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D I S E A S E  R E S I S T A K C E  I N  P L A N T S 1  

TIIE control of fungous diseases in plants 
may be effected in three different ways: (1) 
By killing the parasite before it enters the 
host, (2)  by curing the diseased plants, and 
(3 )  by growing disease-resistant varieties of 
cultivated plants or making the susceptible 
varieties resistant. So far  the first method 
is the one most generally followed, the 
means employed depending on the nature 
of the fungus. 

T t  is easier to protect the host from a 
fungus which combines a highly developed 
parasitic character with alternation of 
hosts than from one which spends its entire 
life cycle on the same host. For example, 
when rust (Rastelia cancel7ata) appears 
in a pear orchard the danger from i t  may be 
clone away with by removing all juniper 
trees from the neighborhood, the juniper 
being the host for the alternate stage of the 
fungus (Gyntnosporangium sabince) . The 
same measure may be adopted in the case 
of red rust of wheat (Pucci?zia graminis) 
in countries in which the f u n g ~ ~ s  does not 
reinfeet directly the wheat but grows in the 
spring on the barberry (Bevben's). This 
disease has practically disappeared from 
Gernlai~y since the removal of all barberry 
and inahonia blxshes from the vicinity. 

The clestrnction of a fungus living on one 
host only is more difficult because of the 
fact that this may necessitate the destruc- 
tion of all diseased plants or parts of them, 
an nndertaldng which could hardly be car- 
ried out completely. ISowever, if carried 

1 A lecture delivered b y  invitation at the  uni-
versities o f  California, Wisconsin, Minnesota and 
Cornell, and the Iowa Agricultural College, in Oc-
tober, 1914. 



out thorotrghly ant1 bcfore the parasite has 
reached too advanced a stage of develop-
mcil t this metliod may be crowned with suc- 
cess. A strilring example of this is the con- 
trol of pear bliglit in the Rogue River 
Valley, Oregon. 111 this region the disease 
has been lcept within bonnds, ~vhile in the 
Eastern Slates i t  wm permitted to gain a 
footholcl and is now a calamity. 

Tlle spraying of potatoes against Pky-
iopl~tltorai?.r/'r.slrrn,q,by which the Cungus is 
destroyed before i t  is able to penetrate the 
tissues of the host, may be included in this 
class of rontrol measures. Another example 
is the destrnction of the smut spores, which 
cling to the outer covering of the gmin, in 
the case of stinlt-ing smut, for instance. 

It is a more difficult task to cure a plant 
already cliseased than to pre~ient the dis- 
case, and only in rare cases is the method 
of curr known, the reason for this being 
that plants are not org:inized lilrc animals, 
and in most cases it is impossible to influ- 
ence a central sgsten~. The cure of fungus 
cliseases of different trees by giving the 
roots an abulldant water supply is an ex-
ample of treatment based on the principle 
that many fungi are unable to grow in 
tissues whirh show a high ~vater  pressure. 
I n  dry soils the water content is kept on a 
low basis and this favors the attacks of the 
fungus. 

,Inothcr example of the curing of the 
plant is the hot-water rnetl.lod of seed treat- 
ment for loose smut of wheat and barley, 
this treatment being founclccl on the de- 
struction of the fungus germs within the 
seed. 

We now come to the third method of ciis- 
case control, that is the use of disease-
resistant plants. Thc importance of this 
nidhod is well uuderstood by both scientists 
and growers, bnt the application of the 
principle, i t  must be confessed, is in  its 
infamy. 

Utiliziltiou of the factor of immunity in 
disease control may bc divided into two 
parts, that is t,he hreeciing of resistant 
plants and the artificial imnlunization of 
plants. From a, scientific point of view, 
howevcr, both of these rest on the same 
basis. 

Before a disease-resistant race can be 
bred resistant incliviclual plants must be 
found. It is a well-known fact that in. the 
vrqetable liingdom closely related species 
suffer in different degrees from attacks of 
the same parasite. Tlie clifferenee in resist- 
ance of the various species of one of onr 
most i~nportant cnltivated crops, wheat, is 
~ulasnally prominent, as sllown by the re- 
searches of W~M-elo-cv. Of the eight botan- 
ical species which are generally thought to 
havc produced the m l t ~ ~ r a l  ourvarieties of 
wheat. Tviticunz vzclgars, T. compactzcm 
and T.  spcllcr, are attacliecl by red rust;  
T. c7urunz, T .  polo.ilziczm, T .  turgidu-?nand 
T.  n2o?2ococcz&mare resistant; the western 
European varieties of 7'. dicoccum are 
resistant, and the eastern varieties of 
Turlrestnn are liable to rust. 7'. clicoccurn 
dicoccoiclcs, which was found in Palestine 
some years ago and which has sometimes 
been regarded as tho aiicestor of our com- 
mon cultivated wheat, 1'.sativlcn~,is also a 
non-resistant species. 

The varying susceptibility of species of 
the same genus makes i t  possible to sul)sti- 
lute for highly susceptible species others of 
nearly equal cultnral value which are less 
susceptible or resistant. In the case of the 
coffee plant very good results have been ob-
tained by this means. It is -cvell lrnown that 
Cofca  a~ah icawas completely destroyed 
throughout the Asiatic tropics by the rust 
fungus Henzilcia vastatrilc. The related 
African species C. Ziberica appeared to be 
resistant to the diseaso and was brought 
under cultivation in the entire terr i to~y in 
which C. arabica had been grown and in 
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which coBee culture was possible. The im-
munity of this variety, however, proved to 
be of an rulstable nature, and as a conse-
quence the growers were obliged to import 
C. ~obustu,a species having lower commcr- 
cia1 value, from the virgin forests of Africa. 
Because of the fact that C. liberica pro- 
duces beans of mucli poorer quality than 
C. arahica and C. robusia beans of a poorer 
quality than C. liberica their substitution 
was of restricted value, but i t  saved the 
~a l~aab lecoffee inclustry iu some regions 
from ruin. 

The maintenance of profits with the infe- 
rior coffee is made easier by the degenera- 
tion of taste aniong civilized people-the 
resnlt of standardization in all branches of 
life. The avcragc niaa to-clap lacks the 
faculty of cietermini-r?g whether his beef 
x-ns cut from a IIolstein or a ITereford, 
whether the fold on his table was Ced r i t h  
barley or oats, whether a vrine is natural or  
sagareci, or whether the coffee lie Jrinks is 
C. arubica, C. lifiericc; or C. robusta. 

Evcn tllough the villnc of the resistant 
plant is lower, as in the case of the ex-
amples cited, the possibility of improving 
the variety still rtlmains. Two methods 
may be useci t o ~ ~ a r ~ l  this end, that is graft- 
ing a non-resistant- on a resistant variety 
or crossing the t~vo. Tile f i ~ s t  was fol-
lowed in dealing with Pl'tylloxeru of tlte 
vine in Europe. The European vineyard- 
ists grafted tlieir oFITn highly cultivatecl 
varieties on the roots of the American vine, 
x'hich latter resists the attacks of the par- 
asite, anci in this Kay prodnced a vine com- 
bining the requisite vine-prodracing quali- 
ties of the European vine with the disease 
resistance of the L%lllerican vine. In  view 
of these facts i t  moilld seem ~as i e r  to re-
place the European vine tvitli the ilrneri- 
can, bnt this is not practicable, because 
under European conclitiollr of climate jt 
is not possible to prepare wine from Amer- 

ican species. The grafted vine is only an 
imperfect substitute, because its life is of 
short duration and the labor of grafting 
makes its culture expensive. 

As the gmfted vines are heavy bearers, 
the disadvantages from their nse are not 
felt as keenly in France, where the aim or" 
the viticulturist is lo prociuce large quan- 
tities of wine, as in Germany, which ailus 
to produce "quality 3~ines." The really 
first-class wines are produced from vines 
which are permitteci to grow only a few 
grapes, and this, coupled with the fact 
tliat the quality of wine impvo~es with the 
age of the vine, shows that the cultiv a t '  ion 
of grafted vines is more impractical~le in 
Germany tliaii in Prance. 

dnothcr nlethod of improving disease-
resistant wilcl species and preparing then1 
for cultivation is illustrated in the case of 
sugar cane. I n  the eastern part of Asia 
this plant, especially the high sugar-pro-
clueing varieties, is subjcct to tlle so-called 
sereh disease, the nature of 117hjcIl is still 
m~lcnown. In  British Jndia, however, the 
xild resistanl Cliunce cane ma.; found, bur, 
it had too n~ncll fibrous s~~bstance to be suit., 
able for sugar-prodlacing lntxrposes. Sev-. 
era1 hundreci crosses mere macie between 
it, on the one hand, and the Cheribon, on 
the other. As a result of this crossing, sev- 
eral hybrids were obtained which produce 
the nlaxilnum t~monrit of sugar and are a t  
the same tirnc resistant to the disease. As 
sugar cane is propagated by using its veg- 
etative parts, that is l m t s  of the stern, 
these qualities can be readily preserved. 
Notwithstanding these lavort~ble i~e~ul t s ,  
however, our experience with sugar cane 
has proved that its "imm~anity" is not 
permanent, but climinishes in the course of 
cultiyation, anit the same is true in the 
case of the two varieties of coffee men- 
tioned, the disappearance of immunity in 
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these being relatively rapid. No guaran- 
tee of future disease resistance has been 
found in either the hybrids or in the mild 
species. 

Not only do closely related species show 
a difference in  sx~seeptibility to disease, 
bu t  varieties ancl races of the  same species 
behave differently in this respect. An ex- 
ample oP this is Triticutn dicoccum, one 
variety of which, as alrcacljr stated, is re- 
sistant to rust  and the other non-resistant. 
Additional esarnples are T.  v u l g a ~ e ,a few 
~ ~ a r i e t i r s  which resistant ; certainof are 
varieties of potatoes with reference to 
Plzytopl~thora infestans; Pin?ts sylvestris 
with reference to Lophodervrzium piiznsh-i; 
ancl other cultivated plants. This differ- 
ence in disease-resiqtarice between races of 
the same species is of f a r  greater impor- 
t a l~ce  tltaiz the dirlerence betwren two spe- 
cies, because generally there is greatcr sim- 
ilarity l~et~iveen the cultural vnl~ie of the 
two ?aces. 

The occurrence of healthy plants among 
diseased onps is not nbsohrte proof of lli(? 
resistance of sncl? plants, 2nd therefor? to 
make sure of the i~nmnnjty  of any special 
strain careful erper j~neats  are necessary. 
I t  is; not enong1:'il to raise a nun~ber  of plants 
of an apparently resistant strain in a cer- 
tain place. The yrtcslion of resistiiace 
s h o ~ ~ l dbe jltv~stiqatcd front the beginninq 
on the bposcleqi hnsis. Orie of the princi- 
pal Ihings newssary is to expose the re-
sistant plallts to the fungus causinq the 
dise:3se to \vhir+h they aI)p,ear to he resist- 
ant. I n  the c a w  of fungi which live i n  
the soil, sncah. Lor insianice. as the fnngus 
e:insinc c,tinIcln: smut the f i ~ s t  re:luisibe is 
to  detcxrrninc. ~v!lethcr they are present and, 
if 11ot prc~srnt, to introduce t l~em, while i n  
the c'tise of fnr:ci sprcnd l)y the mind, silrh 
as t h o ~ eeatlrinrt. lA:lst t?nd n ~ i l d ~ m ,the in- 
fection i i iou lc l  be induced either nat,i~rally 
or artificially. 

The presence of the fungus, hotvever, is 
only one factor in  the experiment. The 
second factor is the disposition of the host 
pl:mt, that is, its internal qualities, which 
malies infection possible. The third fac- 
tor is the coincidence of the infection 
period with the susceptible condition of 
the host. When all of these factors are 
present the possibility of infection is cer- 
tain, and only under such circumstances 
will the results be reliable. 

Fluctuation in the prevalence of fun-
gous plant diseases is due t o  the presence 
or absence of proper conditions for the de- 
velopment of the fungi causing them. 
F o r  instance, loose smut appears to a very 
serions extent in certain srrmmers, and 
naturally it ~ ~ o u l dbc expected to be still 
more preoalent tlie succeeding simlmer. 
The fact is, homever, that  althongh spores 
ill suffieient qt~nntity lo i11fect all the  flow-
ers in the fielcl were scatterccl, the disease 
nlay he mnclt less serious, the reason be-
ing that  the plant was not in the proper 
slagc ;t s~~ilicientlengtli of time to receive 
tlie infection, o r  in other words the 
~ ~ ~ c a i l i c rcoilditions caused too rapid wither- 
ing of t11e flover-: lo permit infection. 

The effect o E differcnt conditions on the 
relation of host and parasite inaltes it nec-
ebsnry Illat inrestigntioas to cleternline the 
rct~istance01 strains sl~nll  he carried 011 

:lot only f o r  a number of gears, but also in 
tliffert~nt localities. J3i:ren under such eir- 
cun?.itnnccs thc outeorlle rnay he unccr!nin. 
I n  many ca9es imnrnne forma when culti- 
vated prove to be only partly i~xmune. 

'The bcst for finding im-o p p o ~ t l ~ n ~ t y  
mnnr str:Gns is aRordctl by tliscases ~v11ic.h 
are of regnlar occlirrrncc. In  such cases 
i t  is possible to find lvitli a clegree of cer-
tainty forms ~vhich are immune in s ecr-
tain Icenlity, but while such experiments 
mr3y ::lye rcsnlts of practical value, the 
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problem of immunity can not be solved in 
this way. 

The third way to obtain immune forms 
is to select resistant individuals and from 
them breed pure strains. In  the case of 
many diseases, although certainly not in 
all, healthy individual plants are found 
in the diseased plots, and the breeding of 
immune strains from these individuals 
would seem to be very simple. but experi- 
ence has taught the contrary. All the fac- 
tors pointed out in connection with the se- 
lection of immune forms must be reckoned 
with, but in a still greater degree. So long 
as the appearance of the disease is the only 
criterion by which to determine the sus-
ceptibility of the plants to disease the ex- 
perimenter is exposed to all kinds of un-
known influences. 

Several attempts to breed kinds of wheat 
immune to stinking smut have been made 
without any real results. The question of 
producing such kinds is of great impor- 
tance, especially for the United States. I n  
the large wheat areas of Idaho and eastern 
Washington, for instance, stinking smut 
is very serious, not infrequently causing 
a loss of twenty-five per cent, of the crop. 
Inspection of seed in that state discloses 
the fact that a large part of it is coverecl 
with the smut spores, and treatment of the 
seed with copper sulphate is said to bc 
useless because the soil is so badly in-
fected. I n  many European countries, 
however, smut has been completely con-
trolled. 

In  the case of smut the possibility of in- 
fection, as fttr as the fungus is concerned, 
is very great. As infected plants are in 
general not very prodnctive on account 00 

the seed being destroyed by tbe fungus, it 
might be supposed that smut-resistant 
plants would propagate uell and that the 
strains -cvoulcl become immune. This, how- 
ever, is not the case, and i t  shows that the 

breeding of sinutless wheat by selection of 
healthy individuals has little chance of 
success, a fact which has been proved by 
experiments already made. That this is 
an impossibility, however, can hardly be 
stated definitely, but success could be ob- 
tained, if a t  d l ,  only after tremendous 
amount of labor in breeding and trying 
1:undreds of forms or by fortunate accn-
dent. 

I t  will be remembered that Orton by this 
niethod of breeding succeeded ip obtaining 
varieties of cotton and watermelon resisl- 
ant to Pusarit~mwilt. As the original re- 
sistant individuals found in the field gave 
too small yields, he crossed them with pro- 
lific varieties and in this way combined 
the disease resistance of the one parent 
with the productivity of the other. A 
similar thing was done by Rolley with flax 
and by I;.R. Jones with cabbage, both of 
whom bred wilt-resistant varieties by selee- 
tion. In  the case of wheat, i t  is the opinion 
of the writer that there would be better 
chance of breeding smut-resistant varieties 
if strains rather than inclividual plants were 
selected and crossecl with productive vari- 
eties. Orton very successfully selected :L 

cert:tin variety of cowpea resistant to wilt 
disease and root knot, that is, the iron cow- 
pea grown in South Carolina, and crossed it  
with a more desirable variety. By this 
means also. that is by seleetinx certain va- 
rieties, solne of the Pky lop l~thora-resist-
ant varieties of potatoes were obtained, 
ancl probably also the square head wheat 
which shows immunity to Pztcci?~iatf-iti-
cinn. 

Nest to fielcl experinients, those in the 
laboratory might aid in the discovery of 
resistant varieties of cultivated plants. 
Sue11 experiments have advantages over 
those in the field ancl are practical in casc 
of diseases caused by parasites that may 
he grown artjficially in pure cnltnres. 
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The greatest advantage of the laboratory 
experiments is that in thein the experimen- 
la1 plants may be iwfeeted at any time and 
snnder any conditions. The plants may 
be kepi dry or wet aacl uncjler diflerent 
temperatnrcs, they may be fed in difler-
ent mays, and the factors of growth may 
he influenced within wide limits. Under 
such conclitions the optimi~m of infection 
lnay be dcteminccl for different varieties. 

The results of laboratory expe~inzents 
Creyuently differ greatly froin tlio.;e of 
field experiments. For instance, in \Vawe- 
low's field experimcnt~ 'L1?.iticurn ditrlr,?t, 
T .  polo?ticzcm and T .  I~brgidu~nwere re-
~ i s t an t  to Ejysirthe g~~a??t i~z is ,  in his bnt 
greenhouse experiments they became in-
fected with this disease. Eced's experi-
cnce in this respcct was sin~ilar to that of 
QTsmelonr, I t  is the opinion of tho writer 
that the host plant.; mere strongly influ- 
enced by circnmstances, but 'VTa~\~c.low at-
tributes the dirferent resixltn to favorable 
conditions in the greenhouse for the de-
velopment oi' large qilantities of coniclia. 

Such anbalancing of the host is not in- 
freclue~~tand in the natural environment 
is dile to extreme weather conditions. 
Somc species oC X i b r s  arc known to he im- 
rnal~e to the zcicliam of the pine hlistec 
rust (Pe?*itilcr.miuv~stlaobi), but these spe- 
cies may be infeclecl ancl Tori a~ciilia 
under a bell jar. In the field the leaves 
are infected, this being sho~vn by the dc- 
velopment of slight yellotv patches, but 
the :ccidia. ncver appear. The snnle is 
true in the case o! some varieties of wheat 
nith regard to P~ccciaia, according to 
ii'raser, on account of the thicliness of the 
eaticle. 'l'hid pavtinl inlm~~nity is satislae- 
tory f u r  practical purposes, and wlrile par- 
tially immune plants suii"cu in a small de- 
gree Ibrough reduction of the assimilating 
snrlace, they clo not increase the danger 

of spreading the r~lsl ,  as they form no new 
sources of infection. 

Although some veiy profitable results 
Eave been obtained, as already shown, 
from the inlmnnity mctliods discnssecl, the 
problcin of immlmil,y should be solved in 
a dizerent way. Tinmrlnity mnst not be 
regarded as the only definite point to be 
studied. In the case of every special clis- 
ease efforts shoulcl Ire made to cletermine 
the causes of resistance. That immunity 
Prom clifferent cliseases is due to different 
causes is clear. and the factors which de-
ICYTI!i i ~ c" r ~ i c ;  rn-ilst nour be sought. 

T41e cause of irnrnunity of wheat and 
barley from loose smut is among the sim- 
plest. From the inrcstigations of IIeclre 
and 13refeld it is li~iown that the smut 
spores are carried hy the wintl to the 
sligma and that there they germinate and 
fiizrl their way Lo the ovule through the 
pollen tubes. A s  is generally lrnown, there 
are varictics oP wheat which have closed 
flowers, wllich means that fertilization 
takes place .it ithi11 the g1;lumt.s. In such 
cases the smut spores can not reach the 
:rtignias at tlie proper time, and therefore 
infection tau not take place. h this case, 
therefore, by invcstigntirig the question of 
flowering the problein of rcsistance can be 
solved withoilt artificial irrlfcction. Many 
01the intermediate stages which exist be- 
tween immune R I J C ~susceptible races may 
he detcctted by close observation. In like 
manner several race4 of rye show differ-
ent degrees oC srlsceptibility to ergot 
(Clcrviccps liurg)z(l.crx), the resistance bc-
in:. least ill  t h o s ~  having a long flowering 
period. 

The channel from the calyx to the car- 
pclh is open in many varieties of pears. 
Such varieties arc slxsccptible to infrction 
by Pzisariz~rnpdrcfacicm, as Osterwalcle~ 
has shown. The mricties without the open 
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channel are protected against this means 
of infection. 

The habitus of a plant may influence 
its disease resistance. An instance of this 
is the potato with reference to the late 
blight (Phytop2iilzora inf eslans). Infec-
tion of the potato vine with this disease is 
caused by the conidia being camied to the 
leaves by the mind. The conidia remain 
on the leaves until a drop of water causes 
them to liberate their zoospores. These 
swim around in the water for some time, 
then drop their cilia, gern~iiiate, and send 
a hypha into a stoma. Passing through a 
potato field sllortly a f t e ~  a heavy rain, it 
will be observed that the leaves of some 
sorts dry within hall an hour, while others 
remain wet for several hours. Generally 
the quick-drying varieties are less suscept- 
ible to the disease than the slow-drying 
varieties. Slow clrying is the result of the 
plant's habit of growth, which hinders the 
evaporation of the rain drops. Such 
plants have flat leaves. Small, hairy 
leaves, as well as an airy, open growth of 
the whole plant, facilitatc drying. It is pos- 
sible that the arrangement of the stomata 
also niay exert an influence on the attack of 
the fungns. 

I n  the case oC Ihe grape leaf the ar-
rangement of the stomata is of great impor- 
tance. For a long time i t  was not known 
why spraying with Bordeaux mixture did 
not, in all cases, prevent the attack of Pero-
nospora. Finally, however, Xuhland and 
11uller-Thnrgau explained this by show-
ing that in the grape leaf the stomata are 
formed only on the ~lncler surface. Spray-
ing of the grape, therefore, can be effec- 
tive only when the spray mixture reaches 
the under surface of the leaves, and this 
fact must be borne in mind when dealing 
with fungi which enter the leaf through 
the stomata. A siniilar tliing was ob-
served by the writer's assistant, Dr. 

Pietsch, whose investigations have not yet 
been pnblished. He found that the resist,- 
ance of some Remontant carnations is clue 
to the form of the stomata, which makes it 
impossible for the hyphae to penetrate 
them. In  some cases, ho~vever, the hypha 
can not produce infection even tho~~g l i  
they penetrate the stomata. In  the case 
of cereals immunity from rust is independ- 
ent of the stomata. 

In  cruciferous plants the water pores 
are the avenues of entrance for many bac- 
terial diseases. The relation between their 
form and disease resistance, however, has 
not yet been established. 

As may be seen in the case of the potato, 
the lenticels as well as the stomata may 
influence immunity. The scab Plxngus 
(Qospora scabies) after penetrating into 
the outer layers oP the potato establishes 
itself in the lenticels and calrses the sur- 
rounding tissnes to produce an abnormal 
corky growth. Bacteria also may enter 
the lenticels, especiaIIy when on aeconnl; 
of moist conditious the tissues are form-
ing callus. This callus, however, cloeq not 
form a sufficient protection, and softened 
tissue and even decaying spots result. 

The len ticcls are developed very differ- 
ently in different varieties of potatoes, and 
i t  is therefore iniportaiit that the relations 
between them and resistance to scab and 
bacterial rot be investigated. 

The coi~dition of the cuticle may influ- 
ence infection, as shown by the behavior 
of cereal seedlings in resisting smut dis-
eases. Such influence, however, is possible 
only in the very early stages of the seed- 
lings' growth, that is before the tissues 
have attained W111 cirvclopment. Xincs 
the germination tubes of smut are able to 
dissolve cellulose, there must be stored sub- 
stances vhich cause resistance, and in this 
connection silicic acid is probably the first 
to suggest itself. Indeed the quantity of 
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this substance is different in seedlings of 
direrent kinds. Sorauer found resistance of 
different carnations to be clue to thickness 
of the cuticle. I t  might be caused also by 
the wax layer, which is present in Gram-
inea, carnations, and other plants. 

I11 his experience the writer found that 
the way layer influences the attaclr of 
C o ~ ~ i o i h y f ~ i ~ i n ~  Tu a large 011 raspberries. 
horticnltural establishment varieties which 
were covered by a tliicli blue wax layer 
were free from this disease, x~hile other 
varieties were completely Irilled. The wax 
layer may exert i k  influence in different 
mays, that is i t  may prevent direct penc- 
tration by the hyphz or it may act indi- 
rectly by cnusin,r the moisture to rim off 
the plant. Tliis was observed by the 
writer in maltiog sprayings with Bor-
dennx mixture. I n  the case of plants cov- 
ered with the nax layer the mixture ran 
off quickly and left no n?oist~xre. Con- 
flictiug resnlts have been obtained from 
observations of Glcrospo~.iam vpneizcm on 
raspbe]-pies on the frnit farm of the CJni- 
verdity of hIiimesota. There is no diffcr-
ence between raspberries with nns antl 
without Fax. Cb~ospo.r.i~cnt2:t-??eEzrnz,how-
ever. has very sticlcy conidia ancl is held 
by the T\TilK l:ryer, while Coniotic y r i u ~ t  
spores are washed away. 

Tlic l~a i rs  on tlie s ~ ~ r f a c ealso play a 
part in this connection. 'l'heir nnfavor-
able influence in the case of potato late 
bliglit has already been mentioped. A 

covered with the woolly outgrowth the 
fungus grows as in a culture medium and 
infects every seed. 

The cork, which is without doubt a pro- 
tecting tissue, is a definite kind of epi-
dermis. The xv~iter has never seer 
branche.: of corlr elms attacked by furrgi, 
but the common elm is subject to the at- 
tacks oll several species. In  the ease of 
the potato the corl;: layer has the greatebt 
significa~ice. 

The causes of llle proteetiug action of the 
corlr, hourevcr, rnay be different. Certain 
fungi are able to penetrate this cork la;)-cr, 
such ils T'?~ytaphii~oi~a,and probably 
Pusarilr)??,and SpondyZocntZiz~r)~.But the 
la\t-named Eungus is able to penetrate only 
thr vcry outennost layers of the potato, 
where it forms mycelium and sclerotia 
nocmally. Whenever i t  grows into the 
ti.ssnrs below it must use the channels al- 
reedy opened by other fungi which may 
happen to be prcsenl-. Thick cork layers 
seem to be irnpenetriible for b'ltyiopltfhorn 
ancl Pu.cn~iztm. The qnestions involved art: 
ve1.y ciificult to solve, because it is hardly 
possible to judge ~ ~ h e t h e r  cork layer isa 
iulact or not. 

A s  small wounds occur very generally, 
the rapidity with wliicli wound cork is 
formed is possibly of more importance 
thau the a1)solute thickness of the cork 
layer. I n  the course of work with black 
Icg of the potato the writer was able to 
study this ql~cstion. I t  is easy to cure a 

very interestin? case of hair-like s t r ~ ~ c -1)aeteri:al infection nrtjfieially. The po-
tnres is found iu the pea family. In  some 
varieticx the seedh a r e  imhc dd~cli l l  a ~voo1ly 
outqron-th 01 the inner cpiclcrmis of the 
potl. Frequently when pods are infcctecl 
with Astocltjjta pLsi the fungus penetrates 
into the interior. 111 varieties without ihese 
hail3 the seed.: are infected only when they 
are directly in contact with an infected 
spot of tllc pod. But when thr interior is 

taf o is able to cloqe tt wonnrl m-ithin a short 
time by the formation of cork. When the 
growth of bacteria is diminished by low 
temperature or  dronc:llt the ;lotat0 closes 
wounds more rapidly than the bacteria 
cat1 penetrate. 'I'hc ability to folm woirnd 
cork va~ies  in differcut varieties of pota-
toes. Some varieties hcgin cork forma-
tion within six lionra after the volxnd is 



inflicted, while i a  other varieties it is not 
begun for forty-eight hours or more. 
From this it is clear that the former may 
withstand infection better than the latter. 
By means of these experiments the rela- 
tion between the structi~re of the plant 
and its bacterial resistance has been estab- 
lished beyond doubt. A similar relation, 
however, does not exist in  the case of 
fnngous diseases, as the fungi may pene- 
trate the newly formed cork. 

All the instances cited illustrate the inflin- 
ence of mechanical means of protection. 
But the plant also often escapes disease by 
meens of rapid growth. microscopic ex- 
amination of seedlings attacked by smut 
shows that a number of seedlings may be 
infected, and yet only a few of the plants 
will show the disease, proving that the in- 
fection has been suppressed in many cases. 
In  this connection attention is called to the 
fact that in  the case of both stinking and 
loose smut the infection originates in the 
seed. The Eungus mycelium grows in the 
seedling, but by rapid growth the latter 
may outstrip the fungi~s, which remains in 
the base of the plant and is harmless. 

There are still other factors in plants 
which may influence resistance but which 
are not perceptible through the microscope. 
They may be found by physical or chemical 
research because they are based on the 
difference of contents. Probably these 
factors are of far  greater importance than 
those already discussed. But till now these 
questions are far  from being treated in an 
adequate manner. The foremost reason for 
this may be that here we have to deal with 
chemical substances such as albumens, 
tannins. etc., and there are few botanists 
who possess the necessary chemical l<nowl- 
edge to undertake such experiments. 11 

bridge, therefore, must he built between 
botanists and chemists. arid the latter's in- 
terest in this question awakened. 

One of the best investigations made in 
this direction up to this time is that of 
Munch on the immunity and susceptibility 
of trees. 4Ie has shown that susceptibility 
of woody plants to fu.ngous diseases depends 
on the quantity of water and consequently 
on the cynantity of air in the wood. This is 
in accordance with the writer's experiments 
with Rlz ixoctonia and Pz~sarizc~nwhich have 
shown that these fungi also have a 
high air requirement. I n  the United 
States, with its large areas of irrigated 
land, this fact is of great importance. I t  
is possible that the influence of both of 
these fungi may be diminished by thorough 
regulation of water conditions. 

A glance at sugars and acids shows that 
these substances also exert an influence in  
disease resistance. The presence of benzoic 
acid in Vacci~zizlrnv i t i s i d ~ ais supposecl to 
he the cause of its resistance to fungous dis- 
eases. I n  the same way the tannins have 
a relation to resistance. This was shown 
by Behrens in his ~vork on fruit decay and 
confirmed by Coolc and Taubenhaus. On 
the other hand, sugar favors the growth of 
fungi, as is shown clearly in the case of 
apples and pears. Henneberg even claims 
immunity for some varieties of potato from 
certain diseases on account olI their higli 
sugar content, but this has not been es-
tablished beyond doubt. 

Finally the enzymes exert a definite in- 
fluence on immunity, the oxydases taking 
the lead. These ferments work directly or 
illdirectly by producing resistant chemical 
substances. 

This paper, it is believed, gives sufficient 
idea as to how, in the opinion of the writer, 
the pToblem of disease resistance should be 
dealt with in t,he future, The present 
methods should by no nieans be abandoned, 
for practical experience and happy acci- 
dents may help a great deal, but in addi- 
tion to carrying out these methods an ef-  
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fort must be rnacle to  establish scientific 
fundamentals for new investigations. Ef-
forts nlllst he made to find the causes of 
irnmllnity, and after solving this question 
to determine ~vithorrt infection the ilisea-:e- 
resistant clnali<ies in diflerent varictics and 
inclividuals in oadcr to  be able to establish 
the clesirccl resistance and a t  the same time 
cbliminitle undesi~uble clualitics. It is only 
by ~'irol-king along this line that the breed-
in^ of disease-resistant vaaie1,ie~ on a sci-
crrtitic basis can  be accomplished and re-
sl-llts which lic within the limits of possi- 
bility obtained. 

OTTO APPEL 
X<AISEILI,ICIIE BIOLGGISCJIEA N STALT, 

UILELIX-D.~III,E~T 

TIIE CATBIZAT O F  TI?R Tf lEEE BROTXEES 

(~172TEGR) 


FOEthe third time i n  less than tllrec years 
i t  has been the good forinne of Conlit Begonen 
of Toulouqe t o  aniiolmce the discovery of im- 
portant work3 of a r t  lef t  by palcolitliic m a n  
on the  walls aiid floor of Pyrenean cavcms. 
I I i s  turo prcvio~is discoveries were noted at 
tile t ime i u  the colunins of SCIENCIC.~ 

Quaternary ar t  objccts may be classed 
untlcr two Ilen(1s: tlie portnblc ant1 the  sta-
tionary. The portable class includes i n  par t  
carved l,ools, weapons and ceremonial ol>jccts, 
snch as poniards, spear throwers, biitons, etc. 
I t  also iiicluiles engraved ~ c b b l e s  as will  as 
carved fragments of stone, bonc, ivory and the 
h0i.n of stag and rci i~dccr;  i n  fact, almoqt any-
th ing  tha t  coultl he seizcrl upon to satisfy the 
exuberant d(.llland$ of the caTJe nixn's artistic 
impulse. 

Stationary a r t  emtrellishec: the walls and 
ceilings of cavern? ant1 roeli shelicrs. In  rare  
i n ~ i a l ~ c e rthe fine clay of the cavern floor was 
utilized for  sl~etclling and modcling parposes. 
T l ~ e  scientific world has been mom or less fa-  
miliar with thc  portable class of troglodyte a r t  
~ O Pmore than half a century. Our acquain- 
tance wit11 the stationary a r t  is of more re-
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ccnt date. The  first discovery of this kind 
was marlc by Santuola in 1879 a t  the cavern of 
d l tamira  i n  northern Spain. The  scientific 
world, however, dicl not grasp the real signifi- 
cance of Xautuola's discovery nntil, after tllc 
l a l m  of riearly twerlty years, siinilar firiils had 
been niade i n  France. 

All tlrrce of Count Beqouen's discoveries 
have to do prilicipally with cave a r t  of the  
stationary Iiind. I n  J i ~ l y ,  1912, near  llis 
cou11try estate of " I ~ l sEsp~as," ~vliich is  only 
a short distance from 8aiirt-Giroiis (Arii.ge), 
he found a series of sabterranean gttlleries 
n11,: (.tll~ilt.<.tini: opening out of~ o ~ r i d o r s  a n  

u ~ ~ ~ l * ; . ~ r ~ ~ u r r ~ l  O n  the  walls of one 
+tie,~lll bed. 
of the corridors mere several engravings of 
the l io rs~ ,  reindeer, niammoth, ctc. Five days 
la ter  i t  was the privilege of the writer to see 
this prohistoric gallery, called Tuc  d'Audou- 
bcrt, i n  compaily with Count f:egoueil and  
his tlirce sons. 

Tn Ociolier of thc same Fear Count Begouen 
nnri hi., q0n.i st~cceeiled in gaining cntrancc t o  
a n  addiiional gallery of the  wries, b u t  not  
unt i l  after thqr  Eiad k,rolccn down two stalag- 
mite pillars tllat b1ncB:d the narrow passage 
may. What they found there has already 
beell ilc~sc~rihcrl, Tlic lnoqt notnlile objccts 
were two figures of thc bison modeled in the 
clay of tl-ie cavern floor. They owed thcir  
p~cservat ion to the  accidental scaling 11;) of 
the gallery agcs ago by tho stalagmite pillars. 
511vicw cf their excc~llence, it i q  probable tha t  
they are not unique cxamgles; tha t  perhapi: 
other sinzilar f i q ~ r c s  lcss fortuiiatcly sitnated 
hare  been dcstroyccl because the artist  did 
not kiiow how to tcmpcr and 6r.e hi.. prod~rct. 

Tlie need of somethin6 lcss difficcllt to ma- 
nipnltrte than stone, bone, anrli v ~ r ~  horn 
must, have hcrn evcr llrescnt in  the experience 
of the t r o g l ~ c l ~ t ear t is t ;  i t  is not strange 
therefore that  lic bliould l l a ~ ~ e  finally hit upon 
clay. This  i l l ~ ~ t r a t c s  how ilcar a n  individual 
or a race rriay con'e to  some great (Xiscovery 
a l ~ d  yet fill1 .hurt of it. T111ls was the dis- 
covery of the ceramic a r t  lef i  to  the later 
morr: practical, if lcss artistic, neolitliic rac2es. 

The latest discovery of Count Begoucn and 


