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IBSIRACT

Less than 1% of overwintered cleistocarps of Spheerotheca mors-uve

(Schw,) Berk. discherged ascospores in the spring. This investigation
was concerned with the factors responsible for this low survival rate.

The time at which cleistocarps were formed on the black currant
bush hed little effect on thei£ subsecguent survival though cleistocarps
formed in 1at¢ sunmer were potentially the best .source of infective
ascospores.

Observations on the glycogen content of asci during the winter
suggested that degeneration witﬁin the.ascus could result from a
depletion of this reserve material and, additionally, that a deficiency
of osmotically-active substances in the ascus could lead to a failure
in the dehiscence mechanism,

The development of micro-organisms on black currant leaves treated
with urea was studied in relation to cleistocarp survival., The changes
in the beacterial, fungal and actinomycete populations were relatively
short-term and did not result in any appreciable degeneration of asci
within cleistocarps though certain micfo—organisms, notably actinonycetes,
were closely associated with the cleistocarps and some vere shéwn to
produce chitinases and glucanases in vitro.

Bacterie and fungl were also found in ultrae-thin sections of
overvintered cleigtocarps viewed in the transmission E.lL but there was’
1ittle evidence of degradation of the cleistocarp wall., These studies
together with chemical analyses suggested that the chitin and glucan

components of the wall were protected from enzyme hydrolysis by substantial

deposits of melanin,
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TNRADUCTLOIT

Powdery mildew, caused by Sphaerotheca mors-uvee (Schw.) Berk,

has been a serious disease of gooseberry in Englend since it vés first
reported by Salmon (1S08) and more recently has been troublcsome on
black currant (Corke and Jordan, 1964). The perennation of the fungus
on both hosts has been studied in detail by l‘errimen and Vheeler (1968)
and on black currant by Jordan (1S66, 1967, 1968). It is now knovm

that cleistocarps borne on black currant leaves and stems, but not those
formed on goqseberxy, overwinter and discharge. viable ascospores in
spring., However, the numbers of clci;tocarps that successfully survive
the winter period is considered extremely small, \

The primary aim of this investigation was to study factors which

might account for this low survival.
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I. OVERWINTERING OF CLEISTOCARPS

Review of literature,

There is good experimental evidence that cleistocarps of many

powdery mildews function as overwintering structures, for instance,

Erysiphe graminis on wheat (Marchal, 1903), E. cichoracearum on Arctium

lappa (Cook and Wheeler, 1967), E. polygoni on a number of hosts (Smith

and Wheeler, 1969), Phyllactinia moricdla on mulberry (Itoi, Nakayama and

Kubomura, 1962), Uncinula salicis on Salix discolor and Microsphaera

penicillata on Lathyrus ochroleucus (Smith, 1971). In these instances, the

cleistocarps survived the winter under natural conditions and discharged
ascospores in spring which were capable of infecting their respective

hosts. This was also demonstrated for cleistocarps of Sphaerotheca

mors-uvae on leaves of black currant by iferriman and Wheeler (1968) and
similarly for cleistocarps on black currant stems by Jordan (1966, 1967).
These workers showed that the ascospores which wére discharged from the
overwintering cleistocarps could infect young leaf tissue at a time when
buds were breaking in the black currant plantations. However,

Merriman and Wheeler (1968) trapped few ascospores in laboratony
dehiscence tests. Only one spore was obtained from a total of c¢. 17000
cleistocarps tested during the spring from leaves that had overwintered
on the soil, Iore spores were trapped from cleistocarps on leaves that
had been placed in a Terylene net bag and suspended from a wall
throughout the winter. I?~was suggested that the leaves on the soil
remained wet for relatively longer periods and in this situation the

leaf microflora affected the survival of cleistocarps during the winter,

Other workers have also implied that survival of powdery mildew
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cleistocarps iz influenced by microbial activity. Rasulev {1965)
suggested that soil micro-organisms reduced the viabilitly of

Uncirula necator cleistocarps overwintering on vine debris., He found that

vhereas cleistocarps taken from plant tissue and placed on or in the soil
overwvintered successfully, those associated vith the plant did not;

this difference he ascribed to 'saprophytic microbial organisms
especially fungi developing in response to the plant tissues and either
directly or indirectly causing‘degeneration of ascl and ascosporgs.

Smith (1971) found that E. polygoni overwintered in England had a much
less stable ascospore content during winter months compared to other
powdery mildews surviving in the much colder Canadian winters. He
considered that ane possible reéson for this was the much greater
microbial activity during the English winter casusing degeneration.
Similarly, Smith and Vheeler (1969) suggested that micro-organisms were
implicated in the generally earlier decline of ascospore content of

E. polygoni cleistocarps overwintered on the soil compared to those

in a drier environment i.e. suspended in bags on a wall. Salmon (191ka),
however, found that total degereration occurred also in cleistocarps

of S, mors-uvae that had overwintered on the shoots of gooseberry

plants but that samples taken from the‘bushes in auvtumn and kept

dry in the laboratory dehisced when moistened in the following spring.
He concluded that degeneratéd cleistocarps "had not reached that stage
of development at which they can remain alive through the winter". He
added that either the different weather conditions of this country or
differences of a varietal nature were affecting.the fungus which had

recently been introduced to this country. Also, he thought it possible

that only cleistocarps formed early in the season and reaching maturity
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in July or August were able to provide viable spores the next year.
Sélmon (1914b) also observed that many cleistocarps which formed on the
gooseberry shoots fell to the soil in autumn and as the initial infections
vere always found on leaves in the upper branches of the bush in the spring,
he deduced that those cleistocarps in the soil did not produce visble
spores. llerriman and Wheeler (1968) have also shown that total degeneration
takes place in cleistocarps remaining on gooseberry bushes,

The time of formation of aécospores within the ascus is another
aspect of the overwintering of cleistocarps in which conflicting
results have been obtained. lany workers have demonstrated a slow
differentiation of ascospores within clgistocarps of some powdery
mildews during the winter. naoofatuxy capeliuciivs NEVE snown that
ascospore differentiation takes place within a few days if cleistocarps

of Erysiphe graminis are immersed in water or alternately wetted and

dried at various temperatures (VWolf, 1878; Graf—Harﬁm{ 193L;

Cherewick, 1944.; lMoseman and Powers, 1957). Under natural conditions
ascospores are differentiated in the spring in U.S.A. By contrast,

Turner (1956) found that ascospores of E. greminis were released from

July to late September in Britain during periods of high relative humidity,
i.e. in the same year of formation. Shé found no evidence that ascospore
formation increased following a prechilled water treatment (c.f. Graf-
Marin, 1934 in the U.S.A.) but differentiztion of ascospores within the
asci was closely connected with the availability of water. Jordan

(1966,1967), in his exemination of cleistocarps of S. mors-uvae

formed on shoots of black currant, found that maturation of ascospores
progressed steadily during the spring and dehiscence occurred during

* April, May and June. However, lerriman and Vheeler (1968) found that
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differentiation of ascospores began in August within cleistocarps formed
in that season ond was almost complete by the end of September. They
tentatively suggested that the differences between their findings and
those of Jordan (1966,1967) might be attribuited to local climati§ factors
or to the different varieties of black currant which were involved at the
two localities. Price (1969) found that some differentiation took place
in cleistocarps of §. pannosc on rose thorns placed on soil from

, October to March. Here more ascl and ascospores were observed ins
January but this wes followed by complete degeneration and no ascospores

were released. Kulikov (1953) looked at differention of cleistocarps of

S. mors-uvae on gooseberry by counting the percentoge of immature (white)

cleistocarps in autumn and then again in the spring after the samples
had overwintered. He found no difference in the mature/immature ratio
and concluded that no differentiztion or maturation took place of either
the cleistocarp wall or ascospores throughout the winter,

There are relatively few observations on ascospore discharge within
the powdery mildews other than brief statements that dehiscence occurs.

Smith (1968) found that most ascospores were discharged from

cleistocarps of E. polygoni from Heracleum sphondylium during the first
" 12h of a 5-day test period. In a more detailed analysis of dehiscence

of B. cichoracearum on Arctium lappa Cook and Wheeler (1569) found that

discharge was greatest 6-24h after wetting the plant materizl and
cleistocarps. The percentage of cleistocarps which dehisced was
estimated from the time cleistocarps were placed on the soil until the
end of March and it was found that a total of 74$ discharged ascéspores.

Cutter and Wheeler (1968) analysed the dehiscence of E. cichoracearum
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éleistocarps in relation to field temperatures; discherge was epparently
related to the number of hours above 59 in any period of observation,
This was supported by laboratory tests: rclatively few ascospores verc
discharged at 49 but progressively more spores wiere discharged atv 10, 15
and 209, TFew experiments have becen carried out on the dehiscence of

S. mors-uvaec cleistocarps. Salwon (1S14b) exemined dehiscence of

gooseberry cleistocarps that had ‘overwintered! in the laboratory. He
placed some samples outside in February, and transfemed others to 15°
and 279, Those outside continued to dehisce over a period of 15 days
with temperature variations from 15.5° to -19, but in the sample, as at
159, dehiscence was greatest afﬁer 24h from the time of wetting. At
270 fewer spores werc released but the maximum discharge occurred afiler
1%h. Merriman (1968) conducted tests at 200 and found that once wetted

cleistocarps of S. mors-uvae reached a peak of ascospore discharge after

6h, although only a relatively small number of spores were released.



EXTERTIBITAL

1. Survival of cleistocarps in relzation to time of formation.

a Sempling of leaves from blaclk currant bushes.
=

Leaves with cleistocarps were taken from a planting of the culiivar
Viellington at Southmoor, Oxon, at intervals from July to September 1969.
Powdery mildew had been severe én this plantation in 1968 but no .
spraying was carried outin 1969. The first infections of 1969 were
observed at the beginning of June. There was a period of high rainfall in
mid-June but by the beginning of July powdery mildew was well

established and many youngAleaves were covered with the primary

mycelium of §. mors-uvae.

In all, six samples were taken., These were:

Sample Cleistocarps initiated in - Leaves detached at end of -
J July ' July
A August August
S September September
J/h July August
A3 August o September
JAS July September

This sampling was based on the assumption that production of leaf
tissue and formation of cleistocarps ocecurred approximately in 4-5 week
cycles during July, August and September. This was derived from two

observations: (1) on potted black currant plants at 15° cleistocarps

were initiated 5-8 days after inoculation with S. mors-uvae and ascospores
were differentiated after 1k days, (2) Merriman (1968), in mapping

disease development in a plantation, noted that there was a rapid
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increase in the colonisation of lcaves by S. morg-uvae during July

leading to defoliation and that subsequently new folizge was-produced at
the beginning of August.

On 1 July, 1000 leaves bearing well-developed mildew colonies
but no cleistocarps were marked with no. 25 H string tegs (Tag Craft)
round the petioles., Of these, c. 200 leaves were lost through premature
defoliation as a result of miidew. Other, similar leaves were tagged
on 1 Avgust and 1 September but at these times fewer leaves were
available and many of those tagged either abscissed prematurely or did
not bear cleistocarps. Thus the A, S and 4/s samples totalled
only 140, 128 and 200 leaves réspectively compared to 240 leaves in each
of the other samples.

The leaves were placed in bags (15 cm2) of Terylene net (9.8 mech/cm?),
ten leaves per bag, which were then pinned to battens at 15 cm spacing

on a frame (1 m2) made from 2 cm? untrecated wood. This frame was pegged

to freshly-dug soil in the welled garden at Silwood Ferk.

(b) sSampling léaves on the soil.

The J, JA, AS, JAS collections were sampled at approximately 2 week
intervals and the smaller A and S collections monthly until January 1270
when they also were sampled every 2 weeks. Six leaves, chosen at random,
were teken from each bag., The leaf maberizl and cleistocarps were allowed
to imbibe water for 30 min (erriman and Theeler, 1968) the cleistocarps
with associated secondary myceliuﬁ were stripped from the lamina, mounted
in cotton-blue lactophenol and examined microscopically after crushing
beneath o cover-slip. The proportion of cleistocerprs containing asci

and /or ascospores was then determined. Although, the nwrbers of



-1bH~

cleistocarps varied on diffecrent leaves, usually 500-1000 from each leaf
were teken for these estimations. The state of the leal tissue, the loss of
secondary mycelium and cleistocarps from the leaf and the insects associated

with these overwintering leaves werc also recorded.

(c¢) Tests of cleistocarp dehiscence and ascospore viability.

The ability of cleistocarps on the leaf samples to dehisce and *o
discharge ascospores was testeé by a method similar to that of Smith and
Wheeler (196%2). Cleistocarps embedded in secondary mycelium were placed on
moistened filter paper in the bases of small transparent polystyrene
boxes, 5.7 x 3.7 x 2.2 cm (Stewart rlastics Ltd., Surrey). Glass slides,
cut to appropriate size, were placed in the lids of the boxes and secured
with Flasticine. The boxes were inverfed, some were placed outside °
at field temperatures, others at 15° and counts made of the numbers of
ascospores trapred on the slide after 24, 48 and 72h using a binocular
microscope (x100).

The viability of the discharged ascospores was examined in a
similar manner using young black currant leaf tissue (cv. Wellington).

In these tests pieces of secondary mycelium containing cleistocarps were
placed on filter paper in the 1lid of each box and allowed to discharge
spores onto the abaxial surfaces of six black currant leaf discs (2cm2)
floating on distilled water plus 20 p.p.m. kinetin in the bottom.of the box.
tThe boxes were kept outside for 3 days, the cleistocarps were then

removed and the leaves incubated at 20° until sporulating colonies of
mildew were observed. Dehiscence vias assessed from samples of

£. 1000-3000 cleistocarps every 2-4 weeks until ganuary and then weekly

in all six collections. Uther samples viere incubated at 15° to measure
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the potentiality of ony clelstocarps to dehisce after varying times on

the goil,

Results,

(a) Comparison between treatuente.

All collecticns (J,4,9,3/4, 2/S, JAB3) containred cleistocarps that had
the ability to survive the vinter and discharge ascospores that werc
able 1o infect leal tissue at a time when leaves vere being produced
on the bushes, In 1970 bud burst occurred during early illarch, The

results of three infection tests are given in Teble 1 .

.

Teble 1 . Number of colonies developing from agcospore infection tests.

Date No. colonies per 6 leaf discs.

J A 3 JA AS JAS

21,1.70 L 0 0 1 0 2
20.2.70 O 6 5 1 3 2
o). 3,70 L 2 2 10 L 2

Figs la, b &c¢ show that natural déhiscence occurred over a long
period and in mid-February was detected in all collections. There was
some suggestion that cleistocarps placed on the s0il early in the autumn
eg. collections J, J/A, were able to dehisce a large percentage of their
spores somevhat earlier in spring than those set out lateg in the
autumn, Indeed, meny spores were discharged before leaf material was

available for infection.
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Inspection of the leaves in the J collection on 1k Lovenber
i.e. ¢. h months after placing the lcaves on soil, showed that ebout
twenty cleisvocarps had dehisced per sample of ten leaves., whis suanested
ial dehigcence had occurrcd during the unusually wafm
weather, nowever, not until 1Y bdecember vere spores trarred in a

chiscence test, rhere were subseouently oo nealks of

o

£sCosTore

in

e

iiccharge, in mid-Jenuery and mic-uarch; few spores were digcharge
the intervening period. 'The recoson for this aprarent break in dehiccence
is not clear. rThere vere particular difficuliies with the sample
at this time which could have influenced these results. ror example, few
cleistocarps rcmeined on the le;ves and. thoze pfesent were vithout
secondary mycelium so pieces of leaf materizl with cleistocarps were used
in dehiscence tests instead of myceliai felts plus cleistocarps, with the
disadvantage that spores were obscured by the distorted nature of the
leaves.

nemoval of secondary mycelium and cleilstocarps occurred in other
samples, but less severely, mainly in Sepltember and vctober, Leaves that
had been covered by a dense mycelial felt were often stripped bare
except for small patches between the aggles of the leaf veins. un some
leaves therc was evidence of selective removal of mycelium and immature
cleistocarps, the mature (brown) cleistocarps being left intact. Some
losses of fungal raterial were probably caused by psocids which were
seen on the J and J/4& collections and which were observed to feed on
mycelium and cleislocarps in laboratory exreriments, but faecal pellets
of other insects were also present on the leaves and these contained

many inmature cleistocarps. ror example, six pellets sampled on 15 Uctober
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contained 39 cleistocarns, 172 with asci ond sixty-ivo with fully

In contrast to the v collectilions, 5 collectlions released the mojority

of threlr sjores in late merch - cevly “Tril. £lso, these samples vere

less attacked by psocids and other insects and posainly by micro-crgunicms

Although the total nwither ol ¢
congiderad mors suscessful in that o hi
mern there was ;bun an’t
leaf tissue on black currants in the {ield .

JAS cleistocarps survived poorly in comparison to those in the J/A

.
s
Lo

and S collections, Trom inisial samnling on 1 Qctober somz

of the cleistocarps in this collection contained degenerating spores and
although the percznsapge of ascosgpores remeined high throughont Lhe winter

he tobtal numsr of gnores released was comparatively small, As the
age of clelstocarns with ascospores w2s no gre ater

the result indicates that differentiation of ascospores did not take

£

place alfter the end of July anl the clelgtocarps remaining on the 1s

o
a1

]

{

on the bush throughout the swmmer may infect have begun to degenerate
before leaf-fall, There vas little indication of possible causes of this

poor survival,

(b) General observations on perennation on the soil.

in all samples there wvere marled fluctuations in the percentages
of cleistocarps with ascospores although cach observation was based
on 5000—;0000 ¢leistocarps. 'There was no evidence of differentiation of

f

. 1 .
ascli of ascospores. ‘The fluctuvations aprarently rechctcd the diiferent
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states of maturity of cleistocarps on each leaf and the degeneration of
ascospores wiich occurred from the time tne lcaves were leid on the =oil.
Degencration was first seen in ascosporez and then asci. ?he stares
were:—
i) The appearance of small arcas of fat in ascospores (Fig. 7).
ii) Shrunken ascospores without cytoplasm with fat alone remaining
within the ascospore cell membrane,
iii) Asci containing less than eight ascospores.
iv) Asci unable %o imbibe water; ascospores comﬁletely broken down.
v) Asci ebsent., Usuelly this was accompanied by appearance of large
quantities of 0il droplets in the cleiitocarps.
Later, especially in February end ilarch, degeneration occurred on
a large scale and little of the decline in percentage clelstocarps ;ith
ascospores shown in Figs. la, b, ¢ can be ascribed to dehiscence because
observation at this time showvied that very few cleistocarps had dehisced.
Where dehiscence had occurred cleistocarps appeared either with split
walls showing clearly +the line of rupture or with the lower portion of
the wall only remaining as a Qéallow cup with all contents removed. The
nurber of cleistocarps dehisced, in each sample, is given in Tablé 2 e
Tt can be seen that dehiscence was similar in all collections, whether
placed at 15° or at field temperatures, with only one or two cleistocarps
per 1000 discharging spores. Full results are given in apprendix IT Tables 1&2
Considering that in all samples much of the dehiscence occurs before

{the black current bushes are in full leaf the numbers of cleistocarps

producing potentially infective inoculum was extremely small. -
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Toble 2 . HNumbers of cleistocarps dehiscing at 15° and field femperaturcs.

Sample  Temp, HNo. cleistocsrss No. dehisced  No. dehisced/
1000 cleistocarns

J 15 26,525 26 0.98
Field 27,793 43 1.55

A 15 30,866 23 0.75
Field 28,120 . 25 0.89

s . 15 15, 381, 32 209
Field 1, 743 41 | 2,78

Jh 15 32, 88). L8 . 1.6
Field 35, 208 63 1.79

AS 15 33,930 47 1.39
Field 3k, 915 59 1.69

JAS 15 35,488 25 0.70
Field 36,864 41 i

The maximum number of spores released was closely related to the
field temperatures and it was apparent that when free water was
present and the asci were fully turgid dehiscence generally took place
at temperatures in excess of 59, But ;s the total number of ascospores
trapped was small a more detailed assessment of dehiscence in terms of
temperature was not possible. Table 3 shows thet in all samples

dehiscence was greatest in the first 24h.



~2 /-

Table 3 . Dehiscence of samples at 2L, 48 and 72h,

J 156 121 9

A 106 27 )

S 154 89 17

I 273 151 27
AS 317 59 35
JAS 168 89 16
Totals 1,174 286 106

Observations of the cleistécarps indicated that when they recached
a state (usually 4~5 months after being put in soil) when dehiscence.
became possible the slightest external pressure on the wall caused it
to rupture and the ascus swelled if the cleistocarp was wet. This
change in the ability to dehisce compared to samples taken in autumn
could reflecct a weakening of the cleistocarp wall or a change in the
osmotic pressure within the ascus increasing the internal stress on the

wall and so rupturing it.

Ability of some insects to feed on 5. mors-uvae mycelivm and cleistocarps.

Three black currant leaves c. 1 cm long, each entirely covered with

a thick secondary mycelial felt of S. mors-uvae containing cleistocarps

were placed in a perspex box (5 cm diemeter, 2.5 cm deep) having a solid
¢ .
charcoal base (0.7 cm cecp) which was saturated with water. Ten psocids

Betopsocus oprisesi  and ten collembola (Zntomobrya intermedia) were
)Y ) W

collected from a sample of leaves overwintering on the wall on k4 February



¢
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1970 and placed in two boxes. All collarbola were adults but of the
ten psocids three were winged adults and the remainder nymphs. The
boxes were incubeted at 100 under a low light intensity. At intervals,
the insects were observed and the'disappearance of the secondanf mycelium
and cleistocarps was recorded.

After 1C days the psocids had entirely stripped the leaves of
mycelium and cleistocarps and ﬁge faeces that vere examined contained
fragments of cleistocarps well., This was not so with the collenbola.
They were seen to feed on the mycelium but this disappeared from parts
of the leaves only; they did not feéd on the cleistocarps. Vhen
saprophytic fungi. developed on the 1eavés in these conditions of high
relative humidity they wecre consumed in preference to the mycelium‘

of’ 8. mors-uvae,
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2. Artificial dehisconce and histochemical studies of clelstocarps

overwintering on the soil.

The poicntial dehiscence of cleistocarps was exemined and related
to natural dehiscence of samples overwintering on the soil. The changes
in reserve materials within the ascus and ascospores were also studied.
liethods. : .

Six leaves with cleistocarps were taken every 10-15 days from a éollection
placed on soil on %0 September 1970 and.the stafe of the asci and asco-
spores was rccorded. Leaves were soaked for 1h in tap water, small

picces of mycelium and cleistocarps were detached and carefully teased
apart to separate the cleistocarps. The cleistocarps (200~400/sample)
were mounted in distilled water under cover-slips and the walls broﬁen
with gentle pressure. The number of asci that swelled and those
discharging ascospores were counted after 10 min and 1lh respectively.

A control sample of cleistocarps wes taken from leaves kept dry at 100,

In histochemical studies Lugal's iodine (C.1.I., Plant
Pathologist Pocket Book, 1968);was used to detect glycogen and Sudan IV
to detect fat within the asci and ascospores.. Cleistocarps were soaked
for 24h in 1% gum arabic before sectioning with a freezing-microtome
(Cambridge lﬁstrument Co. Ltd.). Sections were cubt 5-10 n thick.

Fig. 4 shows cleistocerps with a swollen ascus and an ascus with discharged

ascospores.






Results.

liicrotome sections of maturc cleistocarps showed 3-) layers of
thin-walled cells immediately bencath the pscudoparenchymatous cells of
the wall. The contents of these étained heavily with Sudan IV, indicating
very large accumulations of fat. Tat wag also present in the
ascospores. Initially it was distributed throughout the cytoplasm but
in later samples, at a time when cdehiscence occurred, many ascospores

.

contained fat in bodies either one positioned centrally or two, one at )
each pole. 1In this case there was little fat iﬁ the cytoplasm of the cell
outside these arecas. Often the central area of'fat appearcd as a thin
plate running almost the entire'length.of the cell along the

equatorial plane. This change in accumulation or distribution of fat

was often seen in early spfing but as it was impossible to detect |
ascospores which were viable and would be dehisced the contents of these
sporcs might be indicative of degeneration and not processes of
maturation, This view is supported by observations made on

cleistocarps overwintered on a'south-facing wall, ter staining

dehisced ascospores with Sudag IV the fat was seen to be in very small
bodies distributed throughout the cells. Few of these sporecs showed

large accumulations of fat as described above but they were seen in many
of the ascospores from cleistocarps that had not dehisced in these tests.
Also as it has been showvm that some of the cleistocarps contain

infective ascospores when tested at leaf fall (page 59) and as these

spores do not show fat accumulation in descrete areas it would seem

‘unlikely that the observations noted have any significance in



ascospore differentiation.

The significance of the fat in cells bencath the cleistocarp wall
also remain unresolved. Little change took place in these cells
throughout the time the cleistocarps werc on the s0il until the Spring
when degeneration within the cleistocarps took place and oil droplets
appeared, presumably derived from breakdowvn of these cells.

lore substantiazl evidence ?or a ?rocess of differentiation came from
a study of the glycogen content of the asci through the overwintering
period. Staining with Lugal's iodine showed that when ascospores vwere
first formed, the asci contained high concentrations of glycogen,
developing a deep wine colour with iodine. Howe&er, it was found that
when cleistocarps %alls were split in water beneath a cover-slip some
asci were able to svwell and these only stained faintly yellow-red or not
at all in iodine, All éleistocarps tested that had ascospores but whose
asci did not swell contained large amounls of glycogen. If glycogen was
being converted into simple sugars and increasing the osmotic potential
of the ascus then the process of dehiscence within an intact
cleistocarp could be associated ‘with this increased ability to inbibe
water and cause mechanical rupturing of the pseudoparenchynatous wall,

Each sample taken from the population of cleistocarps on the soil
contained asci without glycogen that could imbibe water and swell.
Although the numbers fluctuated (see Fig.5z) there was no evidence for
an increase in the number of asci capable of swelling or dehiscing over
the winter months even during periods when temperatures were relatively

high and rainfall was sufficient to allow metabolic processes to take

_ place within the asci. In fact a marked decrease in the numbers swelling
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Figs.Artificial dehiscence of ccarps
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and discharging spores occurred in the dehiscence tests in early February
when there was a similar decline in cleistocarps with ascospores

(Fig. 7 ). In Fig. 5b the nmumbers of asci swelling are related to the
numbers of cleistocarps with ascospores, The proportion of asci

capable of imbibing water remained fairly constant throughout the

winter ond early spring then rose sharply prior to total loss of
cleistocarp contents. This result was similar to that obtained ?or the
discharge of spores in samples overwintered on the wall (Fig.8(ii)).

It was apparent from observation (in mid-April) on the artificial
dehiscence of samples overwintering on the soil that although asci imbibed
vater and protruded from the cleistoca;p the size of the swollen ascus
wes considerably smaller than in compareble samples kept dry at 109,
These partially swollen asci were not stained by iodine. It is possible
that discharge of ascospores did not take place in these asci because
their ability to imbibe water was not sufficient to 'rupture the
cleistocarp wall. Similerly, in normal dehiscence tests for samples on
'the soil cleistocarps were seen to split and protrude an ascus which
reached little more than 50% of its potential size and often, after a
short time receded into the cleistocarp wall.

Occassionally in tests where the cleistocarp was artificially
broken, asci with spores showing partial degeneration became swollen
and discharged these spores which were nothing more than membranes
completely filled with fat. This was also seen in dehiscence tests in-the

polystyrene boxes. Thus, the ability of an agecus to swell and discharge
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spores may not be related to the viability of the contained ascospores..
Also in the slide dehlscence studies not 21l eight spores werc dehisced,
often some spores {eiled to move to the apex when the ascus swelled and
remained in the ascus after dehiscence.

Natural dehiscence of clelstocarps involves basically two events -
the swelling of the ascus (by the imbibition of water) and the
rupburing of the ascus wall.

.

In the sense that swelling of asci is an essential first step in
dehiscence it can be considered to indicate the -potential for
dehiscence, It is of interest to compare the potential for dehiscence
as observed in those tests where the cleistocarp wall was ruptured by
pressure with the actual dehiscence obtained in tests with slide chambers.,
Table L4 shows the proportions of asci swelling and discharging spores
in material kept on soil and in meterial kept in the laboratory at 100
(potential dehiscence) together with the dehiscence obtained (actual
dehiscence)} in the slide chambers from material kept on soil and hung

on a wall.



Table % TPotential and actual dehiscence of cleistocarps in

different situctions.

Situation Nos. deh1a01n /1000¢cleistocarps
ith ascospores

/

Laboratory 100 b, 1
* Potential
dehiscence On soil 48,1
On wall . 0.5
+ Actual
dehiscence On soil k2

* The average of dehiscence throuziout winter of 1970-71.

+ The average of dehiscence from February 1970.

There are two main points éf interest
(1) The potential dehiscence of cleistocarps on soil (48.1) was
similar to that of cleistocarps stored dry at 100 (44..1). It could be
argued from these data that potential dehiscence is already determined
at leaf fall and this is the simplest explanation. The.possibility is
not excluded, however, that in the sample on soil some cleistocarns
actually dehisced and the percentage of swelling asci (potential
dehiscence) was only maintained at 48.1 by maturation in other

cleistocarps.

(2) The actual dchiscence of cleistocarps on soil (L4.2) was much lower
than might be expected from the figures for potential dehiscence whereas
that of cleistocarps on the wall (40.6) corresponded fairly closely to
them., The low figure for the cleistocarps on soil could be explained
in terms of the depletion of osmotically active materials and thus

inability of the asci to rupture the wall., During the mild, wet winters
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of 1968, 1969 and 1970, temperatures were above 5° for relatively long
periods, During these periods, glycogzen and perhaps other materials
may have been catabolised to meect the requirerents of the living cell
and thus were no longer availzble at the critical time for dehiscence.
By contrast the samples suspended on the wall would have kept much drier
and this would actv against premature depletion of food rescrves in

¢

this way.
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survivel of cleistvocarps in differcent cnvironments.

Experiments were underteken to observe the survivel of cleistocarps

immediate contacti vwith the

[¢]

oil, By so doing it was thought possible to
subject cleistocarps to maximum microbial activity and also to lonpger
periods of moisture than those overwintering on leaves on or zbove

the soil.
Methods.

Experiment (i). -

Soil was collected from black currant plantation at gilwood Park,
air-dried for 3 days in the laboratory and sieved through 2000 p mesh.
Six grams of this so0ill were then put in to gach of forty-cight glass
tubes, Each tube was 10 cm long with a top diameter of 1.5 cm with the
lower 3 cm of the tube restricted to 3 cm diameter. A small pad of
glass wool was inserted into the constricted end to act as a drainage
plug and thus minimise waterlogging of the soil.

Leaves infected with S, mars~uvee were collected from Fernhurst,

Kent, in September 1968, These were soeked in water for lh and the
cleistocarps plus secondary mycelium we;e then removed. Fieces of
mycelium with about 1500-2000 cleistocarps were then placed in each of
twenty-four tubes and mixed with the top 2 cm of soil. The tubes wvere
covered with Terylene net (1600 mesh/cm) to prevent entry of earthworms

and other fauna and then placed in soil so that they protruded 1 cm

above the soil level.

in
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A leaf disc (1 cm diameter) with a similer quantity of cleistocarps
vas placed, sbexial surface uppermost, in each of the remazining twenty-
four tubes, This set of tubeszs was placed in soil like the others,

Both sets were inserted in soil on 5 October 1968. Subsequenily at
monthly intervals three tubes were taken from each set. Two methods

were used to recover cleistocarps. In the first three months the soil
was air-dried for a few hours and then placed in a 100 ml measuring
cylinder with water. Vith gentle stirring the cleistocarps and secondary
myceliuvm, in which air was entrapped, floated to the surface together
vith plant debris. The sample vas then sorted to collect the cleistocarps.
In later samples small quantities of soil were éaken and the cleistocarps
removed using mounted needles; the sorting wes carried out under a
binocular microscope (x20). The percentage of cleistocarps with
ascospores were assessed and dehiscence tests carried out by the

methods already described (mp. 15.& 16).

Experiment (ii).

Leaves with cleistocarps vere collected from Southmoor, Oxon, on
1). October. Secondary mycelium énd cleistocarps vere removed as
described for expt. (i) but to facilitéte recovery they were enclosed in
Terylene net bags (16C0 mesh/cmz). Samples of 250 leaves or
cleistocarps taken from 250 leaves were placed in four situations;-
i, On a south-facing wall, 2m above soil level, on leaves.
ii. On the soil, on leaves.
iii, In the soil on the leaf at 2 cm depth.

iv. In the soil without leaves.
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Clcistocarps were sampled at intervals of 2 wecls and dehiscence tested

at 10-day periods from 13 Fchruary 1571 until total loss of 25C0EL0res.,

Results,

The results of experiment (i) are given in Fig. 6 and Table 5 ,
The ascospore content of cleistocarps placed in soil without leaf tissue
was significantly lower (p<C0.01) than that of cleistocarps remairing
on the leaf discs. Additionally, there was no dehiscence from

cleistocarps which had been buried in soil.

Table 5. Ascospore discharge on and in goil 1568-69.

Date On Soil In Soil
No. No. Spores/ To. No. Spore s/
spores c'carps 1000 c'carps spores c'carps 1000 c'carps

13.2.69 2l 2,323 10,3 0 2,871 0

7.3.69 61 3,098 19.7 0 .3,742 0
23,3.69 26 2,515 10,3 0 2,160 0

9.4.69 9 2,748 . 3.3 0 2,628 0
Totals 120 10, 68L 11.2 0 11,401 0

The difference in ascospore content between the two samples may
have resulted in part from the sampling techniques for both metlhods
favoured the selection of the larger, more mature, cleistocarps with fully
differentiated ascospores and thus the figures for cleistocarps in the
soil may have been exaggerated. It was not apparent whether the smaller,
lightly pigmented cleistocarps were not recovered because they were

being destroyed by soil micro-organisms or because they were extremely
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difficult to sort from soil particles. There was, however, evidence
that the secondary mycelium was being degraded and by early February
little of the mycelium or the appendages of cleistocarps remained.

There was a sharp decrease in percentage of ascospores in the soil
sample in autumn and early spring but it was not possible to relate this
either to microbial activity or to higher moisture levels causing a
depletion of reserve materials in the ascus. Certainly the decline in
spring was not due to dehiscence, The samples taken were small but in
total over 1000 cleistocarps were looked at an§ none showed signs of
dehiscence,

The results of experiment II are given in Fig 7 . There was
1ittle difference in the ascospore contents of cleistocarps within the
samples on the wall and on the soil, However, there were obvious
differences in this respect hetween these samples and those placed in
the soil. Cleistocarps on leaves in soil (ISL sample) contained .
ascospores until early April despite considerable degeneration in November
and December., The leaves theméelves began to be severely attacked by
micro-organisms in October shortly after being placed in the soil; much
of the epidermal tissues were completely lost and with them the attached
cleistocarps. The areas of the leaf bearing cleistocarps were extensively
colonised byvbacteria and slime moulds in particular. In samples taken
in January actinomycetes were seen on all the leaves and were readily
isolated when pieces of mycelium with cleistocarps were pleted onto
chitin agar (appendix page245>. These actinomycetes were not confined
to areas of the leaf with secondary mycelium so they may have been a

consequence of the increased bacterial populations rather than the
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presence of 3. mors-uvse, HNevertheless, there was a marked loss of much

of the mycelium and cleistocarps appendages. Even though 15% of the
cleistocarp at this time contained ascosrores very few gave a positive
test for glycogen; mostly a yellow-red colour resulted after mouﬁting in .
iodine. Similarly it was rare for any of the asci to imbibe water
when the cleistocarp wall was split after samples had becn mounted in
water on a glass slide. ' s

The number of actinomycetes in the Tour situations was assessed on
18 Jenvary by taking c. 20-50 cleistocarrs, plating them on 1% chitin
agar end incubating at 109, The resu1t§ are given in Table & . The time
takeﬁ to sporulation was used as‘an indication of the growth of the
actinorycetes before they were placed on the agar. I%t would seem that
they were present in all four situations but those developing cleistocarps
on leaves in soil (03L) were likely to have developed‘from mycelium
already actively growing and %hose developing from the other samples
probably grew from spores present on the mycelium or cleistocarps. The
rather low number of actinomycetes developing from cleistocarps in the
soil without leaves (IS) was in keeping with observations on these samples;
comparatively little bacterial colonisa%ion was seen and no actinomycetes

observed growing in association with the secondary mycelium.

Species of Cephalosporium, Penicillium and Fusarium grew most

abundantly when pieccs were plated on chitin agar. The IS cleistocarps
degenerated almost completely by mid-liovember, only 7 weeks after being
placed in the soil. The few remaining asci at this time showed complete

absence of glycogen and they did not imbibe weter. The secondary mycelium
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of this semple began to disintegrate after L weeks in the soil but therc

vies 1itlle obvious loss or destruction of the immature cleistocarps.

Table &. Actinomycctes colonies developing from cleistocarps above,

on and in scil,

Situation Ho. No. act, iflos. with Davs to
samnles develoyed  chitinase sporulation

On wall (OW) 20 3 2 ©.15 '
On soil (08) 20 13 10 c.15
In soil on leaf
(IsL) 20 16 ‘ - 5
Tn soil (IS) 20 7 5 c.15

In all samples there were cleistocarps present with an almost complete
absence of pigmentation and these remained. Thus, il would seem unlikely
that the loss of ascospores occurring here was caused by micro-organisms
seakening the cleistocarp waell itself, Certainly soil micro-organisms
could be implicated in the ISL samples were a rapid rise in bacterial
populations correspondéd to a fall in the percentage of cleistocarps.
with ascospores. A noticeable differeﬂce between the collections was

the large number of nematodes among cleistocarps of the sample ISL;

these were found in large numbers from the first sampling date. The
majority belonged to the bacteria and debris feeding nematodes of the
family Rhobditidse which possess sucking mouth parts and lack the stylets
normally associated with nematode fceding on living fungal cells.

The results of dehiscence tests on the samples are given in Table 7

and in Fig 8. DMNo dchiscence tests were carried out on the IS samples



Table 7. Dehiscence of cleistocarps on, in and above soil 1971.

Above soil on wall 0n soil on leaf In soil on leaf
Date Ne. o.  3pores/ lio. To. No.  Gpores/ lio. Tio. Xo.  sSporas/ 170,
ccarps aspores 1000 (a) swollen ccarps aspores 1000 (2) swollen ccarps asporss 1000 (&) swoll
c'carps c'carps c'carps
3.2.71 19,586 891 L5.5 80.3 5 19,536 18 0.22 1.7 Q 18,7k 13 0.7 2.9 Q
3.2.71 20,200 1756 86.9 186.6 6 17,073 Q 0 . 0 Q lo,541 0 0] 0 Q
0.3.71 16,725 1785 106.7 228.4 5 15,015 8 0.5 2.2 Q 15,004 0 0 Q o
ud burst
8.3.71 23,728 1215 51.2 1%6.9 6 17,558 30 1.7 0.7 1 18,927 0 Q 0 0
5.3.71 23,648 1917 81.1 491.3 1o 17,081 49 2.9 - 0.9 0 15,072  © 0 0 0
9.4.71 12,501 580 4o 664.8 7 12,79 15 1.3 29.3 o 1,121 0 O 0 0
1l.5.71 17,554 135 7.7 293.5 2 16,150 91 5.6 109.6 0 15,044 0 0 - 0 0
otals 133,942 8,279 61.8 300.0 L1 115,198 212 1.8 29.2 1 114,053 13 0.1 Oy 0

(a) Ascospores released/1000 cleistocarps with ascospores.

../:i?-.
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because all ascospores had degenerated by 17 December. The ISL samples
contained very few ascospores in viable condition and of' c. 114000
cleistocarps tested only 13 spores were caught and 21l these in the first
dehiscence test on 13 February. There was o marked difference in
dehiscence of gleistocarps on leaves kept on soil and that of leaves
suspended on a wall. Considering that the percentage of cleistocarps
with ascospores were almost identical in these two semples throughout

the vinter this difference must reflect differences in the abilit& of
ascl to swell and discharge the syores.

In other aspecls there were minor differences between these two
semples. There wos considerable loss of mycelium from leaves on soil but,
apart from damage by psocids andcollembola (p.27 ), there was littlg
loss of secondary mycelium and cleistocarps from leaves on the wall.

In both samples there was apparently litile change in the glycogen
content of asci until January when many asci with ascbspores stained
yellow-red. Subsequently there was a rapid decrease in the numbers of
asci containing glycogen in clq;stocarps on the soil and by 25 llarch
none were found. Asci in cleistocarps on the wall also showea a loss
of glycogen but this depletion was relatively slow and not until the

final dehiscence test on 1 May were no asci found giving a positive

reaction., liore accurate assessment of the dehiscence of 3. mors-uvae
was possible with the sample on the wall where large numbers of spores
were trapped (Fig.8 (i)). ilost spores (per 1000 cleistocarps) were
released when 457 of the cleistocarps still contained ascospores. This

agrees with the many other observations on dehiscence that maximum discharge



oocurs before the rapid decline in percentage cleistocarps with

ascospores (p. 24). Wwhen the results are recalculated to iake into.
account dehiscence and degeneration in the samuvle under test an@ expressed
as spores dehiseced per 1000 cleistocarps with ascospores then it can be
seen that a maximum number of cleistocarps discharged spores L weeks

leter in mid-april (Fig, 8(ii) ). This might simply be owing to more
fzvourable temperatures for déhiscencc but it could indicate also an
inerease in the maturity of theremeining cleistocarps, The nunber of
cleistocarps that dehisced from this sample was 0.8 and in terms of
cleistocarps with ascospores k.25%. In contrast of the 115168 cleistocerps
tested from the 0S sample the figures were 0.02% and 0,365 respectively,

but elmost half the number of spores were trapped in one dehiscence:

test on 1 lhay.
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L. Survival of cleistocerns on pgooscberry.

The perennation of cleistocarps on leaves of gooseberry was ' .
examined in one experiment and that of cleistocarps on shoots of:gooseberry
in ancther.

Previous vork (merriman and Vheeler, 1968) indicated that
cleistocarps on shoots did not survive the winter butl degenerated

.

shortly after leaf fall. :

Experiment i.

Approyimately 250 leaves were taken from o planting of the
cultivar Careléss at Soutlmoor, Oxon, on 8 September 1969. The samples
was placed on the soil in the walled garden at Silwood TFark iﬁ 2
Terylene bag (1600 mesh/cm?) as previously described. (The finé mesh bag
was required as the maximum size of these very stunted leaves was only
0.5 cm,) The ascospore content of cleistocarps and the ability of
cleistocarps to dehisce were estimated on samples of ten leaves, taken
first on 9 September 1969 when the bag was pagged to soil, then at
intervals of 2-3 weeks until 26‘February 1970 and subsequently at
10-day intervals. Pig. 9 shows distribution of cleistocarps on the leaves.

Additionally in this experiment the infectivity of ascospores was
tested on young gooseberry leaves and on leaf discs (2 cmz) of black
currant. The ability of conidia from colonies initiated by ascospores on
the two hosts to infect both gooseberry and black.currant vias further
tested by transferring conidia with a camel-hair brush from infected to

uninfected leaf tissue. The whole leaves or discs viere incuvated in

Polystyrene boxes at 200,






Bxperiment IT,

SiXTY-51¥ sTews ULEATIng stCundary nyeciliLilll and cLelsToearps oi the
current scasons infection were tagged within a mixed planting oif' tae
gooseberry cultivars, Careless, Lancashire Lad and Yninnham's lndustry av
Silwood Park on 6 October 1970, HNo distinction was made between These
cultivars because ot the very small number of infected stems
available. Thirty-thres tazzed ‘stems were then cut at random frmg the
bushes and pieces c. 2 cm long with 200-7C0 clcistocarps werce placed in
a small Terylene bag and laid on the soll, The remaining thirty-three
tagged stems were left on the bushes. The ascospore content of cleistocarps

was assessed at 3 weekly intervals and the ability of cleistocarps to

dehisce tested on six occassions between 18 Februery and 26 April 1971,

Results.

The results of Expt (i) and Expt (ii) are given in Figs, 10 and 11

tiglly in all the samples <Shere were cleistocarps with

respectively. Ini
fully differentiated ascospores, although the surrounding mycelium

was still a very light brown, éﬁd there wefe others in which the
ascOSpores vere obvioﬁsly degenerating, Both this initial degeneration
and the fluctuations in ascospore content of successive samples

le.g. Fig.10, belween 25 Fovember and 22 Decerber) were also observed
with collections from black currant where they appcared to result from
the substantial differences in the maturity of cleistocarps when

collected (p. 22). The decline in glycogen conient of the asci was also

similar to that of cleistocarps from black currant that were placed on
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soil (p. 4o ).

Cleistocarps on bhoth stems and leaves lhat werc overwintered on soil
contained asci, vhich in dehiscence tests in early spring, posscssed the
ability to discharge spores. This was at a time when leaves of éooscberry
and also of black currant was available for natural infectiion in the field.
In 1969, bud burst of goosecberry tegan towards the cnd of February and in
1870 during the second weell of ;arch. An increase at this time in the
numbers of cleistocarps with split walls or with only the basal pértion
remaining indicated natural dehiscence in these samples., Additionally,
tests at field temperatures showed that other cleistocarps in the samples
contained viable ascospores that could infect 1céf materizl of the
gooseberry cultivar Careless and the black currant cultivar Vellington
and Amos Black., Conidia from these ascospore-initiated colonies on
gooseberry infected black currant and conidia from black currant, similarly
derived, infected goosebérry.

In marked contrast to the successful perennation of clelstocarps
on the soil those remaining on the stems on the bush degenerated
completely. By 24 November 1976, 6 weeks after the beginning of the
experiment, no ascospores remained except as cells filled vith fat.
After only 4 weeks meny asci had lost the ability to imbibe water and
spores contained large accumulations of fat. No asci were steined by
jodine and none released spores in dehiscerice tests because of this
degeneration. lany cleistocarps were observed in late November and
early December and it was apparent that this phenomenon was total
throughout the plantation irregpective of cultivar,

There wes 1little evidence to suppose that this total and early
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degeneration was brought abouvt by micro-organisms on the stems attacking
the cleictocarp wall., Bven through the rycelium bearing the cleistocarps
was only partially thickened few bacteria and actinonycetes possessing
chitinase enzymes were found associated with the sample., From forty
pieces of mycelium placed on 17 chitin agaer only five actinonycetes
colonies and only three bacterial colonies that cleared this agar were
found after 10 days ircubation-«at 109, Species of Penicillium,

,

slberneriz, Cladosporivm and Epicoccum developed from most pieces of the

S. mors-uvac mycelium but none of these fungi was observed to be

actively growing on the cleistocarps in the drylenvironment of the stems.
The numbef of cleistocarps that dehisced within the leaf and stem
samples of gooseberry on the soil, although small, was compercotively
larger than that of samples on black currant leaves (p.50 ). From
gooseberry leaves, 6676 cleistocarps were tested and 839 ascospores
released; this represents discharge from some 105 cleistocarps or %% of
the sample. In tests on stem material 3060 cleistocarps dischafged 149
spores equivalent to 17 cleistocarps or 0.77% of sample.  Recalculating
these figures in terms ol the gumbcr of éleistocarps with ascospores,
figures of 8% and 65 dehiscence are obtained for cleistocarps on leaves
and stems respectively. The veriations between the individual samples
on which these figures are based is given in Teble 8 . As in otber
cleistocarp dehiscence assessments there was an increase in the
dehiscence of cleistocarps with ascospores later in the spring. 3But
it was unfortunate that a very small amount of infected leaves and stems

was available initially; thus the results must be assessed in relation

to this fact.
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Table & . Ascospore discharge, gooscberry cleistocarps, 1970 and 1$71.

e e

a) Cleistocarps on leaves.

Date No. of No. C'carps with  A'spores released/1000
c'carps a'svores a'svores (7)) c'corps wiith a'svores

6.2.70 246 0 23.5 0
26.2.70 1147 53 < 21.8 212,k
10.3.70 1167 165 3%.3 425.3
20.3.70 1299 38l 28.3  1046.0
30.3.70 762 81 22.5 o k7203

9.4.70 615 . 78 12,0 1056.9
18.4.,70 450 72 16.0 1000.0
29.4.70 395 6 L5 357.1

9.5.70 598 0 0 0

b) Cleistocarps on stems.

Date No., of No. C'carps with  A'spores released/1000
- c'carps a'svores a'svores (%) c'carps with a'spores
13.3.71 1229 75 7.1 356.8
22.3.71 701 36 12.2 L420,1
30.3.71 403, 22 5.5 995.5
13.4,71 301 16 3.9 134.9

26.4..71 1,28 0 2.0 0




5. Further experiments with cleistocarps from blacl: current.

1. Infection of black currant with cscozmores from non-wirtered

cleistocarss.

"

Frevious obscrvations (p.32 ) indicated that a few cleistocarps
contaired asci capable of imbibing water, swelling and dischargirg
ascospores at, or soon after, leal fall, The infectivity of the
ascospores released fram these hsci which had not been subjected %o
overwintering was examined.

Leaves, collected from black currant bushes on 7 October 1970,
were dried in the laboratory for L days.and then kept at 10° until
29 December when a few vere immefsed in water for lh so that the
mycelium could easily be removed. Pieces of this myceliuvm with .
apparently mature cleistocarps (as judged by size, shape and colour)
were selected and these were placed on moistened blotﬁing-paper in the
1id of small polystyrene boxes. The walls of the cleistocarp vere split
either by gentle tapping with a mounted needle or.by pressing the
cleistocarp, carefully, beneath -a small coverslip., i/hen asci emerged
the 1id of the box was placed in position so that ascospores released
could be deposited on black currant leabes floating on distilled water
in the base of the box. After 30-60 min the cleistocarps were
inspected for discharge of ascospores. Two boxes vere set up as
described with c. fifty cleistocafps split by these methods per box.
Other boxes contained leaf material only as a control, to ensure that
leaves taken from potted plants in the greenhouse vere free from
conidiai infections. The boxes were incubated at 15° and observed over

+ 15 days for sporulating colonies.
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Although most of the asci that swelled subseouently retracted into
the cleiétocarp without dehiscing some ascil did in fact discharge spores
that were infective. After 20 days two sporulating colonies vere scen
on leaves in one box and 2 days later & single colony developed in the
second box., This showed that at least a small percentage of asci contained
viable spores. The role of these particular zscospores remains in doubt.
They could be from cleistocarps that normally discharge spores in the
spring or from those that dehisce'very early in the winter in No;émber

or Decerber when occassionally temperatures and moisture requirements

arc satisfactory for dehiscence.

ii, Viability of ascospores at low temperatures for long periods.
]

Leaves collected from Fernhurst on 26 September 1968 were stored
dry at -18°, The ascospore content of cleistocarps was examined on the
dates shown in Table 9 .

There was no evidence from the results (Table 9 ) to indicate that
ascospores degenerate at -18°, After the material thawed, the asci

readily imbibed water, and the-ascospores appeared unharmed.

Table © . Contents of cleistocarps stored at -18° for 3 years.

Date No, No. % No. %
cleistocarp asci &scli  ascospore  ascospore
10.,10.68 9,709 L,562 16,9 3,825 39, L
17.10.69 5,266 2,831 53,8 2,681 50.9
10.10.70 7,827 4,999  63.9 3,845 49.1

6.2.71 6,080 L,112  67.6 3,060 50.3
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On 6 February cleistocarps were dehisced artificially by firét
splitting the wall and ascospores were allowed to discharge onto leaf

discs of black currant. (Table 10).

Table 10, Artificial dehiscence of cleistocarps kept at -18° for 3 years.

No. No. No.
cleistocarps swelling % dehiscing %
U6 3 2.1 2 1.k
250 25 10.0 10 L.0
319 17 5.3 6 1.9

715 L5 6.3 18 2.5

Some ascospores were viable and produced sporulating colonies of

S. mors-—uvac. . Cleistocarps may therefore provide a means

of maintaining cultures of S. mors-uvae over long periods of time and thus

obviate the repeated conidial inoculations onto leaf discs or potted

plants,

iii. Ascospore discharge in relation to temperatures.

The effect of temperature, in the range 5-259%, on cleistocarp
dehiscence was examined on three occassions using black currant leaves
overwintered on the wall (p. 40). On each sampling date c. 5000-6000
cleistocarps were placed in each of fiftecn dehiscence chambers (p. 16)
and three such chombers were incubated at 5, 10, 15, 20 and 25° for 24h,
The number of discharged ascospores were then counted and also the

number of asci which had swollen but had not dehisced. The full results are
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given in appendix table 2 and these are sumnrised in IMig.1l2, where
each observation is based on dehiscence Trom 15000-20000 cleistocarps.
An analysis of the results showed that the differcences in the treatmonts,
as a whole, were highly significanf (p=<C 0.001); the figures for‘5, 10
and 25° vere not signigicantly different from one another nor did those
for 15° differ significantily from those at 20° {though there was a
significant difference betwsen ‘those two grouping (p<C0.001). It is
likely that this reflects the heterogeneity of the sample of ’
cleistocarps and the difficulty in selecting cleistocarps with similar
percentages of viable asci and ascospores. But it is apparen£ that
temperature mafkedly affects the'abilit& of cleistocarps to discharge
spores in a renge 15-20°, The relatively low discharge at 259 was of
special interest as degeneration of ascospores at_this temperature had
been observed in other experiments when cleistocarps remained wet for a
short period. However, it was only at this temperatufe that many
ascospores were found {o have germinated after 24h,

The number of asci that iinbed vater but did not dehisce at the
time of counting is given in Table 10. Observations of this were
difficult because of the tendency for these swollen asci to dehisce or for
others to rupture the cleistocarp wall and swell when brought to
laboratory temperatures; this was especially so for 5° and 10° samples.

From this result it may be inferred that temperature affectls the
processes of dehiscence in two ways: 1) influencing the ascus to swell with

.in  the cleistocarp wall and to rupture it, 2) to influence the

capability of the ascus once swollen to discharge spores.,
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Teble 10, Humbers of asci swollen at diffecrent temperatures afier 24h,

Temrerature °C Iios, of asci swollen
5 130
10 25
15 12
20 ) 11
25 2 '

iv, Ascospore dischorge in relation to time of wetting cleistocarcs.

On 7 April 1971.the number of ascospores réleased at each hour after
vetting samples of cleistocarps werc cstimated at 5° and 20°, using
samples overwintered above soil level.‘ So that cleistocarps did not
discharge spores before being incubated at the two temperatures leaves
were initislly soaked iﬁ iced tap water before the mycelium and
cleistocarps were removed., Any cleistocarps that had asci protruding
from the split walls were removed or the asci were ruptured with a
mounted needle. Each treatmenf.consisted of three dehiscence boxes
containing c. 5000 cleistocarps. The results are given in full in
appendix table 3 and summarised in Fig. 13 Although there was more than
a three fold diffcrence between the total number of spores released
from approximately similar numbers of cleistocarps at the two
temperatures there was no difference in the pattern of spore discharge .
per ﬁour. Both at 59 and 20° most spores (4O%) were trapped within

the first hour.and subseguently the numbers declined over the 12h period. -



-55-

Figls Ascospore discharge at 5”820
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v. Rete of ascostore discharge durirs prolonged incubation,

The discharge of ascospores from cleistocarps at 5° anda 20° over
5 days was examined in an experiment similer to that just described.
Counts of ascospores were made affer 2y, b, 6, 12h and thence at 12h
intervals up to 5 days after initial welting. The results are given in
appendix table 1l and Pig il

The number of ascospores Yeleased over the initial 2h period, as a
percentage in the first 12h, was similer at both temperatures
(i.e. 54.5% and 52.45 respectively). However, after 12h the rate of
release at 200 declined rapidly to almost zero. At 57 spore release
was low and inconsistent in one sample £ut in general discharge after 12h
continued at a low but steady rate. This could reflect a slow .
maturation of the ascus at this temperature whilst continuously wetted,
-or the release of spores from asci which had swollen but required longer
reriods for spores to be discharged. It was not poséible to count
swollen asci at each of the sampling times as the sudden rise in
temperature would have caused dehiscence when the samples vere brought

into the laboratory. To observe this would necessitate discharge and

observation of cleistocarps at 50 constant temperature,
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II. MICROBIAL ACTIVITY ON HOST TISSUE INFECTED WITH S. MORS-UVAE,

Review of Literature

Much of the work on the use of nitrogenous compounds to prevent the
percnnation of plant pathogenic fungi has been concerned with their
effect on apple leaves infected with the apple-scab fungus Venturia
inaequalis. The fungus slowly forms perithecia on abscissed leaves
during the winter months from which ascospores are discharged after
reriods of rain in the following spring.

Keitt and Palmiter (1937) found that a saturated solution of ammonium
sulphate applied as a nitrogenous fertiliser to the orchard floor in spring,
killed ascospores that were mature and preventgd maturation of others.
Palmiter (1946) followed up these results with an extensive screcning
programme ovér several years and Tound that 12% solutions of sodiun
nitrate and ammonium sulphate or a 0.5% solution of Elgetal(22% dinitro-
ortho-cresol) killed or prevented 90-100% of ascospores from discharging.
These solutions were applied to thé,orchard floor when the trees were in
the green bud growth stage in fhe spring gnd at a time when ascospores
were recady to be released. Similar results were obtained by Hirst and
Stedman (1962) with ammonium sulphate applied 3 weeks before bud burst.

Recently workers at East Malling Research Station have shown that
urea solutions, applied at leal fall to leaves infected with

V. inaequalis, cause considerable reduction in the number of ascospores

released from those leaves in the spring. Their experiments have been
concerned especially with the direct and indirect effects of urea on the

formation and survival of the perithecia, in particular, with the role



of the stimulated microflora, the high leaf nitrocen content and the raic

of decomposition of the lamina alter treatment with urea. They found thatb
the bacterial populotions of lcave; treated with urea increascd rapidly
during the first 20-30 days and continued to be sigrificantly higher thon
water treated controls until spring (Burchill, Button, Crosse and Garrett,
1965; Crosse, CGarrett and Burchill, 1968; Burchill and Cook; 1971). Ureo vias
found to cause a selective stiﬁulation of bacteria with higher than averaée
multiplication rates in the initial phase after ircatment and resulted in

a major shift towards a predominantly gram-negative and non-chromogenic
population. There was a relationship between the numbers of gram-negative

organisms and suvpression of ascospore relecse . Some bacteria, in

particular, pseudomonads inhibited the growth of V.inaegualis in .
in vitro tests and caused a partial reduction in peritheciazl development
when they were applied to leaf discs within one month of inoculation

with V.inocegualis (Crosse et al, 1968; Ross and Burchill, 1968). Those

perithecia that did develop vere slower to mature and noticeably smaller.

Urea was found also to promote the growth of pseudomonads that were

not only antagonistic to V.innequalis but also possessed macerating or
pectoly%ic enzymes. Thus, the leaves wére not only decomposed rapidly
after treatment, but they had a soft and leathery texture for which slugs
and earthworms showed a particular preference. Similarly, oﬁ urea treated
leaves there were changes in the composition and concentration of fungal
pofuiations which vere also implicated in the reduced development of

perithecia (Burchill and Cook, 1971; Cook, 1969). 8pecies of

Cladosporium, Fusarium, Gonatobotrys and Apicoccum dominated the
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microflora following o 57 urea dip and after 4-6 wecks many perithecia

vere invaded by alien fungal hyphae., It wos no

!
<
]

sible, however,
to determine wnether this invasion was a result of parasitism or saprophyiism

(Burchill and Cook, 1971). The incidence of both Fusarium sporotrichioides

and F.avenaceum (Cook, 1969) were cspecially increazsed and these caused
suppression of perithecial developrment when inoculated onto lezf discs.
There are also indications’ that urea can act directly on the survival

’

of V.inaeouzlis, Ross and Burchill (1968) found that urea killed both

mycelium and perithecia of V.inaegualis when applied to sterile leaf

discs on which the fungus had been cultured and allowed to attain various

stages of perithecigl development, However, when urea was applied to the

leaf discs Tirst and then they were incculated with V.inzeoualis the

.

mycelium grew but no perithccia developed. Thus, urea was acting directly

on V.inazecualis in two ways. Firstly it increascd the nitrogen level

within the leaf which beceme inhibitory to early stagés of perithecial
development., Sccondly, it coubed a fungitoxic effect which resulted
in death of the fungus irrespective of its state of development,

This direct effect was seen in field experiments where a pre-bud burst
sprey resulted in mature perithecia conteining asci and ascospores
without the ability to release spores (Burchill, 1968). At this time a
very low concentration of urea (0.5%) was effective in reducing the

nurbers of ascospores released from leaves not trcated the previous

autumn,
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1. Effects of urea on microbial povulations and on survival of

cleistocarns.

The experiments with S, mors-uvae described in Section I have shown

that in the soil cleistocarps dégencrate rapidly either because their food
reserves become depleted or because they were adversely affected gy other
micro-organisms. No absolute distinction could be made between these two
possibilities.A Urea was used, therefore, on leaves bearing cleistocarps
placed on the soil for itwo reasons: 1) éo increase the associated microflora
to levels which could be detrimental to the survival of the cleilstocarps
long before the normal degeneration occurred in spring, 2) to test whether
it was directly toxic to survival of cleistocarps. There is, however,

a fundamental difference between applying urea to apple leaves bearing

V.inaequalis and black currant leaves with 8. mors-uvae. In the former

case the urea was used to prevent the thin walled mycelium from forming
perithecia during the winter ménths. In the latter the thick walled
overwintering cleistocarps have already formed and reached structural
maturity at leaf fall. Apparently no further development of the

cleistothecia takes place once the leaf becomes detached from the plant.

Methods.
In the winters 1968-69 and 1969-70 four experiments were carried out
in which leaves of black currant were treated at leaf fall and at pre-bud -

burst,
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Exreriment i. 1968-69,

On 26 September 1968 leaves bearing a thick felt of secondary wmycclium

vith cleistocarps were taken from bushes within a planting of the cultivar
Viellington at Fernhursi, Kent. The leaves were soaked in water for 30
minutes to observe the number of cleistocarps precent and then discs
(2 cm?) were cut from the petiole end, These were divided into four
groups, each of 200 discs, baseh on a subjective estimate of (i) 500-100
(ii) 1000-2000 (iii) 2000~3000 (iv) 3000-4000 cleistocarps per disc (Pig, 1
The discs were allowecd to dry at room temperature until no free water
remained visible and samples were dipped momentarily in elther 55 urea +
0.0X% spreadite (lurphy Chemicalé Ltd.) or distilled water + spreadite,
and then dricd. The discs were placed in Terylenc net bags (9.8 mesh/em?)
9 x 12 cm which were cach divided into two compartments; each bag
contained two sets of four discs, one set consisting of'a disc from each
of the four cleistocérp categorics listed above. The bags, with the discs
abaxial surface uppermost, were pinned to a wooden frame (see p. 15 and
Fig. 16 ) which was placed on newly dug soil in the walled garden at
Silviood Park on 1 October 1968.

A further sample: of non-treated léaves was placed on the soil
at the same time and on 1h January 1969 leaf discs wvere cut from these
ana treated with urea as above to investigate the effect of a spring
application. In this instance the leaf discs (2 cm2) were placed in
twenty-one bags with eight discs in each: they vere not divided into the

four cleistocarp categories listed above.
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Recovery of micro-organisms,

At intervals during the winter one set of eight leaf discs from the
autumn treatment and two sets of four discs from the spring treatment were
sampled at random. There was little deccomposition of tissue in these
éxperiments and discs were always present withéut appreciable destruction
of the lamina. The discs were placed in 10 ml sterile water and
macerated in an i,S.E,. micro~homogeniser for 4 min., After allowing debris
to settle'aliquots of' the suspension were taken and dilutions made %o

give c. 30-100 colonies per agar plate.

Enumeration of micro-organisms.
|

Total bacteria and yeasts were estimated by mixing 1 ml dilutedb
supernatant with 10 ml nutrient-broth yeast agar (Crosse et al, 1968)
(appendix p.24k), Total fungi were estimated similarly on plates containing
Czapex-DOX yeast agar (appendix p.24h). All plates were incubated at 250.

The bacteria were counted 5-6 days and fungiﬁ7—8 days after plating,

Observations on cleistocarps.

Percentage cleistocarps with asci and ascospores and the abilivy of
cleistocarps to dehisce were determined on four leaf discs by methods
already described (p.15&16).The state of the leaf tissue was also recor@gd
by comparing the ease with which the leaves were teased apart with
mounted needles after soaking in water for 30 min, The number of
cleistocarps sampled on the eight leaf discs in the autumn treated leaves

varied from 16,000 initially to 5,000 in the spring. With spring treated
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discs smaller numbers (4000—7000) viere assesoed

Experiment ii (1962-70).

For the 1969-70 experiments léaves were collected from Southmoor, Qxon

- 7z e . - . . s
on 10 Qctober 1969, Ko selection was made in relation to cleistocarp

numbers. A semple of 150 leaves from this collection was placed in a
Terylene net bag on soil for use in the spring of 1970, The remaining
leaves viere divided eamongst three Terylene bags (36 cm2) cach with two
compartments so that each compartment containead g, 250 leaves. The bags
werc placed on the soil on 22 October and immediately sprayed with the
following solgtions: ' |

Bag 1. 5% urea + 5% fruétose + 0.055 Lissapol NX

Bag 2. 5% fructose + 0.05% Lissapol KX

Bag 3. 0.05% Lissepol NX.

The spravs were applied with a Shandon laboratery sprqy>gun until the
leaves viere completely wetted., The same sproy treatments were repeated
on 27 November 1969 and 26 February 1970. The leaves were sampled
immediztely after spraying on 22’0ctober 1969, L days later and then

at intervals of 10-28 days.

In the spring experiment of 1970 the sample of 150 leaves set out
on soil (on 22 Oct 1969) were divided on 26 February 1970 into three
Terylene bags at random, The bags were placed on soil and sprayed as
before with the following:

Bag 1. 5% urea

Bag 2. 105 urea

Bag 3. Distilled water.
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Recovery 'of micro-organisms.

Five leaves were taken from both sets on each sampling occasion and
1 cm?2 discs éut from the petiole region or.from areas containing maximum
amount of mycelium and cleistocarps. The ten.discs were flaced in 100 ml
0.9% sterile saline with 0.001% Tween 80 and shaken for 30 min on a
Griffin flask shaker, The final supernatant was diluted and aliquots
incorporated into various ﬁedia. |

Totai bacteria and yeasts and total fungi were estimated as in (i)
above., PFungi, bacteria and actinomyceteé capable ;f degrading chitin,
(chitinoclastic organisms) were estimated by plating 0.2 ml of the diluted
leaf washings on to 5 ml solidified 0.2% chitin agar (appendix p.245)
poured_over'a basal layer of distilled water agar. The plates.were dried
by exposure at 37° for 4 h or by storing at 259 for L4 days before use.
The chitin was obtained as a par%ially purified product from shrimp
exoskeletons (Sigma Chemicals Ltd.) and was purified by the methods of
Lingappa and Lockwood (1962) (p.117) and balled-ixilled by the method of
Baxby and Gray (1968). Antibiotics in the following combina tions (Baxby
and Gray, 1968) were added to the chitin media to select bacteria and

actinomycetes:

1) bacteria, nystatin (50 pg/ml) + actidione (5 pg/ml);
2) actinomucetes, nystatin (50 pg/ml) + actidione (50 pg/ml) + polymixin
B sulphate (5 pg/ml) + sodium penicillin (1 pg/ml). The antibiotics were

sterilised for 24 h using propylene oxide before in corporation into the

agar at 45°.
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crystal violel (2 ppm) was incorporated into the nutriens-
agor to irhibit gram-positive organisms (Crosze et ol, 1a6R),

4

of pigmented bactcria growing on the plates used for total

bacteria and yecast estimations were counted sepcoretely into three

categories:

yellow, orange and pirk.

Estimations of ures on leaves. -«

mi
d.

he amount of urea was estimated on leaf discs 4 h, L days and 11

days after spraying by the colorimetric method of Archibalé (19L45) using

o¢ ~isonitropropiophenone (INFP) as reagent. The 1 cm? leaf discs were

taken from the samples on the soil and shoken for 30 min in 100 ml

distilled water, To 7 ml of the ureca solution 5 ml of sulphuric acid/

0

phosphoric acid/watcr (1:3:1) was added and 0.4 ml alcoholic o< ~INPP

(46 in 100 ml ethanol). After mixing the solution was boiled for 1 h

exactly, cooled and placed in & water bath at 209 for 15 min. Readings

vere taken at 540 mp in a Beckman DB specirophotometer.

Leboratory exveriments on the effect of urea on cleistocarps.

On 16 November 1968 leaf discs 2 cm? were cut from leaves collected

>

from Fernhurst, Kent on 26 September 1968 that had been sozked in water

for 2 h, They were allowed to dry and one half of the szmple was dipped

momentarily in 5% urea + 0.01% spreadite, the remainder in spreadite

alone. The

slide, with

discs were plated in Vean Teigen cells fixed, three to a glass

tArs1dite!. The discs rested in the cells on small circles’

of {ilter paper which were kept permanently moistened with distilled

water. The

slides with leaf discs were placed in 9 cm Petri dishes which



“were kepl in large perspex boxes 38 x 24 x 8.5 cm 1o retain moisture and
incubated at 10°, 15° and 25° and at field temperatures, Five Petri

dishes cont@ining fifteen leaf discs were incuvated at each temperature.
The leaf discs were sempled for éscospore content of cleistocafﬁs initially
and at 7 dey intervals for 7weeks., Observations vwere also made on the

effect of the ftreatments on the leaf tissue and the secondary mycelium,

<

Results, ’ -

1, Laborgtory experiments.

Preliminary laboratory tests on the effect of urea on cleistocarps
showed that, at the four temperatures klOo, 15°, 25° and field) urca
caused rapid degeneration of the asci and ascospores. The control leaves
dipped in the spreadite solution were little effected except those
incubated at 25° (Fig. 17 ). There was, however, considerable variation in
the extent of degeneration within each of the treatﬁents, especially in
later somples. Some leaves were relatively undecomposed even after -4
weeks from dipping in the ure%,solution and these bore cleistocarps
containing normal ascopores whose asci were able to imbibe water and swell
in & slide dehiscence test (p. 25 ). For instance, in the 25° semples taken
at the fourth week one disc contained cleistocarps with 21,375 ascospores and
the following week a disc with 35.45 was sampled. At the latter tine,
however, none of the asci were able to inmbibe water, This was seen to a
lesser extent in the samples at the other temperatures and may have resulte’
from variations in uptake of urea or a difference in response of the

bacteria present to urea. Some leaves at the time of dipping showed

little damage of the
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saprophytes had couscd considerable decey. The variztion in ascospore
degeneration could, therefore, reflect tThe dilfference in the build up of
bacteria on these leaves which had.differcnt initial populations'of
micro-organisms, lHowever, glthough aQCOmposiiion was greatest on the
urea-treated leaves bacteria werce present in lerge numbers on the control
leaves and the very laerge difference in decline of ascospores was
unlikely to have been caused solely by nurber s of micro~organism;.
The inability of asci to imbibe water in those cleistocarps beginning to
degenerate could have resulted {rom direct damagg of the ascus membrane
by ‘urea or its breaskdown products, .

Observations on the urea treated secondary mycelium showed that
it was more easily fragmented into small sepgments when removed with
cleistocarps at sampling, but there was no indication that the amount
present was reduced or the number of immature cleistoéarps declined over
the seven weeks of the experiment. The instebility of the control samples
at 15° and especially at 25° may have been caused by the inability of the
ascospores to metzbolise at thése higher tenperstures when kept moist for
long periods. Similar results were recorded by llerriman (1968) for

cleistocarps of S, mors-uvae kept permanently moistened at 20°,

The experiments showed that at a range of temperatures urea could
cause degeneration in a very short period, if the cleistocarps were kept
continuously moist, although the exact cause for this was unknown, Thus,
field experiments were carried out to evaluate the possibility of causing

degeneration within cleistocarps under natural enviromnmental conditions.



2. Tield experiments.

Experiment i (1968-69),

The first experiment showed little evidence, except during fhc first
30 days, that urea wes effecting the bacterial populations on the leaves
Fig. 10 A and appendix tablies 526). During the initial period the urea-
treated tissuc supported ﬁwice Fhe number of bacteria compared to the

+ control but this stimulation was scon lost and from the fourth sample
on 12 November until the experiment ended in ifay there was no consistent
difference between the total number of micro-organisms in the tw
treatments,

The fungal population (Fig.1l8B) similarly showed no effect of urea
and in contrast to the bacteria there wes no initial difference in-the
fungal populations belween urea and control leaves. Yecasts were found in
the first samples but these were rapidly replaced by species of

Fusarium, Alternaria, Cladosporium, Epicoccum, Aurcobasidium and Penicilliunm.

There was no obvious difference belween the incidence of any one of these
species in the tvo treatments.  Many fungi colonised the leaf tissue and

grew over the mycelium of S, mors-uvae but few were found growing on the

cleistocarps themselves. However, a Cephalosporium sp. and a

Fusidium sp. were often found growing on the clelstocarps, the

Cephalosporium being quite specific to the cleistocarps and sporulating

‘freely on them. These two fungl wecre, however, rarely isolated by the
dilution plate method.
Tt is likely that the high rainfall during the first 2 weeks

leached the urea or is breakdown products from the leaves and resulted in
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Treble 11,

Date

-8l

Ascospore discharre - mutumn urea treatient 1968,

Total

5 URES: CONTROL
No. swores Yo, c'carp Srorcs/ No. swores No. c'carn * Spores/
1000 clearp 1000 c'cary

6.1.69 % 35957 - 0.76 0 2878 .0
20.1.69 10 4028 2.48 7 5457 1.28

. 3.2.69 2 3197 " 0.63 0 2572 0
17.2.69 17 5609 3,03 58 3152 18,40
3:3.69 26 2577 10.09 L3 3738 11,50
17.3.69 76 3081 2L, 67 9 2199 4,09
31.2.69 27 2389 il. 30 7 4297 3.26
7.4.69 25 2887 8.66 %) 6126 6,69
Uk 69 2 270, 0.73 2 5613 0,36

22?.4. 69 0 41,62 0 0 3809 0
Totals 188 Zhy 931 5.38 17k 29,8, L. %7

Tablec 12. Ascospore discharge -P spring treatment 1969.
Date % UREA CONTROL
No. spore Ho. c'carp 108802?:£r No. spore Mo, c'carp 108802?22r0
11.2.69 20 2182 8.06 32 2821 11,3k
25, 3,69 2% 2146 10.72 18 1901 9.47
15.0.69 2 1561 1.28 0 1728 0
L5 6,192 7.27 50 6,450 1475




the similarity of the populations. There can be little doubt that souwe

urea wes taken up by the leaves, although no urea or nitrogen determinations
were made, but the difficulty of welting the discs covered on both surfaces
with a thick felt of myecelium may have rgstricted the amount absorbed.

In the spring trectiwent in 169 the tetal nunbers of bacteria
(Fig. 2Cb appendix Teble 7 ) were found to be substanticlly increased
af'ter the urea application. Af%er 4. weeks the populations of bactleria
and ycasts were x7.5 greater than .those on the control leaves., During
the first 10 days alfter placing the leaves on the soil they were
protected from the direct effects of rairfall by a polythene sheet placed
15 cm above s0il level over the 5ags. It is.likely that this prevented
leaching of the urca-N sufficiently to allow a stable bacterial .
population to develop in response to it. However, in this experiment as
in the autumn treatments the ascospore content of pleistocarps vas not
effected (Fig. 1Y & 204) and spores were released in dehiscence tests
carried out in the spring (Tables 11212). 1In both experiments the
ascospores were proven to be vidble in infection tests on fresh lecaf
tissue.

In the autum experiment a rough ;stimate was mede of the numbers of
cleistocarps remaining on the leaf discs during the 7 months on the soil.
Table 13 shows that the totals, for ureca-treated and control leaf discs,
at each sampling date were similar, In autumn a set of leaf discs bore
16,500-20,000 cleistocarps, (referring to the categories given on p.72 ),
this was an average of 16,750 cleistocarps. In both treatments this
initizl number declined to about 5000 in May when two thirds of the

cleistocarps had been lost from the leaves. e
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Thus, in conirast to leborestory experiments there was no evidence that
urca caused a weakening of the myceliwn which on the soil would free

the cleistocarps from their atiachment to the leal surface.

Table 15 . Loss of cleistocarps from lesves on soil = 1968-69,

Date - COMTROL 57 UREA

No. c'cerps/8 leaf discs  lLo. c'carps/8 leaf discs
'1.10.68 16,750 l§,750
15.10.68 15,941 16,685
30.10.68 17,33 12,371
12.11.68 16,070 ' ' .18,001
26,11,.68 15,012 13,388
10.12.68 11,338 Uy, 15h
27.12.68 12,503 7,282
© 6,1.69 10,185 11,412
20.1.69 8,621 12,011
3.2.69 5,277 - 5,10L
| 17.2.69 10, 391 9,375
3.3.69 7,262 ‘ 10,09
17.3.69 8,439+ - 8,351
31.3.69 5,267 5,923
Uy k. 69 6,148 . 5,86k
28.4..69- 7,809 5,029

12.5.69 o 4,679 5,641



The leafl discs remainzd virtually intact throughout the time they were on
the soil; they Turnsd brown and bscame brittle when dry. 3But there was

no greater decomnosition of urea-

structually intact at the fteraination of

Zxperinent ii (1969-70).

treagted leaves and

these were still

the experiment in lay.

The apparent failure of urea to affect the survival of cleistocarvs

v

by promoting a high microbial populat

the first experiment an aubum spray in 19469,

run-of{ on
populstions declined to nuwmbers simi
In thesec tests 5%
Chemical Indusiries Ltd.) as a webtt
would be taken up and remain in the

* the 1968-69 experiments.

organisms (e.g. Lockwood, 1959;

actinomycetes in breaking down fung

.

22 October when placed on the

ing agent,

Because of

Zloyd and Lo

’

igated further. In

leaves were sprayed to
501l and twvice more waen bacterial

ilar to those of the control leaves.

fructose was used as a sticker and Lissapol I (TImperial

in the hope that urea
leaves for a greater period than in
the reported role of chintoclastic

wood, 1966), especially

a2l mycelium counts were also made of

these organisms associated with tue mycelium of S.ors-uvae.

In the spring experiment of 1970 dehiscence tests

were carrvied out

on the leaves before spraying with urea so0 that treatment occurred at

!
time of proven natural discharge of
: P

samples of cleistocarps were taken for assessments; s

spores from these leaves, Smaller

% leaves were

selected and from these ¢. 500-1000 cleistocarps taken per leai. MNo

assessmants were made of micro-organisms in the spring treatment.
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The results of the aubuan treatnent of 1959 on microbizl populations
are given in FPigure 21 and eppendix Tebles & & 9, Fungl were little
effected and although there was o statistical difference between the waier
control and the other +two treatments the differcnce in tevms of fungal
propagules was small and thought wnlitely o hove affected the viability
of fhe cleistocarps. Those funzi comnonly Tound on the dilution-plates
were the sams type$ as noted in' experiment (i) above and there was no
evidence that their respective nunbers differed between the treat%ents.
The bacteria/cm2 leaf? tissue incrcased rapidly {rom 1.2 x 10% when laid
on the soil to 6.1 x 107, 7.7 x 107 and 9.8 x 107 after L deys for water,
fructose and urea: samples, respebtively: However, the urea populations
were maintained at this level for 2 weeks coapared to a sharp decline
in the controls. 3But after a further 2 wecks there was also a drop in
the urea populations although they remained three times higher than the
water control. After spraying on the.second occassioﬂ the populations
again rose in all threc treatments and it was probable that lissapol HX
had a stimulatory effect on the micro-orgenisms at the concentration used.
Nevertheless, the urea populations were five times the lissapol control.
This difference was maintained but there was a slow decline in total
nutbers of bacteria in all treatments until the end of the experiment in
April., Tructose alone had little effect on prolonging a high microflora
and after the second spray there was e fall in the populations similar to
that of the water control. Tailure to increasec the populations after the

third sproying on 26 February probably resulted from the low temperatures

at this time. . . .
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Date 2057 Lissapol HX =~ 5% Fructose  liss. 5% Ur

Urea failed To chanze bhe conposition of bacteria in terms of gram-

e o

negative and chromogenic  organisns (Lables .015), There was a rise of

Populations on the leaves to those estimations made 4 davs after sprayvin
ES L 4
with ureca., 3Bul there was little differcnce beiween the treatimenits afier

«

this time or following the reapplication of

4t
[

1 test solutions., The neens
. N . B - o
for a1l the samples for the gram-negative bacteria were 32.2%. 28.6%,
P O (5 v (4
- - . s Gl P o’ 7 AP
28.4% and for chromogenic bacteria 57.6%. 62.75% and 63.57% for leaves

trected with urea, fructose and I&sapol IIX respectiively.

.

4

ﬁl‘i&@&; & 1105_ 0],
22.10,69 25.,76%

26,10,69 23,72 25.90 36,45
9.11.69 26,7 35.54% 26.66
23,11.69 30.60 40,6k 38,8
27.11.69 '

712,69 38.59 36,09 41,23
21,12,69 25.85 33.07 39.57
18.1.70 20,25 20,60 75.10

8.2.70 29.63 _ 22,75 29.32

T 26.2.70

N

8.3,70 20.25 18.46 22,41
25.4..70 28,42 24,66 - 19,86

*  Initial population 1‘ Date of reapplication of sprays.



JTable 1> ., Percentege chrowogoalc beeteria, aubumn applications 1959,

-

Date 0.05% Tissapol IX Fructosg + liss.i Uree
fructoss + lissapol .0
22.10.69 75,13
26.10.69 65.02 55.69 516
9.11.69 66,12 71,99 62,39
23.,11.69 63.15 | 59.42 61.53 .
T 27.11.69
7.12.69 59,2k 63.5% 56.90
21.12,59 7.1 _ 63,61 ' 57.73
18.1.70 66,85 64,80 62.57
8.2.70 63.37 63.56 5843k ‘
T 26.2.70
8.3.70 56,61 - 61,73 60,8,
25.4:.70 53.85 59.88 42,80,
*  Initial population, T Da?e of reapplication of sproys.

Chitinoclastic organisms were difficult to isolate due to the large
numbers of bacteria developing on the plates, even in the presence of
antibiotics. Preliminary experiments with 0.2 chitin without inorganic
salts (Tingappa  and Lockwoogd, 1952) geve no appreciable reduction in
bacteria and fewer actinomycetes were isolated.

The nwiber of actinonycetes and bacteria recorded on the chitin

plates are given in Figure?22 4 & B (and appendix Tables 10 & 11). In both

cases urea-trecated leaves contained a significantly higher population of
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cnrivan degrading organisms, although the difference hetween treatments

L=

)

was relatively small, ilso, although, there was a relatively large increase

in the nuwiber of chitinoclastic bacterie the degree of clea ring of thesc
isolates wes often poor and the zone of particl clearing extsnded for
only 1-2 mm from the edge of the colony after 14 dsys incubation at 25°C.
Tig. 22 shows vhat there was a morked decreasc in the nwiber ol

acvinomycetes on the leaves afler the Tirst spray which resulted .in .

.

a change from a population of non-sporing sctinomycetes with a much
brenched mycelium to streptomycete colonieg probebly-derived from the soil
populations; the latter, without exception possessed chitinase enzymes.
Chitinoclastic fungi were not found on the selective media plates and

estimates of these were abandoned after the fourth sampling. GCommnonly

usarium sp., Fusidium sp., Cephalosporium sp. and Cephalothecium sp. and

also species of Alternaria and Cladosporium were »soluted. None of the
isolates contained chitinases, although the Fusidium, Fusarium and
Cephalosporiun grew well on the chitin agar plates.

-

Istimation of urea on sprayed leaves.

- -

Urea was cstimated to ensure firstly that it had been taken up by

the leaf tissue after application and sccondly to determine its rate of

loss from the leaves. Results are given in Tables 16 i & ii,
Tn all instances more than 80% of the initial amount of urea absorbed
was lost in L d=ys and none remained after 9 days from spraying., It

would seem that the stimulation of bacterial populations lasted only as

long as urca was present and that these populations declined rapidly

following urea breakdown. ) .
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Tehle 1o, Estimations of uree talen up by leaves alter sproying.

1) Autwan sprey 1969-70.

1 -
LU iem Bl eeand/ Gl Bk e s
ome leof® e leaf [en? deof
22,10,6% 2,354 27.11.69 1,391 26.2.70 2,782
26,10,69  0,06L 97.28 7.12,63 0 100 2.3.70  0.471
F.10.69 0 100 ' 7.3.70 0

* Estimations were made initially Lh after syraying leaves on the soil,

ii) Spring epplication 1970.
l L]

Date 5% UREA 107 UREA
Conc. mp/em® leal % Loss Comc. mg/em? leef & Loss
26.2.70 1.359 5,350
2.3.70 0. 214 8. 22 1.123 79.25
‘9.3.70 0 100 0 100

This suggests that nitrogen levels were not increased significantly for
long periods. The difference between the urea-trcated populations and
the weter control was probably meinteined by the relatively lower

temperatures in the first four months of 1970.

Bffect of urea on cleistocarps.

In both experiments urca had a pronounced cffect on the viebility

of asci and ascospores. In the autumn treatments (Fig. 23) there was

N m e e s et s 2 oa

87.08

109

—— e

little noticeable difference until late llovember when degeneration of the
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ascospores began to take place in urea-treated sémples. Degeneration,
however was not uniform; some cleistocarps taken at this time and in
sanmples taken in mid-December still contained ascospores which were
stained with neutral-red and whose asci imbibed water and discharged
spores in slide-dehiscence tests, But many cleistocarps were without
contents and filled with large q_uantiti;es of fat, and after mid-January
few remained whose asci were able to swell and discharge spores, The
degeneration within the cleistocarps was similar to the pattern noted in
other experiments (p.2L) except that following urea treatment the ascus
was unable to imbibe water whilst still containing ascospores which
appeared normal, The inner ascus membrane was drawn awaj from the ascus
wall grouping the eight sporés into a smali area, ap appesrance similaf to
that of a plasmalysed cell. Results of dehiscence tests (Table 17 )
showed that no spores were released from cleistocarps treated with urea
whereas from the fructose and water controls 369 and 581 spores ﬁhere trapre
respectively from a similar number of cleistocarps.

In the spring application the degeneration with botﬁ 5% and 10%
urea was extremely rapid (Fig. 24 ) at a time when grouné temperatures were
relatively low and bacterial growth thought to be minimal. Although
bacterial énd fungal populations were not estimated referenée can be made
to the autum-spring treatment of experiment (1), in which the third
spray was on 26 February coinciding with the spring application of
experiment (1) (Fig.21 ). In the autum-spring experiment there was no
stimulainn of bacteria although the fungal populations rose immediately

after spraying. But as the increase in fungal populations of the urea



Table 17, Ascospore discharge, autumn area treatuent 1309.

TROATILINTS
5% urea+Fructose+Lissapol #ructose+Lissapol
Date No. Lo.  spores/ ascl swollen 10 fo.  wporss/ asel swollen
spores c'carps 10CO riot dehisced sporzs c'carss 1000 not dohiscod
c'carps cleurns :
L Mar. 0 2831 0 1 241 3183 7.57 0 330 3758 8.78 I
L llar. 0 2944 0 0 94 3001 5.07 0 121 20684 LeHl B
> Apl. 0 2314 0 0 . 28 22738 1.23 0 122 4720 2058 21
 Apl. 0 2745 0 0 - 6 2273 0.25 ) -8 3406 0.23 0
tals 0 10,834 0 1 369 10,800  3.i42 0 581 lip,508  3.39% 22
. !
(V)
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probably had little influence on the survivel of the cleistocarrs.

he rapid degeneration occurring alter treatmenty witn 5% ond
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Therefore,
1077 urea in spring was unliltely to have been cauced by the activity of
nicro-organisms.

-

of deg eneration in the spring application Via s again

[&]

The first sign
an effect on the ascus with the innter wall membrane being drawn avay
from the ascus wall, Fig. 25 a & D shows this effect on treated and
nonvreated cleistocarps.

Cleistocarps sprayed vwith IOﬂ urea degenerated slightly more rapidly
than those treated with 5% urea and this was reflected in the deniscence
tests (Table 18); twice as many spores were released from c¢leistocarps
on leaves treated with 57 wrea compared with those treated vwith 105
urca, However, the number of spores released was e#tremely smzll compared
to the water control. Io tests of irfectivity were carried out on the
spores released from urea-sproyed leaves oving to the very low sumber

discharged.

Bffect of urea on leaves.

‘There was little difference in these experiments in the breakdown
of urca-treated and the control leaves. In very few of the leaves was
there extensive loss of limina tissue. liost leaves with secondary
nycélium and cleistocarps were considerbly thickened and distorted in
response to the fungal colonisation and these leaves were found to be

very resistant to decomposition, Only in the last samples taken were



Table 18. Ascospore discharge, spring application 1970.

WATUR CONTIOL 575 TRiA 1055 LRsa
Date lio. ilo. Spores /1000 No. Lio. sporss/1000 To. Lo, wpores,/1000
sporas c¢'caros c'carps spores c'carps c'carps spores c'carns alecarns
26 Feb, 0 1,652 0] 0 1,621 0 .3 1,404 0.214
2 Har. 2L, . 1,985 1,209 0 2,124 0] 0 2,859 0
S Lar. 23 1,985 1.159 1 3,055 0 0 5,773 0
16 jdar. 229 3,325 6.887 0 2,562 0 7 1,291 0.542
23 lar. 88 2,696 3.260 7 3,061 0.229 0 3,364 0
30 lar. %2 4,782 1.924 - 11 3,417 0.322 0 2.359 0
6 Apl. 58 4,017 l.444 0 4,500 0 0] 2,794 0
13 apl. 16 3,637 0oLl 0 2,526 0 0 1.854 0
27 Apl. 8 2,997 0.267 0 1,670 0 0 2,027 0
Totals 538 27,012 : 1.992 19 24,542 0.077 10 21,727 0.040

-1~
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the smaller leaves were still intact, although,: they were completely
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va and cleistocarps.(Fig. 26).

2, Zffect of certein actinomyceies on cleisbocern survival,

P, ——

-

Two streptonyscs  spr. were isolated from the soil dilution-nlate

- .

assessments of actinomycetes associated with secondary npyceliun and

o

cleistocarps on leaves (p. 89). 3Both produced large sones of clearing
on 0.27% chitin agar end on a sccondary myceliun/cleistocarp agar prepared
from the unpigmented mycelium of 5. morg-uvac (p.2k3). Their ability

to cause degeneration was tested by inoculating cleistocarps with spore
uspensions of the igolates
MeCariney tubes (50 ml) werc f£illed with 15 g soil, previously
sicved ‘through 2000 ]} mesh and dried at 60° for 1 h., The tubes and soil
were autoclaved for 1 h., at 1200 Approximately 35000 cleistocarps taken

from meture leaves were placed, with secondary mycelium, on the soil
surface in nine tubes. Spore suspensions of the streptorycetes were
prepared by adding 3 ml sterile 0.9% saline to 10-day-0ld cultures zrovn

on nutrient-agar slopes. S0il tubes were inoculated by adding 1 nl
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suspensionsto.each. Three tubes were inoculated with each isolate and 1 nl
sterile saline added to the remaining three tubes for controls.

Suﬁsequently 3 ml of sterile distilled water wes added to each tube, an amou
sufficient to moisten the soil. No effort was made to standardise the
concentration of spores from the two cultures. Tubes were incubated at

10° and sampled first after 10 days and subsequently at 20-day intervals

by asceptically taking small pieces of mycelium and estimating the
percentage cleistocarps with asCoSpores.

The results are given in FPigure 27 and appendix Table12. One
actinomycete., $p, caused total degeneration of' the ascogpores after 30
days, where as there was little degeneration in cleistocarps inoculated
with S, or in the contfol semples until 50 doys. Even at this time
degeneration was slight and after 90 days incubation asci with ascospores
s$ill contained large accumulations of glyooggn and some -ascl swelled and
discharged spores in the slide dehiscence test. There was no statistical
difference between the perécntage of ascospores of S, end control
semples (appendix p.27é).

Microscopic examination of Sq samples showed mycelial development .
after 10 days and considerable growth and sporulation at 30 days; here
the mycelium had col;nised the entire cleistocarp sample, But thére was
little evidence of penetration of either the cleistocarp wall or the L
secondary mycelium. It Was‘evident that the streptomycete had grovn into
the fractured ends of the secondary mycelium hyphaec but was not seen to
penetrate it or to grow directly from the cleistocarps, Degeneration of

these cleistocarps was accompanied by large release of fat globules from
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the breoalkdown o the thin vwalled Tet-leden tissue boneath

the cledsiocorn
vall, In contrast o this colonilsation by 34, isole
aproeciably longer and vas coumparatively short lived; the isolate was not
receovered after 50 doys from inoculation.

It, thercfore, scemsd unlilely that 37 hed o direet effect on the
cleistocarps by penetrating the wall and destroying the ascus. I 5y

d5.d couse lysis of the myeelium it was slight end probably confirmzd to

-

the pariially thickencd mycelium bearing lmsature cleistocarps., I is
likely that 37 was supported by the larse number of bacteria associated
with the cleistocarps and its colonisation of the samples for a long
period may have been aided by the production of netabolic produc
antagonistic to competitors. These toxic substances, perhaps antibigqtics

may have been taken up by the cleistocarps causing breakdown and lysis

of the ascl and ascosporcs.
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III. STRUCTURE AND COMPOSITION OF CLEISTOCARPS.

Review of literature.

There is much evidence to suggest that enzymes of soil micro-
organisms can readily lyse hyaline mycelium of fungi, but whether they
are the primary cause of lysis of living fungel walls has been the
subject of much discussion and several workers (Carter and Lockwood, 1957;
Lloyd, Noveroske and Lockwood, 1965; Lloyd and Lockwood,-l966) have
suggested that nutritional deficiencies and the action of antibiotics
induce autolysis of the living mycelium and only the final dissolution
of cell walls occurs by the action of extra-cellular enzymes from other
micro-organisms. HNevertheless, in vitro studies have shown that bacteria
(Park, 1956; lMichell and Alexander, 1963), fungi (Jones and VWebley, 1967;
Jones and Watson, 1969) and actinomycetes (Garcia lfendoza and Villanueva,
1962; Garcia~Acha and Villanueve, i963; skujins et al,, 1965; Jones,
Bacon, Parmer and Tebley, 1968) have enzyme systeﬁs capable of
hydrolysing cell wall prepargtions. Organisms grown on cell walls or
killed mycelia of fungi, as sole carbon sources have been found to produce
chitinases and glucanases in high concentrations. These enzynes in
particular have further been implicated in processes of cell wall }ysis
by their ability to caouse almost total hydrolysis of cell walls in
incubation experiments and from the results of chemical analysis of
mycelium where their specific substrates, namely chitin and glucans, have

been found as major components,(Phaff~, 1963; Horikoshi, Roffler and
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In contrast Lo

Were - ) . . .
hyaline eell walls, uiznented cell wells survive for
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long poriods in the soil (Lloyd wnd Lockrood, 19575; Tinderaan aad Tousson,
‘105‘\ and bhev resist ensome hwdrolisis in dmnyT Tk CR, B

1 , and saey reslst engyme hydrolisis in controlled incubatiom

cxperiments.  Although the goil containg organisns able o 1yse coll-iwll
agar preparations from hyaline fungil no organisna has been isolated

capable of producing a similar effect on pigasnted cells, For example,

©

Potgicter and Alexander (1965, Tound bnat RMizoctonis soleni we

s
completely resistant to attack, Likewise no orgenisms were found lysing

this Pungus or {ladospvorium spp. by Srooufield and alexandsr (1967).

Lockwood (1959, 1950) similarly reported that R, soloni and .

- et n o e

savivum were completely reslstant to lysis when agar

n

plates containing 4 day culbtures worc buried bencath samples of
lMdehigan soil for 1l days. Hyaline fungi, in constrast, were coup 1ete1y
destroyed after this time, In further experiments Lloyd and Lockwood
(1963) found that the dark pl‘n"nted conldiophores and the older mycelium

o

of Helmigggqggqqigq.v1_t rizne resisted Lysis when placed on the top of
50il in Petri dishes as did species of égggggﬁpg;g,

Potgicter and Alexander (1966) found that cell walls of R, solani
with abundant melanin were comparatively unaffected by chitinase and
glucsnase cenzymes whereas Skujins et al (1965) had earlier roported taat
the two enzymes digested 947 of the cell-wall naterial of Fugarium solani.
With R, solani n-acetyl glucosamine was released only when cell walls

-\ 9

vere incubated with both chitinase and glucanase; no n-acetyl glucosamine
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was roeleased with eniiinace alone, Similorly, Broonfield and Alewonder
(1967) foumd that the hyphel wall of both Aspergillus phoenicis and
Seleroviun rolfsil werc dizested by chitinase and slucenase  where

the conidial walls of Ao Th s and the outer sclerotial walls of

S. roliTsii, both containing melanin, were resistant to nzyme hydrolysis,

-

----- - (=4

Jones (1572) inewbated a Straptomyces sp. in o medium containing the
Dpignented rind eells of Sclerotinia sclerotiox rua as czrbon source and
found that it grew voorly, altiopush some lamincrase (f} ~(1-3) glucanase)
activity was present in the culture filtrate. In similar incubation

experiments a Streptonmyees sp. also grew poorly on the sporangiotrhore

walls of lucor romannianus, in which the presence of melanin was

suggested by infra-red speciroscory, but grew well on and completely
hydrolysed the hyphal and arthrospore cell walls of this fungus (Jones
et al, 1968),

The implication that melanin in cell walls irhibits enzyme hydrolysis
was further studied by Kuo and ilexander (1967) with an 2lbino mutant of

Aspergillus nidulans. Vhereas the hyaline mutant was readily lysed by

enzymes, the pigmented walls were resistant., This study was supported
by the work of 01ld and Robertson (1970b) who showed that the effects of
50il and lytic enzymes (snail-gut and chitinase) on two wild type and

two hyaline isolates of Cochl obolus sativus were gquite different and

that no lysis occurred in pigmented conidia compared to lysis after 3 h
with hyaline spores. They produced electron nicrographs (01d and Robertson,
1970a) showing evidence of erosicn of conidial walls by micro-organisns
_after the spores were placed in soil. Bacteria were found inside both

hyaline and pigmented conidia but pigmenited conidia resisted lysis for
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more thon 2 wveclis in soil, This resistence vas thought 4o be associcicd
with an clectron-dense surface layer found only in pigrented sporecs:
a leyer which they sugrested was meinly melanin,
i‘elanins are not the only compounds thought to confer rezistonce
to enzyme hydrolysis. For example, Bellests, Urubwru end Villanueveo

) .
(1969) have suggested that an external layer of xylan or wxylose proventc

«

hrdrelytic ensyme systems from ettacking the glucan layers in the walls

of Torulopsis aeris.

¢

The recsistance of cleistocarps of the Zrysiphales to soil or leaf
litter micro-organisms has not been investigated, nor generzlly has the
chemical composition of the cleistocarp well and that of the secondary

my8elium, The only report appears to be by Gasteud (1944) who examined

histochemically +he pigment in the cleistocarps of Sphaerothcca humuli;
he suggested this was a melanin-type compound., The resistance of

cleistocarps of S. mors-uvae subjectcd to high microbial populations

on leaves of black curraent was thercfore investigated together with the

chemical composition of the cleistocarp wall.
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Iaterials and llethods

1. _Assey Frocedurcs,

Total noun-nitrogenous carbohydrates were determined by the Anthrone
reagent (Hewitt, 1958). To 0.3 ml sanple, 3 ml of Anthrone reagent were
added and heated over a boiling water bath followed by immediate cooling.

'Readings were taken in z Beclman DB spectrophotometer at 620 T aid
compared to a standard curve prepared with glucose, In this procedure
hexosamine gives no significant colour (Bartnicki-Garcia and Nickerson,
1962).

Reducing sugars were determined on 1 ml aliquots of neutralised
and deionised acid hydrolysates by the method of Helson (1Shh) as modified
by Somogyi (1952). The colour reaction was measured at 5401q1 against
a waber blank and the values were expressed in terms of glucosec.

Glucose was determined by the gluéosc oxidese method of Ivks (1959),
a modification of that of lfddleton and Griffith(1957) . 'Fermcozyme' - a
stable liguid preparation of gi&cose oxidase coﬁtaining 750 pg/ml was
obtained from Hughes and MHughes Ltd., London. The glucose oxidase
reagent was prepared by adding 0.5 ml Fermcozyme to about 80 ml of 0,15
acetate buffer, pi 5.0. To this was added 5 ml of peroxidase solution
(20 mg pevoxidase/100 ml acebate buffer) and 1 ml of O-tolidine (13 in

absolute ethanol), The solution was made up to 100 ml with buffer and

stored at 2° in a dark bottle. Generally 0.5 ml samples were added to

3 ml of reagent, mixed gently and the colour read at 625 m after exactly -
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10 min. Glucose stonderds were prepared in safuratod benzoic acid,

Chitin in the cell-walls of cleistocarps was determined by the
histo-chemical wethod of Vouk (1915) modified by Hopkins (1929)., Purified
chitin ané also chitosan (de acctyleted chitin) were used for reference
in this test., Chitosan was prepered by treating purified chitin with hot
concentrated X0H (120 g/100 ml) at 160° according to the method of
Bartnicki-Garcia and Wickerson (1962). A commercial preparation of
chitosan was obtained from Sigma Chemical Co.

Chitin was determined quantitatively by hydrolysing samples of cell
wall material with 6 ¥ HC1 at 100° for 6 h (Smithes, 1952) in 5 ml
(freeze-drying) ampoules sealed under an atumosphere of oxygen-frec
nitrogen. The hydrolysate was centrifuged and aliquots of the supernatant
were immediately lyophilised. The residue was taken up in distilled
vater and total hexosemine measured by the method of Levvy and licallan
(1959) using the p-dimethylaminobenzaldehyde reégent (DiAB) of Reissisg,
Strominger and Leloir (1955) obtained as a purified preparation from
British Drug Houses Ltd., Thne DUAB reagent was prepared by adding 10 g
to 100 ml of analytical.glacial acetic acid containing 12.57% (v/v) 10 I HC1.
To 0.6 ml of hexosamine solution (nydr6chloridé) was added 0.1 nl of 1.5%
(v/v) acetic anhydride in acetone (prepared daily), followed by 0.5 ml
of 0.7 potassium tetraborate (Sigma Chemicals Ltd.); this was adjusted
to pH 9.2 with HCl, The tubes were sealed with a glass marble and
treated in a boiling water bath for exactly 3 min, After cooling, 6 ml
of the DMAB reagent were added and the contents of the tubes mixed.

Colour development was carried out in a water bath at 37° for 20 min, and

readings taken at 585 mp against a reagent/distilled water blank.



Hewosemine was caleulated using glucosamine hydrochloride (Sizmn Chemieal
Co.) as standard,.
H-acetyl hexosamine was estimated by the method of Reissiz et al. (1955)

by adding 0,1 nl of a 0.7 assiu tetraborate solution to 0.5 ml
semple; boiling for 3 nin. end after cooling adding 3 ml DI’AB., The
colour was read as sbove in the glucosamine hydrochlor‘idc determination.
A purified preparation of H-acet r1-D-glucosamine was obtained fron Koch~Light
Laboratories Ltd., and used as standard.

ilonosaccharides were liberated from cell wall preparations by placing
¢. 10 mg samples in 727 Hss0), (1.84 g/ml) at room iemperature for 12 or
2. h; they were then hydrolysed in HpS0), for 12 or 24 h at 105°,
lonosccharides were also analysced from a 6 h, 6N IC1l hydrolysis of cell
walls. The acid was removed in vacuo over PpOg and the residue taken up
in distilled water and deionised. All hydrolyses were carried out under
an atmosphere of oxygen-free nitrogen in a 5 ml freeze-drying ampoule,
The 1 HoyS80, hydrolysates were neutralised with BaCO3 and‘theI33804
formed, together with the excess BaC03 were centrifuged and discarded.
A sub-sample of the supernatant was sheken on a Griffin flask shaker for
30 min, with a small amount of Bio-Demihrolit (Permutit Co. Ltd.)., This
deionised sample was lyophilised and kept at -18° until recuired for
analysis.

Tonosaccharides were characterised by gas-licuid chromatogrephy using
a Pye 104 series analytical chromatograph. The model was equipped with
a hydrogen {lame jonization detector and a coiled 1.5m by I mm (internal
diameter) glass column containing 6% SE-52 as stationary phase on

€Q72-85 as support. The imput pressure of nitrogen was 10 p.s.i.
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Lonogascharides vere converted to their trimetlylsilyl (T03)
derivatives by the method of Sweeley, Lentley, lnltita and Wells (19583).
The sample was btalen up in 1 ml yyridine (kept over I0H pellets in a

desiccator) and converted to the TiS dewivatives by the addition of 0.2 ml

H-

hezamethyldisilazone and 0.1 ml trimethylechlorosilene et roowm temperature.

m

The reaction vas carried oulb in a small plastic-stopperced viel which was

shaken for 30 sec then allowed to stand for 5 min at room temperature.
The heavy precipitate formed weos not removed., As a routine measure a
duplicate sample was telten up in pyridine, the reegents added and after

shalting, warmed &t 80C for

s

min., lannal injections of 2-4.5 Pl were
mode of the reaction mixture using 1 pl hezane (A.R.) as a Pront marker,
VWith the carrier gas {low as stated 2nd an oven tenperature of 1500

the retention tinmes for eo¢-~glucose and.}a-gluGOSO were 22.3 and 38.3 min
respectively.

Identification of peaks was made either by comparison of the retention
times relative to o< ~-glucose or by an  increase in the peek heights after
addition of a purified commercial preparation of the suspected suger to
the cell wall extract. lMannose and ga;actose were obtained from B.D.H.
Chemicals Ltd., }5 ~-zlucose from Sigma Chemicel Co. and the ot -glucose
from Hopitin and Williams Ltd.

Yelanin was extracted from the cell-wzll preporations of the mature
secondery myzeliwn and cleistocaerps by the methods of Nicolaus, Piattelli
and Fattorusso (1964). The sample was continuously extracted for 36 h
and 40 h in petroleum~ether and ethanol respectively. After eir-drying

at room temperature the saple was placed in concentrated HC1 of 14 days,



followed by boiling with 5 ¥ HCL Tor 60 h. The sample wos then washeod
twice in distilled vater, twice with cthanol and continuwously extracted
with ethanol for 60 h, then washed four btimes with weber and twice with
5 N HCL. The cell wells were again continuously extracted with 5 I 11
for 72 h, wvashed four times with water and twice with tetrohydrofuren
(Bormer and Duncan, 1962). The sample wes boiled with tetrahydrofuran
for 12 h, cenirifuged and the résidue teken up in hot 0.5 N Ha0H for 1h,
the supernatant acidified and the preeipitate ccntrlfuged,\" had.éwice
vwith water and finally with acetone. The product was dried at 50° and
welghed. lielanin was characterisced by the procedurcs of Lingaprpa,

Sussman and Bernstein (1963). Protein content of the malanin complex was

measured by the method of Folin and Ciocalieu (1927).

2. Substrates for production of enzymes.

.

.AIS -(1-3)glucose was obtained from Dr.B.Larsen of the Norwegian
Institute of Scaweced Research, Trondheim, this had been prepared from

Laminaria hyverborea and constituted the 'insoluble' form of laminarin.

A 'soluble' product was obtained from Koch-Light Laboratories Ltd., A
f}—(l—G)glucan (lutean) was provided by Dr.D.Jones of the liacaulay
Institute for Soil Research, Aberdeen, Scotland., Chitin was obtained as
an impure coarsely ground flaeke from B,.D.H. Ltd., The method of
purification followed that of Lingappa and Iockwood (1962). The

preparation was washed alternatély for 24 h in 1N NaOH and 24 h in 1 ¥ HCL

(six times)followed by washing with 95% ethanol (three times)., This removed
almost all of the impurity and gave a2 pink-white flake. About 15 g of

the ohitin was moisbtened with acetone and dissolved in 100 ml of cold (2°)
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concentrated HCLl by stirring continuously for 20 min in an ice-bath, The
thick viscous liquid was filtered fhrough a thin-glass wool pad under
pressure into a Buchner flask containing 500 ml of iced distilled water,
The chitin dissolved by the acid was precipitated as a fine colloidal
suspension, The remaining fesidue was redissolved in acid and filtered;
this procedure was repeated three times. The suspension of chitin was
allowed to stand, the supernatant discarded, and distilled water added.
This was repeated until the suspension was pH3. The preparation was
stored at 20, An alternative method of removing the acid and washing
was to centrifuge the suspension combining the precipitates and washing
six times until the final supernatants were pH6. The chitin was lyophilise

and stored over Py0sg.

3. Enzyme preparations.

For the comparison of enzymes induced by the cell-wall preparations,
isolates were grown on the basai liquid medium of Skujins et al. (1965)
(appendix p. 246), 10 ml/50 ml flask, to which cell-walls were added as a
sole carbon source at a concentration of 1 mg/ml. This medium was
previously autoclaved at 105° for 15 min, The cultures were grown on a
shaker (120 cycles/min) at 259,

The streptomycete, S7, was maintained on a glycerol-asparagine agar
(appendix p. 246) and a 0,5 cm agar disc, taken from a sporulating colony,

was used as inoculum, Flasks were inoculated with Penicillium javanicum

by taking a similar size disc from a colony grown of Vg juice agar
(eppendix p. 247).

A chitinase preparation was obtained from Koch-Light Laboratories Ltd.
which had been derived from an unidentified actinomycete, This

commercial source was slightly active against laminarin but completely
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without activity egainst lutean (c.f. Bacon, Farmer, Jones and Teylor,
1969). A sedond chitinase was prepared from the culture filtrate of an
unidentified bacterial isolate (B9) grown‘on chitin; large clear zones
develored around colonies of this isolate when it was grown on an agar

plate containing the unpigmented cell walls of S, mors-uvae., The

bacterium was grown in the basal liquid medium of Skujins et al. (1965) to
which was added 0.1% purified chitin. The_culturés were incubated at

29° on a shaker and the culture filtrate was collected after 4 days.
Anmonium sulphéte was added to the filtrate to 0.7 saturation, the
precipitate collected after standing at 2° for 12 h and taken up in
distilled water and dislysed, with several changes, against distilled
vater fof 12 h aé Lo, The preparation was stored at -18°, '

A p-(123)glucanase was obtained by growing e Micromonospora sp.

(M) (isolated from leaves bearing cleistocarps) in the basal medium
fontaining 0.05% laminarin. For a highly active enzyme preparation of a

p -(1-3)glucenase, Penicillium javanicum was inoculeted into 100 ml

flasks containing the medium of Reese and landels (1959) (appéndix P27 ).
Two volumes of acetone were added to the culture filtrates and the
resulting precipitate dissolved in 50% alcohol, centrifuged and taken
up in 753 alcohol. The preparation was lyophilized and stored at -18°.k
Chitinase activity of the culture filtrates was estimated by the
relcasc of n-acetyl hexosamine at 37° in a 5 ml reaction mixture containing
1 ml chitin suspension (5 mg/ml), 3 ml phosphate~acetate buffer'(pH 5.5)
and 1 ml of the enzyme preparation. The buffer wes prepared by titrating

0.05 M Na,HP0) solution to pH 5.5 with glacial acetic acid (Skujins et al.



1965), Glucanase activily was measwrsd by dedermining the lormetion of
glucoss at 37° in e reccticn mixture of 1 ml of the particular glucan,

3 ml eTlvaine's citratce-phoephate bulfer (pH 5) and 1 md of the enzyme
soluticn., Damirarin was dissolved by hesting the suspension at 100°

for 15 min before adding to the buflercd enzyme solution (Jones crnd VWebley,
1967).

Similarly, the effect of the enzyme preparctions either individuelly

.

or combined in rcleasing n-azcetyl hexosamine and glucose was cstimated
in a 5 nl reaction mixture with 1 ml cell walls (5 mg/ml). Toluene vas
added if the assay continued for longer - than 4 h, to prevent microbial

contamination.

Electron microscopy.

Leaves bearing cleistocarps were collected and prepared immediately
for electron microscopy. Imnature and mature cleistocarps were sclected
and fixed in September 1970 and mature cleistocarps wintered until the
following April werc treated s%milarly.

Cleistocarps were fixed in 2% glubaraldehyde in 0.1 i sodium
cacodylate buffer at pH 7 for 4 h at roomn temperature. They were placed
in a vacuum where direct impregnetion was slow. Afterwards they were
washed in buffer three times for 10 min and treated with 050y, (1% w/v) in
cacodylate buffer for 1 h at room temperature.,

Graded concentrations of efhyl alcohol were uged for dehydration
and four changes of absolute alcohol were made before infiltrating with
Epon using epoxy-propane as a link reagent. The resin was changed severalu

times during soaking for 3-12 days at room temperature and finally
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Dxverimental

\s clcistecarps of S. mors-uvie werc notv easily separeted from the

AR

b,

mycelivm in which they formed ccll-wells vere prerared from cleistocaros,

their appendages and the secondary myceliw,

«

n

Ae. Tmmaturce sccondary mycelium and clecistocarus.

It was not possible to collect sufficicnt primary rmycelium from

black currant leaves bearing S. mors-uvae as the amount was small even on

heavily infected leaves. Additionally, attempts to remove this sparse
myecelium resulted in the removal of large emounts of leaf meterial,
especially scent glands which are extremely numerous on the abaxdial

surface, However, when the level of §. mors-uvae in a plantation was

high the adaxial surface of some leaves became infected with a heavy

inoculum as they unfurled . After 2-3 weeks from infection, sporulation

ceased and secondary thickening of the myceliun took place, Within this,

large numbers of cleistocarps were formed and provided a sample of

mycelium that was light brown and in which pigmentation was beginning.

These samples were freed of conidia by prolonged washing of the leaf

surface and the mycelium was removed with & minimum amount of leaf tissue.

After washing the leaves the rycelium was removed using mounted needles

and stored at -189, Pig 28a shows leaves bearing the irmature myceliun.
Sub-samples of ¢, 0.2 g (fresh weight) were thawed at room temperature,

vashed in distilled water and centrifuged five tines. Both the myceliun
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end cleisgtocarps were extromely rosistont to wsual brealiage procsdures
and treatments in o Sorvall Omnimin at 12000 r.p.m. and in a micro-
attachment at 50000 r.p.m, feiled to rupture the rycelium or

cleistocerps. Similcrly, trectment in an i, 5.8, 100 wett ultrasonic
disintegrator (U.8.D.) had little effcct on the nyeeliva, Sabtisfoctory
breakage of the cell vwalls was achicved, however, using Ballotini Ifo, 13

‘glaSSboads (80-120 p.diameter) in the U.S.D. working at a maximum,speed
of =5 microns on the amplitude nmeter.

The washed fungal mycelium vwas placed in the glass vessel with a

5]

minimum quantity of distilled water and beads added to form a thick

4

slurry with a thin waterfilm on the

7]

urface (Bartnicki~Garcia and
fickerson, 1962). Direct treatment of the sample in the U.S.D. resulted
in pertial breakage of mycelium with the cleistocarps completely
honogenised., This differential breakage was avoided by initially grinding
the gemple in a pestle and mortar with e smell amount of iced distilled
weter., This shredded the mycclium to lengths of c. 0.5 mm and gave nore
uniform breakage in the U,.5.D.  -Also the preliminary treatment releascd

leaf debris, pollen and spores, especially of Cladosporium and

Alternaria, from within the mycelium in%o the supernatant liquid.

After grinding the samples werc centrifuged and washed with cold distilled
water (five times) end transferrcd to the U.S.D. where one treatuent

of ¢c. 20 min wes sufficient to reduce the riycelium to lengths of 0,01 mn
end to fragment the cleigtocarp walls similarly. During the grinding

the vessel was enclosed in an iced water-bath to reduce the temperature,
The disintegration of the cells was examined by teking semples, mounting

in ILugol's Jodine solution and observing breskage microscopically.



e clelstocarp vwell stained bright yellow., The treatinont was continusd

The glass beads were allowed to settle and thé supernatent containing
the ccll wells wes collected. This wes repeated zbout fifteen times
until a microscopic examination showed that the sample wes free of whole
beads. The remaining small broken pieccs of beads represented only a
small fraction of the final preporation and as it vas impossible to remove
them without loss of cell-wall materiel their weight was estimeted by
digesting a small semple with concentrated 1pS0) and 3050 HoOo (9:1, v/v)
at 1000 (Bartnicki;Gargia and iickerson, 1962). The final preparation
was lyophilised and stored over P05 until required. .

From the original collection of 1000 lcaves bearing immature rycelium

100 mg of the final ccll-wall material vas prepared.

B. Seccondary mycelium and mature cleistocarps.

Leaves were collected from the plantation when they bore a pigmented

‘
N

myreelium and fully differentiated cleistocarps. The mycelium was
contaminated much more than in the irmature semple and so the leaves

were washed in a continuous stream of water until observations under a
binocular microscope (x60) showcd that foreign debris had been removed.

The mycelium was then removed from the leaves and ground in iced water

in a pestle and mortar, In this sample, in contrast to the immature
cell-valls, the cleistocarps were more refractory than the sedondary
mycelium and were only fragmented by prolonged gentle grinding (c.60-90 min)

in a pestle and mortar. Preliminary experiments showe@ that withoutl this



initiel trectment vlira sonic dicintesration vroduced o sanple with

sutisfectory brealicge of cleish ccary wells but with the myesliun
homogenised to a strueturcless motriz, Crinding was Tolloved by tuwo
20 min treatments in the U.S.D. vhich reduced the cell walls to lengins
7 0,01 rea,

It was apparcent from observation on the Tinal washed cell-wall

resent but =&

.

o]

pellet that not only were cell wolls of contanminant fungl 1
proporiion of the walls was unpigmented end only partially thiczencd.
As the transition of the mycelium from a primary ito o seccondary state is
a comparatively slow process and one that does not telie place wniformly
throughout the whole rycclium it was to be expected that t.e process
would, for parts of the mildew colony be incomplete at the time of 1e§f
senescence. In this respect, although leaves werc always chosen bearing

a derk brewn mycelium with dark brown/black cleistocarp (FPig. 28B), it is
probable that no semple of mycelium contained only cells with thickencd

or pigmented walls. In addition the mycelium nearest the leaf surface

remained unthickened on all leaves.
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2. _lajor components of cell walls.

A. onosaccharides.

Direct measurement of carbohyérates by placing cell walls in inthrone
reagent revesled that 25.87 of the mature cell walls (sceondary) end 54.63
of the immature cell wells (primery) wes hesosan. A small block residue
formed during enalysis of secondery walls was removed by cgntrifuging

'before readings were talen.

Preliminary experiments hydrolysing the samflcs in a sealed ampoule
without nitrogen with 1 IV Hp80, yiclded only 5-63 Anthrone positive
stbstances but after {reating the cell walls wnder oxygen free nitrogen-
breakdown of carbohydrate was reduced and values of 24,15 and 26,75
were obtained for secondary and primary walls respectively, These v;lues
were based on acid hydrolysates including the residual materiel, The
quantities of carbohydrate material in the neutralised and deionised
hydrolysates are given in Table 19.

Three points are of intere§t from these results:

i. There was incomplete releas; of secondary wall carbohydrate from a
12 h compared to a 24 h hydrolysis, i.c. 2k.1% before and 22.75% after
neutralisation and deionisation.

~ii, Thére was complete release of wall carbohydrates from the primery
wall samples and considerable breakdown was indicated by the difference
between the direct Anthrone result (34.6%) and that after hydrolysis
(26.7%); a difference of 7.9%. Tor the secondary walls this difference
was only 3.1%.

iii. The susceptibility of the carbohydrate in the walls to acid
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hydrolysis was indicated by the 2&/24 h trectioent waich resulted in a

total recovery of onlyl6.1% from the secondery cell walls,

Table 10

e
——— TSR

Cerbolyrdrate components in cell walls of §. mows-uvee.

Comronent €20 yalls® 2 29 wells+ G 10 wallse
Anthrone before 16.1 2l 1 26,7
neutralisation ‘

Anthrone afier 16,1 22,7 ~ 26.7
neutralisation :

Reducing sugars 15.4 21.2 25.8
Glucose 13.6 18.5 ‘ 22.4

® ol h 723 HoS0), 24 h 1 I HpS0)
+ 12 h 725 HpS0,, 12 h 1 N HpS0),
20 secondary vialls

1° primery walls.

Gas~liguid chromatography (GLC) of neutralised and deionised extracts
of both secondary end primary cell walls revealed that glucose, galactose
and mennose wvere present in the 1 I Hp30), hydrolysates. IFig. 29 was
typical of the results obteined; that for the primary cell walls differing
only in the relative emounts of the-three sugars present, Digests of the
samples were also made with 6 N HCl as it has been reported that some
monosaccharides are completely destroyed by HpS0) (Hamilton and Xnight,
1962)., The yield of carbohydrate wes low, only 6% of the wall weight,
and no other monosaccharides were revealed by GLC.

Table 20 shows thet there wes feairly close agreement between the

total amounts of the three monosaccharides determined by GLC and the
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values for reducing sugers given in  Toble 1S especially for the primary

cell woll samplc. The GLC results for the sccondary wells were slightly
~

3

able 20.0stimation by gas-liguid chromstograrvhy of monosaccharides in

cell walls: H,80; hydrolysates.

L

~ Comwonent ¢ 20 yallg™ 2% wpllst 10 weligt
Glucose 14.0 20.3 23.0 ’
Galactose 1.1 1.2 | 1.0
liannose 2,2 2.4 , 2.6
Totals 17.3 .23.9 26.6

# 2l h 725 HoS0ps 2 h 1 I Hp80),
+ 12 h 72% H2804, 12 h 1 HZSOL
29 secondary walls

19 primary walls,

The quantities of mannose and galactose revealed by GLC vwere similar
for 24/2h h and 12/12 h hydrolysates and moy indicate that these
monosaccharides are relatively resistant to acld hydrolysis comparcd

L

to glucose. Thus, acid hydrolysis probably gave low values for lotal
carbohydrate compared to the direct inthrone because of destruction of

the glucan fraction of the cell wall wnilst leaving the mamnan and galactan
components in th; form of their monomers without significant breardovmn.

On this basis, the total glucan content of the secondary walls wvias

estimated to be 22.2% and that of the primary wall 31,0, by substracting

the mannose and gelactose content from the direct Anthrone values



(i.e. 25.8-1.2-2.4 and 3%.6-1.0-2,6).
As there was inconplete ssrecment bebween the Anthrone and reducing
sugar values of Tuble 19 it is probable that the figures for glucan given

-~ a : . .
¢ of the true anmounts. GLC examinztion of

above are in excess by c. 1

hydrolysates revealed two unidentified peaks with retention times of

1.42 and 2.29 (relative to o< -glucose); these could be non-reducing
-

sugar components of the cell wall but as they vere present in sm&ll amounts

they were not identified,

Total hexosamine released from 6 ﬁ HC1 hydrolysis of the secondary
and primory cell walls vas 10.2% and 12.7% respectively. The hexosamine
was identified as glucosamine by GLC.

The hexosamine components were furtner investigated for secondary
cell-wall samples by the method of Blumenthzl and Roéeman (1957) (Frocedure
I. Table 21). Exiraction in 103 NaOH was carried out at 100° fdr 30 min
and in 2% HCl at room temperature for 1 h. The final pellet of wall
material was hydrolysed with 6 N HC1l under nitrogen,

Samples were also treated by a slight modification of the methods
of Barthniclzi-Garcia and Reyes (1S%64). Two itreatments were carried out:

1) extraction with cold 1 I KOH, hot 1 I KOH and hot 1 N HC1l, 2) cold
1 ¥ HC1l, hot 1 M HC1l and hot 1 I KOH (procedure II and III. Table 22 ).
Both hot 2cid and alkali treatments consisted of boiling at 100° in

3,3 and 2 ml of each solvent for 30 min. The cold extractions were at

room temperature .
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Tobvle 21, Iemosanine couponiavs of coll walls: Frocedurs I,
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105 =01 (hot) 1.17

Residue 6.67
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Table 22. Hexosamine componenis of cell walls: Frocedures IL and IIT,

II freatment A ¢ plucosamine
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b
bt
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H01 (cold) 0

| 2ad
r—
-

HCL  (hot) 158

Vo
et

1 %04 (hot) 0.83
Residue 5.49

Total 10,90
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Ureatment %_glucogamine
TIT
1

—J
=

t0H  (cold) £ 0,70

1

boi
-t

0 (hot) 2,73

H

v sl (hot) 2,62
ReSidue #052

Total 10,57
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glucoszmine (chitin) which has the progerty of boing insoluble in both

dilute alkeli and zeid, vheress she aliali-insolubis acid~solublie

14y
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racvion of procedures IT end IIT was likely to beo chitosan, the deaceirlated

product of chitin, Thus, the higher residue of procedurs I not only

By

LK

contained chitin but also ciitosan.

fowever, during these cxiractions considersble gquantities of the
pigment was dissolved by X0i and o lesser amount by the acid treatuent.
This pigment was leter charactcrised as melanin (p.1%5). Couplenes
between melanin and glucosamine giving them the ﬁroycrty of belng soluble
in both acid and aikali have been found in other funzel walls (Bartnicki-
Garcic and Reyes, 1984; Broomfield and Alexander, 1967). It was, Lhevefore
lizely that a portion of the glucosamine in the 1 If IIC1 extract was bound
to melanin, A L ml sample-of the acid extract was neutralised with KOH
to precipitate the pigment which was washed twice with water and hydrolyséd
with 6 W HCL for 8 h, It was found that c¢. 1-27 of the glucosamine
of the cell walls was attached to melanin,

The amount of' deacetylated glucoéamine could not be estimated directly
as acid extracts contained not only the glucosamine associated with melanin
but also that fraction which was soluble in alkali as well as in acid,

A determination was made on a larger ccll wall sample of the glucosamine
attached to melanin (p.136) and subtracting this from the alkali soluble
fraction of procedure III gave an estimated 1.69% for glucosamine soluble
in allkali alone. Subtracting this value from the acid and alkali soluble

fraction of procedure II gave an approximation of the deacetylated
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glucoszmine prescnt, ¢l dpL. Teble 25 aw
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of the cell wall,

Teble 23. Hexosznine couponents of sccondary walls, i.

Sonwonent £ 0el] walle
allzali soluble glucosawine 1.69 .
.
deacteylated glucosamine 3.72 .
n-acetyl glucosamine 5.9
Total 10,81

During furthér experiments on the analysis of {he hexosamine
components, it was found that the acid treetments did nolt only remové
deacetylated glucogsamine from the cell walls, Separate asseys moede on
acid hydrolysates after removal of the HCl showed that a significant part.
of the glucosamine was acetylated. None was found, however after assaying

F)

the allkali extracts. It remains for furiher experiments to show whether
the acetylated hexosamine was bound %o the melanin or was brought into
solution directly by the acid treatment., Teble 2L gives the recalculated
components of the secondery cell walls.

It also remains to be determined if a deacciylated glucosamine
component exists in the cell walls other than in a complex with melanin,
The quantity calculated in Table 24 was very small and it is conceivable

hat it is only on analytical error because it was impossible to

determine deacetylated glucosamine direcetly.
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Teble 24 o Dexosamine conponents of cell wells, ii,

Sompanent &oell vells
allzali soluble glucosamine 1.69
deacetylated glucosamine 0.57
glucosamine with melanin /A
n-pcetyl glucosamine . 7.09
Total 10.59 '

=y -

C. Analysis of pigment in ‘the secondexy myceliun and cleistocarps.

The dark brown pigment of the secoﬁia:y cell walls was estinm ted, by
the methods of MNicolaus et 2l,(1964), %o constitute 18.95 of the wéll
weight. The final product was characterised as melanin by the critegia
used by Lingappa et al. (1963) for a pigment extracted from
+ Aurcobasidium pullulans. These were:

i. TInsolubility in alcohol, ether, chloroform and acetone.

ii, Solubility in 0.5 K Ha0H and’cold 1 NaQCOB.

1ii. Formation of a heavy brown‘precipitate with a smell amount of
Feol03; the precipitate disappearing upon addition of more of the salt,
iv. Bleaching by HpOp and 2% Kn0).

v. The absorbance curve between 400-600 mpu,

A straight line relationship was oblained by plotiing the logarithm of
absorbancy against wavelength, ilelanin (1 ng) was dissolved in either

10 ml 0.5 N e0H or 1 ¥ KOH and the absorbance determined. The 1inev

obtained had a slope of =-0,0029.
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During thae extraction procedure a porvion of the pigteat was found
to e soluble in acid and o separate determination was made to esbimate
this and o define itg chemical composition.

A semple of secondary mycelium and cleistocarps wes ground for threc,
20 nmin periods in the USD until the cell wells of both cleistocarps and
myeelium were compleotely homsgenised. After removel of glass bezds the

“semple was washed and lyophiliséd and & 100 mg sub-sanple nydrolysed vwithn
1 ¥ X0 and 1 W HCL at 100° for 10 min periods. Six treatﬁents of alkali
and two treatments of acid complstely removed the pigment and left the
fungel material a dark grey. The acid qnd allzali extracts were combined
and centrifuged to remove residual wall material. The melanin complex
was precipitated by bringing the hydrolysate to pid 6.8 and washed twice
vith distilled water. This procedure was repeated three times and the
precipitates dried overnight at 700 and weighed. The melanin conmplex
accounted for 25,25 of +the secondary cell wells.,

A portion of the melanin complex was hydrolysed with 6 N HC1 for
8 h at 1059 in a sealed ampoule-under nitrogen and enalysis revealed that
5.96% was glucosamine and 12.67% protein. Thus, the glucosamine anad
protein of the complex in terms of celi wall weight was estimated to be
1.7%% end 3.8% respectively. As the weight of the melanin complex
hydrolysed was small (15.62 mg) the melanin content of the cell walls
was estimated by subtracting the values obtained for glucosamine and
protein from the weight of the original melanin complex, this gave a
value of 20,65 of the cell wall weight and was similar to the 18.9%

obtained (p.135) by the method of Nicolaus et al. (1984) The difference
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The difficultics involved in collecting Jarge emounts of myceliun
and cleistocarps from leaves trecluded tThe use of sitandard technioues
of' igolating organisms capable of lysing 9, mors-uvas elimma (ef. rueller

—— e = e sy b

and Durrell, 1957; Salton, 1955). Similarly, the enrichment technicuss
of incubating leaf or soil washings with myeelium of S, morg-uvae in
liguid nedia was possible only for the mature secondary mycelium and
cleistocarps where larger quantities could be collected from black

-

currant leaves.

Ao Isolation of Oorganisms capable of 1 vsing mature > nryeclium,

Three methods were employed:
i. Enrichment methods using soil and maturc mycelium,
ii. Inoculating plates of cell-wall agar with leaf washings.

iii. Inoculating plates as in ii. wit

1

h puare cultures of bacteria and

actinomycetes.

Results.

i, Mature mycelium taken from leaves Wa; washed several times and ground
in a pestel and mortar to disentangle and break the mycclium into short
lengths, All cleistocarps walls were fragmented, and after washing to
remove cytoplasm and asci, the mycelium was added to the basal inorganic
media of Potgieter and Alexander (1956) at a concentration of 0.15% (w/v).
To a duplicate 100 ml of the medium 0,00L% yeast exiract was added.

The flasks containing the redia were autoclaved at 110° for 20 min and



after cooling 1 g of soil was added to each flask., The flasks were then
incubated at 29° on a rotary shaker at 125 cycles/min for 2 weeks. Agar
plates were prepared containing 0.15% (w/v) of purified cell walls
(appendix p.246), and the artificial compounds nystatin and actidione
(50 ug/ml). Plates were inoculated with 0.2 ml of a suitably diluted
sample of the soil enrichment medium or with a loopful of undiluted
culture filtrate streaked over the agar surface. The plates were
incubated at 25° and observed for 3 weeks.

None of the bacteria or actinomycetes produced zones of clearing on
the cell wall agar. The results of the number'of organisms isolated is

~

given in Table 25,

Teble 25. Colonies developingon cell wall agar (enrichment media diluted

10-6),

Replicates Bacteria Actinomycetes Total/plate

Vith yeast 1 %28 0 328
extract ' :
2 330 1 331
3 360 3 363
L L3, 3 437
Total 152 7 459
Without yeast 1 270 & 274
extract
2 230 5 235
3 237 3 240
L 226 5 231

Total 963 17 980
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Iore brcteria werc isoluted when yvocot cxbract vias present in the
v 3 v A 3 - e, ~ 1" -3 4
50il media and bthere were fewer cctinoryecies than when yeast was absent;
et e . 4 L4 P S | H
without yeast extract more then twice the nuwiber of zetinomycetes developed
on the plates.
The result of plating the supernztants on to chitin azer is given

in Table 26.

3]

.

Table 26, Clearing of chitin by soil micro-orgenisms (enrichment faedisz

diluted 10-6),

el’égaﬁ ast Replicetes  Bacteria  Actinowyostes g}gﬁ]bamri&
rplete .
1 10 2 o6
2 7 1 259
3 7 2 188
L 9 0 24,0
Totals 33 5 933
Without yeast
extract 1 .13 L 165
2 17 L 189
3 LI 2 172
L 13 2 194
Totals 58 12 720

Similarly more organisms were isolated from enrichment cultures
supplied with yeast extract but an average of 70 organisms per plate were
isoleted that cleared chitin agar from flasks where yeast extract was

absent compared to 38 with yeast present.
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Actinomycetes grew well and sporuleated freely on the cell-well m=diz but
no clearing resulved., This exzeriicnt was repeated with similar resulis
and no organismg vwere isolated thet produced zoncs of clearing on the
ii. Ten leaves containing scconinry ryeelium were taken from a collection
which hed been placed on the 5011 for 3 months. Discs 1 em? were cut
from the leaves and placed in 100 ml of 0,95 saline containing 0,001
Tween 80 and shoken for 15 min in a Griffin flack shoker, Aliguots
(0.2 ml) of the diluted wahings were plated onto the cell-wall agar.

Fo organisms produced clearing but-actinomyéctcs were the dominant
organisms isolated suppressing bacterial growth at lower dilutions.
iii. Fourteen isolates of bacteria and eleven actinowyeetes previousiy

isolated from leafwashings (p. 77) were inoculated onto plates of cell-wall

ager withoub antvibiotics. All were able to use chitin as a sole carbon
source and several produced glucanases (see Teble 27) . The grovth of
the actinomycetes was good with extensive sporulation, esvecially of the
streptorycetes but, as with the'bacteria tested there was no clearing of

the cell-wall agar.

B. Isolation of orgenisms lysing immature mycelium.

The bacteria and actinomycetes that were isolated from leaf washings
(p. 77) vere strezked onto plates of 0,157 immature cell wall agar.
Plates were incubated at 259 and observed over 21 days.

Ten bacterial and ten actinomycete isolates cleared the agar but
none conpletely lysed the fungal cell walls. The degree of clearing,

based on the extent of the clear zone and the quality of clearing within

this zone, is indicated in Teble 27. Isolates differed in these two



clearing. Thue dsolate 33 produced en clmost completely
clear mone of 12 mm dilameter in controst 10 3, whore the dizmeter of the
2 .

clear zone was greater but the cell walls were only slightly reduced in

Teble 27, Clearing by micro-organisnms on cell-wall and chitin ager,

L)
Bacteria Isolate Dicm,zone of Degree of Ho.days to Clearing on Glucoss from
no,  clearing mm. clearing *  initial chitin arer laninzrin
clearing

1 1.0 + 3 (++) -
2 1.0 -+ 3 . (+) +
3 <1.0 + 17 (++) -
I 2.0 ++ 3 (++) +
5 <1.0 4 17 (++) -
6 17.0 . 3 (+4+) -
7 1.0 + 6 o (se) -
8 90,0 rt 2 (++++) -
9 90,0 . 2 (++++) -
10 90,0 r+s 2 (+++4) -
1 0 - - (++) )
12 0 - - (++) - -

13 0 - - (+++) H.T.

PR S S SRCEERE
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Letinomyeectes Isolate Diaw, sone of Degree of flo.davs to Clearing on Glucose
no.  clearing mm., clecring®  initial chifin spar from
81 12.0 ettt 3 (++) +
So 3.0 + 3 (+++) -
1 4.0 FRS 6 (4+) +
i, 18.0 b 6 (++) 0.7,
83 18.0 " 3 (4++) o
Sy, 18.0 ++ 6 (++) N.T,
S5 20,0 o+ 6 (+) N.T.
Sg 12.0 + -6 (+++) N.T.
57 26.0 4 3 (4++) -
Sg 12,0 + (++) H.T.
14 0 - - (++) N.T.
* Degree of clearing: ++%+ good; little cell wall remaining
+++ moderate
++ moderate-poor
+ poorc

+ Clearing on chitin:

(4++++) entire plate

(+++) several mm

(++) 1-2 mm

(+)

N.T., Not tested.

restricted to area of colony.



w

Wiith the bacterial isolates there was a strongsr relationship bebween
area cleared and degree of clecring. The ebility of isolates to clear a

~ CRE .
0.2 chitin agar over 21 days was zlso inw

W)
w

tigated und these dava ave

also given in Toble 27. With bacterial isolcotes the dogrec of clearing
of the two mediz wes similar, but with four isolates (nos. 11-1%) there
vas the suggestion that chitinzse was not tine only enzyie responsible

«

for the clearing of the cell-wall agar. This was supporied by similar
data for the actinomycetes. TFor cxample, isolate 87 with limited chitinase
activity produced a zone of clearing on cell-wall agar.that vas supesrior

to isolates with greater chitinase activity. As this isolate and the
monomicrospora sp. (Mp) both hydrolysed laminzrin (a f&—(l—j)gluoan) it
was likely that the superior dezree of clearing resulted from the activity

of enzymes on both the chitin and glucan components of the cell walls.



Le Characterisavion of Jvtic ensvmes ond their nctivity on csll-vall

s @yt s - - - - ——— - e A

matericl,
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Chemical analyses indicated thet both glucan and hexosenine were

-

major components of cell wells., But whereas clearing resulizd wher

to

actinomycetes and bacteria producing chitinase (and glucanzses) were
grovm on the primary cell walls no clearing occurred on the seccondary
mycelivm conlaining melanin, The resistance of the mature cell walls te

ensyne breakdowm was investigated in three cyyeﬂwhcnus using & commercial

preparation of chitinase on whole mycelium and cell walls.,

lethods, ‘ .

i, The enzyme preparation was used at a concentration of 1 wmg/ml
(equivalent to the release of 15 pg of n-acetyl gluco;amine per hour

at 370 from purified chitin) in a 5 ml reaction mixture containing 1 mg/ml
cell walls (material and mcthods p. 119 ). Froduction of n-acetyl
glucosamine was followed over a-L h period.

ii. The enzyme preparation waes used as in (i) on whole, primary and
secondary mycelium and cleistocarps (iﬂstead of cell walls). The myceliun
was removed from the two collections of leaves, washed and lyophilised as
previously described (p.122). Release of n-acetyl glucosamine followed

over a 12 h period.

iii. Cell walls were incubated in & 3 ml reaction mixture containing 1 ml

cell walls (5 mg/ml); 1 ml phosphate-acetate buffer and 1 ml chitinase

(5 mg/ml) at 37° for 4B h. At these concentrations the commnercial
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preparation released 50 pg of n-ucetyl glucosamine end L2.5 pg of giucose.

%
Ly

per hour at 379 end pd 5.5 from purified chitin end laminarin reswmeciively.
Alter 24 h the resction mixiure wos centrifused and n-ccatyl glucosamine
and glucose eszessed on the supernatants. The cell walls were washed
three times with distilled water and reincubated for & further 24 h,

with the enzyme solubtion and buffer. Toluene was added 1o prevent
 microbial contamination. ' .
Resulis.

i, The relezse of n-acetyl glucosamine from the‘ccll—walls is given in
Pig. 20 1 A & B. There was a considerable difference in the hydrolysis

of the two samples. liore than threc times the quantity of n-acetyl
glucosamine was released fron primary conmpared to the secondary cell wells
(72.5 pg end 20.6 pg per 5 rl reaction mixtuwre respectively). Whercas
n-acetyl glucosamine was released from the mature cell walls only during
the initial phase of incuba%ion hydrolysis of primary cell walls continued

progressively over the L h period. N-acelyl glucosamine released
represented 1.L5% and 0.41% of éhe primery and secondary well weight.
Chemical analysis of the cell walls had shorm that the percentage
of hexosamine was similar in both wall samples (p.131). EBut because of
the difficulty in obiaining large quantities of the primary mycelium no
estimetion was possible of the chitin in the cell wall. ‘Therefore, the
greater release of n-acetyl glucosemine from the primaxy sample, ir the
experiment above, could have becn causcd by a higher percentage initially
present compared to that contained in secondary walls. To determine if

this was so0, use was made of the fact that when samples of the secondary
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ccll walls were ground in the USD for long periods the supcrnatant coniained
2 black suspension vwhich satisfied the testes for melonin proposed by
Lingappa et sl. (1963), Therefore, a sub-sample of 50 mg of secondary

cell walls from that vsed in the encyme incubation cxperiment above vas
groud for three 20 min periods witil the mycelium and most of the
clecistocarp wells were completely homogenised., This sub-sample was

-

vashed, lyophilised and subsequently treated with the commercial enzyme

%]

preparation as described above.

The release of n-acetyl glucosemine from thic semple (Fig. 303 c)
over the 4 h period showed it to be only slightly less than that from the
primary cell walls and indicated that enzyme hydrolysis of the secondary
walls was not restricted by the concentration of subsirate present but
more probably by its aveilebility to enzyme action.
ii. The action of the enzyme preparation onwhole mycglium and cleistocarps
is given in Fig. 30 ii. The amounts of n-acetyl glucosemine released from
the primary and secondary mycelium after 12 h incubation were 3.0;5 and 0.95(
of the wall weight respectively; Nezcetyl glucosamine released during
the first 4 h of incubation was similar to that released when cell walls
were used. This confirmed that the grigding methods used in cell-wall
preparetions had not altered the susceptibility of the walls to enzyme
lysis and that the resistance to chitinase of the mature cell walls
(experiment i) was also characteristic of intact mycelium and whole
cleistocarps.
iii. The results of the 24 h and 48 h incubation are given in Table 2§
and show that twice the amount of n-acetyl glucosamine and about three

times the quantity of glucose was released from primzry cell walls compared
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to the secondary sample. In both incubations slightly more glucose vios
released in the second incubation peried than during the initial 24 h
in contrast to n-acetyl glucosamine relecse wihich was much lower during

the second 24 h period.

Table 28, Release of n-acetyl glucosemine and glucose during a L8 h

incubation,

Time (h)  Sample pe/ml n-acetyl glucosamine pg/ml glucose released
relecsed

1° 57.5 3645
2h ‘
) 20 25.0 : 13.0
10 12.5 45,0
48 -
20 10.0 17.5
1°  primary . 29 secondary

Possibly chitin was initielly shielding the giucan of the cell wall
and thus protecting it from the FS—(1~3) glucenase, Once a significant
proporéion of the chitin was hyé;olyseﬂ (eg. after 24 h incubation) glucen
was exposcd to enzyme action and so more glucose was released during
the second incubation period. The figures in Teble 28 represent a release
in 48 h of n-acetyl glucosemine and glucose ccuivalent to 2,107% and 1.83%7%
'in terms of secondary wall weight. In contrast 4.20{ and 4.897% of the
chitin and glucan of primery cell walls was hydrolysed in 48 h.

In the sbsence of a B -(1-4) and p(l-s) glucanase in the
cormercial enzyme preparation the experiment indicated that at least a

part of the glucan of cell wells hed p-(1-3) linkages.



B. Effects of chitinare ond gluccnase on cell wells,

i. Froduction of a B ~(1-3) gluconzse from icromenospora, 1.

pusyeuny e et 2 i e

The Idcromonospors sp. produced the highest degree of clearing on

Py

the wnpigmented cell-well agarlof S. _mors-uvce and released glucosce wien
grovn in a licuid medium containing 0.057 leminarin, This icolate was
examined as a possible source of ﬁw(l-j) glueznase, It was growm on

' the media of Reece and iendels (1959) and Shujins et 21 (1965) and
glucanase activity assessed at 24 h intervels after inoculation. On
both media growth was slow. bub maximum relcase of élucosc occurred aftcr
6 days with oomplcte-dis@pnearanoﬂ of glucoue alter 10 days. However,

no enzyme was found when 1 ml aliquots of culture filtrates were
incubated in a 5 ml reaction mixture with insoluwble laminerin (5 pg/nl)
nor was there a release of the enszyme into the culture liguid during e

period of 10 days after glucose was depleted in the medium. This

suggested that P-{l—}) glucanase was not repressed by glucose to a basal

level as found in Eyrenochacta terrestris (Horton and Keen, 1966) where
cellulose synthesis was affected by the concentration of glucose in the
mediza. Nor could glucose be implicated‘in the release of the enzymes

into the culture medium as indicated in other works. TFor example Bemiller,
Tegtmeier and Pappelis (1969) found that a cell bound cellulose of

Diplodia zeae was detected only after cellulose and glucose disappeared

and they suggested that glucose regulated the release of superficial
cellulolytic ensymes inte the culture.medium réther than their synthesis.

Turther, they suggested that the release was a function of age or condition



of the culture and occurred after the growth period. Several other
worlzers have reported liberation of ccllulose into the culture.msdium
after the depletion of substrate and following the growth period
(eg. lorecau and Trigue, 1946; Deshpande and Deshpande, 1966), Tith
isolate 1, however both leminarin and glucose disappeared from the
culture medium dut no enzyme was detected. This suggested that the
‘glucanase was present but bound firmly {o the surface of the mycelium.
This possibility wes tested by incubating washed mycelium of 1y
(from 60 ml of a 6 day culture) in a mixture of 1 ml water, 1 ml citrate-~
phosphate buffer (pHi 5) and 1 ml laminarin (5 mg/ml). Glucose was
released (Teble 29 ) yet tests carried out on the supernatant of the

reaction mixture showed no enzyme was present.,

Table 29, Release of glucose from laminarin incubation with If,

Tncubation (h) pg/ml glucose
1 3545
3 86.0
6 : 158.0

To determine that the glucose was being produced by the action
of extracellular enzymes bound to the actinomycete mycelium 30 ml samples
from a 5 day culture were incubated in a 3 ml reaction mixture as follows:
i, Washed mycelium + laminarin + buffer.
ii. liycelium previously treated for 60 min at 379 in 1% merthiolate +

laminarin + buffer,



1ii, Tycelium treated with 10 merthiolete + water + builer.

The results of a 6 h incubation are given in Teble 30,

Iable 3C. Release of glucose by living and rilled mycelium of 17.

Time (h . Ry g}u?gse released
i ii iid
% 12,0 . 18.6 2.5
1 25.0 31.5 3.0
3 56,0  66.0 4.0
6 100.0 115.0 L.5

The resﬁlt of the experiment showed that 155 merthiolate killeé the
myceliwm but had no effect on enzyme activity. Iurther, it showed tﬁat
the glucose released came from the enzyme hydrolysis of laminarin and
was not leached out of the actinomycete rgycelium after it had been
killed. The engyme was not removed from the mycelium after Washihg with
0.1% NaCl at pH 7 or pH 8.5, or by 0.15 1f acetate buffer (pH 5) or 0,15 U
citrate-buffer (pH5). HOWGVer; after a 250 ml sample from a 10 day
culture was homogenised in the USD for 20 min periods glucanase activity
was detected in the supernatants when incubated with laminarin in a 3 ml
reaction mixture at 379 for 1 h (Table 31).

The effect of the cell-bound enzyme on the cell wall preparations
was exemined using 60 ml semples of 1} from 6 day cultures. The
mycelium vas washed and placed in 1% merthiolate for 1 h at 37°.
Incubation mixtures consisted of 1 ml cell walls (5mg/ml) 1 ml citrate-

phosphate buffer (pH 5) and 1 nl I mycelium, The results are given in

Table 32,
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Ho. of 20 min hetivity of surernatant after treatmont
UsD treatmonts Eg/ml glucose relonsed

1 10.0

2 18.5

3 28.5

I ' 35.0

Tine (h) po/ml rlucose releascd
1° walls 20 waolls  Leminerin

1 6.0 6.0 48.5
3 12.0 6.0 112.0
6 19.0 6.0 196,0

Three tirmes the quantity of glucose was relcased from the primary
compared to the secondery cell wells after 6 h but because of the difficulty
of an enzyme bound to the cell wall of 1y coming into direct physical
contact with the glucan molecules of thé fungel viall preparations the
amount released in the 6 h period was small compared to that from
laminarin.

In view of the difficulty of obtaining an active preparation of a
,3-(1—3) glucanase from 1y a knovn producer of the enzyme, Penicillium
javanicum was growvn in three 250 ml flasks contzining 100 ml of the

medium of Reece and landels (195%) with insoluble laminarin as sole



carbon source. Fig. 3L shows fb-(lnﬁ) plucanase activity of the cultiure

filtrate over a 7 dey period. Activily was exvressed in terins of the

release of glucose from an inctbation =inture containing 0.65 1l culbure

filtrete, 0.15 ml citrate dbuffer (pH 5) and 0,25 nl laminarin (10 mco/ml).
The cnzyme activity inecrcased repidly cfter the sccond day when

glucose disappeared Trom the mediwn, The culture 7Tiltrates were collected

af'ter 4 days and the enzyme paftially purified (p.1l1%) and storcdlat —180;

The preperetion wes incubated with chitin and carvorgmsthyl cellulose

and found to have no activity. IHowever, when incubated with lulean

(e p~(1-6) glucan) the enzyme was found to contain activity equivalent

to the release of 80 pg/ml of glucose in a 5 ml reaction mixture with

1 ml lutean (5 mg/ml), ' :

ii. Froduction of chitinase.

Chitinase was prepére& from the bacterial isolate Bg grown in 100 ml
of the medium of Skujins et al. (1965) wvith 0,X3 chitin as carbon source,
No enzyme was found in the culture medium until 60 h after inoculation
following the disappearance of{;—acetyl glucosamine produced from the
hydrolysis of chitin (Fig. 32). The enzyme was found to be relatively
unstable in the culture mediwn and after 96 h little remained. The

chitinase was partially purified using ammonium sulphote, dialysed and

kept at -18° until required (p.119).

iii, Effect of chitinase and glucanase on cecll walls.

Primary and secondary cell walls were incubated with laminarase and

chitinase whose activities were equivalent to the release of 590 ug/ml
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glucose and 35 ug/mi n-zcotyl glucosamine veepoebively in o 5 ml vesction

-

mixture, The glucanase was lncubated alone and together with the

Y a

chitinase at the optimwn p4 for bothe enszymes l.e. pi 5 and pH 5.

5

Iiydrolysis was followed over o L h incubation period at 37°;
toluene was then added and the cell walls were rce—incubsted for o {urther
20 h, Chitinzse was not incubated without glucanase; this had been
done with the commercial prepé;ation (p.15) in which/6>-(l—3) glucanecse
was present though at a low concentration.

The results are given in Fig,33 1 & ii., Similar quentities of
glucose was recleased at pH 5 and pH 5.5 when fthe glucanase was incubated
with chitinase Wﬁereas there was a slight increase in n-acetyl-glucosamine
released with chitinase and glucanase at pH 5.5. The amounté of glucose
and n-acetyl glucosamine liberated from the cell walls after 4 h and 24 h
are given in Table 33. There was no increase in the amounts liberated
during further incubation under these conditions,

Toble 33. Hydrolysis of cell walls after 4 h and 24 h incubation.

N

Incubation Sample Glucose released Glucose released N-acetyl gluco-

time (h with a. ' with a + b, samine relecased
with b + a.

1o 16.3 22.5 8.2

L
20 6.7 8ol+ 3“7
10 25.4 36.0 11.0

24 )
20 11.3 16,0 L.7

1° primary walls 29 secondary walls

a. p -(1-3) glucanase b. chitinase



rron Flg. 33 and Tadle 33 several pointn ave of
(1) Considerably more slucose was liberated fron bobh prisary anid secondary
cell walls when the F}(l—j) slucenase was present with chifinasc.
(2) Wydrolysis of glucose and n-acevyl glucosemine in 24 h fron priasry

gell walls corresponded closely to estimations made from chemical analysis
(ps 130« lowever, considerably less glucan and hezoszmine was hydrolyscd
fron secondary walls compared té the calculated amounts available,

(3) The majority of the glucan of the cell walls was probebly aiS-(l—j)
linked glucose polymer bul because of the presence of‘fi-(lré) slucanasze
it was not certain vwhether the entire cqll wall glucan wasf}(l—j) linked

b}

or ymether bLoih were prescnt.

(%) There was evidence that tihe hexosamine of the primery cell walls.
. . -~

was completely acetylated. Chemical analyses revealed 12.77% tota

hexosamine and enzyme hydrolysis indicated that 11.0% of the wall was

n-acetyl glucosanine,

0. TInduction of enzymes by micro-orzanisms grovm on cell walls,

Penicillium javanicun and the streptomycste isolate 5 were growm

on the primary and secondary cell-wall preparations and the cultures
assayed for production of glucaﬁases and chitinase by incubating filtrates
with purified substrates in the incubation mixtures described previously
(pe119).

Both isoletes produced chitinase and glucanases when growm on the
cell walls of primary and secondary cell walls. A higher concentration
oi‘f&(lrj) glucanase was produced by growbth of P. javanicum on primary

walls but the difference between the activity of the primary and



arison of the ac

were rore than twice as active as those fronm the mature cell walle.

e o ' s s s X A Ve g
Teble 3h.  Relative cetivity of /3-(1—3,' glucanase and chnitinase fron

P. javanicun,

«

Incubation (days) — pg/ml glucose
in incubgition i

N, T, Not tested.

s

Ap—(l—é) glucanase was induced by growth of P. javanicum on cell walls
and its activity was assayed after 10 days. There was no differencc in
the enzyme activity of the filtrates from the two wall samples and
138 yg/ml glucose was released from lutean in a 24 h 5 ml incubation
mixture from both primery and sccondary filtrates; this was considerably
lower than the concentration of/&—(l—-B) glucanase produced after 10 days
(Teble 34).

The results of similar incubations for culture filtrates of
Streptomyces: 81 are given in Table 35. The concentrations of the

enzymes in the culture filtrates from primary and secondary walls differed

. considerably. The P-(l-Z») glucanase activity was sbout three times
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higher in the primery coll-vielld
thet of the seconlary wall culiure filtretec, However,/a ~(;-6) gluecanase
wes the major glucanase produccd by S on both primsry and seconéary
cell-wall preparationz and from the primory end secondaryiilltrates 330
and 224 ug/ml glucose was released from lutesn respectively in the
incubation mixturcs. Thus, the zctivity of the}%-(l~6) glucanase was
several %imes that of/S ~(1-3) glucanase induced by the cell-wall

.

prepsrations,

Table 35, Relative activity offo—(l—j) glucenase and chitinase from

Streptomyces Si. .

Incubation (deys) ug/ml glucose and n-acetyl glucosamine released
in incubation mixture/2L h. ' '
Primary walls Secondary walls
Glucosc N.ALG. Glucose H.A.G.
6 9% 13 33 7.5
10 133 18 40 8.5
13 106 18 L6 Te5

Observations on the cell walls.

Both primary and secondary walls of the samples inoculated with

P. javenicum retained their integrity and showed only slight reduction

in the thickness of the cell walls. In contrast the Streptomyces 51

brought about complete breakdovn of the primery cell walls after 6 days,
reducing the sample to a structureless mass. The cell walls of the

mature mycelium were also homogenised although the cleistocarps cell walls,
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being very nuch thicker vemained withouws obvious signs of hydrolyzis
L3,

vhen observed under the lizht microscope (:400) up to 13 deys aiterw

inoculation when the expsriment wes ed, Clezriy Tor complete
hydrolyscis of cell walls. chitinase, }3-—(1—3} and }3 -{1-6) glucanase

ere not adequate alone altiough they subctanticlly reduce the cell wall
thiclness.
1 that prolonged incubation of

FPotzieter and Alerander (1965) found

'eurospory crasse with chitinase and a /5 -(1=3) glucanase left the hyphal

At

walls thinned but intact., Tossibly in §. rmors-—uvae protease activity is

required attacking the protein molecules of the melanin conplex before

complete dissalution of the wells is achieved.



5. #leetron mieroscony of §, morg-avec clelstocarps.

A study wias made of tne structure of the cleistocarps from thwe two

-

oA = \ . . V. . .
samples of S. mors~uvoe (3. 1229 used in the chierical analysis and enzyic

"5""

work, Sections were made of the lLimpture and msture cleistocarps and tieir

mycelia and of the mature cleistocargs alter they had overwintered on

n

the soll in tne walled pgarden at Silwood Pari to find if micro-organisms

-

had colonised and degraded the cleistocarp walls. .

A. Immature (primary) cleistocarys.

A section through the cleistocarp revecls two distinet arcas (Fig.3: );
a central region in which the ascus and ascospores are differentiated
and = multi-layered perioheral tissue in which two regions can be distingui-

she (10

i, The central region,

The central region is bounded by a wall similar in thickness
(g. 0.2 p) to those of adjacent isodiometric cells (¥ig. 34 ). The wall
does not show any discontinuity; suggesting previous cell fusion, and

encloses an area with a nucleus and in which large vacuoles, mitochondria

and 1lipid are present.

ii. Peripherzl layers.

a) Inner cell wall layers or centrum cells.

Outside the central area are three to four layers of isodiametric
cells. Although these layers (centrum cells) may be a tissue which
support the differentiation and maturation of the ascus and ascospores

and the region may be distinet in function from the ngl cells, in early

cleistocarp stages (Fig. 34 ) the two regions are morphologically indistinct.
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Fig. 3k

Section through an immature cleistocarp showing central
region (c), peripheral layers and mycelium (my). Note
transition between isodiametric centrum cells (cc) and
the elongeted cells of the outer wall layers (ow). There
is an increase in size of the vacuoles (v) and loss of

1lipid towards the boundary of the cleistocarp wall.
(X 2,850)
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cillar struactvre (G

]

The cell wolls of this regicn hove o 73D
- (N " . . . .- . . .
Llectron~denze cxtra-collular wmateriol is present along the junchion of

edjoining ccll walls end cspecially ot the corners. Yhere a nuclcus is

g N

scen 1t is single in these cells. Iidochondria wnd large vacuolen with

agsoclated conccnuric membrane structures oi'e Conlol. 4 proninent

feature of thege ¢eldlo is the large emount of lipid which distinguishes

this layer from %he cell of %he outer cleistocaryn wall, '
These layers around the ascus ceem to correspond to the centrum

éells of other meubers of the Zrysiphaceae described by Gordon (1966).

These cells initielly filled the central area of the cleistocarp and he

consicered some of them were sbeorbed in the zscus formation.

b. Outer wall of cleistocarp. )

Passing from the centrua cell towards the periphery of the
cleistocarp there is a gracuel change of cell shape from the inner
isodiametric centrum cells to cells whose periclinal walls becore
progressively more elongated and the anticlinal walls shortened. This
region of approximately three or four layers is distinguished as the
outer cleistocarp wall (Fig. LIDR

In the outer wall layers the innef region of the cell wall is
transparent and fibriller (7ig. 36), as in the centrum cells. Beyond this
layer electron dense materiel is extensively developed at the enticlinal
walls emphasising their

wall junctions and betwecn the periclinal

Tibrous structure.
The walls of these cells, therefore, appear two layered although the

outer wall layers of adjoining cells are continuous. The cell walls
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Fig. 35 . Cytoplasmic contents of centrum cells of immature

cleistocarp showing a nucleus (n), mitochondria (m),
vesicle (v), lipid (1), concentric membrane structures
(em), the fibrous cell wall (fw), electron-dense material

between adjacent walls (em). (x 17,500)
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Fig._éé: The outer wall cells of an immaturé cleistocarp showing
fibrous walls (fw), the electron-dense material between
anticlinal walls extending between the fibrous layers of
the walllemlA thin electron-dense cuticle (cu) is shown.
The cytoplasmic contents of the wall cells are indicated:

nucleus (n), mitochondrion (m), vesicle (v) and lipid (1).

(x 18,000)
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Fig, 37. Showing the two regions (em,fw) of a marginal cell of
the outer wall of an immature cleistocarp bounded by
the cuticle (cu), 4 plasmolemma (pl) enclosing the

cytoplasm of the cell is shown. (x 64,500)






increase in thicliness towords the periphery of the cleistocory vhere e
electron-dencge material is moct fully developed (Fig., 37) end formc o
derkly steined surfoce layer.

Outside this dexit layer o thin cuticle is yresent (Figs. 36, 37238 e
Within‘these cells the vacuoles are large compered to the cell profile
areze (c. 5077) and the 1lipid droplets arc fewer dhan in the cenirum cells
Tig. 36 & 38). Bui as in the centrum cells nuclei, mitochondria end
concentric mexbrane structures are present. Somé of thie outer cells of
this layer are extended as appendages (Fig.38 >

The structure of the hyphae associated with the cleistocarps (Fig. =)

is similer to marginal cells of the cleistocarp.

B. lature (secondary) cleistocarms.

i. Central region,

The central region (Fig. 3¢ ) is shown containing an ascus with a
thick wall (4-5 F) which has severazl layers. In some regions outside
the ascus wall (Fig.kO) the cy%oplasm is similar to the contents of the
‘surrounding centrum cclls. It is likely that the boundary wall of the
central area had formed the ascus waell and onc or some of the inner

centrun cells has lest its wall leaving the contents in direct contact

rith the ascus.

ji, Peripheral lavels.

a. Centrum cells.

Tn the mature cleistocarps the centrum cells are clearly distinguisheble

from the outer cleistocerp cells. These two to three layers have thin
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Pig. 38 . A section through the outer wall of an immature cleistocarp

showing the distribution of the electron-dense material (em)
between cell walls and forming a boundary layer to the
cleistocarp. Hote “the cuticle (cu) is continuous around

the marginal cells of the cleistocarp wall and the appendage

cell (a). (x 9,000)
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Fig. 39.

Section of mature cleistocarp showing the distinction
between the central region containing an ascus with
thick wall (aw), the centrum cells (cc) and the cells of
the outer wall of the cleistocarﬁ (ow). 1Hote the loss
of cytoplasmic contents of the outer wall cells, the
presence of osmiophillic 1lipid (ol) of the centrum cells
and the increase in the thickness of the cell walls

towards the periphery of the cleistocarp. (x 2,000)
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Fig. 40,

Section through a mature cleistocarp showing the central
region containing an ascus with thick wall (aw) outside
which the c¢ytoplasm, not enclosed by a cell wall, contains
2 nucleus (n), mitochondria (m) and lipid (1). The centrum
cells are shown with osmiophillic lipid (ol). Hote lack of

vacuoles compared to immature centrum cells. (x 5,00)






cell wells.
o? imasture cleistocarms cicept
addition of osmio-p
structures Tormally assccia
cleistocary.

. Outer woll o

The boundery betveen
ez,
cell walls and cell contents are

o

their walls. The cells of these la;

Tor

nillic livid (Figs. 39 & LO).

absent (Fig. 41).

and content to cenvriy colils

D

the apparent lack of vacuoles and i

concentric moaibrane

veeuoles arc avsent.

ocory

she outer cle

the centrun cells and i >3 atoes

The outer wall leyers have thickened

The thickness of the

successive cell layers towerds the periphery show increased thickening of

yers (Figs. 29 & 41) have an elcctron-

dense layer around the cell lumen. There is also an increase of the
derkly stained materiel eround the anticlinal and periclinal walls.

¢

Treasurenents were talken of the total wall thickness and the

transparent, layer of the immature and mature

thickness of the fibriller,

irnif'icant increase in

'

cleistocarps (p<<C 0.001).

cleistocarps. Teble 35 shows that there wes a

the total thickness of the cell wall of mature
However, the increase in total wall thickness eccompanied a decrease in
the depth of the transparent zone of the cell wall. In the immature cell
wall the transparent laycr was statis%ically greater (p< 0.001).

Thus, it is probable that the electron-densc material bordering the
cell lumen partly represents a deposit of new wall material and aléo
infiltration into the existing transparent leycr.

Tﬁe mature cleistocarps have a cubicular leyer similar to that of

the immature semples. The secondary myceliua (Fig. L42) appears to be of

similar structure to the outer cleistocarp cells.
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Table 36, lleasurementc of totol thickness ond the thickness of the [iprous,

bl

trensperent, layer of immature and moture cleistocarp.

Readinge telzen on the outermost cell wall of the cleistocerp,

Entire cell wall (p) Fibrous lever of well (1)

irmature mzture Irmsture melare
0,61 0.58 . 0.2k 0.28
0.67 : 0.65 0.27 0.29
0.53 0.72 0.27 0.29
0.56 0,83 0.2% 0.15
0.36 0.97 0.22 0.13
0.41 0.93 0.15 0.13
0.32 1.00 0.20 0.12
0.50 1.00 0.22 0.16 )
0.52 0,99 0.25 0.10
0.68 0.95 0.30 0.15 .
0.47 0.86 0.25 0.15 )
0.49 0.80 7 0.30 0.23
0.75 0,76 0.30 | 0.16
0.66 0.65 0.29 0.15
0.68 0.94 . 0.25 0.13
0.62 0.58 0.33 0.10
0.55 0.83 0.26 0.20

Four readings were taken at random on four marginal cells of immeture

and mature cleistocarps.
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Fig. 41. Uature cleistocarp wall showing cytoplasmic contents of
centrum cells with sharp boundary between these and the
outer wall cells. Note general lack of contents of outer
wall cells; some show remains of membrane system (ms).
Note also the progressive thickening of the periclinal
cell walls of the outer wall layers of the cleistocarp
towards the periphéry. Breaks in these wall cells are

indicated (br). (x 11,400)
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Fig. L2, Section through a mature cleistocarp wall showing the
presence of a cell within the lumen of an outer-wall cell,
The cytoplasm is bouﬁded by a cell wall (cw) inside which
a plasmolemma (pl) is indicated. Note also the similarity
of the wall of the secondary mycelium (sm) and the

cleistocarp., (x 23,700)
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Pig. 43 .

Mature cleistocarp with a fungal cell passing through an
anticlinal wall between two marginal outer-wall cells.,
Note the organised cytoplasm of the fungal cell compared
to the outer-wall cells and the presence of a wall (cw)

around the cytoplasm. | (x 16,200)
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Figs il 42 &43 suggest that the wall of some cleistocarps is broken
even before they are wintered and fungi are seen in the lumen of intact
marginal cells of these cleistocarps. Strﬁctures identifiable with
sections of fungal hyphae are secen in the lumen of cleistocarp cells
(Figs.42 & L3) where the cytoplasmic contents are bounded by a plasmolemma
and cell wall. TFig.43 shows a structure which has passedthrough a
septal pore hetween cell wells or penetrated directly through an anticlinal
wall. However, septal pores were not seen between other noninvaded cells.‘
It is probable that colonisation of outer cleistocarp cells_takes place

while the cleistocarps are on the leaf attached to the black currant bush,

Qverwintered cleistocarps.

Centrum cells end asci are generally absent from cleistocarbs
overwintered on the soil. Tig. Wi shows large numbers of bacteria and
fungal cells present within the cleistocarp although there was no obvious
degradation of the outer cleistocarp walls. Bacteria are present in the
cleistocarp wall cells and also within the area previously occupied by
the centrum cells and ascus (Fig.h5). The absence of internal meribranes
and the presénce of a wall and an unstained area probably containing DNA
provides evidence that these structures are bacteria. In Fig.U45 a
bacterium is shovn within the wall surrounded by a transparent area which
suggested bacterial lysis of the cell wall. The presence of profiles
identified with fungi ere equally numerous énd Tige 46 shows a fungal
cell with elipsoidal bodies within the cytoplasm. These structures have
previously been recorded only in the fungal component of lichens (Brown

and Wilson, 1968) and have more recently been renamed 'concentric bodies'

by Griffiths and Greenwood (unpublished).
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Fig. 4 . Glancing section through an overwintered cleistocarp showing
bacteria (b) and fungal cells (f) within the outer-wall

cells., Note the breaks (br) in the wall and numerous cells

without cytoplasm. (x 10,700)
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i

15,

Section through an overwintered cleistocarp showing a
bacterium (bl) in the cell wall surrounded by a zone of
lysis (zl), bacterium (b2) within the lumen of the wall
cells and bacterium (b3) in the central lumen (cl)

previously occupied by centrum cells and ascus. (x 67,000)
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There was, however, little evidence of the means of entry of either
bacteria or fungi into the c;leistocarps. Fig. 47 may indicate direct:
penetration of a bacterium into the ou’;:er cell well -and some indication
of fungal penetration is shown in Fig, 44, It is likely that if direct
penetration is uncommon then e'ntry of micro-organisms may take place via
fractures in the wall (Fig. 41 & 41).

Bacteria and fungi were present also in the lumen of cells of the
secondary mycelium (Figs. 48 & 49). Entry of the nycelium if not by
direct means could have been achieved via the broken ends of hyphae.
Damage to the mycelium, especially by soil insects feeding on both the
cleistocarps and secondary mycelium was frequently observed in late

autumn and early spring (p. 27).
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Pig. L6 . Section through an overwintered cleistocarp wall showing a
fungal cell within the lumen of a wall cell. Ilote the

presence of ellipsoidal bodies (eb). (x 29,000)

Fig. .47 . Showing the possible entry of a bacterium directly through

the wall of a cleistocarp. (x 78,500)
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Fig.h8 . Section through the secondary mycelium associated with
overwintered cleistocarps. Note the presence of Lacteria

(b} within the lumen and wall of the mycelium. (x 29,800)

Fig.49 . Sectiozl through the secondary mycelium associated with
overwintered cleistoc'arps showing the presence of a fungal
cell within the lumen. Note the ellipsoidal bodies in the
cytoplasm (eb) and the similarity between the wall of the

mycelium and cleistocarp. (x 34,000)
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DISCUSSION

The present results substantiate those of Herriman and Wheeler (1968)

and of Jordan (1966, 1967) that some cleistocarps of S. mors-uvae

overwinter and discharge viable ascospores in the following spring.
Additionally they indiecate that ascospore discharge may occur over a
longer feriod and earlier than previously supposed, depending on the time
- of cleistocarp formation and its relationship to leaf fall., For exemple,
cleistocarps formed on leaves and placed on soil in early summer (July

| samples) discharged ascospores in late autumn; there was evidence of
dehiscence in the field by 14 November (1969) and ascospores were

trapped in dehiscence tests in the laboratory on 19 December, In
contrast, dischargé of ascospores from cleistocarps formed in late summer
(september samples) was first noted on 10 February (1970), some three
months later.

These results do not substantiate the speculation of Salmon (1914a)
that only cleistocarps formed earl} in the season (in July and August)
survive the winter., Indeed they indicate that cleistocarps formed later
in the season (although relatively few in number) are potentially the
most important, for not only do they discharge ascospores at a time when
new leaves are formed by the black currant bush but also the number of
ascospores discharged (relative to cleistocarps present) is greater
than from any other cleistocarp collection (Table 37).

Although the time at which cleistocarps are formed may be important

in relation to the successful perennation of S. mors-uvae, the low

number of cleistocarps which discharge spores (<1 of the initial number
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with differentiated ascospores) suggests that other factors influence

survival substantially. Some of these are indicated in Fig.50..

Table 37. Dehiscence of cleistocarps from time of black currant bud burst

(2970).

Collection | No. accospores/1000 cleistocarps
September 31.8
August-September . | 21.9
JﬁlyrAugust - 17.6
July | 9.3‘
July-August-September - 7.2
August 5.8

Cleistocarp formation on the black currant leaf is initially
influenced by three factors: 1) the abundance of compatible (heterothalli
strains, 2) the:nutritional status of the host, 3) the weather, The
present studies show that the fungus is heterothallic (Appendix I).

There are, so far, no critical studies on the relationships between
the nutritive status of leaves and cleistocarp initiation, maturation
| and subsequent ability of cleistocarps to overwinter successfully..
Generally, susceptibility_to infection and mycelial development are
positively related to plant vigour (Yarwvood, l§57). For cleistocarp
formation several factors have been implicated, for exsmple, low night
temperatures (Ttoi et al, 1962), host scnescence (Schnathorst, 1959;

Prota, 1963), dry soil and low relative humidity (Laibach, 1930), That



Fig. 50. Summary of possible factors influencing cleistocarp survival.

“leather
Nutritiom
status of s CLSISTOCARP => ABILITY TO DEHISCE =>>» DEHISCENCE
host FORMATION T
Heterothallism OCsmotic pressure potentially
sufficient to overcome strength of wall
Essential
respiration
Oswmotic Strength
Status at potential of wall < Heathering By
time of leaf of ascus 8
abscission ;;7 < !
A.vail\!e,zbility \
of reserves Osmotic pressure not potontially
sufficient to overcome strength of wall Microbiol activity

Complete destruction
by soil fauna

Degeneration
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the physiological condition of the leaf might be important is indicated

in the experiments with leaf discs in controlled environmeﬁts (Appendix I),
Here, cleistocarp development was enhancéd when discs were floated on
sugar solutions though vhy this is so remains unknown.

Thelimportance of the weather (gspecially rainfall and temperature)
to cleistocarp develorment on the leaf and, subseguently, to cleistocarp
survivel is indicated in the overwintering experiments (p. 14 ). The

‘August sample, although initially containing 30-407% cleistocarps with
ascosﬁores, survival poorly because many cleistocarps were immature when
leaves were removed from the bushes on 1 September. This immaturity
was perhaps a result of the cooler temperatures during August.

¥any cleistocarps are destroyed entirely by s0il insects. This was
particularly marked in the July collections (p. 21 Yo ~Other cleistocarps
are lost from the leaves because insects remove or weaken the secondary
mycelium around the cleistocarps which serves to anchor them t& the leaf
surface. 1In the winter months of 1968-69 over two-thirds of the
cleistocarps from the leaf-discs were lost in this way and substantial
losses from leaves also occurred in the winters of 1969-70 and 1970-71.
The fauna most'active in these respects are psocids, collembola, insect

.larvae, small slugs and worms. Liany psocids were found on leaves

placed on soil in the summer months and their 2bility to strip leaves

of the mycelium and cleistocarps of S. mors-uvae was readily demonstrated

in the laboratory. Eectopsoccis briggsi, the psocid commonly associated

with the cleistocarps, hes no diapause and as it survives the winter as

adults or late instar nymphs (New, 1968) cleistocarps and secondary
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mycelium msy be removed from the leaves during tﬁe entire period the
leaves are on the soil. Coliembola, wvhich are also known fungal feeders
(see Butcher, Snider and Snider, 1971; South, 1961) wereiless comnon in
the leaf litter during the winter months and were probebly less important
with regard to cleistocarp survival than psocias though, by feeding on
secondary mycelium, they prdbably contributed to the loss of cleistocarps
from leaves. The large faecal pellets of other animals (p. 23 ) also
contained cleistocarps so these, too, obviously reduced the population

of cleistocarps on the leaves.

Experiments reported here suggest that cleistocarps which are
detached from 1eave$ (either in faecal pellets or washed by rain from
weakened secondary rycelium) are not important in perennation. In the
two winters that cleistocérps were placed in the soil (1968-69 and.
1970-71) degeneration occurred earlier than in cleistocarps remaining
on the leaves and only in one in;tance were ascospores discharged.

This occurred on 3 February 1971, approximately one month before bud-
burst, in a sample remaining on the leaf in the soil., Similar results

vere reported by Rasulev: (1965) for Uncinula necator except he did

obtain dehiscence of cleistocarps overwintering in soil apart from host
tissue. He suggested that micro~organisms were responsible for the
degeneration of cleistocarps on leaves but provided no evidence to
support this.

The survival and subsequent dehiscence of cleistocarps that escape

destruction by the soil microfauna depend on many, interacting factors

but they can be divided into two groups, 1) those which influence the
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osmotic potential of the ascus and 2) those effecting the strength of
the cleistocarp wall. In the simplest terms, a cleistocarp able to
dehisce 1s one in which the osmotic potential of the ascus is sufficient
to overcome the strength of the cleistocarp wall (®ig, 50.).

The present results suggest that after leaf-fall, differentiation
within cleistocarps is arrested. This is in agreement with Xulikov
(1953) and Merriman and Wheeler (1968). There was no evidence to
éupport the observations of Jordan (1966,1967) that ascospores develop
only in the spring. However, as cleistocarps do not dehisce until some
' considerable time after they are formed it must be assumed that either
changes occur to facilitate dehiscence or dehiscence is inhibited -
possibly by associated micro-organisms. The latter seems unlikely as
cleistocarps which dehisce do so in the spring when microbial activity
is greatest. Interest therefore centres on possible cﬁanges in the
'cleistocarp itself and in this respect changes in reserve‘food materials
within the ascus are pafticularly relevant. Cleistocarps of S. mors-
uvaee have abundant glycogen in the ascus at ascospore differentiation.
Observationé have showvn that, once the wall of the cleistocarp is broken,
ability of the ascus to swell and discharge ascospores is associated
with a reduced glycogen content, Even samples taken from leaves on
the bush conbtain some cleistocarps that can dehisce in this wey and
the ascospores have been shovm to be viable and infective,

At leaf abscission, cleistocarps on leaves are in various stages
of differentiation. Some are no more than unpigmented masses of cells

with no distinct structure while others are darkly pigmented and have
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fully differentiated wells and asci. Betwecen these two extremes there
are all stages of development. Thus, although 507 of the cleistocarps
may contain ascospores initiallf many may not have reached the state
of maturity (in terms of reserve materials) which will maintain them
through the winter. Essential, respiratory processes may draw upon the
reserve materials in many of these cleistocarps belfore natural dehiscence
is possible, the result being that degeneration takes place by autolytic
ﬁrocesses i.e. self-digestion by intra-cellular enzymes (Lloyd and
Lockwood, 1966). Brian (1960) considers that autolysis brought about
" by exhaustion of an energy-yielding source may be a common explanation

of lysis in fungi. However, many cleistocarps of S. mors-uvae still

contain ascospores in the spring with no obvious signs of degencration
yet few discharge spores (p.49 ). In these the turgor pressure of the
ascus 1is presumably too low to'break the wall and indeed a weakening of
the cleistocarp wall may be an-esséntial pre-requisite for natural
dehiscence, |

VWleakening of the wall is possible either by chemical degradation,
by enzymes of micro-organisms or by the physical processes of
weathering during the winter. Chemical analyses showed.that about 35-40%
of a2 mature cell-wall preparation of cleistocarps and secondary mycelium
consisted of chitin and glucan (}5'-(1r3) and p0ssIbLy}3-(1—6) linked).
This plus the ability of certain bacteria and actinomycetes which were
associated with the overwintering cleistocarps to produce chitinases
and glucanases (p.142 ) suggested that weakening of the wall might take
place by enzyme degradation. FHowever, in incubation experiments with a

bacterial chitinase and a fungal,/3 -(1-3) glucanase, hydrolysis of
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mature walls was substantially less than that of immature, 1ightl& L
pigmented, samples. This resistance of{mature walls appears to be
associated with their high melanin content (c. 25% by weight). The
inhibition of 1ysié by melanin compounds has been reported with
different fungi by several workers (Skujins, et al, 1965; Broomfield and
Alexander, 1967; Potgieter and Alexander, 1966; Jones, Bacon, PFarmer

and Webley, 1968; Kuo and Alexander, 1967; Jones, 1970) and for at

1east one species, Aspergillus nidulans, a progressive incrcase has

been shown to confer increasing resistance to lysis (Kuo and
Alexander, 1967) Thether the resistance is a physical shielding of
substrates or owing to a chemical complexing of the lytic enzymes is
not known.,

Much more work is required to demonstrate any such direct relation-
ship betweén melanin and resistance to lysis in the mycelium and

cleistocarps of a powdery mildew and, in this respect, S, mors-uvae

is a particularly difficult subject because it is not possible to
dbtain samples which are uniform with.regard to pigmentation or which
are free-of.other micro~organisms,

Complete lysis of cell wall preparations of mature cleistocarps

was obtained in liquid media at 25° inoculated with Streptomyces S

(p.161 ) but it seems unlikely, from other evidence, that cell walls
are degraded to anything like this extent during natural overwintering
of cleistocarps. For example, although electron micrographs showed
that there were many bacteria and fungi within the outer cell walls

and, occassionally, there were zones of lysis around bacteria within
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cell ﬁalls, there waes no obvious, extensive degradotion of the outer cell
walls, Even after é months of weathering on soil there was little
damage to cleistocarps that could be ascribed to enzyme hydrolysis.

| Neverthelesé, in some electron micrographs, bacteria were
appareﬁt in the central area of the cleistocarp and in these instances
the ascus and centrum cells had completely disappeared. In some
cleistocarps the walls of some cells appeared to have broken before
ﬁhqy were fixed for electron microscopy, possibly as a result of
weathering (p. 193). Smal} cracks such as these might allow the entry
of micro—organism§ and these could cause degeneration of the central
region of the cléistocarp. At present, however, there is no direct
evidence to substantiate this and cleistocarps would need to be
sectioned from the time of iniation on the leaf and through the winter
on the =0il to test this hypothesis. As fungi were found in the outer
wall cells when cleistocarps were still on the bush it is possible that
entry at this early stage after.cleistocarp formation can take place by
direct penetration of hyphae through the walls. Similarly, the

mechanism whereby Trichoderma viride and Coniothyrium minitans

penetrates the pigmented rind wall of Sclerotinia sclerotiorum is still

unknown (Joﬁes and Yatson, 1969).

In the above discussion degeneration has been considered in
relation to starvation (i.e. depletion of energy-yielding substrates) and
to lysis by micro-organisms. There remains the possibility that it is
caused by antibiotics, themselves produced by other micro=organismss

The experiments with urea suggest that, despite the apparent barrier of
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the outer cells of the c¢leistocarps, substances applied at the surface
might adversely affect the ascus, for the results indicate that urea
has a direct fungi-toxic effect, as it has on the pseudothecium of

Venturia inaequalis (Ross and Burchill, 1968; Burchill, 1968). There

is some circumstantial evidence to support an antibiotic hyrothesis.
Actinomycetes were found in association with cleistocarps and when
cleistocarps placed on sterile soil at 109 were inoculated with one
isolate (81) their asci degencrated rapidly. A similar, repid

degeneration occurred when isolated cleistocarps were placed in non-

sterile soil., Tt is also of interest that Cephalosporium spp. were
often found on cleistocarps in samples taken direchy in the field for

some species within this genus e.g. C. gramineum are known to produce

antibiotics (Bruehl, Lai and Huisman, 1964). Other species are known
hyper-parasites of fungi e.g. Kenneth (1964) has reported that

C. acremonium directly invades the conidia, conidiophores and hyphae

of Helminthosporium vagans (a fungus with pigmented cell walls) apd

others are capable of hydrolysing insoluble laminarin (Chester, Apinis
and Turner, 1956). dbviously further work is required on these
organisms and their effects on asci within cleistocarps.

However, evidence from overwintering studics of other powdery
mildews indicate that effects of the microflora may not be important
to successful perennation. For example, Cook end Wheeler (1967) found

that c. 747 of the clestocarps of Erysiphe cickoracearum dehisced

naturally in the field (at Silwood Park) from November to lMarch. The

majority of cleistocarps of this powdery mildew reached maturity at



-208-

leaf abscission (in .comparison to S. mors-uvee) and it is possible that

reserve materials were adequate for survival, With such a high survival
rate microflora would seem -to play a smail role in preventing successful
perennation;

The release of ascospores is the final process in the overwintering
of cleistocarps and for this moisture and temperature are the most
important factors. Temperatures of 50 and over are édequate for asco-

spore discharge in S. mors-uvae. At 5% dehiscence continues over several

days whilst at higher temperaturés (eege 20°) it is complete in any
sample within 12 h, TUnder these favdurable conditions most dehiscence
(c. 40-507%) occurred within the first 2 h, & result similar to ihose
obtained by other workers with this and with different powdery mildews
(Smith, 1968; Cook and Wheéler, 1967; lerrimen, 1968).

Clearly this investigation has raised more problems concerning the
perennation of cleistocarps than it has solved and this is especially
so with regard to the role of micro-organisms that develor on the leaf
litter. Structurally the cleistocarps, with its outer layers of
thickened cells, darkly pigmented with melanin, appears well adapfed to
survive and invites comparison with other fungal resting-structures
such as sclerotia., It is the more remarkable that relatively few
cleistocarps do survive and function as perennating structures in the

sense that they provide viable inoculum for the re-establishment qf

the fungus on its host.
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SUMMARY

1. The number of cleistocarps of S. mors-uvae dehiscing in spring was

less then L7 irrespective of the time of formation the previous summer.
Dehiscence occurred over a longer period than freviously recorded, in
some collections beginning in llovember end December, _However, those
cleistocarps formed }ater in the seasonwere considered to be most
important as dehiscence coincided with leaf production in the black
oﬁrrant plantation,

2. Soil fauna, especially psocids and collembola, caused the removal
of large numbers of cleistocarps and the secondary mycelium from leaves
on the soil., This was particularly aepparent in samples placed on the
soil in the summaer months.

2. Observations on the glycogén content of asci indicated that early
depletion of this reserve materia} in cleistocarps wintering on the soil
might explain their low survival rate. Comparisons between actual and
the potential dehiscence suggested that the difference could be
explaiﬁed‘by the inability of the ascus to break the cleistocarp wall

_because of a reduced osmotic potential.

. Cleistocarps placed in the soil either on or without the leaf failed
to survive. It was considered unlikely that the large numbers of
cleistocarps that arc lost from the leaf surface (c. 2/3%) are important
in perennation of the fungus.

5. Cleistocarps borne on the stems of gooscberry degenerated by mid-

lovember in the season of formation, substantiating earlier reports.
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Those borne on leaves or stems placed on the soil survived and the
ascospores infected gooseberry and black currant leaves.

6. Some oleistooa¥ps collected at leaf abscission contained asci. capable
of swelling and discharging ascospores (once the wall was artificially
split) which were viable. This together with the observation that
cleistocarps survived well at 518O for 3 years may provide a means of

maintaining cultures of S. mors-uvae over long periods of time,

7. Ascospore discharge was greatest at 200 and most spores, 40-50%,
were released in the first 2 h after wetting either at 5° or 20°, At 5°
discharge continued over several days whilst at 20° it was complete
in 12 h.

8., Urea applied to lcaves bearing cleistocarps after leaf abscission
and in the spring stimulated microbial activity but failed to suséain
the high populations. Urea was quickly lost from the leaves and even
vhen degeneratioﬁ resulted after its application it was considered to
have been‘oaused by a direct fungitoxic effect on the ascus wall.

Leaves of black currant colonised by S. mors—uvae were observed to be

extfemely resistant to decomposition following urea treatment.

9. A Streptomyces sp. caused total degeneration when inoculated into

soil tubes containing cleistocarps at 10°, Iysis of mycelium was not
apparent although the isolate had the ability to produce chitinase and
glgoanase ENZymes.

10. lycelium and cleistocarps were taken from leaves bearing two aifferent

stages of 8. mors-uvae development. One was lightly pigmented and

immature, the other darkly pigmented and mature. Cell wall preparation

wvere made and chemical analyses revealed that they contained hexossmine
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(c. 10-137) and hexan (c. 25-35%5). The hexan component contained glucose,
galactose and mannose with glucose the major constituent. Analysis

of the hexosamine revesled that chitin (n-acetyl glucosamine) was the

ma jor component,

11, Analysis of the.pigment of mature oleistocérps and secondary mycelium
showed that melanin in a complex with glucosamine and protein wo
present (2655 of cell wall weight). lelanin alone constitued_g. 205%,

12.‘ Organisms were not isolated capable of Iy31ng a mature cell-wall agar,
although lysis was obtained from a number of bacterla and actlnomycetes
(isolatéd from leaf washings) grown on an agar made from immature cell
walls, Some of the lytic organisms were capable of producing chitinase
and }3 -glucanase enzymes.,

13, Enzyme hydrolysis with chitinase and glucanase confirmed the
estimations made by direct chemical analysis of the chitin and glucan
component of the cell walls, The glucan component was predominantly
}3 ~(1-3) linked although the presence of 3 -(1-6) linkages was possible.

1. Incubation experiments using chitinase and glucenase revealed that
the mature cell wall preparations were more resistant to enzyme
hydrolysis.

15. Penicillium javanicum and a Streptomyces sp. grown on cell wall

preparations produced chitinase,}ﬁ—(l—}) and )5-—(1—6) glucanase enzymes.

Gomplete lysis of the walls occurred only with the Streptomyces sp.

indicating that these three enzymes alone could cause reduction in wall

thickness but not total hydrolysis of wall components.



-212-

16. Ultra-thin sections of mature and immature cleistocarps vere made and
viewed in the transmission E.M. Sections of naturally wintered
cleistocafps showed the presence of micro-organisms in the wall cells
and central region but degradation of the walls was slight. There was
little evidence of direct penetration of micro-organisms but natural
brezks, observed in the wall cells,may facilitate entry.

17. The resulis are discussed in relation to factors which might affecct
survival of cleistocarps from the time of initiation on the leaf until

dehiscence the following spring.
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AFFENDIX T

Studies on cleistocarp formation in S. mors-uvae,

Reviewy of literature.

The formation of cleistocarps by powdery mildews has variously been
attributed to the nutritive status of the host‘(Graf-Marin, 193L.; Prota,
1963), the environmental conditions of the host plant and the mildew
(Laibach, 1930; Jhooty and McKeen, 1962; Ttoi, Nakayama end Kubomura, 1962)
and the presence of two strains. Evidence that comfatible mating strains
(heterothallism) were necessary for cleistocarp formation in the powdery

mildews was first obtained by Yarwood (1935) for Erysiphe cichoracearum

on sunflower., Since then many other members of the Erysiphaceae have

been found to be heterothallic, for instance E. cichoracearum on lettuce

(Schnathorst, 1959) and on Zinnie elegans and Helianthus annus

(Yorrison, 1960), E. graminis on barley (Hiure end Tomada, 1959),

E. palygoni on Lupinus sp., Heracheum sphondylium, Lathyrus pratensis

and Pisum sativum, Microsphaera penicillata on Lathyrus ochroleucus and

Uncinula necator on Pathenocissus sp. (Smith, 1970,1971). Within the genus

Sphaerotheca, some strains of S, fuliginea have been shown to be

homothellic (Homma, 1933) others heterothallic (Homma, 1937).
There have been few investigations into the initiation of

cleistocarps of §. mors-uvae. Herriman (1968) produced cleistocarps on

potted plants of black currant grown at 20° but not on plants 2t 100,

However, even at 200 the cleistocarps were not formed on all inoculated

plants even - though mildew grew well and sporulated gbundantly. Griffee
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(1967) investigated the possibility that cleistocarps of S. mors-uvee

form in response to senescence of host tissue. Plants were heavily
inoculated and subjected to several treatments leading to water stress

but in none did cleistocarps develop.

Cleistocarp formation was investigatea in S8, mors-uvae not only to
discover whether the fungus was homo- or heterothallic but also to
determine whether cleistocarps could be produced readily on leaf tissue
s0 that their survival could be investigated at different times of the

year and under various envirommental conditions.



2

Materials and methods.

i. Maintenance of conidial isolates.

Five conidial isolates, whose origin is given below were maintained
on either whole leaves or leaf discs 2 cm® cut from the petiole end of
the lamina. The discs or whole lecaves were floated on distilled Watef
in 9 cm Petri dishes and incubated at 10° in an illuminated cabinet with

& 16 h photoperiod (c. 5000 lumens/m?), Sub-cultures were made every

 4-5 weeks.
Isolate no. Conidia derived from: Location Date
1% Ascospore inoculation (B.C.) Silwood Park 1968
2 Bud infection (G.) Silwood Park 1968
3 Bud infection (G.) Silwood Park 1969
L Bud infection (G.) East Malling 1969
5 Leaf infection (B.C.) . Reading 1969

* jsolate used by Merriman (1968)
B,.C.- Black currant
G.- Gooseberry.
Leaves were taken from black currant plants maintained in a greenhouse
under mercury vapour lights (c. 6500 lumens/m?) for 16 h/day at 10-20°,
The plants were grown from cuttings c. 20 cm in length taken from the
plantation at Silwood Park, rooted in tap water and transferred after

6-8 weeks to 10 cm pots. Ieaves were produced c. 8 weeks later and in

all experiments the third leaf was used, i.e. the first fully expanded

leaf of the plant. Leaves were also used, in the spring, from the
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cultivars Amos Black and Wellington grown in the plantation. The leaf

surfece was always carefully inspected to ensure that it was uninfected.

ii. Inoculations of isolates onto leaf tissue,

. Leaves bearing sporulating colonies were sgbjected to strong blasts
of air from a teat pipette 48 h before use to remove old conidia and to
standardise the age of inocuium. Iresh leaf material was inoculated on
the abaxial surface by placing it at the base of a cardboard inoculating
tower and alloﬁing conidia, blowvn from an infected leaf held at.the top,
to settle on it (Griffee, 1967). This reduced clumping of conidia.

The inoculated leaf material was floated on distilled water containing

20 ppm kinetin (6—furfunylaminopﬁrine) (Jerriman and Wheeler, 1968)

eithef in 9 cm diameter Petri dishes or in polystyrene boxes

(21.5 x 10.5 % 7.5¢m). Streptomycin at 20 ppm was also included in some
experiments to reduce bacterial contamination of the leaf discs. Cultures
were incubated at 15° in a 16 h da& (co 4300 lumens/m?) for 2-3 wecks.
When crosses were made between isolates separate inoculating towers were
used and the bench top and all instruments were sterilised with methyl

alcohol after each inoculation,

.iii. Production of single-chain conidial isolézgg.

Twenty single-chain inoculations of conidia from the five isolates
were made using an eye-lash fixed to a glass rod (Smith, 1970).4 After
10-20 deys one disc of cach isolate was chosen and re-inoculated onto

fresh leaf material.
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Experimental.,

1.  Crosses of isolates inoculated on leaf tissue incubated

on distilled water.

Conidia from the five cultures were inoculated onto leaf tissue in
an attempt to produce cleistocarps as follows:

i, Sets of ten leaf discs were each inoculatediwith two of the five
cultures so that crosses were made of 211 ten combinations..

ii, Similar inoculations were made onto pieces of leaf petiole., These
were placed on moistened filter paper in the base of polystyrene boxes,
iii. Similar inoculations were made on the abaxial surface of leaf discs.
iv., Ten leaf discs were each inoculated with all five cultures. Control
discs were inoculated with one isolate only.

No cleistocarps formed in any of these experiments although in
crosses of isolates 2 x5 and 2 x 3 in experiment i secondary mycelium
was produced after 12 days. Spore development of—this mycelium also
occurred with isolates 2 and 5 alone, Zxperiment i was repeated with
whole leaves but no cleistocarps formed although the mildew and leaf

tissue remaind healthier and without contamination for a longer (g. 7 days)

.period than leaf discs.

2. Crosses of isolates inoculated on leaf tissue and incubated

on sucrose solutlions.,

Pive leaves were inoculated on the abaxial surface with conidia
from all five cultures and incubated at 15° on the solutions indicated

below. The numbers of cleistocarps formed after 21 days are given in .

Table 1.,



-227-

. Teble 1. Cleistocarps developed on sucrose solutions.

Cone, sucrose (%) Kinetin 10 ppm Streptomycin  No. c'carps
a., 10 + + . 802
b. 1 + | + 12
c. 0,1 . + + 11
d. 10 - + | 1726
e. .1 - + 5
f. 0.1 - | | + | 0
g O + + 0
h. 0 - o+ 16
i. 6 ' + - 0

Cleistocarps were seen after 10 days and a few turned éark brown
and were counted before the leaves became completely contaminated. The
large number of cleistocarps formed with 10% sucrose contrasted markedly
with the few cleistocarps in the other treatments though, for the first
time some cleistocarps were formed on leaf tissue incubated on distilled

weter. Kinetin did little to restrict | contamination by delaying |
‘leaf senescence and itrwas not used in further experiments.

Concurrently with this experiment all five culiures were inoculated
onto three potted plants and separately onto five more. All plants
inoculated with the five cultures bore secondary mycelium after 10 days
in which cleistocarps were developing; they were formed particularly

on the new extension growth of the plants. None was found, however,

on the plants inoculated with conidia from single isolates.
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3. Conidial crosses to determine if S. mors-uvae is heterothallic.

The experiment above strongly indicated that not only were
cleistocarps induced by changes occurring within the leaf causéd by.
incubation on high sucrose solutioné but that more than one conidial
isolate wés required before cleistocarps formed. Therefore, the
isolates were crossed in pairs as in experiment 1i except that leaves
were floated on a 10% sucrose solution, |

Cleistocarps were formed only in crosses 3 x 4 and 2 x 5. In none
of the others or in the single inoculations were they produced. This

was strong evidence that S. mors-uvae was heterothallic on black currant

leaves.

\4.‘ Production of cleistocarps on whole leaves on 107, sucrose,
5% glucose and water at 20° and 15°. -
The effects of sugars on the leaf tissue and the total number of
cleistocarps formed were observed.in greater detail. Ninety black

currant leaves were inoculated with S. mors—-uvae using as a source of

inoculum leaves from thé ﬁlantation bearing conidia ani cleistocarps.
After inoculation these were divided into six lots of fifteen leaves.
.Three séts of fifteen leaves were incubated on either 107 sucrose, 5%
élucose or distilled water at 150, domparable sets of leaves were
incubated at 20°,

Cleistocarps were visible after 12 days on the leaves on sucrose
and glucose at 159; these appeared as’silvery-white structures borne in a

mycelium which was still sporulating. No cleistocarps were observed
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on leaves on distilled water at 15° or on sucrose, glucose and distiiled
water at 20°, After 7days the leaves at 20° on the sugar solutions
became pale-yellow and brittle. Contamination by species of Botrytis,

Penicillium and Cladosporium was chafacteristic of incubations at this

temperature and the mildew was quickly over-run Ly these fungi. Leaves
at 15° also showed signs of contamination and the effect of being
incubated on high concentrations of.sugars and after 14 days these
became pale yellow and contaminated. The control leaves, incubated on
distilled water remained green c. 2 weeks after inoculation, although at
this time the mildew began to senesce. This was in contrast to the
mildew which developed on leaves on glucose and sucrose where, although
the pontamination was greater and the leaves appeared to have been
effected by the sugar solubions, sporulation continued for a‘further 6-7
dayse

Cleistocarps on sucrogse were almost fully developed in gize after
3 weeks from inoculation and a few turned from pale yellow to dark brovm
and contained asci but few contained ascospores., After 23 days
contamination was too severe for further observations. The number of
cleistocarps were counted and are given in Table.2 .

Analysis of the results shoved that the differences between the 107
sucrose and 5% glucose were not significant (P > 0.05), whereas there were

significant differences between the sucrosq/glucose and water results

(P<C 0,002 and P<C 0.02 respectively).
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Table 2 . Cleistocarps formed on whole leaves incubated on sucrose,

glucose and water,

107 sucrose 5% glucose Water

L15% 16 o

L2 120 2

389 10 6

255 13 0

402 85 0

75 L87 )

83 u 23,

17 0 10

31 56 26

764 92 0

1506 : 36 0

625 583 0

171 166 85

3,1 . 106 126
685 853 %

Ciotals seol ks 303

* Numbers relate to cleistocarps formed per leaf,



...231..

5. Production of cleistocarps on leaf discs on 10% sucrose, 5% glucose

and vater,

Leaf discs werec used in place of whole leaves to reduce the
variation in number of cleistocarps formed per unit area of leaf tissue,
The experimental procedure was essentially the same as in 4 except that
incubation of the three lots of fifteen leaf discs was at 15°., A1l discs
were taken from leaves of similar ages and cut from the petiole region
of the. lemina.

As in the last experiment, the period of sporulation on the control
leaves was considerably shorter than in the sugar treatments; complete
senescence of the mycelium in the control occurring after 22 days whilst
sporulation continued én the other discs until the end of the experiment,
3 wéeks from inoculation, At this time leaf discs floated on sugar
solutions were severely contaminated whereas those on water were not.

The development of cleistocarps was similar to the last experiment;
they were observed on some discs after 10 days and on all those incubated
on the sugar solutions after 12 days. Their subsequent development was
hindered, however, by the contamination of the discs and few contained
differentiated asci, The numbers of cleistocarps developed per disc
was not mére uniform within the treatments (Table 3 ) than on whole
leaves.

The discs were uhiformiy inoculated and in all treatments the entire
areas of the discs became colonised by mycelium at 96 h. But, on many
discs there were sreas where no cleistocarps developed. It was not known

whether this was ccused by unequal distribution of mating strains or
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veriations in the effect of the sugar solutions on leaf cells indiréctly

influencing cleistocarp development.

Table 3 . Cleistocdrps formed on leaf discs incubated on sucrose, glucose

and water,

Reglicdte | 10% sucrose 5% glucose Vater
62 69 0
1% 210 0
1 209 . 157 0
102 3 L
173 28 2
Totals 742 667 6
203 - 80 _ 10
65 18 0
2 97 272 >
81 11 0
165 38 0

Totals 611 ' 419 15

. - 6. Comparison of myéelial growth on sugar solution and water.

Leaf discs 2 cm? were inoculated with conidia’as in 4 and floated

on 10% sucrose, 5% glucose and distilled water, Twenty-five leaf discs

“were used for each trectment and jnoculation was at 15°. streptomycin
(20 ppm) was included but not kinetin. Celloidin strips (Venzil, 1939)

were taken of the leaf surface of five discs from each treatment at
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2k, 48, 72 and 96 h after inoculation and assessments made of percentage
germination, the number of germ tubes and their lengths and mycelial
development.

Frém‘the results of the experiment several points are of interest:
(1) There was uniform inoculation of discs and mycelium was well estdblishe
af 72 h.
(2) At 72 h initiation of conidiophores began on the discs on water,
There were few formed on the leaves on sugar solutions.
(2) At 96 h the mycelium on leaf discs incubated on water had produced
abundant conidiophores and many had a generative cell and 3=l conidia.
.Discs on glucose bore mycelium with conidiophores but few had more than
two.copidia (including generative celi). In the sucrose treatment there
were feﬁ conidiophores and none of the discs bore conidia. |
(4) The number of cogidia gefminated after 24 h'and.AB h is given in

Table 4 .

Table 4 . Percentage germination at 24 and 48 h on sucrose, glucose

and water.

Time !hz‘ Treatment | No. counted - No. gcrminatéa o
sucrose 2633 . 2052 78.0

2L Glucose 2453 1823" 73%.2
Water 2588 1900 T3k

sucrose | 248 1967 80.1

- Glucose 2317 1986 80.2
Water 2573 | 2145 B3k

* Mesan of 5 replicates of ¢. 500 conidia.
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Analysis of the results showed that there was no difference in the
percentage germination between the treatments at 24 and 48 h although
there was a significant difference (p<i(ﬁ001) between germination at
L8 h ;nd that at 24 h., Table 4 shows that this difference was small
and represented a mean increase after 24 h of 2-7%.

There~was no difference at 24 h between the nurber of conidia with
. two germ tubes, nor any difference in the germ tube length of those
conidia with one or itwo germ tubes incubated on the different solutions

(Table 5 ).

- Table 5 . Measurement of germ tubes of conidia at 24 h.

Time (h) Treatment Length of germ tubeg ym *
1l germ tube 2 germ tubes
Sucrose 23.8 4.8
2L 'Glucoée ’ 23,1 L6.,9
Water 22 L7.3

#* Mean of 20 measurements taken on 5 leaf discs.

(5) The effects of incubation on sugar solutions became apparent at 48 h.
Measurements of germ tubes from 48 h conidia (Table 6 ) showed that

there were significant differences between sucrose/glucose and water

" treatments in the percentage of conidia with-two germ tubes (p<<0.05)

and three germ tubes (p<< 0.01).
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Table 6 . Percentage conidia with two and three germ tubes.

Time (h Treatment 9 conidia
2 germ tubes 3 germ tubes

Sucrose 3Ll.7 0
2k Glucose 34,9 | 0
Water ' 3749 0
Sucrose | 48.2 10.9
L8 Glucose 47.8 15.5
Water 26,9 35.1

* JMean of c¢. 300 conidia observed on each of 5 leaf discs.

(6) The maximum development of 100.germ tubes at 48 h and 50 germ tubes
(myceliunm) at 72 and 96 h was measured., The increase in mycelial development
in the three treatments is given in Fig.l. At 96 h incubation, growth
on discs floated on water was twice that on sucrose solutions. The
measurements taken of the growth of hyphae on the three éolutions were
transformed to logarithms andrégressioncoefficients calculated.
Comparison of the coefficients revealed that only between the control
and sucrose results was there a statistical difference (p<< 0.05).

This suggested that there were differences in the growth rates of hyphae
on water and on the sugar solutions although in the carly stages of
growth variation within the treatments was relatively larger compared
with that between treatments; only after 96 h incubation were the

treatments substantially effecting growth rates.
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Discussion.

Smith (1970) has suggested that heterothallic mildews might be
expected to form cleistocarps frequently and relatively early in spring
due to the presence of the different mating types within the one ascus,

as found for instance in E. graminis tritici (Powers end lioseman, 1956),

Failure of cleistocarps to overwinter would mean a delayed build-up of
the appropriate mating types (perbaps derived from distant sources) and
there would therefore be a tendency for late cleistocarp development.

Observations on 8. mors-uvae in a large planting of black currants at

Southmoor, Oxfordshire substantiate the first view. Here in the two
years 1969 and 1970 cleistocarps were produced in large nuwbers in
‘June. However, in a small planting at A.D.A.S., Reading the bushes were

heavily infected with's. mors-uvae in late June and secondary mycelium

wvas observed on 2 July but not until the end of August were.cleistocarps
found on a few leaves of the bushes. Similarly, in'the 3 years 1969,
1970 and 1971 cleistocarps on gooseberry bushes at Silwood Park were
prodﬁced relatively late in the host growing season (late July - early
August). This late development of cleistocarps is similar to their

formation on Pisum sativum by E. polygoni (Smith and Wheeler, 1969), and

probably reflects the presence of only a single strain or the
incompatability of several strains of powdery mildew in the planting.

With 8. mors-uvae not only is the presence of compatable mating strains

important but also the numbers of cleistocarps that survive the winter

to produce inoculum the following year. In contrast to E. cichoracearum




-238-

on Arctium lappa (Cook and Wheeler, 1967) and E. polygoni on Heracleum

sphondyliwn (Smith end Wheeler, 1969) very large numbers of cleistocarps
' degenerate in the spring and do not release ascospores. Probably no more

than 1 or 2 every thousand formed release ascospores. Because of this low

survival rate S. mors-uvae may exhibit both earl& and late cleistocarp
forma’cion depending upon the survival of cleistocarps in any particular
plantation.

It is difficult to interpret the results of experiments in which
cleistocarps developed on leaves and leaf discs incubated on sugar
solutions. It was unlikely that the sugars Were'providing direct
nutrient benefits to the mycelium as hyphal growth was considerasbly
restricted during the early stages of development under these conditions
(on leaf discs floated on sucrose and gluc05e). A similar effect was

reported by Cole (1966) for potassium-deficient tobacco leaves

inoculated with E. cichoracearum and incubated on 10% sucrose. Here
soluble carbohydrate increased_rapidly but hyphal growth was reduced.

It was noted that although the leaves inoculated with S. mors-uvae were

affected by the sugar solutions(becoming brittle and pale-yellow)

mycelium continued to sporulate for c. 7 days longer than that on water.
However, this longer survival was not implicated in cleistocarp initiation
only in cleistocarp maturation. In all the experiments cleistocarps were
first seen after only 10 days. At this time there were no noticeable
differences between mycelial development and sporulation on the leaves

on sugar solutions and distilled water.
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One of the effects of incubation on sugars was to increase the OP of
the cell sap and a 10% sucrose solution (0.3 if) caused c. 15-25%
. plasmolysis of the epidermal cells of bléck currant, Smith (1970) found
a 50% increase in cleistocarps production by E. polygoni when pea leaf
discs were incubated on 10% sucrose; this he attributed to increased
cafbthdrate of the leaf tissue available for fungal growth. He found that

with incubation on Asterlaevis and Lathyrus ochroleucus, sucrose

solutions reduced the number of cleistocarps formed although the OP was
the same as in pea. He therefore considered that inhibition of mycelial

growth on A, laevis and L. ochroleucug but not on pea could not be

explained in terms of osmotic changes in the host. Weinhold and English

(1964) studied the resistance of peach leaves to Sphaerotheca pannosa var.

persicae when floated on high molar solutions of sucrose and found that
susceptible leaves became resistant and the 0P of cells increased.

They could not however, attribute this change in resistance to aﬁ 0P
‘effect as detached leaves were found to be susceptible'when'the OF was
above that found in resistant orchard leaves., If igcubation on - sugar
solutions tends towards a restriction of growth of mildews then changes
in host cells other than that of OP must be considered likely to promote
aevelopment of cleistocarps. The very pale yellow of black currant
leaves indicated that they vwere senescing c. 6 days after incubation,
This would be accompanied by a reduction in assimilation as the rate of
photosynthesis declines. During progressive yellowing there is a
correspohding fall in protein-nitrogen (lichael, 1936) associated with the

degradation of chlorophyll (Leopald, 1964) in the leaf tissue. In this
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connection Weinhold and English (1964) reported that normally suscebtible
leaves of peach have higher amino-acid and lower sugar content than
resistant leaves. Similar analyses for biack currant tissue is required
on both aging leaf tissue on the plant and the leaves incubated on sugar
solutions. Only in this way can the observed effects on the leaves be
linked to metabolic changes within the cell influencing cleistocarp

formation.,
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APPENDIX IT
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For total counts of bacteria and yeasts: (Crosse et al. 1968).

% (v/v)

Nutrient broth (Difco) 0.5
Yeast extract (Difco) | 0.1
Glucose | 0.1.
Tonagar No. 2 (0xoid) 1,5

pH 6.8-7.0.,

For total fungi.

Czapek-Dox Yeast agar (C.M.I. Plant Pathologists Focketbook).
& (u/v)

Sodium Nitrate ’ 0.3

Potassium dihydrogen phosphate 0.1
Magnesiun sulphate 0.05
Potassium chloride ' 0.05
Ferrous sulphate | 0.001
Sucrose . ' 3.0
Agar (Davis) 1.5
Zine sulphate Trace
Copper sulphate Trace

PH 4.0 adjusted with phosphoric acid.
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Chitinoclastic orgenism (Veldkamp, 1955).

% (w/v)

Chitin 0,2
Kagnesium sulphate 0.1
di Potassium hydrogen phosphate ) 0.1l
Bacto-agar (Difco) 1.5
pH 7.0 '

poured over ¢, 10 ml basal layer of 17 tap‘water agar.

For isolation of lytic organisms (Potgieter and Alexander, 1966).

Cell walls, 0_i5§3(w/v)
Megnesium sulphate | 0.06
di ?otassium hydrogen phosphate >, ' 0.07
Potassium di hydrogen phosphate 0,03
Calcium chloride 0,005
Potassium nitrate 0.40 '
Ferric chloride Trace
Zinc sulphate ' Trace

Soil X 0.1

pH 7.0.
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Cell wall jnorganic salts media (Skujins et al, 1965).

Cell walls 0.001% (w/v)
di Potassium hydrogen phosphate 0.08
Potassium dihydrogen phosphate 0.02
Ammonium sulphate 0.05
Magnesium sulphate 0.02
Ferric chloride Trace
Calcium chloride Trace
Zinc sulyphate Trace
PH 7.2

Cell-wall agar,

7% (w/v)

Cell walls 0.15
di Potassium nydrogén phosphate ‘ 0,10
Magnesium sulphate | 0.10
Bacto~Difco agar 1.5

pH 7.0

poured over a basal layer (c. 10 ml) of X% tap water ager.

@lycerol-Asparagin ager (for actinomycetes).
d Y
: b (%/8)

Glycerol

Asparagine 0,1

di FPotassium hydrogen phosphate 0.1
. 2,0

Agar (Davis)
pd 7.0
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Vg Juice-agar.

% (v/v)

'Vg' vegetable juice 20,0
Agar (Davis) 2.0
Watber 80.0
pH 6.0

For production of =(1-3) glucanase (Reese and Mandels, 1959).
% (w/v)

Potassium dihydrogen phosphate 0,2

Ammonium sulphate 0.1k
Urea : ' 0.03
Magnesium sulphate 0.03
Calcium chloride 0.03
Yeast extract 0.01
Ferric chloride Trace
Manganese sulphate ' Trace
Cobaltous sulphate Trace

Zinc sulphate Trace



Teble 1 .,

Overwintering of cleistocarps in relation to time of formation; ascospore discharge at 15° and at ..
field temperaturses.

a) Field temperatures.
Date J A 5 JA A3 JAS
0. Hours No. Hours No. Hours No. Hours Ivo. lours No. Hours
c'carps 24 43 72 c'carps 24 43 72 c'carps 24 4B 72 c'carps 24 LY 72 c'carps 24 43 72 c'carps 24 48 72
5.1.70 1266 0 0 0 1955 0 0 0 1051 0 0 0 1502 0 0 0 186 0 0 © 3380 0 0 O
13.1.70 2319 3% 2 0 1621 0 0 0 1248 0 0 O 1895 12 0 O 2181 0 0 o0 1957 8 0 O
20.1.70 2400 8 106 0 2016 0 0O O 1002 0 0 O 1355 0 62 3 2877 015 7 2003 027 O
3.2.70 2387 030 O 2539 12 0 O 8,2 0 0 O 2342 28 0 0 2445 8 0 0 1840 110 0
10.2.70 887 0 0 O 1609 0 0 O 562 17 13 O 2115 0 0 0 1588 3 4 O 4758 2 3 3
17.2.70 1188 0O 00 1813 33 9 O %29 6 610 3955 8 9 1 2748 1 0 5 1415 54 23 8
24.2.70 911 0 0 O 151 0 0 © 651 0 0 O 843 4 O 6 3312 0 0 8 930 0 0 0
3.3.70 1606 0 0 0 1950 0 2 4 771, 0 0 © 465 0 0 2 2801 O 6 9 1816 0 0 5
10.3.70 1089 0 0 O 181, 014 O 352 0 0 0 3862 14 20 0 2943 34 12 0 2323 11 6 O
17,3,70. 1572 7 00 2482 14 4 O 1561 9 4 1 2672 94 9 0 81, 10 0 O 3219 7219 0
24.3.70 3411 94 13 7 2167 11 .0 © 831 63 8 0 3064 79 7 O 2818 228 5 .4 2225 10 0 O
31.3.70 . 1248 & 0 0 561 0 0 O 938 1133 O 1115 1 0 2 2152 1212 0 3039 011 O
7.4.70 3283 0o 0 2 1173 2 0 © 1043 41 25 6 2488 2124 8 1570 5 & O 2,08 0 0 O
14.4.70 1550 5 0 0 2087 6 0 © 79 7 0.0 546 & 0 O 1245 16 0 O 1575 0 0 O
21.4.70 656 0 0 O 2402 28 0 O 829 8 0 0 305. 8 0 0 92 0 0 O lgg6 0 0 O
28.2.70 1980 0 0 O 1280 0 O O 1154 0 0 © 957 0 0 O 2649 0 0 O 1370 0 0 ©
Totals  .27793 156 g 28120 106 L 14743 154 17 35208 273 27 34915 517 33 36864 168 16
121 27 ' 89 131 59 89

~g'2-



Table 1 (continued). b) 15°.

Date J A S JA AS JAS
No. Hours No. Hours Tio. Hours No. Hours No. Hours No. Hours
c'carps 24 43 72 c'carps 24 43 72 c'carps 24 48 72 c'carps 24 48 72 c'carps 24 48 72 c'carps 24 L6 72

r—— ———— o— —t S e et et et

5.12,70 1002 6 0 0 NR¢ -~ - - NR, - - - ©NR. =~ - = NR - - - N.R, - - -
5.1.70 763 5 0 0 203 0 0 0 1430 0 0 O 1511 0 0 0 2075 2 0 O 2635 12 0 0
3.1.70 1366 55 0 O 1746 0 0 0 916 0 0 O 2004 16 0 0 251, 0 0 O 2164 8 0 0
0.1.70 2220 038 0 1842 0 0 0 859 0 0 O 1580 18. 0. 0 3642 0 0 0 2291 7 0 0O
3.2.70 243, 0 5 0 2801 12 0 0 916 0 0 O 2117 56 0 O 2528 12 0 0 456 5 0 0
0.2.70 650 0 0 0 1749 0 0 0 633 9 0 © 1816 0 0 O 14,81 0 0 0 3939 0 0 0
7.2.70 1140 0 0 © 1511 33 7 O 1665 54 0 2 3047 30 2 0 72 33 0 0 1961 41 0 O
4e2.70 749 0 0 0 1781 2 0 0 616 0 0 O 80 8 3 0 3224, 12 22 0 759 1 01
3.3.70 43, 0 0 0 169, 0 0 O %5 0 9 1 125 0 0 O 2567 ,012 0 1756 027 O
0.3.70 1187 5 0 © 2404, 38 0 O 632 0 0 0 2867 19 0 O 2780 73 0 0O 2507 13 0 O
7.3.70 1421 12 0 O 2506 21 0 O 252 6 0 0 3681 34 1 0 54 .60 O 3707 9 0 0
4.3.70 3755 48 0 0 1977 3 0 0 811 58 3 0O 2643 1270 O 279 1306 0 2164 9 0 O
1.3.70 1295 0 0 O 503 0 0 O 830 5 0 © 150, 0 0 0 2555 15 0 O 3056 3 0 0
744,70 3211 5 0 0 1253 0 0 O 045 36 0 2 218 23 0 0 -1%00 0 0 O 2227 0 0 O
Lol 70 1165 0 0 0 2169 23 0 0 412 0 6 0 1569 11 00 © 656 0 0 0 1765 4 0 O
1.4.70 6,9 0 0 0O 3859 21 0 O 1001 5 0 0 22,7 O 0 O 851 0 0 O 765 0 0 0
8.4.70 2066 0 0 © 1068 O 0 0 1581 0 0 0 1027 0 0 O 234 0 0 0 136 0 0 0
Totals 25525 130 0 30866 153 0 15384 173 5 32884 342 0 33930 283 0 35488 140 1
50 7 18 6 40 27

N.R. Ko reading.

~6iz
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Table 2 . Ascospore discharge at different temperatures.

a) 59

Date No. No.' Angular No.
cleistocarps spores % transformation swollen

5639 340 6.03 W2 18

27.2.71 4950 179 3.62 10.9 33

4230 209 L.9% 12.8 37

6281 223 3.55 10.9 11

15.3.71 6256 299 4.78 12,7 11

L872 97 1.99 _ 8.1 12

5553 66 1.19 6.3 L

9.4—071 7304 47 0064 11—04 1

6300 129 2.05 8.3 3

51385 -1789 3.48 9.8 130

b) 100
Date No. No., Angular No.
cleistocarps  spores % transformation  swollen

4638 275 5.92 U1 0

: 4606 200 Lo 3L 12.0 3
4294 559 13,02 21,1 b)

15.3,71 3262 179 5.49 13.6 7
650 481 7.40 15.8 1

9.4, 71 6263 1320 2.08 8.3 5
5681 135 2.38 8.9 0

7

43451 2151 4,95 12.78 25 -

e o A s @ Wembmar Meibiens o
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Table 2 ., (Continued)

c) 150
Date No. No. Angular No.
cleistocarps  spores % transformation  swollen
. 5110 992 19, 26.1 3
27.2.71 3681 897 2h., 37 29.6 2
3916 680 17.23 2Lk..5 2
4329 540 12.47 20.7 0
15.3.71 5572 613 11.00 19.4 1
4550 808 17.76 25.0 3
6730 L.28 6.36 15.0 0
9.4.71 8210 214 2.61 9.3 1
h7h 172 10,33 18.7 0
L9602 : 5392 10.87 20.92 12
d) 200
Date No. No. Angular No.
cleistocarps spores % trensformation swollen
4699 1530 32.56 3.8 2
27.2.71. 4,869 779 .16.00 23.6 6
' 5456 976 17.89 25.0 1
5961 1161 19.48 26,2
15.3.71 6ll 7 4357 22.29 0
L4651 173 16.62 1
6364 351 5.52 13.6 0
- 9.4.71 6667 269 5.53 13.6 0
7210 511 7.09 15.5 0

5232 7887 15.07 22.72 11
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Table 2 . (Continued)

e) 259

Date No. No. | Angular No,
cleistocarps spores % transformation  swollen

6213 132 6.95 15.3 0
27.2.71 6983 363 5.20 13.2 0
6163 D27k L.L5 12.3 1
6202 268 L,32 12.0 0]
5057 169 3.3 10.5 0]
8336 312 3.7k 11.1 0
9.3.71 8941 58 6.53 1.8 1
675N 2kh 3.61 10.9 0

58662 . 2703
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o
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Table 3. Ascospore discharge per hour zt 20°%and 5°.

a) 20°
Hour A B c Total/h % of total
1 256 68 103 L.27 LO.L
2 51 33 57 11 13,3
3 18 26 10 5l 5.1
L L5 13 25 83 7.8
5 15 2L, 2l 63 6,0
6 39 19 1 72 6.8
7 29 0 22 51 L.8
8 U 19 15 48 4.6
9 16 21 11 48 Leb
10 0 8 8 16 1.5
11 19 16 0 35 3¢3
12 16 L 020 1.9
518 - 251 289 1058
’ 'b) 50
" Hour A B . C Total/h % of total
N 61 51 31 143 40.9
) 5 L 19 28 8.0
3 11 L 15 30 8.6
L 17 2 2 21 6.0
5 15 5 7 25 7.1
6 5 8 5 18 5.1
7 6 0 5 11 2.1
8 6 0 10 16 L,6
9 10 1 - 10 Gyl 8.9
10 13 5 L 22 6.3
11 L 1 0 5 1.k
12 0 0 0 0 0

108 350

O
j]

151
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Teble , . Ascospore discharge at 20° and 5° over 5 days.

a) 20°

Time (h) A B Total %
2 200 191 391 L3.7
L 61 57 118 56.9

6 31 58 89 66.8

12 105 L3 148 83.4
2l 50 26 76 91.8
36 7 6 13 93.3
48 12 12 2l 96,0
60 12 12 2L 98.7
72 1 0 1 98.8
96 0 8 8 99.7
120 3 0 3 100.0
1l 0 0 0 100.0

Totals 1482 413 895
b) 5°

Time (h) - A B Total %

2 10 18 36 18.L

I 0 L L 204

6 0 8 8 2L.5

12 8 10 18 33.7

ek 12 18 30 49.0

36 s 1 15 56.6

L8 6 1 7 60.2

60 0 19 19 69.9

72 8 3 11 755

96 3 31 3 92.9

120 0 3 3 Ihol

12L 196

on
=

Totals




Table 5 . Total bacteria and yeast autumn urea 1968-69. Treatment 1) 0.017% Spreadite.
Roplicates 1/10 15/10 29/10 12/11 26/11 9/12 6/1 3/2
Cols Log Cols Log Cols Log Cols _Iog Cols _Log Cols TLog Cols _log Cols Log
1 0.016 5.176 0.32 6.505 0.94 6.973 L.50 7T.653 3.69 7.567 5.19 7.715 6.50 7.813 2.31 7.364
2 0.013 5.114 0.31 6.491 0.89 6.949 4.31 7.635 3.69 7.567 5.00 7.699 7.06 7.849 2.19 7.340
3 0.008 4.903 0.37 6.568 1.04 7.017 4.81 7.€82 6.25 7.796 4.88 7.688 6,00 7.778 2.56 7408
L 0.013 5.11%4 0.22 64342 0,96 6.982 3.69 7.567 6.69 7.825 3.31 7.520 6.31 7.800 1.88 7.274
5 0.013 5.114 0.22 6,342 1.18 7.072 4.56 7.659 4.63 7.666 5.25 7.720 L4.13 7.616 3.44 7.537
6 0.014 5.146- IN.R 1.08 7.033 3.75 7.514 6.19 7.792 4.31 7.635 5.50 7.740 2.75 7.439
7 0.013 5.114 N.R 1.12 7.049 3.19 7.504 H.R 5.13 7.710 6.38 7.805 n.R
8 0.022 5.342 K.R 0.92 6.964 3.69 7.567 N,R 5.19 7.715 5.81 7.764 3.25 7.512
b 0.01L 5.127.0.29 6.449 1.02 7.004 4.05 7.605 5.19 7.702 4.738 7.675 5.6 7.770 2.63 7.410
Replicates 17/2 3/3 17/3 31/3 14/, 12/5
Cols Log Cols Log Cols Log Cols log Cols , Log Cols log
1 1.13 7.053 5.25 7.720 2.06 7.314 0.46 6.663 0.580 6.763 0.44 6.644
2 0.56 6.748 4.00 7.620 1.44 7.158 0.60 6.778 0.29 6.462 0.50 6.699
3 1.31 7.117 5.38 7.731 1.00 7.000 Q.46 6.663 0.00 6.775 Q.44  G6.6k4
L . 1.38 7.140 L.69 7.671 1.69 7.228 0.58  6.763 0.65 6.813 0.46 6.653
5 1.50 7.176 3.63 7.560 1.69 7.228 g.n» 0.59 6.771 0.51 6.708
6 N.R 3.9 7.5% 2.25 7.352 §L.R 0.64 6.806 0.30 6.477
7 1.31 7.117 4.50 7.653 1.69 7.228 q.» ©0.59 6.771 0.25 6.398
8 1.81 7.258 6.19 7.792 1.9 7.288 1.2 0.41 6.613 0.25 6.398
2 1.15 7.037 L.70 7.567 1.72 7.232 0.53 6.716 0.54 6.722 0.33 6.578
Cols: Bacteria/'cm2 leaf tissue.

Log. Transforwation applied.
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Table 5 (continued). Treatment ii) 0.01} Spreadite + 5% urea.

Replicates 1/10 15/10 29/10 12/11  26/11 9/12 "~ 6/1 17/2
Cols Log Cols Log Cols Ilog Cols _Log Cols _Log (Cols _Log Cols _log Cols Log

1 0.75 64875 1.89 7.277 4.50 7.653 6.38 7.805 11.25 8.051 L4.94 7.09%4 0.63 6.799
2 0.69 6.839 2.14 7.330 5.56 7.745 5.50 7.740 9.88 7.995 5.00 7.699 1.19 7.076
3 0.68 6.883 2,02 7.305 4.50 7.653 7.06 7.849 11.69 8.068 5.44 7.736 1.31 7.117
4 0.64 6.805 2.06 7.314 4.50 7.653 6.88 7.838 11.88 8.075 5.05 7.704 1.56 7.193
5 0.63 6.799 1.50 7.279 3.88 7.589 7.63 7.883 9.63 7.984 7.06 7.649 1.15 7.053
6 N.R 1.94 7.288 3.69 7.567 6.63 7.822 10.63 8.027 5.31 7.725 2.31 7.364
7 N.R N.R 3.69 7.567 6.50 7.813 11.88 8.075 5.50 7.740 1.19 7.076
8 u R ) L.31 7.635 7.69 7.886 11.50 8.001 6.13 7.788 1l.44 7.158
% 0.63  6.830 1.99 7.298 4.33 7.632 6.78 7.829 11.04 8.042 5.50 -7.741.1.35 7.104
Replicates 31/2 3/3 17/3 31/3 14/l 12/5
Cols Log GCols Log Cols_ Tog Cols _log Cols _Llog Cols ~ Log

1 2,31 7.364 1.75 7.243 1.38 7,140 1.25 7.100 0.64 6.8056 0.4L8 6.6

2 1.75 7.243 1.00 7.000 1.31 7.117 1.20 7.079 0.68 6.833 0_i5 Z.gié

3 2,31 7.364 1.31 7.117 1.63 7.212 1.16 7.066 0.59 6.77L 0.46 6.663

A 2.15 7.328 1.19 7.076 1.19 7.076 1.15 '7.061 0.68 6.833 0.39 6.551

5 1.69 7.228 1.50 7.076 1.69 7.228 K.R 0.0 6.778 0.45 6.653

6 1.75 7.243 1.k 7.158 1.50 7.176 N.R 0.58 6.753 0.39 6.591

7 2.38 7.337 y.m 1.38 7.140 N.R 0.69 6.839 0.54 6.732

8 2.15 7.328 0.%4 6.973 1.19 7.075 N.R 0.64 6.806 0.35 6.54

X 2.06 7.309 1.30 7.106 1.41 7.145 1.19 7.076 0.64 6.8053 Ok 6.638

I.R, Yo reading due to contamination.

_9gz_
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Table 6 . Total fungi, autumn urea, 1968-69. Treatment i) 0.017% Spreadite.

Replicates 1/10 15/10 12/11 26/11 9/12 6/1 3/2 17/2

Cols _Log Cols _log Cols ..Ilog Cols _log Cols Log Cols log Cols log Cols _log
1 0e24 44380 2,63 5.420 2.31 5.364 2.69 5.430 2.25 5.352 1.56 5.193 1.63 5.212 1.13 5.053
2 O.41 4.613 2.50 5.398 3.06 5.486 2.25 5.352 2.89 5.461 1.75 5.243 1.50 5.176 1.38 5.140
3 0.30 4.477 2.38 5.377 3.25 5.512 2.19 5.340 2,19 5.340 1.00 5.000 1.63 5.212 0.94 4.973
4 0.36 4.556 2.75 5.439 2.75 5.439 1.63 5.212 2.50 5.398 1.25 5.097 1.38 5.140 1.00 5.000
5 0.34 4.532 2.50 5.398 3.086 5.4856 2.83 5.420 2.44 5.387 N.R. N.R. 1.50 5.176 1.00 5.000
6 N.R N.R 2,56 5.408 2.19 5.340 2.75 5.435 1.50 5.170 2.4k 5.367 1.25 5.097
7 N.R N.R 2,31 5.364 2.13 5.328 3.13 5.496 1.19 5.076 1.25 5.097 1.25 5.097
8 N.R LR 3.50 5,54k 2.19 5.340 3.25 5.512 1.31 5.117 1.56 5.193 1.63 5.212
x 0.33 4,511 2.55 5.406 2.85 5.450 2.24 5.345 2.08 5.423 1.36 2.128 1.62 5.199 1.19 5.071

Replicates 3/3 17/3 31/3 1h/b 28/l 12/5

Cols Iog Cols ILog Cols Jlog Cols log Cols lLog Cols log
1 1.88 5.274 2,09 5.314 2.00 5.301 0.88. 4.945 1.25 5.057 1.38 5.140
2 1.25 5.097 1.k 5.158 0.88 4.945 1.30 5.114 1.88 5.274 1.00 5.000
3 1.75 5.243 1.00 5.000 1.63 5.212 1.00 5.000 2.13 5.328 1.13 5.053
4 1.63 5.212 1.69 5.228 0.88 4.495 0.38 4.580 1.88 5.274 1.13 5.053
5 1.75 5.243 1.69 5.228 1.50 5.176 1.63 5.212 1.13 5.053 1.25 5.097
3 1.56 5.193 2.25 5.32 1.63 5.212 1.38 5.140 1.50 5.176 1.38 5.140
7 1.63 5.212 1.69 5.228 1.53 5.212 2.13 5.328 2.00 5.301 1.75 5.240
8 1.19 5.076 1.94 5.288 1.88 5.274 1.00 5.000 1.50 5.176 1.88 5.274
X 1.58 5.195 1.72 5.224 1.50 5.103 1.21 5.039 1.65 5.209 1.36 5.124

Cols: Fungi/cm2 leaf tissue (x107).
. Log. transformation applied.
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Table 6 (continued).

Treatment ii) 0.0L17: Spreadite + 57 urea.

Replicates 1/10 15/10 12/11 26/11 3/2 17/2

Cols Log Cols Log Cols log Cols - Log Cols Log Cols Log
1 2.06 "5.647 3.56 5.551 5.158 1.38 5,140 0.94 4.973
2 2,75 5.596 3.00 5.477 5.176 0,475 4.875 1.06 5.025
3 3.19 5.628 3.19 5.504 . 5.025 0.81 4.909
4 2.25 5.628 3.63 5.560 .13 4.909 1.25 5.097
5 2.31 5.635 2.88 5.459 25 5.076 1.13 5.053
6. . 5.710 3.48 5.589 .50 1.06 5.025
7 N.R 54647 3.50 5.54k4 .13 5.097 0.69 4.839
8 N.R 25 5.628 4.19 5.622 .25 4y945 1.13 5.053
z 2.51 5.39% 4.37 5.639 3.48 5.538 31 5.009 1.00 L.956

Replicates - 3/3 17/3 14/t

Cols Cols Iog Cols Log Cols
1 0.94% 4.973 0.3 4.799 1.88 3.274 3.135 1.13 0.88
2 l.44 5.158 0.63 > 5.212 2.38 5 1.25 2.38
3 1.25 5,097 0.38 5420 2.75.5.439 1.00 1.38
4 1.75 5.243 0.69 5.140 3.13 5 1.25 1.00
5 1.4y 5.158 1.05 5.512 1.38'5 1.50 1.63
6 1.50 5.176 0.81 5.377 3.00 5 0.88 2.00
7 1.38 5.140 0.69 5.377 3.50 5 1.00 1.25
8 1.69 5.228 0.63 5.328 3.00 5 1.25 1.88
X 1.42 5.146 0.69 5.330 2.78 5. 1.15 1.55

N.R. ©No reading due to contamination
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Table 7 . Total bacteria and yeast, spring application urea, 1968 Treatment i) 0.0l Spreadite.

Replicates 14/ 21/1 28/1 11/2 /3 26/3 11/) 7/5
Cols _log Cols _iog Cols _Log Cols Loz Cols Log Cols log Cols Log Cols Log

1 0.50 6.699 0.58 6.763 1.86 7.270 1.04 7.017 C.23 6.362 0.73 6.863 0.60 6.778 0.86 5.935
2 0.48 6.681 1.20 7.079 1.56 7.193 1.23 7.090 0.43 6.634 0.63 6.799 0.51 6.708 1.01 7.004
3 0.36 6.55 0.83 6.919 1.80 7.255 l.54 7.138 0.39 6.591 0.75 6.875 0.61 6.785 0.85 6.929
b 0.38 6.580 L.R. NK.R. 1.60 7.204 1.15 7.001 0.26 6.415 0.69 6.839 0.45 6.653 0.81 6.909
5 0.63 6.799 1.00 7.000 1.70 7.230 0.95 6.978 0.13 6.114 0.50 6.699 0.81 6.910 0.72 6.857
6 0.54 6.732 0.86 6.935 1.74 7.241 1.43 7.115 0.31 6.49)1 0.48 6.681 0.89 6.949 0.6L4 6.806
7 0.39 6.591 1.04 7.017 1.46  7.164 1.30 7.1k 0.35 6.544 0.48 6.681 0.68 6.945 0.50 6.699
8 0.53 6.724 1.00 7.000 1.53 7.18% 1.23 7.090 0.35 6.544 0.60 6.778 0.74 6.869 0.81 6.909
x 0.48 ©.672 C.93 6.999 1.66  7.217 1.23 7.086 0.31 6.451 0.62 6,776 0.69 6.824 0.78 6.881

, Treatment ii) 0.01% Spreadite + 57, urea.
Replicates 14/1 21/1 28/1 11/2 L/3 26/3 11/L 7/5
Cols Log Cols log Cols Log Cols Loz Cols LlLog Cols 1og Cols Log Cols lLog

1 1.26 7.100 2.68 7.428 6.25 7.796 3.25 7.512 6.00 7.778 3.00 7.477 6.88 6.945
2 1.23 7.090 3.53 7.548 5.88 7.769 2.63 7.420 5.00 7.699 2.25 7.352 l.4h4 7.158
3 1.51 7.179 5.18 7.502 7.63 7.883 4.00 7.602 4.50 7.653 4.00 7.602 1.85 Z’267
b 1.53 7.185 2.86 7.456 7.88 7.897 4.00 7.602 5.00 7.699 3.13 7.496 1.48 7.170
5 1.7h  7.241 .19 7.622 9.38 7.972 2.25 7.352 5.63 7.751 3.38 7.529 1.25 7.037
6 1.25 7.097 3.03 7.481 7.00 7.845 1.88 7.274 5.38 7.731 3.00 7-477 1.10 7.041
7 1.73 7.239 3.98 7.600 7.38 7.868 1.75 7.243 5.13 7.710 3.00 7.477 1.14 7.057
8 1.93 7.286 2.36  7.373 8.00 7.903 2.63 7420 5.25 7.720 2.50 7.398 1.50 7.176
x 1.52 7.177 3.23 7.501 7.43 2.80 7.428 5.2k 7.717 3.03 7.476 1.33 7.113

7.866

Cols: Bacteria/bmz leaf tissue(x107).
Log. Transformation applied.

N.R. Uo reading due to contamination.
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~_Table 8.

Totel bacteria and yeast, 1969-70.

Tieatment i} 0.05% Lissapol NX.

Replicates 22/10 26/10 9/11 23/11 7/12 21/12 18/1 18/2

Cols _Ilog Cols _Log Cols Tog Cols Log Cols Log Cols Log Cols Log Cols log
1 0.17 6.230 3.20 7.505 1.80 7.255 0.70 6.845 2.35 7.373 1.92 7.283 0.74 6.896 0.72 6.857
2 0.15 6,176 6.20 7.792 1.94 7.288 0.64 6.806 2.24 7.350 1.48 7.170 0.60 6.778 0.36 6.556
3 0.14 6.146 4.60 7.663 1.70 7.230 0.56 6.748 2.84 7.453 1.22 7.086 0.7h 6.869 0.66 6.820
L 0.13 6.114 6.20 7.792 1.76 7.246 Q.70 6.845 2.54 T7.405 1.28 7.107 1.74 7.241 0.62 6.792
5 0.08 5.903 5.50 7.771 2.52 7.401 1.30 7.114 N.R. NK.R. 1.88 7.274 1.06 7.025 0.58 6.763
6 0.08 5.903 6.20 7.792 3.08 7.489 1.52 7.182 1.90 7.279 2.08 7.318 0.68 6.883 0.56 6.748
7 0.08 5.903 6.00 7.820 2.80 7.447 1.24 7.0S3 2.36 7.373 2.36 7.373 0.92 6.954 0.76 6.881
8 0.09 5.973 6.00 7.778 3.12 7.494 1.32 7.121 2.36 7.373 2.02 7.305 0.92 6.964 0.54 6.732
e 1.15 6.043 5.01 7.739 2.34 7.356 0.99 6.969 2.57 7.5372 1.78 7.239 0.92 6.942 0.60 6.768

Replicates 8/3 26/l

Cols Log GCols log
1 0.40 ©6.602 0.22 6.342
2 0.38 6.7380 0.25 6.398
3 0.40 6.602 0.26 6.415
L 0.39 6.591 0.25 6.398
5 0.62 6.792 0.34 6.532
6 0.60 6.839 0.42 6.623
7 0.57 6.756 0.35 6.556
8 0.52 6.716 0.40 6.602
b4 0.48 6.709 0.31 6.48L

Cols: Organisms/cu® leaf tissue (x107).

. Transformation applied.
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Tablc 8 (continued).

Treatment ii) 0.05/% Lissapol NX + 5/ fructose.

Replicates 22/10 26 /10 9/11 23/11 7/12 21/12 18/11 8/2
Cols Iog Cols ILog Cols log Cols Iog Cols Log Cols Ilog Cols log Cols lLog
1 7.20 . 7.857 2.76 7.4kl 1.38 7.140 3.36 7.526 1.60 7.204 0.66 6.820 0.74 6.869
2 7.80 7.892 3.00 7.477 1.62 7,210 3,10 7.491 1.54 7.188 0.78 6.892 0.36 6.556
3 7.20 7.857 2.72 7.435 1.50 7.176 3.18 7.502 1.58 7.199 0.74 6.869 0.96 6.982
4 8.20 7.914 2.66 7.425 1.64 7.215 3.54 7.549 1.32 7.121 0.96 6.982 0.62 6.792
5 5.00 7.699 5.60 7.748 2.14 7.330 6.20 7.792 1.06 7.025 0.42 6.623 0.52 6.716
6 L LO 7.6L 5.26 7.721 2.46 7.391 6.40 7.806 1.10 7.041 0.42 6.623 0.62 6.792
7 5.00 7.699 h.46 T.649 2.34 7.369 6.40 7.806 1.06 7.025 0.42 6.623 0.66 6.820
g 4.80 7.681 L.4O  7.644 1.96 7.292 5.00 7.699 0.96 6.982 0.4 6.6l 0.68 6.833
b 6.20 7.780 3.85 7.567 1.88 7.205 L.b4 7.646 1.27 7.098 0.60 6.759 0.64 6.795
Replicates 8/3 26/l
Cols Log Cols log
1 0.64 6.806 0.20 6,301
2 0.56 6.748 0.20 6.301
3 0.50 6.699 0.22 6.342
L 0.50 6.699 0.20 6.301
5 O.ly 6.644 0.22 6.342
6  0.64 6.806 0.21 6.522
7 0.62 6.792 0.22 6.342
8 0.56 6.748 0.29 6.462
x 0.55 6.742 0.22 6.339
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Table 8 (continued).

Treatment iii) 0.05/ Lissapol 10x + 57 fructose + 5% urea.

Replicates 22/10 26/10 9/11 23/11 7/12 21/12 18/1 8/2
Cols Log Cols log Cols Log Cols . log Cols Tog Cols Log Cols Log Cols Log
1 8.60 7.934 8.30 7.919 2.46 7.391 13.20 8.121 Ll T7.647 1.54 7.188 1.98 7.297
2 8,00 7.903 9.60 7.982 2.12 7.326 11.40 8.057 4.08 7.611 1.66 7.220 2.16 7.335
3 9,40 7.973:11.80 8.072 2.70 7.431 11.20 8.049 3.82 7.582 1.80.°7.255 1.92 7.283
4 9.40 7.937 K.R. N.R. 2.84 7.453 14.20 8.152 4.18 7.621 1.66. 7.220 1.86 7.270
5 9.20 7.964 8.20 7.914k 3.3k 7.524 5.20 7.716 5.08 7.706 4.00. 7.602 1.62 7.210
6 11.00 8.041 8.00 7.503 3.60 7.556 7.20 7.857 5.66 7.768 3.06. 7.486 1.9, 7.288
7 12.80 8.107 9.80 7.991 3.40 7.532 8.60 7.935 5.92 7.772 3,92, 7.593 1.46 7.164
8 10.20 8.009 7.00 7.845 3.28 7.516 10.40 8.017 5.80 7.763 3.16. 7.500 1.86 7.270
X 9.82 7.983 8.95 7.9465 2.96 7.466 10.17 7.988 L.89 7.683% 2,00 7:383 1.85 7.26L -
R
Replicates 8/3 25 /1, Y
Cols Log Cols Log
1 2.00 7.301 0.68 6.833 Analysis of Variance
2 2.6 7.422 0.50 6.699 SeSs d.f, Me S. Foosun
3 2.32 7.366 0.06 6.820 Treatments 8.97 2 LoW9  24.94
L 2.18 7.339 0.40 6.602 Error 38.29 211 0.18
5 1.75 7.246 0.53 6.763 ‘Total L7.26 213
6 1.58 7.199 0.4,8 6.681
7 1.70 7.230 0.40 6.602 Lissapol v. fructose
8 1.66° 7.220 0.48 6.681
X 1.98 7.250 0.52 6.710 Difference of means = 0.05
3,%, for test of means = 0.0728
t = 0.05 -
N.R. No reading due to contamination. 0.0728 ~ 0.687 N.S.
Ffructose v. urea
Difference of means = 0.408
S.8. for test of means = 0.748 -
t = 0.408
3.078 ° 5.455



Table 9 . Total fungi 1969-70. Treatment i) 0.05% Lissapol NX.
Replicates 22/10 26/10 9/11 23/11 7/12 21/12 18/1 §/2
Cols logz Cols Log Cols Log Cols log Cols log Cols log Cols _log Cols _log
1 1.40 Lolh6t 7450 4.881 10.60 5.025 6.80 14.833 9.00  4.954 2.60 4.415 2.80 L4.447 0.80 3.903
2 1.36  L4a134 10.60 5,025 9.80 4.991 6.60 4.820 6.00 4.778 3.20 4.505 1.40 L4.146 1.40 4.146
3 1.48 14,170 14.60 5.164 12.60 5.100 5.20 4.715 8.60  4.935 2.60 4o4l5 2.80 Lo4h7 1.60 4.204
L 1.58 4.199 11.80 5.072 00.40 5.017 5.40 L4.732 9.80  4.991 4.40 L4.6L4L 2,50 4.380 1.60 4.204
5 0.80 3.903 6.60 4.820 6.40 4,806 3.40 4.532 5.80 L4.763 6.40 4.806 3.C0 L4477 2.80 L.L47
6 0.78 3.892 7.40 4.869 6.40 4,806 2.20 L4.342 6.40 L4.806 6.60 L4820 1.80 L4255 3.00 L4.477
7 0.76 3.881 6.20 4.792 6.80 4.833 3.20 L4.505 5.60  4.748 9.00 L4.954 2.80 L4.447 3.00  L4.L77
8 1.00 4.000 6.60 4.820 6.60 4.820 2.20 4.342 7.80  4.892 NeRe NoRe  3.40 4.532 2.80 4.4h7
x T.14 4.0L0 B892 4.930 B.70 4«92k L3/ L4602 7,37 £4.058 La37 4651 2.55 L4391 2,12 4,288
Replicates 8/3 26/,
Cols loz Cols Log
1 3.00 L W77 2,60 Lohh7
2 2.40  4.380 1.40 L4.146
3 2.00 4,301 3.00 L4.477
L 2020 L4.342 2.20 4.342
5 2.00 4415 K20 4623
6 3.00 4.477 2.00 L4.301
7 3.80 4580 2.80 L.4LL7
3 3,00 4.477 1.80 4.255
X 2.7 L4.431 2,52 L.379

Cols: Fungi/cw® leaf tissue (x10%).
Log. Transformation applied.
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Table 9 (continued).

Replicates

22/1

0

26,/10

9/11

23/11

7/12

Treatment ii) 0.0575 Lissapol NX + 575 fructose.

21/12

18/1

8/2

M1~ VU -\ N

Replicates

Cols

log Cols

Log Cols log

Cols

log Cols

log Cols

log Cols

log Cols

log

8/3

L] L 4

et

.982 8.00 4.903
2107 9.40 4.973
.152 10.00 5.000
79 10.40 5.017
14 12.20 5.0806

91 12.40 5.093
33 10.60 5.025

6.00
7.00
5.00
4.80
4.&0
3.40
4.00
N.R.

4.778 7.80
L.845 B.60
4.699 8.60
4681 9.80

4L.892 4,80
4e935 4480
44935 4,00
4.991 5.60

L4.64 10.60 5.025 5.20

L4.532 8.60

44935 5.80

4.602 10,00 5.000 4.GG

N.R. 9.60

4.932 4.20

4.681 2.80
L.681 2.00
L4.602 2.00
L7548 2.60
4.716 3.00
4a703 2.40
4.602 3.80
4.623 1.40

4e4ly7 3.00
4.301 2,80
4.301 3.80
L.415 3.20
L L77 2.20
L. 380 1.80
4.580 1.80
Lolib 2.20

b4e477
LobL7
4.580
4.505
L. 342
4.255
4.255
Lo 342

OO\O&@I\J-F‘N\O
-
m(DONONODO‘

.
a

~NjocCoOoOC o OoCOO o
U1u1;-$‘¢'\n\n\n4r

1
.0
<9
.503 12.20 5.086
«J
.0
.0

20 10.065 5.022

KICo~ OV £y D B

Cols

Log

6.00
7.80
7.40
6.40
5.20
5.60
6.20
4.20

4.778 &4
4.8%2 3
4.869 3,
4.806 3
4.716 4.
L.748 5.40
4e792 4.20
4.623 1,40

6.10

L.778 L.07

4o 95

4.683 9.20

Le%01 4.80

4.677 2.50

L.480 2.00

44400
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Table 9 (continued).

freatment i1ii) 0.05;5 Lissapol NX + 5/ fructose + 5/ urea.

Replicates 22/10 26 /10 9/11 23/11 7/12 21/12 18/1 8/2
Cols log Cols log Cols Log Cols Log Cols Iog Cols Log Cols Log Cols Log
1 5.0 . 4.732 8.60 40935 5.60 L4.748 11.80 5.072 3.60 L4.556 L.40 L.146 2.60 L.415
2 5.20 4. 716 11.00 5041 4.80 L. 681 14.20 5.152 2.60 4.415 1.40 L.146 3.00 L.477
3 5.00 4.699 10,60 5025 5.40 L4.732 13.60 5.134 4.40 L6444 2,00 L4.301 1.60 4.204
L 460 4663 g o0 4982 460 4.563 10.60 5.025 3.80 4.580 2.00 L4.301 3.80 L4.580
5 15.60 5.193 13.40 5,127 6.20 L.792 7.00 4.845 3.20 4.505 3.60 4.556 2.40 L4.380°
6 15:60 5.188 y.g. K.R. 5.40 4732 6.60 4e820 3.00 4477 3.40 4532 3.20 4.505
7 11.20 5.049 9.60 4»982 6.00 L4.778 7.80 4.892 3.00 L.477 3.20 L4.505 1.60 4.20%4
8 10.60 5.025 13.20.2-121 5.00 4. 699 8.60 4.935 3.40 L4.532 3.40 4.532 1.60 4.204
x 29412 4.968 15,85 5.030 5.37 L.7206 6 10.02 4.98L 3.37 L4532 2.55 L.377 2.47 L4.371
. !
Replicates 8/3 26 /1, . X
Cols Log Cols Log Analysis of Variance b
S.Se d.f. m,s. .
1 8.00 4.903 3.20 4.505 Treatment 0.54 2 0.27 3. 86
2 8.20 4,914 4.00  4.602 Zrror 15.07 . 210
3 7.00 4,845 L.60 4.663 Total 15.61 212
L 6.80 4.833 3.80 L4.580
5 .20 L4792 3.60 L4.556 Lissapol v. urea
6 6.00 L4.778 2.80  L.477
7 5.80 4L.763 2.00 4.301 Difference of means = 0.35
. 8 6.20 4.792 2,40  4.380 S.5, for test of means = 0.39 )
% 6.77 L4827 3450  4.508 t =085 _, .0 ¥
. 0.39 ~— =°
N.R. Contamination of plate.
1-4 & 5-8 Duplicate treatments. Fructose v. urea
Log. transformation applied.
Difference of msans = 0.35
S.45, for test of means = 0.421
t = 0035
0.421 0.83 N.3.



8/2
Cols

18/1
T

Cols

.l(. .

-,

Lissapol XN
T

21/12
T Cols

-

Treatuent i) 0.05/%

7/12

Cols

23/11

I. Bacteria.
26 /10 9/11
Cols T Cols T Cols

T

Chitinoclastic organisus.

- 22/10

Cols

v

Table 10.

eplicates

Al

o
&

1
[y%}
o™
T

.025

Q L
3 &
0 o

817
<975
<304
225
« 342

» .
PO N e R - R

0 Q/Qun+oanuzzvr
zzzzohz/1_1.l O

2.25 1.61

Qf N\ Y
-3 QN O
52151190

ArAAAAS A

0.¢0 1.18

MO NN F\O
- L) L4 - L] L2 . -
N O4A0000
Ot i
I\ -3 00 O M~
572)15_:}58

22222111

OOOOOOOD
675!4.5222)

4.25 2.14

A O AW
Al P~ O 0D Y
1_1;,Dﬁo ZJ7,nu.D

22212)22)3

00000000

,4ywauzz1‘7.q,m

M~ OV~ O M N
O\0 & -F -F00 0
.47_9_31111

i

7.0 2.68

76988890/
12110000

1-45 1-57

O N OV -
(e .Mw..?h.?o/o/no
L) al QO 0N

L]
oo AN A~

HAWMNSNOMN O
L] - L . * L] - L]
N T G oy

3.74 2.04

IOV I N NAD DN O
It e AL )
R RAAT Y

* ® s =8 & 4
222249225

2-94

00000000

88582780
0

OV VO O D G
52);/2)375_1

22222222

.25

o]

2.'

00000000
6565576.4

5-5

= AV TG STa RN I v e Y ]

26]4

8/5

DN AN had
IPNPANN e

=
C

£

l

O

Replicates

Oy P~
QQ ~F

hQ @ 1y ¥ O
-3
*22111111

aley 0N F1\Q Oy eI
ol+rAMaa a A

5-25 1-95

10y F OV P= o F -ty
-F I~ O e
00:/88175.b

A A A

78 919-987
ZJZJl 7)2111

2-55 1-75

Al MO 0T

transformation.

i
X+ 3

Cols: Bacteria/cu® leaf tissue (x10°).

T



Treatment ii) 0.05¢ Lissapol NX # 5,5 fructose.

Table 10(continued).
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Table 10(continued).

Treatment iii) 0.05,; Lissapol KX + 555 fructose + 5 urea.

Replicates 22 /10 26 /10 9/11 23/11 7/12 _2l/12 18/1 8/2
Cols T Cols T Cols T Cols T Cols T @els . T Cols T Cols T
1 25.0 5.050 26.0 5.148 25.0 5.050 53.0 7.314 34.0 5.874 8.0 2.915 4.0 2.121
2 18.0 4.301 10.0 3.240 23.0 L4.848 62.0 7.506 32.0 5.701 16.0 L.062 16.0. L.062
3 30.0 5.523 20.0 4.528 24.0 L4.9506 61.0 7.842 28.0 5.339 11.0 3.391 6.0 2.550
L 26.0 5.148 28.0 5.339 19.0 L4.415 55.0 7.517 23.0 4.B48 9.0 3.082 15.0 3.937
5 39.0 6.285 19.0 L.4156 9.0 3.082 33.0 5.788 31.0 5.612 22.0 L.743 14.0 3.808
6 L2.0 6.519 16.0 L.062 12.0 3.536 37.0 6.124 21.0 L.637 11.0 3.391 12.0 3.535
7 41.0 6.442 18.0 4.301 19.0 L.416 34.0 5.874 24.0 L4.950 6.0 2.550 17.0 4.183
g 56.0 7.517 15.0 3.937 9.0 3.062 31.0 5.612 24.0 5.612 25.0 5.050 23.0 4.548
X 34.63 5.84 19.0 L4.37 17.50 4.17 145.90 6.75 27.15 5.32 13.5 3.05 15.29 3.63
ieplioates Colg/3 T CO?:/L 7 analysis of Variance
- d.f. 5.5, m.s. Fr s
1 7.0 2.739 5.0 2.345 Treatuents 2 261.15 130.58  100.82
2 10.0 3.240 0.0 2.900 wITor 213 275.88 1.30
3 9.0 3.082 8.0 2.915 fotal 215 537.04
L 10.0 3.240 4.0 2.121 o a .
5 14,.0 4.808 12.0 3.536 - Lissapol NX v. Lissapol + fructose
6 11.0  3.591 10.0  3.240 N )
7 11.0 3.391 15.0 3.937 Difference of means = 0.35
8 15.0 3.937 6.0 2.550 S.4. for test of means = 0.1516 .
% 10.88 3.35 B.25 .U t = 0.35 "
0.1616 = 2:15

Lissapol + fructoss v. urea.

Difference of wmean = 2.1,

D.4. for test of weans = 0.219

— ki o
t 2,14 - 9.77

0.219

—893—-



Treatment i) 0.05,; lissapol NX.

Chitinoclastic organisms. II.
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Treatuent ii) 0.05., Lissapol NX + 5, fructose.

Table 11(continued).
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Treatment iii) 0.05; Lissapol NX + 5% fructose + 5/ urea.

Table 11(continued).
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Table 12. Ascospore degeneration after inoculation with two

actinomycetes.
Date Replicates Sq 32 Control
29.11.70 1 35.25
-2 45.85
J 39,92
X 40.70
9.12.70 1 35.54 50.00 36.99
: 2 32,04 28.22 41.23
3 31.28 39479 32.15
X 33.44 38.60 37.49
25.12.71 1 0.55 41,15 56.51
2 0 52.87 35.63
3 0 43.45 32.43
X 0.26 45.16 L. 39
18.1.71 1 0 16.52 48.26
2 0 L2.74 L2.27
3 0 51,00 39.66
X 0 28.05 43.80
2.71 1 0 17.65 34,52
! 2 0. 36.33 36.30
3 0 " 2.350 32,66
b4 0 25.70 360
27.2.7% 1 0 18.49 29.35
! 2 0 30.29 31.16
3 0 8.9 _ 2944
x 0 22.12 29.96
S, V. control
Difference of wmeans = 3.43
35,2, of test of weans = 1.87
t = %f%% = 1.83 Nedign.
Difference of weans = 22.07
5.8, of test of means = 2.28
t = 22.67 ek

99k
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Trans. Br. mycol. Soc. 56 (1), 153-155 (1971)
Printed in Great Britain

OVERWINTERING OF SPHAEROTHECA MORS-UVAE FROM
GOOSEBERRY AS CLEISTOCARPS

G. V. H. JACKSON
Imperial College Field Station, Silwood Park, Berks.
(With Plate 14 and 3 Text-figures)

It has been established that cleistocarps of Sphaerotheca mors-uvae (Schw.)
Berk. formed on blackcurrant can overwinter naturally in England and
give rise to viable and infective ascospores in spring (Jordan, 1966, 196%;
Merriman & Wheeler, 1968), but there is doubt of the ability of those
formed on gooseberry to do so. Salmon (1914) kept cleistocarps on goose-
berry shoots in the laboratory through the winter and then observed
discharge of ascospores when these were wetted, but he was unable to
demonstrate this with cleistocarps overwintered naturally on gooseberry
shoots; indeed, by spring, the ascospores had mostly degenerated. Similar
results were obtained by Merriman & Wheeler (1968). The following
reports the successful perennation of cleistocarps on gooseberry leaves.

About 250 leaves with cleistocarps of S. mors-uvae were collected from
plants of the variety ¢ Careless’ at Southmoor, Oxon., on 8 September 1969,
and were overwintered on soil in terylene net bags at Silwood Park as
described by Price (1970). The ascus and ascospore content of cleisto-
carps was assessed every 10—20 days by the methods of Merriman &
Wheeler (1968). The ability of cleistocarps to dehisce was assessed by the
following modification of the technique of Smith & Wheeler (1969):
cleistocarps (¢. goo—1000/sample) plus secondary mycelium were placed on
damp blotting paper in the base of small, transparent polystyrene boxes
and were inverted over a glass slide, cut to size and fixed in the lid with
plasticine. The boxes were kept outside for g days and the glass slides then
examined for discharged ascospores. The viability of discharged ascospores
was assessed similarly by replacing the glass slides with disks cut from
gooseberry and blackcurrant leaves. Here, after g days outside, the cleisto-
carps were removed and the boxes incubated at 20 °C until sporulating
mildew colonies were observed on the leaf disks.

The general pattern of percentage cleistocarps with ascospores (Fig. 1)
was similar to that observed by Merriman & Wheeler (1968) for cleisto-
carps on blackcurrant. The large fluctuations appeared to result from the
substantial differences in the maturity of cleistocarps when the leaves were
taken from the bushes in September; there was no evidence that ascospores
matured within cleistocarps after this. Ascospores were discharged during
March and April; and their viability established by infection of black-
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currant and gooseberry leaf disks. Three points of interest arise from these
obscrvations: (i) The number of cleistocarps that dehisced was relatively
small. Only 839 ascospores were trapped from 6676 cleistocarps; these are
equivalent to the contents of some 105 cleistocarps, i.e. about 2 9, of the
total sample. (ii) Dehiscence began, and probably reached its peak, just
before the marked decline in the percentage of cleistocarps with asco-
spores. (iii) This decline, as scen in samples taken in March and April, was
caused mainly by an extensive degeneration of ascospores; very little was
due to discharge of ascospores.

O, Cleistocarps with ascospores (%)
M, Ascospores discharged/100 cleistocarps

T 17T 1T I I 1
9249241025 22 14 6 26 20 9 29
10 31 18 14

Sept. Oct. Nov. Dec.Jan, Feb. Mar. Apr. May

Tig. 1. Overwintering of cleistocarps of Sphaerotheca mors-uvae on soil.

The results on dehiscence are similar to those obtained by Merriman
(1968) for cleistocarps from blackcurrant where they appear to be the sole
means of survival of . mors-uvae. Although perennation within dormant
buds may be the most important method of survival for this fungus on
gooseberry (Merriman & Wheeler, 1968), the results given here suggest
that occasionally cleistocarps on leaves may be a further source of inoculum.

I wish to thank Mr Blanchard of New House School Farm, Southmoor,
for allowing me access to his plantings of gooseberries, and to Dr B. E. J.
Wheeler for help in preparing this note.
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