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not to laud his contributions but to speak in 
simple terms of him as a person. There is 
very clear in memory his act of kindness to the 
speaker who was a young experimenter in em-
other laboratory. I t  beti-ayed a gentline human 
interest that, wherever found, compels aclmim- 
tion. Ris mind was keen and full of sugges- 
ltions to the students in thk Jefferson Physicd 
Laboratory. Although kind and generous, he 
was intensively a just man. Xever aggressive 
in a 'bold sense, others sought him out. He 
was essentially modest, but he had confidence 
in his mental powers. He was fine in spirit, 
outwardly highly accepbable and, withal, a 
splendid type of gentleman. One can not for- 
get him as a )person. 

Q. W. STEWART 
UXIVERSITYOF IOIVA 

THE ORIGIN AND STRUCTURE OF 
PLANT GALLS' 

THE study of the histology of paibhdagiod 
tissues of plank has been very much neglected, 
especially in America. I t  is true that mom w 
less extensim studies have 'been m r d e d  and 
discussed in the p a p a  on B e  various diseases 
of plants but nothing has been done towards 
bringing this data together into a mprehen-
sive whole. In  recent years this phase d 
botany has )begun to attxtact atbntion, esp&~dy 
in the case of aihomal growtrhs, ahieh have 
ibeen referred to under many names, su& ias 

' cecidia, galls, caacers, hypertrophies and vari- 
ous terms which are more or Ims indefinite. D 
is the purpose of this paper to give a brief 
histmical review of the phase of plant ptxt~ho- 
anatomy which is involved in these abnormal 
struotures. The fact that $he author hs  made 
&her extensive skudies of bhose plant g& 
whioh azv the result of insect stimuli m y  be a 
er&&ent excuse for attempting to discuss this 
very broad subjeot involving similar abno~ma1 
planit structures which are abtributed to other 
organism. A b n o m ~ l  growths on plaats m e  
oaused by insects, nematodes, fungi, slime 
molds, bacteria amd ch&oal and meohanid 

1 Address of the vice-president and &airman 
of Section G, B a t a q ,  American Association for 
the Advancemeat of &knee9 Boskon, December, 
1922. 

irritations. Similar growths are also pro-
duced on miraals; but, m general, i t  may be 
said that the causes are not nearly so well 
understood as in t~he case of plan&. On %he 
other hand the histology of abnormal animal 
growths hm been the subject of mu& more 
extensive studies than that of 'chose found on 
plants. 

The plant galls which are caused (by insects 
were among the first to attract attention and 
the early Greek literature oontarinr many refer- 
ences to toem. However, very i i t~le real 
progress was inade until Nalpighi published his 
"De Gallis" in 1686. This work was prirnarilj 
descriptive (but the author also advanced the 
theory that the excitation was due to a poison 
secreted by the mother linsect. Slthough this 
idea mas disproved long ago, there are some 
text-books which st31 retain t~hk so-mlled 
'hhemical theory" of more than two hundred 
years ago. The next great advance was about 
fifty years ago and was marked by Adle-r's 
"Ueber den Generations-wechsel der Eichen 
Gdlwespen," a work dealing entirely with oak 
galls caused by insects. The works of Adler, 
Beyerinck and their emtemporaries gaw us 
very definite infomation concerning $he life 
history of same of the eausal insacts and the 
struohres of cenbain insect galls, and dis-
proved the theory bhat 'the excitation w a ~due 
to a fluid seereted by the mother inseat. 

Tihe European literature is much more exten-
sive than )the Amerioan. I n  tihis country the 
major part of the m r k  has 'been by eatomolo- 
gists but within recent yeam i h ~attracted the 
aitkention of several botanists and papers hare 
been published by Cosens, Rosen and Wells. 
Fel;t9s "Key to Insect Galls" is the most 
m p l e t e  and usable work in our American 
literature for the detexmination of $these plant 
giwwths. He lists and describes more .than 
1,400 species, a number whioh is no doribt 
insignificant when compared with $he nmber  
of undescribed species. In  most cases each 
species of inseot ceoidium. is confined to a 
single specific host plant and those that occur. 
c~n more than one host are restricted to closdy 
"lakd species' 

A of nematodes are known 
as the causes of &bnormal plant grQWtbs. Th'T 
are widely diskilbuted ehroughowt the world, 
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especially in the txopieal and subtropioal cli- 
mates and the 1iteriztlr:e is volumincrus. I t  ap-
pears that khe Reverend X. J. Berkeley, the 
mycologist, was ;he first to describe and figure 
the nematode root galls amd to recognize t h ~ t  
they were due to an animal organism (1855). 

Fungi are the oauses of many abnormal 
strucrtures, such as cedar apples, peridenmiurn 
growths on conifers, witches' brooms and other 
hyperplasias of various types 7%-hich are so 
well known to 'bokanists $hat it is not necessary 
to more than mention bhem at this time, 
although they mill receive further considem-
tion in the course of this discussion. Slime 
molds are bhe causes of some few abnormd 
growths; the most important being the well- 
known '(club root" disease of cruciferous 
plants caused !by Plasmodiopl~ora brassicce 
which will 'be referred Q Jaiter. 

Baateria. are recognized as the causes of such 
well known abnormalities as wown gall and 
hdry root, olive knot and legume tdbercies. 
The first 08 these has received a, great deal of 
attention in recenlt p a r s  lbeoause of certain 
rmmblmees to animal (cancers. Crown gall 
aktwted ithe attention of the European work- 
ers more than sixty years ago /but the dmer- 
iwn literature contains practically no refer-
ences of importance previous .tK, 1891. Interest 
in this line of s h d y  ~ewived a very great 
impetus in 1907 when Smith and Townsend 
anwanced the discovery of the causal organ- 
ism which they designated as Bacterium tzcme-
jaciens. The Lter work of these authors and 
of Hedgcock, Levine iand others of !the last 
quarter of a century is well known to tihis 
audience. The studies of the dive knot have 
been much less extensive. The legume tuber- 
cles have (ken  the subject of extensive studies 
with reference to the organisms produoing 
them and their economic value, but compara- 
tively little fattention has been given )to their 
origin and structure. It is very well known 
t%at %he abnomalities designated as ('edemas" 
a13 tihe results of chemical ilritations; and that 
calluses and some other enlargements are fre- 
quently due to mechanical irritations. They 
have received very Bttle attention. 

Many probleans have ,been suggested in con- 
nection with the study of plant galls. One of 
$he emliest had to do with the $nature of bhe 

irritant and haa never been answered wtisfac- 
h~rily !although centurim have elapsed since it 
mas first proposed. ..4noither and more recent 
inquiiy involved the relationship of these 
growths, especially tihe crown gall, to d m 1  
oanceys. Unfortunately bhe wrkers on these 
various groups of galls have very generally 
possessed but little knowledge of the other 
groups. I t  appears lo the writer that i t  is de- 
sirable Lo correlate our knowledge of thwe 
vagous groups of galls as a 'basis for future 
study in this very interesting and imporbant 
(branohd botany. 

We have previously stated that the old idm 
that insect galls were due Do a demioal s e m -  
tion by the mother inseot is no longer aoceptd 
{by 6he students of the subject, except possibIy 
in the case of a few Nemaitus galls. Adler ailso 
showed that Ithere was m cell divbion or 
growth until the larva emerged from .the egg. 
TChethe~. uhe very rapid growth and cell divri- 
sion which follows thi9 event is due 'co the v o w  
cious feeding of ithe larva or to a chemical 
secreted 'by i6 is a pmblem whieh is likely to 
remain unsolved for some tlme to come. Kiister 
is of the opinion that the exeremen6 of the 
larva of Pofitania salicis is aapable of musing 
cdl division in ithe host plant and this idea is 
supported by Cosens in his study of our Amer- 
ican species, P. pomum. Both of these work- 
ers have ailso carried on experiments demon- 
strating that the lamm of some of the C p i p i d ~ l  
seorete enzymes mpable of changing starch to 
sugar. The most geneilally aocepted views at 
the present time are: (1) that the stimulus is 
purely mechanical; $his may possibly be ,true 
sometimes, but ce~taidyis not true in the ma-
jority of cases, (2) 'that the stimulus is due tt) 
a ohemical aotion; this is more plausible in the 
light of modern research. However, in the m e  
of insect galls 6he stimulus must come from 
the larva ratiher than from 4he mother insect,. 
In the w e  of wme insects bhe egg is withim 
the tissues of the host plant and the emerging 
larvce attacks the meriskmatic cells. I n  the 
case of some other insects the egg is placed on 
the susface of an incipient organ and 6here is 
no gall formation until the young inseet 
emerges, when a more or less well defined 
pocket gall is produced. In  his case we have 
no positive evidence ias to vhe'cher .the gall is 
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the result of a chemical or a meehanieal 
irritant. However, there is undoubtedly a 
growth beyond the point of irritation. I t is 
also generally believed that the stimulus en
dows the protoplasm with the power to develop 
new tissues or organs, 'but Cosens has advanced 
the more plausible theory that these new tissues 
and organs "are due to the awakening of dor
mant (characters in the protoplasm." The 
characters are already present and the stimulus 
enables them to develop. 

Nematodes work their way through the tis
sues and no doubt stimulate growth during 
their journeys and after coming to rest, but 
we do not know whether the 'stimulus is me
chanical or chemical. However, cells not 
directly in contact with the organisms are 
stimulated -to activity. Our data on galls 
caused by fungi with reference to this phase 
of the subject are very limited and unsatisfac
tory. I t is very evident that 'the stimulus must 
be applied to meristematie cells. The ramifica
tions of a fungus through the tissues extends 
the area of stimulation and development, but 
it also appears that cells not in contact with 
the fungus enlarge and divide. The slime mold, 
Plasmodiophora hrassicmf penetrates the cells, 
causing (both cell enlargement and cell division, 
but in this case the neighboring celts which 
have not been attacked also undergo division, 
apparently due to some su'bstance passing from 
the infected to the uninfected cells. Division 
also occurs in cells which are not in direct eon-
'tact with the infected cells and may be due to 
pressure in both icases. 

Gals caused by bacteria show considerable 
variation fand may be divided into three groups 
as follows: (a) those in which the 'bacteria 
occupy small pockets and stimulate the sur
rounding cells, as in 'the case of -the olive knot; 
(b) those in which the bacteria are within the 
cells as in the case of the legume nodule form
ing 'bacteria; (c) those of the crown gall type 
which are not well understood, although it is 
known that they are not in the vessels or in 
the intercellular spaces. Smith at first attrib
uted the formation of the crown gall to bac
terial products or toxines which escape from 
the infected cells. But in 1917 after success
fully producing abnormalities by the use of a 
number of chemicals, both acid and alkaline, 

and also with distilled water, he came to the 
conclusion that "any soluble substance what
ever, except a killing, a plasmolyting or an 
oxygen absorbing substance, if continually lib
erated in excess locally in tissues, would be 
competent to induce tumor formation." He 
also says "that dilute .ammonia causes in
tumescences and have rendered it probable that 
ammonia liberated within the cell in small 
quantities by the imprisoned bacteria must be 
one of the causes of the excessive and abnormal 
cell proliferation in crown gall. Probable 
amin compounds also help to determine it. 
Since an acid and an 'alcohol are likewise pro
duced !by crown gall bacteria and this alcohol 
and this acid (as well as other acids) in pure 
dilution and also in combination with ammonia 
caused galls or intumescences in my experi
ments the acid (or acids), the alkalies and the 
alcohol must, I believe, act together in pro
ducing tumors, and osmotically rather than 
chemically" 

The reactions of host plants to parasites are 
many and various, but we are dealing with 
those which have -to do with stimulations and 
hyperplasias. These structures appear on a 
great number of species of plants and are 
caused by organisms 'belonging to a very large 
variety of different species of animals, plants 
and hacteria. They are produced on all parts 
of the host plants and the external forms of 
these growths -are very numerous but the his
tological structures are few and harmonious, 
regardless of the causal organisms or the spe
cies of the host plant. In fact it is doubtful 
if there are any new histological structures. 
The writer has repeatedly called attention to 
the fact that there are three well-defined stages 
in the formation of plant galls: (1) cell en
largement or cell division or both, (2) the 
failure of the affected part to differentiate 
into the characteristic tissues of the normal 
plant organ on which the gall is formed, and 
(3) the differentiation into the characteristic 
tissues of the gall The writer and others have 
also ealled attention to the fact that in the 
Cynipidous galls which show the most complex 
histological structures, the tissues are organ
ized into four well defined concentric mmm sur
rounding the larval chamber. 

The first stage in the development of the 
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gall, regardIess of host plant or causal ongan-
ism, is cell grow,bh-either cell enlargemen* or 
cell di~ision or  'both. The resalt is the devel- 
opment of parenchyma tissue from which dif- 
ferenltiations into other tissues may or may not 
arise. A number of years ago <the m-iter caLlec1 
attention to khe fact that plant galls ciaused 
'by i m e  could be grouped into fonr dasses 
on basis of (the complexity of bheir s t ruct~~re;  
also 6ha.t the more highly developed galls pass 
through all the stages represented in the sim- 
pler galls during their development. Later 
studies on galls due to other causes and a study 
of the 'ecent papers by other workem lead me 
to *believe that most and possibiy all of bhe 
vm5ous types of pkant galls can be placed in 
some one of the four classes just referred to 
rqpraess  of causal organisms, although in 
some cases bhe distinctions are not *o well de-
h e d  as in the most highly developed of t.he 
insed galls. These views bave been very gen-
erdly confirmed by bhe later investigations of 
C w n s  and Wells. 

A&= as a result of his studies on the Galls 
of the Cynipidca, which are the most complex, 
believed that the egg must be plmaced so that 
the emerging larva would feed on the cam-
bium; okher~vise it would perish and a gall 
\vould not be formed. This is probably true of 
the gdls which he studied but is not true of 
the galls which {are due to many other oagan- 
isms. 

Kiister has classified galls on the basis of 
presence or absence of cell differentiation into 
.Limo great groups: (1) kataplaslnas or those in 
which bhe structure is undifferentiated paren- 
chyma and (2) p r o s o p l a ~ n ~ a sin which there is 
a differentiation into other tissues. I n  the 
prosoplasnla group we find all graclations from 
galls with very slight differentilation of tissues 
to those in which the strueture.s are ve1-y com- 
plex. 'OCTells calls our attention to the fact that 
galls caused by Rotifera, Copepoda, Xemabda, 
Orthoptera, Neuroptera, Coleoptera, Lepidop- 
tera, >fusidac, Chalcida and Tenthrenidze must 
be classed as liataplasmlas; while the Acarina, 
Psyl-laide, Bphidie, Coccide, Itoniditdie and 
Cynipida: inolucle many galls which are kata- 
plasmas and many others whieh are proso-
plasmas. To these may be bedded the galls of 
Plasmodiophora brassietz on the Crucifexe, 

whioh are t i~ ie  kataplasmas and the bacterial 
d31d f u ~ g u e  galla vhich include kataplesmas 
and simple pmsoplaauas, land also [the intu- 
mescences and callous growths which are xTei*y 
simple h taplumas.  FThen the cell growth of 
the plant i s  stimulated, we find ell enlhz-g+-
menits or cell chivi~ion or ibobh and great rednc- 
tion of intercelluh spaces; in faot, these 
changes take place lbefore thew is m y  visible 
enlargement of ofe orgm. I n  many cases, the 
leaf-inhabiting aphids canse abundant cell divi- 
sion resulting in  a compact mesophyll of var j  
small cells and sometimes a diivisi~nof the 
palisade cells without any thicliening or othfxr 
abnormaEty of the leaf. 

Since the galls which are formed ns a result 
of animal injuries give us tlhe greatest TaIqy. 
for study we wiLl give them first consideration 
and the other types of galls \rill be compared 
with Ohem. Since bhe Rotifera and Copepoila 
galls are represented by one species eaeh and 
both are alassed as the liataplamlas we will 
omit them from consideration. \Tie will also 
omit most of the galls caused by insects, taking 
only those whkh are necessary to demonstrate 
the facts. Members of the Aearina are the 
causes of the simplest of the leaf galls. The 
first effect of the attack of these organisms is 
increased cell division. I n  some eases it is 
followed by the development of numerous tri- 
ehomes, forming the socalled Enineums, and in 
others by the farmation of pocket galls lined 
with trichomes. Some of them never pass he-
yond the katlaplasma stagt while others show a 
slight differentiation and may be considered as 
the sin~plest of the prosoplasmas. 

The members of +he Apkida? a1.e the causes 
of large numbers of plaat galls hid^ are espe- 
cially prominent on the foliage. They are 
mosbly of the pocket type and originate by 
increased cell activity. In some cases the cell.; 
tend to fonn zones but without differentiation. 
Some of them are strictly lrataplasmas while 
others are prosoplasmas in which there haa 
developed a consider-able amount of fibrous 
tissue. 

The Itonididze (Dipte1.a) contain a larger 
number of species of insects ~vhiih cause galls 
than any oteher group. The ga.11~ also present 
a much greater variety of fol-ms than tihose of 
any other group, but none of them sl~ow as 
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high a degree of structural complexity as 'the 
galls of the Cynipiile. Some of tllenl a re  dis- 
tinct, kataplasnlas while olhers ai?e well devel- 
oped ~prosoplasmm; many of them h'ave the 
pmteotive zone of sclerenchyma and the nutri- 
tive none of parenchyma 17hich aye so charac-
t e k t i c  of the Cgnipiclrr. 

Species of the Cynipida are t.he make~:s of 
most of the oak and rose galls which hlave 
atti.acterl so ~linch atitention. Some f e ~ v  of 
them a1.e kataplaslnas but  most of then1 are 
highly clevelopecl prosoplasn~as. They aye more 
complex in stvnctu~~-e and the ti-,: a1.e more --ues 
hi,glsIy deve!opetl than the galls proclucecl by 
he ~neiiibers of any  other gl-oup of organisms. 

These galls originate in  all cases l i~onl  the most 
active meristematic tissues a,nd the fil-sf stage 
involves vwy eel1 division. ofa c t i ~ ~ e  Some 
these galls never develop ~beyoncl this point and 
are true kataplasmas 'but most of them under- 
go very rapid Eliffeiwntia.ti'on resnlting i n  t<he 
tlevelopment of four  well-defined zones. The 
innennost zone is composed of very rich paren- 
cliynla celds on  which the larva feeds and is 
known as  the nutribive zone. Ilt is surrounded 
by a zone of sclerenchyina cells '~f-iilic'll is v e q  
t,hick in  the small galls and correspondingly 
thin i n  bhe la,i:ge gabls. This is sui*rounded by 
la zone of p,arenchyma cells, i n  which fibrons 
structures are sometimes intermingled. 1,t is 
thin i n  small and thick i n  'large mils. The 
apfdelmis is the f'oucth and outer zone. 

Tn recapi~tnlationof :these insect galls we can 
say that they all 01-iginate from the meriste-
matic cells and are la't first t,rue Icataplasmas. 
Many of ltheln pass into the prosoplasma stage 
i n  which fibrous ancl selerenchjnla tissues are  
nlore or less pl:o!mine,llt. I n  most cases the 
solerenchyma is new to the organ on  which the 
gall is piwciuced. The fihi>ous tissues may 01' 

inay aot  !be new and in nlany cases this point 
is difienl: to (letermine. 111 many cases I aa.m 
satifled that the fil)i*ous ti.;sues of the plant 
ol\gans, espec.ially the ront.i and stems, are 
inesely pnshed out of plhace 1 ) ~tthe development 
of other cells and that soiiletimes these mis-
plaeecl tissues Ilace 11cen rnisfakel~ for  new ones. 
So f a r  a s  the writer is able ,to determine, insect 
galls ncvci. originate on mstnre plant organs 
l ~ u t  a!~vays d~u~>ing early p e ~ i o d s  of reyg active 
g r ~ ~ l - ~ h ~  

The literature on the nematode galls is very 
conflicting bu~t it  is evldent that the point of  
excitation is less definite tlzan i n  the insect 
galls. The \writer is inclined !to beliet-e that  
the exeltation mnet be restricted to tissues 
whic11 &re more 01. less meri~tematir? and it 1s 
iionbtful if the xylem tiysues aye eyer changed 
except as  they i'tlay be distorted by plSe.ossure 
excited by the growth cnf otliel- cells o r  possi-
bly 111 soine cases crushoil o r  torn. If this 
~nterprelationis corl*ect, these galls must be 
cla,.;ed ah liatapla.~mttc, It al,o appears that 
the forln and cha~aater  of the abaomali tg  ile-
pelid, largely upon Lhe age of the root at the 
tinip of the infection and the number of intli- 
~ i d u a l  woims attacking it. 

Our kno~iledge of ithe origin, structure a n ~ d  
clevelcrpment of gall5 due to fungi is mmq sat-
lsfaetory than that of galls due to other causes. 
Tn the various papers on galls which are  causecl 
by fungi, the t l k u ~ ~ ~ o n s  have to clo with the 
fungus rather ithall w ~ t h  its effect on the tissues 
elf the host plant. E o ~ e v e r ,iL appems illat 
the i.eaction is restiqicted to ithe tissues that a re  
mt highly different~ateci. and i n  most oases to 
those that are decidedly meri\tematic. Some of 
+hem are  readily classed :ts liataplasmas ,s~-hile 
ot11e1.s are prosoplasmas of various degrees d 
croinplexitj. The most satisfactory studies are 
found i n  the cases of the cedar and  apple rust 
fungi, allthough there are some galls caused by 
fungi vbicih al-e lei, complex and othezs which 
are more highly clevelopod. Unfortunately, 
their structures hare received re ry  little atten- 
tion. I n  all cases the diivrt modifications a r e  
mainly 111 the parenchyma tissues. The modi- 
fieat~ons of the fibrou* ~ t ruc tnres  appear  to be. 
1nclilrec.t. The cedar galls have been studied 
by a number of inveaugators vhose ideas a re  
~xtreraely divergent and conf using, d l b a n  
Stewart believes that galls of Gy innospor(~fz-
giuna jzo~bnperi- uirgi~zia~zc;. arise from axi1laz.y 
buds. H e  fin& that each gall contains twt, 
fibrorascu:ar systenl-, one derived f rwm the 
incipient stem and the other from the lea~es .  
The parenchyma tissnes predonxinate and the 
fiblo-vascular structures are dwarfed ant1 modi- 
fied. H e  finds praatlcally the same condition 
in  the galls of G. globosunz, Reed and Crabill, 
who studied atG. juni;neri-t*irg&).~ian~ almut 
the same time, believe the galls arise from the 
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leaf hut  o~hem7ise their conclusions are  not 
inaterially different. They further say:  ((The 
parenchyma of the h a £  is stimulated to  exces- 
sive growth, hhe Bbro-vascular system, which 
is  close to the point of infeution, becomes mueh 
conto~~tedand branched and radiates through 
the forming cedar apple." ,1ga>in they say: 
"The fibro-x-abcnlar a > > t e ~ n  i\ a modified con-
tinuation of the fibro-r'~scnlanb a p t e m  of the 
cedar leaf. From o r  near the base of the oedar 
apple, w e r e  the vaacubr systenls are con-
torted, arise many branches 1%hich extend rs&- 
ally almost to the co~tcx." Thi? description 
indicates that the oligin and atvncture of these 
gallD are similar to those of the Cynipidous 
galls. In  their description of the effect of the 
fungus on the structure of the apple leaf, they 
say:  "The hypertrophy of' the apple leaf is 
due almost entir*ely to a n  excessive enlarge-
ment and nlultiplicatioil of (the spongy paren- 
chyma cells. These ?.ells bemme elongated, 
stand perpendicular to the upper epdeTmis, 
and form what a t  first glance appeass .to be a 
continuation of the palisade layer. The pali- 
sade layer, though, always remains intact and 
its cells, which are much smaller and more uni- 
form in size and shape than those of the hyper- 
trophied spongy parenchyma, are only slightly 
if a t  all enlarged. The intercellular spaces of 
the spongy parenchyma aTe entirely oblrit-
eratd."  This dese~iption is in  harmony -with 
that d the simple galls or IraJaplasmas which 
are due to insects. The writer has studied a 
number of other planit galls due to fungi and 
has found them to wnform quite well i n  
origin, development and structwe to galls i n  
general. Some of them are true liallaplasmas 
~vllile others are prosoplamas. However, 
much work is necessary 1befol.e it will be poq- 
sible to clasjify theie galls in  their true 
nlorphological relationship. 

The galls caused by Plasmodiophora byas-
sic@ have been the subject of considerable re-
search in recent years by Lutman, Chnpp and 
Icunkel and the data conceinlng their devel-
opment and structure if much more accnratf: 
than that  of the fnngouj galls. They a17e true 
katnplasmas and i t  is evident that the cortex 
of the hosl reacts to the organism, that the 
cambium is especially susceptible, and that the 
cells of the medullary my- between the xylem 

also respond to the stimulus. The o~ganjsm is 
sometimes found i n  ckhths xylem but has vwy 
little if a n y  eEect upon it. The disiton+ians of 
the xylem are evidently due to \the force ex-
erted by  the ideioted rays and  obher pa&& 
Instead of increasing the amount of ~ r o o d y  
t i s s ~ ~ ethe w h n  of the organism on  the oani- 
hiurn tends lo prevent the formation of vascu-
lar elementls. 

The b w k r i a l  galls so f a r  as studied must be 
cllassed as ka tap lamm,  o r  possibly i n  some 
cases vwg- low farms of prosoplwmw. T l ~ e  
tubercles Ifomled on  the roots of the l e g u m i n o ~ ~  
plants due to  the aotion of Bacillzcs radicicola 
appear to oldginate and develop i n  the cam-
bium of the cortioal tissue and  a re  t ~ u e  kata-
plasma gallg. The so-called olive knot appears  
to tbe a t m e  ~ h t a p l a s m a  ol$.igrinating i n  o r  very 
near the cambium, but the l i t e~a iureis in-
definite on  this point. The crown galls bave 
received more abtention than any other of the 
baakrial galls i n  recent yeam The studies u p  
to date indicate that all meristematic e l l s  1%-
ac t  b this organism but  the character of the 
galls evidently depends largely on  the activity 
of these cells a t  time of infeation. The cells 
divide rapidly and therefore are  very m a l l  as 
in galls due to other muses, more especiailly 
those i n  which the organism acts on  the cam-
bium of the host. I t  is very evident that  in 
the formation of %he csorvvn gall, the irritarilt 
must be i n  the tissue5 whkh are more o r  less 
meristematic. Smith founcl that the dormant 
and odd, hard, slaw gl.owlng (tissues were un-
favo~able  fo r  inoculation; !but that when he 
used young, rapidly gro\~-ing ol.gans, he ob-
rained good results; bometilnes 100 per cent. 
infection. H e  also found llhat shallow inocu- 
lations into the cork camhiuin gare small gall, 
while inoonlations into the region of the t11:e 
camhum gaT7e vlgorous tumors. The write19 13 

inclined to helieve that the size and character 
of bhe gall depend largely on the tissues in-
fected anil that d ~ e  xylem seldom if ever i-eacli 
to stimulation from B. lurnefacze?zs, although 
i t  is very possihle that the sheath cells do 
respond to stimulation. The most complex and 
definite galls arise from the cambium, the l e ~ s  
complex galls may arlse from other mer~stc  
rnatic tissues. The development of 1-ather weak 
fibrous tlssues in  the galls indicates that t1.e 



crown gall is a low t>ye of prosoplasma. How-
ever, there is much greater va~iation in the 
amount of fibrous tissue in different crown 
galls than in more highly developed galls due 
to other causes. The crown gall a,grees very 
generally in its origin, development and mature 
~t~ructurewith other plant galls regardless of 
the causal o~ganism. Howeveq there is cer-
tai11ily one and possibly three marked differ-
ences 'bst\~een some of the bactet.ia1 galls ancl 
ga1,k due to  other causes : (1)The presence of 
the tumor strands in ,the crown g&, (2)  Pos-
sibIy bhe stimubi in the backdal  galls are more 
prolonged or more variable in location than in 
gall? due to dther causes, ( 3 )  The formstion of 
m \ ~ r p m a sur tumm containing leaf shoots or  
roots whi& have been aLctributecI to the crown 
gall. The first appears to be a, wry  dear and 
well-defined feature of crown gall but not of 
other tppw of Wter ia l  galls; tile second and 
tlhird are open to question and slmuld receive 
fu14ther study. I n  wnsidering the seconcl point 
we must call a'ttention to the faot that a gall 
passes through per~iods of youtih, maturity and 
olcl age, the same as m y  orga,~a.nism or organ of 
a normal plant. I n  some species, the period 
of stimulation is short and in  others it i's very 
long. I n  discussing %he third we must call 
attention to the tende.ncy of most of our higher 
plants to produce buds and slioots in or near 
the node-; when stimulated or injur~ed. Further- 
more, abnormally large fruits aye frequently 
fo~medas a result of clecol~bication of the stems. 
I t  is well known that similar condi'tioas may 
arise as a result of minter injury, inseot and 
fungous injuries. One of the most str~king is 
the formation of aerial1 tubers on pota'to plants 
as a result of attacks of Rhi:octotria sola.,ni. 
I n  all these cases ,the coriditiona appem to be 
dne (to a physiologic.rtl disturbance! which inter- 
feres rnit.11 the descent of elaborated foods 
through the phloem and cortex. The question 
naturally arises as to whether the pathologic 
condibiol~ arising from the injuries referred 
t'o above are comparable to %he ~patm01~0,i I: con-9 


ditions axking from infection vith B. tume-
jnciens. That is, are excessive shoot grox-ths 
follouring injuries, snla,rged fruits i0110~ing 
decortieations and other (injuries, ael~ial tubers 
follou~ing att'acks of Rhizocto+%ia solcoli com-
parable to en~bryomas following inocnlations 
~ ~ r i t l ~3,tumefaciend 

I n  answer to a series of yumtions by the 
!wirer, Dr. Smith defined embryomas ,W 

'.c~.own galls wntaining abortecl shoots, often 
in great numbess," and stetecl that, they dif-
fered from ae~ ia l  tubers on potato^ resulting 
from attacks of R. solatti in "th& ?he aerial 
shoots from t,hese aerial t,ubei% have no dis-
cc:%iented l-umor tissues in them and come from 
11orma1 situations, i. e., from eyes, while the 
crovn gall shoolts i r e  adventitlious." He also 
stated t.hat the shoots whi,oh resulted from 
inoculations ~vithB. tumefaciens do not &r 
from shwots which a r k  as a result of ather 
injuries,,except 'that the tumor tissues mingle 
rvith t,hem and ,that as the tiimor tissues gro\v 
:he dloots are injured ancl abor~ed. 

Levine after working wirh the crown gall on 
B ~ y o p h y l i u r n  calycin,u.m says that the leafy 
511oot~ do not ochur until a f t e ~  the galls are 
esta.blished; 1t.hat B. tzcmefaciens is not the cause 
of the formstion of the leafy shoots 'but in- 
hpbits and retards normal development. I n  
brief the folmatlion of the leafy shoot is me-
ohanieal and seconclary to the forination of 
the gall. This idea is in harmony wit0 the 
prevailing opinion concerning the formation 
o,f aerid tubers on (the potato plants follou6ng 
attacks of 22. sola~zi. I n  this conneotion me 
must bake into consideration chat the produc- 
tion of buck where they do not normally 
occur as a result of stimulation by Plnsmodiu-
p l~orn  brnssica? 'has been reported by Woronin, 
Farorsi and Kunliel. The latlter author says: 
"The tissues of such buds are aiwmays infected. 
I n  most cases they grow into shopt fle~hy 
s11oots. The leaves are hick,  distorted and ab- 
nwmally succulent. I n  other eases the buds 
grov and give rise to spxu1.s of considerable 
Gze. Such sprouts may push above the sur-
face of the ground and beoome green. One 
interesting tliing &ow11 by the cliseased buds 
is that they are often unable to respond nor-
mally to gravity. Sometimes they arise on 
the under side of a root and grow dilvd1y 
r':or;c.n~~nl.d.I n  other cases they arise laterally 
and turn da?vnivard like t8he young sprout. 
Ti!iay hmave zko been observed to grow out hm4- 
zontal!y, but this is not common as dorvnivard 
growth." However, the fungons, slime mold 
and ibaoterial galls differ from the more bighlly 
cleveloped ins& galls in that in Mle oase of the 
more complex insect galls the clevelopment 



ceases very auddenly with the maturity of tlx 
larva while in the case of the other galls there 
is no such sharp and 11-ell-defined cessation of 
cell activity. 

I n  this c\liscuss.ion the mltiter has repeatedly 
called attention to the Pact that all gaals 
originate in practicall~ the iame manner re-
gardless of !he stimulus whiclz excites their 
growth; that although aome are more complex 
tihan others, the coml>lex 'types pass through 
the stages found in the lower hrms. This very 
naturally leads us to look for the key for our 
interp~etation. This subject has "awn dis-
auqseci in an inte~aesting paper by Wells who 
takes a3 tile foundation of his studies the fol- 
lowing statement by the writer: "The morpl~o- 
logical character of the gall depends upon the 
genus of the insect prodncing i t  rather than 
upon the plant on ~vhicli it is pi-odnced. The 
families show payallel lines of development 
from a low form to a high foll~n." This state- 
irient IJ-as published twenty ~eal -s  ago and at- 
traotecl nlore attention in Europe than in 
America, because the workers of Europe have 
given nlach more atitention to the anatomy of 
parihologic plant structures than the ~vol-kers 
in Amenca. 

Well5 takes BeyelincB's di.clision of galls 
into indefinite and definite growths, which mas 
advancecl 111 1877, and arnpllfied by ICiistcr in 
1911 into kataplasma? and prosoplasmas and 
presents phg'logenetic lines of development 
~ ~ h i e h  rcry suggestive. The results ofa re  
his stntlies ieaffi~m the follow~ing statements of 
the writer as published neainly ltventy pal 's  
ago: " (1)  lJyithin each family we find certain 
morpl~ological resemblances, (2) The families 
show parallel lines of gall structnre to a high 
form." FITells's studies ~eaffirm the idea ex-
pressed by the writer that all galls originate 
with the excessive development of parencliyma 
tissue. His studies mag' he smnnla~ized a, 
follows: (1) He  accepts Iiii3ter's grouplngs 
into kataplasnlas and p~.osoplasmas as the 
basis of his work. (2) He points out :hat 
prosoplaqmaa hare arisen from the kala-
plasmas by e>olntional.y processes. ( 3 )  liatu-
plasmie erolntion is the result of progre3sive 
inhibibion of differentiation ending with t k u e  
homogeneity. P~rosoplasmic evolution begins 
when homogeneity (has been attained, snd is the 
development of new tissue dharacters. 

The mast important facts in gall forination 
may be summarized as follows: 

(1) The originai theory that insect galls-
were formed as a result of a ahenical injeoted 
by the mother insect was dispmved many gears 
ago. 

(2) I n  most cases the sknulus is probably 
due to an excretion by the opganism; in the 
case of insects, by the lama. I n  some cases the 
stimulus may be due to p~~ss111.eor other me- 
chani.ca1 faotors. 

(3) The stimulus must be applied to toe 
meristematic tissues. The reaetion depends 
lal7gely on t h ~  degree of acbivity of the neriste- 
rnatic tissue. 

(4) The reaotion of cells to the skimuli is 
mnarkably similar regar&ess of the stirnu-
lating factor involved. 

(5) Cells that are well advanced and that 
under nonmal conditions undergo very little 
division may respond to the stimulation, divide 
and grow rapidly. 

(6 )  Galls of indefinite and irregular form 
and structure may arise from older tissues 
which still retain some meristeanatio power. 
This appeals to depend somewhat on the age 
and actlivity of the mel-istematia tiissue. 

(7) Galls may be classified in one of bwo 
groups regardless of the causal organism. The 
hataplasma group consists of galls which am 
made up of parenchyma tissue. I n  ihe proso-
plasma glwup, the tissues have reached varying 
degrees of differentiation. 

(8) Complex galls, such as those due to the 
Cynipide, alwa3.s a ~ i s e  from very young and 
vevy aetive melistemaitic tissue. 

(9) Galls of complex structure pass through 
the stages found in the galls of less mplex i ty .  

(10) Insect galls have by fax the greatest 
regnla~ilty of struc~ture and development. Some 
of them are very sjlnple while &hers present 
121e highest development and greatest complex- 
ity of any of the plank galls. 

(11) The moslt complex insect galls show 
four stages of growth; others pajs through 
one, two or  three stages of development. 

(12) The organism causing the insect gall is 
stationary but in  the case of most other g d k  
the causal organism may pass by processes of 
g r ~ w ~ t hor otherwise to points other than their 
original location. 
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(93) The stimulm in all ca3ez may pats be-
yond the iocation of the caucal oignni~m. 

(14) Abnor~nalshoots and other gro~vih-. 
(sonlatimes referred to (as ~ml)r;olna.) are Err-
quently formed i n  c~nwet~ ior l  ur~th many gall:. 
Their status can not be Setei~ninedf ~ o l nour 
present kno~vledge of (the snbject. 

~ ~ E L T ' T I . L CT. COOK 
X ~ I VBRTYSII-I( S.J.K, 

THE COURSE OF THE GULF STREAM 
IN 19 19-2 1 AS SHOWN BY 

DRIFT BOTTLES 
I\; seve~a i +hot-t notes pi~hli-l~c.(lin :hi,, 

jourila1,l !lie ~vri ter  lias recorded t21c resn1t.l: of 
drift  bottle expeai~ments eonduetecl for  llie Hio- 
logical Board of Canada. Since tile p~xblication 
of these notes a,dditional clacta ha; heen ~ h t a i n e d  
&lid it seerns aclvi.;able to bring together ro date 
,that part of the clntu irliich beav  011 the con1.s:: 

1Seieuce; K. S.,Vol. LII, 50.1349, page 4-14, 
x ~ ~ c m b c r5 ,  1920, Vol. LII I ,  S o .  !365,  p g r  
187, Febrllary 25, 1921, T'ol. 11.111, So. 1372, 
page 389, April 92. 

and rate of flon- of t l~p  T0i.Ll1 ?~tlailiie \Vii?ii 
])rift, the so-called Chlf Strram. 

Du~xing tlie Nnrnnlei. of 1919 some POIIT liun-
d~eclh'ttie2 ive1.e set adrift in the Bay of Fun-
ily. Each bottle containecl n po;tcard o f f e ~ i r ~ g  
a 1.ervarc1 to :lie finder who wrote in the spaces 
p~tovidcdon the c;trrl the a ~ l s ~ ~ - e ~ ~ s  r o  the quee.-
Ai,io:ls,,. '!\T711el.e fonnd? \\-hen found? By 

whom fo i~nd?"  Up io the p~-esenl; ri111e n o  
~ ~ e e o ~ d r  been received of beingh a w  , i~ot t !e~ 
folrnd soath of tile Cape Cot1 peili~lwla. The 
~.rc.ordsof rile seventy-three bo1iLe3 xrhicii vere 
found on tl:is side of rhe .Iilanti.c d l~r ing  the 

year 1011-1hal-e ,nl~eady bee11 pnhlished? Four 
' 
of ltiie 111ot.tle.; linve heel1 t'oi~ndon illr Burlipcall 
5ide of rhe Atlantic. The>- ivere se: adrifi in  
the latter par t  of 3ugus1, 1919, aliil the rsec-
01-d4 of the finding of them follovc.: 

So. 198. Azores, 1sl;:ntl r~fF l i ~ i c s ,&%:igustX, 
1920, 

No. 230. Ls!n~~t is .  TsI:,T:(I ~f I',,~,:,O V ~ I I P ~  
\\'cst~:iy, J 2vu;rry 2L. 1027. 

"l'roce~dillgs of t h e  A i ~ i e ~ i c : ~ n  Society,T i she~ . i c~  
1920, p:rge 334. Contributiolis t o  C : r~~nd in r aEiol-
ogp? S e x  Series, T-01. 1, So. i;, p:ige 1.03, 3!)24. 


