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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.




- 17 -

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.





