicate tissue, mienjne gall dries this tissue degenerates and the cover falls off
ivo y*' F^if' *^^! opening the interior of the gall. The me-
chanicr.l tissue of the gall illustrated in figure 90 mav indeed
function very similarly, but my dried material did not permit
ox any op^clusion concerning this. Our mtive flora furnishes
lurther examples. At the base of the gall of Hormomyia fagi
(compare fig. 86) a delicately walled zone of separation is re-
tained - so that at the time of ripening, the helmet-like
part Of the gall lying above this zone is loosened. In the
linden gall of Ceeidomyla tlllacea the sclerosized inner part
Of the gall, which contains the larval cavity, is squeezed out
of the contracting peripheral tissue and the inner gall falls
to the ground. Later, as described by Kerner , the gall animal
fnaws a regular groove in the gall kernel and then pushes off
he upper part, like a cover. Figure 112 illustrates this pro*

Oess. mirther examples are described in Kerner^ s "Pflanzenleben",.

Nutritive Tissues

Those g&ll tissues which are devoured by their inhabitants,
or the contents of v;hich at least are of benefit to them, may be
termed nutritive tissues. The form of the single cells and the
character of their avails are of less interest to us hhre than
is their distribution inside the gall body and the quality of
their confenTs I

The significance of the nutritive tissue in the histology
of the gall formation and for the existence and development of
the gall anirKils even exceeds that of the protective tissues.
Ho gall is without mitritive tissues and these not infrequently
represent the chief mass of the gall body. In the discussion
of gall hypertrophies and kataplasmas, v/e have already become
acquainted with galls in which all the pathological cell pro-
ducts, ivithout an exception, bear the character of nutritive

^850) cells. It is usually a qtiestion of the deposition of proteins,
of oil and of starch,- as stated above in the disctission of
Erineura hairs. The fact is here of interest, that, in proso-
plasraas, the "divisdon of ;iabor" among gall tissues produces
definite zones, the cells of which "serve" exclusively for the

storage of carbo-hydrates or of food stuffs containing nitrogen.
Especially in the highly organized cynipides and diptera galls,
the layers of the nutritive tissue are extraordinarily sharply
set off from the neighboring, mostly sclerosized zones. Lacaze-
Duthiers, in his gall anatomy, differentiated an especial
"couche alimentaire" (see above).

According to Professor Kadlkofer's kind determination.
For the shipment of material, I wish to thank Mr. Zenker in

Bipindi,

2 '

Pflanzenleben, 189B, Bd. II, p. 484.
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In a "normal" development, the contents of these nutritiveBues a^-o devoured by the gall animals. Under ahnormal con-
ions, however, the nutritivo material of the plant cells

X'^of^i^""^ ^T^^'.^^.'^f^J'.
^^^-^ °^ Peciiaspis Aceris (cynipides),freed from their inhabitants and l ^ft in solutions which are

poor m food stuffs, or in ordinary tap wafer, remain alive for
weeks; but the contents of the nutritive tissues disappear. If
galls of a similar Irind, ceteris naribuw, are put in a sugar
soluoion, the contents of the nutritive tissues remain unused
or nay ovon be slightly increased.

4. /^I^J''^-^-'-
distinguish two forms of nutritive tissues: the

BBI£ltlI£-i^.PJ-^g.ynls and the nutritive prrenchyma , Nutritive
tissues of the first kind are present, when, for example, in
sac gjlls or walled galls, the space occupied by the gall ani-
mals is lined v/ith a clearly recognizable epidermis, vrhich func-
tions as nutritive tissue, Very often, delicate walled hairs,

Y? t/"'^^
oxtraordirR.rily rich in food stuffs, are produced on

it which we will term nutritive hairs . We speak of nutritive
parenohTmr.. when the wefltfiiled cells belong to the ground tis-
sue. Thif. form of nutritive tissue plays a large part especi-
ajtly in medullary oulls. The nutritive parench^/ma usually con-
slFte of mt'.ny cell layers, which can differ greatly among them-
selves, in the quality of their contents. A double "nutritive
mantel" may be often developed, just as in mD.ny galls the larval
cavities are protected by a double mechanical mp-ntel. The in-
ner nutritive 7.one is then enclosed by the mechanical tissue and
belongs to the inner gall; the other lies outside the mechanical
mantel and belongs therefore to the gall bark. Conditions are
very complicated, when two mechanical and two nutritive mantels
are present.

Nutritive Epidermis

Me find a nutritive epidermis in imny leaf afio galls, v;hich
have been produced by Phytoptes and Aphides. The inner epider-
mis of the infected part of the leaf remains delicate, develops
only a thin cuticle and is usually richly filled with albumin-
ous stuffs. There is nothing unusual about the form of the cells,
so long as they do not grow out into hairs - nutritive hairs.

We find papillae-like structures in the larval chamber of
the- gall of .Gecidomyia tJlmariae ; the cells are strongly curved
outward, their menbranes being often considerably thickened,
Nutritive hairs occur on the inner side of different mite galls
and in their simple form seem similar to certain Erinexun hairs
in size as well as amount of cell contents {compare figures 85a
and 113a). Alibuminous substances abound in their lumina, such
as drops of fat and also small grains of starch. Small papillae

(251) or flask-like hairs are found^on the galls of many Aphides (on
Poipulus Pemphigus spirothece )-^ on TJlmus Tetraneura compressa
(figure 113B} and many others.

Nutritive Parenchyma

It is evlddlnt that no sharp line moiy be drawn betv/een the
superficial nutritive tissues, which still bear distinctly the
character of the epidermis, and the inner grotmd tissue com-
plexes of the nutritive parenchjona, since many walled galls,
which, as we have seen, are lined with epidermis, can grow into
completely closed balls etc., the cells of the epidermis then
often undergoing the same development as the cells of the bor-
dering ground tissue layers.
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The* diatribution of the nutritive parenchyina in galls
Is into various types. In the simplest and moBt frequent

case, an inner nutritive mantel is formed only within the me-
chanical tissue, is at once accessible for the occupants of the
gall, and is usu.ally unsparingly devoured by them. In more
complicated cases, abundant quantities of food stuffs are de-
posited outside the nechanical mantel, The cells of this outer
mantel, however, are not consumed by the gall animals, but
rather their contents become acoessiblt; for the larvae only by
breaking through the eolereid layer*

(252) The form of the simple nutritive cells shows little var Id--

tion, Usually iso-dlametric elements are concerned here, elon-
gated, for example, into sao-llke forms in the elliptical galls
of Neur 1 rus lent icul ^rri

a

. I found very delicate, elongated
oe^-l threads, comparable to branched algae, in the outer nutri-

tive mantel of an undetermined Cynipldes gall of quercus Wisli-
geni ffigure 114 St), Uhile the nutritive tissues in general
usually consist of a dense parench;;?ma, wide intercellular spaces

remain free in the outer nutritive mantel of this gall. The

form of the nutritive tissues, as a whole, ts connected in gen-

eral with that of the meohanicr.l mental,, or of the entire gall.

In regard to the cell contents , t^to different zones of nu-

tritive tissue usually come under consideration in highly or-

ganized Cynipidos galls.

The cells of the Innermost layer©, on which the larvae feed,

contain regularly a cloudy, dense cytoplasma, in which numerous

small drops of fat are often mixed. 7/e term this innermost

layer the? protein layer > Figure 115 shows 3 cross-section thrnugh

the maple leaf grail' 6i' gediaspis Aiaeris ; all the cells are thm
walled, the outermost being rather small, the innermost strik-

ingly large. The cells bordering directly on the larval cavity

are filled with a cloudy mixture of cytoplasma and fatty oil.

There rre here and there a few clear vacuoles in the emulsion.

(253) In most galls, several layers are found, the cells of which are

filled in the same \/ay vdth proteins etc. If e- mechanical man-

tel is also developed, the nutritive tissue lies, of course,

inside the sclereid tissue.

Starch also should come under consideration. In any kind

of gait's - In many kataplasmas and in many Erineum galls -

ataroh is usually present in abundance and always lies outside

the pfotein layer. We term It briefly the starch layer. Either

both the protein and starch layers belong to the ™^»
SJJ-J' ,jy"

ing therefore insiae the sclereid tissue, or the starch tissue

Is deposited partially or entirely in the gall bark, .^he ellip-

tical galls of our native oaks (Heurotenis lenticular is etc.)

Store up the greater part of theTrlarvul food
oif:^^^:^^. *^^^^^-

chanical mantel , - at times, almost the entire gall bark repre-

sents ^ gigantic reservoir of food stuffs.
{^I^

especially com-

plicated case is that illustrated In figure 114; the starch

layer (St) lies about the inner mechanical mantel and on it a

second mechanical mantel.

It should^noted that the contents of the nutritive cells,

which contain starch, are dissolved before being ixsed, ana,

according to Beverinck's investigations, are converted into

proteins and fats.
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In the nutritive tissue of manir galls two striking
bodies are found, in the cell contents^ vifhich Hartwich''^^

has thoroughly investigated , Besides balls of "tanaic
substanoep", to which I vdll return later in brief, cysto-
ligh-llke forran are pIso found, which give the reaction of
wood and which v/e, with Hart^ioh, '.;111 term lippfiin bodies .

According to Hfirtwich, they are produced at the corners,
where several cells oome together, as local thickenings
of the walls (fig, 116a} swelling up to sphero-crystalline
tubers and finally taking into requisition the entire cell
(fig. 116b), Also, in Ir.ter developraental stages, the con-
centric arrangement of their layers is often very distinct.
They color red with phloro-glucin and hydrochloric acid -

not Rll the Iryers equally quickly nor equally intensively.

(254) It is still uncertain whether the llgnin bodies r.re

of any stjeoial significance for the oooupftnts of the galls.
Doubtless they are consumed by the larvae, bujg it seems Iffl-

probable that they contain nutritive material , They have

been found as yet only in a liraitod number of galls, in

fact only in the Cynipides galls of various speoies of
' Oueroiis. 'Hartwioh mentions them in the galls of Cynips

tinotoria . (on Querous infector la) of Qynipg li^nlooia and

in an undetermined Texan gall on Clu. virens. .I^urther, I

found the same structures in the rralls of C^mips strobliana
and Chilaspis nitida (the letter on Qu. Cerris ). The cells

provHed'wifli llgnin bodies either form a ooniinuous laj^er

in the nutritive tissue of the galls (as in the galls of

C. tinotoria etc.) or nay be found in groups here and there

outside the mechanical mantel, in the gall bark (ripe galls

of Ohilaepia nitida) .

Although the cells of the nutritive tissue are gnawed by

by the ga,ll animals, secondary phenomena of gra-th mp,y at times

be enacted in them. Either hypertrophic or hyperplastic changes

may occur in them. Beverinck (loc, oit. p. 84, 113) has deter-

mined in the elliptical gall of the oak that the sclereids
thickened on one side, which were mentioned above, may supple-

mentarilv grow out to resemble tjrloses, while the part of the

epidermis which has remained delicate, undergoes a strong super-

ficial growth, thereby causing the production of a secondary

nutritive tissue.

In other cases the cell material, upon whiffih the gall ani-

mals feed is replaced by a ner outgrf^/th, resembling callus as

in the gall of Uematus yallisnerii - which Frank'^ investigated

developmentally,-' and still others.

Besides those tissues which protect and nourish *^e 5^°^?
pants of the gall, all others in the galls plav ^^"^^^y |\^^°^^f

'

ate part. 7e may content ourselves with a brief description ot

them. _«*------
l"u;b: Ge^bstoffkugeln i.^LigiiinkStper injl Wahrungsschicht

der Infect oria-Galle. Ber.d.3).Bot. {5es.,1885, Bd. Ill, p. a*d-

^ Recent investigations have lur.de improbable tny ^^5;^^?^^??"
pressed point of view (Beitr. z. Anat, etc. Ij*' f;$iVS nutri-
lignin bodies like the carbo-hydrates and proteids of the nutri

tive parenchyma furnish food stiLffs for the gall-insects.

^ Krankh. d. Pfl.. 2. Aufl,, Bd, III, p. 201.



3, AsslMJlatory gisaue 2X8

One charaoterlstic of pl-most ill galls in their poverty in
chlorophyll. Very wrny prosoplrsratis to "be sure are a prle gre^ii
such ae the hr.lf-trarisparont produots of Spathegaster bacoarurri ;

Hormonyia fa p:i. etc., Imt their ohloroplasts' are s'6anty, ama^l,
wisteA and only weakly colored. In very many, ' stich as the
various elliptical galls, the 0?erminalig'', Folii, etc, no chloro-
phyll at all raay he found under the Microscope at the time of
ripening,

• «

The gall of Kematus Vallisnerii (on Salix) , for example,
should he considered an exception ^ the rule, iThen a gall of
this kind is brok'ozi open, the extensive deep green tissue con-
plex inside it is strikingly noticeable even mrcrosoopicGlly.
The outermost layers? consist either of elements elongated into

(256) a palisade form, or roundish ones as clear as water. Then,
to\7ards the inside, comes a thickly developed, assimilatory par-
enchyma (compare also figure 88), which is far stronger than the
normal mesophyll of the willow leaves.

The large galls of Aulex Glechomae . rich in water, which
deform leaves and stalks, develop superficially an assimilrtory
tissue which ia pale green in color and cSnsists of one or more
palisade layers.

In the sac galls, which Phytoptus maororrhynohus usually
produces -vbtit abundantly on the lekves of Acer Pseudo-platanus ,

a large -celled, oolor^.esB parenohjTna or one containing anthocy-
anin, is formed on the outer side (the morphological upper side
of the leaf) and on the inner sjde (the morphological under side!
a cell layer which, pale green in color, resembles a palisade
tissue (fig. 117).

Cases are not really rC-te in which the galls carry over un-
changed the assirailatory tisf?ue of the organs which bear them,
(many stalk and leaf galls; compare, for example, figure 93).
Since products of pathological tissues are not concerned in

these, we may pass them by,

4. Vascular. Tissues

The relation of the galls to the vascular bundles of the

plants which becir them is unmistakable, Many are produced di-

rectly from the ^tissue of the vascular bundles, others are con-

nected throughout with the neighboring vascular tracts. The

vascular bundles are usually very sparsely formed, and only as

delicate cords, inside the galls themselves,- in kataplasmas,

as in proBoplasraas,

The individual elements of the vascular bundles resemble

normal ones; jret the individual ducts usually have very narrow

luinlna. Traoheids abound and, for their part, often repeat the

form 63P the parenchyma cells. In many galls,- for example, in

that of Spathegaster baooarum .- the composition of the vasctilar

bundles and the iforra of the separate tracheal elements resemble

throughout the corresponding cells of many callus tissues.

(Compare fig. 67),

(856) The structure of the vascular bundle s likewise in general

is similBr to the normal one. The galls of Andrious albopuflcta-

tus and Trigonaspis megaptera should be nameoasexceptions

,

which, according to "SevSr incii (loc. cit, p. 128) have concentric
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toward the larval cavitv, the phloein toward the outerside^of the
ge.ll, (revoreed aoco^'ding to Beverlnck, in the gall of Aphilo-

-vthrlx Malpif^M) , or they .jnsp through the hark of the gall as a
delioate network es mav he found in the fleshv pericarp of
many fruits, Courchet*^ has explained the double vascular bundle
^J^l ^^ *^^ ^'^'^'^' °-^ pemphigus oornioularia by peculicar processes
6f folding and oopleRoencjo In JTTe^brgarbearing the gall.

5. leyating giseues

In general, th^ tissues of the galls are even more porously
construotef. than aire the likevyise roostly porous callus tissues.
Almost every:/here at least small inter6ellular spaoes are dis-
tinctly reoognizahie, so that provision of air is assured for
the gall tissues and gall occupants. The porous texture of the
"b^yk tissue in many Cjmipides galls is very striking. The single
cells are provided ";vith long slendter arras, by vhich they are con-
neoted with one another;- between the single cells lie extensive

(357) intercellular spaces. Figure 118 gives a few cells of this kind
Of star-parenohyraa froK the Kollari gall. In other eases, in-
stead of star-like cells, elements distended into pouches are
formed which are connected witli one another only at their slender
ends, or through especially short pointed protuberances. We find
the sane conditions in the tissue of bark excrescences and lenti-
eel outgrowths;- of the native Diptera galls, that of Diplosis
tiliarum . for example, is especially rich in "aerating tissue"
of the kind described.

In the Kollari gall, the Argentea gall etc., the star-like
parenchyma cells lignify in the later develppmental stages and
take on an abundant pitting. In the gall of Oynips Mayri .

cells of rxc Inconsiderable wall thickness are produced.

The question must remain open as to whether the air -reser-
voirs, furnished in these tissues which abound in interstices,
can in any way aid the well-being of the gall animals and in so
far be termed '*expediently" functioning tissue forms. As al-
ready indicated, very similar tissue and cell forms also occur
in other kinds of pathological products (for example, bark ex-
crescences), in which fro ra the very beginning the question as
to toy "purposefulness** is knoii-n to be unfounded.

TissHes which contain air occur also in other galls. The
characteristic v/hite markings of the gall of Andricus guadrilin-
eatus are produced by flatly raised ridges, wRich consist of
tissue abounding in interstices. The gall of Aulex Hieraoii is
traversed raeridionally by tissue stripes which contain air.

Pneizmatnodes occur in galls in t>^ form of stomata and len--

ticels« In the ^'enclosed" galls, th» stonhta of the normal epi--

dermis are always changefl in so far that they often lose their
ability to close., remaining open permanently;- for example, in

many Weraatus galls. In t|ye galls of Dryophanta folii. Dr. dlvisa.
Dr. longiventris . etc., Kustenmacber found that thd guard cells

Vascular bundle s with abnormal arrangemerit of the phloem
occur also in correlation-heteroplasmps (p. ,252).

1879.
Etude s, 1, galles prod, i^ar les aphidiene. Hon-cpeilier .,
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which touch one another at their tips, become pitt»d oh the
conte.ct^ *i,lls, "the walls are reabsorbed, ths two guatd cells
thus appearing later as ring cells, v/hich serve less in clos-
ing the _ air passage, but rather stiffen it". In general the
galia do not abound in stomata, 1 kno.? of no cast^ as yet> in
which, then the epidermis makes an active surface growth, the
number of the stomata is increased in correspondance with th«
increase in surfcoe. Tho tisnue lying directly unc1e-r the stom-
ata often rboiftnds in Intorstiees and forms, at times, a snali
cushion on the top of which lies the stoma.

Lentioels are especir.lly noticeable on the various IJeraatuS

galls of the v;lllow, The stom ata. together with the adjacent
parts of the epidermis, soon disintegrate r.nd large, roundish
lenticels develop beneath then, vhich as |rorm dots, often give
tbe galls a very characteristic appearance. The lenticels on
the galls of lematus gaHrrlini on galix grandiflnra are especially-
large and nunerous. In Kenatus belluB ©ne or ttwo especially
large lenticels are present on that part of the f^rll which be-
longs to the upperside of the leaf. In moist air, lenticels de-
velop the excrescences already described ^tist like those of the
normal paTts, Aphla ga^ls also are at times rich in lentioels,

(258) ©specially those of Pemphigus spirotheoe and F. bur sarius, 'Sot

only the gs»;lls themselves, but even~flie adjacent parts 6t the
petioles and the midrib swell greatly st tines end develop
numerous lenticels,

KustenmfH8hf?r has found holes in the. epidermis of var-
ious galls whi(3h he terms carbondioxid fismires. The car-
bon dioxid flsFurea are sirnply epidermal cells, ?/hich are
separated frim one another and between which the intercel-
lular space is open to the outer f.ir. They usually have
small lumlna and lie at points, where several cells touch
at the corners, The upper opening is usually three-
cornered",

"I have named them carbon dioxid fissures, because I^

think th6v ha.ve been produced by an inner pressure in an in-

tercellular space too far distant from other air passages,

which nressure is caused by the freeing of carbon dioxid

(loc. cit. p. 181)".

According to Kustenmacher, under certain circumstances,

pores in the membrane can also discharge the functions of

pneumathodes

,

"The sieve hairs of the Cecidomyia gall, the normal

fascicular hair of Hierac^um and the heirs of the Perruginea

gall, are, according to Kustemmcher,- "organs which can

convey air into the interior of tbe cells".

In these statements^ of course, it is only a question

of hypotheses, and. as I believe, very improbable ones.

6. Secretions and Secretion Reservoirs

The secreting elements of the norml epidermis and those

conveying the secretions, are either found again iit gall tissues

in an unchanged form, or a rich increase of the elements fur-

nishing the secretions takes place. Accoraing to Kustenmacher

in the formation 6f the Cecidomyia galls on Artemisia campentr-^s,

the oil ^^res of ni^raal plants act absolutely passively. Among

the galls of JIucaliptua, of which I investigated herbarium mater-

ial forms may be fotxnd which are practically free from secre-

tory pores, side by side with those whose parenchjTma is penetrAXcd
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throughout by them^. In many other galls also, as in the for-
mation o:^. vround-wood and giill wood, the increase of the inter-
cellular spaces containing secretions plr.ys an important nart;-
as for example, in many Pistacia galls (such as that of Pem-
phigus semilunularius and many others)

.

Less frequently, new forms 6f secreting cells and. tissues
occur in galls, which are not knovm in the anatomy of the nor-
mally developed host plants, I include among these a peculiar
gland, which I found in the interior of a Csmipides galls (on
Quercus V/islizeni) . This galls may he illustrated here as an
e::ample of a richly differentiated form (fig. 119). The se-
creting superficial cells are still to he mentioned;- such as
occur, for instance, in the ga5.1 produced hy Oynips argent e

a

1 259} on Quercue puh es cens

^

. in that of Andricus Sieholdii . in the
Bassorah galls'^ etc. The galls of Cyhips Mayri a-opear similarly
"varnished)*. Unfortunately I could no longer recognize the
sttucture of the secreting cells in the dry material at my
disposal ,

Crystals of calcium oxalate are not generally found in
abundance in galls,- and w€l could verify the same scarcity in
many callus tissues. The entire absence of crystals seems to be
rare. Vanftevelde^ hag published some statements on the scanty
crystal content of those plant organs, which have galls.- Like-
wise, cases are not lacking, in which, we may find a rich crystal
formation in the galls. Kohl has emphasized the fact, that forms
rich in sclereids often contain crystals". In others the crys-

(260)tals occur as an accompaniment of the fibre -vascular cords. Cells
bearing crystals and united in radial rovirs are found in Tinctoria
galls and in others. In the products of Gynips Hedwigii ..and
Lryophanta verrucosa > certain' layers of the gall tissue are es-
pecially rich in crystl,ls (according to Kustenmacher) . I found
in the fagus gall (fig. 103) that all the cells which bear
crystals and are at an equal distance from the surface of the
gall had been united into a special layer, which lay on-the
boundary line between the large-celled outer tissue and the
small-celled inner one. The cells are often divided by exceed-
ingly delicate cross-walls; each division containing a single
crystal. In numerous galls we find that continuous layers of
crystal cells arise through the abundant but localized product ibn
of crystals, these cells layers, in many forms, lying in the
gall bark; in others, in the inner gall.

The diversity of Eucaljrptus galls is surprisingly great.
The test^, which I had opportunity to investigate, lead me to
expect many an interesting result from a comprehensive treatment
of Eucalyptus galls from a develo-pmental " and histological stand-
point.

2 ir

Compare Hieronymus, Gallon aus Sudamerike und Italien.
Ztsehr. f. Entomol., 1892, Bd, XVII.

^ j-HarMlch* Arch, d, Pharm. , 1883, p. 829.

^ Investigations on fresh material w©uld lye very desirable -

the gall is abundant in Sicily.

^ Bio'dr. tot de phys, der gallen, het aschgehalte d. aange-
tocte bladeren. Bot, Jaa.r'b, Dodonea, 1896, Vol. VIII, p. 102.

^ Anatom.- physiol. Untersuch, d. Kalksalze etc. Marburg,
1889.



222

"Fjjially the oontent in tannic substance s should be consid-
ered, which, as is well known, maKes many galls of practical
importance. Those galls are histologically interesting in
which the storage of the tannic substance is restricted to def-
inite zones, Th^ bark of many Oynipides galls is strikingly
rich in this. In them the tissue, resembling star-parenohymD-
si-noe it abounds in interstices, is filled with the substances.
The antiseptic action of the tannic substance may, under cer-
tain circumstances, be of significance in the development of
the galls and their occupants. Nevertheless, it is noticeable,
that, "tannic substance balls"-*- may be found in the nutritive
parenchyma of many CynipiAes larbae, and are devoured by the
gall animals, but are, according to Hartwioh, thrown off again
as excreta. According to Beverinck (loc. cit) and Hartwich,
forms which are at once conspicuous because of their very dark
color, occur in the various elliptical galls, in the products"
of Oynips Kollarl . C. lignicola . G. insana ("Bassorah galls"),
0/ •fcinctoria eioT Also they are knoxm already 'to Laoaze-Duthiere,
For th0 tannic substance in other hyperplasip-s, compare p* 16T«

Finally, the anthocyanin content of many galls should be

mentioned. Many g§ills, just like normal fruits, get "red checks"
through the act ion" of light ( Neroatus gallarum . HoiTnomylajgfa^i,
etc.); a reddish tone is thoroughly characterir-^c of mny
( Oynips terninalis . vefy many Phytoptus sac galls etc.). In

many others the anthocyanin content is restricted to definite'

parts of the tissue. The red zones, ten or more layers thick,

in the galls of Kematus Vallisnerii (on Salix) are very notice-

able. On the upper side {the side toward the light) the cell

layers derived from the mesophyll become colored unusually hxe^-

ly - those derived from the epidermis were colorless in the

examples which I investigated.

The present pages give indeed no exhaustive anatomy of

prosoplasmatic gallsj- only the outlines of such an one - cor-

(261) resT3onding to the task of our book - may be given here.^ What is

given mav w«ll furnish sufficient material for a comparison of

the various pathologica]. tissue forms with one another,- whicn

we consider the aim of this exposition. Hew points of view for

our question would scarcely have been acquired by a cleeper in-

vestigation of the galls, which have been studied up to the

present.

In conclusion, we should remember that the number of galls

which have heen closely investigated is still very small; we

know practically nothing concerning the forms outside of Biirope

or in the tropics, least of all concerning their ^^atomy and

development. And also a thorough study of the native galls is

in many cases still urgently desired,

^ Hartwich, lOc. cit.
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(262) Our theme Is exhausted with the discussion of the
various abnarmal tissue forms, which led us from simple
hjrpoplasias to highly organized prosoplasmas, since the
many forms, furnishing information ooncerning abnormal
cyto'Xogioai struotures, and, further, all phenomena of
degeneration and all mioro-ohemicnl conditions, varying
from the normal, must remain excluded from our presenta-
tion of this suhjjeot.

An active interest in oyttlogy has brought to matur-
ity in the last decade, a quantity of zoological and botaa-
loal publications, many of which either consider abnormp.1
structural conditions as well as normal ones, or treat of
the former exclusively, ' Of the zoologists and anatomists,
I till name only Arnold, Cornil, Denys,,Hansemann, 0»
Hartwlg, Hass, Schottlfinder and Stroehe , Instead of an
exhaustive survey of the botanical literature, I will give
belcw only a small selection,- especially in order to in-
dicate the various questions, with which attempts have
been made to approach the problems of "pathological cy-
tology?,

^ Citations of literature in 0, Hartwig, Ueb. p&thol-
og, Verand, a. Kerntellungsprozesses infolge experimentel-
ler Eingrlffe, Pestsohr* f. Virohow, Berlin, 1891, Bd, 1,

p. 19t. Albrecht, Physik« Pragen der Zellpathologie
,

'

Brgebn. d. Allg. Path. u. s. w.; 1901, Bd, VI, p. 900,

1902, Bd» VII, p. 783. Zlegler, Allgem. Pathologic . Jena,

1901, p, 300 and places given.

^ Contributions to the "pathological cytology" «f
plants *e»e furnished - besides by many others - by Andrews,

Wirkung der Centfifugalkraft auf Pfl. Pringsh. Jahrb. f.

wiss. Bot., 1902, Bd. XXXVIII, p. 1. Blazek, Elnfl. von

Bensoldampfen auf pflanzliche Zellteilung. Abhandl. bohm.

Akad,, 1902 Bd. XI, Nr, 17. Buscalionl, Osservaz, ericercne

sulla cellula vegetale. Ann. R. 1st. Bot, Roma, 1698, Vol.

VII, p. 255. Cavara, Ipertrofie ed anomalie nucleari etc. •

Riv, Patol, veg., 1896, Vol. V, p. 238, 2)angeard et Armand,

Observ. de Biol, cellulaire. Le Botaniste, T. V., p. 269.

Dangeard, Sur le caryophysems. C. R, Acad. So. Paris, 1902,

T. CZXXIV, p. 1365 (compare also Mem. b. 1. paras, du
noyau et du protopl. Le Botaniste, T. IV, p. 199). Geras-

simow, Die kernlosen Zellen der Konjugaten. Bull. Soc. Imp,

Natur; Moscou, 1892, p. 109. Grant, Multinucleated condi-

tion of the veget. cell etc. Transact. Proc. Bot. Soc.

Edinburgh, Vol. XVI, pt. 1, p.„38. Heidenhain, Einiges

ueber d. sogen. ProtoplaSttastpomungen. Sitzungsber. Mediz.

Phys. Ges, Wurzburg, 1897, p. 116, Hottes, Ueb. d. Einfl.

von Bruckwirkungen auf die Wurzeln von Viola Faba . Diss.

Bonn. 1901. Huie, Changes in the Cell-organs of Drosera

rotundif. Quart. J, Mior. So. 1897, Vol. XXXIX. (Ann. of

Bot., 1897, -Vol. XII, p» 560), and 1899, Vol. XLII, p.203.

Juel, Kernteil in d. Pollenmutterzellen v. Hemercoallis u,-

s. f. Pringshelm's Jahrb. f. wiss. Bot., 1897, M. XXX,

p. 205. Klebs, Beitr. z. Phys. d. Pflanzelle, Tubingen
Untersueh., 1888, Bd, II, p; ^89, Kohl, Z. Phys. des

Zellkernes. Bot. Cbl., 1897, Bd. LXXII, p. 168. Magnus,

W, , Studien an der endotrophen Mycorrhiza ypn Jleottla
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(Footnote 2 continued)
Mldus avis. Pringsheim»s Jahrb. f. wiss. Bot. 1900 Bd UTVPT^UBT-Iassart Cicatrisation ch.'l. ^egeL'^. E^^rfMe^'
Sn^^ir A ^l

?®lee.,1898, T, LVIX.. p. 37. Natruchot et

?Si.l ^' S^^^^^^r^s phenom. pres. par I. noyaux sous Inaction du

11 It'
C. R. Acad. Sc» Paris, 1900, T. OXZX, p. 788., Modific.

de struct, observ.d 1. cell, subissant la'ferraentetion propre.
Bft)ld.,,p, 1203, Modi^fioat ions prod. -par le gel d. la struct, d.*
cell veget. Rev, gen de Bot., 1902, T. XIV,, p. 401. Molliar^y
Hmrtrophie pathol. d. ce^. vlglt. Rev, gen.-, Bot., 18^7.
*•

*fj P* 33j S. ^. caracteres anatoraiqUes de 'Hemiptetocec.
roXldireSj Mto. ded. au prof. A. Giard. 1899, p. 489. S. qs.
oaract. histol, d, cecidiesprod, par l^ Heterodera radicicola .

Rev, gen.oBot. 1900, T. XII, p. 157, Miehe, Ueb, Wanderungen
..'Jt.^^"^' Zallkernes. Flora, 1901, Bd. LXXXVIII, p. 105.
Mottler, Effect of Centrif. force upon the cell. Ann. of Bot.,
1899, «ol. XIII, p. 325, Na7;aschin, Beob. ueb. d. feln. Bau. u.
Umwandl, vdn Plasmodiophora Brasslcae u. s. f . ^ Flora, 1899,
Bd, IXXXVI, p. 406. jSFGmec, Cytol, Unters, an Veget.-purtkten
d. pfl, Sltzungsber. Bohm. Ges. Wiss., 1897, Ur. XXXIII, p. 489.
Ueb. abnornd Kernteil, In der Wurzel-spitze v. Allium Cepa .

Ibid., 1898, N. IV. Ueb. Kern- u; Zellteilung bei Solanum tub-
•rosug . Flora, 1899, Bd, LXXXVI, p. 214, Zur Phys. der I^ern-
U. Zellteilung, Bot, Cbl,, 1899, Bd.. LXXV, p. 241, Ueb, den
Einfluss niedriger Teraperaturen u. s, f, Sitzungsber, B8hm.
Ges. Wis,, 1899, K. XII; Ueb; experim. erzielte Keubildung v.
Vakuolen n, s. f. Ibid., 1900, U, V,- Die Reizleitungu, d.
reizleit. Strukt, bei d, Pfl., Jena, 1901. Paratore, Ric^rohe
istol. sui tubetcoli radical! delle Leguminose. Ivlalpighia,
1899, Vol, XIII, p. 211, Prillieux, Alterncntions prod, d. 1.
pi. par la culture d; un s©l surchaufie. ' Ann, Sc. Kat.r Bot.
1800, serie VI, T, X, p, 34T, Rosenberg, Phys. -cytol. Unters.
ueb, Droaera rotundifolia . Upsala, 1899, Schrammen, Einwirkung-
en V, Teipperaturen auf die Zellen d, Vegetationspunktes d,

'

Sprosses v, Vicia Faba . Dissertation Bonn, 1902, Schwarz^ Fr,,
Mbrph, u, chea. Zusaftmensetzung d, PI, Cohn*s Beitr, zur Biol,
d, Pfl,, 1887, Bd, V, p. 1. Shibata, Experim. Studien ueb,
d, Entwiekelung d. Endosperms bei Monotropa, Bi«l, Cbl, 1902,
Bd, XXII, p. 705, Strasburger, Zellbildung u, Zellteilung,
3, Aufl,, Jena, 1880. Ueb. Plasmaverbind, planzl. 'Zellen,
Pringsheim»s Jahrb. f. wiss. Bot,, 1901, Bd, XXXVI, p, 493.
Tischler, Ueb; Heterodera-Gallen u, s.f. Ber, d. D. Bot, Ges.,
1901, Bd, XIX, p. (95), V. Waslelewski, Theoretische und ex-
perimentelle Beitr. 2, Kenntnis d, Amitose, Pringsheim's
Jahrb, f, wiss. Bot., 1902, Bd, XXXVIII, p. 37T, Zimmermann,
Morph,- u; Phys. d, pflanzl. Zellkernes, Jena 1896, - Compare
further the critical work by A. Fischer, Fixtierung u, Bau d,
Protopl, (Jena 1899), in v^hich is named a number of further
v/orks, pertaining to this.

(263) In abnormal cytological conditions, there usually occur
Variations of the following kinds:

1, It may be a question of an abnormal arrangement and
distribution of the cell elements - as a result of mechanical
interference, for example, in the use of centrifugal foras,
©r after plasmolysis and so forth, or as the especial effects
of stimulation, for example, in the migration of the nucleus
or the phenomena of currents in the cytoplasm after injury and
the like'^
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2, Or it nay be a question of an abnomal form and struc-
ture of the cell organs - such as the abnormal form of the dor-
mant nuclei, the abnormal distribution of its chromatin, abnoi--
mal figures in cell division, or of amitoses, pseudo-amitoses,
abnorrasEl cytoplasm structures and so forth,

3, Or there may exist variations from the normal condi-
tions of size and number - hypertrophies of the nucleus, in-
crease of the cytoplasm, definite kinds of cytoplasm, of vacu-
oles, nuclei, nucleoli, contraction of the various organs, and
so forth,

Besides this, those various processes of degeneration come
under consideration, v'hioh might be Separated only Vith diffi-
culty fi-Om many of the phenomena here described.

fg64) If I -have given hero no detailed treatment of cytological
questiohs, it -.vas because otar present kno-jledge of the normal
oytolOgioal processes seems to me still too little understood
to viartant an all inclusive discussion of the abnormal condi-
tions. I hr-ve therefore limited myself to calling attention,
here and there in the text, to changes in the nucleus, the
figures in the cell divisions and so forth, if the abnormal cy-
tological conditions seemed suited for completing the character-
ization of any abnormal tissue forms, The short blbliogtaphical-
summary given here v/ill perhaps suffice, for the present, for
further orientation,

The phenomena of defeneration and necrosis can be consid-
ered as physiologically ;7ell-^characterized sub-divisions of
those nazodd above.

It is according to r;hether v;e take into consideration the
parts of cells v;hich disappear during degenerative processes, or
those newly produced products of decomposition, that v;e .ill 'be

able to distinguish various groups of degenerative phenomena,
v.'hlch I have mentioned only by -..ay of suggestion In the preced-
ing chapters and then only if they helped to characterize the
abnormal tissues \:hich interested us.

Of primary interest is the degenerative disappearance of
the cytoplasm, of the nucleus and of the chroraatophores In
starving cells (phenomena of inanition), in the parts of tissues
sucked dry b;r parasites, or in those cells \'hich are incited to
abnormal (kataplastic) grovrth by some stimulus (hyperhydric
tissue p, 80, "callus hypertrophies p. 93 and many others). The
protoplast becomes inpoverished, the nucleus disappears, the
chroraatophores become paler and smaller apparently changing
back into leucoplasts. Many of the cases described above prove
that all the living parts of the cell degenerate equally quick-
ly and in the same way; that under conditions, v.-hich, for example
do not endanger the continued existence of the nucleus, the very
sensitive chlorophyll grains can disintegrate and the like; of
that the cytoplasm often can outlast the nucleus and the walls
of the vacuoles in the former often prove themselves to be the
most resistant parts.

All parts of the plant cell can be changed degeneratively.
We can distinguish, according to the products formed, a

slimy and gummy degeneration to vrhich whole cells, includ-
ing their ceHtilose covering, v)R7 often fall victim (diseases of
"liquefaction", gumming rnd so forth);
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degenerat ion into vacuoles , in -rhich the cytoplasm be-
comes fiAled vdtii numerous vacuoles asf5ur!iing a coarse foamy
Structure

;

fatty defeneration , characterized by the occurrence of oil
drops m the cells ;-

cellulose defeneration . I believe I have found in those
sacs, in v;hich (as the clearage product of decayed 'cytoplasm)
inter-cellular cellulose precipitates are produced, as in the
cases studied by ?/, Magnus floo, citl and those described in
the third chapter (P. 63),

Besides the products of decay already nr.med, the precipi-
tates , "granul§" of an unkno^rm kind, should be mentioned, vMoh
are often found in diseased cells, Also, rKiny of the artifacts
are included here vrhich oe- their production to various fixing
media.

Tie may perhaps look for the results of a degenerative de-
cay of the cytoplasm In the abnormal processes of suberization
or llgnifieation (p. 64)^,

The abnormal micro-chemical conditions lie outside of our
consideration. The conclusions to \7hich mloro-chemiOal facts
lead us are connected only very loosely 'Tith anatomy, but more
closely vrith chemical physiology, numerous -./orks have already
throvn light on abhormal acidity^ on abnormal distribution of
tanftio substances, of sugar, nitrates, alkaloids, on the pro-
duction of foreigh matters, on the abnormal composition of the
cell membrane and the like,- It is not our task to go more
into detail as to the contents of these '7orks.

^ The ^.Iterature appertaining to this Is not especially
abundant. Besides many of the '.-rarks above np.med, there may be

considered also, Klemm, Desorganigationsersoheinungsn der Zelle,

Pringsh^ira's Jahrb, f, v/^ss. Bot,,-1895, Bd, XXVIII, p, 62?.

Sorauer, Handb. d. Pflanzenkrankh,, 2. Aufl. , 1886, Bd. l,p.861
(on "liquefaction diseases"). Frank, Krankheiten d. Pfl., 2.

Aujei., 1894, 3d. I, p. 31, 43, 103, etc. (Protection and core-
xvood secretions onv;ounc!s, phenomena of decay), Hartig, R, Zer-

setaungsverscheinungen des Holzes, Berlin 1878. On the formation
of v;ound-gum, compare also p, 165) note 2, Phenomena of disorr-

ganization v/ere observed in living cells, among others by Haber-
landt, Kulturve]*suche ra. isolierten pflanzenzellen. Sitzungsber.
Akad, inss, ¥ien, 1902. Bd. CXI, Abt. 1, p. 69.

^ Thus for instance, R. Kraus, Gr., Stoff^vvechsel bei den
Crassulaceen. Abhandl, ^er Haturforsch, Ges. Hall,^, Bd. XVX.

Timpe, Beitr, z, Kenntn, d. Panachierung, Diss. Gottingen, 1900.

Tschirch, In Bot. Gbl., 1887, Bd, XXXII, p* 94. KasSner, Jeber
Solanin in Kartoffeln, J), Iiandv/irtsch. Presse, 1887, Kr/ 19.

(Just's Jahresber.. Bd. XV, 2, p. 340). Strasburger, Ueb. Ver-

r/achsungen u, deren J'olgen. Ber. d. D. Bot, Ges., 1885, Bd. Ill,

p. XXXIV. Sauvageau, Infl. d'un parasite sur Iff^s plantes hospi-

talieres. 0. R. Acad. So, Paris, 1900, T, CXXX, p. 143. Ritzema,

Bos, Over het ontstaan van giftstof fen in plantedeaien die door

Darasitische sohv;ammen zijn aangetast 'etc. Hygien, Bladen, 1901,

Hr. 1-8 (Zeitschr. f. Pflanzenkrankh., 1902, Bd. XII, p. -235). On

•Xidation enzjrmes, compare above p. 35, note (1), Mangin, S, la

constitution d. cyatolithes et d. membr, incrustees de carb. de

chaux. C. R, Acad. So, Paris, 1892, T. CXV, p, 260. Boodle. On
llgnifieation in the phloem of Helianthus annuus, Ann, of Bot,,

1902, Vol, XVI, p. 180. Compare also above, p. 54, ^oychcff,
Infl. d. blessures s. la formation d, natiexes proteiques non
digestibles. Rev. gen. de Bot., 1902, T, XIV^ p. 449.
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GElIEgAL OPSEHVATimiS OK THK KTIO:.OCY 131) DE-VELOBffilJ!]! OF

PATHOLOGICAl P311KT n^ISSUJ^S. DISCUSSIONS OF CEl^ML

Pi.THOLOGY. THEOKETICAL ViI.<2mR

ffin the present, r.r\cl conolrdlng chapter -ye r;ill recapitulate
the results clxecAy n.ttalrecl, arranging then r.cco.-ding to dife-r-
ont general poirte of vieu. In this, opportunity \,-ill be offered
for rar.king reports on mcny inportcmt rat-'tters which at the tine
hr,d to he left unconsidered.

The diversity of the forms disclosed hv tha study of plant
pathologir is extraordinarily large. '7e find among representa-
tives of the sane species, that leaves, which under normal con-
ditions, are developed into extensJve thin sheets of tissue, nay
under abnornal conditions occur in the for^ of slender insigni-
ficant scales, or sv>rell out to fleshy tissue cushions; instead
of a large leaf-hlade and a short petiole, vre find that a tiny
blade raay appear on an innensely lengthened stem, or the leaf
may be covered with very different kinds of st/ellings, or it raay
be transformed into a single massive lurap, v/hlch can be termed
"leaf" only boeausn of its position on the plant body and the
like. Hand in hand v^ith thefce macroscopically noticeable differ-
ences come variations in anatomical strrctui e. V/hile, in norm-
ally developed leaves of one and the same species, the same struc-
tural conditions are a:}.ways recognizable in cross and surface
sections, abnorrrKxl examples show Yer"^ great differences, accord-
ing to the nature of th<^ disease. The repertoire of structures
is inconoeivablj, extensive, especially in hyperplasias, produced
Jby the action of foreigri organisms on leaves end other organs.
The oapr.city for diverse and brightly colored forms possessed by
the cells which make up the leaves is astonishing;- a consider-

(E6T) ation of exclusively normal forms and structures would not lead
end to imagine such a diversity, T.^ recognize the fact that m
many coiirses are possible for the developmental progress of the
cells or cell groups and the puestion forces itself upon us;-
v/hat factors decide which one of the mtiny possibilities shall
ultimately be realized. It v/ill be necessary to ask, for example,
why the cells composing the primordial leaf, do not furnish
those derivatives in the process of division which we ar<?? accus-
tomed to find as normal components of "healthy" leaves;- or why ,

in some cases, besides the normal cells, still others are pro-
duced, which have some abnormal characteristics. Obvioiisly the
action of variable factors is ref3.eated in these distinctly dif-
ferent forms, which factors act on definite kinds of cells and
thus influence the formative processes. Before taking up the
study of the factors at work and of their action, some general
remarks might be useful by way of introduction.

Without doubt, processes and qualities noticed in organisms
and in portions of organisms are influenced by very different
kinds of factors, to a still greater degree, than are those of
inanimate bodies, Varioijs kinds of forces change the cells and
tissues in the most diverse ways. Mechanical pressure and
strain moTild the form differently, loss of water through dios-
mosis or evaporation decreases the volume, increases the concen-
tration of cell solutions containing water, changes the ormotic
pressure and so forth. Besides changes and Effects of this kind-
and similar ones, still others of unequally greater importance
come under consideration, which are not sufficiently e.^cplained

by the transversion of the amounts of energy supplied, ^ile
in the abpve mentioned processes of changes in energy 6q\ial
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amounts came into play in cause and effect, we raiiet consider

^K?f.?=^f^^^!.^-''\!F"°*^' ^" ^"^^i«^ *^^r^ ^« a. Very notice-

fSi^Jn^nf^^^^''^^^^'!^^
the ariount of energy ffen ifehed bythe stiraulati(^n'and that expended in the effect," on the part

lLll^^ ^VynfiLlHl'^^'iM JS"^
'''^"'^"* °^ ^^^^^Y expended by

Jn^.^i^l/tJ^f^^t »".^^^'^ tJt-oueht to,it^ I7e will term an
e'ffect df the^kind fii-et ttt^med/ the !8orce,,>^f'ffe<;t . one of the

?^°?*^J. ^i^^tS". ^^^Tl'V^^^''^' The 'energy Supplied tyan ef-
-feet the oj:'|anlsm m both v/ays. Wfeile the f«i-ce effect is in-
dependent ^>f the ehfe^rgetic condition of the <>ell, no stimulus
effect can be prod^ts^d.. without a sufficient and available amount
of potential energy, whli;h> in the process of stlmilation, can
^S^*^^'^?^^!*®^ ^y *^® °®11 ^^^^ ^otwal energy^ Each stimulus
effect IS therefore dependent first of dil On the energetic
condition of the cell and may in this sense be ctinsidered ashaving been accomplished by the cell itself.

Although the above-said makes clear the ^jrincipiii difference
between the force effect and the stimulus effect it v.ill not
always be possible, when judging of single processed, to decide
which class of effect is concerned in each. If ^ for example, a
cell divides, under the influence of any fiactors whatever, v/e

will not be able to say whether the amount of energjr fiirnished
Is equal to that exj^ended in the proceftR named pr n^t. Such
difficulties confront us also when judging of almost all the re-
maining processes of groTrth and formation. Since in this treat-

(860) ise these processes of growth and formation are concerned, it
will therefore be advisable in the use of the word. -"stimulus
effect" to mal?e ourselves independent of any considerations re-
garding energy and its use and, Y/ith Herbst-'-, to speak of stim-
ulus effect in all those cases in which any cm ee t/hatever *'may
induce a resulting phenomenon in some living organism", - "be-
cause of the unexpected character which these resulting phenom-
ena always have". Accordingly, we will venture to speak of
force effects only when we can understand in terras of energy
the ones observed on the organism or when they tttake possible
conclusions as to the proportionate amounts of energy and in so
far have no longer any "unexpected quality". iStimulus effect
takes place in almost every ease with which we shall be occupied:
all processes of growth and differentiation are the reaction of
the living organisms to some stimulus*^

Various tjtpes of stimulus effect may be ftietinguished, ac-
cording to the nature of the stimulating ageni as well as *«
the character of the reqctlon to the stimtilti^i.

Every occurrence in animate as in inaniltette nature involves
some change, Me can, however, think of changes cf -all kinds
only as being brought about as the result ana effe-ot -of isome

other change. Also, each procesB of formation and differentiation
may not be imagined otherwise than as the e^f^ct of some change
in one of the many factors influencihg the cell life,

^ Ueber die Bedeutung d, Reizphysiologie etc. S, Tl. Biolog,
cbi,, leas, Bd. XV, p* tsi,

^ It is possible that with a better knowledge of cell
physiology and the mechanics of the protoplasm, many a "stimulus
effect" will lose its, to us, "unexpected" character and will be

shown possibly as a force effect. We are at present very tar
indeed from having this insight into cell life.
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thP on!?L''S''^JJ''^^^?"°''^^^''
"-^^^^ ^^y alteration becomes

a^^ Zl^ln.^
stimulation lio either in the outer ;7or}d or

of fhp^pl??^ i? *^% ^"^^^i°^ °^ «^e orer-nisiii hy the activity

?Lto^^ t^i? K^^?'?^iy^^-.
A«°orclingly. external and internalfactors must be distinguished:- in their action ;7e speak ofexternal and internal stimuli .

' "i'«=^^^ "i

^"i^r^.^^^.^?^°^^^
germinate when placed in a nutrient solu-

^?;?^^L^!^«;^^
^^""^ tube growing out of the roundish spore.

n?ifJ!^^''°'^^''°L°^ S^^'^"*^^ ^^^^ °^^-^^e ^- ^03rm is caused by the

Sin^oo
.^''^' ^" the conditions, to the action of which the

m??e thP L^«2°^2^ ?°"*^'^°^ ^ith the nutrient fluid and evenmore the endosmotic absorption of water and nutritive sub-
stances act as stimuli, the reaction of which is recognlzane
7=

the phenomena of germination. If the- short germinating tube
as left under similar conditions, still further change takes
place; the sm§ll germinating thread becomes steadily largeram 13 divided by oroas-walls into several cells. These forma-
tive processes are also stimulus effects, to be sure, the exter-
nal conditions hafe not been changed, but the factors acting
on the cells themselves are different* Each enlargement of the
germ tn^e results In changes in it which may be found in a dis-

^o<o^ P^J^'^^^^t of the separate particles, in changes of the cheraioal
\iitiV) nature of the cell contents, variations In circulation and os-

motic pressure, in changes of tension conditions etc. The con-
tinuous alteration in the internal factors furnishes an unin-
terrupted chain of stimuli to which the organism responds ,.

equally uninterruptedly with typical reactions. If we resolve
the processes qf development of the growing germ tube into
Inntanerable differentials, each of these represents the reac-
tion to a definite stimulus; their sum furnishes a continuous
process of growth and formation.

Formative processes - amon^ which we must unconditionally
Include the continuance of a process of growth, which has be-
gun already - can therefore result from external as well as
internal stimuli, iTithout a change in some factor, - external
or internal - no process of gro\Vth and forrar.tion is conceivable;-
nothing is produced "of itself", nor does it change "of itself".

Even if the beginning of a process of gror/th, just as 'its
continuance, be conceived of as due to the stimulus effect,
still an essential difference exists between the two processes.
We v^ill wish to mark this difference by terming "reotipetiye
Stimuli " those v/hich cause the continuf^.tion of formative pro-
cesses already begun, and formative or moryhofienio , the ones
which quaihitatively introduce new fornrntive processes. Justi-
fication of this distinction vp.y be foimd in the importance of
the latter in the maturing of animals and plants. On the other
hand, the near Relationship between rectipetive and formative
stimuli of formation are involved; they are all formative in
the broadest sense of the word. In rectipetive processes of
stimulation, the stimulatory cause apparently lies in the
changes in internal factors; in the formative ones it must usu-
ally be sought for in a change in the coBperative action of
external factors, \7ithout any change in the internal and exter-
nal factors; i. e. v/ithout some stimulus - this must be re-em-
phasized - neither a rectipetive nor a formative process of
growth is conceivable.

On this word compare Virohow, Ueber Reizung and Erizbar-
~ " ' V, p. 1, Billroth, Ueb. d.

Tie^^ellen aufeinander. Wien
keit. Sein Archiv. 1858, Bd, XIV, p. 1, Billroth, Ueb. d.

Einwirk, lebender Pflanzen- und Tier^ellen s

1890. Herbst, Xoc, cit.
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In the broad lueaning which we have given to the con-
ception of stimulation ve will have to include also as s

airimulus effects those processes of growth, which, accord-
ing to Weigert-^ tn^d numerous other pathologists, can not
he traced hack to the action of a formative stimulus, hut
which are caused hy the removal of an;r kind of hinderanoes
to growth . According tov'/eigert we are concerned In all
laWorraal tissue proliferation with phenomena of gror^th etc.

made impossible under normal oonditiona of life end a normal
cause of development by all kinds of impedimenta. The re-
moval of any opposition is evidently equivalent to the

change in the effective fnotops, (external end. internal).
According to our definition of the preoessea 'of stimulation

(ai^oy and its causes, no reason exists fop explaining the effedts
of groT/th which ape ©atised by the removal of impediments,
as other than the stimulus effects.

Be will soon return to the question as to whether there

are norcEil plant tls'sues of whioh the formation mr.y be ex-

plained by the removal of any opposition to growth.

We have termed stimulus the change in any active factor,
but not every change Of external conditions causes reaction on

the part of the cells,- many a chanfee, which acts as a cause of

stimulation in definite kinds of cells, does not come into ques-

tion at all as such in cells of a different nature. In short,-

©ach reaction presupposes a definite qualification of the cells,

-

without a capacity for reaction there is no reaction .

The spores of the fern usually germinate very quickly when

strevm on a nutrient solution,- provided they are exposed to

the light. The spores react by growth to the stimulus brought

about by the absorption of food stuffs, after the light has

made the cells capable of reaction. As has been shown, in tnis

case the capacity of the cells for reaction may oe ^^^^^S"* „^„
about also by increases of temperature^. The spores of mosses

feel this same necessity fa>r light,- in them, this capacity for

reaction can also be produced^ by a supplying ^'i*J-
f
^f^^ : _ f^

most cases we find that the reaction capacity of the cells is

dependent tn definite conditions. The supplying of energy iS

supposedly the chief cause in its production, and :f^en ^^^l-*-??^

the consumption of energy in the reaction *», ^^f^i^^^^^ihout
should be observed here th?.t the energy supplied ^^<'JJ^^5°JL.
is not convertible in every form for the cells, nor transverti-

ble into potential energy.

Distinction must be made between an
^^^^f^^^i^J^S^SerL

for reaction, explained by a temporary lack of potential energy.

and a specific incapacity remaining P«c^'-^j;^^nfl«?inite changes
which are provided with potential energy.

^^^J^.J^fj^^Jlnds of
in the factors cause stimulation reactions in definite^Kinab^u*

^

I'ueue Fragesteilungen in'der pathologischen Anatomie.

OeB. d«»u.tfloher Naturf. u, Aerzte, "
Verhandl. 1896.

2 Forest Heald, Gametophytio Eegeneration, Leipzig, 189V.

3 Further examples on "the ^Preparatory" influence of light

and other factors in Klebs, Beding. d. Fortpfl. bei eintgen

Algen u< J?ilzen, 1896.
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oells, thejr remain ineffective in others,- these cells do not'
react to thr-t kintl of stinmlue. Like so raany other phenomena.
v;e will'not he ahle to explain capacity and incapacity for re*
action in other "vray than hy the assumption of o specific nc^tuye

of the cells v/hich may he hased on structural conditions, oher»|t-

ical peculiarities, phenomena of tension and of movement in tl^e

cytoplasm and the cohesive and afthesive action of its molecules.
Uot only do cells of various plant spooies hehave differently;'
in regard to this capacity for reaction, >ut even the cells o^
various organs and tissue forraa in the same species ar^d the
cells of different ages. In any case ve V7lll htxve to locate
the causes Of each reaction or non-ireaotion in the cytoplasm,
"BOfOh formr.tive pjfooess is oausoii hy the specific peculiarities
of the oj^oplasm, set freo or hrouf^ht about by a change in some
internal or external faoiors,

(2T1> like everything that happens, tve can not picture to

ourselves all forraative processes as othervrise than casually
conditions - which holds good for the variously changing
pathological formative processes aa vrell as for the normal
ones vhich In corresponding organs In the sp^me plant species

41wnys lead to well-knor/n structures. Each formative Pro-

cess is caused by the specific quality of the cytoplasm and

by the sum of all the active factors, which bring about the

separate processes, of formation, The mixed kingdom or nor-

mal and abnormal forms is thus far a vells-ordered one; the

opposite is Inconceivable, Each separate process takes

place as a matter of neoessiry and is the only on^ possible

under the conditions just then In control. The enormous

diversity among p.bnotmal forms can not lead us astray here,-

just as for the locomotive, when travelling over 4 '^^^J.
branched network of rails, there is only one way ipossible,

which is determined by the sum of all the effective fao-

tora,- in this case, by the placing of the switches,

If, in comparing normal and abnormal tissue tor^^t^J
speak of "arrested developments", of a "tendency'! to aixr

ferentiation, which "exceeds" the normal degree ar^d Kina ox

tissue differentiation and so forth, these are al^ ^^JPJ®"^
sions which are of course meant only figuratively rn d n.-ve

been chosen because of their vividness. In the firm oausj^i

system represented by the course of developrant JJT
^'^.y'^*

ganisra, there is no reom for special "tendencies" of Jf®
cells and tissues toward any pa ticular method of devexopT

ment, V7here, hovrever, no tendency exists, re ©an also

speak only figuratively of any "arrestment". There is no

"normal" and ^'abnormal", no "tendency" and no "arrestment

for the organism which does not "strive" for any apf
JJ^-»-

("normal") method of development, but.QS a natural noay

without will power, is formed just as the sum of "che exxe j-

nal and internal factors may determine absolutely. ^«^J°®
introduction of such terras is necessary in our work since

we can obtain clearness, and be understood only by a com-

parison of the diverse ferws and process© s among tnemseAveo

and by th0 establishing of a norm, by which we attempt

to standardize all.

After these introduotory remarks, it will be o^' *^^^^}j,^
that which follows, to ascertain and analyse so far

^f P^ff,*^-*"^

the factors active in abnormal tissue formation; ^®^!!^''-\^^ot
ther have to consider the reaction to stimulation , pj. ^^^J2^^"^
formative processes, from general points of view and then i*»"

ally test the capacity for reaction in various plants and pianT

tissues to response to definite stimuli.
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All abnormal procespee of grov/th aitd formation in plants
are •bvlously cQused by definite external life-conditiorsB , In
the present section we will attempt to mention by name those
factors v/hich become influential in the formation of plcint tia-
sues and can cause the production of abnormal forms,- and also
to study the way they act. The science t© v/hloh we will en-
deavor to furnish some contributions by considerations of this

(ET4) kind, has been called, since Rou3c, the developmental me ohanioa
of organisms .

We will encounter many difficulties when busted with ^l^i^

task,- so that it is aftvisable to become closely acquainted with
them from the beginning.

In the "introduction" mention was made of the fact that the
investigator who works experimentally, will find himself, in a

favorable position for the "study" abnormal ]>lant tissues, sinte

it is now possible to produce artificially and at will most of

the forms of abnormp-1 plant tissues, We will not deceive our-
selves, however, with the thought thct we can experimentally
cause definite processes to take plaod xTlthout having some know-
ledge of the factors actually at work:- Even v/hen we have recog-
nized definite factors as participants in the production of any
processes, it is especially difficult to ascertain the specific
action of each of these factors separately and to distinguish
it from that of the other active factors.

Callus tissues furnish s goed example of this, As is well-
knov/n, they are produced "after injury". But in this, nothing
has been said about the active factors. Obviously, at the time
of injury, definite cells and tissues are freed from the pres-
sure of their turgid neighbors. Therefore, the conditions of
strain and pressure are changed by the injury. If plants aftd

plant organs are involved, v;hich are not covered with water, the
I>art of the plant exposed will undoubtedly lose more water thru
transpiration after the injury than before it. The asmotic
pressure in the exposed cells and tissues v;ill be changed, the
diosmotic exchange of substances from cell to cell being Influ-'

enced thereby. Further, in the cells at the edge of the Injury,
the cytoplasmic fragments and the products of de opposition from
the destreyed, dead adjacent elements will exert chemical ac-
tions, while contact with the new medium,- air or v;ater - v/ill

have an unusual influence on the eJtp&Sed cells. It should be
recalled, from the earlier discusiifen, that each of the factors
hfere named can also have great influence on the tissue formation
of the plants. Therefore, it seems very possible that they are

also significant in" the formation of callus tissiacs. How shall
we isolate, however, the different factors from one another, in

the case of injury to the object unde» experimentation and as-
certain their specific method of effect in the comparative ex-
periments? Our xaresent methods do not always maSe it possible
to oarry through this isolation experimentally. Besides, even
with the methods now at our disposal, there still remains much
tc be investigated. At present v/e do not know what is the sig-
nificance of the above enumerated factors in the formation of

callus, nor whetlwr perhaps the essential ones are still unnamed.

The conditions in many galls are even more complicated.
Many of those vrhioh we have termed prosoplasmas have been pro-
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duoed after injury,* Yet the chief factor in their production
belongs undouhtedly to the poisonous natter produced by the

(SYS) gall anlraals. Besides the factors which hypothetioally are t»
he considered in callus tissues, the action of some special
poison will have to he reckoned with, T/hen analysing the "gall-
stimuli"^,

A comparisen of the ahove-narried tissue forms with the kat-
aplasmas already desorihed leads to new considerations, Isought
t^ hrlng forward proof thet kataplasmas correspond histolpgio-
a3jly In all essentials, often indeed in all details, vithi wound
tjl,ssues, (callus, wound-wood), Therefore the Interference pro-
oeedlng from the Infecting organisms rnd the conditions under
which the tissue oX the host plant is brought hy those inter-
ferences ai-e not forthwith to he put on an e<iuality vrlth the
or^es which, In coarse Injuries and mutilation of the plantt hody,
result In the formation of wound tlsste , Whenj- forexample, a
fungus grows in some plant tissue ond incites it to the f^rma-
tl,on of abnormal excresoenceB. corresponding in every way with
tl^ose produced after injury, the reason for their formation can
scarcely be caused by changed transpiratory conditions, ^.t any
rate, In many cases one can not speak of the ehemical action
of dead cytoplasm nor of any product of decomposition.- ai^d it

Is certainly not probable that changes take place in the ipechan-

leal action ef pressure and incite the grcvth of the abnormal
tissue in the kataplasmas produced by sucking parasites which
live superficially. (Hemiptera), The contact ef the inner

layers of tissue with atmospheric air should be taken intp con-»

sideration fts a contributing factor in the production of tbia

kind of Zoocecldia and Phytocecidia. Hence the question follows,

as to whether factors of different kinds can incite the formation

of similar kinds of tissues, or v/hrther perhaps injury and in-

fection make possible to the same extent the action of certain

factors, not found among those enumerated above and of wh(?se

quality we ean not as yet form any decision.

Formative processes simpler than those named here seem

well suited for explaining more particularly thpt which w£^s

discussed above,

I would call attention first of all to Kleb's observations

according to which it is possible to incite ^aucheria tubes to

the formation of zoospores by various kinds of i'^^^'^^J®^?^? '
^

Further I v/ould refer to the deformp.tion of fungus hypha^ and

the like describfd above (p, ); abnormal processes of gitowth

take^place'llthe concentration Of the «--oundi?f,f^^i? a"
ges, if fluctuations in temperature become effective or if a

parAsite in the interior of the cell, robs i* ?* Pjrt of Its

^tritive substances and so forth. We can either ^^sume in

relation to the question as to effective fJJ*?^^. *^* ^J^^^^Sfc
conditions of different kinds

^-^^^J^i^Jf *^?i*^ *Sonds fo un~
the same effect in the cell, and that the cell

J||J^^^J^
J°

^?he i:>-

like stimuli with the same reaction.- or
^^^* • ^J^^^^f^i^l'^conRic!

-

diversity, external factors directly accessible for our consic

eration aAd measurement result in the same
^f^i*^??^',^^J°^ ,^,^

would come under consideration only as causes ^f f
l"ulation ...i

bring about the phenomena of reaction studied here, ii
'^

asce?tain the active factors, we mast S^^^-^Pj^e fact that be

^r'4) tween the change in factors proved m ohe experiment ^am^Tjne^
^

^ Compare also statement be^ow under 5,
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reaction to stimulus observed in the cells, numerous different
transitional stages can be made possible. One or more of
these transitional stages can represent reactions to stimuli
on preceding ones, others can not be understood as due to stim-
ulus effect (in the above «iv«cussed sense), but as the effect
of the force of the energy supplied. The detailed knowledge
of these "chains of stimuli", whose end links in these cases
represent processes of growths or formation, is still absolutely
closed to us;- in only a few cages are we at present in a posi-
tion to name a few links of the problematic chain of stimuli ^

and to make probable any causal connection, The numerous works
whose authors have taken up experimentally the questions of
pathological plant anatomy, often throw much light on the ques-
tion as to how plants can be brought to a production of these
or those tissue forms. But any further dissection of the active
factors and the course of their action has been attempted only
in exceptional cases and not always successfully.

If v7e find in an experiment that similar formations of
tissue are produced through the action of unlike factors, from
v7hat has been said already, we will have to make tests as to
whether possibly a dissimilarity of the effective factors has
only seemed to exist here, because of our scanty knor, ledge of
the so-called "chain of stimulation", or whether, by more exact
proof, similar effects and reactions majr not become tra-oeable
back to similar causes. Only when a positive answer to this
question has been proved impossible, will we admit the suppos-
ition, that stimuli of different kinds can bring about similar
formation reactions.

When plants cultivated in the dark display tissue hypo-
plasia, as do those examples which are matured under water or
in a scarcity of carbon dioxide, we do not venture to find in
this a specific action of scarcity of light or of contact with
water etc., but must look for the cause of the hjrpoplasia In
the tertiura comparationis, in insufficient nutrition, to the
results of v^hich, the non-assimilating and weakly or non-trans-
piring plants are equally exposed. If fluctuations in temper-
ature and changes in the concentration of the surrounding
medium cause the same abnormal processes of growth, we do not
find in them any specific action of the temperature or the
Solution as then present, but must think of the fluctuations of

turgor and of osmotic pressure, caused by the changes in tem-
perature and concentration^ we must seek in them the cause of
the described processes of growth. If the same tissues are
formed after the mutilation of parts of plants, as gfter the
infection by fungimetc, the question confronts us as to wte ther
there may not exist factors,- causally conditioned by injury-
or infection,- which in this case as in that become effective
and cause in both, apparently dissimilar, cases the known re-
actions on the part of the organism. Since our scant knowledge
of the effective methods of external factors and the capacity
for reaction of cells and tissues for the present makes possi-
ble the giving of any satisfactory answer only in a few cases
naturally nothing can be said against the justification in
principle of my interrogation.

(275) Since we tract certain kinds of arrestment formations back
to insufficient nutrition and recognize in the fluctuations of
osmotic pressure the cause of certain abnormal phenomena of
growth and the like, we thus become acquainted with specific
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pauses for certain abnormal formative processes. The fact that
very different methoas of experimentation Bllow the same speci-
fic cause to come into action makes necessary a differentiation
between the means used by the experiraentor and the specific
causal factors , when judging of each abnormal format i on.

She demands made herewith in the treatment of developmental—
meehantoal questions have sis yet been only incompletely satis-
fied. Our knowledge of cell-physiology is proved to be insuffi-
cient tn every way, HJe can let our glance wander over a mighty
field of work, which begins to be passable in only a few paths.

We will now pass ove* to the special discussion of the
different active factors and will briefly explain the special
ferm of their action by a number of examples,

1, Influence of Mechanical Pressure and Strain
"wm i^W <^ .low i 1^ > ! .. „ >i,«..>i.ii pwi M -w . i n i'«ii^>i- — ii«.-i..« wii^^i II' p' H'i M l.*!

5Jhe effect of mechanical pressure ^nd strain on living
plants and especially On the formation of tissue, may be con-
sidered from different points of view,

Porce effect alone Is present, when, for example, through
pressure, the elements of a tissue are changed from their normal
position and are twisted and bent» Tissue characterized by such
twisted cells are discussed on p«- li'T. Again, f otf ce effect is
present when the elements, attacked during grovrth, are kept
from further enlargement. The inhibition of gror/th alone natur-
ally does not of itself cause the formation of abnormally con-
structed tissue. If the cell division continues its course in
arrested grov/th, abnormally small-celled tissue ds produced.
In fact s uch may be produced, when (by means of a plaster ban-
dage) the objects under investigation are subjected to a suffi-
ciently strong pressure (see above p. 29),

Thus we are concerned with stimulus effect , not only when,
by mechanlfial pressure and strain^ the cells are Incited to
growth or division or special processes of differentiation,
ut also when certain forme-tive processes are in any way in-
fluenced in their direction by the fi^otors mechanically effec-
tive.

Examples ef this directive influence of pressure and strain
will be found In Kny's reports. Under the Influence bf mechani-
cal pressure the raeristem cells of the medullary rays in
branches of Sallx and Aesculus divide in a different direction
than under normal conditions. Double rowed medullary rays are
produced^* It seems to me that a case studieid by Klebs belongs

f2V6) here (fig. 56). If the walls of the cells of Hormidium are
made Inoapgble of any further surface grc th (by treatment vdth
Congo red), abnormal effects of pressure will be exercised on
the grov/lng protoplasts which are enclosed by them. It is very
probable that these abnormal pressure cgnditions cause the ab-
normal direction of the new cross-walls'*. It does jiot seem

^ Ueber den Einfluss v«n J>r\icik %f%VLg» u. s« w, pringsheim^s
Jahrb, f, wiss. Bet,, 19S1, Bd, mtfXl, p. -6B.

Oompate alse ab^ve p, 16(?,
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impossible that, in the above named "stimulus effect" arid
similar ones, some are concerned \7hieh later may be recognized
as force effects, v/hen the knovvledge of the mechanics of pto-
toplasmas and of the physiology of cells has become more exai5t<,

That cells may be incited by mechanical pressure and
strain to definite processes of growth, division and differen-
tiation, is proved by the phenomena of so-called passive
growth, by oambial cells brought to cross-division by strong
pressure and by the cell division which Kny found in the pith
of IiSipatiens and others under the inflaense of pressure, Fur-
ther, attention is again called to the activity of hyperplasia
of mechanical tisfjue (compare p. 141),

Thouvenin has shown (compare p, 48) that definite pro-
cesses of differentiation can be made Impossible under the in-
fluence of raechanicn.1 factors.

We mentioned above (p. 269) the influence, v/hich, ac-
cording to Meigert and others, is exerted upon 'tissue -for-
mation by the removal of hlnderances to growth, The con-
sideration of the action bf mechanical factors, is of the
greatest importance here and, in fact, Ribbert"^ has re-
cently attempted to explain very different forms of path-
ological grov/th - regeneration, inflamation, formation of
tiimors - by th© removal of mechanioal hinderanoe to growth .

So far as the formation of abnormal plant tissues is
concerned, not one of their many forms have been suffi-
ciently explained as yet by an omission of hlnderances to
growth. It may be stated a's very probable that in the pro-
duction of callus. v7ound-wood, and others, the removal of
bark pressure and similar hlnderances to growth is not
without influence on the formation of the wound tissue.
However, there is no necessity for the assumption, that the
removal of the pressure effect causes the formation of
wound tissue. We may find an outgrowth of tissmes of ver;'^

different kinds even v;ithout previous injury ur release
from pressure and also of many excrescences (those pro-
duced endogenously,- such as galls and intumescences).

2. Temperature

All life-processes, and also processes of formation and
differentiation, like many physiological or chemical ones, can
be carried through only v/ithin certain temperature limits. The
formation of tissue on the gro\;'ing shoots and roots will be
discontinued if the temperature falls below the requisite min-

(277) imum or if it rises §bove the admissible maxiiaitul. But the same
temperature limits do not hold good for all processes of forma-
tion and differentiation taking place in a growing organ or or-
ganism. Certain processes me-v- still take place, although others
have already become impossible* If unfavorable temperature con-
ditions make certain processes of differentiation impossible for
developing tissue, "incomplete" abnormal tissues are produced
(hjrperplasias) . In many plants, formation of the chlorophyll is
rendered impossible by tuoolow a temperature (p. 36). Hans
found that the formation of cross-walls in grov;ing cells oi

X
Lehrb. d, allg,, Pathologie, 1901.
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Bacterium Pasteurianum V7as omitted r/hen the temperature was too
JigJ (p. '^1) * Thus the living cytoplasm can permanently for-
feit it« activity for certain processes, as in our first example,
or its capacity for reaction to certain (external and internal)
stimuli is again made possible so soon as the disturbing- effects
of the unsuitable temperature are removed - aa In our second
example (see above)

,

Ho absolutely certr,in case is known as yet in which abnormal
temperature conditions can cause the formr-tlon of abnormal tis-
sue in any way other than by the arrestment of certain processes.
In Prlllieux's experiments (see above p, 89) the i^rre sting ac-
tion of a high degree of warmth seems to combine with the action
of air which is free from water vapor, AS regards the observa-
tion, thf^t abnormal cdll-divislon occurs in many fungi at high
temperatures, it seems to me that we are still Insufficiently
oriented as to the disarticulating action of temperature,

g. Light

The influence of light on the formation of tissue Is at any
rate slight, sine© no specific effects of this form of energy
are known.

It was demonstrated that illuminati&n can cause the forma-
tion of chlorophyll and anthocyanln and that the formp.tion of
pigment is often lacking in the dark, But since it was shown
that the formation of chlorophyll (in various algae) is possible
even in the dark, when certain nutritive substances are added
and that, in the same way, cells can be incited to a formation
of anthocyanin independent of light or darkness,- we may assume
that the formation of pigment after illumination does not repre-
sent a very specific action of light, but that it is caused by
nutritive conditions, the production of which is raede possible
in the cells by the influence of the light.

If the tissues in etiolated plants reach ©nly a moderate
degree of differentiation, while the individual cells often be-
come larger than under normal conditions, we may not see in this
any specific result of a lack of light, but the effect of saenty
nutrition and reduced transpiration. We observe the same tissue
changes in examples v/hich are raised in the light in a damp room
that we find in cultures made in the dark.

The question as to v/hether continued illumination can
"arrest" certain formative processes, as seems to follow from
Bonnier's experiments (see above p, 5?), needs closer investiga-
tion.

(278) 4, Chemical Substances

So far as any insight into the factors v^hich are effective
in the formation of tissue is possible in the present state of
our knowledge, we may indeed maintain, that the great majority
of the processes of grovrth, formation and fiifferentiation are
brought about by stimuli given out by chemical substances.

Witjiout doubt, each process of growth, etc. presupposes the
presence of certain substances, no matter whether they are sup-
plied to the cells from v/ithout or are produced in them autoch-
thonously by assimilation* If these substances core lacking, or

are present in insufficient amounts, certain processes of grov/th

and formation are omitted and "arrestment forms" are produced.
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If the cells are ox^er"-abundantly provided vrith those substances,
many processes of gro"C7th and formation may in oner/ay or another
be continued beyond the norraal standard, Hovrever, it v.?jLll

scarcely be possible to decide in a single case as to whether
the nutritive substances act as stimulation causes, tr whether
the cells are not rather given the oapaqity for"TeaetiQn by
these substances, in order to react, In the way described, to
any stimulation causes V7hich aS yet have been discovered.

In some cases we nr.y nov conclude that most probably the
supplying of nutritive substances hag only some "preparatory"
action. Rotwc has shorjn thr.t the hypertrophy of activity in man
and animals can not be a reaction to functional hyperaemla
(and the supplying of nutritive substances connected with It)
but ls,to be understood as a specific effect of the increased
demand*, The same conditions exist for the activity hyperplasias
of mechanical plant tissues described above. The supplying of
nutritive substances, \7hioh certainly precedes their formation,

, apparently only makes the tissues capable of reacting in the
8bove described way to stimuli of a definite kind;- in the present
ease to mechanical strain and pressure. The actual freeing
momentum does not lie in the supplying of nutritive substances
but in the action of raeohanioal factors;- hence the necessity of

mentioning activity hjTierplasiaS under I, Xf "^e find that def-
inite formcitioh* of tissue occur after the supplying pf nutritive
substances, it r/111 be necessary, even whdn Jio other fnctors may
be found to be the cause of stimulation, t« think of the possi-
bility th§t the supplying of nutritive substances is effective
only as a preparation,- not as a setting free,- and that tJie i

factors TThich do set free are atill unknown. I will return at

once to this point.

The action of oxygen and water is exclusively preparatory.
Among the cases, which are of interest to us, not one can be

found in which a freeing stimulus proceeds from the supplying of
oxygen*. The numerous cases in which the supplying of water acts
releasingly v/lll be discussed in another sub-division because

(279) in them apparently the v/ater does not act as a nutritive sub-
stance, being effective only because of its physical qualities,
not at all because of its chemical ones.

The conditions are much clearer when the effective sub-

stances are not nutritive ones, but are poisons , which incite

the cells to some activity without themselves fiirnishing any
building material. We may assume that no "preparatory" effect

proceeds from them, but a freeing one.

^ Roux, per auchtende Kampf der Telle in Organisms,
1881. C?es, Abhandl, Bd, 1, p. 315 ff.

^ That, under certain conditions, the supply of oxygen
may also bring into existence directly or indirectly, r|l«/veing

effects is shotm by JJatzuschita^s investigations on anae^rfW
bacteria, which f^tm spores under the influence of o^Qrgen, (Zur

Phys. der Sporenbildung d. Bacillen etc, mssertation Halle,

1902. Arch. f. Hyg.» 1902, Bd. XLIII, p. 267).
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Some oases will be discussed later, In which the eotion
of nutritive and poisonous substances and their trophic and tox-
ic effects ulll be illustrated. As said above, in many cases it
must remain undecided for the present in trophic action, v/hether
a freeing or a preparatory'' influence of the living cells and
tissues is involved here.

Trophic effoots . varjT'ing from the normal are produced in
various v/ays,- an insufficient supply of nutritive substances
onuses hypoplasia, v/hile an over abundant one leads to hyper-
trophy or hyperplasia/

An hypoplastic formation ht cells and tissues always occurs
when insufficient amounts of nutritive substances lie nt the
disposal of the organisms or of its spparate parts,- or the con-
position of the food stuffs offered does not supp"4.y the sub-
stances required for a normal deve^-opment/ We observed hypo-
plasia in plants which live in the dark or in places free fro©
caiBbon dioxiff, which therefore by assimilation can not produce
from thdmselvss the necessary amount of nutritive substances;
further!^ in tho;3i» plants, in vthich transpiration is arrested by
cultivation under water or in moist plaices as v;ell as by the
exclusion of ligljt, and whose transpiratory current is therefore
too weak to supply the needed amount of nutritive substances
to the different parts of the organism. "Shade -leaves" are also
to be considered in this connection. It must remain doubtful
whether in the production of galls bearing the character of hy-
poplasias, the giving up of nutritive material to the parasite
which produces the gall may play tlie chief part or not, W© can
further observe hjnpoplasia in plants, which must support their
existence without iron; calcium or other "indispensable" sub-
stances, The conditions in the homoeoplastic excrescences of the

sugar beet already described (p, 139) are more complicated.
Uefli formations are produced, which apparently use up all the
available amounts of nutritive substances, so that the neighbor-
ing tissues seem to be arrested developmentally. The "struggle
of the parts of the organism" leads here to a "correlation
hyperplasia"-*-.

A continuance of the processes of growth and differentiation
is produced by trophic influences when the cells are brought, by

some meqns, to the production of substances Vvlthout r/hich cer-

(280) tain processes can not take place. The formation of chlorophyll

is clearly dependent on some unknown substances, which in most

plants are produced in the cells themselves only under the influ-

ence of light. Many algae, however, are known to form chlorophyll

in the dgrk, aftsr having been supplied with organic nutriment

and it seems not at all impossible that future investigations

•'• At times, in the formation of "semi"-annual rings, we

have to do with the same phenomenon (p, 25), Further in the ob-

servations of Elfying (loc, cit.) v/ho found in bent inflorescence^

stalks that the eollenchyma was formed abnormally abundantly on

the convex side, but was retarded on the concave side. Still,

it is undeniable that in the fiast named case, still other con-

structions are obvious. I fefer further to that said above

(p. 140) for Aristolochia-ridges (Observations by Magnus).- If

in Erineum galls, the epidermal cells hypertrophy greatly, but

the parts of the mesophyll belonging to them, seem arrested in

their development (fig. 38), a correlation-hypoplasia may possi-

bly be present; the arrestment, however, can also illustrate the

effect of gall-poison.
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evei ?i^L^''S?Lr''*'^n? r^?*^"^^^ ^y the supplying of which

ilthe fa?L '' "" condition ta produce chlorophyll

atio/i7qniJ!S!''''n
*° ^^Pl'^i» the metaplastic anthocyanln fom^

^ni^^-,^?- i
"^^^^^ ^^^''^^ ^^^^ ^^°^® P- 58)^ the production of

?n^^oi?n °^;^°''°^°^^'^f^''\^"^
heteroplasias^- and in part also theformation of many callus tissues not by an abnormal new produc--

o,^So+
n^^tritive substances but fey an abncrmal asslmxilation ofsubstances already present and those produced ;hi the normalcourse of life -processes. Local accumulation of nutritjve sub-stances as a result of abnormally increased transpiration mightalso be operative in the formation of wound-cork.

No absolutely certain example has been known as vet in
which abnormally increased suppljrlng of nutritive substances
from without can promote the formation of tissue bejrond the nor-
mal amount « Arrestment phrnomena seem rathSfr to bte" caused by
abnormally increased transpiration which accelerates the trans-
piratory current, as is shown by dwarf examples in dry habitats.
-4.^? V ^^^ rate, no normal formation of tissue has been in-

•

cited by an artificial supplying of organic nutrition from witHu-
out - yet it is to be hoped thgt the experiments recently made
by Haberlandt and Winkler on isolated plant cells will lead in
the future to positive result s.

Toxic effect s, consisting of degeneration changes of the
cell, may be left unconsidered. Those cases are importarrt l«r us,
in which an arrestment or a promotion of certain processes is
notioegble after the action of any poison.

Arrestment may be brought about by very different kinds of
substances. Some, taken up by the plants in small doses as food
stuff and there worked over, can act' as "poisons" v/hen used in
greater amounts. Mention must be iriaie here also of the arresting
effect of organic food j.n green flagellates, diatoms and others.,

. vniich become '-apoehlorotio' under the influence of an abnorffally
(281) abundant supplying of nutritive su"b£Sar.6&s, Farmer and Ohandler

(see above p^ 48) Lave made reports on the arresting influence
of air which abounds iii carbon dioxid. In order to arrest the

^-The formation of correlation-homoeoplasias and heteropas-
ias belongs among those cases of abnormal tissue production, in
which the abnormal supply of material does not act releasingly
perhaps, ^but only as a preparation or as a qualifying effect.
If any cambium or anj?' parenchyma capable of division, under the
Influence of the supply of food stuff, continues longer the pro-
diictlon of cells and acts more intensively than under normal con-
ditions, the releasing agent may well be sought in "internal"
factors* Similar but more complicated examples are dis.cussed witfe

the same point of view by Driesch (Die organischen Regulationen,
Leipzig, 1901, p. 118). " I share completely his interpretation
«f this matter. It is difficult to answsr the question, as to

what factors in hyperplastic formation of vascular bundles in
dahlia tubers (Vochting's experiment a) act releasingly as a re-
sult of increased demand upon them {Activity-hyperplasia, see

above p, 145), whether,
'
perhaps in this ©ase, the intensity of

the current, i. e. something mechanical, caused the stimulus
(Driesc:i loc. cit.) or whether here also only "internal" factors

were at v ork and the intensive ciirrent of food stuff created only
the necessary nutritive condition, the desired ability to react.
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preoess of cell-division, (Jarasf?iraoff used substances v;hich
act as "poisons" in every concentration and under all oiroum- .

stances. It is poB^^ible to produce successfully asporogenic
"races" in different kinds of bacteria, by treatmeni 'vith var-
ious aoi*s (hydrochloric, rosol and orrbolic acids)"''.

The exciting effects of poisons becomes noticeable there-
fore vrhen it is posaible to increase the gro rth intensity of
lOT/er or higher plants by treatment %7lth anaesthetics or metal-
lic compounds, Abnormal tissue formation as a result of the
exciting action of toxic substances has been repeatedly des^
oribed above. Poisons produced by necrotic decomposition of
the cells and tissues seem able, under certain conditions, to
incite the formation of 'ound-cork and wound-wood« As T7inkl6r

has shown (see above p. 98) forelg'ti substances, supplied from
without, are able to incite cell-division. Finally the action
of poisons Is also the cause of gall formations,- such as, for
instance, all prosoplasmaa,

S, Turgor
,1
Osmotic gressure and 3)1ffusion-Current a

The significance of water in the processes of cell g rov^th

and tissue formPtlon lies ©specially In the fact that all these

processes are iptJislble ©nly when a definite amount M water is

present. The "preparatory" action, proceeding frem a supplying
of v/ater and its absorption, is unmistakable. Only wltli a

^J*'.
Inite degree of turgor do the cells become capable of an activity

which leads to a normal or to an abnormal [formation of tissue.
The question as to v/}® ther increase or decrease of turgor can

set free definite formative processes still remains to be dis-

cussed.

In feet, examples are known for an action of this kind due

to changes in turgor. I include here especijilly hyperhydrio
tissues (compare p, T4). When the amount of water given off jy
any cell whatever is reduced, the turgor of the cell will be in-

creased by a continued absorption of water. By this abnormally

high turgor, the cell is incited to growth -activity, producing

long cylindrical tubes, such as those pictured in figures 19.

23 and others. The abnormal amount of water mak©s possible the

stimulus to which the cell reacts v/ith growth «

We have named first of all ca^es in which, by the absorp-

tion of water, (the increase of turgor) the cells have been in-

cited to definite action. The question must still be settled,

as to whether formative stimuli can also proceed from changes

of an opposite kind.

Pree-lying cells, like fungus hyphae, root hairs, unicellu-

lar forms and the like, are easily accessible for experimenta-

tion. Root-hairs are especially useful since they react very

easily and ouickly to influences of all kinds. Wie^Jefo'^^S^i^??

described above (p. 120) and easily produced Pjove that abnormal

processes of growth and set freeeven in a treatment with^materiai^K

^'compare"for'example Behrlng, Asporog, Milzbrand, ^eitschr.

f. Hyg., 1889, Bd, VII.

^ The Interpretation of the authors who spegk of the growth

as a direct result of turgor ("a« a force effect") is erroneous.
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(282);yhich withdraw v/ater,- thus reducing the turgor of the cells,
increasing the concentration of their contents and so the os-
motic pressure. The hairs grow chiefly in thickness, Instead
of continuing their normal growth in length, Reinhardt ob-
served the same phenomena (se© above) in fungus hyphae. Changes
in concentration and composition of the surrounding medium as
well as fluctuations in temperature have called forth the same
deformations. In both aases -we ma;? ventiiye to explain the ab-
normal forms by fluotuatiohs in turgor and osmotic pressure.
In Just this connection in mjr opinion belong the Vauoheria. galls
of Uotommata, the involution forms of bacteria find others.

There is a need of & closer testing of the question as to
whethet abnormal processes of growth in etiolated plants, the
phenomena of "starvation-etiolation" and others, may be ex-

'

,

plained in the same way, - and further whether hypertrophies,
I produced after poisoning (gall hypertrophies), may in part at

least be iinderatood to be the result pf phyticnl changes in the
cell^mlcfbbsm6s, It may indeed "bg possible that substances are
supplied to the infected plant cells by the parasite, which act
on th© coll life to the host plant less through their chemical
qualities than their physical characteristics and may perhaps
cause an abnormally high osmotic pressure within the infected
cells. This poijt also will have to be considered in a future

* analysis of the "gall-stimulus". Let us remember further that
any abnormal absorption of WQter reduces the concentration v'ith-
In the cell, ©nd therefore its osmotic pressure, but that amal-
ogous changes in osmotic pressure are produced not only by the
absorption, or the giving off of v;ater, but also by fluctuations
in temperature and by chamical transpositions within the cell,
in which substances osraotically effective are converted into
ineffective ones, or osmotically ineffective substancds are

j changed to effective ones. As is shown, a varying connection
exists bet?/een the osmotic pressure within the cell and the ex-
ternal conditions of life, A wide fieM of work lies open here
for future ihvestigation. Por the present we must limit our-
selves to the mention of new questions.

The diffusion currents in the cell body are closely
connected with the osmotic pressure wihhin the cell, these
I will mention briefly.

The growth of a crystal in its mother solution undoubt-
edly leads to some changes in the concentrr.tion of the
solution immediately surrounding the crj'-stal. The changes
in concentration for their part result in diffusion-cur-
fents which are definitely directed. DiffeisAnces in the
processes of diffusion and therefore in the conditions
necessary for the continuance of growth on the different
parts of the crystal will apparently be produced so much
the sooner, the greater the amount of the surface of the

srvstal here concerned. The fact that crystals of definite

substances usually continue their "normal" growth only tona

certain size,- and then grow "abnormally",- wakes it possi-

ble to conclude without doubt as to unequal conditions of

crystallization on the different parts of the crystal, and
we may conceive of some minute "disturbances" in the c ....ri">

of the diffusion currents.

(283) These diffusion currents must 'ae produced in the living
cells just as in the crystal -mot heg*- solution, if a crystal
or a conglomerate of crystals is produced anj'where in the
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cells, or if any soluble substance is gradually cr-rried
over into an insoluble eonpound. Therefore, for example,
in the construction of a starch grain, in the growth of a
membrane etc. , ve may nev assume that the course of this
process of growth becomes irregular when different parts
of the growing form are placed under dissimilar conditions
of gro'^'th, by disturbances in the regulnr process of diffu-
sion. Y7ithout doubt disturbances of this kind occur so
much trhe more easily and cam become so nuch the more con-
spicuous, the larger the grovTlng forms are.

It is a notenorthy fact thct even in the organic king-
dom there exists some connection between abnormal size and
abnormal form, Figure 120 gives at B some abnormal giant
starch grains from the qorrelation-heteroplasmas discussed
above (p. 152), vrhich Voohting found In the form of "leaf
tubers" in Oxalls orassloaulis . The abnormr.l grains (B)
appear, beslTe the simple normjil ones (A) as bizarre as is
possible. "All sho-7 peculiar appendages, some short and
knob-like, tthers longer, sometimes Iftng and straight, or
again bent like hoods", iSt times lrregu]r r humps are pro-
duced, -hich can fill whole cells, We do not kno^; why
starch grains should be oorae larger in the above-named

(284) abnormal tissues, then unrler normal conditions, 5?heir ab-
normal form is caused, I expect, at least in pert, by the
above discussed differences in the conditions of growth .

In A consideration of entire cells, we also often find
abnormp.1 forms associated with abnormp^l size, A well-kno\7n
wxample of this is furnished by the involution forms of
bacteria, among .;hioh are found brr.nclB d forms, lying next
to vesicular or spindle-like ones. The latter are evidently
produced by differences in the conditions of gro'.rth in dif-
ferent parts of the ce3.1 membrane, and by the unlike dls-
tribiitlon of substances. The branching will arise ceteris
paribus on the places "preferred" - those better provided
with building nBterial. The larger the cells, the more
easily are produced the described differences in the In-
tra-cellular distribution of substances through disturbance
of the diffusion currents,

B. On Reaction to Stimuli

The preceding chapters have contained more detr.iled reports
on the reaction to stimuli of cells and tissues in so far as
they consist of processes of grov-th and differentiation. Only
a fev7 general remarks remain to be added to this point.

In the normal course of life of a cell, wb find that cell
division regularly follows cell growth In such a v?ay that nu-
clear division and the formation of cross walls takes place as
soon as the definite cell size is reached. Evidently, during
the growth of the cell, some physical conditions or some chemi-
cal substances are produced, '.vhich incite the cell body to di-
vision. In this process we ore concerned with the effects of
stimulation action and indeed of interrtPl stimulation, the ef-
fective factors being produced >y the activity of the cell it-
self. By means of innu^^erahle examples, pathological plant

In many, processes of coalescence alao may possibly be
at work.
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anatomy poxr proves that cell division and gro\rfch do not gt all
represent inseparably linked processes and that the total re-
sult of separate processes, which in the nornal course of de-
velopment are constantly repeated in the same v?ay, is cspahle
^^4.Z^^l

different modification. V/e can cause cells to divide
without previous growth, which under normal conditions, would
nave been enlarged and then have divided, and conversely can
cause their growth without any -division taking place. The first
experiment is successful, when we taJ^e away from the cells the

S™iJ^°*f presupposed by growth. Therefore, with previous"
growtn, those factors may also become effective in the cell,
wniQii incite division. In experiments of the second kind, we
m?.ko the cell incapable of reacting normally to these very
lactors, or we do not allow any of the conditions and substances
tp appear which incite division. Ko matter how we may wish to
interpret the state of affairs here described, it teaches at
any rate that factors leading to division in the cell can also
pe produced witjjout any previous growth and that conversely
division should not be understood to be a physically necessary

(oari\ It^^ °"^ growth which has already taken place, - ±n other words,
[dUi)} that the phenomenon of cell growth and that of cell-division

can occur independently of one another, according to the con-
ditions, which are already effective on the cell and in the cell.

This same "independence" occurs in all other processes of
division, the sum pi which malres up the development of an or-
fg,nism. In g^rowing root hairs etc., an increase in cell volume
eeps pace with the new formation of cell walls. We may arrest

the grovrth and still find that the cellular products continue
their course. Cell division and nuclear division are indeed
independtot of one another. Even in plants, which under normal
conditions consist of only unicellular units, multicellular
elements are produced under certain circumstances, if for any
reason the conditions Necessary frjr the formation of cross-
walls are not filled. On the other hand, nuclear division can
be "arrested". Just as "independent" as the processes of di-
vision Just named, are also those which give the cells their
characteristic "inner foim" and signif^r all differentiations
of cells and tissues. The processes of tissue differentiation,
taking place normally after a certain number of cell divisions,
can also occur abnormally early, before the normal number of
cells is present, or can be lacking even when the usual number
has been reached, or indeed exceeded, and the like.

According to the number of processes of division tkking
part in the formation of various abnormal tissues, we can con-
struct a list beginning with the simplest hypertrophies and
ending with the most coriplicated hyperjilasias. Growth of the
cells alone was observed in the production of nmny hyperhydric
tissues (kata|2lastic hypertrophic) , growth toget&er v/ith in-
crease of cytOTjlasm . for instance, in the gall hypertrophies,-
growthj cytoplasmic increase and nuclear division lead to the
formation of multinuclear giant cells; the same processes to-
gether with cross-wall forr.iation may be found taking place in
almost all hyperplasias. In the preceding chapter in the dis-
cussion of pros ©plasmatic gacDLls, it v/as shov/n, how diverse are
the combinations in which the different kinds of differentiation
processes can be united with other processes, the production of
which is made possible by a hyperplastic tissue outgrov;th, with-
out its being connected v/ith them. We find that lignification
takes place in many abnormal tissues after repeated cell divi-
sion. - The same process is enacted in other cases, however,
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even without previous enlargement and divisions of the cells
oonceraed. Parenahymntie excrescences of Solanura tuberosma
may he produced (according to Vochting's experiments) even
without any deposition in them of the usaal starch masses.
On the other hand, there e.3»e many oases, In which it is found
that abundant quantities of starch hcve been accumulated, with-
out any preceding formrtion of any excrescence whsttever ©to.

It has not yet "been proved experimentally that all pro-
cesses actually oonre oted with one another in normal develop-
ment, 90 far as tine and place are concerned, can aasdiv their
"IndepdBAenoe" under suitable conditions and cp.n ooour indeptn*-
dent of those other processes v/ith which they seem to be com-
bined normally. Yet the actual material at hond JastifieS even
now the assumption that all processes of division should be
termed "independent" in the meaning' here explained, The capa-

(286) city for certain formative and differentiating processes id de*
termined. to be sure, by the speaial qualities of the aytoplasm
of the diffeiient plant varieties, The combination in space,
however, £?nd the sdnuenoe, in which we find the Separate pro-
cesses enacted in a normal course, tnay be understood as caused
by the influence of all tfffeotlve "internal" and "external"
fadtors, the majority ef whioh are evidently still withheld from
our knowledge.

1
Klebs-^ proved for the lov/er organisms. In the growth of

which relatively few formrt^ve processes of division are re-
peated, that the oom]^lnatlon of these takes place quite differ-
ently under ohf.nging conditions of life and can be jsodified ex-
perimentally at pleasure. Thrt in higher plants only the incom-
pleteness of o\ir knowledge and our methods of experimentation
prevent the carrying through of similar experiments Is attested
to by the results of pathological plant anatoriy/

It is now desirable $o approach in still another way the
point treated here.

If we compare the cells of abnormal tissues vrith those of
normal ones, we will find either complete correspondence (hom-
oeoplasias) or more cr less striking differences , The variation
of individual cells from the norrapl is on^y moderate when the
individual cells in one or more ways resemble the undeveloped
elements of normal tissues (hypoplasias and many kataplasmas);
On the other hhnd, the differences are often very mftisfeed in
metaplasia, in prosoplastic hypertrophy and especially in proso-
plasmatic galls. The diversity of abnormal cells brings up the
question, whether a plant under abnormal conditions can develop
other kinds and forms of cells than those which compose the
normally developed plant bo4y,- whether the same normal kinds
•f cells are always repeated in the pros©plasmatic galls, in
new and "abnormal" arrangements and combinations.

This question has always been repeatedly afeked in the dis-
cussion of galls, the most striking of abnormal tissues, and
has been answered in different ways/

^ Beitr. z. Phys, d. Pflanzenzelle . fuhinger tJntersuch.
1886, Bd. XI g. e^speclally p. 550; Bedlng* d. Portpflanz, bei ein-
Igen Algen u. pilaen, Jena 1896, and others.
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Gobel, in feis "Organographie" , states in regards to
this, that in galls, neither is anything morphologically
nGTv' 91'oduced, nor any "new tissue elements otherwise not
existing .in |?he plants". "Kew ^lone are the combinations
of the plants' possibilities, the characteristics uhich
f^arnlsh the changing pictures of the kaleidospope, Fori^s
transitional betvreen the organs are produced here very
abundantly". A note Supplements "Cell forms v-ere nlso
found, which do not exist In any undisturbed development,
thr.t is, those of the 'hair formation in "Erlnetira" galls.

(28T) fhese hair formations, which are caused by mites, ar^ of
s«;rvice to the parasites and varg from the normal j^air feros
of the plants ooncernad". Appel^ seems to share Gobei's

: view.

m BeTerindfe^ holds a different view. According to hira

p "new" cell and tissue forms may indeed be found in galls «

at times the representatives of the Tinotoria and KAIXerl

I
gall type. Herbst*, Berthold° and others think the same,

'

I' have expressed my vlevr ns being the aaiae as the authors

i hexe named°.POf the representatives of the opposite theory, I will
name d«VrieS^,According tt him, galls eyen of the highest
differentiation are oomposed only of such onatomioal ele-

ments G^ are found also In the plants which bear them.

"Only the elements faf the peculiar stone cell layer in many
Cynipldes gclla^, which develops later into a thin-walled
nutritive tissue, fortn an 'escbetJtlon as yet ^ot entirely
explained, which may be only an apparent one".

All other abnoraal tissue fonhatlons should be inves-

tigated from the sarDe. :i?6lnte ^3^ Hev as galls.

Berthpld (loo. olt.) etejphaslaes the abnormal structure

which may he obsexvftble ift regeneration and the healing of

wounds. Vbchting*^ had already obtained similar results,;

he fdund new kinds of cells produced in wound tissue sucn

[ as aotivlty-hyperplasias.

I
^ Organographies 1898. Bd. 1, pp. 169, l''0.

^ Ueher Bh:?to- und Zoomorphosen, Konlgsberg. 1899,

^ Beob, ueber die ersten Entwickelungsphasen elniger

Cynipidengallen, Amsterdam, 1882,

* ueber die Bedeiitung d, Relaphyslologle , £. 51., Blftlog.

Cbl., 1895, Bd. ZY, p. m.
^ Untersuph. zur Phys. der IJflanzl. Organization, 1898,

Bd. IrFinleitung, p, 9, Here also Goebel in Flora, 1899.
JJ/

IXXXVI, p. 234. Compare also Prillieux, Etude s, la
f^i^^J;?;

®^

le developp, de quelqu, gallesi Ann. Sc, Kat. Bot., 6 aer^-e,

18?6, T. IXI, p. 135. '
.

^ Beitr. a, Anat, d. Gallon Flora,l900, Bd.£XXXVXI» paT6 «•

'^ Intracellulare Pangenesis, 1889, p. 11'''.

p
Compare &bov« p, 254.

^ Ueb. Transplantatlonen am PflanzenkSrper , 1892, Z, Phys,

der Knollengew. Jahrb. f, wlss. Bot., 1900, B4. XXXIv, p. i.
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The lack of unanimity of theee authors is doubtless ejg-
plained by the present lack of clearness in the interrogation
of the phenomena.

It is indeed evident that even unusual hyperplasias like
'

normal pnrts of plants are composed of cells. The question is,
hov/ must the cells he constituted if they may he termed "nev;"
kilnds of cells. Evidently the investigators here nan© d hr.ve
ans^CB^d this question differently and thus have arrived at
different results, In drawing their conclusions. YIe vill first
of all he obliged to understand clearly the preliminary ques-
tion, before taking up once more the oft discussed problem,

"Uer;" qualities, thart is, ones which vary from the normal,
may be expected to arise In different ways. The conditions of
size may be "new", or the forms, or finally the inner structure
of the cells. We will therefore have to compare abnormal cells
V7ith normal ones, as to size, form and inner structure.

(288) 1. Size of the Oella

Aside from the individual unbranched latex tubes, which"
seem to be distinguished (theoretically) by unlimited grovrth,

each kind of cell in plants forming tissues possesses a definite
size, which is attained early,- and fluctuates only within
narrow limits in the individual species.

We have seen above that cells of very different tissue
forms may hjrpertrophy; 4. b, may enlarge their volume beyond
a normal amounts The question must still be discussed, as to

whether the largest cells, to be found in a norme.lly developed
plant body, may not perhaps give a maximum cell volume valicl

for the species concerned, beyond which no cell of any tissue'
whatever of that species can hypertrophjT-,- in s^ch a way that,
so far as cell size is concerned, the plant can furnish nothing
which could not be attained by it also under normal conditions

.

The conditions in primitive organisms are most easily s-.iir-

veyed., v/hich, under normal conditions, develop cells of only

one size , such as, for instance, bacteria. The often gigantic
Involution forms of the sohizomycetes prove forthwith ttet,

under abnormal conditions, cell-growth can far exceed t ha normal
standard while no definite limits ^;ould be recognmzable,

p The conditions in higher plants are just the same. In

them too we find no support for the aseiunption that a limiting

volume, determined in the plant body, may be determinative for

cells grown under abnormal conditions. Figure 12:}., at the leit,

illustrates some libriform fibres and pieces of ducts of Quercuffi

at th^ right some cells of the oak g^ll produced by Spathegaster

baccarum . Ho further explanation is needed to show that abnor-

mal cells can far exceed the volume of normal ones.

Cells of a tissue under abnormal conditions frequently

become appreciably larger than corresponding normal ones; they

may more rarely occur appreciably smaller. .
However, no fixed

(289) bou.iIr,ries exist also for this lower limit. I will call at.oii-^

tlon later to the dwarf Desnidiaceae described on page 27, to the

ducts of hypoplastically developed plants which have abnorme-lly

narrow lumina and to mycelial threads with excessively napeow

lumina, which may be fo\ind produced in solutions poor in nutri-

tive substances.
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To surmiari7.e :- In regard to their size, the cells of a
plant developing pathologically ard not restricted to that
which the norinal plant naj?- accomplish,

g. yorra of the Cell

The form of merabraned cells in plants Is rlEjost alv/ays
identical with that of their cellulose covering. The foirri of
^he Xatter is determined by the manner of its production, "bj;

conditions of space eto^, hut especinlly by the processes of
surface gro\?th, which have taken |i3iaoe in the membrane.

The growing cells of a Spirogyra thread remain cylindrical -

I follovr the supporters of the theory of intus-susoeption - so
long as the newly superimposed particles are deposited equally
on all sides and longitudinally between those already present.
When 0- copulatory branch is produced, deposits must hive been
made on a definite part of the cylindrical v;all, longitudinally
and tangentially. All changes in form in a gro-7ing cell may be
traced back to the fact that either new particles of matter hBv«
been deposited on everj patt of the membranes, or only in places;
sometimes in one direction, sometimes in severs-l.

If svtTollen, barrlr-llke cells are produced on Splrogjrra
threads, by the aoti&n of etJiSjfr we roust assume that new parti-
cles have been deposited tangentlally and more fibundantly in the
middle of the cell than at the ends. Therefore, under nbnorrrl
conditions differently distribut'^d deposits are made on the
cells, v/hereby other structiires ays formed than under normal
conditions,

A consideration of the deform.ed root -hrirs, fungus hyphae
etc. dG3cri'ged above (p. 120) is still more instructive. When
the hemispherical form of cell ends is persistently retained,
during continued growth in length, we may assugie with Reinhardt
floe, crt.) that the individual particles of the head are, as a

rule, shoved toward the outside, until they have reached their
ultimate position in the cylindrical mantel and that thereby
the deposits of new particles must be most abuigidant near the
long axis, gradually decreasing towards the edge, in order to
cease entirely in the cylindrical-mantel". Vgry marked varia-
tions appear under abnorraP-1 conditions, club or hall-like forms
are produced according to the degree to which the deposits in-
crease tangentially. If the part l^tng back of the tip grows
more strongly than the tip Itself, bowl-like forms are produced.
If an especially active growth takes place at several different
places, branched forms arise and the like. There are indeed no
forms x7hloh could not ^e produced by abnormal modification of
the surface growth, nor which, under abnormal conditions, have
not been found actually occurring in the objectednamed.

(290) The epidermal cells of leaves and shoots ea well as ground
tissue Qiells (fig, 43) can grow out into similar forms as al-
ready discussed in chapter IV,

The question as to v/hether the formal repertoire of normal
cells is determinative for deformations vhich a,re possible under
abnormal conditions, must be ansv;ered absolutely in the negative,

•* GerasSimoff. Bull. Soc. Imp. Uat. Mtiscou, 1896, Kr. 3,
Hathansohn in Hahrb. f. v/iss. Bot., 1900, Bd, XXXV, p,6S^
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I call attention again to the bacteria w'hiCh developing nor-
mally, otily become rod-like cells, the involution forms of
which, hov-ever, seem to have been most diiirersely" sv;ollen,
tv7isted or 'branched, The form of abnormal cel3.s, rs v.ell as
their siae, has fxoe scope for development vhioh may be said to
b© .unlimited, The notev/orthy Erineum hairs (Fig, 40), the two-
ormed trichon of the gall of Meurotertis nnmismatis (Fig, 102)
and many others prove that the same holds good for higher plants.
Under normal conditions cells of this form are never produced
on the plants bearing the Erineum nor on the host plant of the
nuraismatis gall,

;7e can thus affirm that the intensity, the localization,
the direction of the membrane grorrbh and thereby the form of
the- cell, are determined by the sum of all the factors which
act (internally and externally) on the cell and thrt under abnor-
mal conditions fnev" oelloforms can actually be produced,

3, Inner Structure of the Cells
'

" ' 'Ill
I '

'

' '
"

Only by considering the inner structure of the cells, will
v/e become acquainted v;ith the limits which, even under abnormal
conditions, ipemain decisive for the development of plant cells.

In the last three chapters, repeated mention vas mrde of
the fact that very different kinds of cells, of very different
origin, can under certain abnormal conditions assume "foreign"
aharacteristics v/hich often v;arrant conclusions as to changes
in the physiolobical -effectiveness of cells. Cells, which re-
main colorless under normal conditinns, develop chloroplasts.
Thin-walled cells obtain, through thickenings of their membrane?,
an especial wall structure; for example, a retioxilated one, and
so forth, Closer consideration nov proves, that vn abnormal
turning green takes place only in plants which even und er near -

mal conditions somewhere develop chloroplasts, that, further,
abnormal reticulated wall-thickenings occur only in plants, in
which the same formative process is known already in certain
normal elements, Therefore peculiarities of the cytoplasm con-
sidered as pre-requisites for the formation of chlorophyll,
certain wall-thickenings, etc, are not prodiiced "anew" under
the influence of certain abnormal conditions, b^t only become

active in those cells and tisEues in which, in a normal develop-
ment the external and internal conditions necessary for chloro-

phyll forme-tion are not realized* Among others we must consider

the nutritive conditions of the cells; in which, therefore, in

other v/ords, the cjrtoplasm for some reason does ndj "make use'

of its capacity for developing chloroplasts etc.

Although the plant, so far as the inner structiare of its

cells is concerned, even under abnormal conditions, must manage
(291) to live with. the same capabilities that aare also active in nor-

mal development, yet all possible heterogeneous kinds of cells

may be produced in such a way that the known processes of dif-

ferentiation are enacted in the larger or smaller cells, or m
those formed otherwise than under normal conditions, I call
attention again to the pe>culiar callus hypertrophies of the

Orchids (Fig. 26), to the parenchymatic tracheids in' callus
tissue (Fig. 67), to branched woody fibres (Fig, 70), to the

tracheids which occur at times in prothallia and many others.
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It must still be noted that definite processes, kttownin
normal development, can take place with abnormal intensity,
more v;eakly or iiore strongly than under normal conditions, and
further that different parts of the cell can undergo an unequal
formation, when the determinative conditions can not h©oom«
effective r.n the same way in all parts pf the cell.

Undev normal conditions, plants, possessing the ability
to form scXereids, can produce unusually thln-walled or very
thick-vailled solereide; or, stead of cells distended equally

"

on all sides, one-sided ones may be produced etc. To be sure,
V9 know nothing of the causes of the stimulation her© effective.
But the galls speak in favor of our hypethesis,- at tiraBS the
Cynipides gall of Querous, in v,'hich we found developed very
different kinds of sclereids* The fact has been discussed
above in detail (p* 241) that certain kinds of unequally thick-
ened solereids 8S well as many other histological oharacteristicB
furnish attributes constant for the separate gall forms,

Only an apparent exception to the rule here developed
Is made by the irregular, sometim&s elliptical or spherical,

r

sometimes cone or ooral-llke wall-thickenings, which are
often ferraed by the action of external distiiroances butare
absolutely lacking In normal cells of the plant spMles con-
cerned. I have already referred (Chapter III) to the fact
that these thickenings have fto definite form and no charac-
teristic structure In so far that aXl pitting la lacking
In them* I would therefore like to assume that this kind

*

of waXl-thickenlng so far as its ultimate form Is concerned,

is not dependent on definite capabilities of the cytoplasm,

Rather, its special qualities seem to have as little te do

with the form of the thickenings as they have possibly tdth
the form of the precipitates produced in the cell by the

action of external factors. The formation of membrane accum-

ulations, coralloid cones, etc. does not in my opinion make

necessary the assutoptlon that newly ooonrring qualities of

the cytoplasm lie gt the base of their formation.

On account of the peculiar thickening of their cell

walls; (compare p. 211) the threads foxind in the gall of

Ustllago Treub ii. which resemble capillitia, are very no-

ticeable . SKriilustration given out by Salms-Iiaubaoh

throws no exact light on the nature of these thickenings

nor of their production. Doubtless, we will be concerned

in their formp.tion only with processes, of which the normal

cells are also capable.

As long as it is not possible to cause a turning green of

the cells of plants whitfi are free from chlorophyll, of the de-

velopment of traoheids in the tissue of cell cryptogames so

(292) long as stone cells or wood-fibres are not found in the abnorm&l

tissues of p].ants which are free from sclereids or stereids, -

we mav hold to the assumption that in the formation of cells

under" abnormal cor.ditions, only the "normal" capacities, of the

cells will come ii-itc question and x^w qualities will «ever

arise. Should anyone evef be so fortunate as to call forth

new qualities experimentally, he will thereby solve a phylogen-

etic question and produce a new species.

So far as ±t known at present, the varying structures of

abnormal tissues are produced by combinations of processes of

growth and forme.tion, other than those made under normal condi-

tions. Just as a "piano by virtue of its construction is
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capable of giving forth harmonies and discords which were not
Thought of when it was made, thus an organism, by virtue of Its
structure and peouliarities and the capacities conditioned h^t
these is able to oarry through reactions, which nornp.llv do"
not take place, and which possibly never took place in its. pro-
genitors"*. If we wish to consider the reactions which occur
during the forM'.tlon of galls etc, as „abnomr.l combinations of
norraal components, yet we vill not venture to compare among
themselves the Individual cells, of which the normal and abnormal
tissues are oompoged, but must go further in our analvais and
compare thd Individual partial processes by which the" cells of
th© normal and abnormal tissues are produced. If we compare the

£f P^'"^^
^' whole t.lth one another, we arrive at the conclusion

thfit the organism is able to produce something "new". But If
we keep to the individual partial processes, we recognize the
fact thr.t the "nf*" quality :ies its origin to the same pro-
aesses and same c^if^-lities of the cytoplasm as do normal element a,
Ihe localization, the Intensity end the oorablnp.tlon of these dif-
ferent partlol processes oan, however, occur very differently,
according to the effective conditions and oan produce very di-
verse products,

I believe that the contradiction In the statements of the
authors above nr.med may be thus explained:- TTe vriii have to
express ourselves as for or against the production ef "nS^"
elements, according t© whether «re eompare the complete cells vdth
one another or fix our glance on the pPurtlal processes by which
they are produced.

The individual partial processes making up the processes of
formation of the different normal cells, oan thus be so diverse-
ly combined that literally an unlimited number of cell and tis-
sue forms oan be produced, I call attention again te galls, es-
t>eelall;r prosoplasmas, The examples, described above, will have
given already an Idea of the wealth of their tissue ferms. The
diversity in the reactions of the cells and tissues oorresponds
to that In the combination of the effective jpaotors, which like-
wise can be varied unlimitedly. ^7e will not explain the diatin-
gulshabl© reactions existing in gall formations etc, by previous-

(293>3fiy fixed reaction meohanifflns of v/hich first one and then another
Is set In action, but by the varied combination &f (internal and
•xternal) factors. The manner of action of each individual fac-
tor always remains the same In the same substratum, the diversity
tn the tissue produotK of the plP.nt being explained by the pecul-
iar combination ef the different effective factors*

0. On the Capacity for Reaction

Almost all the processes In the living plsmt cell tyhioh are
of interest to us presuppose priraerily a definite nutritive con-
dition, a definite degree of temperature, accessibility to air
(oxygen) and the pressure of water. The oell becomes capable of
reaction only through the fulfilling ef these prescribed condi-
tions, I

We haive already distinguished betv/een a specific and an
accidental inability to react - the accidental being conditione4
by the. energetic condition of the cells, the specific by the

^ Pfeffer, Pflanzenphyslologie, 2. Aufl,, ^9Q1, M. 11,
p, ITl.



Tinohangeable peculim ities of their living cytoplasms. Acci-
dental inability to react ocoTirs when, at too lov7 or too high
temperatures, definite reactions of the plant are left out; -

specific Inability to react Is shovm^by pls-nt tissues when
acted upon by magnetism and the Ilk© ,

If wo compare amtng themselves cells and tissues which
are able Jo react v;e can easily pr«ve that different l^lnds of
cells respond to like stimuli vlth unlike reactions. Either
only the intensity of the atiwulatory effect is different, or
the reactions also differ from one another qualitatively. If
we compare cells of different plant specie s with one ariot|xer,

we may explain this different behavior partly by the specific-
ally unlike conditions of their cytoplasms. If the cells of an
organism or of an organ display differences In their ability to

react, we may assume that the unlike conditions., to which the

cells In the organism in correspondence with their course of de-
velopment ate Exposed, m^y cause these dlfferenOes, Dissimilar
conditions not only have Intensely Influenced the cells in the

course of their whole development, but still act upon them even
tzMl at the moment of stlmulatlim and during the reaction to the

atitnull.

In the following, we will consider briefly the dissimilar
behavior of different plants gud tissues towards the same kinds
of stimuli,

TThen comparing lov;er and higher plants with one another,
cryptogams and phanerogams, we find that in all the arresting
factors exercise about the same kiijd of effect. They are, how-
ever, unequally capable of reactions oonsipting of abnormal
growth and abnormal tissue proliferations.

The scanty develepment of wound tissues in crjrtogams is

especially striking* Indeed, cases are not lacking in whioh cal-

lus tissue is produced but no such extensive formations have been

observed in them aa are produced in phanerogams in the form of

callus and wound-wood. In thallophytes, at times in algae and

thallold liverworts, when abnor»©.l processes of growth are

"^'our 'slight knowledge of "the "internal" stimu;ti makes it

very difficult fer us to judge of ability to react and anabiiity

to do so. We will be able to trace back in many cases the

omission of a reaction to the omission of some "internal stim-

ults, as well as ti> explain them by (accidental or specific)

Inability to do so. A better insight is possible for us at

present only in the cases, in which we have recognized definite

reactions as caused by definite external factors. In many of

the following statements, only future investigations will be afiie

to decide, whether they a*e instructive on the ability of the

cells to react, or rather on the causes of the stimulation. Also

the distinction between accidental and specific inability to re-

act can not be carried through in many cases. Hansen has shown

that manv yeasts lose their ability to form spores, when brought

back into "favorable" conditions, may be cultivated further as

"asporogenic races". If contimious, sporeless "races" are ac-

tually involved, it is a case in which "accidental" ability to

react, caused by increase in temperature, becomes "specific

inability to do so, when the unfavorable life conditions are ef-

fective for any length of time.
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called forth by injury, v/e find the production chiefly of normal
tissue - proliferations of various kinds. In vasoular crjrttogams
callus tissues are also rare. Fungi also seem very slothful to
reaction.

Ho instance os knov/n as yet in vrhich cry|)togaras have pro-
duced hyperhydric tissues, Tyloses are rare in vasciilrr orjrptogams

Attention should also be called to the sraall part played
by galls on the lover plants. Right here, however, we must re-
frain from abstract conclusions as to the cellular capacity for
reaction, since :j,ike mcny others, the question bn.s not yet been
answered, as to hovr cryptogams react to the poison of gall In-
sects v/hich produce prosoplasmas and Inhabit phanerogams if this
poison is introduced artificially in the plants.

If Goebel
, in his consideration of the formation of organs

in plants, has arrived at the conclusion that lower pj^nts, es-
pecially fungi, are more "plastic" for malformations than are
higher plants, we can affirm in regsrd to the formation of tissue
that higher plants are capable of greater production. Likewise,
we find in phanerogams and especially dicotyledons the most ex-
tensive formations of tissue as well as the most abundantly and
diversely differentiated ones.

If we compare tissues of different ages with one another,
permanent tissues with young tissues, somatic with embryonic,
we find that young tissue in many oases exceeds already differ-
entiated or completely matured tlissiie in productive ability, but
that, on the other hand, in many other cases, the cells of the
permanent tissue have also retained their ability to react and
can be incited to an extraordinarily lively formation of tissue.

The fact that the organisms which produce galls seek out
young parts of the host plant, in order to incite these to gall
formation , has often been treated and was mentioned above (pTH^)
"f*Pbciraas, Sachs and others). However, the conditions are not at

(S95) all so simple as Sachs*^ assumes;- that gall formations are more
abtjuidant and mo re" complicated, the younger the tissue from which
tljey are produced. In many cases we findthat, just as richly
differentiated abnormal excrescences are produced from tissue
already differentiated - and still capable of grow5ih - as from
the tissue of the vegetative tip, Appel (loc. cit.) has tried
to explain cases of this kind by the statement that in them the
producer of the gall is able "to bring tissue already differen-
tiated back to its original form, to make embryonic tissue from
somatic", so that in the latter instance, embryonic tissue still
produces the gall. I have already (lot. cit.) expressed my views
against this theorjr and have referred to the fact that the embry-
onic tissTie produced from the somatic under the influence of
gall-stimulus represents in itself the young gall. V/ith its pro-
duction is proved the ability of the differentiated tissue to pro-
duce abnormal richly differentiated gall products from itself.
In my opinion it would be absolutely unjustlfieble to fering the
differentiation of the ggll products into interdependence with

Organographie, 1898, Bd. 1, p. I'^l*

^ Phyeiol. Notizen, VII fFlera, 1892, Bd, LXXVII, p. 240).
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the ooourrence of the absence of a. gall-plastein^, Fe find at
times v/itih the aarae kind of cell-division, the products of
which may he called gall plastein, a production of highly dif-
ferentiated galls and at tiin«a one of simple, homogeneous tis-
sue exorescenoGS. The quality of the stimulus Is the decisive
factor,

I again call attention here to the bark gall of Ohermos
fagl, described by Hartlg, which is likewise produced by abun-
dunt tangential cell-divisions, as also the richly differentia-
ted Banister la gall. Illustrated in Figure 9S. The.fornBr
arises partly from bark tissue which Is several years did and
thus furnishes proof that even mature tissue IS still fit to
produce galls. At any rate the Chernee gall here mentioned con-
sists of the simplest, undifferentiated tissue, corresponding
histologically to the callus excrescences produced after Injury,

It must also be emphasized here, that gall formr.tlons are
but little suited for a treatment of the question as to the
distinct capacity of young and old tissues for reaction, sinod,
for the present, in a decision as to the possibilities of the
plant, we are dependent upon material present In nature end
since no experlmentajC treatment of the question has yet been
successful, Slncd the gall insects always deposit their virus
In the same kind of tissues, we can not find out how other tis-
sues would act under similar treatment, i, ©, after infection

(296) v/ith the same poisons. The existence of any difference In prin-
ciple between tissues of different ages, so far as their behav-
ior toward chemical substances it concerned, is but little
probable, since the cells even of permanent tissue several years
old, like those of young tissue materlal,oan be incited to sim-

ilar or the same reaction to stimuli^ by very different r

stlmiuli of some other kind.

Often cells of the permanent tissue are Inoited to abnormal
growth and division by injury - instances of which are furnlshftd
by tyloses, and callus excrescences of the bark and pith, I

may also call attention here to ^.dventitious sprouts produced
after Injury en mature Begonia leaves. The abH.lty to "restitu4©7T

tissue which has been lost by mutilation is ptssessed particular-
ly by young tissues (compare chapter 1)«

Kny has recently proved in Impatlens and others that the

cells 'of the permanent tissue can also be incited to division
^y roe ohaiiical factor s

.

We find that hyperhydric phenomena of growth, occuA in

young bark cells as well as in those which are several years
o3.d, (Compare Chaptej? IV, S).

^ Appel calls attention to the fact, "that gall formations

can be produced in exactly the same stage ©n the same plant and
yet their raorphologdoal significance may be very unequal. Thus

the leaf louse ?hyllapsis fagl produces simple warping and
crimpling cf the leaves, the Hormomyia species, on the contrary,
structures of comparatively high differentiation. Both stimuli
however, act in the same period, if not exactly at the same time;

i, », at the time of leaf distension. The difference consists
in this, thr.t the stimulus of the leaf ^.ice encounters In this

case mature tissue, which can not be trans;^3r;ged into one re-
sembling plastein, the Stimulus of the HorraomB^a, however. Is

able to degelbp embryonic tissue, from which jj,©^ tissue struc-
tures can be differentiated, (loo. «it.).
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There remains finally a coriparative consideration of the
fat© of the different tissue forms,- epi£»ermis, groiind tissue,
vasculp.r •hundle tissue. In this v/e rill limit ourselves to
vascular plants. The above-said holds good so far as the util-
ization of galls in general oonclusions is concerned.

1« Epidermis

The epidermis proves itself in general pretty resistant to
arrggtinit»: Iftfluenoes . In oulttireg in the dark, in moist places
etc, its composition of histologically different elements re-
mains approximately nerraal. To b e surd pubescence is more or
less reduced in the onltures mentioned, but the storaata are al-
most nlT7aya retained, Oauohery proved in dwarfed plants, that
the size of the epidermal cells remains normal in almost all of
the 3p©»les intestigated.

The epidermis le easily susceptible to favorable influences .

It is possible, under yery different kinds of cultural conditions
to produce abnormally Irrge epidermal cells. In ctiltures in
moist plaoea, o fter infection by fungi etc., we find a produc-
tion ol abnormr.lly large epidermal oellsp- even the guard cells
can attain an abnormal size (fig. 16). Callus hypertrophy of

the epidermal cells, of v/hlch the guard cells are also capable,
is Illustrated in figure 2«, Instances may also be found among
Intumesoenoes In which the epidermal cells have become abnor-
mally enlarged (Fig, 22), Eap©cla^5.y interesting is the fate
of the epidermal cells, which are Incited liy gall mites ta hy-
pertrophic gror/th, growing out to extensive, almost always uni-
cellular pbuches differently formed, fPigs, 38, 40).

\7hen considering abnormal cell-division tn the epidermis,
we must distinguish between divisions perpendicular to the
upper surface of the plant organ concerned, and those parallel
to this surface.

^

In the production of many galls, we find that extensive
©xoreacences arise by outgroi^th of the gro-and tiSv^ues which are

covered on all sides by epidermis. In this case, the epidermis
fE9T) follows the growth of the gall-struotare by rspeated division

perpendicular, to the upper surface of the organ. It can not be

stated definitely,, whe^bher the cells are Incited to the pro-
ceases of division only by passive distention or by the gall
poison. That the epidermal cells are actually acted upon by tm
gall poison, hewever, and influenced by it, is proved by the aV
iicrmai hairs which often grow out of its cells at the infected
spots'^.

Division parallel to the upper surface is rare. Only In a

few galls do we find a many layered epidermis formed from the

normal one-layered one ( Spathegaster baccarum, Uematus etc.).
Compare figures 98 and 9^, and in sdme~Inl?5moseenoes (see above).
But even where cross-division does take place in the epidermal
cells, it occurs less frefiuently than in the groimd tissue cells
belonging to it. The Same holds good in the development of all
callus formations, Th't epidermal cells maybe incited oorrela-

In many oases the epidermis is not able to follow the
distension of the internal tissues by surface growth, I call
attention to the gall of Hi>rraonyla p:ai:>!^ra (fig. 87) the
Jaoquinla gall (fig.loi) and"many Jntumescences (fig, 20).
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tlvely to cross division, has not yet been obderved^.

It is possible that in the Marchantiaceae also a
similar difference exists between the "epidermis" and the
remaining tissue, as in the described higher plants. Ao-
oording to Vochting'^ the "epidermis" in contrast to other
t:!.SBue forms remains inactive in regenerative phenomena,
Rug©^ observed TSudding from the epidermis,

t. ground Tissue
I n m il"

I
I h i

'The ground tissue - the oasinilctory as well as the meohaa-
ioal^ to naaie its two most lrap<)rtant forma - is espeoir.lly
plastic.

Arresting influences of very different kinds are able to
• Buppresfl more or less completely «ii processes of differentia-
tion, to decrease the normal cell- nxiiBbsr nnd to prevent the full
maturing of the indlcidual oelis (size, development, thickening
of the membrane, formation of ohlorophyll etc.). The oelXs of
the ground tissue are shown to be in ©very waj*' extraordinarily
Busoeptible,

Favorable influemoes call forth in it hyperhydrio, callus
or gall hypertrophies in which, the cells of the ground tissue
can grow out into great pouches ^nd vesicles. So fay as Its
oapacityfor cell division is concerned, the ^ound tissue is
greatly superior to the epidermis, Sails espeoially demonstrate
that the cells of the mesophyil, of the bark eto, are capable
of extensive division In all d.-fiec tloiis, the products of which
can undergo most diverse diffarentiatj.on. The ground tifssue

(298) also pr.rticlpates greatly in ths forma clon of callus tissues and
Is constantly livelier In its aotionothan is the epidermis*

However, all the layego of the ground tissue in the same
trgfn do not participate equally in the construction of abnormal
outgrowths. In the window galXs of the maple (fig, 4S) the up-
permost cells of the raesophyXl often remain unclian^ed, whi:*.© the
cells of the other layer are greatly enlarged. The same holAs
good for the Banisteria gall illustrated in figure 93, in which
the upper palisade layer remains normal » while the cells of the
lower layers divide extraordinarily actively. In leaves infec-
ted by fungi, the cells of the spongy parenchyma are at 'times
predominantly Incited to division. In many oilier galls, the
different layers cf the mesopfcylll behave differently, yet the
differences are not so strikfjigiy noticeable as those in the
cases first named f compare, for example, fig, 104). In intumes-
cences the cells of the upper.nost or undex*most layer are often
the only ones abnormally elongated, although we find in cases Of
"severe" sickness, that all the layers are similarVy changed.

^ In the fornr-tlon of adventitious shoots, cross-division
takes place in the epidermis of various plants. . As the best
known example, the adventitious shoots of begonia leaves may be
named here,which are knov/n to be outgrowths of single epidermal
cells,

2
Ueb. d. Regeneration d. Mar chantiace en, Prlngsheio's

Jahrb. f, wiss. Bot, 1885, Bd, XVI, p. 367.

3
Beitr, z. Kenntnis der Vegetationsorgane der Lebermoose,

Flora 1893, B4, 3;XXVI1, p. 279.
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5. Vascular-b'gndle Tissue .

T]»e same plasticity exists in vascular bundle tissue, asm ground tissue.

To, arresting^ influences of very different kinds, the plantreacts especially ty the production of abnormally narrow ducts.
J-x IS known that under the action of continued and powerful dis-
turbance, the normal composition nf the xylem is lost, the libri-
torm fibres disappear, ultimately the ducts also, resulting in a
severe attack, in a completely homogeneous, parenchymatic tis-
sue I callus tissue -gall wood). The phloem experiences a simi-
lar hypoplasia. ^

„. .
favorable influences call forth abnormally large cells. Weimd that the b^rk grows out to hyperhydric tissues through the

nypertrophy of its different elements, the wood-parenchyma cells
form tyloses etc. or very extensive excrescences in the form of
callus, wound-wood or galls are produced. In all essential
points, the same holds good for this as for ground tissue.

Of the different parts of the cambium layer, that formed
from the embryonic tissue, the cambium itself, it always capable
of accomplishing the most. Yet even the tissue of the phloem,
as shown above, can grow out into extensive callus roajS or fur-
nish large galls, rich in cells. The smallest part in the pro-
duction of abnormal tissues is performed by the xylem, of v®,ich
in fact the elements are mostly dead or lignified. Attention has
already been called to tyloses. All other phenomena, known in
the elements of the woody-part, play only a subordinate role.

If, a^ter these brief discussions, we condider once more
. » t"^^ different cell tissue forms arising during abnormal growth,
1299) it, may be affirmed, that the derivatives of very different kinds

of tissues can assume very diverse forms. In the ^orsiBtioa »f
galls true epidermis, bearing trichome'S can be produced from the
mesophyll (compare for example, fig. 87;, nighty sclereid con-
plexas can be derived fron the delicately walled nesophyll (fig.
90) , true epidemis and typical ground tissue with stone cells
can develop from iKascular bundle tissue etc. in the formation of
galls* - In the formation of callus, we find the production of
derivatives of the pith, the secondary bark etc. and of tracheids
etc* In short, fron each tissue all can be formed, the course of
their development is deteruined by the sun of all the factors
acting on then. V/e find callus "developing fron the pith of
wounded sprouts and the production in it of the sane tracheal ele8
nents which under normal conditions are net with only in the xyler:
If in the interior of the nomally developed shoot a cylinder of
ground tissue is deve lofted, instead of i^ascular bundle tissue
containing tracheids, it is not due to any inherent peculiarities
of the cells lying centrally, but is the result of all (internal
and external) factors which have been active during the whole
developmental period. Further, not only the cells of the derna-
toeen can develop "typical" epidemis bearing trichones, but also;
as proved by galls,- all other tissue forns. Further, the "nor-
mal" maturing of the ground tissue into assinilatory, palisade
parenchyma, etc. is not a result of its specific constitution,
which v^ould pernit of inly one developnental course, but is con-
ditioned by the factors, to the action of v;hich the self-develop-
ing ground tissue is subjected under nornal conditions. The fact
that we always find the sane tieeues in the sane order, in nor-
mally developed organs

,
proves nothing further than that in

then the decisive aotive factors always cone to expression in
the sane way.
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each ti^^ ^^^^^ possible kinds of tissue can be produced fTom

a dlffifp^^rl4??°''^^''f *^ !^^ present extent of our knowledge,

far thnt ?J2 ^-P ^""^^^^ betwenn the chief tissue fonns in so

difflo«lV!^i,^''lv''"'^!^
as already stated, reacts with greater

lesrnui!L,,o''!^ *5^ J*^r ?°™^ °^ *i^^^^ ^^'^<^ usually fSrnishes

derlc???v«2 f
Pr«fi°ts during processes of division, while its

tlon aft fl^%?;°
^°*^2eein capable of so extensive a differentia^.

Yet 1-hof^?J^°^''?,°^ T'T^''^
^^^"""^^ °^ 0^ vascular bundle tissue^.

R«« Jn'^L i® ®®1J:^
°^ *^® epidermis are able to produce all tis~

sntn«+r^. v°™
themselves, has been proved by the r.dventitious

wiS^ f I
"egonia leaves - to name only one example. 7hese areknown to develop from epidermal cells..

«*4o+'^^^*'^?°^^
^'^ plants, no auch"speoifloness of the tissue"

n J;^i ^-^ ^^ usual In animal nnd human tissues. Do we find here

o* J ^P'^?! ^^ principle betvreen animal and vegetable tissues,
or 18 the difference explained perhaps by the fact that the

C^^nc^^
P°^^®^„o^^development of the anlrat^.l tissues is determined chief-
ly by "internal" factors and is not so actively influenced by a
Change of "external" factors, ?/ith which v;e work in any experi-
ment, as is the course of development of vegetable tissue?

fl^^4^
The knoi7ledge thest similar derivatives can be produced fet

'

aiiterent places, i. e, from different parts of the plant body,
TJhat therefore^ the capacities of the different plant tissues
are fundamentally and everjTWhere the same forces as to the c&n-
oluslon that, under normr.l as Ander abnormal conditions, the
developmental fate of the cells and tissues in the last in-
stance (within the possibilities of the plant) are determined
only by the forces acting upon thera, by the quality, intensity '

and combination etc, of these. From this point, we are led at
once to new tasks and new discussions. When, in the formr-tion
of callus from pith and bark, or of galls from the derivatives
of the ground tissue etc, the same vascular bundle elements are
produced which usually in a normal course of tissue development
occur in a circle around the medullary cjrlinder or among the
cell elements furnished from the cambium, the question must be
asked,- after v;e have recognized as impossible any specific
cell-constitution,- whether, in the cases of normal and abnormal
cell production here named, the same formative processes may al-
ways ib the last instance be traced to th» action of the same
factors. We must ask ourselves the s^me question, 'vvhen the de-
rivatives of the ground tissue and of the 'vascular bundle tissue
grow out to just such epidermal cells and hairs as the elements
of the dermatogen under normal conditions. The treatment of this
end all similar questions v/hich might lead to a developmental
mechanics of iplant tissues , has never been attempted as yet. It
iia s aiready , however , be cbme quite evident that no unsurmountsble
hinderances stand in the way of carrying out this treatment and
many valuable results may be expected from it, I mean to dis-
cuss later in another connection the Incentives to a treatment
of developmental mechanical problems (here indicated) vrhich the
pathologitjQl anatomy of plants and especially the anatomy of
galls, can give,

^ It should be noted here that the galls, to vrhich we must
refer first of all, have been by no means sufficiently investi-
gated fribm histological and developmental points of vidv/, Thus,
for instance, developmental reports on the abundant gall-flora
of JTorth America are practically entirely lacking - the galls of
Southern Europe have been investigated, at least predominantly
as to their habitats and their most striking morphological p6cul-
larities,- Perhaps I will succeed in inciting by these linesr,
nev; developmental studies, which, it must be stated, are urgent-
ly desired.
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Remarks

;

The German floral and animal (faunal) names
are not given in the follov^ing index; also,
with a fev\r exce|>tions, only the generic names
are given* Statements as to normal histologic-
al conditions have not been taken into con-
sideration in the index,*

Uvunerals refer to those 'in upper left hand cor-
ner of page. Marginal numerals in text refer
to pages of German original,*

Abies, 75, 96, 159ff, 166, 184, 1@8,*
Abnormal,, Explanation of the term 1.
Acacia, 81, 188,»
Acer, 74, 106ff, 147, 164, 192ff,
Acerineae, Bare, format ion, of tyloses, 96.«

Achyranthes, 96, 162,
Acmena, 166

•

Aconitum, 135

«

Acraapia, 209fft A,« maoropterae, fig» 106,*

Activity-He teroplasia, 137,,

Activity-Hyperplasia of the mechanical and conductive
tissues. 128,»

Adventitious Sprouts and Adventitious Roots from the

callus, 154, and vUthout the intermediation of

the callus, 155. In Thallophytes after injury,

252, In liverworts, 256* From epidermal
cells, 256. After infection by fungi (witches
brooms) 187. And plant lice (Stag heads! 189,«

Aecidium, 30, 177. A. elatinum 188, A, Englerianuxa 182,

A. Rhamni, 182.
Aerenchyma, 73, 80ff..
ASrating Tissue in galls, 219ff.
Aesculus, 17, 75, 96, 160,.
Agaricus, 179, 184. .

Agave , 8« .

Age of Tissue, Influence on abnormal tissue production,

253,
Age ra turn, 162.
Agolaospora, 183.
Allanthus, 166

»

Air ahambers, Pilled with tyloses, 100.

Albinos, 36,. _,

Algae, Restitution, cf. Siphoneae, Rhodophyceae, Pbae-

ophiceae; Chlorophyll formation in the dark,

34, Hypoplasia, 40 etc* Callus, 140, Gallr-

producing algae 177 > Gall-bearing algae, 116,

177, 178, Involution forms, 116.

Alliaria, 47.
AlliiAm, 90.
Alnus, 74, 96, 105ff., 160, 188.

Alo6,.8, ^ ^.
Alpine Climate, Influence on the formation of tissues,

49, Hypoplasia, 20, 45, 49, 56, formation of,

anthocyanin, 56 • - -

Alternanthera, 35. .

Amitosis, Through budding, 119ff , In callus, 150.

Ampelopsis, 35, 74, 85, 95, 96.
Amygdalus, 154.



Anabg.ena, 110«
"^'

Anacardiaceae, Tendency to formation of tyloses, 96,,
Anadyomene, 10, 12.
Anaerobic Bacteria, Spore formation, 238,
Anaesthetica, Arresting influence on cell division, 68.
Andricus, 206, 220ff

. , A, quadrilineatus, fig. 100.
Anherstiee, 214,
Anemone, 27.
Annual Plants, Transformation to perennials through

copulation, 133,
Annual Ring, Abnormal; Half rings, 21. After infec-

tion, 22, Restitution from too strong pres-
sure., 22. Abnormal wood, of. Red wood and
Gall wood.

Anthers, Hypoplasia, 47.
Anthocerotaceae, 109,
Anthocyanin, Abnormal omission of its formation, 35ffo

Abnormal occurrence of its foimation, 56ff, In-
fluence of light, 35, 56, 222, Of nutrition,
36, 56, 57, 58. Of injury 35., Of temperature
56. In galls, 56. In graft hybrids 56, Pre-
mature ripening 56,, In callus 150, In
SyTichytrium galls 103, In other gall hyper-
triphies 107ff , In prosoplasmatic galls, 222,

Anthurium, 100,
Anthirrhinum, 36.
Antithamnion, 67,
Ants, 115,
Aphids, Their excretions, 60, Honey dew 60, Lignifica-

tion, due to aphids 62, Kataplasmas 197ff , Sac
galls (prosoplasmas) 192, Cf. Schizoneura,
Tetraneura, Aphis, Pemphigus, Lachaus!*

Aphis, Oxyacanthae 181, Figc 75,
Apical Cell, Abnormally enlarged 67,
Apical Growth, &"ells with 112,.

Apterostigma 115

o

Aralia 75, 82, 96

o

Araucaria 75.
Arctic Climate, Influence j Hypoplasia 20, 45, 56. Porma-

tion of anthocyanin 56..

Aristolochia 16, 95ff., 127,
Aristolochiaceae, Abundant formation of tyloses, 95ff,.

Armoracia 150.
Arrested Developments 17ff..

Artemisia, 220.
Artocarpareae , Tendency to formation of tyloses 96.
Artocarpus 96.
Arundo 43, 96.
Asarum 95ff . , 96,
Ascomycetes, Gall Producing 177.
Ascophyllum 178,
Aspergillus 115.
Aspidiotus 34.
Aspidium 188.
Asplenium 43,
Asporgenous Genera 241, 252.
Assimilatory Tissue. Correlative preoption of its devel-

opment 135. In a.bnor»ial5 Cucurbita root tubers
139. In galls 21a^ Cf , Mesophyll.

Asterodiaspis 62..

Atta 115.
Aulacodiscus 28.
Aulax 195ff ., 218.
Aurigo 62,
Axillary Sprouts. Transformation to swellings, 138, 166.
Azolla 56. 109.



Bactgria, Arrestment of pigment formation 36, Abnormal
size 69, Involution forms 116ff,, Gall pro-
ducing bacteria 177, 185, In mr.rine algae 140,*

Bacterium 68, 117,
Bacteriods 116,,
Bactridium 115,
Bambusa. 42,,

Banisteria 96, 199ff,,
Barbarea 178,,^
Baric Excrescences 77,,
Bark Formation in Galls 207.,
Bark, Hypoplasia, Reduction of the cell number 20,

Hypertrophy of the bark cells ("Bark excres-
cences"? 77, (Intumercences)81ff

. , Par-
tic ipa,tion in the callus 142, Callus hyper-
trophy 8S, Wound v;ood 165, ,Abnormal bark in
kataplasmaa 185, Cf , also„Wound Bark and
Gall Bark,

Bark Tubers of the Beech 166,i
Basidiobolus 121, 125.,
Basidiomycetes, Spore formation 94, Gall producing 177,
Bassorah galls. 221,
Bastard, of a (Desmidiacea?) 23, Cf,, graft hybrids.
Bead Glands of the Ampelidaceae 85,
Beech Tree Louse, Cf. Lachnus exsiccator*
Beech Wool Louse, Cf, Charmes fagl.
Begonia 56, 96, 100, 155, 200.
Berberis 177, 188, ,

Beta 119, 127, 160, 169,,
Be tula 96, 105ff., , ,148, 188*
Bidens 73«
Bigonia 96,*

Biorrhiza 196, B,, aptera, Fig,, 89.,

Bladder (Vesicle) Galls, , on Viburnum Lantana 111, 197«
Blasia 109,
Blastomeres, Multi-nuclear 69,
Bleohnuzn 9.»

Blood Louse 120, 179, 183ff.
Boehmeria 96,«

Bo.is rouge (Red Wood) 130

«

Bordeaux Mixture , Influence on the formation of Chlot-
ophyll 56.,

Borragineae, Hairs poor in calcibin 38»

Botrydium 10,
Brach.yc ome 3 6.«

Brassica 32, 127, 130, 138, 147, 176, 187:,

Broussonetia 74,, 96,, ,

Bryonia 10, 13,, 28, 96,,

Bryophytes, Cell restitution 9, Hypoplasia 40, Gall
bearing 179,

Bxyopgis 6, 10, 11, 156,
Bryum 40* .

Burrows, Filled with callus 147,
Buxus 75;
Cabbage Weevil 187.,

Caeoma 177, 188,
Oalp;j,i;^, Necessity of Calcium 44,

Qai^-isfe^pn X6p,
Callmj^ B6,,.

'

'

Cail-lus (p,Qtr,) e;),. 13f, External form 141, Origin
142, |.ife Pistpry 143, Histology 148. Con*
4it^ons of forx^aljion 150, Rlari^^y 15^. pr^
gan fc^^jofa^ion ^n .callus 154 j Callus in'"
pryptogams 4-40, In herbapeovis planti^l42,
"KnariS" i^ cal^ys^ J.61f Wowd cork in callus
-.__: _l..,lus in g^lls 168*



Callus formation, In general 5, Cf. Gallus (s.str.),
* Wound wood and Wound, Cork,

Callus Heteroplasia 137s Cf. Callus, Wound Wood,
Wound Cork^

Callus Homeoplasia, 135.
Calyptospora 177,
Cambi-am, Producing callus 143ff., Galla 181, 20^,

Cell division, Cf . Callus and Wound Wood,
Cessation of its activity 20, Cf , also
Secondary Tissues.

Camellia 82, 96, 150.
Canker, Production of wound wood 162ff,, Of gall wood

182ff

.

Canna 19, 93, 95,
Capillitium in the gall of Ustilage Treubii 191, 250.,
Caragana 157

o

Carbon dioxid, Influence of air free from carbon
dioxid and of air containing carbon dioxid.
46ff,

CarTaon dioxid fissures, In galls 220.
Cardamine 45, 50, 128.
Carica 95.e

Carnosity 85, 87,
Carotin, ("Etiolin") in etiolated plants 33.
Carya 96.
Cassia 81,
Castanea 75, 96, 120.
Catalpa 74ff

. , 96c
Cattieya 82, 89, 90.
Caulerpa 10. . r

Cecidia, Cf, Galls.
Cecidomyia 17, 132, 192ff.,
C. Cerris, Fig. 104, 108.
C, tiliacea, Pig, 96, 108, 112.
Cedrus 75.
Cell Division, Abnormal processes in cell division 31,

68, Abnormal direction 125, Cf. Hyperplasia,
Cell Pus ion, Arrestment of 30.
Cell Size, Under normal and abnormal condition^'" 24ff »

,

Relation to cell niomber 136, Cf, Hypertrophy.
Cell Wall, ITew formation after plasmolysis and cell

injury 7ff,, Arrestment of growth in thickness
28, Paulty development of the etching 28,
Incomplete cell wall formation in cell divi-
sion 29, 30, Abnormal thickenings 59, 88,
112, 249, 250, Abnormal surface growth 248,
Abnormal chemical composition 62, 226*

Celtis 96.
Cephalotus 100*
Cerasterias 117«
Cerasus 75.»

Ceratopteris 9.
Ceutorrhynchus 187.
Chaetophora 7.
Chemical Action 238ff«
Chermes fogi, i87ff., 200, Pig, 79.
Chichi, of the Sinkgo 167.
Chilaspis 217.
Chiliantus 96.«



Chlorophyn, Arrested Form- ;ion 31ff,, Dersnaence on tem-
/ * perature 31, Nutrition 32. Light' and iron 32,

Independence on lig]it 33, Plants lacking chloro-
phyll (apochlorotic) 33, A-bnormal formation
an roots, rhyzomes, etc. 55, 139, In uninter-
rupted illumination 55, in gall hypertrophic f
I07ff,, In callus 14a. In prosoplasmas 205,
Regression with over-nutrition 33, Under the in-
fluence of oxydizing cuzymes 33, In metaplasia
59, In hypertrophy 79ff., In isolated plant cells
90, In galls 107, 180, Cf , Chloroplasts.

Chloroplasts (Chlorophyll grains) Capacity for regenera-
tion 13, Influence of pois' ons on their increase
55, Correlav.'ve increase 13^, Abnormally small
chloroplasts 34, 91, 148, Behavior after in-
fection 34, With autumnal coloration 34, Cf,
Chaorophyll,

Chlorops 111.
Chlorosis, Especially that of the grape vine 33,
Chlorothecium 117.
Chroma topho res, Hypoplasia in the Flagellates and Diatoms

33 > Cf , Chlorophyll and Chloroplasts.
Chroiftiogeftic Bacteria, Becoming colorless 36.
Chrysanthemum 19

»

Chytridium 67.
Oioatriaation^ Cf* Wound Healing.
CioatSifcation Membrane, .Cf, Restitution Membrane,
Cicatrization Tissue, Cf , Callus Tisssue, WouM Wood, Wountf'

Cork and Restitution of the Tissues,
Circaea 11-9,

Cissus 85,
Citrus 34,
Cladophora 9.
Cladostephus 67,
Cladrastis 96.
Cleistogamic blossoms. Hypoplasia 48.
Clematis 182.
Closing Tissue in Galls 213,
Clos' terium 9.
Club Root of Cabbage (Kohlhernie) (Kropf-, Wara^ilkropf-,

disease) 176.
Club Root Galls, 120, 176,
Cobalt, Action on isolated cells 92,

Coccoloba 96.
Coccbmyxa 113,
Coccus 62, 179.
Codium 10, 27.
Coleoptera, Producing kataplasmas 179, prosoplasmas 190.

Coleus 35, 96, 119. 162. • ' ^ „«
Collenchyma, Participation in callus by Hypertrophy 89.

Conferva 9. «, ^ .

Conifers, Activity "Hyperplasia, Redwood 130, Waved grain

wood 160, Leaf excrescences 180, Abnormal resin

canals, Cf, Resin canals.
Conocephal^ts 83,
Contagium vivx^m fluidum 33*
Convolvulus 96.
Copepods, Gall producing 179.
Copper Salts 83,
Coprinus 15.
Coriaria 74.



Cork Excrescences 170,,
"^"^

Coi^Jc Sickness in Ribes 169,
Weak development on the shady side of branches 21,

^?«n SJ J i^^'P ""^^^^ ^^> I" g^lls 205, Cf

.

also W6und Cork.
Cornus 96.
Corylus 74, 129, 150, 154, 178.
Corypha 96.
Cosmarium 9,
Cotyledons, Callus 147ff., Wound Wood 163.Crassula 42ff,, 70,
Crassulaceae. Anthocyan in content 56.Crataegus 30. 44, 74, 109, 179ff.
Crown Gall 120.
C rue ifera Galls of Phasmodiophora 176, Pineapple galls

178» Ceutorrhynchus galls 187,
(-crystals. Hypoplasia 37, In etiotated plants 37, In

callus 150, In gall hypertrophies 111, In
prosoplasmatic galls 221 » In gall bearing or-
gans 37, 221.

Cucumis 96, 119,
Cucurbita 6, 10, 13. 85, 94ff., 130, 139, 150.
Oucurbitaceae, Tendency to tylose formation 96,
Cupressus 75. 166.
Cuspidaria 95ff,
Cuticula, Regeneration 8, Abnormally thick 62, Ab-

normally thin 28, After injury 62, Cuticula of
the galls 205,

Cuticular Epithelium 206,
Ci'-anophyceae, Symbiosis v^rith higher plants 109ff,
Cyathea 97.
Cycadeae, Symbiosis with Anabaena 110.
Cydonia, 74, 160ff.
Cylindrical Gnarl of the Ginkgo, 167.
Cymbidium 59, 82.
Cynipides 123ff . , 190ff.
Cynips polycera 124, Pig. 55, C. aries 124, Pig. 55, C,

Eernimatis 193, Fig. 84, C. Magri . Fig. 109,
C. tine tor ia . Fig. 116, C. strobil ana . . Fig, 116,
Ot Kollori, Fig, 118,

Cjrphomyrmex 115.
Cypripedium 82,
Cystoliths, Hypoplasia 37, Without calcium 38, Cysto-

lith-like thickenings, Cf . Lignin bodies.
Cystisus, 88.
Cystopus 30,
;Cystoseir 177.
bytological 4, 27, 31, 119, 150, 223,
Cytoplasm, Regeneration of the mutilated cytoplasmatic

body 14,
Dahlia 96, 133,
Daphne 44, 74,
Dasyscypha 177,
Daucus 119,
Defoliation, Influence on blossom coloration 26, On the

formation of the assimilatory tissue in the
trunk 135.

Defoliation, Tylose Formation 100, Wound coyk af terrde-
foliation 170, Zone of separation 170, Pre-
mature defoliation 170»

Degeneration, Slimy, gunny, vacuolated, fatty, cellulose
225ff,
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Belesseria I40t
Dematium 126.
Dendrophagus 120.
Derbesia 10.
Desciidiaceae , No cell restitution after plasxriolysis 9,

Dwarfs, "Bastard" 23,
ilesiriidiuffl 9.

Developmental iCcchanics 5, 231.
Dianthus 81ff

,

I
Diastrophus 209, D, Potentillae, Fig, 105.
Diatoms. Ho cell restitution after plasmolysis 9,

Hypoplasia S8, 29, Colorless diatoms 33, form-
ing Colonies 39, Involution forms 117,.

Dicotyledons, <3apacity'for cell restitution 9^ Abundant
development of cell and other hyperplastic tis-

sties 252..
Dictyosteliuci 39,»
Die rvilia 74,
Differentiation, Hypoplastic 26, Of the cells 26, Of

the tissues 38, Differentiation of hypoplastic
tissue products 257, Por Differentiation of

gall tissues, Cf • Kataplasmas and Prosopl.asjpas*
Diffusion Currents,, ATjhormal 241,«

Digitalis 36^ .

Diospyros 96^
Diplonasty 130i»
DiplosiB 197ff,,, D^ botulatia, Fig, 91^ 108, 110, D^

globuli,,Pig* 108, , -

Diptera, Burrcniirs 147, Kataplasmas 178, Prosoplasmas 190|
192ff,,

Draba 102,
DrepanophylluBJ 1m
Dropsy, Cf , Chlorosis,,
Drojjsy, , Dropsical organs* Cf, Hyperhydric Tissues*
Drought, .Arresting influence of 21»
Drymo glossum 9,
Dryophanta 211ff., D, Taechenbergi, Fig-. 83,,

Ducts , Reducation in si«e 25, occurrences in galls

206, Unlignified 30, Cf,, TratJheids,,

Ducts Tyloses 93* . „ «-.
Dw^arf Specimens of Euastrum 23, Of Protozoa 53, Cf,

Nanism,
Ebenaceae, Rare Fornc.tion of tyloses 96*
Echeveria, 8,
Echinoderm Eggs 69*
Ectocrarpua 177«
Eichhornia 91,
Elaeagnus 97,,

Elodea 9, 11,
Enation 127ff

•

Endophyllum 71,
Enlargement of the Cell 247, Hypoplasia 23ff., Cf.,

Hypertrophy,
Epidendron 59,,

I^idermis, Regeneration 15, 16, Hypoplasia: Reduc tion

of the cell number 20, of the cell sia© 24, in

dwarf specimens 24, Arrestment in tissue differ-

entiation 41ff« , Abnormally large cells on
etiolated plants 69, In kataplasnias 181, Par-

.

ticipation in abnormal tissue formation 855, On
intumescences 82ff., , on the formation of wound
cork 167, Callus hypertrophy 90, Hypertrophies
resembling tyloses 100, Gall hypertrophies 101,

Participation in callus 146, In prosoplasmatic.
galls 202, In kataplasmatic galla. 181, Epidermic-

of galls 2Q5,,
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Ejjilobium 80, 82.,
Epinasty 131

,

Erinevun Formation 103, 178, 197,
Eriophyes 194, E, similis. Fig. 85,
Eriopus 7.-

Erysipheae, Haustorivim 94,
Etiolated Plants, Hypoplasia 17, 33, 36, 43, Abnorx'.al-

ly large cells 69.,

Euastrum 9, 23*
Eucalyptus. Slff, , 131, 139, 166,
Euglena 34,
Eupatorium 73,
Euphorbia 72, 97,
Evonymus , 162ff

.

Exantheme 'UngerJ 104,
Exoascus 177
Exobasidium 30, 177ff

,

Eagus 17, 18ff., 89, 97, 106ff,, 131, 164ff,
Fascia ted Branches 164,
Fasciation 164c
Ficus 23, 24, 38, 74, 81, 95ff., 100,
Flagellates, Colorless 34.
Floating Leaves 42,
Florideae Starch 141,
Foreign Bodies, Cellulose sheath about 60,»
Forma,tion of new Cell Walls after Plasmolysis 8.
Formative Stimuli 229,
Forsythia 154,
Fragaria 193,
Fraxinus 74, 97, 129, 178ff., 197.
Frost, Sensitiveness to Frost 157, 163, Frost canker ,

Frost wedges , Frost cracks 163.
Fruit Spikes on fruit, trees. Faulty lignif ication 50,

Abnormally abundant parenchyma contents 164.
Fuchsia 150,
Fucus 140.
Fungal Gardens of the Ants 115,
Fungal Hyphae, Encased Qy cellulose. 50,
Funaria 9, 11,
Fungi, Producing galls, Cf » Galls, Gall bearing 179.
Furcellaria 141,
Galiiam 193,
Gall Bark 210,
Gall-bearing plants 175, 179,
Galls, Oall formation 5, 170ff., Definition 171, Hist-

ory 174, Morli^ology 172, 191, Symmetrical pro-
portions 197, Development 191ff , Histology 172;ff

•

Aetiology 173, Oall poison 173ff., 231, "Ar-'

tificial" galls 174, Classification of galls;
172, Kataplasmas 176, 212, Prosoplasmas 189,
Free and enclosed galls 194, 195, Inner and
outer galls 195, Protective tissue of galls
205ff,, Nutritive tissue 214ff,, Assimilatory
tissue 217, Conductive tissue 218, A6rating
tissue 218ff,, Secretion reservoirs
etc, 220* Galls compared with tumors 202,
Cytology 223ff

.

Gall Heteroplasia 157,
Gall Hypertrophy 101, 197.,



-9-

Gall Plastem 193ff., 254,
Gall Broducers, Phytocecidiae (Mycocecideae) 176ff., 179ff,,

183, 185,, 188, 189, Zoocecidiae 178ff., 181,, 184,
187, 190

e

Gall Wood, 133ff., 212,
Gasterie. 176?
Geraniujn 109,«
Geirni, 109
Giant cells. Multi-nuclear 118,
Gigantic growth 126s
Ginkgo 17, 75, 78, 167,
Glechoma 17, 173, 192,
Gleditschia, 74, 97.,

Gnarls, Tuoerlike 165,
Gnarl Structure i59ff,,
Gnarl Tubers (Gnarl balls) 139, 165ff , Produced by Cynip-

irtes 212,
Gomphonema 29,
Graft Hybrids 33, 47, 58,
Grain Growth in Wood,159ff.,
Gramineae, Mite falls 105ff,,
GrouBd Tissue,. Hypoplasia 4Iff, Callus hypertrophy 89ffj

Intumescences SOff , Tyloses' in secretion reservoirs
and breathing holes 99ff , Gall hypertrophy 110,
Participation in abnormal tissue formation 256, ,In
callus 145, In galls 180, 201, In correlation
heteroplasmas 138, Of, Mesophyll, Bark, Pith'.

Growth, Abnormal 63, Dimensional 66, Growth in ma,sse3 66,
Correlative growth 128, 207, Infiltration and
infection growth 203, .Abnormal growth of the epider-
mis in thickness and, surface. Cf. Cell Wall: further,
Hypertrophy,

Grumaria 104

»

Guard Cells, Abnormally large 70, Callue hypertrophy 90,
On galls 219.

Gumming 225.« Cf , Wound Gian,

Gymnograms 9,
Gymnosporangium 177, 183ff.»

Hairs: Regeneration9-; Hypoplasia: Beducation of cell number

20, Decrease of the humber of hairs 43; Hairs of

galls 207; Abnormal hair? X90, Cf. Erineum J'orimtion;

Hair formation on peduncles of unfertilised blos-

soms 13&*
Halichond3?i9. 2§,«

Halij(n^<3.a 9«
Hamamelis 94»
Heart Wood., Tyloses 9^a
Hedera 74,, 82, 97, 133.
HBdychium,.97,.
Helianthus 7, 129, 138ff.«

Heliconia 97.

Hemiptera! Producing It^taplasir^s 17§ff , 168, Pxosoplaamas 190,

Cf* Aphidg* ' ' '

Heterodera 119, 177*
Heteromorphosis 6^
Heteroplasia 124,, 156*
Hibiscus 82, 150, 169*
Homoeoplasia 124ff.»
Hormidium 126.,

Hormomyia 131, 194ff , H* fagi ^j,, Fig, 58, 86, 105, li. pil*
igera, Fig, 87*
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Humulus 97,
Hydathodes in Conocephalus 84.
Hymenomycetes, Hypoplasia 40.
Hymenoptera, Producing prosoplasjms 178, Of, ITematus and

Cynipides.
Hyperhydric Tissue 72, Lenticels 73, Bark 77, Intu-

mescences 80, Abnormal Succulence 86, Abnormal
wood of dropsical branches 164, Hyperhydric
tissue in succulents, 176.

Hypericxim 99«
Hyperplasia 122, Cf. Homoeoplasia, Heteroplasia, Korre-

lation, Heteroplasmas, Callus, Wound Wood,
Wound Cork and Galls.

Hyperplasia due to work, Cf . Activity hirperplasia.
Hypertrophy 3, 63ff., Kataplastic 65, Prosoplastic 65,

Cf, Callus Hypertrophy and Gall Hypertrophy.,
Hypoderm, Arrestment of tissue differentiation 41, 183»
Hyponasty 131.
Hypoplasia 17, 188, Seduction of cell number 18, of

cell size 22, Arrestment of cell and. tissue
differentiation 26, Cf. Korrelation hyperpla-
sia.

Icterus, Cf. Chlorosis.
lies 170.
Impatiens 135.
Inactivity hypoplasia 52,
Inanition Phenomena 225

»

Inner Gall 21G»
Intumescences 80, Formation of Tifood cork 169.
Inula 97s
Involution Forms, In bacteria lie, 243, 24'7, In algae,

fungus spores, etc., 117.
Ipombea 43, 82.
Iresine 58.
Iris 48*
Iron, Influence on chlorophyll formation 33.
Isolated cells, Beiiavior in nutrient solutions, etc., 90,

92,
Jacquinia 206.
Jasmlnum 74 •

Jatropha 97.
Juglandaceae, Tendency to form tyloses 96»-

Juglar:e 74, 97, 120 < 202.
Junipe^.us 177 , . 183ff

.

Juvenile Forms in Regeneration 6.

Karyogamy 69. ^

Kataplasia 65.
Kataplasmas 125ff., ISeff., 175ff.
Kataplastic Hypertrophy 88, 118.
Kerria 33. -

Knarls, In wound wood 159ff., In gall wood 186, 213,

Koelreuteria 97»
Kohlrabi mounds 115.
Lachnus juglandis 62, L. exsiccator 179, ia3ff,

Lactuca 48

»

Laelia 59*
Laminaria 15, 140.
Lamiujn 90, 135, 142.
Latix 75, 99, 184.
Lasioptera 196.
Lataniu 97*
Latex Tubes, New Formation of cell walls after injury 11,

In callus 150..
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Laurapeae, Tendency to the formation of t^'loses 93.
Laurus 94ff.,
Lavatera 81,
Leaf Curling (Galls) 179.. 191,
Leaf Pleas, Cf, Psyllodes.
Leaf Lice,. Cf . Aphids*
Leguminoseae , Cotyledons 147ff , 151, Tubercles 116,
Lemna 9,
Lenticels, Excrescences 72, In Galls 219,
Lepidium 86

»

Lepidoptera, Producing Kataplasmas 178, P^osoplasraas 190.«
Leucobryum 40,
Libriform Fibres, .Abnormal formation 134,.. Absence in

prosoplasxnatic galls 208,
Lichen Gonidia 118. .

Life Period,.. Prolongation of the 126ff., 133ff,,
Light, Influence on cell wall restitution 14, On Chloro-

phyll formation 33,. On anthocjranin formation
56, On abnormal tissue formation 237.*..

Lignif ication, Suppression after infection by fungi 30,
Occurrence after infection with aphids. 62,

Lignirjfcdies 217

»

Ligust-r.um 74, 97,»

Liquefaction Diseases 225«.
Lohden 155, Lohden Wedges 155, 144,.
Long Filaments , Long rods of Bao.teriiim Pasteurianum 68.
Lonicera 16.
Loranthaceae 183, Producing galls (wood roses) Cf, also

Phoradendron.
Loranthus 97,
Loxopterygium 95,
Luffa 151.-

Lunularia 15 ».

LycopodiiAxn 99,
Lye opus 86 »

Lysimachia 16,
Lythrum 80,
Lliacleya 8»
lifiaclura 95ff,
Macronucleus 26,
Malignity 202

«

Maiope 81

«

Mansoa 97

•

Maranta 97,
ICarchantiaceae, New formation of rhj,^ci(;i^ 14, Arrestment

of tissue differentiation 39^ 40»' Eegeneration
of the thallus 256, -, -

Marchantia 14,
Marsdenia 74,
Mars ilia- 42.
Maxillaria 59.
Meclianical Pressure and Strain, Effect Of 46| 126, 129,

135, 145, 162ff., 235.
Mechanical Ring, Splitting of the 154.
MeclT^unical Tissue, Hypoplasia 46, Activity hypoplasia

129ff., Reduction in kataplasmas 182, Develop-
ment in prosoplasmas (mechanical mantel) 208ff

•

MedJcago 153.
Medullary Rays, Participation in the production of callus

144., In wound wood 162, Abnormal breadth 163,
235, The same in gall wood 183.

Medullary Spots 147,
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Kelaleuoa 166cp
ICelosira 9,,

Mentha 43, 109,
ICesembryanthemum 42, 70.
Mesocarpus 9, 11.
Mesophyll, Impoverishment in dwarf specimens 18, In shade

leaves 20, 24, Arrestment of tissue differentia-
tion 41fffl, Participation in kataplasmatic galls
180. In prosoplasmatic galls 201.

Mespilodaphne 94ff..
Metaplasia 3, 54,
Kicania 97.
Microcossus 36,
Micronucleus 26,
Micro-chemical construction 226.
Mite Galls 103, Cf. also Phytoptocecidia.
Mimoseae, Scanty formation of tyloses 95*
Mining burrows, filled with callus 147.
Molle, so called, of the Mushroom 179^
Monophyllaea 7»
Monstera 74.
Moonrings 1479
Moraceae, Tendency to tylose formation 96, Hypoplasia of

the cystoliths 3®,
Morphogenic Stimuli 229,
Mosaic Disease 33,
Morus 11, 74, 95ff,
Musci, Cf , Bryophytes, Mucor 118; Mucus Cavities of

Anthoceros 109; Passages filled with tyloses
99; Tendrils 149, 182,

Multi-nuclear Cells 67ff., llSff, 120»
Muaa 93,«

ICycocecidia, Cf. Galls.
Mycogone 179«
Myosotis 102.
Myrica 74,
Myrtaceae, Gnarl tubers 166.
Myrtus 166.
Myxomycetes, Hypoplasia 39, Developing galls 121, 176,,
Uanism 18ff., Reduction of the cell number 18, Of the,

secondary tissues 22, Of cell size 24, Of
the tissue differentiation 41,

Nasturtium 178.
Navicula 29.
UTectria 183, 186.
Mematodesas Gall Producers 178.
Nematus 74, 168, 197ff. N. gallarum, Fig, 98, 100,

N. gallisnerix, Pig. 102.
Neottia 60.
Herium 131.
Neuroterus 196ff., N, numismatis, Pig, 102.
Nicotiana 33.
Nostoc 109.
Notommata 115ff.
Nuclear Division, Abnormal 26, 119, 120,
Nuclear fusions 69,
Nucleus, Absence of, in Cells 68.
Nucleus, Restitution of mutilated nuclei 12, 13, Sigp

nificance of the nucleus in cytoplasm. and ••

cell wall restitution 12, 13, Distant ef-
fect and after .affect of the nucleus 13, In-
fluence of the nucleus on the chromatophores
55, on cell wall growth 94, Degeneration of
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the nucleus 59, Cf. also liCulti-Buclear
Cells and Nuclear Division.

Nutrj.tive Epidermis 215,
Nutritive Hairs 215,,
Nutritive Parenciiyma 215ff

,

Nutritive Tissue in Galls 214ff»
Nymphaea 149.,
Ochroma 95ff,
Octomeria 59

«

Oedema 77,
Oedogonium 9, 13, 31, 126,
Olea 97, 117, 186

«

Oil in Erineum hairs 107,
Oogonia, Vegetative development in Vaucheria 28,
Opening Mechanisms in Galls 213,«
Opuntia 56,
Orchids, Pormation of netted cells after injury 60, 90,
Orchis 35,
Orificial Wall of the Sac Galls 194.
Osmatic Pressure 112ff., Influence on tissue formation

241,
Ostrya 97, 151.
Overgrowth 151.
Ovula, Hypoplasia 48,
Oxalis 132, 243,
Oxydases, Formation in variegated leaves after injury,

After infection by parasites, etc. 33ff., In-
''' fluenee on the chlorophyll 33ff,

Oxygen, Influence on the spore formation of the an-
aerobic bacteria 238,

Oxytrichides 26

«

Padina 67, 88,
Pale-green Varieties (Chrysanthemum, ets.), Hypoplasia

19ff,
Panax 82,
Pandanus 34, 75, 82,
Papilionaceae, Scanty tylose formation 96.,

Parenchyma, Formation characteristic of all galls 205,
Parinariura 196ff,,
Passiflora 95ff,
Pathological, Explanation of the term 1,

Paulownia 97

»

"Pediaspis Aceris, Fig. 115,
Pelargoniiim 74,
Pelvetia 16.
Pemphigus 192ff, P. Marsupialis, Fig. 92, bursarius,

Fig. 95,
Penium 9,
Peperomia 154,
Periderm 16, .

Peridermiiim 177, 183,
Peridineae, Hypoplasia 28,
Perilla 58, 97,
Pestaloaaia 184,
Petunia 36

«

Peasiza 115,
Phaeophyceae, Regeneration of the bark tissue 15,

Galls of, Cf. Algae.
Phalaris 33.
Pharbitis 97.
Phaseolus 61, 78, 85, 135.
Phelloderm, Hypertrophy of the 73,
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Pty.lodendron 97*
Pho;ma 184,
Phoradendron 178

o

Phycocecidja Cf , Algae,
Piiycomycetesj ITeiv formation of cell wall after Injury'

10, Developing galls, Cf, Cynchytrium,
PhylIan thus 97s
Phyllerium 104,
Phylloxera 179;
Physiological Wound -^ 97, 154^ 170.
Phyteu:ma lie r

Phytocecidia, Cf, Galls,»
Phytoptccejid ja, Arr-jsted Developments 18, Multi-

nuclear 120m Witches brooms 187 , Proso-
plasmas 189x f , Kataplasmas 176, Sac galls
iv^2j Of, also. Kite Galls,*

Phytoptus 105, Cf, also Mite Galls. Ph. Macrorrhyn-
chus, Pig» 117,

Picea 97, 158, 184.
Pilea ICO,
Pineapple Galls 178»
Pinus 27, 41, 75, 97ff., 177, 184, 186.«
Piratinera 94fffl
Pirus 5e, 74

J
78, 109, 120, 142, 164ff., 178ff., 185ff.

Pistacia.97, 192,
PisiAm 69.0

Pith, Producing callus 143, Wound wood 162, Kataplasmas
182,

Pits, In tyloses 94, In Erineum hairs 106, Abnormal
distribution 184, Gall sclereids 209.

Plantago 97

«

";

Plasjtflodiophora l76.<>

Plasmolysis, Restitutic5n and Growth after 8.»

Platanus 74, 97, 146,o

Plectogjme 33.
Pleurotaenium 9»
Pneumatodes of Galls 219*
Poisons, Action of 240, In gall formation 107ff«
Polarity, In the formation of callus 152ff,, In the

formation of adventitious shoots 155,
Polarity of the cell 126!; 15 Off,,

Pollen sacs, (or tubes), New formation of cell wall
after plasmolysis, etc., 9ff», Not turn-
ing green in the light 55, Abnoimal thick-
enings of the cell wall 61, Deformations
116..

Polygonum 35, 37, 44, 58, 178, 190.
Polyides 140,
Polypodiaceae, Regeneration of the pro thallium and of

the'leafl 7,«

Pomaceae, Gnarl tubers 165«
Populus 72ff., 97, 120, 131, 142ff., 161, 178, 192ff,,

Portulacca 97,
Potamogeton 62,
Potato Scab 170.
Potato Scurvy 170.
Potentilla 109, 191,
Poterium 109«
Premature ripening after parasite infection 57,
Progressive changes 54,
Prosoplasmas 125, 134, 136.
Prosoplastic Hj^ertrophy 88ff •

Protective Palisade Cells, Hypoplasia 27, 28.
Protective tissue of galls, 3jp5ff«
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^oteins, Abnormal accufliulation 58,
Frotein layer in galls 216

«

Prothallia, Regeneration 7, 9, Plasmolyzed cells 9,
Tracheids in 250.,

Protomyces 177*
Protonema, .'Deformed cells 117,
Protozoa, Restitution of the cells 12ff., Hypoplasia

Prunus 35ff, 74, 97, 100, 106ff., 120, 193ff.
Psev^do-bulbils in Selaginella 179.
Pseudo-nucleolo 121»
Psyjlod-., Prcducing galls 179.

'

Pteridium 17v,
Pteridophytes, Galls of the 179, V/itches "brooms on

the 187, Cf , also Protha,llira.
Pterocarya 97,«

Puccinia 71,
Pteris 18&»
Pustule Galls 178ff,
Querous 74, 97, 107ff., 109» 179, 196fft (Cynides

galls).
Ranunculus 50, 121»

.

Raphanus 50, 187.
Receptive Stimuli 229-^
Redwood 130.
Regeneration 6.
Regressive Changes 54, df;. also Degeneration.
Resin Ducts, Pilled wi,th tyloses 99, In wound wood

158, In gall wood 184, 188,
Restitution 47, Of the cell 7, Of the tissues 14, 90.
Restitution, of the cej.! walls in injured and plas-

molyzed cells, 9ff., Construction, Structure,
Capacity for growth 11, 60, Influence of the
nucleus 12*

Retinospora 17

»

Rhamnus 30, 177ff,
Rhinacola 198,
Rhiaoids, Regeneration ot the rhizoids in liverworts

15, Abnormal wail thickenings 61»
Rhodophyceae , Regeneration of the bark tissue 15.«

Rhodymenia 179«
Rhus 74, 97ff<,

Ribes 74, 77ff,, 165, 169,
Ricinus 8;, 89, 91, 97, 150.
Robinia 74, 95ff,
Roesteligi 30,
Root Hairs, New forxnation of cell walls after plas-

molysis, etc, 9, Hypoplasia 44, Abnormal
thickenings 61, , Abnormal forms 118ff.

Roots, Resemblanpe to strings pf beads 115, Abnormal
structure in Cardamine and Roripa 128, Len-
ticel excrescences 74ff,, Jlxcrescenceg
resembling intumescences 78, Tyloses 96,
Callus 147ff , I53ff , Wyun4 wood 151, Dahlia
tubers 133, Gnarl tubers 166, Root primordia
developed into tuberous swellings 138, Root
galls, etc, 120, 178, 187, etc, Cf,.also
Club Root a'alls.*

Roripa 128,
Rosa 17, 78, 97, 135, 141ff., 164.
Rosahoff 's Crystals 60*
Rosiflora, Scanty formation of tyloses 96, Erinetua

109,
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Ro^ella 115.
Rozites 115.
Rubia 97.
Rubiaceae, Bacterial knots 186..
Rubigo 104,
Rubus 8, 109,
RMimentary leaves of Spahagnup 40.
Rumex 97.
Ruppia 176.
Ruscus 170.
Saccharomycetes, Cf, Yeast.
Saccharus 119,
Sac galls 192,
Sagittaxia 17, 41,
Salvia 109.
Salicineae, Tendency to the formation of tyloses 96.
Salix 16, 17, 44, 56, 72, 74, 75, 97, 109, 141ff,, 164,

189, 195ff. (Nematus galls).
Sambucus 16, 74, 89, 97.
Santalum 97.
Sap streams Descending, Influence on the formation of

anthocyanin 57, On tissue production (Callus)
154.

Sargassum 141,
Sarothamnus 75.
Saxifraga 57,
Saxifragaceae 57.
Scale on Lemons 34, Producing kataplasmas 178, Cf ^ also

Coccus.
Sceletonema 29.
Scenedesmus 28, 38, 117,
Sclerids in Callas 151, Physiological significance 129ff,,

In galls 208.
Sclerotia, Regeneration of the bark tissue 15,,
Schinus 97.
Schizoneura lanuginosa 123, 192ff., Fig. 134, S. lan-

igera 178ff., Pig. 76, 78,
Scitamineae, Tendency to the formation of tyloses 96.
Scutellaria 109.
Secretions in and on Galls 220,
Secretion Reservoirs, Pilled with tyloses 99., In galls

220.
Secondary Tissues, Hypoplasia: Reduction of the cell

number 19ff., Of Tissue differentiation 47..

Sediwa 8, 56, 147,
Seed Receptacles, Hypoplasia 47.
Selaginella 141.
Sempervivum 71,
Senility Phenomena: Formation of tyloses, lOOff.
Separation, Tissue of, In autumnal leaf fall 170,
Shade Leaves, Impoverishment of the mesophyll ,

Reduction of the cell number, cell size
and tissue differentiation 19ff , Bio-
logical significance 48.«

Short Rods of Bacterium Pasteurianum 68, 69,
Sieve Tubes, Hew formation of cell walls after

plasmolysis 10.«

Siphoneae, Regeneration 7ff., Hypoplasia: Sim-
plification of the cell form 27ff., In
symbio);is with sponges 28, Abnormal
cell wall thickenings 61, Abnormal forms
115, Gall on Siphoneae 115.
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Siphonocladiaceae , Regeneration 8ff., 12.
SodJ^Lym Chlorid, necessity for Halophytes 46, Influences

on chlorophyll formation 56, On cell size 86*

Solanum 32, 42, 44» 58, 70, 74, 75, 78ff,, 82, 97,
loZff. , 158, 170.

Sorbus 109, 139, 148, 178.
Sorosphaera. 175

»

Sparmannia 95ff«
Spathegaster baccarum 134, 196:ff,
Specif ity of the Tinsue 203, 257

#

Sphacelaria 67.,

Sphagnum 40.
S;pj.raea 74

«

Spirogyxa 9, 11, 13, 55, 68,
Spohgocladia 28/) , :

Stagheads 187ff.
Starch in Tyloses 95f , In callus 150, In Srineum hairs

107, ATDnornial accuipulations 77, .Abnornial starch-
grains 243, Formation of starch in plasmolyzed cells
13, Disappearance in hypertrop^iy 19, Starch layer
in,prosoplasnias (galls) 216«

Star ParenQjiyaja in Galls 219.
Starvation .Stiolaiion 71,
Stauroneis 29.
Stexaniella 210

»

StigeoG Ionium 9#
Stigma tophyllum 97.
Stimuli, Action of^ In General 227«
Stofilta, Production 126, In abnormally small quanttties

or completely lacking 42, ^T^normal si2« 70, Relation
to intumescences 83, To bead glands 35, Cf . also
Guard Cells*

Stone Cells, Cf . Schle;r6ida.«
Stojae Tyloses 94*.

Stratiotes 42^
Streblonemopsa,a 177^
Strelitizia 97,* f^
Strep tocarpus 7,»

Struggle of the Parts of the Organism 238ff

•

Sturvea 28«
Suberiaation, Abnormal, In contact v/ith water, etc* 62^
Succulence, Abnormal 8§*
Sudculents 42, 57,«

Sugar, Influence on the formation of Anthocyanin 56*
Sunleaves 19, Cf., also Bhade leaves,»
Symphoricorpue 9^
SyncJiytriuni 102, 177, 190*
Synedra 29.*

Synophrus 212«
Sypringa 36, 74, 89, 135, 147ff., 186ff.*
Tannin in Galls, 222, "Tannin balls" in ga^Lla 222^ Tannin

vacuole.s in callus 142«
Taphxia 104^
Tahprina 188^
Taraxacum 6, 56, 97, 147ff * , 161.
Tarsohemus '106s ^

Temperature, influence on tissue formation 236,.
Tetmemorus 9«
Tetramyaa 176*
Tetraneurs 192, T» compriessa, Jig. 113, T. Ulmi, Pig. 97.*

Thujopsis 177,, ^88*
Thunbergia 97*
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^under Bushes 187,
Tilia 74, 106ff.. 178, 193ff,
Tissue Covering (Epidermal), Of Callus 146, Of galls

205ff

c

Top-shoot Galls, Indication of arrested development
178.0

Topping, Influence of topping on tissue fomnation
138ff..>

Tracheids in Callus 148ff,, Abnormally formed 134, 160,
Instead of ducts 30, , ,

Tradescantia 15, 44, 59, 90, 91, 100, 142, 150,,
Transpiration, Influence on, cell number 19, Differentia-

tion of cells and tissue 29ff., 49ff, 239,
Trehtepohlia 15,«

Trichomes of Galls 207^
Trigonaspis 218*
Tristania 166.»

Triticum 71, 106, 111,
Tropaeolian 100.. ,

Tyloses 69, 92, In ducts 93, In resin canals, etc, 99,
In, the, air chambers of stoma ta 100.«

Tumors 202,
Turgor, Changes in turgor and influence on tissue forma-

, tion 241,«

Turning Green 55, ,

"

Tylenchus 178.
Tylogonus 176.
Udotea 10, 27.
Ulmaceae, , Tendency to formation of tyloses 96.
Ulmus 44, 74, 95ff,
Undulated outlines of epidermal cells 70, In root ha Ira,

Siphonae, etc, 1..21'f.

Uredineae, Producing galls 177.
IJrocystis 177.
Uromyces .71.
Urtica 10, 97, 176, 202,
Urticaceae, Stimulus to the formation of tyloses 96,

Hypoplasia of the cystoliths 38.
Ustilagineae, Producing galls 177, On the Kyrtaceae 166.
Ustilago 177, 190,.

Vaocinium 30, 177ff,
Vallisneria 9,.

Valonia 10,
Variegated Plants, Hypoplasia: Reduction of the cell size,

24, Reduction of the chromatophores 31ff .

,

Variegation dependent upon nutrition 31, upon
temperature 31, Crystal content 30ff ., ,Tissue
differentiation 42ff

,

Vascular Bundles, Regeneration 16, Hypoplasia 45ff., Ab-
normal formation 1S8, 219, Activity hyperplasia
218ff , In Galls ,. . ,

Vascular Tissue, Participation in abmormal production
257, In the formation of calls 142ff,, In the

formation of galls 182ff., 201ff. Cf., Ducts,
Tracheids, Duct Tyloses, Wood and Bark.

Vaucheria 9ff,, 28, 115,,
Veining in Wood 159ff,%
Vergrttnung 55 (See Turiiing Green).
Veroinca 176.
Verticillium 179.
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Vi-burnum 109, 111, 197*
Vicia 85, 92, 128, 149ff,, 163,
Viola 17, 177,
Viscum 168,s

Vitaceae, Tendency to the formation of tyloses 96»
Vitis 36, 74, 85, 94ff,, 147, 178ff,
Water Plants. 49.
Waved Growth 159ff.,
Waved Wood 159ff.,
Wax Coating, Regeneration of the 8,
Weakening, due to Cultivation 164,
Weeping Trees 52, 129*
Weigelia 74a
Wind, Influence, Hypoplasia 20, Hyperplasia 130,«

Window Galls on the iVa,ple, lllff.
Witches Brooms 182, 187,, .

Wood, Hypoplasia: Reduction of the cell numter 20,
Reduction of the cell size 24, Arrestment of
wood formation 21, Alanormal wood 156, In kata-
piasmas 182, 188, 190, Of. Wound Yifood*

Wood Parenchyma, In wound wood.l59ff«. In gall wood 182ff»-,

PartiSipation in callus formation 146, Cf,
Tyloses.

Wood Roses 177.,

Wooly Streaks in Apples 142, 149,
Woronina 115.
Wound Bark 161.
Wound Cork I67ff.,, In Galls 168, 206.
Wound Gums , In tyloses 95, In callus 149ff»
Wound healing, Cf« Callus Tissue, Wound Wood, Wound Cork,

also Restitution, Wound Healing by a cytoplas-
matic stOj^iJer in Valonia,* Bryopsis and the latex
tubes 10, 11, Cf4 "Physiological" Wounds.,

Wound Stimulus, Analysis of the 231.
Wound Wood 156, Histology 157, Primary, Secondary 158.

Wound Wodd Zone, Short Celled, 158, Long Celled 158.,

Xanthozylon 97.*

Xylaria 141.
Yeast, Involution forms 117.*

Yellow Spotting 80, 82.4

Zamia 99, 170*
Zea 16, 33, 56.
Zoocecidia, Cf. galls.
Zygnema 9ff.«



 

 

 

 

 

 

 

 

 

 

The End. 
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