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PREFACE TO ENGL I SH ED IT ION

THE increased fac i l i t ies of intercourse between different countries

which characteri se modern civ i l izat ion have proved an important

factor in the diffusion of plant -diseases . The organisms associated

wi th these diseases , which do unto ld damage b y dim in ishing the

world ’s suppl ies of food and fodder, pay scant respect to such

human devices as tariff zones and pol i t ical front iers . Bu t if the

organisms in question be d i squiet ingly cosmopol i tan , the workers

whose energies are devoted to the study of thei r l ife -histories , to the

contro l of thei r act ivit ies , and to the m i t igat ion of the evil con

sequences they induce
,
are al so , fortunately , cosmopoli tan . Nowhere

i s the sol idari ty of science more benign ly manifested , and nothing

connected wi th the ameni t ies of human intercourse is more sat i s

factory than the neighbourliness with which these workers in every

land place the results of thei r labours at the disposa l of coun tries

other than their own .

A more pleasing instance of thi s neighbourly fee l ing than the

preparat ion of an edit ion , for the use of English cult ivators , of

Professor E riksson
’

s popular trea t i se on the disease s of plants due



vi PREFA CE TO ENGLISH EDITION

to fungi , could hardly be conce ived . By no one wil l this digest

of his wide know ledge, ripe j udgment
,
and practical experience be

more heart i ly we lcomed than by his fel low -workers in the same

field in the United K ingdom .

D . FRA IN.

ROYAL GARDENS
,
KEW

,

April, 19 12 .



AUTHOR
’

S PREFACE

NOW ADAY S we frequently hear the compla int that the diseases of our
cult ivated plants become year by year more numerous and more
disastrous . I t i s a l leged that new diseases are constantly turn ing
up which have never before been seen or heard of. I t i s also said
that parasi t ic fungi , which hitherto have proved quite harm less , have
changed their nature , and become most destruct ive .

Is this real ly the case , or i s i t not" Some hold th is Op in ion
to be erroneous , and cla im that the state i s the same as before , but
that greater attention and the str ict invest igation which now are

given to th is study bring the matter more before the public eye,

and a l so result in the discoveries of hitherto unnot iced diseases .
This explanat ion can hardly

-

be ga insaid. In most civ i l ized
countries there i s now a di l igent survey and a close inspection of

the heal th of cult ivated plants , and this attention must result in a

detection of diseases that have been previously unnot iced . B ut , on

the other hand, there are many cases that cannot be p laced summari ly
in

'

this category . And th is refers espec ial ly to a great number of the
fungoid diseases .

I t i s , after all, an incontestable fact that fresh fungo id diseases
have recently appeared and are gain ing a footing in various countries .
How i s th is to be explained"Several causes work simultaneously
to thi s end .

The incl inat ion in our t ime for special i sation , even with regard
to agriculture , inasmuch as only one or a few spec ies are cult ivated
in large masses , he lps to make the plants more susceptible . Th is
mass -culture of var iet ies and sorts generates new characterist ics in

vii
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the individual plants , and some of these new forms wil l then
be more susceptible to diseases and become a source of disease for
the whole plantat ion .

But another important fact must be placed side by side with this .
The law of evolut ion is known and accepted as a truth in the

sc ientific world . Formerly i t was though t that hundreds and even
thousands of years were required for th is evolut ion . But to -day

w e are certain that new form s can be brought forth through impul
s ive new format ion mutat ion — and these forms can vary from
the parent stock in one or more characteri st ics . W hy could not

this natura l law be applied also to the extensive dom in ion of the

parasit ic fungi"And why could not these n ew forms of fungi
possess qual it ies that would enable them to avai l themselves of the
nourishment offered through the new races of host - plants brought
about by the mass - cult ivat ion"This i s quite poss ible, and recent
experiments and observat ions tend to prove this supposit ion .

Bes ide these two purely sc ient ific explanat ions , w e have the

practical one of the easy communicat ion of our days , by means
of which contagious matter can be readily spread from one district ,
country or cont inent , to another
The combined effects of these c i rcumstances render the research and

the prevention of fungoid diseases a matter of internat ional impor
tance.

In this work i s given a general review of all important fungoid
d iseases that at tack agricultural plan ts in the countries of Northern
E urope, and a lso of ava i lable means for combat ing with or prevent
ing the said diseases . More than zoo different diseases are treated .

In this work are included not only diseases which have establ ished
themselves in the above -mentioned countries , but al so those that
have been noticed in other countries . W i th the quick communica

tions of our days and the unceasing transactions be tween different
countries , both in export and import , i t does not take long before
diseases Spread to places where they previously have been unknown .

I n order to render i t easier to detect different diseases , i l lustrat ions
are at tached . W e have in each case named the authors from whose
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works the i l lustrat ions have been borrowed . Our own are marked :
The Author .”

As the primary object of this book is to be a pract ical guide for
planters , to enable them to recognize , preven t , and battle wi th the

diseases , historical and l i terary facts general ly have been om i t ted .

The celebrated phytopathologist , Mr . George Massee , of the Royal

Gardens
,
Kew ,

has done me the honour of reading over the E ngl ish
manuscript with a View to checking the technical term s throughou t .
F or this act of kindness I wish to express to him my most hearty
thanks.

THE AUTHOR .

EXPER IMENTALFAL
’

I ET
,
STOCKHOLM .
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I NTRODUCT ION

The Structure and Life of Fungi.

F UNGI form a large group of thei r own in the vegetable world .

I n appearance they differ— l ike algae and l ichens— from the higher ,
more deve loped plants in that they do not show any difference
between root , s tem , and leaves . The w hole body of a fungus con

s ists simply of a th
'

allus of varying shape and structure . In the i r
inner nature and the ir mode of l iving the fungi differ from
all other groups of plants by the absence of chlorophyl , the lack
of which renders i t impossible for them to directly absorb and

ass im i late inorganic th ings , such as carbonic ac id , water , nitric
ac id, and ammonia , and with them form organic compos it ions .

They are dest ined to obtain the i r nourishment
,
ready prepared ,

from other organic bodies , e i ther l iving or dead . F ungi which
obtain the i r food from l iving animals or plants are cal led parasitic
fungi ; those that l ive upon remains of e ither animal s or plants are
cal led saproplzy tz

'

c fungi . The difference between them i s , how
ever , not very d ist inct . There are some fungi which appear some

times under one of these types , somet imes under the other .
That part of the body of the fungus which accumulates and

distributes the nourish ing ma t ter i s ca l led the vegetative system .

This is , as a rule , a spawn (mycelz
'

zmz) consis t ing of articulated and

ramified fi lamentous tubes (Mycomycetes) . I n the s implest forms of

fungi this spawn is reduced to a s ingle fi lamentous tube , usual ly
without articulation (Plzycomycetes) , or i t i s replaced by an i rregularly
shaped mucous body —a plasmodz

’

mn (Myxomycetes) —or i t may be

m i ss ing a ltoge ther (Schizomycetes) .
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W hen the spawn has reached a certa in degree of development
the fructifying system of the fungus appears, and produces
breeding organs—germ cells (Conidia) , or spores. The conidia ger

m inate at once . The spores are var ious in structure and different
in nature . W i th regard to the i r shape , they vary , be ing bal l or

egg
- shaped, c lub - l ike , thread- formed , or sem ic i rcular . I n structure

they are one - ce l led up to many -cel led . On

'

the surface they are

e i ther smooth or shrive l led , or have warts , hai r , or bristle . Some

of them germ inate as soon as they arr ive at maturi ty (summer
spores) ; others require a certain restinor period before they grow

0

(resting, or winter spores) .

Synopsis of the Different Groups of Fungi.

In th is work only such paras itic fungi wi l l be not iced that obtain
the i r nourishment from agricultural plants.
These fungi can be divided into the fol lowing groups

I . Sp uRious F U NG I , which have no fi lamentous tubes .

1 . Schizomycetes .

2 . Myxomycetes .

I I . GENU I NE FUNG I , which have a spawn of fi lamentous tubes .

(i. ) S impler fungi (Phycomycetes) , the spawn of which consists of

one s ingle , mostly inart iculate , but often much ramified , fi lamentous
tube .

3 . Chytridiaceae.

4 . Peronosporaceae.

( i i . ) H igher fungi (Myeomycetes) , whose spawn consists numerous
fi lamentous articulated tubes .

(a) Basidiomycetes .

5 . Ustilaginaceae.

.6 Uredinaceae.

7 . Clavariaceae.



INTRODUCTION

(6) Ascus fungi (Aseomycetes) .

Erysiphaceae.

Perisporiaceae.

Sphaeriaceae.

Nectriaceae.

Dothideacea .

Pezizaceae.

Helvellaceae

(e) Imperfect Fungi .

Sphaeropsideae.

Hyphomycetes .

(a ) Melaneom
’

eee .

(8 ) Tuberculariaeee

(y) Mueedz
'

azee .

(8) Dematz
’

ee .

(e) Rhizoetom
’

ew.

XV
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FUNGOID DISEASES OF PLANTS

vegetat ive process abates . These spores m ight be styled resting
spores . They possess great resistance aga in st outside influence .

I t is a long - known fact tha t bacteria are the agents not only in

putrefaction and fermentation
,
but a l so In infec t ious and contagious

diseases , both in man and beast . B u t that they are a l so the cause o f

plant diseases is known
from the observa tions ,
exper iments

,
and re

searches o f the las t
few decades . And

every year our know
ledge i s increased by
the discovery of some

addit ional di sease of

l
, f

the same kind
,
known

under the name of

Bacteriosis. Th is new
science i s undec ided
as to whether bacteria
are actual parasi tes
which originate the

prevai l ing sickness inF IG . 1 .

—BAc1 E R IA (H IGHL Y MAGN IF IED ) .
(FROM W . M IGULA A N D E . YVARM ING .) the p lan t , or If they

a ,
Spherica l ; b,

rod - l ike , or bacill iform ; a, sp ira l ; possibly may have
d ,
fiagellat e .

set t led on the pre

viously diseased and decay ing vege tat ion . I n the fo l lowing pages
an

“

accoun t wil l be given of severa l of the most important and most
thoroughly invest igated forms of bacteriosis .

Potato-Tuber Bacteriosis . (Bacillusmnylobaeter and

B .

This disease appears in the autumn at the time when potatoes are
taken up froin the ground . I n the fi rst stage i t appears as brown
spo ts w i th in the tubers

, e i ther as several smal l spo t s scat tered
inside the tuber, or as one large spo t in the very centre . I f the
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of

soi l is clayey, the season rainy , and the potatoes are s towed away in
consequence in a damp condi t ion

,
then the rot wil l spread all over the

tuber . Not only the wa l l s of the ce l l s , but al so the starch granules
disso lve , unti l the whole inside of the tuber consists of a fetid , thick
ma t ter

,
more or

less covered by

the yet unal tered
skin . The po ta to

i s now sa i d to be
w et- ro t ten .

Should i t
,

on

t h e c o n t r a r y ,

happen tha t the

wea ther i s very
d ry an d the soi l of
a sandy character ,
the dra inage there
fore be ing good ,
then the progress
of putrefaction
wi ll cease . The

tuber dries and

gets hard , and in
side there deve lop
many l i tt le vacua,
l ined with a white

layer of starchy F IG . 2 .
—POTATO - TUBER BACTER I OS I S (c, H IGHL Y

1 I MAGN IF IED ) . (a A N D FROM ) E . R OSTRUP
materla 11 thls

c, FROM C . W EHMER .)
case the potato a and b, Sect ions of d iseased po ta to - tub ers ; c , part of

'

d t b the slimy mat ter , w i th two d ifferen t b acteria : one
Is 8 3 1 0 e

of t hem (B acillus amylobacter) po in ted towards
“dry-rot ten .

”
The the ends,

the o t her (B . solam
’

perda) w i t h
st raight - cu t ends.

starch In such a.

potato can be used for technical purposes , such as dextrine and o ther
s imi lar products . I t was thought for some t ime that wet-rot, as

wel l as dry
-rot

,
was caused by the potato mould (Phy toplzthora
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z

'

nfestans), and it was considered that the brown spots produced by
th is fungus on the surface of mature potatoes were a previous stage
of both form s of rot . F inal ly , an agreement has been arr ived at

that th is i s not the case , but that w et - rot , as wel l as d ry - rot , i s
deve loped sole ly through bacteria.

B u t so far the quest ion as to which bacteria produce these two
ro ts is not fully so lved . Sc ienti sts have arr ived at different results .

I t i s now , however , genera l ly be l ieved to be the Bacillus amy lobacter

(a lso named Amy lobactet
f navicula , or Clostrldizlm butyrz

’

cum) , and

B . solam
'

pez/da, both bacil l iform bacteria .

A po int of con tention has been whether the bacteria can of them
selves develop disease in a perfect ly sound potato, or if they can

on ly complete a destruct ion introduced through some o ther agen t .
I t appears as if both these can take p lace . I n some instances
bacter ia may attack a perfectly sound potato , if i t be inj ured in some

way , so as to give them an entrance ; but especial ly with regard to
B . solam

'

percla the po tato can be infec ted w ithout any visible defect
on the surface .

The power of resistance against these various attacks is var iable
with different sorts of potatoes . The most susceptible are the early
food potatoes

,
while the late fodder and factory po tatoes have the

greatest resistance.

PR OTECT IVE MEASUREs. Never use anything bu t perfectly
sound seed . (2 ) Select for larger crops only such varieties as have
been proved in the district mos t capable of resistance. (3) Grow

potatoes only in such soil as i s h igh placed , wel l dra ined , and

m ixed with sandy material . (4) Take care tha t the soi l wh ich is
cult ivated be rich in potassium and phosphate, as an abundance of

these has proved to increase the res istance aga in st rot , whi le , on the

other hand , strong lime manuring produces the opposite effect .

(5 ) The potatoes must needs be quite dry when put away for winter
supply

, and the place '

where they are lai d up should be dry and wel l
venti lated .
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Potato Ring -Bacteriosis . (Bacillus Solanaceamm.)

Occasiona l ly i t happens that a few weeks after the po tatoes
have been planted

,
severa l of the seeds do not sprou t . I f you

then dig at the vacant p lace , you wil l find the seed- tuber perfect ly
sound in appearance

,
but the sprouts are fading away , and a lso the

abnormal ly richly deve loped roots . O ther plants reach beyond the
ground

,
but soon acquire a sickly and dwarfed appearance , with a

glassy stem and pet ty leaves. F inal ly , the growt h of the plants i s
suspended a l together. Several o ther plants cont inue to grow in
seem ingly good state unti l summer - time , when the i r hearts become

transparently brown - spo t ted , and wither away prematurely . These
last-mentioned spec imens yield a lmost a sat isfactory crop .

This d isease , a lso,
named Potato W i l t-Bacillose

,
i s generated by

bacteria , especial ly B acillus Solanaceamm, which fol low the fibro

vascu lar system of the who le p lant , and originate black spots . I f

the case be only a sl ight one , there appears on the sect ion a s ickly
looking ring towards t he surface of the potato. In more serious
cases the whole ins ide turns dark . F requently n o sign of disturb
ance can be noticed on the skin .

I t i s particularly through slightly infected tubers that the disease
ismaintained year by year . I f a tuber of such qual i ty be planted ,
the plant i tself wi l l become more or less diseased . The disease wi l l
spread to sound potatoes through some defec t on the i r surface , thus
making an opening for the bacteria .

This disease has somet imes proved very disastrous . In the year
1 905 in one distr ict of Germany 60 to 70 per cent . of the crop
was destroyed—in fac t , there were fields so badly at tacked that i t
was deemed futi le to at tempt to ga ther the crop .

P ROTECT IVE MEASUREs. Use for seed , on ly s trict ly sound

po ta toes . An investigat ion should be made i n such a manner
,
that the

po tatoes be cleft and p laced in the air with the c loven sides upwards .
I f in an hour or two there appear black pricks and spots on the surfaces ,
i t ind icates the existence of the disease , and these specimens should
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be rejected as seed- tubers . (2 ) If possible, whole and not d ivided
tubers should be used for plant ing. I f

,
however, i t i s desi rable to

F IG . 3 .
—POTATO R I NG -BACTER Iosrs—Bacz’ llus Solanaceamm .

(FROM 0 . A PPEL .)
a , Plan t sp ired from a r ing-d iseased po tato b, a sl ight ly , and c, a seriously .

ring-d iseased po tato In sect ion .

use divided tubers , then the division should take place a couple of

days previously , in order that there may accumulate on the cleft
sides a cork layer that wi ll prevent the entrance of the bacteria .
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(3 ) E xamine during the summer the potato -fields, and des troy
thoroughly both stalks and tubers of all premature ly withered
s
pec
imens as soon as they are suspected of propagat ing the disease .

F IG . 4 .

—POTATO -STALK B A CTER Iosrs—B acillas melanogenes A ND O THERS .
(a , FROM 0 . A PPEL ; b,

THE A U THOR .)
a ,
A w ho le p lan t , d iseased b, the low e r pa rt of a d iseased sta lk .

Potato-Stalk Bacteriosis . (Bacillusmelanogenes, and others .)

This di sease
,
al so cal led B lack Stalk-rot

,
becomes conspicuous in

the potato-fields early in the summer through the way in which the
leaves turn yel low and cease growing , while the heart - leaves turn
slightly upwards . Simultaneously that part of the stalk which is in
the ground ge t s black and withe rs away, and shrinks narrower
than the upper stalk . Often only a single sprout of the plant

’

may
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thus be affected . I f the weather i s w et the black part of the stem
will appear to be sl imy , and bacteria are to be found in the vascular
sys tem of the stalk proper . Towards the end of june plants of th is
descr iption appear amongs t the heal thy ones . By th i s time no
tubers have begun to form ,

and within a week the plant dies.
W i th regard to those p lants wh ich become affected later in the

season
,
and in consequence have formed tubers , the infection wi ll

short ly reach them . The inside of these tubers turns black and

F IG . 5 .

—POTATo - STALK BACTER I OS I S . FIG . 6 .
—BAC ILLU S PHY TOPHTHORU S

(FROM 0 . A PPEL . ) (H IGHLY MAGN IF I ED ) . (FROM
Vascu la r t issu e ,

w it h tw o vesse ls lead ing 0 A PPEL )

the bacter ia upw ards from th e

bo t tom part Of a d iseased sta lk .

begins to rot . Sl ightly affected tube rs , used afterwards as seed ,
deve lop sickly offspring.

F rom one country and another repor ts are obtained giving
d i fferent opin ions as to the bacteria that originate the complaint :
Bacillus caullvoms (F rance) , B . atrosejfitlcus (Holland) , B . plzy tophthomts

(Germany) , B . solam
’

sapmts (Canada), and B . melaaogenes (I re land) .
This disease was firs t no ticed and invest igated in F rance , where i t

was cal led Gangrene de la t ige. This took place about the year
1890 . I n Germany i t goes by the name of Schwarzbein igkei t . ”
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tops are then affected, until the whole heart is transformed into
a soft , spongy, black-spotted lump .

I n turn ips the diseasemanifests i tself in somewhat differen t forms .
I t somet imes appears in the

shape of dark stripes arranged
radial ly at other t imes

,
aga in

,

these stripes are longitudinal ,
i n both cases in side the turnip ,

while the surface appears

F IG . 7 .
-BROW N -BACTER IOS I S I N W H ITE CAB BAGE—Pseudomonas cam

pesm
'

s (d , MAGN IF IED ) . (a , b, c,
FROM E . R OSTRU P ; d , FROM E . F.

SM ITH .)
a , A cabbage- leaf , in w hich a part of the veiny mesh is b lackened by

bacter ia b, section of a leaf-sta lk , w i th vesse l -st rings b lack-spot ted by
bacter ia 0, part of a cabbage—sta lk , w i t h b lack -spo t ted sca rs afte r the
d iseased leaves have d ropped off d , sect ion of a vesse l -st ring fi l led w i th
bacteria .

comparat ive ly c lean . F inal ly , the whole inside turn s in to a sl imy ,
fet id mass .
W i th regard to the ir shape , the diseased turnips differ from the

sound only in this respect, tha t they do not acquire the ordinary
broad , spherical or flat shape, but grow long and thin , almost l ike
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F IG . 8 .
-BROW N -BACTER I OS I S IN TU RN IP . (THE A U THOR .)

a ,

'

Sect ion of tu rn ip lengthw ise ,
w i th two longi tud ina l d iseased st rings or

st ripes b , a sim i la r t u rn ip cut across the roo t ; 0, a cross-cu t tu rn ip
(from ano the r loca l ity ) w i th on ly rad ia l diseased st rings.
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carrots. The disease i s brought on
through a bac i l lus cal led Pseudomonas
campestm

'

s.

Occasional ly the disease appears
vis ible on the outside of the root in
the shape of an abundance of wart- l ike
outgrowths of the s ize of a pea along
both of the two longitud inal depressed
furrows on the surface of the root . In
the ins ide of the root you w ill then
find corresponding longitudina l str ings
r stripes . This form can be styled
Turnip W art-Bacterios is .

”

Cabbage Bacteriosi s w as fi rst in

vestigated and described in
the Un i ted States of America
in the year 1 895 . At the

present t ime i t is sai d to be

very preva len t in that coun
try , usual ly under the name

“ brown - rot
,

or
“ black

ro t . I n Europe i t has

turned up many t imes dur
ing recent years , as in Ho l

land ‘ F rance , Nervat ion
no i re Swi tzerland ; Ger

many , Schwarze Fau lniss” ;
and Denmark . "ui te lately it
has been not iced in Sweden ,
in the year 1906 on w hi te

F IG . 9 .
—TURN IP \VART-BACTER I OS I S . cabbage and turnip , and 1907
(THE A UTHOR . )

on turnip .

P ROTECT IVE MEASUREs. P inch off and dest roy all leaves tha t
are a ttacked , and if the disease has al ready reached the inside of the

plant it should be destroyed al together. (2 ) Do not let d iseased
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fragments of plants lie about the field during the winter. (3) Do not

gather seed from infected fields . (4) Seed , which you suspect , should
before sow ing be soaked in a m i x ture of subl ima te ( 1 i n for

fi fteen m inutes , or in a m ix ture of formal in ( I in 200) for twen ty
m inu tes . (5) For two to three years no cabbage should be cult i
vated in a field that has been infected . (6) Keep the fie ld c leared
of charlock and other Cruc iferae , as these a lso m ight have been
infected , thus retain ing the bac te ria in the field .

Besides these , there have been reported the fo llowing new form s
o f Bacterios is of cabbage :
White-Rot of Turnip ,

not iced in E ngland in 1900 , with leaves
turn ing ye l low and dropping off—first the outside leaves and then
the younger ; the diseased parts of the roots are greyish-w hite ;
final ly the whole roo t becomes putrid and offensive ; the disease
o riginates through Psezldomonasdestructans.

Bacteriosis of White Cabbage, not iced in Germany in 1902 ,

and beginning in the younger sta lks and in the central nerves of the
leaves

,
the diseased par t s dissolv ing into an offensive pulp . The

d i sease is provoked through a spec ies of Pseaclomonas
,
w h ich has

lodged between the ce l ls .

Bacteriosis of Cauliflower and other sor ts of cabbage , caused
by B . olemcea’ , and discovered in Canada in 190 1 , and a l so by
B . brasslca voms

,
not iced in F rance in 1905 .

Beet Mucous-Bacteriosis .

Of this there are several sorts . One of them B eet gummosis ,
Bacteriose gummosis,

”
or

“ Gummose bac i l laire ”— indicates its
existence in such manner that the vessel-strings in the root fi rs t
turn reddish -brown , then black . W hen cu t longitudinal ly, there
appear dark stripes, runn ing lengthwise . I f the sect ion be made
t ransversely

,
dark rings appear. F ina lly the whole in terior dis

solves into a glut inous or molasses - l ike sl ime. This disease has
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been not iced in many places in Europe , especia l ly in Austria ,

Germany ,
B elgium , and Denmark . I t i s caused through several

different forms of bacteria : B . B ette, B . lacei/ans, B . Bassei
, and others .

F IG . 10 .
—BEET MUCOU S -BACTER I OS I S F IG . I I —BEET W ART -BACTER Iosrs

B acillus B etce AND OTHERS . B acterium scabiegenum . (FROM
(FROM P . SORAUER .) F. C . V O N FABER .)

a , Longitudina l sect ion ; b, t ransverse
sect ion .
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Beet Wart -Bacteriosis .

This “ Pustelschorf
”

appears as

smal l black war ts on the surface
of the root , somet imes with a c rater
like concavity in the cen t re of the

wart . I n sugar -beets the warts often
toge ther form vert ical swell ings .

In fodder - bee ts the warts appear
mostly on the lower part

'

of the

root. The d isease rare ly penetrates
deeper in to the substance. In many
cases the wound - spot s hea l and the
warts drop off. I n no case has

there been found any genera l pu tre
fact ion . The disease has been
not iced in Nor thern and Central
Germany , and in the United States
of America . I t i s caused by Bac

terium scabiegeiizmz.

Beet Yellow-Disease.

The “ Y e l lowing of beet leaves
or

“
jaunisse

”

manifests i tself on

the leaves , first the outside leaves
in the bunch

,
then the inne r . The

leaf- s talk shows al ternately l ight
ye l low and dark green spots . I t
assumes a kind of mosa ic appear
ance , best seen if the leaf i s held
tow ards the dayl ight . F rom the

leaf-stalk the disease goes into the

plant - stalk , which turns into a

glassy t ransparency , first in the

upper part , thence lowe r down .

a

F IG . 1 2 .
—BEET Y ELLOW -D I SEASE

B acillus tabzficans. (THE
A UTHOR . )

0 , Ear ly stage ,
w i t h mosaic

chequered leaf ; b, la ter form ,

w i t h a w ithered leaf and the

leaf o st alk t ransparen t ly glassy .
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The leaf fee l s st icky and soon dies . If the beets bloom , the same

sickly manifestat ions appear in the flowers. Should the attack be
severe , i t w i l l arrest the growth of the root . The disease was

observed for the first t ime i n the North of F rance in 1896 . I n
South Sweden its ex istence was proved in the beginning o f

August
,
1 909 . I t i s brought on by B . tabificaas.

Californian Beet-Pest .

F IG . 1 3 .
—BEET GE RM -BACTER I osrs—B acillus

mycoides. (FROM G . L INHART . ) The Beet -pest has

a , Seed -bund le ,
w i th prot rud ingd iseased sp rou ts; been not iced in Cal i

b, a d iseased young germ inat ing p lan t .

fornia Since 1 899 . The

leaves become smal l , yel lowish - brown , final ly black ; the root
dwarfed , not larger than a radish

,
with plenty of root - strings . The

interior of the root shows dark concentric rings . F rom the vessel s
penetrates a dark j uice , which turns b lack in the air.

P ROTECTIVE MEASUREs.
— ( I ) Pul l up and destroy plants imme

diately they get diseased . (2 ) DO not let diseased remnants lie in the
field over the winter . (3) Be careful tha t so i l from an infected fie ld
i s not carr ied by means of vehicles

,
implements

,
dray-animal s and

o ther things to the fie ld that i s intended for next year ’s beet- crop .

(4) Do not al low the remain s of diseased beet s to get mixed with

Beet Germ-Bac

teriosis.

This a ttacks with
more or less disas trous
results the t iny sprouts
when they protrude from
the seed . I n severe
cases these are tota l ly
destroyed . The disease
i s especial ly s tudied and

ment ioned in Hungary .

I t i s principal ly caused
by B . mycoicles.
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CHAPTER I I

SLIME MOULDS—MYXOMYCETES

THESE fungi , which are of a very low order
,
do not consist of rea l

cel l s or filamentous tubes , but have only a naked mucous body
(plasmodium) , lacking in c learly defined outl ines . W hen maturity i s
reached , the plasmodium i s t ransformed in to a large number of

spher ica l spores . W hen a spore germ inates , there develops a

roam ing body (zzzyxamceba) , which is continua l ly changing i ts shape
and progresses by creeping movements . The mucous bodies take
thei r sus tenance from the substance— ei the r dead or a l ive—upon
which they grow , and often many of them col lect into one large
mucous mass .

Most of the sl ime moulds l ive upon a dead substance , such as

decayed wood , ro t ten s tumps o f trees , wi thered leaves , and so for th
and then it frequently happens that they further extend to l iving

p lants or to parts of them . Thus they can do damage by depriving
them of l igh t and air. The saprophyt ical ly ex isting forms possess
as a rule m inute frui t bodies (eiielospores) , with a wal l formed from
dried mucu s

,
and an ins ide mesh of fine threads .

A few of the sl ime moulds appear as parasites on l iving p lants .

I n thei r case the common covering round the spores is m i ssing .

The spores are con tained in the cel ls of the p lan t that suppor t
them .

Cabbage Club-Root . (Plasmodioplwi/a B rassica . )

The h istory of this d isease can be traced back to the year 1736 ,

when i t was spoken of in E ngland ; bu t not unt il 18 20 was i t con
1 8
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sidered as a harmful destroyer from an econom ical poin t of view .

After that t ime i t is descr ibed as bad in many lands .
This disease th rives not only on the different variet ies of Biassica

oleifacea in our k itchen gardens—viz
,
white cabbage

, caul iflower,
nettle -cabbage , brusse ls- sprouts , etc .

,
but a l so on o ther cabbage

like p lants, such as Swedish turn ip (B . Napas) and turnip (B . Rapa).

a b

F IG . I 4 .
-CLUB -R OOT D ISE ASE —P lasmod i0pliora B rasswx . (THE A UTHOR . )

a
,
I n a tu rn ip b, kohl rab i .

F urther
,
i t has been no t iced on numerous other p lants of the

C ruc iferae fam i ly , cul t ivated as wel l as wild—Viz , Capsella B in/5a

pastm/is, Clieiifantlzus Clieii/i, E iysimzmi cheii
/aizthOicles, Hespei/ismatronalis,

I beifis umbellata , Matthiola iiicaiia ,
Raphaiias Raplzaiiisti

'am
, R . satizms

,

Siizapis alba
, S . aifvensis, l laspi ai/veiise, and others ; and quite la tely

in F rance , a l though only once , in water-me lon , ce lery , and sorrel .
The disease manifests it self in the cabbage and turnip fields during
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the summe r in such a way that sundry plants cease growing and die

away. I f the roots of these p lants are exam ined
,
they wil l be found

covered with nodose swel l ings much var ied in si ze and shape . The

F IG . I 5 .
—CABBAGE CLUB -R OOT . (FROM M. W ORONIN. )

a Sect ion of a d iseased roo t ; b, ce l ls f rom the roo t - tumou rs, w i th mu cous

bod ies c
, ce l l , w it h spo res d

,
spo res e, germ inat ing spo res f ,

sw arm ing
bod ies.

root appears thus very much distorted . Until the end of the

summer these tumours keep white and hard ; late in autumn they
rot

,
and become a dark

,
fe t id mass .

I f one of these tumours be examined under a microscope during
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summer- t ime , i t wil l be seen that severa l of the cel l s are more or less
fi l led wi th a co lourless mass of fine granu lar part icles . If high
magnifying i s appl ied, it wil l be seen that these granules consist of
mucous bodies enc losed in the inter ior of the cel l s . These bodies
be long to the fungus of the club- roo t disease (Plasmoa

’

iophom B rassica ) .

They pass through severa l stages of deve lopmen t . At first they
are separated from each o ther , but late r on float toge ther into a

common plasmodium
,
which more or less fi l ls up the who le cel l .

F inal ly , the who le p lasmodium reso lves i tself into numerous
spherica l thick-wa l led spores . W hen the diseased roots decay in
autumn these spores become free in the surrounding so i l . They
remain unal tered during the winter , bu t in the spring they retain
the power of germ inat ion . F rom the spore the mucous substance
exudes , form ing a movable swarming body Of a pro tean nature and

constan t ly changing shape . If such a swarming body strikes upon a

young roo t - st ring of a susceptible plant, it will force i ts way into i t .
The root i s then infected . Soi l which has been infected re ta in s the
infection three years for certain—most l ikely five years , and possibly
longer .
This disease wil l be carried from a sickly to a sound fie ld by

means of agricultura l implements
,
the hoofs of dray anima ls

,
and

the footgear of men . I t i s not proved that any considerable dis
tribu tion i s caused through manure from l ive s tock having fed on

diseased roots , except in those cases when remain s of the fodder ,
which poss ibly have been left in the manger , get into the manure.

In certa in cases i t seems as if the disease i s propagated wi th the

seed . Thus It happened in 1903 , on an estate in Sweden , that the
disease appeared only with turn ipsraised from fresh seed , while
plants of the old stock were sound all over the field. The disease
varies in i ts ravages in different years and so il s . F ields on a low

level promote i t cha lky so i l resists i t.
P ROTECT IVE MEA SU RES .

—( I ) If i t be the first year that the disease
appears in the place , t hen pul l up and remove early in the summer

,

before the root has begun to rot
,
every one of the s ickly plan ts and

every string-root . (2 ) If possible, do not cultivate for a period of
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four to six years any kind of cabbage in a fie ld that previously has
produced a diseased crop

,
but plan t instead o the r vege tab les

,
as

potatoes , peas , clover, straw - seed
,
etc . ,

and take care that the so i l
meanwh ile is kept perfec t ly clear from weeds of the genera Sinapis,
Tli laspi, Capsella , E ifysimam, and others

,
on which the fungus can find

i ts sustenance . (3) If i t should be imperat ive with in a year or tw o
to again plant cabbage in sickly soi l then mix with the earth a year
and a half, or at least ha lf a year previous to the plant ing , an

abundant supply of fine ly ground chalk
,
and not less than 2 ton s

F IG . 16 .
—~POTATO CORKV - SCAE—Spongospom scabies. (FROM T. JOHN SON . )

a A w ho le po ta to ; b, po ta to (cross-sect ion ) c
, fungi- carrying cel ls c lose

b e low the po tato skin .

slaked l ime , or 4 tons carbonate of l ime per acre . Ka in i te has

a l so been used wi th success ; about 1 5 cw t. per acre
,
spr inkled

around in the spring . (4) Be careful to prevent the spread of

disease from i nfected to sound ear th through implements
,
hoofs o f

animals , and foo tgear of the agricul tura l workers . (5) Do not use

any earth in hotbeds for cabbage that i s no t perfectly free from
suspicion of infect ion , and c leanse carefully all the frames used
for the purpose . E xam ine a l so every plant before planting ou t ,

lest there should be some i ndicat ion of tumours on the roo t . (6) I f

sl ightly diseased roots are to be used as fodder , then care should be
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taken tha t no remains of these get m ixed with the manure ; the bes t
way would be to boi l the roots before feeding the stock with them .

(7) I f i t be preferable not to use any sickly roots for fodder , then
the diseased roots should be absol utely go t r id
of by burn ing or otherwise , but by no means
m i xed wi th heaps of dung or compos t .

Potato Corky-Scab . (Spongospoz/a scabies. )

This disease manifests i tself in the shape of

sma l l concave spots with turned -up edges all

over the skin of the tuber . I f the soi l be
comparat ive ly dry , a heal ing layer of cork
forms beneath the sickly spo ts , and the disease
stops . B u t in very moi st ear th no such
heal ing process takes p lace . The fungus

penet rates deeper and deeper in to the potato,
and the cavi t ies con t inue to increase in s ize .

The cells in the s ickly parts of the tuber
con tain the fungus which provokes the disease

(Spongospom scabies) in i t s differen t stages o f

development . At fi rst i t appears as a number
of spherical p lasma bodies

,
then as one s ingle

p lasmodium , in shape somewhat l ike a bunch
of grapes ; and , final ly , as a mass of number F IG . 1 7 . SPUMA R IA

less spores . ALBA O N GRASS .

(THE A UTHOR . )
The d Isease 18 reported from Norway ,

I re

land , and England . E special ly in I reland is it said to be widely
spread , and i s there considered as seriously destruct ive . I t has al so
appeared in isolated local i t ies in Germany , and was noticed in the
autumn of 1908 in the western par t of Sweden .

1

PROTECTIVE MEA SU RE S .— ( I ) Do not use diseased potatoes for

p lanting . (2 ) I f th is cannot be avo ided , then the diseased potatoes , as

1 By the name of scab several other diseases of potatoes are known , although they
have no connection w ith the one just described . These are caused by different condi
tions o f the soil , through manure, or by artificial fertilizing.
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we l l as those that have a sound appearance , but are gathered from
aninfected field , should be steeped before p lant ing in a 2 per cen t .
Bordeaux m ixture or sulphate of copper . The steep ing should last
about twe lve to e ighteen hours. (3 ) For at least three years no

po tatoes should be p lanted in an i nfected fie ld .

As indirect ly inj urious , Sl ime moulds on grass lawns may be

ment ioned
Physarum cinereum appeared on pastures in Sweden in 1905 .

The straws were covered by a mucous mass
,
and soon acquired

a grey i sh-white hu e
,
which fina l ly turned black . The re appeared

a kind of black dust , toge ther wi th greyi sh -white rema ins of

cracked skin . The fungus arres ted the deve lopment of the straw .

Spumaria alba appeared in the same place during the fol lowing
years

,
also on grasses , and took the shape of large , snowy -white or

grey-black mucous masses, especia l ly on the root - stumps left after
the hay had been cut .
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vibrat i le spores , that are agen ts for the spread of the fungus
during the time of vegetat ion , or e l se in to one single thick -wal led
rest ing spore , that retains the fungus a l ive unt il ano ther year .

F IG . 1 8 .
-POTATO B LAC K - SCAB—Clii/ysoplzlyctis endobiotica . (a AN D c

,
FROM

0 . APPEL ; b ,
FROM T. JOHNS ON . )

a , The u ndergrou nd par ts of a sick p lan t ; b and c
,
d iseased . po ta to- tubers.

The resting spores migh t se ttle in the surrounding earth , thus
infect ing the same ; or if sl ight ly infected potatoes are used for

planting , these spore s wi l l mix with them . Soi l that i s infected can
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retain the infect ing power for si x to eigh t years . The at tack of

the disease i s more or less severe , all depending upon different sorts
of potatoes . I n England the fol lowing kinds have proved to possess
a great power of resistance : Snowdrop,

” “ Main C rop ,
”

Lang
worthy,

”

W ha t ’ s W anted ,
”

and Conquest .
The disease was not iced for the first t ime in Hungary in 18 96 .

S ince 1 900 i t has become prevalent in England , Where i t has spread
to an alarming extent . Late ly i t hasmanifested itse lf in Scotland and
I reland , and in two district s in Germany ; during 190 8 in the Rhine
provinces and W e stpha l ia,

and In 1909 in S i les ia and New foundland .

F IG . 1 9 .

—POTAT O BLACK - SCAB . (a ,
c
,
AN D d

,
FROM T. JOHN S ON ; b,

FROM
K . SCH ILB E RszKY . )

a , Sect ion of a part of a tub er , with resting sporangia (slight ly m agnified)
b

,
t issu e w i th rest ing sporangia (h igh ly magn ified) ; c

, a ma tu re resting
sporangium ; d , swarm ing spores.

Recently the opinion has been pronounced that the disease ,
which has turned up i n the U nited K ingdom ,

i s not quite i den t ical
with the one observed in Hungary in 1 896, an d the fungus has been
given a differen t name— Viz . , Synchy ti

/iam Solani (S . endobiotica) .

P ROTECTIVE MEASU RES Tota l ly destroy at Onc e all diseased
plants

,
and do not use potatoes taken from infected fields for seed ,

even if they have a sound appearance . (2 ) For a period of four to
five years no potatoes should be planted in a fie ld tha t y ielded a

sickly crop , al though even only a smal l percentage . (3) I so late a

fie ld that y ie lded a diseased crop , lest earth should be b rought from
it by means of implements, people, and animal s , and m i xed wi th
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good so i l . (4) I f you are bound to use potatoes for p lanting tha t

you suspect are diseased , or if you must use a fie l d that is infected ,

you should prepare the so i l w ith gas- l ime
, 4 to 5 tons per acre ;

and the po tatoes that are to be p lanted should be sprinkled with
sulphur dust , 4 to 5 pounds per ton. (5) I t i s bes t not to cultivate

potatoes at all in an infected field , but to use i t for some othe r

F IG . 20 .
—FLAX R O OT - B L IGHT—Astei ocystis radicis. (a ,

FROM MARCHAL ;
b ,
FROM V . . DUCOMET. )

a ,
P lan ts in an ear ly stage of the disease ,

the t ops o f the stems re laxed
and droop ing ; b, the top of a b ranch o f the roo t

, w i th fungi in the

cel ls.

vegetable ,
after you have previously arrested the infec tion in the

fo l lowing way : dress the so i l in the month of March or Apri l
with 2 pounds of gas

- l ime to each square yard , and plough thi s
down to a depth of 3 inches ; or mix in the month of May sulphur

powder with the earth (4 ounces per square yard) . (6) I f potatoes ,
suspected as diseased

,
are to be used for fodder , great care should

be exerci sed that no fragments of them find thei r way into the manure
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or remain in the mangers , thus making sources of infection. I t is
best to boi l such potatoes before using them as fodder.

Flax Root-Blight . (Asterocystis radicis. )

This di sease appears in the early summe r in sundry spots in the

flax-fields. The lower leaves of the affected plants become yel low .

The stem get s slack , w i th a re lax ing
and droop ing top ; the ul timate root - strings
become glassy and bri t t le . I f the weather
be rainy or the so i l damp , the disease w i l l
qu ickly dissem inate over the entire fie ld .

The fungus that causes th is disease (Astem
cystis radicis) i s located in the outer ce l l s of

the fine root- strings . I t penetrates there
while the roots are very young , and forces an
entrance above the poin t of the root . This
is eas iest done from the thirteen th to the

e igh teen th day afte r sowing the flax. After
the p lants have reached the ir twen ty - fifth

day they are free from danger . The fungus
goes from cel l to cel l . I n the diseased cel l
the p lasma body , which seem s to embrace
the p lasma of both the cel l and the fungus

,

looks l ike a sediment , somet imes fi l l ing the

entire cavity of the ce l l . By degrees the

p lasma body is transformed into one or more
masses of swarming spores , which ga in an

exit through an opening in the wal l of the

ce l l . The fungus subsists from year to year
w ith rest ing spores , one or more in each
cel l . I t can al so l ive in the roots o f o ther
plants , such as cabbage, turnip, radish ,

3.

F IG . 2 1 .
—FLAX R OOT

BLIGHT . (FROM E .

MA RCHAL .)
a , Cel ls from the ex

terior parenchyma o f

the roo t , w i th fu n

goid b odies in th e

ce l ls, in an early
stage of deve lop
men t ; b , ce l ls wit h
rest ing Spores.

lucerne , let tuce, onion , and o thers . This disease i s known in
Ho l land by the name of “ B rulure , and i s a lso prevalen t in
Belgium and F rance , and has been noticed in Germany and I reland .
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NO other pro tecting remedy is known for this d i sease than to

avo id for a per iod of seven to ten years the cult iva t ion of flax in a

diseased fie ld . I t has al so been advised to pul l up and burn every

p lant that shows an indicat ion of the disease .

Amongst others belonging to the group of the Chytridiaceae fungi
may be mentioned
Urophlyctis leproidea,

or Beetroot Tumour
,
which forms

large tumours on the roo t of the beet e i ther at i ts top or i ts m iddle part .

a b

F IG . 2 2 .
—CROW N -GALL OF LU CE R NE— Ui/oplilyctisAlfalfee . (FROM G . KORFF . )

a
, Roo t of lucerne w i t h t umou rs ; b ,

sec tion of the tumou r , Show ing
cav i t ies fi l led wit h resting spores.

These tumours have a Shor t stem , and are i rregularly intersected .

W hen you exam ine them ,
they show dark pricks on the surfaces .

The disease has been not iced in A lgeria ,
F rance , and once i n Sweden

( 1900 ) and in England

Urophlyctis Alfalfa ,
or

“ Crown -Gal l of Lucerne
,

causes in
lucerne cora l - shaped tumours on the neck of the roo t about the S ize
of a pea . The disease was fi rst seen in Amer ica , then in Switzerland,
I taly

,
Al sace , England , and Bavaria.
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Olpid ium Brassicw,
or Seedling Cabbage D i sease , attacks

tiny cabbage-

plants in the spring , espec ial ly if they grow crowded and
are kept very mo i s t . The disease manifests i tself in such manner
that the head of the root ge ts black and breaks , w hen , in con

sequence , the plants wither away .

0. Nicotian".

— Possibly a variety of the previous one . I t attacks

young tobacco -

plants .

0. Trifolii, wh ich causes bl i ster - l ike sw e l l ings on whi te c lover .
Pyroctonum sphwricum,

w hich kil ls wheat -plan ts , thus spread
in cr ellow , dead atches over the fields ; i t i s no t iced in F rance .

0 y P



CHAPTER IV

DOWNY MILDEW S—PERON
I

OSPORACEIE

THE SE fungi are nearly all parasites . They possess a wel l-developed
and r ich ly ramified system of spawn (mycelium) . The vegetat ive

F IG . 2 3 .
—MY CEL IU M ,

VEGETAT IVE AN D FRUG IFEROU S .

a I n tersection of a d iseased leaf
, with vegetative myce lium inside the leaf

and frugiferous ou tside ; b,
vege tative mycelium th read , w i th shor t ,

globu lar hausto ria (after Cystopus) c
,
a Similar one , wit h long ,

ramifi ed
haustoria (after P eronospom ) .

(nutri tive) part of the mycel ium extends as a mesh within the hos t

plant be tween the cel ls
,
and pene t rates by means of smal l s ide

32
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i s spoken
i

of—especial ly in Germany—as a parasite on beet-plants .
Sometimes it wil l at tack o lder portions of plants , as potato -tubers
and stalks , heads of asparagus , etc.

PROTECTIVE MEASU RES Mix into the upper layer of the earth
in hotbeds , where plants are germ inated , fine sand or coa l dust , and
keep them sufficiently moi st and warm during the early stage, while

F IG . 24 .
—GERM BLIGHT I N BEET F IG. 2 5.

—PYTH I U M BARY ANUM .

Pythium B aryanum . (FROM W . (FROM E . R OSTRU P .)
BUSSE ') a ,

A fi lamen tous tube , wit h two

a , D iseased p lan ts; b ,
sound p lan t Spore cases ; b, a Spo re - case

(at the same age) .
ready to deve lop swarm spores ;
c,

a rest ing spore .

the sta lk beneath the cotyledons st i l l keeps on growing. (2) I f the

disease appeared in a hotbed during the previous year, then new

so il should be brought and all frames and glasses thoroughly cleansed .

(3) If there be reason to suspect that the beet- seed conta ins any

infect ion , then the seed-bunches Should be kept moist for two to

three days , and then steeped for two hours in a solut ion of sulphate

of copper to a strength of 1 per cent. to 2 per cent. before they are

SOW I
’

I .
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Potato Blight . (Pky tofilzthora infestans.)

This i s the best known of all the different diseases to which the
potato -plant issubject , and i s generall y referred to as

“ Pota to
D isease . I t shows its presence by the appearance of large dark
spots on the leaves during the t ime the plan t is blooming or Short ly

F IG . 26 .
—POTATO BL IGHT—Phy F IG . 2 7 .

—POTATO BLIGHT . (FROM
tophthora infestans. (FROM E . E . R OSTRU P .)
R OSTRU P . ) a

,
Two b ranches of a fi lamen tous
tub e p ro t ruding from a c leaving

,

and carrying breeding- ce l ls ; b, a

b reed ing - ce l l germinating wit h
Sp rou t ; 0

,
tw o Sim i lar ones, just

ready t o d ischarge swarm spores ;
d , a sw arm Spore ; e , a germinating
Swarm Spore .

after. The spots increase dai ly both in quan t i ty and S ize . Soon all

the leaves wither away and the stalks are alm ost bare . Meanwhile
a fet i d and rot ten sme l l emanates from the potato-field .

W hen examining a diseased spot on a leaf you will find the lower
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side covered with a dirty grey stuff or blight . At first this bl ight is
evenly distributed over the who le spo t , but as the spot ge ts o lder i ts
centre

,
which was first d iseased

,
dies , and as there now remain s no

nutrition for the fungus, the bl ight disappears from the cen t re , and

i s conspicuous only at the edges .
This dirt - grey blight is composed of hanging , ramified , co lourless

fungo id threads , which bear numerous egg
-shaped breeding -cel ls .

W hile germ inating they ac t as a rule l ike Spore -cases (sporangia)
i.e. ,

the i r contents arrange themse lves in to a vary ing numbe r of four
to six teen separated plasma bodies , that pass ou t through an open ing
at one end of the spore -case. These bodies are provided with two
fine vibrat i le c i l ia

,
which give them a gyratory or vibrating mo t ion .

After about half an hour th is movement s tops , the ci l ia drop off, and

the spores begin to germ ina te. Somet imes i t may , however , happen
that the breeding cel ls , which are cast off from the ramified

mycel ium threads , direct ly sprout a germ - tube , thus acting as an

o rdinary spore or conidium .

The extension of . the disease over the potato -field depends to a

considerable degree upon the state of the weather at the first
ou tbreak of the disease and after . I f the weather be damp , espec ial ly
foggy , the disease will spread very rapidly— wi thin one to two

weeks the who le fie ld i s black . B u t if the weather
'

be qui te dry at

this period , the propagation i s tardy , and may even stop al together ,
a t any rate for some t ime .

I t has occasional ly happened tha t po tatoes p lanted in hotbeds in
January or February have show n the disease by the m i ddle of

Apri l , j ust when the tubers we re form ing , and with in a few days the

p lants have withered away .

W hen the leaves have t hus died all over a potato -field , i t w i l l
not be long before the new tubers begin to Show om inous spots ,
especial ly those nearest to the surface of the ear th . These are

mos t ly of a brown colour , and penetrate more or less deeply into the

potato . The way in which the disease reaches the tubers has
general ly been considered to be th rough the breeding - cel l s , which
have dropped on the ground and have been washed down into the
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soi l by the rain . I t i s t rue enough that such a surmi se has been
establ ished by severa l experimen ts undertaken in 1880 and la ter
on ,
both in Denmark and England . I n these experiments spores

w ere s t rained through layers of sand of various depth s . I t has al so
been tried with success to protect the tubers again st serious attacks
of the fungus by means of mounds arranged high round each
plant .
Against this simple explanation of the dispersion of the disease

w e have severa l experiments of a later date . At these trial s i t
proved next to fut i le to render a sound potato s ickly by means of

diseased leaves . And i n those cases where disease developed , i t

proved to be not po tato bl ight , but dry- rot , a disease which , as

previously described , i s caused by bacteria . _If these latter results
should be further confirmed , there remain s no other way of

explaining the access of the disease in to the tubers than to accept
the conjecture that i t reached the tubers in the same manner as i t
came to the leaves.
But , then , how does the d isease first get in to the leaves"This

question is as yet unsolved , and so i s also another query I n what
way does the fungus of potato bl igh t hibernate" Several different
hypotheses have been brought forward , but none of them have been
definitely proved. The only thing w e are sure of in regard to th is
fungus is

,
that i t does not Show a natural stage with rest ing spores

as most of the other downy m i ldew s do . At least
,
so far

, all

researches in the open for such a stage have proved futi le .

The year 1845 is general ly considered as the fi rs t year of the

appearance of the disease in E urope
,
when an account was given of

the fungus and i ts scientific name set tled . The same year i t was
prevalent over a cons iderable portion of the Continent as a very
destruc t ive pest . The extraordinari ly rap id spread of the disease
has been considered as ar is ing from the weather condit ions during
the summer and autumn o f that year . B u t a quite sat isfactory
explanation of the phenomenon has scarce ly been found . Equal ly
remarkable and unexp lained is the sudden appearance of this pes t in
North Amer ica.
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Exper iencehas proved that various kinds of potatoes are more or

less severe ly at tacked by the disease. This observat ion has been of

service as a protection aga inst the disease . Bu t all the vici s si tudes
which a p lante r i s subj ect to in this respect are fa i rly we l l known .

E ven if certain sorts of potatoes have once shown resistance , i t by
no means fo llows tha t they always wi l l do so . On the o ther hand ,
i t is not mere ly th is point that has to be considered by the potato
planters , but al so other qua l ificat ions , such as rap id growth , pro lific
nature , tas te , degree of starch , and so forth .

A sort that st i l l keeps i ts good record is the old , we l l -known
Magnum bonum . As valuable new sorts m ight be mentioned
Konigin Caro la ”

(early food potato) , Up
- to - date ”

(somewhat
early food potato) , and Marcker (rather late factory potato) .
The same fungus has a l so been not iced in severa l o ther plants

more or less re lated to the potato, such as Solanum etubez/osum,

S . cai'ipeuse, S . stolouifei/um, S . utile
, S . Maglia , S . vei/i/ucosuiu , S . Dul

camai/a , S . laciniatum, S . mat/giuatum, S . tubei/osum x utile, S . Lycopei/si

cum
,
Autkocei/cis viscosa , Petunia hybrida, Schizanthus Gmhami, D atum

Metel, and o thers .
For some time

'

it was thought that the same fungus was the

orig in of the two diseases which late in the autumn affect the
potato , and are commonly known as

“ wet-rot
”

and “ dry- rot .
Bu t we have previously learn t that these disease s are caused by
bacteria.

P ROTECTIVE MEASU RES .
— ( I ) Use on ly sound seed . Potatoes

gathered from a diseased fie ld crop Should not be used for planting ,
even if they look comparat ive ly sound . W e have every reason to

bel ieve that it i s by means of Sl ightly diseased tubers and by the
l iving germs concealed in them that the disease i s retained from one

year to another . (2) Se lect a fie ld
,
the soi l of which is appropriate for

cul ture. The best would be in a dry local ity with wel l dra ined sandy
soi l or c lay strongly m i xed with sand . (3) Se lect such kinds of

potatoes aswil l have the greatest resis tance
,
and let th is se lection

be guided by previous experience gained in the local i ty . (4) Avo id
cul t ivat ing potatoes year after year in the same soil . (5) Do not
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fer til ize the fie ld with manure from the farmyard, especial ly fresh
manure , immediate ly before p lanting the potatoes . (6) Bank up the

potatoes h igh . I n that case the earth Should be piled so high that
the topmost tubers are 9 cent imetres (about 3—5 inches) down , if in
sandy soil , and I O to 1 3 centimet res (4 to 5 inches) if the soi l
consists of c lay . This arrangement with mounds requires a wider
d istance between the rows than the customary one—Viz . , on sandy
soi l 80 centimetres (about 2—5 feet) , and on harder soil 95 cent imet res

(about 3 feet) . (7) Sprinkle the fiel d at the time the spots first begin
to appear (or one week in advance in accordance with experience
from previous years) with some fungo id-k il ling fluid

,
as, say , 1 per

cent . Bordeaux m ix ture , and sprinkle i t again after three to four
weeks . During norma l years i t has proved best in Southern
Sweden—and the case m ight most like ly be the same in Southern
England—to sprinkle early potatoes for the first time during the

first half of July
,
and medium early and late potatoes during the

lat ter half of the same month . The effect of such a sprinkling wil l
be that the leaves remain green about one to five weeks longer than
they otherwise would , and al so that no t only the number of sound
tubers wi l l increase , but the tota l weight of the -whole crop wil l be
h igher. (8 ) Do not take the potatoes up from the ground too ear ly ,
while the surrounding atmosphere i s sti l l fi l led with infectious
germs from withering leaves and stalks , which as yet are not quite
dead. (9 ) Store the potatoes in a dry condit ion

,
thu s preventing

the outbreak of disease during winter .

Beet Mould . (Pei/ouospom Schachtii.)

Both fodder and sugar beets are subject to this disease . W hile
young , the diseased leaves are pale, with curled and rolled-back
edges . W hen older , they are pulpy and swollen, and covered on

the under S ide with an ashy - co loured or ye l lowish mould .

This grey mould consis ts of repeatedly branched or forked fun

goid threads or fi laments
,
which at the po in ts bear egg

- shaped
breeding-cel l s, the source of the disease . The at tacked leaves die

premature ly . I n old withered leaves there occasional ly develop
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resting spores, which are thick-wal led and hibernate . Sometimes
ro t ten spots appear on the roots. I t i s a l leged that the fungus can
exi st from one year unt i l the next as a ster ile thread -mesh in the

top of h ibernating seed -beets .
This disease i s known in Denmark , Ge rmany

, and F rance , and
occasional ly i s very destructive , aswas the case in Saxony in 1894 .

a

F IG. 28 —BEET MOULD—Peronospora Sclzachtz
'

i. (FROM E . R OSTRUP. )

a
,
The top of a beet-p lan t (reduced size) w i th the edges ro l led backwards b

,
re

peated ly forked or b ifu rcated fungo id threads or fi laments
,
w ith breed ing

ce l ls.

PROTECT IVE MEASUREs. Do not take seed - beets from a dis
eased ‘ fie ld . (2) Try early to sprinkle the infected beet- fieldswi th
a 2 to 3 per cent . Bordeaux mixture .

Among other downy moulds inj urious to agricul tura l p lan ts can

be mentioned
Peronospora Viciae on peas , fitch or ve tch , and other plants

re lated to
'

them . I t forms grey-violet bl ight patches close to
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Plasmopara nivea on carro t and parsnip . The under side of

the leaves i s covered by a snowy -white mould .

P ROTECTIVE MEASU RE S AGA I N ST SEVE RAL OF THESE D I SEASES .

( I ) Do not plant in earth wh ich has produced a sickly harvest for
several years the same kinds of plan ts , ne i ther any related to them
that m ight be suscept ible to the disease. (2) Do not use seed from

F IG . 3o .
—BLIGHT ON LUCERNE—Peronospom tif z

'

foliorum.

(FROM E . ROSTRUP . )

a
,
A leaf of lucerne w ith pa le b l ight patches b, a forked thread w ith breed ing

ce l ls ; c, a breeding-ce l l ; d , a resting spore.

diseased plants . (3) If possible , t ry and sprinkle the fiel d in the

early summer with 2 to 3 per cent . Bordeaux m ix ture .

Cabbage White Rust . (Cystopiis candidus. )

This fungus
,
known as

“ W hite Rust , differs from the previously
described downy moulds in that the ferti le fi laments of the

mycelium do not become conspicuous outside
,
but are h idden under

the cut icle , the latter being of a Sh ining wh ite appearance . I n this
case they are short , undivided , crowded threads, which at the i r
tops bear breeding -cel l s arranged mon il iformly, or l ike bead-stringS.

F inal ly , however , the epiderm i s breaks , and the white spore meal
becomes free . Inside the diseased ti ssue there develop h ibernating
spores .
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Such aLwhite rust (C. candidus) i s prevalent on a number of wild
c ruciferous p lants, as Capsella , Thlaspi, Sinapis, and others, and al so

6

FIG. 3 1 .
—W H ITE -RUST OF RAPE—Cystopus candidus. (FROM 0 . KIRCHNER

H . BOLTSHAUSER . )
a

, Immatu re fruit w ith fungo id swe l l ings b
,
two fungoid swe l l ings, one of them

broken c
,
fungo id tubes w ith breeding-ce l ls.

occasional ly on cult ivated plant s related to them, as cabbage ,
swedish turnip , turn ip , rape , and o thers . However , this disease
rarely causes any considerable loss to agricultural plants .



CHAPTER V

SMUTS—USTILAGINACEIE

THESE fungi— often named B unt—are genuine parasi tes , which
expand the i r t iny myce l ium for some t ime through the whole p lant
without hindering i ts norma l deve lopment to any visible extent .
They reach up to the bloom ing stalk

,
w here the format ion of the

spores takes place , and a
' thorough devastat ion set s in . The spores

appear as a brown ish -black mass of dust in long stripes on the

stalks and blades of the leaves , or they whol ly occupy the generative
organs of the p lant .
The spores are spherica l, and provided with a thick wa l l , which

often has wart or mesh - formed pro tuberances . As a rule the spores
appear separated from each o ther ; occas iona l ly a few may be seen
together. They e i ther germ inate at once , or they act as hibernat ing
spores, in which case they are said to reta in the i r power of

germ inat ion as long as ten years.
W hen the spores germ inate , there appears e i ther a germ thread ,

that at once penetrates into the host plant (if the germination has
taken p lace on the surface of the p lant) , where immediately a

spawn is formed , or otherwise there develops a short and thick tube
format ion (basidium), w h ich bears spores (basidic Spores) . I f the

germ inat ion takes place in a spec ial ly prepared nourishing fluid , as
fert i l izing extract , or the l ike , then a rich format ion of bud-cel l s ,
Similar to yeast fungi , wil l deve lop . AS long as nourishment is
available , th i s format ion can go on indefinitely. F rom such cultiva
t ion infect ion can be brough t on very t iny parts of a plant which i s
suscept ible to the disease .
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Stink ing Smut . (Tilletia .)

The spores are simple, warty , and se l dom smoo th on the surface .

At germinat ion they develop a short basidium , which at i ts
summ i t has a ring of thread - l ike basidic spores , often united at

their m iddle part in pa i rs , and ei ther give off germ inat ing threads ,
or produce bud -cel ls , which germ inate .

Stinking Smut Of Wheat . (Tilletia caries and T. levis. )

This smut , al so cal led “ Stink ing Bunt
,
does not ind icate i ts

ex istence when
,

firs t attacking wheat -plants . These appear to be

healthy unti l the time comes when the seed begins to r ipen . At th i s
t ime the diseased plants become om inously conspicuous through thei r
d i lated ears and the i r shorter and th icker corn s . As a rule every ear

in a plant and every corn in an ear are diseased . Only occasionally
sound and sickly co

‘

rns are found in the same ear. At maturity the
affected corns are grey outside , while inside they are fi l led wi th a

brownish-black mass of dust. They have a fet id smel l , pecul iar ,
penetrating,

“

and disagreeable ; hence the disease i s cal led “ St inking
Smut .”

This disease i s b rought about by e ither one of the two fungi :
Tilletia Tritici and T. levis. The former has warty spores

,
the other

has spores with a smooth surface . I t i s principa l ly T. Tritici that
is the Offender .
The husk of the smut -corns does not break of i ts own accord

,
but

these corns are brought together with the sound ones into the

granary . At the threshing they are more or less crushed , and the

black spore dust ge ts free . Spores then fasten easi ly on the heal thy
corns , especially on the ha ir penci l at the summ i t . Infected wheat
gets a blackish-grey co lour and sme l l s badly , as wel l as the flour
prepared from i t .
By means of infected corn the disease i s propagated to next year

’ s
crop . W hen the wheat- corn grows , then the smut- spores grow on

i t s husk . These form a short tube, which has at one end a ring of

long , narrow spores, that e i ther direct ly , or through separate bud
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cel ls, send germ inat ing tubes into the young wheat sprigs . Such
infection is cal led “ germ infection . I f the fungus once gains an

entrance into the tender plant , then it wil l spread through the

a

F IG. 32 .
—ST INKING SMUT OF WHEAT—Tilletia Caries. (a AND b, THE AUTHOR . )

a
,
Smu t-ear of unbearded wheat ; b, smu t-ear of bearded wheat ; c, two smu t
corns, one who le and the other cross-cut d

,
three spores e, spore that has

germinated .

entire plant down to the ovule , with in which it deve lops its dust- l ike
mass of spores . The Spores retain the ir germ inating power for years .
Different sorts of wheat , especial ly spring wheat , are susceptible
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in another way . But even in the same sort the effect of the attack
can vary during different years . Of Special importance in th is respect
are the cl imatic condit ions at the sowing and subsequently. A low

temperature at this time wil l delay the germination of the wheat ,
thereby pro longing the period under which i t i s exposed to i nfect ion .

Hence a late sowing of autumn whea t and an early sowing of spring
wheat promotes the ravages of the disease .

I t has somet imes been feared that smut ty wheat , given as fodder
to the stock , may al so convey disorder . Bu t to j udge from experi

ments with horses , ca ttle, pigs , hens, and pigeons , th is i s not the case .

Neither has any lowering in the general condit ion of heal th taken

place, nor have any sickly formations been found in thei r inner
organ s.
P ROTECTIVE MEASU RES .

—I . Take the grain for sowing from a field

where no disease hasappeared during the year. Should th is prove to be
impossible , the fo l lowing precaut ions m ight be observed
2 . W ash the Sowing

-Graiu.
— If the Sowing -seed is m ixed with

smut -corn s , they must be separated by pouring the gra in slowly
into a vesse l contain ing water , and thoroughly stirred . The smut
corns float , and are skimmed off.

3 . Swamp the Sowz
’

ug
—Graiu.

—Since , even In spite of the washing
,

there are always to be found smut-spores on the corns , especial ly at

the top , i t wi l l be safest to swamp the grain . Several methods
may be chosen

(a) Steeping iii a Solution of Copper Vitriol.— Half a kilogramme

of copper v itriol is dissolved in 100 l i tres of water , or say about
1 pound to 20 gal lons. The vitriol i s pu t in a cloth bag, which is kept
in the water unti l all is disso lved . The so lut ion is then sti rred up

carefully , and the wheat poured in in such quant ity that the fluid
is about 4 or 5 inches above the wheat . The seed is st i rred
repeatedly . Afte r twelve to fourteen hours the fluid is poured off

and the grain poured ou t on the floor of the granary , that previously
has been washed wi th a S im i lar solution . Then the seed is sprinkled
with a l ime solu t ion prepared from 1 kilogramme of slack lime and

100 l i tres of water , or say about 2 pounds to 20 gal lons. F inal ly , the
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seed is spread to dry . As soon as suffic iently dried, i t i s sown .

The sacks in which the gra in is transpo r ted should previously
have been soaked for at least twe lve hours in 2 per cent . vitrio l
so lut ion.

(b) Crystallising or Caua
’

yiug with B ordeaux Mixture— In a vessel
2 kilogrammes of copper vitr io l (copper sulpha te) i s disso lved in

50 l i tres of wate r , or say about 4 pounds to 10 ga llons . I n another
vesse l l ime-wash is prepared in such a way that 2 ki logrammes of

new burn t l ime (stone lime) i s so mo i stened w i th water that i t
become s a white powder . To th is 50 l i tres of water is added to the
so lu t ion and wel l st i rred . B oth the so lu t ions are then m i xed toge ther
in equa l strength . The B ordeaux m ixture prepared in thisway should
have a pretty blue colour , turn red l i tmus - paper blue , and deposit
a blue precipi tate at the bottom . In th is solut ion a wicker -basket ,
l ined inside wi th coarse l inen , i s submerged . Then the grain i s

poured into the basket, st irred up a few t imes , while the smut - corns
and spores that are float ing up to the surface are be ing skimmed
off. After ten to fifteen m inutes the basket i s taken up and the

grain spread ou t to dry. By such procedure the corns get candied
with a thin crust ; this wi l l rema in on them when they are sown ,
and wil l at the germ ination act as a spore -k iller (fungicide) .1

(c) S leeping in a F orrualiu Solutiou .

— In a 36 to 40 per cent . water
Solut ion of formal in to E l itre i s m ixed with 100 l i tres of water

(say, p in t to 1 p in t to 20 gal lons) . Into this solution the seed
is poured

,
all tha t floats up to the surface being sk immed off,

while i t is stirred repeatedly . I t i s then left to stand for half to
one hour ; then the fluid is poured off , and the seed spread to dry .

For such a steeping on a large scale there i s cons tructed a special
apparatus Dehne

’

s D i sinfect ion Apparatus .” This is
,
however

,

appl icable only for seed that i s free from who le smut -corn s . W i th
th is apparatus one can sodden k ilogrammes

, or about 1 ton Of

seed , in half an hour.
1 The disadvantage in using copper vitrio l is that the power of germination wil l be

somewhat diminished , especial ly if the seed be machine - threshed . Another troub le
is that if there be any seed left over after sowing, such cannot be used for foodstuff,
as it is poisonous.
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the me thod more pract icable . I n Denmark several dair ie s have
been induced to do the work for payment , as these establi shments
have easy access to warm water , necessary vessels , and so forth ,
and a l so have a working staff accustomed to work with the use of

the thermometer . I n Germany there have been constructed var ious
apparatus , as

“ A rn im by means of which the seed
i s passed through warm water ; and “ Appe l and Gassner

’

s
,

” in
which the warm water is passed through the seed . W i th the lat ter ,
50 hectol itres (equal to 1 35 to 140 bushel s) of seed can be sodden in
one day.

4 . Take care lest the thresh ing -machine bring infect ion , as i t
m ight previously have been used for infected seed .

Among o ther forms of “ st inking smut , that destroy grasses by
fi l l ing them with a greyish -brown dust-mass , may here be ment ioned
Tilletia Seealis, on rye , noticed in Germany

,
Austr ia , and I taly ;

T. Lolii, on rye
-grass (Loliuui), in Germany and Denmark ; T. deci

piens, on Agrostis, in Germany , Denmark
,
and Sweden ; T. Holei,

on soft-grass (Holcus) , in B e lgium and Denmark .

O ther forms belonging to th is sort develop thei r masses of spores
in long wound- stripes on the straws and leaves of grasses . Such a

one i s T. stria formis, which at tacks a great number of differen t
grasses

,
asPoa , Holcus

,
F estuca

,
and o thers. This disease i s known in

most of the E uropean countries .

Loose Smut . (Ustilago. )

The spores are s imple
,
e i ther warty or smooth . At germinat ion

there is formed a shor t basidium ,
which divides in to j oints , each

one deve loping a basidium spore. The spores are seldom directly
germ inat ing .

Loose Smut of Wheat . (Ustilago Tritici. )

In contrast to the stinking smut , the loose smut becomes con “

spicuous as soon as the whea t begins to form ears , and the corn
husk that covers the dust -mass cracks immediately , when the spores.
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are scattered by the wind . Soon there wil l remai n of the whole ear

nothing but the bare rachis, part ly black by means of smut - spores
that remain at the jo int s.
The disease i s caused by a special fungus

, Ustilago Tritici. For a

long t ime i t w as thought that the same fungus brought on the loose
smut disease on wheat , barley and oats recent researches , however ,
have proved that th is i s not the case , but that the loose smut of
different seed belongs especial ly to each one of them , and does not
infect the others .

The spores of the loose smut are globular and unice l lular , wi th
smal l warts on the surface . They can germinate at once, but do
not retain the i r power of germ ination longer than a few weeks ;
consequently they cannot infec t sound corn in the same way as the

spores of the st inking smut .
The spores of the loose smut diffuse simultaneously with the

bloom ing of the W heat . The spores st ick to the V isci d st igmas of
the pist i l , and germ inate there quite readi ly, j ust l ike pol len , and

send thei r germ- tubes righ t through the style down to the developing
seed

,
thus bringing on the infect ion. This formof infect ion Is cal led

A seed - rudiment infected in this way doesbloom ing infect ion .

’

not Show the infection during the first stages of development . I t
grows and ripens j ust l ike any ordinary wheat -corn , and cannot in
the c leansed stock of grain be p icked out from the sound ones ,
a lthough the infected corns do not seem to equal the average size
of the sound corns but in the next crop the latent disease becomes
consp icuous .
I f the infected seed is sown , then the plants become sick with the

smut . The ears on the format ion of the corn are fi l led with a black
mass , which i s at once scattered by the wind , and cont inual ly
provokes fresh infect ion . The condit ions of the weather during the
period of blooming will influence the dispersion of the loose smut .
If heavy rain Showers occur when the smut- ears are about to let ou t
the black mass of Spores, then a number of the spores—possibly
most of them—reach the ground and germ inate there

,
thus never

reaching the styles of the blossoms ; but if the weather be dry and



52 FUNGOID DISEASES OF PLANTS

calm du ring the bloom ing period , then the blossom s are subjected to
i nfection .

As long as the corn is dry, the fungus that has infected it i s in a

F IG . 33.
—LOOSE SMUT OF WHEAT—Ustilago Tritici. (a THE AUTHOR . )

a Three smu t - ears ; one o f them has lost both smu t -corms and awns
,
and the

w ind has left only the bare ear - sta lk b, Spores, befo re and after germina
tion c

,
sty le of a blossom infected with smu t .

stage of perfect res t , and can in no way be influenced from without
bu t if the corn be kept for several hours in lukewarm water, then
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the fungus changes into a stage of germ ination
,
and becom ing

influenced by higher temperatures , i s in consequence open for

treatment with warm water or warm air.

W hen the wheat ultimate ly ripens, there i s hardly any dust of
th is sort Of smut ; but even if i t were there , i t could not penetrate
in to the ripe, sound corn . Consequently a plant grown from such a

corn i s sound , as th is sort of smut cannot produce germ infect ion .

PROTECTIVE MEASU RES .
—( I ) DO not take sowing-seed from a field

where during the bloom ing period loose smut has been prevalent ,
as presumably many blossoms -have been infected, and seed of such
blossoms produces smut-plants in the fo l lowing crop . (2 ) I f the

sowing - seed comes from an infected field , or be longs to a kind
of seed that is known to be easily susceptible to the disease, then
sodden the sowing- seed with warm water or use warm . air in the

fol lowing manner : Steep the sowing- seed first in lukewarm water
of a temperature Of 20°

to 30
°
C . for four to six hours , and submerge

i t in warm Water of 50
°
to 54

° C . for twenty m inutes , or expose i t to
warm air of 55

°
to 60

°
C . for th irty m inutes . The percentage of

the disease has thus in numerous experiments sunk to next to
nothing . (3) Try to prevent the infection during "the bloom ing
per iod . On smal ler experimental p lots th is can be done by
closely inspect ing the wheat day by day during the formation of the

ears , and pull ing up by the root and burning every p lant that i s
sett ing smut -ear. This is cont inued unti l i t i s certa in that every
plant has produced at least one ear . I n the same way the private
planter can a lso procure a sound whea t stock if he reserve in his
plantation a spec ial l i t tle experimental field far away from the rest Of
the wheat-fields. I n th i s the weeding ou t of the diseased plants can
be done, and , by taking specia l care during the period of the first
formation of the ears, he may finally reach h is goal , and be in
possession of a perfect ly sound sowing - seed for all h is fields .
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Loose Smut of Barley . (Ustilago uuda .)

This smut corresponds with the loose smut of wheat i t appears
when the barley is form ing the ears and beginning to bloom . The

F IG. 34.
—LOOSE SMUT OF BARLEY—Ustilago uuda . (THE AUTHOR . )

Three smu t-ears, the th ird having only the rach is left, the wind having carried
off awns and smu t -corns.

dust-mass is at once scattered by the wind . Several spores are thus
brought into the blossoms Of sound ears. Some of them stick to the
young stigmas of the p istils . There they germ inate , sending germ
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tubes down to the deve lop ing seed, which thus gets infected . The seed
of the infected blossom deve lops l ike an ordinary corn - seed , but the
infect ion is latent

,
and next year a diseased plant wil l develop from

this previously infected corn . This disease i s caused by a fungus
named Ustilago uuda . The spores are globular , with a war ty wa l l .
At thei r germ ination they deve lop a long , j oin ted, and ramified

germ inat ing fi lament that infect s the p istil .
Some sorts of barley are more susceptible to th is disease than

o thers , and th is is evidently owing to the difference that the p i sti l
o f one sort i s less pro tected from infect ion than is the case wi th
another sort . I n the southern part of Sweden the populace evince
great preference for the Hannchen barley , but this i s very
suscep t ible to the disease . If the weather be dry during the bloom
i ng period , then the spores can float about , while strong Showers of

rain wash them down to the ground
,
where they can cause no harm .

P ROTECT IVE MEASU RES .
—The same as for loose smut of wheat .

Covered Smut Of Barley . (Ustilago Hordei.)

I t Is only lately that we have learned to distinguish between two

d ifferent sor ts of smut of barley . The covered smut differs in many
impor tant ways from the loose smut . Barley ears affected by
covered smut

.

are during the bloom ing per iod not very much unl ike
the sound ones . Bu t a few weeks later the smu t - ears catch the

eye through thei r darker hue ; the i r tiny ears are distorted into a

broad , swo l len , tripart i te format ion , the m iddle tooth corresponding
to the m iddle corn and the s ide tee th with the s ide blossoms .

The husk that covers the smut remains as a si lver -grey pel l icle ,

qui te perfect unt i l the barley ripens , only showing a few unim
portant cracks . Thu s no infection of the blossoms takes place , as
the spores do not spread while the barley stands on i ts root . The

covered smut-ears are brought with the sound into the granary , and
break only at the threshing . The spore-stuff i s then spread to the
sound corns

,
and

,
should the same sti l l remain fi t for germ inat ion

when th i s barley is sown , then the germ inat ing sprout becomes
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infec ted , and the growing p lant produces smut - ears . I n th is case
the germinat ion infect ion takes place in this way .

The disease i s caused by a special smut
,
named Ustilago Hordei,

with larger and more edged spores than those of the previously
described smut the i r cel l
wal ls are smooth . W hen
the spores germ inate , they
deve lop a short germ fila

ment that bears bud-ce l ls .
P ROTECTIVE MEASU RES .

The same as against st ink
ing smut ofwheat . Of 36 per
cent . forma l in , there i s taken
1 kilogramme to 225 l i tres of
water—say about 2 pounds
to 45 gal lons—and the steep
ing Should last for ten to fif
teen m inutes

,
after wh ich the

seed is left un touched in a

heap for seven to e ight hours .
Sulphate of Copper reduces
the power Of germ inat ion .

Loose Smut of Oats .

(Ustilago A oeua .)

This
,
the more common

Of the two sorts of smut to
which oats are subject , ap

pears l ike the loose smut of
F IG . 35 .

—COVERED SMUT OF BARLEY
Ustilago Hordei. (THE AUTHOR . ) wheat and barley . As soon

as the oats begin to form
ears the smut becomes conspicuous . The attacked ears are narrower
than the sound ones , and the bristles are less di lated . S ometimes
all the smal l ears in a panicle are affected , but i t m ight al so happen
that sound ones are m ixed with them , especial ly at the top .
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a short germ sprout
,
from the top of which , as w el l as from the

j o ints
,
bud-cel l s fal l off, and in the i r turn germ inate and infect the

tender plant . The germ i nat ion of the spores thrives best when the
weather i s warm and the sowing takes p lace in the Spring . The

spores re tain the i r power of germ ination for a long t ime , certainly
for Severa l years . All infect ion with th is fungus is germ infection .

I t i s not unusual for 30 per cent . of the crop to be lost through
th is smut—in fact , cases are known where the destruct ion has

been as high as 60 per cent . And very seldom i s an oat -field quite
free from i t . Thus it is wise to beware even of a sligh t attack , as
th is , under condit ions that m ight be favourable to the developmen t
of the ai lment

,
may lead to a great destruction the fo l lowing year .

D ifferent sor ts of oat are susceptible in different degrees . I n Canada

(Guelph , Ontar io) there i s an early sort ofoat Early R ipe —that i s
almost immune . The loose smut of oats depends greatly upon
c l imat ic condit ions . Dry and Calm weather during the bloom ing

period is ausp ic ious for the Spores while gett ing into the blooms , and
damp

,
warm weather at the t ime of sowing promotes the infection

of the sprouting corn . Both Of these condit ions in conjunct ion may

bring about a serious outbreak of the disease . This exp lains the
variations of c rops in d ifferent years .
P ROTECTIVE MEASU RES—The same asfor st ink ing smut on wheat

and covered smut on barley.

The washing of the sowing-seed is in this case fut ile , as the

moisture would not reach those spores that are closed up between
the husk and the kerne l of the oat -corn

,
where they penetrated

during the bloom ing per iod. Of the different methods of steep ing ,
that w i th sulphate of copper should not be adhered to , as the ger
minating power of the oat would thereby be considerably checked . I f

formal in so lution is used
,
then 36 per cent . formal in should be taken

in the proportion of 1 kilogramme t o 300 l it res of water (say about
2 pounds to 60 gal lons) , and the steeping last for ten m inutes , after
which the seed is left untouched in the heap for seven to e ight hours .
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Covered Smut of Oats. (Ustilago

The oat panicles, which are affected by th is smut , Show at first
n oth ing different from the sound ones , nei ther with regard to the

F IG. 37 .
—COVERED SMUT OF OATS F IG . 38 .

—U ST ILAGO PERENNANS .

Ustilago Kolleri. (FROM 0 . APPEL . ) (THE AUTHOR. )

panicles themse lves nor to the spikelets. Later on , towards the
t ime for ripening , the black mass of spores becomes conspicuous
when showing through the husk of the corn . The husk keeps
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whole , at any rate until the ripening t ime ; then when the grain i s
threshed the spores are let loose and stick to sound oat-corns. If

they are let a lone upon these , then the infect ion wil l be conveyed to
the tender germ-plant .
This disease comes from a smut- fungus

,
cal led Ustilago Kolleri, or

U . levis
, different from the previous one in that the spores are on an

average somewhat larger, more edged , and smoo ther on the surface .

They germinate in the same manner as the loose smu t on oats .
PROTECTIVE MEASU RES . -The same as for the loose smut of oats .

Amongst other forms belonging to this sort of
'

smut-fungi , which
at tack and destroy the fruits of grasses , may be not iced : Ustilag

’

o

perennans on Avena elatior
, which is thought to h ibernate in the

rhizome of the hos t plan t , and renders the fodder poisonous to cat t le ;
U. bromivora on brome-grass (B romus arvensis, B . mollis, and others) ;
both Of them , especial ly the second one , are not uncommon .

B eside these there ex ist several form s of loose smut , which
deve lop the i r spores on leaves and stems of different grasses . One Of

these
, Ustilago longissima,

form s on the leaves of Glyceria aquatica

long , paral lel , Open stripes , fi l led with spores of an o l ive-coloured
hue . The attacked sprouts as a rule deve lop no ears . Cattle
eat ing fresh sprouts that are smutty , become i l l , and may even
die . Severa l such cases occurred in 1899 i n the southern part
of Sweden . On one estate twenty -four cows became i l l . The

symptoms of the sickness set in about one hour after the fresh grass
had been consumed , and appeared as diarrhoea

,
st iffness

,
and a

lowering of the temperature of the body . Most of them gradual ly
recovered , bu t after that they neve r touched the grass . On another
estate in the same local i ty three cows became i l l in the same way,

and so severe was the at tack that the animal s had to be kil led . I t
i s only the fresh grass that Shows these po i sonous qual i t ies . W hen
dried it is eviden t ly harm less . Another form, U. grandis , brings
on swel l ings of the thickness of a finger on the topmost j oint of the
stem of reed , Phragmites communis these swel lings are fi l led with a

black mass of dust . The affected stems do not develop any ears .
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F IG . 39 .
—SMUT OF G IANT F IG. 4o.

—STALx SMUT OF RY E—Urocystis
ME ADOW-GRAss—Usti occulta. (a ,

THE AUTHOR .)
longisszuza . (THE a

,

'

Smu tty straws ; b, spore -bal ls not germi
UTHOR ') nated c

, a germ inating spore -bal l .

Stalk Smut . (Urocystis.)

The spores , numbering abou t ten ,
are jo ined into spore-bal l s or

c lusters , with one or more larger and darker spores in the centre
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and several smal ler and l ighter spores outside . At the germination
there grows ou t from each one of the inside Spores a basid ium ,

having at the top a crown of Spool - formed spores .

Stalk Smut of Rye. (Urocystisocculta. )

The spore masses originate on the stem and leaves of rye in long ,
parallel s tripes , at first covered by the cu t icle of the organ and of a

lead -grey colour . F ina l ly the epiderm is breaks , and the black
spore - stuff becomes V isible . The diseased straws are more or less
distorted and stunted in their growth . U sual ly there is no ear

format ion , or else the ears are empty . Genera l ly every straw in

the plant i s affected . I n sporadic cases the disease has infected
wheat .
The disease is not of a very frequent occurrence . U sual ly i t i s

l imi ted to sundry spec imens in the field . I n Denmark case s are

known where i t has caused a reduct ion in the crop of 50 per

cent . At the threshing of such rye the air is fi l led with spore -dust
to such an extent that the labourers are subject to nausea.

P ROTE CTIVE MEA SU RES —The same as again st stinking smut on
w heat .



CHAPTER V I

RUSTS—UREDINACEIE

THESE fungi are , l ike the moulds and smut - fungi , ver itable

parasites . They develop the i r mycel ium as a mesh of fungo id
threads inside the host p lan t between the chlorophy l ce l l s . Inside
the cel l s the myce l ium

, as a rule , sends only short side- branches ,
sucking warts , or suckers . Sometime s there i s found , also inside
the ce l ls , a largely ramified myce l ium . The cel ls are not at once
destroyed by the fungus , but reta in the i r natura l shape for some

t ime . Gradual ly they are
,
however, pressed together by the constantly

growing mycel ium , and all the parts of the C61lS—VIZ . ,
thei r wal l s ,

chlorophy l bodies , and so forth— are overcome and consumed by
the fungus . F ina l ly there i s formed a homogeneous hymeuiuui, from
w hich proceed long strings which bear spores . Then the cuticle of

the host plant breaks , and an open wound appears , fi l led wi th a

yel low or brown mass Of dust. Some t imes the epiderm i s remains
unbroken over the stuff l ike a t ransparent film .

The rust fungi have usual ly severa l forms Of spores . I n the

summer there develop summer spores (ureclospores) . These are

ye l low
, or yel lowish-red

,
unice l lular, and warty or prickly on the sur

face (see F ig. 42 , b and c) . They can ,
as a rule, germ ina

’

te at once .

The germ inat ing fi laments penetrate the stomata of the i nfected
organ and bring on fresh sores within a week or two . D uring the

course of the summer several such generat ions of spores may

germ inate.

F rom the same myce lium there wil l later on in the summer and
in the autumn come forth autumn and W inter spores (teleutospores) .

63
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These are brown or black , both unice l lular and many-cel led , wi th
thicker wal l s (see Fig. 42 , e) . Occasional ly they germ inate at once

,

but in most cases they are h ibernat ing spores , and do not grow
before the fo l lowing spring .

The germ inat ion of these spores takes place in such manner that
from each compartment of the spore there grows out a shor t
basidium (see F ig. 42 , f) , which is divi ded or jo inted , and from each
one of these jo ints a basidium spore (sporizlium) i s separated and

carried away by the wind . Should this spore reach a growing leaf,
or any o ther par t of a plan t that is suscept ible to th is fungus, then
the spore wil l penetrate i ts epiderm i s by means of a germ - thread

,

and thus get access to the in side of the organ , later on becom ing
evident by rus t sores on the surface .

This invasion may be e i ther on the same host spec ies where the

spores have bred , or on a plant c lose ly re lated there to , or on a plant
that i s far apar t from them . I n the latter case the fungus is said
to be host- changing (heteroecious), in the two former cases “ non
host -changing (autcecious) .

That stage of the fungus which originates at i ts change of host

p lant , differs considerably from the previously described stages of

summer spores and winter spores . I t i s cal led the cluste r—cup stage
”

(aE cizlium, see Fig. and embraces , asa rule , two different stages of
development . One of these form s i s cal led speruiogouia, and consis ts
Of Very smal l flask - l ike format ions arranged in groups, which are

sunk in the leaf. These l i ttle vesse l s conta in a large number of th in
rod - l ike spermatia . The o ther form ,

which Often appears on the

Opposite side Of the leaf, consists al so of smal l groups of c losely
crowded cups , having reflexed or turned -out ragged edges (see
F ig. 43 , b) , or e l se bare spore-heaps (Gaouia) . The aecidiospores are
arranged in bead - l ike or moni liform rows . These spores

,
as a ru le

,

are able to germ inate at once, and produce , wi thin e igh t to ten days ,
sores with summer spores , if they strike upon a susceptible hos t
plan t or a correspond ing uredo - carry ing spec ies .

However, all rust fungi do not possess all these kinds of spores
frequently one or more of them may be m i ssing .
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of plasmodium
,
symbiotical ly fused with the protoplasm of the cel l s ,

and form ing together with these a mycoplasm. The mycoplasm

F IG. 41 .
—MYCOPLASM AND ITS TRANSFORMAT ION INTO A MYCELIUM .

(THE AUTHOR.)
a
,
Leaf-ce l ls of a germinating p lan t of autumn w heat , forty - fou r days after
sow ing

, partly containing mycop lasm ; Iii-pl, in dormant stage ; k , nucleus ;
kl

, ch lorophy l corn b, leaf—ce l l of au tumn rye
-

plant, one to two weeksbefo re
the summer ou tbreak of the b rown rust on rye , the d iseased nucleus en

larged ; c,
leaf ce l l Of a simi lar p lan t , from the neighbou rhood Of the poin t

where the first u redo so res broke’ forth
,
the mycop lasm being in the stage

of maturing , the nucleus in a state of d issolu tion , and miniatu re nucleo l i
forming in the plasm ; d , leaf cel ls of oat plan t from the neighbourhood of

the po int where the first u redo sores broke forth
,
the mycoplasm pene trating

into the p lace be tween the ce l ls
,
where it forms a myce l ium ; e, young stage

of a myce l ium w ith conspicuousseparat ing wal ls.

carry ing cel l presents otherwise a norma l appearance , with nucleus,
ch lorophyl bodies , and so forth . There cannot be recorded any
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parasit ical fungoid l ife that would waste away the host plant. W e

may surm ise that the fungus in thi s way can exi st in most of the
chlorophyl -carry ing cel l s , up to the ears and bloom , in all sorts of

seed that are espec ia l ly sui table for the fungus , or, as i t i s expressed ,
are in a higher degree suscept ible .

The
'

period during which the fungus exists in this latent state
var ies in differen t cases . F rom four to five weeks , i t m igh t last for
asmany months and even for some years . This is the dormant stage
of the mycoplasm .

Sooner or later , at a certain period of the l ife of the host plant , at
a cer tain season , and w i th favourable environment or ci rcums tances

(soil , mo i sture , warmth , l igh t , and so forth) for the deve lopment
of the fungus , and vary ing with different sorts of rust , there wil l
commence a new stage in the existence of the mycoplasm —the
stage of maturing, when the fungus forces i ts way ou t from the

symbiotic complex , penetrates the wal l s of the cel l , and develops
an intercel lular mycel ium . This maturing seems to be of Short
durat ion : i t lasts only for a day or two , or possibly only some

hours . As soon as the intercel lular mycelium begins to form
,
i t

takes general ly one week before Open rust sores wi th spore- stuff
begin to appear on the surface of the plant .1

Two-Celled Rust . (Puccinia )

Among the genera of the rus t fungi th is one contains the greatest
number of species . The winter spores are general ly bilocular
and contained in patches of sores , round or in st ripes , e ither un

covered or occasional ly covered by the epidermi s of the host plant .
Sometimes there may appear one-ce l led winter spores mingled
with the double-cel led .

1 Those who wish to learn more abou t this new doctrine regard ing the

inheren t character of the rust d isease
,
and also abou t the foundation of th is

new theory , are referred to the fol low ing w orks upon the subject by the au thor
of th isbook Uber die Mycoplasma-Theorie , ihre Gesch ichte und ihren Tages
stand B iol . 19 10 , p . and Der Malvenrost , seine Verbrei
tung , Natur und En twickelungsgeschich te

”

(Kgl . Sv . Vet .

-Akad . Hand lingar,

vol . x1vi i ., No . 2 , Stockho lm ,
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GRA IN RUSTS .

( i ) SPEC IES THAT SH IFT THE I R HOST PLANT S .

Black Rust of Cereals . (Puccinia graminis.)

This is the most not iced and best known of all the different
spec ies of gra in rusts . I t not only infest s all ou r cerea l s —rye ,
w heat , barley , and oats—but also many grasses . I t appears in
Central Sweden about the m iddle or towards the end of J uly ;
a - few weeks earl ie r on the autumn sown plants than on those
sown in the spring . I t IS In the Shape of longer or Shor ter reddish
brown dust -fi lled sores scattered on the leaves and stalks , especial ly
on the sheaths , bu t a l so on ears and panic les . These sores are the

s tage of the summer spores of the fungus (uredo) . The spores are

long, covered with pr ickles , and suppl ied at the narrower m idd le
part with two opposite germ pores . E xposed to mo is ture (ra in or

dew) they wil l germ inate in a few hours . I f th is germ i nation takes
place on a sui table subs tance , say if spores from oat germ ina te on

a young oat-leaf, then the germ- thread forces it s way into this and

produces on the maculated spot , w i th in e igh t to ten days , a group of

fresh sores , fi l led with similar spore - stuff. For the fo l lowing two to
three months generat ion wil l fo l low gene ra tion as long as there i s
any supply of fresh green sprouts .

U nt i l a few years ago i t was be l ieved that spore s from one kind
of seed could convey the disease to ano ther

,
and a lso that seed could

get diseased from different sorts of grasses, and in its turn convey
the disease over to them . This idea i s , however , erroneous .
W i thin the spec ies of black rust there ex ist several spec ial ised
forms , more or less adapted to thei r own host p lant or p lants .
As the spec ies appear in Sweden , there can be dist ingui shed the

fol lowing Six forms :

(A) Not distinctly fixed (occasional ly going over to other forms of

grass) : ( 1) f. sp . Tritici on wheat (seldom on rye , barley , and oat) .

(B ) D is tinct ly fixed (firm ly confined to the indicated species)
(2 ) f . sp . Secalison rye, barley, and on couch grass (Triticuin repens) ,
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Ely/mus arenarius, B rmnus secalinus, and others ; (3) f. sp . Avenae on

oat and on A uena elatior , Dactylisglonzerata, A lopecuruspratensis, Miliunz

efiusurn, and others ; (4) f. sp . Pom on Poa compressa and P . pratensis

8

F IG. 42 .

—B LACK R UST OF OAT~P2£C€Z71ia graininis. (THE AUTHOR . )

a Stem of oat w i th u redo sores ; b and c
, summer spores—one of the spores

germinating ; d ,
straw of oat w ith pu ccin ia sores ; e and f , w in ter spores

One of the Sporesgerminating g,
barberry - leaf w ith cluster-cup ru

'

st .

(5) f. sp . Air"on Aira caspitosa and A . bottnica ; (6) f. sp . Agrostis

on Agrostiscanina and A stolonifera .

An oat -plant infected with black rust can thus in i t s turn infect
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only oat
,
but not wheat , rye , barley , and SO forth . I n d ifferent

countries , however, the special is ing of a fungus spec ies may take
place i n different ways . Thus , as an example , the black rust
form of barley i s in Sweden the same as that of rye , but in North
America the same as that Of wheat .
About two weeks after the first appearance of the summer Spore

stage, general ly the end of July or the beginning of August , the
winter Spore stage (Puccinia) begIns to Show itse lf. This forms
long streaks of sores,

'

filled with a black dust -mass , hence the name

“ black rust .” The winter spores are bilocular and th ick -wal led ,
narrowing Off towards the top. After a natura l h ibernation in the
open , where they have been exposed during the winter to air and

wind , these spores are able to germ inate the next spring . Bu t if the

spores during the winter have been protected , e i ther by cold or warm
surroundings , or if they have been in a gra in stack , then they can by
no means be induced to germ inate . Rusty straw that has been laid
e i ther in the granary or in a stack can thus be considered as harm
less in respect to next year

’s crop . The h ibernating spores, which
have been free in l ight and air , have the i r greatest germinat ing
power in the spr ing, in Apri l or May . This decl ines towards the
summer

,
and has general ly ceased by the autumn .

The power of germ inat ion is not exhausted through ploughing
down the rusty straw and stubble deeply into the ground. Rusty
portion s of st raw that have been dug down in the m i ddle of October
as deeply as 20 to 50 cent imet res , or say 8 to 20 inche s , have in
experiments proved to have st i ll re tai ned the power of germinat ing
when unearthed the next May.

Exposed to warm ,
damp air, the hibernat ing spore wil l germinate .

Each of i t s cel l s sends out a germ -thread ,
'

a basidium , which divides
itself in to several (as a rule four) jo ints. F rom these j oin ts basidium
spores are borne , and these wil l , in thei r turn , germinate .

Should th i s germinat ion take place on the young leaf, or sprout ,
or fruit of the barberry - shrub (Berberis vulgaris) , or on the young
fruit of the Mahonia Aguifoliuni , occasionally cultivated in our
gardens , then there appears on these the barberry cluster-cup
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(E cicliuin Berberia
’

is) .
'

On the barberry- leaves the rust spot s are

almost circular , on the upper side red , with numerou s tiny black
pricks, these being the openings of the flask- shaped spermogonia
embedded in the leaf. On the under side they appear as large
ye l low patches , with numerous closely -massed open tube or cup

l ike aec idia. I n the spermogonia there deve lop smal l staff-formed
spermatia, whose function is, as yet , not fully known . The

aecid ium t ubes have a ragged , reflexed edge , and they contain
numerous aecid ium spores arranged in bead- l ike strings from the

bottom .

The barberry cluster-cup appears ear liest during the last days Of

F IG. 43 .

—BARBERRY C LUSTE R-CUP—Aicidiuin B erberidz
'

s. (b, THE AUTHOR . )

a , A barberry- leaf section , show ing spermogon ia above and aecidia be low b
, patch

w ith c luster-cup from the under side of the leaf.

June , or the first days of July . The spores germinate Somewhat
i rregularly and capriciously. The germ ination is promoted to some

extent by chil ly nights with intervening warm days . I f spores
from a c luster -cup spot , which has originated through contaminat ion
with a rusty oat-straw, Should happen to germinate on a young oat
leaf, then there wil l ar i se in abou t e ight to ten days a group of sores
in the stage of the summer spore s of the fungus . The same wil l
happen if the germ inat ion has taken place on young leaves of some

of the other grasses that are suscept ible to the same form of black
rust as the oat—viz . , cock

’s—foot grass (Dacty lis glornerata) , meadow
fox-tai l (A lopecurus pratensis) , and others . But should it happen
that the germ inat ion of this c luster-cup form takes place on rye ,

wheat , barley, and so forth , then no rust sores w il l appear . I n
the same way c luster-cup , which originated through contam inat ion
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from rusty rye and barley- straws , will provoke rust sores on rye and

barley , but not on wheat, oat and so forth .

This difference of forms j ust described in the barberry cl uster -cup ,

as to the existence of which w e have only recently become aware,
has natural ly a great influence i n regard to the rOle of the barberry
shrub as an agent in the spread of black rus t to the gra in-fields.

A barberry - shrub that has been infected through rusty oat , cock
’ s

foot grass , or meadow fox- tai l can Spread rust to an oat-field , but not
to rye wheat or barley-fields. By this the share Of the barberry
Shrub is rather lim i ted in the occasiona l devastat ions of cereal s by
black rust . This al so explains w hy current opinions differ concern
ing the danger of this shrub .

Most persons who have recently devoted themselves to a spec ial
s tudy of the rusts of cereal s agree now upon thi s poin t , that the
influence of the barberry- shrub is by no means so important as some

t ime ago i t was thought to be , this recent opinion be ing the resul t
of fresh invest igat ions and discoveries . One of these discoveries ,
al ready referred to , is the capr icious nature of the spores Of the

c luster -cup in regard to germ inat ion . The cases where ge rm inat ion
has succeeded are but few in compar ison with those that have
fai led . Another observation is that the capaci ty to spread abate s
wi th the distance from the shrub I t remains yet to be proved that
any con taminat ion is incurred at a greater distance than 25 to 50
metres (say 75 to 150 feet) from the shrub . I t i s a lso now acknow
ledged that the dis tr ibu t ion of black rust is in no way proportionate
to the greate r or lesser exis tence Of the barberry- shrub in a district .
On the con trary , i t happens tha t black rust is very destructive in
places where ne i ther barberry nor any o ther carriers of th is c luster
cup exist .1

Ne i ther has i t been proved that occasiona l legislat ive measure s

1 I t must special ly be po inted out that black rust is destructive to Australian
whea to the extent of nearly sterl ing per annum, although the barberry
shrub is no t indigenous there , and the imported specimens never show signs o f

cluster- cup. (See
“ The Rusts of Australia, ” by D . McA lpine , Melbourne , 1906 ,

pp. 64 , 66 e/ seq . )
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A . ofi cinalis, then the cluster -cup (E cicliuin Anchusa ) deve lops on
these .

This form of cluster -cup is found frequently in the southernmost
part of Sweden and in Denmark during the months of August and

F IG . 44 .
—BROW N RUST OF RY E—Puccinia dispersa . (THE AUTHOR . )

a , Rye - leaf w ith u redo sores ; b and c
, summer spores—one of the spores

germinating ; d
,
rye

- leaf w ith puccin ia spo ts ; e, au tumn Spore group ;
j , au tumn spore germinating g, b ranch of A nchusa arvensisw ith c luster—cup .

September on two weeds (Anchusa arvensis and A . ofi cinalis) in
potato-fields

, on the edges of ditches , and so forth but in Northern
and Central Sweden it i s rare . These two weeds are perfect ly sound
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in these districts
,
even in places where rye, seriously affected with

brown rust
,
grows in the V ic in i ty .

The spores of the c luster-cup grow readily and quickly. I f there
are young sprou t s or plants of rye c lose by, these wil l become con

taminated , and uredo sores appear on them in e igh t to ten days .

W i th the approach of winter all the upper parts of the Anchusa

species fade away—Anebasa arvensis dies al together—only the ir seeds
rema in , and thus a l so perishes the cluster -cup stage of the rust ,
which can no more be an agent for a fresh outbreak of brown rust
of rye during the fol lowing year . Nei ther does any hibernat ion of

te leutospores take place , as these germ inate during the au tumn .

Add to this that, i n spi te of careful research , no h ibernat ing uredo
stage has been found , e i ther in the shape of spores or of mycel ium .

Hence the only exp lanat ion {that remains i s that the hibernat ion of

th is fungus takes place sole ly in the shape of a vegetat ive plasm .

PROTECTIVE MEA SU RE S .—See pp. 84 , 85 .

Crown Rust of Oats. (Puccinia coronifera.)

This k ind of rust affects oats amongst the cereal s and al so several
forms of grasses . On oat s the uredo stage appears by the end of

J uly or the beginn ing of August . I t forms Shorter or longer
orange- t in ted sores on the leaves and the sheaths . The spores are

globular , and germinate easi ly . A few weeks later the winter - spore
stage sets in

,
as black spot s placed in ring form around the uredo

sores , covered by the epidermis of the leaves and sheaths. The

teleutospores bear at the top a crown of blunt project ions or

processes, hence the name of crown rust . They are genuine
win ter spores, and wil l no t germ inate before the fo l lowing spring,
after the i r natural h ibernation .

I n Northern and Central Sweden this k ind of rust i s only of

subordinate consequence ; it does not even occur every year . I n
more southerly countries , as in Germany , i t is abundant , and seem s
there to take the place of oat rust instead of the black rust .
Should the germinat ion of the winter spores , after their hiberna

t ion , take place on a young leaf Of Rhainnus cathartica, then there
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wil l appear with in eight to ten days a kind of c luster - cup

(E cicliuni Catharticee) . The spores of this c luster -cup germ inate
readi ly , and in thei r turn give origin to uredo sores on all the

FIG. 45 . CROW N R UST OF OATS
Puccinia coronzfera. (THE AUTHOR . )

a Oat- leaf w ith u redo sores ; b, summer
spore ; c, oat - leaf w ith puccin ia spots ;
cl and e

, w inte r spores—one of them
germinating ; f , leaf o f Rizainnus ca

thar tica
,
w ith cluster- cup .

form (8 ) f. sp . Holci on Holcus lanatus.

species of grass that are

suscept ible .

This sort of rust appear s
on many o ther grasses,
abundan t ly on rye

-grass ;
bu t the forms on these
grasses are individual ly
adapted to them . Of this
spec ies w e know the fol

owmg special ised forms

( 1 ) f. sp . AvenE on oat .

(2) f. sp. Alopeeuri on A lo

pecuruspratensis, to wh ich in
sundry cases oat i s suscep

t ible . (3) f. sp . Festucae on

F estuca elatior and other k inds
of Festuca . (4) f. sp. Lolii on
Engl ish rye

-grass (Lolium

perenne) in some casesF estuca
elatior i s suscept ible to this .

(5 ) f. sp . Glyceriae on Gly

ceria aquatica. (6) f. sp . Ag

ropyri on Triticurn repens.

(7) f. sp . Epigaai on Calama

grostis epigeios in rare cases
oat i s suscept ible to th is

P ROTECTIVE MEAS U RE S .
—See pp . 84, 85 .

Another very c lose ly re lated species of crown rust attacks severa l
grasses ; this i s P. coronata,

which deve lops its cluster - cup
on Rhainnus Frangula, and shows the fol low ing spec ial ised forms
I ) f. sp . Calamag

‘

rostis on Calaniagrostis arunclinacea, and o thers ; i n
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sporadic cases Phalarisarunelinacea i s suscept ible . (2 ) f. sp. Phalaridis

on Phalarisarundinacea only se ldom Calauzagrostis arunclinacea i s sus
ceptible . (3) f. sp . Agrostis on Agrostis vulgaris and A . stolonifera.

O f the genus Puccinia the following grass rusts that shift thei r
host plants may be noted

0

F IG . 46 .
—PUCC IN IA ARRHENATHER I . (THE AUTHOR . )

a
, U redo so res b

, puccinia spots on leaves of A vena elatior c
,
barberry -branch

,

in fected the previous year , when the now diseased leaf-c lusterswere budding
d
,
ful ly -deve loped w itch -broom on barberry.

P.Arrhenatheri occurs on Avena elatior as smal l , round ,
ye l low uredo spots on the upper side of the leaves . On the

under S ide of the leaves there develop sores of w inter spores ,
a lthough sparingly. The winter spores germ inate in the Spring .
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If this germination takes place on the tiny buds that sprout
on the young branches from the thorn axi ls , then the fungus
grows into them , and after a year provokes rust - infected c l usters of
leaves on the sprout which came from the bud . The incubation
period of the fungus is thus a whole year . On the diseased branch
sound leaf-c lusters may al ternate with the infected ones , as the con

tamination has not touched all the buds . The diseased leaf- clusters
have all the i r leaves covered first with spermogonia

,
and later on

with aacidia (E cidiuin graveolens) . The leaves , as wel l as the

branch , are shrivel led . The fungus rema ins in th i s way year by
year on the barberry- shrub , and final ly a constantly increased and

tangled-up witch -broom i s created . This k ind of rust does not
contaminate any grass except Avena elatior.

P. Poarum i s parasit ic on Poa pratensis, P . compressa, P . alpina
,

P . trivialis, and others . I t forms smal l , yellow , scattered uredo sores
on the upper side of the leaves . On the lower s ide appear the
r ing -formed groups of winter spores , covered by the epidermis of

the leaf. This fungus develops c luster—cups (E cialiuin Tussilaginis)
on col t’ s- foot (Tussilagofarfara) in round , conspicuous , orange-ye l low
patches on the leaves and sheaths .

P. Phrag
'mitis forms large , long -st retched , fi rst brown , then

black , sore patches on leaves and pan icle stalks of Phraginites

conununis. I t brings on cluster -cup (E cicliun1 rubelluin ) on several
kinds of sorrel , as Rumex hydrolapathuin , R . maritinius, and o thers ,
and also on rhubarb .

P. Magnusiana forms very smal l sores ‘

on leaves of Phraginites
corninunis, but deve lops cluster-cup ou -Ranunculus repens and R . bul

bosns.



RUSTS—UREDINACEE 9

SPEC IE S W H ICH DO NOT SH I FT THE IR HO ST PLANTS .

Yellow Rust . (Puccinia gluinaruni.)

B esides the black rust
,
the yel low rust takes a first place as a

destroyer Of our gra in . This fungus infests wheat , barley , and rye ,

and several
\

grasses .
I n Sweden

,
aswel l as all over Northern Europe, the yel low rust

is most disastrous on wheat , especial ly winter wheat . I ts attack on

winter wheat begins genera l ly in the m iddle of June , or towards the
end Of that month . The fungus makes an appearance on the p lant s
that al ready have grown to a he igh t of about 3 feet, and i t u sual ly
at tacks some of the middle leaves that Show strong growth and

are of a dark green colour . I t forms , on the upper side smal l ,
lemon - t inted uredo sores , arranged in long str ipes . Every day
fresh sores break out in addition to the previous ones , unti l
after a week or

‘

so the whole surface of the leaf i s e i ther whol ly
or in greater part covered with yel low sores . - The fungus seem s
to work upwards a long the plant , leaf after leaf. I n more severe
cases it a l so appears in the ears , on the inside of the awns , and

under the husk of the tender grain s. The spores are globular , and
germinate capriciously.

A few weeks after the first appearance of the uredo sores the

te leutospore stage of the fungus is in evidence , first on those leaves
that are a lready diseased and on the ir sheaths . These groups of

spores form , e specia l ly on the sheaths , long stripes of very t iny
brown , later on black , pricks and are covered by the epiderm i s of

the sheath . I n severe cases they final ly at tack the in side of the

awns and the wal l of the gra in . I f the disease has entered the

grains , these will , whenmature , become more or less sh rivel led , and
are called rust grains .

The teleutospores germ inate in the late autumn , when the winter
wheat is sown and qu ickens. I t i s supposed that the fungus then

penetrates in to the germ- sprou t , where i t remains in a latent con
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dit ion for one or several months , at length breaking forth in the

shape of open uredo sores on the leaves and stalk s of the mature
plant . I t must , however , be adm i t ted that ne i ther anatom ica l

F IG . 47 .
- Y ELLow R UST OF W HEAT

Puccinia glumarunz. (THE AUTHOR . )

a ,
Wheat- leaf

,
and b , glume With u redo

sores ; c, summer spore ; d , young
w heat -seed w i th u redo spots be

neath the husk , e,wheat
-sheath , and

f , glume w ith puccin ia prick les ;
a au tumn spo re ge rminating ; h,0 1

shrIvelled ,
matu re rust grain .

o f Apri l or the beginn ing of May .

nor experimental proofs have so

far been forthcom ing in this re

spect . Many reasons and numer
ous observat ions po in t to th is
exp lanat ion as highly probable,
and possibly we shal l not have to

wa i t long for a sc ientific confirma

t ion of this hypothesis .
A ll exper iments with a View to

bringing on art ificial con tam ina
t ion with th i s k ind of teleu to
spores have so far been futi le , on
grasses as wel l as other plan ts .

A t any rate , i t seems certa in that
no cluster - cup stage exists in
Sweden .

As was the case wi th the previ
ously described brown rust of rye ,
so with th is fungus

,
i t some t imes

happens tha t , besides the norma l
and most prom inen t outbreak in
the m iddle or end of June

,
o ther

outbreaks , more or less severe
,

take p lace on the young leaves
of win ter wheat from the m iddle
of October un t i l the winter sets in

,

or o therw ise in the early part of

the fol lowing spring , say the close
None of these extra at tacks are in

direct connect ion with the principa l at tack during the summer . The

au tumn attack is broken off by the w in ter , and be tween the spring
and the summer at tack there exists , as a ru le ,

a pe r iod free from
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seriously affected . The last group , which never i s seriously damaged
includes variet ies of Triticuin cluruin

, T. turgiduni , and T. Inonococcuin ,

all forms of a more southerly nature, and consequently not eas ily
adapted to North E urope . I n the same group there have been
placed several of the recently improved wheats . E xperience has,
after all, proved that the resistance of these sorts again st the yel low
rust is by no means consistent . Several

'

cases are recorded where
one kind , which for severa l years
has shown great resistance ,

has

changed its nature and been
severely attacked . Nei ther theo
retically nor practical ly can we

consider the ques t ion of contro l
l ing yel low rust as yet satisfac

torily so lved by the improvement
of Cereal s . Much rema in s to be
done before we have fully con

quered th is powerful enemy .

P ROTECTIVE MEASUREs.
—See

pp . 84, 85

Brown Rust of Wheat .

(Puccinia triticina.)
F IG . 49 .

—BROWN RUST OF W HEAT
Puccinia triticina. (THE AUTHOR . )

a
,
Wheat- leaf w ith u redo sores ; b,

W heat I t general ly appears on

W heat ‘ leaf
.

’

.

and 0
’

W heat ‘ StraW wheat during the first or second .

With puccIn Ia spots.

This kind of rust attacks only

week of June, and on Spring wheat
two or three weeks later . I t forms sma ll , scattered , choco late
brown pa tches of uredo sores on the leaves , mostly on the upper
side. The spores are globular, and germinate errat ical ly , often
feebly . A few weeks after the fi rst appearance of these sores , if the

at tack be severe , the win ter -Spore stage of the fungus appears as

black spore groups, arranged in stripes on the under side of the

leaves and on the sheaths . These spore groups are covered with
the epide rm i s of the plant . The spores , which look l ike their
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equivalents in the brown rust fungus of rye , h ibernate , and attain
thei r power to ge rminate in the following spring . All researches to
detect any c luster -cup stage in this fungus have proved futile .

P ROTECT IVE MEASU RE S .
—See pp . 84, 85 .

Dwarf Rust of Barley . (Puccinia simplex )

This kind of rust attacks only barley . The , ac tua l t ime of its

devastat ions set s in late in the summer, say the month of August .
I t appears at first on the leaves
as dim inut ive pale ye l low uredo
sores , eventua l ly scattered over the
ent ire upper surface . Later on i t
covers the under surface and the

sheaths as brownish- black broken
stripes. The winter spores are to

a great extent unicel lular . Some

t imes the fungus also lodges on
the ears and the setae of the awns .
This form appears frequently

as a destroyer in Denmark and

Germany.

P ROTECTIVE MEASUREs.
—See

pp

There may be ment ioned al so
I f

F IG . 5o .
—DW ARF R UST OF BARLEY

the owmg I U StS 0 grasses , Puccinia simplex. (THE AUTHOR . )

which do not ei ther shift thei r a
,
Barley - leaf w i th u redo sores ; b

,

host p lan t s summer spore c, leaf, and cl , straw
w i th puccin ia spots e

,
w inter

Timothy Rust (Puccinia Phlei spores.

pratensis) , that forms on leaves ,
sheaths and st raws of Timothy (Phleuin l

bratense) , and on F estuca elatior
,

brown , shorter -or longer uredo Sores, resembling the corresponding
sores of black rust , and at one time general ly considered as such .

Occasional ly there appear later on , espec ial ly on the straw parts ,
accumulat ions of black winter spores , resembl ing those of the black
rust

,
bu t of more l im i ted extent . Experiments to get this form to
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infect the barberry-shrub have proved unsuccessful , except in some

sundry and doubtful cases . On other variet ies Of Timothy (Phleum
Boehmem

’

, P . Michelle, P . aspemm) outbreaks of genuine black rust

(P . gmmz
’

m
’

s, f. sp . A rlene") have occasional ly been Observed .

P. bromina originates brown , and later on black , sore patches on
several brome -grasses , as Bromus ayvensz

’

s
,
B . aspen B . secalirms,

B . meemosus
,
B . mollls, B . steellz

’

s, B . teetomm
, and others , but in

Sweden , asfar aswe know , not on B . eeeetus and B . {net/mes. On these
last two brome-grasses there have , in more southerly countries—for
in stance , Switzerlandw been noticed a somewhat simi lar shift ing sort
of rust , cal led P. Symphyti-Bromorum, which develops the c luster
cup stage on Symphy tum ofiez

’

nale and Pulmonam
’

a montcma. Often
these two rust forms are considered synonymous, for what reason is
not yet determined.

P. holcina causes reddish -yel low sore patches on the leaves , and
later on , broken st ripes on the sheath s Of Holeus lanatus and

H . mollz
'

s.

P. Triseti forms on Trisetumflaveseenssmal l , fairly evenly scat tered ,
pale yel low sores on the upper s ide of the leaves , and later on ,

black
spots on thei r under s ide .

P. Milii y ields reddish-yel low , later black , sores on the leaves Of

Milium efi
’

usum, the wounds be ing usual ly surrounded by light rings .

P. Anthoxanthi appears as smal l , scattered yel low sores on the
leaves of Anthoxemthum odomtum.

P ROTECTIVE MEA SU RE S— (A) AgainstSeed and GrassRustsgenerally .

( 1 ) Avoid as far as poss ible mo i st , shady , and confined local i ties
with poor drainage . (2 ) Cul t ivate the soi l in such manner as ex

perience has proved to be the best with regard to rapid growth and

uniform maturity . (3) Avoid barn manure previous to sowing the
spring seed , as such manure delays the ripening, and use among
artificial fertil izers preferably the phosphorous ones, as these best

promote the maturat ion . (4) W hen sowing, use a machine . 5) Sow

early in the spring in a wel l-prepared soil , as suitable as possible .

(6) W eed away from the Vicin i ty of the gra in-fields all such grasses as
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smal l c innamon -brown uredo sores on the leaves ; but rarely are

they fol lowed by black puccin ia spots on the stem. Another i s
P. Sperg

’ula , which produces brownish -black sores on spurry.

FIG. 5 1 .
—PEA R UST—UromycesPisi-satwi. (FROM P . D IETEL . )

a
, Sprou t of E uphorbia Cyparissz

'

asw ith cluster-cup b and c
, pea

- leaves
w ith u redo sores.

Uromyces .

Rusts be longing to this genus have one-ce l led winter spores ,
u sual ly egg

-shaped , individual ly separated , and massed in smal l
Open spore groups.

(i.) SPEC IE S SH IFTI NG THE I R HO ST PLANTS .

Of these should be noted the fo l low ing forms on grasses
Uromyces Dactylidis, with very t iny , crowded, ye l low , and later

on black , sore spot s on leaves and sheaths Of Dacty lis gloinemta .

The fungus has i ts cluster -cup stage on severa l spec ies of

Ranunculaceae—viz . , Ranunculuspoly/anthemos, R . bulbosns, R . nepens,

and R . aeer .

U. Poaa causes s im i lar sore spots on Poa trivialis
,
P . nemomlis,
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and and develops cluster -cup on Rannnenlns net ens and

R . bulbosns.

U. pratensis i s very sim i lar to the previous one. I t appears on
Poa j watensis, and its c l uster-cups come ou t in the early summer on
Rannnonlns annioomns.

Among forms belonging to this group are several rusts that
attack leguminous p lants
U. Pisi- sativi brings on smal l , scattered , rusty -brown sore groups

on leaves and stems Of peas , and develops cluster-cups on Euphorbia

Cyparissiasand E . Esnla.

U. striatus appears in a s imi lar way on several sorts Of c lover ,
asTififolimn agnarimn , T. anvense, and others, and on lucerne (Meelieago

sativa,M.faloata , M . lupulina, and others) , and creates c luster -cups on
Euphonbia Cyfianissias.

U. Euphorbiae-corniculati provokes s im i lar sore groups on Lotus
eonnioulatns. This sort has al so a c luster -cup stage on Euphorbia

Cyparissias.

( i i .) SPEC IE S THAT DO NOT SHIFT THE IR HOST PLANTS .

Beet Rust . (Unomyoes B eta .)

This disease appears sometimes in the Spring on tender germ
Sprouts Of both sugar and fodder beets in dist inctly l imited yel low
Spots Of c luster-cup . This same form appears occasional ly a l so on

those leaves which in the spring sprout ou t from planted seed
beet s . The disease , however , i s most conspicuous at the height of the
summer, when i t forms numerous smal l brown patches scattered over
the whole leafon both itssurfaces. These patches contain the summer
spores Of the fungus

,
and these can germinate at once and diffuse

the infection over the beet-field . I n the autumn the pa le brown
patches are replaced by dark brown , and these contain the winter
spores Of the fungus . The disease checks the power Of assim i lation
with in the leaves , and stops the growth Of the root .
P ROTECTIVE MEASU RES — ( I ) Pul l Off and destroy at Once all the

c luster-cup-bear ing leaves that sprout from the seed beets. (2) Keep
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the fie ld patch assigned for seed beets we l l apart from the regular
beet-fields. (3) Take care that the beet seed used for sowing come s
from a place where no disease has appeared.

TO this group Of rust fungi belong a lso severa l forms on
leguminous plants
U. Fabae appears on Vicia Faba, Pismn sativnm, Lathy ruspalustris,

and others . The cluster-cup Of th is form shows smal l rings on the
under Side Of the leaves , but exists sparingly . However, during

FIG. 52 .

—BEET R UST—UromycesB eta . (FROM 0 . KIRCHNER AND
H . BOLTSHAUSER . )

a Beet - leaf w ith cluster-cup b. beet- leaf w ith u redo and puccinia sores
0
,
summer spore ; d , w inter spore .

the height of the summer the cinnamon -brown uredo sores appear
in great abundance later on hard

,
brownish - black , extended groups

Of win ter Spores appear.
U. TPifOlii-Pepentis lodges on white clover. The c luster-cup

stage breaks ou t on leaf- stalks and nerves , where i t creates smal l d is
tortions i t also breaks ou t on the leaf- st ructure between the nerves,
where it forms smal l r ings . The heaps of brownish-black summer and
winter Spores appear later on ,

princ ipally on the under side Of the

leaves .
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CHAPTE R V I l

CLAVARIACEiE

THE fruit bodies Of these fungi are thread or c lub -Shaped,
occasional ly ramified l ike cora l s , of a l ight colour

,
and pulpy in

the ir structure. Most of them thrive best in damp woods. The

parasi t ic forms belong to the genus Typhula. Some deve lop thei r
myce l ium in living plants, ki l l these gradual ly, and develop forms on
their surface, or the i r ins i de, cal led solenotia . These are hard , tuber
cu lar masses

, Of the size of a cabbage or c lover- seed, se ldom larger ,
and irregular in form . Their surface at first i s wh ite , and later on
yel low

, pink , or black , the inside pure white . The sc lerotia separate
final ly from the host plant, remain unchanged during the winter , and
germinate the next Spring or summer . Hence they are the biber
nat ing organs Of the fungus . On germination the sc lerotia extend
one or severa l th in threads , e i ther repeatedly ramified or s ingle ,
but in that case expanded towards the top . At the thread-points
basidium spores are borne , and these originate a new parasit ica l
generation of the fungus and cause fresh outbreaks of disease .

To these belong the fol lowing form s
Typhula graminum, at t imes not iced on tender plants of wheat

and rye
-grass . The mycel ium penetrates and kil l s the plants . The

sclerotia are of a reddish -brown colour, I to 2 m i l l imetres across ,
and are rounded or edged . They develop on the lower straw and leaf.
I n the autumn Of 1 877 th is d isease appeared in a mal ignan t form
near Stockholm , on winter wheat from England Mainstay
wheat . )
T. Betm appears on beets, most ly on the topmost part s Of seed

90
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b eets that are stored in ce l lars , bu t al so on the stem and branches
O f growing seed- sett ing beets . The sc lerotia are black , Of the Shape
and Size Of a cabbage- seed . This fungus is frequently seen in
D enmark .

T. gyrans ex ists on cabbage, turn ip , and so forth , partly on the

FIG. 53 .
—TYPHULA GRAMINUM OF FIG . 54 .

—TYPHULA TR IFOLI I .
WHEAT -SPROUT . (THE AUTHOR . ) (FROM E . R OSTRUP . )

a ,
Withered wheat-p lan t w ith sclerotia ; Two scle rotia w ith grown fungus
b, a sclerotium w ith fungus thread . th reads.

leaves and thei r petio les, par tly on the roots . The sclerotia are

reddish -brown
,
turning black, and of the size Of a cabbage-seed .

T. Trifolii at tacks various sort s of c lover . The po in ts Of the

stalk s of the host p lant are then penetrated by a fine spawn , and
Shortly turn black . The sclerotia are brown , and final ly black

,

be ing of the same s ize and appearance as c lover -seed .

AS a protection against these diseases , care should be taken in the
fi rst place that no sclerotia are m ixed with seed used at sowing.



CHAPTER V I I I

MILDEW S~ERYSIPHACEIE

TH I S group of fungi has, next to the rust fungi , the greatest number
Of spec ies among the groups Of parasitic fungi , and many of these
species cause great devastat ion. They affect many dicotyledons Of

various famil ies , but only certain grasses among monocotyledons .

They appear abundantly on the leaves , especial ly on the upper side ,
and al so Often affect young sprouts, bloom, and fru it. They are

provided wi th an air-Spawn , which extends over the surface of the

at tacked host plant as a fine, white , cobweb- l ike mesh, or in a later
stage as a dirty grey to black , thick coat . F rom this air-mycel ium
short threads (houstonia) extend into the epidermal ce l ls below.

By means Of these the fungus derives i ts sustenance from the under
ly ing plant tissue . In several cases there have been no ticed mycel ium
threads al so farther down in the host plant , partly in the Space
between the cel ls , and partly in the ce l l s themse lves .
Besides th i s , there are extended from the whi te mesh outwards

numerous ramificat ions , which have at the top a Shorter or longer
chain Of ovate bud -ce l l s (conidia) , that are l iberated one by one .

These give to the fungus covering a more or less flour- l ike appear
ance

,
hence the name Of mildew. The con idia are easi ly scattered ,

e i ther by means Of sol id Object s , to which they stick, and with which
they are removed from place to place , or by the wind , which carr ies
them along for Shorter distances. They germ inate very readily . If

th is germ inat ion takes place on tender leaves or parts of sprouts
belong ing to a plant that i s susceptible to this fungus , then m i ldew
will appear in a week or SO.
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appendages are very l i ttle , or not at all, ramified
,
general ly l ike

ordinary fungi threads .

Grass Mildew . (Erysiphe gnaminis.)

The air-mycel ium of the fungus forms on the leaves and stalks in
white or pink meshes , more or less extended, and Of varying thick
ness . Some of the ram ificat ions turn almost vertica l ly outward

and l iberate bud-cel ls
arranged like bead
strings ; these germ in
ate readi ly and diffuse
the disease . This stage
of development Of the
fungus appears early in
the spring

,
shortly afte r

the snow has melted
,

on fields where autumn
seed has been sown .

The fungus is Often Of

a reddish -grey appear

FIG . 55 .

—M ILDEW OF WHEAT —E 1'yszphegraminz
’

s.
ance, and IS frequently

(4 ,
THE AUTHOR ; 5. 6 , d . FROM E . Ros

-m o p .) taken for rust . If the

a ,
Wheat -straw w ith mi ldew fe lt ; g

. chain

d

of bud w eather be favourable
ce l ls c, spore - case w ith appen ages spore
bag w ith eight spores.

for development , then
it changes during the

summer into a greyish -whi te thick fel t , with numerous l itt le brown
or black spore-cases embedded in the fel t .
W i th in a week or 50 after the spore -cases have begun to appear ,

the leaves that were covered by the m ildew fel t die , and at length
the fel t drops Off. Bu t the fungus h ibernates in the spore- cases .
I n severe cases the disease may cause the premature ripen Ing_

\
Of the

plan ts , when the grain becomes smal l and sh rivel led .

Of this form of m i ldew there exist many spec ial ised form s "

(1 ) one on wheat , “ German wheat
,

”
and o ther cul t ivated plants

o f the genus Tritiemn (2 ) one on cult ivated barley , besides
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three special forms on other k inds of Hordemn ; (3) one on

rye ; (4) one on oat and Avena elation ; (5) one on several o f the
genus Poa ; (6) one on Tritienin repens (couch -grass) ; (7) one , and

poss ibly four to five, on severa l spec ies of B iomns. W hether th i s
spec ial isat ion is carr ied out S imi larly in all places where m i ldew
appears is not yet clearly known .

Occasional ly the disease has proved to be very mal ignant on

wheat . Such a case occurred in 18 77 in Cal ifornia,
when about

hectares (equa l to about
acres) of wheat -fields

were badly devastated , and also
i n the year 1885 near Stock
ho lm and in the southern part
of Sweden .

Among other forms ofm i ldew
that infest agricultural p lants
should be noted the fo l lowing
species
E . polygoni (al so cal led E .

conimnnis, E . Martii, E . Pisi,

and SO forth) forms on the FIG. 56 .
—M ILI) EW OF C LOVER—E ryy

’

phe

leaves and stalks Of many Palygo’” (THE AUTHOR

p lants a th in, white, evenly Leaf of meadow trefoi l .

spread film , with numerous embedded black spore-cases—viz. , on

turnip , rape , peas , vetch , clover , l ucerne , lathyrus , lupin , and SO

forth . A lso in th is Species of m i ldew severa l Special ised forms are
concealed .

E . Cichoriacearum (also called E . laniprocaypa, E . Linehii, and SO

forth) attacks in the same way many composite plan t s (ch icory , sun
flower, aster) , plants Of the cucumber fam i ly, and others . A l so
here spec ial ised forms occur—for instance , a Spec ia l form on the

cucumber fam i ly (at leas t seventeen d ifferent species , belonging to
ten genera) ; another on the aster , and anothe r on golden rod

(Solidago) , and so forth .

E . Heraclei causes a sim i lar film on parsnip and other plants .
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GENE RAL P ROTECTIVE MEA SU RES AGA INST MILDEw .
— ( I ) Use

only seed of plants free from m i ldew . ( 2) In case you think it wil l

pay for the labour , plants covered with m i ldew Should be powdered
or sprinkled with some fungus - kil l ing stuff—for in stance

,
powdered

sulphur, B ordeaux mixture (2 per or potassium sulphide
solut ion (30 grammes Of potassium sulphide l iver Of sulphu r ”

to 10 lit res
,
or 2 gal lons , water) . (3) DO not al low stalks or leaves of

plants (seed , peas , and SO forth) that are abundantly c overed with
mildew spore-cases to be m ixed in the manure or compost heaps.
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setting ceases. The bud -ce l l s have three to six locul i . The spore
cases are black and globular

,
with egg

- shaped Spore-bags. Each
spore -bag contains e ight brown , unilocular spores .

The disease was fi rst not iced in England in 1 850 on peas
,
and in

Germany in 1 876 on lupins, Senecio elegans, and o ther plants . I n
North America i t was seen in 1 89 1 on sweet vio lets , and in 1906 on

tobacco . S ince that t ime i t has become a dangerous enemy Of the

tobacco -

p lanter, not only in North America (from Ohio eastward) ,
but also in W estern E urope (between England and I taly) . I n
Norway it has been mal ignant s ince 19 10 . I n the tobacco planta
tions , which were severely attacked , the - soi l i s alka l ine , the fungus
constantly beIng associated with th is k ind of earth .

PROTECTIVE MEASURES .
— ( I ) DO not raise tobacco in contam inated

soi l . (2) Keep the hotbeds wel l vent ilated , and the fiel d wel l drained .

(3) Prepare the soi l Of the seed beds with a p int of commerc ia l
formal in m ixed with 1 25 gal lons of water, using gal lon to each
square foot . This Should be done one week previous to sowing .

(4) DO not use diseased seed -plants .



CHAPTER X

SPHE RIACEIE

IN the fungi belonging to thi s group, which appear parasitic, i t i s
usual ly on ly the conidia which develop on the live plant . These
appear e i ther through mycel ium threads , ri sing freely from the

surface Of the plant , or e lse they are formed inside by means of

pycnidia. The conidia wil l spread the disease from p lant to plant
during the vegetative period .

Later on spore-cases (perithecia) designed for hibernat ion develop
on the plant . These are mostly sunk into the cel l - t issue . They
are smal l and globular, with a wart - l ike elongat ion , and provided
with a narrow channel for the evacuat ion Of the spores . F rom
the bot tom of the spore-case extend elongat ed spore -bags (asci) , each
one contain ing e ight spores .

Leptosphaeria.

The Spore- cases at first are al together covered by the epIdermiS of

the host plant ; subsequently they open and afford an exi t for the
Spore- bags . The spores are elongated , l ight or brown ye l low, and

supplied with a larger or smal ler number of traversing wal l s .

Straw-Break er . (Lef tosphm ia enlniifi/aga.)

This fungus
,
often also named L . herpotriehoides, attacks rye and

wheat and i s the principal factor in causing the straws to bend and

final ly snap at the base at the t ime of ripening . The fungus
at taches itself to the lowest join t Of the straw inside the sheath .

The j oint acquires a brownish colour, and somet imes there are seen
99
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On i t s surface a blackish cover or sundry smal l black groups Of

fungus threads . The cel l- tissue of the straw is impregnated with
fungus myce l ium , and the mechanical elements of the t issue are

weak ly developed. The st raw becomes weak at the affected Spot ,

FIG . 58 .

—STRAw -BREAKE R—Leptospha ria culmifraga . (a AN D d FROM
F. KRUGE R ; b. 0, AND e

,
FROM L . MANG IN . )

a The lower part Of a rye
-straw w ith spore -case prickles ; b, myce l ium on the

su rface Of the straw ; c, con id ia ; (l , spore -case pinched Open ; e, spore -bag
w ith Spores that have germinated .

breaking readi ly through the wind , or any o ther exterior cause .

Those which are fi rst broken do not deve lop ears , whi le others have
weak ears , contain ing shrunken seed .

The conid ia are e longated and many- ce l led . The Spore -cases
have an extended Opening , and are Often covered with aristae. The
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i n equal abundance l ighter
,
brown prickles, containing staff- l ike

,

jo inted bud-ce l ls. These are thought to be an earl ier stage of the

development Of the fungus.1

The disease can , in severe cases , considerably reduce the crop.

The ears ripen prematurely . The corns become smal l and l ight .

FIG . 59 .

—B LACK PR ICKS OF CORN -STRAw—Leptosphawia Tritici.
(FROM

a
, Sheath w ith l ight pycnidia and dark spore -cases ; b, a con id ium ; o, spore

case ; d , spore -bag w ith eight spores.

I n the year 1895 thi s disease was ravaging the barley-fields in the
vicinity of Copenhagen , and the loss was est imated at a m i l l ion and

a half Danish crowns
,
equal to Over 5 sterling . Rainy

weather in connect ion with a high tempera ture and but l itt le wind
are favourable for the progress of the disease .

1 Another form o f prick -disease, Grass Leaf-Spot—Septoria grail/127mm, wil l be
spoken of later on in this book , and l ikewise a third kind of prick -disease caused by
the fungi Sph ere/la ext/[a lts and S .
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Black Spot of Cabbage.

(Leptosphm ia Napi ; Sponia
’

esniinin exitiosnin .)

This fungus troubles several plants of the cabbage t ribe , as rape,
turn ip , whi te cabbage , caul iflower, and others . I t at taches i tself
preferably to parts of the stem , bloom stalks , and sheaths , but now
and again to the leaves . The fungus creates on the attacked parts
e i ther Oblong -ovate or round black
ish-brown spots. F rom these spots
fungus threads proceed , and each one

bears one conidium . These are ellip
tical, brown , provided with numer
ous division wal l s , and are drawn
out to a poin t . I n th is stage Of de

velopment the fungus general ly is
cal led Spoi/idesniinm exitiosnni.

On the dead plant arise spore - cases
which are thought to be a continua
tion of the fungus . The spore- cases
are globular

,
with a short, extended

mouth . The spore- bags contain long,
yel low spores, with numerous travers
ing wal l s.
The disease causes damage espe FIG . 60 .

—BLACK SPOT OF R APE

l l
.

1
. Th b Sporidesnzimn exztiosnm. (FROM

0131 y to 5 1 Iques . ese ecome O . KIRCHNE R AND H . BOLTS
bent and britt le and open prema HAUS

O

ERJ

turely, thus preventing the full de a
,
FruI t c luster With black fungus

spots b
, conid ium .

velopment of the seed . For preven
tion it is advised to reap early and gather the crop together for sub
sequent ripening .

Pleospora.

F ungi of this group differ from those j ust descr ibed , principal ly
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Sooty Mould of Beet .

(Pleospom patiefaoiens Spot/idesniimnputrefaeiens.)

The bud -cel l stage Of thi s fungus is cal led Sponidesminmpittiefaoiens
and at this stage i t affects several sorts of bee t .

The Older leaves get yel low ,
and later on brown , and dry up .

FIG . 6 I .
-BLACK SPOT OF TURN I P -LEAF—Sporidesnzimn exitiosum.

(THE AUTHOR .)

F inal ly , they are covered by an ol ive -brown
,
later on black, vei l .

This consists Of fungus threads that have penetrated the ep iderm i s
from the inside of the leaf, and now are bearing brown , mult i
locular bud-cel ls . I n the withered leaves l i ttle black prickles (spore
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On the stripes of the diseased leaves there soon appears a greyish
black stuff , and before long the who le plant is covered "in the same

way. This matter consists Of short fungus threads , which bear
con id ia and which push
forward , one or many ,
th rough the c leavings
of the leaf. These are

roller- formed, and pro
vided with several
usual ly four or five

traversing wal ls . F irst
they are yel low , then
they become Olive
coloured or brownish .

They are attached very
loosely , and become

readi ly a prey to the

wind . Some Of them
se ttle i n the blooms of
the barley-ear, thus in
fecting next year ’ s seed .

P lants ra i sed from
barley-corns developed
from such infected
bloom wil l in the i r turn

get the stripe-disease .

FIG
.
63 .
—STR I PE - D ISEASE OF B ARLE y —Hel I t has been possible

nnnthosporium grantineum. (a AND b
,
THE

AUTHOR ; 5 , FROM F. KOLPIN R AVN. ) to fOHOW the mycelium
a

, Early , and b, later stage of the disease on leaves up to the vegetative
5
,
top Of a diseased straw .

po in t . The fungus ap
pears to spread in the same way as several k inds of smut
through germ- infect ion . I t rem inds one a l so of the smut , inasmuch
as the conidia have not the power to Spread the disease during the
summer to other leaves and plants.
This previously described parasi tic stage Of the fungus is generally

named Helminthospom
'

nm gmminenm.
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This s tage i s fol lowed by another , which lives saprophyt ical ly on

the dead straw . This form has been not iced on the stubble Of

Unheal thy plants . I t appears as smal l , sem i -globular sclero t ia .

These are black outside , and covered with stiff, dark , vio let-hued
aristae. The sclero t ia are l ike those Of the fo l lowing fungus— viz

,

Spot-D isease of Barley —Only a li tt le sma l ler . They remain un

changed during winte r - t ime ; but towards the Spring they display
renewed activ ity . This takes place ei ther in such manner that
conidia are yielded
from thei r surface , or

otherwise in such way
that the conidia are

changed into spore
cases . I n the lat ter
case the three or four
exterior layers of ce l l s
of the sclerot ia will
form a wal l of spore
cases , while the interior
par t i s t ransformed and

b

FIG. 64 .

—STR I PE - D ISEASE OF BARLEY . (a, THE
used for the creat lon AUTHOR ; b, FROM F. KOLP IN RAVN ; e, FROM
Of S ore bag s These F ' NOACK°)

P e
a
,
Myce l ium w ith con idia ; b, section Of stem - top ,

each contain e ight w ith myce lium threads visib le inside as b lack

spores . By means of
marks ; 0, spore-bag W I th eIgh t spores.

these conidia and spores the disease can be communicated to very
young germ-plants .

This disease i s wide ly diffused through E urope . I t affect s a lmost
solely six - rowed and erect two-rowed barley, and may in both these
kinds reduce the crop by 20 to 30 per cent . Very early sowing
and a low temperature at the t ime promo te the deve lopmen t of the
fungus .

PROTECTIVE MEASURES .
— ( I ) Take seed for sow ing from a field

where the disease wasabsent the previous year . I f you cannot entirely
depend upon the immunity Of the seed , then the following precau
t ion should be Observed : (2 ) Prepare the sowing -seed by dipping
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it about twenty times in warm water of 56
° to 57° C . , or for a

per iod of
,
say , five minutes , and let i t cool in the air . (3) DO not

sow too ear ly or when the atmosphere i s chil ly .

I

FIG. 65.
- SPOT -D ISEASE OF BARLEY—Helintnthosporinni tel

/es.

(FROM F. KOLP IN RAVN . )
a Y oung leaf in the primary stage of disease ; b, O lder leaf in the secondary

stage Of d isease c, st raw w ith pycnidia (smal l
,
b lack prick les) and sclerotia

( larger accumu lat ionsw ith arista) d , pycnid ia e
,
con idia ; f , a section of a

sclerotium.

Spot-Disease of Barley .

(Pleospom triohostoma f. Hondei natantis Helminthosponimn tenes.)

This disease—also cal led Helnzintospoeios of oat—appears on two
rowed leaning barley (Hordeum distiehzun nntans) , and differs from
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the form of larger sclerot ia covered with ar istae, and these h ibernate
and attain a further deve lopment in the spring .

The primary spot- disease is prevented by the warm-water treat
ment but with the secondary stage th is i s fut ile.

C losely re lated to these is Helminthosporium Avenae, which
attacks young oat - leaves . The spots are of a dirty grey or

greyish -brown co lour , rather frequently with a t int Of red . AS yet

no late stage of th is fungus has been discovered .

I n Germany a s im i lar spotted disease has been seen—Pleospora
trichostoma f. Bromi, on Bromns aspen and B . inewnis.

Dry Spot of Potato-Leaf. (Sporidesminzn Solani vat/tans. )

During the summer when the potato-plant s are at the i r best ,
there appear on the leaves—general ly first on the top leaflets,
then on the side leaflets more or less numerous , Sharply-defined ,
blackish - brown , desiccat ive blotches , frequently concentrical ly
plaited . I n severe cases the leaves final ly dry up al together
and become black

,
and the plants die prematurely . I n some p laces

the disease has been SO mal ignant that not a S ingle potato -

plant ,
not even one leaf, has been exempt . The tubers of the severely
affected plants become smal l and defic ient in starch .

The disease is brought on by a fungus cal led Sporidesnzinin Solani
varians. On the Older blotches appear smal l bunches of brown
fungus threads , these being ram ificat ions of a mycel ium that l ives
in the leaves and in the hai r format ions . This mycel ium can

deve lop several sorts of spores . Some of these are large and mult i
ce l lular , others smal l and mostly un ice l lular—Claa’osponinni (see
further

,
p . Occasional ly pycn idia develop later in the autumn

embedded in the leaf-t i ssue , and intended for the hibernat ion of

the fungus .

The disease mostly afflicts early food -

potatoes with thin , tiny
leaves ; not SO much the late , th ick - leaved potatoes .
I t has appeared in Austria

,
Hungary , Germany, Denmark, and

Sweden , being especial ly severe of late years in Bohemia and

Moravia.
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Presumably it i s the same spot-disease of the leaves that i s known
in America under the name of Early potato bl ight (Maerosporinrn

Solani) , and in Germany by the name Derrfleckenkrankheit

(Alternaria Solani) .

PROTECTIVE MEASURE S .
—( I ) Gather up and destroy the diseased

leaves. (2) AS soon as the dry spots begin to appear, fungicides

a

FIG . 67 .

—DRY SPOT OF POTATO -LE AF—Sporidesminm Solani varians.
(FROM J. VANHA . )

a
,
D iseased potato - leaf ; b, fungus thread w ith mu l tice l lu lar spores ; c, fungus
thread deve loping con id ia d

, pycnid iurn embedded in the leaf- tissue .

should be resorted to . Sprinkle in J uly or August , when the leaves
are first attacked

,
with 1 per cent. B ordeaux m ixture, and repeat

the treatment two to three weeks later on should it prove to be
necessary . (3) DO not use potatoes for seed from a diseased field .

Somewhat s imi lar fungiare the following : Macrosporium Dauci,
wh ich causes blackish -grey blotches on carrot - leaves . The leaves
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turn up and become dry . M. sareinze forme on c lover- leaves .

Alternaria tennison t iny tobacco -plants .

Potato Dry Scab . (Spondy loelaelinrn atrovirens.)

This appears during the winter on the potato Skin as i rregular ,
white-spangled or pale vio let b lotches richly sprink led w ith smal l

black prickles . Each one of

these prickles displays a scler
otical mycel ium on the surface
of the potato or ins ide the ce l ls
Of the skin . P ieces of the skin
with sclerotia get into the earth ,
and remain there unti l the fol
lowing year . F rom the scler
otia—previously known by the
name Phellornyees solerotiophorns

b —threads grow ou t , bearing
FIG . 68 .

—POTATO DRY SCAR—Spondylo several crowns of conidia , one

cladium atrovirens. (FROM 0 . APPE L
AND R . LAMBE RT . ) above another .

a ,
D iseased potato ; b, skin -cel l w ith The disease hasbeen reported

sclerotium. and from it Spring fungus
threads

, producing con id ia .

in Austria’ Germany , Great
B ritain , and America. I t i s

not, as yet , fully proved that the sequence of this disease i s a kind
of potato - rot cal led Phellomyces

-Faule .

”

Wheat-Ear Fungus . (Dilophia grantinis. )

This very variable fungus affl icts a great many plants belonging
to the fami ly of grasses . I t appears e i ther with free conidia or with
sunken conidia ; or o therwise with Spore -cases , conta in ing spore
bags and spores .
I n the free conidia stage i t i s found on the leaves

,
where i t forms

long
,
reddish -brown blotches edged by a l ight brim. The centre of

the blotch is perfect ly white , and carries spoo l - formed
,
colourless

con idia , provided with three travers ing wal ls, and usual ly with a few

fine aristae at both ends . This form of bud -cel ls (Mastigosporinm
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roots get affected and turn black for most of the i r length . I f the

plants are pulled up
,
then the earth frequently sticks to the roots .

Some of the plants grow very scant ily , with dwarfed ears .

FIG . 70. STRAw -BL IGHT— Ophiobolnsgraminis. (a
AND d , FROM A . B . FRANK ; b, o, 3 AND f , FROM
L . MAGN IN . )

a
,
The lowest part of a prematu re ly-ripe wheat
p lant ; b lack fungus stripes on the base of the

straw ; earth adhering to the roots. b
,
myce lium

o
, con idia ; d

,
spore -bag ; e

,
spore ; f , spore

germinating.

O thers
grow a l i tt le higher ,
but soon wither , and
are black with bl ight
up to the ears . The

seed - corns become

smal l and shrive l led .

This disease i s
a l s o c a l l e d i n
E n g l an d “ S t r aw
B l ight

,

” “FootRot ,
”

or “ B lack Leg,

” in
F rance Maladie
du P ied

,
or P ié t in

du and appears
usual ly on l imited
patches in the field,
not , l ike the straw
b r eak e r , a lm o s t
equal ly over the

who le field.

The bud-cel l stage

(Coniosporinrn ) forms
a black ish dust on

the straw below .

The conidia are

small,ovate, and uni
cel lular. The spore
cases, which appear

later in the autumn , are spadicose with wry neck embedded. l n

O. graminis they are smooth
,
in O. herpotriohoides hairy . There are

e igh t spores , thread-l ike , colourless , narrowest and longest in the latter
species . They Show a row of smal l drops, and final ly a few t raversing
wal l s.
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O . granzinishas proved very devastating on severa l sort s of wheat

(Bore and Grenadier W heat ) in Sweden . O . herpotriohoieles i s
especially known in I taly, F rance , and Germany . In I taly a

S imi lar disease has been not iced on Couch -grass (Tritionzn repens) ,

and in Austral ia on B rome—grass (B ronzassterilis) .

As a prevention again st these fungi
,
i t has been advised to

burn the diseased stubble . F or fert i l izing , Thomas phosphate should
preferably be used , whils t avoiding too r ich n itrogenous manure.

Blight of Cereals .

(Sphe rella Tnlasnii ; Cladosporinrn herbarnni . )

D uring w et seasons, towards crop t ime
,
there w ill be frequently

found on rye , wheat, and occas ional ly o ther cereal s , a black cove r
ing

,
on ‘ the yel low leaves , on the stem

and the awns , and even on the seed
corns

,
which ,

seen th rough a magn ifier ,
appears as sma l l b lack dots , arranged
in long stripes . E very one of these
lit t le dots consists of a bunch of fungus
threads

,
Ol ive - co loured , and at the i r

po ints bearing s imple or jo inted con id ia .

The myce l ium ,
from wh ich th is thread

bunch emanates
,
i s Spread e ither over

the epiderm i s of the organ , or i n i ts cel l s,
or o therw i se interna l ly . I t consists of

a

an i rregularly formed c luster of smal l
, FIG . 7 I .

—B L IGHT OF WHEAT
nearl black ti btl acked fun us cel s Clad05P07 ium (W W W "(the

.

y g p g 1 ’

con idium stage) . (FROM E .

form Ing a sclerot Ium , occasIonally ac JANCZ EWSK I . )
quir ing a . somewhat globular Shape ; a a

, Sheath .
and 6. Spicu la

'

f . w ith
smal l , b lack fungus- dots.

sort of rudimentary Spore-case .

I n thi s previously descr ibed stage of deve lopment the fungus has
from early t imes been named Cladospori-mn herbarnnz. I t appears as

if th is form of the fungus has power to at tack only such parts of a

p lant as have been enfeebled through some other agency . Bu t i t
has no effect upon quite sound parts of a plan t

,
unless the fungus

,
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through art ific ial nour ishment , has been given increased Vital i ty .

And through artificial nourishment i t has also been possible to

induce the fungus to further deve lopment . I t has thus been noticed
that globular sclerotia have been deve loped into actual spore-cases ,
with spore -bags .
Plants that have been severe ly attacked by thi s fungus yie ld

smal l and shrivel led corns and in many places it has been noticed

FIG. 72 .
—B L IGHT OF RYE—Cladosporinm herbarum. (a AND b,

FROM E . JANC~
Z EW SKI c

,
THE AUTHOR . )

a
,
Leaf-sheath w ith bunch of fungus threads, bearing con id ia ; b, leaf-sheath
w ith sc lerotic fungus-heap ,

bearing con id ia ; 0, corn of “ giddy -rye , w ith
sclerotic formations on the surface .

that bl ighted seed, especial ly rye, that has been used in one form
or another as food for man and beast has had a noticeable bad
effect upon the i r heal th , al though but temporarily . Headache ,
dizziness , exhaustion , and shiverings , Often result from this poison ing.

Such rye i s in the rural districts of Sweden known by the name

of “ Orr
°

ag
”—“ giddy- rye. Most frequently prevalen t and noted

i s such rye in Southern Russia (“Taumelgetreide Bu t there
,
as

in o ther places, other forms of fungi al so appear on the poisonous
seed -corns , especial ly the Spec ies described later on in this book , as
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spots , which are large and brownish -grey , are at first few and

l imi ted , but extend more and more unt i l the ent ire blade i s a lmost

FIG . 74 .
- GREY SPOT OF OATS—Seoleootrichnnz

granzinz
’

s. (a, b, c
,
d
,
THE AUTHOR e FROM F .

KRAUSE . )

a , Early ,
and b

,
later stage of the d isease c, shreds

from a bundle o f fungus threads ; d , conid ia
e, an almost dead leaf, transverse section .

or quite dead . On the

grey spots are smal l
b lackish dots formed
by bundles of fungus
threads . These come

from the Openings , and
consist of zig -zag for

mat ions of erect dull
brown fungus threads ,
from which proceed
simple or cross -jointed
conidia, having the

samedul l-brown colour .

This disease returns
usual ly on the very
same patches every
t ime oats are p lanted in
the field . Occasional ly
the same phenomenon
occurs , if Spring wheat
be sown in that fie ld

,

while barley and winter
crop are immune . The

disease appears mostly
on peat earth , on sand
format ions near lakes
or rivers , or on sandy
so i l along seashores ,
and frequently in the

hollows Of undulating
ground . I t is promoted
by low temperature

during the early period . I t hasOften become worse after the soil has
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been marled or strewn with l ime. I t i s said to be prevented by
sulphurous ammoniac.

Different sorts of oat suffer in a different way . The black Tar
tarian Oat (Avena orientalis) has proved to be the most susceptible,
and next to i t come

“ Improved Dala Oat (Swedish) and the

yel low -corned P lume Oat ,
“ Jaune géant a grappes .

”
To those

that have the greatest resistance belong Mesdag, Duppauer , German
Moss Oat , and others .

The disease has been known both in the sou th and central parts
of Sweden for a considerable t ime , but no Specia l attention has been
given to it . I t i s al so reported from Denmark and Germany ,
especial ly in the years 1908 and 1909 from Posen and W est
Prussia .

Against th is frequen tly disastrous disease no o ther remedy at

present i s known than to abstain from cultivating oats on a diseased
field .

Somewhat sim i lar spotted diseases have been noticed on Timothy
grass , Scolecotrichum graminisf. Phlei, on Milinni efi

’

nsnm, S . gr .

f. Milii
,
and on Avena elatior

To this group of fungi be long the fol lowing
Sphaarella exitialisand S. basicola, which appear on the leaves

and sheaths of wheat , rye , and barley. They produce long , pale
stripes with smal l b rown dots .
S. recutita causes long, paral lel , grey st ripes , on which are black

dots arranged in rows , on the leaves of cock’s - foot -grass (Dacty lis

glomerata) .

S. isariphora produces pale, later on black , spots on leaves and
stem of spurry (Spergula) .
Lmstadia microspora has been seen on oat in Denmark .

The sheaths , especial ly the lower ones , were covered with black

prickles . The p lants become smal l , and the panicles deve lop
poorly .

Sphaerulina Trifolii yields on the upper side Of the leaves of

white clover (Trifolinrn repens) plenty of smal l , globular , pale brown
Spots , surrounded by a purple- reddish brim,

and covered with
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smal l black dots. This fungus has been observed in Denmark
and Germany .

Pleosphaerulina Briosiana Causes spots on the leaves of lucerne

(Medieago sativa) , some of which are smal l and brownish -red , others
larger and leather-brown ; the latter being mostly at the points and
edges of the leaves , and containing the Spore-cases of the fungus .
This fungus i s reported from Austria.
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This fungus was first described in the year 1879 , and was then
namedNeetria Solani. I t was then considered to be one of those fungi
which now and then m ight appear on tubers that are decaying , bu t

b

FIG. 75 .

—POTATO W INTE R -ROT—Nectria Solani. (a, FROM BOARD OF AGR I
CULTURE (LONDON ) ; b, e, d, FROM G . MASSEE ; e, f , FROM J. RE INKE AND

G . BE RTHOLD . )
a
, Potato w ith fungus-bearing b lotches ; b, o, d, d ifferen t forms o f conid ia : b.
Monosporium e , t sarinm (the upper part of the figu re) ; d , Cephalosporinm ;
e
,
spore- case ; f ,

spore -bag.

that are powerless to attack , or k ill , perfectly sound and whole
tubers . I t isonly recently that this fungus haschanged it s character .
The disease was mal ignant in Germany and F rance in the year

1907 . A great dea l of the potato seed , which in the year 1908 was
exported from those countries to the Transvaal

,
was so badly affected

with this disease that the Government of. the Transvaal in the same

autumn issued an ordinance that henceforth all potatoes that were
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attacked by the disease to the extent of 1 per cent . should be e i ther
destroyed or returned to the exporter .
PROTECTIVE MEASURE S .

— ( I ) Take care that the potato crop is dry
before storing up for the winter, and tha t the storehouse is sufficien t ly
'dry and wel l ventilated . (2 ) E xam ine the condition of the stored
up potatoes now and then during the winter should diseased tubers
be found , these must instantly be removed and de stroyed . (3) DO

not use for fodder sl ightly d iseased potato , without previous thorough
boi l ing . (4) DO no t use as seed any potato that i s affected by the
disease , be the at tack ever SO sl igh t . 5) DO not p lant potatoes in
a field whence , during the previous three or four years , a diseased
crop has been taken . (6) If there has been disease the soi l should
be strongly fert i l ized with l ime .

Snow Mould . (Nectria granzinioola ; Fusarium nivale. )

I n the spring , W hen the snow mel ts , and especial ly after very
snowy winters

,
and if the snow has settled without previous black

frost
,
there wil l frequently be found in the months of March or

April a w eb - l ike mesh , e i ther white or reddish- grey , Spread over the
sprouts and leaves on the fields of the winter crop and also over

pastures . The sprouts lie prone , and the plants wil l short ly rot

away al together unless a dry ing -up wind soon se ts in . Empty

patches of different sizes form over the fields . The slower the snow
mel ts, the more the mould wil l extend , and the greater the destruc
t ion . This mould consists of a tangled maze of jo inted threads .
In some places these threads deve lop conidia, which in the ir turn ger
m inate and extend th is mesh further . I n this stage of development
the fungus is named F nsariztm nivale.

The disease can be brought to the plants th rough the so i l , if this
contains the mycel ium of the fungus, but mostly i t comes from the

sowing - seed
,
where i t has been detected in the shape of a latent

mycel ium ,
spread underneath the cut icle .

About a week or so after the mouldy leaves have withered away,
there wil l appear on them a continuation stage of the fungus , taking
the form of smal l groups of l i t tle , black , round spore-cases , arranged
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along the nerves . Each one of them has a c i rcular opening at the
top . This stage of the fungus is cal led Nectria graminicola. TO

wards
'

the bloom ing time of the seed , the t iny corn substance i s
infected , when the spore-cases ripen

,
and they let out the spores.

The disease t roubles rye especial ly , and wheat nex t . D ifferent
variet ies of the same sort of seed suffer in a different way . Z ealand

FIG . 76 .
—SNow MOULr—Nectria graminicola . (a, b AND c, FROM P. SORAUER ;

d A ND e, L. H ILTNE R AND G . IHSSEN. )

a
,
6. Fusarium nivale ; a

,
myce l ium threadsw ith a sling b, con idia w ith germ ina

tion - tubes ; e, the origin O f the con id ia d , Nectr ia granzzn
'

zcola on a dead rye

leaf e, a germinated d iseased rye
-corn , unable to reach the surface .

rye has proved to be one of the most suscept ible , while Petkus -rye
has shown great resistance.

PROTECTIVE MEASURES .
—( I ) Assist the speedy mel ting of the

snow by distributing the snow-drifts over the fie lds and pastures .

(2 ) D rain off quickly the water that accumulates through the mel t
ing Of the snow. (3) Harrow the earth l igh t ly in the spring as early
as possible . (4) If the sowing-corn i s under suspic ion of carrying
infect ion , i t should be steeped in a subl imate solution ( 1 in
This solution should be prepared in wooden vessel s , not metal , and
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a cover over the topmost sheath of the straw . This cover is first
greyish -whi te and later on golden -brown somewhat simi lar in hue
to the female ear of cat - tai l (Typha) , from which the specie s name of

the fungus is derived. The disease stops the growth of the straw
and prevents the format ion of ears. The greyish -whi te cover
consis ts of C losely crowded fungus threads , extending radial ly and

producing con idia at the i r po ints. These conidia are unice l lular .
As the cover acquires a golden brownish tint , these fungus

threads are crowded out by o ther fungus threads
,
which when fully

developed turn ou t to be spore-bags
,
each one contain ing eight long

and narrow jo in ted spores . I t i s surm ised that the conidia diffuse
the disease during the summer from one p lant to another , while the
actual spores prolong the l ife of the fungus from one year to
another .
Occasional ly the disease hasbeen very mal ignan t on Timothy grass.

This was the case in Sweden in the years 190 1 , and e specia l ly 1902 ,

when it appeared to a large extent over many of the central and to
wards the southern provinces . I n severa l places the harvest was

reduced to only a th ird part of an average output . D uring the same

t ime , however , the disease was insignifican t on cock ’s- foo t grass and
other grasses in the same local it ies .
I t seems as if this fungus can retain i ts vital i ty in the rhizomes of

the perennial grasses , and m ight possibly a l so be diffused by means
of the seed . NO remedy is known .

Ergot Disease of Grasses. (Clam
’

cepspurpun o. )

F rom bygone days certain sorts of excrescences , that occasional ly
appear in the ears and panicles of cereal s and grasses in place of

normal corn , have been known by the name of E rgo t . They are

several t imes as large as ordinary corn , and there may be many on

the same ear or panicle . They are hard , pure white inside and dark
Violet coloured outside. They lodge preferably on rye , and were
named Secale oornntnrn by the early botanists .
E rgots are the sclerotia intended for the h ibernat ion Of the fungus
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Clavicepspnrpnrea. Towards harvest- t ime they easi ly get loose from
the ears and fal l to the ground . The remain ing sclerotia go with
the corn into the barn and

thei r stuff gets m ixed in
the threshed corn .

I f the ergots are lying
in the Open during the

W inter and covered by the
ear th to a depth of about
1 centimetre , about
inch , they w i l l germinate
in the spring . F rom
each ergot there wil l then
grow ou t several fruit
bodies , frequently ten or

more . These consist of

a thin reddish - yel low ,

fragile stem and a globu
lar , darker red head . The

stem becomes long enough
to bring the head above
the surface of the ground .

All round the outside of

the head are embedded
flask -shaped spore - cases ,
contain ing long Spore
bags

,
each one having

e igh t long, acum inated
spores . These spores

FIG. 78 .

—E RGOT D ISEASE OF RYE—Claviceps
purpurea . (FROM E . R OSTRUP .)

a
,
Rud imen t of ergot , germinating con idia on

its su rface ; b. rye
—ear w ith three e rgots c

,

ergot w ith thirteen ou t- grown fru it -bod ies ;
d , head o f a fru it-body ,

in tersected , flask

shaped imbedded spore -cases all round the

su rface ; e, spore-case w ith spore -bags.

become released at the bloom ing t ime of the cereal , or the grass . The
wind carr ies them to the surrounding fie lds , and some settle in the
Open blooms , st ick to the i r stigmas , germ inate , and grow down to the
corn embryo . A s ingle ergot i s sufficien t for the contam inat ion of

thousands of rye-blooms .
The infected corn embryos develop in a different way to that of the
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sound ones , and exude from their surface a sticky , sweetish , pale
yel low fluid , somewhat sim i lar to the honey-dew exuded or secreted
by the plant - louse ; i t is in consequence frequently cal led “ boney

e

dew . This fluid contains numberless smal l bud -cel l s, which are the
form of the summer spores Of the fungus . For some t ime this stage
of development was considered as a special sort of fungus , and cal led
Sphacelia segetmn. By means of the bud -ce l l s the fungus is readily
diffused to the sound blooms in the same ear or in other ears . The

spread takes place through the exuded fluid
,
by the wind shaking

the ears towards each other, or through insect s visit ing bloom after
bloom.

After a few days , howeve r, the exudat ion of bud-cel l s wil l cease .

The infected corn embryos grow ou t and final ly assume the appear
ance of ergots .
Among the cereal s i t is most ly rye that i s troubled by this pest.

Occasional ly 10 per cent . of the rye
- ears are beset by the ergots .

Rye sown early is more immune than that sown late . This fungus
is also found on barley , but not so Often as on rye, and i t rarely
at tacks wheat . On oats i t has been seen in A lgeria and in North
America .

I n recent t imes the discovery has been made that wi thin th is
kind of fungus there exist several spec ial ised forms biological ly
different . Those that have been discovered up to the present time

are the fo l low ing : ( I ) A form on rye and barley and on the follow
ing grasses : Hordeinn ninrinnrn ,

D acty lis glornerata, A rena elatior,

Festnea elatior, Calaniagrostis arundinacea, Baldingnera arundinacea, B riza

media
,
Anthoxanthmn odoratnrn

,
and others ; (2) a form on Glyceria

flaitans (3) a form on Poa annna ; (4) a form on the English rye

grass (Lolinrn perenne) ; and (5) a form on Milinln ef nsnni and

B raehypodimn silvationni.

The las t one i s pecul iar in that i t develops numerous bud -cel ls ,
but only rudimentry sclerot ia , on the early bloom ing Milimn efi

’

nsnnz

whilst on Braohypodinm silvatienni, which blooms later in the summer,
and to which the fungus is carried from Milinrn efi nsnm

,
i t not on ly

develops bud -cel l s , but al so fully developed sclero tia .
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grasses is so mixed with fragments of ergots that they cannot be
separated

,
then the whole should be poured into a vessel con

taining a 32 per cent . solution of chloride of potassium , and sti rred
for a quarter of an hour , while the fragments are sk immed Off with
a scoop , as they are l ighter than the corn and float . Then the corn
is rinsed at once with fresh water and spread out to dry . (4) Plough
the stubble in the autumn so deep that ergot s , which before or

at the harvest have fal len to the ground , are prevented from
germinat ing , and take care that they are not brought nearer the
surface in the spring ploughing , as they have not been destroyed
by be ing ploughed - down , al though the i r deve lopment has been
arrested . (5) As the ears are only susceptible to infection during
the t ime they are in bloom,

it i s advisable to try to induce an even
and short bloom ing period of the cereal s . This is done by spread
ing the manure carefully and evenly , by sowing the corn as far as

possib le on the same level , and by be ing careful no t to sow both
early and late bloom ing sorts of the same cereal C lose to each other .

(6) I f there Should be reason to suspect that the grasses growing
alongside ditches carry ergots, then these grasses should be cu t

during the i r bloom ing period .

Another form Of the same genus is Claviceps microcephala
on Phragrnites communis. This form m ight al so be transplanted on

Molinia ocernlea, Aira caspitosa, and Nardnsstriota.



C HA P T E R X I I

DOTHIDEACEIE

THE spore-cases are imbedded in a black , Crust - l ike foundat ion , and
have no regular wal l s .
The damage done by fungi of th is group at tacking agricultura l

plant s is general ly of minor importance . Phyllachora graminis
forms long, black , shiny spots on the leaves of Dacty lis glonzerata ,

FIG. 80.
—PHYLLACHORA GRAM

INIs. (a, THE AUTHOR ; b,
FROM A . B . FRANK . )

a
,
A p iece of a leaf of Triticum
“mum”, w ith fungus spots;

FIG. 8 1 .
—PHYLLACHORA TR IFOLI I . (a,FROM

b
,
section of imbedded spore E M FREE MAN 5 17, FROM E R OSTRUP -l

case
,
w ith numerous spore a

,
Leaf w ith fungus spots ; b, bead- like

,

bags. jo inted , fi lamen tous tubes.

Agrostisstolonifera, and other grasses . Eventual ly the spots wil l Show
on both sides of the leaves , which turn yel low and soon wi ther .
I n this same genus are general ly included two other parasit ical

fungus forms , on account of the s imi larity in the ir appearance,
although no actual Spore -cases have been detected—only bud-cel l s
in monil iform rows . These two forms are the fo l lowing

13 1
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P. Trifolii, on the leaves of red , white, and al s ike clover , where
i t forms smal l , crust - l ike spots , black on the under side and brown
on the upper, with pear -shaped , bilocular , brown con idia (Polythrin
cinm Trifolii) ; and P. Pastinaeae, which generates simi lar crusty
patches on the leaves of parsn ip .

Diachora Onobrychidis forms black , crusty patches on the

leaves of esparcet and on Lathy rus tuberosus. The spots develop
partly pycnidia , partly genuine spore-cases .
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fungus is Spread during the vegetat ive period
, and affects plants Of

different kinds .
The sclerot ia break ou t most ly on the surface of the dead parts Of

affected plants , and form there long crusts , often thin and flat . The

fru i t-cups , one or a few

from each one of the

sclerot ia
, are on st ipes

about 1 centimetre or

E inch long , and have a

disc in shape l ike a watch
glass .
I t i s possible that this

species of fungus em

braces several biological ly
different forms , adapted
for different sorts of hOSt
plants . Severa l Observa~

t ions prove i t to be l ikely
that the disease can al so
spread from place to place

FIG . 82 .
—STEM MOULD OF RAPE—Sclerotinia by means of the seed .

Fuckeliana. (a ,
FROM A . B . FRANK ; b AND

5
,
FROM E . R OSTRUP . ) F rom I reland comes

a
, Con id ia producing myce l ium ramification ; the report of a, potato
b
,
sclerotium w ith three fru it -cups c

,
section

of sclerot ium and fru it-cup .

disease apparently be‘

longing to this group
Botrytis on Potato. During the summer there appear on the

green potato- stalk , inside aswel l as outside , small , black , elongated,
Sl ightly raised , crusty strIpeS . These crusts consist of a c lose mesh
Of fungus threads , and deve lop into sclerot ia . W hen these ger
m inate , smal l tuft s of spore-producing fungus ramificat ions grow
from them and are classified as be longing to the genus Botrytis.

PROTECTIVE MEASURES . ( 1) Separate and destroy all the

sclerot ia . (2 ) DO not use sowing-seed taken from a diseased crop .

(3) Avoid swampy local i ties , and do not place the plants too close
to one another .



PE Z I Z ACEE 135

Root-Crop Rot . (Sclerotinia Libertiana .)

This disease appears on roots that have been stored up for the
'winter , e ither in cel lars or in large heaps covered with earth . I t

a

FIG . 83 .
—ROOT-C ROP ROT OF FODDER BEET—Sclerotinia Libertiana .

(THE AUTHOR . )
a
,
Beet w ith numerous sclerotia on the surface of the lower part of the root ;

b, section of beet
,
showing the extension of the rot inside the roo t .

troubles beet , rape , turnip , carrot, ce lery , parsley , chicory , and o ther
plants . So long as the plants grow

,
there i s litt le or no Sign of the

disease . There m ight , however, be sporadic cases, when it attacks
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the growing plant—for instance , on potato , rape , carrot , and parsley
and these cases require Special attent ion , as such plants may readily

convey the disease to the storage ground.

An especial ly interesting case with
potatoes is reported from I reland . The

disease, _which is cal led Stalk -D i sease ,

”

and al so “ Sclerotium -D isease,
” “ W hite

Spot,” Fal ling at the Butt ,” or Haugh
ing,

”
appears ear ly in July on the ou t side

of the potato- stalk , mostly on the lower
part , in the shape of smal l , snowy -white

,

nappy papil lae, from which si lvery drops
of a watery fluid soon ooze ou t . The

papillae become hard
,
and deve lop into

black sclerotia of a waxy nature. S imilar
sc lero t ia appear inside the hollow part of
the stalk. A week after the fi rst Sign of

the disease the stalk of the specimens first
attacked becomes fragile and breaks Off.

Those sclero t ia that are outside loosen
easily and drop to the ground ; as a lso
do the sclerotia which are located in the

hollow of the stalk , when th is wi thers down
in the autumn. The sclerotia rest in the

earth during the winter, and germ inate the
following summer in the shape of calyx

F1

31}
S

éx
lsg

’

fi
c

gfiogéz like Spore-cups with long stipes ; and then
Libmiafla (THE AUTHOR) the wind carries the infect ing spores to the
Numerous sclerotia inside

the root green potato - stalks .
On several plants the disease renders

i tself conspicuous by a white , nappy , luxuriant mycelium , extending
more and more over the surface of the root , and possibly al so
on the stalks and leaves , if any remain . The growth and extension
of the mycel ium is encouraged by a damp atmosphere ; hence a

greater dest ruction takes place in ce l lars than in the earth -heap .
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from each sclerot ium . They are borne on a tubular stipes up to

3 centimetres , or about 1 inch in length . The disc i s concave ,
the centre of the concavity being connected with the tube of the

st ipes. I n this way the fru i t -cup has the appearance Of a trumpet .
The upper surface of the disc is formed of crowded spore-bags,
each of which contains eight egg- shaped spores. W hen the spores
germ inate

,
a myce l ium develops ; this , on a su itable bas i s, grows

into a cot tony fel t .
PROTECTIVE MEASURES Separate carefully all diseased roots

at harvest- t ime , even those only suspec ted , and do not let them get

into storage . (2) Gather and burn all the Sclerotia that might be
ready formed at the harvest - t ime . (3) If the crop i s to be stored
in a ce l lar where the disease has previously been , then the floor,
wal ls , and ce i l ing Should be thoroughly c leansed, lest some rema in
ing mycel ium infect the roots ; and to be quite sure , i t i s bet ter to
fumigate the cel lar by burn ing powdered sulphur in an i ron vessel ,
to be placed on a flat stone, to prevent danger from fire . (4) Ex

am ine the stored-up supply from t ime to t ime , removing everything
that is diseased , and destroy it either by burning or by burying i t
deep below the surface . 5) Keep the cel lar ventilated as much as

possible . (6) I f the roots are to be stored in an earth - heap, then
they Should first be covered by a th in layer of fresh soil, upon which
is placed a layer of dry straw , and then earth again upon that .

(7) DO not use root s for fodder , even if Only slight ly diseased , with
ou t previous boiling . (8) I n a field that has yielded a diseased crop ,
do not rai se any sort of plant that i s suscept ible to the disease unti l
three years have elapsed .

Clover-Sclerote . (Sclerotinia Trifoliornrn .)

This d isease becomes conspicuous in the autumn ou -young C lover
that sprouts after the spring sowing . On the leaves of sundry

plants appear bleached brown spots that Spread rapidly. Soon both
leaf and stalk wither. Bu t at th is period the disease usuallv escapes
the planter ’s attention . However , at the me l t ing of the snow the

following spring it i s clearly eviden t : a larger or smal ler amount of
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C lover-plants lie prone and withered . On the field there appear
large , bare patches , and in severe cases the entire clover -plants die
off: On these dead p lants can be seen black, i rregularly formed ,
and loose ly attached scler
o t ia

,
usual ly round the neck

of the root .
The fungus causes great

devastat ion on red c lover,
but has al so been seen on

alsike c lover , white c lover ,
cr imson C lover, and on

esparcet , lucerne , and Medi

oago lupulina, and several
o ther p lants of the same

fam i ly . W i t h the red Clover
the sclero tia are the size of

a pea, or somewhat larger ,
and deve l op on the root .
W ith the a l sike C lover they
are smal ler , and appear the
entire length of the stalks
above ground. W i th the

Medicago sativa the fungus
causes the upper part of the
root to rot , and the sc lerotia
develop round the neck of

the root . Bu t with regard
to th is i t frequently happens

FIG. 86. C LOVER-SCLEROTE—Sclerotinia
Trz

’

folzornm. (THE AUTHOR . )

a
, C lover-p lan t k i l led by the fungus, scler
otia on the root ; b and c

,
sclerotia w ith

grown fru it-cups ; d , spore-bag.

that plants which have more stam ina can revive on account of the
long , d eeply-set roots . B eneath the decayed spot buds ar ise, which
during the summer may deve lop sprouts, and appear above the

surface .

Late in the autumn there grow out from the sc lerotia pale red

fungus cups , borne on long , narrow s t ipes , which frequently in thei r
formation are i rregularly spi ral . The length Of the s t ipes aecom
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modates i tse lf to the depth at which the germinating sclerot ium i s
placed. The stipes becomes exact ly the length required for the
purpose of bringing the disc above the surface. On the upper side
of this disc are Close ly crowded spore-bags , each of which con

tains eight spores . The spores germ inate at once , and orig inate a

mycel ium. This attacks the leaves, stalks, and roots of the C lover
plants. I t forms a mesh that penetrates the whole plant , and kil ls
it al together by the Spring

,
perhaps earlier.

A mild win ter, abundant moi sture , and crowded plants promote
the deve lopment of the disease . General ly the at tack is most serious
the first "year after sowing , presumably because the plants are then
more tender, hence more easily accessible to an attack from the

fungus . Manure has not proved to have any checking effect upon
the disease, but rather the contrary. Even a st rong dressing of

lime has proved futi le.

PROTECTIVE MEASURES—( I ) I f the plants that die in the spring
are only few and scattered

,
then they should be dug up with all the

sclerotia upon and around them, and fresh seed sown in the bare
patches . (2) Should most of the c lover-plants in a fie ld , consisting
of nothing but clover, die off , i t wil l be best to p lough up the ground
and sow some m ixed seed that wil l yie ld green fodder

,
thus finding

some return for the lost clover crop . (3) For a per iod of three to
four years no clover should be planted on a di sease d field . (4) If

there be the sl ightest fear that the disease may appear , then clover
should not be sown alone , but m ixed with grass-seed . (5) As it

seems qu ite l ike ly that the disease may be spread by means of the

sowing - seed , i t is advisable to obtain the seed from a field that has
proved to be free from the disease .

C losely related to this i s Sclerotinia Nicotianae, which brings
whiti sh spots , and later on black sclero tia , upon leaves and stalks
of tobacco -plants .
To th i s group belongs al so Pseudopeziza Trifoll l (“ C lover

Leaf Spot which in fests clover , lucerne, Anthy llis Vulneraria, and

Lotus. The fungus produces on the upper s ide of the leaves a

plentiful supply of smal l , dark , round Spots . Upon these spots
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THE fruit -cups are fleshy , cap or club - shaped . The outside of the

FIG . 8 8 .
—M ITRULA SCLEROTIORUM .

(FROM E . R OSTRUP . )
a
,
A sclerotium w ith five ou tgrown
fungus cups ; b, a fungus cup ;
e, a simi lar one

,
in section ; d ,

spore -bags from the cover at the
top of the fungus cup .

fungus head is covered all round
by a layer of crowded Spore-bags

,

mixed with sterile threads.
Among these fungi is Mitrula

Selerotiorum,
wh ich occas ional ly

appears on c lover
,
Lotns, and

other related plants. The effect s
of the attack are like those
of the clover - sclerote, and, l ike
that fungus , i t develops sclerotia .

F rom the sclero t ium grow , after
a certa in res t ing period , five or

six , occasIonally asmanyas
“th irty,

fungus cups . These are at first
whi te , then of a fleshy tint ; the i r
stalks are narrow and the head
swo l len , l ike a cl ub .

This fungus is as common in
Denmark as the stem- rot on c lover .
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SPHE ROPSIDEIE

THESE fungi have thei r con idia i nside Special globular pycnidia
,

visible to the naked eye
’ only as smal l brown or black spots .

These pycnidia are

Often provided with
a smal l round open
ing , through which
the conidia Obtain
thei r exit in a mass
of serpent- l ike sl imy
threads .

Phyllosticta.

The pycnidia form
wel l defined , dead
spot s on the green
leaves . These Spots
are often surrounded
by a dark red or

brown brim , and

the pycn idia appear
as browniSh black FIG . 89 .

—PHYLLOST ICTA TABAC I . (FROM 0 . KIRCH
Specks at the middle NER AND H . BOLTSHAUSE R . )

t f h a , Portion o f a tobacco - leaf w ith fungus spots ;
Par 0 t e Spot ° b, pycnid ium from the cen tre part of a spot
The conidia are egg 6

.
bud -Cel ls.

shaped , colourless , and unicel lular .
143
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To this belong a great number of Species pract ical ly different
as regards the i r parent plan ts . Phyllosticta Betae forms on the
leaves of beet round , ye l low patches , pale at the centre , with a

darker brim , occasional ly with dark spots at the centre .

S im i lar blotches on the leaves of tobacco are caused by P. Tabaci,

and on c lover by P. Trifolii, on lucerne by P. Medicaginis, on
W indsor -bean by P. Fabae, on rape and turnip by P. Brassicae,
on buck wheat by P. Polygonorum,

and so for th .

Phoma.

The pycnidia appear on stalks and roots—not on the leaves .

The diseased blotches are not l im i ted . The conidia are most ly
unilocular .

Carrot Disease. (Phoma Roslrnpn .)
This fungus puts in an appearance towards the end of the

summer at the upper par t of the root , e i ther round the leaf-rose t te
or on the top Of the root j ust below the surface . I t appears as

concave grey blotches , sprinkled with smal l , blackish pap i l lae.

These papi l lae are pycnidia, contain ing a great number of egg

shaped conidia , kept together by a slimy fluid . W hen the weather
i s wet the ripe conidia pass out through the Opening of the pye

nidium as a long
,
flesh -coloured thread .

Diseased roots
,
stored up for the winter e i ther in cel lars or

earthen heaps , get worse , and diffuse the disease to those roots that
were sound when stored .

This fungus wil l cause great damage to the seed business of

the carrot -p lan ters . No seed can be obtained from a carrot
,
be

i t ever so l i ttle touched by the disease. The fungus trave ls from
the root upwards in brown stripes on the stalk . These stripes are

s imi lar to those which appeared dur ing the previous year on the
root

, and they are covered with pycnidia . W hen the plant is ready
to bloom , the root is al ready rotten . The stalk withers , and the

plant dies without yielding any seed .

For many years the disease has spread much in Denmark
and caused great losses . D ifferent sorts of carrots are differen t ly
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Cabbage Canker . (Phoma oleracea.)
This disease appears under somewhat various forms in differen t

seasons .
One form appears on the growing cabbage -plan t

,
and causes the

death of the trunk - root . All the softer parts of the roo t dissolve ;

FIG. 9 1 .
—CABBAGE C ANKER—Phorna oleracea. (FROM J. R ITZ EMA Bos. )

a Y oung cabbage -

p lant at the early stage of d isease ; b, o lder p lant , w ith scars
from fal len leaves and numerous fresh ly-grown branch roots.

only the firmer fibres remain . F rom the trunk
,
beyond the dead

part , there usual ly grow ou t p lenty of branch roots . I f these grow
strongly , then the cabbage-

plant may survive , at any rate for a

t ime ; otherwise i t qu ickly wi thers away . The disease is found also
on very young plan ts having merely three or four leaves . Such
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plants are conspicuous from having stiffer , straighter leaves, not

curved as in the sound plant . The disease i s worst on red

cabbage, next on Danish trunk-cabbage, and only sl ightly on

cauliflower . P lants attacked canno t stand erect—sooner or la ter
they droop ; hence the name of “

epilepsy ” sometimes given to

the disease .

FIG . 9 2 .
—CABBAGE CANKER . (FROM J. R ITzEMA Bos. )

a
,
Stored-up cab

.

bage - top .

.

w ith extended canker
o

; b, ce l ls from diseased tissue ,

With myce lium threads c
, pycnId I um w ith con idia.

Another form of the disease can be diagnosed during the winter
on the stored-up cabbage . I nside the cabbage - trunk are found smal l
spots

,
first white , then pale brown ish -grey , fina l ly black . These

canker-spots increase steadi ly . U sual ly the disease spreads through
the trunk to the leaves, . first the ex ter ior, then the in terior ones .
Moist and warm air assist s the diffusion . F rom the beginning of

January i t rapidly increases . The leaves perish and drop from the

t runk . On the surface of the diseased parts i s seen a fluffy my
celium , and at the same t ime many sma l l pricks , first red , then
brown ish -black . These are the pycnidia of the fungus—Phoma
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oleracea—which are causing the disease. I nside the diseased parts
the cel l- ti ssue is interwoven with the mycel ium Of the fungus .
E xtens ive invest igations have proved that these two diseases are

only different forms Of the development of the Same disease .

But simultaneously with the ravages of the fungus , an insect
Anthomyia Brassice

— i s al so responsible , especial ly with the grow ing

p lants , as i t appears that the at tacks of thi s insect Open a road for
the fungus .
I t has not been proved that the disease follows the sowing - seed .

Bu t i t has been found that seed from various cult ivat ions produces
plants that are in a different way suscept ible . The disease for
several years has been very devastating in the northern part of

Hol land (Langendijker dist rict) , where the cultivat ion of cabbage i s
conducted on a large scale.

PROTECTIVE MEASURES .
—( I ) DO not use plants of a sickly appear

ance nor those damaged by insects as seedlings . (2 ) Select those
sorts of cabbage that are growing strongly and have proved capable
of most resistance.

C lose ly related to th is d isease i s Dry Rot of Rape (Phoma

Napobrassica ) . I t forms rot - spots round the neck of the root , and
spreads down the s ides of

the root . The effect ‘ is

that the root rots in the

ground . Sl ight ly touched
roo t s tha t are stored up for

the winter wil l further de
velop the disease . The

b rotten spots are interwoven
FIG . 93 .

—PHOMA HENNE EERG I I OF by a mycel ium that brings
WHEAT ' E ARS ' (THE AUTHOR ) forth smal l black pycnidia .

a
, Spicu lae w ith spots on the ear -scales ; The same disease also

b
,
bud -ce l ls.

at tacks turnips .
Related to this i s al so

i

Phoma Hennebergii on wheat -ears . The

ear-scales have large , i rregularly formed spo ts , ei ther grey ish-brown
or chocolate . On the Spots are sma l l dots , consist ing of brownish
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This genus also contains many species . Grass Leaf-Spot on

Cereal Sprout (Septom
'

a gmmz
’

num) produces on leaves of wheat ,
oat

,
rye

-grass , and Avena elatior pale spots with smal l black pricks ,

1

FIG . 9 5 .
—GRASS LE AF -SPOT OF WHEAT -SPROUT—Septom

‘

a graminum.

(THE AUTHOR . )

a, Port ion Of a leaf, w i th spots of the d isease b, cross-section of a spot , w ith a

pycnidium ; c, con id ia.

arranged in rows .
'

Occasional ly i t causes great destruct ion of the

t iny wheat - sprouts in the early spring .

S im i lar leaf- spots are caused by S. Pastinacas on parsnip
,

S. Medicag’inis on lucerne, S. silvestris on Lathyms
, S. Anthyl

lidison lady
’ s-fingers, and S. Sperg

’

ulae on spurry .
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HYPHOMYCETES

THE con idia are not enclosed in special cases , but develop e i ther
from a cup or disc-formed bed or from separated , loosely
placed filamen tous tubes .

(at) MELANCONIEZE .

The conidia deve lop from an extended stroma, original ly under
neath the epiderm i s of the host plant

,
but later on laid bare, through

the rupture of the epiderm i s .

Clover Stem-Rot . (Gloeospom
'

um caulivomm.)

This disease—al so cal led “Anthracnose ” —was first noticed in
America and later on in severa l p laces in Europe—viz . ,

Bohemia,
W urtemberg, Saxony , B randenburg, and other places . I t attacks
red clover , and occasional ly alsike clover . I t forms on stem

'

and

leaf-stalks ovate -oblong
,
l ight brown spots , hollow in the centre ,

with a broad , black border . F requently the leaves that are outside
the diseased part s wither away .

The con idia -beds develop in these hol lows. This disease has

sometimes destroyed 25 to 50 per cent . of the harvest . I t i s worst
on American c lover .
A related form—G.Trifoll l—troubles only the leaves. O ther spec ies

of the same sort are G. graminum,
that creates numerous smal l

brown beds of conidia on the leaves of rye-grass, and G. Dactylidis,

which causes brown papi l lae on the top stalks of cock’s - foot grass .

Both these form s have been not iced in Denmark .

151
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To the same fungus group belong the following forms
Marssonia Secalis produces on the leaves of rye and barley

and on several wi ld grasses long, greyish -white
,
brown-edged spots,

which on thei r under s ide develop con idia-beds .
Cryptosporium leptostromi

forme forms spots on the stalks
of lup in (yel low and blue), at

first pale
,
and later on brown ,

upon which long black conidia
beds break ou t . P lants that are
severely attacked soon die, often
before they bloom . The fungus
can survive on dead lupin - stems
on the ground . Hence the cu l

tivation of lupin in the diseased
soi l should be avoided for two to
threeyears .

FIG . 96.
—CLOVER STEM-ROT—Gloeosporium caulivomm. (FROM 0 . KIRCHNER . )

a
,
Red clover plant , w ith long, dark spots of the d isease on the stem b

,
section

of st roma ,
w ith conidia .

(B) TUBERCULAR IACEZE.

The stroma i s from the beginning placed free on the surface of

the host plant , and i s usual ly waxy or mucous.
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in the grains. However , experiments on animal s with seed con .

taminated by th is fungus have given contradictory results. Some
t imes the animals are affected , somet imes not . Hence nothing

positive can be said about it .

F rom rye
-grains that have been strongly affected by this fungus

during the autumn there appears occasional ly in the spring a

cup
- l ike fungus, which is very sim i lar to , and even has been

considered as synonymous with , a cup fungus named S tromatz
’

m
’

a

temulenm, which has somet imes
been not iced to sprout in
the spring from diseased rye

grain s which have been im

pregnated by the myce l ium
of another fungus , cal led
Endoconidz

’

um temulm tum.

To the cup fungus (Stro
matinia temulenta) has

al so been attributed the sterile
myce l ium that appears in the

b
seed of bearded darne l (Lolium

Fm , 9 8 .

—MYCEL IUM IN THE SEE D OF
temulentum) , close against the

BEARDED DARNE L—Lolium temulentzmz. glu t inous ce l l - 1ayer , This
(FROM P. GUER IN

a , Section of fru it ; the layer of fungus
threads (drawn in b lack) around the through the w ho le p lant, but
grain , be low the scale ; b

,
section of

fruip wall.
no spore

o formation has been
detected , nor could i t be

brough t forth through culture . This myce l ium does not cause any

di sease to the hos t plant ; but rather the contrary , as i t accumulates
nitrogen for the benefit of the plant . W herever this sort of rye

grass appears , i t is more or less accompanied by th is fungo id

format ion .
This same sort of mycel ium has been found in grass

seed from the tombs of the Pharaohs about four thousand years
O ld

. The mycel ium renders the seeds of th is grass poisonous , as

has been known since the days of V i rgil , Ovid , and P l iny .

I n rare cases a simi lar mycel ium-formation has been seen in the

myce l ium has been traced
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seeds of English rye
-grass (Lolz

'

zmz 1567 611126) and al so in Lolimn

lz
'

m
'

cola.

Vessel Brand on Pulses . (Fusam
’

zmz vasinfectmn.)
By the name of Vessel B rand can be cal led a disease which

has been not iced late ly on different sorts of pulses , as peas , VVind

FIG . 99 .

—VE SSEL B RAND OF PuLSEs—Fusarz'um vasz
’

nfectum. (FROM G.

SCHIKORRA . )
a
,
D iseased lupin -

p lan t b
, young p lan t of VVindsor-bean , artificial ly infected .

sor-bean ,
lupin , and o thers . The disease becomes conspicuous by

the sudden and unexpected withering of the p lant s . I n peas i t
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has been seen to start in the month of May . Sundry young leaves
and parts of the sta lks become soft and pale ; final ly the whole
plant w i thers away . This usual ly takes p lace towards the end of

June , hence th is a i lment has been cal led “ the m idsumme r disease
of peas

”
St . I n the W indsor -bean a

s im i lar destruct ion set s in if the plants have been infected while
very young . Bu t if they should be o lder when exposed to infec
t ion , then the parasi te canno t break down the ma in stems

,
and i t i s

only the leaves that die . W i th regard to lupin—espec ial ly Lupinus

angustzfolius, and al so L . perennis and L . mutabilis, but not L . [utens

the disease has the same effect , e i ther on young plan ts , shortly
before they bloom

,
or on o lder plants

which have a lready formed pods .
The ma in stems rema in erect .
The disease begins at the neck of

the roo t , in one or more dark , decay
ing stripes

,
which Often reach above

the surface of the so i l . The con

taminating s tuff gains an inlet
through sores and fissures caused
by external agency , such as the

pull ing off Of branch roots , and so

forth . The fungus grows into the

tissue of the vessel s , and penetrates

FIG . 100 - CELLS FROM A PEA the who le plant . The vessel s become

STEM
,
DISE ASE D BY VESSEL fi lled with a yel lowish mucus . The

B RAND
,
W ITH MYCE L IUM AND

RE ST ING SPORES , (FROM c ,
mycelium extends to the neighbour

SCHIKORRA ' ) ing cel l s , and develops plenty of

mult i locular rest ing spores . These spores re tain the l ive fungus
during the winter. If the cel l - ti ssue that i s penetrated by the

mycel ium happens to lie bare, then there appears an air-mycelium ,

which develops conidia , one to two locular, or even more , say three to
six locular , by means Of which the disease can be spread from plant
to plant during the vegetat ive per iod .

This disease has been noticed especial ly on peas in Hol land
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they most ly wither away. I t can a l so cause destruct ion on seed
beet s and on bee ts in winter storage.

F. Brassicae appears in a simi lar way on rape, turn ip , and other
such plants .

Here may a l so be mentioned Brown Rot of Potato (Sty/56mm

Stemonites) . This parasite l ives in the sk in of the potato as an

interce l lular mycel ium . F rom this myce l ium extend grey ish -black ,
broom - l ike processes that bear egg

- shaped conidia at the i r po ints .

The germ inating tubes of these can only attack
'

a sound potato
tuber or a po tato- sprout when there i s a wound by which the tubes
can enter. This fungus is especial ly harmful

,
as i t prepares the

way for other more destructive fungi .

(y) MUCED INEZE .

The con idia-bearing fungus threads are free , and protrude from
the open ings . The fi lamentous tubes and con idia are co lourless .

Oospora cretacea.

This disease becomes conspicuous towards crop - t ime . The

surface of the roo t i s then found to be dark and to a large exten t
covered by a bark , crossed by fissures . Often there i s an entangle
ment on the root

,
usual ly at the m iddle , on account of which the

disease i n Germany is cal led Giirtelschorf
”

; or otherwise there
are irregular cavi t ies of various shapes .

The disease i s caused by severa l d ifferent species of the group
Oospora (O. cretacea , O. 7056114

,
and others) , often promoted by the

agency of cer tain worms (Enclzytmez
’

deae) which bore ho l lows in the
root. The fungi are not able to attack the sound surface of the

root , and can gain access only through wounds . The disease i s
worst after dry or open winters . I t is encouraged by a w et and

cold spring , or a dry and hot summer . I t increases on be ing
ferti l i zed with Ch il i sal tpetre .

The disease has appeared in Germany in many places s ince about
the year 1 895, be ing especial ly mal ignant during 1899 and 1903 in
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the district between Aschersleben and H ildesheim. I t can reduce
the crop by 25 to 50 per cent.
PROTECTIVE MEASUREs.

—( I ) Avoid contam inat ing sound fields
with diseased soil . (2 ) Drain swampy fields . (3) Sprinkle the soi l
with l ime .

I n North America a somewhat sim i lar disease, often cal led Beet

Scab , attacks the sugar -beet . I t i s thought to be caused by

FIG. 102 .

—OOSPORA CRETACEA . (FROM F. KRiiGE R . )

a
,
Early, and b, later stage of the d isease ; 0, transverse section o f a diseased
beet d

,
vegetative fi lamentous tubesand moni liform spores of the fungus.

Oospora Scabies . I t begins as smal l excrescences on the surface
of the root. These are at fi rst e i ther separate or in patches . Later
on they extend and unite into larger or smal ler knot s , covered by
papil la . The disease is considered to be iden t ical with scab on

potatoes
, caused by a fungus of the same name.

To the same group belong several fungi that form leaf- spots .
Ramularia Beta produces on the leaves of bee ts round, whitish

grey spots , visible on both s ides, and surrounded by a brown
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border, with white in the m iddle, owing to fungo id threads and

con idia. This disease has occasional ly been so mal ignant in
Denmark that almost every
leaf in a beet -field has been
affected .

Sim i lar spots are caused by
R. sphaeroidea on the leaves
of vetch, R. Onobrychidis

on the leaves of esparcet
, and

R. Schulzeri on the leaves
of bird ’s - foot t refoi l (Lotus
comz

’

culatus) .

Nearly related is Ovularia
deusta, which forms smal l ,
pale spots on the leaves of

Latkyms. These spots have
bunches of fungoid threads .

(8) DEMA
’

I
‘

IEE .

F IG . I O3 .
—RAMULARIA BETAE. (FROM F ungoid threads that are

E ’ R OSTRUP' )
carrying the con idia stand
free. The fi lamentous tubes
and the con idia—at any rate

one of them—have coloured , l igh t or dark brown walls ; hence a

sooty cover is formed on the affected parts of the plants .

a
, Portion of a leaf w ith fungoid spots;

b
, con idia.

Cercospora.

Fungoid threads and conidia are pa le brown , the latter being

pointed towards the terminals, and usual ly ovate-Oblong or needle
l ike , with severa l cross-wal ls.

Cercospora concors.

F rom the middle of J uly this fungus causes i rregular spots
of various sizes on potato- leaves . These spots are at first ye l low
above

,
and are somewhat numerous . Beneath they are covered
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Cercospora beticola.

This disease begins as smal l , brown, red-brimmed spots , irregu
larly scattered over the blades of the leaves . The brown colour of
the spots soon turns into grey , and then black . The spots dry up ,
and at the same time fissures and holes form over the blade .

FIG. 105.
—CE RCOSPORA BETICOLA . (a. FROM 0 . KIRCHNER AND H . BOLTS

HAUSER ; b AND 0, FROM B . M. DUGGAR . )

a
,
Portion of a leaf w i th d isease spots ; b, the conical root-neck of a d iseased

beet c
,
a mycel ium b unch , liberating conidia .

F inal ly , the whole leaf becomes dry and shrive l led . The outside
leaves of the rosette first become diseased , then those inside .

Meanwhile the plant strives to replace the old withered leaves by
developing fresh ones inside the rosette. During this process the
neck of the root is elongated and becomes conical , while the lower
part grows but l itt le . The disease can also occur on the bloom ,

if i t develops at all, and on the seed -clus ters .
W hen the spots attain a grey colour , there may general ly be found
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in them bunches of fungoid thread s belonging to Cercospora betz
'

cola.

F rom the po in ts of the threads are set free long, narrow, many
j ointed conidia that readily germ inate and diffuse the disease .

The disease attacks sugar fodder and red -beets . Amongst the
las t -ment ioned , severa l sorts have more resistance than others .
PROTE CTIVE MEASUREs.

—( I ) Sprinkle those parts of the fie ld
that show signs of the disease with B ordeaux mixture ( 1 per

(2 ) DO not use diseased beets for seed -beets .
Sim i lar leaf- spots are caused by C. Apii on carro t , parsnip, and

others, and by C. radiata on lady
’ s-fingers (Am

‘

kyllis s lnemria) .

(e) RHI Z OCTONIE/E .

F ungi be longing to this group form a fe l t - l ike , violet or brown
mycel ium on the surface of roots and o ther underground parts .
The organs of propagat ion are poorly deve loped .

Root Felt Disease. (Rhizoctonia. vz
’

olacea. )

This disease— al so cal led Copper W eb
”

and Root -Rot
at tacks a great number of plants , especial ly carrot , beet, clove r ,
and lucerne ; but sometimes al so turn ip , rape , spurry , and others ,
and may extend to the roots o f trees and shrubs .
In the month of June or July the disease appears on clover and

l ucerne . There appear ci rcular patches over the fields with ye llow
and withered plants . On the leaves and stalks nothing i s to be
found that would give a clue to the phenomenon . Bu t if the plants
be pulled up by the roots , there i s found on these a red fe l t of
fungoid threads .
On the carrot and beet -fields the disease becomes conspicuous

later on at crop - t ime . I n sundry places the leaves wi ther away .

I n th is case al so the root i s covered by a red fungoi d fel t . This
forms a homogeneous layer round e ither the upper , m iddle , or lower

part of the root . Those parts of the root that are only sl ightly or

not at all affected deve lop fa i rly wel l and reta in thei r natural colour.
The fel ty parts are often shrunk and narrower than the sound parts .
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W hen pul ling up the plant, the soi l sticks to the fungoid fel t , and
upon at tempt ing to free the root a part of the fungoid fel t fal l s off
aswe l l as some of the root - t issue .

W hen advanced in age, the threads of the fungoid fe l t contain
a red dye

- stuff
,
but

the wal ls are usual ly
colourless . I n the fe l t
are embedded numer
ous round , brownish
black dots , s im i lar in
appea rance to the pye
nidia of o ther fungi .
These format ions never
deve lop any organs of

propagat ion on the l iv
ing plant . But the

fo l lowing spr ing , on

the dead root , there
may be detected in
the dark red fungoid
meshes numerous egg
shaped conidia w i th
red contents .
Somet imes ramifica

tions of fi lamentous
tubes twine together

a , D iseased c lover -plant ; b, myce lium and into i rregular bunches ,
pycnidia] knots of threads ; 0, part of a reddish - ye l low on the
mycel ium (from the root of a species of

R umex) ; d , con id ia. outside , colourless in
the m iddle , and ulti

mate ly blackish -red—altogether a kind of sclerotia . These format ions
often separate from the root

,
mix with the surrounding so i l , and

become factors in the spread of the disease . F rom their surface are

often separated spool-formed
,
co lourless conidia, e i ther un icel lu lar or

bicel lular. The mycel ium rema in s al ive in the earth from year to year .

F IG. 106 .
—ROOT FELT D ISE ASE OE CLOVER

Rhizoctonia vzolacea. (FROM E . R OSTRUP . )
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plants, beet , and potatoes ; at any rate , i t wil l not remain long on
these plants .
Efforts have been made to prove a cont inuous stage of deve lop

ment of th is fungus
,
bu t the resul t arr ived at has been nei ther

certain nor unanimous . At one t ime i t was surm ised to be long to
Twic/zospkwm

'

a cin z
'

nans (Twmaz
‘

osphm ia c. , Laptosfihwria a ) , at another
t ime to Corticium vagum,

and again to a species of the genus
Rosellim

'

a .

PROTECTIVE MEASURE S .
— ( I ) At harvestitime carefully separate

all roots tha t show even the sl ightest S ign of disease . (2) During
the winter exam ine repeatedly stored-up roots that have been taken
from diseased fie lds , and destroy everything that i s unsound . (3 ) DO

not cultivate in diseased so i l the same sort of plants for at least
three to four years . (4) Should the disease turn up in the first
year ’ s c lover or lucerne , then the diseased parts of the fiel d should
be dug up and sown with grass-seed , and the extension of the

disease should be checked by digging trenches round the affected

parts of the field . (5) Choose for the cultivat ion of different
plants such sorts as local ly have proved
of greatest resistance . (6) Take care
that the so i l i s nutrit ious and wel l
drained . (7) Do not ferti l ize with fresh
barn manure if the stock has been fed
with part ly diseased roots .

The related fungoid form Rhizoctonia
Solani yields smal l , dark brown pap i l lae
on the surface of potato - tubers . These
papi l lae consist of a compact mass of

reddish -brown , th ick , jo inted fungoid
threads , without any Sign of propa

F IG . 108 R H I Z OCTON IA gat ing organs. As a rule the fungus
SOLAN I . (FROM E . ROS

TRUE ) does not penet rate deep Into the potato,
and the papil lae can easi ly be scraped

Off. Occasional ly i t may gain an entrance through insect burrows ,
and then develop a sort of sclerotia .
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B. fusca forms on the roots of rape and turnip brown , and

ultimately almost black , concave papil lae, Often un it ing into crests .
The papi lla consist of short -j ointed , ramified fungoid threads , which
are entangled at the j oints . This fungus remains only on the

surface of the root .



CHAPTER XV I I

UNEXPLORED DISEASES

Heart Rot of Beet .

TH IS disease—also cal led B light of Beet,
” Herzfaule

,

” Maladie
da Coeur,

”
Pourriture du Coeur —appears in the month of July

3 b

FIG . 109 .
—HEART ROT OF SUGAR -BEE T . (THE AUTHOR.)

a ,
Earl ier stage of the disease (in the month of August) ; b, later stage of the

disease (in the month Of October ).

IOS



https://www.forgottenbooks.com/join


170 FUNGOID DISEASE S OF PLANTS

affected beet s are only of secondary importance in the work of

destruct ion . Bu t as a rule fungi of one form or another are con

sidered as be ing the primary cause . Seve ral investigators think
i t to be Phoma Beta (Pk . sphwzosperma , Phy llosticta tabifica) , a stage
of deve lopmen t of the genus Mycosphm/ella. O ther invest igators
seek to find i t in Spoz/z

'

desmium putwfacz
’

ms, a form of development
of the genus Pleospom , and st i l l o thers in a bacterium,B acillus

mycoides.

F inal ly, the Opin ion has been expressed that the cause of the

disease may be a Sl ime mould - fungus
,
Myxomonas Beta ,

which at

FIG . 1 1 1 .
—PHOMA BETE . (FROM G . L INHAR

’

I . )

a
,
Ce l l - tissue w ith fungo id myce lium b.

”

pycn idia ,
one of them extend ing strings

of con id ia .

fi rst could in the stage of plasma dwe l l symbiotica l ly with the

plasma of the ce l l—hence someth ing l ike the previously described
mycoplasm ,

that i s , a latent stage of development of certain rust
fungi - and later on deve lop as a parasi te . However , the existence
of such a mucous fungus has been disputed .

I t i s possible that the name
“ Heart Rot may embrace several

separate diseases , each one caused by different agents .
The disease can wi th certainty be traced back to about 1885 ,

when i t appeared very mal ignantly on beet-fields in B randenburg
and Si lesia . I n the year 1892 i t was no t iced and described in
F rance , and the year after i t appeared very destructively in Germany ,
in a lmost every district where beets were cult iva ted . S imultaneously
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i t was noticed also in B e lg ium . I n 1907 i t appeared in the southern
part of Sweden . Now i t i s scat tered all over E urope .

PROTECTIVE MEASUREs. The ear th should be worked deeply,
so as to be able to resis t the drought . (2 ) Avoid ferti l izers that
bring on a too rapid maturing of the beets . (3) Do not sow too

early , lest the summer drought affect the beets during thei r most
crit ical period . (4) DO not throw leaves of diseased beets amongst
the manure . (5) For at least four years no beet s should be cult i
vated in a fie ld that has y ielded a diseased crop . (6) Only seed
beets should be used that have proved of greatest resistance .

Leaf-Roll Disease of Potato.

Towards the end of July or beginn ing of August there may be

seen on the potato-fields many plants of a p ecul iar appearance.

The leaflets fo lding over and the edges turn ing upwards assume

a t rumpet—l ike form . Sometimes the se plan t s are scat tered over
the fie ld

,
or they are gathered together , form ing larger or smal ler

patches . As the under side of the leaves is turned outwards, its
paler colour becomes conspicuous against the “dark green hue of

the sound plants , and shortly the whole field has a spotted appear
ance. W i th many sorts of potatoes the rol led-up leaves have a

ye l lowish or reddish tin t , espec ial ly the nerves on the under s ide .

I n the fi rst year of disease , the a ffected p lants yield an almost
norm‘

al crop of sound tubers , being only somewhat defect ive in
starch . If these tubers are used for seed next year , then the eyes
wil l sprout, but when appearing above the ground the plants become

stunted
,
and the ro l l ing up of the leaves commences earl ier than in

the first year . Tubers are formed , but they are smal l , often no t

larger t han haze l -nuts . Somet imes the runners get so short that
the tubers are c lose against the s talk , and none of them at tain a

normal length . The eyes of these sma l l tubers may send ou t

runners, which form rudimentary tubers. I f tubers from the second
year of disease are used for seed the fo l lowing year , then thei r
runners canno t reach above the ground , and they may not have
any at all.
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In the cross-sect ion of the stalk of a diseased potato-plan t i t w i l l
be seen that the vessel- ring is occasional ly yel low - tinted . On a th in
sect ion of such a stalk may be seen in the ye l low ring a fungoid
myce l ium that upon cult ivat ion brings forth Spores , which might

FIG . 1 12 .
—LEAF -R OLL D ISEASE OF POTATO . (FROM R . SCHANDER. )

a D iseased p lan t ; b, crop o f Magnum Bonum from sound p lants (on the left)
and from d iseased p lan ts (on the right ).

be class ified as belonging to the fungus group F nsaw
’

am. A simi lar
yel lowish ring of vessels i s occasional ly found inside the diseased
tuber

,
espec ial ly at that point where the tuber was fixed to the

runner. Bu t no mycel ium has, as a rule , been found , e i ther in the
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alarm ing newspaper article , wri t ten by one of Germany ’s most
prom inent potato cultivators , which was reproduced by numerous
papers , and headed “ The Po tato-Culture of Europe at Stake. I t
expressed the fear that in all Ge rmany—wi th very m inor except ions
—there was not to be found one sound po tato for seed . The loss
for Germany a lone was est ima ted at German marks , or

5 and i t wasconsidered desi rable that the Government should
grant marks , or for the purpose of an experi

menta l s tation of 500 to 600 hectares , or 125 to 1 50 acres . These
apprehensions proved to be exaggerated . To be sure , the disease
appeared in the autumn of 1908 in numerous places in all those
E uropean coun tries where potatoes are cul t ivated , especial ly w here
the industry is carr ied on ex tensively , and where the disease once
gained a footing there i t recurred and at tacked all sorts of potatoes .
B ut there were numerous and large districts where i t scarcely put
in an appearance , and where the crop was an average one .

I n the year 1909 the d isease appeared in many p laces in E urope ,
especial ly in the south - eastern part of Germany and in Aust ria
Hungary

,
and Caused greater devasta t ion than in the previous year .

For instance , i n Bulgaria i t spread to such an exten t that not a

s ingle district was free . And there i t happened that different k inds
of potato were differently affected , those imported suffering worse
than the indigenous . The destruct ion varied from 10 to 100 per

cent . B u t the very same year several district s in Germany were
comparatively free from th i s disease .

This disease has been thoroughly invest igated in recent years
in Germany and Austria

,
but as yet the real cause cannot be ascer

tained . I t may be that under the name of Leaf-Rol l Disease
are included several d ifferent forms of disease, varying both with
regard to thei r econom ic impor tance and to thei r appearance in the
developmen t of the leaves , thei r ro l l ing up , the at tachment of the

tubers , e i ther with or wi thout s tolons
,
and so forth .

PROTECT IVE MEASURE S .
- ( I ) Use perfect ly sound seed - potatoes

taken from a field where no disease has occurred . (2 ) DO not
cul tivate potatoes on a diseased fiel d for two to three years . (3) I f
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the disease breaks ou t in a field
,
then all affected plants should be

pul led up and destroyed ; but if you cannot afford to do this , then
they should be labe l led , so that the i r tubers can be separated at the

harves t from those taken from sound plants . (4) Take care that
no earth from a diseased field is brought by means of people ,
animals, or utensil s to a field intended for next year

’ s potato
plantation .

A simi lar, also unexp lored , potato disease i s repor ted from I reland
under the name of “ Yellowing ,

”
or

“ Yellow Blight .

”
By the

m iddle of July the plants b egin to wi ther , turn yel low , and die

prematurely, and the crop i s next to no thing . NO parasite has
been detected. Good drainage and ordinary care wil l arrest the
disease.

Mosaic Disease of Tobacco.

During the summer
,
two to th ree weeks after the tobacco-plants

have been placed ou t of doors , many become conspicuous by an

abnormal appearance. On the leaves are irregular spo ts of various
shades , some of them dark green and not at all transparent ,
while others are l ighter and transparent . W hen the leaf i s held
toward the l ight the format ions have a mosaic appearance . The

dark green spots grow rapidly and develop into sl igh t ly convex
excrescences, wh i le the paler spots remain stat ionary , and the

affected plants become stunted in their growth .

Sound and diseased p lants are m ixed together w i thout any order .
The disease does not of itself extend from plant to plant , but if a

piece of a diseased leaf, or sap pressed from such a leaf
,
comes into

Contact wi th a wound on a leaf or stem of a sound p lant, then there
wil l deve lop within three to si x weeks (all depending upon the

age of the sound plant) a s imi lar disease , a l though not i n the in

fected organ i tse lf, but on the tender leaves w hich gradual ly grow
ou t at the term inal s of stem and branches . The poi son seems to
fol low with the c irculat ing sap up to the younges t elements of the

t i ssue , where i t first begins it s work of destruct ion . A contam ina
tion of this k ind can readily take place from plant to plant

,
when
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the tobacco- plants are topped in order to check the fructifica

t ion . Then the infection takes p lace by means of the workman ’ s
hands or implemen ts . As a rule the side branches of the topped
plants get the mosaic disease . The diseased leaves fetch less in the

market than sound ones . They
cannot be used as covering leaves
for c igars , and when used for

p ipe- tobacco are said to have a

strong , unp leasant Odour .
The disease . at tacks all sorts

of Vi rgin ia tobacco (Nicoticma
Tabaczzm) , but does not appear on
English tobacco (N. mstz

’

ca) .

As yet noth ing definite i s
known about the rea l cause of

this disease . Several invest igators
think that i t is caused by bacteria
so extreme ly m in ute that neither
m icroscope nor culture renders
them visible . O ther scient ists
presume the existence - Of a con

tagious fiuid (“ contagium vivum
which is in t imately

un ited with the p lasm ic ce l l con

tents , hence a kind of mycop lasm .

O thers , again , deny the existence
of any paras it ic origin of the

FIG . I I 3 .
- MOSA IC D ISE ASE OF hich the surm i se i s

TOBACCO . (FROM D IWANOWSK I . )
d Isease

,
W y

brought about by cer tain dis
turbances in the ordinary nutrition of the plant . The re can be

e i ther an over -production of enzymotically originated oxidases and

peroxidases , or o therwise a production of toxin caused by some

external irritat ion . These disturbances may ari se from high
temperature , abundant watering , damp atmosphere , poor nutri t ion ,
or inj udicious select ion of seed -

plan t s , and so forth .
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CHAPTER XVI I I

GENERAL PROTECTIVE MEASURES AGAINST THE

DISEASES

THE measures that may be employed to combat plant diseases
caused by paras it ical fungi are principal ly of tw o kinds : either
preventive (prophylact ic) , or curative (therapeutic) .
W i th regard to the growing crops of our cornfields, fodder

grounds , and root -crop fields , the ir Close association makes curat ive
measures both tedious and fut ile ; hence in the ir case the preven
t ive method is the best . The matter i s different with garden
plants , as each indiv idua l tree or shrub can be given curat ive
treatment .

I .
—PREVENTIVE MEASURE S .

1 . Sound Seed , taken from Sound Plants.
— In certain cases— as, for

instance , ergot and brand in seed of cereal s and grasses , sclerot ia
in the seed of c lover , beet , turn ip ,

and mustard
, and SO forth—an

ocular exam inat ion will be suffic ient . The planter h imself can

undertake th is invest igat ion , or he can send samples to the nearest
station for seed-contro l , and obtain a verdict .
Bu t in many cases a botanica l examinat ion wil l not suffice . The

most dangerous diseases may evade m icroscopical analysis , and

al though nei ther spores nor myce l ia have been detected , experience
has proved that the disease has followed with the sowing - seed .

This takes place
,
for instance , with sowing - seed which carries the

disease of loose smut and rust , especial ly yellow rust , and also
with potatoes from plants suffering with bad leaf- rol l disease . To

178
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be perfectly protected aga inst these diseases, one should be certa in
that the crop from which the sowing - seed is taken was sound, and
in some cases i t i s not enough to know only about the previous

year , as the disease m ight be latent in the sort for several years
unti l a year occurs with atmospheric conditions that provoke an

outbreak . Proofs of thi s have been obtained through several k inds
of wheat wh ich are e special ly susceptible to yel low rust . The

sowing - seed of such wheat , being e i ther Shrunk or full - s ized
,
m ight

yield apparently a sound crop of good - looking , we l l - deve loped seed
corns , and m ight do so severa l years successively . Bu t if there
comes a year with atmospheric condit ions suitable for the deve lop
ment of the fungus of ye l low rust , then the disease wil l break out

aga in in a mal ignant form. I n such cases it wil l be best for the

planter h imse lf to exam ine the crops of preceding years. I f this
cannot be done, he Should procure re l iable informat ion concern ing
previous crops .

2 . Selection of such Species of Agricultural Plants as possess

Resistance.
-I t wil l frequently be found that different variet ies of

the same sort of p lants vary w ith regard to the i r susceptibi l ity to
the d i seases . This takes place ,

for instance , with the potatoes
aga inst the leaf-mould , and wheat aga inst the ye l low rust . The best
guide in th is respect will be the previous experience gained in the

place or i ts vic in ity. I n different districts the same sort of plants
may be suscept ible in a different way .

Bu t in o ther cases i t m ight happen that all
'

the varieties get
affected , as i s the case with all plants wi th regard to bacter iosis ,
and cerea l s as regards black and brown rust , and so forth .

3 . Caref ul Preparation and D raining of the Field .

— It goes without
saying that too much mo i sture aswel l as too much drought render
the plants more susceptible to diseases . Hence every precaution
should be taken to avoid everyth ing that m ight depr ive them of

the i r stam ina .

4 . F resh Barn-

yard Manure should not be used , as i t easi ly m ight
carry infect ion .

5. Diseased Sprouts, Leaves
,
Roots, and so forth, should be destroyed ,
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e i ther by burning or be ing dug down deeply , otherwise they m ight
diffuse the infect ion .

6 . F regu-ent Inspection of Rootsstored upfor the W inter.

— Everything
found to be diseased Should be total ly destroyed , lest i t m ight in
one way or another become a means of diffusion of disease during
fol lowing seasons .

7 . The Parasites might be Starved —Through letting a longer

period pass before the same sort of p lants again are cult i
vated on the same place , the paras it ical fungi wil l be rendered
destitute of nourishment . This is especially effect ive with root
parasites such as c lump- root on cabbage -

plants , root -fe l t disease on

Carrot, beet , c lover, etc.

8 . A ll Plants carrying the Infection with them should be removed from
the Vicinity

—This is especial ly important with regard to cerea l s
and grasses that may be attacked by the different varieties of

C luster- cups which shift the i r host plants . Such plants as Berberis
,

Rhamnus, and Anchusa ough t not to be al lowed nearer than 25 to

50 metres , or 80 to 160 feet , to fields and pastures . L ikewi se
weeds l ike Triticum repens, Dacty lisglornerata , and others that bear rust
fungi w hich infect cereal s and fodder grasses Should be removed .

9 . Treating the Sowing
-Seed with Fungicides. This can be done

in various ways

(a) Steeping with copper sulphate so lut ion ; a l ready described in
this book (pp . 24, 34 ,

(b) Crystal l isat ion with Bordeaux m ixture ; a lready described in
this book (p .

(c) Steeping with formal in solut ion ; already described in this
book (pp . 13 ,

(d) Ceres treatment ; already described in this book (p .

(e) Steep ing with subl imate solut ion ; a lready descr ibed in thi s
book (pp . 13 ,

(f) W arm - water treatment ; al ready descr ibed in thi s book

(pp . 49 , 53 , For th is purpose there are avai lable several k inds
of apparatus .
One of these i s the “ Getre ide-Beizapparat, by Appe l and
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The warm -water c i stern i s placed high up , about 4 metres , or
13 feet, on any sort of landing, and i s connected by means of a tube
with the feeding -

p ipe of the cyl inder. The c istern is fi l led with
water that i s heated by steam to a temperature of 55

° C . If no

steam be ava i lable , cold and hot water must be m ixed in the c i stern
unti l the desired temperature i s reached .

W hen using the apparatus i t Should be done in this way : The
seed is poured into the cyl inder above the lower strainer. Then
the upper stra iner is fixed to the l id , which is pu t on . The

tap i s turned , letting in the warm water . This pours into the

cyl inder from ben eath , and runs out through the waste -

p ipe at the

top . At first i t wil l be found that the temperature of the waste
water i s considerably lower than it was in the feed- pipe . Bu t i t
wi l l be found that the temperature of 55

° C . i s atta ined by the

waste water in two m inutes after a volume of water one and a ha lf
t imes as large as the quant ity of seed has been used . The feeding
tap i s then c losed

,
and the apparatus i s let a lone about five to ten

m inutes . To counteract any injurious after- effect of the heat ing up ,
cold water i s let in the cyl inder by means of the same tube . After
a few m inutes , and as soon as the cyl inder water is found to be

of the same temperature as the cold water in the feeding - pipe ,
the tap i s aga in closed and the water al lowed to run off . F inal ly,
the l id , together with the top strainer , 18 l ifted up , and the seed i s
poured from the cyl inder, and spread out to dry .

'

The who le process requires only twe lve to fifteen m inutes, hence
there will be t ime to do four different turns in a single hour . Should
the cyl inder hold 1 I 5 l i tres, or 23 gal lons , of seed , then 50 hecto l itres ,
or I 35 bushe l s , can be treated in one day .

I I .
—CURATIVE MEASURES .

W hen a disease i s to be stamped ou t over large fie lds or pastures ,
i t i s out of the quest ion to pay Spec ial attention to each individua l
plant , as can be done with shrubs and trees in a garden . The

only pract ical method is to sprinkle the whole field with some

fungicide .
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(a) Powders as Fungicides .

10 . Flowers of Sulphur .
—This should be s trewn over the diseased

plants when the weather i s clear, calm, and warm—not co lder than
20

°
C . Then the aci d wil l deve lop from the sulphur, and kil l

exterior myce l ia—for instance , that of the m i ldew fungi . The

sulphur should be pure and fine ly ground , then the powder wil l
st ick bet ter to the plant . The chem ical decomposit ion i s thus
promoted and the destruct ion of the fungi more certa in . This
method was greatly employed about 1850 in the vineyards of

Southern Europe for the destruct ion of the vine m i ldew . I n recent
times thi s remedy has been superseded by fluids , espec ial ly the

Bordeaux m ixture . This sulphur treatment i s al so useful aga inst
other forms of m i ldew , as that on peas , and i s st i l l the remedy
most . in use for rose m i ldew in hothouses .

1 1 . Sulfosteatit i s another granulated powder
,
used in the same

way a s su lphur . I t consists Of 10 per cent . copper -vitriol and

90 per cent . magnesia . The copper -vitr iol i s the kill ing substance ,
and the magnes ia causes i t to st ick to the plants . This remedy
was introduced into the mark e t in 1890 by the firm Jean Souheur
of Antwerp . For the diffusion of fungicide powders there have been
constructed severa l k inds of be l lows , some used by hand, others
Caf f

/

led on the back , and , again , others conveyed by carriage .

(b) Liquid s as Fungicides.

About the year 1880 l iquid fungic ides were to some extent
employed in the vineyards of F rance . Later on they gained a

footing in E ngland and North America ,
and i t is mainly through

extensive experiments in the latter continent that the i r value has
been recognized and util ized . Part icularly potato blight is amenable
to thi s sort of treatment .
The most prom inent of these fluids is
12 . Bordeaux Mixture — This preparat ion , made of sulphate of

copper , should not be bought in the form of a powder , but as large
blue crysta l s . For the usual m ixture (known as 1 per 1 kilo
gramme , or pounds , of sulphate of copper should be used . This
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quantity is placed in a bag of coarse clo th , and submerged in a vesse l
contain ing 50 l i tres, or about 10 gal lons , of water . This vesse l Should
be a wooden one, not metal , and for the purpose of sti rring up the
m ixture e i ther wood or glass should be used . I t requires about
twe lve to twenty- four hours to dissolve , depending upon the tem

FIG. 1 15 .
—PRE PARAT ION OF BoRDEAUx MIXTURE . (FROM B . T . GALLAW AY .)

1
,
Vesse l for the l ime -wash ; 2

. vesse l for the copper-vitrio l so lution ; 3, vesse l
for the mixtu re .

perature of the water . I t disso lves more quickly if the bag be

moved backwards and forwards in the fluid .

At the same t ime a s im i lar quantity of l ime-water i s prepared
in another vessel . This is done in the fol lowing manner : 2i pounds ,
or 1 kilogramme , of quickl ime is

'

first Sl ightly sprinkled with water,
then gradual ly di luted unti l 50 l itres , or 10 gal lons , of water have
been used . I t i s then strained , and no coarse particles are al lowed
to remain in the fluid .

Both these solutions are now m ixed in equal proportions . The

l iquid thus Obtained is cal led Bordeaux m ixture because i t was first
used in the vineyards surrounding that town. I t should be blue
in colour (not green) , turn red l i tmus -paper blue , and , when left
unsti rred in a test - tube , deposit a blue sediment at the bot tom.

Above thi s sediment there should be a clear l iquid . I f i t i s bluish ,
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Spray ing should take place when the weather i s dry . Should a

heavy Shower occur immediately after the spraying, then it must be
done over again , asthe ra in washes away the m ixture .

Bordeaux m ixture of this sort i s said to be of 1 per cent . Should
e i ther weaker or stronger m i xture be required , then the ingredients
should be increased or decreased in proport ion .

F reshly - prepared B ordeaux m i xture should be used each time

the spraying is done , as i t loses power . Recently , however, experi

FIG. 1 17 .
—SPRAY CART W ITH TEN-BRANCHED SPRAYER .

ments have been successful ly carried out with a view to preserving
i t for longer periods . Sugar has proved to be quite effect ive . For

1 hectol itre , or 2% bushe l s , of rather weak m ixture , 10 to 20 grammes

of sugar has reta ined its fungus-kil l ing qual i t ies for a whole year .
But for stronger m ixtures— say 2 and 3 per cent . -

3o to 50 gramme s
of sugar should be used for 1 hectol itre , or 2gbushel s , of the m ixture .

The sugar should be added within twenty-four hours .
Amongst other m ixtures m ight be mentioned Burgundy mixture

(Copper sulphate sodium carbonate) , ammoniacal copper carbonate

(copper carbonate + ammonia) , l iver of sulphur (potassium sulphide) ,
and so forth . B u t these have mostly been used for garden plants .
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TABLE OF THE FUNGOID DISEASES OF AGRICULTURAL

PLANTS ARRANGED AFTER THEIR HOST PLANTS

I . CEREALS AND GRASSES .

W heat , Trz
'

tz
’

cum vu lgar e.

A. ON SPROUTS. PAGE

(a) W eb - l ike mesh over the plants in the spring , when the snow
me l ts : Snow Mould , I

’
Vectrz

'

a graminz
’

cola (F usa r z
’

um

nz
’

vale)

(b) Sma l l and hard sclerotia of a redd ish-

yel low colour on the

leaves, wh i le the snow mel ts Ephu la g ramz
'

num

B. ON EARS.

(a) Corns fi l led w ith a brownish -b lack fetid mass: Stinking Smut ,
Tz

'

lletz
'

a caries and T. levz
'

s

(b) Spicu la transformed into a b lack dust, soon scattered by the
w ind Loose Smut , Ustz

'

lag
'

o Tritici

(c) Ears partly, w ith an entanglement in the m idd le
,
empty and

b lack D z
'

lophz
'

a gramz
'

nz
’

s

(d ) Seeds of a rosy hue, shrive l led and frequently hol low : Bac

t eriosis, Mz
'

crococcus T

(e) Awns covered w ith b rick -colou red mucous b lotches Mucous

Mould , Fusarz
'

um avenaceum

(f ) Awnsw ith b rown , b lack-dotted spots: Phoma Hemzeberg
‘

z
'

z
’

C. ON LEAVES AND STALKS.

(a ) Pale Spots, w ith smal l , b lack pricks, often arranged in rows
Leaf-Spot , Septori

'

a gramz
'

num and Ascochy ta gr amz
'

nicola

149 ,

(b) B lack prickles on the sheaths and leaves (most conspicuous if
they be hel d against the light ) Black Pricks, Lactose/arena
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PAGE
(c) Long , pale stripes, with smal l , brown do tson leavesand sheaths

Sfihwrel/a exz
‘

tz
'

alz
’

s and S . basz
‘

cola

(d ) St raw bent , and fina l ly snapped at the base ; the lowest joint
of the straw inside the sheaths b rown

,
somet imes with a

b lack cover of fungus th reads Straw -Break er, Lepro

spha ria cu lmzfraga

(e) The lowest joint of the straw inside the sheath and a lso the

roots,w i th a b lack cover of fungusth reads: Take-A11(W hite

Heads), Ophi
'

obolusg ramz
'

nz
’

s and O. herpotrz
'

choz
'

des

D . ON ALL PARTS ABOVE GROUND .

(a ) Long, redd ish -b rown , confluent
,
final ly b lack , dust -filled sore

stripes, especially on the sheaths and sta lks
,
but also at

t imes on the outside of the ear-scales: Black Rust , Puccinia

g ramz
'

nz
'

s

(b) Short , b rown , scattered , dust-filled sores, most ly on the upper
side of the leaves final ly short , b lack sore groups, covered
w ith the epidermis of the plant , on the under side of the

leaves and on the sheaths Brown Rust , Puccinia trz
'

tz
'

cz
'

na

(c) Smal l , lemon-tinted
,
dust-filled sores, arranged in stripes,

most ly on the upper side of the leaves; final ly stripes of very
t iny , b lack pricks, covered by the epidermis, most ly on the

sheaths
,
sometimes a lso on the inside of the awns and the

wa l l of the grain Y ellow Rust , P uccinia g lumarum

(a
’

) B lotchesof a grey or wh i te th ick fel t, w ith numerous l ittle b lack
dots embedded in the fe l t Mildew , E ry sz

'

phe gr amim
’

s

(e) Greyish -b lack covering over the who le plant, especial ly on the

ears, sometimes also on the corns, the d isease soon stopping
the growth of the plant Blight , Cladosporz

'

um herbarum

(Sphe re/la Tu lasnii)
(f ) Plant ceasing to grow ,

leaves turning ye l low and w i thering,
seedsbecom ing shrive l led Py roctonuw sphaerz

'

cum

Rye, Secale cereale.

A . ON SPROUTS.

Snow Mould , Nectri
'

a gramz
’

nicola . See Wheat , A (a )

B . ON EARS.

(a) Stink ing Smut , Tz
'

lletia Secalz
'

s. See Wheat, B (a )
(6) At fi rst the who le of the ear covered by a sticky, sweet ish fluid

honey-dew later on so l itary corns developing into long
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PAGE
(d ) Leaves w ith ob long , dark brown spots ; p lan ts and ears not

d istorted : Spot Disease, Helmz
’

nthospor z
'

um teres (Pleo

spam trz
'

chostoma f . Hordei nu tantz
'

s)

ALL PARTS ABOVE GROUND.

Black Rust , Puccinia gramz
‘

nz
’

s. See Wheat, D (a )
Yellow Rust , Puccinia g lumarum. See Wheat , D (c)
D iminutive ye l low , dust -filled so res, especial ly scattered over
the upper surface of the leaves final ly smal l

, b lack , covered
spots, most ly on the sheaths Dwarf Rust , Puccinia

(d ) Mildew , E rysz
'

p/zeg ramz
'

nis. See Wheat, D (d )
(e) Leaves at first w ith ye l lowish-wh ite, b rown- edged st ripes, run

ning lengthw ise, final ly reso l ving themse lves into long
threads ; plants d istorted , covered w ith a greyish -b lack dust ;
ears almost empty Stripe Disease, Helmz

'

n thosporium

gramz
'

neum (Pleospora tr z
'

chostoma f . Hordel
'

erectz
'

)

(f ) Leaves turning yel low ,
w ith sma l l b rown or b lack pr ickles

(most conspicuous in the transparent sheath , if th is be he l d
against the l ight) ; plan ts ripening premature ly, w ith d is
torted ears Black Pricks, Lea/aspha rz

’

a T See

Wheat , C (b)

Oats, A vena satz
'

f

z/a .

A . ON PAN ICLES.

(a) Loose Smut , Usti
'

lago A r ena . See Wheat, B (b) 56

(b) Covered Smut , Usti
'

lago Kollerz
‘

. See Barley, B (b) 59

(c) MucousMould , Fusar i
’

um avenaceum. See Wheat
,
B (e) I 53

B . ON LEAVES AND STALKS.

(a) Leaf Spot , Septorz
'

a gramimcm . See Wheat, C (a )
(b) Y e l low ish -

grey, final ly rather wh i te, long-st retched spotson the
leaves

,
w ith fine b lack dots arranged in rows panicle partly

empty Grey Spot , Scolecotrichum gramz
'

m
'

s

(c) Leaves with ob long
,
b rown , often red -b rimmed b lotches

Helmz
'

nthosporz
'

um Avena

(d ) Black Pricks, Lep tospha ria T See Barley, D (f )
(e) Sheaths covered w ith b lack prickles plants smal l Lastadz

’

a

mz
’

crosfiom
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PAGE
C . ON ALL PARTS ABOVE GROUND .

(a) Black Rust , Puccinia gr amz
'

nz
'

s. See Wheat , D (a )
(b) B rown ish -

yel low ,
dust -filled soresof varying lengths, frequent ly

placed in groups, the sore group u l t imately enci rcled by a

ring of lit tle b lack-covered spots Crown Rust , Puccinia

m

(c) Mildew , E ry siphegramz
'

nz
'

s. See Wheat , D (d )

Timothy Grass, Phlezempra tense .

(a ) Sores of varying lengths, redd ish -brown
,
final ly b lack, dust

filled , most ly on the sheaths and stalks : Timothy -Rust ,

Puccinia Phlei-pratensz
'

s

(b) Greyish -wh ite
,
later on go l den -brown, cover over the topmost

swo l len sheath of the st raw Reed Mace, Efiz
'

chloe typhina

(c) Grey Spot , Scolecotrz
'

chzmzgramz
'

m
’

s. See Oats, B (b)
B ladesw i th long redd ish -b rown b lotches, frequen tly ed ged by
a yel low-co lou red brim the centre of the b lo tch perfectly
wh ite Dilofihia gramz

’

nz
'

s. See Wheat , B (c)
(e) Ergot Disease, Clavi

'

cepsfizzrfiurea . See Rye, B (b)

Cock
’

s-Poot -Grass, Dactylz
'

sg lomera ta .

(a ) Black Rust , Puccinia gramz
'

nis. See Wheat , D (a )
(b) Short, brownish -

yel low,
d ust~filled sores, scat tered on the

leaves and stalks final ly b lack , elongated spots, gradual ly
cracking Crown Rust , Puccinia coronaz

‘
a

(c) Very tiny , ye l low,
dust -filled sores

,
scat tered on the under side

of the leavesand on the sheaths; later on smal l b lack -covered

pricks Uromy cesD acia/lidis

(d ) Mildew , E ry sz
'

phegm nzz
'

nz
'

s. See Wheat , D (a’)
(e) Reed Mace, Epz

’

chlo
'

e
'

typhi
'

na . See Timothy Grass, (b)
(j ) Ergot Disease, Clavz

'

cepspurgourea . See Rye, B (b)

(g ) Brown papi l lae on the top stalks: Gloeospor zum D actylz
'

dz
'

s

(h) See Timothy Grass, (a’)
(z

’

) Leavesw ith long grey st ripes t a rella recuz
‘
z
‘

ta

7) Leaveswith ob long
,
b lack

, crust - l ike spots, turning yel low and

soon wi thering Phy llac/zora gr anzz
’

nz
’

s

Meadow-Fox-Tail , A lopecur uspra tensis.

(a) Black Rust Puccinia gramz
’

nz
’

s. See Wheat , D (a )
(b Crown Rust , Puccinia coronzfer a . See Oats, C (b)
(c) Dz

'

lophz
'

a See Timothy Grass, ( d )
(d) Ergot.Disease, Clavz

'

cepspu rpu rea . See Rye, B (b)
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Rye-Grass, Lolz
'

u tn perenne, L . multzflorum,
L . teznulentu zn .

(a) Stink ing Smut , Tilletia Lolz
’

z
‘

. See Wheat
,
B (a )

(b) MucousMould , F usar i
'

um avenaceum . See Wheat
,
B (e)

(c) Steri le myce lium in the wa l l of the grain ( especial ly w ith
Loli

'

um temu lentu in ) : S tromatz
'

nz
'

a temu lenta (Ena
’

oconz
’

dz
’

um

tenzu len tum )

(d ) Typhu/a gramz
'

num . See Wheat, A (b)
(e) Black Rust , Pu ccinia gramz

'

nz
'

s. See Wheat
,
D (a )

(f) Crown Rust , Puccinia coronz
'

fera . See Oats, C (b)
Mildew , E rysz

'

phe granzz
'

nis. See Wheat , D (d )
(h) Leaf Spot , Septorz

'

a g ramz
’

nunz. See Wheat , C (a)
(2) Sma l l brown spots on the leaves Gloeosporiunzgraminum

(j ) Ergot Disease, Clau z
'

cepspurpurea . See Rye, B (b)

Meadow Pescue, F estuca elatior .

(a) Timothy Rust , Pu ccinia Phlez
'

-fira tensz
'

s. See Timothy
Grass, ( a )

(b) Crown Rust , Puccinia coronz
'

fera . See Oats, C (b)
(c) Ergot Disease, Clavz

'

cepsfiurybu rea . See Rye, B (b)

Strand Fescue, F estuca aruna
’

z
’

nacea .

ErgotsDisease , Cla r ice/1spu rpu r ea . See Rye , B (b)

Brome Grass, B ro/nus ar
'
vensz

'

s
,
B . mo/lz

'

s
,
and others.

(a ) Stinking Smut , Tz
'

lletz
'

a Holcz
'

. See Wheat, B (a)
(b) Loose Smut , Usti

'

lago bromz
'

vora . See Wheat
,
B (b)

(c) Brown Rust , Puccinia bromz
’

na . See Wheat, D (b)
(d ) Mildew , E rysz

'

p/ze gr amz
’

nz
'

s. See Wheat
,
D (d )

Meadow -Grass, Poa pra tensi
'

s
,
P . compressa , P .

P . nemom lz
’

s.

(a) Leavesw ith long, breaking wound -st ripes, fi l led w ith a brown
ish -b lack dust -mass Smut , Tz

'

lletz
'

a striaformz
’

s

(b) Black Rust , Puccinia gramz
’

nz
'

s. See Wheat
,
D (a)

(c) Smal l , yel low ,
scattered

,
dust-filled sores

,
mostly on the upper

side of the leaves final ly smal l , b lack dots, covered by the
epidermis of the leaf, especia l ly on its lower side Puccinia

Poarum and UromycesPea

(d ) Mildew,
E rysz

'

fihe gramz
’

nz
'

s. See Wheat, D (d )
(e) Reed Mace, Epz

'

chlo
'

e
'

typhz
'

na . See Timothy Grass, (b)

PAGE
50
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(d ) Y el low , dust-filled sores on the leaves
, arranged in groups ;

later on b lack spots on the sheaths, placed in rows, covered
by the epiderm is of the leaf Puccinia holcz

'

na

(e) Dz
'

lophz
'

a gramz
’

nz
‘

s. See Timothy Grass (d )
(f ) Reed Mace, Epz

'

chloe typhi
'

na . See Timothy Grass (b)

Hair Grass, A z
’

ra ca spz
'

tosa .

(a ) Black Rust , Puccinia gramz
’

nz
’

s. See Wheat, D (a )
(b) Ergot Disease, Claw

'

cepsfi ler/tiered . See Rye , B (b)

Vernal Grass, A nthoxaizthzmz odo
'

ratum.

(a ) Puccinia A n thoxan thz
’

. See Meadow -Grass (c)
(b) Dz

’

lophz
'

a g ra inz
'

m
'

s. See Timothy Grass (a’)
(c) Reed Mace, Epz

'

chloe
"

typhz
'

na . See Timothy Grass (b)
(cl ) Ergot.Disease, Clavi

'

cepspu rpurea . See Rye, B (b)

Ribbon Grass, Pha la ris aruna
’

z
’

nacea .

(a ) Black Rust , Pu ccinia gramz
’

nz
’

s. See Wheat, D (a )
(b) Crown Rust , Puccinia corona ta . See Cock ’s Foot Grass (b)
(c) Ergot Disease , Clavz

'

cepspu rpurea . See Rye , B (b)

Common Reed Grass, Phragmi
'

tes communes.

(a ) The upper joints of the stern d istorted , swo l len, and fi l led w ith
a b lack massof dust , the affected stems developing no ears‘

Smut , Ustz
'

lago grandz
'

s

(b) First b rown , then b lack , convex , dust -filled st ripes of varying
lengths, especia l ly on leaves and sta lks : Pu ccinia f ’hrag

mz
'

tz
'

s

(c) Ve ry smal l
,
scattered , b rownish -

yel low,
final ly b lack, dust

filled so res
,
especial ly on the leaves Puccinia Magnusz

’

ana

(a
’

) Ergot Disease, Cla '
vicepsmz

‘

crocephala . See Rye , B (b)

Sund ry Grasses.

(a ) Straws covered w i th a mucous mass, at first greyish -wh i te,
final ly b lack Physarum cinereum

(b) The root -stump left after mown hay, covered w ith large ,
snowy

-wh ite , greyish-b lack mucousmasses Spin/zaria a lba

PAGE

68

126



APPENDIX 19 5

I I . ROOTS.

Potato, Solanum tuberosum.

A . ON TUBER AND ROOT.

PACE
(a ) Brown spots wi th in the tuber ,

'

wh ich either rots
,
acquiring a

fetid sme l l (wet rot) , or dries and gets ho l low (d ry rot ) ;
skin una l tered : Tuber Bacteriosis, B acillus amy lobacter

and B . so/anzpera
’
a

(b ) Tuber d ry and shrivel led , w ith wh ite lanate papi l la on the

su rface ; inside of the tuber b rown and spongy ; tuber
pu trid : W inter-Rot , Nectrz

'

a Solanz
'

(F usarz
’

u in Solani)

(c) Tubers, roots, and neck of the root
,
w ith large , uneven

grow ths, final ly acqu iring a dark brown co lou r : Black
Scab , Chrysophly cz

‘
z
'

s endobiotz
'

ca

(a
’
) Smal l concave spots, w ith tu rned -up edges all over the surface

of the tuber : Corky Scab, Spongospom
‘

Scabz
'

es

(e) A red , meshy, fungoid fe l t, w i th embedded dark dots on the

surface of the tuber : Root Felt Disease , Rhizoctonia
z/c

'

olacea

(f ) Smal l dark b rown papi l la on the surface of the tuber :

Rhizoctonz
’

a Solani

(g) Skin,w i th large wh ite - Spangled or pale vio let b lotches, sprinkled
w ith b lack prickles Dry Scab, tSpondy /ocladz

'

um a trovz
'

rens I 12

(h) Greyish -b lack , b room- l ike processes extend ing from the sk in
Brown Rot , S tysanzcs S temonz

’

tes

B. ON STEM AND LEAVES .

(a ) Numerous brownish -grey, mou l dy b lotches (Botry tz
'

s ci
'

nerea ) ;
th in and flat b lack sclero tia on the su rface of the stern
StemMould , Sclerotz

'

nz
'

a F uchelz
'

ana

(b) Wh i te , nappy myce l ium , sparingly V isib le on the lower part of
the stalk ; large b lack sclerotia of varying size and form ,

frequent ly w i th in the stem : Root -Crop Rot , Sclero/z
'

nz
'

a

Liber tz
'

ana

(c) Leaves w ith greenish -

ye l low ,
fina l ly dark b rown, large spots,

covered beneath w i th a grey-violet nap of fungo id th reads
Cercospora cancers

( d ) Leaves w i th b lack ish -b rown , desiccative , concentrica l ly ar

ranged b lotches, soon w ithering ; sometimes curled : Dry

Spot , Solani 7/ar z
'

ans
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C . ON THE WHOLE PLANT.

(a) Leavesw ith large dark spots, the lower side of these covered
w ith a fine grey stuff or b l ight, especia l ly conspicuous at the
edges of the spot ; later on stem and tubers also covered
wi th b rown b lotches Potat o Blight , Phy tophthora z

‘

nfestans

(b) B lack stripes on the stalk , fi rst at its lower part leaves turning
yel low and slack ; plant decaying ; tubers putrid : Stalk

Bacteriosis, Bacillusmelanogenes and others

(c) Stalk b rown striped , w ith brownish -b lack vessels, final ly whol ly
brownish -b lack ; leaves sudden ly w ithering ; tubers w ith a

b rownish -b lack vessel ring Ring Bacteriosis, Bacillus

Solanacearum

(d ) Stalk th in ,
fad ing from the lower part ; leaves turning ye l low,

desiccative in the vesse l r ing yel low ish-b rown spots, w ith
suppurating ye l low sl ime in stalk aswel l asin tubers Brown

Bact eriosis, B acillus solanz
'

ncola

(e) Leaflets rol led up lengthw ise , assuming a trumpet -l ike fo rm ;

the under side of the leaves, especial ly the nerves, often with
a ye l low ish or redd ish tin t tubers developing poorly after
two to th ree yearsno tube rs Leaf-Roll Disease

(f ) Plants tu rning ye l low, dying premature ly ; the crop next to
noth ing Y ellowing (Yellow Blight )

Beet , Beta u zelgaris.

SPROUTS

The t iny sproutswh ich protrude from the seeds tu rning b lack ,
dying Germ Bacteriosis, Bacillusmy coz

'

cles

The part of the stal k wh ich is under the seed - leaves d irty
wh i te , shrive l led , w ith long itud inal fu rrows ; root soft and
b lack ; plant bend ing down : Seedling Blight , Py thium

Bary anu rn . See Barley , A

STEM AND LEAVES
The b lade of the leaf mosaic - chequered , w ith a l ternating
ye l low and green spots, battered , w ithering leaf-stalk trans
paren tly glassy, sl imy, decaying Y ellow Disease, Bacillus

tubzfi cans

The leaves of the germ -sprouts and the youngest ones of the
seed -bee ts, somet imesw i th yel low spots of cluster-cup on the

under side ; O lder leavesw ith sma l l
,
brown , ( lust -filled sores

scattered on both sides over the who le leaf Rust , Uromyces
Beta

PAGE
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cave b lotches or fissures, sprinkled with l itt le dark brown
pricks ; u l timate ly smal l leaf- rosettes on the neck of the

root Heart Rot

PAGE

Cabbage, Cauliflower , Swedish Turnip , Rutabaga , Rape , Turnip ,

B rassz
'

ca oleracea
,
B . Napzzs, and B . Rapel .

i

ON SEEDL INGS.

(a ) Seedling Blight , Py tkz
'

ztm Baryamlm . See Barley , A

(5) Head of the roo t getting b lack ; p lants b reaking
“down

,
dead ;

Seedling Cabbage Disease , Olpz
’

d z
'

um B rassz
’

ca

B . ON STEM
,
LEAVES, AND BLOOMING SPROUT.

(a ) The centra l nerves of the leaves and the younger stalks of

whi te cabbage, d isso lv ing into an offensive pu lp Bacteriosis

of W hite Cabbage, a species of Pseu domozms

(é) Tops of cau l iflower decaying : Bacteriosis of Cauliflower,

Bacillus oleraceus and B . érassz
’

ca vorus

(6) Stem,
leaves

,
and the d istorted b looming sprou t, w ith snowy

wh ite , sh iny crusts W hite Rust , Cystopw candz
’

dus

(fl ) Stem,
leaves, and the d isto rted b looming sprout, w ith wh ite,

flour- like coverings Blight , Peronospom parasz
'

tz
'

t a

(e) Stalk and leaves cove red by a wh ite film,
w ith embedded b lack

dots : Mildew,
E ryszltfie Polygont

(f ) Stern , leaves, and fruits, w i th ovate—ob long or round , b lackish
b rown spots : Black Spot , Sfiorz

’

dem zz
’

um exz
'

tz
'

oszmz (Lep to

Spfia rz
'

a Nafiz
’

)

(g ) StemMould
,
Sd erotz

’

m
‘

a F ucé elz
'

ana . See Potato
,
B (a )

(lz) Root -Crop Rot , Sclerotz
'

m
’

a Lz
’

ber tz
'

ana . See Po tato
,
B (b)

(2) At first pale green, then wh ite SpotS on the leaves, w ith smal l,
dark specks in the m idd le of the spot P/zy llostz

'

t ta B rassz
’

ca

C. ON ROOT .

(a) Roots d istorted , w ith numerous, irregu larly formed outgrowths,
final ly decaying Club -Root , Plasmoa

’

z
'

opfiom B rassz
'

ca

(b) Root w ith large , round , reddish -

ye l low spots, w i th a sl imy
covering fina l ly pu trid : F um rz

’

zmz B rassz
’

ca

(5 ) Root Pelt Disease, li’lzz
'

zoctmzz
'

a viola t ed . See Potato , A (e)

1 58

163

1 Here are included—ih order to avo id repetition—the roots Swedish T urnip
and Tu rnip ,

aswe l l as Cabbage and Rape , the inju rious fungi of all cruciferous
p lants be ing essentia l ly the same .
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(a
'

) Roo t w ith brown , nappy papi l lae : Rhizoctouia fusca
(e) The upper part of the root with d isco loured spots, covered

w ith l itt le back dots ; root u l timate ly rotten ; Dry Rot ,

Pfioma Napoérassica

(f ) On grow ing cabbage plants, the root just under ground dying
from the root beyond the dead part plen ty of branch roots
grow ing out ; plants often entire ly w ithering away in

stored u- p cabbage canker-spots inside the cabbage
trunk Canker , Bizawa oleracea

D . ON THE WHOLE PLANT.

(a) The centra l nerves of the leaves and the leaf-stalks w ith b lack
vessels root brown-spotted , w ith e ither rad ial or long i
tudinal b lack stripes inside i t ; root frequent ly grow ing long
and th in, almost l ike a carro t : Brown Bacteriosis, Pseudo
mouas campestris

(5) Leavesyel low,
dropping off ; the pu lp of the root w ith greyish

wh i te spots ; root eventual ly putrid and offensive : W hite

Rot , Pseudomonas destructaus

(5 ) Leaves and rootsw i th smal l
,
fi rst b rown

,
then b lack , sclerotia,

of the size of a cabbage-seed : Typku la gym us

Carrot , D aucus Carota

A . ON PARTS ABOVE GROUND .

(a) The under side of the leaves, covered by a th ick
,
snowy-wh i te

m i ldew B light , P lasmopara m
’

uea

(b) Leaves w ith b rown spots ; these spots on the under side
covered w ith fine brown myce l ium bunches : Cercospora
Apii

(5 ) StemMou ld , SclerotiumF u cé eliaua . See Potato , B (a )

B. ON ROOT.

(a) Root w ith brown spots, the d isease starting at the crown and

proceed ing downwards and inwards; roots qu ickly decaying,
most ly wh i le stored up for the winter : Bacteriosis, Bacillus
carotovorus

(0) Root Felt Disease , R/zizoctouia violaa a . See Potato
,
A (e)

C . ON THE WHOLE PLANT.

(a) Root -Crop Rot , SclerotiumLiber tiaua . See Potato
,
B (b)

(b) Stern and root
,
w ith grey , frequently concave

,
b lotches

,

sprinkled w ith smal l papi l lae , each of these papi l lae send ing
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PAGE
forth a flesh - co loured th read ; no seed ob tained f rom the

plant ; the roots stored up for the w inter often pu trid
Carrot Disease, Plzoma Rostrupii

(c) Leaves,
‘

and later on also the upper part of the root , wi th a

black covering Macrosporium B auci

Parsnip ,
Pastinaca sa liva .

(a ) Blight , P lasmopara uiz/ea . See Carrot, A (a)
(a) Stalk and leaves covered w ith a loose , wh ite film : Mildew ,

Eryszp/ze Heraclci

(c) Cercospora Apz
'

i. See Carrot , A (b)
(a
’

) Leaves with smal l, pale spots and l itt le b lack pricks in the

centre of the spot : S tep/aria Pasti
’

naca

(e) Numerous, smal l , flat, crust- l ike , b lack spo tson the under side
of the leaves: Pky Zlac/zora Pastinaca

(f ) Bacteriosis, Bacillusca rotouorus

Chicory , Cicfiorium [ u tybusx

Leaves and stalk w ith sma l l , ye l low,
sometimes eventual ly

b lack , dust-filled sores: Rust , Pu ccinia Cz
'

c/zorii

Leaves and stalk covered with a th in , wh ite film
,
w ith

numerously embedded b lack pricks: Mildew,
E fy szlblze

Cicizoriacearum

Root -Crop Rot , S clerotiumLibertiaua . See Potato , B (é)

I II . PULSES.

Common Pea, Pz
‘

sum sati'z/um , I
‘

ield Pea, P . arvense.

A . ON SEEDL INGS.

[Seedling Blight , Py thium Bary anum. See Barley, A

B. ON ROOT.

(a ) Brownish ob lack dust all over the surface of the root ; roots
sh runk , mel low ; stalks and leaves stunted : Root-Rot ,
Tfiz

’

elavia basicola

(5) Root interwoven w ith fungoid threads, often red or brown ;
stalk and leaves turning ye l low, dying : Vessel Brand ,

Fusarz
'

um f
z/asz

'

ufcctum
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PAGE
C. ON PARTS ABOVE GROUND .

(a ) Leaves and sta lk w ith b rownish -

ye l low , later on b lackish
brown , dust-filled sores: Rust , UromycesA u tky lliclis

(é) Mildew ,
E ryszfikc Polygam

'

. See Beet , B (a
’

)
(c) St emMould , Sc/erotim

’

a F ucé cliaua . See Potato
,
B ( a)

(cl ) Stalk w i th smal l , ovate-ob long
, pa le spots, upon wh ich a b lack

layer of mycel ium isfound Cryp/ospor ium leptostromiforme

Clover , Trif olium pra tense, T. repens, and o thers.

A . ON SEEDL INGS.

Seedling Blight , Py thium Bary auum. See Barley, A

B . ON ROOT.

(a) Root Pelt Disease, Bkizoctouia
f

z/iolacea . See Po tato , A ( e)
(6) Root w ith hard , b lack , inside wh i te, irregu larly formed sclerotia,

of the size ofa pea or somewhat larger ; in the autumn pa le red
fungus cups, borne by long, narrow stipes, growing out from
these sclerotia Clover -Sclerote , Sclerotinia Trzfolior um

(c) Root w ith sclerotia
,
l ike the former , but somewhat sma l ler,

and in the autumn deve loping thread - like fungus cups, w ith
the head swo l len l ike a club Mitru la Sclerotiorum

C . ON PARTS ABOVE GROUND .

(a) Sma l l, scat tered , b rown , sometimes later on b lack , dust -filled
sores Rust , Uromyces stria tus, U. fl aifolz

'

i, and U . Trifolii

rcpeu tz
'

s

(b) Leavesw ith pale spots on the under side
,
covered w ith a grey

v io le t mi ldew Blight , Peronospora Trzfolior um

(c) Mildew , E rysip/ze Polygoui. See Beet , B (a
’

)

(a
’

) Bl ister- l ike swel l ings on leaves and leafo stalks Olpia
’ium

(3 ) Leaves and stalk w ith smal l b rown sclerotia o f the same size
as a cabbage -seed Typfiu la Trzfolii

(f ) Stem w ith long , narrow
,
depressed , brown , b lack-bordered

spots, sprinkled w ith dark dots; leavesand glomesw ithering :
Clover Stem-Rot , Glocosfiorium cau livorum

(g ) Leavesw ith round , w ithering spots, cove red at fi rst w ith yel low ,

late r on brown , fungoid papi l lae Gloeosporium Trifnlii

Leaves on the under side , w ith b lack crust- l ike patches
P/zy llac/zora Trifoliz

'
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PAGE
(i) Leaves w ith brown spots; upon these spots smal l redd ish

b rown waxy d iscs Leaf -Spot , Pseudopeziza Trifolii

(j ) Leavesw i th dark brown spots, extend ing more and more unti l
the whole leaf is dried : l l/acrospcrium sarciuaformc

(la) Leaves w ith smal l , wh ite , b lack-

pricked spots : P/zy llosticta

(l) Leaves on the upper siie w ith smal l
,
light brown spots, sur

rounded by a purple - redd ish brim Sp/za ru liua Tr ifolii

Lucerne , Mcclicago sa liva, M . lupu lina , and others.

A . ON ROOT.

(a) Root Felt Disease, R/zz
'

zoctom
’

a 7/i0lacca . See Potato, A (e) 163

(b) Clover -Sclerote, Sclerotim
’

a Trifolior um . See C lover , B (b) 138

(c) Mitru la Sclerotiorum. See C love r , B (c) 142

(a
’

) On the neck of the root numerous large , irregu larly-formed ,
cora l -shaped tumours Crown Gall , Urop/zly ctisA lf a lfa

B . ON
'

PARTS ABOVE GROUND .

(a ) Rust , Uromycesstriatus. See C lover, C (a)
(é) Blight , Pcrouospora Trif oliorum . See Clover

,
C (b)

(c) Mildew ,
E rysip/zc Bob/goa l: See Beet, B (a

’

)

(a
’

) Typlzu la Trzf olii. See C love r, C (c)
(e) Leaf-Spot , Pseudofieziza Trifolii. See Clove r,C (i)
(f ) Leaves w ith smal l , wh ite, b rown -edged , b lack-

pricked spots
Septor ia Medicagiuzs, Pfiy llasticta Mca

’

icagim
'

s
, and P lea

sp/za ru liua B riosz
'

ana 120
,
144, I 50

(g) Ascoc/zy ta Pisi. See Common Pea, C (e) 149

Meadow Pea
,
Lat/zy ruspra teusis, Earthnut Pea, L . tu écrosus, and others.

(a ) Rust , Ummy ccs F aba . See Vetch , B (a)
(b) Blight , Peronospora Vicia . See Common Pea, C (a)
(c) Mildew , E ry sipl a F ob/gou t. See Beet

,
B (a

’

)
(a

’

) StemMould
,
Sclerotinia F ucé eliaua . See Potato, B (a )

(e) Black , round , crust - l ike spots on the leaves : Diacuora

Onobi clzizlis

(f ) Leaves w ith sma l l
, pale spots on the under side, covered by a

nap of fungo id threads Ovu laria cleusta 160

(g) Leavesw ith sma l l
, pale, b lack -

pricked spots: Septoria silvestris 150

Esparcet , Onoé fy cbis sa ti7/a .

(a ) Leaves and stalk w i th rusty-b rown , final ly b lack , dust -filled
sores: Rust , Uromyces Oiwbry c/zidis
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(é) Mildew ,
E rysififie Polygoui. See Beet

,
B (a

’

)
(c) Clover-Sclerote

,
SclerotiumTrifoliorum . See C lover, B (6)

(cl ) Diackora Ouoéry cliiclis. See Meadow Pea (e)
(e) Ascoc/zy ta Pisi. See Common Pea , C (c)

(f ) Ramu laria Ouoéry c/ziclis. See Vetch
,
B (g )

Hare’s-Foot Trefoil, A ntlzy llis Vu lneraria .

(a ) Stern and leaves w ith rusty b rown ,
final ly b lack, dust-filled

sores Rust , Uromy cesA u t/zy lliclis

(é) Clover-Sclerote, Scler otium Trifoliorum . See C lover, B (b)
(c) Leaf -Spot , Pseua

’
opeziza Tri/olii. See C love r, C (i)

(cl ) Leavesw i th b rown spots, covered by b lack bunches of fungoid
th reads-z Cercospora raa

’

ia ta

(e) Leaves w ith wh ite spots, scattered w it h l i t t le b lack dots
Septoria A u t/zyllidis

Bird
’

s-Foot Trefoil , Lotus cor nicu la tus and others.

(a) Rust , Uromyces striatus. See C lover
,
C (a)

(é) Blight , Pcrouospora Trifolioru uz. See C lover, C (é)
(c) Mitru la Sclerotiorum. See C lover

,
B (c)

(a
’

) Leaf-Spot , Pseudopeziza Trzf olii. See C lover
,
C (i)

(e) Leavesw ith ye l low , final ly red , spo tsof irregu lar form Bama

laria Scfiu lzeri

Serradella, Ornitfiopus sati
'
vus.

Root Pelt Disease, Ruizoctouia violacea . See Potato , A (e)

IV . OTHER AGRICULTURAL PLANTS.

Flax, Linum usitatissimum.

Leaves and stem wi th yel low ,
later on redd ish -brown to b lack

heaps of spores Melampsora Lz
’

ui

Plants getting slack and perish ing in sundry Spots the u tter
most root -strings glassy and brittle : Root Blight , Astero
cystis radicis

W hite Mustard
,
Sinapis a léa .

(a) Seedling Blight , Py t/zium Bary au um. See Ba rley, A

(é) Club -Root , P lasmoa
’

iop/wra B rassica . See Cabbage, C (a)
(c) W hite Rust , Cy stopus caudiclus. See Cabbage , B (c)
(cl ) Bl ight , Pcrouospora parasitica . See Cabbage , B (d )
(e) Root -Crop Rot , SclerotiumLiécr tiaua . See Potato ,

B (b)

PAGE
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INDEX

Afcia
'

ium Berberia
’
is, 7 1 Cat/zar tica ,

76 ; graveolens, 78 ; rubellum , 78 ;
Tussilagim

'

s, 78
A lteruaria Solani

,
1 1 1 tenuis, 1 12

Amy lobacter navicu la , 4
An th racnose , 15 1

Ascoc/zy ta Fagopy r i, 149 ; g ramini
cola ,

149 Nicotiana ,
149 ; Pisi,

I49
A sterocystisma

’icis, 29

B acillus a ruginosus, 17 ; amy lobac
ter , 2 ; at} asepticus, 8 ; Beta , 14 ;
brassica vorus, 13 ; Bussez

'

,
14 ; caro

tovorus, 17 ; cau livorus, 8 ; elegans,
17 ; laceraus. 14 ; macu licola , 17 ;
melanogeues, 7 ; mycoz

’

a
’

es, 15 ; ole

racea ,
13 pky toplzt/zorus, 8 ; Sola

nacearum , 5 , 17 solauiucola , 9 ;
solam

'

pera
’

a ,
2 solam

'

saprus, 8

tubificaus, 15
Bacter iosis

on bee t : Ca l i fo rn ian bee t -pest ,
16 ; germ ,

16 ; mu cous (bee t
gummos1s) , 13 ; wart , 15 ; ye l low,

d isease (ye l low ing ), 15
on cabbage : b rown (b rown -ro t ,
b lack - ro t , b lack cabbage -ro t ),
9 ; o f cau l iflower, 13 ; o f wh i te
cabbage , 13 ; tu rn ip wart

,

w h i te - ro t o f tu rn ip , 13
on carro t (so ft-rot ), 17
on lup in , 17
on po tato : b rown , 9 ; r ing (w i l t
baci l lose ), 5 ; sta l k (b lack sta l k
rot , b lack - leg), 7 ; tube r, 2

on seed , 17
on tobacco ,

17
Bacter ium scabiegeuum,

15
Bee t mou l d , 39
Bee t roo t tumou r, 30
B lack - leg, 9 , 1 14

p rick o f cornstraw , 101

Spo t o f cabbage , 103
sta l k - ro t , 7

B l igh t of b ee t , 168
of ce rea ls, 1 15

Botry tiscinerea ,
133

Brown -ro t , 12

spo t d isease on w h eat-ears, 148
Brulu re , 29
Bru n issu re , 9
Bun t in seed (see Smu t ), 45

Cabbage canke r, 146
c lu b - roo t , 18
w h i te rust , 42

Canker fu ngus, 25
Carro t d isease , 144
Cau l iflow er d isease , 25
Cercospora Apii, 163 ; beticola, 162

cozzcors, 160 ; m a
’

iata , 163
Chancre bacté r ien , 17
Clzrysop/zly ctz

'

s eua
’

obiotica,
25

Cladosporium lzerbarum , 1 15 , 1 17
Claviceps microcep/ia la , 130 ; pur

purea ,
126

Clostria
’
rum buty ricum, 4

C love r leaf spo t , 140
sc l e ro te , 138
stem ro t , 15 1

Coniosporium ,
1 14

Copper w eb ,
163

Crow n gal l of Luce rne, 3O
Cryptospmzum leptostromzforme 152

Cystopuscand id
’

us, 42

D iac/zom Onobryclzza
’

es, 132

D iloplzia gmmiuis, 1 12
Dry ro t o f rape , 148

spo t of po tato leaf, 1 I O
Du rrfleck en Krankhe i t , 1 1 1

Early po tato b l igh t , 1 1 1
E udoconia

’
zuuz temu lentum, 154

Epiclzloe t_yplziua,
125

Ep i lepsy . 147
E rgo t d isease , 126
E iysip/ze Cu, 1107 iacearum. 95 g ; ami

ms, 94 ; Hemclez 95 ; Polygam , 95



INDEX

F al l ing at th e bu t t , 136
F ed erbuschsporen

—Krankhe i t , 1 13
F lax roo t-b l igh t , 29
Foo t- ro t , 1 14
Fusarium avenaceum . 153 ; Beta , 157 ;

B rassica ,
158 ; cu lmorum , 153

Hordei, 149 ; Lolii, 149 ; nit/a le,
123 ; mseum , var. Lupiuz albi, 157 ;
Solani, 12 1 ; Tr itici, 153 ; vasia

fi ctum , 155

Gangren e d e la t ige , 8

G iddy -rye , 1 16

Gloeosporium cau livorum ,
15 1 D acty

liais, 15 1 gramiaum , 15 1 Tri

folii, 15 1
G ranv i l le tobacco-w i l t , 17
G rey spo t of oats, 1 17
Gummose baci l lai re , 13
Giirtelsh orf, 158

H aughing, 136

H elmin tosporios. 108

Helmintosporium A i leua ,
1 10 ; gm

w inc am,
105 ; teres, 108

H erzfau le , 168

Jaun isse , 15

La staa
’

ia mz
’

crospora , 1 19
Leaf- ro l l disease o f po tato ,

17 1
-spo t on ce rea l sp rou t , 150

Leptospba ria circiuans, 166 ; cu lmi

f raga , 99 lzerpotric/zoittes, 99
Napi, 103 ; Tritici. 10 1

Macrosporium B auci, 1 1 1 sarciua

forme, 1 12 ; Solani, 1 1 1

Ma lad ie du Coeu r, 168
d u Pied , 1 14
d es tachesb lanches, 17

Marssonia Secalis, 152

fil astigosporium album ,
1 12

Melampsora Liui, 89
Micrococcus Tritici, 17
Midsumm er d i sease o f peas, 156

[Mitru la Sclerotiorum , 142

Mosaic d isease o f tob acco , 175
Mu cou smou l d , 53
MyxomoaasBeta ,

170

Nectif ia gramiuicola,
123 ; Solani,

12 1

Nervat ion no ire , 12

Olpid ium Brassica , 3 1 Nicotiana ,

3 1 Trifolii, 3 1

207

Oospora cretacea ,
150 ; rosella , 158 ;

Scabies, 159
0p/zi0b0/us g ramiuis,
tric/zoictes, 1 13

Orrag,
1 16

Ovu laria acasia ,
160

113 ; berpo

Pea-

pod spo t , 149
Peronospora obovata , 4 1 ; parasitica ,

4 1 ; Sclzaclztii, 39 ; T7
°

ifoli07
'
u 777, 4 1 ;

Vicia , 40

Ph ellomyces Fau le , 1 12
Phoma Beta , 170 ; H emiebe7g 77 , 148

°

Napobrassica ,
148 ; ole7 acea ,

146 ,

R esu lt/577 144 ; sp17a rospe7 777a, 170

Pby llac/zma g 7
'
a777777 7s, 13 1 ; Pasti

77aca , 132 ; T7 ifolii, 132
Pby llosticta Beta , 144 ; B i assica ,

144 ;
Poly

g07707 77777 144 ; Tabaci. 144 ; tab7

fi ca , 17o ; Trifolia 144
B lzysa 7 u 777 ci77e7 cam,

24
P lfy top/zt/iora 7 77festaus, 35
Pié t in du Blé , 1 14
P las7770a

'

zoplzora B rassica ,
18

Plasma/2am fi zz/ea , 41

P leosplza m lma B 7f zosza77a ,
12o

P leospom p77t7 efac7e7zs 104 ; t7 7cl70s

toma , f . 8 7 0777 7 , 1 10 ; t7 . f . H07 a
’

ei

e7
7

3
ectz 105 ; t7 . f . Hbm

’

ei 77u ta77tis,
108

Porrit ure du Coeu r, 168
Po tato b l igh t , 35

co rky -scab
,
23

d isease , 35
d ry scab , 1 12

rose t te , 25
- tuber bac te riosis, 2
W i l t -baci l lus, 5
w in ter-rot , 12 1

Pse77d0777077as ca 777pest7
/7

’

s, 9 ; desti ne

ta77s, 13
Pseua

’

opeziza T7
'if 0l77 , 140

Puccinia A 77tl70xa77ti, 84 ; A rr/zea

a tlzer i, 77 ; b7
°

0777i77a , 84 ; C7cl707
’ii,

85 ; coronata , 76 ; c07
'

07z7fe7a , 75 ;
d ispersa , 73 ; g lumarum , 79 ; gra

777 777is, 68 ; lzolciua ,
84 ; Magnu

siaua , 78 ; l lI ilii, 84 ; Pli/ei-praten
sis, 83 : P lz7

°

ag 777itis, 78 ; P0a7 77777

78 ; szuzplex , 83 ; Spa g u la 86

Sy 77zp/zy t7 B 7 0777077 7777 84 ; T7 7set7
84 ; t7 7 tic7 77a , 83

Pustelsch o rf, 15
Py 7

'

0ct077u 777 splza ricum , 3 1

Py t/zzum Ba 73
'a7717777 , 33
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Ramularia Beta , 159 ; Onobryclzid is,
160 ; Sclzu lzeri, 160 ; spba roia

’

ea ,

160

R eed mace fu n gus of grass, 125
R bizoctouia f usca , 167 ; Solani, 166 ;
violacea , 163

R oo t -cro ro t , 135
fe l t isease , 163
-rot , 97, 163

R ust :
Berberis: c luster-cup , 7 1 ; w i tch
b room , 77

b lack rust , 68
b rown rust of b rom e-grass, 84 ;
o f rye , 73 ; o f w h eat, 82

crow n rust of oats, 75 ; of Cala
777ag 7

‘

ostis, e tc . , 76

on A 77tboxa 77t/zu 777 od
’

oratum , 84 ;
D acty lis g lomem ta , 85 , 86 ;
Linum

, 89 ; P/zragmites c0777

777u 77is, 78 ; Poa , 78 , 86 ; Trise
tum flaoesceus, 84

Timo t hy ru st , 83
ye l low rust , 79

Schwarzbe in igke i t , 8
Schwarze Fau lniss, 12
Sclerotinia F u ckeliaua , 133 ; Liber
t7

’

a77a ,
135 ; Nicotiana ,

140 ; Tri

foliorum , 138
Sc lero t ium d isease , 136
Scolecotm

’

clium g ramiuis f . A veua ,

1 17 ; f . Milii, 1 19 ; f . P/zlei, 1 19
Seedl ing b l igh t , 33

cabbage d isease . 3 1
Septoria A n t/zy llid is, 150 ; gra 777i7777777 ,

150 ; l ll ea
’
icagiu is, 150 ; Pastinaca ,

150 ; siloestris, 150 ; Spergu/a ,
150

Smu t
covered smu t o f barley , 55 ; o f
oats

, 59
loose smu t o f A oeua elatior , 60 ;
o f barley , 54 ; o f b rome grass,
60 ; o f oats, 56 ; o f Pliragmites
c0777777u 77is, 60 ; of w heat , 50

st ink ing smu t on Agrostis, 50 ;
on rye

- grass
, 50 on rye , 50

on so ft grass, 50 ; on wheat , 45
Snow mou ld

, 123
Soo ty mou ld o f bee t , 104
Spba rella basicola ,

1 19 ; exitia lis, 1 1
isariplzora , 1 19 ; 7

'

ec77tita , 1 19 ; 73
9

lasu ii, 1 15
Splza ru liua T7

°ifolii, 1 19
Spondy loclad ium a trovireus, 1 12
Spougospom Scabies, 23

FUNGOID DISEASES OF PLANTS

Sporia
'

esmium exitiosu 777, 123 ; putre
faciens, 104 : Solani 06277 62725 , 1 10

Spo t d isease of barley , 108
Spumaria a lba , 24
S ta l k- d isease , 136

smu t , 61
S tem mou ld , 133

rot of clover, 138
S t ink ing smu t , 45
S t . Joh annisk rankh eit , 156
S t raw -b l igh t , 1 14

-b reaker, 99
S t r ipe -d isease of barley, 105
S t7°0777ati77ia te77777le77ta , 154
S tysauusS te7770777

'

tes, 158

Synchy trium eua
’
obiotica, 27 ; Solani,

27

Take-all , 1 13
Taumelgetreid e, 1 16
Tlzelep/zora B lzizoctouia , 164
Tbietavia basicola , 97
Tilletia caries, 45 decipiens, 50 ;
Hold , 50 leois, 45 ; Lolii, 50 ; Se

ca lis, 50 ; striaformis, 50 ; Tritici,
45

Trematosp/za ria circiuaus, 166

T c7
'

7
'
ci77a77s, 166

Tu rn ip wart bacteriosis, 12
Typ/zu la Beta

, 90 ; gra 777i77u777 , 90 ;

gy raus, 9 1 Trifolii, 9 1

Urocystisoccu lta ,
61

Uromy cesA n tliy llid is. 89 ; Beta ,
87 ;

D acty lictis, 86 ; E uphorbia - com i
ca lati, 87 ; Faba , 88 ; 0770b7j /clzia

’

is,
89 ; Pisi-sativi, 8 7 ; Boa , 86 ; pm
te77sis, 8 7 striat-as, 87 Trifoliz, 89 ;
Tr zfolii-repen tis. 88

Urop/zly ctis A lfalfa , 30 ; leprozdea ,

2 0

Us
D

tilago A venue, 56 ; b7
'

o777ioora ,

g randis, 60 ; Hora
'
ei, 55 ; Kollerz.

59 ; lo77g issi777a . 60 ; 7777a
’

a , 54 ; per
e7777a77s, 60 ; T7

'itici. 50

Vesse l b rand on pu lses, 155

Wart d isease (po tato ) , 25
Wheat -ear fungus, 1 12
Wh i te-heads, 1 13

rot o f tu rn ip , 13
rust , cabbage , 42
spo t , 136

Y e l low ing or ye l low b l igh t , 15

Ba t /hero, 7 7 77717111a nd Cox, 8 , Hem 76117: Street , Covent Ga rd en, Lond on.
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DIEULAFOY
’

S Text -book of Medicine .

Translated by V . E. COLLINS and J . A . LIEBMANN. In 2 volumes.

Royal 8V0. Pp . xxiv + 2082, w i th 7 Coloured Plates and 105 Il lustra
t ions. Price 25s. net .

ELDER
’

S Ship-Surgeon
’

s Handbook .

Second Ed it ion . Crown 8vo . Pp. xii+ 388 . Price 5 8 . net .

FRENCH
’

S Medical Laboratory Method s and Tests .

Second Edit ion . Pp. viii + 168 , with 2 Colou red Plates and 8 8 original
Il lustrations. Leather , gi l t tops. Price 5 8 . net

PREYER
’

S ClinicaLLectures on Surgical Diseases of the
Urinary Organs . Demy 8vo. Pp. viii + 425 , w i th 141 Il lustrations,
most ly original . Price 128 . 6d . net .

GARDNER ’

S Surgical Anaesthesia.

Crown 8vo . Pp. xii+ 240, wi th 12 Plates and 35 other Il lustrat ions.

Price 5 8 . net .

GEMMELL
’

S Chemical Notes and Equations .

Second Edit ion . Crown 8vo . Pp . xiv+ 266 Price 5 8 . net .

GRAY
’

S Diseases of the Ear .

Demy 8vo . Pp . xii+ 888 , with 53 Plates, of wh ich 37 are Stereoscopic,
and 70 other I l lustrat ions. Price, with Stereoscope, 128 . 6d . net .

GREEN
’

S Pathology .

Eleven th Edi tion . Demy 8vo. Pp . viii with many new Il lus
trations,

‘

plain and coloured . Price 15 8 . net . (University Series. )

HYDE
’

S Diseases of the Sk in .

Eighth Edit ion . Royal 8vo. Pp. xxvi ii+ 1126, wi th 58 Plates and

223 Il lustrations, Plain and Colou red Price 25 3 . net .

JELLBTT
’

S Manual of Midwifery .

Second Ed ition . Demy 8vo . Pp xiv + 1210, wi th 17 Plates and 557

I l lustrat ions, plain and coloured . Price 218 . net . (University Series. )

KBRR
’

S Operative Midwifery .

Second Ed it ion . Royal 8vo Price 218 . net . [I n the press.

KNOCKER
’

S Accidents in their Medico-Legal Aspect .
A Practical Gu ide for the Expert W i tness, Sol icitor, and Ban ister, by
lead ing Med ical Au thori ties. Royal 8V0. Pp. xxviii + 1266. W ith 206
Il lustrations, Plates, and Diagrams. Price 303 . net .

KNOX
’

S Military Sanitation and Hygiene.

Pocket size . Limp l eather cover, gi l t top . Pp. 1 11+ 346, wi th 21 Il lus
t rations. Price 5 3 . net

LAKE
’

S Handbook of Diseases of the Ear
Third Edition . Demy 8 y o . Pp. xii+ 248 , wi th 4 Coloured Plates and

66 Origina l Il lustrat ions. Price 7 8 . 6d . net
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LAMB ’

S Diseases of the Throat , Nose, and Ear .

Crown 8vo . Pp. xvi+ 322, with 55 Il lustrations. Price 7 8 . 6d . net .

LAMBKIN
’

S Syphilis : Its Diagnosis and Treatment .

“71th Special Section on the Ehrl ich -Hata Treatmen t Demy
8vo . Pp . v1ii+ 193 . Price 5 8 . net .

LAVERAN MESNIL’

S Trypanosomes and the Trypano
somiases. Translated and Ed ited by DAV ID NADARRO,

M.D. Roya l
8vo Pp. 538

,
with Coloured Plate and 81 Il lustrations. Pric e zl s. net .

MACEW EN
’

S Surgical Anatomy .

Demy 8v0. Pp. xii+ 452, with 61 Il lustrations, plain and coloured .

Price 7 8 . 6d . net .

McKAY
’

S Operations upon the Uterus , Perineum, and
Round Ligaments .

Demy 4to . Pp. xvi+ 454, w ith 148 original Plates. Price 218 . net .

McKISACK
’

S Dictionary of Medical Diagnosis .

Demy 8vo. Pp . xii+ 584 ,
w ith 77 Il lustrat ions. Price 108 . 6d . net .

MAY W ORTH
’

S Diseases of the Eye.

Second Ed it ion . Demy 8vo . Pp . viii + 400, with 336 Il lustrat ions,
including 22 Coloured Plates. Price 108 . 6d net .

MONRO
’

S Manual of Medicine.

Third Edi tion . Demy 8v0. Pp . xxii + 1024 , w i th 42 Il lustrat ions
,

plain and coloured . Price 15 8 . net . (University Ser ies. )

MUMMERY ’

S After-Treatment of Operations .
Third Ed it ion . Crown 8V0. Pp . x+ 252, wi th 38 I l lustrat ions. Price
5 8 . net .

ONODI
’

S Optic Nerve and Accessory Sinuses of the
Nose . Translated by J . LUCKHOFF , M.D. Smal l 4to . Pp. viii + 102,

with 50 original Plates and I l lustrat ions. Price 108 . 6d . net .

OSTERTAG
’

S Hand book of Meat Inspection .

Third Edi tion . Royal 8vo . Pp. xxxvi+ 886 , w i th Co loured Plate and

260Il lustrations. Price 318 . 6d . net .

POLITZER
’

S Text -book of Diseases of the Ear .

Fifth Edition
,
en t irely rewri t ten . Translated by M. J . BALLIN

,
M.D

and P. H. HELLER , M.D . Royal 8v0. Pp . xiv+ 892, w ith 337 original
Il lustrations. Price 25 8 . net .

RAMSAY
’

S Diathesis and Ocu lar Diseases .

Crown 8vo. Pp. viii + 184 , with 17 Plates. Price 3 8 . 6d . net .

ROBERTSON8 Meat and Food Inspection .

Demy 8vo . Pp . x+ 372, wi th 40 Il lust rations. Price 108 . 6d . net .
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ROSE 81: CARLBSS
’ Manual of Surgery .

Eighth Edition . Demy 8vo. Pp . xii+ 1406 . W ith 12 Coloured
Plates and many new and original Il lustrat ions. Price 218 . net .

(University Series. )

SCALES
’

Practical Microscopy .

Second Ed ition . Crown 8vo. Pp. xvi+ 334, w ith 122 Il lustrations.

Price ‘

5 8 . net .

STARR
'

S Organic and Functional Nervous Diseases.
Third Edition . Roya l 8vo . Pp. 912, wi th 29 Plates, plain and

coloured , agd 300Figures in the text . Price 25 8 . net .

STEVEN
’

S Medical Supervision in Schools .
Demy 8V0. Pp. x+ 268 , with 40 I l lustra t ions. Price 5 8 . net .

STEW ART
'

S Manual of Phy siology .

Sixth Edition . Demy 8V0 . Pp. xx+ 1064, w1th 2 Coloured Plates and

449 I l lustrations. Price 18 8 . net (University Series. )

TREDGOLD
’

S Mental Deficiency .

Demy 8vo. Pp. xviii+ 39 l , with 67 Il lustrations and 9 Charts. Price
108 . 6d . net .

TUCKEY
’

S Treatment by Hypnotism and Suggestion .

Fifth Edi tion . Demy 8vo. Pp. xviii + 418 . Price 108 . 6d . net.

TURNER
’

S Radium Its Phy sics and Therapeutics .
Crown 8vo . Pp. x+ 88 . W i th 20Platesand other I l lustrations. Price
5 8 . net .

W ALSH
’

S The Rontgen Ray s in Medical Work .

Fourth Edi tion . Demy 8vo . Pp. xviii+ 434 , w ith 172 Plate and other
Il lustrat ions. Price 15 8 . net .

W ALTERS
’

Open-Air or Sanatorium Treatment of
Pulmonary Tuberculosis. Demy 8vo. Pp. xvi+ 323, with 29

Il lustrations. Price 5 8 . net .

W HEELER
’

S Operative Surgery .

Second Edit ion . Demy 8vo. Pp . xiv +296, w ith 157 Il lustrations.

Price 7 8 . 6d . net .

W HITLA
’

S Medicine. In two volumes. Price25 8 . net .

Materia Medica. Nin th Edition . Price 9 8 . net .

Dictionary of Treatment . Fi fth Edi t ion .

[In p reparation .

W ILLIAMS’ Minor Maladies and their Treatment .
Second Ed it ion . Crown 8 vo. Pp . xii+ 404 . Price 5 8 . net .

YOUNGER
’

S Insanity in Everyday Practice.

Second Edi tion . Crown 8vo . Pp. viii + 124. Price 38 . 6d . net .

LONDON
BAILLIEBE,

TINDALL cox, 8 , HEN R IETTA Sr , Oovnm GARDEN.


