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SUI'4I'{ARY

The study of vegetable diseases in smallholdings in the Northern

Adelaide Plaj-ns, South Australia, revealed that lettuce has nany dj-seases

which cause substanLial yield losses. The most important disease is

Sclerotinia rot (Sclerotinia scTerotiorun) which i-s also very destructive

.to oLher major vegetable crops in the area. Other important diseases

are: Phytophthora stem rot (Phytophthora porri), grey mould (Botrytis

cinerea), downy mildew (Brenia Tactucae), anthracnose (l'larssonina

panattoniana), and leLtuce necrotic yellows (LNYV)

Phytophthora stem rot of lettuce, a disease newly discovered in this

project, and causing significant yield losses, presents a serious hazard

to growers in the Northern Adelaide Plains. Lettuce crops were the only

vegetable plants affected by the disease, and palhogenicity tests in the

laboratory and glasshouse confirmed that leLtuce was the only host plant

for the pathogen. Phytophthora porri from letLuce shows some dj-fferences

from P. porri Foister including host plant, optimum tempe¡¿¡ure for growth

and paLhogenicity.

¿d
A saprophytic fungus Fusariun TateriËium inhibit$ the germination of

ascospores and the growLh of mycelia of ScTerotinia scTerotiorun, and

protected young plants in pot experiments in the glasshouse. Experimental

evidence indicated that S. scTerotiorumt its ascospores in particular,

reguires organic maLter as a prerequisite for initial infection of healthy

lettuce plants. Results suggested that F. Tateritiun conidia or mycelia

inhibited S. scTerotiorun on such media.

Several sclerotial parasites and antagonists were found in the soíls

of the vegetable growing areas, Coniothyriun ninitansr r/âs isolated from
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all sampled fields, Trichoderrna spp. inclucling T. harzianum, GTiocladiun

sp. and Fusarium spp. were also abundant. Trichotheciurn sp. r/as found

in only one field. C. ¡ninitans and T. harzianun possibly decompose the

sclerotia of S. scTerotiorur¡ in Lhe field. One isolate of Streptonyces

sp. inhibited the gror-rl-h of S. scTerotiorun in vitro.

Environmental conditions such as excessive rainfall, high soil water

content, cold and moisL air, dense weeds together with plant condition

(dense and ful1y grorvn), favoured the development of S. scferotiorun

which then caused severe damage. In some lettuce fields yields were re-

duced by more than B5%. '

There were indications from a survey of vegetable crops that the

incidence of disease might be reduced by: (1) intensive mechanical action

by removing infected plantsi Q) ttrorough and clean cultivation;

(3) regular preventive spraying with effective fungicides; (4) crop

rotation and (5) good soi-l drainage.

It was concluded Lhat the two important pathogens of lettuce cause

considerable yield losses in the Northern Adelaide Plains, and both

pathogens r^/ere prevalent during winter crops. Improved control can

probably be achieved immediately by using fungicides, sanitation and

cultural practices. This project has indicated that further control can

be achieved by the using of biological control agents such as

F. Tateritiun againsL Sclerotinia rot of lettuce and the use of tolerant

cultivars.
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Chapter 1

GENERAL INTRODUCTION

The importance of disease in the vegetable industry has been

appreciated for many years (Chupp and Sherf, 1960; Conners, 1967;

Sherf, 1968; Channon and Maude, 197I; Morschel, 19751 OrBrien and

Rich, 1976; Vock, 1978). Reports by Burdon and Ì'fagarey (1976) and

Inlarcup and Talbot (1981) suggest that the vegetable industry in South

Australia also faces serious di-sease problems. Horvever, the extent of

the problem has not been defined.

There are two main regions where vegetables are grown in South

Australia, the Northern Adelaide Plains and the Adelaide Hills, which

supply most of the vegetables for the Adelaide market. The Northern

Adelaide Plains in particular is considered ideal for vegetable growing

because of its strategic location; it is now the rnost i-mportant area for

the production of cabbage, lettuce and onions (Harvey and Tugwe1l, 1978)

and is expected to remain the major supplier for a long time. Other

important crops are potato, celery and . cauliflower.

The importance of the vegetable industry in South Australia is shown

by the fact that it accounted for about 38 percent of the total value of

horticultural products frorn 1971 to 1975 (Burdon and Magarey , 1976).

Besides, the area and production of vegetables, let.Luce in particular,

have been increasing in the lasL few years (Fig.1).

The first aims of this project were to determine what di-seases

affected vegetables in the Northern Adelaide Plains, to identify the

pathogens causing such diseases and to ascertain whether environnental,

factors such as soil water, texture, pH and salinity had any influence on

the distribution and severity of the diseases.
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The next aims rvere to find out rvhich crop suffered mosL from

disease, to identify the diseases of major economic importance in that

crop so that they could be studied in depth and a contribution made to

their subsequerrt control.

Tte approach adopted in this project was initially Lo survey vegetable

crops in the Northern Adelaide Plains. Such a survey r+as considered to

be an important first step because by studying the relationships between

environrnental factors and crop health, the major deterrninant.s of disease

can be identified (ü/allace, 1973; r97B; Sirepu and lJallace, Lg74). Such

an approach requires lechniques to be devised for measuring severity of

disease. Although such techniques have been used in disease assessment

in many crop plants, little work has been done on vegetables (preece,

I97L). Furthermore, because vegetable crops have a high commercial value,

it was realized that the economic tolerance 1eve1 that a grotùer would

accept was likely to be low.

The initial survey in the field v/as expected to produce useful

hypothesis concerning the biology and possible control of najor pathogens.

To test such hypothesis it was decided to do experiments in the laboratory

and glasshouse.

The results of the surveys, field work and experimental work would

then be used to suggest possible control measures t.hat could be tested in

the field under farming conditions.

The use of integrated control measures, including biological control-

in partícular, was considered 1-o be a desirable goal (Baker and Cook, Ig74).

Fina1.ly, underlying Èhe general. approactr of survey work in the field
to identify the pathoger;causing major diseases, to elucidate the biology

^of such pathogens and Lo suggest measures for control, it was hoped that

such procedures could be adopted for other crops in other places such as

Indonesia, the authorrs home country.
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Chapter 2

FIELD SURVBY

1. Introduction

1.1 Obiective of the fieTd survev

A field survey was made in the Northern Adelaide Plains (NAP) to

understand the significance of diseases and such factors as soi1,

cultural practices, crcpping system and climate on vegetable crops.

Growcrs v¿ere asked a series of questions as well as to survey their

crops for disease. The survey aimed to define the major problems in the

vegetable índustry and to provide the basis of my research programme.

I.2 GeneraT descriptions of the areas

The NAP area, selected for the field study, is largely planted with

vegetables including: potato, onion, cabbage, cauliflower, lettuce,

celery, carrot, tomato (glasshouses). Plants are irrigated by over-head

sprinklers as required. Mean annual rainfall ranges from (410)-435-(550)mrn.

The land is flat and lies almost at the same height as sea level. Soils

are mainly sandy and clay loam (Matheson and Lobbal, 19ß-:-.975)-

1.3 Disease ems and their con

Many kinds of diseases caused by fungal, bacterial and virus

pathogens have been reported from vegetable crops in South Australia

(Talbot, L964; Burdon and Magarey, L976; Philp et a7.¡ L976, I976a,b,ci

Hodge, L976; Fedderson and Philp, 1976; Feddersen, L97B; l'/arcup and

Talbot, 1981) and under certain conditions become serious problems.

Current recommendations for control of diseases in the NAP are based on

general principles including:



-4-

regular sprays with fungicides, crop rotation, good cultival-ion, removal-

of infected plants, use of certified seed and resistant cultivars.

2. The veqetable industry in the NAP

2.I Historv

The main crops in the NAP are potato (SoTanun tuberosun L. ) letluce

(Lactuca sativa L.), cabbage (Brassica oleracea var. capitata L.fiOt"Ð

onion (AlTiun cepa L. var . cepa), cauliflower (8. cTeracea var. botrytis

f,.\ ef ")rcelery 
(Apiun graveoTens L) and carrot (Daucus carota L.).

Lettuce and cabbage are grov/n mainly in autumn, winter and spring, while

potato is largely produced in winter and. to a lesser extent in the sumner

season. Growers tend to grow more t.han one crop each season.

The vegetable industry was started by a few grov/ers about 30 yr ago

wiËh potato, cabbage and onion. Lettuce was introduced 1ater, about

12 yr ago.

The areas and product.ion of vegetables, lettuce in particular, have

been increasing in recenL years (Fig.1).

2.2 Econonic inportance

The NAP, is ideal for producing vegetables, being close to market

centres. It is a very important area for cabbage, lettuce and onion and

is the second most important after the Adelaide Hi1ls Area (AHA) for

pot.ato product,ion. The NAP supplies the local requirements for fresh

vegetabl-es in Adelaide and surrounding districts. Some of the producLs

are exported to other SLates.

I
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Area and production of vegetable (1969/I970 -
1979Æ980) in Munno Para 1 and Munno Para 2,

Northern Adelaide Plains.

(Source of daÈa: Australian Bureau of

Statistics, Adelaide).
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2.3 trlaior probl.ens

The main problem for the vegetable industry in the NAP is disease

which causes considerable losses each year. lt.ny irportant diseases

occur continuously during the cool and t'¡et rveather every year. Moreover,

there is no reliable way to control them.

Other problems are the fluctuat.ion of market prices, which are beyond

Ëhe control of groh/ers. Thus, occasionally mature crops are not harvested

because of very 1ow p.iss=. The quality of hrater for irrigation is good,

but- there is a possibility that limiLation of underground viater supplies

may restrict the producËion of vegetable crops in future years.

2.4 AgricuTturaT practices

The common meLhod of cultivation is disc-harrowing. Soon after

harvest.ing, the land is cultivated for preparation of Ehe next. crop or

cover crop. All plant materials, healthy or infected, togeÈher with all

kinds of weeds, are buried.

Usua1ly, growers rotate their crops, an ì-mportant procedure for the

management of soil and diseases. The percentage of growers adopting the

various rotation programmes are:

Fallow-cropA-cropB-fallow (267.)

Cover crop - crop A - cover crop - crop B (327,)

CropA-cropB-cropC-cropA (267")

Fallow - crop A - fallow - crop A/B (II7")
Without regular rotation ( 57")

Overhead sprinkling irrigation j-s commonly used in the NAP. Some grov/ers

use deep furrows and high ridges for better drainage of heavy soils, a

procedure which seems also he1ps to reduce disease.
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cJ. Materials and Methods

3.1 Surveying crops for diseases

Before the survey was made in the field, background information was

sought from interviews with growers, a search of the literature and from

visits to the vegetable growing areas.

The areas for study were chosen using the follorving criLeria:

Vegetable crops had been gror¡rn f or at. least 10 years, so

that the diseases were likely to be well established.
Vegetable crops $/ere conmercially grov/n in a large number

of fields which made a significant contribution to the

economy of local growers.

There should be a majority of smallholdings, with variation
in crops, size of fields, degree of cultivation, control of
diseases and time of planting.

The Northern Adelaide Plains met Lhe requirernents hence sites for the study

were confined to five sub-areas: Virginia, Angle Va1e, Two trn/ells, Gawler

River and Salisbury North (Fig.2).

In addition, visits were made to other areas in Athelstone and t.he

Adelaide Hi11s Areas.

To collect as complete data as possible a set of questionnaires

was preparecl . The survey l\¡as carried out in the winter and spring of

1980. Four crops were selected for the study of thej-r diseases: potato,

cabbage, lettuce and onion. Other factors possibly associated with

diseases were: the paEtern of disease distribution, soil type, climatic

conditions, crop rotation and fertilizer and pesticide usage. The vege-

table growers were visited and interviewed.
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LocaLions of study areas in the Northern Adelaide

Plains, Virginia, Angle Va1e, Two trrlells, Gawler

River and Salisbury North.

r = location of diseases observed.
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3.2 Investip.a tion, isoTation and identification of DA hoøenst

To investi gaLe and assess the kincls of diseases, their incidence and

severity, repeated observations rvere conducted at several sites in the

field (Fig"2). Although most of the diseases \¡/ere readily identified

by visual symptoms it was necessary to take samples for test in the

laboratory to confirm diagnosis and toinvestigate those diseased plants

where symptorns were unclear.

Isolations of pathogens \¡rere nìade f rom inf ecl ed parts of the plartts.

All isolation routines involved surface sterilization with 12 sodium-

hypochlorite for 2 min followed by thorough rinsing in distilled water and

then drying. Media for the isolations.ulere corn meal agar (CMA), potato

dexLrose agar (PDA), Vg juice agar (VgA), nutrient agar (NA) ' and waLer

agaî (l^/A), depending on the kind of pathogen. Selective nedia were also

used for pythiaceous fungi (Tsao and Ocana, 1969). Isolates were in-

cubated at different temperatures.

The iclentification of fungal isolates was based on morphological

structure, mycelial characteristics, fruiting bodies and physiological

aspects (Middleton, 1943; hlalker , 1952; Barnett, 1955; ltlaterhouse, 1963;

Alexopoulos, 1964i Domsch and Gams, L972). Isolates that were thought to

be pathogenic,

stock cultures.
$â^j/¿ o..â Sæç"J,r.^pA

were kept on CMA slan
t{ a^.daålE *uÅ*t*

ts, for pa tho nlcr tv tests and for
-o" -1,"o &s.ato.d.,

þ

Important virus diseases of vegetables v¡ere recognized by their

visual syrnptoms. Llhere diagnosis was uncertain samples of plants were

brought to the laboratory for identification, by indexing on plant indi-

cators (Chenopodiun spp . , Nicotiana spp. ), serological tests and by

using the electron microscope.
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3.3 San 1- soiTs front around heaTtlt and diseased Tants

úA/4'
Soil

letLuce fields to assess various soil factors and to isolate fungi.

Approximately 2 kg of soil ruere collected aL each site and divided into

sub-samples for the assessment of soi1 fungi, pH, percent clay, soil ru'ater

and water potential.

3.3.1 pil

pH of soil was measured using a pH meLer. Ten g of soil

were placecl in a 50 ml plastic container and 25 ml of O.O1 M CaCl

soluLion was added, stirred several times for about 10 min and

allowed to stand for I hr before it was measured by immersing the

glass elecLrode of the pH met,er. Two measurements v/ere made per

sample.

3.3.2 Soil texture

Soil Èexture was measured by using the hydroûìeter rnethod to

determine the proportions of clay, silt and sand. Fifty g of air-

dried soil were put into 200 m1 of distilled water, 20 rnl of. IO7"

Calgon solution and 3 ml of normal NaOH. The soil suspension was

agitated vigorously for 20 min in an aluminium container, vrashed

into a sedimentation cylinder and the volume made up to 1 t with

distilled water. Measurements with the hydrometeì *".. made at

5 min and 5 hr respectively after sedimentation began. The va1ue

at 5 hr gave the percentage of clay particles, then t.he percentage

of silt and sand particles was calculated. Correction was made

for temperature during the measurements.

f rom/healthy and diseased-þEéd in
r.
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3.3.3 l,,latcr potentiaT

hlater potential- of soil was measured by using the filter

paper method (Fawcett and Collis-George , L967). h/hatman No.42

filter paper vùas cut into 2 cm and 3 cm square pieces. To

prevent darnage by soil microorganisms, the filter papers v/ere

washed in a solution of 0.005 rnercuric chloride.. and Lhen dried

at 90"C for 2 hr. Plastic vials 45 mm in diameter and 55 mm

deep were used for containers. Half of the vial was filled with

soil and then 3 pieces of the filter paper, with the smaller size

in the middle, v/ere placed on the soil and the rest of the soil'

placed on top, pressed firmly and then the container was closed

tightly. Soil samples were kept aL 25"C for 7 days, before the

middle paper was recovered and its waLer content v/as assessed by

weighing. By using the |tWetting characteristic of Whatman No.42

filter paper graphtt (Fig.3), the'corresponding water potential was

calculated.

3.3.4 SoiT water

Fifty g of soil were dried in Lhe oven at 96"C for 24 hr,

to allow the water content to evaporate. Loss of weight was cal-

culated as a percentage of dry weight of soil.

3.3.5 Isolation of fungi

The isolation of fungi from soil was done mainly for

Phytophthora and Pythiun, by using the technique of baiting

(Ì,{clntosh, 1964). A subsample of about 150 g of soil rvas placed

in a 500 ml plastic container, flooded with rain water and a pear

was put j,nto each container. The sample was incubated at room



Fig.3:
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Graph of wetting char:acteristics of h/hatman No.42

filter paper.
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temperature (15-20"C). Infection of the pear $/as recognized by

a brown to black colour of the skin, usually occurring at water

level. All isolaLions from the infected pears, \,/ere done in CMA

and incubated at 20"C.

3.4 ,4ssessing pTants for diseases and yieTd
Toss in conmerciaL Tettuce fieTds

The incidence of diseases and crop 1osses were esLimated by a random

sampling technique. A number of rows of plants in a unit of area were

sarnpled, using the table of random numbers. Plants showing symptoms. of

disease v/ere recorded r+hile walking along a ro\ü to be sampled and where

necessary, specimens of plant materials were taken for further investi-

gation in the laboratory. Plants were deemed to be dead when infection

v/as so advanced that plants would not be harvested.
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4. Results. and Dj-scussion

4.L Diseases 'of veget abTe crops in the NAP

The field survey revealed that many grohrers in the NAP suffered

crop losses due to diseases, many of which caused serious problems. 0f

Lhe four crops surveyed, lettuce was the mosL severely affected by many

kinds of diseases and seemed very susceptible to n':merous pathogens.

Crops were commonly infected by more than one pathogen. Table 1 shows

the pathogens that were found and t.he diseases they cause on potato

(Fig.B), lettuce (Figs.5 and 6), cabbage (Fig.7) and onion in the NAP.

There were few diseases of roots that caused significanÈ damage.

The most'common root pathogens found from isolations were PyËhiun spp.,

Rhizoctonia spp., Fusariuln spp. and StenphyTiurn sp.

4.LI Fungal diseases

Major diseases of the four crops in the NAP were caused by

fungal pathogens. There were -5 pathogens that caused significant

loss of yield¡, ScTerotinia sclerotiorum (Lib.) de Bary, Botrytis

cinerea Ft., Phytophthora porri Folsten, Bremia Tactucae Regel

and Marssonina panattoniana (Ber1.) Magn. Sclerotinia rot caused

by. S. scTerotiorum, v/as responsible for serious yield losses in

lettuce, potato and cabbage. Lettuce u/as very severely affected,

potato and cabbage were moderately affected. S. scTerotiorum was

found in almost all fields of lettuce although it.s incidence

varied from field to field (Tab1e 2). In one field of lettuce, the

incidence v/as so high, that the crops were not harvested.
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,5
irìvcsLigiìt ion irr conlmcrcial f iclrl.s of: vcgctzttrlc t:rops in tllc NorLhcrn ¡\tlclirirlc l'lains

^
N¿,lne of paLlìogcrìs Narnc of discascs ìn cach crop

Potato Lettucc Cabbage Onion

Ilu.L'j
Sclcroti nia scfcrotiorum
ßc;trS'tis cinerea
IJrenia lactucac

ll¿t r sonnina pana È t on i a na

Ph),Lopht.hora porri
l't, ronos¡tora ¡rirr:r.s i t íca

lì'r rlros¡rrrt';l (/(,sl , rt('l (rt-

I'articil,liun soTani

Alternaria solani
Altcrnaria aTternata

Rltizoctonia solani
Rhizoctonia sp.

Septoria sp.

StenphyTiun botryosun

Ìlycosphaere7La b rassicicoIa
Co 1 f c to c r ichun¡ cocodes

HeTninthospor iun soTani

S pongos po r a sub t e r r anea

AspergiTlus niger
Phona Tingan

PvrcnochaeÈa terrest.ris
Scfero|iun cepivorun

Viruses:

LetÈuce necrotic yellows
virus (LNYV)

PoÈato leaf roll virus (PLRV)

Potaro virus X (PVX)

TomaÈo spoÈÈed wilÈ. virus
(rst{v)

Alfalfa ntosaic virus (AMV)

Big Vein Virus (BVV)

LetÈuce mosaic virus (LllV)

Bacteria:
Ervinia caroLovora

Sclcrolinia roE

wil È

larget spoC

black dot.

black doc

silver scurf
powdery scab

PoEato leaf roll
PoLato virus X

TomaEo spotÈed uilt

¡1lfalfa mosaic

black leg

Sclerotinia rot
grey mould

downy nildew

an t hracnose

stem roE

leaf spot

leaf spoE

LetÈuce necroti.c
yellows

TomaÈo spoE.Èed wi1È

Alfalfa nrosaic

Big vein

LetÈuce nosaic

sofL rot

Scler-oLinia ro!

downy mildew

leaf rot

ring spoE

black leg

soft rot.

tloriny nri J tlcw

black bulb scale

damping off

leaf spoE

black mould

pink rc\E

¡rhiÈe rot.



Table 2: The incidence of lett.uce diseases, observed in cornmercial fields in NAP during the survey in 1980

Estimated DE rcen lâpe incidence

Location and
number of field

(1)

Phytophthora
rot
(2)

Sclerotinia
rot

Grey mould Anthracnose Downy mildew LNYV 0ther
diseases

(3)

Virginia 1

2

3

4

5

6

7

I
Angle Vale 9

Gawler River 10

11

l2
Two l,rle11s 13

Salisbury North 14

0

0

<1

0

I
0

0

0

0

0

0

35

0

0

4

10

2

<1

<1

4

3

4

2

7

78

<1

1

1

1

30

<1

<1

<1

J

2

J

<1

4

2

<1

1

1

7

3

4

30

0

5

5

0

15

25

2

J

n

2

1

2

2

60

40

10

11

2

4

<1

J

5

5

20

T7

<1

1

J

45

2

3

10

I2

<1

<1

<1

J

2

1

1

2

1

1

<1

<1

<1

4

<1

2

2

1

2

Its
o.

I

(1) - Map in FLg.2, shows the areas corresponding to each number
(2) - In winter 1981, more !ùere found in Virginia
(g) - l4inor diseases, such as: big vein virus, leLtuce mosaic virus, leaf spots, bacterial wilt.
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4.I.2 BacteriaT disease

Bacterial diseasessuch as soft rot of lettuce (Flg.5c)

and cabbage (Fig.7d'e)and black leg of potaËo, ürere rarely found

during the survey. They mainly occurred in autunin, spring and

summer crops. They r^¿ere not considered as major problems in

the NAP, as shorvn in Tables 2 and 3.

4'1'3 virus disease 
fÀ,* .f

There were some viruses{caused sêrious diseases )rå lettuces

(LeLtuce necrotic yellows virus-LNYV, Big vein virus-BVV),ffioruro

(Potato leaf ro11 virus-PLRV). O.ther virus diseases are shown in

Table 1. LNYV was prevalent in auLumn and spring seasons, while

BVV was very common in winter crops. PLRV (Fig.8b) was found in

summer 'and winter crops of potato. .

4.I.4 Other apparent abnornaTities ¡
t.

In addition to diseases caused by pathogens, there were

abnormalities due to climatic factors. Usually, the sy,mptoms were

internal and the affected plants appeared ,rot*ul from thå.ouLside,

e.g. hollow-heart of potato and brown-lesion and brown-rib;pf
tl

lettuce (Fig.6e). These abnormalities are called physiological

diseases and are not infecLious. Lipton (1963) found that lettuce

exposed to dayti-me temperatures of 30oC or more fot 2 consecutive

days before harvest gave brown-rib inside the lettuce head.

4.L5 IsoTation of fungi and anaTysis of soiT

fsolation of Phvtotththora oorri and Pvthiun
s

Using green peal as bait for Phytophthora porri was not
/\



Table 3:

Pathogen

Sclerotìnia scTerotiorun

Phytophthora potri
Botrytis cinerea

Brenia Tactucae

Marssonina panattoniana

LNYV

Erwinia carotovora

Ot.hen paLhogens (minor
importance )

Disease distribution

patchy, odd Plant
patchy, odd plant

patchy, odd plant

patchy, large
patchy

patchy, odd plant

odd plant
patchy, odd plant

Grower ts estimation
(7978, 7979)

2-85

not known

2-40

2-20

1-30

1-s5

1-8

1-8

Degree of control
achieved

nongy'poor

not known

none/poor

1aír
poor /r.aLr
none/poor

none/poor

fai-r

Diseases of leLtuce, estimated yield loss and degree of'control in commercial fields
(1978, t979, 1980)

Estimated vield loss (%)

Survey
(re8o)

1-80

1-35

t-25
L-20

r-25

1-40

r-2
r-2

I/
æ

I
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successful, possibly because pear is an unsuitable host for the

fungus, or the time of baiting rr¡as not favoulable for the fungus

to infect the green pear. Some Pythiun spp. vJere isolated from

infected pears but they were not considered to be important patho-

gens in any of the four crops surveyed. However, there are at

least three species of Pythium which cause root rot and stunting

of young lettuce plants, narnely P. uncinuTatulflt P. tracheiphiTum

(Blok and van der Plaats-NiLerink, 1978) and P. poTynastrurn (Cop1in,

et a7., 1980). Other, species which have been consistently isolated

from roots of lettuce arez P. vexans, P. uTtinun and P. irreguTare

(Coplin et a7., f980).

Soil texture

The analysis of soil texture carried out in the laboratory,

indicated that Èhe rnajority of soils in Lhe NAP were sandy loams

and loamy sands (Fig.a). A map of the I'suitability of land for

irrigationrt (lulatheson and Lobbal , L973-L975) shows that most of the

land used for vegetable production is sandy topsoil over permeable

clay or clay 1oam, conditions which are eminently suitable for grovrth.

The association of soil factors with
healthv and diseased oatches

Results of soil analyses for clay content, PH, soil moisture

content and water potential, suggested that patches with diseased

plants were slightly but significantly wetter than patches of

healthy plants (Table 4). By using the I'paired-sample Lestft for

analysis it was found that there h/as a significant correlation

between diseased patches and 1ow water potential (P(0.05) and

between diseased patches and high soil moisture content (P(0"05).

These results suggest that the $/etter the soil Lhe more likely for

diseases to develoP.



Table 4:

Location and
number of field

Virginia

Angle Vale

Gawler River

Mean

t, value

Clay content, pH, water potential and moisture content of soil in healthy (H) and diseased (D)

patähes in somà commercial let.Luce fields in the Northern Adelaide Plains

Clay
(7") pH

L{ater potential
(-bar )

Moisture conLent
(7")

D&HDH D H (H-D) D H (D-H)

1

2

3

1

2

J

1

2

3

4

5

l-9.2

20.3

25.5

13.2

73.2

NA

20.2

23.4

13.6

t4.9
20.7

J

J

7

7.2

7.

6.6

5.8

6.2

5.3

5.1

6.

5

7.4

6.9

7.2

5.2

5.5

7.r

5.3

5.0

7.5

7.3

6.9

0.11

0.11

0.05

0.02

0.04

0.03

0.28

0.05

0.05

0.09

0.0s

0.r2
0.r2
0. 10

0.05

0.04

0.07

0.48

O.2t+

0.04

0.09

0.08

(0.01)

(0.01 )
(0.05 )

(0.03)

(0.00)
(0.04)

(0.20)
(0. 1e)

-(0.01)
(0.00)

(0.03 )

14.3

12.3

18.6

13.0

12.0

T4.B

23.0

16.0

11 .5

L2.4

18.9

9.4

12.2
17 0

73.2

13.3

L2.2

16. 1

16. 1

11.s

9.3

16.0

(4.e)
(0.i )

(0.7)

-(0.2 )

-(i.3)
(2.6)

(6.e)

-(0. 1) -
(0.0)
(3.i)
(2.e)

I
¡\)

I

6 1

6

7

(o. os )

2.24rx,

(1.7e)

2.2grx

v'-t values, significant at the 57" probability level, based on ttpaired-sample-test' analysis.
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The composition of the textural classes of soils
as used by U.S. Soil Survey (Griffin, 1972).

L, indicaLes the results o.f soil analysis of
25 different locations at Virginia, Angle

Vale and Gawler River, NAP.

Note:

Soil fractions according Lo U.S. Soil Survey -
Sand 2.O - 0.05 mrn

silr 0.05 - 0.002 mm

Clay ( 0.002 mm
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4.2 Disease nanapenent appTiecL by growers

The purpose of disease management is to control or eliminate the

causal factors, using resistant or tolerant culLivars, fungi,cides, crop

roLation and appropriate cultural pracl-ices;

4.2.7 Spraying vith chenicaTs

Fungicides, usually incorporated with insecticides, must be

h,q.r;,4'
used regularly. because vegetables produce high value crops, ruidl, a

,\rt¡-- r]l¿.& k\t - - ') A

short period of growth and .r+i*h Éåi"u"="iluhich are of ten caused by

several factors. Consequently vegetable crops need continrou" aur"

from the time of emerging until harvest-ing. Aerial spraying after

the plants are large and bushy has limited effect because the

chemicals do not reach the lower parts of plants which are subject

to many imporLant diseases such as: Sclerotinia rot, grey mould,

stem rot, anthracnose and dorvny mildew. Different fungicides were

used by growers (Table 5) according to manufacturersr guide lines,

often in conjunction with intensive cultivation.

4.2.2 AgriculturaT practices

The source of most vegetable diseases is t.he soil ând plant

debris r so ¡ theoretically aL least, control should be achieved by

using disease-free soil and good sanitation. In practice, there

is very little chance to achieve pathogen-free soils and intervals

between crops are too short for crop rotation. Intercropping of

various vegetables can maximize land use, but may lead to the

localized spread of some diseases, as well as allowing diseases to

persist as most vegetable crops are infected by the same pathogen

and get similar diseases, such as Sclerotinia rot and bacterial rvi1t.



Table 5: Fungicide usage on lettuce to control diseases in commercial fields, in NAP

Use for control(1)

Name of fungicide

Bromomethane (Methyl bromide)

Pentachloronitrobenzene (PCNB)

Chlorothalonil (Bravo)

Mancozeb (D:-thane M-45)

lvfezineb (AnËracol)

Bordeaux mixture (Bordeaux)

ùletalaxyl (Ridomil)

Benomyl (Benlate)

Maneb (Dithane 14-22)

Copperoxychloride (Cuprox)

(1)
Php

B1
(2)

Php(2) Ss Bc Mp Bl Ls Gp Percent gro\^/er

s.56

5.s6

33 .33

5s.56

11.11

5.56

11.11

22.22
')) ))

5 .56

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

I
l.J(,
I+

+

+

+

+

+

+

+

= Ph)'tophthora rot,; Sc = Sclerotinia rot; Bc = grey mould; Mp = anthracnose;
= downy mildew; Ls = leaf spots; Gp = general purpose.

None was known against Phytophthora rot, because the disease was found very recently.
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Other cultural practices applied by growers in the NAp were to

maintain fert.ility by applying chemical and organic fertilizers

and fime, and to develop good soil drainage with deep furrorvs.

Early and late planting of potatoes was another procedure used by

growers to reduce the incjdence and severit,y of diseases.

4.2.3 Certified seed

lvlany kinds of pathogens are seed borne and so infected seed

becomes the source of rnany virus and bacterial diseases. Growers

are advised to use certified seed from seed merchants or authorized

growers.

4.3 YieTd loss d.ue to certain diseases

Observations indicated t.hat various diseases differed in their effects

on the plant and on yield. For .*urplu, a 1ow incidence of Sclerotinia

rot, Phyt.ophEhora stem rot, grel mould, LNYV or bacterial rot, often

caused significant losses, because they destroyed the plants at any stage.

In contrast, a high incidence of leaf spot, target spot, downy mildew, often

caused only slight losses in yield. It was observed that. Scjerotinia

scTerotiorum on lettuce caused death, while on cabbage the same pathogen

was far less damaging because, up to a certain stage of infection, damage

was linrited to the outer leaves of the mature cabbage. The incidence of

diseases and the estimated yield losses of lettuce in the NAp, are

summarized in Tables 2 and 3.

4.4 Disease bTens and prowers' resDonse

It appears that disease is the most significant problem for the

vegetable industry in the NAP. At present there is no reliable r+ay of
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eradicating or controlling important. diseases such as Sclerotinia rot,
grey mou1d, anthracnose, Phytophthora stem rot, etc, mainly because the

pathogens persist in the soil along with plant debris. It was also

noticed that ninor diseases of major crops or major diseases of minor crops
.btEa,ra'¿ -rl L0L^-' .[a'tf ¿-a."o"---;'o ;^*4taÅL^^-L

/received less attention thereby causing ufí accr-r'o,rlation of inocula and so
Á.

an increase in infectious potential of several diseases.

Although gro\4lers achieve some control of disease in'their vegetable

crops, the main effort is largely confined to crops of high va1ue.

Generally ' grov¡ers are keen to seek and to follow new methods

developed for disease management. The information may come from different

sources, such as: the Department of Agriculture, Growerst Assocr'-ations

and Pesticide Companies.

4.5 Sone inoortant diseas es in comnerciaT Tettuce fieTds

The mosL prevalent diseases in comnercial lettuce fields are

Sclerotinia rot, Brey mould, downy milderu, anthracnose, LNYV and Phytoph-

thora stem rot which is described for the firsL tirne in this thesis.

4.5.I Sclerotinia rot or Lettuce drop

Sclerot.inia rot is the most dangerobs disease in the NAp,

on many kinds of vetegable crops. Purdy (1979), srated that the

disease caused by scTerotinia spp. is non-specific, 'more than 350
a

species of 60 families are known as hosts. The initial infLction

in lettuce can originate from sclerotia in the soil and from

ascospores produced in apothecia of sclerotia (Adams and Tate, 1975;

Adams and Ayers , IgTg; Coley-Smith and Cooke , Ií9TI). Usu¿J-ly

infection j-s initiated from hyphae from sclerotla and ascospores in

organic matter. The ascospores become airborne when released from
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apothecia and are readily dispersed to alight on a healthy plant

Lo cause a new infection. rrrfection and the spread of disease

are st.imulated by favourable conditions such as high soil moisture,

rainfa11, cool and wet weather and dense crops. The symptoms of

the disease in lettuce are easily recognized. Normally, infection

starts at the base of outer leaves at soil 1eve1, and then t,ravels

to the stem. soon, the plant becomes soft and decayed and white

mycelia are produced, followed by the formation of abun<lant black

sclerotia (Figs. 5a,b). The plants can be infected at any stage,

but more commonly after heads are formed. In the NAp, Sclerotinia

rot. h/as very destructive in winter.

Sclerotia of S. scTerotiorum in the soil and in n fected

plants become sources of inocula. Approximately 90 percent of its

life is in the form of sclerotia in soil (Adams and rate , rg75).

That is why, attempts to control'the disease mainly depend on the

success of destroying the sclerotia which may remain viable in soil
for 4-10 years (Mclean, 1958; hlilliams and l'/estern, 1965; Adams

and Ayers, 1979). The incidence and patLern of infection vary,

depending on 1oca1 conditions, from single plants to large paÈches

of many plants. Yield loss can reach 85 percent.

4.5.2 Grey nouTd

Grey mould of lettuce is caused by Botrytis cinerea. Super-
aÈ

ficially, the symptoms-?æ.dtrd-by grey mould disease are similar to

those caused by Sclerotinia rot, as the infected plants collapse on

the soil surface. However, close examination enables the two

diseases to be distinguished. very oft-en they are found in the

same patch. An early symptom of grey mould disease is stunted

b
e\{ 1n

^
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growth f ollor'¡ed by yellolving of t-he outer leaves. \{hen the

infection reaches the leaf base and sten, the plant wilts and dies

soon after (Smith, 1900; Carnpbell, L949; I¡/alker, 1952). The

necrotic parts are a grey to greyish brown colour. B. cinereaç

usually sporulates abundantly on the surface of infected plants

and underneath the leaves (I'ig.5f), The air-borne conidia are

the most important agents for infection. Sta11 (1962) found that

by applying lime to soilr grey mould of potato rvas reduced, indi-

cating that soil conditions can influence the progress and severity

of disease.

4.5.3 Downy niTdew

, Downy mildew in lettuce caused by Breniâ Tactucae, is wide-

spread in commercial lettuce fields in the NAP. The pathogen can

cause disease in about 30 genera with 180 species of Compositae,

24 of which are species of genus Lactuca (Crute and Davis , 1977).

This disease r^/as observed to be prevalent from late autumn through

to late spring, during which time lettuce r,üas grown on a large scale

in the area. Infeclion can occur at any stage of plant growth, but

is more prevalent after plants are fully grown. The under surface

of i-nfected leaves are covered with a heavy downy growt.h, a

typical and clear symptom of the disease. Dew has been report.ed to

play an important part in t.he development, of downy mildew disease by

aiding infection (Crute and Davis, 1977). Chlorotic or yellowish-

brown spots on leaves are distinct symptoms on lettuc,e. rt can be

so abundant that leaves become dry and brittle and soon die.

Usually well-exposed leaves are less severely infected.



-28-

4.5.4 Anthracnose

Anthracnose of lettuce caused by l,larssonina panattoniana;

is characterized by a reddish brown to purple discolouration, mainly

on the lower sides of leaves. In t.he aclvanced stage, large lesions

develop. Abundant accumulated lesions along the vein and stalk of

the leaf cause infected leaves to turn ye11ow., The infection

StartSatthebasesofouter1eavesandmovesffi,oyoun8er

leaves (Figs.6c-d). Anthracnose is limited to lettuce plants. It

had been tested on 35 genera and over 38 species of cornpositae

(couch and Grogan, 1955); only BeTiis perennis (English claisyj and

Lactuca spp. were susceptj-ble. Anthracnose can spread very rapidly

under favourable conditions, such as wet. and sunny days. Figure 6c

shows how destructive anthracnose can be; the crop shown in the

Fig.6c !ùas a write-of f .

4.5.5 Phytophthora sten rot

The stem-rot disease caused by Phytophthora potrri (sitepu and

Bumbieris, 1981), is characterized by wilting of the whole plant

(Fig.5d). Close examination of the affected plants revealed that

the stem at ground level was already infected by the pathogen which

caused a brown to black discolouration (Fl-g.5e). The symptoms of

infection were not noticed in roots or on leaves of the lettuce.

This pathogen h/as firsL isolated from a commercial field j-n Gawler

River, north of Adelaide, where I first found the disease. Later,

I found it in other let.tuce fields in Virginia.

4.5.6 Lettuce necrotic yeTTows

The disease v/as first reported in Australia in 1963 (Stubbs
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and Grogan, 1963). Before it was confirmed as LNYV it had already

exlsted in lettuce i-n Victoria where it caused considerabl.e losses

in autumn and winter crops.

Li the NAP, the disease was very occasional in rvinter, but

very prevalent in autumn and spring when it was very destructive

in some fields. Table 3 shows that- the loss in yield can be up to

4O7,. The virus is transmitted by the aphid Hyperonyzus Tactucae

(Stubbs and Grogan, 1963; Randles and Carver, 1971). Infections

become more severe r¿hen conditions are favourable for the vector.

hlhen a plant is infected, the colour of the leaves changes rapiilly

from green to du1l green, then yellow; in the final stages most of

the leaves are necrotic (Fig.6a). High temperature appears to

stimulate wilting and death. In mature plants there is an internal

slirny rot.

4.5.7 Big vein

Scattered lettuce plants vrith big vein caused by BVV were

found in some fields but damage v/as not severe. Sorne of the in-

fected plants could stil1 form heads. Big vein virus is transmitted

by a soil-borne fungus OTpidium brassicae (Campbell et a7.t 1980).

The ensuing disease causes plant.s to grow upright and to have

thicker leaves with clear veins (Fig.6b).

4.5.8 Minor virus diseases

lufinor virus diseases were also noticed such as lettuce rnosaic

virus, tomato spotted wilt virus and aLfalfa mosaic virus. The

latter has noL previously been reported in South Australia.
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4.6 Questjons t-hat arose during the survey

Under natural conditions, diseases showed differences in distrj--

bution and severity" However, t-he nature and cause of the variations

were not clear. The question to be answered is, which biotic and ablotjc

environmental. factors have the greatest influence on the incidence and

severity of dj-sease and to what extent does inoculum potential play a part.

Outbreaks of di-sease in vegetable crops that frequently occur

suddenly following a ihange in the weather can best be controlled by

effective fungicides. Decisions whether to use fungicides and insecti-

cides or not, should be supported by conLinuous experimenLs and a disease

monitoring system, so that a fungicide is used at appropriate times on

the right target to maximize control and to rninimize side effects and costs.

Crop rotation, good cultivation and removing diseased plants probably

increase control of vegetable diseases, but to what degree such agri-

culÈural practices should be employed is a difficult question as the cost

of operation is high and laborious.
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5. Summary and Conclusions

Observations in the Northern Adelaide Plains indicate that intensi-

fication of vegetable growing has accelerated the build up of soil-borne

pathogens and created significant problems. Some of the most

desLructive diseases are: Sclerotinia rot, grey mould, downy mildew,

anthracnose, Phytophthora stem rot and Lettuce necrotic ye1lows.

Lettuce plants from seedling to mature stages, seem to be very

vulnerable to many kinds of diseases. Yields werr: reduced in many

fields, losses ranging from 1 to 85 percent.

Many growers r¡/ere concerned about these seasonal problerns of

diseasé'and were anxious to seek better'methods of disease nanagement.

There were indi-cations t.hat disease management by spraying, crop

roLaLion, sanitation and deep ploughì-ng, reduced the incidence and

severity of Sclerotinia rot, grey mould and anthracnose. The use of

biological agents and tolerant culti,ruf nud not been tried.

^Phytophthora sLem rot of lettuce, a disease newly discovered in

this project, causing significant losses, v/as found in commercial fields

in Virginia and Garvler River. It presented a serious potential hazard

fo grohlers.

The two most important diseases: Sclerotinia rot (Sclerotinia nûf
scTerotiorum) and the new Phytophl-hora stem rot (Phytophthora porri).rf

lettuces were selected for further study as they presented some useful

biological questions and they were both of economic importance.
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Lettuce crops infected by Sclerotinia rot,
were left unharvested

Typical symptoms of Sclerotinia rot in
ïettuce, with white myc.elia and black sclerotia
of S. scTerotiorun

Bacterial rot of lettuce

Field view of wilting lettuce plants caused by

Phytophthora stem rot

Cross-secLion of infected stem, v¡ith brown to
black discolouration, caused by Phytophthora
stem rot

Grey mould on lettuce. NoÈice the sporulation
of the pathogen B. cinerea.
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Lettuce necrot,ic yellows caused by LNyV in a

commercial l.ettuce field in Virginia

Big vein of lettuce caused by BVV. Typical
symptoms: thicker and .smaller leaves and

vein clearing

Young lett.uce plants must be removed because

of severe infection by anthracnose

A leaf showing typical lesions of anthracnose

Brown lesions and brown rÍb of mature leLtuce,
caused by hot summer weather. Usually the
symptoms are noticed at. harvesting time.

b

c

d

e
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Cabbage, fully covered by infected leaves with
black sclerotia of S. scTerotiorum

Cross-section of infected cabbage shown in (a)

the inner part ís healqhy and edible

Black 1eg of cabbage, caused by Phona Tingan

Young cabbage infected by bacterial soft rot
(Erwinia carotovora)

Cross-section of infected cabbage (d), showing

soft rot of sLem and head

Rhizoctonia leaf rot on cabbage

A simple pathogenicity Eest with Rhizoctonìa

isolate.
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Potato stems, infected by Sclerotinia rot.
Sclerotia were formed inside dead stems

Potato infected by poraro leaf role (PLRV).

Younger leaves become smaller, erect and

pale in colour

PoLato mosaic on potato leaves, caused by

PMV

Target spot, a general view of leaf spots
caused by ATternaria soTanì

Silver scurf (HeLnÍnthosporium solani) on

potato tubers

Common scab (Streptonyces scabies) on
potato tuber

Phytophthora rot (phytophthora sp.) on

potato tuber.

b
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Chapter 3

STEM ROT OF LETTUCB CAUSED BY PHYTOPHTHORA PORRI

1. Introduction

1 .1 Ob iectives

A stem rot disease of lettuce observed in a commercial field during

the winter of 1980 at Garvler River and Virginia, Northern Adelaide Plains,

caused significant losses to some lettuce growers.

It appeared to be a new pathogen of which nothing was known of the

facl-ors involved in its development, pathogeniciEy, survival and repro-

duction, all irnportant aspects for the better understanding of its

pathogenesis and possible control.

The study i-nvestigated the etiology of the disease, identified the

causal organism and exarnined Èhe influence of some physiological and

cultural factors.

I.2 A DreviousTv undescribed Dathopen in connerciaT Tettuce fieTds

The new stem roL disease is caused by Phytophthora porri, a fungus

that has never been recorded before in lettuce plant.s.

Frorn studies on other species of Phytophthora the following factors

were considered likely to influence P. porri of leÈtuce: temperature

(lrlaterhouse, -1931; Hyre and Cox, 1953; Brasier, L969; Bumbieris, L974,

19Bl), light (Fawcett and Klotz, 1934; Aragaki and Hine, 1963; Harnish,

1965; Berg and Gallegly, 1966; Brasier, 19691 Plourde and Green, I9B2),

medium (Waterhouse, 1931-; Rao et a-7.r 1966), nitrogen and carbon
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7952; \^/ills , 1954; Caneron and }lilbrath, 1964), soil rnoisture

1975, 1976; Sterne et a7., 1'976; Bumbieris, 1981), chemical

(Staub and Young, 1980).

1.3 YieTd Toss in conmerciaT field

Estirnated yield losses due to sten rot disease in the winters of

1980 and 1981 in some fields were as high as 357" and 427" respectively.

The highest loss was found in a field where the lettuces were 3-4 rveeks

old, suggesting that under favourable conditions the stem rot disease

could cause considerable losses to grol\¡ers.

I.4 Incidence and distribution of the disease

The disease was mainly confj-ned to winter crops, when temperatures

were low and when rainfall r+as high. The leve1 of incidence varied

depending on plant age and environnental conditions such as rvaterlogging.

The distribution of stem rot disease was patchy, infection being

most severe where plant growth was inhibited due to excess soil water.

The fact that the stem rot disease was observed in several separate

fields at Virginia and Gawler River, suggested that it was rvidespread in

the area.
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2. I4ater ials and Methods

2 I Recovery t isoTation and identificati.on of P. oorri

During the field survey of vegetable diseases j,n the North Adelaide

Plains (NAP), a disease of lettuce was observed in commercial lettuce

fielcls at Virginia and Gawler River. The diseased plants wilted and collapsed

completely rvithin 2-4 weeks. Examination of infected plants showed a

central, dark, firm rot of the stem extending from soil 1eve1 upwards

while Lhe roots aPPeared healthY.

Because examination of diseased tissue had revealed the presence of

oogonia and sporangia, characteristic of. Phytophthora¡ both cornmeal (CMA)

and selective PI9VP mediurn (Tsao and Ocana, 1969) were used Eo isolate

the organism from diseased lettuce sLerns. Small pieces were surface

sterilized in l% sodium-hypochlorj-te for 30 sec, washed in distilled

water and placed on the media. They were incubated at 15, 20 anð 25"C.

For production of sporangia, the f ungus hras grol^In on V-BJ agar

containing 100 ml Campbell's Vg-juice, 900 m1 distilled water' 0.02 CaC03,

2 ml ß-sitosterol. The technique of Mehrlich (1935) was used to stimu-

late sporangial production in non-"t"til" soil extract. Squares,

approximaLely 2 x 2 cm were cut from a 7 day old culture, subnerged in

17" sol1_ extract and incubated at room temperature (14-17"C) for 48 h.

To induce release of zoospores, the cultures of P. porri wete

chilled in the refrigerator (ca. 4'C) for 2 h and then observed under the

microscope. The key of tr{aterhouse (1963) was used to identify P. porri.

This identification h/as substantiated by the C.M.I. A culture has been

deposited aL the C.M.I. with the number I.þf.I. 251374.
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2.2 Experinental

2.2.I Pathogenicity Ëest

To examine the pathogenicity of P. porri to lettuce cultivars

and other vegeÈable crops, a series of experiments were done ín the

laboratory, growth chamber and glasshouse. Seeds were sorvn in

sterile vermiculite, incubated at 25oC for 1 week. They were

transplanted into U.C. rnix potting soil (å cubic metre of coarse

sand and å cubic metre ofttDedrofrr peatmoss are mixed with nutrients:

Potassiurn nitrate, 0.12 kg; magnesite, O.24 kg; reverted super,

0.14 kg; plaster of Paris, O.92 kg; potassium sulphate, 0.12 kg;

blood meal, 0.14 kg; hydrated lime,0.1B kg), in 15 x 15 cm pots,

unless otherr+ise indicated.

PlanÈs were inoculated with P. porri, by placing the

inoculum around the stem of each plant. Plants were watered once

a day as required.

2.2.2 PhysioTogicaT and cuTturaT factors

Liquid and solid media used to study Ëhe influence of some

physiological and cultural facLors, were prepared as follows:

125 ml Erlenmeyer flasks containing 75 ml media were used for liquid

cultures and 9 cm sterile Petri dishes containing 20 ml media for

agar (1.5%) cultures. All media were autoclaved for 15 min at

1200C.

One plug, 5 mm in diameter, of actively growing mycelium of

P. porri was placed into each flask and at the centre of each agar

plat.e. The cultures were incubat.ed at 15"C in darkness, unless

otherlise indicaled.
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Mycelial growth in liquicl cultures \,¡as assessed by filtering

mycelium through \'lhatman No.2 filter paper, rinsing with distilled

water, dryi,ng to constant weight in an oven at 96"C for 2 h and
.iL

weighing. The growth and characteristics of myceliS colonies

and the production of sporangia and oogonia were studied in solid

cultures. In each plate, four radii of the colony were nieasured

and the mean of a1l plates in each treatment gave a measure of

colony growth. Numbers of sporangia and oogonia withín the

microscopic fielcl $/ere counted at random in each plate.

2.2.3 l,lost susceptibie part of the Tettuce to P' porri

To deterrnine the most sttsceptible part of the lettuce plant

to P. porri, the inoculum of the fungus was placed on cotyledons,

stems and roots of lettuce seecllings, incubated at 15oC for I week

and then observed under the microscoPe.

2.2.4 Elfect of soiT water and tenperature on infection

The lettuce cultivar Green lale was sown in sterilized field

soil and UC (1:1, V/V), in 11 x 7 cm containers. Three levels of

temperature and two levels of soil v/ater were studied. Inoculum

of P. porri v/as prepared in sterilized field soil enriched with
e lL* il-"^)í

cornmeal extract and incubated at 15"C for 40 days. The¡/ rvele.I

incubated in dew chambers. Soil \^/ater was maintained at the re-

quired 1evel by weighing the pots at each watering. Each treatment

was replicated five times.



-41 -

2.2,5 Efficacy of sone fungicides to controT P. porri

To deterrnine Lhe efficacy of some fungicides against

P. porri, tests were done on CI{A media and in soil, according to

the method of Zentmyer (1955). For the bio-assay in CMA each

fungicide (Table 17) was mixed rvith CMA prior to pouring into 9 cni

Petri dishes, each containing 20 rnl medium. A plug, 5 mm in

diameter, of actively grol"ing nycelium was placed at the centre

of each Petri dish, then incubated at 15oC for 10 days. Growth of

mycelium was observed and measured. Treatments were replicated

three times.

For the soil drench, field sandy loarn soil was used, air

dried, put through a sieve v¿ith an apperture of 1 mm and sterilized

for I h at 120"C. Plastic vials, 25 mm in diameter and 80 mm

deep, were used as containers. Ten m1 of soil were placed in the

vial and a plug of P. porrir 7.5 mm in diameter was placed on Ëhe

soil and 10 ml of the soil placed on the top of it, then another

plug of mycelium rvas put on the soil. A 5 ml solution of each

fungicide (Table 17), enough to r.\'et the soi1, !üas poured into the

vial. They were incubated at 2O"C f.or 24 h.

All plugs from the soil were taken and washed with distilled

waLer, dried on Kleenex tissues then placed on CMA and incubated at

15"C, to determine the growt.h of P. porri.

Results v/ere assessed from the CMA as presence or absence of

mycelial growth. It was replicated three times.
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3. Results and Discussion

3.1 Description of P. porri

Growth of non-septate Phytophthora like hyphae from diseased tissue

was observed after 2 days on both CllA and selective PISVP media, incubated

at 15 and 20oC but not aL 25"C. No other fungus was seen in any of the

Petri dishes.

0n CMA, the hyphae were 3-7 pm wide and non-septate. After aboul

1 week they became septate and their contents began to disappear.

Abundant terminal and intercalary hyphal swelli-ngs up to 35 ¡rm in diameter

developed on the CMA or when the plugs of the fungus from CMA cultures

were submerged in distilled water or soil extract. Terminal and inter-

calary structures \./ere considered to be chlamydospores (Figs.9/4,5),

because they were delimited from the supporting hyphae by septa (Blackwell,

L949) which measured 2O-4O ¡.rm in diarneter.

Most sporangia were semi-papillate or papillate (Figs.9/6,7) but

sporangia with a shallow apical thickenlng were also present. Shape of

the sporangia varied from ellipsoid or broadly ovoid (Figs.9/6.7.8).

Occasionally their shape hras somewhat. distorted and they had two papillae

(Fig.9/9). Sometimes sporangia were 1atera11y attached or intercalary.

The size of sporangia was (32)-64.7-(87) x (22-45.4-(57) um wirh a mean

L/B ratio oL I.42, Sporangia sometimes germinated directly and new

sporangia were formed at the tips of germ tubes. Longer chains of

sporangia $/ere never observed under experimental conditions. Sporangia

l{ere non-caducuous although septa were sometimes observed 5-6 ym below t.he

sporangia. False pedicels as described by Blackwell (L949) were also seen.

Sporangiophores were undifferentiated and variable in length.

Besides very long ones ()300 um), very short ones (3-4 ym) were also
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Fig.9: Characteristics of fruiting bodies of P. porri

I,2,3: cogonia

4,52 chlamydospores

6 ,7 ,B ,9 z sporangia
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observed. In some cases the sporangiophores broadened below the

Sympodj a1 branching of sporangiophores was seen onlysPorangfa.

occasionally.

For production of zoospores, sporangia of Phytophthora are often

chilled for 20-30 min and then returned to room temperature. Tn P. porri,

release of zoosporeé occurred only when sporangia were left aL 4oC for

2-3 h. Production of zoospores continued for a while at room

temperaLure but soon ceased. Zoospores were released from sporangia

without formation of vesicles; exit pores \¡ere approximately B-10 ym wide.

Production of new sporalgia by internal proliferation was not observed.

P. porri of lettuce produced oogor¡ia in host tissue and in culture.

Production of oogonia occurred in V-BJ agar. Oogonia on Ehe media

measured (35)-41.1-G6)pm in diameter. They were spherical or somewhat

distorted with srnooth or undulated surfaces (Figs.9/7,213). Oospores

were distinctly aplerotic, smooth and (26)-31.7-(35) pm in diamerer.

Antheridia r,/ere mostly paragynous but sometimes amphigynous, rnostly

diclinous and occasionally monoclinous (Fig.9/3). Their shape varied

from broadly ellipsoid to nearly spherical and sometimes one or two

appendices v/ere seen at the base of the antheridial cell (Fig.9/I).

3.2 Pathogenicity of P. porri

Lettuce cultivars Ace Fíeld and Green Da1e, were planted i-n potting

soil and gro\{n Lor 7 weeks. Inoculation rvas made by placing five p1ugs,

5 mm in diameter, taken from a 7 day old CMA culture, at the base of each

sLem. Pure CMA plugs rvere added to uninoculated planl-s. All pots were

kept in a grorvth charnber where the temperature fluctuated between 16 and

19"C. Soil in the pots was kept weL by placing the pots in plastic

contaíners 6 cm deep filled wj,th water.



-45-

Table 6 shorvs that two of the inoculat-ed plants rvilted within

7 days after inoculation while seven plants of the cultivar Ace FieLd

and nine plants of the cultivars Green Dale ruilted wiLhj-n 28 days ' All

uninoculated ptants remainecl healthy. Exanination of the rvilted plants

shor^¡ed dark rotting of the stens, while the roots appeared healthy'

Longitudinal sections showed that rotting extended to the centre of the

stem, but not into the roots or leaves. Thus, the disease symptoms in

the wilted plants rvere similar to those observed in the field ' However '

the disease appeared less severe in the paLhogenicity test than in the

field as only isolated brorvn lesions which in some cases extended 2-3 mm

into the tissue, were observed on the stems of the remaining inoculated

plants. This may be due to different environmental conditions, especially

temperature which was consiclerably lower in the field during the winter

months. The records of the Bureau of MeLeorology show that the mean

rninimum temperature for June, July and August in the area were 7'4, 6'7

and 6.4oC respectively, while the mean maximum tenperatures for the same

months were 16.6, 15.6 and 17.7"C. The fungus was isolated from all

wilted plants and its identity confirmed '

Young seedlings of leLtuce, cabbage, leek, carrot' tomato, cauli-

flower, broccoli and Brussels sprout, were used to examine the patho-

genicity o1 P. porri to various vegetable crops. seeds of the plants

were surface steriLized with 0 .57" HgC72 for I min and washed in distilled

water, then placed in sterile Petri dishes on moist filter paper and in-

cubated at 25"C for germination. After 5 days the seedlings rvere

arranged in rows on moisL filter paper in sterile Petri dishes and 20

seedlings of each plant were inoculatecl by placing 5 rffn diameLer plugs

of a 10 day old culture of the fungus on the stem and the root tip of

the seedlings. Plugs of Cl"lA were addecl to uninoculated seedlings of

each plant. They were incubated at 15oC'
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Table 6: Pathogenicity of p. porri on trvo cultivars of lettuce

Period after
Inoculation

Number of plants 
"i1¡s¿(1)

Ace Field Green Dale

uninoculated rnoculated uninoculated fnoculated

7 days

9 days

21 days

28 days

I

5

7

9

0

0

0

0

1

2

4

7

0

0

0

0

(1)
Each cultivar was soh¡n. in ten pots and each poL contained 5 plant.s.Inoculation was made when plants were 7 weekå old.



-47 -

All lettuce cultivars showed cìisease symptoms B days after inocula-

Lion, while of the other plants only cauliflower seedlings shorved a slight

browning of the stem. All uninoculated seedlings remained healthy. Thus

the P. porri of lettuce was not pathogenic to any of the tested plant

species other than lettuce under the experimental conditions (Table 7).

Similar results were obtained in a later pot test vrith 5 week o1d

lettuce, leek and cabbage (Fig.10a).

Furthermore in Table 8, the result of the pathogenicity of P. porri

on 17 lettuce cultivars in potting soil in the glasshouse, shows identie-âl

resulLs with the test on young seedlings in the laboratory.

There \"/as an indication that some cultivars were resistant to

P. porri, i.e.: Green l"lignonette, Great Lakes, Salinas and Yara Lake.

It is importanL to noLe that there are some differences between

P. porri of lettuce and P. porri.

(1) The description of P. porri (hiaterhouse, 1963), does not mention

the presence of chlamydospores, while strucLures considered to be

chlamydospores were present in the lettuce P. porri.

(2) The optimum and maximum growth temperatures of P. porri are B-10oC

higher than those of the lettuce isolate. Although the

temperature requi-rements for growth of a fungus may be influenced

to a certain degree by the medium, the differences in this case

are too large to be attributed to this factor.

(3) The lettuce P. porri failed to infect leek and cabbage which are

listed as host plants of P. porri (Stamps, 1978).

(4) The lettuce P. porri was able to infect potabo tuber (Fig.lOb)'

while P. porri originated fron carrot failed to infect potato tuber

(Ho, 1983).
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Pathogenicity of P. porri on young seedling of let.tuce, 1eek,
tomato, carrot, cabbage, broccoli, cauliflower and Brussel-s
sprout

Cultivar Percentage seedlings i-nfected (1)

Lettuce:
Green Dale

Original Great Lakes

Salinas

Imperial Triumph

hlinter Lake

Butter Crunch

Ace Field

Leek:

Musselburg

Tomato:

K.Y. 1

Grosse lisse

Carrot:
Early horn

Cabbage:

Early Ball
Bal.l Head

Savoy King

Cauliflower:
Deep Heart

Phenomenal Early

Broccoli:
Green Duke

Brussels sprout.:

Top Score

100

70

40

40

20

15

5

0

0

0

0

0

0

0

0

(s) ?

0

0

(1)
Each cultivar consisted of 20 seedlings.
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Table B: ResulLs of pathogenicity of P. porri on 17 cultivars of leLtuce

CulLivar Percentage plants infected (1)

Ori-ginal Great Lakes

Green Dale

Penlake (medium all seasons type)
Imperial 847

Imperial 847 (medium type)

Ace Field
Early Mature Lalce

Imperial Triumph

Sunny Lake

I'linter Lake

Buttercrunch
Brown Mignonette

Cos Lettuce

Green l{ignonette
Great Lakes

Salinas

Yara Lake

60

50

40

40

40

30

30

20

20

10

10

10

10

0

0

0

0

(l)¡u.fr value is the mean of 10 plants (two pots each containing five plants)
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Pathogenicity of P. porri in cabbage, let-tuce

and leek. Lettuce plants wilt as the result
of infection by P. porri, while cabbage and

leek remain healthy. Other than wilting there
hrere no symptoms of infection

P. porri infected potato tubers when plugs 7

days old from CMA cultures were placed on the

surface of the cutLing tuber and incubated aL

15oC for 4 days

Different characteristics of mycelial growt.h

in colonies of P. porri on different media:

Vgjuice agar, Difco dehydrated PDA, corn meal

agar and lettuce stem extracL agar. Media

were incubated at 15oC for 15 days.
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Although Stamps (1978) mentioned some physiological specialization

in P. porri, the above described differences suggest that the lettuce

P. porri may be a specific lettuce pathogen.

3.3 The occurrence of P. rri in conmerciaT Tettuce fieTds and ieTd l.oss

In Lhe winter of 1980, the disease caused by P. porri was first

observed in 3 separate commercial lettuce fields at Virigi.nia and Gawler

River, causing yield losses ranging frorn 1 to 357, (Tabfe 2). Furthermore

in the winter of 19Bl more severe infection by P. porri, in addition to the

previous year, was observed in three further fields. Estimated yield loss

in each field ranged from 6 to 42%. Tlle occurrence of the disease i-n

several fields indicated that the fungus r¿as widespread in the area.

3,4 Factors that favour the infection in the fieTd

The pathogen occurred in different types of soi1, such as sandy loam

and loamy sand. The pattern of j-nfection was patchy and appeared to be

associated with soil water content and plant age. Most severe infection

occurred in young plants in places where l,'ater accumulated after rain or

irrigation.

The fact that the disease r,¡as observed only during the cold winter

months suggested that it is favoured by 1ow temperature.

3.5 Effect of phvsiolopicaT and cuTturaT factors

3.5.1 Effects of kinds of nedia

Both synthetic and non-synthetic types of media (Tab1e 9) were

tesLed. The media were prepared in liqui.d and solid forms using methods

commonly used for Phytophthora and ot,her soil-borne fungi (Commonvrealth



Table 9:
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Dry rveight of rnycelia and production of sporangia and oogonia
of P. porri in different media

I4edia
Dry weight
(mg) of
mycelia

(1)

Production of
sporangia oogonia

(2)

LSE (lettuce stem extract)
CME (corn meal extract)
V-BJ (V-B juice)
Pt..E (potato extract)
CSE (cabbage stem extract)
GPS (glucose peptone solution)
LBE (lima bean extract)
NS (nutrient solution)
Ct.E (carrot extract)
NDY (Czapek-Dox + yeast)

FV-BJ (filtered V-B juice)
SE (clarified soil extract)
DI,rl (distilled waLer)

RrS (Richardsr solution)
CMA (Difco corn meal agar)

PDA (Difco potato dextrose agar)

39.924
3g. B3ab

34.67bc

33 .53bc

31 .60c

30.50cd

29.16cde

24.r6de
23.53de

23.50de

23.r7e

6.00f
3. 13f

2.ß1

+
0

+

+

+

0

0

0

0

0

+

+

0

+++

0

+++

+++

+++

+++

++

0

++

0

+

0

0

0

0

0

0

(t)ruun value of three replicates, incubated at 15oC for 40 days.
Values followed by similar letter are not significantly different (P<0.05)

(2)
Grown in solid media (L.57. agar); 0 = no sporangia or oogonia;
+ = few; ** = moderaLe; *** = abundant sporangia or oogonia;
- = Do! tested.
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Mycological Institute, 1968; Johnson ancl Curl, I972; Ribeiro, 1978).

Lettuce stem extract (LSE), was obtained from 100 g of chopped

letLuce stems, autoclaved for 20 rnin in I L of distilled water,

filtered through WhaLnan No.2 filter paper. For soljd cultures

15 g I'Difcorragar powder r+ere added to 1L extracL solution. Other

nedia were prepared by similar procedures: Potato extract (Pt.E),

2OO e/L; cabbage stem extracL (CSE), 100 g/1; Iima bean extract

(LBE) , 2OO g/7; cornrneal extract (CME) , l5 g/I; carrot extract

(Cc.E) , 2.OO g/I; Vgjuice (V-BJ), 200 m1/1 of Vg juice (Campbe11

Soup Co.); clarified soil extract (SE), t000 g/1 (autoclaved for

30 min left overnight, filtered r'¡ith cheese cloth, then centrifuged

f or 20 rnin at 4000 rpm).

P. porri grerv in both synthetic and non-synthetic media.

Mycelial growth in solid cultures was closely sirnilar to that in

liquid cultures. In general, faster growth was obtained from

plant extracts such as LSE, CME and V-BJ, while grorvth was slower

in SE, Dl{ and Richardsf solution (TabJe 9). The production of

sporangia and oogonia varied with the medium. Abundant oogonia

were founcl in plant extract .rFtúL

thetic and dehydrated t'Difcot' rnedia.

greatest in CMA.

es whereas none occurred in syn-

Production of sporÉr+" was

These characteristics are similar to other species of

Phytophthora. For example, P. paTnivora Butler gro\^/s better on

non-synthetic media (Rao et a7. , 1966) , P. parasitica sporulates

abundantly in green papaya fruit (Aragaki and Hines, 1963), while

in less precise terms Hyre and Cox (1953) sLated that size and

number of sporangia of P. phaseoTi varied, depending on the mediurn.
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3.5.2 Effect of concentration
fi" î.','s1L {l-f¿-A*,'*

of plant extract mediun
a'eL f-{"à-^--E^ 4 *n.r;^

f
4 22-6".""J¿ .JtEt^ ü.r<.¡"t clz-þ¿¡..v^;".t-J

(Fig.11). Myceliurn was grown in liquid cu1ture, incubated at

15oC for 40 days and replicaLed four times; oogonia rvere produced
fu,¿l-

in solid culture for 10 days and it was replj-cated t¡¡¡e+irnes.

Figure 11 shorvs that the mycelial growth (a) and the oorgonial

production (b) increased linearly with conce;tration of LSE in

cultures.

3.5.3 Effects of plI

The effect. of pH of the medium was studied in two different

liquid cultures, LSE and non-sterilized 5% soil extract. The pH

was adjusted by adding citric acid and/or potassium hydroxide

solution to the extracts. The values of pÉl used in the experirnent

are shown in Fig.I2 Lor the LSE-culture and in Table 10 for the soil

extract culture. D.y weight of mycelia in the LSE-culture was

measured after 40 days incubat.ion. There were five replicates

for each pH treatment.
,-æL

Three plugs of growing mycelium of P. porri from a 1O dayf

LSE-agar culture were submerged in a 6.5 cm Petri dish containing

20 ml soil extracL and incubated at room temperature (2o-23oC) for

48 h. The number of sporangia around the end of each plug rvas

counted.

Phytophthora porri grew over a wide range of pH in medium

cultures. {lgure 12 shows the relationship between pII a"a r¡(

,nr..rr*.ffiraètesr growrh occurred in media wirh pH 5 to l.
At pH 3.5 and 12 the fungus did not gror,/. Production of sporangia

I^ras greatest at pH 9 and 9.5 (Table 10).



Fig.11:
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The effect of concentration of lettuce stem extracL

(LSE)-medium on mycelial growth and oogonial pro-

ducLion of P. porri

a. Regression of dry weight of mycelium on con-

cenLration of LSE-medium' grown in liquid
medium (r = 0.99; p<0.001)

b. Regression of number of oogonia on concentra-

tion of LSE-medium, gror.{n in solid medium

(r = 0.95; p(0.005).
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Effect of pH in non-sterile 5% soil extract on production of
sporangia of P. porri

pH Number of
(transf.

a

3.0

4.O

l+.5

5.0

6.0

7.O

8.0
9.0

9.s
10.0

10. 5

11.0

0.71s

0. 719

3.64e

5.5ged

5. 6Bc
'6¿tlbc

5.76c

7 .3ra

7.684

4.91d

3.924

t.47f

Values followed by similar letters are not. significantly different
(P<0.05). l4ean value of gà4. replicates.

fi.r*
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Dry weight of mycellium of P. porri after 40 days

at different pH (mean value of five replicates)

Vertical lines show 952 confidence limits.
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3.5.4 Effects of tenperature and Tight

To deLermine the influence of temperature and light, trvo

kinds of media were used: LSE-agar (LSA) and cornmeal agar: (CMA)

as P. porri only produces oogonia in LSA and sporangia in CMA.

They were incubated for 10 days at 5, 10, 15, 20,25r 30oC and roorn

temperature (2O-23'C) in the dark; at 15"C under alternating 12 h

light and 12 h clarkness; and at room temperature and 25oC 1n

continuous 1ight. There rr¡ere tv'lo replicates per treatment.

Temperature had a marked effect on both mycelial groivth and

production of sporangia and oogonia (Table 11). Sporangia and

oogonia r{ere more abundant in conditions that favoured mycelíal

grol^/th, i.e. at 15"C. Light had no marked effect.

3.5.5 Effects of nitrogen and carbon sources

The aim of thj-s experiment was to study the ability of

P, porri to use nitrogen and carbon from different sources. The

following basal medium (Abeygunawardena and trrlood, L957) was used:

NH4C1 - 1.16 g; KH2P04 - 1 g; MgS04.7H2O - 1 g; yeast extract -

2 ^gi micro element mixture (l'{EM) - I ml in 1 L distilled r,/ater.

For N source treatments, NH4CI was replaced by sucrose - 25 g.

(MEM = FeS04 .7HZO - 0.1 g; CuSO4 .5H20 - 0.019; ZnSO4.1H2O - 0.1 g;

MnS04.4H2O - 0.1 g in 100 m1 distilled water).

Nitr:ogen sources tested v/ere: L-asparagine, ammoniurn sulphate,

ammonium nitrate, ammonium chloride, ammonium tarlrate, sodium nitrate,

potassium nitrate, calcium nitrate and peptone at a concentration

of 0.097" nitrogen in basal medium. The sources of carbon: glucose,

sucrose, D(-) fructose (laevulose), lactose, maltose, mannitol,



Table 11:
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l"lycelial growth and production of sporangia and oogonia of
P. porri at different temperature and lìghÈ

Temperature ( oC)

L = light
D = darkness

Mean radius (mm)

of colony in Cl4A

(1)

Production of
sporangia
in Cl"lA

oogonia
in LSE

(2)

s (D)

10 (D)

15 (D)

22 (D)

25 (D)

30 (D)

20-23 (D)

20-23 (L)

ls (D/L)

2s (L)

1.0.00e

rg.25b

24.62a

17 .50c

1 .5of
0.00s

19.00b

14. B7d

20.00b

r.25f

0

+

+++

+

0

0

++

+

++

0

0

++

+++

+

0

0

+

+

+++

0

(l)Muu., value of four radii at right anglos to each other with two
replicates. Values followed by similar letter are not significantly
different (P<0.05).

(2)g 
= no sporangia or oogonia produced; + = ferv, ** = moderate;

**t = abundant sporangia or oogonia.
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starch, citric acid, glutamic acid and glycerol, had amounts of

carbon equivalent Lo 2.5% glucose. Each treatme¡rt was replicated

twice.

0f the compounds supplying nitrogen, Êstest growth occurred

in peptone, followed by L-asparagine, calcium nitrate and sodiun

nitrate (Table 12).

0f compounds supplying carbon, mycelial growth was fasÈest

in maltose (Tab1e 13). The fungus did not grow in media containing

D(-)fructose, citric acid and glutamic acid. Tables 12 and 13

also show that. few sporang:'-a and oogonia were produced in any of

the media.

The ability of P. porri to utilize nitrogen and carbon from

different sources, can be judged from a comparison with the basal

medium. 0f the nitrogen sources, three conpounds stimulated growth

whereas in the carbon sources, seven compounds were stimulatory.

Few sporangia or oogonia were produced. An aspect worth studying

further is the suggested associaLion between nitrogen and oogonial

production and carbon and sporangial production.

Peptone as the best source of nitrogen for P- porri in this

experiment, was also reported by Saksena and Bhargave (1963, cit.

Rao e,ü a1., 1966) as a good source f.or P. phaseoTi Thaxter.

According to Cameron and Milbrat.h (1964), most species of Phyto-

phthora grow more rapidly in media containing organic nitrogen than

inorganic nitrogen. However, trn/ills (1954) found thal P. parasitica

var. nicotianae (Breda de Haan) Tucker, grev/ quicker in media con-

taining sodium nitrate but slowly in asparagine; .the opposite

result was found in this experiment. The results of the growth

studies using a carbon source supported the general statement of
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Dry weight of mycelium and production of sporangia and
oogonia of P.porri o¡ differenL sources of nitrogen

Source of nitrogen
Dry rveight (rne)
of myceliurn

(1)

Production of
sporangra oogonia

(2)

Peptone

L-Asparagine

Calcium nitrate
Sodium nitrate
Ammonium nitrate
Ammonium chloride
Potassium nitrate
Ammonium tart.rate
Ammonium sulphate

Basal medium

44.O}a

36.70b

34.00b

24.45c

2!.45c
19.05c

18.50c

18.45c

18. t0c

14.90c

+

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

(1)lo"un value of Lwo replicates, assessed at 40 days. Values followed
by similar letter are not significantly di-fferent (P<0.05)

(2)Cour,a"d 
under microscopic fields (10 x ocular by 10 x objective) at

random; mean value of two replicates each with 4 fields;
0 = no sporangia or oogonia; * = very few oogonia.
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of mycelium and productj-on of sporangia and

P. porri on different sources of carbon

Source of carbon
Dry weight (rng)

of myceliurn
(1)

Production of
sporangia oogonia

(2)

Maltose

Glycerol
D-Glucose

Starch

Sucrose

Lactose

Mannitol

Basal medium

D(-)Fructose
Citric acid

Glutami-c acid

21.504

16.60b

15.70b

15.70b

14. 1sb

11.95b

11.50b

5.15c

0.00c

0.00c

0.00c

0

0

0

0

0

+

+

+

o

0

0

0

0

0

0

0

0

0

0

0

0

0

(1)
Mean value of Lwo replicates, assessed at 40 days. Values followed
by similar letter arô not si-gnificantly different (P<0.05)

(2)Cour,aud under microscopic fields (10 x ocular by 10 x object.ive) at
random; mean value of two replicates each with 4 fields;
0 = no sporangia or oogonia; * = vefY few sporangia.
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lulehrotra (1952), . that maltose, srlcrose, dextrose, so1uble starch

and glycerol were most rapidly utilizeò by several species of

Phytophthora.

3.5.6 llffects of soiT extract concentration

The aim of this study rr¡as to examine the effect of soil

extract on production of sporangia of P. pgtri, as this method is
(ltdq¡*-:-ç

commonly used to stimulate sporangia¡of the species of Phytophthora
/\

(Mehrlich, 1935; Bumbieris, I}TB). Steri1ized and non-sterilized

soil extracts with different concentraLions (Table 14) were

studied. Plugs of P. porri 7.5 rnm in diameter from a 10 day old

culture were submerged in 20 ml soil extract in 6.5 cm Petri dishes.

They were incubated at room temperature (20-23oC) for 48 h, then the

number of sporangia was counted around the edge of each plug.

There were four repli,cates.

Table 14 shows that sporangial production u/as greatest in

culLures containing sterilized 10 g/100 ml water, followed by non-

steril-ized 2 g soil, sterilized 2 g soil, non-sterilized 10 g soil

and 5 g soil/100 ml water.

The results suggest that soil extracL induced sporangial pro-

duction of P. porri at concentrations of. 2 Lo 10 g soil in 100 ml

distilled v/ater.

3.5.7 SurvivaT of P. porri in cuTture

To study the survival of P. porri in agar culture at different

temperatures, a 7 day old culture on CMA was kept at. -4, 25 and 32"C
['{+{-

for 3, 6, 10, 15, 25 and 35 days. Plugs, 5 mm in diameter,lLaken
t\
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Effect. of soil extracl- concentration on sporangial- production
of P. porri

Soil (e/fOO ml r,rater) Number of sporangia
(rrans. /1=T)

0 (non-sterile extract)
I (non-sterile extract)
2 (non-sterile extract)
5 (non-sterile extract)

10 (non-sterile extract)
15 (non-steríle extract)
0 (sterile extr:acL¡

2 (sLerile extract)

10 (sterile extract)

3.97c

5.33bc

7 .21.ab

6.33ab

6.75ab

5. g8bc

5. 13bc

6.ggab

8.034

Values followed by similar letter are not significantly dì-fferent
(P<0.05). Mean value of four replicates.
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from the margin of the colony after storage for the required time

and placed singly at the centre of CMA in Petri dishes and incuba-

ted at 15oC for 10 days. There rvere four replicates.

Table 15 shorvs that P. porri kept at -4oC for 35 days still

grew, but it did not grow after 15 days at 25oC. The fungus did

not survive at 32"C.

3.6 The nost susce tib.le tissues of Tettuce ants

Examination of the infected seedlings showed uhat. in. most cases in-

fecLion occurred at the stem and extended upwards. Very rarely were t.he

roots infected'. This suggested that P.. porri preferred certain infection

sites on the lettuce plant.

In a second experimenL the fungus was gro\¡/n in liquid medium con-

t.aining extracts of different parts of the lettuce plant (Table 16).

One hundred g of each part were chopped, extracted in 1 L distilled water

and autoclaved. A plug, 5 mm in diameter of mycelium was put into 75 ml

of medium and incubated at 15oC for 40 days. The treatments were

replicaEed' three times.

Table 16 shows that best growth was found in cultures containing

stem extract, followed by main root, shoot and leaf stalk extracts.

Holever the differences were not statistically significent. Poorest growth

of mycelium was found in cultures containing pith, leaf blade and root

exLracts.

3.7 Efficacv of sone fungicides

Of the 18 fungicides Lested in agar, 14 v¡ere effective in preventing

growth of P. porri at the lowest concentrat.ion recommended for each



Tabl-e 15: Bffect of
in culture
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temperature of st,orage on the survival of P. porri

Mean growth of mycelium
(mm/24 h)Length of storage

(day)
-l+"C 250C 32"C

3

6

10

15

25

35

1.59

1 .61

I .69

r.70

r.67

1 .55

t .33

I.42

1.43

0

0

0

0

0

0

0

0

0

lulean value of four replicates.
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Dry weight of mycelium of P. porri gror^¡n in media containing
extracts from different parts of the lettuce plant

Kind of medium
l"lean dry weight of

mycelium (mg)

LSE (lettuce

MRE (letLuce

ShB (lettuce

LLE (lettuce

LPE (lettuce

LBE (leltuce

LRE (lettuce

stem extract)

main root extract)

shooL extract)

leaf stalk extract)

pith extract)

leaf blade extract)

rooË extract)

38.6la

31 .344b

30.764b

29.68ab

27.94b

27.86b

22.90b

Values followed by similar letter are not significantly
different (P<0.05). Vlean value of three replicates.
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fungicide (Table 17, column A). Flowever the resulLs in agar plates did

noL correspond to those found wtren they rvere applied as drenches in soil.

There were six fungicides (fosetyl + mancozeb, captan, mancozeb, fenanino-

su1f, metiram and metalaxyl) wllich killed the fungus on the soil surface,

while only metalaxyl gave absolute prevention at a depth of 20 mm in the

soil (Table 17, column B).

The fungicidal effects decreased in the soil application, suggesting

that the active ingredient (a.i.) of sorne fungicides was inactivatecl or

adsorbed by soil particles or chemicals. However, Klomparens and Vaughan

(7952) reported good correlation between laboratory results of fungicides

in malt agar and field control of several turf pathogens. Zentmye.r

(1955) on the other hand, found that the fungitoxicity of many fungicides

that are highly effective in ot.her types of Lests was reduced when they

were tested as a soil drench.

Metalaxyl was also reported t.o be effective against P. infestans of

tomato either as a soí1 drench or foliar spray (Cohen et a7. , 1979),

P, infestans in potaLo leaves (Bruck q,t a7,t 1980) and P. parasitica

var. nicotianae of tobacco (Staub and Young, 1980).

fn the case of the lettuce P. porril because its activity in nature

appears to be on or near the soil surface, the penetrati-on of fungicides

into Lhe soil is not essential, therefore several fungicides which were

effect.ive in soil surface application, nay possibly control P. porri i.e.:

metalaxyl, metiram, captan, mancozeb, fenarninosulf and mixture of fosetyl

and mancozeb.

4

4

Summary and Conclusions

.1 Phytophthora porri

A stem rot disease of lettuce of various ages, which had not previously



Table 17:

Fungicide

Fosetyl (Alíette)
Fosetyl + mancozeb (Mikal)

Benomyl (Benlate)

Chlorothalonil (Bravo)

Captan (Ortnocfioe)

Captafol (Difolatan)
l4ancozeb (Dithane M 45)

Fenaminosulf (Dexon)

Metiram (Polyram 2000)

Prochloraz (Sportack)

Met.alaxyl (Ridomil)

Vinclozolin (Ronilan)

Iprodione (Rovr:al )

Carbozoline (Serinal)

sN.78.314

Procymidone (Sumisclex)

Quintozene (Terraclor)
Etridiazole (Terrazole)
Control (Distilled water)
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Bfficacy of some fungicides against P.porri in agar crtlture
and in soil

B. In soil
a.i. Mean grolth of

mycelium (nn/24h)

251.2

800

980

500

500

750

200

500

2250

84

0

0

0

0.1

0

0

0

0

0

0

0

0

0. 1B

0.63

0.15

0

0

0

0

2.O3

2400

2100

1000

1630

1245

r250

1600

I 190

1600

640

750

750

750

1000

300

1000

3750

140

0

( pp*)

(3)
0 rnm

r.24
0

L,/+2

L.25

0

1 .38

0

0

0

0.28

0

I.2B
I .51

I.79
0. 17

1.04

I .68

o.44

1 .98

(4)
20mm
deep

r.24
1.25

r.42

1.s3

r.24
1 .53

0.99

0,25

1.18

1 .35

0

r.49
t.79
L,47

o.22

I.29
r.52
r.28
2 .00

830

500

960

595

00I2

320

400

750

(1)Con."rrtration recommended at lowest rate for each fungicide
(2)Muun value of three replicates after 10 days
(3)Corr."ntration at higher rate of each fungicjcle
(4)l,l"un value of three repl.icates after 6 days.

A. 0n CMA

a. i. lulean gror,rtfr
(ppr) of mycelium

6n/24 n)
(1) (2)
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been recorcled, rsas discovered at Virginia an<l Gatvler River, Northern

Adelaicle Plains. A Phytophthora, morpl-rologically similar to P. potri

was isolated and identified frorn infected plant tissues"

There are differences between P. porri of lettuce and

P. porri. The P. porri of lettuce did not infect leek and cabbage

under experimental conditions, two of the host plants of P. porri,

its optimun and maximunt growth temperature is B-10oC lower than

P. porri and it produces sporangia, oogoni-a and chlamydospores in

both articifical media and plant tissues.

'However, the clifferences between P. porri of lettuce and

P. porri are of some significance,. suggesting that P. porri of

lettuce is 1j-ke1y to be a specific pathogen to lettuce.

4.2 Conditions for better prowi.np of P. porri

Waterlogging, wet and cold conditions appeared to favour the incidence

and severity of stem rot disease in the field. Such conditions may favour

the pathogents ability to grow and to infect healthy plants and at the same

time may inhibit the host p1ant.

In the laboratory, P. porri grew in synthetic and non-synthetic media.

lrledia containing plant extracts rurere best for mycelial growth and oogonial

production, while only CMA ga.ye abundant sporangia. The optimun
t.,'¡t""¡tl- sært æçca-r'rlaliar'*

temperature'rwas 15"C. ' Mycelial growth was most rapid at pH 5 to 6 and
l¡

sporangial production was highest aL pH 9 and 9.5. Three compounds of
,4-'l^rr)-

nitrogen stimulated growth¡/tfre fastest was peptone follorved by L-asparagine
fj\

and calcium nitrate. 0f the carbon sources tested, growth was stimulated

most by maltose followed

and mannitol.

by 91ycero1, D-glucose, starch, sucrose, lactose
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It is concluded that peptone at pll 5 to 7 and 15"C provide the

most favourable conditions for mycelial grol\rth.

4.3 Poss ibTe controT measure

The nature of the infection on the stem and the patt-ern of distri-

bution of infected plants in the field suggested thaL the inoculum of sLem

rot disease v/as soil-borne.

The only plernts kno'wn so f ar to be hosts of P. porri are lettuce

cultivars. Thus cultural practices to eliminate inoculum and stimulate

plant growth, such as good drainage, avoidance of waterlogglng and crop

rotation, together with regular sprays rvith effective fungicides, should

provi-de good control of P. porri. The search for resistant cultivars

is likely to be profitable as some of the lettuce culÈivars Lested were

not infected in the pathogenicity tests in the glasshouse.
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ChapLer 4

SCLEROTINIA ROT ]N LETI'UCE PLANTS

1. Introducti,on

1.1 Ob iectives

Sclerotinia rot of lettuce caused by S. sclerotiorum is a most

destructÍve disease in commercial lettuce fields in the Northern Adelai-de
6Ê øi

Plains. It causes high losses in yield not only foE'Iettuce but alsorÃ

other crops such as potato and cabbage.

So far there is no reliable way to control the disease in the field.

However, differences that were found in occurrence and distribution in

several commercial fields, indicated thaÈ there h¡ere sone factors which

favoured and some which restricted its potential for infection under

natrual conditions.

The aim of the study was to determine those factors that had the

greatest influence on the distribution and severity of Sclerotinia rot

in commercial lettuce fields and to study Ehe roles of some natural

enemies (parasit.es and antagonists) in controlling the pathogen.

L.2 Its occurrence and inDortance

Under natural conditions the interaction between the pathogen ancl

its host planLs appeared to be influenced by a combination of several

factors. Based on Lhe conditions and the cropping background of the

vegetable areas, the following assumptions klere made in developing a

hypothesis to explain the variation in distribution of the fungal pathogen

in lettuce fields.
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(1) Inoculum: The main source of i.rroculum of S. scTerotiorum is

sclerotia, which can survive for malìy years in the soil.

(2) The maior environmental fact-ors influenc ans the funous are:

pH, salinity, texture, water content, matric potential, field

capacity of soil and temperature.

(3) Mycopa rasites and antaponists: influence the survival of

sclerotia and other stages of the fungus.

(4) Cultural practices: such as cultivation , crop rotation, control

measurgl fertilizer usage are also important.

The approach consisted of saurpling of soil, col.lecting data of

diseased plants and analysing the data to ascertain rvhether there rvere

any correlations betrveen the incidence of disease and the factors

mentioned above.

1.3 Host pLants and its distribution

All main vegetable crops groh¡n in the Northern Adelaide Plains

including: cabbage, potaLo, cauliflower and celery, are susceptible and

are good hosts for S. scTerotiorun. Thistle, a common weed in the area

is also a good host of the fungus. S. scTerotiorun has a wide range of

hosts, more than 350 species. of 60 families of plants (Purdy , L979).

The most important host planLs are: French beans, letLuce, potato,

crucifers, celery, sunflower and rapeseed.

Its distribution is world-wide. fn the Northern Adelaide Plains,

it was found in all kinds of soil in commercial fields. It was most pre-

valent during winter.
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I.4 BioTosicaT controT

Routine sprays rvith fungicides has failed to control the disease

in the fields, hence the search for a procedure of biological control

seemed worthwhile. Several hyperparasites have been found on sclerotia

of ScTerotinia species. Coniothyrium ninitans is an effective parasite

(Campbell, L947; Merriman, L9761 Huang, 1977; Trutmann et al., 1980).

Sporidesnium scTerott',vorun has been dj-scovered in the soils of the

United States of America, causing natural destruction of sclerotia of

ScTerotin:.a spp. (Ayers and Adams, 1979; Adarns and Ayers, 1981).

Trichoderna spp. are also parasiLic and antagonistic to mairy sclerotial

f ungal pathogens (\^/e11s et aI. , 1972; Merriman , 1976; Dos Santos and

Dhingra, I9B2). Ot.her saprophytic fungi reported as antagonists or

parasites of sclerotia are species of Fusariumt Mucor, ATternaria,

Epicoccun (l"lerriman, L976), PeniciTTiun, AspergilTus, Stachybotrys atra

(Rai and Saxena, 1975), GliocTadiun roseum (Tribe, L957), Trichotheciun

roseun (Boning, 1933, cit. trrlitletbsand l/ong, 19Bl).

2. Materials and Methods

2.7 , ssessment of disease in comnerciaT Tettuce fieTds

2.1. 1 Sanpling procedure

To investigate the relationships between the incidence of

Sclerotinia rot of lettuce, soil factor and the pathogen (sclerotia),

soil samples and recor cls of diseased plants were obtained from

Virginia, Angle Vale and Gawler River, Lhree localities in the

Northern Adelaide Plains.

Five commercial lettuce fields, previously surveyed for

vegetable disease, were chosen for the study. Tv¡o of che fields
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r,i¡ere conlinuously cultivated with lettuce, while the other three

alternated between 1el-tuce and other vegetable crops or cover crops,

at two to three year intervals.

Soil samples were collected at random from five sites in

each field. Each site, approximately 10 x 10 m, t{as capable of

containing 800 to 900 lettuce plants. About 2.5 kg of soil from

the top 20 cm were collected from each site and divided into sub-

samples for the assessment of numbers of sclerot.ia of S. scferotiorunt

pH, soil texture, soil water, v/ater pot.ential and salinity.

2.I.2 ^Ássessøent of diseased plants

The numbers of infected and uninfected plants were counted at

each site.

the count.

Diseases other than Sclerotinia rot. were excluded from

2.I.3 Factors neasured

Under natural conditions the distribution, density and

severity of the disease varied iû commercial fields, suggesting that.

several factors such as number of sclerotia, soil factors (pH, soil

t.exture, soil water, soil water potential, salinity), cultural

practices and mycoparasites or antagonists in the soil were involved.

2.I.3.7 Nunber of scTerotia of S. sclerotigg

Sclerotia were obtained from soil using the modified rrhlet

sieving techniquerr (Hoes and Huang, 1975). Four replicates of

2OO g soil were washed with running tap hrater on a sieve with an

aperture of 2 mm. The washed residue v/as transferred into a glass

Petri dish. Sclerotia were counted, using a low power mi,croscope
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when necessary, and picked up with forceps and surface sterllized

with a mixture of 1:1 (v/v) 1% sodium hypochlorite-absolute alcohol.

All sclerotia, excepL those which hlere aPparentl.y rotten ' were

placed on PDA and incubated at 25"C lor the examination of healthy

and dead sclerotia.

2.7 .3.2 SoiT f actors

Soil texLure, water potential, pH and soil water content \¡ere

measured using the methods described in Chapter 2.

Salinity r,/as measured using a Conductivity lleter. Air dried

soil was made into a solution in double glass distilled water, in

the ratio of 5:I (v/v) water-soil. The solution was thoroughly

mixed by stirring it in a plastic container, 10 cm deep and 4 cm

in diameter, then allowed to stand for 30 min. Then it was stirred

again and the electrode with all three platinum sheets was immersed

into the solution. Readings v/ere made and the values expressed

in micromho.

Field capacity. Approxirirately 50 ml ,of soil were placed in

a funnel with very f ine pores. ltlater vias poured onto the soil

until saturated. The hrater from the soil was allowed to drip;

when it stopped the soil was considered to be at field 'capacity.

The soil was placed in a Petri dish and oven dried at 96"C for ' -

24 h, The loss of water content was calculated as a percent of

dry weight of soil.

2.I .3.3 CuTturaT practicet

Cultural practices \,üere recorded according to the cropping

system and cultivation of a field, including degree of cultivation,
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soil fertility, soil drainage, type of furrows, fungicide and

fertilizer usage. They were categorized as good, fair or bad

practices.

Tation and identification of scTerotiaJ. Ðaras.ites
or ant sts

Mycoparasites and antagonists of sclerotia were isolated from de-

cornposing sclerotia and from soi1. Baits of laboratory-produced

sclerotia and selective media hlere used for the isolation from soil.

Twenty five sclerotia were mixed ruith field soil in a container ' each

containing 1OO g soil and incubated at 20"C for B weeks. Sclerotia

were taken and surface-sterilized wj-th a mixture of 1:1 (r'/v) 1% sodium

hypochlorite-absolute alcohol and rvashed several times with distilled

water. Then they were placed on sterile moisL filter paper in a Petri

dish and incubated at 20oC. Each treatment was replicated five times'

The growth of mycoparasites on sclerotia was examined periodically for

four weeks. Infected sclerotia h/ere recorded and pure cultures of fungal

isolates were made.

Actinomycete antagonists were isolated from five commercial leLtuce

fields, using the diluLion plate method with a specific mediurn for

actinomycetes (agar -4Og; K2HP04 -2g; MgS04.7H2O-2g; NaCl -29;

(NH4)2SOa - 4 g; CaC03 - 4 g; soluble starch - 20 g). One ml of a

1:105 soil dilutionwas applied to each Petri clish containing 20 ml of the

medium and incubated at 25oC for six days; the colonies were then

examined under the microscope. Each treatmenL was replicated four times.

Identifications were based on morphological structure, mycelial

growth, fruiting bodies and physiological aspects (I'laksman, 1952; Gilman'

1957; Burges, 1958; Rifai, L969; Domsch et a7., 1980). Tests on
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parasitic and antagonistic potential were done against sclerotia of

S. scTerotiorun in vitro.

2.3 Laboratorv and GTasshouse exDeriments

2.3.1 Production of scTerotia of S. sclerotíorum

Sclerotia were produced on autoclaved carrot disc cultures

in Petri dishes or Erlenrneyer f 1-asks, inoculated wj-th plugs of

mycelium from a PDA culture and incubated at 25"C for two weeks.

Sclerotia were extracted frorn the media by washing in a 2 mm sieve,

surface sterilized with a mixture of l:f (v/v) 12 sodium hypo-

ctrlorite-absolute alcohol, rinsed several times with dist.illed

water and air dried on a bench in a laminar flow cabinet.

2.3.2 Pathogenicity tests

Experiments were done in the glasshouse. Seeds were sov/n

in sterile vermiculice and incubated at 25"C for one week. They

were transplanted into U.C. mix potting-soi1 in 15 x 15 cm pots.

lrlater and f ertiLízer were added when required.

2.3.3 Efficacy of sone fungicides against S. sclerotiorum

To determine the efficacy of some fungicì-des to control

S. scTerotiorumt Lests were done on CMA media and in soil, according

to.the method described in Chapter 3. The treatments were incubated

at 25oC. Assessments wiLh the G"fA medium krere recorded as pr:esence

or absence of mycelial growth. Each treatment was replicated Lhree

times.
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2.3,4 PhysicaT and cuTtural factors

Liquid and solid rnedia used to study theinfluence of sources

of nitrogen and carbon r¡/ere prepared as f ollows z I25 m1 Erlen-

meyer flasks containing 75 ml media were used for liquid

cultures and 9 cm sterile Petri dishes containing 20 rn1 media for

agar (1.5%) cuttures. One plug, 5 mm in diameter of actively

growing mycelium of s. scTerotiorun v/as placed into each flask

and at the centre of each agar p1ate. The cultures r,/ere incubated

at 25"c for four days for liquid cultures and tr,¡o weeks for agar

plates.

Mycelial growth in liquid culture was assessed by filtering

the mycelium, rinsing \"/iLh distilled h/ater, drying to constant

weight in an oven at 96oC for 6 h and weighing.

2.3.5 A prerequisite for infection by ascospores

To st.udy the factors initiating the initial infection by

ascospores on healthy plants, seeds of the lett.uce cultivar

rmperial Triumph were sown in stårile vermiculite for one week.

They were t.ransplanted into u.c. mix potting soil in 15 x 15 cm

pots and grown in the glasshouse for six weeks.

2.3.6 Factors effecting scTerotiaT viabi.lity and gernination

To determine the effect of some factors on sclerotial

viability and gerrnination (carpogenic germination), laboratory-

grohrn scleroLia were used throughout. To test for the effect of

duraLion of storage, sclerotia were placed in a cool room (4oC)

in sterile Petri- dishes. To test for the effect of burial ancl
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duration of storage, sclerotia were lceptJdifferent- depths in soil
A

in glass containers, at 15oC under al-ternating 12 h ligl-rt. and

12 h darlcness inîgto"th chamber.
(

2.3.7 BioTogicaT controT of S. sclerctiorul by F. laterit.iurn

2.3 .7 .I In the Taborater:t=.j?04=gTasshouse

'sclerotia were obtained from a two week carrot disc culture.

Apothecia were produced by placing sclerotia on sterile coarse sand

in closed plastic containers, 7.5 cm high and 7.5 cm in diameter.

The sand was periodically moistened with distilled water during

incubation at 15oC under alLernating light and dark or at room

temperature during winter. Six to seven weeks later many apothecia

with mature ascospores were obtained from Èhe cultures.

Fusariun Tateritium produced macroconidia abundantly after

a short period of incubation on PDA, CMA or autoclaved brown rice

grains (Carter, 1983). After 7 days at 25"C macroconidia were

harvested and stored. In addition to the media already mentioned,

dilute Czapek-Dox plus yeast extract (NDY/20) was made up according

to the formula of the Commonweal-th Mycological Institute (1968)

and glucose peptone agar (GPA|}O) as formulated by Cook et a7. (1949).

Lettuce stem extract (LSA) was obtained from 100 g of lettuce stems

which were chopped, boiled in 1 L distilled water, filtered through

Whatman filter paper No.2 and 15 g agar powder added, then auto-

claved for 15 min. LetLuce leaf extract (LLA) and cabbage stem

extract (CSA) were obtained by a similar procedure.
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2.3.7 .2 In the f ieTd

The experiments \¡ere carried out in two commercial lettuce

fields in Virginia, during the winter of 1983. It was a random-

ized block design, eac-h block containing four treatments:

(a) Fusariun Tateritiulrmacroconidia
(b) Fungicide: benomyl (Benlate, 50% I^I.P. )

(c) Alternating between F. Tateritiun and benomyl

(d) Untreated-control

The plot size per treatmenl was equivalent to 45-50 plants.

,{ suspension of F. lateritiuø macroconidia was sprayed thoroughly

on the planLs and soil surfaces. Benomyl solution equivalent to

500 9/10001 per hectare was used. An automaLic t'Silo knapsack

sprayertt was used throughout. Sprays were done four times at

intervals of ten days. In the first experiment the letLuce cultivar

was Salinas and in the second one it vras Imperial Triumph. Insect

damage v/as prevenLed by spraying the blocks wiÈh insecticide

(Malathion). During the experiments there r,{ere no routine sprays

by growers.

Assessments on the incidence of ScleroLinia-rot and other

diseases of lettuce $/ere made every ten days prior to spraying.

At the end of the experiments, numbers of plant.s harvested were

recorded and the effects of each ureatment were expressed as

percentage diseased plants caused by S. scTerotiorun. Because the

blocks were in commercial fields, cultivation, irrigation and

f.erE:-1_r,zation were done by the growers according to t.heir usual

practice.
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3. Results and Discussi-on

3.1 CorreTation between disease and ent,ironnentaT factors

Percent diseased plants and mean values of numbers of sclerotia

of S. scTerotiorun, percent clay, salinity, pll , rvater potential , v,atel:

field capacity and soil water content are shown in Table lB. The

correlation coefficients between the factors are shown in Table 19.

3.1.1 CorreTation between diseased pTants and scTerotia

The results of th¡o successive sa'nplings suggested that. the

numbers of sclerotia of S. scTerotiorum in field soil were

positively correlated with percenL diseased plants in l-ettuce

crops (Figs.13a,b). Because the sclerotium is the primary

suivival st.ructure in the life cycle of S. scTerotiorun, their

presence in field soil has always been a major concern. Little is

known about the relationship between inoculum (sclerotia) 1eve1 and

the level of disease and severity with Sclerot-inia rot of lettuce.

However, the data obLained from 25 sampling sites of five

commercial lettuce fields in the Northern Adelaide Plains, showed

that the highest number of sclerotia per Kg of soil was about twelve.

This number is considered high for S. scierotiorun, although an even

higher number h'as expected in a field that was heavily infested in

the previous season (number of sclerotia per plant in the lettuce

field ranged between 166-(430)-618).

Adams and Tate (1975) found the inoculum level of

S. scTerotiorun (small sclerotia, about 1 mm, recognized as S. ninor

Jagger), ranged from 0-(3.9)-20/lO0 g soil, in New Jer:sey lettuce



Table 18:

Sampling
site

Mean values of percentage diseased plants, number of sclerotla and so11 facLors at 25 sampl-ing sites
in commercial lettuce fi.elds

A1

Ar

^3

^4
t\5

B1

B2

Be

B4

B5

C1

C2

c3

C4

C5

u1

D2

D3

)(\ 
^)

58.44

/+4.48

64.60

0.57

o57
9 .81

12,25

14.30

t4.65

22.71

37 .94

38.53

53.73

0. 57

0.57

5,44

.9.98

14.18

3.63

0.57

0.57

3.63

0.57

Clay
t/" )

(s)

17.38

? oc

t8.94

I
æ

I

D4

9.88

26.46

D5

Et

E2

r,.

E4

E5

l'tl'-'Percentage diseased plant was estimated approximat.ely two vreeks before harvest.
(2), (3), (4) - A = firsr sampling; B = second sampling
(5)P".cont clay hros mcasurccl ¿ls a conlbincrl sample, one for each fielcl.

Soil water potential

(4)

A B
-bars

0 .07

0.07

0.06

0.04

0.04

0.08

0.06

0. 07

0.05

0.08

0.04

0.06

0.06

0.04

0.11

0.r2
o.r2
0. 10

0.11

0.11

0. 10

0.04

0.08

0. i1
0. 10

0.06

0 .06

0. 13

0. 07

0.05

0.0s

0.06

0.04

0. 03

0.02

0.06

0.05

0. r1

0.06

0.0ó

0.06

0.07

0.06

0. 04

0 .05

0.10

0.08

0.72

0. r7

14.36

r4. 10

t4.36
12.01

r6.09

t2.46
1^ OO

12.0r

14.60

IO.JJ

16.77

14.68

13.51

16.28

13.22

72.2r

T2.2I

11.28

14.34

12.26

18.65

17 .90

1.7.59

20.63
10 /,1

Soil water content

(3)

A DD

o7

fdater
field
capacity

îa c(

24,5r
28. 15

25.94

21 .58

23.22

23.It
23.78

2I.t4
22.83
,< ,ì0

24,5r

28.56

18.27

23.24

20.69

23.76

22.77

23.O7

2t .45

2t1.43

20.20

27 .53

35.66

33.05

13.97

14.65

t4.26

16 .88
ôao

9.31

8.62

9.96
o11

t5.77

16.39

20.86
'ro <Á

19.59

RO

15.74

15.18

13.7 4

14.78

12.47

9.43

9.79

299

16

10. 38

11.83

pH

Salinity

(micro-
mho/cm)

7.6

7.0

t.J

6.7

7.7

7.0

6.9

7.r
7.0

6.9

7.4

7.4

6.9

7.r
7.3

7.r
6.9

7.2

7.3

7.3
7)

1a

7.4

7.4

7.2

374.75

32r,75

256.50

288.75

I 78.25

385.25

400.00

46r .00

476.2s

363.25

551 .25

2t2.50

36r.25

346.15

264.75

1077.50

967 .50

975 .00

995.00

942.5

644.75

597 .5

630.00

827.5

650.00

Number of
in 1000

sclerotia
of soil

(2)

BA

transf.

1 .53

I .53

1 .98

2.31)

3.94

r.53
0.71

0.71
a â<

0.71

1 .53

r .53

2.79

2.35

3.24

0.71

0.71

0.71

0.71

0.71

0.71

o.7L

o.7L

0.7 r
0.71

1 .48

t.77
r.22

t.73
3.59

0.7 r

0.71

t.22
1 .53

0.96
1 a')

1 .53

2.04

0.71

2.80

0.71

0.71

0.96

o.96

0.7I
0. 96

0.71

0.71

0.71

0.71

PercenEage
d i sea sed
p lants

( trans,
sin.-1 4)

(1)



Table 19:

Factors

Percentage diseased plant
Number of sclerotia
Salinity
hlater poEential

I¡later field capaciÈy

Soil water content
pH

Correlation coefficients of factors measured in 25 sampling sites of comrnercial lettuce fields
in the Northern Adelaide Plains

Correlation coefficients ( r ) for a sociated
hlater
field
capacity

(7.)

factors
Soil
water
content

(7")

No. of sclerotia
1sÈ

sampling
2nd

sampling
Salinity
(u mho/cm)

lrlater
potenEial
( -bar )

pH CLay

(7")

n-t?ç v NS

NS

NS

NS

NS NSNS

NS

NS

NS

at'a\'

NS

NS

NS

NS

NS

I

N

I

NS

NS

\lq

NS

NS

NS

-rxàs P<0.001 ; y"x P(0.01 ; +ç P(0.05; NS = not signif icant.
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The relationship betrveen percent diseased plants and

a. the number of sclerotia of S. scTerotiorum

. 
(first samplingi r = 0.868; P(0.00i)

b. the number of sclerotia (second sarnpling;

r = 0.798; P<0.001)

c. soil salinity (r =-0.655; P(0.001)

d. soil water potential (r = -0.426; P<0.05),
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fielcls. They also suggested that the losses from disease in the

field increased rvhen the inoculum level increased. Floes and Huang

(1975) recovered 24 scLerotia/lcg soil from the rhizosphere of

sunflorver plants with root rot. These observations suggest that

the incidence and severity of Sclerotinia rot in lettuce fields

can be predicted from Lhe number of sclerotiainthe fietd soil.

Even though sclerotia of S. sclerotiorum seem unlikely to

cause direct infection through soi1, they probab-ly produce asco-

spores which are the primary source of inoculum (Abawi and Grogan,

I979i Cook et a] . , 1975).

3.1.2 CorreTation between disease and factors other than
scTerotia

Significant negative correlations were found between percenL

diseased plants and soil salinity and soil v/ater potential

(Figs.13c,d). No significant correlations h¡ere found between

diseased plants and pH, v/ater field capacity, soil \,vater conLent

and percent clay (Tabfe 19). The results show that. percent

diseased plants decreased as salinity increased. In terms of plant

health, salinity rnay reduce plant vigour and yield ruithout visible

symptoms (U.S. Salinity Laboratory Staff,1954), which is contrary

to the results found in my experiment. The more lì-kely explanation

for the negative correlation is probably the effect of salinity on

the number of sclerotia (Tab1e 19) rather than an effect on the plant.

Soil water potential appeared to influence disease incidence,

as percent diseased plants decreased linearly with soil \^/ater

potential (-bars) as shown in Fig.13d. Once again it is possible

that lack of water inhibits sclerotia and, therefore, the incidence

of diseased plants.
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3.1 .3 CorreTation betv,een factors other than
percent diseased plants

Correlation coefficients of factors in Table 19 show signi-

ficant correlatíons (negative) betrveen number of sclerotia and

salinity and soil waLer potential , between salinity and soil r,¡aLer

potential (positive) and betrveen waLer field capacity and soil -

water content (positive).

Increasing salinity and soil water potential probably in-

fluenced ttre viability and degradation of sclerotia and so reduced

their numbers in the soi1. The report by hlillians and l,/estern (1975)

that soil moisture above 30% of. the soil water holding capacity

favoured survival of sclerotia supports my resulLs.

3. 1.4 Çu7tura7 practices

From Èhe survey (Chapter 2) there v/as some indication that

the degree of cultural practice such as cultivation, crop rotation,

removal of infected p1ant, fungicide and fertilizer usage, in-

fluenced the occurrence and severity of Sclerotinia rot in conmercial

lettuce fields. Thus, clean and thorough cultivation followed by

proper drainage of soil decreased the incidence and severity of

disease. The mosL likely explanation is that under good cultivation

plant.s not only grow better, but there is less chance for t.he

paLhogen to germinate and infect healthy plants because there is

less organic matter and soils are drier.

Crop rotation gave posiLive results as long as the interval

between crops was sufficient to reduce the inoculum in the soil to

a level below economic importance. In the Northern Adelaide Plains
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crop rotation was not sufficient to control Sclerotinia rot,

mainly because the length of ttre rotation , 2 Eo 3 years, was not

long enough and because the crops that were used are also alterna-

tive hosts of the pathogen. Rotation appears to be aimed more at

the fertility of soil than to perurit esscape from disease.

Furthermore, the same agricultural tools are used in different fields

thus encouraging spread of the pathogen.

The number of sclerotia of S. scTerotiorur¿ surviving in the

soil can be reduced by deep ploughing (Chambers and Hardie, 1964;

lulerriman , 1976).

3,2 ScTerotiaT parasi.te and antaTonist

Several fungal parasites and antagonis$ were isolated from soil and

parasitized sclerotia, such as Coniothyriun ninitanst Trichoderma harzianun,

Trichoderrna sp. ¡ Trichothecium sp. ' GTiocLadiuln sp.,Fusariurn spp. r

PeniciTTiuí? sp., Mucor sp" and some unidentified saprophyLic fungi (Table 20).

C. ninitans rdas isolated from all sampled fields, suggesting that the

parasite contributes to the degradation of sclerotia of S. scTerotiorun

in the fields. GTiocTadiun sp. was also abundant. Trichotheciun sp.

was found in only one field.

Sporidesniun scTerotivorun' rn¡hich is found over a wide area of the

United States as an effective parasite against scleroLia (Ayers and Adams,

1979; Adams and Ayers,1981), v/as not found in the Northern Adelaide Plains.

There were several isolaLes of Actinomycetes isolated from soil of

commercial fields in the NAP, buL only an isolateoL streptonyces sp.

appeared to show an anLagonistic reaction to S. scTerotioruø (Fig. 14).



Table 20: MycoparasiÈes on sclerotia of S. scTerotìorum isolated from 5 commercial fields in Lhe NAP

Number f asitized sclerotia ol (r)

Field with Sclerotinia
rot

'rl
Ò0

rJl

li
q)

Ð
a)
É
o

Lettuce (Gawler River)
LeLtuce (Virginia)
Lettuce (Virginia)
Potato (Virginia)
Cabbage (Salisbury North)

(1)

7.7

11 .6

7.7

2.7

6.7

I

co

I

Usually more than one fungus colonizing the sclerotia.

o.
(/l

'n
È
!--t
'Fl
U

'rl

È
Ê.
U)

È
J

'rl
!
Q
n
:J
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0

0

1i .5
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0
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6.927

0
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o

Ê.
U)

'tl
q
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o
'rl
È

0

0

0

9.7

0

o.
a)

'Fl

()

.l-)

U
'n
t{

Èr

) L IJOL Oa

Ê
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U)

a
È

\rJ
'\J
o

'F{
Lñ

5.0

0

0

8.3

4.627

51

30

38

1B

7

67

8

9

3

a
a
iJ
'Fl

.Fl

E

24.6

26.7

10.3

11.1

II.7

65

60

78

72

60

Number of
sclerotia
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One isolate (a1) of Ascomycetes inhibited t.he

mycelial growth of S. sclerotiorum (at t.he centre)
while the other three did not.

Similar inhibition occurred in clay culture (bt),
compared to control plate (¡Z).
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3.3 Pathope nicitv of S. scle rol i orrrm

Cultivars of lett-uce, prickle lettuce, marigold, bar1e1', wheat,

rye-grass, rye-corn and lucerne, were gro\^/n for eight weeks in potting

soil in pots, each containing Lwo plants. Inoculum of S. scTerotiorunt

v/as grown on sterili-'zed carrot discs for five days and then blended to

homogenize. Each pot received 10 m1 of inoculum which touched the plants.

Al1 pots were put in rnetal trays (75 x 50 x 5 cm) containing water, to

keep t.he soil wet. They were kept in the glasshouse where the temperature

rarrgecl between 19 and 27"C. The treatments were replicatcd thrce times.

I¡fection in lettuce cultivars was observed three days and in

marigold cultivars seven days after inoculation. Thus, under the experi-

mental conditions, although some lettuce cultivars escaped such as Early

lfature Lake, Or1ginal GreaL Lakes, Great Lakes (5O7"), Green DaLe (617") and

KgK (B3Z), all cultivars r+ere infected. (Tab1e 21). There is no report in

the literature of resistance in lettuce to S. scTerotiorum. Steadman

G979) stated that S. scTerotiorum has an extremely wide host range.

Newton and Sequei.ra (I972) reported that the escape frorn infection by

S. scTerotiorun may be associated wj-th the type of growth of the lettuce

cv. However, there is evidence of field resistance in lucerne (Elgin and

Beyer, 1968).

The results suggest that two cultivars of marigold, barley, wheat,

rye corn, tye grass and lucerne are resistant to S. scTerotiorun. They

could possibly be used as alternative crops i¡¡ ¿ rotation programne.

3.4 Ef f e-c t of inoculun densit on disease incidence in Tettuce

Autoclaved bror,¡n rice was inoculated with S. scTerotiorun and in-

cubaLed aL 25oC for 5 days. Dur:ing the incubation the culture v/as agitated 
,
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Results of pathogenicity of S. scTerotiorum 07 young letLttce,
prickle lettuce, marigold, barley, r)'e grass ¡ rYê corn and
lucerne

Cultivar Percentage planL infected(1)

Imperial Triumph
Imperial 847
Imperial 847 (medi.um tyPe)
Butter Crunch
Cos Lettuce
Broln Mignonette
Green NlignonetLe
Sunny Lake
\nlinter Lake
Ace Field
Oak Leaf Lettuce
Salinas
Yates Dale
Early llature Lake
Original Great Lakes
Great Lakes
Yara Lake
Green Dale
KOK-60

Prickle LeLtuce

20 Prickle Lettuce

Marieold:

Lettuce:
1

2
3
4
5
6
7

8
9

r0
11
I2
13
T4
15
76
I7
1B
t9

2I
22
23
24

100.0
100.0
100.0
100.0
100.0
83. 3
83.3
83.3
83.3
83.0
83.0
83.0
66.7
50.0
50.0
s0.0
50.0
33.3
16,7

33.3

16.7
16.7
0.0
0.0

0.0

0.0

0.0

0.0

0.0

Jubilee
Flamenco
Petite Yellow
Honey Comb

Barley:
25 Clipper

Wheat:

26 Halberd

Rye-Grass:

27 Rye-grass

Rye-Corn:

28 Rye-corn

Lucerne:

29 Lucerne

(1) the mean of six plants (three pots each containingEach value is
trvo plants ) .
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once a day. Rice grains \l/ere rnixed rvith sterile U.C. soil mixttlre to

obtain 0, 0.15, 0.3, 0.6, I.2,2,5,5, 10 and 2O7" of. inoculum by weight

(Tab1e 22). One hundred g of the mixtul:e lvere spread evenly on ¡he soil

surface in pots (15 x 15 cm) containing young lettuce plants (3 rveeks old)'

All pots were put in metal trays (75 x 50 x 5 cm) containing water' The

experiment was designed j-n blocks ' each containing nine treatments witli

five replicates. The pots in each block were randomizerl on the bench in

the glasshouse. Temperature ranged between lB and 26"C. Assessments

v/ere made each day, th¡o days after inoculation. Infected plants were

removed from pots, in order to maintain the initial inoculum density''

There v/as a high correlation between time after inoculation and

inoculum density and the incidence of infection (Table 22)' All plants

were kil1ed at 2,4 and 10 days by 20, 10 and 5% inoculum respectively.

The % of infected plants was high (44%) aÈ ten days after inoculation with

an inoculum density as 1ow as 0'67"'

Thus the results confirm observations in the field that the higher

the inoculum the more plants are infected (Figs.13a,b).

3.5 Eff C of sone f icides

Ofthelsfungicidestestedonagarplates,Sevenpreventedgrowth

of S. scTerotiorun aL the lowest concentration recommended for each

fungicide (Table 23, column A) . The results in agar cultures did not

always correspond wj-th the results when the fungicides were tested as a

soil drench. one fungicide (vinclozolin) gave absolute control both on

agar plates and on the soil surface or at a depth of 20 mm in the soil'

For conLrol on the soil surface there were eì-ght effective fungicides

namely: benomyl, captan, fenaminosulf, prochloraz, vinclozolin, iprodione,

carbozoline and procymidone (Table 23, colurnn B)'
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Table 222 Effect of inoculum density in disease incidence on lettuce plants

Percentase olant infected (1)

2D 3D 4D 5D 6D 7D IOD

20

10

5

2.5

0.0

00

72

36

28

I 100

92

56

44

T2

I2

0

4

0

100

100

60

60

16

T2

4

4

0

100

100

80

72

24

I2
4

4

0

100

100

96

76

24

I2
16

4

0

100

100

96

76

28

T2

16

4

0

100

100

140

Bt+

40

44

24

4

0

0

0

0

0

0

L.2

0.6

0.3

0.15

(1)
Each value is the mean of 25 plants (five pots each containing five
plants)', 2D, 3D, = 2 days, 3 days, ..... after ínoculation.
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Effi-cacy of some fungicides against S. scl-erotiorun in agar
culture and in soil

A. 0n Cl"lA B. In soil

Fungici.de
a.i.
(pp')
(1)

a. a.

(pp')
(3)

LL
lulean growth
of mycelium

(mm/24 h)
(2)

Mean grorvth of
myceliurn (nn/24

0mm 20um
(4) deep

Fosetyl
Fosetyl + mancozeb

Benomyl

Chlorothalonil
Captan

Captafol
Mancozeb

Fenaminosulf

Metiram

Prochloraz

I'letalaxyl
V:'nclozolin
Iprodione
Carbozoline

sN. 78. 314

Procymidone

Quintozene
Etridiazol e

Control

800

980

500

I225

830

s00

960

s9s

1200

320

400

750

500

750

200

500

2250

84

0

6. s1

5.31

0

2.66

0

1.29

2.O8

1 .31

1 .31

0

3.27

0

0

0

6.77

0

1 .58

7,66

9.16

2400

2100

1000

1630

r245

7250

1600

I 190

1600

640

750

750

750

1000

300

1000

3750

140

0

6.28

7 ,L7

0

8.06

0

B. 11

3.74

0

6.74

0

6.93

0

0

0

6.44

0

4.67

5.06

10. 1

6.70

9. BB

r.37
7 .83

7.06

7.72

5. 85

4.3r
8.00

4.O4

7.48

0

5. 19

3.49

7 .IT
7.50

7.48

6.70

9.98

(1)Con."rrtration 
recommended at lowest rate for each fungicide

(2)Muu.r value of three repricates afLer 3 days
(3)Con..ntration at higher rate of each fungicide
(4)ntuun value of three replicates after 3 days.
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Utkhede and Rahe (f979) reportecl that vinclozolin and iprodi.one

gave promising results in controlling the sclerotial fungus ScTerotiun

cepivorun. They also suggesLed that the major aspect of the control

was against mycelial grorvth in the soil. Vinclozolin rvas also reported

effective against Sclerotinia rot and grey mould in lettuce (Heimes and

Locher , 1979),

Spraying the soil surface and the Liming of applications gives better

protection to lettuce (Marcum et a7,, 7977', Merriman et a7.t I97B;

Steadman, L979), as Sclerotinia rot originates from organic matter or

senescent plant material on the soil surface. Horvever alternating sprays

with reconmended fungicides would probably increase the efficacy of the

fungicides. The results reported here suggest that vinclozolin, benomyl,

carbozoline and iprodione are likely to control S. scTerotiorum in soil

possibly under field conditions.

3.6 PhysioToeicaT and cuTturaT factors

3.6.1 Effects "f py

The effects of pll were studied on PDA in 9 cm Petri dishes.

The pH value was adjusted by adding citric acid and/or potassium

hydroxide solution to the medium prior to sterilizat.ion. The

values used in this experiment are shown in Fig.15. A plug of

actively growing mycelium of S. scTerotiorun from a 2 day culture

was placed at. the centre of each agar plate and incubated at 25"C

for seven days. Mycelial grorvth u/as measured every trvo days and

counting of sclerotia every seven days after inoculation. There

were fj-ve replicat.es for each treatrnent.

Although S. scTerotiorum gre!/ over a wide range of pH itrs

mycelium grew quickest in cul-tures at pH 4 to 6 (Fig.15). Pro-
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Effect of pH of media on mycelial grorvth and pro-
duction of sclerotia of S. ÅcTerotiorun

o-€
o-{)

^--À

mycelial growth (mm) after 48 h

number of sclerotia per Petri dish

average weight (mg) of I sclerotiurn.
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duction of sclerotia r'ras greatest at pH 2 to 4. Fig.15 also shor,¡s

that the average weight of sclerotia varied depending on the pH of

the mediunr; heaviest sclerotia occurred at pll 2. T'he optimum

pH for mycelial growth rvas very low, agreeì-ng with other reports

( Tanrikut- and Vaughan, 1951; Rai and Agnihorri, 1971).

3.6.2 Effects of nitrogen and carbon sources

The aim of this experiment was to study the ability of

s. scTerotiorun to utilize nitrogen and carbon from differenL

sour:ces. Basal meclium of Abeygunawardena and htood (L957 ) was'used

throughout.. Nitrogen sources tested h¡ere: L-asparagine, peptone,

ammonium_sulphate, ammonium nitrate, ammoninm chloride, ammonium
,V

tart.rafe, sodium nitrate, potassium nitrate and calcj-um nitrate at

a concentration of 0.092 nitrogen in basal medium; the source of

carbon: glucose, sucrose, D(-)fructose (laevulose), lactose,

maltose, mannitol, starch, citric acid, glutamic acid and glycerol

at amounts of carbon equivalent t,o 2.5% glucose. They were incu-

bated aL 25"C for eight days. Each treatment was replicated twice.

0f the compounds supplying nitrogen, fasLest growth occurred

in nedia containing potassium nitrate, followed by calcium nitrate
and sodium nitrate. 0f compounds supplying carbon, mycelial

growth was fastest in glucose, lactose, sucrose and starch. rn

general, the production of sclerotia was stimulated nrost by

compounds of nitrogen as shown in Table 24 which also shows that

media promoting mycelial growLh did not necessarily promote the

production of sclerotia. High production hras found in L-asparagine,

sodium nitrate and potassium niLrate for nitrogen and maltose,

D(-)fructose, lactose and glucose for carbon sources.
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Dry weight of mycelium ancl sclerotial produclion of s. scTero-
tiorun on different sources of nitrogen

Source of nitrogen Dry weight (mg)
of mycelium

(1)

Production of scleroti-a in
9 cm Petri dish

(2)

Pot-assium nitrate
Calcium niLrate
Sodium nitrate
Ammonium nitrate
Ammoniun sulphate

Ammonium chloride
L-asparagine
Peptone

Ammonium tartrate
Basal medium

s79.80

s76.93

529.r7

431 .60

400.50

395.63

36s.83

329.93

272.73

L89.20

44.5

33. s

46.s

19 .0

24.5

25.O

46.5

32.0

18.0

0

(1)
Mean value of three rePlicates

(2)*"un value of two replicates.
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The data found in the experirnent suggested that conpounds

supplying nitrate were better than ammonium, rvhich agreed with

the findings of Newton (L946) and Demetrides (1953, cit. Willetr,s

and lriong, 19BO). Willis (1968) found that S. scferotior:un grerr¡

equally well on media containing nì-trate and amrnonium compounds.

According to Rai and Agnihotri (1971), potassiurn nitrate produced

maximum growth but poor scleroLia, while sodium nitrate and

calciurn nitrate gave good growth and sclerotial formation.

Hacskaylo et a7. (1954) reported that glucose, maltose and sucrose

were good sources for carbon for mycelial growLh, while glycerol

and mannitol were poor sources. Such findings are in agreement.

with the results of this experiment, except for maltose which was

inadequate for mycelial growth but gave the highest number of

sclerotia (Table 25).

3.7 A prerequisite for infection by ascospores

The purpose of the experiment hras to study organic matter or enriched

soluLion as prerequisites for initial infection by ascospores of

S. scTerotiorun on healthy lettuce plants. Green leaves of lettuce,

potato and soursob (Oxalis pes-caprae L.) were oven dried for 24 h and

each was crushed in a Petri dish. Plant ext.racts and oLher solutions

used in the experiment were similar to those.used in cultural tests in

vitro (Table 26). Six weeks-old lettuce pbnts in pots each containing

4 plants were used.

Each treatment was applied evenly t.o the upper surface of lettuce

leaves by using a po\^rer ttJet Paktt sp::ayer for liquid and by hand for plant

materials. Then a mass of ascospore suspension was applied usi-ng a

similar sprayer. All treat-ments were incubated at 2O"C for four days

in a dew chamber. It t+as replicated four times.
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Dry weight of mycelium and sclerotial production of S. scTero-
tiorun on different sources of carbon

Source of carbon
Dry weight (mg)

of mycelium

(1)

Production of sclerotia in
9 cm Petri dish

(2)

Glucose

Lactose

Sucrose

Starch

D(-)fructose
Glycerol
I'laltose

Mannitol

Basal medium

Glutarnic acid

Cit.ric acid

435.93

422.73

388.37

380.27

304.73

L66.93

158. 73

148.87

83.03

18.53

16.I7

22.O

23,5

18.0

17 .0

27.O

2.5

29.O

10.0

0

0

0

(1)

(2)
Mean value of three replicates

llean value of two replical-es.
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Effect. of substauces as a prereguisite for initial infections
by ascospores of S. scTerotiorun¡ in healthy young lettuce

Substance

(1)

Number of
lesions

(2)

Scoring
appearance

(3)

Lettuce leaf
Potato leaf
Peptone solution
Soursobs leaf
Starch solution
NDY

CSE (Cabbage stem extract)
LSE (Lettuce sLem extract)
Sucrose solution
Sodium nitrate solution
Potato extract
Glycerol solution
Soil extract
SDId (sterile distilled waLer)

20-
15-
11 -
t2-
12-
11 -
9-
8-
8-
B-
4-
0

0

0

L

L

L

L/t{

M

LlS

L

L

L/S

L/S

S

{-++

+++

+++

+++

+++

+++

+++

+++

++

+

+

0

0

0

(1)

(2)

Leaves of leLtuce, potato and soursobs rvere oven dried and then crushed
and spread over wetted leaves of healthy lettuce. Others vüere sprayed
over lettuce plants.
L = large lesion; M = medium; S = small.
*** = infection occurred rapidly and large; ++ = less rapid;

* = in some cases it did not. spread; 0 = rìo infection.
(3)
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The results in Tabl-e 25 show that ascospores required organic

matter or other substances for initial infection on lettuce plants. Oven

dried leaf materials (lettuce, potato, soursob), peptone, starch and NDY

supporLed the initial infection, rvhile glycerol, soil extracl- and

distilled water did not.

3.8 Factors affecting scLerotial viability

The aim of the experiments was to study the effect of some fact.ors

influencing Lhe survival and germination of sclerotia under laboratory

conditions.

3.8.1 Effect of storage duration in cooT roon

Air dried sclerotia were placed in a sterile Petri dish and

stored in a cool room (ca. 4"C) until they were used. To induce

sclerotial germinaLion (carpog"ni. germination), the sclerotia were

placed on moist sterile field soil in a container 7 cm deep and

7.5 cm in diarneter and kept in an ouLside shade house during winter.

The number of stipes rvas recorded periodically and ended after two

months.

Table 27 shorvs that, after 16 months in storage, a high

percentage of sclerotia still germinated (53.32), compared with the

highest one (80%) when they lrere sLored for 5 months. The number

of stipes per sclerotium ranged from 0 to B. Tests of mycelial

growth on CMA shorued that 95-100% sclerotia were viable.

3.8.2 Effect of buriaT in storage

In a separate test, sclerotia were kept in sterile field soil
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Effect of duration in storage on the survival of sclerotia
S. sclerotiorun

Length in storage
(month)

Percent germinated
sclerotia

(1)

Number of
stipes per
sclerotium

16

T4

9

I
7

5

4

2

1

53,3

53.3

76.7

40.0

53.3

80.0

70.0

63.3

76.7

0-5
0-5
0-6
0-5
0-5
0-8
o-7
0-6
0-8

(1)
Mean values of 30 sclerotia.
TesL of mycelial growth on CMA, showed t.hat 95 - IOOZ sclerotia
were viable.
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at different depths (Table 27). The water content of the soil ryas

12.57". They rver:e sLored at l5"c under alternating 12 h lighu and

12 h darkness for 16 months in a growth crramber. Then the

scleroti.a r/Jere germinated as described in 3.8.1.

There v/as no sclerotial germination cluring st.orage. The

highest percentage stipes occurred when sclerotia were l¡uried 5 cm

deep (Table 28). The number of stipes per sclerotium ranged from

0 ro 12.

3.8.3 Effect of depth on sclerotiaT gernination

Nervly harvested sclerotia were placed at the following depths

in sterile field soil: 0, 2.5, 5, 7.5, 10, 72.5 cn They were

germinated after 16 months (see 3.8.1).

No sclerotia germinated when they rvere buriecl. However,

cooke (1970) and smirh (r972) reporLed rhar aporhecia are formed

from sclerotia buried not deeper than 5 cm in soil. In the present

experiment there was no indication of stipes even after three months.

The loss of viability of sclerotia is influenced by several

factors. High temperature and high soil water cont.ent (hlilliams

and Inlestern, 1965; Smith, 1972; Cook et al., Lg75), deprh of

burial (Chambers and Hardie, 1964; Cook eü al., 1975;

Merriman, 1976), structure and pH of soil (Merrin:an , 1976) arl
reduce viability.
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Bffect of depth in soil during storage on the sclerotial
germination of S. scTerotiorun

Depth in soil in
storage (cm)

Percent gerrninated

sclerotia
(Mean of 20 sclerotia)

Number of stipe per

sclerotiurn

0 (soi1 surface

2.5

5.0

10.0

12.5

75

95

100

90

80

0-5
o-12
0-10
o-7
0-6
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Fig.16: Sclerotia of S. sclerotiorun

The visual stages of sclerotial formation,
collected frorn natural infected leil_uce:
Back row: mature, black, compacl-, hard
Mi clcll e row: half -mature , gelatinous , sof t
Front row: newly formed, white, gelatinous

soft.

The size and form of sclerotia from natural
infected lettuce; from largest 3.3 x 2.4
to the smallest 0.6 x 0.4 cm.

Production of apothecia on moisL sterile coarse
sand under laboratorl condition at l5o0.
Sclerotia were produced in autoclaved carrot
discs at 25"C f.or 2 weeks

Sclerotia frorn lettuce field soi1, some germi-
nated (with stipes), some did not.

Examples of sclerotia colonized by mycoparasites
or antagonists. They were kept at 25"C for 2

weeks on wet sterile filter paper.

d

b.

c.

d.

I
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3.9 Biological control of S. scTerotiorun

3.9.1 BioTogical controT by Fusarium lateritium

3.9.1.1 Inhibition of nyceTial growth

The effect of F. Taterititrln on mycelial growth of

S. scTerotiorun rvas studied on six nedia: NDY/20, PDA, CMA,

LSA, LLA and CSA (see Section 2.3.7.1). An agar plug of

F. Tateritjum r+as placed near the edge of each plate and incubated

at 25"C. Two cays 1ater, all agar plug of S. scTerotiorun was

placed aL Lhe c.rppr.rsiLe side of the plat.e and incubated for eight

days before measuremenl-s rvere made of any inhibition zones.

There were two replicates per treatrnent.

F. Tateritium inhibiLed mycelial growth on all six media

being greatest on NDY/20 as shown by the mean radius of the

inhibi-tion zone in Table 29.

3.9.I,2 Inhibition of ascospore germination

The fungitoxicity of F. Tateritiurn against, S, scTerotiorun

was studied using the method of Carter and Price Q97/+). Two media

(NDY/20 and GPA,/20) were used. Fifteen ml of each medium l{ere

poured into sterile 90 mm glass Petri dishes. Plugs, 5 mm in

diameter, taken from the margin of an actively growing

F. Tateritiu¡¿ colony on consecutive days were placed singly at Lhe

centre of a Petri dish and incubated at 25"C. After ten days,

all the F. Tateritiun colonies were kil1ed by exposure to chloro-

form vapour for 30 min and the chloroform allowed to evaporate.

Each plate was then sprayed with a heavy suspension of

S. scTerotiorum ascospores and incubated at 25"C for three days

before measurements were made. The extent of the inhibition zones
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Inhibition of mycelial grorvth o
media previously inoculated wit

. scTerotiorun in different

. Tateritiun
fs
hE

Medium

Radius (mm) of
inhibition zone

(1)

Radius (mm) of
F. l-ateritiun

NDY/20

CMA

CSA

LLA

LSA

PDA

45.04

40.0b

37.7bc

36.8c

36.7c.

34.0c

8r5

11.s

10.9

11.0

11 .5

9.3

(1)Values followed by Èhe same letter are noL significantly different
(P<0.05). Each value is the mean of two replicates.
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\rras expressed as the nean of four radial measurenents. There were

truo replicates per treatrnent.

As shown in Fig.17a the radius of the inhibition zone after

one day on NDY/20 was 15 mm. Thereafter, the radius of in-

hibition increased linearly with time as shorun by the statistically

significant regression line (P<0.001). A similar result was

obrained on GPA/20 (Fie.17b).

3.9.1.3 The infTuence of nediun on the inhibition of
ascospore gernination

To ascertain whether inhibiLion of ascospore germination was

effective on other rnedia, six kinds in addition ro NDY/20 and GPÃ/2O

were used: PDA, CMA, LLA, LSA, CSA (see Section 2,3.7.1) and ALL

(autoclaved lettuce leaf). F. Tateritiur¡ colonies were lcilled

after 4 days incubation, then sprayed with a suspension of

S. scTerotiorun ascospores. There were six replicates per treatment

and measurements of inhibition zones were made after t.hree days.

Inhibition of ascospore germinatlon r,/as effective on six

other media. Greatest inhibition occurred in NDY/20 and least

in ALL as shown by the mean values of the inhibition zone (Table 30).

3.9.I.4 The infTuence of temperature on inhibition of
ascospore germination

A 5 mm disc of F. laÈeriùium from a seven day culture on CMA

was placed at the centre of an NDY/20 plate and incubated for three

days at each of the following: 5, 10, 15, 2O, 25 and 30"C in

darkness; 7.5 and 15"C with alËernating 12 h light and 12 h darkness;

25oC in continuous light. Colonies of 17. Tateritium were killed by
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Fig.17: The inhibitory influence of F. iateritiurr against
S. scTerotiorun in vitro

a. Regression of radius of inhibition zone on

. age of F. Tateririu¡¡ colonies on NDY/20

(r = 0.994); P<0.001)

b. Regression of radius of inhibition zone on

age of F. Tateritium colonies on GPÃ/2O

(r = 0.969; P<0.001)

c. Effect of temperature of incubation on radius
of zones of inhibition of ascospore germina-

tion by 3 day culture of F. lateritiun. Open

circles: continuously dark. Closed circles:
7.5 and I5"C 12 h light - IZ h dar:k, and 25"C

continuous 1ight. Vertical lines show 952

confidence limits.
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Fig.l8: control of s. scTerotiorun by F. l-ateritiun in vitro.

a. fnhibition zone increased as the age of
F. Tateritium (41516,7,8 and 9 days) increased
on NDY/20

b. Autoclaved lettuce leaves inoculated with a

plug of mycelium of F. Tateritiur?, L'ere incuba-
ted at 25oC lor four days then killed with
chloroform vapour. All leaves were then

sprayed with a suspension of ascospores of
S. scLerotiorun. The inhibition zones show

the protection against S. sclerotiorum by

F. Tateritiun¡ after four days incubation at
250C.
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Table 30: Radius of zone of inhibition of ascospore germination in
different media. Measurements were made after three days
incubation at 25oC

I

Medium Radius (mm) of inhibition zone

(1)

NDY/20

tSA

LLA

CMA

CSA

PDA

FPA/20

ALL

30.2r4

27.54b

25.g6bc

23.83cd

22.83d

19.13e

19. 13e

14.g2r

(1)
Values followed'by the same letter are not significantly different(P<0.05). Each value is the mean of six repïicates.
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chloroform vapour and the plate sprayecl with a sttspension of

S. scTerotiorun ascospores. Plates were incubated at 25oC for

four days before measurenents of inhibition zones were made.

There were three replicates per Lreatnient.

As j-ndicated in Fig.l7s, the extent of inhj-bition r./as greatest

at about 20oC under continuous darl< incubatjon. Although very

little mycelial grorvth of F. Tateritiun occurred at 5, 7.5 and 30oC,

nevertheless the inhibi tion zones were substantial.

3.9.1 .5 GTasshouse experinents on the protection of
young Tettuce plants

The lettuce cultivar Imperial Triumph was used throughout.

Seeds, surface sterilized in L7" sodium-hypochlorite-absoluLe

alcohol 2:1 (v/v) rrere sor{n in sterile vermiculite. After six days

at 25"C, five seedlings rvere transplanted into each of a series of

pots (15 x 15 cm) containing steam sterilized UC soil mixture and

allorved to grow for four weeks in a glasshouse (20-30'C). The

experiment was designed in three blocks, each containing three

treatmenLs with five replicates. The pots in each block were

randomized on the bench. Mature apothecia from sand cultures were

placed in open containers and positioned centrally in each of the

three blocks so that released ascospores could reach any plant in

the experiment. The ttpufftt of ascospores occurred naturally and

air currents dispersed and deposited them on plant leaves and soil

surfaces. The release of ascospores continued until all apothecia

dried and wilted. The three treatments were arranged as follows:

The first treatment consisted of auLoclaved lettuce leaves, as

organic matter, placed on the surface of the soil in contact with

each plant. The second treatment was the same as the first but
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sprayed h'ith a suspension of F. Tateritju¡n macroconidia 7 h before

inoculation with ScTerotinia ascospores. In t.he third treatment

neither organic natter nor Fusarium macrocc¡nidia were applied.

Bach of t.he three bloclcs of 15 pots was arranged in a metal

tray (75 x 50 x 5 crn) and covered r,¡ith a plastic cage 50 cm high

to maintain humidity and to prevent dispersal of ascospores beyond

the pots in each b1ock. Plants rr/ere rr'atered and fertilized at

intervals. Disease \,{as assessed by observing symptoms of

Sclerotinia rot and the experirnent ended when all plants in the

first treatment had been ki11ed by S. scTerotiorun.

First symptoms of Sclerotinia rot were observed in pots with

organic matter on the soil surface buL no Fusariun; after seven

days all plants were dead. When organj-c matter as well as Fusarium

was absent none of the plants showed symptoms.

The effect of adding F. fateritiur? to pots containing

S. scTerotiorun and organic matter was most marked: few plants were

infected even after 14 days (Tab1e 31 and Fig.19).

The results of these studies show that F. Tateritiu¡¿ inhibits

the germinat.ion of ascospores and the growth of mycelia of

S. scTerotiorun in vitro. The antagonistic property of F. Tateri-

tium was first reported by Carter (1977) and further studies under

field and laboratory conditions revealed its efficacy in preventing

the invasion of apricot trees by Eutypa arneniacae (Carter, i-97L;

Carter and Price, 1-974). These experiments indicate the inhibitory

properties of F. Tateritiun and confirm the observat-ions of Carter

and Price (L974) that the nature of the medium influences the

extent of the inhibition zone.
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The influence of organic maLter and F. Tateritiurn on the j-n-
fection of lettuce plants by ascospores of S. sclerotiorun
after 6 and 14 days after inoculation

TreaLment

Plants infected by S. scTerotiorun(I)
%

6 days 14 days

Organic matter only

Organic matter plus
F. Tateritium

No organic natter,
no F. Tateritiun

98.7

5.3

0.0

100.0

33.3

5.3

(1)
Each value is the mean of 75 plants (15 pot.s each containing five plants).



Fig.19: Control of S. sclerotiorum by F. Tateritiun.
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organic matter only; all plants v/ere

killed by S. scTerotiorun
orga.nic matter'plus F. Tateritiun
which controlled the S. sclerotiorum
neither organic matter nor
F. TateriËiuø applied

Fìont row:

Middle row:

Back row:

Pots were originally arranged at random on the bench.

They have been rearranged here to shoru the effects of
the three treatments (See also Table 31 ).
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The results indicate thaL organic matter on the surface of

soil and in contact rvith lettuce plants is a prerequisite for in-

fection by S. scTerotiorunt. It is possible that F. Tateritiun

prevents the establishment of the pathogen in the organic matter.

3.9.1.6 FieTd experinent

The results of the first experiment shor,¡ed no infection of

Sclerotinia rot and the incidence of other lettuce diseases was

also very lorv.

In the second experirnent, the incidence of Sclerotinia rot

r,ras 1ow, not only in the experiment sites but alsoin the entire

fi-eld and in the adjacent fields. Table 32 shows that only the

plots with a combination of F. Tateritiuø and benomyl had plants

free from infection with Sclerotinia rot compared with 3.667" in Lhe

control p1ots.

0n1y ferv diseases such as LNYV and dorvny mildew caused problems

during the experiment. Downy mildew was found mainly on mature

leaves but it did not cause significant loss.

F. Tateritium did not infect lettuce plants, thereby con-
t&-

firming Lhe results inrlaboratory and glasshouse.
A.

3.9.2 BioTogica:7 controT by scTerotiaT parasites

Laboratory-gror4rn sclerotia were used in tests for the efficacy

of some parasites and antagonists on sclerotia of S. scÍerotiorun.

Twenty five sclerotia were nixed with 2OO g of sterile, moist

field soil in closed plastic containers, 7 cm deep and 7.5 cm in

diameter, each previously inoculated with a suspension of
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Table 32: Percentage plan$ harvested and diseased plants in commercial
lettuce field treated with F. Tateritiur¿ and benornyl (second
experiment )

Percentage
plant

harvested

(1)

Percentage j.!59ased plants by(2)

a. all kinds b Sclerotinia
rot

(3)

Fusariun Tateritiun

Benomyl

F. Tateril-ium and benomYl

Control (non treated)

64.45

64.39

7I.I9

61 .83

5.77ab

7.10ab

2.o3b

9.864

T.T2A

0.304

0.004

3.66b

(1)

(2)

(3)

Mean value of eight replicates. unharvested plants were due todisease and bad quality
Mean value of eight replicates. Values follor,,ed by similar retterare not significantly differenr (p<0.05)
LNYV (majolity),. grey mould (8. cinerea), Sclerorinia roL(s.sclerotiorun ), bacterial soft rot (Érwinia sp.).Do'ny mildew (B- Jactucae) was found tÀroughãut, infecting matureleaves, but it did not kill the plants.
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C. ninitanst T. harzianun, Fusariul?l sp. and StreptoÌuyces sp. They

were incubated at 25oC for 10 r,¡eeks in darkness. Each tr.eatment

was repJ-icated twice.

All sclerotia inoculated with C. minitans were infected,

covered wiLh numerous black pycnidia of C. ninitans. The para-

sitized sclerotia lost their viability and became soft and degraded.

The sclerotia inoculated with T. harzianum, Fusariun sp. and

Streptonyces sp. kept a firm and normal form and appeared to be

healthy. There \ras no indicat.ion of infection of the sclerotla.

However, attempl-s to grotv the Lreated sclerotia on CllA, after they

were surface sterilized with 1:f (v/v) sodium hypochlorite-absolute

alcohol, showed Ehat 28% of sclerotia were overgroivn by

T. harzianum which probably infected then. All sclerotia in-

oculated with Fusariun sp. and Streptomyces sp. produced mycelial

growth.

Dos Santos and Dhingra (1982) reported that ?. harzianum,

T. koningii and ?. pseudokoningii parasitized the sclerotia of

S. scTerotiorun in vitro and ki1led 62-1007" of sclerotia. !'lhile

Steadman (f982) suggested that ?richoderma sp. and C. ninitans

has been less effecLive ol S. scTerotiorun ín the United States.

Tests of antagonistic microorganisms in soil by BroadbenL et a7.

(1971) suggested that some Actinomycetes inhibited fungal root

pathogens. They found that three isolates of Bacillus and one

Streptonyces isolate effectively controlled damping-off by

R. soTani in poL trials.
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Sumnary and Conclusions

I Scferotinia rot a naior disease of Tettuce

ScTerotinia scTerotiorun is the nost destrucLive pathogen of lettuce

in the Northern Adelaide Plains. Yield loss due to this particular

pathogen can be as high as 85 percent. The progressive pathogenicity

of the fungus under favourable condiLions and the ability of sclerotia

to survive in soi1, enable the pathogen to cause infection and loss in a

large area. Plants .-an be inf ected at any stage of growtl'r and always

results in death.

4.2 Factors affecting, the incidence and seyeritv of
disease in Tettuce fields

There is a significant positive correlation between inoculum level

of sclerotia and the incidence of Sclerotinia rot. \{idely scatterecl

inoculum can promote fast and wide infèction in commercial lettuce fields.

ldaterlogging, wet and cold weather and dense weeds and planLs favour the

incidence and severity of the disease. Thus, lvhen conditions are not

favourable for Sclerotinia rot, the infections are often scattered, but

when the condi-tions are favourable the disease seems to break out ex-
j

plosfl¡þly almost sirnultaneously in severat fields. Cultural practices

such as good cultivat.ion, sanitation, soil drainage, crop rotation and

fungicide usage appear to restrict the incidence and severity of

Sclerotinia rot.

4.3 PossibTe controT neasures

At present there is no effective commercj-al control of Sclerotinia

rot in the Northern Adelaide Plains. There was an indication that the

disease might be reduced, when measures were taken to prevent the build

up of inocula (sclerotia) by intensi ve mechanical acLion that removed
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infected plants by thorough and clean culLivation, regular preventive

spraying rvith effective fungicides, crop rotation and good soil drainage.

The frequent ouLbreaks of Sclerotinia rot i,n lettuce fields which

occur suddenJ-y after a change of the weather, can only be controlled by

effective fungicides.

In the laboratory and glasshouse, some parasit.es and antagonists

such as C. ninitanst T. harzianum and Streptonyces sp. showed effective

control of sclerotia of S. sclerotiorum and inhibited rnyceli-al growth.

F. Tateritiu¡l inhibiLed ascospore germination and mycelial growth

of S. sclerotiorum in various agar media and organic matter. The intro-

duction of F. Tateritiun macroconidia before introducing S. scTerotiorun

gave marked protection to young lettuce plants in the glasshouse. Thus,

F. Tateritiun appeared to be effective in controlling Sclerotinia rot.

Field experiments, althougtr hampered by lack of .råtrrtul infecLion,

nevertheless supported the glasshouse results.

In the long term, tolerant and resistant cultivars of lettuce to

Sclerotinia rot should be sought by selection and breeding.
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Chapter 5

GENERAL DISCUSSION

The aims of this project: to identify and describe the diseases

affecting vegetables in the Northern Adelaide Plains and their causal

pathogens, to ascertain whether environmental factors influence disease,

to deterrnine which crops are most affected by disease ahd to identify

the major diseases in them, have been largely achieved.

Studies revealed that the vegetable industry in smallholdings i.n

the Northern Adelaide Plains has been suffering from destructive diseases

for many years. The most important one is Sclerotinia rot which, a

survey indicated, could cause losses in yield of lettuce of up Eo 857.,

Sclerotínj-a rot also caused significant losses to other major crops

including potato, cabbage, celery and .cauliflower.

Lettuce, f,rom the seedling to maLure sEage, is the most susceptible

crop to many kinds of disease, including, in addition to Sclerotinia rot,

Phytophthora slem rot, grey mould, anthracnose, downy mildew and lettuce

necrotic yellows.

According to Channon and llaude (I97I) extensive monoculture and

adoption of new cultural techniques increase the incidence and severity

of diseases. Furthermore, while old diseases persist, new ones have

appeared in vegetable crops. I'ly studies confirm these views. Thus, I

discovered two diseases in lettuce, Phytophthora stem rot previously un-

recorded anywhere, and alfaLfa mosaic previously unrecorded in the

Northern Adelaide Plains. Unlike Phytophthora stem rot, alfalfa mosaic has

teenfound only in a ferv plantgand was considered to be unimportant.

Because lettuce was such an economically important crop and
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Phytophthora \,,,as such a destrtrct-ive pathogen in that crop, the disease

was studied in dePt-h.

Natural infection of lettuc e by Phytophthota species has not been

recorded before. The specles I found caused considerable yield losses

in lettuce as high as 35 and 457" in the winters of 1980 and l98l re-

spectively in sorne fields. Disease rvas most pronounced in young plants

especially under wet and cold conditions.

Newhoolc et al. (1978) listed four lorv temPerature Phytophthora

species; P. syringae (Kleb.) Kleb., P. prinuTae Toml., P. hibernaTis

Carne and P. Tateralis Tucker and Milbrath. Clancy and Kavanagh (f978)

also reported a 1ow ternperature Phytophthora rvhich they intend to name

p. eriugena. Examination of the rnorphological characteristics of the

above species (llaterhouse, 1963, I97O; Clancy and Kavanagh, 1978)

clearly shows that my lettuce isolate is a different species. i'lhen the

characterisÈics of the lettuce Phytophthora ì,vere compared to the high

temperature specj-es, they corresponded most closely to those of P. porri

Foister (Waterhouse, 1963). However, there are distinct differences

between the P.Porri-from lettuce and the high temperaLure P. porri,

including optimal temperature for growth, host plant and pathogenicity'

A culture of the P.porri from lettuce has been deposited at the Common-

wealth llycological fnstitute k'ith the number IÙ1I .251374.

Laboratory tests showed ttrat P. porri from lettuce survived at

-4oC but not aL 25"C or more. However, the survival of the fungus in

the soil needs to be further investi.gated as many Phytophthora species

survive uncler adverse conditions either as mycelia or parLicularly as

chlanrydospores (Mircetich and Zentmyer , Lg66; Zentmyer and Erwin ' 1970) .
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The highly important pathogen Scfer-otinia scTerotiorum rr'as also

chosen fòr detailecl study. As expected, the number of sclerotia of

S. scTerotiorum in Lhe soil had the greatest effects on the incidence

and severity of Sclerotinia rot disease.

My studì-es suggested that soil salinity and \^/ater content influenced

the percentage of infected plants and the number of sclerotia in the

field. The influence of such key environmental factors further suggests

thaL such cultural practices as good drainage and appropriate crop

rotation play an important role in the control of vegetable diseases.

Further indications of how control of^ Phytophthora sLem rot and
e1¿.4 1c;*9-rl

Sclerotinia rot could be achieved¡frorn experiments in the laboratory and

glasshouse. Thus, some cultivars of lettuce were tolerant to both

pathogens and there were also clear indications that fungicides l{ere

effective. The pÖssibility that biological control might be achieved

was enhanced by experiments thaL showed that the saprophytic fungus,

Fusariun Tateritiu¡r clearly controlled Sclerotinia scTerotiorun on young

lettuce plants under laboratory and glasshouse conditions. My results

indicated that such control was achieved through the inhibition of

ascospore germination and rnycelial growth of S. scTerotiorun by F. Tateriiun.

Maximum control was achieved when F. Tateritium was applied in the presence

of organic matter which is also a prerequisite for the initial infection

by ascospores of S. sclerotiorum in healthy lettuce crops.

Unfortunately, levels of infection by S. scTerotiorun in field lettuce

crops v/as unexpectedly low in 1983, although Lhe winter was wet and cold.

Nevertheless resulLs from field experirnents done at that time did indicate

that F . Tateritiu¡ri 'was not pathogenic to lettuce plants and that disease

was less in the plots with F. Tateritiun alone or in combination with
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the fungicide, benoml'l , Clearl¡', further: experiments are needed Lo test

what appears to be a promising rnethc¡d of biol ogical control.

The existence of several iniportant sclerotial parasites and anLa-

gonists in tl-re soil of the Northern Adelaide Pl.alns, in particular,

Coniothyriun ninitans and Tricltoclet'na harzianLtn, suggested that these

organisms together rvith others (Trichoderr?a spp. ' Fusariun spp., lulucor sp.;

Trichotheciulr sp., GTiocTadium sp.' PeniciTliurl sp. and Streptons,ces sp.)

might have controlled the disease. FurLher studies in this area rvould

be worthrvhile.

From the initial field survey, there \{as some indicati on that the

degree of cultural practice such as cultivation, crop rotation, removal

of infected plants, fungicide and ferLilizer usage, influenced the

occurrence and severity of Scl-erotinia rot in commercial lettuce fields.

Thus, clean and thorough cultivation followed by proper drainage of soil

decreased Lhe incidence and severity of disease. The most likely ex-

planation is that, uncler good cultivati on, plants not only grow better

and are therefore more tolerant to dj-sease, but also that there is less

chance for the pathogen to germinate and infect plants because there is

less organic matter and soils are drier.

The survey also indicated that crop rotation is useful as long as

the interval between crops j.s sufficient to reduce the j-noculum in the

soil to a leve1 below economic importance. In the Northern Adelaide

Plains crop rotation on most farms is not sufficient to control Sclerotinia

rot, mainly because the length of the rotation , 2 to 3 years, i.s too short

and because the crops that are used are also alternative hosts of the

pathogen. Rotation appears to be aimed more at improving the fertility

of soil than permitting escape from disease. Furthernore, Lhe same

agricultural [ools are used in different fields thus encouraging spread
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of the pathogen. It is possible that the number of sclerotia of

S. scTerotiorun surviving in the soil could be reduced by deep ploughing

(Chambers and Hardie, L964; lulerrinan, 1976).

The results achieved in this project indicate that increased control

of disease in lettuce might be achieved irnmediately by a more rational

approach to cultivation practices such as crop rotation, drainage and

fungicide application.

In the short te. m increased control of disease i-s likely to be

achieved by the use of tolerant cultivars and the application of

F. Tateriti.un as a biological control agent. In the long term, the

possibility of using sclerotial parasites and inhibitors needs to be

erçfå,+n€e

Finally, with such a range of available control measures il- should

be possible to achieve integrated control whereby the leve1 of control

for each method used is adjusted to optimize crop yields.
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Surnmary-Fusarium latoritium inhibitod ascosporo germination e¡ncl mycelial growtlr of ScleratÌnia
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pathogen of vegetable crops, causcs severe losses in
many conlmcrcial lettuce ñclds ol tl're Northenr
Adelaide Plains in SoutÌ¡ Australia where vegctable
crops have been grorvn ioirrirruorrsly for the past 20

years. Fungicides have not controlled the parhogen,
hence the search for a¡rd improvement of biological
control secrn worth,,vhile.

Several hyperparasites have been forrn<l on sclerotia
oî Sclerolinia spp. Coniothlrtum nÌnitan¡ is an effective
parasite on sclcrotia (Campbell l9{7; Merrirnan 1976;
Huang 197 7; Tn¡rnrann e t al. l9B0). SPondestnium
rcleroliuontm has been discovered in soils ol the USA,
causing natura! destnrction of sclerotia oî Sclerolirtia spp.
(Ayers and Adams 1979; Adams and Aye rs l98l). Orher
saprophytíc fungi rcporred as anragonists or parasites of
sclcrotia arc spccies ol Trichcdcrm¿ (Dos Sa¡r¡os and
Dhingra l9ï2l, Ftuariurn, Mucor, Áltcrnaria, Eþicoccum
(Mcrrimarr 197 6), Penicilllum, Asþcrgill¡¿r and Stachybctrys

atro (Rai and Saxena 1975). Thc anragonistic properry of
F. lat¿ritium to Eulyþa anneniacae was firsr reported by
Carter (1971) and furthcr studies under fìeld and
laboratory conditions revealed irs eflrcacy in ¡rrevenring
the invasion of apricor rrees by this frurgus (Carrer l9? i;
Carter and Price 1974).

To explore the possitrility rhar F. latcritûun mighr
control S. rlerotio¡um, a se ries of in vitro cxperime nts u.as
done to test the hyporhesis that rnycclial grorvrh and
ascospore ge rmination oî S. scleroliontm rvould be
inhibitccl l>y t-. latcritium, As itt uilro expcrirnc¡rrs <lo not
neccssarily rcflcct cvcnts in a soil-plant cnvironmcnt,
thc cflrcacy o1 I'. lateritium as a biological conrrol agcnr
rvas ¡lso tested in pots containing soil a¡d lcrtuce
plarrts.

Tlrc Authors-lltr D. Sittpu and Dr ll. lt. lllallace, Dtltartment
oJ I'larrt l'athulogl, ll'uite Agricullura! Iltsearclt Inslilule, P.O.
ûox l, Clen Otntottd, South Aultralia 5064.

The culrr¡rc ol It. la,ter¡lium usccl rvas providcd by Dr
lrf. V. Cartcr rvho originally isolared rhe lrrngrrs frorir
wo<¡d tissues of apricot branchcs ancl reh:rrcrl ir ro (he
Corn ¡nor¡rvea I rh Nlyco!ogica I t ns r,i r Lr tc for id c¡r t i fr car ion.
Its refere nce nur¡l¡er at the CMI, rvhich kec¡rs a cultr¡rc
o[ this frui¡;us, is lþ11 I48025.

&f aterialg a¡¡d ¡nethori¡
Sclerotinia sclerolirtrum rvas isolarcd from a¡ infected
lcttuce taken f¡-om a commcrcial frcld at Virginia, Sourh
Australia. Media for isolations and stock culrures rvere
potato dcxtrose agar (PDA), cornrncal agar (CMA)
(Comrnonwealù¡ tv,fycological tnsritute 1968) and
autoclavcd carror discs. All culrures w6rc incrrbated ar
25'C in darkness. Scle roria were ol¡raincd f-ro¡n
au¡oclaved carrot discs abour 5 nrm rhick inoculared
rvith plugs of mycelium from a PDA cuhure and
i¡rcubated ficr two weeks, Sclelotia were extracrecl
fronr the media by washirrg on a 2 mm sieve, surlace
sterilized with a mixrure o[ Z: I (v/v) lYo sodium
hypochlori te-at¡solurc alcohol, ri¡scd sevcral rimes wirh
distillcd rvater and air dried.

Apothecia were producecl by placing sclcroria on
ste rile coarse sa¡rci in closed plastic containcrs Z .5 cm
high and 7 .5 cm in diamcrcr. The sand rvas periodically
¡noistened with clistilled water during incubarion ar l5'C
undcr alte rnatíng light and dark or aI roorn tcmperarrrre
drrring winter. Six to seven wecks lare r, rnany a¡>othecia
wilh rnature ascospores were ot¡taincd l-r-orn the
cultures.

Fuarium laterilium prodrrcccl ¡nacroconidia
abtrrr<lantly after a short incubariorr on I)t)¡\, CNf ,,\ or
¡r¡(ocl¡vcrl l¡rown rice grains (Ca¡rer l9tì3). Altcr ? d ar
25'C, rnacroconodia wcrc han,cstcrl a¡l<l srorc<|.



In ad<Jitio¡¡ to the ¡nccli:r alrcacly rrìen(iorìc(1, clilute
Clapck.Dox ¡rlrr.s ycast cxtracr (Nt)Y/20) \\/as nì¡(lc \rp
a-ccording to tlrc lor¡¡¡ula oItÌrc Cl\11(1968) u¡id glLrcosc

peptone agar (CPA) as formrrlatccl by Cook c¡ n/. (1949).

Lcttucc sterrì cxtract (t-Sr\) rtas obtainccl fi'orn 100 g ol
cho¡rped lctiuce stc¡¡'ìs'boiled i¡r I Iitre oldisrillcd rv;rter
for 30 min. After ñlre ring througlr What¡nan filter ¡rapcr
No,2 and adding l5 g agar por.,,dcr, the extract rr,as

autoclavcd for l5 min. L,ctruce leaf extract (Lt.Â) a¡d
cabbage stc¡'n exrract (CSÂ) r,vcre ot¡raincd by a sinrilar
procedure.

Exþcrimcnl I: lnh¡,bition o/mycelial gowth
The cffect o[ F. lateritium on mycelial grortrh of S.

sclc¡oliontm vyas s,.udied on six nredia: NDY/20, PD¿.,
CI\,f A, LLA, LSA and CSA. An agar ¡rlug of [t. lateritium
rvas placed near the edge of cach plare and incr¡bated at
25'C. Trvo days later, an agar plug of S. yleratiarun was
placcd at thc ófipo-site sidc o[thc 1;latc anrl i¡rcrrbatcd lor
8 d bclore mcasurcmcnts werc made of any irrhibirion
zones. Thcre wcre tlvo rcplicates per treatmenÌ..

Exþeriînent 2: Inhibitíon ol acasþore ge rminatian
Thc action of F. laleritiurl against S. ylerolictrun vtas
studied Glng the ¡ncthod olCarrcr ancl Pricc ( I 9 7{). Trvo
media (NDY/20 and CPA/20) were rrscd. Filrccn ml of
each mediurn rvere porrred into stcrilc 90 rn¡n glass petri
dishes. Plugs 5 ¡r¡m in diamcrer, takcn from rhc margin
of an actively growing ['. latcritium colony, rverc placed
singly on consecutive days at rhc cenrre of Perri dishes
a¡d incubated ar 25'C. Afrer t 0 d, all I;. lateritium
colonies wcre kjlled by exposure ro chlorolorm vapor¡r
for 30 min. and the chlorolonn allowcd lo evaporare.
Each plare was rhcn sprayed wirh a heavy suspcnsion of
S. rclerotiontm ascosporcs and incrrbared ar 25'C for 3 d
belore measurements were made. The extcnt of the
inhibition zones was exprcssed as the ¡ncan of four
radial measurerìenrs. Therc rvere rwo rcplicatcs per
treaunent.

Experiment ): The in/uence oJ nedium on inlribition c,J

asccrsþor e ge r tnírt at iu rt

To ascertain wherlrer inhibirjon oI ascosporc
gcrrnination rvas eflcctive on other nr<:rlia, six othcr
media were used in acl<lition to NI)y/20 a¡rcl Ct,A/20:
PDA, CM^, l-L\, t.SA, CSA and ALL (arrroclavt'rl lcrrr¡cc
lct[). Fusarium latcritium colorries *.crc killcrl :rficr 4 <l

incrrbation, then s¡rra¡,c<l rr'ith a srrs¡lcrrsi<l¡r of S.

r(ltrutiontm ascosf )()rcs. Tht.rr: wc¡r' six rcplic:ìrcs 
f 
)(,r

t rea tnlcrìt anrl r¡lcasrrrc¡ncnts r>f- ilr lril¡ i t ir>rr ¿()ncs \ì,(.r.(.
¡nrrdc afìcr 3 d.

Ilxltrrtrntn! 4: 'fhe itrjluntce oJ tcnrf rralurt utt itilrtbitiun tl
&\ ( u\ lx,r e y¡ r r t t it r tt( it,r t

'fc; rlctcr r¡li¡re tl¡c,inflr¡c¡rc.c <rftc:rrr¡r('r:rrrrre c¡n ilrhillitir¡¡r
ol- ascc.rs¡rore gcnriination, a 5 ntrn rlisc of- [;. lattrí!ilnt
fron'r ¡ ?.d crrltr¡rc¡r¡l Cl"4A rra.s plac<:11 ¿t tlre centrc of an
Nl)Y/20 ¡llate arrd incul;:¡red firr 3 rl ar caclr o[ rhc
[ollor,r,in¡;: 5, 10, [5, 20, 25 a¡rd 30"C in tl;rrkncssS 7 ,5 ancl
l5'Crvith alternatin¡J l2 h liglrt antl l2 h darkncss; Z5.C
in conti¡rirous ligl'it. Co!onies of F. lateritiun¡ rvcrc killccl
by chlorcrlor¡n vûpour ancl the ¡rlare sprayccl rvirh a
sLrspensiorr oî S" sclcrçtiorurn ascospores. plates were

i¡rhibition ¿oner \5úcrc n-radc. Therc \vere thrce re ¡rlicatcs
Per trealrncnl.

Exþeríntenl 5: ProtEction oJyung lettuce þlanß
'I-hc lettuce culaiyar Irnpe rial Tritrmph was usccl
throughorrt. See¡ls, surface sterilized in I Yo sodir.r¡n
hypochlorite-abscalure alcohol 2:l (v/v\, were sor+,n in
sterile vermiculitr,. Âftcr 6 d at 25"C, [rve sccdlings \ì'crc
transplar-rtedintorarhof asericsof pors(15 cmx l5 crn)
containing stearn-srerili¿ccl soil and allowed to grow lor
for¡r wceks in a g0asshouse (20-30'C). The ex¡reriment
was designed in e'hree blocks, each conraining rhree
trcatrnc¡ìts rvith fi¿ve re¡:licarcs. The pots in each l¡lock
were randomizerl on the bencb. N4laturc apothecia fi-om
sanri ct¡ltures ryere placed in o¡rcn containers and
positioned cenrrally i,r¡ each of rhc three t¡læks so rhar
released ascospores could reach any plant in rhe
experiment. The'pruf[' of a.scospores occr rn'ed na rura Ily
and air currents e$ispersed and deposired rhem on plant
lcaves ar'¡cl soiI sur[accs, The rclease of ascospores
continued unúl al! äpothecia dried and rvil¡cd. The rhree
treatments werc arranged as [ollorvs. The flrst treatmenI
cornprised autoclavcd lertuce leaves, as orgalic matte r,
placcd on the surface o[ rhc soil in conract wirtr each
plant. The se co¡rd. [reatment lvas thc sarne as the hrst [_¡r¡t

sprayc<l rvith a susgrcnsion of f. laterilium ¡nacroconidia
7 h bc[ore inoculaaion wirh S. scltroliurum ascosporcs. In
the third treatrn*nt, neirher or¡;anic rnattcr nor f.
laterilium macror:onidia we re applicd.

liaclr of the rlrrre block.s of t5 ¡l<>ls was arrangerl irr a
rnetal tray (75 c¡nXÍr0 crn x5 cln) lntl c<¡vcreci with n

plastic cagc 50 cru lriglr ro rnainrain hrrrnidiry and ro

¡)rcvcnt <lis¡lersat o{'ascos¡rorcs bcyon<l tlre pots in e;icl¡
l¡lock. Plants weFe watcrcd an<l [r'rrilizc<l at inrerva!.s.
[)ise¡se was asscsscrl by olrscr-virr¡; syrn¡rtorn.s <lf
Sclcrotinia rot arà(l r he ex¡r<.r i¡ r¡cnt cnrlcrl rvhc¡l ;rll
plants in the t"rrst treírrnìenI lr;rri l¡cc¡r killcd by S.

rclcrrt!iorunt,



Rcstrl ts

Exþerincnl I : Inlibitiutt uJ' n¡'celial grou'tlt

I;usariunt !¿üeri!iutn irllritritccl rnycclial gro*'th ()lì all six

rncdia ([r¡yrc l), inhibiiion beirr¡1 grelrtcst orr Nl)Y/20, ;rs

¡lrown lly thc Incan r¡<litr.s oI tlre inhibitiorr zone

'(tablc 
I )' 

-l 
A *Lr.: r

Inhibition ol my'celial growth orl S. sclcrotiorr¡rn Ir¡ z¡rriia

þrniouQ inoculattd wìth F, lateritir,¡¡1 -(rxþcrincnt l).
Mecuurenenß u,cte made aJter B d ínrubalio¡t at 25'C.

Vah¡es not folloç'cd by a cornmon letter diflcr signifrcanrJy

(P<0.05). [:ch value is the mc¿n of two rcplicates.

Exþerimerrt 2: Itthibiliutt oJ a-scuspure gtrnthtaliutt

As shorvn in ñgrrre 2¿, the ratlirrs <¡f'the i¡rhil¡itiolì ¿one

alter one day on NDY/20 rvas l5 ¡nrn. Thcrea[tcr, ¡l.re

lradius ol' inhibiti<¡¡t incrcast'<l linearly rvith lirnc

'(pcO.oot). Â si¡nitar result rvas obtai¡rcd on GPÂ/20

,(frgure Zó). _ __ _ .,'
, TAl.rLF:2

Rad¡us of ínhibltton zonc o/ ascosþorc germinalion in mcdia
(cxpcriment )). Measuemenß were mode altcr ) d incubation

at 25'C.

Mcdium R¿diur of i¡rhibi¡ion ¿onc

NDY/20

t-sA

Lt^
CNIA

cs^
Pt)^

CP¡'/zO

ALL

¡nfn

S0.2la
27.5{1,

25.!l6lx
29'EScd

22.ll3rl

19. l3c

lE.l3c
t4.921

Valr¡c¡ not lollowctl by a cornrnorr lcrrcr <liflcr signifrcanrly
(P<0.05) [:ch v¡hrc is rlrc ¡nc¡¡r <rIsix rc¡llir.rrcs.

Figure l-(experinttn! l) - lnleraction l¡clu¡een F. latcritiu¡n
and S. sclcrotiorum, B d aJier inoculalion on six hinds oJ

mcdia (see text).
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Figure 2-Thc inhibitorT injucncc o/ F. latcririum on S.

sclerotiorum in vitro.
(a) Iìegrcssiun of radius of inhibitiun zone on age oJ F.

latcrititun culoniet on NDY/20 in exþeiment 2.
(r:0.994; P <O.0Ol).

(b) Rcgressiort uJ'tadiw ol inlibitit'rt zoile un ugr uf F,

latcritium ctttania on CPAI2O in cxpcrimettl 2.
(r-O.969;P<0.001).

(c) Elfect of inrubation lemþeratur¿ on radius o/ inhibition
zortct o! ascùsparc gtrnirta!íurt by )-d culluret of F,
lateriritrrn (cxptrinretú'l). Open circles: cortlirittrLtuly
darh. Closed circles: 7 ,5 ond I s'C t2 h light- t 2 h dar|,
a¡d 25'C coßtinuout light. Vertical bars thou 95%¡
conJdcrrce limiu.
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Ilxþtrirntttt ): lrfluettce t,J rnr,lutrrt (rtr ¡tthib¡tiol aJ ,'l.:,cttrlnre

gerntirt ul iart

lnhiIrition of ascos¡r<:r t' gcrrnirrati<ln rvus clÍcctivc orr six
otl¡cr nrcrli;r i¡r arl<lirion to Nl)\'/2() li¡rtl Cl'^i20.
Crcatcst ir¡lril¡ition <¡cr rrrrcrl in Nl)Y/20 l¡rr<l lt.ust i¡r
AL-L, as shorr,¡'¡ by tlrÞ lncan valrrcs of'thc inhibirior¡
zorres (tal>le 2),

Exþerintent J: Proleclion of t'aung leltuce þlants
First syrnptorns of Scle rotinil rot r^'ere ol;servcd in ¡;ots
with organic ¡nattcr ()rì tlìe s<>il srrrlacc ll¡t no l'.
lal¿riliunti after 7 <.l, all ¡llanrs i¡r rhis tr(.atrnent \\'cre
dead. Whcn organic'rn:1ttcr rvas als<> alrscnt, rro¡¡e of'the
plants showed syrnptorns at rhis ti¡nc.

T^I¡L¡] 5

The inJtuence o! organic naller and F. lareritiunt on the
inleclion oJ lettuce þlants by ascotporel glS. sclerotiorum aJtcr
6 and I4 d, (cxperime nt 5), Each valu¿ is tht ntea¡t of Z t î)tantt
(l ) þoß caeh co¡ttai¡ti¡tgJtve þlantl, Tcmperature in glatshouse

rangedJtom 2O to )O'C.

Trcatmc¡ìt Plant¡ infected by S. rkrotiorum

6d l{d

16

Organic rnatter orrly

Organic ¡naltcr +
l'. laknlium

No organic ¡nat¡cr, no

F. Iolc¡irium

98.t t 00'0

5.3 3S.9

0.0 5.3

Orrr resLrlrs :rlso ir¡rlicltc tlr;rt /,, la!t,nliun inhibits S.
t,scl¿rolit¡ntn in a soil-1ll:trìt.c),sfcrn as rvell ¡s itt ttitrn,
Organic Ìnatrcr r-¡n thc srrrfäcc of'soil a¡ld in ct¡nract wirh
.lettuce p[ûnrs srr()rßly lirvoi¡r.s infþcric¡n 6y S.
'¡c!erotiont¡n. lr is ¡lossiltl<. that /.ì htteri!iu¡¡t prevrrìrs (l¡c
establjshment of' the l)arhogerì in t[re orgarric ¡nrrtcr.

F-xpcrirnents usin¡¡ F. latrritium to corìrro! S.

Ilxþtrintt'rtt 4: Ittfltrcrrce rtf tentþeratur¿ tt¡¡ i¡tltibitiott tl 'sclcrotiontm unclcr fìcld co¡rditions arc in progress.

ascotþur e gr r tnir t a I i r trt

The extcnt of inl¡ilritir¡n \\'rs grcrtcsr nt ¡rl.¡<lrrt 20'C
unrler continrrorrs <lark incrrbarion (ñgrre 2r). Althor¡glr
,vcry lirrl<: rrry<<,li:rl gr'()wrlì (rÍ l;. lat(r¡t¡u¡¡r <¡<.r.rrr-rerl r¡t".5. f:kJ]owledgrnents
?.5 a.rl 30.C. ncvcrth.lr,.ss r¡c i.hil¡irir¡. z()rìcs \\,(,rc Wc rhank Dr lvf . V. Carter [or the is<¡larc oî I;. lat?r¡tium

sul)st;r¡rlill. J'lr<.r<,is ¡ni irlrlit;rrio¡l rlr:rr ilrl¡ilririon rrr;ry lr,' ottd ficr uscfr¡l aclv'icc.

lowcr- rvith altcnraring lighr an<l cl¿rrk rhan tr¡tclcr
corìtùìr¡ous darkncss.
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APPENDIX 3: Number and characteristics of sclerotia of S. scTerotiorum on PDA

Position of sclerotia in P. dish
Number of
Petri dish

(1)

centre Average
weight (rng)
ofl
sclerotium

18.8

12.4

15.1

15 ,8

12.r

TI.4

14.4

15 .8

L4.6

15.0

Percent
water
content

(2)

58.1

59.7

57 .6

57.4

58.9

s6.7

58.7

57.2

56.3

57.5

in a circle
(r=appr. 1 cm)

Total number
of sclerotia

23

29

20

22

33

J¿

28

31

29

z)

periphery
Size (mm) of sclerotia.-largest 

smallest

(3)

1

2

3

l+

5

6

7

8

9

2

1

0

0

6

0

2

0

0

0

1

2

i
2

2

I
1

1

1

1

20

26

I9

20

25

31

25

30

2B

24

7x
4x
5x
6x
7x
9x
6x
9x
7x
5x

J

J

4

J

t().J

2

4

4

J

4.5

2x
1x
1.5

1.5

Ix

1.5

2x
t<

1.5

1.5

1

x 1.5

x1
i
2

x 1.5

2

x2
x110

(1)

(2)

(3)

90 mm in diameter Pet.ri dishes, each containing 20 ml PDA. Incubated at 25oC for two weeks

Oven dríed at 96oC f.or 24 hours (constant weight)

l=length; w=width.




