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TH8 a n m t o t  of ckbtahi fohgx oh the germibatior of p fjs

A, niTF.Om'TIOti.

The rotting of prs (Pinun sativum) seed in th© ©our«© of germination,
resulting in © poor initial stand, i* fairly extensively recorded In th©

"beAmerican literature, and appear* fcoAa problem of oonaiderahl© importance both 
to the canning (Starr,28) and market-gardening (Horsfall at al.,9) industries. 
While it has been recorded end studied to some extent in England, the extent 
of it* occurrence her# is still uncertain. The main object of most of the 
Anerieen investigators has been the control of the disease, but some attention 
ha© been paid to it© cause.

Haenseler (8) repeatedly isolated forms of lythium from pea seed that 
had failed to germinate, and demonstrated that in steam sterilised soil a 
fungus of this genus could cause complete failure of germination. Croisier 
(6) and Rlchardt (22) showed that Rhisoctonla Solanl could prevent the 
emergenee of peas,and denes and Linford (14) that Fythlun d© Baryanua could 
do likewise. Species of Fusarium have been mentioned by Starr (28) as 
responsible in part for th© disease. The experiments that have been 
conducted by other workers under controlled conditions do not suggest, 
however, that members of this genus destroy pews in th© first stages of 
growth. Croisier (6) found that the majority of a large number of seed-borne 
Fusaria investigated by him reduced emergence little, if at all, and that



very few of them approached Rhisoetonia Solan! in activity wider the

experimental condition#» whioh he considered to be very favourable for the 
Fusaria. A peru#al of the table# presented by worker# who have etudied 
the member# of thi# genu# responsible for the wilt (Snyder, 24) and »tern end

PiraAV-i'fl,root -rot/^(Haeneeler, 8 ; donee, 12) of pea#, end the root-rot caused by
t

Apbanoriyce» euteiohe# (done# and Drech#ler, 15) show# thet the#® fungi did 
not reduce «aerrenee in #terili#ed #oil. The more recent American writer# 
(Korefall et al., 0 j Anderson ot al., 1) regard the disease ee an ordinary 
case of damping-off due to *pecie# of Pythium and Rhiaootonla, the first 
mentioned author# partloularlsing P.ultlmum and R.Solani.

In England ilull (11) i#ol»tod a phycoayeete and a Fusariua fro® pea# 
whioh had failed to ©erne up in pot# under laboratory condition#, and found 
that the former prevented emergence the more effectively under thoee 
condition#. In similar oirouraetanoe# Brett et al. (2) record the isolation 
of a Fuearium, Padwiek (20) of Penicillium, Fusariun and Botrytl#. Fadwiok 
demonstrated that several speoie# of Fusarium, Botrytl# oinerea, Helmin- 
thogrorltm sativum end a #peoie# of Selerotinia oould reduce or inhibit 
energenoe, but he did not #how that any of the»® fungi could be obtained 
from seed whioh had rotted under field condition#. A large number of 
Fusaria tested by him did not affect emergence. K© study ha# been made in

England of the fungi present in typical diseased material from the field.
In Denmark a Pythium type of fungus (6) and in Holland Pythium de Baryanua 
(Bui»man, 4) have been found capable of reducing the emergence of pea#.



Defects in the seed used are an obvious cause of poor germination.
In ftoerion seed neturslly infooted with Agcoohyta Pisi# A.pinodella snd 
Myooaphaorelle pinodee was found by Linford and fpregue (17) and by done« 
(l§) to germinate le«e readily than clean seed. Croisier (®) however, 
showed that emergence was not reduced in »oil heavily infected artificially 
with A.Plei, a result »imllar to that obtained by Setter (2S) and by 
Padwielc (20) In England, while 8attar and Hull (11) have «hewn that dipping 
seeds in «pore suspensions of the fungus is libewis© ineffective. Spore» of 
M.plnodes and A.pinodelle similarly applied did,however, prevent emergence 
(Sattftr). The»® fungi can only be important when the seed is heavily 
infected or planted in field* rich in infective debria, Croisier (6),«* 
•bated before,hae shown that some degree of pathogenicity may be possessed 
by *eed*»borne Fusaria, and he also records Rhlsoctonla Solan! on seed. The 
apparently physiological di«e«»e Marsh Spot was found by Laoey (18) and by 
Pethybridge (21) to reduce germination only when it w*i* very severe, but 
Pethybridge considered that its effect might be greater under conditions 
more unfavourable to germination than those of his experiments.

Cold wet soils showed an increased «mount of the disease in America 
according to Baensoler (8) «nd Jones (16), and Haenscler considered that it 
w»s favoured by a heavy »oil. In England Hull (11) has made similar 
observations in respect of soil moisture. A species of Pythium studied by 
Haonseler caused complete failure of emergence when the water content of 
the soil ranged from 60-80^ of saturation but its pathogenicity mes less in
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drier toil«. In respect of temperature however, the work of Richard« (22)
with Rhigoctoni». Spinal indicates a rather restricted action of this fungus

0on pe*s at temperatures of find below 9.B 0, done» and Linford (14) suggest 
*n even higher mlniaun (16°C.) for Fythlua de Earyanua. since they found 
it to be abundant in soils in Wisconsin in which it was not recorded as a 
cause of seedling injury to peas. They consider that most psas raised in 
Wisconsin pass through the seedling stage when the soil temperature is 
below this figure. These observations draw attention to the inadequacy 
with vrtiioh the temperature factor has been treated in studying the action 
«t least of Pythlujs and Fusarim on germinating peas. Wrinkled varieties 
proved more susceptible to the disease than smooth in the work of Jones 
(16) and Hull (ll).

Several attempts have been made to improve the percentage emergence
of peas by the application of organic mercury dusts to the seed. The

obtained
control of the diseaseAwith these in America by Jones (16) and in England 
by Hull (11), Brett et el.,(2) and Ogilvie and Mulligan (19), though often 
substantial, seens inferior to that recorded in America by Anderson et al. 
(1) and Horsfall #i »1. (9) with cuprous oxide. This has been used with 
considerable success in England (unpublished data kindly supplied by 
Mr.L.Ogilvle). Horsfall (10$ found sine oxide to be ineffective, and 
Gilgut and Ouba (7) considered It to be inferior to the proprietary organic 
mercurial Beaeaan. In much of Horsfall's work soil infected with Pybhiua 
ultimo» was used.
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The object of the present research ha# been to determine the fungi 
responsible for the failure to emerge of pea seed norm in the early spring 
in England, to investigate the factor* which determine the severity of 
the disease, and to test possible control measures.

B. v x p k r iKKHTAL METHODS.

1. Field Experiment«.

In the early spring of 1937 and again in 1938 regular sowings of the 
two varieties of pea principally used by Hull were made at the Imperial 
College Field Station In Slough (Bucks.). Hore both a fairly light and a 
fairly heavy soil are available, the latter being comparatively low-lying.

Each sowing consisted of four randomised blocks each containing one 
row under each treatment. Sixty seeds were sown per roar at a depth of one 
to two inohes and about two inches apart. Of those, ten, marked out at the 
time of planting, were removed during the course of the experiment for 
examination and for isolation of the fungi present.

Bally records of soil temperature at a depth of one and a half inches 
were kept, and the soil moisture was determined weekly by the following 
method. One sample of the top three inohes of soil was removed at each of
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four fixed point* with a tubular aampler. The*© core* were mixed and the 
amount of water in the composite sample estimated in triplicate. The 
result* are expressed a* percentages of the saturation oamoity, which was 
determined by the Rothamsted method as 50% and 65% of the dry weight of 
the light and heavy soils respectively. Throughout this work the temper- 
sturs used for drying has been 105 C .

The seedlings were counted weekly from the time that the bulk of them 
had appeared until no further increase was observed in the figures.
Emergence continued over several weeks when the soil was cold, the latest 
plants to appear being most commonly retarded by damping-off of the plumule 
before emergen©#. The greatest count recorded for sny row was taken as the 
final figure for that row, the number of plants that died after emergence 
having been too small to affect the results.

Destruction of the seed by mice was avoided by continual trapping. 
Birds, however, interfered with some of the later sowings in 1958. The 
results given below are only from replicates which have not been in any 
way damaged, and cases where the full number has not been used are indicated.

So frost injury was observed.

2. Laboratory Experiments.

A description of the methods used in laboratory work can be given more 
conveniently when the experiments themselves are described.



C. THE EFFECT OF FIELD COKDITICBS AKD OF VARIBTY CH THE EMSROKSCE
OF imTREATED SEED.

It l* evident from the accompanying graph* (Fig*„l and 2) th»t the 
•prinj: of 1987 wot a wet one. The light soil was above 50% and the heavy 
above 55% of «aturetion practically from the beginning of February until 
the middle of April, end for considerable period« the«« figure* were 
•ubetantially exceeded. In th« following year, however, the light «oil was 
between 6-18# drier in February, and fell rapidly below SC% of saturation 
at the end of that month, becoming very dry by the end of April. Condition* 
in the heavy »oil in February 1938 wore similar to what they had been in 
the preceding year,but »ub«equeirtly the water content in 1988 fall gradually 
below 55% of saturation where«« In 1987 it ro«e well above it. Experience 
suggests that the weekly determinations were perhaps a little infrequent 
a* the heavy »oil showed the effect of mid-week rain« on some occasion« 
when they had largely dried out from the light by the date of »anpllng.
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Fig.l. Boll aolsturs records on the heavy soil.

Fig,2, Soil moisture records on the light soil.
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Soil temperatures at * depih of 1.5 inch©* at 8 a.m.

The »oil temperature» (Fig.3) fall naturally into four period» as i» 
»hewn in Table I, (1) From Fob.8-13 they fluctuated considerably in both 
year»,but the average value» ’»ere approximately equal. (2) Front Feb, 14-21 
they remained rtuch the »am in 1937 a» in the preceding period, but were 
lower in 1938. (3) Froa Feb.26 until April 3 the temperature» were nearly
always higher i» 1988 than on the oorre#pondinf, days in the previou« year, 
the average figure in the fir«t case being higher and in the second lower 
than it had been before. (4) From April 4 until the record» ceased



10

Table I.
Average »oil temperatures at 8 a.m, °C.

Period 1937 1938

Feb.2-13 4.0 4.8
* 14-23 4.8 1.1
" 26-Ap.S 3.1 e.s
Ap.4-29 9.0 8.1

temperature» remained mush a« before in 1938« but in 1937 they rose 
substantially, exceeding a» a rule the value attained in the following year.

The maximum percentage emergence ef untreated seed plotted against 
the date of »owing 1» given for the light «oil in Fig.4 and for the heavy 
»oil in Fig.8,

The most striking difference evident on inspection of these graphs 
is in the amount of diseaeo present in the two years. In 1937 both 
varieties germinated well for all sowing dates, but in 1938 the emergence 
was initially poor, more especially with Gredus peas, but Improved steadily 
later in the season.

Such small fluctuations in emergence as there were in 1937 (between 
86-86% with Pilot and between 73-91% with Gradus) were not always In the
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Fig,4. Mw&swa percentage emergence of untreated seed on the light soil,
A Gradus 1937 B Pilot 1937
C Pilot 1938 © Gradus 1938

Fig,8. L’axiraum percentage emergence of untreated seed on the hoary soil.
Lettering as in Fig.4.



•aae direction on both varieties, and cannot b© related to changes in soil 
moisture or soil temperature. In the light of the work of Hull(11) end of 
the results obtained in the following year it is evident that the conditions, 
in particular those of soil moisture, were favourable throughout the season 
for the development of the disease. A suggested explanation of its low 
intensity will be offered later,

1» 1938, under conditions of temporeture and soil moisture initially 
comparable, especially in the case of the heavy soil, with those of the 
preceding year, the intensity of the disease was at first high, particularly 
with Qradu* peas. A steady rise in th© percentage emergence is however, 
seen In all sowings made from the middle of February onwards, and it can be 
correlated with a falling soil moisture. Though this was not actually 
reduced before March, none of the sowings emerged before the middle of this 
month, and it is obvious that the later the date 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 he clearly separated. Though in the later part of the 
season the soil in 1958 was very much drier than it was at any time in 
1937, the germination of the Gradua seed was never as good as it had been 
on any occasion in the preceding year.

Soil type was not without effect on emergence. There are eleven 
sowings of each variety available for comparison in this respect, a total 
of twenty-two in all. The oaloulation of the standard errors of the 
differences between the pairs of means in the usual way shows that there
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were only fire cases in whieh the difference approached or reached the B% 
point of significance according to the table of t given by Fisher (6A). 
These are shown in Table II, It is noteworthy that in all these eases the 
emergence m s  better on the heavy soil, and that the germination of Grades 
peas first showed improvement in 1938 on this soil, In the remaining oases, 
where the difference fell well short of significance, the emergence of Grades 
peas was greater on the heavy soil on four oooaslonu, and greater on the 
light soil the same number of times. With Pilot peas it was greater on the 
heavy soil on seven occasions, and on the light soil only twice. The 
balance of this evidence does, then, support the view that there ie a 
tendency, more obvious at some times than at others, for emergence to be 
greater on the heavy soil.

Table II,
â comparison of the emergence of peas in light and 
in heavy soil.

% Emergence
Date of souring Variety Heavy soil Light soil Diff. B% Point

1837
Feb.l Pilot 79.8 67.0 12.5 16.42
* 23 Pilot 77.5 65.5 12,0 11.58
March 15 Gradus 91.0 80.8 10.5 18.12
w 23 Gradus 89.5 76.0 13.5 12.54
1938

Feb.14 Gradus 23.5 9.8 14.0 12.14
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In every »owing in 195* the «Bwrgence of th# Orndus seed wee much 
lower then that of th« Pilot, th« be»t result» with the former being 
eossmmble with the worst with the latter. In the preceding year, however, 
difference» which approached, or reached «significance lay with one exception 
in the opposite direction. These «re given in Table III. The form of 
statistical analysis adopted nw# that which will be deacrlbed in the 
section dealing with the control of the disc«»#. It will be shown later 
that this inferior germination of the Pilot variety was in all probability 
due to imperfections in the sample of seed, that is to any to a cause 
largely Irrelevant to the present research.

Table HI,
A comparison of the emergence of Pilot and Oradus varieties in 1957.

% Bmergenee
Date of sowing Soil Oradus Pilot Diff. S (8$ point 

1.1577)

Feb.l Light 74.5 67.0 + 7.5 1.155«

• U Light 79.5 72.5 * 7.0 1.0788

" 11 . Heavy 89.0 78.5 4 10,6 1.0460

March 4 Light 78.5 65.5 + 15.0 1.4775

" 15 W*--- .laVVfJr 91.0 82.5 4 8.5 0.9420

" 25 Light 76.0 84.5 • 8.5 1.1872

April 6 Heavy 91.0 80.0 + 11.0 1.8718
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D. gBE BATCR&' OF fRTi«BKERqEtiCB IN JORY.

A* previously stated ten seed» of each row, whether treated or untreated, 
were assigned for aycological investigation in the early stages of growth. Half 
of these were dug up when the radicles had Just grown out, that Is to say one to 
three weeks after planting according to the speed of gemination, the reminder 
after two to six weeks when the first plants appeared above the ground, A 
healthy seed wee readily found, hut the soil adhered to a retted one so that it 
wa« easily overlooked, Indeed, by the tim of the second sampling part of the 
seed had often completely disappeared, this being, presumably, such of it as 
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 data accumulated from the examination of untreated seed are given in Table

here
IV. The figures are the percentages of the number of seeds »am.

Table IV.
Untreated pea seed dug up in the oourse of geminatimi.

Variety
Ar.

F.eeowd. Healthy Stunted
Rotted
undevd.

Plumule Radicle loth 
rotted rotted rotted

Animal
injury

1957
Pilot
19J7

77 94 76 3 8 $ 2 2 S

Oradus
1938

81 96 80 1 2 6 1 0 6

Pilot 75 92 67 0 3 B 0 1 16
1938
Oradus 36 80 41 3 20 4 4 6 3
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1» 1937 the results of both samplings are included but In 1958 those of the 
first stapling only, since, ««poolally with Gradus, a groat deal of teed 
«soaped detection at the time of the second. As has boon explained above 
the Biasing fraction in the figures presented can safaly be regarded as being 
nearly all rotted seed. The average emergence of the remaining fifty seeds 
in eaeh row is also given in the table* In classifying the embryos primary 
consideration has been given to the state of the seedling axis. Lesions 
involving the cotyledons only were so common, especially when the seed 
germinated slowly, that they have been ignored except when they caused a 
stunting of the axis.

If columns two and four of fable IV are compared It will be seen that 
there was a substantial agreement between the average emergence and the 
number of healthy embryos in the sampling strips. In view of the faet that 
in 1958 the figures refer to the first samplings only, it is evident that 
with Gradua seed nearly enough disease was present at this early stage to 
account for the proportion of the seed that failed. This conclusion is 
supported by the result of the seoond sampling most of the material in which 
was healthy or very much decayed. The discrepancy between the number of 
healthy Pilot embryos and the average emergence was probably due to the 
survival of much of the seed damaged by animals.

The type of injury which caused most damage to the Gradus seed in 1958, 
and which also predominated in the Pilot seed of 1957, was a very early 
rotting of the axis ( and often of the cotyledons as well ) occurring when 
it hsd grown little or not at all. This class of material would, moreover,
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constitute the bulk of that which could not bo found. It is possible that 
it is st this stage that pee seed is most susceptible since Jones (16) 
found that, whereas watering of the seed-bed at the time of planting reduced 
germination, the effect was negligible if the water was added a day later. 
His work was done at 60®F, when germination would begin in a fairly short 
tine, but different fungi might be oonoemed in the disease at that 
temperature.

The examination of seed which had received various dust treatments 
did not prove very instructive. The same types of injury wore found as with 
untreated seed, their frequency being greater or less according as the 
treatments were beneficial or the reverse. The very early rotting of the 
seed again predominated even with the »set beneficial of the treatments.
This means that the seed decayed when largely or wholly enoloeed within 
the dust-coated testa.

B. THE FBB01 PRESET T& PISBASKP MATERIAL.

From the preceding section some impression can be gained of the 
quantity and nature of the material available for myoologieal Investigation. 
Since the rotting of the cotyledons did not necessarily prevent emergence 
there was a likelihood of obtaining comparatively nen-p&thogenic fungi 
from them, a point well illustrated by the list of isolations given by



Padwlck (20), In »electing material for isolations wily that in which the 
axis itself was attacked ha» been taken. When the aaount of disease was 
»wall it wa« possible to utilise all the available seed both from treated 
and untreated roes, excluding of course that whioh was excessively decayed. 
When, however, there was an abundant supply only « proportion, usually ten 
seed* of each variety, could be handled. This was selected without 
discrimination as to the soil type from which the seed casae, or as to 
whether it had been treated or not, as it was evident at an early stage 
that no important differences would be found.

The following methods were used throughout both seasons. After the 
embryos had been well washed in running water the seedling axes were 
separated frora the cotyledons and vigorously shaken in a test-tube in 
twelve change# of sterile water. They were then placed on slopes of plain 
agar and incubated at 20°C. The cotyledons, after the removal of any 
excessively decayed portion», were dipped in 95# alcohol, flawed, placed on 
0,5% tartaric acid agar and Incubated at 20°C. By these methods a fungus 
was obtained from 80-100% of the axes, and fro® most of the cotyledons 
when they were also diseased. The fungi were sub-cultured on to plain 
agar and an inoculum from the back of the plate transferred to a tube of 
potato or cornsteal «gar. This procedure, which is recommended by Brown (2 ), 
prevented losses from bacterial contamination,

A note was made of the type of injury shown by the embryos and of 
the date of each isolation. Apart from the fact that some fungi see© to 
attack the cotyledons only, there is no evidence that any particular
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is associated with any special type of injury, or that any great change 
occurred in the fungi present as the »«eon advanced. The results are therefore 
given la suiamarieed fens, a* in Table V.

Table V,
Ftmgi ieolated from peae «own in the field.

From seedling axis From cotyledons
1957 1938 1837 1938

Pilot Gradue Pilot Gradus Pilot Gradu* Pilot Gradus

Pythium spp, 61 68 37 79 58 20 6 28
Muoor sp* 0 0 1 1 0 0 16 66
Aseoohyta Ftsi 14 0 0 2 48 0 1 3

* pinodee 1 0 0 0 1 0 0 0
pinodella 1 0 0 0 0 0 0 0

Pleoepors sp. a 0 0 0 24 0 0 0
Fusariua spp* 2 <3 2 s 4 2 9 26
Penieillim spp. 0 0 0 0 10 4 9 11
Gywnoascus if. 0 0 0 0 3 2 7 3
Triohoderm* spp. 0 0 0 0 5 0 1 9
Botrytis sp. 0 0 0 0 8 0 0 0
Rhisoctcmia Solani 0 0 0 0 0 1 0 0
Miscellaneous 2 0 0 0 4 6 4 1
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This table is * list of the cultures obtained by the method# of
300

Isolation previously given from approximately 260 rotted »oddling axes or 
ports thereof, and from their accompanying cotyledon* when these were in a 
suitable state. In general not «ore than one isolate ha* been obtained from 
the same cotyledon, and there ha* been invariably only one fro© eaoh axis, 

the seedling axes yielded very large numbers ef cultures of Fythium 
and practically nothing else, Pyhhiua spp. also preponderated in the 
isolations fro« cotyledons in 1957 but in 1958 were in large measure 
replaced by a species of Muoor. This fungus was absent in the preceding 
year, and since, as will be shown later, It was not seed-borne, its presence 
suggests a change in the soil flora. It was virtually confined to cotyled­
ons, snd it will be shown later that it was not pathogenic, while Pybhium 
•pp. were strongly so.

The species of Aacoohyta showed a restricted distribution in being 
practically confined to the Pilot seed in 1957 and the Gradus in 1988. The 
Ploospora sp. occurred only in the former batch. This is explained by the 
fact that these fungi were seed-borne as will be demonstrated later. A.Plsl 
and Ploospora sp. were the only fungi other than Pythiura to be detected in 
diseased axes to any extent.

The amount, of Fusariw present was on the whole small, its only 
substantial occurrence being In the cotyledons of Grain* In 1958. The only 
other genus at all well represent«* was Peniellliua and this was restricted 
to the cotyledons. These isolates have not been studied further in this
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vwrk, but Padwiek (20) found that the »posies of thi* genus tested by him 
did not. reduce emergence.

In view of the importance attached to Hhisoetoniff Bolani a» a oause 
of seedling injury to pees in ¿merle* its virtual absence from this list is 
uotifwon» ny •

It will be remembered that the material fro® which Pythiua was so 
abundantly isolated was thoroughly washed with sterile water, but not 
treated with any definite antiseptic. In view of the observation made by 
dimes and Unford (14) and by Bulssam (4) that Bpaoies of Pythiua could be 
isolated with almost equal frequency from healthy and from diseased pea 
roots if they were not surface sterilised, it was thought desirable to try 
the effect of surface sterilising seedling axe* with antiseptics. The 
great sensitivity of Pythias* mycelium to these is noted by both the authors 
oited. The treatment considered necessary to kill superficial hyphae is 
apt to destroy the internal Pythiu® hyphae as well.

If the seedling axes were treated with 0.1# mercuric chloride and 
subsequently washed in three changes of sterile water Pythiua alone was 
ftf.sin obtained, but if the immersion was longer than 48 seconds the number 
of isolates was reduced. The occasional ores that were obtained even with 
three minutea immersion were Pythium.

Padwick (20), who isolated from cotyledons only, surface sterilised|
these by immersion for two to three minutes in 0.1# silver nitrate followed 
by a rinse in a saturated salt solution, end plated the material out on
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potato-dextrose agar. This method was eapleyed on seedling axe* of Gradus 
poa* In 1938 with the following results, ten seeds being taken in each cone. 
Mar.14. 10 seeds washed only - Pythiua 8 } no fungus 2.

" * treated silver nitrate - A.Pisl 2, Fuaariun 1 j no fungus

Mar.28.

Apr«4.

* " washed only • Pythium 9 ; no fungus 1.
" " treated silver nitrate - Muoor 2, Fusnrlum 2 ;no fungu* 8.
" " washed only - Pythlum 1 0 ,

” M treated «liver nitrate - A,Pi«i 8 j no fungu* 2,

This method esnplefcely eliminated Pythium from the axe* the bulk of 
which then gave no fungus, the remainder Muoor, Fusarltm and Asooohyfea, The 
large amount of Asooohyta obtained on April 4 1* at variance with the other 
results end was perhaps dus to th* discharge of * pyonidium after surface 
sterilisation. With cotyledons however, the same fungi were obtained as 
when th* material is flamed, including an occasional Pythium.

In order to determine whioh of these various fungi were actually 
oarried on the seed samples used,twenty seeds of esoh batch were washed in 
twelve changes ef sterile water, and twenty were treated for three minute* 
with 0.1* mercuric chloride followed by throe change* of sterile water.

The skins, cotyledon* and axes were plaoed separately on plain agar. Table 
VI shows th* fungi whioh were present and th* mnsher of seeds in one or mors 
pert* of whioh each on* occurred. A seed rarely contained more than one 
species, or showed s clearly visible lesion. Samples of fifty seed* were



*1*0 examined somrutoly for Uareh Spot.

Table YJ.
Umber of ««ode infected 1» a «ample of forty.

Specie*
Pilot

1987
Gradus Pilot

1958
Gradus

Ascoohyta Pi*i 18 0 O 4
* pinodo* 0 0 0 1
* pinodolla 1 0 0 0

Pleospora *p. 6 0 0 0
Penicillins app. 4 u o 2
Aspergillus *p. 0 0 0 7
Miscellaneous 2 2 0 0
March »pet(80 ooodi) 4 0 0 1

Tho table «how* that tho Pilot seed in 1937 m «  heavily ifefoctod 
with Aicoohyt* Plel. fhi* *nd tho Pleoapora « * n  obtained several time* 
from tho cotyledonsend axis, The Mar*h «pot leeion* wer© «mil. The 
0r*du# seed in thi* year, however, carried little el«* hot Penioillioa end 
thi« o*i8® «Into**. wholly from tho akin«, and proridod tho only in*t»nee in 
which the mwiber of i«ol*tion* v** substantially reduced by tho use of 
mercuric ohlorido. Tho Pilot ooed in 1938 was ©loan, and tho amount of 
Ascachyta in tho Grades *#od m *  «nail.
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the species of Aspergillus present In Grp.dm seed in 1088 wo« the only 
seed-borne fungus Trfhleh did no* oeeur among the isolations and© from 
diseased material fro® the field (fable V), It would then appear to be 
the least important of the» all. The fact that, in the llat of isolations 
fro® the field, specie* of A*coohyta were virtually confined to the 
itusples of eeed which carried them, shews that they were not present, or at 
least not active, in the soil.

the isolates believed to be species of Pythlu® were plated onto a 
single batch of cornmeal agar and classified on the nature of the fruiting 
present into eight classesi All these, but no new ones were reeognlsed 
again in the following year. They are listed below together with the 
criteria by which they were known and the number of isolatee referred to 
each. The taxonomic work to which reference has principally been xaede 
is that of Matthews O 8̂ ).

Class A. Abundant sexual organs which agreed well with those of P.Ultieaim. 
Humber of Isolates 1987, 57 j 1988, 7.

Class B. Sexual organs and conidia agreeing well with those of P.de Bary- 
C. anus. Three classes were originally made in this group on the 

" D. basis of the relative abundance of oogonia and conidia, and the 
proportion of the former which were intercalary, Subsequent 
experience showed no reason for retaining these distinctions. 
Humber of isolates 1987, 25 j 1958, 32.

*' Representative cultures of these have been submitted to Mr.C.G.C.
Chesters of the Botany Department, University of Birmingham for his opinion.
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Cl*ss B. Oogoni* few and extremely largo, approximately 46 ju in dlam.
Humber of isolate» s- 1937, 2 j 1958, 0,

Class f, Conidla. alone present, spherical* aero or less abundant, especially 
superficially, tending to become highly granular and to develop 
a thickened mil. Average diameter about 20 jau lumber of 
isolates i- 1937, 82 ; 1958, 62.

Class 0. Conidia alone present, «pherieal, few end comparatively large 
often exceeding SO ju in diameter. Humber of isolates »- 1957,
14 i 1938, 32.

Class H. Conidia alone present, spherical intermediate in sise and number 
between Claes F and Class 0. Humber of isolates i- 1937, 13 s 
1958, 20.

Class 1. Sterile Phycorayoetes closely resembling »ember« of the preceding 
classes in general cultural characters, Humber of isolates »• 
1987, 8 | 1938, 7.

Unclassified t- 1937, 22 j 1988, 0.

Representative culture# were inoculated onto sterilised carrot end 
grown in large vessels of water in the hope of inducing the development and 
discharge of sporangia, so that the genus might be identified by its formal 
oriteri«a of producing its sooepores in a vesicle. Ho Indication of
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sooepore fonantion was howewr obtained, Whereas the asexual reproductive 
bodiaa which appeared here a« on agar, had often been ««an to produce garas 
tube« on the latter medium. It wae assumed therefore that the fungi ware 
©onidis-produeing members of the genua Pythiu®, a eoneluaion supported by 
the faot that it «»a possible to refer those cultures whieh produced the 
aexual stage to specie« within that class. A possible exception is the 
»important group 1,

It will be sears that in both years tha most abundant for» was Class F, 
In 1037 thare was also a substantial amount of Class A, but in the following 
year there was Tory little of this, its place as tha second most abundant 
for» being taken by Class 8,

The cultures selaeted for further experiments were purified by hypha.1- 
tipping. Bacteria were difficult to eliminate fro» fungi of this genus but 
these cultures appeared clean wren on neutral bouillon agar.

Species ef Aaeochyta were identified on quaker-oat agar as reconrawndad 
by Jones (15).

F. THE PATHOCailCITY OF IPObATSi W D W  COBfROLIf® CONDITIONS,

An endeavour has been made to test the pathogenicity of the more 
frequent isolates under conditions approaching those which obtained in the
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field. The following detail* of technique were observed in »11 the 
experiments, Soil-borne fungi were grown *t 20°C, for 10-17 days on » 
sterilised mixture of 08 pert* by weight of soil end fire of corameal. The 
inoculum was stirred into the whole bulk of the soil used for potting et 
the ret© of 4-6%. The oontrols received e similar amount of uninoouleteda
medium* Containers were sterilised by beet or with formalin. Soil was 
sterilised, inoculated end potted at a water content of apwroadoately 40?. 
of saturation, the time allowed in the autoclave being one to three hour* 
at twenty pound* pressure.

In the first experiment the six chief classes of Pyihiusa were used, 
end it was designed according to the following soheae t-

/  8 Pots each with 6 Filet seeds
Isolate 1

y  \  S * B ” 6 Gradus *
Pytlduffi Class A - " 2 "

\  « 3  *

Similarly with Classes B. C, D. P, G and controls.
The seed was of the 1887 batch and surface sterilised with mercuric 

chloride. The soil its* watered to 84% of eeturation and held at 3-B°C. in 
a refrigerator. In th# course of the experiment the water content fell 
less than 10%, The percentage emergence was recorded after seven weeks.

and was as follow*



Pilot Gradus
Control* 75.8 56,8
Inoculated 5.6 5,9

All the cultures used Inhibitor «forgone© alraoet or quit® completely. 
Th© odd plant® that did appear in th® inoculated pot® w r e  fairly uniformly 
distributed among; th«®. Th® imperfect germination of th# control®, «spec­
ially with Grade®, i* believed to b® due to the excessive wetness of the 
•oil. Sora» evidence in support of this view is given by th® next experiment 
to be described.

In a test of the effeot of soil moisture and temperature on the 
pathogenicity of tythlua in eterilised soil a tingle isolate of P o m  F and 
on® of P o m  A were used. The soil had a saturation capacity of 601?, and 
th© container® were tin® eaoh capable of holding 600 grms. of dry »oil.
The aeod.which was from the 1958 »ample®, wa* surface sterilised with 
mercuric chloride, and planted at the rate of fifteen seed® per tin. The 
•oil moisture® were adjusted to 40, 55, TO and 881? of saturation and were 
not allowed to fall more than 6% between watering®. Three replicate® were 
used throughout.

One set of tin® wee placed in an unheated frame (in February) the 
other in a heated laboratory. The soil temperature at 9 a.a. in the 
former was usually 4-6*0. and in the latter 11-12°C,

The accompanying graphs (Figs.8 and 7) and plate® I and II show the 
average emergence per eont. 1 secluding the result® at 855? of saturation
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the foil «dug point» ere consistently indicated (ft) that the difference in 
»oil temperature did not materially affect the pathogenicity of either of 
the fungi or the germination of the control« (b) that emergence with both 
fungi bore a strongly marked inverse relationship to soil moisture whereas 
controls did not show this («) that the isolate of Pythiua A was the more 
pathogenic at all soil moistures (d) that Gradue was mere susceptible than 
Pilot throughout.

The failure of emergence in the controls at 88% of saturation calls 
for sos» discussion. The quantity of water originally added to reach this 
figure was fully absorbed, but, when moistened to this extent, the soil 
pecked down with handling of the tins, so that it became saturated. As, in 
the open field,soil moisture 1ms not exceeded 66% it seems unlikely that 
physiologies! failure of the seed through excessive wetness of the soil has 
occurred there. Imperfect gemination In the controls of other pot experi­

ments may however be due to this cause,
Two attempts were made to demonstrate the pathogenicity of Fythium in 

unsterilised soil. In the first. In Dec,- Jan. 1936, heavy soil fraehly 
obtained from Slough, and permitted to dry only sufficiently for it to be 
sieved, was used. It was inoculated at the rate of 6% with three isolates 
of each of the three most abundant Pythiura forms of 1937, the cultures being 
ten'days old. The seed was from the 1938 samples and was sown at the rate 

of 15 seeds per 6-inch pot. The soil moisture was originally 88%, but as 
water loss from different pots was very variable, they were subsequently 
watered weekly by standing them In about on© and a half inehee of water for



about eight hour«., They were nlaoed in the ©pen and «overed with sheets of 
gles*. Thor© were nine control pot» per variety rand, »• «11 the i»ol*tee 
of e«eh Pyfchiupj type behaved similarly, nine replicates per fungus.

Table VII.
Jwvrage percentage emergence la pot» of uneterilised »oil.

Control Pythiua P Pybhium A Pythium 8

Gradu* 8.0 0.7 6.0 1.8

Pilot 73,8 67*1 64.6 63.7

Biff* from control 16.2 8.8 9.6

5% Point 17.2 18.8 13.8

In view of the poor germination of the Gradus control» little effect 
fro« the inoculation» could be expected. With Pilot emergence wee reduced 
in every oeee. but not significantly. to Inoculum of 6# wet apparently 
too light under the circumstances.

A seoond attewpt was made on the light »oil at 8 lough with Fythium F. 
In each of three plot* ten-foot drill* were inoculated with a culture nine 
days old on a mixture of «and and bran {four part« to one by weight). This 
w*» »tirred into the bottom of the drill at the rate of 400 or 800 grass, 
wet weight per row. The control» received equivalent amount» of wninoc- 
ulftted sterilised medium. The treatment» were randomised in the plot* in
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the usual my. The row» were on« fee* apart.

Table VIII.
Average percentage emergence in the field.

Pilot Cradus
Control Pythias F Control Pythlum F

400 gras, inoeulua 64.7 78.7 22.0 28.6
800 " * 73.3 73.3 19.3 23.3

The aost subatantial difference between control and inoculated rows 
m s  with 400 grain, of inoculum Mid Pilot seed, and this 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 significant ( Z - 1.2355. 6% 
point =1.4598 ). The soil moisture (Fig,2) was about 42% at the time of 
sowing (March 7th,1938), and later fell. If reference is made to Figs. 8 
and 7 it will be seen that the figures above are actually fairly close to 
those for the «mergence in sterilised coil inoculated with this fungus at 
40% of saturation, which suggests that the soil m s  already very highly 
infested with Fythiw# so that an intensification of the disease with further 
additions of the fungus m s  unlikely.
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though Sattar (23), Padwiok (20) and Hull (11) have found that 
artificial inoculation* of Agooehyta Pi si do not reduce emergence under 
greenhouse or laboratory condition«, it was thought desirable to try the 
effect of this fungus in a very wet cold soil. The experiments were 
similar to the one first described with Pythiura, the same soil and eontain- 
ers, and soil moisture (84<) being used. The tumblers were, however, eoveret 
with glass and placed out of doors, the time of year being January. The 
seed was thoroughly washed with sterile water and then dipped in strong 
spore suspensions of Ascochyta mads from cultures 23 days old on quaker-oat 
agar. All but one of the isolates were newly obtained from Pilot seed, 
four isolates of Pleospora, one a recent one, three of Fusariu® and three 
of Pythium form F were also Included in the experiment. As the Pleospora 
spored poorly a diso from the edge of a young culture on potato extract 
agar was placed beneath each seed. Pythium and Fusariu®, >eing soil fungi, 
were inoculated into the soil in the usual way. Of the Fusaria (d) and (e) 
were obtained from Pilot embryos and (f) from a ootyledon. They appeared 
to be distinct speoies. There were three replicates, but where all the 
cultures behaved similarly a single average figure is given for them.
The results obtained are presented in Table IX.
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Tabi© IX.
Averag© esM»rg©ne© p*r tuwbler of bìx Pilot »©«de.

Fungu» Ho. of tuablere Average emergeno©

Control 21 4.8

Pythiua F 9 0.2

Fueariu» (A) 3 2.?

" <•) 3 4.0

" (f) 3 4.0

Pleoapora 12 4.8

Aacochyta Pi»i 3 4.8
« 3 4.8
« 8 2.7
« 3 3.0
* 3 1.3

Xt la obvious fchat two of th© Fueariun, tuo of th© Aaoochyta and all 
tho Floospora iBoiate© dld not reduce ©mrgenoe. Th© remainder had «osmi 
effeot but ver© noi 1« any tmy ooraparable with Pythiua. Howaver th© 
application of tb© funguo to th© oufe*ido of th© oeed i» not th© Ma© a* a 
naturai infeetion whioh often includo« th© cotylédons and aoodling axia, end 
it 1« conaidered that A»coehyta and Pleoapora ver© probably reaponoiblo for 
th© caergenco of Pilot «©ed being inferior to that of Gradua in 193?, parhap» 
in part indireotly through inoreaeing it» ©usceptibility to Pythiua.



la the above experiment a parallel *eri«« of bumbler» contained Gradus 
•eed but, apparently through the »»verity of the condition», eaer pence was 
so poor in the controls that the results tiara abandoned.

A final experiment in sterilised soil was conducted primarily to teat
the pathogenicity of the speoies of Mueor which had appeared so abundantly
among the isolation» from cotyledons in 1938 (Table V). Two isolates from
seedling axes and one from a cotyledon were used. Three form* of Fusarium
(For® 8 fro® a cotyledon, For®» C and D fro® seedling axe*) and three
isolates of Aaeoohyta Plsi(two of which had been obtained from Gradus axes
«»baye» surface sterilised with silver nitrate) were also tested. The seed
used was fro® the 1938 samples and was surfaoe sterilised with mercuric
chloride. The soil-borne fungi Kuoor and Fusarium were inoculated into the
•oil in the manner previously adopted, in the case of Ascochyta the seed was
dipped in strong spore suspensions of the fungus* The soil moisture was

0kept at SC£ of saturation and the temperature maintained at 8 - 7 C, in an 
ice-cheat. As a tost of the suitability of the experimental conditions 
for the incidence of the disease tins of unsterilised soil planted with 
Gradus seed were included. In this case seed was taken fro® both the 1957 
and the 1938 samples to see If any difference in their disease resistance 

could be detected.
Three replicates were used, each involving fifteen seeds, but as the 

isolates of Muoor and Aseoohyta did not differ among themselves a single 
figure is given for each species in Table X in which the results of this 

experiment are presented.
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Table X.
Percentage ecwmrenoe of pees.

Fungus Mo.of replicates % Emergence
Pilot Gradu*

Control 9 83.7 88.g
Wucor »p. 9 84.4 75.6
Asooehyta Pisi 9 78.6 6C.C
Tusaritss For® 8 3 0,0 0.0

* » c S 86.7 71.1
* * B s 76.6 71.1

Gradus 1937 Gradue'1938
Unsterilised soil 3 0.0 2.2
Sterilised soil 3 60.0 68.2

fable X shows clearly that only Fueeriun Fora 8, whioh was very 
highly pathogenic» had any Barked effect upon emergence. The results in 
unsterilised soil show that the experimental conditions were suitable for 
a vary high incidence of the disease. They show also that the 1937 »maple 
of Oradus eeed* while still germinating quite well in sterilised soil, was 
quite as susceptible as that ef 1938.

The pathogenioity of every fungus which has occurred to a substantial 
extent among the isolations from diseased material has been tested under 
conditions highly favourable for the disease in one or more of the foregoing
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experiment#, the results of which m y  now conveniently be brought together in 
tabular fora a» follows *•

*£2£&L Ho. of isolates tested Effect on emergence

Pythias spp. 18 Inhibited emergence 
almost completely

Fueeriis® spp. 8 One inhibited 
emergence, five had 
little or no effect

Mueor sp. 5 Ho effect
Aeooohyta Pisi 8 Little or no effect
Pleotpora sp. 4 Ho effect

It m y  be oonoluded, then, that the only fungi capable of causing 
the disease which were isolated with any degree of frequency fro« the 
diseased embryos obtained fro« the field were species of Pythiun.

0. CONTROL OF THE DISEtfS,.

1, Experimental,

Two seed dressings have been tried as control measures, one the 
proprietary organic mercurial used by Hull, the other s brand of red copper 
oxide which was one of the raoet effective of those tried by Anderson et al 

(1).
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Th« amount of both the#« compounds that would adhere to dry peas vsu# 
determined by «baking 50 gras. of »«ed for five minutes with the dust, 
separating off what was not taken up, and shaking for a further two minutes 
in a clean dry tube to remove any very loosely held powder. Actually the 
effect of this second shaking was negligible. The effect of wetting the 
•eed with solutions of glycerine and soft soap and applying the dressing 
after it had dried was also tried. Table XI shows the amount of dust in 
firms, taken up per 100 gras, of seed when shaken with the quantities of the

Table XI.
Adhesive power of dusts.

Sticker
Mercurial 
0.5 gras.

Dressing retained with
Mercurial Cuprous oxide 
1.0 gras, 0.5 gras.

Cuprous oxide 
1.0 grras.

Xons 0.12 - 0,22 0.58 0.52
10* Glycerine 0.54 0.58 m •
2or. » 0,44 0.88 m «a
40* • 0.44 0.90 - •
10* Soft soap 0.56 0.40 - m

20* " • 0.48 0,76 - > 1.0

fungicide# given in the heading of the table.
The stickers did not prevent the dressings from working evenly through



the eample. They provide, then, satisfactory mean» of increasing the load 
of duet carried by the seed. So difference was observed in the capacity of 
Pilot, Gradua or an unknown dried pea of retaining the mercurial compound.

Throughout both seasons 0.6% mercurial applied with 20% soft aoep as 
«ticker was employed a* a control measure. To test the possible toxicity 
of this to pea» a preliminary experiment was set up In tumblers of unster- 
ilised light soil from Slough watered to 65% of saturation and maintained 
at 20° C. Six seeds were scan per tumbler and there were five replicates. 

The results are presented In Table XII,

Table XII.
Percentage emergence after seven days.

Variety Control Soft soap only Soft soap + 0.6% mercurial

Pilot 28.7 20.0 85.3

Gradus 23.3 10.0 86.T

This result is at variarne with all work at low temperature» in 
showing an equal susceptibility to disease in both varieties, and a very 
high level of control with this treatment. It indicates that very misleadini 
resulta might be obtained by working at temperatures dissimilar to those
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wider which the disease 1# prevalent In nature. The fungi concerned were 
not determined.

The results obtained in field experiments were subjected to a simple 
form of statistical analysis whenever a difference ooourred which gave 
premise of significance. A typical exsmpla is given below,

Maximum emergence of peas sown at Slough on Jan.SI,1938, in light aoil.
Pilot Gradua

Block 6 ontroï" "'"'“'treated Moan Control*" treated Mean

1 32 40 36 2 4 3

2 28 86 32 3 7 6

8 24 SO 27 3 7 6

4 27 34 SC *5 9 6 7.5

Mean 27,78 38.0 31.38 4.25 6.0 8.13

Pilot
Degrees of Sub of 
freedom squares

Mean cquara 6.D. lo8,S.D. 2

Block 3 85,38 27.79 S.3 +1.68771 +1.63728

Treatment 1 103,68 103.68 10.1 +2.31263 +2.28208

Error 3 2,82 0.94 0.97 0.03046

Total 7 186.88

The B% point for nj = 1 A tig = S from Fisher's (6A) tabla of ft = 1.1877
* « » * ^ 1 1 ^ 1  * « a * * - 1.1187
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There have,then,been cignifioant effects for both block m i  treatment. A 
similar analysis was done for Gradus when warranted by the figure»,

in 1987 0.55*. ©f mercurial we» the only treatment. tried, The results 
are given in Table XIII, This »ho»» that in both varieties and on both 
•oil« the duet generally improved emergence. Three time» with Pilot end 
one© with viradus the increase is significant, but rather through the 
smallness of the error than through ite own magnitude. In no caee is there 
a significant reduction of germination with the method of analysis adopted 
though on Feb.11 one is consistently shown. At no time does the emergence 
of the control« leave a very great deal of room for improvement.

The treatment did not delay germination or reduce the vigour of the 
shoots but the checking of the radicle observed by Hull was noted, Other 
roots however developed freely to supersede it.

In 1959 this treatment was used again with the results shown in Table 
XIV. This table •haw* that, while the treatment was at first beneficial 
(the Increase fails to reach significance only with Gradu# on the heavy 
soil),it subsequently became harmful. This change is seen In the second 
sowing with Pilot but not until the third with Gradus. Unfortunately 
damage by birds necessitated reducing the number of replicates in the three 
last sowings on the heevy soil and abandoning the final «owing cm the light 
•oil. In the case of the sowing of Mar.Hth, however, the differences are 
large and the two replicate* agree well, so that it is reasonable tc suppose 
that significant reduction* of emergence similar to those on the light soil 
would have been obtained. The final sowing on the heavy soil shows no
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T*bi« u n ,
Maxim» peroenfcage «sorgente of pea* treated with mrettriaî duet in 1937,

Light «oll.

Date of 
«owing

treated* *tenbr*l Diff. *(§# peint 
=1.1877)

« Oradu» Treated Control Diff. 2(8*
point
-1*1677

Feb.l 67.« 87.0 0.6 76.8 74.6 2.0
* 11 86.5 72.S -7.0 68.5 79.5 -11.0 0.6431
* 25 83.0 77.5 6,8 79.0 78.8 0.5

Mar .4 77.0 65.5 11*8 1.2164 81.0 78.6 2.6
* 16 85.6 77.0 1.7130 88.5 80.8 8,0 0,5468-90
* 25 75.8 84.8 -7r6 84,0 78,0 8.0
Ap,€ 88.0 79.5 8.6 0.6118 »8.8 85.0 7.5 1.5*11

Heavy »oil.
Feb.l. 85.0 79.6 8.8 00.8 78.0 4.6
* 11 71.6 78.8 -7.0 78,6 89.0 -10. S 1.0480
* 23 78.0 71.0 7,0 1.2040 78,0 75.0 5.0

Mar ,4 8S.0 77.6 8.8 81,0 78.0 8.0
* IS 84.0 8S.8 1.8 88.0 91.0 -5.0
* 28 86.« 88.S 0.0 91.8 89.6 2.0
Ap.B 82.0 80.0 8.0 88.0 91.0 —6*0
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Table XIV.

Maximum percentage emergence of pee» treated with mercurial duet in 1938.
Light «oil.

Pilot Oradus
Bet# of Treated Control Biff. 2(B% point Treated Control Biff. Z(6# 
sowing ~ 1.187?) point

= 1.1577)
Jan.31 70.0 56.5 *14.6 2.2821 12.0 8.5 +3.6 0.0000
Feb.14 59.5 70.0 -10.8 1.0082 22.0 9.6 ♦12.5 1.6554
" 28 77,0 82 #0 —5,0 0.4643 29# 6 38.8 ■•9*0 0.4643
Mar.14 73.0 86.0 -13.0 1.4307 35.0 56.0 -21.0 1.4307

Heavy coil.
Jan.31 73.8 80.8 +13.0 1.2888 9.6 5.0 +4.5 0.7888
f%b.4 87,0 73.5 -6.6 0,2392 29.0 23.6 +6.8 -0.2098
* 28* 67,0 78.0 -11.0 m 29.0 34.0 —5.0 m

Mar.14* 75.0 93.0 -18.0 m 33.0 60.0 -27.0 m
_ fe * 28 88.0 88.0 0.0 m 65.6 08.0 -10.5 m

a = 2 replicates, b -3 replicates.

deleterlon* effect from treatment with Pilot, and a substantially reduced one 
with Gradu*. With the latter thi# ia largely due to plants which appeared in 
the treated rows after the rain* at the end of April, but with the former 
emergence waa virtually complete before the soil moisture increased.

Certain other treatments were tried in season 1938. On Feb,8th on the 
light soil a comparison was made of the effectiveness of the maximum loads of 
mercurial and of cuprous oxide which the seed would carry without a stioker



- 44

(0,2^ «nd 0„B% respectively), These were applied »Imply by shaking the
seed with plenty of dust and removing the excess. The results are given in 
Table XV.

Table XV.
Maximum percentage emergence.

Variety Control Mercurial Cuprous oxide Z (1% point Blgn.diff. 
(6% point)-1*1956)

Pilot 5C.5 89.6 84.0 1.8222 9.3
Oradus 7.0 15.0 38.0 2.3668 6.2

Since the error is evenly distributed it may be stated from the
above analysis that there was a significant improvement with both varieties

oxide
with the NMvmrlftl, However the stand with ouprousAwas substantially 
batter than with the mercurial, but with Oradus was still inferior to that 
given by untreated Pilot seed, letted seedling axes from these plots gave 
an unusually large proportion of Pythium de Baryanua.

The sowings of Fab.28 and Mar.14 on the heavy soil included three 
treatments in addition to the standard 0.8% mercurial (Table XVI). Since 
the replication was reduced by birds the results cannot be shown to be 
significant but they are consistent. It may be noted that 0.3% of cuprous 
oxide is the amount recommended by the makers for peas. All treatments 
were harmful except 0,2% mercurial.
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Maximus peroentago «mergence.

Variety Gate of «owing Control
HereWTal 

0.2% Q.8%
Suprou*

0.3%
oxide
O.B*

Pilot 28/2/38 78.0 77.0 67.0 * 71.0
a 14/3/38 93.0 m 7S.0 77.0 78.0
Gradua 28/2/38 34.0 31.0 29.0 - 34.0
H 14/3/38 ee.o m 33.0 38.0 27.0

Qn Mar •Siali three levai* of cuprou* oxide and threo of raerourlal wer© 
tried on Gradua *eed on thè hoavy Boll. The atieker eaployed whero neoe**ary 
«a* 20* »offe *oap. The romita are given in Tabi« XVII»

Table XVII.
MaxlsuB percentage oaorgonoo.

Mercurial
Control 0.2# Q,6* 0.7S* c . ! r T 6n . 0* 2 (1* point Sign.Diff.

S.6960) (5% point)

81.S 62.6 42.6 32.6 68.6 60.0 23.5 1.6074 9.8

The error 1« eufflelontly evenly distributed to atat« without further 
analysis that the two heavier dressing* of both preparation* were deleterious
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*i\d that the effect was greater with the larger quantity.

One experiment was carried out in pet* out of door* in Feb. - Mar. 
the «oil which had been used in testing the pathogenicity of Pythian in 
unsherllised «oil wag employed, after being well mixed, and the pot* 
watered a* in that experiment. There were six replioate* each containing 
fifteen seed*. The result* are given in Table JfXXX.

Table XVIII.
Maximum percentage emergence.

Control 0.2%
Mercurial

o.s* c.78%
Cuprous aside

o.s%

'Emergence 33.3 82.2 88.8 85.8 78.8
Pilot Treatment-Control 18.9 2S.fi 15.6

^5% Point 21.7 17.8 19.9 19.4

Gradus Emergence 0 8.9 fi.e 2.2 6.7

Thl* table «how* that the emergence of Pilot seed was improved by 
all treatment*, the improvement being greatest and significant with the 
two heavier mercurial dressing*. Bone of the treatment* however succeeded 
in enabling the Grad«* seed to give rise to more than a few odd seedlings. 
Pythium was isolated with the usual frequency from the embryos of rotted 
seed of both varieties from pet* specially set aside for the purpose.
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2* Disoussior. of Control Measures.

Th® most striking feature of the above experiments is th® change from 
* beneficial to a negligible or decidedly harmful effect shown in the field 
«owing* in 1938 by both cuprous oxide end the mercurial. It sight be 
contended that at ell times dressings kill the physiologically winker seed 
«nd preserve the remainder, and that it is only when the disease is very 
pronounced in the controls that this leaves a balance in favour of seed 
treatment, The increased emergence obtained in 1937 with 0.8?« mercurial 
even when the controls geminated very well, and the fact 0,8% cuprous 
oxide gave better emergence on Feb.8 (especially with Pilot) than it did 
later make this hypothesis untenable. It is evident then that the harmful 
action which certain of the treatments exhibited later was negligible or 
absent, not merely obscured, at the beginning of tho season. An obvious 
reason for this change is the drying out of the soil, an explanation which 
agrees with Horsfall*» (9) statement that drought stakes cuprous oxide 
harmful, and the experience of Brett et al (2) that organic mercurials 
»ere harmful in the field during dry weather, but not In simultaneous 
greenhouse experiments where water was abundantly supplied. Dressings of 
ft« much as 0,8% cuprous oxide and 0.75% mercurial can then be used In a 
wet soil without fear of reducing emergence should the Incidence of diseasee
prove to be slight.

there is some suggestion that the harmful effect of treatments is
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bound up with the activity of the pathogen* Thus, though probably more 
mterial was taken for Isolation from treated than fro® untreated row«, a 
high percentage of Pythium was still obtained from embryos when treatments 
were being deleterioua. There is also the peculiar fact that the bad effect 
disappeared from the final sowing of Pilot before the soil moisture rose.
The point of practical value involved Is that misleading results might be 
obtained in experiments conducted to test the phytoeidal effect of treats*« 
enia in soils not abundantly infected with pathogenic fungi.

As regards the relative merits of different levels of treatment of 
the two dusts 0.2% mercurial has the advantage of being harmleaa in dry soil, 
but in wet soil it waa substantially inferior to O.S% cuprous oxide in the 

field, but not in pet«.
The fungicidal effectiveness of 0,2% or 0.8% of cuproua oxide was not 

tested under conditions of high soil moisture, but the results suggest that 
in dry soil they were somewhat harmful, especially the latter. The only 
direct comparison of different levels of mercurial in a wet soil was in 
pets, and this indicates that 0,8% is best, but indirect comparison of the 
early field sowings of 1988 reveals no substantial superiority of this 
quantity over 0.2%. The level of control given by the mercurial has in 
general been rather inferior to that obtained by Hull (11),
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Th« imt striking feature of the work detailed In the preceding 
sections is the marked contrast In the »mount of disease present in the two 
seasons studied.

Previous authors, whose work is elted in the introduction, have 
concluded that » high soil moisture is favourable to the disease* This view 
is strongly supported both by the writer*» field observations made during 
the spring of 1958 and by the results of laboratory experiments with species 
of Pythlum which are presented in this work (Figs, a and 7). The spring of 
1957 can, then, be regarded as one in which the disease was almost absent 
under conditions which were In general eeel favourable for its occurrence 
than they were in the following season when it was extremely severe. There 
would seem to be only two possible explanations of this - (a) that the seed 
used in 1957 was far more susceptible than that used in 1958 j (b) that the 
causal organisms ware almost absent from the soil in 1957 and very abundant 
in 1958.

The first explanation is rendered unlikely by the fact that two 
varieties of seed have been used and both have shown poorer gemination in 
the second year, at least in the earliest sowings. There is moreover no 
reason to suspect the 1958 seed. It wae praotically free from fungi to 
which any possible significance oould be attached, and from Jiareh-spot, and
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it was capable of quite good germination In sterilised soil under conditions 
otherwise similar to those of the field. In an experiment which was carried 
out testing this point the Gradua seed of 1057 proved highly susceptible 
to the disease. The possibility of its having been altered by a year's 
storage, however, cannot be disposed of decisively.

In respect of the second explanation the feet that in 195® the disease 
was found to be very severe on all the plote used ie significant. Foe» of 
this had carried peas in 1957 and some had not. In the period intervening 
between the two seasons as far as is known no uniform cultural treatment 
had been given to all the plot», It seems, then, unlikely that either the 
presence of a previous pea crop or any other detail of cultivation was 
responsible for the multiplication of the osusal organisms of the disease. 
Instead it is suggested that it was through some general climatic cause 
that the soil conditions preceding the spring of 1937 were unfavourable for 
the development of the species of Pythium concerned, while those preceding 
the spring of 1988 wer# highly favourable.

Garrett (7) mentions a season In South Australia In which the take- 
all disease of wheat failed to reach epidemic proportions in a apring which 
was very favourable to its occurrence. He suggests as an explanation for 
this that the causal organism (Ophioholus gramlnls) had been largely 
eliminated from the soil by the action of antagonistic bacteria, which 
the combination of an exceptionally high soil moiature with a high soil 
temperature in the preceding atwraer had allowed to come strongly Into play.
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I" order to see whether any similar explanation sight be advanced in 
the present instance an examination was made of the rainfall records of the 
Ksw Observatory. No very striking difference between the years 1936 and 
1937 was evident however. In view also of the lack of information as to th« 
soil and other conditions which might govern the persistence and multi« 
plication of species of Pythiura it seems that the question must be left ovex 
for further investigation. In any case it is clearly evident that the 
comparative wetness of any one spring is not in itself a measure of the 
amount of disease that will be present.

The problem insofar as it has been studied in this work has been 
simply one of pre-emergence damping-off caused by species of Pythium. An 
exception might be made in the ease of the Pilot seed of 1937 in which seed- 
borne species of Ascoohyts and Pleospora may have played some part,

l?hile some measure of control has been obtained both with mercurial 
and ouprous oxide seed dressings neither of these has been sufficiently 
effective to raise the emergence of the highly susceptible Oradus variety 
to the level of that of untreated Pilot seed. It would appear that the 
selection of a suitable variety is the main step in circumventing the 
disease. It may not,however, be possible to find among the more palatable 
wrinkled peas such « level of resistance as this smooth variety shows.
The work of selection might be considerably expedited by employing at 
laboratory temperatures rather dry sterilised soil inoculated with Pythiua. 

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



has been olearly Indicated. On the other hand a spring as dry ft* that of 
1958 very rarely occur*, *o that the danger of phytooidal damage 1* probably 
not of serious moment.

I. SUMMARY.

1« The failure of garden pea* to «merge in early eprlng ha* been studied 
over two seasons»

2. Khils the conclusion of earlier workers that the disease is favoured by 
a high soil moisture has been confirmed in respect of observations made 
within a given season, it has been shown that the comparative wetnees 
of Any one spring is not in itself a measure of the amount of disease 
which will be present.

S. Of the two varieties of pea used the smooth one (Pilot) 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 gemination.

8. A variety of fungi were isolated fro® the cotyledon* of diseased
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•rtfcryo«, but species of Pythlua were obtained from almost every seedling 
axis.

0. Of the various isolates tested the species of Pythium end in one 
instsnce a species of Pusarium were the only ones capable of inhibiting 
emergence in eterillsed soil under conditions otherwise comparable with 
those of the field. The disease is accordingly attributed principally 
to species of Pythian.

T. The species of Pythium concerned were conldia-produoing forms. Such of 
the isolate« as developed sexual organs proved referable to Pythias 
de Baryanum and P.ultlmua.

8. Soma measure of control has been obtained with a proprietary mercurial 
saed-draasing but this has proved inferior to cuprous oxide. Dosages 
of these substances which were beneficial in wet soil gava considerable 
seedling damage under drier conditions. The use of a resistant variety 
seems te be the better way of circumventing the disease.
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PART I. A COMPARISON OF THE PATHOGENICITY OF BOTHYTIS CIBERBA.PBRS,, 

B.TULIPAB(LIBERT.), HOPKINS AND B.ILLIPTICA(BERKELSY),COOKS.

• ON APPLE;1 TULIP AND LILY.

A. INTRODUCTION.

It i* well known th*t Botrytie cinerea Per«, hat a fairly wide rang« 
of hosts which It attaoks with different degrees of activity. Thus Wilson 
(20) has shown that the eonidia of the fungus are capable of attacking 
directly perfectly healthy stems and leaves of Vioia Faba. Brooks (3). 
however, found that the spores were unable to form lesions on healthy 
unwounded lettuce leaves,and Salsa» (15) subsequently confirmed this by 
shewing 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) and of Gleisberg (7) suggest that this mode of 
attsok is probably of wide occurrence. They record several instances of 
active parasitism by this fungus being initiated through debris adherent to 
the host. Apples, the host selected for B.clnerea in the work to be 
described, were found to be infeoted usually through abrasion# by Faes and 
Tonduss (<$), bufc Horne (11) recorded that it was able to enter through the 
lentioels. In autumn this fungus is abundant as a saprophyte or weak 
parasite on a great variety of dead or moribund plant tissue.



B.einerea occurred once among a large number of isolation« from primary 
lesions on tulip mad© by Beaumont ©t al. (l). Van Poeteran (14) thought it 
possible, however, that this specie« was the cause of a severe outbreak of 
disease in tulips in Denmark, and it was recorded on tulip bulbs by Kewamura 
(12).

i
The presence of B.clnerea on lilies has been recorded by Cotton (5), by 

Taylor (17) and by van Beys* and van Hell (2). The first two author* 
regarded it as a saprophyte. Van Beyma and van Hell undertook a series of 
experiments to test its pathogenicity to lilies. They found that an agar 
inoculum of a strain of B.einerea fro® lettuoe was unable to infect unwound­
ed leaves of L.candldua, but as B.elliptloa failed to do so in the same 
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.elliptic« eventually killed 
the plant. These authors found that mycelial inooula of two strains of 
B.einerea isolated from lilies, one with, and one without sclerotia, could 
attack wounded or unwounded leaves of 1 »umbellatum .but they did not regard 
them as comparable in pathogenicity with van Hell’s strain of B.elliptic«. 
They experimented also with a strain of B.elliptioa which was about as 
feeble a pathogen cm lilies as was B.cinerea.

Botrytis Tulipae(Libert, ),Hopkins is the causal organism of tulip fire. 
The fungus Itself and the disease for which it is responsible have been 
desoribed by Hopkins (10) in America by Beaumont et al.(1) in England, and 
by Westerdl^k and van Beyma (19) in Holland. According to these authors the



conidi* *re capable of attacking directly healthy flowers, stems and leaves 
of tulips. Hopkins found that uninjured bulbs could be infected by conidia, 
but Beaumont, 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.Tulipae but, save 
that he used a mycelial inoculum, he gives no experimental details. Apart 
from tulip he obtained positive results only on narcissus and croous. 
Beaumont et al. consider that published reports of B.Tulipae crossing to 
other hosts and 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 
(16) inoculated it into Jonathan apples and found it, in common with 
B.Fabae and B.Trlfolll. to be only weakly parasitic.

Botrytis elllptiea(Berkeley),Cpoke is the caussl organism of the 
Botrytis disease of lilies. The most comprehensive accounts both of this 
and of the pathogen are those of Guterman (9) from America, of Ward (18)

Vin. "Beym<a
and Wright (21) from England, and of Westerdijk and van Beyma (19) and A 

a-ad van Hell (2) from Holland. According to these authors the conidia ere able 
to attaok directly healthy flowers, stems and leaves of lilies, Guterman 
end Cotton (6) mention the absence of bulb lesions.
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3,elliptloa does not appear to have been recorded on any hoet other 
than lily. An attempt by Beaumont ( 1 } to infect tulip« with eelerotia 
of the fungus was unsuccessful. He gives no experimental detail#.

The work to be described in this paper was carried out with the 
Intention of discovering to what extent each of these three specie« of 
Botrytie it capable of attacking the hosts proper to the other two. This 
ha« been done with the object both of defining more clearly the problem 
in »elective parasitism which they would seem to present, and of ascertain* 
ing the probability of the hosts studied being attacked in the field by the 
species not usually associated with them.



B. MATERIAL AKD METHODS.

The method of approach adopted In this work was to study fairly fully 
the action of a single strain of each species which showed a high degree of 
pathogenicity an Its usual host. So difficulty was experienced in obtaining 
a satisfactory culture of B.Tulipae. The strain of B.clnerea used was more 
active than any of six others tested on apple, including two which had been 
found occurring naturally on that host. It is interesting to note that the 
selected strain had been obtained from a lily stem. A suitable strain of 
B.elllptica was not at first forthcoming, so several have been employed to 
some extent in this work, namely two isolated by the writer from diseased 
lilies and three from the collection of the Centraalbureau voor Sehimrael- 
cultures, Baarn. The purity of all the cultures, was insured at the beginn­
ing by taking a single spore or hyphal tip. Table I shows the source of the 
isolates used.

Table I,
Cultures of Botrytis employed.

Species Source

B.cinerea Lillum sp. - from a stem, autumn, 1937.
B.Tulipae Tulip - isolated spring, 1937»
B.elliptic« BE 1 Lilium sp. - from a capsule, autumn, 1937.

Cotton
" Solberg Centraalbureau voor Sehiameleultures, Baam.
* van Hell
" BE E Lilium sp. - from stem, spring, 1938*



The apples used were Bramiey* s Seedling variety which had been kept 
in cold store. The tulips were of the William Pitt variety, one of those 
listed by Beaumont et al. ( 1 ) as among the most susceptible to B.Tulipae.
The lily species was L.candidum which is one of the most susceptible speoies 
to B.elliptioa according to Guterraan ( 9 ) and to Cotton ( 5 ), The plants 
were raised in pots in unheated frames at the Chelsea Physic Garden. In 
each experiment a single pot of plants was subjected to each treatment. As 
three bulbs were planted per pot this meant that there were S replicates.

In the Introduction it was pointed out that a factor predisposing to 
attack is contact of healthy tissue with infeoted debris. In order to 
simulate such conditions a series of experiments was carried out with 
inocula of mycelium in nutrient agar. Again since the natural spread in 
the field is presumably due to the dispersal of spores by wind and rain, a 
similar series was carried out with spore suspensions.

Agar inooula. When an agar inooulum was used it was taken from the 
edge of a rapidly growing culture on quaker-oat agar and was 2-3 c.ram. in 
volume. The method described by Granger and Horne (8 ) was ««ployed 
throughout in inoculating apples, each fruit being infected et different 
points with all three fungi. In the case of lilies and tulips the point of 
inoculation was cleaned with alcohol, and afterwards covered with a cotton­
wool swab moistened with distilled water. This was not allowed to become
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dry during the experiment. If a wound was me.de this was done by raising or 
removing a thin flap of tissue 1-2 sq, mm. in area.

Spore inooula. An obstacle ewoountered in this phase of the work 
was the difficulty experienced in obtaining spores of two of the species.
B.olnerea yielded an abundant supply of spores after about fourteen days 
when grown on quaker-oat or Dox's agar, end the spore suspensions used in 
this work were always obtained in this way,

B.Tuliyss, a« was discovered by Beaumont et it. ('If, sporea fairly well 
on Box*a agar in sunlight. This however cannot be depended upon, and 
artificial light proved a poor substitute. Accordingly in any experiment 
with B.Tulipae recourse was had to spores produced on tulip plants which had 
been inooulated in an earlier experiment. This method was justified in 
practice by the freedom of the control plants from infection and by repeated 
cheeking of the identity of the parasite. This was readily effected by 
measurement of spore size, the character by which the species of Botrytls 
used are most easily distinguished.

B.elllptloa is not recorded as sporing in culture with the exception 
of the mention by Wright (21) of bisarre types of spore produced on quaker- 
oat agar. The writer is indebted to Dr.C.E.F.Guteraan of Cornell University 
for the information that he has obtained spores by placing grown cultures 
on potato-dextrose agar at about 60°F. with the lid of the Petri-dish
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raised, but this method did not succeed with strain BE I or any of those 
from Baam. Strain BK 1 was culturad on a very wide range of media under 
various conditions of lighting and temperature, but spore production 
occurred only when rotted apple tiasue was subjected to dislocation by 
leaving it in a partially uncovered dish, or where scraped agar cultures 
were similarly treated. It was far too sparse and erratic, however, to 
serve for more than to identify the fungus. This method did not succeed 
with cultures from Baam. Strain BE 1 did not spore on the host, and of 
those from Baam only the rather feebly pathogenic strain of Cotton did, and 
that but sparsely. It is interesting to note that van Bell's strain had 
spored freely on infected plants at Baam eight years previously. The long 
period in culture had apparently led to loss of this character but not, as 
will be shown, to loss of psthogenieity.

When spore suspensions were used to infect lilies and tulips it was 
found necessary to wipe the latter with a damp swab to prevent the spray 
from running off. The liliea and tulips infected with the same fungus were 
placed together tinder one large heller, the pots being plunged in ashes 
In a shaded comer out of doors.

Every major 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 case did these show any extraneous infection.
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C. EXPERIMENTAL.

(l) Experiment» with agar lnooula.

A preliminary experiment employing agar inooula on wounded surfaces 
we« set tip on Feb,11 when the lilie« were 6-10 inehee high, end the tulips 
only 4 inches high. The plant« were placed in an unheated frame during cold 
weather for 20 days. The apple« were incubated at 20°C. and the amount of 
estimated after five day*. The results of thi« experiment are given in 
Table II. In this, and in subsequent tables in this sub-section,the measure 
of intensity of attach used is the number of grams of rot in the case of 
apples, and the greatest diameter in millimetres of the lesion in the case 
of lilies and tulips. If the agreement between the replicates was reason­
ably close a single average figure is given in the table, but if there was 
considerable variation two or more average values are presented, each 
derived from the number of lesions which were comparable in sise. Each 
average figure is accompanied by this number in bracket».

Table II,
Lesions produced by an agar inoculum on a wounded surface

Leaf Stem Leaf tip Leaf base AppleS 5 E “ ---------
B.olnerea 
B.Tullpae 
B.elllptloa BE 1

(5) 9.7 (6) 7.8 (2) 8.6 (l) 0 (2) 8.6 (6) 30.5 
(3) 12.3 (4) 24.8 (3) 23.3 (3) 36.0 (5) 1.9 
(3) 22.0 (6) 12.3 (3) 9.3 (3) 6.7 (5) 3.7
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some
Table II show# that^easure of attack was secured In every case,but 

it was substantially greatest in amount with each fungus on it« usual host. 
There Is one marked exception to this in the attack of B.Tullpae on lily 
stems, which was greater than that of B»elliptic*. When the swabs were 
removed and the plants left in a frame all the lesions dried out except 
those of B.Tullpae, which continued to grow and proved fatal to both lilies 
and tulips.

A similar experiment was set up on March 4th,but It was conducted under 
much warmer conditions in a slightly heated greenhouse. In *n endeavour to 
find a »or® parasitic strain of B.elliptic» throe cultures from Bearn were 
included. The apples were again incubated at 20°C. The result*, as given 
in Table III, wore recorded after five days.

Tablw HI.
Lesions produced by an agar inoculum on a wounded surface.

Fungus
Lily

Leaf Stem
Tulip

Leaf tip Leaf base Apple

3.cinerea (6) 11.S (6) 5.6 (5) 16.7 (2) 7.5 (5)56.0
B. Tuli m e (6) 23,7 (5) 20.7 (5) 25.0 (5) 50.0 (5) 2.1
B.elliptica BE 1 (6) 25.0 (6) 15.0 (5) 14.0 (1) 15.0 (5) 2.8

N Solberg (6) 20.7 (6) 11.2
a Cotton (6) 27.B (6) 17.6
w van Hell (6) 55.8 (6) 28.8



It I* evident that the substantial change in temperature did not alter 
the comparative pathogenioity of the species previously used, and also that 
van Hell’s strain of B,elli.ptlea was, compared with the others, highly 
pathogenic to lilies, being muoh more active than B.lulipa«. Actually it 
had completely severed all the infected stems. A feature of the attack of 
B.alliptlea on tulips was the presence of long strips of dead tissue from 
which no fungus could be isolated. These extended above and below the 
lesion near the tip of the leaf, and were noted again in other experiments 
with this strain, with van Hell’s, and also with B.slneree, but never with 
B.Tulip&e. When the swabs were removed and the plants placed in a frame 
the lesions on the lily stems continued to develop cave in the ease of 
B.olnoroa, and of two of the plants inoculated with B.elliptioa strain BE 1.

On April 13th an experiment was set up to determine the ability of 
agar inooula to infeot unwounded lilies and tulips with the results given 
in Table IV. At the same time wounded tulips were inoculated with van 
Hell’s strain of B.elliptioa and with strain BE 1 to see if the greater 
pathogenicity of the former on lily would be reflected in tulip. The 
experiment was oonduoted In a cool greenhouse, and a wound inoculation of 
B.elliptioa of van Hell served for comparison with the conditions of the 
preceding experiment. The apples were again incubated at 20°C,, and by 
omitting B.clnerea it was possible to leave these for 11 days, the duration
of the remainder of the experiment
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Table IV,

Lesions produced by an agar inoculum on an unwounded surface.

Lily Tulip Apple
Fungus Leaf Stem Leaf Stem (wounded)

8.cinere« (4) 0 (8) 0 (2) 52,5 (2) 0 m
(2) 1.0 (1) 1.0 (1) i.o

B.Tulipae (8728.7 “T s r  9.6 
(?) 1.0

“TsTTT.s '77)14.3. 2.7

B.elliptica BE 1 "Tg)l7.8 Cel '6 (5) 8.7 '{5) « 19.6

ii-----— m r o — t m s --------------------------
(1)10.0 (1) 5.0 (1) 1.0
(1) 0

" (wounded) ( 6 ) 4 0 . 0  ( 6 ) 2 4 . 3  ( 3 )  2 2 . 3 ' W

*r~ f g 1 x  (wounded) -  -  T s l  ¿ 7 0 C zJZ ~ ~
( 1 )  6 . 0

Lesions which are recorded as having had a diameter of 1.0 ran. were very 
snail rust-coloured flecks. These were oovered and left for a further five 
days, but only those caused by B.Tulipae on lily stems developed.

It is evident that B.Twllpae succeeded in establishing active lesions on 
leaves and stems of both lily and tulip, but its stem lesions on tulip were 
larger than those on lily. In contrast B.clnerea was active only on tulip 
leaves. Ths B.elllptlca strains attacked the leaves of both hosts. Their
failure to attack lily stems, with the exception of one good lesion from
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van Hell** «train, i« remarkable, but they were no more active on tulip 
sterna. The inoculations with and without wounds suggest that the more 
pathogenic strain on lily was also the more active on tulip, while on apple 
it virtually failed to attack. The longer incubation period demonstrated

Co-mpatativcly
dearly that _B,elllptloa BE 1 whioh was completely inactive on lily was more 
pathogenic on apple than B.Tulipae. a result suggested by the previous 
experiments.

Three experiments were set up with agar inoeula on wounded dormant 
lily bulb seal©», These were placed in dishes lined with wet blotting paper 
and incubated at 20°C. for a fortnight. The results were highly variable in 
all oases, there being sometimes no attack. The largest lesions were 8-12 
¡mu, across, and were very dry and grew very slowly. It was evident that 
non© of the fungi possessed any special capacity for attacking this part of 
the lily under the existing conditions.

(t) Experiments 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 end 
B.Tulipae. In this, and In nearly all experiments of this type, B.elliptioa 
could not be used because spores were not available. The progress of the 
experiment was as follows s



B.cinerea * profuse spotting of tulip leaves after 5 days but no attack

on stems even after 10 days j lilies unaffected after 10 days apart 
from some rather doubtful spots on a few of the young leaves.
B.Tuilpae • attack of tulips as for B.cinerea after 3 days but later 
developing on stems j 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 small lesions on the stems 
and leaf beset where water had been held.
This experiment was repeated with B.oinerea cm an unknown variety of 

tulips which had been grown out of doors. Some of the plants ware flowering. 
After two days every leaf was spotted, the ettaok being quite as vigorous 
as on greenhouse tulips sprayed at the same time*

When spore suspensions were made up in a weak nutrient turnip 
extract) the attack of B.oinerea cm 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 plants sprayed with a suspension of the epores in water. Such 
treatment did not, however, enable B.cinerea to produce any definite lesion« 
on lilies, nor was the attack of B.Tulipae on this host intensified, except 
that the number of lesions on the young stems was rather more.

The results just described with spore suspensions of B.cinerea and 
B.Tullpae were, with one exception, in agreement with those previously
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obtained for mycelial inooula, That exception wa* the failure of «pore 
inocula of B.Tullpae to attack nature lily leave* oven when a nutvient was 
eupplied• In view of the fact that the «pore «uapension appeared to dry 
out too soon for attack to take place, steps were taken to maintain infection 
drops for a longer period. Large drops of spore suspension were placed 
singly on dry lily leaves so that they would not spread, and swabs of 
ootton-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 ease.

It was thought that the delay exhibited by B.Tulipae in attacking lily 
leaves might be due to the exosmosis of materials which cheeked spore 
germination, a possibility demonstrated by Brown ( 4) for B,oinerea on 
certain leaves, Being Brown’s technique the writer could not, however,
detect any difference either with B,cinerea or with B,Tuljpae, between the

andgemination of conidia in distilled water e* that in water which had lain 
on lily or tulip leaves for 24 or for 72 hours, Spores of B,cinerea always 
germinated more vigorously than those of B,Tullpae under the same conditions. 

When the experiments described above had been completed some lily 
stems severely attacked by B.elliptic« which was «poring freely were received.

A spore suspension from this source,together with the strains of B.clnerea



- 15 -

and B.Tullpoe previously used,was »preyed onto tulip» and inoculated into 
apples. The tulip» comprised the outdoor ones previously used and material 
in flower from a florist. The bulb» or stems were placed in jar« of water.
The B.elliptic» was also sprayed onto lilies. The progress of attaok was> '
as follow* :

B.oinereft - profuse »potting of tulip flower« in 24 hour» j leaves 
spotted within two days and stems within four ; active rotting of apple. 
B.Tullpae - attack of tulip leaves, flowers and stems as with B.cinerea 
but the lesions on flowering stems more pronounced } slight attack on 
apple.
B.slliptica - attack on all parts of tulip as with B.olnerea, the 
characteristic large spores being freely produced. Leaves of 
L.oandidum attacked within two days, no attaok on apple.

D. DISCUSS IOH.

The main result arising from the foregoing experiments is that each 

of the three species*in general most active on the host plant with which it

is typically associated. Spécialisation is, however, not absolute, and 
there is one exception to the general statement given above which will be
discussed later
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The converse relationship is Host pronounced between B.cinerea end 
B.elliptic* with respect to their host plants apple end lily. Wounded 
Brwnley Seedling apples are highly resistant to strains of B.elllptica which 
are actively pathogenic to L.oandidua, whereas a strain of B.cinerea which 
parasitises apple tissue does not attach unwounded leaves or stems of lily, 
though some attach results when these are wounded. It is interesting in 
this connection to note that the strain BE 1 of B,elliptic« .which is feebly 
pathogenic to lily, attacks apples fairly actively. In fact the order of 
pathogenicity of all the fungi used in this work is the reverse on apple to 
what it is on lily.

Tulip shows a less specialised behaviour inasmuch as it is in 
substantial measure susceptible to all three species of fungi, In the 
experiments with agar inocula the intensity of attack on tulips of B.oinerea 
and B.elliptic» never equals that of B.Tulipae, and this species is alone 
in being able to attack the unwounded base of tulip stems, a position where, 
according to Beaumont et al.(l ) it very ooamonly forms lesions in the field. 
However definite lesions are produced by B.cinerea and B.elliptlca in the 
fora of agar inoeula on the lamina of wounded or unwounded tulip leaves, 
and the spore suspensions of these fungi caused spotting of the leaves and 
flowers of tulips at maturity* This happens, even when the tulips have 
been raised out of doors, with as much rapidity as with B.Tulipae. B.cinerea 
and B,elliptic« could also form lesions on the flower stems. In one
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experiment, at least, the*» leaf and flower lesion* grew at a pace compar­
able with those of B.Tulipae. Ho experiments with spore suspicions were 
performed with tulips at an early stage of development, but as the lesions 
produced with agar inoouls of B.cinerea in the earliest experiments were 
substantially smaller than those of B.Tulipae. there is an indication that 
the spotting, if any, would be substantislly less aggressive at this stage

with B.oinerea than with B.Tulipae,
B.Tulipae similarly showed a less marked degree of specialisation.

As a parasite of lily it was inferior, when applied as an agar inooulum in

a wound, to van Hell*a .train of B.elliptloa, B8 * s^ore
suspension it took longer to fora lesions than did strain B3 2. neverthe­
less, given a sufficiently long period favourable for infection, even the 
oonidia were oapable of establishing the fungus in both leaves and stems, 
and a lesion once formed did not need the continuation of exceptionally 
favourable conditions to be aggressive. The vigour of B.Tulipae on lily 
1« shown olearly in Table IV in which agar inooula of this fungus proved to 
be more pathogenio on unwounded lilies than van Hell’s strain of B.elliptioa, 
which was the most active of the "lily" «trains available. It should be 
remembered, however, that the latter fungus, having been long maintained 
in culture, had probably lost some of its original virulence. On apple 
B.Tulipae is a feeble pathogen, but both spores and i^oelisl inooula oould
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produce ft definite lesion when plftced in a wound. The ability of the fungus 
to establish itself through the lentioels was not investigated.

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

As parasites of apple B,elliptic* and B.fulipae oust be of negligible 
importance. The first species, or at least strains of it with e typical 
measure of pathogenicity on lilies, cannot attack apples j the second species, 
in addition to being a rather feeble parasite on apples has little opportun­
ity of infeoting this host since the trees are not in fruit in the tulip 
season.

Lilies are sufficiently susceptible to B.Tulipae to be extensively 
damped by it given a sufficiently long period favourable to infection. If 
tulips and lilies are cultivated side by side there would be opportunities 
of eross-inooulatlon inasmuch as the growing season of most lilies would 
overlap that of tulips by on® or two months, vis. April to June or thereby 
(The speoiee L.oandidma has agreeing period which includes all the growing 
period of tulles). The signifioanoe of B.Tulinae to the grower of lilies 
is, however, reduced by the fact that the two host plants ars not as a rule 
grown on any large scale, and am commercial nurseries would not as a rule
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bo grown side by «id«.
JisS&PPFSS, ®* * possible parasite of lily has the dangerous feature of 

being very common on a groat variety of hosts. On the other hand the 
evidence obtained in this work is that B.clnerea is a very weak parasite of 
lily. It must be remembered, however, that the strain used was chosen 
specifically on account of its activity on apple, and that there is a distinct 
suggestion that the vigour of a Botrytis isolate on apple is inverse to its 
vigour on lily. It is quite possible,therefore.that other isolates of

SagiBSStt mi£ht P**ove to be much more active on lily. Hence the significance 
of B«oinarea to the lily must be left open.

Tulips, at least in the flowering stage, can be spotted on the flowers 
and leaves with almost as much rapidity by B.elHptloa and B.olnerea as by 
B^MLipae. In view, however, of the fact that many epeoies of lilies are in 
leaf for a small part only of the tulip season, and, moreover, that lilies 
are not common plants, the importance of B.elliptioa to tulips is probably

Bjoinerw, on the other hand, is very common in the spring on lettuces 
and crucifers, and should have adequate opportunity of infecting tulips.
It would seem likely, then, that some of the spotting of tulip flowers and 
leaves is due to this fungus. It Is possible that under fairly dry condit­
ions the lesions caused by B.olnerea might be more liable to cease development 
than those of B,Tullpae. The former species might then be responsible for 
the small non-aggressive spots recorded by Beaumont et ml. ( l) as being very
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common on tulips. Thee« authors found that typically no fungus could be 
isolated from these spot», and considered that this was because th® causal 
organism, regarded by them «« being B.Tulioae had died. The possibility of 
its being B.olnerea is worth investigation.

*. SUMMARY.

1. Strains of B.clnerea, B,Tulips® and B,elllptloa fully pathogenic on 
apple, tulip and lily respectively have been shown to be more active on 
their usual host than on those proper to the other species, and conver- 
ersely the most pathogenic species on any one host has been the species 
usually associated with that host,

2. The descending order of pathogenicity on apples was B.clnerea. B.ellip­
tic» (strain weakly parasitio on lily), B.Tulipaa. B.elllptioa (strain 
actively pathogenic on lily). The last member of this sarles failed to 
form a definite lesion even when inoculated into a wound on the fruit.

8. This same series represented the ascending order of pathogenicity of
lilies. The first member of this series could form lesions on lily stems 
and leaves only if they were wounded.
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4. Tulip» proved at the flowering stage to be almost equally susceptible 
to all three species, but at an earlier stage S.tullpae was markedly 
the most active.

5. On the basis both of pathogenicity and of opportunities for infection 
it is considered likely that B.olnerea may be of substantial importanoe 
as a oause of spotting of tulips, but that the other speoies are not 
likely to occur to any extent except on thoir usual host.
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tmt II. ?HF HnBlOLQGICAl BASIS OF TM DOTKISCS XH PATHOOMICITY 
m  APPLE BETHOT BCLEROTIHIA FRWTIOKM.FERS.^  .FHUCTICOLA 
(WKT.),RSH^., AND BOTRYTI6 CBIBKSA PKRB.

A, MTROPOOTICK.

the object of this work was to study certain a«poets of the physiology 
of fungi showing different degroos of pathogenicity on apple fruit with a 
▼low to discovering what features of metabolism were primarily responsible 
for these differences. Preliminary experiments led to the selection of 
Spierotlnla fruotlgena. S.fruotloola and Botrytls clnerea as being fungi 
which are closely related systematically, and which show well-marked 
differences In their pathogenicity to apple.

Several workers have made observations whieh tend to show that differ­
ences in pathogenicity between various apple-rotting fungi are largely due 
to differences in response to the nutrients available in the host tissue. 
S®th {¿o) found that the rate of spread of several species and strains of 
>h— apsis, Cyt.osporina and Disport ha an synthetic media resembling apple In 
composition wsmi directly correlated with pathogenicity. Horne (L4 i$ has 
stressed the importance of sold and of nitrogen content of the fruit in
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relation to the speed at which it is invaded by fungi, end Vasudev* (22) 

has »hewn that the’ rate of attack of apple» by B .fruotigena 1» increased by 

the addition of a nitrogenous substance to the inoculum. Huskctt et al (is) 
demonstrated that there was a close correlation between the rate of spread 

of Cytosporlna ludibunda in apple and that on autoclaved apple pulp.

In the case of S .clnorea (8.fruotloola) as a parasite of plums,

however, the part played by the mechanical characteristics of the fruit has
Willaraa.ii etal.

been stressed by Bowl son end Willesssn (25). These authors discovered that 

resistant plums had in general a higher crude fibre content, higher pentosan 

content, tougher akin and firmer flesh than susceptible ones. A correlation 

between the reslatance of potato tlseue to mechanical puncture and its 

resistance to decay by Pythiun da Baryanua was claimed by Hawkins and 

Harvey (15).

The importance of ability to produce a macerating ensyme in relation 

to relative pathogenicity was investigated by Harter and Weimar (12) in the 

case of species of Rhlsopus showing different degrees of parasitic activity 

on aweot potato. Although the fungi varied considerably in their ability 

to produce the ensyme there was no parallelism between ensyme production 

and pathogenicity.

The work described in this paper it of a preliminary nature. An 

attempt has bean made to Investigate the importance of two factors only,



namely ability to produce a macerating ensym* on an apple substrate, and th® 
intrinsic growth rat® of th® fungi on th® nutrients present in apple.

B . MATERIALS AKD METHODS.

Th© apples employed In this work were of the Braialeys* Seedling variety 
For any on® experiment fruit wee available fro» trees which had received the 
same cultural treatment and were on the seme root-stocks, and the various

'X*consignments used during the work differed only in the matter of root-etoek,’ 
The pH of the expressed jtilce of the apple* was tested repeatedly with a 
B.D.B. Capillator and was always found to be approximately 2.8.

The fungi employed were a recent ieolate of Sclerotinia fructigena.Fers 
from apple, a culture of Sclerotinia fructioola(Wint.),Retro obtained from 
an apple in Sew South Wales by Harrison, and a recent isolate of Botrytis 
oinerea,Pere. According to Harrison (10) th# Australian form of Sclerotinia 

fruotleola is to be regarded as identical with the American fungus now known 
by that name, but formerly referred to as S .clnerea(Bon«),S ©hroter.

Sporee of B.cinerea and S .fruotioola were obtained from cultures on

fh# writer’'"is.Indebted to ̂ r.A.C.^iirtW' of the' East' Mailing BesearehStation for selecting and storing the fruit.
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quaher-oat agar incubr.tod at 2C°C.# these of 8 .fmetirons fro» cultures on 
potato-mush agar grown at room temperature In oontirroal artificial light.

Further detail« of experimental procedure will he given store omvm- 
iently when the experiment* themselves are described.

C. BXPKRIMHiTAL.
(1) The oontparatlve pathogenicity of the fungi employed.

The difference in pathogenicity in apple «hewn by the three fungi 
used 1» exemplified by the result* aet forth in Table I. In thi* experiment 
mycelial inooula in agar of the three «peoiee were inserted equatorlally 
at different point« on each of ten apple«, and the fruit was Incubated at 
20°C. for four day«* The weight« of rotted tissue were then determined•
The method of inoculation employed was that described by Granger and Horne
( 8 ).

This table shows that in every fruit 8.fructlgena produced more rapid 
deoay than B.cinerea, while S«fruotlcola showed an intermediate degree of

activity. The occasional instances in whieh the usual order of pathogenicity 
was not maintained, e.g. Fruit 9, are doubtless due to the fact that 
individual apples my  vary in resistance at different points,as has been
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ahewn by Gregory and Horne { 9),

Tabi« X*
Weights of rotted, tissue in grata*.

Fruit S .fructigena 8 .fruoticola B.cinerea

1 20.4 10.4 8.0
2 16.8 15.2 8.4
8 18.2 6.0 1.9
4 18.S 9.8 7.2
8 14.8 9.4 4.5
6 10.1 8.8 0.9
7 19.0 9.6 1.9
8 u . e 8.5 8.8
9 9.5 10.2 2.0

10 12.4 7.8 5.8
Mean 14.8 +  1,12 9,0+0.69 3.6 ±0.62

Sv«ry consignment of apples received was tested in this way. The 
relative pathogenicity of the fungi was always the same. The result was 
found to be independent of whether a mycelial or a epore inoculum was used.



(2) Attempts to prepare ¡aaoerating enzymes.

A® * first line of approach to the problem an attempt was made to 
study the rate of production and the aotivity of any macerating enzyme which 
the fungi might produce whan grown on apple.

Tests for the presence of such enzymes wore made in the following 

preparations *.«
(1) In the juice expressed from lesiona on apples and clarified toy 

centrifuging, this was tested (a) directly (to) after an attempt had been 
nada to concentrate and partially purify any enzyme present toy treatment 
with alcohol. The clarified juice was added to three times its volume of 
n%  alcohol and the mixture was allowed to stand overnight. The precipitate 
formed was then collected and dried in vacuo over ealolum chloride. It was 
ground when it was very dry without the addition of sand, and, for testing 
purposes, added to distilled water at the rate of 2^. This was twice the 
strength used toy Menon (16) when testing alcoholic precipitates. From the 
table given by Davison and WUlaman (7 ) it is evident that email quantities 
of the macerating enzyme of Rhizopus tritlol (termed by them protopectinaee) 
can remain in solution on the addition of alcohol until a concentration of 
above 90% of aloohol is reached. It ie realised that the method of 
precipitation employed might involve the loss of part of the macerating 

of the whole of it if it was present in e very lowenzyme, or even



concentration, but the precipitate* obtained with further addition» of 
alcohol proved ao alight that it was not oonaidered practicable to prepare 
then in sufficient quantity for testing.

(2) In cultures of the fungi made by Brown*« plate nethod { 1 ). A 
suspension was made of 1 oo. of spores in 100 ec. of the juice expressed 
from apple pulp which had been frosen. This was neither autoclaved nor 
filtered, and contained considerable amounts of suspended matter. The 
suspension we« spread thinly on glass plates and left at room temperature 
for two and a half days. Tests were then made for macerating ensymo (a) 
directly in the eulture fluid (b) in the precipitate obtained from this 
with alcohol as in1(b) above (e) in the mycelium produced by the germin­
ation of the sporea. This was washed in water, dried in vacuo over calcium 
chloride, and ground with an equal weight of silver sand, for tost purpose* 
this powder was added to distilled water at the rate of 6.8$, the strength 
used for such preparations by Muhleman (17) and by Menon (16).

(8) In cultures of the fungi made on thin slices of apple. Slices 
2-4 mas. thick were dipped in a suspension of 1 oc. of spores in 100 cos. 
of distilled water, and left on the glass pistes employed in method (2) 
above for two and a half day*. Teats ware then made for the presence of 
maoerating ensyme (a) directly in the juice expressed from the rotted apple 
slices (b) in the precipitate obtained from this with alcohol as in 1(h) 
above.
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Th« method employed to detect maoerating enzyme has boon to place three 
dices of potato tuber tissue $ m. in thickness in three oes. of the prepar­
ation to be tested, and to incubate them at 20°C. A drop of toluene was 
usually added to check bacterial development. A control was set up in a 
similar quantity of tha preparation in which any enzyme had been deactivated 
by heating to 70 C. This gives e safe margin over the temperature of 8S°C. 
at which Brown O  ) found the deactivation of the macerating enzyme obtained 
from B.olnoroa to be almost instantaneous, The experiment was always 
discontinued before there was any indication of softening in the control 
discs. 1» oases whore ground ayoelium or an alcoholic preolpitato was 
digestsd in water for the purpose of being tested any undiaeolved asterlal 
was not filtered off. This prooedure, which is recommended by Harter and 
Weimar (ll) allows full opportunity for solution of any enzyme present.

Apple dises one millimetre in thiekness have also boon employed 
extensively in tasting, but owing to the poor coherenoe of this tissue, e 
point whioh will be discussed further later, it has been impossible to regard 
with confidence any results so obtained.

Table II gives the results of tests with potato discs of the various 
olassos of preparation already described. In some eases more than one 
separate preparation has been made. This table ehows that B.oinerea. the 
least pathogenic of the three fungi, has proved to be the only speoiee 
oapeblo of producing a demonstrable amount of maoeratlng enzyme when grown on
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Tabi« II.
The timo required in hour« for the maceration of potato disc«.

s.
Preparation fruetigena

8.
fruetloola

B.
cinerea

l*(a) ^«ioe from 4-5 days old lesion on apple
(2 preps.) >40 >40 >40

* " 6-8 " « " o n  apple >48 >48 >48
(b) Ale,ppt.from juice from 6-8 day old lesions >60 >60 >60

2.(a) Apple juice in which sporca had germinated — >24 >24
» » « M R  n >41 >41 41
" « R ■ « n n >48 — 48

(b) Alo. ppt. frota 2(a) w >60 >60
(c) Extract of mycelium produced in apple juiee >60 >60 48

» » R R — >56 18
« » « « — — 18

S.(ft) dulce from apple elioea on which spore# had 
germinated >64 >84 84

(b) Ale. ppt. from 8(a) >60 >60 12

an apple substrate. Insofar aa the method« employed m y  be relied upon aa a 
measure of it, relative activity in the production of moerating enzyme cannot 
then be the factor determining relative pathogenicity. Failure to demonatrate 
the preaence of the «naya» in juice expressed from lesiona of B.cinerea on apple
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say be due to It« sooretlon being confined to the young hyphae, so that It 
1* only in preparations «uoh *a So*» 2 end 5 where the proportion of young 
sycallua ie greatly Inereaaed that the pretence of the eneyae can be 
destonai rated by the method* employed.

It is convenient at thla point to review the result* of other invest­
igators who have studied the production of macerating enzymes by the fungi 
used here. It is well known that B.cinerea produce* a macerating enzyme on 
a wide range of media. The only attempt to prepare on« from a culture on 
apple appears to bo that of Menon (16) who obtained an active preparation 
from cultural 10 days* old on autoclaved plugs of apple tissue. In respect 
of the ability of S.fruotigena and S.fruotlcola (S .olnerea) to produce a 
macerating enzyme the literature la somewhat contradictory. The results of 
the various workers are assembled in tabular fora below :
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Author Fungus Medium Mode of
culture

Age of 
culture
t e s a L

Ensya# 
present in

Ensyae 
absent from

Davison A 
Will*jaan( 7 )

S.cinerea 
ß .fructIrena § 3 5 5

flasks 2 hyphae

» S .cinerea « Brown's
plate
method

1
hyphae A 
medium

Uuhlemani17) •.einerea n flasks s -  s hyphae medium A 
ale. put. 
fron medium

Burgesi 4 ) S.fruotIrene « flasks(t) hyphae. 
B»diuo(v. 
little).ale. 
ppt.froa 
medium

Menon(lö) apple A
other
extracts

flasks * hyphae A 
medium

turnip
extract

Brown's
plate
method

5
hyphae A 
alo.ppt. 
from medium

autoolvd. 
epple, 
potato A
turnip

plugs of 
tissue 10

alo.ppt,from 
medium

It would appear from these results that the production of mcerating ensyae 
in demonstrable quantity by these two »pool»« of Seleretinia depends a good de*l
on the conditions of culture. All the authors cited chore here used methods

) . .
which ere somewhat different from those of the present work, end which in no case 
approximate so closely to the condition# prevailing in perasitio attack. Such
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demonstrations of the production of ensyme as have boon »do, then, cannot 
bo regarded as directly oppoood to the rooulto of the writer*« experiments, 

Obviously the most direct test for the presence of ensyaea capable of 
macerating apple tissue would be made by employing apple discs. It has 
already been stated that they were not satisfactory, however, for the 
detection of slowly acting ensyraes, at least. Pises exit from mature applet 
possess little coherence, and showed a tendency to »often when placed in 
some liquids which did not contain ensyrae. While several workers have 
employed apple disoe, this tendency does not seem to have passed unnoticed. 
Davison and Willaasa (7 ) stats that "apple tissue seemed slightly macerated 
by oxalates, but this effect may be only a slight hydrolysis or softening 
due to water present”. Vasudeva (22.) took as an end point when using apple 
discs la ensyme tests the time when the tissue had fallen into a mush.
Such obvious maceration has not been seen in any of the preparations obtained 
in this work. Muhlesan (17), on the other hand, seems to have found apple 
a perfectly satisfactory test tissue, but he used green fruit, which probably 

hae greeter coherence»
The tendency to disintegrate was found to be most pronounced in 

extracts of hyphae, and comparatively slight in liquid expressed from leeionsi 
It wa* accordingly suspected of being an osmotic sffeot » the result of the 
©ells swelling and bursting apart when water was absorbed fro® hypotonic 
solutions. To test this theory 15 discs, $ mm. thick, were out fro® five
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different apple* and divided asaong the following treatment* s (a) placed 
1» a covered dlah (h) immersed In dietilled water (e) in apple juice (d) 
In Me Ilvaine** buffer pH 2.8 prepared according to the formula of Clark 
(5). This wac the pH of the apple juice, and waa a 0.12 molecular aolution 
(•) in a 0.6 molecular o«ne sugar aolution. This was found by Barger*a 
aatliod, which ia described by Buller (3), to be approximately equal in 
osmotic preaeure to appla juiee. In order to ensure rapid entry of the 
solutions Into the tissue the disc« were evacuated under a filter pump.
After one hour the disc» in water and in the buffer had lost coherence, but 
those in apple juiee and in sugar aolution and those merely kept in a damp 
chamber were perfectly sound, and retained some measure of ooherenoe erven 
after 24 hours.

Thia result was confirmed by placing 0.2 eo. of each of the liquids 
listed above on the surfaoe of blocks of apple tissue 2.6 m, in diameter 
end leaving them in covered dishes for 24 hours* The liquid remaining was 
then removed along with any softened apple tissue, and Its weight determined 
as follows.

Water 0,46 gas. Buffer 0.5? gms. Juice 0.28 gms. Sugar 0,21 gms. 
These figures are the average of six determinations. As these weights show, 
nothing more than the fluid originally added waa removed from the blocks 
in the oaae of juioe and sugar aolution, hub the buffer and the water had 
had a distinct disintegrating effeot on the surface of the blocks.
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The«« result* «how that apple tissue, at least when th« apple 1« mature 
will disintegrate in pure water, «id in solutions of low osmotie pressure 
which contain no enzyme.

3. The Intrinsic growth-rate of the fungi on apple.

In order to discover to what extent the difference in pathogenicity 
»ight be due merely to a difference in response to the nutrients available 
in the host tissue, en attempt has been made to compare the growth of the 
selected fungi on living with thet on dead apple tissue.

Eighteen apples were halved from stalk to eye in a sterile way, and the 
out surfaces sealed with paraffin wax. Half of each apple was either frozen 
or chloroformed, the other half serving as a oontrol. The freezing was 
carried out by placing the halves in a large glees chamber, sealing it, and 
submerging it completely for 84 hours in a mixture of ice and salt. This 
was changed once* The halves to be chloroformed were left overnight in a 
desiccator into the bottom of which a little chloroform had been poured.
The frozen half-apples were inoculated as soon as they had thawed along with 
the corresponding unfrozen halves, a separate apple being used for each 
fungus, se that there were three replicates. The chloroformed halves were 
allowed to remain freely exposed to the air for three days before inocul­
ation. To oheok excessive lose of water the fruit was then wrapped in
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grease-proof t>aper# and left at room temperature for six day».
The frosen fruit was exceedingly «oft and brown, and the are*« occupied 

by the fungi were indistinguishable either by colour or texture from the reet 
of the fruit. The chloroformed fruit was, however, fir» and rubbery resemb­
ling very much in appearance and in texture apple tissue which has been 
rotted by S.fruotigena or S.fruotieola. The area of chloroformed apple 
which had been invaded by these fungi was thus indistinguishable from the 
remainder. In the ease of B.olnerea, however, the fungus brought about a 
substantial softening of the tissue, producing a lesion similar in texture 
to that produced on a living apple, which, as is well known, is considerably 
softer than a Solerotinia lesion. These observations lend support to the 
view that macerating ensymes are active to some extent in lesions formed by 
B.oinerea on apple, but do not play a great part, if indeed they are present 
at all, in lesions of 8«fruotlgcna and S.fruotieola.

As most of the lesions could not be scraped out end weighed, the wax 
was removed from the half-apples, and a out made passing from the oore 
towards the point of inoculation to avoid carrying any hyphae into the 
uninvaded tissue. The amount of spread of the fungus was then recorded by 
direot measurement, the edge of the lesion being located where necessary by 
examining sasll portion» of tissue under the microscope for the presence of 
hyphae. The results are given in Table III. In some oases the fungi were 
found to have reached the cut surface of the half-apple.
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Table I I I .

Radial growth in millimetres of fungi on living and on dead apple tissue.

Fungus Control Chloroformed Control Frosen

r >28 15 >28 -
S .fruwtl&ena >25 14 >25 >25

* >28 20 >28 20

r 20 IT >28 nil
8.fruotieola

80
18 > 26 almost nil

> 2 0 10 28 6

' 20 18 I S 2
B.einerea 14 18 19 nil

 ̂ 24 14 20 6

Chloroforming of the tiasue retarded the growth of all the fungi. Trace» 
of the chemical remaining in the fruit probably account for thi* effect. 
Freeiing we* even more deleterious to the growth of the fungi except for 
S.fruotigena, which wa» practically unaffected by it. Interference with 
aeration through flooding of the intereellular »pace» waa probably the 
inhibiting footer.
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1» view of the failure of the preceding methods to produce satinfactory 
results an attempt was made to ooaoare radiel growth of the fungi in apple 
nfith that in unautoelsved apple juice. The fleeh of fire apple« wee frozen 
and the juice was expressed and centrifuged. An attempt was then made to 
sterilise it hy passing it through five thicknesses of Whatman Ho.42 filter 
paper. A Seits bacterial filter was found to clog very quickly, and, because 
of the acidity of the juice, the removal of bacteria was not considered 
neosssary. Tits filtrate was poured into petri-dishes (S cm*. internal 
diameter) at the rate of about IS oos. per plate, and the plates ware inoc­
ulated with a very small portion of mycelium in agar. There were five 
replicates. Five apples were simultaneously inoculated with all three 
species of fungi. The radial growth of the fungi in millimetres after three 
days is given in Table IV. The method of sterilising employed for the juice 
was not successful, but contaminating cultures did not appear until the 
third day.

Radial growth in millimetres of fungi an living apple and in apple juice.
Table IV.

Species Av,radial growth 
In apple

Av.radial growth 
in juice

8.frusticene 
S«frunticela 
B.cinerea

17 18
14

8 19
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While th# growth of the specie» of Selerotinia did not differ greatly 
in the Juice from whet it wee in the fruit that of B.olnerea w e  much greeter 
in the former medium. This result suggests the conclusion that the growth 
rate of B.cinerea on apple is determined in considerable measure by ite 
ability to penetrate and kill the tissue, and that that of the specie# of 
Solerotinia is not. The experiment is open to criticism, however. The 
medium cannot be regarded as containing all the nutrients available in th# 
fruit, and the conditions of oxygen and carbon dioxide tension are probably 
very much altered. Results in which »ore confidence could be placed might 
be obtained by using unsterilised apple pulp.

D. DISCUSS IOK,

So production of macerating ensyae unis demonstrated when S .fruotisene 
and S .ffuotioola were grown on apple, but B.cinerea gave positive results, 
tnsywes can, however, be deactivated rapidly by some tissues. Brown (Z ) 
records a striking instance of this in the case of macerating enzyme of 
B.cinerea placed on blocks of sub-turgid potato tissue. The possibility of 
ensyme being produced by th# species of Selerotinia when they are grown on
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apple, hut disappearing too rapidly to be detected by the usual methods, 

cannot then be dismissed.

The relative firmness of the rot caused by S .fruotigena and B .fruet- 

ioola does, however, suggest that there is far leas cell wall disturbance 

with these fungi then with B.cinoroa. Indeed, the differences in texture 

between various apple rota would seem to find a very probable explanation 

in the extent to whieh macerating ensymes are active. With the very aoft 

rots produced by speoiee of Penicillin» it is possible, according to 

Vobecourt (19), to demonstrate mao«rating activity in the crude juice 

expressed from lesions. This suggests that the ensyse la mere abundantly 

produced here then in the firmer Botrytis lesions with whieh no suoh 

demonstration oould be made by the writer. In suoh firm lesions as those 

of B.fruotlgena and B.fruotloola mao©rating enzyme is, perhaps, entirely 

absent. Alternative explanations whieh have been offered for the firmness 

of telerotinla lesions are that the atout hyphae impart firmness (Valleau,^), 

or that a hydrophilic gel of oaleiua pectate is precipitated by the fungus 

(Wlllsuan,24).

A comparison of ths growth-rates of the fungi in apple juice with 

that in living tissue suggests that there may be some substantial difference 

between the mode of paraeitie attack by the apeolee of telorotinia and that 

by B.oineroa. The growth of B.einorea appears to be retarded in the fruit,
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possibly because it is dependent on the previous destruction of the tissue 
by ensyme. The Sclerotinias, on the other bend, grew through living apple 
at a rate comparable with their intrinsic rate in an apple cultural medium. 
One may suggest, therefore, that the hyphae advance almost unimpeded through

I
the well-developed intercellular spaces of the fruit. The method of 
penetration of fruit tissues by t.fruotigena and S.fructioola (S.clnerea) 
does not seen to have been studied of recent year« but, according to 
Valleau (21), Behrens and Sohellenberg concluded that the hyphae were 
exclusively intercellular, en opinion whioh he himself endorsed. Cooley 
(6), on the other hand, considered that S.Pineros passed as readily through 
the ceils as between them. Valleeu considered that ensyrae was produced 
which split the middle lamella, but it» existence was denied by the previous 
worker*.

Should wuserating enzyme be entirely absent, end the hyphae at least 
initially intercellular, it seem* neoesssry to postulate the eeeretion of 
some toxin to bring about the deeth of the host oells. The examination of 
fungal extracts for the presence of such a compound is a line of work whioh 
calls for attention. In view of the unsatisfactory nature of apple iiseue 
at a test material, the evidence on this point may have to be obtained 
indirectly.
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s. smmRi.

1* Sclerotlni* fruotigena is nor* pathogenic on Braoley,a Seedling
apple« than Botrytls cinerea. 8 .fruotlcola «hows an intermediate degree 
of pathogenicity.

2. Only B,cinerea 1» capable of socrating a demonstrable quantity of 
aAoereting ensyste whan groan on an apple substrate.

3. On unaufcoolaved apple juice the growth-rate of the apeeiea of
S olerobtnla ia similar to that in the fruit, but that of B.cinerea is over 
twice as fast*

4. It Is suggested that differences in texture of apple rots is due
to differences in the extent to which maeeratlng ensyraes are active in 
the».
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