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IRTRODUCTION

Lettuce (Lactuca sativa L} is the most important salad

erop and a ggigﬁiﬁéé vegetsble of Hew Zealand where in nany
districte it can %é grown out of doors zll the year round.

Wianser leiituce é?@%@fg‘ésﬁﬁéﬁlg clant from § - B ascrem of
lettuce, and a8 good crop will cut 400 cases an 46ré. In late
winter and early sprins when other vezelables are searse, returns
to the grower from lettuce may be as high ss 20/~ to 80/~ a

case., Returns per asecre from winter lebttuce are therefore
relatively high compared with other winter crops¢ The success
of this erop is of major imporiance %o the grower who commonly
depends on it to cover the high winter and spring labour expenses

which usually Soinside with 2 period of low production.

Prom season to season, and even from week Do week in the
same season, the quality =nd cuantity of letiuce asvallable ie
a direct reflection of the prevailing weanther conditions.
Weather may act directly on the lebtuce plant affecting its rate
of wmaturation, appenrance and plant size, #eather may also
have a profound indirect effeet by providing conditions conducive
to disense development. It is well recognised that a disecasse
msy reach epiphybtotic proportions only if westher conditions are

favourable to the caususl organism.

Several diseases of lettuce have bean recorded in Few Zealand
{Appendix I). 8f these the disease variously known as ring~-spot,

rust or anthracnpse and caused by Harssonina panattoniana (Bert)




Hiagn., has long been cvonsidered the msjor foliage diserder

affecting winter lettuse production in this aéaﬁﬁgg. ?&iﬁ
disease is world wide in occurrence and has been the gﬁ%j@%%
of considerable research. (Chitienden 1812, Salmon and

Wormald 1923, Stevenson 1959, Taylor and Li 1944).

Reecently however Brooks {1958)% recorded Stemphylium

botryosum ¥allr. in its sexual phase &3 lettuce crops in the
éaagzagé aresn, where large individual losses have cccurred
during the wet and cool winter momths. This organism is known
t¢ be pathogenic to = wide range of unrelated hosts (Heergasrd
1948) but comparatively little has been published on this

fungus as the ¢ansual organism of s leafspot of lettuce.

Weber and Foster (1928) in their bulletin on 'Disemse of
Lettuce, Rommine, Excarcle and Endive' state that a leaf spot

of Bsocurole, (Cicherium intybus, which is closely related teo

lettuce), is caused by am Alferparis spo. They stabte, "There
is a possibility that with further study it will be found that
this organienm is the sazme as the one that causes & similar leaf

spot on lettuee.” The deseription of the leaf spot on Esearcle

# See Dingley, Joan ¥. WN.Z. Journ.igric.Res. 3(3) 481-467 1960,
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and the photograph of sn infected leaf appesr o be very similar

%o the symptoms of 8. boltryosum on leftuce. Ko further reports

appear $o have been published on subseguent work to determine

the causesl organism of this or the leafspot on letince.

gilvie and Mlligan (1931) were the first %o deseribe a

leaf spot disease of lettuce, Ifrow which they iselated

Bacrosporiam

veinula Berk. smend Bollie. Identification wan correborated

at that time by &, F. Wildshire. The gerus Hacrosporium was

later reduced to synonomy with Stemphylium by wiltshire (19038},

Ouzilvie and Hulligan state that this previensly undssswihed
leaf spot, frow which they isolated and proved the pathogenicity
$o lettuce of the above fungus, was First noticed in April 1830.
They later found the disease o be common on letiuce planted
in greenhouses and out of dooys in the Yest of England. The
synpbons they describe appear te be similar to those cauzed by

8, bobryosum on lettuce in Hew Zealand.

et

¥hile the disesse was evidenily not sufficiently seriocus
bo %@??%ﬁ%féﬁﬁﬁfﬁi measures, they considered that under favourable

envirommental conditions it may become imporitant.

Dipprenpaar (1939} reports that in 1955 he discovered lettuce
grown on the Cape Flats, Soush ifrica to be affected with
a sericus leafl spot disessg previcusly unarsecerded Irom douth

Africa. Parther investigation showed that this was one




of the major diseases, if nol the mest important, affecting
winter lettuce grown on the Oape Flaids, Dippensay considered
the disease and the causual organism to be similar to that
raported by Ozilvie and %ﬁi&ig@n {19513, He also successiully
proved pathogenieity of the fungus isolated,

rd {1945 states that spores of 5, hobryosum not

eguently ocour on lebiuce seed, In further infection
experimente with sesd borne fungi Feergasrd found that this
fungus atisched both sterile seedilngs and wounded and unwounded

six-week=-0ld leituce planis.

Gosgens (1951) has rveporied a leaf spot disease of young
lettuce cmused by F. herbarum Rabesh (perfect stage of
’ Young lettuce plants in Duitch murseries,

expecially about Rotberdan, were abtacked duving January-Tebruary
1950, Cossens states that infection was generally mild but in

ome case 704 of the crop was involved.

Pettinari (1951) oblained the P, herbarum sitage of £, botryosum

from leaves of lettuce growing at Apulia, Italy, but in the

review of his article no mention is made of the extent of the
infection, or how he obtained the perfect stage from infected

lezves.

Padpi snd snyder (1984; stabe $hat & leal spot of letiuce

prior to 1951 on

had been observed for at least twenby year

iettuce erope in or nesr Uolsa, a district on the coast of




Q%u
California, U.S.A. They considered the ineitant to be a form

of Stemphyifum bolryosum ¥allr. an imperfect stage of P. herbarum.

Aithough the above menitloned report by Brooks (1858) is

the only reference to Stemphylium botryosum causing a folinge

disease of lettuce in Hew Zealand, i% would appear that this
disease has been present for many years in this ecemniry. Toeal
instruciors in the Depariment of Agriculture have bheen aware
of the existence of twe types of leaf spots on winber lettuce.
One s=pot, characteristieslly emall, caused by Uarssonina

panattoniana, was first recorded in New Zealand by Taylor and

i {1944). The obher leaf spot diseasse, which under favourable
conditions may develop larger lesions, is often present on winter

Tebttucs snd is oo

maonly confused with ring spob. I% would appear

that this Zatter disease is in Pact caused by

botrvosnn.

The shothole effect, which occurs whem the centre of &
lesion collapses is chavacterisile of both diseases, but it

H. pansttoniana,

is commonly associaded with lesioms caused by

ewers in the Manawsbtu and Horowhenua

Hany of the more chservent g

district distinguish between the two diseases by callin

g une
*ring spot? and the other "leaf spoit. One Chinese grower,

who has cobserved the difference in the type of lesions, recalled
that in the early years of World ¥ar II, probably 1842, he
suffered substantial losses fronm the'leal spot' type disease,
and in several seasons since has lest much of bis late winter

lettuce erops from this disorders However, the majerity of




grovers gorsider that both diecenses ave similizv.

Thue from disoussions with the growers of winler lebiuce in
the

Heapawstu and Horowhenus distriet, loecal Instructors, and

records of the Department of Agrieulture @gyéig@ga@s of letiuce
gince 1948, 1% has not been pogsible to cite any definite perioed
when the leal spot of leltuce caused by S.

was first
cbserved. It seems probable, however, that the disease has

been attocking winter letiuce for at least twenly years in this

Sountrye

In view of the luck of defailed research on leaf spot of

undonbied importance in

lettuce eaused by g and its

distriets the following study wee underialken, the nmimeirig

obhjecte of which werpi-

1 To assess By way of field surveys the incidence and

relative imporbance of the %wo foliage discrders of

winber lettuce cansed by Marssonins panattonions

(Bert) Hagn., and Stemphylium botryosum Wallw.

2, To study in detall the morphclogy and physiclogy of

8. botryosum.

S To study the taxonomy and nomenclature of the New

Zeanland form of &

s Belryosum pathogenic o lettuce.
4, To situdy the influence of enviromnmenial factors on

the disease gycle.

9. Yo investigate control of the disesse by use of

protective fungieides.




The materials and methods which have been used for each
experiment are éumul 1n GM}. in tlu mmt chapters of
this study. HNaterials and methods which are applicable to
séveral sections of this study are here outlined before this
experimental work is described in detail.

1.  MATERIALS AND METHODS USED
IN THE LABORATORY

The details of the xwipmﬁo& of ninu are given in
Appendix II. Stocks of potato dextrose agar (P.D.A.), prune
agar, and water agayr mvpnmd”i; 1 or 2 litre quantities.
These were stored after stcrsnutsa”u in pcrtl; filled 250 ml.
flasks sto;spod with ce‘lm wool plugs. Other media were prepared
as reguired.

(v} Pouring Piates

Petri plates, 90mm. in diameter, were used for culturing
the fungus in the laboratory. Successful sporulation occcurred
when ‘Em. of medium was used in each plate. Less media
resulted in poor sporulation from 10~14 day colonies. Consequently,
aix petri plates were normally poured from 100ml. of media.

{e) Inoce tion of Hedia | |

mmt; was upcrimﬁ in ebhiaing a :L’ou of inoculum
which had no influence on the subsequent diameter of colonies.
Itmhtmimmtumsiuefthommotw
inoculum (containing mycelium) beecame smaller, the resulting
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colony sizes became increasingly variable. If squares of
agar containing mycelium measured 6 x 6 mml variation due %o
the size of inoculum did not oceur. Therefore, during =ll
experiments the inoeulum consisted of a square of agar
measuring 6 x 6 mm. taken from the fringe of an actively
growing colony on P.D.A. This agar square was placed upside
down on the medis being inoculated. Growth rate was linear
in respect %o time. Therefore 8 mm. was subtracted from the
&lmter of colonies recorded. These are ﬂu diameters
Hmﬁ“ in this =tudy. ‘

(d)

mmﬁcnmtorotulmnmtomw, 3«5
colonies were used, according to the incubator space available
and the type of experiment. [IMeasurements were taken of two
diameters at right angles and rnunsﬁvm expressed as an |
AVErage. t}alns contaminants were present, the colony
diameter toi' similar treatments were generally very uniform
oﬂmamomtnwiwgf - 2 mm. If much variation in
disnebers for similar treatments was encountered the experiment
was repsated uatil uniform results were obtainpd.

In experiments where a bias mag have been introduced due to
a previous knowledge of the tmtm:; the Petri plates were
marked with a number to indieate the treatment. Records were
kept of the code used which was selected from randam tahles
available in the standard fexts, After subjecting the colonies
t0o required treatuents the plates were removed from the incubator



and, prior $o regording, arranged in the random ovder indicated
by the numbers.

{e) Measurement of srowbh rate on Artificial Wedis

Brancdte and %@iﬁiﬁg (1953} after testing and evelunting the
effect o several environmental factors on coleny diameter
concluded that it may be used for wmeasuring the rate of zrowth
of fungus, comparing the infiluence of variously sltered
media on thelr growith, and investigating the effects of other

wirommental factors.

#ith the exception of the first tweniy~four hours of growih,

colony disneters inereased at a constant and linear rate. Records

of colony dinmdiers were therefore made only once, normalliy ten
aye alter inceulation.

{f£) ilagubators
o

iy 24 z 2 % & % i . b8 % i i, o o £ Fow % >§ o F ol y g
Reirigerated incababors wiich operated ab &, 16 5 128.87, ?%ﬁ
and 20%. were used for vempevature studies of the fungus oxn

s

culiure media. Unforianately the 5% incubater failed to fumetion
gorrectly. Incubators werse slso asvailable operating a2t intervals
from 24°¢ ~ 50%. The normal growth temperature of 24°C was
sslected because it was the lowest tempersture zt which the
incubaters would function without fluctustions occurring due o
changes in roonm femperatures. All norpasl cultursl work was

underiaken in incubsators opepating at this temperature.

A¥Eificial 1izht was not provided in the incubators.

At times mite became o problem, freguenitly causing considerable




eonbtamination. It was found that they were readily controliled
if the shelves and walls of the incubstor were occasionally
wiped with a cloth soaked with kervosene.

{g) Broduction and Prepo of Inogulum

{i) Conidisn

Isolates were selected Toxr Pheir abiliity %o produce

abundant conidiz on culture media. This ability was usually
related to the E%ﬁgﬁé.ﬁf/ﬁﬁﬁﬁ)%ﬁ% isclate had been maintained
on culture medin. Pelri pistes containing approximately
twenty milli litres of P.D.A. were inoculated with squares
of T.D.A. and myeéiivm obtained from obther culiures, or

mycelial Ivagsents taken from stcck cultures malntained

on pebri plates held in = refrigeraior. The myceiial frapgnent:e

proved most satisfactory. A sterile needle %éﬁ% to form a
small T was used to 1ift tufis of mycelium from the cultures.
The needle was moved lighily acyoss the surface of the P.U.A,

to faciliitabe dislodging the myecelium fragmentsa.

{O%her wethods of inoculation tested,but which failed to
induce prolific production of conidia included siveaking with
suspensions of conidia or mycelial frvagmerts, and incorporation
of conidia or mycelial f?%%ﬁ%ﬁ%g into the medium while 1% was
atill liquid.)

Afdter 10-14 days growth at 24°¢. conidial suspensions were

prepaved by floodimz the eulture with sterile water and seraping
off the superficial myce@lium. This was pluced in & flask with

a dogen smmll glass beads and shaven vigovously for several
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minutes. Usually six euliures were used o every 100 mis.
of sterile water. The myeelial fragments and P.D.A. were

ok two layers of

removed by filtering the snspensi

cheess cloth.

The concentration of conidia wan estimated using a
heemootyometer snd was then adjusted; usually $o contaln
S000 conidia pey ml.

{11) Aseoszpores:

Selected isolates were zrown z2i 24°¢. on P.Dohay

e
12 weeks. At this stage ascospore discharge commenced

une agar or leitiuce decoction agar for §3§i§§$ of up to

if the eolonles were vemoved Tron the incubstors. During

he first ten dz

ys incubation colonies were frequently removed
from the incubator and exposed to sunlight or ultra violet
light 4o stimulste production of perithecia.

cin were obtained by scraping off the serial

myeslive and perithecia on the surface of the Pt

Golondies were then warhed with sterile water and the perithecin
which remained partly irbedded in the media were seraped off.
These were washed several dimes o remove as much agar as
possible and finally shaken with glass beads until all

mycelium attached 4o them was dislodged. AfSer several further

washes the pevithecis were transferred with a minimun anount of
water inte a fthick-wslled test tube, where they were crushed

with & close~fitiing gments were

glass rod. The resulting fra

saspended in water, filtered through cheese cloth and the




ned under the microscope. I conidis

suspensions exmni
were present, the suspension was discarded and snothey
prepayed, baking f all vonidis

befors ?@gﬁﬁgggia were cfushed.

urther precautions %o elimade

The method used Yo isolute fungl from leaf spots is shown
in Illust. I. The petri dish, lined with moiet filter paper
and containing
incubated for 24 hours at 54°C.  After this period of time

: the lesions supported on glass slides, wass

s botryooum us gonidia. Tdeatily was confirmed
by miercseopie examimation of conidia =nd isoiation of single
and identification

spores on $o P.0.A. with subsequent culturing
of the eolonies which develope

5 s

This method, used f&?»§%§i% isolation and identification
of specific organisms, was desoribed by Stevenson (1938) for
identifying Naz

ssonina panattonians on letiuce. The symptoms
of these two diseases were sometimes simllaw, but once the

subjected to this high humidity treatment,

iegions were
differentiation bebween the twe types of spores produced was
readily made and indioated with certainty which pathogen was

inveolved.




srd was preparved for each property wisilted daring b
survey and detalls of siage of growth %fzﬁﬁﬁ»§§§§g eyrop variedy,
and other relevant information was enbered during esch visit.
tive identification of

imate of the infeciion
the folisy disorders

ant were also made. Frovislion was
left for subseguent conflirmation o a@%&é%&z@@ If the crop

was aboul o be harvested {he pergentage of heads rendered

unsaleasble due $o leaf spob dizepse was estimated.

Bpecimens of leaf spots from letinee or other suspected
hosts were collected and placed individeally in labelled

plastic baj

In the laboratory each leaf spot selected for identification

was pusbered copsecubively and details entered in s reglster.

nikpown®

inis series of lesions

wers prefized by "U" for “u

Yo Lfber successful isolabion on to

=

series ig.g. lesion URE

N5, bad oocurred, selechad é&iﬁﬁi@%’f@ﬁﬁ;%ﬁg gane lssion

wgre designated where negessary with an appended letder

{eegge U230). Identification was often possible at this stage.

To ensure that fudbure work on the isolate would not be compliicated
by contaminante, single spore lsclates were prepared nsing a
medhod similar to thet descrdibed by Heits (1895). These
isplates were distinguished by & numersl preceding the U

{e.g. BUB3C) to indicate which single spore isclate had %ﬁé&

selected. This systen of numbering and recording lsoladesn
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proved to be very satisfactory. (Two imolates were used
in prelipinsry work before this system was established. These

wepre the "AY and "P' isolates).

Stock ouldures of most isolates of 3. botry

%

prepaved by inceulating P.D. 4. glants in ¥ fest tubes with

SEQE wora

myeslial v

wwments froe the singie spores eodlonies. These
slants were fitted with cotton wool plugs, labelled and
incubated at 24°C until growth commenced. They were then
removed from the incubator sealed %i%% "Parafilu” (see p. 103)

before storing at room tomperature in the laboratory.

Pooks postulabes were performed on several desledes Pron

‘soun isolated

The glasshouse and workroom used for plant production is

shown in Illustration 2. This same glasshouse unit wes used

for handling plants during the disease eyele studies.

{a) Soil Composte
Toam was obtained when possible from turf which had been
stacked for eightesn months. At other times = ¢lay losm from
%&@»é@iﬁ%@% soll heap was used. This ¢lsy loaw was hest
sterilized {by electrode method) before use. The loam obtained
frvom the durf was treated with methyl bromide prior to the
?fégézaﬁiaa of seedling composis. It was not treated in this

Way %%@g i% was b0 be used in potiting composts.
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Seedling composts, based on Jobhn Innes wix, conisined

2 paxrie of leoam, 1 pord of peat snd 1 paris of sand.  To

every bushel of this aixture was added 1§ ozs superpbosphate

and 2 ozs of ground limestone.

Priexing ovub and gyowing on compests fiasily adopted

ough & & inch

sonsisted of threc parts of turf-loam passed thx
sieve, and ome part of sand. To every buskel of this mixtuve  was
1% ounces of ground limestone and four cunces of = anixtwre

consisting of ¢ part suirhate of =omonia, 14 pards superphosphate

rt of sulphate of potashe

{b) Sesd:

The wariety of letiuvce used during all studies of the

disesnse cycle was Black Seeded Triumph (ex Coopers, Dot 745/1980).

This was sown in smell seed trays 2t weekly intervals 4o ensure

a continuing supply of plants.

Beed of other varieties of letince and that used for host
rance studies, i¥ %ﬁﬁaﬁﬁﬁiéaﬁzé fron 1lince of seed held in the

Bierc~biology Department, were purchased fyom chain sbores.

‘When twoe true leaves had formed and ezpanded the young
rlants were pricked out imto 3" olay pots or seedling trays.
Approximately 100 plante were polied each week, the actual

numbers depending on the reguirements of the experiments.

A& 10% surplus of plants was provided above ithe reguirements of
the experiment to allow for plant losses and diecarding
atyplesl plants.




{@) Bupplewentary Nutrients:

Puring periode when woter loss from the pois was high,

conatant watering leachel soluble nitrogen from the potied and

bozxed plants. Plant gyrowith became zlow and hard.
feriilizers were supplemented during these periods by applying
a liguid fertilizer 4o the plownis. This was prepared by

spoon of sulphate of cmmoniz or e

dissslving one rounded table

ant food in one gollon of water.

i

similay quaniity of “Zest” B
Thie was applied to the foliage of the plants at weekly intervals,

(2} Zemporatuve

Hinimus temperatures weve maindained st or above 30°%, by
electrical rediators
Puring winter the glasshounse minimum and maximonm

between 50%F. and 70°%F. In

 fixed under the glasshouse benches.

were usually

mapper the mazxisun temperature at

times rose to above 90°F. By heavy shading and naxipum
ventilation consistent with the westher vondlitions prevalling,

it was useally possible to kold the temperatares down to 8a°p.

{v) Relative Fumidity and ¥atering
The benches in the glasshouse were origimaily fitted with

24" slats. When the heaters

operated the pobs became overhested

and the relaiive humidity %E%ﬁ% the planis dropred, cuousing
The benches were

excensive molsture loss and plant dasags.
then Titted with asbestos sheebing and the amount of water
reguived By the potted planbs was conesiderably reduced. Thus

during winter it was usnslly necessary to water the potted
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planis ot weekly intervals. In

summer the plants were watered

every mornming and if temperstures were hBigh and o wind blowing

it was found advisable fo damp the house down during the afierncon.

(1) Inssots.

Aphis were the only insschs whinsh sitacked the letiuce
plants. The glasshouss was fawigated with lindane at weekly
intervals by burning one "Nexa® paper {commereial size) in

gach glasshousns,

This was done in the eveninges so that the bouse could be

shut down without undue temperature rises occurring.

Jonsiderable plant losses wers expevienced dus o

otrytis cinerea Pers. ex Fr. attacking the young poitted planis.

6 or eliminaied by veplacing the dried blood

Losses ware reduce
in the base fertiliser with sulphate of ammonia; by lmproving
glasshouse hygiene and removing of all dead plant parés in an
effort to eliminate the source of primary incculum} and by

gliminating voot damage which occurred when the heaters wers

operating for any length of time by covering iha slsd benches
with sheets of achestos.
{111} Raoeteris
During early ianvestigations bacterial infection of

fungsl lesions caused z masking of syaptoms of disease incited

by 84 botrycsum, particnlarly at the higher temperatures used

in the zrowth cabinets.

It was believed that the bacteris were multiplying in
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the hoses used for wabtering the glasshouse. Samples of water
taken from the hose had & very higbh count of bascteris. Onece
the water had beon maning for o short time samples taken had

either vory low counts or were fres from bacteris.

BExtra precsutionz were faken 4o ensure that no practice
was Faeilitating ihe introduction of baoteria om $o the lesions.

Before watering or danping down the house, the water is the hose

was vap off and the hose flushed for seversl mimutes before use.

The high bamidity cabinet was washed out at weekly intervals

using a 1:120 dilution of "Savien™®. The plastic sheets used
were

for covering the planbs/treated in s similayr manner prior o

use. The ssed trays and {lower pods were also sprayed with

"Savion” 1:120. Afber these precautions had been taken no
fuprd

ar trouble was experienced with bselerisl esonitaminstions

Before any detailed studies of the effect of disease

ineited by 8. bolryoswsm on letiuce was underisken, preliminary

gxperimental work was necessary do determine a method sultable
for recording and measuring the effect of disease on the

lettuce planis.

I% was essential that symptoms of diseasse should be

jmmediately recogrised. The preliminary work provided am

¥ 1.,0.1. Trade Hane for Disinfectant.
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opportunity for chservation of the lesions from first appearanc

wn$il death of the leafl occurred. The imporitance of post

ding identification of the incitant of the disease wan

demonsirated when bacberial infection of the leal cccurred

Jonseguently it was

following ?%ﬁé%@%@i@ﬁﬁ§¥,§53§§f5f§§§§*

considered necessary to take samples of the leal spote from

relative hunidity.

anck experdiment and subject them to 100

1f ponidis of 8. Dot

, developed from these lesions, 1t was

had resuited on the remaing

¢ slailar infectlons

Where bacterial infeciiocn coeourved, sporuiation

wae prevented. I% wan necdssary o repest those experiments

where bacterial infection securred.
Incenlum prepared as desoribed previously was sost
satisfactorily applisd o the lstivce planis by evenly spraying.

all plants 4o the polint of run-off with the spore susps
using & emall

hend atoniser.

The tyve and zge of plant Intvoduced considersble variation

in expresmion of the symptoms of disease. I bevame apparent
early in the studies that the desirable type of plant was one
which had made rapid growth aefter being potted or pricked out
and had expanded a total of five true leaves, in addition %o

the two lower leaves and the solyledons. The iype of plant

used is shows diaoy stionlly in Illwoteation 3.

Two criteria were used to record the effect of the diseanse

Yhere a measure of the number of lesions

on $he plante,.
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prodused was required, setual counis were made of lesions
oscurring on the lowexr five leaves (Ho. 1 - 5, Illustration 3)
gxeluding the cotyledons,and fivsh fwo brue leaves. duping
avrmal growih condiiions in the glasshouse these fﬁgégéiggg

ade between the seventh and tenth days from incenliation.

were u

When a measure of the effect of environment on the expression
of symptoms wes reguired the individusal leaves were removed
from the plants and plsced intoe one of ten clusses indicated

by photogm

s

ronked into ben

whs of diseassed leaves which were

¢lasses. Leaves free fron lesions were rated §, and those
lenves which weyre dead were walted 10: Thevefore a score for
s healthy plant was O and the naxiwm score for g dead plant

waa 50, theve being five leaves recorded on each planb.

The sum of leaf tolels were termed plant totala. The

mogt suecessiul method of recording

investigated was where

four pls

G weres used fovr each plod, and plot foials subjecied

4,

o statiztical sun

Host experiments invelved four or five jfreatments. Four
of five replications of fthese tresitments applied Ho plots of

ant in ywmiure

four plants epabled differences likely %o be impord
$o be meszsured by the normal statistiesl procedures {(Snedercor.
1956) Cochran and Cox {1957) and Buncan (1953)) and permitted

moagivas use of glasshouse facilities. Hissing plunte or

plotas were esiimated using the methods described by Cochran
and Cox {195%).
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ILLUSTRATION 3 R DIAGRAM ATIC REPRES’ENTATiOb
1 i VARTE SO EVTIRERGE LETTUGE PLAN
e A M EUSED - POR DISEASE *EXCLE
: : L STUDIES ‘

lesions recorded on
these leaves

Pirst tru@,légves-

-

secd leaves————
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During preliminary experimentation, it was determined
that the optimum temperature for growth was above 40°F and
below 60°F, the winimum bemperature was below 40°F and the
maximum approximately 80°F. Therefore the temperature range
investigated during the studies of the disease cycle was
between 40° - 70%,

Tenperatures weres conirelled by growing the plants ia
temperature controlled esbimets. The construetion of the
eabinets used in this study has besn Jesoribed by Iateh (1957).
They are s modified form of those used in the Department of
Plant Pathology at the University of ¥Wisconsin. One larger
eabinet measured 5 x 2 x 2§ feot. Due to development s# logal
"hot spots™ in this eabinet 1t was operated at temperatures
closest to the surrounding air tempersture. The other cabinets
measured 23" x 2'2" x 2' and were more officient. A fan was
installed in the cabinet which operated at temperatures 20°7.
or mere above the surrounding sir temperatures.

By placing $8e cobinets in a gool store operating at
40°P, temperatures ranging from 40° - 80°F. were obtained.

Sunvie thermostats connected in series with three 100-watt
bulbs. Froviding the comtacts in the thermestats were kept
clean and adjusted correctiy, W wers conirelled
to within 2°F, of the vequired temperabure.
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Cabinets were operated for twelve hours before the plants
were introduced with the thermographs in place to check on
the operation of the thermostats. Thermographe were also
placed in the cabinets when space was available. As soom as
an increase in thc temperature differential was noticed, the
contact points were clesmed or replmced, and re-adjusbed.

U%Mﬁsmbsﬂ:&ﬁcuﬁnhmm
mnmmmﬁm:armiwmam. One 150 Vatt
reflector type floodlight was suspended 12" above each cabinet.
To minimise the heating effedt of the lamp, & sheet of glass
was placed 2% above the eabinmet. The lights were operated
during the night by a time switch.

After incoulationg prior to placing the plants in the
incubator they were held for 24 hours in 100f relative humidity.

A glass e¢sbinet measuring spproximately 2'3" x 3 x 2%¢"
vas fitted with a rack to support two shallow metal tways.
PFellowing inoouletion the plents were placed on the metal
trays inside the cabinet and the trays filled with 13" of
water. The door was bight {itilng and when closed it enabled
& relative humidity of 1004 o be maintained.

¥hen larger mumbers of plants were involved, they were
placed in trays on a bench and covered with polythene sheeting
which was kept in contact with the wet bench by weighted
timber.



CHAPTER X

THE PUNGUS




The morphology and physiolegy of 3. botryosum isclated

fror letiuce in FYew Zealand was studled on ardificial pedis
in the laboratory to enable comparisons $o be made with other

forua of $his organisnm reporied hy overssas aunthors.

Darding these siudies the most sultable fype of zmedia for

produstion of conidia and perithicis received special considepstion,

due G0 the need for = reliable medium $o support abundant

conidial production for Disense Cyele studiss.

The texonomy snd nomenclature of the fungus cousing the

Teaf spot of leltuce was alseo considered, viilizing the knowlsdoe

obtained from the axiifisial media siudies, and by lnvestigating

the hoat range of the orgenisp and comporing 1t with that

reporied by overseas authors.




Yo The Influence of Hedia on Cultural Festures of Shemphyil

bolryosum Vailiv.

While species of the gewmus Shemphylium ususlly grow well on

eulinre media there are nmany examples where gﬁﬁ&z'&iifieazzgfgaﬁ
perienced to induce sporulation {Andrus et al. {1942),

- 11952),{1953), Hebonald

Diffieulty was experienced in maintaining sporulation of
some isolates from lettuce after several weoks growih on

artificial media. &&ﬁ%@éﬁ&in

¥y studies were unmdsbiaken to
debermine what sediun was most suidable for conidis and

ascospore production. A total of 25 media were investigated
and the zorpbology of the Tungal colonies characteristic of
gach type of medlum were recorded. Comparisons of the

deseription of eolenies reported by other authors on the varicus

medis were mede with those recorded for colonies of the Hew

Zeatand dotlatés.

Padhi and Snyder (1954) have reported that 5. bolryosus.

Z.lactucun would grow well on pelaito demtrose agery {(Pubolols

prone agay, oabtmeal agar, cormmeal agar, yeast extract agar and

The sirew agar favoured rapid and alundant

syoation of conidis.

Snyder and Hansen {1947 {8)) describe the prepuration and

use of patural mediz, and subseguently i%%%?léé}} outlined the




advaniages of using this $ype of %ﬁéza¢ in %%é%? to aveid
altering the natursl material by subjecting 1% do high temper-
atures sterilization, st%§§%x§ or prepylene oxides were used

s Pamigants. Snyder and Hansen outlined various ways of using
the nabural hoot zaterial as media for culbure of fungie Padhi
and Snyder {1934) used one of these methods 4o prepare the straw

agar wideh bhey fovmd stimglioded spore production.

Bollard {1250} and Zilpatrick & Johnson {1958) have

dasa ?3%%& the prepration and use of ai%é% agar medis,

Similar medin to those deseribed by these aulhors were used

during the study of 5. bobryosum on culture media.

Hetalls of the preparstion of the 11 artificial nedia and

14 nudural medis used ia theszs studies are presented in Ap

’“f;e

s

Ii. Tue %o the fumizants used by Snyder % Hansen (1947 (a)
& (b)) being unavailable in Wew Zealand, the natural hest

materdial was Dumizated with Chlerspicrin.

¥hils heat sberilization was employed during €

£
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of the medlia described Ly Bellard (1630) & @iiﬁ%ﬁ?ﬁ@g & Johhaon

m%
‘f&'ﬁ
M«r

=5

{1996/, this wedls has been included under the gensrsl hending

=

of ‘madural media’ bDecause 1

- 7 2N W W ) 5B e P
giresgtly from 1living

plant paris.

The asdvantages $o be galined frow the use of natural medis nay




be dus to small amoumiy of essentisl growth subsiances present in
the organiec maderisl useds However, the mojor motvients sunplied
by Suvder &4 Hansen (1947 {a)), may be insufficient %o support
growth eguivalent o Shat oblained on the artificial wmedia.
Coapsyisons belwesn natursl nmedin and artifielisl medis nuy not
give as sueh information as conmmrisons emonssd arbificial wedis,
natural media, and natural medis with sdded mutrients. From
peasults of a preliminary fxisl id was obviocus that dnselficient
matrients were present in the wofural soil snd siraw ogars.

1%t was alse apparent that dexdrooe, when incorporated in agsy

-~

supperted abundant mycellial growih, dthus fulfilling the reculrements

£ s A
gf & wajor putrient.

-

& second type of natural medis waz there

§§
g
#
4
g

supplenenting the natural suirlients in the medis {(prepared uaing

the methods of Sayder and Haonsen, Bellard, and Hilpstrick and

Johuson,) with dexirose. This type of medis was salled

&

Hutrient Hedia'.

£11 artificial medis were prepared sometime before they were
regulired and stored in {lasskhs held ot room temperniuvre, Batural
medis wore prepeared during the thres deys rricr to thelr use

Yhen required the prepared medis or apar were hested in

water bath until they become liguid. Before pouwing,

were coaoled 4o 50% Ce in 8 Bolding bath,

Flve petri plates were labelled with the

4o gach medis ond 15-20ml. of the

=

ageeptically poured into each plate and evenly distributed by




the plate.

sgar had solidified and cesled to room te

mnperatures

the plates were incculated with 6 2 Smm squares of P.D.As and

mycelivm {See ¥aterials & Wethods. P 8 ).
Following inoculation the plates were incubated at 24°C for
10 days. The five plates were inspecisd snd unless contaminants

wepre present, the fifth plate was discavded.

The diasmeter of the colonies were measured (as described
previously) and the average for the four colonies on ench media
easlonlabed. Experiments were repented until unifors resulis

were obiained,
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inocuselon

Besulds snd I

Average colony dismeters, and characheristies are presented

in Table I and dliscussced below.

The colour of the colonies on most media was grey. The
various shades or tones of grey which oecurred have been dbsignated

light grey., grey anmd dark grey. Tour types of media supporded

colonies which were greenish-gray, and one medis induced 2 bluish-

grey coloursd colony. The fringe of the colonies were lighter
coloured than the major part of the colony and were offen white.
Colonisz on dextrose agar had a pinkish fringe.

Host colonies growlng on artificlial medias were circular.

However; colonies growing on the natural medis which contalined

arganic material were often irrvegular in shape.

Some media supported abundant seriasl mycelium, while cthers,

partleularly the naturel media, appesred to favour growih of the

myceliuvn within the subsirate.

Production of conidia and perithecia varied widely from
media to media. On the medis coptaining natursl material
econidial production was often highest near the plant or ocrganic
waterial embedded in the agay. However cclonies sultable for a
souree of ¢onidia should have a uniformily high production of

gonidia over the entire nature colony.
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Pactors which influenced the total number of conidia
produced from sach colony appeared tov be the area of the colony,
the reluiive densily of the myoelium and the relative average
density of counidia per unit area. In the Table I an expression
for the average production of conidia has been obiained by
mltiplydng the average diameter of the colony by the average
relative numbef of conidia produced per unit area, and dividing
this figure by the relative density of the mycelium. Because
production of perithecia was influended by similar factors an
expression for the total number of perithecia was also easlculated.

Visual comparison of the cclonlies arranged in descending
order, as indicated by these expressions demonsirated that they
indicated the relative ability of the wvarious media o induce
sporulation or perithecial production.

Lettuce decoction mutrient agar, P.D.A. (laboratory & Oxoid),
dextrose agar, cormmeal agar, lettuce decoction agar and Autoclaved
lettuce leaf in mutrient agar all had high scores expressing
production of eonidia. After visual examination the first three
media listed above were considered to produce the highest numbers
of conidia per colony. P. D. A, was selected as being most
suitable for use in later portions of this study. Production
of conidia on P.D.,A. was very uniform and could be readily
stimaloted by exposure to ultra violet or sum light. The
constituents of P.D.A. were always available and the media was
simple to prepare. The prepared media, when sealed $o prevent
desication would store indefinitely at room temperatures. During
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ome siudies where wniformity and repeatability were necessary

PDshey was available ss 2 sitandard mediun.

Peritheola were produced shundanily on Oxeid P.D. 4.,
cormeal agar, leiiuce decoetion sgar, and autoclaved soil
nutrient agar. Vhile production of perithecis on natural media
appeared fo be very dense on paris of the plade, the tobal zrea

&

involved was generally very smslle

In later studies, media used for production of perithecis
included F.D.A. lLettues decoction 2gayr, and sulcclaved soil

matrient agzar.

In genersl the addition of mutrients 4o the wateral medisn
induced incre=zsed colony wize and spore or perithecial production.
However, contaninants present in the fumigsted natural material

were encouraged to conmmence actibVegrowth by these nutrients.

Competition from these organisms reduced the colony size on the

natural host materizl treated with Cnloropicrim.




ect of Medivm pH om Crowth

yken to ssvertain the effect of

medium pH on the growth feastures of colonles of 8, betryos

These cindies were underds

i

using P.Ds4. as the standard medium. OChservations were aliso
nade on the effect of medium pH on production of conidia and

perithecia.

Haterinls and dethods

The P.U.A, was buffered and the pH altered by adding 2H
hydrochlorie acid or sodiuvm bydroxide. The buffer congisted ofiw-
0«88 glyeins
2.8g clitric agid

£t

%.8g potossium dibydrogen phosphate dissolved in 100 wl.
gen phosg

of distilled walar.

Zwo lilres of Oxpid P.D.A. were prepared and 100ml. placed
in 19 flasks. The medis was sutoclaved at the ssme $ime as the

2

budfer, acid and alkali.

On removal from the aultoclave Sal., of the buffer were
immediately added asmeptically %o each flask of media. TDrops
of sediuvm hydrvoxide or hydrochlerie zeid were then added with a
standard pippette in accordance with the gquantities set out in

Table 2.

The flasks of liquid media were placed in a 50%C holdimg

bath.
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Table 2 iggy%ﬁ fcid and Alkall Added %@

4 FPeDsdse S0 e%: %22’; g re %% e dl %ﬁéi& ol .

28 HO Ho. %z’i‘ drops éz&;@%& §§§£.

1 20 2.8
z 15 3.0
% 1o S8
4 Bpffer Ovly 4.0

Flasgk

28 BalH Hol of drops

s 4.5
16 -
12 5.8
15 a4
1% 5.7
21 | 6.0

L R B R

sl

14 24 B2
2 27 G.8
1% 33 7.6

14 &6 7ed
18 40 7.5
ié 45 el
17 50 8.1
{8 &80 8.5
12 70 8.0
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Each medis was poured inte four pelyi plates using

%

sprroximately 20sl. per plate. One nml. of medium was withdrawy

i‘%

from that remsiming in the flask and mized while molten with 9ml.
of distilled water. The Fiask was returmed t¢ the holding bath

and the nexy medium poured.

fhe pH of the diluted media was determined using a glass
electrodse pH medter. TPrevious experimentation bhad imdicated

sgreement between the pH of the solid and dilubed nmedia

The pH was plotbed agalvst the mumber of drops of alkall or
acid useds Lf any pH deviabed from the general curve it was
reghecked and if found to be zbove or below tae expected pH, the
medium was disearded. This ﬁg%%ﬁ%’%iiﬁiﬁ%%ﬁé amy errors imtroduced
daring the adjusiment of medin pH, or by conmbaminuted gilmssware.
(Partionlar care was necessary when washing and rinsing glassware
used during these experinents.y

When solidified dhe medis were invculated with % x & mm

gouares from the iringe of avtively growing colonles,The plates
were placed in Ghe 24°¢ incubator. Thoee isolates, 44, 47, and

10294 were used during three vuns of this experimeni.

On the f£ifth day from inoculation the diameber of the colonies

were recorded.

Lfter recording the pH of the media in the region of the

aolony was deternined by melding the agar, and dilugion as




previcusly deserdibed. Orly swall changes in pH of the medis

wers 2&3@%§%§ affer five days incubaiion. If the &@E@ﬁi@@
wEre “%ﬁéfﬁ&& on the tenth day x-iaﬁgég the pE of the highiy
azid or alkaline wmedia had become considersbly altered fowards

the optimum pH ranze.

Reaults.

The average oolony dismeters of isolates 4P, 44 ond 3U294
are recorded gzraphicelily in Figure 2. The optieae pH for colony

growih was belween pE 4,0 and pf 8.8 vith maximunm growbk cocurring

between pH 8.3 ard pH 8.5.

Colony é;ﬁ?@@@é?&%ﬁiﬁ% were similay betwesn PP 4.0 snd pH 7.5
and typical of those reported elsewhere {p 32 )}« On media
=

below pH 4.0 the ecloniss bscume rrogress sdvely light ber @&1@&2@&

andfieveloped a maes of @kiwﬁ "a%ﬁ%& myceliuvm. Belew pB 3.0 the

sedia become yrogressiviy liguid due $o hydrolysis of the agar.
Celomien develeoping on medis of p¥H 8 opr higher wers small and

5

usually darkly pigmenied with sbundant white merial mycelium.

Conidia were produved abundantly on media in the range
TH 4.0 = 8,5 with highest prodnebien oncurrving betwsen pH 5.0 =
8.0. Ho conidis were recorded from ¢olonies on medis with a

o
pi 0f 3.8 or less or an alikaline media with pH sbove 7+8.

Perdthecial pyroduction occeurred between pH 5.0 ~ 7.8 with

maximun production between pil 8.5 ~ 7.0,




The p8 favouring prodociion of conidia end pavithecia arve

presented in F the thicker porition of the line represenving

the opbimm pH range.
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The optimum pH range for growth of 5. botryosum om P.D.4.
occurred on unmodified Uxoid, Uifco, and Laboratory F.l.ie
which had a ph of 5.8. The unmodified medium was therefore
used for maximum production of conmidia. lMaximum production of
perithecia occurred on neutral or slightly acid media.
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S. The Effect of Temperature on Growth

& study of the effect of temperature on colony siie was
undertalten #nd observations made om the growih features of the
golonies including the production of conidia and perithecis,
to determine what iéa optimum temperature: range for growth on

eulture nedia was.

laterials and Hethods

Incubators were set to run at 5°, 10°, 12.59, 15°%, 20%; 24°,

28%, 22° and 36%. Difficulty was experienced in maintsining

5%¢ due o the incubator funetioning incorvectly.

Two isolates, 44 and 4P were used for inceculating Difco
FeD.A. and three plates of each isolate were incubated at each
temperature. The inoculum consisted of the normal agar sgusres
measuring 6 x émm. These gguares were placed face down in the
centre of the media, Prior to ploacing the plates at the variocus
temperatures they were held at 24°C for four hours until some

erowth of the myecelium had oeonrred.

The diameter of the colonies were measured after ten days

and the averagze for sach tenmperature caleulated.

Hesults.

The differences in zrowth rate botween Isolates 44 and 4P

were not significant. The average size of ten day old coloniesn
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are recorded in Flig.II. The e¢ardinal temmeretnren Tor frowd

on P.D.i. were below 100, 20°C zmd between 32° - 56%.

Oonidia were produced abundantly a2t temperatures beitween
15° and 28°C., but only sparsely o s%§§r~%é§§§ra%zr%§’ Tmmature
perithecin were produced on the majoFity of the larger colonies,
but maxisum preduction ccourved at temperstures between 20% ana

24%;,

At optimum temperatures for growth colonies were grey with
a darker grey central asres and a white fringe. Higher or
lower temperatures induced production of lighter coloured
eolonies which often possessed a wider white fringe than is

typiecal at optimunm

temperadures.




FIGURE 0O EFFECT OF TEMPERATURE ON
COLONY GROWTH ON P.D.A.

AFTER 10 DAYS.
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Petzer (1958), Padhi & Snyder (1954) and Dippenmaar (1939)
consider that the optimum temperature for growth of 5. botryosum
on P.D.A. was in the range 22°C - 28°C which is several degrees
higher than the optimum temperature for growth of the New Zealand

isolates on similar media. These autbors have reported a

pimilar maximum and minimum temperatures to those recorded for

At 20°C colonies on Difec P.D.i. had a constant average
radial growth rate of 3.9 mm. per day. (The actual range observed
varied from 3.5 - 5.0). According to Brancato and Golding (1953)
this tonstant ‘growth rate 'is due to the multiplication of the
apieal cells of the mycelium filaments. O'Rahn (1948) has
concluded that three factors related to the morphology and
physiology of the fungus determine the growth rate of fungal
colonies, viz:

{a) The rate of division of the apical cell

{b) The rate of branching i.e. the inerease of apical cells

{e) Bate of enlargement of the cells.

The difference observed between optimum tenperatures for the
New Zealand and over=eas isclates may therefore be due to slight
morphological or physioclogieal differences altering one or more
of the factors described by O'Rahn.

¥hile the optimum rate of growth occurred at 20%. no

N
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incubators in the laborvalory normally used would operate at this
temperature. The 24°C incubator was therefore seclected because
it operated at the lowest tenperature whioh === ynailected by

fluctuating roonm bSenmperatures.
decrease in radial growd

This resulfed in an average

h rate of 0.0 mm. per day.

production ef conidia at this temperature was similar o that
at 20°C. the slight reduction in eolony size at 10-14 days was

not of practical importance.




Colonies in covered petri plates were smbjected to Tight
by removing them fy

om the 24°C imoubator 2t various intervals from
inoenlation until they were 14 é&y&ygzég and placing them om a
bench in front of windows. The colonies were thus exposed o
sunlisht which passed throagh the window glass and Petri plate
cover, for pericds of up %o 3 hours during the eight hours they
were on the laboratory bemch. The plates were returned to

the incubator overnighi.

This treatment stimulated the production of conidia,
especially from isolates whieh had been cultured for some period
of $ime. On eultures under 10 days old the area which had been
exposed to light was readily discernible due to the increased
production of conidia. If the plates were exposed o 1ight
every second day the colony developed concentric pigmented
srens associsted with dense production of conidis. If eultures
vetween 10-14 days old were subjected to light treatment

sporulation was improved over the entire colony.

Production of perithecia was also improved by light treatment.

piener (1950) has deseribed the use of ultra viclet light for
inducing sporulation. If cultures with lids of the petri dishes
in place were placed six inches below & VL3O ultra violet tube for
twenty minutes & similar effect on production of conidis and
perithecia was induced as that obiained by exposure o sunlight

for a considerably longer veriod.




Refrigeration of eultuves at temperatures of from=8°¢ o -10%
stopped the growth of the ¢olonies but faileéd fo induce any
morphological changes. Once the colonies were returned fo

favourable temperaiures noreal gz

owth contimed. In some cases

conidial and perithecial production was in proved by refrigeration,

but resulis were inconclusive.




Some lsolates produced colour changes in the P.D.A.

Usually this invelved a chan

ge from the slightly yellow or
ygaﬁﬁg F.D.4, o a brown or redish brown celour. Isolates which
ﬁ%ﬁ%%é §ig@e§%g%ﬁ§a of the wedia were always prolifie producers
of peritkecia, Unpigmented colonies ccoassionally produced
perithecia bubt no plgmented %%z%ﬁy was ever observed withoud

peritheecia.

7o Exodugbion of Conidia on Artificial Medd

Moterials and iebthods.

Liguid P.D.4. was run on 0 sterile mieroscope slides plaged
on filter paper within a petri dish. The filterpaper was
moistened with sterile water. A spore suspension was preparved
and one loopfull was sireaked acrvss the sclidified agey on
the slide. The petrl dishes containing the slides were incubated
at 24%C. Every twentyfour houre for ten days slides were
removed and examined under the microscepe to determine the method
of conidial production. Observations were also made on the
early formation of perithecia. Before the slides were returmed
to the petri plates after observation, sterile distilled water

wae ddded to keep the filter paper moist.

Resulta,

During the first forty-eight hours spore germination and

??%ﬁ@ﬁ%iﬁﬁ of mycelium occurred. Hetween forty-eight and seveniye
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twe hours Irom when the spore %%gg%ﬁ%i@g/ﬁag prepared
byphal %ips or tips of lateral branches began to swell slightly
to form young conidiophores {See Eizagtr%%égg»%%}¢ A% 72 hours

small conidia appeared on the youms conidiophores {(Iillustration 75}

4% first these were spherical, translucent boedies up %o 2 a1 in
diometer. The swollen Bip of the conidiopbore measured
a§§?@zi§$%@z§‘§ - 10 m ilong asnd from § - 8 m wide at this siage.

The young conidia elonszated giig%%lg during the next twentyfour

hours and often became two celled when a transverse cell wall was
laid down. The conidiophores' swollen tips remained aporoximately
the same width but they often beeame elongated duving this
pericd. fiizggﬁygéiaﬁ‘% @;dy & 8.) From the £ifth day of
observation all stages of comidisl production were present.

The Pfirst formed conidia had contimued %o grow and a constriction
had developed at the median transverse sepia. Vertiscal cell
walle were laid down and three or more cells were present
{zllgg%§@§i§§jﬁi & g)» By furtber division in both planes
conidia with nine %o iwelve orhore cells were f@x%&é« These
last divisions appeared $o occur &t random and seldom followed
any well defined patiern. On the fenth day conldis were present
with darkly plgmented seulptured wallse. A% this stage they

were veadily shed and nodulsr conidiophores sisilar t6 those

shown in I1lustration 9 were producing their second or third

conidia,

On the £ifth day it was apparent that two types of hyphae
were present. One was hyaline and approximately 2 - 8 m wide.
Ingividual cells measured 10 m or move in lemgth. The cther was

from 4 2 up to 30 a2 wide, and possessed short cells of from 5-10 a1
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iong. The §§§§%$rgfwﬁkig:%g%%iig%»%&% frecguently aszociated
in bundles of five or more hyphse and wae yellowish brows inm
colour. OUn this Iatter type of mycelium knotis or fusion
bodies freguenily occurred, which by the tenth day measured up

to Bpm. x O.Y5mm. . Subsequent observaticns confirmed that these

bodies developed into 1

observed developing on both ftypes of wyeciium.







is placed in the order Moniliales, and the Pamily Dematiaceas
(Clements & Shearer 1931). The orizinal and modern concepts
of the Stemphylium gewus have been discussed by Wiltshire (1938).

1. History of the Gemns Stewphyliws with Specisl Reference

30 S. Zotryosum

Wallroth (1833)* founded the Gerus Stemphylium on a single
species Stemphylium botryosum from the type host asparagus.
This species described by ¥Wallroth was essentially characterised
by the conidiophores which were swollen at the apex with short
nodular segments and bearing ovate, sub angular muriform spores.
Wiltshire (1938) examined the original specimen and described the
species as having conidiophores which were fasciculate (in groups
ranging from three or four up o fifty) apparently arising from
an immersed stromatic cushion and sometimes sparsely on super—
ncm myceliume They were typieally dark in colour, cccasionally
branched, septate at intervals of 9 - 10 p ', mostly 50 - 70 m
long and swollen at the apex %0 a diameter of 7 - 10 u. The
spical swelling was darker below tham in the upper half and was
thickened by an inner wall. The growth of the conidiophore
through the apex gave rise t0 a succession of "nodular segments™
involving up to four swellings.

Conidia were dark, verrucose, muxhli oval or subangular,
slizhtly constricted at the medium transverse septmm and to a
lesser extent at other cross septa. These spores were muriform
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with transverse verticle and obligue sepia dividing the conidium

into many cells, and possessed a prominent basal sears

Wiltshire {1938} considered that the organisation of the
conidiophore corresponded to that described for Hacrosporium
. parasiticum, Thum. by Berkely (1838)%.
at Aliernmaria

type spores were also present as condaminants. These were

seareinula {Berk), and

FProm Berkeley's illustrotions, it was apparvent ihb

considered by Berkeley %o be immature conidial stage of Ilgospors

berbarup Raberh. Vallroeth {(1833)% had mentioned the sssociation

The peritheseia of

Fleospors species are similar to those of Sphaeris species and

may have been readily confused by ¥allroth.

The early studles on the Stempbylium species left a very

donfused Tield which was unravelled by ¥ilishire {1958), and is
diseussed briefly below. Flliot (1917)% considered that the
germas Haeros: rium Berk. and Thyrospora Tehon and Daniels. were
synonymous with Stemphylium vallr. In 1924 Bolle based her
Botr

identification of S, vogum on an isolate considered by

Omdeman® to be 5. botryosum. Bolle reported that this

botryosunm isolate was sinilar $o ¥allroth'e it conslidered the

ferms Hacrosvorinm &iffered from fthis and ‘shonld be retzined

#or species with sarcinacform apores {(viz. those for which Tehon

and Daniels made the ZThyrespora genmus). Before this, Harz (1871)%

had deseribed a specles, Stemphylive Jamvoinosum, which ecerresponded

o Oudeman's S. %ﬁtgg@ggg‘ #iltahire (1998) considered that

the isolates of Stempbylium sp. described by Harz and Oudeman
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were identicnl spd differsd from 8. boi To

am b0 another genus,

&void transferring Hars's 3. botryosu

#iltshire proposed that both types by included in the genus

Bteaphvliem, but types similar to Wallroth's be torme

gﬁ%ﬁ@%@%?ii%ﬁ, and those allied %o I. isinosun ﬁ%?z should be

placed in the Pseudostenphylium group. ¥iltshire considered
that the Psendostemphylinm would ultimstely be transferred to
4 DOeW ZOIS.

Heergaard {1948} has agreed %@%ﬁ wit{skire and followed

his system of elassification.

Padki and Snyder {1954) hove considered that specialization
within the S. %gﬁfgﬁs@%:gm01es may be common and some populations
have developed as pathogens. They have suggested that it would
sgem desirable B¢ indicate this speeciszligation, vwhich they
consider has ccourrved in the case of Iletiuce,in the nomenclature

of the pathogen. Padhi and Snyder (1954) have thersfore.

designated Yhe incitaent of leaf spot of letiuoe "Shemphvlium

boiryesum f£. lactucum forma nova, the imperfeet stage of Fleos

B

herbaram T lactucum forama nova. pathogenic to above-ground parts

o

£ the species lactues sativa.”

Graham and Zelders (1980} hove reported a wide voaristion

in the host pange of ?ﬁ?ﬁ@&% izolates of Je botwrosuw from

Isguminicolons koot and game dwo types of ilzelsates that were

host specific. They hove not, however, designated thie in the




somsnelainrs o

aydiium bobryosum Wallr. ie

Phe perfect stage of 5

gonsidersd fo @g,?i@ga*;w iy Habenh., an agoonyeete,

of the order Sp paneriales and the Thasodietyae gronp {Clements

& Shear 1951).

Wehemeyer (1953) has stated that while the genus Plecspora
is generally referred %o Rabenhorst, it is based on s series of
sxsiceati which in themselves 40 not constituite 2 specific or
generic deseription. He adds that the first published

deseription of the name Pleospora was by Cersati and de Fotaris

in 1881, but that their deseripiion excludes P, herbarum Rabenh.

Owing to the undertain {taxomomic position of Flesspora

rhayum and the minor significance of the perfect sitage in
the disense eyele of leafepod of lebiuce, the incidant has

been taxonomically considered

s £

Hegergaard (1945) discussed the diagnostic oritevia of the
Alternaris and Stemphylium Zenera. These are listed below in

ordey of relative imporbtance.

® iz clted by ¥iltshire (1938) and Heergoard {1945}
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{a} Borpholegicsl Criterias
Porm of Conidis
Septation of conidis
Size of conidis
Gelour of conidia
Seudpture of conidia
Arrangement of conidis

- Characteristics of the conidiophore

Characteristice of the hyphae
Cultural characteristies

(b} Physiological-pathogenic eriteria:z
Ratural medias i.e. hosis
Symptons

L P
e

perature requirenents

Other physzioclogical properiies

In deternining the identity of the Few Zealand isolates and

gomparing the forxm of the fungus presernt on letbuce in the Hawkes
Bay, Wanawatu and Horowhemua districts with that described by
authors from other counityies, the sbove eriteria were used. The
isolates oblained from letiuce are desdribed in detanil, using
these beadinge as an aid %ﬁ determining the correct taxcunouny

snd nomwencliature of the caususl organism.

{a)

Lypical conidis have been drawn with the aid of a
camers lucida and ave presented in Illustration g, While poly-
morphism is very comn

on in the Aldernariz and Sdeaphylium genera,
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g%

large mamber of aspore (ypes

commonly found in many oltler spesies. The spore shupe nay

i‘%&

vary from oblong, ends obduse, to ovate {Alnsworth and Bisby

1953} and is sumebimes irragular Witk age the spore wall
beoomes dark and thickened The snores were never beaked.

{11) Septation of Conidia:

Fature conidiz generally possess from & fo 8
transverse gepts with 1 to § lomgitudinal %?‘%%iiga@ agpia
irregularly located scrpss the conldiuvme The econidda n
markedly consiricted at the {ransverse median sephum and o 8
lesser extent at other transverse sepias

{141) Size of Conidia:

Williams {1989) situdied spore sise in relation o

eultural conditions and considered that alwmost any change in the

mtrition, or in other envirommenial corditions, leads to 2

gignificant and often cuite large change in spore sise. The
fact %23% %%ig character i so readily sltered has considerzble

ﬁ@%?iﬁ$ on. tazonomy since it i% f@%@%gﬁééﬁ*ﬁﬁéé 10 seps

mte
taxs {Neergasrd 1945, ¥illiams ?é%%}, %&%%ﬁfﬁ?ﬁ in reporting
spore siges, the conditioms prevailing during spore production
and development have boen defined.

- Dimensiona of Conidis:

(1) Host materials Iagtuss saiive L. var. dlack Seeded

Triumphe.
Incubated in 100% relstive humidity =t 24°c for 48

hours with ecmplete darkuesss | 55 on34ia measured.)

%@% khs %ﬁé%ﬁ 28.0 1 8.0, 4.2
Kode 27.1 m
’%aﬁgé %%?é »*§2§§,%

width:  Mean 14.5 n  8.D. 2.2 &
Bange 9.8 = 18.0




{
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Arsifieisl Msdis {Oxoid P.D.4.)

Hledia in petri plates inoeulated with 6 x & mm. square

of wycelium in P.D.A, end placed in dark incubsadors

at 20%C. and 24%C for 14 duys.

2¢%.

24%,

Hode

Range

24.7T 1

125.1 m S.D. 3.7 m

1920 B 5.0 4.2
.t 1

15,4 = 25.7 B

¥idth:

16.5 m 5.0, 1.5 -1

5.4 @ S.D. 2,8 m

Vode (171 n
Bange [15:3 - 19, -

15.2
igeé = gﬁ,%ﬁl

HOTE:

1. The mean lenzths and mean widths of conidia gre

st the two incubation temperaitures differ
gignificantly (p = 0.01).

2s The mean length of conidia produced on P.D.4. and
nost plant material at 24°C, differ significantly
(p = 0.01).

3. The mean widths of conidia produced on P.l.A.

and host plapt material at 24°C. do not differ

signifieantly. {p = 0.05)

{iv} Golour of Conidias

The colonr of conidis varied with zge. After 48 hours?

incubation at 24°C. in 300% relative humidity,y conidla were a

light slive brown. they nged they became considerably

darker.
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{v) Sexipture of Conidial Tpispore:

Conidin were mainly echivuliste or verrucose although

smooth spores were not infrecuently observed. Oecasionally

spores were oboerved which were parily smooth and parily

{vi)arrongement of Conidias
Conidin were bopn singlely on the apex of conidicphores.
Contimued growth of the Eyg%%& a% the %ag% of @ﬁé -gonidiophere
and production of further conidiophores azgit asﬁi%ig 2t close
proximity %é, *%;%w older nodular conidiocbhores resulted in the
prolific porduetion of @%ﬁi@i% from cewtral arsas of lesions.

Condidia were not arranged in "bunches'.

{vii) Chavacteristics of Conidiophores:
Conildicpbores are very chapracteristie for this species.
They are hyaline on artificial media or olive brown %o dark brown,
depending on age, on host materisl., After incubation at 24%,
meas-urements of twentyiive conidiophores indicated that they

ranged in length from 12.5 m - 115 u, possessed cross sepis at

intervals of approximately 10 pm, but varying from 8 p - 30 n,

and were from 2.9 - 4.1 n wide.

The apienl vell of the conidiophors was swollen Ho0 from 5.7 -
8.2 m, possessed o dark area on the lower part of the swelling due
to the presence of an internal cell wall, and was Lfrom 8.8 ~

io«1 m lonz.

Continuved growth from the original ecomidiophore throuzh the

terminal swollen cell may give rviss %o another conidiophore.



CONIDIOPHORES OF

ILLUSTRATION 9
Stemphylium botryosum WALLR
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Such swellings in close succession give rise %o the "noduler"

type conidiophore characteristic of this apecies. Up to four
swellings have been observed on the one conidiophore. (See
Illustration 9). Conidiophores bear the conidia terminally.

in wmosi instances conidiophores are formed singly as side branches
of the hyphae, and were seldom seen %o branch.

Oceasionally on bost material groups of five or more
contdiophores were produced in tmllas fen $he sthrems Tovmed
on the dead plant tissues.

{wii) Hyphal Characteristics:

Hyphae were varisble in size and septation but two
types were present on both artificiecl media and host plant material.
The common Hype of byphae was hyaline te slightly brown, from
2 = 8 n wide, but mainly 4 - Se with individual cells measuring
from 8.2 p - 41 n long. !'hoﬁ]_urt:pe was from 4 u - 30 u
wide, septate at intervals of from 5 ~ 10 u, occasionally
longer,; yellowisch browm, and often asscciated with several
similar hyphee $o form bundles of mycelium. Uonidia were
produced Irvom both types of hyphas but perithecia were associated
with the latter type.

{ix)} . Cultural Charaoters:

1 pyosum esusing leal aspcet of letiuce
produced idertics? ooloniss frowm feplets ¢ iselate. Similarly
iselates from other hosts were usually indistinguishable from
the lettuce isoclaves. The excepiion was aw lsolate froum

us L. where colonies on P.D.A. sporulated
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abundantly and were characierised by numerous white tufts of

myeelium.

Characteristics of the éﬁ%ﬁﬁi@% growing on various media
are described in Table I. Growth of 3. bofryosum on FP.D.A. is
identical %o that described by Heergasrd (1945) for krowth on
AStandard nutrient agar”.

Saltants oceasionally occurrved. Sectors of the colonies
at times lost plgmentation or beecame darkly pligmented, varied in
their ability to produce spores, or in. thelr ability to produce

perithecia. Growth rate was unot altered.

Exposure to ultra vioclet light or sunlight ususlly stimulated
production of spores and perithecia. Piguentation was ususlly

inereased by exposure to light.




*Fundamentally the taxonomy of fungous species and varieties
has t¢ be based on worpbological criteris while the physiclogie
§§%&§@%§i@ eritera merely may supplement the morphological -

and be of decisive significance only in the establishment of

physiclogieal races (formse speciales)”.

Considerable attention was therefore gliven t¢ the host range

of isvlintes from letiuce.

sum (and Pleospora herbarun) is

very wide {Heorgaard 1945), Yehmeyer 1953).

fieerganrd stales that J. bolryosum is o faculiative organism,

and that even paras sitie species with a nayrow host range maj
encountered as saprophybes on widely different media, This
observation has been confivmed in thess studies.

P determine the host range > 8. botryosum s a parssite,

o vepresentative auuber of recorded hosis snd other potential

hoastz were artifieially incoulated with spore suspension derived
from lettuce isolates of the fuangus, and the resuliting infection

was recorded. Isolates from onion, tomato, lupin, sow thistle,
and Black Hightshade {Splarum svp.) were also tested for

pathogenicity to lettuse.

Yageriale & Hethods

Pathogenieity tests were performed either on the seedlings,

or oun older planits. Crowih was kepl saceulent to predispose the
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nlante %o infection.

Seedlings were grown in &8¢ sz%§ pots or small seed traye

and later trassplanted indo small seed trays or & - 4% glay pots.

OUne degen plants were provided for each test. Eight plants
were inoeculated and four were retained as controls. Pour lettuce
were alse inoculated as controls for infection. Inoculum

connisted of = suspension of 3,000 conidia per ml.

Following inoculation, the plants were placed in 100% relative
humidity for 24 hours before they were returned to the glasshouse
bench.

Experimentation:

The hoste inoculated with isolates from lgitaﬁewa% various
periods during these studies, are tabulabted in Table 3. If a
host proved susceptible after completing Kocks Postulates with
the idolate, pathogenicity tests were repeated on letiuce to
ensure that 2 eimilar strain of the fungus way causing infection.

Isolates from crops other than lebtiuce were incculated on to

lettuce using a sinmilar method to that deseribed above.

RECULIS
The results are tabulsted in Tables 3 and 4.

impinus spp. were only "infected” with 3. botryosum when the

plant was wounded. Beecause lesions failed to enlarge, it was

considered that S. boitryosum was present as a saprophyte on the
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damuaged tissue.

Plants of Fastinaca sativa in one instance produced yellow-
white blotches on the inoculated leaves. These areas remained
chlorotic but no necreosis developed. Vhen plated on %o F.D.A.
Sa

after surface sterilization, botryosunm grew out on $o the media.

During subsequent experiments, the fleecking could not be induced

Solenuw nierum and 5. nodifiorum were not susceptible o

S. bolryosum in the seedling stage. Older leaves e» flgwering

plants begame readily infected,

Seonchus oleraceus was infected only when wounded and although

the fungus could be reisolated from the host, lesions remained the

same size. 5. botryosum may have been existing as a saprophyte

or the lunjured tissue.

Zinnis elegans appeared to be mederately susceptible %o

5. botryosum isolated from lettuce. lesions failed to develop
beyond 2 -  mm, but re-isclaiion and inoculation indieated that

it was definitely pathogenie $o Zinnis.

Unly isolates from naturally infeeted:s Amaranthus retrollexus,

Sonchus olersceus Solanum nisrum and S, nodifiorum would infect

letiuce.
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I% was sssumed that the lesion obtained from a single infected

Ao %@%r@fiexgs plant was abnormal., Ho &, rebroflexus plants

grown artifically became infected following artifiecial inoeulation.

i% wes considered that the one infeecied plant may have been

msged and S. botryosum from the letiuce in ithe same

block » 2y

nfected the damaged tlssme. Altermatively, this plant
may have been genetically different frem the normal population.

{ii} Sysmptoms:

While sympitoms were Yypieal of the disease incited by

this organism, they varied considerably due to the infiuence of

the emvironment. Vhile they corrésponded %o symploms desoribed
by other suthors, no detailed comparisons could be made due to

the variaticns which aea&xﬁ%&;

(1i1) ZTemperature Requirements:
These have been considered during the study of the
disense ¢ycle and are believed to be impordant when ecomparing the

form of fangue present on lebtiuce in FHew Zesaland with that

recorded by overseas authors.

{iv) Other Physioclogic Properties:
During studies of the disease cycle, both stomatal
and direct penetration were recorded. This

a2y be due to a
@ifference betweer the Hew Zealand isolates and those gtﬁéﬁgd
by Padhi and Snyder (1954).
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Disgussion

Yhe definition apd limivstion of ihe concepd oL speciss
has always been a fundamental problem 1o the taxonomint. This

?%ﬁ%lé@;iayfﬁi&§§§§>¥& the causual organism of the leaf spot of

lettuce, hos been studied by Wiltshire (1938) and Neergaard
{1945) with the result that the texonomy of the genus Stemphylium
Wallr. has been considerably elucidated.

Butler {1028) and Ciferri (1932) consider thst morphological
eriteria may be spplied with f@@’gggsgéighg 0 define & species,
and only in ggg@igz instances should biclogieal differences be
stressed. Yerkes and %§&§1i§%§§} have utilized host special-
isgtiaa at the host fauwily level $o delinmit aspecies of the suul

Specialization gz the host genus level has been used in

the rust fungi rmr 1857 ).

to delivit varieties {Stucknan & Ha

However. these latter fungl are obligate parasites.
Purdy (1855) when studying the genus Scolerotinia, concluded
that hont specialization conld not be used at any level io

delimit species of this genus, which are saprophyiic.

phylive botryosum is a faculative organism, (FKeergaard

Shen
1945) and i%se kost range in the saprophyiic state is very wide

compared with its range as a parasite., Witk probably ithe
wajority of fungl, geners and species have been defined while
the organism is still in the state of evolution, and they sre

thus not stable taxa. Consideration was glven to the taxonomy
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of the isoclates from lettuece in New Zealand in an attempi o

ascertain whether or not the fungus, whiech is parasitic to

lettuce, has reached that stage of a%e%a%iéﬁgsy development
where this form of the fungus should be designsated by a varisty

or form epithet or considered as a distinet spseies.

Studies of the @%E@E&iﬁgg of the fnngus were undertaken and
eonsideration was given to the iwmportant criteria described by

Feergasrd {1945).

Pollowing Wiltshire's (1938) taxomony, it is considered
that the inoitant of leaf spot of lettuee is Stemphylium

betryosum Vallr. belonging to the Bustemyhkylium group of the

genus Stenphylinm.

The form, septation, senlpture, colour and sige of conidia
were in agreement with those described by Wiltshire (1938) and
Reergasrd (1945) for Stemphyliy

semp tryosum, and are similar to
those reporied by other authors for this species {for exsmple
Brooks (1953), Hughes (1948), Pebtzmer (1958), Olzilvie and
Fuligen (1950 ), Dippensar {1999)). ILikewise the characteristies

of the @%ﬁ%éﬁ%?%@r@y@%é the arvangement of conidia confirmed

that the species imolsted from lettuce in New Zealand was

S« botryosum.

The growth relationship with tempersture on P.0.4. Tor

the Hew Zeszland isclates frow letituce are identical o those

deseribed for iselates from Phlex, Zipnia and Onien =
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on Standard Buirient %gar, {Hegran

ard 1945). The morphology
that described by other authors for this species iscloted Lfrom

¢f the Hew Zeasland isoclate thersfore appears 1o be lide

3%%?%%&

The only excepbion however is %o be found in the descripiion

srowth on culiure media %? ?&éﬁi & Suyder (1954}, %o suode

“Upder oultursl conditions the conidis not infreguently
arose in short cheins, Two and three, rarely four conidia have
been observed in chains on the isplates from leftuG@esesos The
same phenomenon has beon reyorted for the species of Stemphyliun
pathogenic %o earrot {(Srogan and Synder 1952)9,

&% no fime vwere conidia observed to be formed ir chains during
these stulies. §. wvadicinmum {(H., Dr. & .} Feerg. is grouped
by Wiltshire {1938} by definition, and placed by NHeergaard (1945),

in the Pseudosteuphylium group where formation of conidis in chains

pon {Heergassrd 19485). It was Viltshire's belief

that the Psendostenphylinm would eventually be transferred do

ancther gemus. If $his is so, Padhi and Snyder's comparison

of the spore preduction of 3. botryosum with 5, radicinum is not

valids Heergaard %%%%%} and other authors elted during these

studies have nod recorded the Lormatiom of conidia of 5, bolryoswu

ranyrd (1945) does nod report host specifieity in the

cage of Stempbylium botryeosum although he has acknowledged that

it may occur in the Alternsria and Stemphylium gemers«  Host

specificity of some degree has been recorded for 5, bobryosum

by Padhi & Smyder {1954), Petzner {1958), Graham & Zeiders {1960)
and has been observed during these studies. Padhi and Snyder




alone, hove indlcated this host speel ﬁ on in the

nomencliatare of the pathozen.

@%gg the morphologiceal eriteris Indiented that the ineitant

of leaf spot of lettuce was Stemphylium bolryow

1 ¥allr. but
failed to indicate any specialization of form. leergaard (1945)
considered that physiocloglon=~ pathogenic criteria nmay be of

degisive sigpificance in the ealnblishment of g&g%i%l%gﬁ%%i

P0G, Hout range studies were therefore initiated.

In the saprophyti€ state the host range of 5. bolryosum

appearsd to be uanresivicied, as indicatad by studie= on the
supvival of this organism and the range of ardificizl medias
which support idts growth. Padbi Snyder (1954) however while

shating Bhat Shis ovganisn iscleled from ledtuce would grow

<

S

iy oa several arkificial medis considerced that it survived

from season to season only on dead lsetiuce leaves.

As & pathogen S. botryosum isolated from lettuce in New

%@%E%ﬁé'%&&i& readily reinfect letiuce and the older leaves of

wasz alao

igram and S, pedifiorum. Zinmis elegans

ﬁgég%%%ﬁ’“ gusceptible o infection. Hosts reported by several
other authors and the potential honis which were tested {weeds

and vegetables), failed %o become infected by the letiuce

isolates at the iroculum rates which caused infection of

ilettuce, and the additional hosis recorded abuve. §aé?g%af§ {toes}
using agsar squarves of myceliuw has recorded o wide host range

foxr this species.
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The isolates from letiucs in FHew Zeslnnd heve 3 wider

that veported fTor
{1954},

ge in beth the saprophytlic and pavasitic state than

Se bolrygsum £, lactucum by Padhi and Snyder

Othey comrarisons wers alse made of charsotdrs repordted
by these and other authors for isolates of g, botryomum from

letbtuce.

mination is reporited by Padhi and Swyder {19854}
¢ ogour over s gimiler fempapature ronge %o that observed for

isglates from lebiuce in Hew Zealand. However the ovtimum

tanperature for gernimation was approzimetely 5°C below thad
recorded for Few Zealand isolates. Relative humidily requirenents
also varied. Padhl and Sayder found germinntion world enly ocour
at relative humidities sbove 95%. These studies have indieated
that germination of conidis from FRew Zealand iseclates will ocour
at a relative mumidity of approximately 90%. Penetyation of

the letituce leaf has %@@ﬁ,%ﬁééigxiﬁg Padhi and Snyder who

only stomatal ?@ﬁ%%@%%i@gﬁ In this study stomatsl

penefration was predonina

nh but approximately one~third of the

infections vecorded had ovigimated from diresct penetration.

Dippensay (§959) has vecorded an incubabion Semperaturs

16°%¢ above that which fuvours this portlon of the disesse eycle

investigated during these studies. Vhile some variation can
be expected fom the different experimenial fechnigues, it is
possiblie that the form of the

fungus studied by Dippenasy is
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responaible Tor a large part of this temperature variation.
??%?i@ﬁﬁ authors have nol made detalled studies of the

canvironmental saﬁ§3éz@a8 which favour gyﬁwth and ﬁggﬁzeﬁmgag of

subssguant phases of the hggt nara%i%a %éiatiaabhi@,

Due to the differences discussed sbove it appears doubitfnl

that all isclates of 8, botryosum from lLetituee, in particular

Padpi & Snyder's (1954) S, botryosum f£. lactucum, are identieal
to isclates §fﬁ$.1%§§ﬁ8% in New ggalanéi Zt @@&Zé therefara
be unwise to designate ﬁﬁg‘fszﬁygagﬁggeﬁic o 1$§%ﬁ¢% in Wew

Zealand with a similar epithet to that used by Padhi & Snyder.

§§ iz %he yr@g@nﬁ a&%ﬁsz@ ggﬁ%id@reé sgiaien th&% the
existing genetical unders tanding of the genera “%e§§hgliam and
leospora is iﬁﬁg fflclent Lo eneble f@fﬂ% or va za%zes of the

gpecies in guestion %o be defined with accuracy.

%hile cultures derived frﬁm“giagie Sporss hﬁ?%‘%égg used
threughont this study the resulting eolenies are not necessarily
composed of the one gen®iype because counonly more than one cell
oF the spore may produce a germ tube and aycelium. No
information is available on the mutation rate of this species,
although visible muiant forms were often observed on artificial

medis.

It is considered that a detailed study of the geneties of

this speecies in relation o its host range =nd an assessment of
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the variation which umay be expecied due to bhe eonmbination or
segregation of different szenotypess (or mutants)sl, is required.
The etability of the forms showing host speeificity could then
be ascertained and specialization indicated in the nomencladure
of the pathogen if it was considered 1o be a ctable entivy

within the spscies.




Cenelusions

The identiity of the ineitant of leaf spot of letiuece is

Stemphylive botryosum Wellr. Vhile some host specificity wae

apparent, the present genetiecal ﬁ%ﬁ&?ﬁﬁ&ﬁéﬁ%ﬁ ¢f this genus is
gonsidered o be $00 mesgre 0 permit the reccgnition of this
specialization with = form or veriedal epithet. I% le also
not cervain that the isolates fyvow New Zealand lettuce are
identiecal %o S, botx

yogum £. lactucun described by Fadhi &

Snyder (1954}« The Wide host vanze that this organism has
in the saprophyiic stetbe indiestes that the evolutionary

development of this fungus has mot resulied in & mariked degree

of host specialisation.

Be atbenvt therefore has been nade de 4udteste host
speeislization of the fungus pathogenic to letiuece in this

sountry in the nomenclatare of the pathozen.
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CHAPYER I I

Paring 1980 crops of lettuce in Bawkes Buy, Hanawatu and

ﬁﬁ%@%&%ﬁ%& were kept under oheservation from aulumn until spring.
Prom %@%é@arkigés until August 1961 lettuce were observed in the
%%ﬁﬁ@&%ﬁ and Horowhenua sreas. From visits $o markel zardens

a&é,ﬁégéﬁggi@zé with the growers it was gpparent that the foliage

disorder of lettuce are frecuently confused. These surveys were
undertaken to observe the occusrence of lesf spot on lettuce and

'ta'agggrﬁgig its iwmvorbance gﬁi@%i@@ o other disorders.

laterials and Wethods

Harch and ﬁ?ﬁii %%%%‘%&i§ébf’\‘ srowers of lebtuce

5 aveas of the Herctaunge Flains, in the

con and Otaki

in the Hapler-Hasti

Hanawatn about Palmerston §%§§%3 and at Ohan, Hana
in the Horovhenus were visited %o asecertalin which growers

produced winber and spring lettuce. Those growers who had

~%?§§%§i§%1%'£?%%§ were visited at intervals of fron € -~ 8 weeks

and %ﬁ@«g%@g‘igﬁgagigﬁ;f%?,f@ii&f digserders. Records of visits
and éaﬁ%ﬁi& of %%%é??%%ﬁ@ﬁ%fﬁééé on each property were %ﬁ%%&%ﬁy

on a a&r&}  § g%@g%iéﬁaiygfgag §2%§%§§é and deitails were completed
during diseussions @ﬁ%ﬁ‘%hﬁ srowers. The %ﬁé%%i%%ﬁ whichk were
asked are listed below.

Iist of CQuestions put Yo Growers During Discussion of
Hinter Letluce

1. ¥hat variety of winter lettuce do you grow?
2. How many successive crops of winter lettuce have you

kad on the area you arve using this season?
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3+ Have you experienced difficulties in producing winter
letiuce?

é; ”ﬁ@% do you consider are the moot impordtant diseases of
ring af winter lettuce?

5s Do you bave a regular spray programme during winter and
spring?

: é; #hat therapeutaents do you use?
Te

That type of spray eguipwent do you use %o apply
these sprays?

Samples of plants infected with ringspot and
leai spot were shown to growers who, during discussion,
were asked:

8« Do you nmormally distinguish between these two types of
disordera?

8. If so, which socours most freguenily on your property?
10. Vhat months of the year are these diseases prevalent?

11, Can you esbimate what loss you have from leaf spot,
ring spot or both disorders?

uring each visit samples of lesions were colliected from
the lettuce crops and placed in labelled pliastic hags. On
return to the laboratory they were subjecied to high bhumidity
which induce sporalsaiion and facilitated identification of the
gasual erganism. %@%&éﬁﬁ:ffﬁﬁ weeds and other vegetable crops
were also %%23@§%%% and %ﬁﬁ%ﬁﬁ%% in a %iﬁi%ﬁ% way.  Records
were kept of the date %f epllection of the hes s%: the property and
the district from which the lesions were %%%aia%é* The identity

of the orgaviss was later entered. Steck ocultures of S, boilryosum

were prepared from lsolates collected at each property by placing

individual conidias on P. D. 4. slants. Afger incudbating at

24% for 5 3 days the tubes were sesled with 'parafilm' and kept

at room temperature.




-7 -

A. Discussion of Observabtions made in each Diastriet

The peeperties of twelve growers wers cbserved on the

Herctaunze Plains. PFlve of these properties wers located in

Bay View, three near Taradale, twe in the 'Ilomas Block' near
Bastings, and one at Havelock Horth. Bay View, being on the
coast of Hawkes Bay, has 8 milder climate than the other districts.

Leaf spod caused by S bobryosum appeared on orops mearing

maturity st Bay View durimg Aprdl. The lesions werve mainly
confined to the older leaves of the plants and although B50%
of & erop of Great Lakes were infected on the properiy mosi

saverly alifectbed losses were not highe Some wrapper leaves

were heavily spotied and this gaused a down grading

percentage of heads. UOn sost propepties aﬁ,agéiﬁﬁteé 5% of
the planis were infected with 3. boilryosps

affect on the fotal yield marketable heads.

but this had no

Once the last ¢rops of the Great Lakes were harvesfed in
Hmy the disemse did net appear to easuse furiher é@%ﬁ grading of
heads. It made its appesrance on oceagional %l%&ké/éf lettuce

durinsg winter but wes never seriocus.

In the other areas on the Heretaungs Plains 2%%?‘%;@% was

not recorded throughout the pericd of the survey. However

from July wsntil Septemwber loss of plawis due to ring spot was
very high, I% was not possible, during the milder conditions
te distinguish visually between lesions eaused by Stemphylium
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botryosum and Narssonina w

The weather conditions for this avrea were abnormsl during

the §é§§@£ of the survey. The ltemperatures were shove normal,

there beinz fewer frosts, and rainfall for the winter months was

above that of previcus seasons.

2. Janawatu

Six zvowers properties were kept under cbserwation from

late Harch 1960 uniil Pebruary 1961. Pour of these properviies

ronga area ¥0 the Horth of Palmerston North

were in the Vhakas
and two were in the market gardesn aves o the Sculh of the eity.
Leaf spot on heads of letiuse first cceurred during late darch.

ah Lakes in Hay due o severe

Un one properity losses of Gre
| P

infections with B. botryesum represented up fo 507 of the crop,

while the remaining plants harv

eobed had a very wattractive

sanece on the market floor.

Lesions cmmsed by S. botryosum were present on 2ll winter

‘ | , ' lanted
lettuce cropes, and if the eror had §%§§ in the same ares for three

Few

years or more the incidence of lesions was very highs
letiuce crops matured during winber, but rapid development of
heads oeccurred during late August and September. OUn crops
where the incldence %f lesiocns on the outer lesves was high
during ¥inter, up to 75, of the heads at harvest exhibited

lesions caused by S, botrycsum. Some crop losses dig oceurw,

but due to the spread of harvest and ploughing of the aress
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once the avep was harvested no zcourate estizstion of losses

gonld be nade.

On the market floor tuyers avoided the lines which were

badly spotted. Often lebttuce which were heavily infecied were

pleked before they wers properiy hearted to avoid fur

ther losgez.

These practices %zl'§§ﬁﬁ§§%a%%% o loss of revenue o the growers

ho sonsiderédd leal spob of lettuce one of the most devastating

diseases of lettuce.

rgéﬁﬁéﬁi%g% appeared in one garden

i

Bing spot caused by H. pe
in July. ‘This disesse was moeet seriouvs during September but

apart from losses of a goup of fwenty or movre plants in
peveral localised regions of letbuce blocks, crop losses from

ring spob werse never Severse.

It was generally possible to distinguish visually between

ring spot and leaf spot lesions from ¥answatus. The ring spot

lesions sere smaller and often contained a central ares which

produced s profusion of pisk spores. Soume Chinese dist
betwesn the two types of lesions and were able to reecall sessons

when they had leost crops dae Ho one or other discrder.

Ohservations were gortimed at intervals fhroush the summer
and on most Srops afier sowe searching it was possible to locate

lesions caused by S. botryosum. Invarably, these lesions were

present on leaves next $o the seil.
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@e  Horowhenus.

Ten properiies were observed durisng winter 1860 in the
Horowhemua. Six of these propertiss were ot Otaki, fwo at
Ohan Yest and ivwo at Hansksu. Detailed cohaervations were

made on the spread and coourance of the disesse during 1860

and 1961 on one Otaki proverty.

In Hanakau a few lesions were collected during April

SABONe This

but no further leaf spot was cbserved duving the o
may have been due $o the relatively smzll sige of these crops
and {thelr isolation.

At Ohamn West lesions caused by S. botryosum were abundant

on one of the properiies during late lHarch,. These lesions were
gonfind to the lower leaves. In late Augusts just @?ﬁ%&'%é
harvest of the crop it was estimated that 80% of the erop would

aot be markelable. Sebween July and the end of

lisease through the ¢cprop preoceeded at & phenomenal

Of the six winter crops cbserved in ithe Otaki area, four
were not seviously affected with elither leaf spot or ring spot,
althouzh oeesssional lesions of one or other disease wers
usually located. Portion of one other ¢rop was lost with leaf

spot and ring spot attacking the same plants. while in another

Block on the same properidy losses from ring spot during the July
and~ Augnst did occur. However these losses were low compared

with an estimated 90% loss of marketable heads due to leaf spot




- 81 =

 caused by S, belryosum from a nearby property during Augusi

Tue to the incidence of %ﬁ%’éﬁ&%&%& on this properdy it was kept

nnder obueryation for o total of fifteen morths.

The firet visit bo this garden was made during late larch
1880« At that stage Great Iakes were being harvested and an

estimated 26 of the plants wers infected with §. botryosam, but

this was muinly confined to the outer leaves whieh were discarded
during harvesting. ALl Great Lakes were harvested by the end

of April and the same ground replanied with Black Seeded Triumph.
In June 60% of the Black Seeded Triumph were infected with

; Yhere hedges shaded the letituce beds, the disease

was nore serious thar in the ceniral asveas of the blooks.

The firet heads matured in Augnsi,; but at this time the
leaf spot had alse reached its maximum scbivity due to favourable
envivonmenial conditions. “wenly instesd of two hundred eansges
of lettuee were eut from each block anproximately twice a week,
This represented & totsl loss of 2000 cuses $o this g
was obitaining at the $ime from 20/~ Ho 50/~ o case for the

COWET He

lettuce he was able to harvest. A regalar Thiran epray

programae was gpplied when the weather permitted, and the grower

considered that the returns From the crop would barely pay for

the ooet of sproying and hayvesting.

The grower stated that the ssasen was not noprmal due 4o =z

very high rainfall in July followed by a relatively mild August.
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5. _botryosum leaf spot disense of lettuce first hecame
aspparent in autusn when the average temperature dropped from
about 55°F. in early April to 50°F. 2% the emd of Nay. No
apparent inerease in the disease them was observed until the
period when the sverage minimun temperatures gommenced to rise in
early spring. At this stage frosts became fewer and lighter,
and the mxm screen tunym‘hmm started to rise slowly.

spxamu occurred op» rising average femperatures when the
average minlmum sereen temperature was between 40°P. and 45°F,
the average maximum sereen temperatures below 80°F, ani the
average of the maximum and minlaum sereen temperatures was between
approximstely 45 ~ 55°F. These conditions had been preceeded
by a period of heavy rainfall. |

m Meteroclogical Records for 1960 from Napiler, Palmerston
Mmmumwmmminm IITs IV o &
v - The shaded areas mprgam the perieds in which
epidenice occurred. Because Otaki is slightly milder than the
Leyin distriet, the epidemic conditions iliustrated en Pigure IIT
occurred at Levin appm:imtcl: mt«n days after they were
mm at Otaki. Unfortunately there are no detailed
meterological records for Otaki.
Observations made on the effect ¢f environment on epidemies
in the field agree with those determined during the study of the
disease eycle presented in Chapter III,
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Conciusions

Pield observations revesled that leaf spot caused by

Stepphylivm bolryosum was unimpordant in Bay View, and was a@%

found in other areas of the Herstoungs Flains during the 1960

winter period. ILeal spot however caused a larger crop loss in

nawatn and Horowhenua than ring spot, caused by

areans of the s

Growers indionted that the conteol of thess two folizge
;m@z§a§% was one sf the major probleus assscizbed with production
of %1%%@? lettuce. Considerable confusion existed concerning the

most growers atiributed

-

identity of the actusl Leliar disorder as
both diseases o the one ¢ausal organism and commonly called

ospm, ring spot. Both diseases

ne late winder and spring.

ent sprey saehinery and wel %@%@%&y gonditions,

poidered little tenefit was to be gained from the

pplication of wericus therspeutants durisng winter 4o protect

folisge fyom infeciion. However the effiescy of Thiram plus

w

Sticker was demounstrated on ous property duwing the 1981 winie

period.

Obsepvations on the peried at which epidhbytoiics ocourrved
indicated thalt rislng sverage itempersiures of hetwean 455578
favoured the disssse. These periods were precsaded by heavy
rainfalls. Dlsense eyele studies presented in the Chapter IIX

confirm obserwations reported in this




CHAPPER III

TEHE DISEASED

. PLART,




L modern concept of the disessed plant bne been piencnte

angd disoy

smed by Forsfall & Dinmond {1959). These authors
emphasise the importance of the diseased plant, and consider
thai two phuses are involved; the first "the selence of learning
and undepstonding disesse,™ and the second Yihe art of applying
the knowledge to real zifﬁyggﬁ%iégggﬁy

The fivet two esecticns of $his chavier have been devobed
The last section discusses

iphybotie by applying
> preceding studies.

Beosuese disease resulis fros the contizmnocus irrvitation of

the host by the pathogen (Horsfall & Diwmond 1868), it was

omentsl conditions on

convenient to study the sifect of envix

paoh phase of the hosf-pa %ﬁi‘%@ i’%ﬁ;ﬁ’%ﬁ%ﬁ%ﬁi% ?X‘iﬁ¥ tos durings

and affer the process of disease had resulted. In this way =
ed with esch staze of the
bost-payasite relationship was zode. The chain of events which

complete study of the factors invelw

lead up to the development of the disease process have been

termed the "Disease Cyele" by Walker (1950). fThis is distinet
from the life eycle of the pathogen. I $his study, o enable
a contimaity of the disease cycle from one senson to anovther to

be conglidered, it has been necessayy t¢ inelude that poréion of

the pathogen's life gyc¢le concerned with the survival of the

fungus froz season 0 2ea80n0.
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dany attenpbshave been made %o defipe the diseane gycle.
{Beald 1933, Brown 1936, Buller & Jonss 1949, Goumsym 19850,
Walker 1950, Iilly & Bormetd 1957, and Yarwood 1859). Since

$the potential coubination of §%§%%§%§$ and host sre imnumerable
i% 12 »not surprising that smany differing definitions exist.
It was considered that the study of Stemphyline botryosunm

infeeting leitince wans focilitated by dividing the disease

gyele into the phases defined below.

t» Spore Gexminastion. Cerminstion is the process involved

when the spore inbibes walewr swells and rroduces nizerk tubes vhich

bes been veongpioed 4n these oindies By twoe oriteris, viss

{a) when the germ tube sides beeoms parallel or (b} when ths

length of the germ tube equals the average diameier of the spore..

Pepebration., This process, the first siage of infection,

geourred when o gers tubs or hypbhs produced by the germinated

apore entered the host $ismme.

%, Infegtion. ‘Whenm the funge

3 nad peneirated the hest

tissue and become independent of the spore for mutrition and

marvival, infection was considered %o be comylete. “hen

studying & sample of the infeeted population it was not possible

to distinguish bebween Penctration and Infection, alithough two

distinet processes were involved.

4. Incubation. The period of Incubatien in the hiost tlsoues

omuenced when infection sconrred and was ‘erzinated by the

expression of moeroascoric aymptonms of disease.




beeane mumercscopically discernable. This pericd was comsidered

. when the death of the enbive host leai

Bt have reached its elimm

 aetivities of the pathogen

or plant had resulted due to the

Parins %%% later s%ages of

environenial comditions

manifeutntion and affer exzposurs to favourable

sroduction of conidis oecurred. hscespores, anoiber form of

inconlum were produced from perithecis conbaining asci whioh

arose from dead hosdt tiosue or other organic matter.

aocuivn The process of Libera
d with the release of the spores from the

Incoculunm was concerp
conidiophores or fyom perithecis, and was closely assovianbed with

the disperssl of these spores to potential hests to initiate

Parther development of disenss.

spmmer onths. Conslderation was

given o the methode avaiiable for the pathogen to survive fre

sne seston to another %0 initiste dovelopment of diseasse the




Spore g@?ﬁiﬁ%ﬁiﬁﬁ‘iﬁ»%%% initisl stage in the produetion of
the fungal myocelivm. It moy be considered as the firsd step in
the develovme

ok of the disease eyeles Paectors vwhich influenece

spore gewminration are therefore lmpordésnt and aw undersianding

svironpewtal conditions

of thes would indicailes under

=% &
germination is likely to oveurs It is generslly sccepted that
the individual fumgal spere is eapmble of ecawsing infection.

{Garrell 1960}, Studies were therefore unisriaken

ental conditions affested the germimation of

how envigonm

individusl conidis of 8, botr:

& wtudy of litersture relevant to the effect of enviromments

factors on spore germdnation rovealed that hewperature and.

relotive hummddity were the tewo most loporiant factors invelved.
4 series of experiments were conducted v delermine the effeet of

these two fafbors on the germination of B, botr

However, some consideration has been given %o the effsot of other

environmental factors, such as suglight and frosi.

{a) Zhe Effect of Temperaturs on Spove Germination.

In reviewing literature relating to spore germination it

guickly became appavent that there was considersble varaiion: im

details of the nethods used by various workers, dependent

on the fu
zerpination. 4

i

of opinion ag to vhen in facht & spore bad beg

series ¢f preliminary experiments wevre therefore gonducted with

apparently

neus speoiss being studied. Further there wis divergence



the object of develeping

£

ination of speves of Js bolx

the ge

(1) The Uriteria for Heasuvemen

The first process of apore germimation is cbserved whem the

ebe B0 swell (Gottliel 1950, |

spore iwbibes waler and st

1950}, This process is pot resdily seasured when large sauples

do

af soores sre o be observe

Gotilieb {1850} oites other eriteriz used tuv sstimate apore

germinstion. He considers the perceniage of spores which produce

gern tubes is the epiteria most commonly used. This was readily

observable and in the early studles was sasumed %o have coourred

when the sides of the developing protrudence became parallel.

Pris however 4id not give a3 true measure of

pexatures since sbhove B5°

later experimepts with highér tenpervalurus sac aleg when studying
the effectn of relative bumidity, sermivation wse considered 4o

th of germ tube eguslled the ave

have oecurred when the leng

gd in euch

diameter of the spore. criteris used is stad

inotane

e

Bonner (1948) @ sed that beecause wide differencésoceour

bage and rate of spore geruinstion it is more

in the perven
jmporbant o kuow when the Pivet spoves germinsie, since these
spores could initiste infeetiom. In his studies the time
required for at leasi ten spores $o germinate in the sample was

reoorded. The importance of Bonner's observation was regognised




and times are given here for the germination of definite

percentages of spores. Vhere the percentages to be recorded
did not cecur at an observatiocon periocd, the dtime recuired for
8 definite vercentage of spores to gemminate was sxirapolated

by means of & graph.

The effect §§ topperature was measured by observing the
percentaze germination of spores. In most cases approximtely
100 spores were cbeerved on each slide and there were three petri
dishes with imoculated P. D. A. slides to each treaiment,(see page 98)
d this

except in a few instances where incubator space prevente
ﬁﬁ@%ﬁ?wéf replications., Using this method, spores taken from
10=14 éag 0ld eclonies during the course of these situdies,

showed remarkably 1ittle wardiation in germination percentage

or time. ’

{ii) The Suitability of Varisus Substrates.

Laboratory studies on spore germination will provide
information of practical value only if such studies are conducted
under civeumstances likely to be encountered in the field. A
prime reguirement in this investigation therefore was to locate
a subsirate oh which spore gemination would ocour in s panner

similar to that securr

ing on lettuce plants in the field. The

f@ﬁggiyg types of substrate were compared:

1+ Drops of sterile distilled water on = microscope slide.
2. Drops of tap walter on a mieroscope slide.
3. Drops of sterile distilled water as hanging drop slides.

4s A thin £film of P. D, i, on micrescope slides.
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S Two centimetrs sgusres cut from the owber leaves of

six weelk 014 lettuce plunmbs, set out in wmier

oBeope

ézfi‘é&g@

suspension

In each series the invculus usediwsd 3 spore
contalning spproximately 3,000 spores per. ml; prepared from
14 day old colonies grown on P. D. A. at 24%C,

 A11 slides were placed in g@%@i dishes 1lined with molist

filter paper and incubsted for 5 hours at 24°C. Counts were
then madé of the spores which had gersminsted. Approeximately
160 sporss %@fﬁ ghaerved in five or six random low power fi¢lds.
Four repiications of each subsitrale were used. %%%éﬁ%%ﬁiéﬁﬁ
on the lemgbh of the gemm tubes in relation to spore diameter
were also made. |

Results are tabulated in Table 5 o

Conidia of S. botryosum, germinated readily at 24°C. im
aterile distilled water. §é %ﬁ%&?@%& mabrients %@%@%r%é to be

rements

necessary and water as a medium sppeared $o sotisfy the requi

of the spores. However, 1t was very Aifficult to shift the

glides with water drops containing spores without sltering the
pozition of the spores om the slide. If the drops pan, spores
were dispersed over a wide area and observations became diffieuld.
Hanging drops appeared %o overcome this disadvantagze, ut the
apores tended to vollect in a group at the bottom of the drop

snd seourate obaservyation beoome impossible.

The thin film of P. D 4. on the zlide "fixed"™ the spores in
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position and closely approximated germination observed on the
d the zrowth of the

lettuce leafl sections. Poe Do Ae stimnlet

germ btubes slightly more thar lettucs leaves tut had no effect on

The other media

the percentage of the sporss which germiwn

had comparable g@mﬁ%ﬁ%ﬁ pereentages slso at growth rate on
them was considerably less.

TABLE
COMPARISON OP MEDIA FOR SPORE GERWINATION STUDIES

%

Average length of
Germ Tube _
{Spore Diameters)

Hedia

{&t&;’i}‘e mmﬁ% ed) 85% 4 $.7% %1 = 1.8

”*&%ﬁl& E’iz%%ii},%éi

g
®
i

o
@

Tap %&%%Kf - ‘ , |
{on glass) 8% + B.1% %1 = 1.5
Sterdile %%’%ﬁilﬁ{é )
(on letiuce leaf) 826 3 2.5% x 1 = 2.8
Sterile Distilled

{on %@%&%@ Dextrose

88% ¢ 8.3% Xt - 3.0

Hote: CGerminmation criteria; when the walls of the germ tube
begame paralliel.

While observations of gerwination made on lebtituce leaves
would elosely approximate field conditionms, this method proved
impractical on account of the opacueness of the leaf sections

cauzing difficulty in loeating and observing the germinating

BPOTES. This method alse suffered fron the dissdvanisge that
the water drops containing the spores became dispersed over a

wide ares when the preparations were moved.
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In view of the above resulis the method using 7. B. A.

films on microscope slides

was considered the most practiesl,
while a% the =ame tive 1t gave resulils very sinilsr to those
cbtained on the host plant material. Hutman and Roberts (1960)

when studying the percentage and rate of germination and the

eardinal temperatures for spore germination of Collectotrich

coffeanum, Noak. in water, on P.D.A. and host leaves, 1&&@@15@

goneluded 334% the Fo De A« film ﬁ%@ﬁ&é gave r%a%l%% yery =imilay

to these ?ﬁ@%?é%ﬁ iroum host %&%@Eﬁ%&e

{i11) The pH of the Substrase
Fernination.
To ensure that the pH of the P. D. A, media, compored with
that of the plant surface, would not be limiting facior

and its Effect onm Spore

ohservations were made of spore germination on P. D. A. 2%
PH 3.0, 4.0, B.1y 5.9, 8.5 and 7.0, The effect of the pH
of this medium on spore gernimstion is presented in graphical

form {Pigare VI). The normal pH of the P. D. 4. used was 5.6.

Dew gollegted f?%%,lsﬁﬁﬁﬁé/léaﬁﬁg and distilled water sprayed on

the leaves had a pH

OFf 6.5 = 6.8, Hain drops coliected from
letiuce leaves in the field varied from pH 5.8 -~ 6.4 ' These
Tigares fall well within the range of pH values at which spores
readily zerminate

of Zs boltryosum
{iv) Details of Nethod Fipally sdopbed.
In view of the above results the Tollowing method using

Po D. A. films on microscope slides was finally adopted.

¥all winsad misvasnsane 214dns veseuving 28 v 95 nom. wews
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placed on a 90 mm. filter paper lining the bottom of a sterile
petri dish. By means of a sterile 1 ml. pippette 2 small amount
of molten P. D. A. was run along the slide. This spread outb
evenly over the surface of the slide forming a uniform 1agér of
agar sultsble for microscopic observation. Finally, using a
25 ml, pippette sufficient sterile distilled water was added %o
the dish o saturate the filter paper beneath the slide. Usually
2 - 3 ml. of water were recuired. Doran (1919) considered that
when studying any one physiolozieal agen%; other conditions should
be as near thelr opitimum as possible to prevent them from
becoming limidting facitors. For this reascn the filter paper was
at all times kept saturated to maintain 1004 R. H. within the
dish. At temperatures above 25°C it was found neéessary to add
distilled water every 24 hours to compensate for leoss from the

petri dishe

Slides prepared as described and placed inside a sterile
pebrd dish were incubated at the reguired temperature for one hour
prior to inoeulation with o spore suspension, to enable their

femperature o reach an equilibrium with that of the incubator.

Spore suspensions were preparved by adding sbout 10 ml. of
Bterile distilled water to approximately six petri dish culbures,
seraping off the aerdial mycelivm with & sterile scealpel and adding
this to & 250 ml. flask containing 2 dozen small glass beadse
After shaking vigorously for a few minutes the mycelium suspension
was Filtered through two layers of cheese cloth. ?h& filtrgte,

2 sgoré suspension, was used immediatelyy, or if more than a few

mirutes was to &lapse after preparstion of the suspension the
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sterile distilled water used was chilled to 5°C in a rafrigerator.

If the position of individual spores was ¢ be recorded the

lower right hand cormer of the slide was marked and the reading of

the vernier of the microscope siage noted.

¥hen conducting this experimental work on spore germination

in relation 0 temperature 1% was not pozsible to ovserve nll

Yempsrature series concurrently because of limitations of time
and i@ﬁ&'g%$§‘§§%§§v The observstions were divided into five
parts as follows.
Parg 1

Ubeeryations on spore gevminantion at %ﬁg 10%, 15% ana
17% were made at four hourly intervals. Four replications
were used, and the germination percentage of twenty spores

was obperved on soebh slide.

T4 was found that except at 5°C the four hourly observation
period was 00 long. Farther, because of the varistion in
g@?@iﬁ&%é%;ﬁ%@% small mumber of spores sampled it was spparent
that o largzer nunmber of spores shonld be recorded.

Part IX.

Observations were made in %%ﬁa %ﬁgg and 17°¢ incubators at
intervals down to half an hour during the early siages of
germination, and later st the intervals pecessitated by the
rate of mpore germination. With fhese freguent observations

it was not possible o use the same slides repeatsdly beosuse




ex world alter the

tion rate. Consequently; 2 set of slides were prepaved

$he freguert sxpos

germin
for such observetiorn and discarded after nue.
Two Yeeder counters wers used o record the number of

germinated and ungerminated spores in approximately five o anix

one %ﬁ%&?@é

randon low | s hely

woyr fields. In this way approxim
spores were recorded s each slide, and the number germivoted

was expressed as a percentage of the tobal nunber of spores

4

chserved.  Jobe. About 5 ~ 106

of the spores at sach temperature

were considerably slower germinsting than the remainder. Therefore
obeervations were discontimued afier 90F of the syores had seyminated.
Parg Iil.

Observations weres made at 285%, 30°%, and 35%0 every Balf hour,

oy four hours. Details of the method used are similar $o Fart Il

were made at 40%, 45%mna 50%C every balf hour

Chseryotion:
until fowr hour

$5liden incpbated at %’%& and 50%¢ were olse obeerved at 48 and

5, and then at four hourly inlervals unbil 24 hours,
96 hours.

¥hen observetions were completed the pelri dishesn conbaining
the slides were placed in the 25°¢ incubator to observe the

effeet of exposure to the higher temperatures on growth at

optimem temperaturen.

sl Vo

To oveserve the effect of hBlsb tenperatures on apore

longevity, suspensions conbdaining 19,000 spores per nl.

MASSEY CCILLEGE LIBRARY
PALMERSTON NORTH, N.Z.
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o sterile 1% dexivose solution. Reporis by
suggest that at higher fempsratures

prepared using
Nutmen & Roberts (1960)
matrients such as dexirose produce 2 mimilar effect on spore

germination as the host plant viz. a marked increasse in temperatures
at gﬁi@% germination ccours. A pilet $wial using distilled waier,
1% dextrose and lettuce %@ﬁ%@%iaﬁ confirmed %ﬁig fact,

Water baths rwming =t 0%, 35%, 46°%, 50°, 60°, 70° and
80%C. contained test tubes with § ml. of sterile 1% Dexir
equilibrium with the temperature of the baths. 1 ml. of the

sue 2%

eoncentrate 10,000 spores/uml. spore suspension was placed in each

et tube, there being three tubes per water bath. Immediately

one ml. of %ﬁ%gﬁggi%ﬁ"%%& removed and diluted with ¢ ml. of
aterile water. Similarly at ¢ hour intervals up to 6 hours,
and dilubed with 9 ul. of sterile

one ml. samples were withdrawn
%@%@?; This dilute spore suspension contained 100 spoves/mi,

and ope ml. was transferred {rom thesne tubeg on o the surface of

a P. D As plate. = Three plates were used per temperabure

for each cbservation.

The plates were incubsied at 24°Cc. for 10-16 hours.

Ceprmination of the spores was observed visunlly and confirmed

where necessary with a 50z binoc¢ulsr microscope,

Hesulls.
Part I.
The percentage of conidis germinated out of 20 observed

and the average pervcentage of conidia germinated are presented




- YVesesrvations were nnde alb

5, 10, 15 and 17°6. at intervals of four hours.

arts I1 = IV,

Hecords of the percentages and

rage percenisge of

spores germivading at the times recorded, covering temperai:

from 25%¢ - 50%. are presented in Appemdix IV.

ed in Tsble 6 have

Results are extyrapolnted and summaris

8lso been recorded graphieally in Figure VII.

TABLE 6 f%ime {(bours) reculred for Germinstion of
@; §%§ %&; %% &§§‘§§% of conidis of

%@;ﬁ%@% 5% | 10%| 18%| 20% | 25% | 30% | =5%] «0%

g%%f&g% % 5% 5.0 8.5 1.2 1t 1.1 | 11 1.1 | 1.8
; g2 B8 8.2 $e1 YD g 1.3 1.3 | 4.0
15.5| 548 | 2.8 | B.Z 1.7 1ed | ted | 5.0
19.0] 8.0 4.5 T 2.0 1.8 | 2.8 | 8.0
24,0| 16.0 8.0 4.8 2.5 B4 T3 |17.0

sween 35°¢ and 46% a properiion of germinating spores

produced germ tubes whiech failed to contimme gyrowing althoug

i

Gheerrations were continued for 98 hours. Lfter ghservation

the slides were traneferred to 25%0 but growih of gérm tubes

failed @% recommencs on those slides origzinlly held at 40°C

and sbove for peviods of 98 hours. Aboud of the spores

ginally held at 40°C for #his periocd of time developed germ

tubes Pwice am lowng as the spore diameler, bul growth did nos




hours

time
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recomuence from these spores. A 45% sporss failed to

rrecommence growih after 20~24 hours or BOrée eXpUsure. After

4 bours in the 50% incubator all spores had lost thelr viability.

In defining the cardinal temperatures for conidial germination
on P. Do A, slides at 100% relative ha

midity, the eyiferia used

miet be redefined. In this case germinatiocn is assumed %¢ have

oocurred when the lenztk of the germ tubes of the copidin sguals
or excesds the dlameter of the speres. 1Using this corijeria the

gardinal temperatures appear to be below 596, 25-35°C and 3%%%%@%

35-40C.  The pedefiniticn of zerminstion doem not alter the

zers the maximue

windmum and optimum demperaiures but lo temperatures
by ﬁ&?@ﬁﬁiﬁ%@%ﬁ?‘?%ﬁgg thue replasine a theoretieal temperature
with one at which germination ocvcurs and contimed rowbtk is
posasible. This tesperature is the imporiant one in naiture.
Part V.

The Thermal death point for comnidia of S.botr
to 1lie between # - 1 hour at 50%°C. while at teuperatures below

osum appeared

gvif & %é %i%

40%C. 1% was above 6 hours {see Table 7 ). Tempera
co-binations above 50°C. are not encountered im nature and were
not investigated further. The effect of Yemperaitures ‘and
spore viability below 50°%¢. has been reported elsewhere.

Pable 7 | Effect of high temperature on Viability of Conidia)

Temperature | ©°¢ 20° 35° 40°|  80° |eo® 70° go°
°r 86° 85° 104°) 122° [rao® 158° 176°

Thermal Death more then Between less than §
Polnb. six hours. =1 hours. an bour.
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{v) The Effect of Relative Humidity on Spore Ger

mination,

Several methods

are available for maintaining an atmosphere
within 2 closed vessel at 2 constant relative bumidity. Vilson
(1921),

Balloway (1955), Bonner (1948) and Swith (1954) describe

the wuse of varicus concentrations of acids and other solubes %o

maintal

n a known bumidiiy. These goncentrations are eritienl
and are difficult Yo prepare; chesh and maintsin,. Speaser -
Gregory and OVRourke {1957) state that for convenience, only
satursted salt solutions should be considered in order Bo obiain
appropriate working r midities, O'Brien {1948)

mined the literature exhaustively and has compiled a fable of

saturated salt eclutions glving the relative humidities expscted

above them at various lenmperatures, with notes on thelr unse and
suitability for spesific pu

POTEH .

From O'Brien's tables sultable saturated solutions were
selected. The solubility of the g&;%% were deterained §§§§ the
Intermational Critical Tables {1927) and saturated solutions
prepared by allowing about 100 excess s&i@ in 50 1. of dlstilled

wits whick had

waters The solutions were made up in 60U mi. £1

mde acld folliow

eviously been cleamsed with sulurated ehre ed by
several winses im tap walter snd a final rinse in 4ietilled water.
The flasks containing
distilied water were sealed with

24 hours to ensure complebe saturation of the solution.

ef salt and
Parafilm® end put aside for

the presdetermined amonnt

Ideally spores used in these situdies should not have been

awnaaad da free meialture at anv stage. Varicus methods as

* ?&2@%@}% - B plastie geﬁ,ﬁ.ﬁg ﬁ}%ﬁa Bamn i %ﬁﬁi"ﬁ & %3’ Ao
6allenkawp & Co. L¥d., Londom.
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described in litersbture were followed whereby spores were
collected snd held sbove the wayious solutions without the use
of water, but in each case they were Tourd to be unsstisfactory.

Bonner {1948) described the use of cellophane sguares dipped in

rutrient agar, on %o which the spores from cullures would readily

adhere. These sguares were suspended in sealed bottles containing

the approprdi Bormer's method appeared simple, but

when used the cellophane proved most diffieult o bhandle at a1l
ree types of cellophane had been tried without

nt in handling tests were made with other materials.

¥inally, spores were suspended asbove the saturated sald

solasions on 15 mm. syuares of Lens Tissue.® 4 coton threat

aboat six inches leng was aitsched o the boliem Ieff hand corney

of the scuay

» with & dyop of parafin wax. To facilitnte handling,

three tissue sguares were placed on o microscope salide and the

o éﬁagffigiﬁg the cotton thread to the scuares also fixed then

on to the slides. YVhen reguived the tissue sguares were ?%&&?@é

by pa

aing the slides over a {lsme.

To ensure that the flasks had reached an equilibriwe with

izeed in the appropriate
incubator overnight.

Spores were eollected on the tissue pieces by lightly

ralating culbure holding the tissue

brushing the surface of & =6

# Qreen's Lens Tissue He. BIGS



17

2
‘iﬁf z%&m%%ﬁ
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sguare by the left hand corner, wax drop uppermost. These

appropriate %@1@%&%§?

nded over the

oulated sguares were suspe

three to a flask, by lemporarily fixzing the cotiton to the neck

of the flask with a small piece of “eesllotape™. The flask was
sealed with "parafilnm” and g¢uickly returned %o the incubator,

After twentyfour hours the lens tissue esuarss weres removed

from the flasks and the wax drop cut off with a pair of scissors.

To record germinstion a %i%@%%fgﬁaﬁrﬁ was placed on & mlcroscops

slide with the ont off corner to the top left hand se that the

gide of the tissue square conted with spores would be uppep-~

most, A drop of lactophensl fuschin was applied to the lens

tissue and a cover slide dropped on and pressed inte position to
fagilitate the expulsion of alr bubbles. Slides were set aside
%0 allow the geram tubes %o becone
N

for 15 ﬁi&%%%ﬁ before revording

well staiped. Heanwhile, the flasks reguired for farther
e m .

were resesnled with "pa

condenser

2y caveful adjustment of the iris disphranm and
of the microscope a position was obisined where the matyrix of

tite leng tissue, whieh stained only slightly became %gi%%

transiuveent snd the dark spores with bBrightly stained azewva

$ubes wers readily chservable.

The percentage of gerainaited spores was recorded in the first
part of the trial by counting =zpproximately one hundred apores
on each $issue sguare, using two "Veeder" counters. 1In the

second part an estimated one hundred or more spores were
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ohaerved and $f germination had ocourred thi

ponitive, l.e. {#). This second recording acte

on the hamidities st which germination had ccourred.

Cerminntion was %ﬁﬁiﬁﬁmﬁ e boeve tshen ploce when the

ength of the germ tube equallied the mean diameter

Germinstion wos retorded at *52 and 30%C. The satursted

their respeetive relative mmidities

aalt solutions woed with ¢

aye regorded in Appendiz V .

Observations after twenty four hours s

ng ot relative hunsdities bebween

were cappble of germinatd

The mumbers of gerwinating spores were reduced as the

Similarly there was an obvious

relative bunidity decreased.

tube or the amovnt of

reduction in the length of the gernm

myeelive produced; ass the reladive hmidity decressed.

resulte of these siudies are recorded in Table 8
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TABLE 8 LFFECT OF RELATIVE HUMIDITY ON SPORE GERNINATION

%&%g%ggﬁgxg %%ﬁga %gﬁgﬁ PAR

1
98
é%t%”%ﬁ? S?%
$4.9
.
g0
Below 874

PART II

g

?%@?%ﬁ%%@@@ 25%,

R
FRters
At
%ﬂ%ﬁ%

g8
g7
g3
?%§
Below 885

* ?ﬁ?@%ﬁ‘ﬁ%@% ﬁ%f g%s cormine i}iﬁga gﬁ%@xﬁgﬁ éz‘%fgm %z;%g@;g
sgualled or exveeded ?@y&g& gpove dismedey.

hat conddis are capable of remsining viabie after

exposure o the exiremes which are encountered in nature during

spere production and dispersal, the effeet of sunmilight and frost
on spore germinstion were measured.

i)

Buping Febroary six wneo

P

spornlating colenies g
cuter ledge of a2 window faging Forth. Ia the position chosen

the colonies received approximately seven hours of direct sunlight

wwing on P. D. Ae. were plaved on the

during the first day, nine hours of dorkuess the

n elght hours of
direct

daylight ;
sanlight. The days were clear with temperatures above 70°F,

nhs the lathter three hours of which was agadn
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Control plates were imcubated at 24%C.

Afper the above exposure z spore suspension was prepared

and the percentage of germinated spores estimated using the

mr slide technique.

govered pelri plates were

placed in the freezing compariment of o vefyizerutor for twenty
four hours. The tempersture inside the cebinet was between
g% ang-12%. Thick glass plotes were used so that cooling

@id be gvadusnl. Conbrols

and reheating of the culfures wo

were incubated st 24%C.

After twenty four hours in the freezing

pebri plates were rewoved smnd left ot room temperature for four

hours. The agzay slide dechnicue was ueed v estimabe spore

gernination.

LR ig&%l

Exposure to the atmosphere for twenty fouwr bours, including

streng direct summer sun for a f6tal of ten bours had no effect
on spore germimeticn. (¥sble 9 ).  I% is also interesting

to note that 5, bolryosum

pores germinated readily amongst

spores of other contaninanis which were colliected by ths
uwncovered plates. Host of the serisl coptaminants with sigeable
spores were spegies of Alternaria. Tumervus smaller spored

and upidentified conitaminants were also present.




- 109 -
{11} TProst.
Fo diffevence in the uverage percentage of spores germinating

after axposure to the low Bemperatures were apparent. (Table 9 ).

TABLE O AVERAGE PEROENTIGE OF f§%2§5,§ﬁ‘iz"%1§§ g?%?g'
EXPOSURE 70 ZXTREHES OF LIGHT AR

D LOW TEMFERATURE

. E@%@iﬁ%

o = f%x* @i& samp Zﬁ@é
% four o)
¥ omix ¥ }

{ii) Frost
{114) Contrel

#hile treatments (1) and {ii) had on the average slightly
fewer spores germinating than the controls, the normal type of
veration encountered in the samples was a3 greal or greater
than the differences belbweon the ashove trestments.
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Discussion

The germination reguirements of conidis of 8. botryceuh

have been considered in the main since, as will be seen from

later studies (Page 129 ), ascospores appear o be unimportant
in the spidemioclogy of this fungus on lettute. Conidia

appear to be responeible for the establishment and spread of
this diseanse in the field, and for the large mumber of infections
which preceed an epidemic.  Ascospores undoubtedly do in some
cases perpetunite the disesse fyom one yenr o another or cause
infections in the field. However they do not entitiate
éi%@aﬁeféﬁ an epldemic proporiion. Beemusne of the seasnonal
aature of this disesse on lebtiuee, bemverature sppsars o0 be

a %@3@? §&@%&§ §§?&1%@§ and it has therefore received particular
consideration. The minimum tenperature at which germination

of comidia of S. cecurred was below 5°C. The

botrye

opbtimum bemperatures for mazimum spore germination cccurysd

%%@%%@ﬁ,gﬁéég and 31°C. However, if consideration is given to
the germination of the first 50% of the conidia, the opiimum
lies between 24°¢ - 36°C. Again, if the first 5% of the spores

to germinste are considered, the optimum range for germination

is very wide and lies between 15°C and 36°C.  Each temperature

range has been measured by adding 20 minutes to the cbserved

miniznm germination time for the appropriate perceniage,
{See Pig. VII) and includes sll temperatures nt which germination

ogeurred within $his period.

The maximm btemperature st which germinatien =»? conitimued

el of dhe revss tube peownrresd wae botwesn §§§ - 'ggﬁﬁ Above
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35° « 40%. conidial gevminstion was inhibited.

fall within the range of Ascomycebe examples selected from
literature by Hawker (1950) but are slightly higher than
Ié?éi‘f&ﬁﬁa
Padhi & Snyder (1954) report that spore germination of

examples vhich she selected from the Fungd

com 4°¢ - 37%C, veginning

um oceurred I

after 3 hours betwsen 22°¢ - 25%C., but was delayed increasingly

by lower and higher temperatures. The range of temperaiures

at which they observed germination is similar %o the range a%

“ o s;f 5«’&&
when

which conidds of H. &« dstlaten gerw

do nol, bowever, state whal sritexis was used to defermine

germination cecurred. In this stuldy germ tubes had appeared

Padhi & Snayder.

es which are lethal

Hawker {(1950) considered that temperatun
%o spores are much higher than those inhibiting germination.
gratures
reld at 40%C for a perdied

However, during spore zermination studies at higher temp

few conidia resumed zyowth after being

of 96 hours or more. This is only 5°C above the optimum
temperature range. Similarly 24 hours exposure to 45%
proved lethal to the majority of germinating conidis despite

their production of germ tubes. Subjecting conidia to 50%0.

in a 1% glucose solution forrome hour was lethal. it 60%. and

ahove, exposures of lazs than half arn hour nroved lethal t¢ the




conidin.

1% is interesting to note that at temperatures between
55% - 50%C comidis produced protrudences often with parallel
sides, and these spores were thus recorded as having germinated.
However, later szaminations revealed that these gersm tubes ravely

ol the diasmeter of the spore unless they were removed

o0 move favourahle conditions before the lethsl effect of the

ke

temperature occurred. This may have been due %o the hi,

temperatures favouring the %ﬁ%ﬁ@@lié,gfﬁﬁﬁﬁﬁéﬁ/ﬁﬁ serminntlon,
but alsc bloecking or slowly destroying some essential enzyne
sysben ﬁ%ﬁﬁ%ﬁ%ﬁé with continued develomment of the germ tube.
The effeect of temperature on the balance of these two systens
may determine how the higher temperatures are to affect the
germinating apore.

Low femperaitures appesr %0 have 1ittle effect on the

viability of comidia of 3. bobtryosum. FHawker {1950) stated

that low temperatures are rarely lethal, but mersly slow down

the metabolic reaction rate of the spores.

The Study of zerwinstion reguirements of conidis and the
rate of germ tube elongation indicated that these processes

glosely fol owed or paralleled the effect of temperatures on

eolony orowthe Slmilar relutlonships for other fungi have
i & Hoberts 1960).

been reoorded. {(Crossan 1984, Dules

The effect of temperature on germination of sscospores
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was not studied in detail because of its relative unimrortance.
Ascospores germinated readily between 15°C ana 25°C, but no

determination of cardimal tenperalures was made.

The humidity requirements of gemminating conidia ave also

of consideyable importance., Conidia germinated readily in

water vapour as cbserved by Padkl & Snyder (1954). However,

germination of conldia of the H.Z. isclates wae recorded at
relative humidities a% and above 9056. Padhi & Snyder report

idities above ¥57 to

that ascospores and conidia reguired hum

support spore germimation. An incresse in hudididy up o 100%
incressed the rumber of spores whick germinated in 2 given Bime,

the rate of growth,and fimal lengih of the germ tube. The

mination percentage of spores in waler vapour was siazilar %o

 waber, buit the tiame reguired for the sanme

siage of spore germination o be reached was longer. These

finding reement with results reported by

botryosum isolated from lettuce germinated
removed from the conidiophore. Thile attached to

the conidiophore, and even when disoldged and restinz on the
Pe Be A of the parent colony conidia falled to germinste even
thouy

fulfilled. There was however no evidenve of dormancy once

other reguirements for spore germination appeared to be

conidia were removed from the enlture on which they were produced
with s volume of sterile waier or nutrient sclution. {Conidia

of B, botryosum isolated from onion however germinated readily,
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producing short nodular septate germ tubes, while s$ill atiached

to %ﬁ@ conidiopheres). Dormancy of conidia has not been recorded

{1948) or other suthors cited working with

by Neergsard
bptryosum {e.g. Olgilvie & Milligan 1955, Dippenaar 1938,

Petzer 1958, Padhi & Sayder 1954, MeKay 1958).

iacogpores oblained by crushing the perithecia often falled
o gerainante, but because s&g%a%ﬁﬁﬁ~$f some spores s¥ill within

the asel was incomplebe these were considered immadure. “hen

ascospores were obiained from %%é material exuding from the
ostiole of the perithecium, or from erushed perithedin which
were exuding sverss, germimation coourred veadily once the spores

were removed from the vieinity of the perithecia in a sultadle

guantity of water. Spores remaining in close asscciation with

the peritheciunm or ils conbents usually failed to germinsie.

These resulis are contrary to those reporited by Helay (1959)

who observed germiration of ascospores of S botryosum isclated

from onion even while they were s8ill iznside the perithecis.

Shear & Dodge (1927) and Byam {1948, 1949) report that

whose conidis zerminate readily, often

ascospores of fumgld
remain insctive for long pericds. It is upinown if the

conditions which initiate ascospore discharge also ave responsible

for vreaking dormancy of ascospores, or vhether aseospores once

mature gerninate when given 3 suidable enviromment.

Perithecis conbaining nsed were held at reom ‘erperaiures

for pericds of up %o 3 months. Providing desleation was




= 115 -
prevenied in this period germinniien of the ascospores occurved
when they were removed from the g&f&%‘ﬁz@i&m and placed in
saitable conditions.

The age of the conldia of 3. bolryooum had 2 sonsidersbls

effect on thelir roate of germinetion: TConidiz on colonies 21
days old required about twice as long o germimate as those

from 10~-14 day old colonles. The spores were usually very

heavily plsmented at this age and the delay in germination may

have resulted from the effect of the secondary thickening of
the spore wall as veported by Neergaard {1945).

Conidia present on ¢ month old ecolomies germinated with a

sonsiderable ol highly wvariable veduoltion in the perceniage of

gonidias compored with germivation of conidia frem young cultures.

Studies on the longevity of conidis were discontimmed alter mite

contanminated the oulbures. However, affer 14 months a very

small percentage of spores i{rom the csuniaminated cultures

sppesred o be s8till visble. Fadhd & Snyder record that

aporox. 10% of the vonidis from 12 month 018 eclonles were visble.

nnecessary for spore germination since

2ll ohservations were earried out in unlit incubators.
Gottliel (1950} states that if any gemeralisstion can be made,
;i%é is that the germinstion of spores is not materially altered

by diffuse or low ligzht intensities.
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2o Penetration nnd Infection

Penetration has been used in these studies to incliude the
method by which the fungus enters the host tissue but does not
iﬁsiéae subsequent development within $he host. (Flentje 1958).
Suecessiul penetration does not necensarily constitute infection
(Johnson 1932). It is generally assumed that fungl are capable

of penebrating a wide range of plants, tut are unable to

establich pathogenic relationships in every case (Wolf & Wolf 1947).
Similarly, penetration of a podential host does not always constitute

successful infection. (Johnson 1832}.

infection is said toc have occourred when the fungus becomes
estabiished within the host f6llowing penebtration and is
independent ©f external fuod reserved for contimed developument

(¥Walker 1950).

Beeause these processes are gopiinmuocus, 1t may be
impossible $o determine when penstration has been completed and
infection occurred. When observing the host-parasite relation~
ship there was no method avallable to distinsuish belween these
two atagzes because the rate at which germination and penetration

occurred was highly wvariable within the spore samples used.

In this study therefore, it was necessapry firstly to determine
by what method host ?%ﬁ%%?%%i&ﬁ‘Qﬁgﬁfféég and segondly to &bserve

the effect of envirenmental factors on penstration and infection.




- 117 -
{a) The Metbod of Penetration of the Host

From literature on methods of penetration by germinating
spores of pathogenic fungl reported by wvarious authors, it was
apparent that o pathegen may enter a potential host by one or

move of the folliowing nethods:

{a) by way of the intact surface of the host, commonly
referred to as direct penstration,

{b} by way of wounda, |

{e) by way of natural openings.

To detormine what type of penetration was invelved in

the disease ¢ycle of S, botryesum on letiuce, & large number of

spores were observed germinating on lettuce leaves undey

conditions favourable for infeviion.
Haterdials and Hethod

Leaves of letduce plapds, previcusly placed in 3 hizh
bumidity cabinet for o periocd of twelve $o eighteern hours were
marked with an YI" in several places., A "Birs" typs pen
proved most satisfasectory for this purvose. Different coloured

inks were used when marking upper usnd lower leafl surfaces.

4 spore suspensiocn contalining 19,000 spores per nwl. was
prepared frvom ten day ¢ld sporulating colonles, and drops of
this suspension were pippetted on $o the areas indicated by

the *1L% ink marks.

The inveulated planis were then refurned tc the high
humidivy cabinets for periods, &, 16, 24, 96, 46, 60 and 72

hours, caleulated from the $ime the spore suspesnsion was prepared.
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Afver the approprinite time interval the plants were removed and
the marked leaves detached and dropped inte lsbelled beakers
g T0F ethyl aleohol.

P

econdzin

in the laborsbtory leaves were removed from the alechol
and, using s 3 cork borer, dizcs were eul owl ia positions
indicated by the ink mor¥ks. Thesoe discs were then ¢leared and
atained using one of the metheds described.

Welson {(1955) demoribed a technigcue for staining

during the penetraiion phase. This method was followed in the

garly observations. Discs werg cleared overnizbt im a mixture

2

of 3 parts 95% eihyl alcohol and

2 parts glacial acetic aecid.
The cleared dises were then stained for 24 hours in 5% methylene
blue, followed by 48 hours ln s 231 mixture of lactophencl and
methylene blues. Finally they were cleared fized and mounted
in lactophenol. This staining procedure produced satisfactory
preparations bul was time consuming. Bince few spores were
2till adhering

found $o the regzions of imoculation it was consldered

o be too severe on the delicaie zersm tubes and infeotion pegs.

A method was adopted where the mumber of processes involved
were reduced and the malerials used were less severcin ackion.
The dises were cleaved in 706 ethyl aleohol warnmed on a sand bath
for 2 hours. After cooling they were stained for spprofimately
ralf an hour in 3% methylene Blue, until the desired contrast
between leafl tlasue, fungal spores and hyphae resulied. [Hore

sporesn were retained using this method, which also permitied a
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more rapld assessment of peneiyation.

ive

The lesf surfoce wao ¢yawined mnder the low power object
of the microscope to locate penetrating spores which were then
examined under bigher power. Penetration was confirmed by

cking the cover-slipe violently with 2 mounted nesdle. If

penetration had securved the spore rvepained attached and the

site of the infection peg was generally revealed.

Fumbers of spores succeasfully penetrating the heost and the

the case of stomatal

type of pepetraition was vegsorded. In
penetration hyphae appeared to free themeelves more readily

from the cells during the early siages of penetration. 1If

$ube actually had commenced

i% appearved that the fungsl gers
stomatal penstration but L=d Troken free due o the ireatment
degseribed above, its penebraition was recorded as "uncerbain®.

awy with the aid of o camers lucida.

Beveral atiezpis to ssotlon leaf malterial falled o reveal
detalls of penstration.

Hesulis

Sixty-nine npores were recorded pensiratinmg the leaves

&

ined, and twenty spore were classified

in several dozen discs exsy
as uncerdtain. Results 6f the methods ﬁf’?&ﬁ%@fﬁ%i&ﬁ.f@gﬁfﬁﬁék

are set cut in Table 10 «
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/%§%1@1b : The %ﬁ%ﬁ@ﬁ of Host Penebtration
?é 24 1 56 48 |80 78 Totals®

f%%%??&%iﬁ&, &gy;;

Direct Penebration 31 sl 9! 4] al 1] 5| 23

Stomatal Penetration: S |
Certain 2 gl 7| 1| 5] 9|14 48
Uncertain 5 Of 1} 8y 2 4} & 20
Potale: 10 151 91 8] 11 |14 24 89

#lotesr It must be emphasised that not all points where
penetration ococurred have besen rscorded in this table. Only
{bhose where the mebhod of penetration was visible have been
recorded. During the later half of the perlods st whieh
observaltivas were made many léslous were present but atb tais
%taga it was igyggﬁiﬁls %ﬁ 4@%@%@1&% tke @aﬁ%§§ of peneirztion.

Deseription of the Method of Penetration

Following germination of conidia, seversl hyphae developed

frowm diffevent cells of the spore and spread apparently ik any
dirvection over the leaf surface. The majority of conidia failed
o pemetrate the host. 4 very small percentage of conidia
produced germ tubes which did not ranmify over the leal surface
but becume slizhily thickened, producing an g;?r%a%@fi&% yarying
bat 1ittle in morphologleal sharacteristics from the hyphae.
Direct pensiration of the outicle and epidermal eells occurved

when a slender penetration peg pierced the cubicle and entered

the epidermal cell gemerally elese te a vertieal cell wall im
the gegion of dense coyioplasm, Stomatal penetration was
secomplished by hyphae which, scon after formation had growa

direcsly towards a stomaial gar%,‘ They becaue %@ﬁl&%ﬁ on the

tip once they had entered the stomaital caviity. Batry was not
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proceeded by the formation of an appressorium on the surface of
the epidermis, but within the stomatal cavity the swollen

hyphal tip subseguently developed into a convoluted body
considered to be an appressorium. The wall of this body
remained thin and i1l defined compared with the appresoria which
formed on the surface of the leaf. Tungal development continued
inside the cells adjacent to the stomatal cavity but the method
of penetration was not @iscernible. Inside the cells the
fungus produced a thick, ill-defined body which later became
obscured due to the disorganised cellular contents becoming
m stained.(See Illustration 18)

Disorganisation of the penetrated cells occurred during
both direct and indirect penetration. Adjacent cells became
disorganised apparently before the fungus had penetrated them.
However, because fine fungal threads may not have been detected
by the staining techniques used, the possibility of prior
penetration occurring mst not be excluded.

he Effect of Environment on Fenetration and
(1) Temperature and Relative Humidity:

Tenperature and humidity may be expected to have an imporsant
influence on the rate of pemetration and the degree of resulting
infection. During investigations on the effect of temperature
on penetration and infection it was apparent the humidity about
the plant after pemetration also influences infeetion. |

Spore germination ocours for a small percentage of spores
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after 14 hours at favourable temperatures. It is important

that these Lirst spores gerasinafing are considered because
they will initdiste infection under marginel conditions. Zo

re the effect of temperature on pensiration and infection,

the conditions oeourring during spore germination mmst be ifentical
for each temperature used during penetration and infection siudies.
Consequently, 8 spore suspension conitaining approxzimstely 3000

spores per ml. was prepaved using a 1% solution of gluccse to

similate conditions which occur maturally on host planis (Hutman
& Roberts 1960, also p. 96}, This spore suspension was incubated
for 1% nours at 25°C by which time germination of 5-10% of the

spores had ceocurred.

A% this sisge the suspension was sprayed on to lettuce
plants which were immediately covered with plastic bags and
placed in artificially illuminated cabinets running at 40°,
50°, 80° anda 70%7.

The effect of temperature on §§§§%§%@i§ﬁ'&ﬁé iﬁfﬁ@?ﬁﬁﬁ‘gﬁﬁ
obzerved by removing the plastic bags from the plunts st various
intervals and drying them in front of a fan. This prevented
further peneiration ogourrving. 1f penebraiion and infection

bhad been succesasful lesions would later ccour and these were

recorded aiter a period of 10 days.

It was assumed that penetration of the first spores would
ooccuyr after two hours or nore at favourable temperatures, timed

from the enitry of the plant inte the eabinets., However, it =oon
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bevane apparent that infection eould ocour afier short periods

témveratures. Three experiments were conducted

even at the lgwer
on different lines of planis. Ilarger plant rumbeyrs were used
for the first of these experizents bubt due to limitations of

space and the advantag

e of rapid handling, the numbers of plants in
the last two experiments were reduced to two planis per observation

for each temperaiure.

Cabinets were provided opernting 2t ench temperature, and

all treatments were arvanged at randonm during ipooulation snd

recording.

Besults:

Results are supmariszed in Table 11.

Fenetration and infection ccourred after 6 - 8 hours at
%§§%§ 4 hours %ﬁ,éﬁégg 2 - 4 hours at 80°7. and after 2 hours
at 70°F.  Favourable temperaturss for nenstration and infection
therefore mst lie sbout 70°F,  Times refer to the period from

when the first 5 « 10F of the spores bad germinmated until

infection occourred.

The effect of relative hunidity was desonstrated in the

§i§§%§é§§% §%%%§§§ infection resulting from the first $wo and

last experiment. The fans normally operated for 20 mimutes
by 2 time eloek were allowed %o run for the full tws hours
betwsen observations in the last experinent. Heaulting
infeetion was less than the former szperiments, deaspite

standardised conditions.
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%@%i%'11

§§fé$%i§§% Se ﬁarfiﬁg @§>§i&gﬁg ia&a&l%tgé and
exposed $0 %@?ﬁg&g %@%@%ﬁ%ﬁ&?&@, 2t 100%

BH.

40%%

g%ﬁ?ﬁ fr&&
&r%&t:@;y
germination

{2 bours from
preparation of
suspension of
conidia)

Bix
H.RE
HoH,
%% # ?% @
BB
B57
269
536

629

il
Hil
40

H.R,

Wil

28
192
447
287

494

Fil

4

109
142
124

368

Totals from

16 plants

Fans: 20 mins,

 Gomtrols

L+

Time
{Hours)

12

G o o WO

Wil
Hil
Bil
BiL

Potals from
2 plants -

FPans: 20 mins.

%éﬁ%?%l%

?the EEI
Time
{(Bours)

G O e DO

10
12

Totals frow

2 plants

Fans: 2 hys.

%%a%f@ig

%

# ﬁa%; - %&% f@%&f&&é |




It was conclunded that the constant air movement refuced

the humidity sboul the glﬁ&% and lowered the mamber of spores
%%@%%ﬁ%fﬁiiy'iﬁf%§§i§§ the plants 4% 2 later stage ten planis

were inocculated with aspore suspension containing 3000 spores

per ml. and placed in a mmlbidty csbinet for two hours. Flve

phants were placed under a fan for 20 minubes until they

were

z {ive were left in pesition for a full

ranged in vandom orvder

two bourse. The reated plamts were ar:
on the glasshouse beneh. Ten days Iater it was possible %o
identify the five planis %&@éﬁ.h&é recgived the btwenty minmute
exposure 6 the fan from this group of plants. They were
severiy diseased, while those receiving the longer exposure

had eompars

tively few lesions. The penetrating spore must
therefore still be dependent $¢ some sxbent on & favourable

humidity durding the early siages of peneiration anmd infection.

Iight is an important faetor to be considered in host

parasite veactlons (Wolf & Wolf 1947 )« Sinee lizht governs

plants and eontrols the

the matabolic bshavbur of the %ﬁ%ﬁ%ﬁ

nz and elosing of

sbimall which are ?%ggﬁﬁsiﬁié f%? the openi

shbomata, and many other progss %&%s its eifect on the relutionship

of éﬁ% §%§%ﬁ§§@ fo %ﬁ% %@%% %%g %@ @@ﬁgzgsz%%1$@ i%&yv a;‘éﬁéﬁﬁ}

{9%olf & Welf 1947, Diener 1955, Yarwood 1958},

é zﬁagif nay %i%@ &g%% & ﬁ&?@@% eliect on t@a Panges

An atiempt was made therefore to study the effect of lighd
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on host penetration and infection. Investigations were made
fivstly to determine if exposure to light prior to inceulation
would predispose the plant to peneiration or infeciion, or if
iight after incculation increased or detreased the resultin

s

-

infection. This was Jollowed with a more critical irial
measuring the effect of 1light after inceulstion.
laterials & Wethods

In the first part of t:is study plonts were exposed to twelve
nourly periods of light (L) and dark (D) as followss
Treatuent {(a) L prior 4o inceulation, fellowed by D

{b} B prier * w " L
{¢) D prier ~ " " vy
{d) L prier ¥ ® ® "L

Daring these periods 100% relative humidity was maintained
by placing the planits over trays filled with water and covering
them with plastice sheeting.

There were four plants per plet, and four replieations of
the four treatmends srranged irn rendomised blocks. Inoculation
was carried out in the:: randomised blocks arranged on a bench
under low light intensitles. %&i& operation osvupied twenty

mimtes fron the time the plants were assembled until they

turned to the appropriaste light or dark treastment.

I1lumination was provided by four 150 watt {leod laumps
set on stands, with one paly divecied down on to the planis

from o heizht of three feet, while the other pair wers set

at an angle of 45° and were six feet from the centre of the

Bisaks of plants. This srrangement of light was checked
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with a phote=-electric exposure meter and the position of the
lamps sliered undil an even distribution of 1lisht reeuntted.

Ady eirounlation was provided by two elegtric fang which directed
alr towards the plasitic sheeting covering the planis.

The exposure to the dark pezriod was sccomplished by placiag
the plents in a cabinet covered with black plastie. During the
day this cabinet, being nesr a window, was indivectly heated
by the sun. Temperatures apyroximated those recorvded from the
illuninated plants under the ¢lear plasiic sheeting.
Unfortunately, at nizht this eabinet ran from 10-14% below
that recorded from the planits receiving the light treatument.
Tesperatures varied from 56°F to 70%°F. between these two

treatunents at the msxirun otage

of divergence., Consideration
must be given to this when results are interpreted because the
lower temperatures recorded durding the night Ifrom the dark
treatment, which cecurred during the post-inoculstion stage,

would inmtroduce & bias o the resulis.

In ister trinls, attenpts were made Yo elimdnate the
variable introduced with different temperatures between light
and dark treatments. After several unsuccsssiul attempis $o
provide artificial illumination for one group of plants and
maintain the other group at s similar controlled temperature
in the dark, s meithed uwtilizing larger units and natursl 1izht
was devised. The first trisl indieated that it was unlilkely
that predisposition o penetration and infection was involved,
Therefore considerationwwas only gliven to the post-incculation

Femmnbamarbe
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4 trial wgs designed using a randomised block layout,

there being two Streatments and flve veplications with four

plonts per plod.

4 larze wooden box 4' x 3" x 2Y was placed in the glasshounse
and fitted with a series of light traps made from
iron trays and eardboard. Prior to sunr

“galvanised

ise the plants were

inoculated in 2 prededermined randomiszed block with & apore

suspension containing 3000 spores per ml, Those planis which
were to rewsin in the dark were coversd by the box with its
syatenm of light $raps, and those plants remaining in She light
were removed %0 o predetermined position where temperature
fluctuations were minimised. The temperabtures inside the

plastiec which coversed both groups of plants were checked at

hourly intervals, or closer if negesssary, and femperature
differencen bhelwesn trestments exceeding gg?f'@ér@ promotly

corrected.

At 12 hours from sanyise all plaats were
arranged apain in the vandom bloeks and dyied with an

gleatyic fan.

The effect of 1light on the penetration and infection
was assessed by recording the mumber of lesions which were
present after ten days.

Resultas
Prelimivary trial resulis are presemted im Appendix VI

and are summarized iwm Table 12 , (ZExplanstion of abbreviations
given in Hsterinls and ¥ethods, p 126)
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’?%%Eef12 %ﬁ@%@f oi E& Zﬁﬁﬁ per g&ﬁ% %i fsgg §1ﬁﬁ$§
e - ,
Pt §a} %@%. (0) %%tg ig} %@%g {d) | Totals
, % e § 5] % @ § & T L+ L
Hepe 1 89 448 204 309 1028
' iz 177 432 B46 474 $429
I1x 28 508 238 582 1534,
v 1458 264 Z1e 580 1855
Totalas 489 1648 1004 1905 5026
Ave.lesnions
§§f‘ g:iaﬁ%« BYed ?%sg 84.8 119.0
%&%ﬁiﬁﬁ P @ggt' N.S. %.%. H.S. N. §.

%&%1% 12a

Treatoment

,g¥i i%@i@£$’§%r~§i%§§

Po tesnt

{a) %/ié} ?;@f% gzﬁ%? %@

incenlsation 86,6 5.
{b) # {e) Dork prior %o
inooulation 1.1 §;$'

e,

By coumbining the resulis of Lrsataenis
those with treatments (b) + (o) some measurs
effect of 1light on the planmt is obtained {See Table 12a),

If Treatments (a) + () are compared with {b) + {4) s

3 # {d) and %@g%ggiﬁf

of the §?@§ig§@%&£§

- Beasure

of the effect of exposure to light after inceulation is obtained.

{see Tablel2b)

Table 12b

{b) + (4) Tight following
iﬁﬁ%ﬁl%ﬁi%ﬁ '

~Ireatuent IV, Tesions per piant | T, Test
{%} & §a} Dazic f@&i%%&%g “ | o -
incculation 46.2 # #{1% lewvel

* #(1% level
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It appears therefore that post~inoculstion treatments

g influence on the sumber of infections, but pre-

bave a modifying
inceulation treatments do not appesr So alfer the subseguent

namber of infections. Baecause the temperaturs differenbisl

which occourred between the light and dark treatsents of the
latter trial, some biss has been introduced. It was surmised
frow later work that the effect of lower temperatures would rebard
spore germination and infection. The degree of blas introduced

en acted on

would therefore depend at whal stage the temperatux
the developing sporess Turing the later stage of developuent,
temverature differentisls were at thelr maximunm and one would

expest them therefore o have a smaller influence on infestien
than if they had cecourred eariisy. PBeenuse the stage at which

low temperatures hindered infection wos not known this section of

the trial was repeated under uniforn temperatures.
presented in Appendix VII and these confirm the resalis suggested
by the previous trial, viz that exposure to light afber incculation,
sompared with exposure o dark for an equal period of 12 hours,

resulis in a higher infection.
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Discussion ,
Both direet penctration vis the intact host leaf surface and

stomatal penetration were recorded from lettuce using conidia of

yﬁiraa% penetration is reported $0 be s mechanical process.

The germ tube oy appressorium of the germinnted spore may become
attached to fthe host by o mairix of mmellagenous materisl which
provides an anchor asgainst the foree of thrust reguired by the
infeetion peg when it pierces the outside of the hosts (Flentje
1959, Wolf and Wolf 1947). Appresoria observed on the surface

of the leaf during this study were small comparsd with deseriptions
. recorded in literature, They seldom @zé%@ééé

s¥ other fung

the size of the spore either in width or length and were ofben

not inmedistely recognised or present.

The initisl stages of penebraition via wounds or stomatas
appears to be & passive process often influenced by chemoivepic

responses due to substances diffusing from the openinges (Bald 1952).

Howeger, the stimulus may result from a vesponse o higher
waber vapour gradiants found nesr such openings. {(Brown 1836,
Bald 1952, Fide 1955.) Within these openings the fungus may
penetrate live tissues following the fﬁ&&aiéga,af an appressoriunm,
or alternatively kill additional E@g%“eeEZgV%y sxeretion of toxie

enzymes which weaken or dissolve part of the cell wall., (Brown

vhae inio a

1922, 1986 Kerr & Flenthe 1957). Entry of by

ghomtal covity i= egﬁai%&raé by Pristau and Gallegly {1954},
and Flentje (1958) to be usually preceeded by the Tormaltion

8T an appressorium on the lszf surfzes in 5 gmanner simiizsr to
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$Bat seccurring durisng direct pensivation. In these studiss

appressoria were not locsted which bhad formed on the leaf

rface in the case of stomatal peneltration. Appressoris
like, convolubed bodies were confined to the substomatal
gavitys. Penetration of adjacent cells ccourred but it wes
not possible to determine whether penetration of these cells was
similar te that invelved with direct penetration or if foxic
engymes were exereted by the aggz%@%afégg resulting in the eell
walls becoming weakened or dissolved.

Stomatsl pensiration was recorded more freguently than

direet pemetration, slitbough the proporiicn of dirset peneiration

recorded was higher than that reported by other authors for
bobryvosum. Swith {1940}, Helson (1955) and HeDonald (1958}

have all cbserved both stomatal and direct penetration of
yosum on various hosts. Padbi & Snyder (1954) report

their stndies

This may indicate

of 5. botryosam f. lactusum

that the form of 2. bolryosum isolated from New Zealand lettuce

may be distinet frow the forms iscloted from Colus, Californis,

%; He ha %3:3? ?%é%i

Zeosuse stomats are invelved 2nd are nove munerouns on the

underside of letiuce leaves one may expect more freguent peneiration
and infection of this leaf suriasce (Dierer 1958). The number

of speres recorded sebtually pesedrating she bost were Hoo small

1o indieste if penetration ceourred more freguenily on the unvper

There was no suggzesitien hewever, $hat

surface.

oy lower laaf
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any particular side of the leafl favoured penstraticn. Yhile
Gloyer {1931), Baker & Davis (1950}, snd Padhi & Snyder (1954},

reported only stomatal penetrasion of S, bolryosup penctration

was not resiricted to this method of entry with the H. Z.

ence of a

isglaten. Thus ip this vouniry the presence or abg
favourable misroclimate about or on & pariicular leaf surface,
rather thar an abhundance of olopsts, may have & larger influence

o resuldtivg infection. TFuriher, during these siudies it was

minated

most sppavent that while the maljority of spores gex
readily on the host, theve weve only o small percentage which
finally infected the honte

therefore not bvegome o 1imidting feotor and is of lesser

The spacing of stomnia would

impordance than 17 the percentage of spores ﬁﬁﬁﬁiﬁg’iﬁf%%%iﬁﬁﬁ

were Bigher..

In Padhi & Snyder's{1954) illustration of penetwation

fungal hyphaee are viplbtle ranmifying through the leaf $issue.

Disorganisation and davk siaining propeviies of the combtents,
which coourved in advancs of the fupgus, noted alse by both
Padhi & Snyder (1954) and XeDonald (1958) prevented similayr

yasrrations belng wade here. The former smthors alse siate

that fungal hyphes were both inter and intracellgulay, bul

#g observations in the course of the present siudy hyphas

were found only within living eelils or renifyine throush desd

tissue. HeDenald {1958) also bas recorded only intracellular
hyp

ebligate parasites. However, this group of organisms usually

wmes  Intracellular existance is often assoclated with

have a genile non-necrotic or stimnlating effect on the hond
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which is in contrasi do the necyrodic effect obmerved heve
immediately preceeding or at pemetrabtion. This readtion by

311y asscoicnted with faculative cwganisas

the host is norme

Tmring these studies on the method of penetration some spores
were still found vwhich had appurently only recantly penetrated
the host sifber pericds of up to 72 hours fros lincculation.

A% optimus temperastures it was therefore thoushi that penctration

and infection may be a comparitively slow process. lowever, it

was apparent frow later studies this wag not s6. If sufficient

time was allowed to permit the firss 5-10% of the spores %o
gersinnte, infection would result from the exposure of leaves

t¢ suspensicns of these germinated spores for perieds of twe
hours at temperatures beiween 60°-70%%, A% lower temperatures
penetration and i&f@%@i@ﬁkrﬁ%ﬁifﬁa & lcnger period as illustrated

in Pigure VII . Psbier (1925) found that the minimum time

regaized for wuredospores of Puced wanlous triticl to peneirale

the stomata of wheat and cause infectbion was between 2~U hours
at optimum bemperatures. Hawksns and Harvey {1916) when

studying a species of Eythium on pobato tubers found the actual

time reguired for direct mecnawmical pensiration of the epidermal
cell by the infection peg was within epproximately five winuites.
Therefore it is obvious that when conditions sre opbimunm,
penetration and infection of 2 small percentsge of spores will
segur siter comparatively short periocds; but if conditions
perait penclration and infection way result at up to three days

from inceculation, even when optimum temperatures have prevailed
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during this period.

Low relative humidities affer penetration upm to retard
the mumber of spores eausing infection. While spores are
not as dependant on favourable relative humidities for continued
development /during infection compared with during germination and
penetration they are not yet completely independent of the
miercelimate about vhe surface of the leaf. |

Iight did not appear %o predispose the plant to penetration
and infection, if Yarwood's (1959) definition of predisposition
is mccepted (see p.20}. However, it would scem to be an
important factor involved in the actual pem-tration amd infection
of the plant. Thus the plant may be considered in sensu
Gaumarm(1950) to be predisposed to infeetiom by light. Stomata
open when exposed to light (Hart 1928) and stomatal penetration
is the main method of entering the host tissues used by this
fungus. The logieal conclusion, as noted by other amthors
(Hart 1922, Yarwood 1936, Allington & Feaster 1946, Pool &
lickay 1946) would be therefore that the barrier resulting
from the closed guard e¢ells is removed when the stomata open,
and penetration is then able $o occur more readily. However, the
possibility of light aecting directly on the process of penetration
or infeetion and thereby increasing infection, must not be dismisesed.
Other authors for example, Caldwell & Stone (1936} de mot regard
closed stomata as effective larriers to pemetration.

Wolf and Wolf (1947) consider 1izght to be of such
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importance thet they recommend due consideration shomld be
given %o 11 when pathogenieily situdies are underfakens
Conseguently during these studies planis were always inoculated
and placed in n honidity oabinet for a period of twenty four
houwrs €0 ensure that there was an adequate perdiocd of light 1o

» conditions.

permit penetraiion and infection to ccour mnder opbimu
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©» ALCUBATION

Valker (1UHU) defines the incubation pericd as the interval
between infection {(establishment of the pathogen within the
host following peneciration) and the appearance of sympioms of
disease. By use of a nmieroscope and suitable sisiping technicues
it was apparent that disesse symptoms were visible onee
penedration and infection had cocurred. However at this sitage
the infeotion cites were mot mascroscopleally visible, or
apparent when the unitreated host material was exawined under
the microscope. The incubation periocd was thersfore considered

to extend until macroscopic symptoms of disease oceurred.

The lesions whieh marked the completion of the irncubation

ayres determined by the host-parasite

period developed in an
relationshipy during and afber the incubation period. A% this
age the pathosen had beoovme relatively independant ef all

external influences sxcept temperature. (Cbhservalions were

made of the effect of tewmperature(during the incubation period

on the number and size of lesions appesring aller infection
had coourred. . The effeet of the type of plant on the number

of lesions was also recorded.

Ancabation Period

Ubservations of the pericd which elapsed from inocceulation

untlil manifestation of sympbons were recorded during experiments

in this and other sections of the disease cyecle study.
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censes once planits are removed to low relative humidities and

Penetration continues during high relative hw

dried. Because plants were normally incculated and placed in

the high humidity cabinet for 24 hours before removal, penetration
may ocour during 22 hours from the zermimation of the firet
spores.  In some studies {see p 121) the first spores o
germinate were permitited to penetrate the host and the plants
were then dried to¢ stop furtber penetration. During this type
of experiment a more exsct measure of the length of the incubation
was obtalined.

By marking lesions as they appeared on leaves it was
poasible tv determine when fuwiber lesions developed. In this
way the lengith of the ineubation perind fﬁ? sy lesion appearing

on the lenf was determined.

{b) Zhe effect of Temperature on the size of lesions.
(1) Preliminary Experiments.

Observations on incubation at 50°F, 60°F, and 80%
indicated that 50°F was above the minimum temperature for
expression of the recuired vrange of sympboms. During these
preliminary experiments observations wevre made on plants held
at 80°F during the incubation peried.

{ii)  Experiments to determine the optimum temperature for

growth durding incubation.
To overcome the diificuliftes asssovisted with low

teuperasture studies, the temperature controlled growth
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eabinets were transferred o = cooleiore and adjusted to run
at 40°, 50%, 60°%, ana 70%P. TBecause the coolstore completely
elmnabed all light, artifieinl light was provided for dwelve
hours during each twenty four hour period. Provision was alse
made for a group of plants %o remain in the glasshouse where

pajural light was present and femperatures ransed from 50°-70%%,

Thie zroup of plante wag sinilar fo grouwps held in the ftemperature
goptrollied eabinets.

Soventy five letiuce vlants were divided ints dwo fypes
agcording to their vigour. Type A plants {see Appendix VIII

and IX ) were large and soft, while Type B plants were small
and hard leafed. Four econtrol plants, two of each type, were
slloeated 4o each treatment. O the remaining Iifty five
plants, thirty were glausified as Type A and twenty five as
Type B, and these were allocated (st random within each Type)
%¢ the various treatment temperatures. The plambs were
inceulinted with a8 spore suspension counteining approximately

1000 spores per zl. and beld in 2 hunidily eabinet for 24 hours.

After this period they were placed intc the bemperaiure
contrelled ¢abinets or on the glasshouse bench, for forty-eizht
hours. %o sllow furither development of lesions during sisiler

ponditions the plants alter resoval posm the ¢abineis were

placed on the glasshouse bensh for 24 hours.

The effect of femperature on the development of the hosd~
parasite relationship durdng the incubstion perioed was recorded

by measu

&

ring the dismeter of the lesions. & low power

binceulay microncope wns used to perait sccurate weasuvement
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of the suall lesions. Each lead wns

removed from the plant

and placed on the micromcope sisze, and every lésien was
wessured, Befsuse the plomie were move sdvarced that those

normally used, some hoving up fo ten leaves, and since the

inoculum load wass one third of that wused for other work this
nethod of recording was feasible. The size of the lesions

were classified intc six

groups, vig (1) below 0i25 mm - 0.75 mm,
(3] 076 = 1.5 mmy {141) 1.6 s - 2.5 mm, {iv) 2.6 « 5.5 mm,
(¥) 8.6 = 4.5 mm and (vi) 4.6 ~ 5.5 mm, and their freguency

recorded. The above groups were given a class mark do

facilitate recording of (i) 0.5 mm, {11} 1.0 mm, {(3ii) 2.0 m=
{iv) 3.0 mm, {v) 4.0 mm, and |{vi) 5.0 = respectively.

{iii) The effect of alternating bLemperatures.
tenpopatures during the

The eifect of alternating
incubation peried was alse explored. fairs of plants wers
moved alternately from an owxigipal temperature to ancther and

visa versa for periods of twelve hours during the 80 hour

neubation pericd. The following twe groups of ifemperature
combinations wewe useds 50°, 70°, and 80°F, and 40°, 50°, &c®
and 70%°P.  Plants were moved in pairs, one pair remsinming atb

the original tempersture while the remaining padirs were poved

Expression of sygploms at optimum demperatures generally

aryed after 72 hours from incoulation with the spore
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suspension, Thus the normal geriaé for iﬂ?ﬁ?%ﬁién at temperatures
between 40% ~ 80°%r was &§§f031§§$$13‘§8 §?§?$f lore c:itiaal
trials rava&leé that the period of iasubatian in some cases

was as siort as 52 hours. A% 70°7 complete expression afv
symptoms occurred about 3% hourg later than a# 6@??, %hilg

the incubation parieé'lasgéé for approximately fi?eyéays when

plamts were held at 80°7T.

Soft plants or young leaves on plants were usually the
first to show symptoms, espeecially if the loczal inoculum load
was high. Shortest incubation times were from scfit leaves

where heavy loecal inoculum rates cccurred.

(b) The Tffect of Temperature on Size of Hesions

(i) Preliminary Experiments - |
These exgarimgaﬁg indicated that 859? was abe?a the
normal growth range for the fungus, aa&yﬁ@?? wWas ngt)sgffiaieﬁtlg
low $0 approach the other extreae Qf growih. sbsefvgtieﬁg were
nade on the effect of 80°F t%ﬁat&eat on developing lesions and

these are recorded in Table 13 .

(413 Experimegﬁs $0 ééﬁermiae the optinum %&m?éra%ure
for growth. | | o |
The size of lesions recorded from plants subjected
o temperatures from é@ﬁﬁ‘n 70°F during the inen%stis§4?erieé
are presented in Appendix ¥III and 9umaarisaa in Table/and
Figure IX . It is apparent that the temyeratﬁres between
20°%F - 60°F favoured the development of larger lesions than the
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FIGURE IX. EFFECT OF INCUBATION TEMPERATURE
: ON SIZE OF LESIONS.

[ ;

40°F g 50°F

i 60°F i 70°F

e
-

S

diameter of lesions mm.



- 142 -

40°%p= Iight Sunken area Indefinite | Difficuli to see|
' brown on lower on lower leaf
surface surface since
Upper leaf ‘ lesions often
surface darker of similar
goloured but colour to the
not sunken : leaf.
%A BN e : i
50%* | Iight | Both surfaces | Definite Lesions om
X brown | Upper lsaf upper leaf
slightly ' - | slightly
L Gyeeni sh Wim on | Definite | Lesion on umwr
brown both leaf side of leaf
surfaces often darker
than on lower
side of leaf.
70%p% Dark Both surfaces, | Definite Small
brown occasionally
only on upper
side
80°r Dark Usually only | Definite Yery small
b brown uppar lsaf
sfrdurface
50°~ 70%¢ Iight | Both surfaces | Definite 1311&: =
= brown | with major and 50°P
to depresion on m’aps above
greenish | rouder aide of ,
brown | leaf

Notes
Upper leaf surface inoculated
%® Plants from temperature controlled cabinets in coolstore
#% Plants from temperature conirolled cabinet in glasshouse
{preliminary experimentation)
#a% Plants beld on glasshouse bench m incubation periocd.
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igher temperatures. The shaded aren vepresents the pepeentage

af lesions produced which are below the averapge lesion glise for

the whode experiment. It was also apparent that the lesions
expressed on the group of plonts held in the glesshouse during
the incubstion period were very similar in size to the 8c%p

groups but they resembled those from the groups of planis held

st 40%na 50°% during the incubstion pericd. The type of

lesions produced were characteristic from esach temperaiture and

are Sescribed in Table 13 .

The |

number of lesions recorded on each type of plant have
been presented in Appendix II and show the effect of the

harder plants hoving significantly

plant on infection, the
fewer lesions than the so0lf plants. However, fthe type of plant

did nod appear o sifect the size of lesions developing aiter

incubation at the various temperaiures. {See Table 14 , and
Appendix VIII) The fewer lesioms recorded from the 70°F

treabinent I8 & result of the longer incubation time reguired

at this temperature.

{iii) The effect of alternating temperatures on growth.
The effect of aliternating the temperatures during

the incubation perded 414 not appear %o resuli in sr alteration
of the length ef the lncubstion perlied sxcept where 80°F
treatment was involved. There was no apparent stimmlation of
the size of lesions except that noticed when planis were
moved from 70° - 80°F to lower temperabures. Sach resulis
axe rendily ezxplained when the Tavourables effects of the lower

temperatures, recorded by previous trials, are considered.
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Digeuseion

The dsseripticns apply o the lesdons: at the completion
of the inoubatiocn perded and expresses the effect of the
conditions prevailing during this period. They do not apply to

gubseguent development ¢f the iesions.

Besulis suggest that as fempervature of 40°7 is approached
during the ineubajion periocd the size of lesioms increases.
@ptimun temperatures appear to be bebween 46°~ 80°P.  Avove
ﬁ%§F the ﬁizt of lesiomns progreszively decreases, watil 2%
80°%, lesions remain small pin polmte in size. Artifieial
iliumination provided a tutal of 24 hours light during the 48
hours the planig remained in the eabinet. This may have
raised the Tenperature of the piany leaves asbove that éﬁiihg

surroundiag almosphere. Vnile this would also be expecied

0 egeur in nature the scthual a@%§%§ﬁ?&§e at %%iﬁh,%ﬁ% QC””
developes within the leafl during that perdiod mey be slightly
above that of the surrounding aly as suggested by Curtis &

Clavk (1950}. 4 similar experiment was carried oui by
Dippenasy (19589) fo find the effect of temperature on this

pericd of the disesse cycle. He discovered that the optimwm
temperature for development within the ledtuce leaf was between
59°F and 72.8°F which is higher than that recorded for the

Few Zealand isolstes. This may be due t¢ different szperimental

Yechnigues; 3 diiferent strain of the fungus, or & combinstion

ef both of these conditions.
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Lesions marking the end of the incubaticn period were darker

and better defined at the hisher tempevatures, At 80°F lesions
were confined to the vpper linoculated leaf surface. At %ﬁé?
lesions were gensrally most noticeable on the iﬁ@§%~laa£ suriace,
the noper leaf surface being stained in the region of the lesion.
%@%@%%ﬁ~%&%ﬁ&kﬁﬁﬁ'%§§§%f§%%?%$ grtremes the lesioned nren was

approximately evenly distributed om both sides of the leaf.

Lesion sizes recorded from the 4w groups of plants of
different vigour vecorded in Appendix VIII do nod %ﬁﬁf@?
gignificantly. However daring %%%§§§i§§ it wae noticed
ropestedly that Z%%i%ﬁﬁ'ﬁﬁ;géﬁﬁyéﬁfﬁ leaves were lnvariably

ilarger and visible sconer than lesicns on older matare leaves.

The lengt
during v

b of the incubation perdiod, observed many times

arious experdments appeared to be similay at

temperatures between 50-80°F. At temperatures above 80°P
Z&ﬁg%%yéﬁ the incubation period was inorensed. 11 is believed
that w relationship may exist between temperature apd length of
the incubaition period sisilar fo $Phot expressed in Figure X
The dotted lines mark the boundaries of the observed minizum and

maximen length of this period and the blocked area represeunis

the approximate period al which maximum sxpression of leslions

was obaerved at the various temperaitures.

The length of the incubation period recorded from the
plants placed in the glasshouse was similar to that recorded
from the plamts incubated at 40-80°F. However the lesions
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appeared o correspond to those in the 40-50°F renge. This

may have been due to the fluctusting temperatures and natural
light present in the glagshouse. smmm-m-m
shaded from direct sunlight leaf temperatures during periods of
light may also bave been lower than those occurring on the plants
subjected to artificial light in the temperature controlled
cabinet.

It is therefore possible %o give only an optimum range for
temperature in relation $o its effect on the size of lesions,
However a similar range of optimum temperatures were observed
when observations on the effect of temperature on the length of
the incubation period were made.

The lower numbers of lesioms recordéd from 70°F treatment
in Table 14 reflect the longer pericd required for expression
of symptoms at this temperature. Observatioms showed that the
mumber of lesious eventusally expressed were -mm $o the number
sxpressed by the lower temporsture groups. At 80°F the musber
of lesions appearing after seven days exposure tn this temperature
were below numbers expressed at the lower temperatures and moving
the plants t0 a more favourable temperature 4id not increawe the
mamber of lesions which eventually aprpeared. Thue is appears
that temperatures of 70°F may lemgthen the incubation period by
temporarily retarding expression of symptoms. However, at
80°F the plants defences may be able to withstand the onslaught
of the fungus during the inocubation period, so that the actual
number of infections surviving the incubation period arve
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nobiceably reduced, It can be assumed that infection was
sucoeesafuls if 1t were not sxpression would not have osourred
at the favourable temperatures. These temperatures acted
%ﬁ%&?‘%ﬁ%@%géfﬁl infection was known 1o huve oceurred and thus

affected the hopt-parasite relotionship during ineubation.

Phe lecal inoculum losd appesred to infiuence the length
of the incubation periocd.  Those leaves with high numbers of
lesions §%$§?%§§ in Appendiz IX  were %gﬁﬁzzﬁ‘ﬁﬁa first to
express symploms. ¥icroscopic examinstion vevealed the |

higher imoeulum losi on this type of leaf.
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4. HNanifestation of Sywpltome of Disease

Hanifestation of symptoms of dissase, or simply ‘manifestation’
has been the term applied to the section of the disease gyele
which commences when the first lesions appear alb the conclusion
of the incubation periocd, and continues until death of the leal 7

or plant cocurs as a result of thds disense.

The effect of the enviromment during the incubation period
on the type of lesions whichk follow was considered in some detail
in the previous section on that period., In this section the
effect of enviromment is studled in its relation to the disease
during the manifestation period, l.e. froz the stage at which

lesions appesr.

When conditions are suliable production of conidia may

the periocd of memifestation, Beczuse the faciors
which favour production of inoculum are distinet from those
favouring manifestation, the former process is considered
sgg&r&ﬁgig, However, before considering in dedail the environ-

wmental conditions faveurin, man

iiesbation, soue avbentlion was

given Vo the btype of lesiocns which oceurred during artificial

growth conditions, as well as lesions from nafurally infected
plants from the field.

{a) Description of lLesions

At favourable femperatures the first symptoms of disease to
appear were small water-soaked depressions present on both sides
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of the leafs Oceasionnlly these lesions were preseunt on the

e

veins or midrib. Lesions were brown and often %éﬁfﬁﬁ%% 0 the

es of 40%F, or above 70°P.

inocculated leaf surface at temperatuy
After one to two days the central ares of the lesions becane
slightly darkened mnd ofben the surrounding zone begame partially
bleached, particularly duwing favourable conditions. Lesions
contimed %o incresse in diameter and retained their identity
vntll they resched o maxisum size of abowut 1 c.m. Althouzsh

the lesions were typieally round, the shape of the larger
disensed areas was ofben influenced by the veinantion of the

lettuece leaf.

During conditions favourable for continued growth of the
foangus jndividual lesions offen coslesced with other lesions of

dead sreas o form aggresate lesloms. Then velins were engulfed

by theze lesions sections of the leaf supported by the vein would

die and become guickly colonised with S, bolryosum or secondary

orzanisns. Often, during optisum conditions, the death of o
large part of the leaf would result zfter seven days from the
firet nmenifestation of symptoms. Despite this lesions remained
visible on the dead leaf due unsuslly to conceniric zomation about

the infection siteo

Fluctuating temperatures, or water regimes, nerasil

cocurzding from day to day sppesred o induce zonate lesions.

Tnose lesions on plants maintained at constant temperatures and
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relative humidities failed to become zomate.) This character-
istie, typical of symptoms present on plants in the field, has
led to the general deseription of this type of lesion as a
"$arget spot.”

Often the central area of zonate lesions fell out or split
radially in several directions. This gave rise to a shot hole
effect. Generally lesions were 0.75 cm. in diameter or larger,
before the central area started to disint.mtcv. This normally
ogcurred also when conditions did not appear to favour continued
growth of the fungus within the tissue oI the leaf and was
characteristiec of lesions present during late spring, suumer and
sutumn. Occasionally during autumn it was observed that the smaller
lesions caused by S. botryosum would disintegrate after the return
of prolonged periods of dry weather. 1In the field this type of
lesion was often incorrectly atiributed to the ringspot disease

i8«(See Illustrationiz)

During periods of high humidity, or in situations where the
leaves were frequently wet, the fungus was observed developing
on the surface of the host, originating at first from the central
area of the lesiom. Such growth was visible to the naked eye
as light fluffy white mycelium, and under contimued favourable
conditions this freguently spread over the leaf in advance of
the lesion.

Ab) _Zhe Diseased plamt

In the field the larger Tesions and dead areas were
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usually on the lower older leaves of the plants, where little
harm was done %o the lat%ﬁge plant or %o its $§§@ar@§g%)at
gaék%%. Hewever, during faveurable conditions when abundant

cunding leaves beconme

inogulunm was g&é&aﬁ%; the wrapper and sure
heavily infected and the lesions scourring here aa@gﬁé'%a
unsighily appearance, and provided entry points for secondavy
ﬁ%aayg‘ Letiuce ?Zﬁﬁﬁs whose @f&??&?’l@%?@g were infaoted
were not suitable for packing for warket. Thes tettuce
which were presented on the market fiéar/%i%& this disease
failed %o briggAa,réasaﬁaﬁla return to the a@lia%; even though

wrapper leaves may have been only giigéﬁzg'iﬁféa%e§¢

{1) The effect of Temperature amd Size of Flant on Hanifestation.

Flants growving in 3% pods were grouped inito four equal
elasses according %o their vigour and sisge, vizg-

(i) Herd and small

{ii) Hard and medium

Eiii} Soft and medium

{iv) Soft and large.

These ¢lusnes were subdivided inte five groups of four,

labelled, arranged ot random, snd inoeulsted with a spore

OO0 ecomidis per ml. The plants were

suspension conbuining 5,

pumidity eabined for 24 hours, and from

transferved to the
there plaeed on the glasshouse bench until %%ﬁif%%%&%ﬁ%ﬁ

secnrrred. On the fifth day from inoculation the planis were
°, and 70%%,

transferred to esbinets operating at 40°, 50°, 6o

one group of four plasnts fronm each of the above elasses
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being included in each treaiment. Simiiarly asnother group from
each of the above elasses was placed in the glasshouse, The

planss in the ecabineits were provided with artificial 1izht for

$welve hours every day To ensure the heat radisted from the

globes and falling on the planits would be minimised & sheet of
giass was placed bebween the glebes and the polythene sheathing
of the cabineis.

After the plants had heen in the above temperalures for a

pericd of six days manifestation of symploms @%&kz%%ﬁ?éﬁé on
the four leaves ilumedlately nbove the cotyledons and the first
two true leaves. These 4 leaves were yvemoved and grouped inte
ﬁl&%x%gkaﬁﬁﬁrﬁiﬁg t0 the severity of the manifesiation. A
group of ben photozraphs of sympioms of O for no infection Ho
10 for complete death of the leaf were used to ensure similar

standaxrds were maintained durling the rscording of results.

The results were subjected to Duncans Multiple Range fest

{Dunean 1953) and valid comparisons betwesn treatments made.

Daring s previous %fiag of $his type individual lesions wepe
megsured, but due o the patuve of the lesions, and sampling

difficulties this method proved umsuitable.

Results
Tabvulation of resulls and analyses are given in Appendix X

and are summarised belovw.
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TABLE 15
Sceore of Disensed Leaves: Effect of Tempersiure and Type

of Plaat on Manifestation {Secres per plot: of 4 planis.

Maximwa possilble 180.)

%@@%@3@%&?%' 40% | 50° §§§ ?éﬁ 50-75° %@ﬁ%&é %&%ﬁ %@g&i&*

70 o4 49 47 &4 324 84.8
80 |98 98 | 78 71 594 78.8
Soft-medium 81 [1o¥ 75 | 80 &6 5689 97 .8
Sofg-larze 107 BOT | es | 91 94 491 g8.8

oW oW e

Totals  |918 [406 (506 |273 | 205 | 1598
Vean 79.5 H015[r6.568.2] w3,y |

Besuld # A B3 c ¢ G

o %rgaiﬁﬁﬁgs‘@i%%.%%s same letter do not differ sigaifiﬁan%ig
at the 1% level of significance. © = 6.6%

Conditions for opbimum manifeatation of sympioms occcurred at
50°F. 4t the 1% level of %i@%ﬁfiﬁﬁ%ﬁ% $he average soors per |
plant at 50°F, was significantly above $that obbained from plants
placed in the 40%and 60°P. temperature eabinets during the period
of manifestation. Heither the score from plants held at 60° and
70%F, nor the score from plants held at 50°-75°F, on the glass-

house bench, differ significatnly at the 1% level.

These results indicate that the ophimim temperature for

18 ,
ifestation/approxinmstely 50°F and that conditions preveiling

in the glasshouse, where the avers. ¢ tesperalture was approzimately
83°?, gave similar results to those obeerved from the temperatyre

cabinets in the 60-70%7. tenmperafure ronge.
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- Host vigour also affected the degree %o which symplom we
wanifested. The smaller herd dype plands failed %o be as
severely affected duving this peried as the wedium sized plaanis.

gz

danifestation cceurred o a significantly greater extent when

the plants were large and sofd. {See Table 15

Symptons varied belween $hose planits held in the glasshouse
apd those echfined in the cabinets. The plants from the glass-

house developed zonste lesicns, while these were absent fyom the
plants held in the cabinets. This was believed to be due %o

the fluctuniting benmperatures encountered in the glasshouse.
{ii) The Effect of Hiscellaneous Pactors on Hanifestation.
Buring sarly observations when = ¢rial run on the effect of

temperatures on manifestation was being observed as 60°, 70% and

3%%?.§ ohaservations were also made $o see what effect alternating

tenperatures had on manilestation. It appearéd that plswbe zyowl

at lewer tenmperatures and then subjested Ho 3699 for two days op

more, manifested synploms in excess of plants remaining at the
lower temperatures. Subsequently it was observed that at 80°F.
the compost in the pots became very dry, sconer than that in

pots held at the lower fempsratures, due toc the hesting zlobes

being on for a longer periocd and the presence of forced alyr

eirenlation. If the pots at 80°F. were kept moist by frecuent

watering, symptoms did not developr noticeably at this temperature.

Thms 1t appeared that wilting may favour the growth of the leslons
during the ma

nifestation period.
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This was later confirmed by letting two seed trays contalining
32 diceased plunts, become very 4ry. (Another pair were kept
moist for this peried.) >§§§f2$§@&§ water was aggzi%ﬁ to 2llow
these planis, whiech all %il%aé #uring the day, to recover during
nizhts These planits were held at temperatures faveurable for
manifestation in the glasshouse, Affer ten daye of this treatment
the %g%?%ﬁgﬁ expressed by the planie @%ié& were allowed to wiltd
were as%%%&%%}§~§§§@ severe than sympboms expressed by the other

Zroup.
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Discusgion

The deseription of lesions obaerved and recorded here is in
general agveement with those described by other authors for
speciss of

Felson 1¢55, Padhi & Snyder 1957, Wells et al. 1957).

Stemphylium. ~(Dippensar 1939, Heergaard 1845,

¥hile lesions of 34 befryesum appear to very similar to those

esused by speecies of Altermaria the temperatures favourding the

development of Alternmaris spp. on thelr hosts are above those

recorded for J. botryosum (Mebousld 1948, Heery

saard 1945,

Jdnckson 1959, Hilsey 19483 ).

Host suthors, however, state that the favourable conditions

for manifestation of the sympioms of disease vecur during s

certain sesson. Dippenasr {1959) made an attempt to study the

effect of temperaiure on the development of lesions but confined
these studies to a period eguivalent to the incubation pewiod

previsusly discussed.

s will grow readily

It is interenting to observe that the fungu
at 80°F (27°C) on culture media but is favoured by lower
tenperatures when growisg é%>§1§§%§w Dippenaar (19358) and
Padhi and Snyder (1954) have observed 2 similar relationship

Host vigour is a wvaery nebulous term as Yarwood (1959 has

showm. Tn this study, =ince sowlng dates and pricking out
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&

daten were 2ll sismilar the dlfferences in the size of the plants
at the time of experimentation were considered to be due to
different degrees of host vigour. TYarwod eonsidered host

¥i$'a§ may be segatively or §§$i§;¥%1§ corelated %i%% infection.

&ﬁﬁ,ﬁggﬁﬁzfiigggi consider %Ewt Emgg.@; suee ﬁi%ﬁﬁ growth,

resu¥¥ing iv weak eell walls Being veadily g@g@tr%%@ﬁ o destroyed

wmay sggravate the disease. This study bas confirmed

by pathogens
that » vigorouss host plant with large soft leaves is move
gum than the less vigorous plants.

seriocusly affeoted by 5. bolryosu

The complete implication of this portion of the study in

relation Ho the enviyonment is= discussed later.
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S %r@éﬁ%ﬁian.éf,igggﬁiag,

Beecause both conidia and ascospores may serve as inoculum
for disease developneni, consideration must be given to the
production of both types of aspores. It was thervefore nscessary
to demonsirate the pathogenicity of both spore ftypes before a
siudy of the disesse cyele was underitsken. In this way,
further studles could be correctly developed snd reiated $o

field observations.

Hocks Pestulates were earried out using %&%& @9§1§§§ and
ascospores. The methods used haove been detailed previcusly.
Both types of sporves produced similar infections and lesions
following inceulation. This was also observed by Padhi and
Spyder (1954). They state that botr conidia and ascospores

ay serve as incculum. Dippenaar (1999) observed that conidis

were only responsible for the spread of the diseane in the

During this study it has been observed that comidia are
the only inoccwlum of imporitance acting as both primary and
sggondary inoculium.  Ascospores have not been found in
nature, bul experimental evidence suzgests that these spores
may provide primary inococulum and perhaps in some cases secondsry
inoculum. The imporitance of the latter is however insignificant

when the extent of the production of conidis is considered.

Conidia may be produced during the Hanifestation period,
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or at a later stage, from the conidiophores originating from
the dead host tissues or superfiecial amyceliuwm. Feritheelisn
producing ascospores appeay only after prolonged periods of
suitable environmental conditions on dead host tissues

or other organie material.

Beeause of the relative wnimportance of ascospores as
segondary inceulum in the field, and since the development of
perithecia with the subsecuent producition of ascospores is
goncerned with the smrvival of the pathogen from sesson to
season, this type of incoulum is coneidered 4n the section
on survival of this organisn.

Produetion of Conidia.

The deseripticn of the production of conidia on culiure

pedin is applicable zlse to the production of conidiza on host
plant material. There are one or iwo notable differences
however. The conidiophores produced from the central ares
of lesions supporting epoerulation were veyy shord and usually
unbranched. The length of these conidicphores was freguenitly

1ittle different from the length of the conidiaz. Yhere

gonidis were produced from surface mycellum, which 2t times
ramified over the surfsce of the bost, the msithod o¢f produciion
of conidia was identiozl to that found on culiure media.

During favoursble conditioms, the density of productien of

sed the normal

eonidia on the host plant avpesved to greatly exe
density of conidial production on ertifieiasl media. The

eonditions whick favour production of conidia are often discussed




in relation to sporulation om artificial media, {For example

Wolf and Wolf (1947), Stackman and Harrar (1959),

{1958), Miller (1955), Diener {1955)) The facitors which appeared

$0 be most inmportant in influencing production inciuded the
type of medis, temperature, humididy, a2ge of colony and 1izht.
Investigations of the effect of similar factors on sporulation

upon the host tissues were therefore underizken.

Hethods

During trisl work cbservations were made %o {ind the
minimws time from inceulation or nmanifestation until production
of eonidia, A% normal glasshouse temperatures it was apparent

that conidia were %ﬁl?’??ﬁé&ﬁ%é during pericds of high

humidities. Conseguently observations were made on plants
held in high himidities obtained by coverinz them with
polythene, placing them in the high bumidity cabinet, or by
keeping the giésgﬁﬁage atmosphere very humid by freguently

damping gé%b

Resultss

Production of conidia ccourred on the central pordion of
the lesions, other conditions being favourable, éﬁrﬁgg/%%% fifih
day from the first signs of manifestation. Abundant production
of gomidia ocourred whenever favourable conditions were present
if portion of the leaf had been killed. The mo=t %@%i?é
region oi conidial production was at the sile of the original
ilesion and the density of the prodaction in sﬁkﬁy reglons

appeared to Hepend on whether the mycelium bearing the
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conidiopbores was superficial or @ééﬁi& the host fissue. In

sared to be

the latiter case, conidial production always appe

than that from the myselium ramifying across the surf

gf the hoste

Thus during favoursble temperatures (50° - 209%.) production

of inceulun may ccour five days after first appesrance of
lesions or seven Bo eight days from inceunlation, and was found

46 be most abundant when dead leaf areas were present. Usually

%&g%ai relative humidities encountered in the glasshouse
were not high encugh %o support conidial production, if the
plants %ayé covered with plastic sheeling or individusl plawnts

covered by plastic bags, sporulstion vcourred sfter 24 hours

from sizeable lesions at normal temperatures, Similarly plants

condldis within

held in the glass humidity cabinel developel
24 hourss %@@é&ﬁﬁi&& of conidis from plants in the glasshouse
eould be encouraged by reducing ventilation and damping down
%0 keep the planis and floor of the house damp during the day.

1% appears thersfore that relative humidities approaching

0% ars necessary for production of conidis, and that such
periods must be longer than those normally occurring in the

ew wag often cbserved on

glaashouse during the night when 4
the plants.




?@rﬁgw%ighﬁ plants ivoculsted with & suspension of conidia
000 conidia per ml. were held in the humidity
eabinet for 2 perdod of 24 hours before retuening them B0 the

eontalining

glasshouse bench. Sizx days fron when manifestation appeared,
the plants were divided into four groups of twjlve. Eight
plants were covered with plastic bass and four were placed,
uncovered, on the glasshouse bench %o aet as conbrols. Eaeh
group of eight planits vwere renoved do the respecilive temperature
at 40°, 50°, 60° ana 70°%F.

gabinets in the

cool store, operatin

Lesions on pairs of thess plants were observed every six

honrs mnd he denaity of eonidinl production was recorded afber

thirtysix hours. In the final yecording five lesions of

1 en. or over were selected at random from each but the two
lowent frue leaves of every plani. The density of conidial
production was compared using s 50X binceunlsy slcrosceope, with
& standard set of centimeter squares marked with from 25-250
dots per: sguare centimeter. (See Figure XI ). The individual
plants which had been subjeoted %o the high humidity were

agasenbled 2t rondon o ensure that no biss was introdunced

during reeording. Tesions on leaves of control plants whieh

had been held on the glasshouse bench had failed 4o sporuiste.

2o hasten recording these planis were not included in this

randomisation.
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wary of cbservations made al G-bourly periods.

s  [Sporulation commenced after| . =
Temperaturas |go following period id Hatua:
hig r@igii?% aas*éi%iege,_

é@éﬁg %@ §§%§§ ?ﬁf&%ﬁﬁ@ia“

?@%ﬁ%&%»

50% 18 - 25 hours A few young
i A . perithecvia present
80%p | 12 ~ 18 hours after 36 hours

7% 12 - 18 hours Abundant young
perithecia present
%ﬁ%@f %ﬁ %%%?ﬁg

{b) %&%@%xg of cbeervations on spore densities sfter 58 hours'
exposure 1o §¢§§ relative hunidities.® ‘

”§%§§gz%%%?%* o %@%ﬁ%%% %3&?@ %@ﬁgiﬁg }

1.12 ﬁgéé
2.18 0.862
140 036
ﬁa%% %g%é

%& {4 fe @%

#* Controlss §§*§%§ %@%@%@ﬁﬁﬁ?& and BH g? zgsﬁﬁggﬁﬁ‘vﬁﬁé
%@ﬁiéié §r%éaee§ ' :

# Figures refer o égﬁﬁmag iﬁ&%@?&%éﬁ in figure XT. .

These resulis are @Eﬁﬁfgfﬁgéﬁﬁaﬁ graphieally in Pig-XIT «

and in Appendix XI.

The temperature at which mazimun production of conidie
ogeurred was between 40°P and §§§%§ probably in the viciniidy
ot 50°7.

Conidis were produced mainly from aveas of dead tissue
or the larger lesions used for recording this trial. A large

area of dead tissue was recuired hefore sporulation oecurred.
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This was not in agreement with previous observations made in
the glaschouse, and on detached leaves, where sporulation
occurred freely under conditions of high humidities from lesions
of about 0.5 em. even though these lesions were surrounded with
live host tissue.

The only variable which seemed %o account for these
results was light. The observailons and recordings made
above were carried out on plants which had been held in
temperature eabinets in complete darkness except for Iigh’k-ulod
to make observations every six hours. In the glasshouse the
sporulating plants previously observed were subjeet to approximately
ten hours of daylight every twenty-four hours.

{4) Light.

The affect of light on sporulation was observed by using
mmunwﬂammpm,mumm {see p.128)»
Fight plants manifesting disease were covered with plastic bags
and placed in the light tight box for o period of 35 hours. A
similar group of eight plants were covered with plastic bags
and placed on the glasshouse bench. During the daytime
temperatures within the box and glasshouse were checked at
hourly inbervals e kesp tesperature variations at & minimum.
A% night the temperatures within the sox were similar to those
on the portion of ithe glasshouse bench used during this experiment.
After 36 hours, when the plamts outside the box had been exposed
to daylight for two periods of approximately ten hours, the
plastic bags were removed and the plants labelled and arranged



-~ 168 -

at rondon. 4 stapt was made fo reecord the resulis unsing

the method of ihe previous trial, but this wes podifisd.
Plants wers avranged sccording e %%@%§%%~§§§i§i§,%%ﬁf§%%§
produced on the smaller entire lesions, or not. On decoding
the labels, with one exception all plants which had been

axposed $o dayliizht were producing shundant conmidia oun =1l {ypes

of lesions, vhile those plants not expoved o daylizhi had

produced conidia only on the older lesions which involved

dend tissue, or on the dead tissue itself. This was
gongidered sufficient proof i show that light was essential

for the production of conidia from the smaller entire lesions.
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Duving this serisa of investigations on the production of

from the

host plant, it was apparent that & high

conddia

relative hunidity was required befors cvonldis were produced

from leslons of any dype. lLesions became potenitial producers

of conidia at temperatuves between 507 ~ 80%F. abount one week
affer incouiation and infection, =2nd appeared to vreach a

of the letituce

mayimus wvhen the lesions esused denth of aress

s time reguired for the appesrasce of

leaves. The niniwm
conidin from established lesions ccourred during the higher

ed afier 12 ~

temperatures {667 - 76°F. ) when ocomidis appen

18 hours exposure %o these vemperatures.  However, it is
interesting to node that the most abundant preduction of
conidia resalted a% temperatures of 50°F. The different

obably &

- temperature reguirements for these %wo processes is pr
reflection of the effevt of bemperatures Lirstly on the growth
of the fg@;

i wyoslium and the production of conidiophores,

and secondly, on the developsent of the conidis. The higher
tenperatures favoured growth of the fumpus on culiure media

{pe 42 and alse apparently on the dead host materdial. However,

the lower jemperature s$ill appesrs te favour the production of

nidisn. Hutchison and Ashion {1930) observed within certain

limite, that the time of sporanlation is an inverse expression
of the rate of growths I% appears that $his is also applicable

to the production of conidis of S. botryosum on host plant

Light bas & marked effect on sporulation of solondes
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%%@%ﬁ%g‘éﬁ artificial medis, pardicdsrly 1f ipcceunlum iz used

from eultures several times removed Trom the origiral ieolate

ilturing:. The effect of 13

ght ineressing

by successive subt
3@%&%&%@ %ﬁ ariificial medis was @ﬁﬁﬁiﬁmé to be due o it
supplementing a regnirement not present in the media, but
provided by isolates not far rewoved from the host. However,
beeanse light is aiso remired for the production of conidia

er entire lesions on hosit material; it may have a

‘di~rect effsct on the fungus itself, Inducing it %o produce

and store some easentinl fnotor necessary for sperulation.
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8, Liberation and Dispersal of Incculum

Conidia constitute the main type of field incculum and
are consldered kere in this sectlion. Heeause ascospores are
formed within the perithecian which are the bodies concermed

with the sury

iwal of the hont from sezson o seasnon, their
liberation is considered sepsrately in thet section on survival.

{rage 177).

I% is very importent $o know what conditions caume
liberation of the pumercus conidis produced on sporulating
host plant materdsl. The presence of suidable conditions for
liveration and dispersal of conidia largely determines o
what extent the disease will spread in 2 particular erop or
distriet. CGregory (1952) states that "most funzi show @%@fﬁﬁ%@?@
whiech heavily bias the spores fubuvre, favouring one dispersal

route and restricting others®.

Bye and Vernon (1952) have reporited that the majority of
spores collected during servoplasne flisghibs at varicus albtitudes

in Hew Zesland belonged o =six species, btwo of which were

Stemphyliom and Alternarxda. Both these speclies have
comparatively large spores. Beeause air dispersal had been
obaerved by these authors and was readily demonsirated in the
iaboratory,; cbservations were made on the effect of differing
temperature and humidities on liberation of spores into a

gentle alr sireanm.
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The pifect of Tewmperabure and Relative Humidity on

Liberation of Inoeulum:

Haterials and Hethods.

Spornlating plant material or cultures were placed in o
gentle air siream produced by a "Roboth# type fan enclosed in
a tube of polythens. 'ﬁiééﬁgaags slides thinly smeared with
vaseline were ?E@%@éréﬁ the air stream at an angle of 60° from

the horizontal. The apparatus uszsed is iplusitrated

gramatically i§ §i1§§§rati°n 20,

Very few spores were found on the slides when the
sporulating giaﬁ% materisl was %é@ﬁ, This method was
disearded in favour of sporalatine colonies growing on artificial
media in 90mm. Petri plates. The density of spore production
on volonies of a similay type and age, and their liberation was

found to be very similar. Using these colonies it was possible

to expose a lavger aporulating sarface 4o the alr sbream, and
the curved sides of the Peitri plates probably helped $o direct

the 1iberated conidis towards the prepsrsd slides.

In the apparatus described above, 1t was possible to

regulate the %@@?@3@%&@@ of the air stream using the heating

coils of the "Robot" fan %ggé heater, By regulating the period
the coils were heated for,the temperature within the plastie

tubing could be maintained at bebwesn 75° - g3%p.
Humidity was increased by drawing the air passing through
the fan over a series of water troughs in which inverted wet

# Trade Hame for a domestic type combination fan heater
maruiactured in Chrietchurch, Hew Zealand,
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flower pots stoods This arrangement was bullt inside the
Mﬁltj‘ eabinet and air used by the fan moved over an area
of approx. 11 sg. feet of water trays in which the Zamp inverted
flower pots were standing.

All observations on libonueﬁ of spores were conducted
during the morning in the glasshouse building so that temperature
rises and fluctations, encountered in this building during the
afternoon, were avoided. Air temperature was controlled by

means of a heater in the room.

Using a similar group of sporulating cultures for each
set of observations, one plate was placed in a marked position
in front of a treated slide for the reguired period of time and
treatuent. The culture was then discarded, the slide labelled
using a code t0 ensure later anonymity during recording, and
another slide and culture placed in position for the next
treatuent.

To record the effect of the increase of temperature on
spore liberation, pairs of plates were selected and the first
exposed to the airstream at the air temperature of the room for
the reguired period of time. The other plate was then placed
in the air stream and the temperature regulated to 75° - 85°F.
for the same period of time. Observations were made after
10, 20, 350 and 60 minute intervals and were repeated on four
different cceasions.
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A similsr procedure was followed when the effect of the

increased humidity wae cbserved.

The labellesd slides were arranged according to 2 randon

desizn and the results assessed by cbserving the densidy of

spores present on the ceniral arsa of the slide under a 50X
binoenlar microscope, and comparing thess with the standard
centineter sguares illustrated in Pig.XI .

Uonidis were relessed immediately heat was applied to the
airstresn moving scross the ouliures. Resulds dndicste that
this liberation ocourved during the firgl 10 minutes of the

heat treatme

nt, but it was subseguently establlished that 1
mimite was sufficient to relesse the majority of conidia found

on the =zlide.

The effect of the highk bumidity on spore liberstion was not

weasurable with the apparatus or method of recording used.

Resulte are presented in Appendix XII.

The various agents available for dispersal of conidia of

Stemphylivum botrygsum may include wind, rain, insecis, man and

eultural procedures. Because of the resulds of dispersal
observed in the field, $he latter two agents are considered to
be vnimpordant. Disperszal wss not consistent with that caused
by insects due to the rapid spread in loealised sress In the

abrence of any pests eapable of caryrying vonldia in the manner




- 173 -

indicated by the area infected. ¥ind and rain are considered

+0 be the two maipn factors concerned with dispersal of conidia.

Water drops running off leaves of infected planits with
sporulating lesionms were caught on filter paper. Spores were
ofben Tound in these water drops, indicating that the spread
over a particular leaf or plant may be f&%izi%a%eﬁyby water

movenent.

Pwo plamts, one infected, and one healthy, were pisced side

by side on the glasshouse bench with the infected plant slighily

below the level of the healthy plant. The glsashouse was kept
very humid during a period of wel weather and sporulation

cocurred. After =z period of a week, the leaves of {he healthy

plant above these infected leaves %%@%ﬁe‘éiﬁéaﬁﬁdifﬁa These
plants were placed in such 2 way thet air movemeni would not
make their leaves touch and care was taken 0 ensure that no
%@%%r was splashed on them. The éalg way by which the conidisa
eould leave the spprulatis, leslions and cause ianfection on the

healithy leaves above thesm, was by movimg through the air.

{See illustration 21 J.

Spread of the disease through a erop of letiuce was

gonsistent with dispersal of conidia by air movement.




Of the various agencies which may cause dispersal of

conidia of S, botryosum, water in the form of dew or raim—dreps

may spread eonidis over the vlant oy 4o nearby plants. Air
movement sppesrs to account for the dispersal of the majority

of spores in the fisld. However before a §§3§% can be dispersed
it must be reléased from the conidiophore. Hirst (1959)
considers that thisz demands the removsl of sonme rvestralning

influence.

Observations indleated $hat the vioclent asetion of
pimulated rain may be sufficient to dislodge spores from
eonidiophoreas. However, iﬁ?%g%igﬁgiﬁﬁ% have alsc shown that
an inerease in temperature resulits in the removal of the
ga&%g%iﬁigg influence attaching the spores o the conidiophores.

The changes in relative humidity aleo investigated in these

triale failed to indicate the effect of this faelor on spore
liberation. The effeet of the risze in temperature on spore
liberstion may be due either to a direet tempevainre affect,

or t¢ the combined ingrense in femperaturs asccompanied by =

reduetion in the relative humidity. Purther investigations

on the liberation of iﬁ@éﬁl&% in relation to changes in relative
hunibity were not pursued becsuse of the practical diffienlitiss
involved and the amount ofwork that would be reguired to
ageurately measure the effect of this factor. %&aﬁ work
would be in exeess of the practienl imporitance of this problem.
It wae considered sufficient to observe that conidis were

readily and guiekly released during short exposures to high
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tenperatures.

Similar observotions were made during the exawination of
sporulating lesions on the microscope siage. If the
illuwwinating lamp was brouzht foo close $¢ the stage, the
heant frox the Tulb would cause rapid less of conidia which
either fell off or were carried away in air curremts. However,
changes in relative humidity from 1004, used to induce
spornlation, %¢ noymal room humididies, or vice versa, failed
t0 cause 2 simllar loss of conidis from the conldicphores.
Gregory {1952) and Inzold {(1953) comsider that, particularly
with %g%é%ﬁ borne %ﬁ~§%ﬁ?§ﬂﬁﬁﬁi§§¥§§§?%%§ 2 rising kemperatare

and fall In Wedfilty are imvortant eauces of spore liberation.

The layer of calm air about the leaf surface is smallest

iy the daytime {(Ingold 1953)., This author considers that

conidia born on shert conidiophores {as those produced by

8. botryosum and affected by the above factors, are liberated

mainly during the day. Conidis therefore may be abundant in
the air during the dayitiame but durlng eslm nights they may be
deposited on susceptible hosts. Oregory{1952) considers

that during rain 80-90% of the spores the size of those

produced by 3. boiryesum would be brapped and carried io the

earth by the rain drops. Therefore, raln may remove spores of

Se botryosum very effieiently from the asir snd deposit them on

&

susceptible hosts.

Gregory's statement {p. 169) concerning the methed of
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dispersal of spores appears to be applisable to the conidia

pfoduced by S. bobryosum om letiuce, where the conditions

whiech favour spore libepation and dispersal are suchk that
gonidia are given s falr chance of continued development should

they reach a suitable hkost plant.




During field surveys growers repeatedly stated that if
they grew winter lettuce in the same area for a period of
three years, they would nomally get three good ecrops. IF
they used the same area for winter lettuce production again
during the following season, or successive seasons, leaf spot
became troublesome and would often cause serious crop losses.
Examples of this were often seen during field surveys.

Thene obmervations all indievted that the “ungus must
survive from one winter to another in the same area to
reinfect subsequent winter crops, producing eventually a
very bigh level of potential primary incculum irn that ares.
It would appear that this occurred after the Shird season
to such sn extent that subseguent winter leittuce crups were

often & fivancial loss to the grover. Hany methods are available

for the survival of pathogens from one season to another in
the soil or om plant debris. (Waksman 1944, Stover 1859,
Garrett 1958). Thus,it could be speculated that one of
several methods (viz. survival on crop or other organic matter
of the soil,survival as an active soil saprophyte, or as
dormant mycelium within the seil) may be available for the
survival of 5. botryosum irom one season Vo another. Ihis
organism also forms perithecia which have been considered by
some authors, for example Petzer (1958), o be the hodies

responsible for the survival of Stemphylium botryosum from
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senson o season. Alternatively survival umay be by means of

al speres present in the soil, or c¢onidia produced
fron lesionse opn other hosta. These methods of survival would

#13 be censishent with Pisld oheservations on the soonrrence

and Tirst apnesvane

n of 8. bobtryosum on laiiuce.

Heegsard (1945) has recorded spores of S. bobryosum from

lettuce seed. Thus sureival and ivtroduction dndo a
particuler ares may be by seed~borne spores, but normal
survival by thiz method is not conslstent with the observations

made durdng fleld surveys.

Investigations were underdaken o determine by what

methode B, bolfrycsum may survive Irom season $o season do

reinfect creps durding the late subuun.

Iovest

Due b0 the mamner of infestion cbserved cu winter c¢rops
grown in the seme area for several seasons the soil was

snapeeied as being the maln source of primsry infections.

Investigations were therefore first directed to deternineg

whether or net B, boltrvesuw survived from seamon $o season

within the scil and, if so, in what form.

Durding investigations on the host range of ispglaticn
from letiuce it becams apparent thet survival nsy ooour on

% the summer

ariouns weeds if the fungus could exist durin
months on theze hoste. A4 study of this methed of survival

was alae underiaken.
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sunmey 5. bobryosum is rarely seen on harvested

lettuce heads, H

owever, daring the susmer period 196061,

leaf spots coused by S. botryesum were often locsted within

letiunce ¢ropss Thas & thirvd type of savvival, viz. on the

host plant, was investigated.

Peritheclial produciiens coceurred freely on sitraw placed

W\z

# swrtificislly inoculated moil. It was considered that
survival in this form may zlso cecur from season $o senson.
Conseguently development of perithsein also reeeived sone

SONBELAErRiiois

Saberials and Leuhods:

val within the soil:

pp soil in siin.

{1;  TDirect infeetion fy
To determine i¥ plants srowing in artificially inovulated
‘mouil and soil collected from a heavily disessed bloek of letiuce
would develop infeciicns if the leaves made contact with the
soil surface, o series of seed boxes measurisg 7% x 12% z 147
were half-filled with three {ypes of smoili-
{a) Sterilized soil
(b} Sterilized Foil inosulated with diseased leaf tissue
{e} Boil coliected from a diseased bloek of lettuce.
One dozen seedling lettuce plants were planted in éach box.
1% was observed by chance $hat where soil from (b} or (&)
was seattered on the leaves, infeection by JS.bofryosum or

areas later colonised by ., botryosum would cceasionally ceeour.

This was investigated Parther.
{ii) mireet Infection from Soil Arplisd 4o Leaves:

Samples of soll were collected from the enidtivated zone
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of several letiuce creps in the Obaki distpicts. Sanplss
botes

from one particulzr crop beavily infected with 8. coum

were collected on 7 and 14 Septesber during hsrvesting, on
£1 September alter harvesting, and on 4 Ucbober alter the area
had been deeply ploughed. A sample was alse collecied own

21 April the following auvtumn.

Jamples of the sovil were sieved throush o fine wire nmesh
sieve and held in = plastie bag %o prevent loess of molislure.
Sinilar cuantities of sierilized soll were prepaved using the

sane nethod.

Prior to inceniating with the soil, the planis were
aprayed %0 the poindt of run-off with sterile water. TFlanis

hily dusted with the soil from

in one paliyr of boxes were then 1ig
$he field, and the obher paly with the sterilized soils. After

24 bours in the high humidity cabinet, the bozes were labelled

using & cede and placed in random order on the glasshouse
@@ﬁ’@hv ATbey one week in the @@gﬁg&;ﬁ}g@;e the §m-§§§ wers

and placed

washed and any leaves with lesions were removed
in & pebril dish iined with mdat filter paper. This induced

the formation of conidia if . botryosum was present. Individ-

ual spores were removed and cultured on F. U, A. to confirm the

identity of the fungus, Some of the cultur

e s0 produced were
used for production of conidis which were laoter inocculated on

to letiuce.

- This series of experiments did not give conglusive
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evidence of the methed of survival in tke =oil and further

attenpts were made to ascertain by what method savvival
oceurred.

{1ii) Dilution Plate Wethod:

This method, describved by Carvett (1951), was used in

an endeavour to isolate 3, bolryosum from various $ypes of

spil. Une gram samples of aly dry soil were shaken with

¢ mle. of smberile water. These suspensions were diluted
serially five tinen 2nd 1 wl. alacnates were plated on to
Pe De Ao mnd Prune Agar. Taplicate series were made on to
each media and eight samples of soil wers used. Four samples
were taken from the soll obilained frem the bleek of lettuce
infected with 5, botrvosum st Obtakl, andfour from artificially
incculated soil maintained in the glasshouse. Plates with 20 -~
30 eolonies were selected for further culturing and identification
worke.

{iv) Soil Plate Hethod:

Yarcup (1950) devised this method for isolation of soil

I% is said to record more species than the previous

method and favours the medium %o fast growing fungl (Warcup 1959).
Gel = 0.2 grams of soil were distribubed evenly a?aryﬁkg surface
of Po Ue Ao and Prune Agar in 90 wmm. petrd plates. These

were then incubated a2t 24%;, Twenty samples of the soil Irom
the Otaki proverty and twenty samples frewm the sriificially

inoenlated soil were used. As cultures similar to Stemphylium

developed, they were removed on to P. D. 4. for continued
growbth and identification.

{v} Imszersion Technicues:
& modified method of Paeller and Durrell {(1857) usine




individusal capillary tubes was iﬁﬁestiga%eﬁ. ﬁa%il}ary

tubes were prepared by drawing out 2" glass tubing over a

bunsen urner. Then cool these tubes were filled with P. D. 4.,
using a2 vacuum pump, and plugged with cotiton wool. 24 tubes
were inserted into artificially inoculated soil at depths of
from 0.5 = 10.0 c.me A similar set of tubes were inserted

a% varying depths into the soil sample from the Otakl property.
Both soll samples were held in deep trays on the glasshouse
benche The capillary tubes weré broken immediately before
insertion into the soil to ensure that the P. D. A, was

sterile.

On every second day for one weeE; eight tubes were
removed from the soil. The %tips of these tubes were broken
off and placed on Prune Agar. As fungl grew out from the
tubes hyphal tips were removed and transfeﬁred to P. De A,
for subsequent growth and identification. |

{(vi) Hyphal Isolation Technicuet

1. TFrom Soil Particles:
Warcup (1955) developed this technique after
observing that fungal hyphae remain in association
with the larger soil particles after shaking a
soil and watber suspension together and removing
the finer suspended material. Using a binoccular
microscope and 90X magnification, soil particles
were broken apart and hyphae removed using a
mounted needle and forceps with a very finely

ground point. These hyphae were plated on to
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pruane agar uaxil_grswth commenced.. ﬁyghal tips

of colonies considered to be similar o

S. botryosum were removed and plated on to P.D.A.
~ for subsequent growth and identification. o
Artificially inoculated soil was ased.t
This was a maﬁifieatisn efy%are&p’sﬂmethsﬁ. It
was observed that much of the ergggie material was’
lost when the sa8§endsd Qgterial was geareéuaff
from the larger soil particles. ,'Tke érg&nic
material %&%yre&eveé from the séilyky ahaking the
goll with water and removing the material which
floated o the surface. This material, after
several @gshes in sterile water, was examined in
a similar way %o»the soil particles described above,
Both artificially inoculated soil and soil from
the Otaki property sample were used. o
(vii) Isolation of Spores from Soil Samples from the Field:
The method described by Ledingham and Chim (1955) wa.s
used to determine if the soils causing infection when dusted

on to lettuce plants contained appreciable numbers of spores

of the Stemphylium type. A thick paste of the alr-dry soil
was prepared using a migeral 0il of medium viécgsity. This
was shaken with water until an emulsioﬁ ior&ed,gnﬁ,thenﬂsteea
aside for several minuzesf ,‘Theylarger spores present in
the so0il separated out with the eil as it,?sée'ta‘ﬁhé top of
the test Iubes. Samples weré yiyéetted on to gliﬁea and

nicroscopically examined for spores of the Stemphylium type.




- 184 -

{viil) Straw Burial Technigue: |

Thie method, originally devised by Sadasivan (1938) and
adgpted for laboratory or field work by Garrett (1956) was used
on seil samplen from the field and also in artificially inoculated
20dl seven months after inocemlation. Harley straw, sutoclaved
for 10 minutes a2t 15 p.s.i., was buried in the various asamples

of soil for 2 perded of six weeks; during which time they were

kept wolst on the glasshouse bench. After this period, the

2

decompoging straw wne removed to the Inboratory for examinstion.
Some smamples were subjected to 1005 relative humidity in petri
plates lined with filber paper sonked in 1% glucose sclution.
Other samples were ezxamined upder the microscope for typieal
fangal stractures, partiealariy in the central ecavity of the
straw. Any perithecia which developed were removed, and
subseguently uned $o inoeulaie plates.  Ascospores likewise
often helped identify the perithecia snd were used as inoculum
for plates.

{ixz) Lettuce Burial Technigue:

This method was a modification of that described above,
uing letbuce leaves in place of straw ¢o determine if any
selectlion of fungl occcurred. Unforiunately decomposition of
the leaf was too vapid fo permit it to be of much value for
subzequent produetion and isolation of peritheecin. If affer
burial the leaf was subjected to high reletive bunidities o

infuce conidial productlion, bacterial rols guiekly developed

and usually prevented sporulation of fungi.
{x) Survival on Dried Host Haterial:

To induce dormency and observe how long the dormant
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myeelium remained visable, diseased lettuce leaves were collected
from artificially incculatéd plants on 12 Februavy 1960. At
regular intervals for fourteen months samples of these dried
leaves were removed from the envelopes in which they had been
stored in the room adjoining the glasshouse and placed on glass
slides in petri rlates lined with moist filter paper. Ubser-
vations were made after twentyfour hours, andlafer, 1if necessary,

to deternine

the extent of a%ﬁfgi%%ﬁ@a, and azzin afber seven

days 1o dedermine if perithecia were forming.

{b) Investig

ations on Survival on other Hosys:
{i)} 7Pield Surveys:
During visits to properties where letiuce were grown, &

collection of leafapets fypienl of Stemph

yiium species was
made from weeds and other vegetables. The lesion= wers cut
out from the leaf and subjected to 100% relative humidity as

deseribed elsewhere., After 24~36 hours, the lesions were

xamined under the binceuler microscope for spores similar to

Stemphylium Svp. sampiks of these spoves were removed

individually on ¢ P D. A. for culturing and subseguent
identification. Conidia from the cultures identified as

Ss botryosum were incculsted on %o a group of six letiuce plants,

and three planis were inocnlated with conidia known to be patho-
genic. The plants were 1@%@11&%; held in a high hamidity
cabinet for 24 hours then removed o the glasshouse bench until
expression of symplioms cccurred on the three plants used as
"infectlon contrelis™. 4 similar groupoof three contrel plangs

were sprayed with sterile water and moved with the other
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inceulated plants. Similar pathozenicity lests were used
on the original hest i the isclate was pathozenic to lebtiuce.
This method was alse used in the later investigaticn on neadland

geedg.

{ii) Host Range Studiess
Conidia from culbures of S. botryosum isclated from lettuce

were inoeunlated on to = wide range of planis reporied as being

a host of this fungus. DPetails of this investigaition concerned
with the taxomomy of the New Zealand isolate from Lebbuce, are
given in the Chapter of this study deveted to "The Fungus®

{see p. 59 }o Comsideration is alus given tc this here

beeause of the possibilidy of survival on other types of hosis.

{iii)Hendland Veeds:

& thorough collestion of all $§§§$>§f leafspote found about

the headlands of market gardens in the reglion of the previous
season's winter lettuce were made daring summer 1980/81.
Lesions collected were sujjected b0 2 high hunidity and conidia

‘botrvosyn were

obtained as deseribed previously. Cultures of 3,

grown and conidia used o inoculate lebttuse plants in  the
glagshouse, Detaills of inceculstions ave sinilar bo those used

in Hethod B 1 above.

{e) Iinvestigations of Survival on Lebbuge:

Lesions caused by S. bobtryosym on lettuce were often found

$o be present in late sprinmg and early summer. FPreguent visits

during Deceuber, Jarmuary, February and ¥arch, were made %o
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lettuce crops about Palmerston North snd Gtaki to determine

the incidenve of the disease during summer.

from soll using straw, it was observed that %gri%ﬁ%&i% of

2. botryosum were ff%%&%ﬁ%i? present. Observations were

therefore made on the development of perithecis and on the
produetion snd discharze of ascospores.

{i) Develomment of Perithecin:

The development of perithecia was cbserved by incubating
infected dried leaf material at 24°C. and followinz the formation
of perithecin from first sppearance until ascospores were formed.

{ii)  Discharge of Ascospores:

During the previous experiments already discussed, the
effect of temperaturs on the formation of perithecia was
observed (See P, 41}«

Observations on the effect of various envirenmental conditions
on diseharge of ascospores were made using artificial culiures
on lettuce decoction agar. On this medium it was oboerved that
the majority of perithecis produced moture zxﬁ%gpgwﬁg after
8 weeks' incubasion at 24°C. Pairs of ecultures of this sge
in petri plates were subjected to the various treatments
outlined below for one week.

1. laboratory temperature {58°F - 84°F.) indirect light

with lids vemaining in place.

2. As for 1, but plates were not exposed to light.

%, Exposed, on o window ledge faecing north, fo direct
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sunlizht. Potri plate 1ids were nodt removed.
4+ Exposed to alternaiting perieds of eold and warmth by
subjefiing the cultures %o 0%C. for 24 hours followed
by at 24-hour period at 24°C. No light was provided.
Plates were subjected to this treatzent for seven days.

5+ The plates were buried in the soll se that the lids were

finsk with the s0il suarface. imum femperatures on
the soil surface were as low as 40°F. during the week

plates were in position, and during the day they

- were subjected to light and heat from the sun.

&s One pair of control pisnkes remained at 24% for a
pericd of one week.
%o determin

what type of spore discharge ovourred, the iids
of these pelri plates were coaded with a thin layer of P.D.4.

If spores had been likerated by expulsion, colonies would develop
on the P.D.A. sbove the perithecias 4 similar technigque
illustrated by MeDonald (1958) suggested this method.

Pathogeniclty tests on lettuce were carried out with
sseoppores, and with conidia derived from cultures originating

from 28008088

Longe¥ity tests on ascospores fyom perithecia produced on
artificial 5@3%%@33 and held at laboratory %eﬁgega%ares were
performed st regular intervals for five months. After this
periocd of time obmervations wers discontinued owing fo nite

infestation of the colonies.
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{a) Zeemlfs of Investigations om Survival Vithin the Soil:

P

{4) Mreet infeebion fron the e0il in situ:

Results obiained from this experiment showed coneulsively
that both malurally and artifisdally incenlated soll are capable
of transmitting the f the =0il.

Observations led to the development of the next technigue.

angus o healthy plants growing in

{ii)  Dbireect infection from the soil applied to lsaves:

Typicsl vesulds obfanined with this method are recorded in
Table 16 , using o naturally infected soil. Soil sanmples
taken from the same area ofl 4.710.60 afier the diseased crop had

ughed in failed fo cause any infections yielding

Details of the other resulis of other investigations

using this methed are re

gorded in Table 17 . Conidis from

cultures originating irem iesiouns Qeveloped in this experiment

were patbogenie to letiuce in ail instances tested.

{i331)

Pilution Flate Techunigue:

Ho enlture of J. bdeyosum were isclated from dilution

viates using P.D.A or Prove Agar when either naturally infected
soil or the artificislly imoveculated soil of the glasshouse was
tented. The main éiggé?aaﬁag@ of this method was that spreaders
guieckly over-ran any obher fungi pressnie

{iv) Soil Plate Methods

Ssveral cultures were obiained from variocus plates which

possessed Stemphyiium like characiers but it was later found that

ne S, botryosum had been isclated using this method.

{v) Iamersion Techniques:

Pungl similar do S, bo

ooum were isolated but subsecuent
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W

“%ggzg 17: 3@@@1@% of %e%%lﬁ ?%ris&g u§21 Ha
o Tresence of S. Bobryosusm Using “Soil. vasting
Technioue
Deseription of bate batve
Seil Sample: Collected* Dbserved Resulte
1.Wing Property,Block I, ,
Lettuce heavily infeeted 7.9.80 | 17.9.80 Few infections
geourred.
2, n 14.9.60 | 22..,60| Infections present.
3. * 21.9.60 |29.9.80 Enfae%i@ﬁﬁ present.
4.%ing Property Block I,
Lettuce heavily infected] 21.9.80 [29.0.80 (¢ infection present
during pfevious winter
$. Wing Property,Bloekllil, V
He lettuce for seven £21.9.80 |29,9.801H0 infection present
years
&.Young Property. , .
Lettuce heavily infected! 21.9.80 [|29,.9.80 Infection present
7.7ing Property Bloek I ; , ,
fisttace ploughed under 4.10.680 16,110,380 [Ho infeétion present
8.S0i1 artificially
incculated 22.9.80
{a) After & weeks 21180 [14.11.80 Infection present
{b) Afser 12 weeks 15.18.60 2,124,060 |inlectlion present
{e) éﬁ%&?-%‘gﬁﬁzkg 20.3. 81 |30.3.80|Infection present
9. Wing Property Block I |
Autumm f@il&%iﬁg 21.4.61 1.5.681 [le infeetion present
winter erop

the same day.

# Soil samples were colledted and inoculated

on to planits on
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identification proved these were no% 3, betryosum. They were

not ?ﬁ%&ég@ﬁiﬁ to i@%%aesg‘ Spreading

type colonies usually

developed from the capillary tubes. These fungi tended to mask

other types %ﬁé’?@f? soon swamped the entire plate.

1.

2.

shal Isolation Techniques:

- Fros soil particles:

Of the %%i%%g»f§g§-§}é§%5 of ?;é%% ag&f;ﬂall
inoculated with five fungal

A1l three Imoclates proved to be
pathogenie to leitbtuce. The soll particles were from
the artifielally incculated scil.

From Urganie Matter:

Pifty wsamples of hyphae were obtained from the s@g&%ﬁé
matter of both artifieially inceulated soil and soil

from the ¥ing property, Otaki, and seversal

Stemphylium~like cultures were obbained. Only

one lsolate was gg%h§§%§i@ to lettuce. This

isolate obiained from the soil from the Otaki

- property and later identified as 5. bot gyesaﬁ

wae only %ﬁ&kig'yatﬁﬁgeﬁié %@ 1&%%&3&; Eiﬁ
varied from other isolates af,S‘ botrye

preducing abundant conidis on 5 sparse mycelium,
a property retained after re-isclation from the
lesions of the host.

The bhyphal isolation methods, though successfyl,

were very tedious and hard on the eyes.  Because

S. bobryosum was isolated in very small numbers, this
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other types of larze spores were ©o
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method was not considered sultable for routine

detection of 3. botryosus in soils.
Isclation of Spores from Soil Sampleas

Very few S. botrvosum type spores amppeared, although

mmonly present. There was no

way of provimg the identity ef the spores cobserved. However,

S botryosum type spores were present se infrequently that this

method of survivel in the soil sanmples used does not appeay fo

be of inporiance.
{viii) Straw Burial Technigues

te

2o

Sporulation from Straw: |
Fungl similar o Stewmphylium species were frequently
found sporulating on the straw after high relative
humidity treatment. Some species sporulated
sufficiently %o enable collection of spores and
preparation of slides $0 be made for %i%r&ée%%i@

cbaervation. However,

8. botryogsum was not &
§§§§ifi§ spore producer on the straw., Onltures of

S._betryosws pathogenic to lettuce were obgnined by

spore isoliations, and culiure on P.0.A. only from
straw buried in artificially inoculated soil.

Pour of the culiures were ggi@@%&é/&aé the conidia
used $o inoculate lettuse. A11 isclates proved
pathogenie. Fo cultures of 3. botryesum from the
aoil sample obtained from Otakl were pathogenic.
Perithecial %r@éﬁ&%i&ﬁ:

Perithecia were frecuently found within the eavity

of the straw. By removing these and placing them




- 194 -
on P. D A colonies developed and sporulated.

d and used %o e¢stabliszh

Individaal conidiz were remove
pure culiures. IYature perithecin were sguashed on

2 microseope slide snd ascospore suspensions were
placed on prune agar. The small colonies developing
on prune agar were bransferred %o P. D. 4. for ouliure
and identification. Those cclenles ié&ﬁ%ﬁfi&é £

Ss botryosum were sub-culitured and conidia frem four

pelected isclates were inoculated on toc lettuce. One
gf these isolates proved pathogenic. Of another
group e fouw isolates, all proved to be ﬁ%%ﬁ%g@ﬁi@
6 letiuce. Ho perithecis from ths %%?gﬁ'%éfiéé,ig
the Otakxl 201l samples produced gﬁ‘ﬁagggﬁgé%*
{ix) lettuce Burial Technigue:
Dae to rapid decomposition in the soil and bacterisl
decay during imcubation in the laboratory, it was found that this
method was impraciicable.

{x) Survival on dried host material:

The fumgns in the dormant state remained viable for a
period of fourtecn months on the dried hest malterial. Resulds
of observaticns srs recorded in Table 18 . During the esxly
period of these chservabions sporalation was §§ﬁ1§fie when
dried leaves were held for 24 hours at 24°C, in 1003 relative
bumidity. Lfber nine months sporalation from the dried leaves
started to decline and was confined chiefly %o small sress on
the leaf.  FPerithecial gg@é&@%ﬁ@g likewise decreased, but after
fourteen months some spores snd imvature perithecia were produced

from the dormant wycelium indicsting thet the Tungus was capablse
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18.8.80 Diseas=d leaves removed from 32%2fi%iﬁé2§
inceuiated piants and placed on gi%%g&@aga bench
until dry. Held in envelopes in shed atiached
$o glasshouse.

20.4.80 Prolifie %ﬁsé@ggiéa of conidia after 24 he gr%*
ineubation in 100% relative humidity at 24

20.6.60 followed after 7 days by immsture g%ri%&%&ia

§ﬁ,%a§§ Spore production variable on different leaves,

22.9.60 caduetion of conidia and %@zﬁ@ﬁ@%&a@

12.10.80
17e11.80 Prolifie sporulation fyon some lesionsy other
o gporulation sparse. Only one guarter of the
22.11.80 samples now prodused conidia over complete leaf
, surface.

8.12.80

F1.81 Variable production of conidie on different leaves
and on different regions of the same leaf,

14.2.681 Production of perithecisz net as prolifiec as
formerly. ;

21,4.80 Observations discontinued.

of surviving on the dried host materdial for $his period.

Ohoervations were discontipued afber fourtesn months.

Conidia were used to produce ouliures which sporalated

fraely after

erposure $o suniight of uwlitrs vielet. A1l idclistes

;ed were pathogenic $o lebtuce and the eonidia so produced

wmanm aPdas nead dea sahdaden nae smldunvasn a? 5. hedevommes Pawv

thogeniclty tests.
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{b) Results of Investizations of

Survival on Other Hosig:

A

{1) Field Surveys:

from which 3. bobryosum was issclated. Bach isolate was

The following crops and weeds were found to possess lesions

inceulated on %o lediuce after s pure culiure was obiained fyrom

gingle conlidia.

Table 19  Pathos aﬁisiég of s, E&%gg@%x& Isolated §28$ Hosts

During Field ourveys

Suspected Host:

E&%&%@%ﬁi@ Pathogenie
o letiunce: |to Hosis

'Mi&?a§~§§%% i

5 B )

é@@ %%%@%%&

me plerachbus %)

Prince of ¥ales Foather
{Amarantima retroflexus L.)

Bo s

?gg {Weakly) |Yes {Weskly)

Yes . Ho

UzZeB

U378

ussk

U878

Ilsolate U230 fyrom silver beet was not pathogenic fo letituce,

slthough morphologieally similar durdng artificial eulture on

Po Be A

After inoculating the sow thistle isoclate, U2¢B on to

lettuee, small lesions ocourred which falled fo continue

ﬁ%?é?lﬁgi% *

Fricking the lettuce prioy %o inocculation did

not induece any better manifestaition. An isclate from the

same ares on lettuce, YRBA, vhile

rathogenic o lebtuce,
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infecied the sow Shistle only if the leaves wers pricked.

size of o ma isoiaces

Lesions then developed to o uuximue
normally pathogenic to lettues 4id not infect sow thistle
planis which were not wounded. Isolate UZ9E was less
vigorous om P. U A. media than normal letituce lsolates,

appeared to be darily pligmented, and produced abundant perithecis.

Isclate USYE was identiesl o isclaies from lebtuece in all

respeots. Heginfectlion of A, retrofliexus was not successful

deapite severul altiempis.

isclates UBSA from onion was not pathogenic to letiuce. It
produced identical colonies on Pu D. A. %o isolates from letiuce
buteonidia at fired similar o those found on lettuce isclates,
when sabjected b0 high humidities proliferated or "budded®” inm

one or moere dlrections to give o complex shaped spore.

Isolates UBTE from tomaitoes was ldeniical %o isolates from
lettaee on ouliurs nedin, but f8iled to be pathogenic to lettuce.

(i1) Host Range Studies:

Of the widely differemt types of hosis inceulsted with

ng and Selanus

isolates during host range studies Zimmia el

um were the only hosts which 8. botryosum isolates

pathogenic to letiuce repeatedly infected. Zimmia planis

did not support vigorous sevelopument of lesions. However the

lettuce isolates readily infected the older leaves of 5. nigrum
but no infections were recorded from the youngser leaves.

Bedavlation of the fungus from %Eé S nigrum plants and
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culturing to produce gegidia demonstratéed that this funzus was
morphologically similar %o the lettuce isclates in every way.
It would also reinfect either lebtuce o S.

nigrum plants.

This observation led %o a thorough examipation of weeds
oceurring on the h@aélagés; as a separate project from the field
BUrveys. -

{iii) Hezdland Veeds:

S. botryosum was isolated from lesions occurring on the

weeds indicated in Table 20 which were found growing on

headlands during Jamasry 196171 aad April 1961.

Table 20 Pathogeniéity of S. botryosum Isolated from

ﬁeaélaaé,ggeés
Hosd: Pathogenie | Pathogenic | Isolate

to Lebttuce: to Hogtzo ﬁeg

Solanum nigrum L | u79

Solanum nodifiorum Jace|  Yes Yes uss
(Elack nightehades)

U2

U3

o4

Polygonum persicaria I Fe - Usg

(Lady's thumb)
Sonchus oleracsus L No - U84

(éaw %histie)

During January, iselates of S. bobryosum were only obtained

from S. nigrom. Lesions were present on the older leaves close
to the gr@aaﬁ’gaﬁ were small and zonate, often without cenires.

During April, 5. botryosum was recorded from two other weeds but
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these isolates were not pathogenic to letince.

nodiflorum Jagg. and isolates fyom this

o
i

2lso cecurrsd on
gpecies were pathogenic $o letiucs. During the latter survey,
the majority of the mature leaves of boib species had large

lesions producing conidis éf‘%1 h&%rg@gﬁg, yzgl@alﬁgfg, the

isolate from Sonchus oleraceus %asréigiigthéV%§@,§ze?i§ag iselate

from this species. Isolate UGH {from Polyszomum sp) produced

eultures %§§i§gi sf the &a%éﬁga ig@i&@és bat with f%%&er more

slivm. 411 cultures from Solamum wizyum and

5. nodiflorum, were indistinguishable from the letiuce i=elntes,

were present in most leitiuce crops, particularly those which
ware sheltered with weed growith. lesions were seldom seen

cn the marketanle heads, bul were confined to the oulter leaves
in contact with the soil. THormally lesions in this position
are overlopked during observations of letiuce ecrops. AllL
izolates which were tested alfer subculiuring in the lzboratory

on P. De Ae proved pathogenic o lettuce.

{4) Results of Investigations on Survival as Perithecis and

{3 Development oi Perithecia:
The firet imdicaiion of perithesisl formation was when knots
appeared in the myeeliuvw ramifying over the surface of the lesaf,

Afper 72 hours incubation at 24°C. these bodies, first observed

at 24 hours, had developed into translucent spheres, apparently

MASSEY CCLLEGE LIBRARY
PALMERSTON NORTH, N.Z.
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composed of agsregated hypbas. éf%%f sever days. the young

podies hud become pismented and measursd wp e 92U R in
dismeter. Growitn conmtimmed at a X@@&ﬁéé rate and alter 14
days the young perithkecis, now possessing 2 short neck, were

sompletely black and beginning to hardien.

Agel were %%&%r%gé in orushed or sectionsd perithecia from
the tinme ?iﬁ@%ﬁﬁﬁﬁﬁﬁﬁ.ﬁfgﬁﬁﬁ&%ﬁa - One or two celled ascospores
were present in some perithecia from the second week. After
incubation at 24°C. for $hree weeks some LECOEDOTEsS Were observed
which appeared mabure, %a% the majority of perithecis conianined
asei with apparently mature sacospores during the sixth week.

A% this stage, perithecia messured from 320 n ~1$§%$,& in diameter.
‘@f 50 perithecis neasured al this siage, the majorily werse

bobtween 375 -~ 480 u in diameter.

(11} Discharge of jAscospores.

3&%@@@?&3 of the spoves osoured durin ﬁw&gﬁﬁ%giga

vinl conditiowe. Fhen pinten were &xg&a&é to extremes
of temperature for one week, {Treastmente %, 4 and 5] sniegtinated
80% of the perithecis from srtificisl cultuves discharges spores,
With smaller 2@%@%@%@%@@ variations, (Treatments 1 and 2)

spores were diseharged from beiween 30 - 0% of the parithecia.
Where the cultures were held ai 24%C {Treatment &) o very small

mimber of perithecis were iuduged o dischavrge spores.

The manner of spore discharge appeared $o be comparatively

passives He ascospores were sjected on fo the azar placed




above the perithecia. Hasses of mpores mevely exiruded from
the ostiole of the perithecisa and remained bound %@g@ﬁgsr'ia a
mucilagenous material, forming round shiny bl:ck balls on the
tip of the necks of the perithecias. (See iil&&%ﬁ&%%@ﬁ 22 e
These disintegrated if they were allowed to 4ry out/when they

ated rain.

were splashed with sisu

All suspensione of ascospores obiained from isolates from
lettuce were pathogenic to lettuce. Conidia produced irom
enltures derived fros sinszle ascospores also produced typieal

lesions on lettuce slants.

Perithecia held at laboratory temperatures or at 24°¢
for pericds of up to five months contained vishle ascospores,
providing no desiceation of the colonies had ocourred. g
the culbure bevame dehydrated, perithecia collapsed and ascospores

were nod viavley or in many cases present.
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Yiscussion.

Detailed comparative studies of methods used for isoclation
of Stemphylium botryosum from the soil, where it was suspected
of spending the summer months in the absence of crop plants,
were not undericken.  Hovever, it has been possible to make
some evaluation of the methods used.

The soil dusting technigue was successful in the isolation
of the organism from artifieially inoculated soil at all times,
but results of its use on naturally infected soils have been
inconclusive. This may have been due to insufficient sampling
or loss of the organism in a virulent form due to its low
competitive saprophytiec ability (Garrett 1950).

Pilution plate, soil plate, and immersion tube methods
failed to isolate J. botryosum from the soil. Samples used
may have been too small, but the main disadvantage of these
methods was that spreaders were invariably present which swamped
any slower growing fungi.

If sufficient samples were taken the hyphal isolation
technique on either soll or organic matter particles may be
a reliable method for isolation of hyphae of S. botryosum
from the soil. Unfortunmately the microscope work involved
is very tedious and is a distinet disadvantage if this method

were to be used for routinc isolation.
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Iselation of spores from soils is only of advantage 1f the
spores are very distinctive. Unfortunately individual
Sa

botryosum spores are indistinguishable from many other

species. This method %iﬁ not permit subseguent culture of the

apores ¢bserved.

The straw burisl technicue was considered to be the most
sm from the soil. Portunately

saitable for iseolation of thiz orgayd

5.potryosum conldia are produced aller 24 hours' exposure o

100% relative pumidity and providing observations were made
during this pericd isolation of this organien was not diffienlt.
However, after this peried nany types of spores éiﬁél%r e

Stempbylium speclies developed and identification of S. bolryosum

then involved considersble numbers of isclations and much

culdturing.

Peritheeia in the eavity of the straw were readily discernsble

and easily ouliured. ITdentification of perithecia with mature
ascospores was rapid. Beeause several other types of perithecia

mmature stage to those

were present and veyy similar in their i
of Pleospora, identification 2t this stoge was ecarried ocut by
culturing. Otherwise prelisinsry identification was made using

agscogpores, and single spore culbures eatablished.

Burvival appears %o ocour from seasor do seasen in the soil.
Tesiona ‘n the Tieold were neoually firai observed on the leaves
of the plants in contact with the =moil. Due $o infection
resulting alffer artificial incculsition with infeeted soil, it
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iz possible $had cultivation processes which throw soil over
the plants may help o provide primayy inoculum, Due to the
abzance of appreciable ﬁé%%erg of spores in the soil samples
uzed 40 inooulate the rlants, there was 1itile posaibility of
as inoculum. - Grabham and Jeiders {1560)

yliuvm speeies to survive in

goil born spores soting

ilinstrated the ablility of the

Stem

the soil by meintaining their stock ecultures on sterile soil.

In the glasshouse the presence { wootn could be

detected on artificlally incoulated soil samples after six months,
ut deteection in field soll was not possible sixz wmonths afier a
heavily infected crop was ploughed under. This may have been
due o ineufficient samples of the fisld soil being taken or
perhaps to the low saprophytic ability {(Garvet 1850) of this

Soil steriliszation may have allowed this organism

to %éﬁ%ﬁ@ well esiablished in the absence of other saprophybes
and may ezplain why some methods were more successful in

isolating um from the artificially inveulated soil,

compared with soil frosm the field.

Sucessaful isolation of fungal hyvhae vresent in the larger
poil azgregates suggests that

P
P

botryosum may exist elther as an

be, during susmers Such an

active or dormant soll saprop:
existence would be in agreement with findings of Fetzer {(1958)
and Graohanm & Jeiders (1980). The Fformer suthor was able Ho

isclate 8. botryosum from the soil afier 2 period of three years.

Bue 40 the ability of this organisw %o survive in the soll,

Petzer has concluded that myeelius irn the soil is the most
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important survival method. Hyeelium may retuin its viability
for some bime when it is dormant. These situdies have shown
that dorwant mycelium may survive for periods im excess of

14 months.

obryosuns rapidly colonised deduying straw. It appearps

that this organism way readily colonise organic matier during

the early stages of decomposition. It was on this material

that perithecia were observed. Temperatures sbove 80-70°p,
favour the preduction of perithecin and fluctusniing temperatuves
favour the discharge of ascospores. Peibzer {(1958) has coneluded
that ascospores as well as pyceliuws in the soil may be responsible

for primary infections. I appears that bhis ma; also be so

in Few Zealand.

Padhi and Snyder (1954) consider that survival cecours on
decnying host material. They also present evidence that
perithecia, ascosporess; and econidia are capable, under
laboratory conditicons of survival for periods in excess of
those between two seasons. Similar evidence of the periocd of
survival has been obiained during this siudy.

In New Zsaland lesions caused by botryosum have been

regorded on lettuce throu:

shout the year. Sueh lesions,

during favourable ¢onditions produce conidias which may serve

as potential sources of primary inoculum.

nge studies and field cbservatlons led to a
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thorough investigation of weeds on headlands about areas
previcusly containing infected crops. Conclusive evidence

has been obtained to demonsirate that . bolryosum may survive

- summey on weeds about headlands. The blaeck nighishades

vas isolsted frowm lenions on other plants, some isolstes were

not pathogenie te the host from which they wers isoluled

snggesting that the E. bolryosum Infection may have been

segondary to scme other dsmage.
Congluaions.
Saveranl methods for sarvival of

Ss_botryvosum from season o

sesson appear 4o be available in this ecountry. This organisam
may survive on erop debris or other material in the soil, later
to infeot lettuce erops due $o releass of ascospores, copidia,

or by growth of myeeliumw Irom the soil on fo the plantts leaves.

1% may also ﬁaz?iﬁﬁ»ffﬁﬁ season to season as lesions on
the lower leaves of summer lettuce crops, or on weeds, in
particalar the black nighishades. Zhis is the Tirst record
of survival of the fungus whieh is pathogenis o letince en
another host and 1t is considered to be an imporitent means of

gurvival in the districis in which the

s¢ studies were nmade.
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SEASE_CYCLE

B. HISCPLULANEOUS FACTORS & THEIR INFLURNCE OF THE DI

predigrosition. e é%fiﬁ%ﬁ predisposition as "the tendancy

of nongenetic eonditions, acting before infection, to affect

the s&&%sgtigilitg of plant fo disease®. Environment affects
disease through its direct effect on the pathogen, throuzh its
effect on the potential host, or througk ids effect on the
interagtion of the host and pathogen. i?ﬁf%@gé 1958} The
first eategory has already received consideration in the previcus
sections. The %&ﬁ%ﬁé constitdes predisposition. while the third
is sometimes difficult to sepsrate f%é@,%%i%% True the effect
of light on infectlon iz considered 4o be excluded by definition
from predisposition, dus to this Tactor operating during

infection and penetration. The effeet of 1light has been discussed

previcusly in the relevant section of the disease gyele. Uther
factors which have been %@ﬁéiéezéé bg various aunthors 4o
predispose the plant %o infeetion include bemperature mnd frost
injury (Moore 1944, Herling 1952), relative humidity (Allen 1957),

and

age of plant {Padkhi & Snyder 1954). These factors 2ll
appeared to be g@@%&%ially important. Due consideration has
beern given to these factors which may predispose the plants fo
infection.

fo Guote

Tixperimentally, predisposition can be clearly demonstrated
only by exposing similar healthy plants to contrasting eonditions.
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then placing them =51l is the sawe environmeni, and incoulating

thetecococsnas # If the experimental preincculation trestment

sauses differences in disease, predispeosition may be said to

%&?@ ooourred. Fhile §?%§zg§egi%3§§ has usuzlly been demonsitrated
- this type of experiment, it can also be logieally i%fg?%éé;

é&%ﬁﬁ%gh not so0 saféiyg frow less exacting evidence.” (Tarwood

1958 )

{a} Ternperature predis-oaition.

A oy

vap of 80 plants, excluding controls, were arrang

in four groups of dwenty planits per group accerding to the
type of plant, viz. twe zroups made up of =mwall hard planits,

one group of larzer soft plants snd an intermediste grom

Each block of twenty plants was subdivided inte five groups
ef four plants at random, there being five temperature tresiments
and four plants per trestment in sack bloecks All plants were

a gimilar age.

After labelling the ?E&@ﬁﬁyﬁér& subjected to «10% in an
icebox of a refrigerator, %i 50%, 80°%, & 70°P for twenty-four
hours, all plants resaining in the dark. On removal the plants
were §i%é§§~§§J§§§ glagshouse beneh for 30 mimutes $o regain a

ainilar temperature before inoculation.

moat of the

Uafortunately the «10% was too severe for
plantes apd although inceulated, this zroup of plants were not

recorded slong with the others due o plant damapge ocouring

and possibly introducing & blas when pesulbs were recorded.

Thies experiment was then repeated at Eﬁg, and 50807

using two groups ef twenty plants. The 50-80%7 treatment was
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garried out on the glasshouse bench in the box with 1ight traps.
This second experiment was designed to find out 1f fross
conditions whieh the plants could withstand would predispose

then to infection.

Resulis weres recorvded by counting the number of lesions

per plant In the normal manner.

PABLE 21

7¢% Total

Block I | 93 307 164 102 666
11 47 95 70 28 240
Til 112 104 58 97 371
TV 85 101 o8 5 | 377

547 807 888 342 1654

%@s@i@%‘éﬁ %ﬁ%ﬁﬁ%%% €§a %égﬁgj Eﬁffér@ﬁgég %@%@%éﬁyifﬁﬁﬁﬁaﬁﬁs
not significant; Block II (Plants hard and small) alwmost
gi?ﬁifiﬂ%ﬁ?lg éiﬁfégaﬁﬁg P= 0,08 = 47.5%

%axg EZ ?@@ggyaﬁﬁx% ,
2% 10%-27%:,

Avernse no. lesions
per @1&&% Téd. $4~§i S $14.5 é“%ga

%&s&i@% of %g%ig {7 %a%%} Differences nob gégﬁifﬁ@%ﬁ%
P = ifg{}f}

* ~?§§§ §i§§% égﬁaﬁs %é@ savere o %@%@?ﬁ igfg%%z%§$¢r
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{b} Relative humidity predisposition.

Groups of eix planie vers %?iﬁ%%é out into 16 small seed
%éggﬁ and grown on for 5 weehks %@éﬁV%%QE ware %@ét%%&%yféw
inoewiation and reecording. TFour trays were exyposzed to 1008
relative rumidity for %%%ﬁ%ﬁ*i%ﬁf’ﬁéﬁrﬁ* The demign used was
2 4 % 4 latin sousre and plenis were arran-ed in this mampew
during all the treatment procedures and finally on the glasshouse

beneh while manifestation was swnited,

Ohseyvations were made or the time when the Tirst lesions

appeared and counmin were made of lesicns per plant.

{e) Age of plant.

Plante were inooulsated 2t 1, 2, 4, 6, 7 znd 10 weeks from
germination, and at 3 and 4 months, Croups of iwelve plents
were used but due o the variation in size of the plants no

comparative evaluation of predisposition could be wade.

Resulte of these inceulations were photographed and ave

recopded in Illustrations 23 & 24

5&%@3@3;
{a) Temperature Prodiaspoesition.

Hesults tabulaied in the Appendiz are suwm

sapined in ?%%la‘ZT

ieaves of the ~10°C

4id not readily eclonise

5. botryosur

d

treatnent. This may bave been due to prier bacterinl or

fungzl infections. Bifferences belbween the various demperaiures

were not signifieant, but the larger soft plants had a higher
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number of infections which barsly reach significance at the
5% level. Thie indicabted that the %ygg\éﬁ plant had a larger
effect on predispesing the plant o infection than the temperstures.

{b) Relative Humidity Predisposition.
Holding plants in 100% relative bumidity failed te

glgnificantly lncresse the planis predisposition b0 discase.

After the resulte of this trisl were sunalysed the prag

dity was discontinued @éﬁﬁﬁﬁﬁ,gﬁy

buni

holding plante in 100

apparent less or reduction in the incidence of infection.

{e} Aze of Flant.
Lettuee plants proved fo be suseeptible to infection by

51 botryosum from seedling stage until flowering. Results

=23 25 & 24-

of these aiudies sre reporded ir Illinstration




¥ weck
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Differences between the low and higher temperatures
investigated failed to reach significance but there appeared
%0 be a trend towards the softer type of plant favouring
predisposition to infection and subsequent development of
disease. [Froet failed %o predispose the plant $o infection.

Prior exposure to high relative humidities was not a
pre~reguisite for successful infection. TPadhi and Snyder (1954)
¢ame to similar conclusion.

Susceptibility of the plant does not appear to alter
markedly with age. m:-um-.' the plant is not predisposed
to infection or non-infeotion at any period during its life.
Padhi & Snyder (1954) state that infection established readily
on plants of different ages, but youncer lgaves were difficult
to infeet. They coneluded that the stage of development of
a leaf may have an important bearing on its susceptability.
% similar observation was made during these studies. However,
investigations revealed that during inoculation very litile
indecolum remained om these leaves. This was considered to be
due %o their uprighi position. Infection would readily develop
if one drop of "Teepol" detergent was inecluded with every 250ml.
of spore suspension, or if the leaves were turned out flat.



- 213 -

2. Yarietal Susceptabilit

Seediings, and planits with thelr lower slx leaves at the

‘mobure’ stage, wers inoceulated with the comidia of §. bobryosum.

Begause small differences were not isportant this experiment
was not treated by statistieal methods. The mazieties were
allocated code numbers and the boxes arranzed at random. I%
was considered that if any winter variely of letiuce was

resistant do H. bolryosum to an extest likely ¥o be of value te

growers, the resistonce would be demonsirated on the seadlings
in the pairs of trays of each variely or orn The elghteen plants

inceulnted with conidin.

Dping these investigations the folliowing daried

lettuce were tested for suseepdibility 4o 2. boilwy

1+ Great lakes {ex Peryy Morse)

2. TYatesdale {ex Tates)

3. Imperial 615 {ex Yates)
4, Imperial 847 {ex Yates)

$, Nempolitan {ex Yates)

8. Black Seeded Trinmph {ex Coovers)

Theas were the most imporitant varieties of latiuce grows
in the distriets surveyed. Blaek Seeded Triuwph and Imperial
615 accounted for - ° the majority of winter letiuce varisties
encountered during Tield eurveys except for one grower who was

trying a new Winter Great Lakes variety.




&
e

14
Results ,

A1l wvarieties tesited were susceplible %o I, botryosum.

There was indicantion that there wue any diffevence in their

suseeptibility.
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Isolatbes from letiuce., vsed Ho inoculaite lettuee plants
d4id not consistently show that any one isolale was more pathogenie
than others. Three experiments were carried g@%\éﬁ zroups of
four planis but variations whick oconrred betweern these
experiments exceeded the variation between isolaies. Therefore
during the pathogenicity and disense cyele studies 1% was
considared sufficient if one isclate only was used, and when
1ts ability %@ sporualate diminished 1% was replaced with another
isolate., Records were kept of the isolates used, and within
any one serxies of experimenis the same iselate wis always usmed
even theuch 34 wan necesssry at times 4o inducs sporulation with

ultra~violet 1ight.
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4. Inoculum Potential

There is considersble evidenge that for some crganisme

there way be & eritieal level of invculus ztrength which iz reguired

before infection will iake place. {Goeding & Luess 1959,
Cole and Couch 1958, Garredt 1958) TIn defining'incenlum
posential®, Cerrett {(1959) stades that 1t is the energy of

growth of a pathogen available at the surface of the host for

infection, and that there sre two ways of altering this.
Pirstly by incressing the rnumber of units of the pathogzen per
unit per ares, and secondly by increasing the malrient siates
of sach unit, Because of the nature of the units of infection,
ocourying in the fisld and concerned with the Build wp of the
disease d0 epidemic levels {(that is the conidia) the first

5

category only is appllcable to S, botryosum.

Experinenis were thersfore conducied to determine if thers

was a critieal level of izcculuns cotentisl,

lethols and ¥aterials.

Ter nmls. of concentrated spore suspensicr was prepared from

sporulating celonies on P. . A. by mntrifeging dowr the spores
frow suspensions prepared in {the normsl manner, conbining

; , ; 5 5

them and adjunsting to soniain 1x10” spores per ml. Thie was

Daring the

then serially diluted o 1 x 1677 apores per ml.
course of thesne %%%%i%% this experiment was repezied on three

occassions under sipilnr conditions.
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’ﬁﬁﬁé?%%%ﬁ%ﬁ%?%%%@%ﬁa%f*%?%?@%‘§?§§'?\ﬁwéﬁg o 1 x ?@ﬁ were
checked with the haemacyiometer before applying the spore
suspensions o groups of fen planis. The lower counis were
assumed to be correct if these eounts corresponded to the recuired

concentrationg,

Besulis.

See Table 22

Teble 22 The Tevel of Incoulum Recuired for Infection

pe §

Jpore Cone. per ml. Fxpde 1

b

g

i e PGB

o @
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©
o
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5
L

%”w 3'%§e%g only
Hote: Infection Besulting: & hasvy, 2 intermediate, 1 1@%

Lesgions from the planis incculsted at the higher twe levels
consistently were the first to produce sigus of manifestation of

disease.
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Vhen &%&%&3&& %*gswsgﬁé af tern spoves per plant on an aversge,

iow §§§§§*7?§ resuibed in teo vul i the boree expecimen

@kﬁ se experiments indicale that sboud ¥ of the conidis
may cance infectiion duving favourable dondlitlions. Puying
gritical conditions no spores may be able 4o germinadte and
cause infeciion if spore numbers are low. However if the

eulrm is high 41 would be %ﬁ%% ated thot some spores would

be present which were zble to couse infectiorn during merginal
conditions.  The normal spors concswirations used in
gxperimentnl work were bebtwesn 1 x 10° and 5 x 10° spore / ml.

and this proved adeenate for infection in all experiments.

Gooding and Inoss {1959) foumd that the level of inceulum

eetion and the zoverity

ireatly influenced the rate of disenns

hey alse veverted slong with others

{e.z. Gurnett 1959, Cole and Couch 1958, Bush & Walker 1958)

that the seotual level of inveulur causing infection waries with

2%,

the particular conditions prevailing ot the $ime. Both these

chservations were nlse made ip these studiesn, indleating that

=

hile o single spore may act ag potential incculwm, 2 high level

of potentisl ipoculum nay couse & more rapid onset of disease.

However one would not find that dhis level of lanocculum is




B4y

e’

cresent 1z asbure bul o sizmdlar effect could be sxpected with
sevaral lower doses providing condlitions were faveurable for

ohaegrvad

conbimn]l disesse development. In the fleld 1% was

.

&

that onee 2 ledtuce ervop beeame diseased, if conditions were

ol

favourabls for apread of lmceculum and diseas
seven days, it was possible duripg this time To loose the sntirve
¢xrops This may be due to a provess similar to that suggested

and ohserved 2t high incoulus levels.




In the preceding pages the effect of the environment
on the varicus phases consTituting the disease ¢yele bhave besn
individually econsidered. In this, the concluding section of
this chapter, consideration is given B¢ the practieal implications

of the results of these studlies. Conditions whick may cause an

epidenic are discussed so $hat the Various worbions of the

disease oyele §r%§iéa$3§ considered separately may now be

treated as a econiineing process commencing with the germinati
f %mﬁiﬁs&

farwood (1956) has studlieq the relative humidity
reguirements of folisge pathogens and has been able %o place
fungl into four groups depending on their requirements during

gach pardlenlar portion of the dissane cycle. 8. botryosum

elearly falls into Clasae II considered By Yarwood %o be typlesl
of the downy mildew group of diseanses characierised by s low
relative bunidity requirement dupring dispersal,; incubstion and

mapifestation, and & high relatlve humidlly reguirement during

penetration, infection and sporulstion (Bee Figure XIl). The
present study indieated that follage pathogzens possibly may
alse be grouped according tov thelr temperature requlrements
of each particular poriion of the disease cycle. The optimun
bamidity and temperature requirements for B, botryosum are
nted in Figure XIIL |

During optimum conditions, the length of each partiounlar
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period of the diseane oyele will be at o ninimum and these
periods are expressed graphieally in Figure XIII.

Germination of conidia of S. botryosum isolated from
lettuce in New Zealand ocours at the range of temperatures
normally found during the day time in any season. Humidity
must be above 90% however. If germimation is comsidered to
have oceurred after the sides of the germ tube become parallel
s small percentage of spores may germinate between 15-36°C
{59°-98.8°F) after 1} hours. About the same time is again
required for the growth of the germ tube to the stage where
penetration may occur. Therefore even during short periods
of high humidities and the above temperatures a small number
of spores may be successful in penetrating the host leaf. 1f
is vosmible to prediet from Figure what percentage of spores
may germinate at a given minntuﬂ; It is logionl to assume
that the infectior which occours will be related to the percentage
of spores which germinate in a given time. Therefore potentially
high infection may be expected at temperatures between 25-31°C
(77-88°F) when maximum spore germination occurs. This disease
is mmhs and troublesome during the winter and spring months.
It appears therefore that the reason for the seasomal appearance
of this disease is not direetly related to the spore gemmination

requirements for I, botryosum.

Flants appear to be predisposed o infection when they
are soft and succulent. During the flush of spring growth
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lettuce plants develop rapidly snd during this perioed of the

growth they are more susceptibvle io disease than at other stages.

Also during this peried of the year there is & reduction in the
number and severity of frosts which may predispose the plant

towards resisting infeetion by chegking growth, thus producing

small planis with hard leaves.

Penetration and infestion sre also favoured by temperatures
at and above 21°¢ (70°F). At these temperatures penetration and
infeetion may oocur after a peried of two hours. However at
the lower day temperatuves normally precent in the field
during spring and winter, say 5%¢ {41°7) between 6 ~ 8 hours
are reguired for the same processes. Therefore the zeasonal

appearance of the disense cannot be directly related to the

envirormental reguirements of ithese periods.

It should be noied however, that even durdng low
teumperatures germination, penetraticn and infection will ocour

within 24-56 hours. It is not uncomson for plants (0 remsin

wet for this period of time in winter and spring. During the
later stages of pemetration and afler infection cccurs, the

developing spore velies less and less on the relative humidity

about the plant until at some time afber infection the fungus
becones esitablished within the plant and is entirely independent

of exbernal bhumidities.

The inoubation peried ie favoured by lower alr temperatures

than the preceding phases of the disease cyele. Experimentation




nas indicated that at 5° (40%F) grow

the tissues is higher than at the temperatures whieh favoured

etration sud infecticn. Due to ceriain

nation, pe

spore germi

iimitations in the sxperimenitation astual lead %&ﬁ%&?ﬁ%ﬁfﬁ@ ey
have been above 5°C. However it is safe %o assume that
temperatures between 4.5°¢ (40°P) and 15.5% (60%F) are

favourable for the establiszhment of the fungus within the hos=t

tissues. At these temperaitures the incubation pericd ccoupled

56-60 hours. At temperstures of 26.7°C (80°P) manifestation

¥anifestation of sympiome of disease and the coniinued

development of the disease cyele cccupies a longer period of time
than the previcus processes. lanifesiation reaches its elimax
with the death of the entire host leaf. Experdmendation has
shown conclusively that bemperatures of 10.0% (56°2) are most

favour

able for $he rapid growith of the lesions. Iarger soft
plants are affected more by the dizease than the sanller hard

I% therefore appears that since incubstion and manifesi-

igus perieds of

ation cooupy a8 longer period of dtime fthan prev

the disease gycle, and are favoured by the lower temperatures,

o
A s

it iz these stages which are responsible for the season
development of the disease. However other factors contribute

to this also. After a reduction in the number and severidy of

frosts the letiuvce plants tend to make very soft growth zs
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previcusly noted. This srowth is affected more by the disezse
than the harder type growth typieal of that occuring during
winjer.

At first sight 1% appesrs strange that the eptimus

growth temperature on culture medis, and the opltimum fgr
spore germination, penetration and infection are fairly high

all being in the region of 25-30°C (77°-86°7), FHowever it is

interesting o note thot at temperatures of 26.7°C (80°F) and

higher, disease development following successiul incculation,
gerpination, penedration and infection is linmited. Incubation
iz the firet stage where the funsus comes indo éﬁ?ﬁ@%rﬁﬁﬁﬁgﬁ%
with host reactions it has stimulated. At hish temrperatures
hest rezotions $o infection may be well develpped. ILower

temperatures may csuse a2 reduction in the host's defensive

reaction rate and thus allow the fungus o grow effectively
at the lower temperatures normally encountered in winfer and
apring. Dickson {1928) and Stackman & Harrar {(19657) have
noted siwilsr vhenonems. They have considered that the host
becomes weskened so much by the adverse temperatures that the

pathogen, even though it is also weakened at these lower

temperatures, can cause maximum damage. FPadhi & Snyder {1984)
however consider the evidence that the temperature of leaves may
be above alr temperaltures is relevant, They have ¢oncluded that
the fungus way find ftemperatures in the leaf =re more favourable
than might be indionted by the prevaiilng alr temperatures,

suggesting that the growith within the leal tissues may also
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be favoured by higher temperatures. This theory has nol
been substanbiated by these studies.

Daring conditions of high bumidities and at temperatures
above 15.6%¢ (80°P) comidia may be produced frox dissased {tissue

after 12~18 hours. Abundant production of conidis may cccur

B~7 days alber infeciticva during %%%igag,gaﬁéiﬁééﬁs*: froduction
o venidis may covar therefors durisg the period of manifestation
whigh iz considered here fo resch s olimax with the death of the

leafs. Dead leaf $is

ues infected with Z. bobryosus appear %o

have an unlimited eapacity o produce successive crops of conidia
whenever the temperatuve and hunidity are favoursble for the

required length of $ime. Thus following zain or during periocds

of heavy dews which fail to dry during ome day a very high
mmmber of conidia may be produced from diseased leaves. With
continued periods of wet weather, conidia may be disladgzed and
geattered by raindrops over the same or adjacent plants. The
nmoat ggea%&a&l&g %@1&&%@ of ceonidia coours éaﬁi%% high
®uperatures when the bumidity is lower then $hat required for

@rproduction. During these conditicns the sualler alr currents

may readily dislodge the conidia and garyy them considerable

diztances throuszh the same or adjacent crope of letiuce.

Thue in spring when there are frecuent periods of damp
oy wet days, followed by

wars sunny days, ideal conditions
prevail for the produetion and spread of inceulum. Afber fine
warnm days nights are generally calm with heavy dews or light
frosts which keep the plant wet often until the E%§§%§rﬁiﬁga
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These conditions favour the cdepesition of air born spoves,

their subseguent germination, and vapld penetration and

infsetion.

However epidenmics do not oceur afbsr one succsssiul

revolution of the disease oyele unless the supply of inoculum

iz very bigh. Several successive revolutions of the disease

eyele are necessary before sufficient lncculum is produced and

liberated. ¥inter and epring letiuce remain in the soil for a

long period, often from as early as April unitil SBeptember or

Joteber. During winter, conditions do not favour vapid

development of the early processes of the diwease ecyole. Despite
this there is ample opportunily for the slow bulld up of disease
tissue. Once the milder conditions ceceur which favour the first
process of the disease eycle there iz an avundant development

and release of inceulum folliowed by & rapid infeciion oif the
plant leaves. It bas been observed that where the source

of incoulum is kigh, at the first pericd of milder wesnthey
infection may ccour which within fourteen days renders previocusly
saleable plants wmmarketsble. During

this period of tine only
two revelutions of the disease cycle could cccur. It is
considered that the presence of a potentially hkigh source of
incenlunm determines whether conditions whieh favour the eariy

tages of the oyele will permit disease build up o an epighytotic

level, If the orop has %@%ﬁ.?%z%%i?%ig free of infection during

winter there will be insufficient incoulunm present during

periods favourding infection %o permid anything but = light

infestion to cos

AT,
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These cbservations have been made giving consideration
40 the resulds of =iundies of $he various processes of the disense

gyele and have been repeatedly confirmed during $wo seasons of

field observation,

Towards lste spring and early summer temperatures rise ;

and sventually will reach the point where the rate of manifestation

and production of inoeunlum beccmes very much reduced. Generally
by this time the crops which came through the winter period
hove been harvesied and the disensed planis gﬁé ﬁ%%riq§§§ be
ploughed ox incorporated into the soll offen to = denth of
approximately nine inches. iAny infections off other lettuce

crops

planted during late winter or spring appear o be resbricted
in size and are of 1ittle importance ne far as the ¢rop is

er bemperstures ¢ not favour the host-

goncerned. The hiz
pathogen relationship. However temperstures between 20-25°0
(68-77°F) are optimum for the saprophytic development of

botryosum on culture media and probably & similar temperature

nge is faveursble for the saprophytic existance of this
organism on g@%ﬁrﬁi organic material. This temperaiture is
not exceeded in %E%{fif%% few inches of solil where thie crzanism

is likely %o be active during summer. I, botryosum has been

isolated from artifieially infected soil as hyphze. I¥ hos

not been possible fo say whether these were dorsant or sciive,

but survival of this organienm as pyeelium in the soil cocurs
during the summer months whn temperatures which favour the

saprophytic existenee of this organism are present. ring
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studies on survival i1 was evident that in the saprophytic

stage this %3@%&3@3,%%§ & relatively poor compstitive

saprophyiic ability. However on some %ggﬁﬁ'@f soil orgonie

#

on artificial media viw, bebwesn 20-25°C. Survi

ogcur ag dormant or active mycelium oy as perithecin on organic
matber within the soil. Perithecia will nod form on lettuce

tissue until it is dead and colonised with 5. bot In

nature the breskdewn of lettuce crop debris is considered to be
to0 rapid for disessed plant materisl to harbour this funsus
from one season to the nexd.

, the
¥hile bigh temperatures do hot favour/pathogen-host

relationship, lesions of S. botryosus were often loeated Baving

> ,%@éiflgr%% in sress where winker

lettuce had previously been heavily affected by the disorder.
in %%3&f%~%%%ﬁ coeler tenperatures favour spore production the
disensed weeds may produce sufficient inocenium to infect nearby

lettuce crops.

The main methods of survival during

12 the summer appesr o
be dormant or achbive mycelium in the soil, lesions on weeds or on

other ledtuce crops and perithecia on organie materisl.
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De COBCLUSIORS

High Sewmperatures favour the saprophytic existense of

Stemphelive botrvosum. The

neae way eurvive during the
sumper as a so0il saprophyitse. or on hosis. '?xiaagg izsfection
of lettuce may ccour during antumn or winter directly from the
seil mycelium, from conidis produced on weeds or other lettuce
erops, or from sscoespores relessed from §%§i§§$ﬁi%\ﬁ§iﬁﬁ nay

develop on organic maltier during summer. High temperatures

do not favour manifestation of diseanse or production of conidia,

but perelt rapid germination of conidiz to penetrate and infeect
the hosd.

Lower temperaiures favour incubstion, manifeststiocn and
production of conidia. These processes occupy the major part

of the disease eycle and their ismporfance is indicated by the

easonal appearance of the leal spot disorder of lettuce.

e cause an epiphytotic

The conditions which are believed

involve the slow but steady infection of letbuce with 2. botryooum

whieh occurs é&riﬁg the low temperatures of %ﬁﬁﬁ%ﬁi These
conditions favour incubation, manifestation and production of
conidia. With rising temperatures in sprinz conidis gre

and infection cgour very
regleassd, g%r%iﬁ&%zgﬁg penetration
readily, %&% %?%§%§% temperatures still favour manifestation
and production 6f incculum. This means that there iﬁ a rapid
inevease of infection. %¥hether or not an epiphylotie occurs
depends on the level of the incculum which igf@%aila%i% within
a lettuce crop when conditioms in spring $avour dispersal of
the spores and rapid germination and infection of the lettuce

plants.




CHAPTER 1V

TEHERAPEYUZTIC COHTROL OF
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CEAPTER IV THE THERAPEUTIC CONTROL OF
LEAF SPOT OF LEPFUCE.

Growers visited during the field surveys considered that leafd

gpot of lettuce was one of the most diffieult fellage disesses
they had to contrel. Host considered that 1% was iwmpossible o
control in the wet weather of s mild spring. Dippenmsar (1939)

based aprays or dusts would control this leaf spot disease.
Unfortunately these materisls leasve sn unsighily deposit on the

foliasge. Today there are amvailable & wide range of funglicides

which may be sulisble for leaf spod control which do not leave
sonapiouons depoaits. TFErveriments were conducied $o test the

efficscy of sonme of these new funglicides.

Yoterials and Wethods.

Zvaluatio

1« Iaboratox

A glass slide assay deseribed by Durbin et sl. (1955}, was

used ¢ find an effective fungleld

¥ieroscope slidesz measuring 286 x 75 mm. were thoroughly
clesned in concentrated chronic acid, washed for an hour in
running tap water, and finally rinsed four times in distilled
water. This procedure completely elimsted any chromic secid as
indicated by trisl germination counts on slides cleamed in this

BanneY.

Pairs of slides were coanted with = similay even film of
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fungicide under uniform conditions, using 2 smsll eyringe type

sprayer, and set aside fo dry. The conceanbtration of fungicide
used corresponded bo ithe normal commerclal rates for the material
concerned. The fangicides tested, detalls of thelr composition

and ®ate of use are glven in Table 23 .,

Zable 23

Eate gaf |
100 gal.

é@%@ﬁﬁ, §a§3@ﬁ%&§a' Active Ingredient.
fame Aotive
Ingredient.

Ziné ethylene bis 2 1b.

aglithio carbamste

7ineb 5%
{Dithane é?%}

Cuprox 504 Cu 5 1b.

Copper éé?é&l%?iﬁ%

Thirem
{Thirospray)

Tetra methyl 21b.
thiuvran disulphide

‘Bordesux 6.8.100

o Zine dimethyl 2 1b.
o 1 dithiccarbanate

353 §i3§1%§ﬁ~
4 naphtho~
guinone

Dichlone 1 1bs

2
1

Gopox M.

50% Cu.

gﬁgg%f gzy%ﬁwégiﬁé
*® g&%ﬁéﬁ& mereury

Captan
i?a}it 408%

80%

§~%§ia%1§x%§%thgi~
mervenpbo-f~
%g%l&%&g%ﬁ@w?gg
dicarboxinide.

Ialine

| 1% Cu.

‘Collpidial copper

in oil

1 ggiq

§§§ r@l

Diotilled Water
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Spore suspensions were prepared from 10-14 day old coleonies
grown on P.D.i. at 24°C by suspending the conidia obtained in a
1% dextrese solution. The eonidial suspensions were concentrated
by centifuging

a concentration of 50,000 conidias/wl. The concentration of

and adjusted with 1% dextrose solution to obizin

conidia was determined with a haemocytomeber,

4 pipeite drawn out from 35/16". glass tubing was used %o

apply drops of the comnidial suspension to the slides conted with

fangicide. This pipeitte wam held upright and moved steadily

over the slides placed om the bench. 1% delivered 0.074 ml.
per drop, and twoe drops were placed on eadh microscope slide.
These slides were transferrved inbo = petrd dish lined with moiszi

filter paper, and incubated at 24%.

The effeet of 4he Tungieide on svore germination was
measured by cobserving the number of spores which had germinsted
in » random sample of approzimaltely 100 spores. This was
expressed as 8 percentage. Counls were made after 24 hours
and splides were observed sgzaln after 50 hours to deternine if

further development had ocourred.

MeCallan et al. {1959} has recommended that tests should be

e rather than relying on

repested at different places or time
replications within a test., Thersfore each series was repested

at 8 later date with a different isclate of S. bolryosum.
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Experimentation

{a) Zvalustion of Pungicides using Glass Slide Hethod:

8lides conted with the fungicides were placed on the

laboratory benchk fo dry.
placad on the pairs of slides from each trestuent after 4, 24,
72, & 168 hours exposure to the sun and air on the laboratory .
benchs Prom the information gained from theze tests fungicides
were selected for evaluation of their tenacity during wetd

condisions.

{b) Tenacity Studies:
Copper oxyehloride, thiram, bordesux, ziram, phygom, and

eaptan were selected frou the previous group of fungiel

these tests. Fach materisl was sprayed on to twe pairvéd of
glees slides at the rates glven in Table 23.

{a) without additives

{b) with Tenae 1:800 by volume

{e}  with a casien/lime sticker at 2 1B/100.

Contrels conelisted of water, woter + Tenac and waler +

casien/lime sticker.

The trented slides were placed on the laboratory bench for
s period of 24 hours. One of the two pairs of glass slides
were then dipped in an agitated water bath rumming at 22.5%
for 60 minutes., These slides were then vemoved, drained and

piaced on the laboratory bench to dry.




S ,?}fﬁi B
Pwealve hours after removing the sliides from the water
bath they were inseulated slong with the undipped s1ides using

the standard vivetts and spore suspensions Bach series wers

repested twiee.

From the groups of fungicides evaliunated in the lsbovatory
four were selected for experimentation on ledtuce plants growing

in the glasshouse. These were zineb, cuproxz, thiram and ziram,

The experiment was designed with five trestments, including

the conirol, four replications, and four planis per plot. Hecords
were made by counding the musber of lesions on the lower Tive

leaves of the plant.

4 total of four applications of the varicus fungicides

were made af 10 day intervals. ALl fungigides were applied
%o wet the plants to the point of run off. Tenae 13800 by

volune was added o zll trestrents. Lettuce plants used for

this edperiment were at the 'four-leaf' sfage when the firet

spplication of fungicide was made.

fungicide the planis

Seven days affer spraying with the
were inctulsted with o spore suspension containing 500 %%%%%%f%ia
The low spore count was used o simmlate natural conditions.
Pour inoculations were made on the 7th, 17th, 274h. and 38th

days.  Results were recorded 45 days after the firet application




- 236 -

fungieide.

During this pericd the planits were watered frecuenily with
overhend sprirkling to simmlats the asction of rain.

Results
1+ Leboratory Evalustion.

wmris ed in Table 24 .

Heoulis sre son

{s) Glass Slide Method
Zineb was the only materisl whkich gave consistently peor

condrol of spore germination at all observations. OFf the

copper sprays 'Ialine® appeared to give superior conirel to the
other two waterials, although results were incongineive,

Cuprox and bhordesux definitely retorded spore germivnation and
development, but after 50 houre incubation under favourable
conditions often over 10% of the spores had continued fo

germinntes The 19 phenyl mercury added to copper oxyehloride,

and forsmlated as 'Copox- HH,' d4id pot appear to improve the
action of the ecopper at the vate used. Dichlone gave some
control of spore germivation but often over 104 of the spores

had germinated afier 24 hours incubation at 1007 relative

humidity. Similsrly Caplan appeaved to give variable resulis.
However, it was f{reguently observed that spores on the surface
of the droplet coniaining the spores, wonld germinate freely,

while those in closer contach with the fils of capban on the

slide showed no sizns of gerzinaticn. Thiram snd giram both

gave very good control of spere germinstion.




- 237 -

Pable 24 Sammary of results of Experzments,éﬁ Age
' 11 ,f,%*, gicide, and 1ts %f,zaaaz}
,:ﬁy, as_measured Dy Glass Siide

| ?e&%&ign@

iﬁ%ﬁjé?ﬁfﬁ?ﬁgﬁ 4 hrs|24 hre|72 brs| 168 hre|  Assessment
Eor&eauz ’ | ? - 2 '~ {Some control
Geptan 2 | e + ? | Doubbful
Copver oxychloride | 4+ - o+ =~ |Bome control
TCopgr. - MM' ? - - ? ,2a ,S9me e sntrﬁl
Dichlone 2 - ? ? |Some comtrol
Ialine - - 4+ - - |Good control
Thiram - - - - = ¥ery good control
Zineb o+ 7 + + |No conirol

| Ziram | - - - - |Very good comtrol
Control + & + + o conmbwol

Kcte. Control of spore germination obbained, expressedi-
{(+) More than 10% of spores germinated.
(=) Tess than 10% of spores germinated.
? ?arzable ﬁasglts;

;eﬂaﬁlty Tests No Sticker , asien/lime
Indi pped |dipped [Undipped |dipped |Undipped | dipped
Bordeaux - - - - - - -
Captan - + - - - -
Copper oxychloride - + - - + +
Thiram - - R - | - -
ﬁir&& - - - - 4 -
Contrel + LU R R . A 'Mgt V +
| Notes: JBordesux was - @ffeaéé?ei%iﬁﬁ ergii%égé,géigkerga

Captas: tengsi%g improved with sticker, Copper Oxychloride
improved with Tenae, im@aireﬁ by Casien/Lime.
‘Thirem effective with or without sticker, as was giram
gxeepd it was not compatible with casien/lime sticker.
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The fungicides arplied Yo zlass slides 4id anot appesyr o
iﬁég/tﬁéﬁf'%§§§%%§§‘§§§§§“%§ %% 7 doys exposure on the laboratory

benoh.

{B) Tenseity Studies:

Copper oxychloride and captam were both readily removed

from the glase slides during the washing procedure. Tenae

spreved the temmeity of these deposite.

Besults suggested that the a&géaﬁf&i&& %%i%§§§°%%§ reduce
the efficasy of copper oxychloride and ziram., Yashing the
slides treated with ziram plus casien/lime sticker, improved
the control of spore germination presumably due te the removal
of the alkaline portion of the sticker. VWashing 4id not
improve the action of copper oxyehloride - easien/lime cosbin~
ation. The caslen/lime sbicker was not compatible with
phygon or eaplan and was not tried in conmbinstion with these

materiale.

Results of this and srevicus experiments indiested that

copper oryehloride + Tenmae sticker, thivem, bordenux, zivam,

4

phygon and capian excluding cowbinations with easien/lime

gticker zave proxizing contrel of spore germimation.

Results are recorded in Appendiz XV and summsrised below
in Table 25 . Couper oxychloride, thiram and captan, all

applied with Tenme 1:800 conirolled the development of leaf
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spot on the artificially inoculated letituce plants iﬁ the glass
house.  The zineb treatment did a@% differ from the unitreated
control at the 1% level of prgbabziz%yz% However, a%f%% level |
of Ixfewdieon, zineb was sigﬁifieantly superior o the control,
but inferior to the other three materials which gave effective

control under glasshouse conditions.

Table 25 Sa@mafg of éesalta. Glaagﬁaase ﬁe&%rel “X?@fiﬁﬁaéiﬁ

a%eraaig§ | | Hean Wumber of  Result+

) ~ |Lesions per plot §~?§§ P=.07 |
Captehn 5 15/100 gal.| = 42.5 e B
‘Bopperoxychloride 5 1b/100 gal. 27.5 ¢ B
Thiram 2 15/100 gal. 407 ¢ B
Zinmeb 2 1b/100 gal. 212.0 b A
Q@ﬁ%?@l‘ ' : %%%fil@ %&ﬁé& o %&?,2‘ a A

% a1 m?aa '%@ag&} {Shell Co. %%1&&%“} 12800 - ' :
+ Treatments with same letter do not differ %igﬁlfiﬁaﬁtlyov
Those with differvent letiers differ %;gﬁ&fiaax%iga {éﬁalgsgs

unecans {195%) %a1%1§1$/%@§g% Toat, )
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Hetallan {(1959) belisved that laboratory methods of
evaluation of fongicides gives a fair prediction of the field

icide, particularly if they are used in

performance of the fung
conjunction with weathering dests. In this atudy some materials,
e«Z. the coppers failed to give comvlusive results using the

sllde dssay bteeknigue. However, copper oxychlovide gave good
control of leaf spot on the lettuce plants in the glasshouse

experinent.

Othey inconclusive vesulis were probably dus to the spraying

techniques used %o cest the slides. The contrel of actnal

mte of fanzicides applied to the slides war not critical.

This technicne of glass slide mssay of fungicides appears

a%ﬁﬁﬂg group of Tungicides.

%o be aulitsble for evaluation of the g

Effective fungicides were indicated By this nethed and later

experiments proved that these results are spplicable to the
contrel of leaf spot on the lettuce plants growing under
glasshouse conditions. Copper oxyehloride, however, gave
betier contrcl on the planis than the glass slide technicues

indicanted.

Glasshouse rot trials confirmed observations made on varicus

materials in the field. It was anticipated that cemtrel trisls

& near Otak

would also be run in the field on vyops of lethiug

¢ control of this diseass has proved very diffienlt.

However this igroposed experiment had %o be abonded beesuse
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of the loss of ggziﬁg lettuce in this distriet due o suspected

lettuce mosaic virus and brown blight.

Ssgclﬁﬁi@ﬁs

Zhirdg.gﬁﬁ WeDs at the rate of 2‘?%5]333 gai%, captan aﬁ%

Weps at 3 :133/*;?{3 gals and ziram at 2 1ba/100 gals when applied
%0 glass slides gye?@ﬁﬁeﬁ the germination of conidis of

5. botryosum. 'Temac' Sticker imporved the fenacity of

copper oxyehloride and captan on the glass slidess. Copper
oxyehloride, thivam and capban, } %ith "Tenac! sticker gave

satisfacy ey control of leaf syst 1ﬁ the glasshouse axgerx@@ﬁ%s

aiﬁ@g gave inferior sontrol of spore germination.

Summary s

A range of fungicides were evaluated f9§~%ﬁa ﬁ@ﬁ%ﬁ@iyﬁf

germination of S. bolryosum conidia, ‘using a glass slide
techrigue. These experiments were Tollowed by 2 test of &

salgﬁteé group of the faagisiéés on letince in the glasshouse.

It is believed that the technigues used for laborajory

e@al&aﬁie§ $f the fungicides gave a good indication of which
fungicides were effective, It would be desirable Ho improve
the method used for coating the slides with fthe fungicides,
since it is considered some éf the doubtful resulbs were due

o uneven rates of applicaitions of the fumgicides Ho the slides.

Copper oxychloride, thiram, captan and ziram at normal

commercial rates appeared to conirol spore sermination and
resulting infection. Zineb was not effective.
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APPENDIX TLLs .
PART II
Dark treatment following Inoculation

Plant 1 2 3 4 5 $ ¥°8 2 10 11 12 13 14 15 16 T
Leaf 1|117 4 2 © S 2 W 9 14 3 45 20 4 3 186 2

2 8 8 8 7 23 2 0 2 2 2 5 3 35 35 0 3

3| 4 2 13 O 71 1 87 34 7 4 7 10 Y 28 Y 3

4] 2 4 3 3 19 49 0 5 3 10 0 3 0 4 4 16

B| 79 25 ¢ © 25 35 4 13 4 10 © O 101 4 6 4
-§Z::§ 210 43 30 10 145 89 85 54 30 29 57 36 147 Y2 27 29 1090

Light treatment following Inoculation

Leaf 1| 28 56 32 109 19 9 142 79 | - 8 93 20 13 6 2 105 38

2] 5 17 72 100 54 104 161 59 30 10 5 86 14 96 19 71

3|1 32 14 87 144 138 141 19 71 4 47 9 154 180 35 127 91

41 39 141 5 8 2 190 28 145 7 4 7 90 43 124 17 1086

6] 7 6 15 O 2t 0 47 60 o2 38 80 2| 0 75 16 32
-3%:2; 111 283 211 359 294 444 597 w12 152 192 121 345 213 330 284 338 4428
Results: f

Treatment Averages: Dark treatment following Inoculation 68.1 + 37.9
Light » " : " 276.7 + 26.1

esult T tes Differences between treatments significant at p(=0.01
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. INCUBATION PERICD. The eiiect of Temperature during incubation on lesion size.
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