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THE INFLUEHCE OF CERTAIN FUNGI OR THE GERMINATION OF PEAS,

A, INTRODUCTION.

The rotting of pea (Pisum setivum) seed in the course of germination,
resulting in a poor initial stend, is feirly exbensively recorded in the
Ameriesn 1iterature, and appears be.5 preblem of censidersble impertance both
to the canning (Starr,25) and market-pardening (Horsfall et al.,$) industries,
While it has been recorded and studied to some extent in Fngland, the extent
of its ocourrence here is stlll unsertain. The mein object of most of the
American investigators hes been the control of the disease, bub some attembion
has been paid to its cause.

Hnonseler (8) ropeatedly isclated forms of Pythium from pea seed that
had failed to germinate, and demonstrated that in sbteam sterilised soil
fungus of this genus could emuse complete failure of germinetion. Croisier
(8) and Richards (22) showed that Rhizoctenia Solani could prevent the
emergence of peas,snd Jones and Linford (14) thet Pythium de Baryanum oould
do likewise. Species of Fussrium heve been mentioned by Starr (25) es
responsible in part for tho' disease., The experiments that have been
condueted by other workers under gontrolled conditions do not suggest,
however, thet members of this genus destroy peas in the first steges of
growth, Croisier (5) found that the msjority of a large number of seed-borne
Pusaria investigated by him reduced emergence little, if et all, and thet



very few of them spprosched Rhiszoctonia Solani in sctivity under the
exporimental conditions, whieh he considered to he very favoursble for the
Fusaria, A perusal of the tables presented by workers who have studied

the members of this genus vesponsible for the wilt (Emyder, 24) and stem end
root -rmozn. 8 ; Jones, 12) of pess, snd the rooterct ceused by
Aphanomyees euteiches (Jones and Dro\ohllor. 13) shows thet these fungi did
not reduce emerpence in sterilised soil, The more recent Americen writers
(Horsfall ot sl., 9 ; Anderson ot al., 1) regard the disease ns sn ordinary
cage of damping-off due to species of Pythium and Rhizoetonia, the first
mentioned suthors partiocularising P.ultimum end R.Seleni.

In England Full (11) isolsted a phycomycete and & Fuserium from pess
which hed failed %o come up in pots under lsboratory conditions, mand found
that the former prevented emergence the more effectively umder those
conditions. In similer cirousstances Brett et el. (2) record the iselstion
of a Fuseriuwn, Padwick (20) of Penicillium, Fusarium and Bobrytis. Padwiok
demonstrated that several species of Fusarium, Botrytis cinerea, Helmin-

$hosporium sativum end a specles of Sclerotinia could reduce or inhibit
emergence, but he did not show that smy of these fungi could be obbtained
from seed which had rotted under field conditions. A large number of
Pusaria tested by him did not affect emergence. No study hes been mede In

Englend of the fungi present in typioal disessed meterial from the field.
In Denmark e Pythium sype of fungus (6) end in Yolland Pythium de Baryemum
(Buisman, 4) have been found capable of reducing the emergence of peas.




Defecte in the seed used are an obvious cruse of poor germination,
In fmerion seed naturslly infeoted with Ascochyta Pisi, A.pinodella and

Myoospheerells pinodes weas found by Linford end Epregue (17) end by Jones
(18) %o germinate lese readily them olean seed, Croisier (5) however,

showed that emergence was not reduced in soil hesvily infected artifielslly
with A.Pisl, 8 result similer to thet obteined by Sattar (235) and by
Padwiok (20) &n ¥ngland, while Sebbar end Mull (11) heave shown thet dipping
seads in apore suspensions of the fungus is likewise ineffective. Spores of
H,pinodes and A,pinodelle similerly applied did, hewever, prevent emergence
(Battar), These fungl csn only be important when the seed is hesvily
infected or plemted in fields vieh in infeetive debris, Croisier (), as
shated before has shown that some degree of pathopenieity may be possessed
by seed~borne Fusaria, end he also records Rhizoctonia Solani on seed. The
spparehtly physiclogionl disesse Marsh Bpot wes found by lacey (18) and by
Pothybridge (21) to reduce germination only when it wes very severe, but
Pethybridge considered that its effect might be grester umder conditions
more unfavourable to germination than those of his experiments,

Cold wet soils showed an inereased smount of the disemse in America
sooording to Haenseler (8) end Jones (16), snd Hsenseler considered thet it
wag fovoured by » heavy soil, In Pngland Full (11) hes mede similar
observations in respect of soil molsture. A specles of Pythium studied by
Haenseler ecaused complete feilure of emergence when the water content of
the soil ranged from 60-80% of esturation but ite pethogenieity was less in



drier soils. In respect of temperature however, the work of Richerds (22)
with Rhizootonis Soleni indiostes a rather restricted setion of this fungus
on pess at tempernbures of and below 9.5°C. Jones and Linford (14) suggest
an oven higher minimum (16°C.) for Pythiwm de Berysnum, since they found
it %o be abundant in soils in Wiseonsin in which it was not recorded as e

eause of seedling injury %o pess, They consider thet most peas reised in
Wiseonasin pass through the seedling stage when the soil tomperature is
below this figure, These observadions drmw ebbention to the inadequney
with which %he temperature factor has been tremted in studying the actiomn
st least of Pythium end Fusariuz on germineting peas. Wrinkled varieties
proved more susceptible to the disease than smeoth in the werk of Jones
(16) and Ba11 (11),

Several attempts have been mede to improve the percentage emergence
of pess by the npplua_ztim of ergenic mercury dusts to the seed, The
sontrol of the dh:kt:on;ﬁth these in America by Jomes (18) end in England
by Eull (11), Brett ot el.,(2) and Ogilvie and Mulligan (19), though often
substantinl, seems inferior to thet recorded in America by Anderson et al.
(1) and Horsfsll et al. (8) with cuprous oxide. This has been used with
considernble success in England (unpublished deta kindly supplied by
¥r,L,Ogilvie). Horsfall (103 found zine oxide to be ineffective, end
Gilput and Oubs (7) censidered it to be inferior e the proprietary orgenic
morourinl Semesan. In much of Horsfall's work seil infected with Pybhium

ultimum wae used.



The objeet of the presemt research has been to determine the fungi
responsible for the fallure to emerge of pea seed sowm in the early spring
in England, to investigate the factors which determine the severity of
the diseasge, and to test possidble control messures,

B, EXPERIMENTAL METHODS .

1, Pield B 8.

In the esrly spring of 1937 and again in 1938 regular sowings of the
two varieties of pea principelly used by Hull were made at the Imperial
Cellege Field Btation in Slough (Bucks,). Here both & fairly light end a
fairly heavy soil ere awailable, the latter being comparatively low-lying.

Bach sowing censisted of four randomised blocks eech combaining one
row under mhtnm. Bixty seeds were sown per row at a depth of one
%o two inohes and sbout two inches apert. Of these, ton, marked out at the
time of planting, were removed during the course of the experiment for
exanination and for isoletion of the fungi present,

Daily records of soll temperature st a depth of one end a half inches
were kept, snd the soil moisture was determined weekly by the following
method., One smmple of the top three inches of solil was removed et esch of



four fixed points with a tubular sempler. These cores were mixed and the
amount of water in the composite semple estimabted in triplicste. The
results are expi'mnd as percentages of the saturation capacity, which wes
determined by the Rothamsted method as 50% end 65% of the dry weight of
the light and heavy soils respectively. Throughout this work the temper-
ature used for drying has been 105%,

The seedlings were counted weekly from the time that the bulk of them
had eppeared wntil ne further inerease was cbserved in the figures.
Bmergence continued over several weeks when the soil was cold, the latest
plants to appear being most commonly retarded by damping-off of the plumle
before emergence. The greatest count recorded for any row was taken as the
final figure for that rew, the mumber of plants that died after emergence
having been too small to affect the results.

Destruction of the seed by mice was avoided by contimual trapping.
Birds, however, interfered with some of the later sowings in 1938, The
results given below are only from replicstes which have not been in any
way damaged, snd cmses where the full number has not been used are indicated.

No frost injury wes observed,

2, Lsboratory E 8.

A description of the metheds used in laberatory work can be given more
eonveniently when the experiments themselves are deserided.



C. THE EFFECT OF FIFLD CONDITIONS AND OF VARIETY ON THE BEMERGENCE

OF UNTREATED SBED,

1t is evident from the aceompanying grephs (Figs.l smd 2) thet the
spring of 1987 was » wet one. The light soil wee above BO% end the heavy
shove 55% of saturstion practically from the begimming of February wnbil
the middle of April, snd for conszidersble periods these figures were
substantially exceeded, In the following yoar however, the light soil was
between 6-13% drier in February, end fell repidly below 50% of ssturstion
at the end of that month, becoming very dry by the end of April, Conditions
in the heavy soil in February 1938 were similar to what they had been in
the preceding year bub subsequently the water content in 1938 fell gradually
bolow 55% of saturation whereas in 1937 it rose well sbove it. Experience
puggests that the weekly determinations were perhaps a little infrequent
s the hesvy soil showed the effect of mideweok rains on some occasions
when they hed largely dried out from the light by the date of sempling.
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The soll temperatures (Fig.3) fall naturally inte four poriods as is
shown in Teble I. (1) Prem Febh.2+13 they fluctuated considersbly in beth
years, but the everage values were approximately equal. (2) Prom Feb,14-25
they remeined suoh the seme in 1937 as in the preceding period, but were
lower in 1938, (3) From Feb.26 until April 3 the temperstures were nearly
alwnys higher in 1958 than on the corresponding days in the previous yeer,
the average figure in the first case being highor end in the second lower

then it had been before. (4) From April 4 wntil the records ceased
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Table I,
Average soil temperatures at 8 a.m. %.

Period 1937 1938
r.b.2-13 ‘.o 4-’
¥ 1426 4.8 1.1
" 26-Ap.3 8.1 6.8
Ap,4-29 9.0 8.1

temperatures remsined much as before in 1938, but in 1937 they rose
subsbantially, exceeding s & rule the value atbained in the following year.

The maximum peroentage emergence of untreated seed plotted against
the date of sowing is given for the light soil in Fig.4 smd for the heavy
soll in Fig.b.

The most sbriking difference evidemt on inspection of these graphs
ie in the amount of disease present in the two yesre. In 1937 both
varieties germinated well for all sowing deates, but in 19038 the emergence
wer initially poor, more especially with Oredus pees, but improved sbeadily
later in the season,

fuch small fluctuations in emerpgence as there were in 1937 (between
66-86% with Pilot end betwesn 75-01% with Gradus) were not always in the
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ssme direcbion on bobh veriebies, and eannot be related to ohanges in soil
moisbure or soil temperature. In the light of the work of Mull(1l) and of
the results obbained in the following year it is evident that the eonditions
in particular those of soil moisture, were favourable throughout the sesson
for the development of the disease. A suggested explanstion of its low
intensity will be offered later,

In 1988, wnder conditlons of temperature and soil moisbure initially
conparable, especislly in the cese of the heavy soil, with those of the
preceding year, the intensity of the disease wes et firet high, particularly
with Oradus peas., A steady rise in the percentage emergence is however,
seen in 21l sowings made from the middle of February onwards, and it cen be
correlated with & falling soil moieture., Though this was not sctually
reduced before Harch, nome of the sowings emerged befere the middle of this
month, and it is obvious that the later the dabe of sowing the shorter the
period in wet soil, However, the soil temperature was on the average
higher from the end of February onwards, so that the effects of these two
factors cannot be elearly separated., Though in the later part of the
season the soil in 1938 was very much drier then it wes m@tmm
1987, the germination of the Gradus eeed was never as good as it had been
on any occasion in the preceding yesar,

Soil type wag not without effect on emorgence. There are eleven
sowings of each variety aveilable for comparison in this respect, a total
of twentyetwo in all, The ssleulation of the standerd errors of the
difforences betweon the peirs of meens in the usual way shows that there
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were only five cases in which the difference approached or resched the 5%
point of significance sccording to the table of ¢ given by Pisher (64).
These are shown in Table II, It is noteworthy that in all these cases the
émorgence was better on the heavy soil, snd thet the germination of Cradus
poas first showed improvement in 1938 on thie soil., In the remaining ceses,
Where the difference fell well short of significance,the emergence of Gradus
pons wes greater on the heavy soil on four occcmsions, end greater on the
light soil the same nunber of times, With Pilot peas it was greater on the
heavy soil on seven occasions, and on the light seil onmly twice, The
balance of this evidence does, then, support the view that there is a
tendenoy, more obvious st some times than st others, for emergence to be
grester on the heavy soil.

Table I1I,
A comparison of the emergence of peas in light and

% Emergence '
Date of sowing Variety Heavy soil  ILight seil Diff, 5% Point

1937

Feb.1 Pilot 79.5 67.0 12.8 16.42

L Pilot 77.8 85,5 12,0 11.58

March 18 Gradus 1.0 80,6 10.5 156,12

. Gradus 89.5 76.0 18.5 12.54
1838

Feb.l4 Gradus 23.5 9.8 14.0 12.14
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In every sowing in 1838 the emerpence of the Gradus seed was puch
lower than that of the Pilob, the best resulbs with the former being
comparable with the woret with the latter. In the preceding year, however,
differences vhich aprroached or reached significance lay with one excephion

" in the opposite direction, These are given in Table III., The form of
stabistieal snalysis ndopbed was that which will be describved in the
section dealing with the conbrol of the disease, It will bde showm later
that this inferior germinetion of the Pilot variety was in ell probability
due 4o imperfectione in the sample of seed, that is to say %o & cause
largely irrelevant o the present research,

Table III,
A comparison of the emergence of Pilot and Gradus varieties in 19387,

% Emergence _
Date of sowing Sodl Gradus Pilot pire, % (B¥ point
1,15677)
Feb,1 Light 74.6 67.0 + 7.8 1,1668
*n Light 79.5 72.8 + 7.0 1.0788
g  Heavy 89,0 78.5 + 10,5 1,0460
Mareh 4 Light 78.5 85.6 + 18,0 1.4778
.- Haavy 91.0 82.5 + B.5 0,9420
* 2 Light  T76.0 84.5 - 8.5 1.1872

April 6 Heavy 91,0 80,0 + 11,0 1.8718
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D. ZHE HATURE OF PRE.BMERGENCE INJURY,

Aw previously stated ten seeds of omch row, whether treated or untreated,
were assigned for myeological investigation in the early steges of growth., Half
of these were dug up when the redicles had just growm out, that is o say one to
three weeks after planbing sccording to the speed of germination, the remsinder
after two to six weeks when the first plants appeared above the ground, A
healthy seed was readily found, bub the seil adhered to & rotted one so that it
wag oasily overlooked, Indeed, by the time of the second sampling part of the
seed had often completely dissppeared, this being, presumably, such of it ae
had begun to decay at a very early stage,

In all, some 4,500 seeds were sown for inspection in this way. Some of
the date scowmlated from the examinstion of unbreated seed are given in Table

heve

IV, The figures are %he percentages of the number of seeds sown.

Table IV,
Untreated pos seed dug up in the course of germinstion.

hv, Rotted Plumle Radicle Both Aninal

Varioty emerg. Recovd, Healthy Stunted wndovd, rotted rotted rothed injury
1937 ,

Pilet ki 04 78 8 B 5 2 2 3
1937

Gradus 81 06 80 1 2 8 1 0 é
1938

Pilot 78 o 67 o 8 B o 1 le
1938

Gradus 36 80 41 3 20 4 4 & 3
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In 19387 the results of both samplinges are ineluded but in 10858 those of the
first sampling only, since, especially with Gradus, & great doal of seed
escaped detection at the time of the second. As has been explained above
the missing fraction in the figures presented cen safely be regarded as being
nearly all rotted seed., The average emergence of the remmining fifty seeds
in esch row is slso given in the table. In classifying the enbryos prinmary
consideration has been given to the state of the seedling axis. Losions
invelving the cotyledons only were so commoen, especially when the seed
germinated slowly, that they have been ignored except when they caused a
stunting of the axls,

it colums two and four of Table IV are compared it will be seen that
there was & subsbantial agreement between the average emergence and the
muber of healthy embryos in the ssmpling strips. In view of the fact that
in 1088 the figures refer to the first semplings only, it is evident thet
with Gradus seed nearly enough disease was present at this early stage to
acoount for the proportien of the seed that failed. This conclusion is
supported by the result of the second sampling most of the material in which
was healthy or very much decayed. The discrepancy between the number of
healthy Pilot embryos and the aversge emergence was probably due to the
survival of much of the seed dameged by animale,

The type of injury which omused most damage to the Uradus seed in 1938,
and which slso predominated in the Pilot seed of 1937, was a very early
robting of the axis ( end oftem of the cotyledens as well ) cocurring when
it hed grown little or not at all., This class of meterial would, moreever,
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oonstitute the bulk of that whiech could not be found. It is possible thab
it ie at this stage that pea seed is most susceptible einece Jones (16)
found that, whereas watering of the seed-bed at the time of plamting reduced
gormination, the effect was negligible if the water was added a day later,
His work was done et 60°F, when germination would begin in a feirly short
time, but different Nungi might be concerned in the disease at thet
temporature.

The exsmination of seed which had received various dust treatments
did not prove very instructive. The same types of injury were found as with
untreated seed, their fregqueney being greater or less sccording es the
treatments were beneficiel or the reverse. The very early rotbing of the
seed again predominsted even with the most beneficial of the treatments.
This means that the seed decsyed when largely or wholly enclosed within
the dust-gsonted testa,

B. THE FUNOX PRESENT IN DISEASED MATERIAL,

From the preceding section some impression can be gained of the
guentity and nature of the material available for mysological investigation.
Since the rothing of the cobyledons d4id not necessarily prevent emergence
there was a likelihood of obbaining wn»n nonepathogenie fungi
from them, & point well illustrated by the list of isclations given by



Padwick (20), In selecting material for iselations only thet in which the
axis iteelf was attacked has been taken., When the amount of disease was
small it was possible o ubilise all the avallable seed both from treated
snd untreated rows, oxcluding of course that whiech was exocessively decayed.
When, however, there was an sbundant supply enly & proportion, usually ten
seods of each nri.-ﬂy, eould be handled, This was selected withoub
diserinination as to the soll type from which the seed came, or as to
whether it had been treated or not, me it was ovident at an early stage
that no important differences would be found.

The fellowing methods were used throughout both seasons. After the
ombryos had been well washed in running water the meedling exes were
separated from the cotyledons snd vigorously shaken in a best-tube in
twelve ohanges of sterile water, They were then pleaced on slopes of plain
agar and incubated at 209, The cotyledons, after the removel of any
excessively decayed portions, were dipped in 95% aleohel, flamed, plmced on
0.5% tartarie neld agar and incubsted st 20°%C, By these methods a fungus
wns obbtained from §0.100% of the axes, and from most of the cotyledons
when they were aleso diseased. The fungi were subeoultured om e plain
agar and an inoculum from the hack of the plate transferred to a tube of

potato or cornmeal agar. This procedure, which is recommended by Brown (2 ),
prevented losses frem bacterial contaminatiom,

A note was mode of the type of injury shown by the embryos and of
the date of each isolation, Apart from the faet thet eome fungi seem So
attack the cotyledons only, there is no evidence that sny particular
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specice is associsked with any specinl type of injury, er that say grest change
oocurred in the fungl present as the cesson ndvenced, The results are Ltherefore

given in swwmrised form, as in Table V.

Table v.
Fungi lsolated from peas sown in the field.

From seedling exis From cotyledons

1987 1938 leo87 1938
Specien
Pilot Gradus Pilet CGradus Pilot Gradus Pilot Gradus

Pythivm spp. ¢l 68 37 T 58 20 6 28
Huoor sp. 0 0 1 1 0 o 16 66
Ascoshyba Pisd 14 0 0 2 4 0 1 3

. pinodes 1 ) 0 0 1 o) e 0

» rinodella 1 0 0 0 0 0 © 0
Pleoapora sp. 8 ¢ 0 0 24 0 0 0
Fusarium app. 2 0 2 3 4 2 9 28
Penieillium spp. 0 o 0 0 10 4 9 1
Gymonscus sp. o 0 0 o 5 T 3
Trichoderna spp. 0 ¢ 0 o 3 4] 1 9
Botrybis sp. 0 o 0 0 8 0 0 0
Rhizoctonia Bolani 0 o 4] 0 0 1 0 4]
Miscellaneous 2 0 o) ¢ & b 4 1
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Thie table ie & list of the cultures obtained by the methods of
fsolation previously given from approximetely g%% rothed seddling axes or
parts thereof, and from their acemspanying eobyledons whemn these were in a
suitable state. In general not more than one isolate has been obtained from
the same cotyledon, and there hes been invariably enly one from each exie,

The seedling axes ylelded very large nurbers of ocultures of Pythium
and practically nothing else, Pythium spp. alse prepoenderated in the
isolations from cotyledons in 1937 but in 1038 were in large messure
replaced by s species of Mucor, This fungue wes absent in the preceding
year, and since, 28 will be shown lader, it was not seedeborne, its presence
suggests & ohange in the soil flora, It was virtually cenfined to cobtyled-
one, and it will be showm later thet it was not pathogenie, while Pythiwm
spp. were shtrongly so.

The species of Ascochyba showed & restricted distribubtion in being
practically confined to the Pilet seed in 1937 snd the Gredus in 1958. The
Pleospore sp. occurred only in the former bateh, This le explained by the
fact thet these fungi were seed-borme as will be demonstrated later. A.Pisi
snd Pleospora sp. were the only fungil other tham Pythium te be detected in
disensed axes to any exbent,.

The smount of Fuserium present was on the whole smmll, its only
substantial ocourrence being in the cotyledons of Gradus in 1938, The enly
other genus at all well represented was Penicillium and this was restricted
to the cotyledemns, These isolstes heve not been studied further in this



o2l -

work, but Padwick (20) found that the speeios of this genus tested by hinm
414 not reduce emergence. :

In view of the importence sttached to Rhizoctonis Solani as o cause
of seedling injury to peas in Americe its virtual sbeence from this list is
noteworthy.

It will be remembored that the material from which Pythium was so
abundantly isolated was thoroughly washed with sterile water, but not
treated with any definite antiseptic. In view of the observation mede by
Jones and Linford (14) and by Buisman (4) thad species of Pythiuwm could be
isolated with almost equal frequency from hemlthy end from diseased pee
roots if they were not surface sterilised, it wns thought desirable to try
the effect of surface sterilising seedling axes with sntiseptics, The
great sensibivity of Pythiunm mycelium to these is noted by both the authors
oited. The treatment considered mmm o kill superficial hyphse is
apt to destroy the internal Pythium hyphae as well.

If the seedling axes were treated with ©,1% mercurie chloride and
subsequently washed in three changes of sbterile water Pythium alone was
again obbained, bub if the immersion was longer than 45 seconds the number
of isolstes was reduced. The cccasional onee that were obbained even with
three minutes immersion were Pythium,

Padwiek (20), who isolated from cotyledems K only, surface sterilised
these by immersion for two to three mimutes in 0.‘1;% silver nitrate followed
by a rinse in a saturated selt esolution, snd pleted the material out on
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potato-dextrose agar, This method was employed on seedling axes of Gradus
peas in 1938 with the following results, temn seeds being taken in each case.
Mar,14., 10 seeds washed enly - Pythium 8 ; no fungus 2.

"% grested silver nitrete « A Pisi 2, Fuserium 1 ; no fungus

Mar.28. " " washed enly - Pythium 9 ; no fungus 1.
" ¥ greated silver nitrate - Mucor 2, Fusarium 2 ;no fungus 8.

A’l‘.‘. - w washed ml’ - Pyﬂﬂ.ﬂ 10.
" " grented silver mitrate - A Pisi 8 ; no fungus 2.

This method completely eliminated Pythium from the axes the bulk of
which then gave no fungus, the remainder Mucor, Fuseriuwm snd Ascochyta. The
large smount of Ascoshyta obtained on April 4 is et variance with the other
results snd was perhaps due o the discharge of a pyenidium after surface
storilisation. With cotyledons however, the same fungl were obtained as
when the msterial is flamed, ineluding an ccoasional FPybthiwum.

In order to determine which of these various fungi were schbuslly
carried on the seed samples used,twenty seeds of esch batch were washed in
twolve ohanges of sterile water, and twenty were treated for three minutee
with 0,1% mercurie ochloride followed by three changes of sterile water,

The skins, cotylodens and axes were pleced separately om plain agar. Table
VI shows the fungl which were present and the nusber of seeds in one or more
perts of which esch one eccourred. A seed rerely conbained more than one
species, or showed a clearly vieidle lesion. Samples of fifty seeds were
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also examined separstely for larsh Spet,

Table VI.
Fumber of seeds infected in & sample of forty,

Species 1987 1938
Pilot Gradus Pilot Gradus
Asooohyta Pisi 18 0 o 4
- pinodes 0 v 0 1
. pinedella 1 0 0 0
Pleoapora ap. 6 4] 4] ]
Penioilliwa epp. 4 11 ¢ 2
Aspergillue sp. +] 0 0 7
Hisoollaneous 2 2 0 )
Yarsh spot(50 soeds) 4 0 0 1

The table shows that the Pilot seed in 1937 was heavily ihfected
with Ascoohyta Pisi. This snd the Plevepora were obtained several times
from the cobyledonsand axis, The Marsh epot lesions were small. The
Grodus soed in this year, however, carried little olse bub Penicillium and
this came almost wholly from the skins, and provided the enly instanee in
whish the number of isolatioms was substantially reduced by the use of
merouric chloride, The Pilot seed in 1938 was clean, and the amount of
Ascochyta in the Gradus seed was emall,
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The species of Aspergillus prosent in Gradus seed in 1988 was the only
soedeborne fungus which did not oceour among the isolations made from
disensed matorial from the field (Table V), It would then appear o de
the least important of them all, The fact thet, in the list of isolations
from the field, species of Ascochybs were virtually confined to the
samples of meed which carried them, shows that they were not present, or at
least not sctive, in the soil.

The isolates believed to be species of Pythium were pleted onto a
single bateh of cornmeal agar and olassified on the nature of the fruiting
present into eight olnua? All these, but no new ones were recognised
sgain in the fellowing year. They are listed below together with the
oriteria by which they were known and the number of isolates referred to
each, The Staxonomie work to which reference has principally been mede
is that of Matthews (189),

Class A, Abundant sexusl organs which agreed well with those of P, ultimm,
Humber of isolates :-~ 1087, 87 ; 1938, 7.

Claws B, Sexusl organs and conidia agreeing well with those of F.de Bary-
" €. snum. Three classes were originally made in this group on the
" D, basis of the relstive sbundance of cogonia and cenidia, and the
proportion of the former which were intercalary, Subsequent
experience showed no resson for retaining these distinctions,
Tumber of isolates :- 1037, 26 ; 1938, 82.

¥ Representative cultures of these heve been submitted 4o ¥r.C.C.C.
Chesters of the Botany Department, University of Birmingham for his opinion,




Clase B, OQogonin few and extremely large, approximstely 48 p in diam,
Hunber of isolstes :» 1087, 2 ; 1038, O,

Class ¥, Conidia elone present, spherical, mere or less ebundant especially
superficially, tending to become highly granular and to develop
& thickened wall, Average diameter about 20 p., Number of
fisolates :- 1937, 82 ; 1938, 52,

Claes G. Conidia alone present, spherieal, fow and comparatively large
often exceeding 30 p in diemeter, Number of isolates :e 1937,
34 3 1938, 32,

Clase H, Conidia alone present, sphericel intermediate in size and number
between Clase ¥ and Class G. Nuwber of isolates :~ 1937, 13 :
lm’ 3‘0'

Clags I, GSterile Phycomyocetos closely resembling members of the preceding
classes in gemeral culbural characters, Nuwmber of isolates =
1987, 2 3 1938, 7.

Unolapsified :. 1937, 22 ; 1988, O,

Reprosentntive cultures were inooulsted onto sterilised carrot and
grovn in large vessels of waber in the hope of inducing the development and
disoharge of sporangin,se that the genus might be identified by its formal
oriterion of produeing its szoospores in a wveeicle, FNo .t#éiuﬂm of
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soospore formabion wes however cbtained, wheress the ssexual reproduetive
bodies which appeared here ss on sgar, had often been seen o produee gern
tubes on the latbter medium. It was assumed therefore that the fungi were
conidie-produeing members of the genus Pythium, a eonclusion supported by
the fact that it was possible to refer those sultures which prodused the
sexual stage to spooles within that olass, A possible exception is the
mimportant group E,

it will be seen that in bokh years the most abundent form was Class ¥,
In 1937 there was slso a substantial smownt of Class A, but in the following
yoar there wms very little of this, its place as the second most abundant
form being teken by Class G,

The eultures selected for further experiments were purified by hyphale
tipping. Bacteris wore difficult to eliminate from fungl of this genus bub
these cultures appeared clesn even on neubral bouillon apgar,

Specles of Ascoohyta were identified on quaker-oss agar as recomended
by Jones (185),

P, THE PATHOOEWNICITY OF ISOLATES UNDER CONTROLLED CONDITIONS,

An endesvour has been made to test the pathogemicity of the more
frequent 1solates wnder conditions approsching those which obteined in the
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field. The following deteils of technique were obeerved in all the
experiments, Soileborne fungi were grown at 209, for 10-17 days on e
storilised mixbure of 08 parte by weipht of soil snd five of cornmeal., The
inooulum was stirred into the whole bulk of the soll used for potbing et
the rate of 4-5%, The conbrols received a similar emount of wninooulated
medium. Containers were sterilised by heat or with formalin, Soil was
sterilised, incouleted and potted at a water content of approximately 407
of saturation, the time allowed in the autoclave being one to three hours
at twenty pounds pressure.

In the firet experiment the six chief classes of Pythium were used,
and it was designed sccording to the following scheme iw

_~ & Pots esch with & Pilot seeds

Isolete 1
/ et B - " 8 Gradus "
Pytidwn Clags A = " 2 .
\ 5 3 *

Similarly with Classes B, G, D, ¥, G and controls,

The seed vms of the 1987 bateh and surface sterilised with mercuric
ehloride. The soll was watered to 84% of saturation and held at 3-8°C, in
e refrigerator, In the course of the experiment the water content fell
loss than 10%, The percentage emergence was recorded after seven weeks,

and was sg follows
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Pilot Gradus
Controls 78.8 6.8
Inooulnted 5.6 5.9

All the cultures used inhibited emerpence almost or gquite completely.
The odd plante that did appear in the incoulated poks were fairly wniformly
distribubed among them., The imperfect germination of the conbtrols, espec~
ially with Gradus, is believed %o be due to the excessive wetness of the
soil, Bome evidemce in support of this view is given by the next experiment
to be desoribed,

In a test of the effeot of soil molsture and Sempereture on the
pathogenicity of Pythium in sterilised seil a single isolate of Form ¥ and
one of Fornm A were used, The soll had a saturation capacity of 60%, end
the containers were tins each cepable of holding 600 grms, of dry soil,

The seed,which was from the 1938 semples, was surface sterilised with
merourie chloride, and planted at the rate of fifteen seeds per tin, The
soil moisbures were adjusted to 40, 56, 70 and 85% of saturetion and were
not allowad to fall more then 6% between waterings, Three replicates were
used throughous. '

One set of tins wes placed in an unheated frame (in February) the
other in a hested laborstory., The nil'tmtm at 9 a.m. in the
former was usually 4-5°C, and in the latter 11.12°.

The scoompenying graphs (Figs.8 snd 7) and plates I and II show the
average emergence per—eent, Dxcluding the results at 85% of saturation
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the following points ere consistently indieated (a) that the difference in
soil temperature did not materially affect the pathogenicibty of either of
the fungl or the germination of the contrels (b) that emergence with both
fungl bore a strongly merked inverse relationship to sell moisbure whereas
sontrols did net show this (e) that the isolate of Pythium A wes the more
pathogenie at nll soll moistures (&) that Grodus was more suscepbible than
Pilot Shroughout.

The failure of emergence in the controls at B88% of saturation calls
for some discussion, The quantity of water originally added to reach thie
figure was fully abmorbed, but, when moistened to this exhent, the soil
packed down with bandling of the tins, so that it became sabtursted. As, in
the open field,soil moimture has not exceeded 65% it seems wnlikely that
physiological feilure of the meed through excessive wetness of the soll has
ooeurred there, Imperfect germination in the controls of other pot experiw
ments may however be due to this cause,

Two atbempbs weore made to demonstrate the pathogenicity of Pythium in
unsterilised soll, In the first, in Dee.~ Jan, 1988, heavy soll freshly
obtained from Slough, and permitted o dry only sufficlently for it to be
sieved, was used, It was inoeulated at the rate of 8% with three isolates
of each of the three most abundant Pythium forms of 1937, the culbures being
ton days old., The seed was from the 1038 samples and was sown s the rate
of 15 seeds per Beinch pot. The soil molsture was originally 85%, but ae
weter loss from different pote was very variable, they were subsequently
watered weoekly by standing them in about one snd s half inches of water for
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shout eight houre, They were placed in the open =nd sovered with sheets of
gless, There were nine control pots per variety snd, ss all the isolates
of each Pybhium type behaved similarly, nine replicetes per fungus.

Table VII,
Averaze percentage emergence in pots of wnesterilised seil,

Control Pythium F Pythivm A Pythiun H

Gradus 8.0 0.7 6.0 1.3
Pilet 73.3 B7.1 64.5 63,7
pife, from eontrol 16.2 8.8 9.6

. 6% Point 17.2 15.9 13.9

In view of the poor germination of the Gradus controls little effect
from the inogulations could be expeched. With Pilot emergence was redused
in every osse, bub not significently. An incoulwm of 6% was apparently
to0 light wunder the circumstances.

A second atbempt was mede on the light soil at Blough with Pybthium ¥,
In each of three plobs tenwfoot drille were incculsted with a culture nine
days old on s mixbure of sand and bran (four parts to one by weight). This
was stirred inte the bottom of the drill at the rate of 400 or 800 grms.
wet welght per row. The controls received equivalent amounts of wninoc-
ulated sterilised mediwm. The treatments were randomised in the plots in



the usual way. The rows were one foot apart.

Table VIII,

Average percenbage emergence in the field.

Pilot Gradus
Control Pythium ¥ Control Pythium P

400 grms. inceulum 64.7 78.7 22.0 28.8
so0 " " 76.8 78.% 10,3 23.8

The most substantial difference between contrel and inoculated rows
was with 400 grms. of inooulum and Pilot seed, and thie is in the opposite
direction from what would be expected. An analysis of variance of the type
to be deseribed later does not show this to be significsnt ( 2 - 1.2385, 6%
point =1.4562 ). The soll moisture (Fig.2) was about 42% at the time of
sowing (Mareh 76h,19%8), and later fell., If reference is made to Figs, &
and 7 it will be seen that the figures above are actually feirly close to
those for the emergence in sterilised eoil incoulated with this fungus at
40% of sabturation, which suggests that the soll wms already very highly
infested with Pythiwm so that an intensification of the disease with further
additions of the fungus was wnlikely.
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Though Battar (28), Padwick (20) and Mull (11) have found thet

artificial inoculations of Ascochyta Pigi de not reduce emergence under

greenhouse or laboratory eonditions, 1% wes thought desirable to try the
effect of this fungus in & very wet cold soil. The experiments were
similar to the one first deseribed with Pythium, the same soil and contain-
ors, and soll moisture (84%) being used. The tumblers were, however, covere
with glass and placed out of doors, the tinme of year being Januwary. The
seed was thoroughly washed with sterile weter and them dipped in strong
spore suspensions of Ascochyta mede from culbures 23 daye old on queker-oat
agar., All but one of the isoclates were newly obtained from Pilot seed.
Four isolates of Pleospora, one a recent one, three of Fussrium sand three
of Pythiun form F were also included in the experiment., As the Plecspors
spored poorly a disc from the edge of & young eulture on potato extract
agar was placed beneath each seed, Pythium and Fusarium; ceing soil fungi,
were inoculsted into the soil in the usuel way. Of the ;‘marh (d) end (o)
were obtained from Pilot embryos snd (f) from m cobyledon. They appeered
to be distinet species., There were three replicates, but where all the
cultures behaved similarly e single average fipgure is given for them,

The results obtaihed are presented in Table IX,



Table IX,

Aversge emergence per btumbler of eix Pilot seeds,

Fungus Ho. of tumblere Average emergence
Control 21 4.8
Pythium ¥ 9 0.2
Pusarium (&) 3 2.7

’ (e) 3 4.0
" (£) ] 4.0
Pleoapors 2 4.8
Ascoe Fisi 3 4.3
» 3 4.8
. 3 2.7
by 3 5.0

. 3

1.3

It is obvious that two of the Fusarium, two of the Ascochyta and all
the Pleospora isolates d1d not reduce emergence. The remainder had some
offect but were nod in any way oomparable with Pythium. However the
 application of the fungus bo the oubside of the seed is not the same as &
natural infection which often includes the cotyledons snd seedling axis, end
it is considered that Ascoohybe and Pleospora were probably responsible for
the emergence of Pilot seed being inferior to that of Gradus in 1937, perhaps
in pert indirectly through inoreesing its suseeptibility to Pythiwm,



In the above experiment a parallel series of tumblers contained Gradus
seod bub, apperently through the severity of the conditions, emerpence was
so poor in the eentrols that the results wore abandened.

A finel experiment in sterilised soll was conducted primarily to btest
the pathogenicity of the species of Nucor which had appeared so abundantly
among the isolstions from cotyledons in 1038 (Teble V). Two isolstes from
geodling axes snd one from & cotyleden were used., Three forms of Fusarium
(Form B frem & cotyledon, Forms C snd D from seedling sxes) and three
isolates of Ascochyba Pisi(two of which hed been obtained from Gradus axes

eubyyes surface sterilised with silver nitrate) were also tested. The seed
used wae from the 1938 semples snd wes surface sterilised with mercurie
ohloride. The soil-borne fungl Hucor and Fusarium were inocouleted inte the
soil in the menmer previously sdopted, in the ocase of Aseochyte the seed wes
dipped in stromg spore suspensions of the fumgus. The soll moisture wes
kept st 60% of saturstion and the tempereture maintsined st 6 = 7°C. in an
joe-chest. As & test of the suitebility of the experimental conditions
for the ineidence of the disesse tins of unsterilised seil planted with
Gradus seed were ineluded., Ip this case seed was baken from both the 1987
and the 1938 samples to mee if any difference in their disease resistance
could be debtected.

Three replicstos wers used, esch invelving fifteen seeds, but as the
isolates of Mucor and Ascochyta did not differ smong themselves & single
figure is given for each species in Teble X in which the results of this

experiment sre presented.



Teble X.
Percentage emergence of peas.

Fumeus Hosof replicates % Bmergence
Pilot Gradus

Control b 88.7 68,2
Wucor sp, ] 84.4 75.6
Ascoohyta Fisi 8 78.5 6c.c
Pusarivm Form B 3 0.0 0.0

. e 3 3 86.7 71.1

" R 3 75.8 71.1

Gradus 1987  Gradue 1088

Unsterilised soil 3 0.0 2.2
Sterilised soil 3 80,0 68.2

Table X shows olearly that only Pussrium Form B, which was very
highly pathogenic, hed any marked effect upon emergence, The results in
unsterilised soil show thet the experimentel conditions were suitable for
& vory high incidence of the disease., They show also that the 1937 sample
of Gradus seed, while still germinating quite well in sterilised soil, was
quite as susceptible as thet of 1938,

The pathogenicity of every fungus which has ocourred to a substential
extent among the isolations from disessed material has been tested wnder
conditions highly favourable for the disease in one or more of the foregoing
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experiments, the results of which may now conveniently be brought together in
tobular form as follows i

8pecies Ho.of isolates tested Effect on emergemce
Pythium spp. 18 Inhibited emergence

almost completely

Fuseriuwm spp. 8 One inhibited
emergence, five had
little ar.u effect

Mucor sp. 5 o effect
Asooohyta Pisi 8 Little or no effect
Pleospore sp. 4 flo effect

It may be concluded, them, that the only fungi capable of causing

the disease which were isolated with any degree of frequency from the
diseased embryos obtained from the field were species of Pythium.

G, CONTROL OF THE DISEASE ..

1. Experimental,

Two seed dressings have been tried as control measures, ome the
proprietary organie mercurial used by Hull, the ether a brand of red copper
oxide which was one of the most effective of those tried by Andersom et al

(1).



The amount of both these compounds that would adhere to dry peas was
detormined by sheking 50 grme. of seed for five minubes with the dush,
- separating off what was not taken up, snd shaking for a further two minubes
in a clean dry tube to remove any very loosely held powder. Actually the
effect of this second shaking was negligible. The effect of webting the
Beed with solutions of glycerine and soft soap and applying the dressing
after it had dried was nlso tried. Teble XI shows the smownt of dust in
grms, teaken up per 100 grms. of seed when shaken with the quantities of the

Table XI,

Adhesive power of dusts,

Dressing retained with

gt Hercurial Merouriel Cuprous oxide Cuprous oxide
0.6 gras, 1.0 grme, 0.5 grms, 1.0 grams.
Hone 0.12 « 0,22 0,38 0,62
10% Glyeerine 0.54 0.58 - -
go% O.44 0.88 - -
wrE " O.44 0.90 - -
10% Soft soap 0.8 0.40 - -
gox * " C.48 0.78 - > 1.0

fungioides given in the heading of the table.
The stickers did not prevent the dressings from working evenly through
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the sample., They provide, then, satisfactory means of inereasing the load
of dust earried by the seed. No difference was observed in the cspaelty of
Pilet, Gradus or an unknown dried pea of reteining the mercurial compound,

Throughout both seasons 0,6% mercurial spplied with 207 soft sosp as
sticker was employed as a control messure, To test the possible toxleity
of this to peas & preliminary experiment was set up in Sumblers of unster-
11ised 1ight soil from Slough watered to 587 of saturation and meintained
at 207 €. Bix seeds ﬁﬂ sown per tumbler and there were five replicates.
The resulbs are presented in Table XI1I,

Teble XII,

Percentage emergence after seven days.

Variety Control Soft soap only Soft soap + 0,5% mereurisl

Pilet 268.7 20.0 83.3
Gradus 238.3 10.0 86.7

PThie result is at verisnee with all work st low temperstures in
showing sn equal susceptibility to disesse in both varietios, and & very
high level of control with this treatment, It indicates that very misleading
resulte might be obtained by working ab temperatures dissimilar to those



under which the discage iz prevalent in nature, The fungi concerned were
not determined.

The results obtained in field experiments were subjeoted to a simple
form of statistical anelysis whenever & difference ocourred which gave
promise of signifiosnce. A typioal exsmple is given below,

Yaximum emergence of peas sown at Slough on Jan.31,18858, in light soil.

ot Gradus
Block ﬁm&w Yoan Centrol™  Trested  Mean
52

1 40 38 2 4 3
E 28 36 32 3 7 5
5 24 30 27 3 7 5
4 27 34 80-5 0 6 7.5
Mean 27,75 35.0 51,38 4.25 8.0 513
Pilet

Degrees of Sum of  Mean square S,D. logf.0. Z
frecdem squeves - TRV

Bloek 3 83438 27.79 5.8 +1,887T1 +1.63726
Treatment 1 103.68 10%.88 10,1  +42.31255 +2.28208
Error 3 2.82 0.94 0,97 0,08045

Total 120.88

The B% point for n1=1hnz=8 from Fisher's (6A) table of 2 = 1,1677
s % % op.3an-s " " L R WL



- 4] -

There have,then, been significant effeets for both bloek snd treatment., A
sinilar snalysis was done for Gradus whem warranted by the figures,

In 1987 0.5% of mereurial was the only treatment tried. The results
sre given in Teble XIII, This shows that in both varieties snd en both
soils the dust generally improved emergence. Three times with Pilot and
onee with Gradus the inoresse is signifiesnt, but rether through the
suallness of the error than through its own megnitude. In no case iz there
a significant reduction of germination with the method of snalysis adopted
though on Feb.ll one is coneistently shown., At no time does the emergence
of the controls leave a very great deal of room for improvement.

The treetment did not delay germination or redusce the vigour of the
shooks but the checking of the radicle observed by lull was noted, Other
roots however developed freely %o supercede 1%,

In 1058 this treatment wae used again with the results shown in Table
XIV., This teble shows that, while the trestment wes at firet beneficial
(the ineresse fails to reach significence only with Gradus on the heavy
soil), it subsequently beceme harmful, This change is seen in the secend
sowing with Pilot but not wnbtil the third with Gredus. Unfortunately
demsge by birds necessiteted redueing the numbor of repliestes in the three
lest sowings om the heavy soil and sbendoning the final sowing on the light
soll, In the cmse of the sowing of Mar,l4th, however, the differences are
large and the tweo replicates agree well, so that it is reasonable to suppose
thet significant reductions of emergence similar %o those on the light soil
would heve been obtained., The final sowing on the heavy soil shows ne



Table X111,

Haximun peroentepe emergence of peas trosted with nersurial dust in 1087,

Light soll,
Date of  Trasted  Gombrol Difr, Z(SK point Trestod umtrol Dife, (5%
sowing =1.,1577) poink
~1,1577
Peb.1 87,6 670 0.8 6.5 T4 2.0
"l 8BS 725 W70 68.5  79.5 11.0 0,6431
" 23 88.0 77.8 B.B 79.0 78.8 Cub
Mar.d .0 65,6 118 1.2184  81.0 78,5 .5
L BE, B 7.0 M 1.71850 88.65 80,8 8.0 0O.5488
L 1 75,8 84,5 ::;2 84,0 76,0 8.0
Apib 88,0 785 8.5 0618 2.5 850 7.5 1.5011
Heavy soil.
Feb,l. 85.0 79.5 Ba6 80,8 76.C 4.5
* 3 T1.8 78,5 7,0 78.8 88.0 L10.5 1,0480
" 28 T80 MO 7.0 1,200 78,0 78,0 8.0
Mar.4 88,0 77.6 5.8 81,0 78,0 3.0
" 15 840 8B 1.8 8.0 9.0 3.0
Ll | BB.B 86,5 0.0 91.8 89,86 2.0
Ap.5 ®2.0 80,0 2,0 85,0 91,0 8,0




Table XIV,

Haximum percentage emerpence of peas trested with mercurial dust in 1938.

Light soil.
Pilot Gradus
Date of Trested Control DAff, Z(B% peint Trested OContrel Diff, Z(5%
sowing =1.,1577) point
=1,1577)
Jan.51 70,0 65,5 14,5 2.2821 12,0 8.5  ¢8.5 0,0000
Feb.d4 69,5 0.0 <105 1,0082 22.0 9.5 412,68 1.055¢
" g8 7.0 82.0  «5.0 0.4643 29.6 38,8 9,0 0.4643
Mar,Q4 78,0 86,0 13,0 1,4307 35,0 56,0 21,0 1,4307
Heavy soil.
Jan.51  73.8 60,6 $13.0 1.2688 9.5 8.0 44,5 0,7885
Féb.4  67.0 78,6  <6.5 0,258 29,0 23,6 5.5 0.2098
" 28" 67,0 8.0 110 . 29.0 34,0 5,0 "
¥ar.,34" 75,0 93.0  -18,0 . 38,0 60,0 «27.0 -
" 28° 88.0 880 00 65,5 66.0 <106 =

& = 2 replientes,

b =3 replieates.

deleterious effect from treatment with Pilet, and & substantially reduced one

with Gradus, With the latter this is largely due So plants which appeared in

the treated rows after the reins et the end of April, but with the former

emergence was virtually complete before the soll moisture ineressed.

Certain other Lreatnente were tried in senson 1838,

On Feb,8th on the

light soil a comparison was made of the effectiveness of the maximm loads of

mercurial and of cuprous oxide which the seed would carry without » sticker



(0.2% mnd 0.5% respectively), These were spplied simply by shaking the
seed with plenty of dust and removing the exvess, The results are given in
Table XV,

Table IV,

Neximum percentage emergence.

Variety Contrel Mercurial Cuprous oxide 2 (1% point  Sign.dife,
=1.19586) (6% point)

Pilot 50,8 80,6 . 84.0 1.8222 9.8
Gradus 7.0 15,0 8.0 2.3668 5.2

Since the error is evenly distribduted it ney be sbated from the
above analysis that there was & significant W with both varieties
with the merourial. However the stand with m&‘ﬁ. substantially
better than with the mercurial, but with Gradus wes still inferior to that
given by unbreated Pilot seed. Rotted seedling axes from these plots gave
an unusuelly large preportion of Pythium de Baryanum.

The sowings of Feb.28 and Mar,l4 on the heevy soil included three
breatments in addition to the standard 0.5% merourial (Table XVI). S8ince
the replication was reduced by birds the results cannot be shown o be
significant but they are consistent, It may be noted that 0.5% of cuprous
oxide is the amount recommended dy the makers for peas., All treatments

were harmful except 0,.2% mercurial,
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Table XVI,
Eaximum peroentage emergence.
T Weveurial Cuprous oxide
Variety Date of sowing Comtrel  0.2% 0,.5% 0.‘81;”‘" 0.5%
Pilot 28/2/38 78.0 77.0 67.0 - 7.0
. 14/3/38 93.0 - 78,0 77.0 75.0
Gradus 28/2/38 34.0 31.0 29,0 - 34.0
" 14/3/38 60.0 - 3.0 38.0 27.0

On Mer.21st three levels of cuprous oxide and three of merourial were
tried on Gradus seed on the heavy soil, The stioker employed where necessary
was 20% soft sosp., The results are given in Table XVII,

Table XVII,
Veaximm percentage emergence.

lerourial eyprops de
Control 303’ oo“ °075’ 0.2 052‘1 1«“ b4 (1‘ pem 8 Jife.
= +6050) (5% point)

61,5 62,6 42.5 32.5 f6.5 B0,0 25.8 1.6074 8.8

The error is sufficlently evenly distributed to state without further
analysis that the two heavier dressings of both preparations were deleterious



and that the effect was greater with the larger qmntﬁy.

Une experiment wae carried out in pots out of deors in Feb, « lar,
The soil which had been used in testing the pathogenicity of Pythium in
unstorilised soil wes employed, after being well mixed, and the pots
watersd as in that experiment, There were six replicates ench containing
fifteen seeds, The resulte ere given in Table XVIII,

Table XVIII,
Haximm peroentege ensrgence,

Nercurial Cuprous oxide

Control 0,2% 0,88 0,78% 0,5%

Emergence £83.3 82.2 88.8 85.8 78.8

Pilot | Treatment-Control 18,9 25,8 22,8 15.8
5% Polnt 21,7 17.8 19.9 19.4

Gradus Enmergence ] 8.9 6.6 2.2 6.7

This table shows thet the emergence of Piloh seed was improved by
a1l treatments, the improvement being greatest and significant with the
two heavier merourial dressings. Nome of the treatments however succeedod
in enabling the Gradus seed to glve rime to more then & few odd seedlings.
Pythium was isoleted with the usual frequensy from the ewbryos of rotted
seed of both varieties from pots speclally set aside for the purpose.
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2. Discussion of Control lleasures.

The most striking feature of the above experiments is the chenge from
& beneficial %o a negligible or decidedly harmful effect shown in the field
sowings in 1938 by both cuprous oxide and the merveurial., It might be
contended theat at all times dressings k111 the phyaicloglcally wesker seed
mnd preserve the remeinder, snd thet it 11- only when the disease le very
pronounced in the sontrols that this leaves a balance in favour of seed
treatment. The incressed emergence obtained inm 1937 with 0.5% mercurial
oven when the controls germinsted very well, and the fset 0.5% euprous
exide gave better emergence on Feb.8 {especially with Pilot) then it aid
later make this hypothosis untenable. It is evident then thet the harmful
ection which certain of the treatments exhibited later wns negligible or
absent, not merely obsoured, st the begimning of the season. An obvious
resson for this change is the drying out of the soil, sn explanation which
agroes with Horsfell's (9) stetement that drought makes cuprous oxide
harnful, and the experience of Brett ot al (2) that organic mercurials
were harmful in the field during dry weather, but not in similteneous
greenhouse experiments where water wes abundantly supplied. Dressings of
as much as 0,5% cuprous oxide and 0,75% mercurial can then be used in a
wet ®soll without fear of reducing emergence should the ineldence of disemse

prove to be slight.
There is soms suggestion thet the harmful effect of treatments is
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bownd up with the setivity of the pathogen. Thus, though probably more
material was taken for isolation from treated than from untreated rows, &
high pereentage of Pythium was still obbained from embryos when treatments
were being deleterious, There is slso the peculisar fact that the bad effect
disappesred from the final sowing of Filet before the soll moisture rose.
The point of practical value involved is that misleading results might be
obtained in experiments conducted to test the phytocidal effect of treatme
ents in soils not abundantly infected with pathogenie fungi.

As regards the relative merits of different levels of treatment of
the two dusts 0,2% merourial has the sdveantage of being harmless in dry soil,
but in wet soll it wnms substenbially inferior to 0,5% cuprous oxide in the
field, but not in pots,

The fungieidal affectiveness of 0,2% er 0,3% of cuprous oxide was not
tosbed undor conditions of high soil molsture, but the results suggest that
in dry soll they were somewhat harmful, especially the latter. The only
direct comparisen of different levels of mercurial in s wet soll was in
pots, snd this indiestes thet C.B6% is best, but indirect comparison of the
early field sowings of 1938 revesls no substantial superiority of this
quentity over 0,2%, The level of sontrol given by the merourisl hae in
general besn rathor inferior to thet obtained by Hull (11),



H, DISCUSSION.

The most striking festure of the work detsiled in the preceding
sections le the marked contrast in the amount of disesse present in the two
sensons studied,

Previous muthors, whose work is cited in the introduotion, heve
concluded that & high soil meisture is favourable to the disease, This view
is strongly supported both by the writer's fiold observations made during
the spring of 1938 and by the results of laborstory experiments with species
of Pythium which are presented in this work (Figs. 6 and 7). The spring of
1937 ean, then, be regerded ns one in which the disense was almost absent
wnder conditione which were in gemeral % favoursble for ite coourrence
than they were in the fellowing sesson when it was mfmly severe., There
would seem %o be only twe possible explenstions of this - (&) that the seed
used in 1937 was far more suscepbible than that used in 1938 ; (b) that the
causal organisms were almost sbsent from the soil in 1937 and very abundant
in 1038,

The firet explanation is rendored unlikely by the fact that two
varietios of seed have been used and hoth have shown poorer germination in
the second year, at lemet in the earliest sowings. There is moreover no
reason %o suspect the 1938 seed, It wee practically free from fungi to
which any possible significance could be attuohed, and from Narshespot, and



it was oapable of quite good germination in tﬁ:ﬂ.l&n& soll wnder econditions
obherwise similer $o those of the field. In an experiment which wes carried
out testing this point the Gradus seed of 1937 proved highly susceptible

to the disease. The possibility of ite having been altered by a year's
storage, however, cannot be disposed of decisively,

In respect of the second explanstien the fast that in 16358 the disease
was found to be very severe on sll the plote used is significent, Eome of
this had carried peas in 1937 end some had not., In the period intervening
between the two seasons ag far as is known no wniform cultural treatment
had been given te all the plots, It seems, then, unlikely thet either the
presence of a provious pes erop or sny obther detail of cultivation was
respensible for the multipliestion of the onusal orgeanisme of the disease.
Instend 1% is suggested that it was through some gmml elimatic couse
thet the soil conditions preceding the spring of 1937 were mﬂmra’blo for
the development of the species of Pythium concerned, while those preceding
the spring of 1988 were highly favoursble.

Garrett (7) mentions s sesson in South Australia in which the take-
2]l disease of wheat falled to resch epidemiec proportions in a spring which
was very fevoursble to its occurrence. He suggests as sn explanation for
this that the ceusal orgenism (Ophiobolus graminis) had been largely
eliminated from the soil by the sotien of antegonistio bacteria, which
the combination of sn exceptionally high soil meisture with e high soil

temperature in the preceding summer had allowed to come strongly into play.
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In order to see whether eny similer explanstion might be sdvenced in
the present instance sn exsmination was made of the rainfall records of the
Kew OCbservatory. No very striking difference botween the years 1986 and
1937 was evident however. In view also of the lsek of information as to the
soll and other conditions which might govern the persistence snd multie
Plication of species of Pythium it seems thet the question must be left over
for further investigation, In any ecese it is clearly evident that the
comparative wetness of any one spring is not in itself a measure of the
smount of disease that will be present,

The problem insofar as it hes been studied in this work has been
simply one of pre-emergence dampingeoff caused by epecies of Pythiwm, An
exception might be made in the csse of the Pilot seed of 1937 inm which seed-
borne species of Ascoochyte and Pleospora may have played some part,

While some measure of control has been obteined both with mrMai
and cuprous oxide seed dressings neither of these has been sufficiently
effective to reise the emergence of the highly susceptible Gradus veriety
%o the level of thet of untreated Pilot seed. It would appear that the
seloction of a suitable variety is the main step in oireunventing the
disesse. It mey not,however, be possible to find among the more palatable
vrinkled pems such a level of resistance as this smooth variety shows,

The work of selection might be econsiderably expedited by employing at
leboratory temperatures rather dry sterilised moll inoeculsted with Pythium,

The danger of spplying certain seed treatments when the soil is dry



has been eclearly indiosted. On the other hand & spring as dry as that of
1938 very rarely ococurs, so that the danger of phytoeldal dmg. is probably

not of serious moment.

1, The fallure of garden peas to emerge in early spring hes been studied

ovey two seapons.

2, While the conclusion of earlier workers that the dinease is favoured by
8 high soil moisture has been confirmed in respect of observations made
within a given season, it has been shown that the comparative wetness
of any one spring is not in itself e measure of the amount of disease
whieh will be present,

8. Of the two varieties of pes used the smooth one (Pilet) proved
substantially more resistant than the wrinkled (Gradus).

4. The bulk of the seed which failed to emerge was attacked at a very
early stage of germination.

8. A variety of fungi were isolated from the cotyledons of disessed



6.

7.

1.

o BE -

embryos, but spoeies of Pythiwm were obtained from slmoet every seedling
axls,

Of the various isolates tested the species of Pythium and in one
instsnce & species of Fusarium were the only ones capable of inhibiting
emergence in sterilised soil under conditions otherwise comparable with
those of the field. The disease is sccordingly attributed prineipally
to species of Pythium,

The speciss of Pythium goncerned were conidiseproducing forms, Such of
the imoletes as developed sexual organs proved referable to Pythium

de Borysnun and Poultimm,

Some measure of contrel has been obtained with a proprietary mercurial
seed-dressing but this has proved inferior to cuprous oxide. Dosages
of thewse substances which were beneficial in wot soil gave considerable
seedling daumage under drier conditions. The use of a resistant variety
seems to be the better way of circumventing the disense,

K. LITERATURE CITED,

Adersen, H,W,, Kadow,X,J,,

and Hoppersteed,s,L, ¢t The evaluation of some cuprous oxides
recommended as seed-treatment products
for the control of dampingeoff.
Phytopath. 27, B75-88, 1937,



2.

3.

4.

Be

BA.

7.

TA.

BM&,G L. ,N.llm Weston,
W.AR,, and er.‘.ﬂ .

Btm;"

Buisman,C.d,

Croisior W, F,

(Denmark).

Fisher,R.A,

Gmcbﬁ.‘ De

Gilm.c oJe .“ M,IJ.

Haenseler,0 .M,

Hﬁﬂﬂll.ﬁ-ﬂo .‘mll.‘.a‘ L2 ]
and Guberman,C.E.F,

Seed disinfection III, Experiments on
the germination of pems. Seed protection
by the use of disinfectant dusts
containing mercury.

Jds A‘P’.‘. 3‘19’ 27, 63-68, 1037,

Two mycological methods,
Ann, Bot, 8, ‘01“, 1024.

Root rote caused by Phycomyocetes.
Meded. Phytopath, Lab, "Willie Commelin
‘.Mlm”. m. 11‘ 1-51' 1”’0

Provalence and significance of fungous
associntes of pea seeds.

m.m.m»‘.d MIQ"MU. 101’7,
1936, :

Heddolelser fra Statens Forsfgevirksom~
hed § Plantelultur.

Tiddskr. Planteavl, 40, 618-86, 1935,
Abstr, in Rev, ‘WI- ml..u.bsﬁ,
1935,

Btatietiocal Methods for Research
Workere, Bdinburgh, 1954,

Factors affecting the severity of take-
all.
v’ﬂlﬂ'. w‘. '.M'. 87. 9"’8-988.1934.

Report of the Department of Botany.
Ann. ‘.”c lines, “ﬂ.n k’c Stat, Bull,
389, 2627, 1937,

Pea rooterot studies.
4Bth Anm, Rept, New Jersey Agric. Exper.
Btat, 1924, 403414, 10285,

Dusting miscellaneous seeds with red
copper oxide to combat damping-off.
Kew York Agric, Exper. Stat. Bull,,
m' 3’ ”i’ 1’“0



w BB =

10, 3 Zine oxide as 8 soed snd soil treatment
for dampingwoff.
Rew York Agrie. Exper, Stat. Bull, 650,
25 pp., 1984,

11, Hul,R, : Hffect of envirommental eonditions and

more particularly of seil moisture upon
the emergence of peas,
Ann, Appl. Biol., 24, 68180, 1037,

12, Jones,F.R, ¢ Stem and rooterot of pess in the United
Etates csused by species of Fusarium.
J. Agrie. Res, 26, 455-478, 1923,

13, and
Dreehsier,C. : Root rot of pess in the United Stetes
osused by Aphanomyces ewteiches (n.sp.).
J. Agrie, Res., 30, 203.325, 1825,
1‘. AR Ao .ﬂd
Linford ii,B, : Pea disesse survey in Wisconsin,

Wisoonsin Agric., Exper. Btet, Res, Bull,
64, 1.31, 10285,

15, Jones,L.XK, ¢ Dtudies of the nature and control of
blight, leaf end pod spot, and footerob
of peas caused by species of Ascochyba.
New York Agric. Exper. Stat, Bull., 547,
46 pp., 1927,

1g. : Factors influencing the effectiveness of
organie mercury dusts in pea-sesd
treatment,

d. ‘gl'ic. a..o’ 42, 2538, 1931.

17, Linford,N.B,, end ¢ Bpecies of Ascochyte parasitic on the pea.
Sprague, X, Phytopath, 17, 58107, 1827,

18, lacey .8, : Studies in bacteriosie XXI, M investi-
gation of mersh spot of peas,
Amm, Appl., Biel. 21, 621-40, 1934,



184,

1¢,

20,

21,

22.

24,

Plate I.

hattheows 'v ona

Ogilvie,L,, and
¥ulligan,B.0,

Padwick .G o,
Pethybridge,0 .1,

Richards,B,L,

Battar,A,

ﬂMﬂ' ,' £

lmr,@ M.

K.

Btudies on the Genus Pythium. Chapel Hill,
1931.

Progress roport on vegetable diseses. IV.
Diseases of peas.

Ann, Rept. Agrie. Hort, Res, Stat, Long
Ashton, Bristel, 1932, 110.20, 1933,

Complex fungal robting of pea seeds.
m. Applo 55&1. 35, 1&‘1“ lmu

¥arsh spot in pes seeda.
¥in, Agrie, 41, 833-49, 1034,

Soil temperature as a fastor affecting the
pathogenicity of Corticium yamm on the
pea and the bean,

JQ ‘5’1‘0 n..& 35. 431-80. 1923,

A comparative study of the fungl mesoc-
jated with blight diseases of certain
cultivated leguminous plants,

Tm. Mﬁ. MQ s”o 1‘. 2’78-801. 19“.

Variability in the pea-wilt organienm,
Fusariwm orthogeras var, !’iu%.
« Agric. Res, 47, ¢ . .

A study of disemses of canning erops (
peas snd corn) in Mimmesota.

mm WOQ ‘w. 'M. Tech. MIQ
89, B1 pp., 1982,

EXPLANATION OF PLATES,

The offect of two forms of Pythium on the emergence of Pilot peas

in sterilised soll st water combents renging from 40-85% of

saturation.



- 67 »

Pilste II, The effect of two forms of Pythium on the emergence of Gndm‘
poas in sterilised soil at water contents varying from 40-85%

of saturation.




PLATE I.




PLATE IIX.




A PHYSIOLOGICAL 8TUDY OF THE
PATHOGENICITY OF SEVERAL

EPECIEE OF SCLEROTINIA

Part I, A comparison of the pathogenicity of
Botrytis cinerea, Pers,, B, Tulipse (Libert,),
Hopkins and B, eliiptice (Berkeley), Cooke on
apple, tullp and 1lily,

Part II, The physiological basis of the
difference in psthogenicity on apple between
Selerotinia fructigensa, Fers,, 8. fructicole
(Wint,), Rehw and Botrytis cinerea, Pers,



Table of Conbents,

S b b

Part I. A compariSon of the pathogenicibty of Botrybis cineres,
Pers,,B,Tulipae(Libert.),Hopkin® and B.elliptics (Berkeley),Cooke
on Apple, Tulip and Lily.

A. INTRODUCTION.
B. MATERIALS AND METHODS,
. EXPERIMENTAL,
(1) Experiment® with sgar inoculs,
(2) " " Spore SuPpentions.
D. DIEGWS ION,
E. SUMMARY,
F. LITERATURE CITED,

PART II. The phy®iological beSis of the difference in pathogenioity
on apple between Yglerotinia fructigens,Pers.,’.fruct ieola(Wint.),
Rehm end Botryti® cinerea PerS,

A, DNTRODUCTION.
B. MATERIAL AND METHOD® ,

C. EXPRRIMENTAL,
1, Comparative pethogenicity of the fungi employed.

2. Attempt® to prepare macerating ensyme.
8. The intrin®ic growth rate of the fumgi on apple.

D, DIPOWS TN,

. SUMMARY,
¥. LITERATURE CITED.

Prge

-~

0
i



PART I. A COMPARISON OF THE PATHOGENICITY OF BOTRYTIS CINEREA PERE.,

B,TULIPAE(LIBERT, ), HOPKINS AND B,BLLIPTICA(BERKELEY),COOKE,
ON APPLE; TULIP AND LILY,

A, INTRODUCTION.

It is well known thet Botrytis cinerea Pers, has 2 fairly wide range

of hosts which it attecks with different degrees of mctivity. Thus Wilson
(20) has shown that the conidia of the fungus are capable of attacking
directly perfectly healthy stems snd leaves of Vicia Faba., Brooks (3),
however, found that the spores were unable to form lcsianl.m healthy
wwounded lettuce leaves,end Salam (15) subsequently confirmed this by
showing that attack on this host is initiated in dead and moribund tissue,
the mycelial inoculum established therein then invading healthy parts. The
observations of Pape (13) end of Gleisberg (7) suggest that this mode of
attack is probably of wide ocourrence, They record seversl instances of
setive parasitism by this fungus being initiated through debris tdhoront to
the host. Apples, the host selected for B.cineres in the work to be
desoribed, were found to be infected usually through abresions by Faes and
Tonduz (6), but Horne (11) recorded thet it wes sble to enter through the
lenticels., In autumn this fungus is abundent as & saprophyte or weak
perasite on a great veriety of dead or moribund plant tissue.



Bsoineree occurred once smong a large number of isolations from primery
lesions on tulip mede by Beewmont et al. (1), Van Poetersn (14) thought it
possible, however, that this species was the cause of 2 severe oubbresk of
disease in tulips in Denmmark, and it was recorded on tulip bulbs by Kewamura
(12).

The presence of B,cineres on 1ilies has been recorded by Cotton (5), by
Taylor (17) and by ven Beyma snd van Hell (2)., The first two suthors
regarded it as a saprophyte. Van Beyme and ven Hell undertook a series of
experiments to tost its pathogenieity to lilies. They found that an agar
inoculun of a strain of B.cineres from lettuce was unable to infect unwound-
ed leaves of L.emdldu.y but es B,elliptica failed to do so in the seme
experiment it is possible that the conditions were at fault, On wounded
leaves it proved a weak parasite, as it did not spread beyond the infected
leaves, while a fully pathogenic culture of B,elliptice eventually killed
the plant, These suthors found that mycelisl inocula of two strains of
B.cineres isolated from lilies, ome with, and one without selerotis, could
attack wounded or unmwounded leaves of L,umbellatum but they did no;s regard

them as comparable in pathogenieity with van Hell's strain of B.oiliggiu.
They experimented also with a strain of B.elliptice which was about as
feoble a pathogen on lilies as was B,cinerea.

Botrytis Tulipee(Libert.),Hopkins is the ceusel orgenism of tulip fire.
The fungus itself end the disease for which it is responsible have been
desoribed by Mopkins (10) in America by Beaumont et al. (1) in Englsnd, and
by Westerdijk and van Beyme (19) in Holland., According to these suthors the



and

conidis are capable of atbmcking directly healthy flowers, stems and leaves
of tulips. Hopkine found that uminjured bulbs could be infected by conidia,
but Besumont et al. (1) state that they are attacked only if they are very
susceptible, heavily infected or bruised.

Hopkins did not succeed in infecting lilies with B,Tulipee but, save
that he used a mycelial inoculum, he gives no experimental details, Apart
from tulip he obtained positive results only on narcissus and eroous,
Beaumont et al.oonsider that published reporte of B,Tulipae erossing to
other hosts sand other species of Botrytis infecting tulips are to be doubted
in view of the difficulty of distinguishing between allied species of the
genus. B,Tulipae has not been recorded on lilies, Schnellhardt and Heald
(18) inooulated it into Jonathan apples and found it, in commom with
B.Fabse and B,Trifolii, to be only weakly parasitiec.

Botrytis elliptics(Berkeley),Cooke is the ceusal organism of the

Botrytis disease of lilies, The most comprehensive acoounts both of this
and of the pathogen are those of Guterman (9) from America, of Werd (18)
and Wright (21) from England, and of Westerdijk and ven Beyma (lﬂ)v“:nieima
van Hell (2) from Holland, According %o thng authors the conidia sre able
to attack directly healthy flowers, stems and leaves of lilies, Guterman

snd Cotton (5) mention the absence of bulb lesions.



Beelliptica does not appesr to have been recorded on any host other
than lily. An attempt by Beswmont (1) to infect tulips with secleretia
of the fungus was unsuccessful, He gives no experimental details.

The work to be described in this paper was carried out with the
intention of discovering to whet erxtent ench of these three species of
Botrytis is capable of ebtacking the hosts proper to the other two. This
has been done with the object both of defining more clearly the problem
in seloctive perasitism which they would seem to present, and of ssscertein-
ing the probability of the hosts studied being sttacked in the field by the
species not usually associsted with them,



B, MATERIAL AND METHODS .

The method of approsch adopted in this work was to study fairly fully
the mction of & single strain of each species which showed a high degree of
pathogenicity on its usual host, No diffioculty was experienced in obtaining
a satisfactory culture of B,Tulipas. The strain of B.einerea used was more
sctive than any of six others tested on apple, ineluding two which had been
found occcurring naturally on that host, It is interesting to note that the
solected strain had been obtained from a lily stem. A suitable strain of
B.elliptica wes not at first forthcoming, so several have been employed to
some extent in this work, nemely two isolated by the writer from diseased
lilies and three from the collection of the Centraalbureau voor Schimmel-
eultures, Basrn, The purity of all the cultures, wes insured at the beginne
ing by teking @ single spore or hyphal tip, Tsble I shows the source of the

isolates used,
Table I,

Cultures of Botrytis employed.

Species Source
B,cinerea Lilium sp. - from a stem, autwen, 1937,
B,Tulipae Tulip - isolated spring, 1937,
B.elliptics BE 1 Lilium sp. - from a capsule, autum, 1937,

. Cotton

"

8
ey } Centraalbureau voor Schimmeloultures, Baarn,
. ven Hell :

. BE 2 Lilium sp. - from stem, spring, 1538,




The apples used were Bramley's Seedling veriety which had been kept
in cold store. The tulips were of the William Pitt variety, one of those
listed by Besumont ot 81.(1) as among the most susceptible to B,Tulipae.
The 1ily species was L.candidum which is one of the most susceptible species
to B.elliptica according to Guterman (9) end to Cotten (5)., The plants
were raised in pots in unheated frames at the Chelsea Physic Gerden. In
eagh experiment a single pot of plants was subjected %o each treatment., As
three bulbs were planted per pot this meant that there were 3 replicates.

In the inbroduction it was pointed out that a factor predisposing to
attack is contact of healthy tissue with infected debris., In order to
simulate such conditions a series of experiments was carr_i.i»d out with
inocule of myeeliwn in nutrient agar, Again since the natural spread in
the field is presumebly due to the dispersal of spores by wind and rain, a
similar series was carried out with spore suspensions,

r inoculs, When an agar inoculum wae used it was takem from the
edge of & rapidly growing culture on quakereoat agar and was 2.3 c.m. in
volume. The method deseribed by Granger and Horme (8 ) was employed
throughout in inocculating apples, esch frult being infected at different
points with all three fungi. In the case of lilies and tulips the point of
inoculation was cleaned with alecohol, and afterwards covered with o cotton-
wool swab moistened with distilled water., This wes not allowed to become



dry during the experiment. If » wound was mede this was done by raising or
removing a thin flap of tissue 1-2 sq, mm. in area,

dpore inoculs. An obstacle m?mtorod in this phase of the work
wan the diffieulty experienced in obteining spores of two of the species,
B.oinerea yielded an abundant supply of spores after sbout fourteen days
when grown on quakereocat or Dox's agar, end the spore suspensions used in
this work were always obtained in this way.

B,Tulipse, as wae discovered by Bemumont et al.( 1), spores fairly well
on Dox's sgar in sunlight, Thie however cannot be depended upon, snd
artificial light proved & poor substitute, Accordingly in any experiment
with B.,Tulipse recourse wes had to spores produced on tulip plants which had
been inoouleted in an earlier experiment, This method was justified in
preactice by the freedom of the control plants from infection and by repeated
checking of the identity of the parasite, This wes resdily effected by
measurement of spore size, the charmcter by which the species of Botrytis
used are most essily distinguished,

Beelliptica is not recorded as sporing in eculture with the exception
of the mention by Wright (21) of bizarre types of spore produced on quaker-
oat agar. The writer is indebited to Dr.C.E.F.Gutermen of Cornell University
for the informetion that he has obteined spores by placing grown culbures
on potato-dextrose agar at sbout 60%F, with the 11d of the Petri-dish



raised, but thie method did not succeed with strain BE ] or any of those
from Baarn, Strain BE 1 wes cultured on & very wide range of media wnder
various conditions of lighting and temperature, but spore production
ccourred only when rotted apple tissue was subjected to desiccation by
leaving it in a partislly uncovered dish, or where scraped sagar cultures
were similarly treated. It was far too spsrse and erratic, however, to
serve for more than to identify the fungus. This method did not succeed
with cultures from Baarn, BStrain BE 1 did not spore on the host, and of
those from Baarn only the rather feebly pathogenie strain of Cobtbton did, and
that but sparsely. It is interesting to note that van Hell's strain hed
spored freely on infected plants at Baarn eight years previously. The leng
period in culture had apparently led to loss of this cheracter but not, as
will be shown, to loss of psthogenieity.

When spore suspensions were used to infect lilies and tulips it wes
found necessary to wipe the latter with a damp swad to prevent the spray
from ruamning off, The lilies and tulips infected with the same fungus were
placed together under one large belljar, the pots being plunged in ashes
in a shaded corner out of doors,

Every msjor result was confirmed by re-isolation of the fungus, or by
measuring the spores produced., Suitable controls were included in all
experiments, and in no cese did these show any extraneous infection,
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€. EXPERIMENTAL,

(1) Experiments with agar inocula.

A preliminary experiment employing agar inccula on wounded surfaces
was set up on Feb,11 when the lilies were 6-10 inches high, snd the tulipe
only 4 inches high. The plants were placed in an unheated frsme during cold
weather for 20 days. The apples were inocubated at 20°C, and the amount of
estimated after five days, The results of this experiment are givenm in
Table II, In this, end in subsequent tebles in this subesection,the measure
of intensity of attack used is the number of grams of rot in the case of
spples, end the greatest diameter in millimetres of the lesion in the case
of 1ilies and tulips, If the agreement between the repliontes was reason-
ably close a single aversge figure iez given in the teble, but if there was
considerable varimtion two or more average values ere presented, each
derived from the number of lesions which were comparable in size. Each
average figure is socompanied by this number in brackets,

Table II1.
Lesions produced by sn ager inoculum on & wounded surface.

Lily | Tulip
mu Leaf Stem Leaf tip Leaf base Apple
B.oinerea (3) 9.7 (8) 7.8 (2) 8.5 (1) 0 (2) 8.5 (5) 30.8
B,Tulipae (3) 12.3 (4) 24.8 (3) 23.3 (3) 26,0 (5) 1.9

B.elliptica BE 1  (8) 22,0 () 12,3 (3) 9.3 (3) 6.7 (5) 8.7




Some
Table II shows that,measure of attack wee secured in every case,but

it was substantially greatest in amount with each fungus on ite ueual host.
There is one marked exception to this in the attack of B,Tulipse on 1ily
stems, which was greeter than thet of B,elliptica, When the swabs were
removed snd the plents left in & frame all the lesions dried out except
those of B,Tulipae, which continued to grow and proved fatal to both 1ilies
and tulips.

A pimilar exveriment was set up on Hareh 4th bub it was conduched under
mch warmer oconditions in a alightly heatsd greenhouse. In an endeavour to
find a more parasitic strain of B,elliptica three cultures from Basrn were
inoluded, The apples were sgain incubated at 20°C, The vesults, as given
in Table III, were recorded after five days,

Table III,

Lesions produced by an agar inoculum on & wounded surface.

Iily Tulip
Fungus Leaf Stem Leaf tip Leaf base Apple
B,oineres (8) 11.3 (8) 6.6 (3) 16,7 (2) 7.6 (5)36.0
B,Tulipse | (6) 25.7 (s8) 20.7 (3) 25.0 (3) 30,0 (5) 2.1
B.ellipties BE 1 (6) 25.0 (e) 15.0 (3) 14.0 (1) 18,0 (B) 2.8
" Bolberg  (6) 20,7 (8) 11.2
. Cotton (6) 27.8 (8) 17.5

van Hell (6) 35.8 (6) 28.8




It is evident that the substantial change in temperature did not alter
the comparative pathogenieity of the species previocusly used, end also that
van Hell's strain of B.elliptica was, compared with the others, highly
pathogenie to lilles, being much more sctive than B,Tulipse., Actually it
had completely severed all the infected stems, A feature of the atteck of
B,elliptica on tulips wae the presence of long strips of dead tissue from
which no fungus could be isolated. These extended above snd below the
lesion near the tip of the leaf, and were noted agein in other experiments
with this strain, with van Hell's, and also with B,eineves, but never with
B,Tulipse. When the swabs were removed and the plants pleced in a frame
the lesions on the lily stems continued %o develop save in the case of
B,cinores, and of two of the plants incculabed with B,elliptiea strain BE 1.

On April 18th an experiment was set up to determine the ability of
agar inoouls to infect wwounded lilles end btulips with the results given
in Table IV, At the same time wounded tulips were inoculated with van
Hell's strain of B.elliptica end with strain BE 1 to see if the greater
pathogenieity of the former on lily would be reflected in tulip., The
exporinemt was conducted in a cool greemhouse, snd & wowmd inoculation of
Byelliptica of ven Hell served for comparison with the conditions of the
preceding experiment. The apples were again incubated at 20°C., and by
omitting B,cinerea it was possible teo leave these for 11 daye, the duration
of the remeainder of the experiment.
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Teble IV,

Lesions produced by an agar inoculum on an unwounded surface.

Lily Tulip hpple
Fungus Leaf Stem Leaf Stem (wounded)
B,cinerea (¢) 0 (8) © (2) %2.5 (2) o -
g (2) 1.0 (1) 1.0 (1) 1.0
B, Tulipae (8)ze.7 ﬂ a.g (3) 26.8  (8)14.8 2eT
2) 1.
B,elliptioa BE 1 gs;ﬁ.g €y 6 (B 6.7 (3)0 19.6
1) 1.
T van Hell (6)28.0 (4)1.0 gz; 17.0 }2) [} 0.5
(1)10,0 1) =.0 1) 1.0
(1) o
v T {wounded)  (6)40.0 (6)24.5 (3) 22.8 (8)6.0
Ll BE 1{wounded) - - 3 6.0 (2)0
(1) 6.0

Lesions which are recorded as having had a diameter of 1.0 mm, were very

small rustecoloured fleoks. These were covered and left for a further five

days, but only those csused by B,Tulipse on 1ily stems developed.

It is evident that B,Tulipae succeeded in establishing active lesions on

leaves and stems of both 1ily and tulip, but its stem lesions on tulip were

lerger them those on lily. In contrast B,cineres wes active only on tulip

leaves. The B.ellipbica strains sttacked the leaves of both hosts. Their

feilure to attack lily stems, with the exception of one good lesion from
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van Hell's strain, is remarkable, but they were no more active on tulip
steme, The inoculations with and without wounds suggest that the more
pathogenic strain on 1lily wes slso the more setive on tulip, while on apple
it virtually failed to attack, The longer imu}ntiun poriod demonstrated
clearly that B,elliptica BE 1 which was m inactive on 1ily was more
pathogenic on apple than B.Tulipse, a result suggested by the previous
experiments,

Three experiments were set up with agar inocula on wounded dormant
lily bulb secales, These were placed in dishes lined with wet bluﬁting paper
and incubated st 20°C, for a fortnight. The results were highly varisble in
all ceses, there being sometimes no attack. The largest lesions were 8-12
e, ecross,sand were very dry and grew very slowly., It was evident that
none of the fungi possessed any special cepacity for attacking this part of
the 1lily under the existing eonditions.

(2) ZBxperiments with spore suspensions,

On April 30th, when some of the tulips were coming into flower, tulips
and lilies were sprayed with spore suspensions in water of B,oinerea and

B,Tulipse. In this, and in nearly all experiments of this type, B.elliptica
could not be used because spores were not available. The progress of the

experiment wes as follows :
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B,cinerea - profuse spotting of tulip leaves after 3 days but no attack
on stems even after 10 days ; lilies unaffected after 10 deys apart

from some rather doubtful spots on a fow of the young leaves,

B,Tulipne ~ atback of tulips as for B.cinerea after 3 days but later
developing on stems ; by the tenth day stems and leaves were heavily
coated with pustules of the fungus ; on lilies the terminal leaf buds

of all the plants were attacked, together with mll lesions on the stems
and leaf beses where water hed been held.

This experiment was repeated with B.cinerea on an unkmown variety of
tulips which hed been grown out of doors. Some of the plants were flowering.
After two deys every lesf wes spobted, the sttsck being quite as vigorous
as on greenhouse tulips sprayed at the same tinme,

When spore suspensions were mede up in & wesk nutrient (1% turnip
extract) the sttack of B,cinmeres on outdoor tulips was rendered more severe.
This was not evident in the early stages, but large lesions arose after five
days at the base of several of the leaves and rotted the stem. These were
absent from pleants sprayed with a suspension of the spores in water., Such
treatment did not, however, ensble B.cinerea to produce sny definite lesions
on lilies, nor was the atteck of B,Tulipse on this host intensified, except
that the number of lesions on the young stems was rather more,

The results just deseribed with spore suspensions of B.cinerea and

B,Tulipae were, with one exeception, in agreement with those previously
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obtained for mycelial inocula, Thet exception was the fallure of spore
inocula of B,Tulipee to attack mature lily leaves even when a nuteient was
supplied, In view of the faot that the spore suspension appeared to dry

out too soon for attack to take place, steps were taken to maintain infeetion
drops for a longer period, Learge drops of spore suspension were placed
singly on dry lily lesves so that they would net spread, snd swabs of
cotton-wool, boiled in and well rinsed with distilled water, were dipped in
the spore suspension and wrapped round the leaves., After three days both
methods had resulted in the formation of lesions in every case.

It was thought that the delay exhibited by B.Tgngno in attacking 1ily
leaves might be due to the exosmosis of materials which checked spore
germination, & possibility demonstrated by Brown ( 4) for B.cineres on
certain leaves, Using Brown's technique the writer could not, however,
dotect any difference either with B.cineres or with B,Tulipas, between the
gornination of semifis in dlsbilled weter 60 Shet in weber which had lsin
on 1ily or tulip leaves for 24 or for 72 hours, Spores of B,cineres always
germineted more vigorously than those of B,Tulipae under the same conditione.

When the experimente described above had been completed some 1ily
stems severely attacked by B.ellipbica which was sporing freely were received,

A spore suspension from this source,together with the straine of B,cinerea



end B,Tulipae previously used,was sprayed ento tulips and inoculsted into
apples. The tulips comprised the outdoor ones previously used snd meterial
in flower from a florist. The bulbs or stems were placed in jare of water.
The B,elliptica was also sprayed onto lilles. The progress of aét;lqollc was
as follows :
Be.oineres - profuse spotting of tulip flowers in 24 hours ; lesves
spotted within two deys and stems within four ; setive rotting of apple.
Be.Tulipne « attack of tniip leaves, flowers end stems a2s with B.cineres
but the lesions on flowering stems more pronownmced ; slight atback on
apple,
Beelliptica ~ atback on all parts of tulip ee with B.oinerea, the
characteristio large spores being freely produced. Leaves of
Legsandidum attecked within two days, no attack on epple,

D, DISCUBSION.

The main result arising from the foregoing experiments is that emch
of the three upnu%:i.n general most active on the host plant with which it

is typieally mssocieted, Specialisation is, however, not absolute, and
there is one exception to the general statement given above whiech will be

discussed leter.
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The converse relationship is most pronounced between B.cinerea and
B.elliptice with respect to their host plamts apple and 1ily. ¥Wounded
Bramley Seedling apples are highly resistant to streins of B,elliptica which
are sctively psthogenie to L,candidum, whereas & strain of B.oinerea which
parasitises apple tissue does not atteck unwounded leaves or stems of 1ily,
though some attack results when these ere wounded. It is interesting in
this comnection to note that the strain BE 1 of B,elliptien which is feebly
pathogenic to 1ily, attacks apples fairly ectively. In fact the order of
pethogenicity of all the fungi used in this work is the reverse on apple to
whet it is on 1lily.

Tulip shows e less specialised behaviour inasmuch as it is in
substential measure susceptible to ell three species of fungi, In the
oxpofimn with agar inocule the intensity of ebtsck on tulips of B,cinerea
end B,elliptics never equals thet of B,Tulipme, and this species is alone
in being sble to attack the wnwounded base of tulip stems, a position where,
acoording to Besumont et al. (1) it very commonly forms lesions in the field.
However definite lesions are produced by B.cineres and B.elliptica in the

form of agar inoculs on the lamina of wounded or unwounded tulip leeves,
snd the spore suspensions of these fungi ceused spotting of the lesves and
flowers of tulips at maturity, This heppens, even when the tulips have

been raised out of doors, with s much rapidity as with B,Tulipse. B.cineres

end B,elliptica ocould also form lesions on the flower steme, In one
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experiment, at least, these loaf and flower lesions grew at e prce compar-
sble with those of B,Tulipse. No experiments with spore suspensions were
perforned with tulips at en oarly stage of development, but es the lesions
produced with agar inoculs of B.cineren in the esrliest experiments were
substantially smaller then those of B.,Tulipae, there is an indicetion that
the spotting, if sny, would be substantially less sggressive at this stege
with B,einerea then with B,Tulipee.

B,Tulipee similarly showed & less merked degree of specislisation.
As & perasite of 1ily it wes inferior, when epplied ms an agar inoculum in
# wound, 5o van Hell's strain of B,elliptice, and when applied ss a spore
suspension it took lenger to form lesions than did strain BE 2, Weverthe-
less, given a sufficiently long perioed favoursble for infection, even the
conidia were capable of establishing the fungus in both leaves and stems,
and & lesion once formed did not meed the sontinuation of exceptionally
favourable conditions to be eggressive. The vigour of B,Tulipse on 1lily
is shomn clearly in Table IV in which ager inooula of this fungus proved to
be more pathogenic on unwounded 1ilies then ven Hell's strein of B.elliptics,
which was the most sctive of the "11ly" strains aveilable. It should be
remembered, however, that the latter fungus, having been long maintained
in eulture, had probably lost some of its original virulence. On apple
B,Tulipse is a feeble pathogem, but both spores and mycelial inoculs ocould




produce a definite lesion when placed in 2 wound. The ability of the fungus
to establish iteelf through the lenticels was not investipgated.

In the light of the results obtained in this work an attempt can be
made to estimabe the importance to each host plant of the twe fungal species
not usually associated with it. In addition teo pathogenieity the possibility
of infection being transferred from one host to another under the usual
conditions of oultivation must be considered.

4s parasites of apple B.elliptics and B,Tulipse must be of megligible
importance. The first species, or at least strains of it with a typical
measure of pathogenicity on lilies, cmnnot atbeck apples ; the second species,
in addition to being a rather feeble parasite on apples has little opportun~
ity of infecting this host since the trees are not in fruit in the tulip
season.

Lilies are sufficiently susceptible to B,Tulipme to be extensively
demaged by it given s sufficiently long peried favourable to infection., If
tulips and 1lilies are cultiveted side by side there would be opportunities
of erosse-inoculation inasmuch as the growing season of moet 1ilies would
overlap that of tulips by one or two months, viz. April to June or thereby
(The species L,candidum has mgrowing period which ineludes a1l the growing
period of tulips). The significsnce of B,Tulipme to the grower of 1ilies
is, however, reduced by the fact that the two host plants are not as a rule

grown on any large scale, and an commercial nurseries wonld not as & rule
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be grown slde by side.
B.oinerea ss a possible parasite of 1ily has the dangerous feature of

being very common on & great variety of hosts, On the other hand the
evidence obtained in this work is that B.cineren is a very weak parasite of
lily. It must be remembered, however, that the strain used was chosen
specifically on sccownt of ite ectivity on apple, and that there is o distinet
suggostion that the vigour of e Botrybis isolate on apple is inverse to its
vigour on lily. It is quite possible,therefore,thet other isolates of
B.eineres might prove to be much more active on 1lily. Hence the significance
of B,cineres to the lily must be left open.

Tulips, at lesst in the flowering stage, can be spobtted on the flowers
M leaves with almost aes much rapidity by Beelliptica end B,cinerea as by
B.Tulipae, In view, however, of the fact that many species of 1lilies are in
loaf for » small part only of the tulip seagon, snd, moreover, that lilies
are not common plants, the importance of B,elliptice to tulips is probably
small, B,oineres, on the other hand, is verycommon in the spring on lettuces
end orucifers, and should have adequate opportunity of infecting tulips,
It would seem likely, thenm, tha§ some of the spobbing of tullp flowers and
leaves i¢ due to this fungus. It is possidle that wnder fairly dry condit-
ions the lesions ceused by B,cinerea might be more lisble to cesse development
then those of B,Tulipse. The former species might then be responsible for
the small non-aggressive spots recorded by Beawmont et al.( 1) as being very
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common on tulipe. These suthors found thet typicelly no fumgus ecould be
ieolated from these spots, and considered that this was because the causal
organism, regarded by them as being B,Tulipae had died, The possibility of
its being B,cinerea is worth investigation,

E. SUWMMARY,

1, Strains of B,einerea, B,Tulipse and B,elliphica fully pathogenic on

apple, tulip and 1ily respectively have been showmn to be more sctive on
their usual host then on those proper to the other species, and conver-
ersely the most pathogenic species on any one host has been the species
usually essceisted with that hoset,

2., The desoending order of pathogenicity on apples was B,cineres, B,ellip-

tice (strain weakly parasitic on 1ily), B,Tulipae, B,elliptica (strain
sctively pathogenic on 1ily). The last member of this series failed to
form a definite lesion even when inoculated into a wound on the fruit.

8. This sume series represented the ascending order of pathogenicity of
lilies. The first member of this series could form leeions on 1lily stems

and leaves only if they were wounded,
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4. Tulips proved et the flowering stage to be almost equally susceptible

B

1.

2.

4,

to all three species, but at an earlier stage B.,Tulipse was markedly

the most active,

On the basis both of pathogenicity and of opportunities for infectien

it is considered likely that B.cinerea mey be of substantial importance

as & cause of spotbing of tulips, but that the other species are not

likely %o oceour to any extent except on their usual host.
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PART II. THE PHYSIOLOGICAL BASIS OF THE DIFFERENCE IN PATHOGENICITY
OH APPLE BETWEZN BCLEROTINIA FRUCTIGENA,PERS S .FRUCTICOLA
(Wimit, ), REMM,, AND BOTRYTIS CINEREA PERS,

A, INTRODUCTION.

The object of this work wes to study certain mspects of the physiology
of fungi showing different degrees of pathogenicity on apple fruit with e
view to discovering what festures of metabolism were primarily responsible
for these differences. Preliminary experiments led to the selection of
Selerotinia frustigens, 5,frusticola snd Botrytis cineres as being fungi
vwhich are closely related systematically, and which show wellemarked
differences in their pathogenicity to apple.

feveral workers have made observations which bond to show that differ-
enges in pathogenieity between various apple-rotting fungl are largely due
to differences in response %o the nutirients available in the host tissue.
Seth (20) found that the rate of spread of several species and strains of
Phemopeis, Cytosporina and Diaporthe en synthetic media resembling ayph‘ in
composition was directly correlsted with pathogenieity, Horme (419 hes
stressed the imporbance of scid end of nitrogen content of the fruit in




relation to the speed et which it is invaded by fungi, and Vasudeva (22)

has shown that the rate of sttack of apples by S.fructigena is increased by
the addition of a nitrogenous substance to the inoculum. MNuskett et al (18)
demonstrated that there wes a close correlation between the rate of spread
of Cytosporina ludibunda in apple and that on autoelaved apple pulp.

In the case of S.cineres (8.frusticola) es a parasite of plums,
however, the part played by the mechanieal characteristics of the fruit hes
been stressed by m (23). These authors discovered that
resistant plums hed in general a higher ecrude fibre content, higher pentosan
content, tougher skin and firmer flesh than susceptible ones, A correlation
between the resistance of potato tissue to mechanical puncture and its
resistance to deecay by Pythium de Baryanum was claimed by Hawkins and
Harvey (13).

The importance of ability to produce a mecerating enzyme in relation
to reletive pathogenicilty was investigated by Harter and Weimer (12) in the
case of species of Rhizopus showing different degrees of parasitic activity
on sweet potato, Although the fungi varied considerably in their ability
to produce the enzyme there was no parallelism between enzyme production
end pathogenieity,

The work deseribed in this paper is of a preliminary neture, An
atbempt has been made to investigate the importance of two factors omnly,



namely ability to produce s macerating enzyme on sn apple substrate, snd the
intrinsie growth rate of the fumgl on the nubtrients present in apple.

B. MATERIALS AND METHODS,

The apples employed in this work were of the Bramleys' Seedling variety.
For sny one experiment fruit was aveilable from trees which had received the
same enlbural treatment and were on the same roob-stocks, and the various
consignments used during the work differed enly in the matter of Mwl‘toﬂk?
The pi of the expressed julce of the apples was tested repeatedly with a
B.D. M, Capillator and was always found to be approximately 2.8.

The fungi employed were a recent isolete of Sclerotinia fructigensa,Pers.
from apple, n culture of Bolerotinia fructicols(Wint.),Rehm obtained from
an apple in Wew South Wales by Harrison, and & recent isolate of Botrytis
cinerea,Pers. According to Harrison (10) the Australisn form of Bolerotinia
Sructicels is to be regarded as identieal with the Americen fimgue now imown
by that name, but formerly referred to as 8.cinerea(Bon,) Schriter,

Spores of B.cinerce snd 8 ,fructicola were obbained from eultures on

"% The writer 1s indebted to Hr,A.0,Painter of the hast Halling Research
Station for selecting and storing the fruit.




guaker-~oat agar inocubnted at w’e,. these of §.fructigena from cultures on
pobato-mush ager grown at room temperature in continual artificial light.

Purther details of experimental procedure will be given more conven-
iently when the experiments themselves are deseribed.

C. EXPERIMENTAL,
(1) The comparative pethogenicity of the fungi employed.
The difference in pathogenieity in apple shown by the three fungl
used is exemplified by the results set forth in Teble I, In this experiment

myecelial inooula in agar of the three species were inserted equatorially
at different pointes on each of ten apples, and the fruit wes incubated st
20%. for four days. The welghts of rotted tissus were then determined.
The method of inocculation employed was thet desoribed by Granger and Horne
(8).

This table shows that in every fruit §.fructigens produced more rapid
decay than B.gineres, while 8.fructicola showed an intermediste degree of
activity, The oceasional instances in which the usuel order of pathogeniecity
was not mainbained, e.g. Fruit 9, are doubtless due to the fact that

individual apples mey very in resistance at differemt points,as has been



shown by Gregory and Horne (D),

Table I.
Weights of rotbted tissue in grams,

Fruit 8.fructigens 8. frusticola B.cinerea
1 20.4 10.4 5.0
2 16.8 13.2 3.4
8 15.2 6.0 1.9
4 16,3 9.3 | 7.2
8 14.8 9.4 4.5
6 10,1 5.8 0.9
7 19,0 9.8 1.9
8 14.2 8.5 8.3
® 2.8 10,2 2,0
» 124 .8 2]

lenn 14,811,212 2.0 t0,69 3.6 T0,62

Bvery oonsignment of apples received was tested in this way. The

relative pathogenicity of the fungl was always the same, The result was
found to be independant of whether a myceliel or & spore inoculum was used.



(2) Abtempts to prepare macerating ensymes.

As & first line of approsch to the problem an attempt was made to
study the rate of production end the activity of any macerating enzyme which
the fungi might produce when growm on apple.

Tosts for the presence of such enzymes were made in the following
preparations ie

(1) In the juice expressed from lesions on spples and clarified by
centrifuging. This was tested (a) directly (b) after an attempt had been
made b0 concentrate and partially purify eny enzyme present by treatment
with aloohol., The elarified juice was added to three times its volume of
95% aloohol and the mixture was allowed to stand overnight. The precipitate
formed was then collected and dried in wacuo over calcium chloride. It was
ground when it was very dry without the addition of sand, and, for testing
purposes, added to distilled water st the rate of 2§%. This was twice the
strength used by Menon (16) when testing sloocholic precipitetes. From the
table given by Davison snd Willaman (7) it is evident that small quantities
of the macerating ensyme of Rhizopus tritici (termed by them protopectinase)
cen remain in solution on the addition of aleohol until & eoncenbration of
above 90% of aloohol is resched. It is realised that the method of
precipitation employed might invelve the loss of part of the mmcerating
enzyme, or even of the whole of it if it was present in a very low



eoncentration, but the preeipitates obtained with further additions of
sleohel proved so slight thet it was not considered practicable te prepare
them in sufficient quantity for teebing.

(2) In cultures of the fungi mede by Brown's plate methed (1). A
suspension was mede of 1 oe. of spores in 100 ce. of the julce expressed
from apple pulp which had been frozem. This was neither sutoclaved nor
filtered, and contained considerable smounts of suspended matter. The
suspension was spread thinly on glass plates and left at room tempersture
for two and & half daye. Tests were then made for mecersting ensyme (s)
directly in the culture fluid (b) in the precipitete obtained from this
with aloohol as inl(b) above (e) in the myselium produced by the germin-
ation of the spores, This was washed in water, dried in vacuo over caleium
ohloride, and ground with an equal weight of silver sand, For test purposes
this powder was added to distilled water at the rate of 6.5%, the strength
used for such preparations by Muhleman (17) and by Memem (16).

(28) In oultures of the fungi made on thin slices of apple. Slices
2-4 mms, thieck were dipped in & suspension of 1 cc. of spores in 100 ces.
of distilled water, and left en the glass plates employed in method (2)
above for two end 2 half deys. Tests were then made for the presence of
macerating enzyme () directly in the julce expressed from the rotted apple
slices (b) in the precipitate obtained from this with alechol as inl(b)
ebove,



The method employed to detect macerating enzyme has been to place three
dises of potato tuber tissue § mm. in thickness in three ces. of the prepar-
stion to be tested, and to incubate them at 20°. A drep of toluene was
usually added to check bacterial development, A control was set up in
einilar quantity of the preparation in which any enzyme had been deactivated
by heating to 70°C. This gives a safe margin over the temperature of 85°C.
ot which Brown (1) found the demctivetion of the macerating enzyme obtained
from B.gineres to be almost instentaneous, The experiment was always
discontinued before there was any indication of softening in the sontrol
dises. In cases where ground mycelium or an alecholie preecipitete was
digested in water for the purpose of being tested any wndissolved material
was not filtered off, This procedure, which is recommended by Harter and
Welmer (11) allows full opportunity for sclution of eny enzyme present.

Apple dises one millimetre in thickness have also been employed
extensively in testing, but owing to the poor coheremce of this tissue, a
point which will be discussed further later, it has been impossible to regard
with econfidence any results so obtained.

Table II gives the results of tests with potato dises of the various
classes of preparation already deseribed, In some cases more than one
separate preparation has been mede, This table shows that B.oineres, the
least pathogenie of the three fungi, has proved to be the only species
capable of producing a demonstrable amount of macerating ensyme when grown on



Teble 1I1.
The time required in hours for the msceration of potato dises.

Preparation mﬁm. ___rrﬁlin}_u_ -o_;é:_;_u_
1.(a) Juilce from 4.5 days old lesion on apple
(2 preps.) >40 >40 >40
. "8 " " " onapple >48 >48 S48
(b) Ale.ppt.from julce from 6«8 day old lesions >80 >80 >80
2.(a) Apple juice in which spores had germinated  w= >24 >24
" " " ” " . >él >41 41
" " i » ~48 e 48
(v) Ale. ppt. from 2(a) - >80 >60
(e) Extract of mycelium produced in apple julce >80 >80 48
" . " ’ - >86 18
" " " « i o 18

8.(a) Juice from epple slices on which spores had
gerninated >S54 ~ 54 54

(b) Ale. ppt. from 5(a) >0 >80 12

an apple substrate. Insofar ss the methods employed may be relied upon as a
measure of it, relative activity in the production of mscersting enzyme cennot
then be the factor determining relative pathogenicity. Failure o demonstrate
the presence of the ensyme in juice expressed from lesions of B.cineres on apple
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may be due %o its seorotion being confined to the young hyphae, so that it
ie enly in preparations such ae Nos, 2 and 5 where the proportion of young
mycelius is greatly inereased that the presence of the enzyme ocan be
demonstrated by the methods employed.

It is convenient at this point to review the results of other invest-
igators who have studied the production of mecerating emzymes by the fungi
used here., It is well known that B,ecineres produces & mmcersting enzyme on
& wide range of media. The only attempt to prepere one from » culture on
apple appears to be that of Menon (16) who obtained sn metive preparationm
from culbures 10 days' old om suboclaved plugs of apple tissue. In respect
of the ability of 8,.fructigena and 5.fructicela (5,cinerea) te produce a
macerating enzyme the literature is somewhat eontradictory. The results of
the various workers are assembled in tabular form below :
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Author Pungus Medium lode of Age of Fnzyme Enzynme
: oulture oculture present in absent from
8

Davison & B ,einerea

Willamen( 7 ) ﬂ“ flasks 2 hyphae
8 . fructigena o
" 8 ,eineres " Brown's hyphee &
plate 1 medium
nethod
Yuhleman(17) 8,.cinerea " flasks §«5 hyphae medium &
ale, pré.
from medium
Burges(4 )  5.fructigena » flesks(?) hyphse
udiunt .
little),ale.
ppb.from
medium
Menon(16) 8.frustigens apple & flaske - hyphae &
other mediua
extracts
turnip Browm's hyphse &
extract plate 6 alo.ppt.
nethod from mediwm
auboolvd, w of u’.m:hﬂ
apple, tissue 10 mediunm
potato &
turnip

It would appear from these results that the production of macerating enzyme
in demonstrable quantity by these two species of Bclerotinia depends a good desl
on the conditions of eulture. All the suthors cited above have used methods
which are somewhat different from those of the present vori. and whioch in no case
aspproximate so closely to the conditions prevailing in parasitic attack, Bueh



demonstrations of the prodm_icn of engzyme as have been made, then, cannot

be regarded as directly opposed to the resulte of the writer's experiments.
Obviously the most direct test for the presence of enzymes capable of

mhoorating apple tissue would be made by employing apple dises. It hes

already been steted that they were not satisfactory, however, for the

detection of slowly acting enzymes, at least. Dises out from meture spples

possess little coherence, and showed a tendency to soften when placed in

;m liguide which did not contain ensyme. While several workers have

employed apple disos, this tendency doos not seem to have passed umnoticed.

Davison snd Willaman (7 ) state that "apple tissue seemed slightly macerated

by oxalates, but this effect may be only a slight hydrolysis or softening

due o water present”., Vasudeve (22) took ss an end point when using apple

disos in enzyme tests the time when the tissue had fallen into a mush.

Buch obvious maceration has not been seen in any of the preparations cbtained

in this work., Muhleman (17), on the other hand, seems to have found apple

s perfectly satisfactory test tissue, bubt he used groen fruit, which probably

has groater coherence.

The tendency to disintegrate was found to be most pronownced in
extracts of hyphse, snd comparatively slight in liguid expressed from lesions
It was sccordingly suspected of being an osmotic effect - the result of the
cells swelling end bursting epsrt when water was absorbed from hypotonic
solutions, To test this theory 15 dises, & wm. thick, were out from five
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different apples and divided ameng the following treatments : (a) plsced
in & covered dish (b) immersed in distilled water (¢) in apple julce (4)
in ¥e Ilvaine's buffer pH 2.8 prepared according te the formula of Clark
(5). This was the pil of the apple juice, snd was a 0,12 moleeculsr solution
(o) in a 0.5 molecular cene sugar solution. This was found by Barger's
mothod, which is desoribed by Buller (3), to be approximately equal in
osmotic pressure to apple julee. In order to ensure rapid emtry of the
solutions inbe the tissue the dises wore evacusted wnder a filter pump.
After one hour the disce in water snd in the buffer had lost coherence, but
those in apple juice snd in sugar solution and those merely kept in a damp
shember were perfectly sownd, snd retained some measure of ccherence even
after 24 hours.

This result was confirmed by placing 0.2 ec. of each of the liquids
listed above on the surface of blooks of apple tissue 2.5 em. in diameter
end leaving them in covered dishes for 24 hours. The ligquid remaining was
then removed ealong with any softened apple tissue, and its weizht determined
as follows,

Viater 0,46 gme. Buffer 0,57 gms. Juice 0,25 gms., BSugar 0,21 gus.
These figures are the aversge of six determinations. As these weights show,
nothing more than the fluid originally added wes removed from the blocks
in the case of julce and sugar solution, but the buffer and the water hed
had a distinet disintegrating effect on the surfroe of the blooks.



These results show thet apple tissue, at lesst when the apple is mature
will disintegrate in pure water, and in solutions of low osmotic pressure
which oontain no enzyme. '

8. Ihe inbrinsic growtherate of the fungi on apple.

In erder to discover 4o what extent the difference in pathogenieity
night be due merely to a difference in response to the nutrients svailable
in the host tissue, an atbtempt hes been made to compare the growth of the
selocted fungl on living with that on dead apple tissue.

Eighteen apples were halved from stalk to eye in a sterile way, and the
out surfaces senled with paraffin wex, Half of each apple was either frozen
or chloroformed, the other half serving es a gontrol. The freezing wes
garried out by placing the halves in & large gless chember, sealing it, and
subnerging it completely for 24 hours in & mixbure of ice and salt. This
was changed once, The halves to be chloroformed were left overnighb in a
desicontor into the bottom of which s little chloreform had been poured.

The frosen half-apples were incculated as soon ag they had thawed along with
the corresponding unfrezen halves, a separate apple being used for each
fungus, so that there were three replicetes, The chloroformed halves were
allowed %o remain freely exposed to the air for three days before inocul-
ation. To cheok excessive loss of water the frult was then wrapped in
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grease-proof paper, snd left at room tempersture for six days,

The frozen frult was exceedingly soft and brown, and the areas occupied
by the fungi were indistinguishable either by colour or texture from the rest
of the fruit, The chloroformed fruit was, however, firm and rubbery resemb-
ling very much in appearance and in texture apple tissue which has been
rotted by 8,fructigena or 8,fructicola. The area of chloroformed apple

which had been inveded by these fmgi was thus indistinguishable from the
remainder, In the case of B.cinerea, however, the fungus brought sbout a
substantial softening of the tissue, producing & lesion similar in texture
te that prodused on & living apple, which, as is well imown, is considerably
softer than a Selerotinia lesion. These observations lend support to the
view that macerating ensymes are sctive to some extent in lesions formed by
B.cineres on apple, but do not play & great part, if indeed they are present
et 2l1l, in lesions of 8,fructigena and 5.fructicola.

As most of the lesions could not be seraped oub end weighed, the wax

was removed from the helf-apples,and a out mede paessing from the core
towards the point of inoeulation to avoid carrying any hyphae inte the
uninveded tissue, mw«umqthnmnmnnihummw
direct measurement, the odge of the leaion being located where necessary by
exsaining smell portions of tissue under the mieroscope for the presence of
hyphae. The results sre given in Table I1I, In some ceses the fungl were
found to have resched the cut surface of the half-apple.
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Table III,
Readial growth in millimetres of fungi on living snd on dead apple tissue,

e

Fungus Control Chloreformed Control Frozen
~28 18 >28 -
8, ens >25 14 D28 g 4]
>28 20 ~ 23 20
20 17 >es nil

8 ,fructicola 20 18 >eB almost nil
>0 10 23 6
20 13 19 2
B.cinerea 14 13 19 nil
24 14 20 &

Chloroforming of the tissue retarded the growth of all the fungi. Traces
of the chemioal remaining in the fruit probably account for this effect,
Freesing was even more deleterious to the growbh of the fungi except for
§,fructigena, which was prectically mtf«ﬂuﬁ by it. Interferemce with
aeration through flooding of the intercellular spaces wes probably the
inhibiting fastor.
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In view of the failure of the preceding methods to produce satisfactory
rosults an attempt was made to compare radisl growth of the fungd in apple
with thet in wmauboelaved apple juice. The flesh of five apples was frozen
tnd the julce was expressed and centrifuged. An atbempt was then made to
storilise i% by passing it through five thicknesses of Whatmen No.42 filter
paper. A Seitz becterial filter was found to clog very quiekly, and, because
of the moidity of the juice, the removal of basteria was not considered
necessary, The filtrate was poured into petri-dishes (8 oms, internal
dlemeter) at the rate of sbout 15 ecs, per plate, snd the phtoi were inoc-
ulsted with & very small portion of mycelium in agar. There were five
replicates. Five apples were simultaneously inoculated with all three
species of fungl, The radial growth of the fumgi in millimetres after three
days is given in Table IV, The method of sterilising employed for the fulce
was not suceessful, but condaminsting eulturee did not appear wntil the
third day.

Table IV,
Redial growth in millimetres of fungi en living apple and in spple julce.

Species Av,radisl growth Av,radial growth
in spple in juice
8.fructigona 17 18
8 .fructicola 12 14

B.cinerea 8 19
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While the growth of the species of Solerctinia did nmet differ greatly
in the julce from what it weas in the fruit thet of B.cineres was much greater
in the former medium. This result suggests the conmelusion that the growth
rate of B,oineres on apple is dotermined in considerable measure by its
ability to penetrate and ki1l the tissue, snd that that of the species of
Selerotinia iz not., The experiment is open to eriticism, however. The
medium cannot be regarded as containing all the nubrients available in the
fruit, end the oonditions of oxygen and carbon dloxide tension are probably
very much altered. Results in which more confidence could be placed might
be obtained by using wneterilised apple pulp.

D. DISCUSSEION,

No production of mecerating enzyme was demonstrated whem 5,fruoctigeme
and 8,fructicola were grown on apple, but B.oineres gave positive results.
Enzymes can, however, be demctivated rapidly by some tissues, Browm (2 )
records s striking instance of this in the case of macerating enzyme of
B.cineres placed on blocks of sub-burgld potato tissue. The peseibility of
enzyme being produced by the spocies of Sclerotinia when they are growm on
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apple, but disappearing too rapidly to be detected by the usual methods,
cannot then be dismissed.

The relative firmess of the rot ceused by 5,.fructigena and 5,fruct-
lsola does, however, Suggest that there is far less cell wall disturbance
with these fungi than with B.cineres. Indeed, the differences in texture
between various apple rots would seem to find & very probable explanation
in the extent to which meacerating emsymes are sctive. With the very soft
rote produced by species of Penieillium it is possible, according to
Nobdeourt (19), to demonstrate macerating setivity in the erude juice
expressed from lesions., This suggests that the ensyme is more abundantly
produced here than in the firmer Botrytis lesions with which no such
demonstretion could be made by the writer. In such firm lesions as those
of 8. fructigens and B,fructicola macerating enzyme is, perhaps, entirely
absent. Alternstive explanstions which have been offered for the firmness

of Selerotinia lesions are that the stout hyphae impart firmness(Valleauzl),
or that a hydrophilic gel of caleium pectate is precipitated by the fungus
(Willamen,24).

A comparisen of the growtherates of the fungi in apple juice with
that in living tissue suggests that there may be some substantial difference
betwoen the mode of parasitic attack by the species of Belerotinia end that
by B.oineres. The growth of B.cinerea appears to be retarded in the frult,
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poseibly beesuse it is depemdent on the previous destruction of the tissue
by enzyme. The Sclerotiniss, on the other hand, grow through living apple
et & rate comparable with thelr intrinsic rate in an apple cultural mediwm.
One may suggest, therefore, that the hyphae advance almost unimpeded through
the welledeveloped intercellular spaces of the fruit. The mho;l of
penetration of fruit tissues by 5,fructigens and 5,.fructicola (8,oinerea)
does not Seen to have been studied of recent years but, esccording te
Valleau (21), Behrens and Schellenberg cencluded that the hyphae were
exclusively intercellular, en opinion which he himeelf endorsed. Cooley
(6), on the other hend, considered that 5.cinerea passed as readily through
the cells a8 between them, Vallesu considered that ensyme was produced
vwhich split the middle lamella, but ite existence was demied by the previous
workers .

Ehould mecerating ensyme be entirely absent, and the hyphae at least
initially intercelluler, it seems necessary to postulate the seeretion of
some toxin o bring sbout the death of the host oells, The examination of
fungal extracte for the presence of such a compound is a line of work which
calls for attention. In view of the wunsatisfactory nature of apple tissue
as a test material, the evidence on this point may have to be obtained

indirectly.
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x' “mth

) Selerotinis fructigens is more pathogenic on Bramley's 5 eedling

apples then Botrybis cinerea, 5 ,fructicols shows an intermediate degree
of pathogenieity,

2 Only Becinerea is capable of secreting a demonstrable quentity of

macerating enzyme when grown on an apple substrate,

3. On unautoclaved apple juloe the growtherste of the species of

8 glerotinia 48 similar to that in the @ruit, but that of B.cinerea is over
twice a8 Pent,

4, It is suggested thet differences in texture of apple rots is due

to differences in the extent teo which mecerating ensymes sre active in
them.
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